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v

The field of gynecologic surgery has evolved in the last 2 decades—for example, the 
introduction of laparoscopic and robotic surgery and sentinel node biopsy. In Japan, 
that state of the art in gynecologic surgery was introduced slowly, carefully, and 
gradually because our history of gynecologic oncology has been based on gyneco-
logic pathology, not surgery. However we also have the notable history of develop-
ing radical hysterectomy for cervical cancer. Minimally invasive surgery also started 
in the field of reproductive medicine, not gynecologic oncology, in 1970 in Japan. It 
has been prudent, therefore, for gynecologic oncologists in Japan to introduce mini-
mally invasive surgery (MIS) in their field. Some gynecologic oncologists made a 
great effort to popularize MIS, so the Japanese national health insurance system 
eventually started to cover the surgery for endometrial cancer at an early stage and, 
in 2018, radical hysterectomy for early-stage cervical cancer as well. At the time of 
the annual meeting of the Society of Gynecologic Oncology in 2018 (SGO2018) in 
New Orleans, women undergoing radical hysterectomy for early cervical cancer 
had a significantly higher risk of disease recurrence and worse long-term survival 
with MIS, including robotic-assisted procedures, two separate studies showed. The 
prospective study showed that the number of disease recurrences after laparoscopic 
or robotic-assisted procedures was almost four times higher than the number of 
recurrences after open surgery, although the absolute numbers were small: 27 recur-
rences versus 7 in more than 600 patients. The difference translated into a hazard 
ratio for disease-free survival (DFS) of 3.74 (at 4.5 years) for MIS versus open 
surgery. A retrospective analysis, based on two national databases, also revealed a 
statistically significant trend toward declining survival as adoption of MIS increased. 
All audiences at SGO2018 including me were surprised to hear the result of both 
presentations, because they had believed that the outcome of MIS for early cervical 
cancer must be non-inferior to that of open surgery. What is one to think about these 
results? I recommend that gynecologic surgeons in Japan would have to make the 
evidence of the non-inferiority of MIS by creating a registry of MIS surgeries and 
show the benefits of unique Japanese ideas and procedures of MIS to outweigh 
those of open surgery. I believe Japanese surgeons perform meticulous, awe-inspir-
ing surgeries, which bring great benefits to patients. I hope this book will be a light-
house in the development of gynecologic surgery and will show clearly our belief 
that MIS is not inferior to open surgery.
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This book presents the current principles and procedures of gynecologic surger-
ies. The authors have made great efforts to complete their own chapters of specific 
surgical methods, and I would like to express my sincere thanks to all of them for 
the successful contribution of their work. I am also grateful to Ms. Machi Sugimoto 
and Ms. Yoko Arai at Springer Japan for their kind co-operation with me in the pub-
lication of this book.

Kanagawa, Japan Mikio Mikami
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1Subspecialty Training of Gynecologic 
Surgery in Japan

Takuma Fujii

Abstract
Gynecologic oncologists are the surgeon and have wide range of knowledge 
regarding the methods of treating gynecologic cancers. It is critical to foster 
gynecologic oncologists in the society. The Japan society of gynecologic oncol-
ogy has the fostering program for gynecologic oncologist as a specialist. As a 
surgeon, a requirement for specialist qualification is a minimum of 3 years of 
experience at designated training facilities. The trainees have experienced more 
than 150 patients with gynecologic cancer including surgery, radiotherapy, and 
chemotherapy. Gynecologic oncologists should also have knowledge regarding 
the diagnostic radiology, pathology, palliative care, clinical trials, and so on. In 
surgery, invasive cancer surgery should be performed in a minimum of 100 
patients. It is stipulated that radical hysterectomy should be performed in a mini-
mum of 15 patients. In contrast, the most critical issue that remains to be solved 
is a training for a laparoscopic surgery for malignancies. The popularity of the 
laparoscopic surgery in the training hospital in Japan was by far behind com-
pared with the one in the USA. Additionally, there are fewer young physicians 
aspiring to become gynecologists. In general, the number of the gynecologic 
cancers will be increasing in an aging society. We are then afraid of the shortage 
of gynecologic oncologists in the future. In the university hospital, the instructor 
should find and foster medical students with aptitude in gynecologic oncology.
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1.1  The Position of Gynecologic Oncologists 
in the Environment Surrounding Medical Care in Japan

The characteristics of the Japanese medical health insurance system include the 
following: (1) the guarantee of public health insurance for all citizens, (2) free 
choice of the institution for medical care, (3) investment of public spending to 
maintain health insurance for all, and (4) provision of advanced medical services 
at a low medical fee. This system has helped maintain the highest medical stan-
dards and prolong the average life expectancy (Fig.  1.1). For cancer treatment, 
there are 250 general hospitals with more than 500 hospital beds, and approxi-
mately 100 university hospitals provide medical education and play a central role 
in the treatment of cancer patients [1]. Having institutions available where special-
ist medical care can be received nearby ensures the quality of medical care in 
Japan. Since many opinions indicated that the current concept of “specialist” was 
difficult to understand for the people of Japan, a new specialist system has been 
established in 2015 for doctors starting initial training [2]. For this specialist sys-
tem reform, “the Japanese Board of Medical Specialties” was established. This 
specialty board certifies the specialist system for each basic medical field. If 
physicians undergo initial training for 2 years and subsequent basic specialty field 
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training for 3 years, new (specialty board) specialists will be certified starting in 
2021. After that, there is a framework for acquiring subspecialties within each 
field, and gynecologic oncologists shall be designated as specialists who will 
receive a subspecialty rating. Although the Japan Society of Gynecologic Oncology 
(JSGO) specialist system was started in 2005, a time of profound reform for its 
educational program has been brought about by the new specialist system estab-
lished by the Japanese Board of Medical Specialties. One of the characteristics of 
the board is to prevent the collapse of rural community- based health care. In Japan, 
a declining birthrate and an increasing aging population cause a remarkable fall in 
rural populations. The population is concentrated in metropolitan areas, whereas 
the rural population continues to decline, and this pace of rural depopulation is not 
expected to slow anytime in the near future. If the rural population decreases, the 
number of patients will also decrease. Specialists in rural areas will not be able to 
accumulate enough experience with the fewer number of patients. Although the 
educational system of the gynecologic oncologists in Japan had started following 
the American gynecologic oncologist model, this model may no longer suit future 
specialists under the Japanese Medical Specialty Board.

Additionally, there are fewer young physicians aspiring to become gynecolo-
gists. Furthermore, an increasing proportion of young physicians are women; as 
a result, there are concerns that there will be less active gynecologic oncolo-
gists. The qualification for gynecologic oncologists can be acquired after obtain-
ing the qualification for obstetrics and gynecology. If the total number of 
obstetricians and gynecologists declines, then the number of gynecologic oncol-
ogists will spontaneously decline. The member of the Japanese Society of 
Obstetrics and Gynecology can obtain the certificate of the gynecological 
oncologists as well as specialists in perinatal care and reproductive medicine. 
Accordingly, young physicians who are qualified in obstetrics and gynecology 
subsequently choose one of these three fields. If the benchmark for being a 
gynecologic oncologist is too high, there was a risk of losing candidates who 
will choose this specialization.

In the Japanese public health-care insurance system, patients are provided 
advanced medical services at a low cost; however, as the government budget 
deficit is growing, there is a demand to reduce medical expenses. However, 
expensive methods in medical care, such as molecular targeting drugs and robot-
assisted surgery, are gaining popularity. Therefore, if associated national health 
insurance points are considerably reduced and these new and expensive meth-
ods in medical care are introduced within insured health-care services, it will be 
detrimental to hospital management. To provide citizens with medical services 
considered truly effective for a reasonable fee, supporting evidence must be 
provided. One aim of JSGO is to foster a group of specialists to provide surgery-
based multimodal cancer treatment, while they accumulate evidence through 
clinical trials of therapeutic outcomes to contribute to the development of future 
medical treatment [2].

1 Subspecialty Training of Gynecologic Surgery in Japan
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1.2  Gynecological Cancers: Current State, Problems, 
and Associated Measures

1.2.1  Cervical Cancer

A requirement for specialist qualification is a minimum of 3 years of experience at 
designated training facilities, during which time candidates must have treated ≥150 
patients with gynecologic cancer (surgery, radiotherapy, and chemotherapy) [2]. In 
surgery, invasive cancer surgery should be performed in a minimum of 100 patients, 
and it is stipulated that radical hysterectomy should be performed in a minimum of 
15 patients [2]. In Japan, radical hysterectomy for early invasive cancer has been 
historically developed using the Okabayashi procedure, with a high popularization 
rate. This procedure is included in the requirements for becoming a certified gyne-
cologic oncologist. The skills for this procedure are ideally passed from senior phy-
sicians to junior physicians. However, this surgery will be performed in less 
opportunity in the future. The popularization of concurrent radiation therapy has led 
to increased opportunity for performing radiotherapy as the first-line treatment, 
rather than surgery, depending on advanced stage of the disease [3–5]. Gynecologists 
and radiologists should discuss and determine which therapy is optimal in confer-
ence one by one. Laparoscopic surgery for early invasive cervical cancer is ready to 
be performed as advanced medical care. More laparoscopic surgery induces less 
open surgery cases, which is a problem for junior physicians to be trained in radical 
hysterectomy. In fact, there are three options such as open, laparoscopic, or robot-
assisted surgery in a limited number of patients with cervical cancer. We should 
discuss how we teach three procedures for young doctors.

1.2.2  Uterine Cancer

The increase in obesity has led to a higher prevalence of uterine cancer than cervical 
cancer [6]. The figure presents the prevalence of uterine and ovarian cancer in the 
USA, Japan, and Korea [7] (Table 1.1). The lifetime risk of uterine cancer is 2% in 

Table 1.1 Incidence of cancer among Japan, the USA, and Korea (2012)

Organ N ASR Cumulative risk
Japan Cervix 9320 10.9 0.96

Corpus 11,449 10.6 1.12
Ovary 8921 8.4 0.84

USA Cervix 12,966 6.6 0.61
Corpus 49,645 19.5 2.39
Ovary 20,874 8.0 0.90

Korea Cervix 3299 9.5 0.95
Corpus 2016 5.8 0.6
Ovary 2349 6.8 0.69

N number of the patients with cancer, ASR age-standardized rates per 100,000 population
Cumulative risk (%): risk of the disease during 0–74 years of age

T. Fujii
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the USA, which is remarkably higher than in Japan and Korea. One reason for this 
is obesity, which is expected to gradually increase in Japan. In obese patients, open 
surgery carries a higher risk due to its invasiveness; therefore, laparoscopic surgery 
will be performed more often. At present, laparoscopic surgery for uterine cancer is 
covered by national health insurance and is no longer avoidable. The procedure is 
useful for early-stage uterine cancer. In recent years, robot-assisted laparoscopic 
surgery has drawn attention. To popularize robot-assisted surgery, the effectiveness 
of the procedure should be also examined.

1.2.3  Ovarian Cancer

The greater issue with ovarian cancer is the mortality rate rather than the preva-
lence [2]. As things currently stand, without any groundbreaking discoveries 
enabling the early detection of ovarian cancer, the number of mortalities is expected 
to rise. Early diagnoses of ovarian cancer are difficult, and it is unlikely that prog-
nosis for the disease will improve in the near future. Currently, the only method 
associated with prolonged survival is treatment by a gynecologic oncologist. It has 
been reported that treatment by a gynecologic oncologist appears to extend the 
patient’s life by approximately 6–9 months [8, 9]. In patients who undergo ovarian 
or tubal resection and are aged 20 years or younger, the risk of incomplete surgery 
is significantly lower if the operation is performed by a gynecologic oncologist 
[10]. Since complications also appear to occur significantly more frequently in 
patients who do not consult a gynecologic oncologist for surgery, some are of the 
opinion that skills related to surgery consulting should also be included in gyneco-
logic oncologist training [11]. It would seem natural to consider that gynecologic 
oncologists would treat cases of ovarian cancer. However, no reports on the actual 
state of such treatment have been released in Japan. In the USA, approximately 
40%–70% of patients with suspected ovarian cancer consult with a gynecologic 
oncologist. Reasons for such percentages are believed to be difficulty accessing 
such specialists as they tend to be concentrated at certain facilities and other factors 
such as the health insurance system [9, 12]. Furthermore, although it has also been 
reported that ovarian cancer should ideally be treated by gynecologic oncologists, 
it appears likely that nonspecialized physicians are conducting such treatment in 
actual clinical settings [13]. In the USA, the incidence of ovarian cancer is pre-
dicted to increase with the aging of society, with an increase of 19% forecast in the 
number of cases from 2010 to 2050 [6]. However, localization of gynecologic 
oncologists is a problem, and it is feared that the burden on physicians may increase 
in some areas [14]. Ovarian cancer may metastasize to the peritoneal cavity, and 
prognosis is reported to improve with combined resection of other organs within 
the peritoneal cavity, such as intestinal resection. Therefore, because there are con-
siderable variations in surgical procedures depending on the extent of spread of the 
lesion or lesions, labor and surgery time also vary considerably. However, National 
Health Insurance points remain the same despite these differences. Given the lack 
of obstetrician/gynecologists, operating room nurses, and anesthesiologists in 

1 Subspecialty Training of Gynecologic Surgery in Japan
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addition to factors such as the increase in sales tax putting pressure on hospital 
management, para-aortic lymph node dissection may have to be omitted when 
there are too few slots allocated for surgery at a particular hospital. Accordingly, 
ovarian cancer surgery, for which the time required is difficult to determine in 
advance, should be performed at “specialized cancer hospitals” at which there is a 
greater level of understanding regarding the disease.

1.3  Educational Issues for Gynecological Oncologists

1.3.1  Comprehensive Medical Care

Gynecologic oncologists must have extensive knowledge and medical ethics on a 
range of treatment methods for gynecologic cancers, and they must implement the 
latest surgery-based multimodal treatments for gynecologic cancers [2]. They pro-
vide medical care in collaboration with other departments and are required to have 
skills to perform the central role in medical care. Other specialist fields include vari-
ous hospital departments for each cancer; specialists in pathology, diagnostic radi-
ology, radiotherapy, and chemotherapy must interact with gynecologic oncologists. 
Gynecologic oncologists are also required to work with nurses and care managers 
involved in colostomy care, palliative care/end-of-life care, and home care. 
Knowledge on the social insurance system and long-term care insurance is required, 
and gynecologic oncologists should be familiar with the cost of medical care [15]. 
Cancer treatment is not limited to surgery, radiotherapy, or anti-cancer therapy. Half 
of the cancer cases are not early-stage cancers; thus, palliative care is another impor-
tant aspect in cancer care. We believe that making young doctors understand pallia-
tive therapy is extremely important in their education.

1.3.2  Surgical Education

How are surgical skills acquired? In the past, young doctors were introduced to 
surgery as a senior’s surgical assistant and learned different procedures by observa-
tion. However, changes in the social environment, such as ethical concerns, indi-
vidual abilities, and the need to acquire a complex and high level of skill, have made 
it increasingly difficult to learn procedures using conventional techniques today. 
Therefore, it is becoming more important than ever to make an accurate assessment 
of the behaviors of highly performing individuals, i.e., their surgical competency 
and education assessment. Because surgical mentors have not learned the educa-
tional method, they faced to the great difficulty in teaching. Instructors at teaching 
hospitals, such as university hospitals, feel burdened by the troubles of teaching and 
experience many difficulties despite spending a lot of time in this obligatory task, 
and it is not unusual for them to move to private hospitals. Physicians in the USA 
specializing in laparoscopic surgery often move to private hospitals for this reason 

T. Fujii
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[16]. The level of difficulty in teaching laparoscopic surgery is remarkably higher 
than that in teaching open surgery. In open surgery, a medical instructor can assume 
what trainees are thinking or attempting by seeing the movement of their manipula-
tion with the scalpel, scissors, and forceps. The instructor can then help them 
develop the surgical field and assist with the procedure to effectively teach them. In 
laparoscopic surgery, the instructor might not understand what a trainee is perform-
ing until immediately before the maneuver as the movement of instruments is 
viewed on a monitor. The critical difference with open surgery is that the movement 
of the operator’s hands cannot be seen in a widely developed surgical field. 
Furthermore, the visible surgical field differs depending on the placement of a cam-
era, which largely depends on the skill in camera placement. In laparoscopic sur-
gery, once a mistake is made, it can cause serious complications. Laparoscopic 
surgery is extremely difficult and involves arduous labor for the medical instructor. 
As a result, there is a severe shortage of medical instructors at teaching hospitals. 
Whether laparoscopic surgery, including robot-assisted surgery, will gain popularity 
in Japan may depend on instructions in the future. The Japanese Society for 
Gynecologic Oncology aims to popularize laparoscopic surgery; they are planning 
to hold nationwide seminars.

Trainees beginning laparoscopic surgery should start it gradually as there are 
multiple training methods other than performing it on an actual patient. It is impor-
tant to thoroughly observe surgical procedures and understand the movement of the 
staff and the setup in the operating room. The surgical procedure and skills can be 
verified through surgical videos. In Japan, limited simulations using cadavers and 
animals are performed because of ethical reasons, anatomical differences, and the 
high cost involved. Nevertheless, these methods are indispensable experiences and 
should be required before performing the actual surgery.

For the concurrent resection of other organs, the person who performs these pro-
cedures greatly differs between Japan and the western countries. In Japan, there is 
no additional surgical remuneration for physicians, and the fee is determined based 
on national health insurance points according to the disease category, so there is no 
incentive for gynecologists to resect other organs such as the intestine, bowel, or 
spleen. Considering the risk of postoperative complications, intestinal resection is 
generally performed by a surgeon. At present, a very limited number of gynecolo-
gists perform intestinal resection.

1.3.3  Understanding Radiology and Pathology

Radiotherapy is a one of the fundamental treatments for cancer, and knowledge on 
this radiotherapy is required [2]. Gynecologic oncologists share clinical information 
with radiotherapists to set the optimal irradiation field, and they should be involved 
in determining the treatment plan. The latest 3D radiation therapy and IMRT have 
enabled more precise pinpoint irradiation; sharing accurate information has become 
all the more important.

1 Subspecialty Training of Gynecologic Surgery in Japan
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The pathological diagnosis in gynecology is difficult in general. There is a high 
rate of complaints made in the USA related to gynecologic tumors [17], so this 
problem is not unique to Japan. Regular conferences should be held with patholo-
gists for having detailed discussions on individual cases. The diagnostic criteria for 
ovarian cancer have recently changed, which has made the diagnosis increasingly 
difficult.

1.3.4  Understanding Clinical Trials

Clinical trials are conducted to develop “better methods of treatment” for patients, 
and the results are returned to patients as evidence [2]. There is no doubt that the 
results of clinical trials have altered conventional standard treatments and contrib-
uted to medical advances. The Gynecologic Oncology Group (GOG) 111 trial, 
which led to combined cisplatin and paclitaxel therapy becoming the standard treat-
ment for ovarian cancer, had a very strong impact [18]. Because clinical trials 
require an appropriate number of patients to be registered, gathering patients at 
specific facilities is very effective for such trials. It is important that specialists have 
an understanding of clinical trials and are educated to proactively encourage medi-
cal practitioners and patients to participate in such trials.

1.4  Summary

Training at integrated institutions is important for improving skills, but training at 
hospitals with few patients is not advisable for physicians and patients. In the USA, 
there are approximately 100 institutions with gynecologic oncologists, which are 
unevenly distributed [11]. However, training facilities meet strict criteria and accu-
mulate a considerable number of cases. Therefore, it is an ideal environment that 
facilitates clinical trials and makes it easy to accumulate evidence.

By contrast, hospitals are scattered throughout Japan. While hospitals are acces-
sible nearby, institutions that meet standards similar to those of hospitals in the USA 
are extremely limited. Given the limited resources, we have no choice but to inde-
pendently improve individual skills.

Unlike the situation in the USA, it is very difficult for physicians to be trans-
ferred due to differences in the working conditions unique to Japan. Nonetheless, 
specialized training should be conducted at an integrated institution if circumstances 
allow it. Fostering leaders in gynecologic oncology is an important mission, and it 
can be accomplished by returning to local communities after obtaining specialist 
qualifications to provide medical skills in gynecologic cancer and by teaching 
younger physicians. Among these activities, educating medical students at univer-
sity hospitals with a medical department is of utmost importance. Unless students 
with aptitude in gynecologic oncology are discovered and fostered, future human 
resources will be depleted in this field. I would like to emphasize that physicians 

T. Fujii
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working at university hospitals should be given a special incentive in this mission to 
train the next generation.
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Abstract
Gynecologic oncology is a growing field composed of physicians who have com-
pleted subspecialty training in the comprehensive care of women with gyneco-
logic malignancies including cancers of the uterine cervix, uterine corpus, 
fallopian tubes, ovaries, vagina, vulva, and other rare gynecologic tumors. They 
are proficient in performing surgery not just on pelvic organs, but in gastrointes-
tinal, urologic, plastic and reconstructive, and other abdominal and pelvic surgi-
cal techniques through a variety of approaches in order to treat newly diagnosed 
and recurrent gynecologic malignancies. They are also knowledgeable in chemo-
therapeutic and targeted therapies, radiation therapy, critical care, and palliative 
care. Gynecologic oncologists understand and advance the field through research 
in risk factors, prevention, and treatment of these cancers that afflict over 100,000 
US women annually. After completing a 4-year obstetrics and gynecology resi-
dency, an additional 3- or 4-year fellowship program is necessary to become a 
gynecologic oncologist. These fellowship programs are regulated and accredited 
by a central, national agency, the Accreditation Council for Graduate Medical 
Education (ACGME). Strict requirements are in place ensuring that graduating 
fellows are competent in patient care, surgery, medical knowledge, and research 
but are also professional and ethical physicians who efficiently function within 
and contribute to the greater medical community. In this chapter, we describe the 
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history, structure, and admissions process of gynecologic oncology fellowship in 
the United States and explore the current education and demographics of gyne-
cologic oncology fellows and the role of gynecologic oncologists in the educa-
tion of future specialists and treatment of US women afflicted with gynecologic 
cancers.

Keywords
Gynecologic oncology · Fellowship · Obstetrics and gynecology · Gynecologic 
surgery

2.1  The History of Gynecologic Oncology in the United 
States

Gynecologic oncology was first recognized in the United States as a unique medical 
and surgical subspecialty of obstetrics and gynecology in the late 1960s. Prior to 
this, obstetricians and gynecologists relied heavily on other surgical and medical 
services to provide adequate care to women with gynecologic malignancies. The 
Society of Gynecologic Oncologists (SGO) was founded in 1969 with the purpose 
of “identifying the principles, knowledge, and skills related to gynecologic malig-
nancies; guide the development of a subspecialty devoted exclusively to this field; 
and promote research, education, and practice of the subspecialty [1].” In the 1970s, 
gynecologic oncologists began using chemotherapy and were first allowed to earn 
hospital privileges in gastrointestinal and urinary tract surgery. The field has contin-
ued to expand in number, and novel treatment modalities and diagnostic tools are 
continuously incorporated. Today, SGO has approximately 2000 members which 
includes primarily gynecologic oncologists, as well as medical oncologists, pathol-
ogists, radiation oncologists, hematologists, surgical oncologists, obstetrician/gyne-
cologists, nurses, nurse practitioners, physician assistants, social workers, 
fellows-in-training, residents, and other allied healthcare professionals interested in 
the treatment and care of women’s cancer.

In 1972 a gynecologic oncology subspecialty board was created, and accredited 
fellowship training programs began to be established [2]. There has been an increase 
in the number of fellowship programs and positions over time, and in 2018, there 
will be 50 accredited programs (Table 2.1). The gynecologic oncology fellowship 
programs were previously managed by the American Board of Obstetrics and 
Gynecology (ABOG). As of 2017, all accredited gynecologic oncology fellowships 
will be managed by the Accreditation Council for Graduate Medical Education 
(ACGME) (www.acgme.org).

ACGME defines a gynecologic oncologist as a subspecialist in obstetrics and 
gynecology who has advanced knowledge of the comprehensive management of 
patients with gynecologic malignancies. This includes familiarity with those diag-
nostic and therapeutic procedures necessary for the total care of a woman at risk for 
or diagnosed with gynecologic cancer or precursors and complications resulting 
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Table 2.1 Gynecologic oncology fellowships in the United States by length and location

Program
Location (City, 
State)

Three-year programs
Brigham and Women’s Hospital Boston, MA
Case Western Reserve University/University Hospitals Cleveland 
Medical Center

Cleveland, OH

Cedars-Sinai Medical Center Los Angeles, CA
Cleveland Clinic Foundation Cleveland, OH
Duke University Hospital Durham, NC
Icahn School of Medicine of Mount Sinai New York, NY
Johns Hopkins University Baltimore, MD
Massachusetts General Hospital Boston, MA
Mayo Clinic College of Medicine and Science Rochester, MN
McGaw Medical Center of Northwestern University Chicago, IL
Medical College of Georgia Augusta, GA
Montefiore Medical Center/Albert Einstein College of Medicine Bronx, NY
New York Presbyterian Hospital (Columbia Campus) New York, NY
New York University School of Medicine New York, NY
Ohio State University/Mt Carmel Hospital Program Columbus, OH
Stanford Health Care-Sponsored Stanford University Stanford, CA
SUNY Health Science Center at Brooklyn Brooklyn, NY
Temple University Hospital/Fox Chase Cancer Center Philadelphia, PA
UCLA David Geffen School of Medicine/UCLA Medical Center Los Angeles, CA
University of Alabama Medical Center Birmingham, AL
University of California (Davis) Health System Sacramento, CA
University of California (San Francisco) San Francisco, CA
University of Chicago Chicago, IL
University of Colorado Aurora, CO
University of Iowa Hospitals and Clinics Iowa City, IA
University of Kentucky College of Medicine Lexington, KY
University of Michigan Hospitals and Health Centers Ann Arbor, MI
University of Minnesota Medical School Minneapolis, MN
University of North Carolina Hospitals Chapel Hill, NC
University of Oklahoma Health Sciences Center Oklahoma City, OK
University of Pennsylvania Health System Philadelphia, PA
University of South Florida Tampa, FL
University of Southern California/LAC+USC Medical Center Los Angeles, CA
University of Tennessee Germantown, TN
University of Virginia Medical Center Charlottesville, VA
University of Wisconsin Hospitals and Clinics Madison, WI
UPMC Medical Education/Magee Women’s Hospital Pittsburgh, PA
Yale-New Haven Medical Center New Haven, CT
Four-year programs
Brown University (Women and Infants Hospital of Rhode Island) Providence, RI
Detroit Medical Center/Wayne State University Detroit, MI
Jackson Memorial Hospital/University of Miami Miami, FL
Memorial Sloan Kettering Cancer Center New York, NY
National Capital Consortium/Walter Reed National Military Medical 
Center

Bethesda, MD

University of Buffalo/Roswell Park Cancer Institute Buffalo, NY
University of California (Irvine) Orange, CA

(continued)
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therefrom [3]. Gynecologic oncologists are a small group of highly skilled clini-
cians and surgeons who treat a relatively high proportion of malignancies affecting 
women. In the United States, 852,630 women are expected to be diagnosed with 
cancer in 2017 [4]. Of these, 107,470 women will be diagnosed with gynecologic 
malignancies including cancers of the uterine cervix, uterine corpus, fallopian tubes, 
ovaries, vulva, vagina, and other rare tumors. This results in 12.6% of all US female 
malignancies being treated by gynecologic oncologists. Most gynecologic oncolo-
gists provide comprehensive care to their patients from diagnosis to cure or end of 
life and incorporate surgical and medical management, critical care, and palliative 
care. Some gynecologic oncologists do not personally provide aspects of this treat-
ment, but still function as the leader of a multidisciplinary team of medical oncolo-
gists, radiation oncologists, other surgical specialists, reproductive endocrinologists, 
geneticists, and palliative and critical care specialists to provide comprehensive care 
to their patients. This differs from most other oncologic specialties in which the 
surgeons are not responsible for the other aspects of the patient’s cancer care. In 
order to gain the surgical, clinical, communication, and research skills that are 
essential to becoming a gynecologic oncologist, it is necessary to pursue fellowship 
training after completion of a 4-year obstetrics and gynecology residency.

2.2  Gynecologic Oncology Fellowship Structure 
and Education

As of 1996, all gynecologic oncology fellowships were required to be at least 
36 months in length of training and must include at least 12 months of research and 
24 months of clinical training [5]. As of 2017, 24% of programs are 48 months in 
length. These 4-year programs generally have more time dedicated to research than 
3-year programs, but may provide additional time in clinical training as well.

In a 2016 study, applicants reported choosing a 3-year versus 4-year program 
based on surgical volume, patient population, faculty, and/or reputation 43% of the 
time, whereas 28% reported it was where they happened to match, but not what they 
preferred. Nineteen percent chose a program based on the amount of research time 
available, and 10% expressed a desire for a 3-year fellowship so they could enter the 
workforce and earn a higher income sooner [6]. There was no difference between 
the rates of acquiring an academic position afterward between those attending a 

Table 2.1 (continued)

Program
Location (City, 
State)

University of California (San Diego) Medical Center La Jolla, CA
University of Texas M.D. Anderson Cancer Center Houston, TX
University of Texas Southwestern Medical School Dallas, TX
University of Washington Seattle, WA
Washington University/BJH/SLCH Consortium (alternates between 3 
and 4 years)

St. Louis, MO

Listed in alphabetic order
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3-year and 4-year program (58 vs. 52%). Graduates of 4-year programs were more 
likely to hold advanced degrees (48 vs. 20%, p < 0.001) and have more than ten 
publications at the completion of fellowship (43 vs. 18%, p < 0.001). Forty percent 
of those fellows with advanced degrees received them during fellowship.

ACGME has outlined a list of six core competencies expected of graduating 
gynecologic oncology fellows: Patient Care and Procedural Skills, Medical 
Knowledge, Practice-Based Learning and Improvement, Interpersonal and 
Communication Skills, Professionalism, and Systems-Based Practice (Fig. 2.1) [3]. 
As part of the first core competency of Patient Care and Procedural Skills (Fig. 2.2), 
fellows must be able to competently manage gynecologic cancer and its complica-
tions. This includes radical operations performed on the female reproductive organs; 
dissection of inguinal, pelvic, and para-aortic lymph nodes; and adjunctive proce-
dures such as cystoscopy, proctoscopy, sigmoidoscopy, paracentesis, thoracentesis, 
and placement of central venous catheters. They also must be competent at the 
administration of chemotherapeutic drugs and targeted therapeutics and the recog-
nition of complications that may result from the use of such agents. While graduat-
ing fellows do not administer radiation, they usually make the decision of when it is 

Practice Based
Learning

and Improvement

Patient Care
and Procedural Skills

Medical
Knowledge

Interpersonal and
Communication Skills 

Systems Based
Practice

Professionalism

ACGME
Core Competencies for
Gynecologic Oncology

Fellowship

Fig. 2.1 ACGME core competencies for gynecologic oncology fellowship
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indicated. Graduating fellows must be able to perform or, when appropriate, direct 
care teams to accomplish surgical procedures of the gastrointestinal and urinary 
tracts as well as plastic reconstructive procedures for treatment and restoration of 
function in women with gynecologic malignancy.

Essential to the core competency of Medical Knowledge are the principles of 
gynecologic pathology, cancer genetics, oncofertility, critical care, hospice and pal-
liative care medicine, and disorders of the breast (Fig. 2.3). Understanding of the 
methods and techniques of radiation therapy and the radiobiology and radiation 
physics must be demonstrated. Knowledge of the indications for chemotherapy and 
targeted therapeutics, including the mechanism of action, side effects, advantages, 
and disadvantages of agents used in cancer therapy, is also expected.

The Practice-Based Learning and Improvement core competency dictates that 
fellows must demonstrate the ability to investigate and evaluate their care of patients, 
to appraise and assimilate scientific evidence, and to continuously improve patient 
care based on constant self-evaluation and lifelong learning. Fellows must also 
demonstrate Interpersonal and Communication Skills as part of the fourth core 
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(Cystoscopy, Proctoscopy,

Paracentesis, etc)

Chemotherapy
and Targeted
Therapeutics

Patient Care
and Procedural
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Fig. 2.2 ACGME components of the patient care and procedural skills core competency for gyne-
cologic oncology fellows
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competency. These skills should result in the effective exchange of information and 
collaboration with patients, their families, and health professionals.

As part of the two remaining core competencies (Professionalism and Systems- 
Based Practice), fellows must demonstrate a commitment to carrying out profes-
sional responsibilities and an adherence to ethical principles. They must also 
demonstrate an awareness of and responsiveness to the larger context and system of 
healthcare, as well as the ability to call effectively on other resources in the system 
to provide optimal healthcare.

Beyond the core competencies, fellows are expected to participate in a scholarly 
activity that will enhance his or her understanding of the latest scientific techniques 
and encourage interaction with other scientists. The minimum 12 months of dedi-
cated research curriculum must include didactic instruction in research design, 
grant writing, research methodology, scientific writing, and presentation skills. 
Fellows should graduate prepared to pursue research funding and academic posi-
tions and be an independent investigator if they desire. They must be given the 
opportunity to present their academic contributions to the gynecologic oncology 
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Fig. 2.3 ACGME components of medical knowledge core competency for gynecologic oncology 
fellows

2 Gynecologic Oncology Fellowship Training in the United States



18

community, and each fellow must complete a thesis and defend it during fellowship. 
The thesis is required to be published before it is defended during the board certifi-
cation process. Fellows are also often involved in enrolling patients into clinical 
trials to test novel therapeutics or surgical techniques and monitoring their response 
and reactions to these treatments.

2.3  Gynecologic Oncologists as Expert Gynecologic 
Surgeons

There is increasing concern that graduating obstetrics and gynecology residents are 
not sufficiently prepared to perform complex gynecologic surgeries independently. 
In one survey of gynecologic oncology fellowship directors, they reported that only 
44% of first-year fellows were able to independently perform a hysterectomy, 63% 
were considered proficient in postoperative care, and 52% were able to recognize 
postoperative complications [7]. Thus, some residents seek additional training in 
gynecologic oncology and other gynecologic surgery subspecialties such as mini-
mally invasive surgery (MIS) or female pelvic medicine and reconstructive surgery 
(FPMRS) in order to enhance their surgical training and increase the diversity of 
techniques that they can offer patients. During gynecologic oncology training, fel-
lows hone their skills in preoperative evaluation, postoperative management, and a 
variety of surgical techniques including open, vaginal, laparoscopic, and robotic 
approaches to gynecologic procedures. Fellowship programs vary on whether they 
rely solely on the gynecologic oncology faculty to teach the fellows the necessary 
surgical skills or whether they incorporate surgical services such as urology, breast, 
colorectal, and hepatobiliary surgery. Many programs also incorporate surgical sim-
ulators, animal labs, cadaver labs, and instructional videos to achieve this end.

The field of gynecologic oncology has undergone a dramatic change after the 
introduction of robotic surgery, which first gained US Food and Drug Administration 
(FDA) approval for gynecologic surgery in 2005. In 2013, 31% of hysterectomies 
completed in the United States were performed robotically, resulting in a decrease 
in the use of open and vaginal techniques [8]. A survey of gynecologic oncology 
fellows and fellowship directors in 2010 showed that 95% of respondents reported 
having at least one robot at their institution, 95% utilize it, and 94% of fellows plan 
on performing robotic surgery after completing their fellowship training [9]. 
Structured training of gynecologic oncology fellows in robotic surgeries has also 
become increasingly important. Multiple institutions have published data on the 
success of their robotic training programs which may include didactic and hands-
on training, instructional videos, assistance at the operating room table, and ulti-
mately performance of segments of the procedure in tandem with the attending 
physician [10–13].

Owing to this additional training in surgical techniques and familiarity with dif-
ficult dissection and removal of malignant masses, gynecologic oncologists are gen-
erally considered the most skilled of the gynecologic surgeons. This has resulted in 
an increasing number of patients being referred to gynecologic oncologists for 
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complex or challenging gynecologic surgeries, even if malignancy is not suspected. 
Many obstetricians and gynecologists also rely on gynecologic oncologists to assist 
with challenging obstetrics cases, such as those with abnormal placentation that 
may require hysterectomies at the time of cesarean delivery [14, 15].

2.4  Gynecologic Oncology Fellowship Application Process

All matriculating US fellows must have satisfactorily completed an accredited 
ACGME or Royal College of Physicians and Surgeons of Canada (RCPSC) obstet-
rics and gynecology residency. Candidates submit their application to a centralized 
agency, the Electronic Residency Application Service (ERAS®) (www.amc.org/ser-
vices/eras/). Applications include demographic information, medical school tran-
scripts, and scores from US Medical Licensing Exams (USMLE®) and/or 
Comprehensive Osteopathic Medical Licensing Examination of the United States 
(COMLEX-USA) and Council on Resident Education in Obstetrics and Gynecology 
(CREOG) exams. They also submit a curriculum vitae including details of their 
higher education, research publications and presentations, volunteer activities, work 
experience, and honors and awards. Letters of recommendation are required and are 
often from residency program directors, department chairs, gynecologic oncolo-
gists, and other research and clinical mentors. After reviewing the applications, pro-
grams offer a subset of applicants in-person interviews which usually occur in the 
spring and summer the year prior to the fellows’ expected start date. After inter-
views are conducted, applicants and fellowship programs rank each other in order 
of desirability. These preferences are then entered into the National Resident 
Matching Program (NRMP®) (www.nrmp.org), also known as The Match®, which 
uses a computerized mathematical algorithm to match applicants to positions based 
on these preferences. Each fellowship program accepts one or two applicants per 
year. Rarely, programs may not participate in The Match® if they do not have a posi-
tion available or if they offer the position to someone outside of The Match®. The 
number of programs participating in The Match® and the number of positions 
offered through The Match® over time are represented in Fig. 2.4.

Gynecologic oncology is considered one of the most competitive subspecialties 
of obstetrics and gynecology, demonstrated by match rates ranging from 52% to 
74%, since 2004. The number of applicants participating in the NRMP Match® has 
been steadily increasing over time (Fig. 2.5). In 2017, there were 83 applicants who 
entered The Match®, and 54 (65%) of them matched. Various surveys of gyneco-
logic oncology fellows have been conducted that demonstrate the characteristics of 
applicants to the specialty. In a survey of gynecologic oncology fellows in 2000, 
80% had completed their residency at a university program, and 33% worked with 
gynecologic oncology fellows during their residency. Twenty-five percent took time 
off in between residency and fellowship to improve their application. Most fellows 
planned to go into academics (78%), and 20% planned to go into combined aca-
demic/private practice [2]. This was similar to rates found in a 2003 survey in which 
78% of responding gynecologic oncology fellows planned to pursue academic 
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positions upon graduating [5]. A study in 2013 showed that applicants had ample 
prior research experience with 66% of those who matched having one to three pub-
lished manuscripts and 16% having more than three [16]. Given the competitive 
nature and the focus on training academicians, there is even some concern that 
applicants to gynecologic oncology are including unverified publications and hon-
ors on their applications [17].

Most recently, in a survey of 58 applicants to gynecologic oncology fellowship, 
the highly qualified nature of matched applicants was demonstrated [16]. Seventy-
one percent of respondents matched including 49% of applicants matching at the 
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program they ranked first and 86% matching to one of the programs they ranked in 
their top four. Successful applicants applied to and interviewed at multiple pro-
grams. Seventy-six percent applied to at least 26 programs. Half of applicants who 
did not match interviewed at less than five programs, and only 4% of those who 
matched interviewed at less than five programs. Ninety-eight percent of applicants 
had attended an allopathic medical school, while only 2% graduated from an osteo-
pathic medical school. A quarter of applicants were members of the Alpha Omega 
Alpha (AOA) Honor Medical Society. Applicants had extensive research experience 
including 77% who had done at least one poster presentation, 82% had at least one 
published manuscript, and 77 had given at least one oral presentation. Additionally, 
82% had a letter of recommendation from a nationally known specialist, and 60% 
did a visiting elective.

Every year there are applicants who do not match into gynecologic oncology, 
and some elect to apply again in the future after committing years to improving their 
application. This may include performing additional clinical or basic science 
research, publishing manuscripts and presenting at national meetings, practicing as 
obstetrician and gynecologists and honing surgical skills, completing other fellow-
ships (minimally invasive surgery, palliative care, surgical oncology, research fel-
lowships, or others), or seeking mentorship from experts in the field of gynecologic 
oncology.

2.5  Gynecologic Oncology Fellow and Faculty 
Demographics

When practicing SGO members were surveyed; 52% held academic positions, 21% 
were in private practice, 20% had a combination of private practice and academic 
involvement, and 7% had other types of practices [6]. In a 2014 survey of gyneco-
logic oncology applications, 75, 5, 14, and 5% were Caucasian, Black, Asian, and 
others, respectively [16]. SGO data show that overall women comprise 36% of 
gynecologic oncologists and 42% of academic gynecologic oncology faculty [18, 
19]. Historically, obstetrics and gynecology and gynecologic oncology were male- 
dominated fields, and senior faculty and leadership roles remain dominated by men 
[18, 20, 21]. However, for over 20 years, more than half of obstetrics and gynecol-
ogy residents are women [22]. The proportion of female obstetrics and gynecology 
faculty physicians increased from 30% in 1994 to 50% in 2008, and obstetrics and 
gynecology now have the largest proportion of women residents of any specialty 
(83%) [23, 24]. Similarly, gynecologic oncology fellows are now disproportionately 
female (74%) [19]. Gender disparities are seen among this subspecialty as well with 
only 21% of division directors being female, and among the gynecologic oncolo-
gists who are department chairs, 21% are women [18, 20].

A survey in 2015 of work-life balance among current gynecologic oncology fel-
lows revealed that the median age was 32  years old (range 28–39  years old). 
Seventy-seven percent were married or partnered, and 41% had children. Time 
spent at work exceeded 60 h per week for 71% of fellows and exceeded 80 h per 
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week for 44%. Only 22% were satisfied with work-life balance during fellowship 
[25]. However, 87% of fellows reported overall satisfaction with their fellowship 
[2]. Areas that could improve fellowship satisfaction were formal didactics and time 
for self-education.

In response to concerns about the number of hours residents and fellows were 
working, the ACGME instituted an 80-h work week limit on all trainees across all 
medical specialties in 2003. It has continued to revise policies on work hour restric-
tions to improve patient care and safety while optimizing resident and fellow educa-
tion. These policies were most recently revised in July 2017 [26] and include 
guidelines regarding work hours and supervision of trainees as well as recommen-
dations for how to improve the well-being of trainees with attention to preventing 
fatigue, burnout, and mental illness. These issues face physicians across all medical 
specialties, but gynecologic oncologists may be at particular risk for stress and 
burnout due to long hours, high patient volumes, busy surgical schedules, and the 
emotional stress of caring for oncologic patients and end of life care. Surveys of 
SGO members reveal that 30% of gynecologic oncologists scored high for emo-
tional exhaustion, 30% screened positive for depression, 15% screened positive for 
alcohol abuse, 34% reported impaired quality of life, and only 19% were satisfied 
with work-life balance [27, 28]. Female gynecologic oncologists appear to be at 
higher risk for burnout, fatigue, and dissatisfaction with work-life balance than their 
male counterparts [27, 29], which is of major concern given the growing number of 
women in the field. Younger gynecologic oncologists are also at increased risk for 
burnout and work-related stress [27, 28]. These issues clearly impact personal phy-
sician well-being as well as patient care and have larger individual and societal 
implications, such as impacts on families, physician professional and academic pro-
ductivity, and physician dropout rates which could lead to a shortage of gynecologic 
oncologists in the future [30–32]. The SGO assembled a wellness task force to 
address these issues and published specialty-specific data as well as recommenda-
tions for potential solutions [30]. They advocate for the integration of wellness edu-
cation into the core curriculum of training programs to promote healthy lifestyles 
and burnout prevention strategies early in physicians’ careers.

2.6  The Future of Gynecologic Oncology

Despite concerns about stress and burnout, 80–90% of gynecologic oncology fel-
lows and faculty repeatedly report high levels of satisfaction with their subspecialty 
choice [25, 27, 29]. The number of gynecologic oncology applicants, fellows, and 
faculty continues to increase. As the population of the United States becomes gener-
ally more elderly, the need for specialists in the care of gynecologic malignancies is 
also rising. Research and development of novel therapeutics and surgical techniques 
continues to drive the field toward improved survival rates and quality of life for 
women with gynecologic malignancies. Gynecologic oncologists are trained to 
become lifelong learners and to adapt to these new technologies and needs of their 
patients. The majority of gynecologic oncologists are also involved in training 
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future physicians, with 82% reporting that they are involved in resident training and 
35% with gynecologic oncology fellows [6]. In order to provide comprehensive 
training to gynecologic fellows and produce competent subspecialists in women’s 
cancer care, fellowships must also constantly tailor their curriculum to provide the 
most cutting-edge knowledge and technical training, as well as meet the needs of 
the changing demographics and work-life balance demands of their fellows.
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3Surgical Anatomy of Gynecologic 
Malignancies

Takuma Fujii

Abstract
Surgical anatomy is quite different from natural, textbook anatomy or systemic 
anatomy because the configuration of the organs becomes rearranged during the 
surgical process. It is important to know the original, precise topology of the 
organs and how the landscape changes during surgery, step by step. For example, 
knowledge of the uterine vessels is important for preservation of the uterus. 
Understanding the configuration of the nerves around the uterus, ureter, and 
bladder is important for preservation of bladder function. It is also crucial to 
know the configuration of vessels and nerves during lymphadenectomy or 
removal of recurrent tumors. When removing disseminated peritoneal tumors 
under the diaphragm, knowing the thickness of the diaphragm is useful. The 
anatomy described in this chapter is mainly based on cadaveric dissection. It 
must be noted that, in the dorsal field, organs such as vessels and nerves—the 
view of which is usually obscured during conventional surgery—may be exposed 
in a cadaver.
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3.1  Introduction

Surgical anatomy is quite different from natural, textbook anatomy. Once the scal-
pel makes the incision, the organs separate from each other, thereby altering the 
configuration from their original pattern. Views of the surgical field during radical 
hysterectomy and para-aorta lymphadenectomy are shown in this chapter. The loca-
tions of dorsal organs such as vessels and nerves, the view of which is usually 
obscured during conventional surgery, may be exposed in a cadaver. Understanding 
the precise surgical anatomy, however, is indispensable for performing surgery to 
remove gynecological malignancies.

3.2  Opening the Abdominal Cavity

It is important to know how to determine the appropriate incision line of the 
anterior lamina of the rectus abdominis muscle prior to opening the peritoneal 
cavity. The anterior lamina of the rectus sheath is exposed after incising the skin 
and fat tissue (Fig. 3.1a). The incision line of the sheath is set approximately 
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Fig. 3.1 Opening the abdominal cavity. (a) Dotted line indicates the midline of the body. (b) 
Incision line is set 2 mm from the right side of the midline. (c, d) 1, linea alba; 2, rectus abdominis 
muscle; 3, pyramidalis muscle; and 4, peritoneum
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2 mm from the right side of the midline (Fig. 3.1b), and the linea alba is then 
easily found on the left side. The muscle is then detached from the linea alba 
(Fig. 3.1c). The next step is to incise the peritoneum (Fig. 3.1d). This technique 
is based on knowledge of the topology of the linea alba and anterior lamina of 
the rectus abdominis.

3.3  Inferior Epigastric Vessels in the Abdominal Wall

During trocar insertion into the side wall of the pelvic cavity for laparoscopic sur-
gery (Fig. 3.2), it is important to avoid injuring the inferior epigastric vessel in the 
abdominal wall. The external iliac artery runs over the center of the inguinal liga-
ment, and the external iliac vein runs medial to the artery. The inferior epigastric 
vessels branch off from the external iliac artery at the level of the inguinal ligament 
and run toward the cranial side parallel to the external iliac vessels until they reach 
under the rectus abdominis muscle.

3.4  Retroperitoneal Approach into the Pelvic Cavity 
from the Midline Incision of the Abdomen

Retroperitoneal cavity was developed from the midline incision of the abdomen. 
The configuration of the vessels, nerves and ureter was identified (Fig. 3.3).

1

cranial caudal
1

2 3456

cranial caudal

a b

Fig. 3.2 (a) External artery and vein at the level of inguinal ligament. Dotted line indicates the 
right side of the inguinal ligament. 1. external iliac artery and vein. (b) Higher magnification of the 
site. 1, pubic tubercle; 2, right anterosuperior iliac spine; 3, stumps of the inferior epigastric ves-
sels; 4, external iliac vein; 5, external iliac artery; and 6, stumps of the inferior epigastric vessels
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Fig. 3.3 (a) Vessels underneath the right round ligament run into the uterus. 1, right round ligament; 
2, peritoneum; 3, inguinal ligament; 4, external iliac artery; and 5, iliopsoas muscle. (b) The uterine 
artery runs into the uterus. 1, inguinal ligament; 2, umbilical artery; 3, uterine artery; 4, external iliac 
artery; 5, internal iliac artery; and 6, iliopsoas muscle. (c) The nutrient vessel from the internal iliac 
artery runs into the ureter. 1, right ureter; 2, branch of the internal artery; 3, internal iliac artery; and 
4, external iliac artery. (d) Vessels supplying the iliopsoas muscle run between the lumbosacral trunks 
and the obturator nerve. 1, right external iliac artery; 2, iliopsoas muscle; 3, lumbosacral trunk nerve; 
4, obturator nerve; and 5, vessels from internal iliac vessels, which run toward the iliopsoas muscle

3.5  Anatomy of the Uterine Corpus and Cervix

Precise knowledge of the uterine cavity is necessary for trachelectomy. The histo-
logical and anatomical cervical appearances were not identical, as shown by the red 
lines (Fig. 3.4). After resecting the cervix, the remnant uterine cavity (measuring 
4.5 cm long) met the minimum requirement for uterine preservation.

3.6  Anatomy of the Uterine Artery

The uterine artery branches into three major vessels in the cervix tissues (Fig. 3.5). 
The cervical connective tissues are dissected and the uterine artery is exposed. The 
corresponding veins are located underneath the uterine artery.
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Fig. 3.4 These T2-weighted magnetic resonance images show the uterine cavity
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Fig. 3.5 The left uterine vessels were exposed from the connective tissues surrounding the uterus. (a) 
Left: The uterine artery branches into three major vessels (red strings). Blue string indicates the ureter. 
(Right) Drawing of the same area. (b) Left: Three symmetrical branches of the uterine veins (black 
strings) are located underneath the artery and across the ureter. (Right) Drawing of the same area
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3.7  Topology of Uterine Vessels and Ureter During 
Laparoscopic Surgery

The deep uterine vein runs parallel with the uterine artery. The origin of the uter-
ine artery and emergence of the deep uterine vein were at the same level but 
across the ureter from each other. Hence, the site of origin of the uterine artery 
was the marker for the emergence of the deep uterine vein during laparoscopic 
surgery (Fig. 3.6).
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Right ureter

Internal
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Obturator
nerve
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Deep
uterine vein

stump of uterine
artery

Fig. 3.6 Topology of the right side of uterine vessels and the ureter as seen during laparoscopic 
surgery. Ureter was displaced away (yellow vessel tape). 1, uterus; 2, right ureter; 3, deep uterine 
vein; 4, stump of uterine artery (white clip); 5, internal iliac artery; 6, obturator nerve; and 7, 
umbilical artery
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Fig. 3.5 (continued)
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3.8  Unroofing the Ureter Tunnel

The ureter tunnel is unroofed, as shown in Fig. 3.7. The anterior leaf of the ureter 
tunnel was dissected from the ureter and cervix (Fig. 3.7a). Of note, vessels in the 
posterior leaf of the ureter tunnel were observed clearly in the unfixed cadaver 
(Fig. 3.7b) while the nerves in the unfixed cadaver (Fig. 3.7c).

Fig. 3.7 Unroofing the anterior leaf of the ureter tunnel. (a) Anterior leaf of the right ureter tunnel was 
grasped by tweezer. 1, cervix; 2, right ureter; 3, anterior leaf of the ureter; 4, middle vesical vein; and 5, 
deep uterine vein. (b) Vessels of the left posterior leaf of the ureter tunnel were exposed in the unfixed 
cadaver. 1, left ureter; 2, branches of deep uterine veins; 3, cervix; and 4, bladder. (c) Nerves on the right 
side were recognized in the fixed cadaver. 1, cervix; 2, bladder; 3, plexus of nerves; and 4, right ureter. (d) 
1, right ureter; 2, branch of the middle vesical vein; 3, deep uterine vein; 4, uterine artery; and 5, cervix
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3.9  Configuration of the Cardinal Ligament (Paracervical 
Tissues)

The cardinal ligament was composed of vessels, nerves, and connective tissues. 
The right side of the deep uterine vein was exposed after incision and ligation of 
the superficial uterine veins (Fig.  3.8a, b). The pelvic nerve plexus was then 
exposed (Fig.  3.8c, d). The association between the cardinal ligament and the 
posterior leaf of the ureteral tunnel and paracolpium is shown in Figs. 3.9 and 
3.10, respectively.
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Fig. 3.7 (continued)
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Fig. 3.8 Exposure of the deep uterine vein. (a) 1, right side of the paravesical space; 2, cardinal 
ligament; and 3, pararectal space. (b) 1, deep uterine vein; 2, stump of the superficial uterine ves-
sels. (c) 1, right side of the deep uterine vessels; 2, vesical vein. (d) 1, nerve plexus; 2, stump of the 
deep uterine vein; and vesical vein, respectively
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Fig. 3.9 To visualize the association between the left cardinal ligament and the posterior leaf of 
the ureteral tunnel, the connective tissues are partially removed at the cardinal ligament and poste-
rior leaf of the ureteral tunnel. 1, left side of the connective tissue and nerves of the cardinal liga-
ment; 2, obturator nerve; 3, deep uterine vein; 4, obturator artery; 5, obturator vein; 6, posterior leaf 
of the ureter tunnel; 7, inferior gluteal artery; 8, internal pudendal artery
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3.10  Topology of the Cardinal Ligament, Posterior Leaf 
of the Ureteral Tunnel, and Paracolpium

The cardinal ligament, posterior leaf of the ureteral tunnel, and paracolpium are 
resected during radical hysterectomy (Fig. 3.10).
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Fig. 3.10 (Left) Tissues of the right paracolpium were separated from the vaginal wall by the 
right forceps. The Kocher forceps seen in the left grasped the right side of the ligament of the 
ovary. 1, vagina; 2, paracolpium; 3 and 4, stumps of the deep uterine vein; and 5, uterine corpus. 
(Right) Dotted blue lines indicate the incision lines of the paracolpium and the cardinal ligament, 
respectively, for radical hysterectomy
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3.11  Drainage from the Cervix to the Pelvic Cavity

If the vessel permeation in the cancer tissues was observed, the cancer cells might 
be spread through the vessels toward the other organs. It is a critical point why ves-
sels should be resected in the radical hysterectomy. To visualize drainage from the 
cervix to the pelvic cavity, indigo carmine was injected into the cervix of the unfixed 
cadaver. Its course could then be traced through the left infundibulopelvic ligament 
(Fig.  3.11a), surface of the retroperitoneum (Fig.  3.11b), right obturator vein 
(Fig.  3.11c), right deep uterine vein (Fig.  3.11d), and right middle vesical vein 
(Fig. 3.11e).
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Fig. 3.11 Course of drainage from the cervix to the pelvic cavity. (a) Course through the infun-
dibulopelvic ligament. View from the right side of the cadaver. Uterine body was not shown in this 
photo. It was located toward the left side of the photo. 1, cervix; 2, left ovary; 3, left infundibulo-
pelvic ligament; and 4, external iliac artery. (b) Course through the surface of the retroperitoneum. 
1, cervix; 2, left ovary; 3, right ovary; and 4, back surface of the retroperitoneum. (c) Course 
through the right obturator vein (1). 2, right external iliac artery. (d) Course through the right deep 
uterine vein (1). (e) Course through the right middle vesical vein (1)
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Fig. 3.12 (Left) Configuration of the hypogastric nerve (represented by sky blue strings) relative 
to the deep uterine vein (represented by black strings). (Right) Drawing of the same area. A, artery 
and V, vein
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Fig. 3.13 (Left) Configuration of the hypogastric nerve relative to the middle rectal artery at the 
level of the initiation of the rectal artery. 1, internal iliac artery; 2, uterine artery (red strings); 3, 
hypogastric nerve (sky blue strings); 4, middle rectal artery (pink strings); 5, deep uterine vein 
(black); 6, uterine cervix; and 7, ureter. (Right) Configuration of the hypogastric nerve relative to 
the middle rectal artery at the level of the uterine artery

3.12  Configurations of the Hypogastric Nerve, Deep Uterine 
Vein, and Middle Rectal Artery

The left deep uterine vein crosses over the hypogastric nerve, as shown in Figs. 3.12 
and 3.13.

3 Surgical Anatomy of Gynecologic Malignancies



38

1234567

8caudal cranial
1

23

caudal cranial

Fig. 3.14 Branches of the left internal iliac artery and vein (caudal side). (Left) 1, internal iliac 
artery; 2, inferior gluteal artery; 3, internal pudendal artery; 4, obturator artery; 5, uterine artery; 6, 
inferior vesical artery; 7, superior vesical artery; and 8, umbilical artery. (Right) Branches of the 
right internal iliac artery and vein (caudal side). 1, right external iliac artery; 2, internal iliac artery; 
and 3, trunk of internal iliac vein
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Fig. 3.13 (continued)

3.13  Configuration of Various Other Important Vessels

The branches of the left internal iliac artery were configured in the plane. Once the 
artery was exposed, the bundle of arteries resembled strings of a harp (Fig. 3.14). 
Other important vessels are shown in Figs. 3.15, 3.16, 3.17, and 3.18.
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Fig. 3.15 Branches of the left internal iliac artery and vein (left: cranial site, right: caudal site). 1, 
left internal iliac artery; 2, inferior gluteal artery; 3, internal pudendal artery; 4, obturator artery; 5, 
middle rectal artery; 6, umbilical artery; 7, internal iliac vein; 8, pudendal vein; and 9, sacrospi-
nous ligament
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Fig. 3.16 Variant sacral vessels. (Left: fixed cadaver, right: unfixed cadaver).There are variant 
sacral vessels in the surface of the sacrum. 1, sacral vessels; 2, sacral promontory; and 3, superior 
hypogastric plexus
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3.14  Diaphragm, Pleura, and Peritoneum

It is important to know the thickness of the diaphragm (Fig. 3.19) before removing 
disseminated peritoneal tumors from underneath it.
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Fig. 3.18 Aorta and renal vessels. (Left)1, ovarian artery; 2, left renal vein; 3, left ovarian 
vein; (right) 4, stump of the second lumbar vein; 5, stump of the left renal vein; and 6, left 
renal artery
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Fig. 3.17 Aorta and inferior mesenteric artery (left). 1, sacral promontory; 2, superior hypogastric 
plexus; 3, aorta; 4, inferior mesenteric artery; (right) magnification view of the inferior mesenteric 
artery 5, sigmoid artery; and 6, left colic artery
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3.15  Summary

Views of the surgical field from various perspectives are shown in this chapter. 
Familiarity with the topology of the organs during surgery is critical for accom-
plishing high-quality surgery. Cadaveric studies such as DVD or contents [1, 2] are 
useful for deepening this knowledge. I strongly recommended the use of their 
information.

Notes This cadaveric study was performed at the Clinical Anatomy Laboratory, 
Department of Anatomy, Keio University, School of Medicine, Tokyo, Japan.
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Fig. 3.19 Right side of the diaphragm, pleura, and peritoneum. 1, peritoneum. 2, right lung; 
3, pleura; 4, diaphragm; and 5, liver
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4Conization

Yoichi Kobayashi

Abstract
Conization is the most important clinical procedure for patients with CIN3 and 
microinvasive carcinoma of the uterine cervix who need to preserve fertility. The 
main purposes of conization are confirmation of pathological diagnosis and 
treatment of CIN3 or early invasive cervical cancer. Preoperative evaluation 
should include cytology, colposcopy, and histology. Conization is performed 
with cold knife (CKC), laser, loop electrocautery (LEEP/LLETZ), and other 
devices. The treatment success of CKC, laser, and LEEP/LLETZ for CIN is 
reported to be about 90–98%, and there are no significant differences among 
these three procedures in treatment outcomes. The recurrence rate after coniza-
tion has been reported to be approximately 5% regardless of surgical procedures, 
while age is a risk factor of recurrence. Human papilloma virus (HPV) testing is 
useful for detecting recurrence as well as cytology. Hemorrhage and cervical 
stenosis are the main complications after conization. Cone height is one of the 
risk factors for stenosis, while postmenopausal and postpuerperal amenorrheic 
women are also high risk for stenosis. Conization can also influence subsequent 
pregnancy. Treatment for CIN significantly increases the risk of preterm prema-
ture rupture of the membrane (pPROM) and preterm birth, and its risk is associ-
ated with cone height. CIN during pregnancy should be observed, and conization 
should be avoided except when invasive cancer cannot be excluded. Several trials 
have attempted to apply conization with pelvic lymphadenectomy for early inva-
sive cervical cancer instead of radical trachelectomy. Further prospective studies 
should be conducted to establish these “less invasive” procedures to preserve 
fertility.
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4.1  History

In the past, patients with cervical intraepithelial neoplasia 3 (CIN3) and microinva-
sive carcinoma of the uterine cervix had undergone hysterectomy. However, 
recently, conization has become the most important procedure for these patients 
especially when there is a need to preserve fertility. In Japan, among patients with 
carcinoma in situ (CIS), the proportions of those received hysterectomy and coniza-
tion were 49.6% and 40.6%, respectively, in 1995, but the proportion of hysterec-
tomy had decreased to 11.8% while that of conization had increased to 80.3% in 
2013 [1, 2].

It is unclear when the first report of the “conization” procedure of the uterine 
cervix was published in the literature. A search for “cone biopsy and cervix” as 
keywords in PubMed shows a report from Crossen RJ to be the oldest publication 
on record; he described the history of conization in detail [3]. According to his 
manuscript, in 1815, Lisfranc reported the removal of a wedge-shaped block for 
presumed early cervical cancer, although later investigation demonstrated that these 
cases were not cancer but chronic inflammation [3]. Since then, many surgeons have 
attempted to improve the procedures and to reduce complications. In 1916, 
Sturmdorf devised his cold knife conization (CKC) technique with sutural coapta-
tion of the vaginal cuff [3]. In 1935, Pendleton Tompkins compared trachelorrha-
phy, amputation, and Sturmdorf operation, and he statistically demonstrated that the 
Sturmdorf operation was the most preferable in cure rate and had the lowest influ-
ence on subsequent pregnancies [3]. Thus, the Sturmdorf operation became the gold 
standard of conization performed by cold knife.

With the development of improved surgical devices, the cold knife has been 
replaced with other devices such as laser, electrical cautery (loop electrosurgical 
excisional procedure (LEEP)/large loop excision of the transformation zone 
(LLETZ)), and harmonic scalpel. Carbon dioxide (CO2) laser for gynecology use 
was first described by Bellina [4]. Dorsey JH et al. reported on cone biopsy per-
formed by CO2 laser and demonstrated its advantages in both pathological diagnosis 
and low surgical complications [5]. But CO2 laser technique is limited by the diffi-
culties in setting instruments and its relatively longer surgical time for procedure. 
Kitsuki applied Nd:YAG laser for cervical conization and demonstrated satisfactory 
results compared to CO2 laser [6]. Parallel to the development of laser, loop exci-
sional technique was first introduced by Cartier et al. in the early 1980s, and then 
the LEEP technique was later developed. In 1992, another electrical cautery device, 
Shimodaira-Taniguchi cone biopsy probe, was developed to minimize the disadvan-
tages of LEEP [7]. Konno et al. later reported conization using harmonic scalpel 
that could improve disadvantages of laser and LEEP [8]. As described, many new 
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procedures and instruments have been established in accordance with technological 
development. Every procedure has its own characteristics, and the advantages and 
disadvantages of these methods are described below.

4.2  Principle and Indication

The main purposes of cervical conization are to confirm diagnosis and to treat the 
lesion. As a treatment modality, conization is able to preserve fertility and allow for 
subsequent pregnancy; thus, surgeons should make every effort to reduce reproduc-
tive and obstetrical complications. Indications for conization are shown in Table 4.1. 
Diagnostic conization should be performed if invasive cancer is suspected by cytol-
ogy, but a histological diagnosis cannot demonstrate invasion. Conization can also 
be applied to evaluate depth of invasion and lymphovascular space invasion (LVSI) 
for the determination of subsequent surgical procedure in early invasive cancer 
(stage 1A).

Indications for treatment of CIN differ with various patient populations. 
According to the 2012 updated consensus guidelines for the management of abnor-
mal cervical cancer screening and cancer precursors, therapeutic conization is unac-
ceptable for CIN3  in pregnant women, and diagnostic excisional procedure is 
recommended only if invasion is suspected [9]. Special attention should be also paid 
to postpuerperal and postmenopausal women in performing conization since the 
incidence of cervical stenosis or occlusion after conization is considered higher in 
postpuerperal amenorrheic women; additionally, diagnosis of hematometra due to 
cervical occlusion could possibly be delayed in this subpopulation of patients [10]. 
In postmenopausal women, Hasegawa et al. reported that incidence of cervical ste-
nosis is significantly higher compared to premenopausal women (59.1 vs. 8.3%) 
[11]. Based upon these findings, although conization is a less invasive procedure for 
CIN, conization should be only prudently offered to postmenopausal women. 
Hysterectomy might be a more preferable treatment for postmenopausal cases.

Table 4.1 Indication of conization of the uterine cervix

Therapeutic
1. Histologically diagnosed CIN3 or stage Ia1
2. Recurrent CIN2~3
3. Adenocarcinoma in situ (AIS)
Diagnostic
1.  Suspected CIN3 or more lesion with unsatisfactory colposcopy (entire squamocolumnar 

junction cannot be visualized)
2. Diagnosis for AIS
3.  Suspected (early) invasive cancer in cytology but no correspondence histology/colposcopic 

finding
4.  To devaluate depth of invasion and LVSI for determination of following surgical procedure in 

early invasive cancer
5. Insufficient cytology or histology to warrant procedure

CIN cervical intraepithelial neoplasia, LVSI lymphovascular space invasion
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4.3  Preoperative Evaluation

Before conization, preoperative evaluation is very important. When an abnormal 
Papanicolaou smear is confirmed, colposcopy followed by biopsy should be per-
formed by an experienced colposcopist. Songveeratham et al. reported that 15% of 
high-grade squamous intraepithelial lesion (HSIL) cases are underdiagnosed by 
cytology [12]. Although the value of endocervical curettage (ECC) at colposcopy 
has been controversial, and while ECC has not been routinely performed, Fine et al. 
reported that preoperative ECC is associated with grade of dysplasia and suggest 
that routine ECC should be included as part of the preoperative assessment [13]. 
Pretorius et al. also concluded that ECC should be performed for the patients with 
abnormal cytology even when colposcopy is satisfactory [14].

4.4  Technique

In performing conization, historically cold knife has been used. Recently, in accor-
dance with the development of new technologies and equipments, electrocautery 
(LEEP/LLETZ), laser, and harmonic scalpel have been applied for conization. A 
randomized prospective study comparing CKC, laser, and LEEP and their respec-
tive characteristics as reported by Mathevet et al. is summarized in Table 4.2 [15]. 
They concluded that laser conization is relatively costly and time-consuming and 
that laser and LEEP may induce artifact so that histological evaluation of the surgi-
cal margin is difficult. In a meta-analysis, LEEP/LLETZ is as effective as CKC with 
regard to recurrence rate, positive margin, residual disease as well as secondary 
hemorrhage and cervical stenosis [16]. As described, every procedure has its advan-
tages and disadvantages; thus, the procedures should be selected by the surgeon 
according to the institutional settings, size and depth of the lesion, and/or economic 
status of the patients.

The scheme of our procedure for laser conization is shown in Fig. 4.1. Briefly, 
the patient is set in lithotomy position, and the speculum is inserted in the vagina. 
Acetic acid or Schiller’s solution is used in order to determine the range of surgical 
resection. Hemostatic sutures using No. 2-0 Vicryl are placed at 3 and 9 o’clock 
positions. Local injection of vasoconstrictor is not routinely used in our institute. 
Four to eight sutures by No. 3-0 Vicryl are made just inside of the margin to retract 

Table 4.2 Characteristics of cold knife, laser, and LEEP (modified ref. 15)

Mean 
operative time

Mean 
blood loss

Mean cone 
volume

Difficulty of 
technique Cost

Evaluation of 
margin

Cold 
knife

◯ ◯ ◎ ◯ ◎ ◎

Laser ◯ ◯ ◯ ◯ X ◯
LEEP ◎ ◎ ◯ ◎ ◯ X

LEEP loop electrosurgical excision procedure
◎: superior, ◯: acceptable, X: inferior
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the lesion, and a knot is made on the thread at 12 o’clock to recognize orientation of 
the specimen [17]. Width and depth of conization could be determined individually 
according to the colposcopic findings. After marking the line of incision 3–5 mm of 
outer margin with small spots by laser, the cervix is cut by laser beam. During the 
procedure, if surgical mist or bleeding occurs, an aspirator is used during the proce-
dure. After the desired depth is obtained, the upper margin is cut by scalpel so that 
the pathological diagnosis of the endocervical surgical margin is more readily pos-
sible. After removal of the specimen, hemostasis and vaporization are made by 
defocused laser spot or ball electrode. Additionally, the outer margin is vaporized to 
reduce recurrence of surgical margin-positive cases. We usually insert a 8 Fr Nelaton 
catheter into the uterine cavity to avoid stenosis; this will later be removed after 
about 1 week after conization, but insertion of catheter can be omitted. Absorbable 
hemostat such as oxidized cellulose is placed on the wound.

When using LEEP/LLETZ, excision in multiple fragments can complicate histo-
pathological assessment, so surgeons should inform the pathologist on the precise 
orientation of the resected specimens. If CKC is performed, the surgeons should 
take care to minimize side effect such as hemorrhage and cervical stenosis [17].

Evidence to support use of antibiotics to reduce infectious complications after 
conization is insufficient, so routine use of antibiotics should be avoided [18].

4.5  Result and Outcome

According to a systematic review, the treatment success rates (no residual disease 
during follow-up) for CKC, laser conization, and LEEP/LLETZ for CIN are 
reported as 90–94%, 93–96%, and 91–98%, respectively, and there are no signifi-
cant differences among these three procedures in treatment outcomes [19]. Even 
in unsatisfactory colposcopic examinations, there is no significant difference in 
the incidence of persistent or recurrent disease between LEEP and CKC for CIN 
[20]. For cervical adenocarcinoma in situ (AIS), there is no difference in residual 

a b

Fig. 4.1 Conization technique by laser. (a) After marking the line of incision 3–5 mm of outer 
margin with small spot by laser, cervix is cut by laser beam. (b) After removal of the specimen, 
hemostasis and vaporization are made by defocused laser spot or ball electrode
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and recurrence rates between LEEP and CKC. Conization is acceptable as a defin-
itive treatment for Ia1 squamous cell carcinoma of the cervix if the surgical mar-
gin is negative [21, 22].

4.6  Influence of Conization for Pregnancy

The safety of delaying treatment for CIN during pregnancy has been reported. The 
risk of progression of CIN3 in pregnancy is low, and the spontaneous regression rate 
is high [23, 24]. For CIN1 to CIN3 in pregnant women, regression rates and persis-
tence rates were reported 16.7–77.4% and 22.6–70.0%, respectively, while progres-
sion rates were 0–13.3% [25]. CIN3 in pregnancy is usually observed and should be 
re-evaluated at 6 weeks postpartum [9], and diagnostic conization during pregnancy 
is recommended only if invasion is suspected [9].

Adverse obstetrical outcomes after conization have been shown in number of 
studies. Sadler et al. reported that LEEP and laser conization were associated with 
significantly increased risk of preterm premature rupture of the membrane 
(pPROM), and if cone height is ≧1.7 cm, pPROM risk increased threefold com-
pared with untreated women [26]. A systematic review and meta-analysis by 
Kyrgiou et  al. showed that treatment for CIN significantly increased the risk of 
preterm birth. Relative risks (RRs) of preterm delivery according to the conization 
procedures are 2.70 (2.14–3.40) for CKC, 2.11 (1.26–3.54) for laser conization, 
and 1.56 (1.36–1.79) for LEEP/LLETZ, respectively. Cone depth is also associated 
with preterm delivery, and if cone depth is ≧20.0 mm, the RR increased to 4.91 
(2.06–11.68). Chorioamnionitis and low birth weight are also significantly 
increased after conization [27].

For young women, the indication and application of conization should be 
sufficiently discussed. Chevreau et al. reviewed the age at LEEP on obstetrical 
outcome, and they found that age younger than 25 years at the time of LEEP 
is associated with extremely early preterm delivery (before 26 weeks) if cone 
depth is ≧15 mm [28]. It can perhaps be surmised that the cervix is a growing 
organ, and its length is significantly shorter in young women [29]. In these 
patients, vaporization might better be considered as a treatment option instead 
of conization. Mariya et al. reported there were no significant differences in 
cure rate, human papilloma virus (HPV) clearance rate, or recurrent rates 
between conization and vaporization groups, and no adverse pregnancy out-
come was observed in the vaporization group [30]. In order to reduce the 
height of cone, Kim et al. reported “coin-shaped” conization. In their report, 
mean cone height was reduced from 14.0 mm to 12.8 mm, and it improved 
reduction rate of uterine cervical length over the subsequent pregnancy [31], 
but whether it could contribute to improve obstetrical outcome is still contro-
versial. In order to minimize the incidence of adverse events as well as posi-
tive margin, Kawano et al. showed the cutoff value of cone length was 15 mm 
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in single quadrant disease and 20 mm in two or more quadrant disease to avoid 
positive cone margin in women ≦40 years old [32].

4.7  Residual Disease/Recurrence

After treated for CIN, early detection of residual/recurrent disease is essential. 
Histology taken under colposcopy after conization has been reported to be highly 
negative, so colposcopy as the only postoperative test may not be suitable for fol-
low- up after conization [33]. For follow-up after conization, cytology and screening 
of HPV can be useful for detecting recurrence. Nobbenhuis et al. reported sensitiv-
ity of HR-HPV test 6 months after treatment was higher than abnormal cervical 
cytology in posttreatment CIN2/CIN3 (90 vs. 62%) [34]. Additionally, co-testing 
with cytology and HPV testing at 12 and 24 months has been recommended as fol-
low- up after conization [9].

The recurrence rate after conization has been reported to be approximately 5% 
regardless of surgical procedures [35]. Recognizing high-risk factors for recurrence 
after conization is important. It is well-known that a positive surgical margin is a 
risk factor for residual disease/recurrence after conization [36]. Age ≧50, parity ≧5, 
positive post-cone ECC, and multi-quadrant disease can also predict post-cone 
residual disease [37]. Tanaka et al. mentioned aged ≧46 was an independent risk 
factor for recurrent/persistent disease [35]. In multivariate analysis from Zhu et al., 
for patients with high-grade squamous intraepithelial lesion (HSIL) with positive 
margins after LEEP, age ≧35 was an independent risk factor [38]. Giannella et al. 
described HPV clearance after conization decreased with age; thus increasing age 
can be categorized as a risk for post-conization recurrence [39]. Park et al. reported 
positive margin and pre-cone HR-HPV load were the only significant factors pre-
dicting post-cone residual disease [36].

4.8  Complications

Several complications of conization have been reported. Intraoperative bleeding is 
a major complication but is rarely heavy and in most cases can be controlled by 
sutures and electrocoagulation. In our experience, most cases of bleeding can be 
controlled by ball electrode. Postoperative bleeding is a frequent complication. 
Usually, it takes 4–5  weeks for postoperative reepithelialization of the cervix. 
During this period, slight hemorrhage may occur, but in cases of massive hemor-
rhage, this will occur on the 8th to 12th day after conization because during this 
period the fibrino-leukocytic membrane covering the denuded cervix sloughs away 
[40]. Incidences of secondary hemorrhage of conization in LEEP, CKC, and laser 
were reported 5.3–10.1%, 0–9.4%, and 0.9–6.1%, respectively [15, 16, 41–45] 
(Table 4.3). Occasionally it requires hemostasis including suturing or packing and 
rarely requires blood transfusion, uterine artery embolization, or hysterectomy.
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Cervical stenosis is another major problem after conization. Cone height is a risk 
of stenosis, but elderly age is another risk [35]. Incidences of postoperative cervical 
stenosis of CKC, LEEP, and laser conization were reported 3.4–19%, 2.9–29%, and 
0–9%, respectively [15, 16, 41–45] (Table 4.3). As there is no standard definition of 
stenosis, these findings could not be simply compared. Special consideration for 
postmenopausal and postpuerperal amenorrheic women should be made because 
they are at high risk for cervical stenosis (see Chap. 4.2).

Although there is a possible risk of infection, major infection after conization in 
any procedures (CKC, LEEP, and laser) is approximately 0.1–2% [46, 47], but it 
will depend on the patients’ status (history of pelvic inflammatory disease, etc.). 
Other uncommon complications of conization have been reported to include blad-
der perforation, peritonitis, intra-abdominal bleeding, pseudoaneurysm of uterine 
artery, and vaginal evisceration [45, 48–51].

4.9  Future Prospect

Although fertility-sparing surgery for International Federation of Gynecology and 
Obstetrics (FIGO) stage 1A1 with LVSI, 1A2, and small 1B1 cervical cancer patients 
is radical trachelectomy (RT) with pelvic lymphadenectomy, postoperative severe 
complications could occur as well as a high incidence of premature delivery in sub-
sequent pregnancy. Thus, several trials have been performed to develop less invasive 
procedures for low-risk early-stage cervical cancer (histology; squamous cell carci-
noma, adeno/adenosquamous cell carcinoma, tumor size <2 cm, stromal invasion 
<10 mm, no LVSI) [52]. Biliatis et al. performed loop biopsy with pelvic lymphad-
enectomy for 35 small-volume stage 1B1 cervical cancer patients, and there was no 
recurrence, and 7 full-term pregnancies have been achieved [53]. Fagotti et  al. 
reported CKC and laparoscopic pelvic lymphadenectomy for early- stage cervical 
cancer. Four of 17 cases involved LVSI, and 2 patients received adjuvant chemo-
therapy, and no recurrence was observed after a median follow-up of 16 months. 
They concluded CKC and laparoscopic pelvic lymphadenectomy might be feasible 
as a fertility-sparing procedure instead of radical trachelectomy in selected and 
informed patients [54]. Literature review has demonstrated cone biopsy to be a fea-
sible treatment of ≧stage 1A2 disease by Reade et al. including data from Fagotti 
et al. In this review, a total of 1163 cases received conization, and recurrence rate and 
death from disease were 2.0% and 0.7%, respectively [55]. Andikyan et al. reported 
cervical conization with sentinel lymph node (SLN) mapping could be acceptable for 
small-volume stage I cervical cancer [52]. Neoadjuvant chemotherapy followed by 
conization with lymphadenectomy for stage 1B2 disease case has also been attempted 

Table 4.3 Incidence of secondary hemorrhage and cervical stenosis after conization

LEEP (%) CKC (%) Laser (%)
Secondary hemorrhage 5.3–10.1 0–9.4 0.9–6.1
Cervical stenosis 3.4–19 2.9–29 0–9

LEEP loop electrosurgical excision procedure, CKC cold knife conization
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[56]. In order to establish a less invasive procedure employing conization with war-
ranted curative rate, further prospective studies should be conducted.
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5Abdominal Hysterectomy
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Abstract
Hysterectomy is the most common major operation performed by gynecologic sur-
geons. There are many indications for abdominal simple (extrafascial) hysterec-
tomy. In high-grade squamous intraepithelial lesion (HSIL), especially  cervical 
intraepithelial neoplasia (CIN) 3, more conservative treatments such as laser con-
ization or the loop electrosurgical excision procedure have been introduced and are 
effective, making hysterectomy unnecessary in most women. However, for patients 
with recurrent HSIL (CIN3) who do not wish to preserve fertility, hysterectomy 
may be an appropriate treatment option. This decision must be made after a thor-
ough discussion between the patient and her physician. Currently, the indications 
for abdominal hysterectomy are recurrence following conservative treatment for 
HSIL (CIN3); HSIL (CIN3) with residual disease; adenocarcinoma in situ, with or 
without a positive surgical margin; International Federation of Gynecology and 
Obstetrics (FIGO) stage IA1 disease without lymphovascular space invasion 
(LVSI); FIGO stage IA1 with LVSI; and central recurrent or residual cervical dis-
ease in patients with locally advanced cervical cancer treated with radiotherapy or 
chemoradiotherapy. The ovaries and fallopian tubes may or may not be removed 
along with the uterus, depending on the patient’s age and a variety of other factors, 
such as a high risk of ovarian cancer with an identified BRCA 1/2 germline muta-
tion. Gynecologic surgeons must be aware of the potential complications of hyster-
ectomy: infection, venous thromboembolism, urinary tract injury, bowel injury, 
bleeding, and vaginal cuff dehiscence. Based on the results of several prospective 
trials, patients with low-risk, early-stage cervical cancer, a tumor size <2 cm, stro-
mal invasion <10 mm, and no LVSI may be appropriate candidates for less radical 
surgery, including simple hysterectomy, simple trachelectomy, or cervical coniza-
tion, with or without sentinel lymph node biopsy or pelvic lymphadenectomy.
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5.1  History

Hysterectomy is the most common major operation performed by the gynecologist. 
There are many indications for hysterectomy, including uterine leiomyoma, adeno-
myosis, abnormal uterine bleeding, and gynecologic malignancy. The uterus can be 
removed using a variety of techniques; the approaches include abdominal, vaginal, 
laparoscopic, and, most recently, robotic.

Vaginal hysterectomy for cervical cancer has been performed in Europe since the 
1810s, with the techniques undergoing systematic development until the late nine-
teenth century. The first attempted abdominal hysterectomy was reported in 1825; 
however, at that time, abdominal surgery was commonly complicated by often- 
lethal postoperative hemorrhage. In the mid-nineteenth century, ligation of the uter-
ine arteries during abdominal hysterectomy was first introduced; this technique 
gradually became common practice. In 1878, Freund introduced an abdominal hys-
terectomy method that employed anesthesia and antiseptic technique. His operation 
consisted of ligating the ligaments and major vessels, separating the bladder from 
the uterus, and amputating the cardinal and uterosacral ligaments. From this point 
until the late nineteenth century, further improvements were made by several sur-
geons, and the mortality rate gradually declined to about 5%. In the early decades 
of the twentieth century, abdominal hysterectomy became more commonly used for 
the treatment of gynecologic diseases. Surgery became safer, and gynecologic sur-
geons contributed to developing new surgical procedures. Accurate diagnostic tech-
niques, the use of blood transfusion and antibiotics, and the development of 
anesthetic techniques greatly reduced overall morbidity.

The indication for abdominal hysterectomy is a benign uterine condition in 
nearly 90% of patients; the remaining indications are for malignant disease. The 
former includes leiomyoma, adenomyosis, endometriosis, abnormal bleeding, pel-
vic organ prolapse, pelvic inflammatory disease, and pregnancy-related conditions, 
and the latter includes high-grade squamous intraepithelial lesion (HSIL), espe-
cially high-grade cervical intraepithelial neoplasm (CIN3), microinvasive cervical 
cancer, atypical endometrial hyperplasia, endometrial cancer, ovarian cancer, tubal 
carcinoma, peritoneal cancer, and gestational trophoblastic tumors. Since the intro-
duction of laparoscopic hysterectomy in 1989, this minimally invasive approach has 
been increasingly employed. However, the most common route of surgery remains 
abdominal, despite the longer hospital stay, greater postoperative pain, higher rate 
of infection, and slower return to normal activity [1].

Historically, international trends of treatment for HSIL (CIN3) have changed 
along with the improvement in medical techniques and instruments, the medical 
economy, and the accumulation of evidence [2]. In the 1950s, HSIL (CIN3) was 
traditionally treated using hysterectomy; in the 1960s–1970s, cold knife conization 
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was performed on an inpatient basis. In the 1980s, outpatient cryotherapy or laser 
conization and vaporization was used, and from 1990 to the present, either the loop 
electrosurgical excision procedure (LEEP) or large loop excision of the transforma-
tional zone (LLETZ) has been employed most frequently [2].

In the past, hysterectomy was performed as primary treatment for SIL (CIN). 
The introduction of effective, more conservative treatments such as laser conization 
or LEEP has made hysterectomy unnecessary in most women with this condition. 
However, hysterectomy remains a popular and accepted method of management for 
patients with HSIL (CIN3), especially in those who do not desire future fertility. 
The decision for the type of treatment must be made following a thorough discus-
sion of the risks and benefits between the patient and her physician.

Removal of the upper part of the vagina was previously advocated for the treat-
ment of CIN3, yet there is no basis for this recommendation. In a study by Creasman 
and Rutledge [3], the recurrence rate of CIN3 of the cervix did not depend on the 
amount of vagina removed with the uterus. Unless vaginal extension is identified 
colposcopically, there is no reason for routine removal of the upper vagina.

Although hysterectomy is considered definitive therapy for CIN3, patients must 
be followed in essentially the same manner as those who opt for conservative treat-
ment. The chance of recurrence of invasive disease is small, but recurrence is not 
impossible, and these patients must be followed indefinitely.

5.2  Principles and Indications

Definitive pathological evaluation after cervical cone biopsy for HSIL (CIN3), ade-
nocarcinoma in situ (AIS), and International Federation of Gynecology and Obstetrics 
(FIGO) stage IA cervical cancer is essential for designing an appropriate treatment 
strategy. Cone biopsy is recommended if a cervical biopsy is inadequate to evaluate 
for invasive disease or if accurate assessment of microinvasive disease (IA1 or IA2) 
is required. The choice of therapy should be influenced by the patient’s desire to 
maintain fertility. The indications for simple (extrafascial) abdominal hysterectomy 
for HSIL (CIN3), AIS, and early cervical cancer are described in Table 5.1.

Table 5.1 Indication of simple hysterectomy in HSIL (CIN3), AIS, and cervical cancer

1. Recurrence following conservative treatment for HSIL (CIN3)
2. HSIL (CIN3) with residual disease
3. AIS with or without positive surgical margin
4. FIGO stage IA1 without LVSI
5. FIGO stage IA1 with LVSI
6. Central recurrent or residual disease existed in the cervix in patients with locally advanced 
cervical cancer treated with radiotherapy or chemoradiotherapy

FIGO International Federation of Gynecology and Obstetrics, HSIL high-grade squamous intraep-
ithelial lesion,  CIN cervical intraepithelial neoplasia, AIS adenocarcinoma in situ, LVSI lymph 
vascular space invasion
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5.2.1  Recurrence Following Conservative Treatment (Laser 
Conization or LEEP) for HSIL (CIN3)

Reconization is appropriate for patients with recurrent HSIL (CIN3) who desire 
future fertility. For the patients who do not want to preserve fertility, simple hyster-
ectomy may be an appropriate treatment option if the absence of invasive cancer is 
confirmed.

5.2.2   HSIL (CIN3) with Residual Disease after Conization

For patients with HSIL (CIN3) and positive surgical margins after cone biopsy who 
have residual disease (CIN3) pathologically confirmed, either reconization or sim-
ple hysterectomy may be offered [4].

5.2.3  AIS, with or without Positive Surgical Margins

Simple hysterectomy is recommended for patients with AIS diagnosed by conization, 
regardless of the status of the surgical margins. Patients with positive surgical margins 
have a 19% chance of experiencing recurrent disease [5]; simple hysterectomy is 
therefore recommended. However, patients with negative margins have only a 2.6% 
chance of recurrent disease [5] and may be treated conservatively if they strongly 
desire preservation of fertility. The incidence of residual disease in patients with nega-
tive margins after conization is low but not negligible [6]. Therefore, conservative 
management in these patients is possible, but careful surveillance is required.

5.2.4  FIGO Stage IA1 without Lymphovascular Space Invasion 
(LVSI)

Cervical cancer of FIGO stage IA1 without LVSI has a less than 1% incidence of 
lymph node metastasis; therefore, if patients do not desire future fertility, simple 
hysterectomy is an appropriate therapy option. In such cases, lymphadenectomy is 
not recommended. It is possible to preserve the uterus by performing only cervical 
conization in patients who strongly desire fertility preservation. However, these 
patients must have no LVSI, negative surgical margins, and negative histological 
results from endocervical curettage. For patients with positive margins after coniza-
tion, options include repeat conization to better evaluate the depth of invasion or 
radical trachelectomy.

5.2.5  FIGO Stage IA1 with LVSI

For patients with stage IA1 disease with LVSI, simple hysterectomy with pelvic 
lymphadenectomy, including sentinel lymph node biopsy, is indicated [7]. The 
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National Comprehensive Cancer Network (NCCN) guideline on cervical cancer [8] 
recommends modified radical hysterectomy with pelvic lymphadenectomy. Radical 
trachelectomy with pelvic lymphadenectomy, including sentinel lymph node biopsy, 
is an option if patients strongly desire fertility preservation. In some patients with 
stage IA1 disease and LVSI, conization (with negative margins) plus laparoscopic 
pelvic lymphadenectomy, including sentinel lymph node biopsy, may be a reason-
able strategy. These patients may also undergo elective para-aortic lymph node sam-
pling. Observation after conization with negative margins is recommended for 
patients who are medically inoperable or who refuse surgery.

5.2.6  Central Recurrent or Cervical Residual Disease in Patients 
with Locally Advanced Cervical Cancer Treated 
with Radiotherapy or Chemoradiotherapy

In patients with central pelvic recurrent disease after radiation or chemoradiation, 
pelvic exenteration can be considered after a thorough preoperative evaluation. 
Surgical mortality is generally 5% or less, with survival rates approaching 50% in 
carefully selected patients. Radical hysterectomy may be an option in carefully 
selected patients with small central lesions (<2 cm) [8]. Simple hysterectomy is an 
option for patients with cervical residual disease after radiation therapy [9]. 
Reportedly, adjuvant extrafascial hysterectomy after chemoradiation in patients 
with locally advanced cervical adenocarcinoma improves survival outcomes com-
pared with the current standard of care, and severe complications are rare [10].

5.3  Preoperative Evaluation

The preoperative evaluation should be thorough, taking into account the patient’s 
general medical condition and prior surgical history. The risks, benefits, and poten-
tial complications of hysterectomy should be precisely explained to the patient and 
her family.

5.3.1  Medical History and Physical Examination

Surgery should be undertaken after obtaining a thorough understanding of the 
patient’s medical history and performing a complete physical examination.

Specifically, careful attention should be paid to:

 1. Medical history.
 2. Current medications.
 3. Allergies to medications, food, or environmental agents.
 4. Previous surgical procedures.
 5. Family history.
 6. Others.
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5.3.2  Laboratory Evaluation

There are no routinely recommended laboratory tests, although individual hospitals 
may have their own requirements.

5.3.3  Informed Consent

The preoperative discussion should include a description of the surgical procedure 
and its expected outcomes and risks; this is the basis for obtaining signed informed 
consent.

Alternative management options, if any exist, should be presented. The expected 
or likely results of no treatment should also be presented if the patient does not 
desire treatment.

5.3.4  Others

5.3.4.1  Venous Thromboembolism (VTE)
Patients should be evaluated for risk factors associated with VTE events such as age, 
medical history, inherited or acquired thrombophilias, obesity, smoking, and hor-
monal medications including oral contraceptives. The manifestations of this serious 
and potentially fatal condition include pulmonary embolism (PE) and deep vein 
thrombosis (DVT). All patients undergoing hysterectomy are at moderate risk for 
VTE and require prophylaxis [11].

5.3.4.2  Prophylactic Bilateral Salpingo-Oophorectomy  
or Prophylactic Bilateral Salpingectomy

The ovaries or fallopian tubes may or may not be removed along with the uterus, 
depending on the patient’s age and a variety of other factors. There is a strong argu-
ment in favor of removing both ovaries at the time of hysterectomy in women who 
have a high risk of developing cancer. In women at high risk for ovarian cancer with 
an identified BRCA 1/2 germline mutation, bilateral salpingo-oophorectomy offers 
an 80–96% risk reduction [12, 13]. One meta-analysis also showed a reduced risk 
of subsequent ovarian cancer in average-risk women who have had their fallopian 
tubes removed [14].

However, a recent large, retrospective study indicated that patients who retain 
their ovaries have a significantly lower risk of all-cause mortality compared with 
those who have bilateral ovarian removal; the former population also has lower death 
rates from ischemic heart disease and cancer [15]. Although removal of both ovaries 
protects against subsequent development of ovarian cancer, premenopausal women 
should be advised that this benefit comes at the cost of an increased risk for cardio-
vascular disease and for other, more prevalent, cancers, along with higher overall 
mortality. Therefore, salpingectomy with delayed oophorectomy, particularly in 
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premenopausal women, may be a more effective strategy that could overcome the 
menopause-related quality of life issues associated with oophorectomy [16].

If abdominal hysterectomy is planned, then counseling about the risks and ben-
efits of bilateral salpingo-oophorectomy or bilateral salpingectomy should be 
included in the informed consent discussion.

5.4  Surgical Technique

The Querleu and Morrow surgical classification system [17] describes the degree of 
resection and nerve preservation for radical hysterectomy in three-dimensional 
planes and updates the previously used Piver-Rutledge classification [18]. The types 
of hysterectomy include simple (extrafascial; type A), modified radical (type B), 
and radical (type C) using the Querleu and Morrow system. Simple (extrafascial) 
hysterectomy is equivalent to a type I hysterectomy using the Piver-Rutledge clas-
sification system.

Although it is important to learn a basic technique for standard abdominal hys-
terectomy, every gynecologic surgeon should be interested in learning new and dif-
ferent techniques or modifications to apply when appropriate.

5.4.1  Skin Incision

After confirming that anesthesia is complete, the skin is opened with a scalpel, and 
the incision is carried down through the subcutaneous tissue and fascia using an 
electric scalpel. The peritoneum is opened in a similar fashion.

5.4.2  Abdominal Exploration

The upper abdomen and pelvis are explored systematically. The stomach, liver, gall-
bladder, kidneys, large and small intestines, and pelvic- and para-aortic lymph 
nodes should be examined and palpated. Particular attention should be paid to the 
uterus, bilateral ovaries and fallopian tubes, all ligaments, bladder, and rectosig-
moid colon, and the presence of any adhesions between these organs should be 
carefully evaluated.

5.4.3  Wound Retraction

A variety of retractors designed for abdominal and pelvic surgery have been devel-
oped, although not all are available at every hospital. Gynecologic surgeons should 
choose an appropriate retractor for each patient; adjustable retractors may be neces-
sary for obese patients.
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5.4.4  Ligation of the Round Ligament

The uterus is elevated by placing clamps on the broad ligament, providing traction 
and securing the field of view. The round ligament is grasped with forceps at its 
proximal and distal portion and transected using suture ligation (Fig.5.1). The broad 
ligament is then incised to separate the anterior and posterior leaves. These steps are 
repeated on the contralateral side. The anterior leaf of the broad ligament is then 
incised using an electrical scalpel along the vesicouterine fold, separating the blad-
der from the lower uterine segment.

5.4.5  Ligation of the Infundibulopelvic Ligament,  
Utero- Ovarian Ligament, and Fallopian Tube

The ureter may be identified in the retroperitoneal space. If the ovaries are to be 
preserved, the utero-ovarian ligament and fallopian tube are grasped with forceps, 
cut, and suture ligated (Fig. 5.2). If the ovaries are to be removed, the peritoneal 
opening (window) is enlarged sufficiently to properly expose the ovarian vessels 
within the infundibulopelvic ligament, the uterine artery, and the ureter. The infun-
dibulopelvic ligament is grasped with forceps, cut, and suture ligated; the ovarian 
vessels are doubly ligated. The bladder is dissected off of the lower uterine segment 
using an electrical scalpel. The connective tissue around the cardinal ligament is 
removed, and the posterior leaf of the broad ligament is divided inferiorly toward 
the uterosacral ligament to aid in uterine mobilization.

a

a

b

c

d

Fig. 5.1 Ligature of the 
round ligament. The round 
ligament is grasped with 
forceps at its proximal and 
distal portion and 
transected using suture 
ligation. The broad 
ligament is then incised to 
separate the anterior and 
posterior leaves. a, Stump 
of left round ligament; b, 
left ovary; c, anterior leaf 
of broad ligament; d, 
anterior leaf of broad 
ligament
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5.4.6  Ligation of the Cardinal Ligament

The uterine artery and vein are dissected and clamped using two curved forceps at 
the level of the internal os of the cervix. The vessels are then cut and suture ligated 
(Fig. 5.3). The remaining cardinal ligament is then clamped, cut, and suture ligated. 
These steps are repeated two or three times, until the level of the cervicovaginal 
junction is reached (Fig. 5.4). The bladder and rectum are inspected to be sure they 
are clear of the surgical specimen. At this point, the anterior and posterior vaginal 
walls are exposed.

5.4.7  Removal of the Uterus

The uterus is placed on traction in a cephalad direction, and the portio vaginalis of 
the cervix is palpated. An incision is made in the vaginal wall, just beneath the cer-
vicovaginal junction, using an electrical scalpel (Fig.  5.5). The uterus is then 
removed.

a
b

c
d

b

Fig. 5.2 Ligature of 
utero-ovarian ligament and 
fallopian tube. The ureter 
may be identified in the 
retroperitoneal space. If the 
ovaries are to be preserved, 
the utero-ovarian ligament 
and fallopian tube are 
grasped with forceps, cut, 
and suture ligated. a, Right 
ovary; b, stump of right 
round ligament; c, window 
in broad ligament; d, 
anterior leaf of broad 
ligament
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b

c

d

a

a

Fig. 5.3 Ligature of the 
uterine artery and vein. 
The uterine artery and vein 
are dissected and clamped 
using two curved forceps 
at the level of the internal 
os of the cervix. The 
vessels are then cut and 
suture ligated. a, Stump of 
left uterine vessels; b, 
uterine cervix; c, left 
ovary; d, bladder

a b

c

d

e

f

Fig. 5.4 Ligature of the 
cardinal ligament. After the 
ligature of uterine vessels, 
the remaining cardinal 
ligament is then clamped, 
cut, and suture ligated. 
These steps are repeated 
two or three times, until 
the level of the 
cervicovaginal junction is 
reached. a, Right cardinal 
ligament; b, uterine cervix; 
c, right ovary; d, bladder; 
e, stump of left round 
ligament; f, rectum
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5.4.8  Closure of the Vaginal Cuff

After checking to be sure the bladder and rectum are clear of the operative field, the 
vaginal cuff is cross-clamped using forceps to achieve hemostasis and provide trac-
tion. The vaginal cuff is typically closed by suturing (Fig. 5.6).

5.4.9  Irrigation and Hemostasis

The pelvis is thoroughly irrigated with warm saline. Complete hemostasis, particularly 
of the vascular pedicles, should be carefully ensured. Electrocautery or suture ligation 
is used to control small areas of bleeding. The bladder, ureter, and rectosigmoid colon 
should be checked to confirm that they are intact. Antiadhesive material is sometimes 
used to prevent adhesion formation, especially in patients who already have intraperito-
neal adhesions from previous surgery, pelvic inflammatory disease, or endometriosis.

5.4.10  Fascia and Skin Closure

The fascia is closed using interrupted or continuous suturing. The subcutaneous tis-
sue should be irrigated and inspected carefully for hemostasis. The risk of wound 
disruption seems to be decreased with closure of the subcutaneous fat layer or with 

a
b

c

e

d

Fig. 5.5 Removal of the 
uterus. The uterus is placed 
on traction in a cephalad 
direction, and the portio 
vaginalis of the cervix is 
palpated. An incision is 
made in the vaginal wall, 
just beneath the 
cervicovaginal junction, 
using an electrical scalpel. 
The uterus is then 
removed. a, Cervix; b, 
vaginal wall; c, right ovary; 
d, left ovary; e, stump of 
left round ligament
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continuous low-pressure suction for draining subcutaneous hemorrhage or exudate 
in obese women. Skin closure is performed using either staples or subcuticular 
sutures with adhesive tape.

5.5  Morbidity

Several intraoperative and postoperative complications associated with abdominal 
hysterectomy have been reported. As trends in surgical techniques change, the com-
plications of surgery may vary.

The rate of complications has often been compared between abdominal, vaginal, 
and laparoscopic approaches to hysterectomy. The major complications and their 
rates of reporting [19] are shown in Table 5.2.

5.5.1  Infectious Complications

The rate of infectious complications after hysterectomy is reportedly 10.5% for 
abdominal, 13.0% for vaginal, and 9.0% for laparoscopic hysterectomy [20]. The 
most common infections are vaginal cuff cellulitis, an infected hematoma or abscess, 
wound infection, urinary tract infection, and respiratory infection. The incidence of 
vaginal cuff cellulitis ranges from 0% to 8.3% [21], with no difference in rate by 
surgical approach. Prevention involves the use of skillful aseptic surgical technique, 

d

e f

a c

g

b

Fig. 5.6 Closure of the 
vaginal cuff. After 
checking to be sure the 
bladder and rectum are 
clear of the operative field, 
the vaginal cuff is 
cross-clamped using 
forceps to achieve 
hemostasis and provide 
traction. The vaginal cuff is 
typically closed by 
suturing. a, Vaginal stump; 
b, vaginal wall; c, bladder; 
d, right ovary; e, left ovary; 
f, stump of left round 
ligament; g, rectum
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proper tissue handling, hemostasis, limiting surgical dead space, using appropriate 
irrigation, and proper antimicrobial prophylaxis. Perioperative antimicrobial pro-
phylaxis is indicated for all types of hysterectomy. Antibiotics should be adminis-
tered a maximum of 1  h before the time of skin incision. Readministration is 
recommended for procedures lasting more than 3 h and in patients with an estimated 
intraoperative blood loss of more than 1500 mL.

There is no difference in the rate of hematoma or abscess formation based on the 
approach to hysterectomy. If there is obvious purulent or bloody discharge from the 
vaginal cuff, opening the cuff sutures can be both diagnostic and therapeutic for an 
infected hematoma or abscess. Transvaginal ultrasound or computed tomography 
(CT) can diagnose a fluid collection and determine whether drainage is necessary 
for an infected hematoma or abscess.

The incidence of urinary tract infection after hysterectomy ranges from 0% to 
13.0% [21]. A Cochrane meta-analysis found no difference in the rate based on 
surgical approach [21].

5.5.2  VTE Complications

Postoperative VTE is a serious and potentially fatal condition. Therefore, preopera-
tive evaluation and prevention are extremely important. The precise incidence of 
VTE, including PE and DVT, after hysterectomy is unclear. The clinical diagnosis 
rate is 1%, but the rate of events detected by more sensitive laboratory methods may 
be up to 12% [22]. According to a Cochrane meta-analysis, there is no difference in 
the rate of VTE based on surgical approach to hysterectomy [21].

The high-risk factors for VTE in general surgery are reportedly increasing age, 
previous VTE, malignancy, surgery, treatment for cancer (chemotherapy or radio-
therapy), duration of anesthesia, nonwhite ethnicity, leg edema, varicose veins, 
hormone use (e.g., oral contraceptives, hormone replacement therapy, or selective 
estrogen receptor modulators), inherited or acquired thrombophilias, major lower 
extremity trauma, obesity, smoking, prolonged immobility or paralysis, pulmo-
nary or cardiac failure, inflammatory bowel disease, and central venous catheter-
ization [22, 23]. All patients undergoing hysterectomy are at moderate risk for 
VTE and require prophylaxis [21]. However, there have been no clinical trials 

Table 5.2 Complications of hysterectomy

Complications Abdominal Vaginal Laparoscopic Unclassified
Infections 10.5% 13.0% 9.0%
Venous thromboembolism 1–12%
Urinary tract injury
  Bladder injury 1% 1.2% 2.1%
  Ureteral injury 0.05–0.5%
Bowel injury 0.3% 0.1–1.0% 0.2%
Bleeding (mL) 238–660.5 215–287 156–568
Vaginal cuff dehiscence 0.15% 0.08% 1.35% 0.39%
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specifically focused on reducing postoperative VTE in hysterectomy patients. For 
moderate- or high-risk patients undergoing surgery for benign gynecologic dis-
ease, low-dose unfractionated heparin, low-molecular-weight heparin, intermittent 
pneumatic leg compression, and graded compression stockings have all demon-
strated benefit [11].

5.5.3  Urinary Tract Injury

The rate of bladder injury is reportedly 1% for abdominal, 1.2% for vaginal, and 
2.1% for laparoscopic hysterectomy [24]. There is an increased risk of combined 
bladder and ureteral injury during laparoscopic hysterectomy compared with 
abdominal and vaginal hysterectomy (odds ratio [OR], 2.41; 95% confidence inter-
val [CI], 1.24–4.82, and OR, 3.69; CI, 1.11–12.24, respectively) [21]. Ureteral 
injury occurs less frequently than bladder injury, with an estimated incidence of 
0.05–0.5% for gynecologic surgery. The laparoscopic approach has the highest rate 
and the vaginal approach the lowest rate [25]. The risk factors associated with ure-
teral injury are previous pelvic surgery, hemorrhage, endometriosis, cancer, a large 
pelvic mass or leiomyoma, and obesity.

5.5.4  Bowel Injury

Bowel injury is a less common complication of hysterectomy, with a reported rate 
of 0.1–1% [20]. A Cochrane review gives a rate of 0.3% rate for abdominal, 0.1–1% 
for vaginal, and 0.2% for laparoscopic hysterectomy, with no statistically significant 
difference in the rate of bowel injury by approach [21]. There are three major types 
of bowel injury that can occur during hysterectomy: thermal injury, direct mechani-
cal damage, and indirect injury through interruption of the vascular supply.

5.5.5  Bleeding Complications

From the results of randomized trials comparing two or more approaches to hyster-
ectomy, the range of blood loss is 238–660.5 mL for abdominal, 215–287 mL for 
vaginal, and 156–568 mL for laparoscopic hysterectomy [21]. A Cochrane review 
showed that laparoscopic hysterectomy has a significantly lower estimated blood 
loss than abdominal hysterectomy (OR, 45.26), and vaginal hysterectomy has a 
significantly lower estimated blood loss than laparoscopic hysterectomy (OR, 
9.72). However, there is no difference in the rate of blood transfusion between the 
three approaches. There are many variables associated with increased bleeding, 
including obesity; a poor field of view due to endometriosis, adhesions, or the pres-
ence of a large mass; distorted anatomy; uterine fibroids; and the skill of the 
surgeons.
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5.5.6  Vaginal Cuff Dehiscence

Although vaginal cuff dehiscence is a rare complication, with a rate of 0.39%, it can 
lead to serious morbidity. It is more common after laparoscopic hysterectomy (rate, 
1.35%) than abdominal hysterectomy (rate, 0.15%; OR, 9.1; CI, 4.1–20.3) or vagi-
nal hysterectomy (rate, 0.08%; OR, 17.2; CI, 3.5–75.9) [26]. Several risk factors 
have been postulated: direct trauma from sexual intercourse, chronic cough, consti-
pation, obesity, straining, smoking, malnutrition, anemia, diabetes, immunosup-
pression, menopausal status, previous pelvic surgery, previous vaginoplasty, and 
corticosteroid use [27].

5.6  Future Prospects

The standard treatment for patients with early-stage cervical cancer (IA2-IB1) 
remains radical hysterectomy with pelvic lymphadenectomy. For patients desiring 
to preserve fertility, radical trachelectomy with pelvic lymphadenectomy is consid-
ered a viable option. However, both radical hysterectomy and radical trachelectomy 
require removal of the parametria and may be associated with significant morbidity. 
If patients have low-risk, early-stage cervical cancer, determined by a tumor size 
<2 cm, stromal invasion <10 mm, and no LVSI, the rate of parametrial involvement 
is reportedly 0–0.6% [28–30]. The retrospective studies that determined this rate 
suggest the possibility that less radical surgery may be appropriate for patients with 
low-risk, early-stage cervical cancer. These patients may be offered simple hyster-
ectomy, simple trachelectomy, or cervical conization, with or without sentinel 
lymph node biopsy or pelvic lymphadenectomy.

Several small, retrospective series have provided initial data suggesting the fea-
sibility and safety of conservative surgery in patients with low-risk, early-stage cer-
vical cancer. The ongoing, prospective ConCerv trial, the SHAPE trial, and the 
Gynecologic Oncology Group (GOG) 278 study are expected to provide important 
information on the role of conservative surgery in such patients.

References

 1. Aarts JW, Nieboer TE, Johnson N, Tavender E, Garry R, Mol BW, et al. Surgical approach 
to hysterectomy for benign gynaecological disease. Cochrane Database Syst Rev. 
2015;(8):CD003677.

 2. Strander B, Hällgren J, Sparén P. Effect of ageing on cervical or vaginal cancer in Swedish 
women previously treated for cervical intraepithelial neoplasia grade 3: population based 
cohort study of long term incidence and mortality. BMJ. 2014;348:f7361.

 3. Creasman WT, Rutledge F. Carcinoma in situ of the cervix: an analysis of 861 patients. Obstet 
Gynecol. 1972;39:373.

 4. Ghaem-Maghami S, Sagi S, Majeed G, Soutter WP. Incomplete excision of cervical intraepi-
thelial neoplasia and risk of treatment failure: a meta-analysis. Lancet Oncol. 2007;8: 
985–93.

5 Abdominal Hysterectomy



70

 5. Salani R, Puri I, Bristow RE.  Adenocarcinoma in situ of the uterine cervix: a metaanaly-
sis of 1278 patients evaluating the predictive value of conization margin status. Am J Obstet 
Gynecol. 2009;200:182.e1-5.

 6. Kim JH, Park JY, Kim DY, Kim YM, Kim YT, Nam JH. The role of loop electrosurgical exci-
sional procedure in the management of adenocarcinoma in situ of the uterine cervix. Eur J 
Obstet Gynecol Reprod Biol. 2009;145:100–3.

 7. Lee JY, Kim HS, Kim K, Chung HH, Kim JW, Park NH, et al. Safety of less aggressive surgery 
for stage IA1 squamous cell carcinoma of the cervix. J Obstet Gynaecol Res. 2014;40:1382–8.

 8. Cervical Cancer Guideline (Version1, 2017). NCCN Clinical Practice Guideline in Oncology.
 9. Ota T, Takeshima N, Tabata T, Hasumi K, Takizawa K. Adjuvant hysterectomy for treatment 

of residual disease in patients with cervical cancer treated with radiation therapy. Br J Cancer. 
2008;99:1216–20.

 10. Yang J, Shen K, Wang J, Yang J, Cao D. Extrafascial hysterectomy after concurrent chemora-
diotherapy in locally advanced cervical adenocarcinoma. J Gynecol Oncol. 2016;27:e40.

 11. Clarke-Pearson DL, Abaid LN. Prevention of venous thromboembolic events after gyneco-
logic surgery. Obstet Gynecol. 2012;119:155–67.

 12. Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduction estimates associated 
with risk-reducing salpingo-oophorectomy in BRCA1 or BRCA2 mutation carriers. J Natl 
Cancer Inst. 2009;101:80–7.

 13. Domchek SM, Friebel TM, Singer CF, Evans DG, Lynch HT, Isaacs C, et al. Association of 
risk-reducing surgery in BRCA1 or BRCA2 mutation carriers with cancer risk and mortality. 
JAMA. 2010;304:967–75.

 14. Yoon SH, Kim SN, Shim SH, Kang SB, Lee SJ. Bilateral salpingectomy can reduce the risk of 
ovarian cancer in the general population: a meta-analysis. Eur J Cancer. 2016;55:38–46.

 15. Mytton J, Evison F, Chilton PJ, Lilford RJ. Removal of all ovarian tissue versus conserving 
ovarian tissue at time of hysterectomy in premenopausal patients with benign disease: study 
using routine data and data linkage. BMJ. 2017;356:j372.

 16. Kwon JS, Tinker A, Pansegrau G, McAlpine J, Housty M, McCullum M, et al. Prophylactic 
salpingectomy and delayed oophorectomy as an alternative for BRCA mutation carriers. 
Obstet Gynecol. 2013;121:14–24.

 17. Querleu D, Morrow CP. Classification of radical hysterectomy. Lancet Oncol. 2008;9:297.
 18. Piver MS, Rutledge F, Smith JP. Five classes of extended hysterectomy for women with cervi-

cal cancer. Obstet Gynecol. 1974;44:265–72.
 19. Clarke-Pearson DL, Geller EJ.  Complications of hysterectomy. Obstet Gynecol. 

2013;121:654–73.
 20. Mäkinen J, Johansson J, Tomás C, Tomás E, Heinonen PK, Laatikainen T, et al. Morbidity of 

10 110 hysterectomies by type of approach. Hum Reprod. 2001;16:1473–8.
 21. Nieboer TE, Johnson N, Lethaby A, Tavender E, Curr E, Garry R, et al. Surgical approach 

to hysterectomy for benign gynaecological disease. Cochrane Database Syst Rev. 
2009;(3):CD003677.

 22. Clarke-Pearson DL, DeLong ER, Synan IS, Coleman RE, Creasman WT. Variables associated 
with postoperative deep venous thrombosis: a prospective study of 411 gynecology patients 
and creation of a prognostic model. Obstet Gynecol. 1987;69:146–50.

 23. Geerts WH, Pineo GF, Heit JA, Bergqvist D, Lassen MR, Colwell CW, et al. Prevention of 
venous thromboembolism: the Seventh ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. Chest. 2004;126:338S–400S.

 24. Johnson N, Barlow D, Lethaby A, Tavender E, Curr E, Garry R. Surgical approach to hyster-
ectomy for benign gynaecological disease. Cochrane Database Syst Rev. 2006;(2):CD003677.

 25. Gilmour DT, Das S, Flowerdew G. Rates of urinary tract injury from gynecologic surgery and 
the role of intraoperative cystoscopy. Obstet Gynecol. 2006;107:1366–72.

 26. Kho RM, Akl MN, Cornella JL, Magtibay PM, Wechter ME, Magrina JF. Incidence and char-
acteristics of patients with vaginal cuff dehiscence after robotic procedures. Obstet Gynecol. 
2009;114:231–5.

K. Hasegawa et al.



71

 27. Robinson BL, Liao JB, Adams SF, Randall TC. Vaginal cuff dehiscence after robotic total 
laparoscopic hysterectomy. Obstet Gynecol. 2009;114:369–71.

 28. Covens A, Rosen B, Murphy J, Laframboise S, DePetrillo AD, Lickrish G, et al. How impor-
tant is removal of the parametrium at surgery for carcinoma of the cervix? Gynecol Oncol. 
2002;84:145–9.

 29. Wright JD, Grigsby PW, Brooks R, Powell MA, Gibb RK, Gao F, et al. Utility of parametrectomy 
for early stage cervical cancer treated with radical hysterectomy. Cancer. 2007;110:1281–6.

 30. Frumovitz M, Sun CC, Schmeler KM, Deavers MT, Dos Reis R, Levenback CF, et  al. 
Parametrial involvement in radical hysterectomy specimens for women with early-stage cervi-
cal cancer. Obstet Gynecol. 2009;114:93–9.

5 Abdominal Hysterectomy



73© Springer Nature Singapore Pte Ltd. 2019
M. Mikami (ed.), Surgery for Gynecologic Cancer, Comprehensive Gynecology 
and Obstetrics, https://doi.org/10.1007/978-981-13-1519-0_6

Y. Hirashima (*) · M. Takekuma · N. Takahashi · M. Abe  
N. Kado · Y. Kasamatsu · A. Mochizuki · E. Yoshioka 
Division of Gynecology, Shizuoka Cancer Center, Shizuoka, Japan
e-mail: y.hirashima@scchr.jp

6Modified Radical Hysterectomy

Yasuyuki Hirashima, Munetaka Takekuma, 
Nobutaka Takahashi, Masakazu Abe, Nobuhiro Kado, 
Yuka Kasamatsu, Ayako Mochizuki, and Emi Yoshioka

Abstract
Modified radical hysterectomy (MRH) is thought to be equivalent to class II 
(Piver classification) or type B (Querleu classification) radical hysterectomy 
(RH) and identical to the original method of the Wertheim operation. MRH is a 
method of hysterectomy defined as being intermediate between simple hysterec-
tomy and RH and enabling almost full preservation of the pelvic splanchnic 
nerves and hypogastric plexus. This surgical procedure entails the cutting of the 
anterior leaf, not the posterior one, of the vesicouterine ligament of the uterus. 
The ureter is mobilized laterally, part of the parametrial tissue is transected at the 
level of the ureteral tunnel, and at least 10 mm of the vaginal wall from the uter-
ine cervix is removed. The indication of MRH (with pelvic lymphadenectomy) 
in cervical cancer is International Federation of Gynecology and Obstetrics stage 
IA1 with lymphovascular space invasion or stage IA2. MRH is associated with a 
very low (≤1%) rate of significant postoperative complications, and compared 
with RH, it reduces the rate of adverse effects on the urinary tract, such as fistula 
formation and severe voiding dysfunction. The mortality rate for those undergo-
ing this procedure is 0.4–0.5%. The possibility of MRH for low-risk FIGO stage 
IB1 patients has been considered, and clinical trials are ongoing.
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6.1  History

After Clark of Johns Hopkins University reported the first radical hysterectomy 
(RH) in 1895, Wertheim performed 500 cervical cancer operations; reported the 
associated histological examinations, mortality rate, operability rate, and 5-year 
cure rate; and established RH as a new operative method [1, 2]. Several modifica-
tions were subsequently made to RH. For example, Latzko [3] and Okabayashi [4] 
made great contributions to this surgery by designing operative procedures. They 
defined the pararectal and paravesical spaces in the parametria, which were divided 
by three ligaments, and the concepts of their two procedures were very similar. 
However, in the Okabayashi method [4], the posterior leaf of the vesicouterine liga-
ment is separated and divided intentionally, and then the paracolpium is isolated and 
divided. The Okabayashi procedure enables the surgeon to separate the bladder with 
the ureter completely away from the lateral side of the cervix and vagina and allows 
easy resection of any vaginal length with paracolpium deemed appropriate for the 
optimization of RH. Therefore, the Okabayashi method is the standard approach to 
RH in Japan.

Owing to the numerous modifications that have been established, the term “RH” 
actually connoted many different operations among surgeons. There was also con-
fusion regarding evaluation of the results and morbidity of RH for patients with 
cervical cancer because of the lack of definitions of the procedures involved. In this 
context, Piver-Rutledge-Smith reported five classes of extended hysterectomy and 
defined the extent of radicality of each procedure, as outlined in Table 6.1 [5].

However, it came to be thought that this classification was insufficient. Reasons 
for this include a lack of clear anatomical landmarks or international anatomical 
definitions, the degree of vaginal resection being systematically associated with 
the pericervical extent and overly aggressive and rarely necessary, and the failure 

Table 6.1 Piver-Rutledge-Smith classification of hysterectomy for cervical cancer

Class Description
I Extrafascial hysterectomy

Complete removal of the cervix
II Modified radical hysterectomy

Removal of medial cardinal, uterosacral ligaments, and upper one-third vagina
The uterine vessels are divided medial to the ureter

III Equivalent to the classical Meigs, Latzko, or Okabayashi operation
Wide radical resection of the parametrium and paravaginal tissues with ligation of 
uterine artery as it originates from the internal iliac artery
Ureter dissected completely to bladder entry
Uterosacral ligaments divided at origin
Cardinal ligaments divided at pelvic sidewall
One-half of the vagina removed

IV Extended radical hysterectomy
Ureter divided from vesicouterine ligament. Superior vesical artery ligated and upper 
three-fourths of the vagina excised

V Partial exenteration
Resection of portion of bladder or ureter with reimplantation
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to take into account the idea of nerve-sparing RH, which was introduced in the 
1950s [6]. This latter procedure was subsequently refined by Japanese surgeons 
[7–9] and adopted by European surgeons [10, 11]. To overcome these limitations, 
Querleu and Morrow published a new classification in 2008, which describes four 
types of RH with various subcategories; this is called the Kyoto classification and 
is outlined in Table 6.2 [12]. In this classification, not only the therapeutic effect 
of the techniques but also the postoperative adverse effects are taken into account. 
This system can be applied to conservative operations aiming for the preservation 
of fertilization or to cases of vaginal, abdominal open, laparoscopic, and robotic 
approaches.

At an early stage of the history of RH for invasive cervical cancer, as men-
tioned above, the surgery was intended to be radical, and focus was placed on 
aggressiveness and the appropriate technique for maximizing survival, with less 
consideration of the patient’s quality of life. However, during the latter half of the 
twentieth century, class III (Piver) or type C (Querleu) RH generally became rel-
egated to the treatment of patients with earlier invasive cervical cancer, many of 
whom had a low risk of parametrial involvement, owing to efforts to find a better 
balance of cure rate and morbidity [13–18]. In addition, as cancer screening by the 
Papanicolaou test spread, the proportion of patients with earlier invasive cervical 
cancer increased [19–22]. Therefore, the policy of applying less radical proce-
dures for these patients received wide support. In this context, Nelson [23] and 
Piver [5] reevaluated the original operation of Wertheim as being suitable for 
microinvasive cervical cancer, and Piver classified this method as type II 
RH. These efforts are regarded as being the source of the modern procedure of 
modified radical hysterectomy (MRH). MRH is now thought to be equivalent to 
class II (Piver) or type B (Querleu) RH and identical to the original method of the 
Wertheim operation.

Table 6.2 Querleu-Morrow classification of RH, 2008

Type Description
A Extrafascial hysterectomy

Paracervix medial to ureter
<10 mm vagina

B Partial uterosacral and vesicouterine ligaments
Paracervix at the ureter
10 mm vagina
  B1: without lateral paracervical lymph nodes
  B2: with lateral paracervical lymph nodes

C Uterosacral ligaments at the rectum
Vesicouterine ligaments at the bladder
Paracervix at the internal iliac vessels
15–20 mm vagina
  C1: with hypogastric nerve preservation
  C2: without hypogastric nerve preservation

D Complete paracervical resection
  D1: with hypogastric vessels
  D2: with hypogastric vessels and adjacent fascia and muscular structures

6 Modified Radical Hysterectomy
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6.2  Principle and Indication

6.2.1  Principle

MRH is a method of hysterectomy defined as being intermediate between simple hys-
terectomy and RH, and enabling almost full preservation of the pelvic splanchnic 
nerves and hypogastric plexus, which reduces the frequency of bladder dysfunction 
compared with RH [24–26]. The MRH surgical procedure entails cutting of the ante-
rior leaf, not the posterior one, of the vesicouterine ligament of the uterus. The ureter is 
mobilized laterally, part of the parametrial tissue is transected at the level of the ureteral 
tunnel, and at least 10 mm of the vaginal wall from the uterine cervix is removed.

6.2.2  Indication

The indication of MRH (with pelvic lymphadenectomy) in cervical cancer with 
non-fertility-sparing approaches is International Federation of Gynecology and 
Obstetrics (FIGO) stage IA1 with lymphovascular space invasion (LVSI) or stage 
IA2 in the guidelines of both the National Comprehensive Cancer Network [27] and 
the Japan Society of Gynecological Oncology [28].

The incidence of pelvic lymph node metastasis in stage IA1 is very low at 0–1%, 
but some reports have described that lymph node metastasis is common in cases 
with LVSI, so both MRH and pelvic lymphadenectomy are performed for stage IA1 
patients with LVSI [29–31]. However, it has been asserted that extraction of the 
uterus is sufficient in simple hysterectomy (SH) for stage IA1 patients with LVSI, 
including adenocarcinoma [32, 33].

On the other hand, in stage IA2, the incidence of pelvic lymph node metastasis 
is 0–10% and that of LVSI, which is a risk factor of lymph node metastasis, is 
2–30%. The risk of parametrial invasion is very low because no such invasion was 
revealed in a review of 20 articles on 103 stage IA2 cases [34] or in recent reports 
of 142 cases [35–37]. This background suggests that MRH with pelvic lymphade-
nectomy should be considered for stage IA2 disease.

6.3  Preoperative Evaluation

The current official staging system for cervical cancer is based on the FIGO classi-
fication [38, 39]. The procedures for this evaluation are limited to the results of the 
doctor’s physical examination under anesthesia, colposcopy, endocervical curet-
tage, hysteroscopy, cystoscopy, proctoscopy, intravenous urography, barium enema, 
and radiography of the lungs and skeleton [40]. Especially in cases suspected of 
being stage IA by cervical cytology and biopsies with colposcopy, pathological 
diagnosis by conization sampling is basically recommended [27, 28]. When coniza-
tion is omitted in cases of elderly patients with severe uterine atrophy, it is necessary 
to perform either hysterectomy among SH, MRH, or RH appropriate to the 

Y. Hirashima et al.



77

estimated stage after sufficient preoperative cytological examination and using the 
result of biopsy with colposcopy [28]. In these cases, magnetic resonance imaging 
(MRI) is also applied for the purpose to decide operative method.

In the revised FIGO staging, incorporation of cross-sectional imaging is encour-
aged where available, but it is not accepted for formal staging purposes. In addition, 
no cross-sectional imaging is necessary for stage IA1 patients without LVSI because 
the risk of metastatic disease is negligible. For patients who have LVSI or more 
invasive lesions, the use of computed tomography (CT), MRI, and combined posi-
tron emission tomography (PET) may aid in treatment planning, and in fact these 
tomographic imaging techniques play an essential role in preoperative evaluation to 
guide the selection of treatment in developed countries [27, 41–43].

6.4  Technique

Abdominal MRH is performed in a logical stepwise fashion as below.

6.4.1  Division of the Round Ligaments

The round ligaments are clamped and divided, and from this point, the peritoneum 
of the iliac fossa is dissected laterally to expose the psoas major muscle.

6.4.2  Development of Pelvic Retroperitoneal Space

Pelvic retroperitoneal space is developed with dissection of the loose avascular tis-
sue; then, not only the external iliac artery and vein but also the internal iliac artery 
to the lateral umbilical ligament are identified (Fig. 6.1).
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Cranial
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Fig. 6.1 Development of 
pelvic retroperitoneal 
space (left side). a, 
External iliac artery; b, 
external iliac vein; c, 
entrance of paravesical 
space; d, lateral umbilical 
ligament; e, ureter; f, 
entrance of pararectal 
space; g, internal iliac 
artery
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6.4.3  Development of Paravesical Space

The lateral umbilical ligament is clamped by Kelly forceps and pulled ventrally; 
paravesical space is developed from a point of more medial than external iliac vessel 
and more lateral than the lateral umbilical ligament. If the procedure is carried out 
precisely, the internal obturator muscle is identified.

6.4.4  Development of (Latzko’s) Pararectal Space

The pararectal space is developed from a point of more medial than the internal iliac 
vessel and along the lateral side of the mesoureter and the line of the pelvic axis by 
separating the connective tissues (Fig. 6.2).

6.4.5  Pelvic Lymphadenectomy

When pelvic lymphadenectomy or sentinel lymph node mapping is planned, they 
are performed at this time.

6.4.6  Separation of the Bladder from the Cervix

The bladder flap is cut by grasping the peritoneum of the vesicouterine fold just 
below its reflection onto the uterus. The cut end of the peritoneum is clamped by 
two Mikulicz forceps and pulled ventrally, and then the avascular connective tissue 
between the bladder and cervix is separated by electrocautery. Blunt separation with 
gauze or another suitable implement is not recommended in this procedure.

uterus

Caudal

Cranial

ab
c

d

e

Fig. 6.2 Development of 
paravesical and pararectal 
space (left side). a, Internal 
iliac artery; b, external iliac 
vein; c, paravesical space; 
d, lateral umbilical 
ligament; e, pararectal 
space
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6.4.7  Isolation and Division of the Uterine Artery

The lateral umbilical ligament is clamped by Kelly forceps, pulled ventrally, and 
dissected free proximally; then, the superior vesical artery and the uterine artery, 
which are branches of the internal iliac artery, are identified. The uterine artery is 
isolated (Fig. 6.3), ligated, and divided at the origin from the internal iliac artery. 
The medial cut end of the uterine artery is pulled ventrally, and the uterine artery is 
dissected free to the crossing with the ureter.

As another method, the uterine artery is divided just medial from where it crosses 
the ureter (Fig. 6.4). This method might preserve the distal ureteric blood supply 
and reduce the incidence of avascular necrosis and subsequent fistula formation of 
the ureter.

Caudal
Cranial

uterus
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b

Fig. 6.3 Isolation of 
uterine artery (left side). a, 
Uterine artery; b, lateral 
umbilical ligament
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Cranial

uterus

a

b

c

Fig. 6.4 Division of the 
uterine artery in another 
method (left side). a, 
Uterine artery; b, lateral 
umbilical ligament; c, 
ureter
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6.4.8  Isolation of the Ureter

The ureter is dissected free from the peritoneum of the posterior broad ligament into 
the pelvis to the level where the uterine artery crosses over it.

6.4.9  Division of the Peritoneum of the Douglas Pouch 
and Development of the Rectovaginal Space

The uterus is pulled caudally, and the rectum is pulled cranially, and then the peri-
toneum of the Douglas pouch is stretched and divided. Next, avascular physaliform 
loose connective tissue of the rectovaginal space is separated by electrocautery 
(Fig. 6.5). Blunt separation is not recommended in this procedure.

Caudal

Cranial
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Fig. 6.5 Development of 
the rectovaginal space. a, 
Rectum; b, uterosacral 
ligaments
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6.4.10  Division of Uterosacral Ligaments

While ensuring the same tension of the uterus and the rectum as in the above proce-
dures, uterosacral ligaments are divided by electrocautery by releasing the sheet of 
the ligaments one by one. Because bleeding rarely occurs in association with this 
procedure, the clamping, division, and ligation of uterosacral ligaments seem to be 
unnecessary.

6.4.11  Division of Anterior Leaf of the Vesicouterine Ligament

The cut end of the uterine artery of the uterine side is pulled ventrally, and the ureter 
is pulled laterally, and after the connective tissue between them is separated care-
fully, the ureteral branch of the uterine artery is identified, ligated, and divided. 
Then, the entrance of the so-called ureteral tunnel is clearly identified. Metzenbaum 
scissors are inserted into the ureteral tunnel pushing the ureter latero-caudally by its 
back face; in this way, the tunnel is extended (Fig. 6.6). The anterior leaf of the vesi-
couterine ligament is clamped, divided, and ligated two to three times with the 
insertion of two Kelly forceps. It is very useful to use a small vessel sealing device 
in this division. However, the distance between the ureter and the cutting line must 
be sufficient to avoid heat damage to the ureter. Next, the connective tissue of the 
dorsal side of the ureter is separated easily, so the ureter is free and mobile to enter 
the bladder (Fig. 6.7).

Recently, Fuji et al. [44] reported a new anatomical knowledge and a new opera-
tive procedure for the anterior leaf of the vesicouterine ligament. They identified a 
new pair of small blood vessels that cross over the ureter from the lateral cervix to 
the urinary bladder and named them the cervicovesical blood vessels (Fig. 6.8). In 
this article, instead of developing the ureteral tunnel, the connective tissue of the 
anterior leaf of the vesicouterine ligament is carefully divided. The cervicovesical 
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Fig. 6.6 Division of 
anterior leaf of the 
vesicouterine ligament (left 
side). Metzenbaum scissors 
is inserted into the ureteral 
tunnel. a, Ureter; b, cut end 
of uterine artery; c, cervix; 
d, a part of anterior layer 
of vesicouterine ligament
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blood vessels are then isolated, doubly clamped, divided, and ligated. After cutting 
the cervicovesical vessels, the connective tissues between the ureter and the cervix 
are meticulously separated. They reported that this method enabled division of the 
anterior leaf of the vesicouterine ligament without any blood loss.

Caudal

Cranial

uterus

a b

c
d

Fig. 6.7 After division of 
anterior leaf of the vesicouterine 
ligament (left side). a, Ureter;  
b, bladder; c, cut end of uterine 
artery; d, lateral umbilical 
ligament

The cervicovesical
blood vessels

Ureter

a b

Fig. 6.8 (a) Division of the cervicovesical vessels. (b) Illustration of the division of the cervico-
vesical vessels. Reuse with permission [44]
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6.4.12  Division of Parametrial Tissue

The parametrial tissue is clamped (Fig. 6.9), divided, and doubly ligated at the level 
of the ureteral tunnel to remove at least 10 mm of the vaginal wall. The divided 
parametrial tissue contains uterine side origins of cardinal ligament and posterior 
leaf of the vesicouterine ligament.

6.4.13  Amputation of Vaginal Wall

The vaginal wall is cut from the anterior wall by electrocautery, and the uterus is 
finally removed. The top of the vagina is closed with absorbable suture.

6.5  Morbidity and Mortality

MRH is reported to be associated with low morbidity and mortality. Magrina et al. 
[24] reported the morbidity and mortality of 375 MRH cases in detail during the 
entire length of the follow-up period averaging 8.4 years. In this previous study, 
pelvic and para-aortic lymphadenectomy was performed concomitantly with MRH 
in 55% and 10% of cases, respectively. Forty-five patients (12%) had a history of 
pelvic irradiation, and postoperative irradiation was administered to 120 (32%) 
patients. The operative mortality was 0.5%. The most common postoperative com-
plications were urinary tract infection, inability to void, wound infection, atelecta-
sis, and ileus. The researchers reported that MRH was associated with a very low 
(≤1%) rate of significant postoperative complications and functional changes of the 
urinary tract. A comparison of complications associated with MRH from other lit-
eratures [25, 26] is shown in Table 6.3. Furthermore, urinary tract fistula occurred in 
6 (0.5%) of 1190 collected patients from a review of the literature, and operative 
mortality was 0.4% (5 of 1190) [24].
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Fig. 6.9 Clamping of 
parametrial tissue. a, 
Uterine artery; b, cervix;  
c, ureter
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Findings have shown that, compared with RH, MRH reduces the rate of adverse 
effects on the urinary tract, such as fistula formation and severe voiding dysfunction 
[24–26, 45]. Plotti et al. also reported that MRH was related to better sexual func-
tion than RH [46].

6.6  Future Prospects

The worldwide standard operative treatment for FIGO stage IB1 cervical cancer is 
RH [27, 28]. However, RH is associated with high morbidity and complications 
depending on the extent of necessary resection of the parametrium or paracolpium 
[47]. Therefore, the possibility of less radical procedures for FIGO stage IB1 patients 
has been considered. In a prospective randomized study by Landoni et al. [26], the 
5-year overall survival (OS) rates of MRH and RH for FIGO stage IB and IIA patients 
were 81% and 77%, respectively, and late morbidity was significantly lower in 
patients in the MRH arm. In addition, Michalas et al. retrospectively reported that the 
5-year OS of MRH for FIGO stage IA to IIA patients (IB, 86.7%) was 88.7% [48].

On the other hand, a patient population at low risk of parametrial involvement 
and good prognosis has been identified in order to determine the indication of less 
radical surgery [49–53]. In these reports, tumor diameter (TD) < 2 cm was com-
monly identified as a criterion of low risk, along with other factors such as no LVSI, 
superficial invasion, and negative lymph node metastasis. The rate of parametrial 
invasion in each low-risk group was reported to be very low (0–0.6%). Recently, 

Table 6.3 Comparison of morbidity with MRH: series from literature

Type
Magria
n: 375 (%)

Landoni
n: 119 (%)

Yang
n: 39 (%)

Wound
Infection 4 – 2.6
Dehiscence 0.5 – 2.6
Hematoma 2 – –
Intestinal
Ileus 4 – 2.6
Obstruction 1.3 1.7 0
Fistula 0.3 – 0
Constipation – – 43.6
Urinary
Infection 10 – –
Fistula 0.3 0 0
Voiding difficulty (atonic bladder) 5 6.7 15.4
Pulmonary
Pneumonia 0.8 – –
Embolism 0.8 1.7 –
Cardiovascular
Deep vein thrombosis 0.3 0 –
Lymphatic
Lymphocysts 1.6 3.4 0
Lymphoedema 16 13 –
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Kato et  al. [54] also retrospectively reported about parametrial involvement and 
5-year OS in patients with FIGO stage IB1 who underwent RH. Parametrial involve-
ment was present in 1.9% of those with TD ≤ 2 cm and 12.9% with TD > 2 cm, and 
the 5-year OS was 95.8% in those with TD ≤ 2 cm and 91.9% with TD > 2 cm.

The satisfactory effectiveness of MRH for FIGO IB1 patients in the low-risk 
group mentioned above has also been reported retrospectively [25, 45, 55, 56]. A 
prospective non-randomized confirmatory trial is also currently ongoing in Japan to 
evaluate the efficacy of MRH in patients with TD ≤ 2 cm and FIGO stage IB1 [57].
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7Abdominal Nerve-Sparing Radical 
Hysterectomy
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Abstract
Damage to the autonomic nerves during radical hysterectomy is a major cause of 
postoperative bladder dysfunction. Japanese gynecologists established nerve- 
sparing radical hysterectomy in 1961. Although a reduction of voiding dysfunc-
tion was observed, it was a problem of compromising radicality. Based on our 
anatomical study, we showed that there was the possibility of improving its radi-
cality by correcting the concept of nerve topography that leads to over- 
preservation of the cardinal ligament. We devised a new method of nerve-sparing 
radical hysterectomy with more extensive and deeper dissection of the cardinal 
ligament. Moreover, we focused on the ureterohypogastric fascia including the 
ureter and autonomic nerves. This fascia serves as an index during surgery of 
nerve-sparing technique. Our operative method of nerve-sparing radical hyster-
ectomy consists of four points as follows:

 1. The ureterohypogastric fascia including the ureter is separated from the pos-
terior leaf of the broad ligament, and then the hypogastric nerves running 
along the rectum within the ureterohypogastric fascia are identified.

 2. The cardinal ligaments above the middle rectal artery are dissected to raise 
radicality at pelvic sidewall.

 3. For complete preservation of the pelvic plexus, the medial stump of the cardi-
nal ligament is mobilized ventrally above the hypogastric nerve before the 
dissection of the uterosacral and rectovaginal ligaments.

 4. To maximize preservation of bladder branches, rectovaginal ligaments are 
clamped with right angle forceps.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-1519-0_7&domain=pdf
mailto:tokato@ncc.go.jp


90

Keywords
Nerve-sparing radical hysterectomy · Autonomic nerves · Hypogastric nerves  
Pelvic splanchnic nerves · Pelvic plexus · Bladder branches · Ureterohypogastric 
fascia

7.1  History

Abdominal radical hysterectomy was developed by Wertheim in 1912 [1]. But for 
its high mortality, radiation therapy became the favored approach in the early twen-
tieth century. Meigs made the surgical approach focus again with modification of 
Wertheim operation with removal of all pelvic nodes [2]. In Japan, Radium was 
hard to obtain. So Okabayashi made a different improvement from Meigs with 
wider resection of surrounding tissues of primary lesion and completed Okabayashi 
radical hysterectomy [3].

Although the treatment outcome was improved, the pelvic nerve plexus was cut, 
so that postoperative urinary voiding dysfunction occurred frequently. Autonomic 
nerve damage during surgery was thought to play a crucial role in the etiology of 
bladder dysfunction, sexual dysfunction, and colorectal motility disorders that are 
seen in patients after radical hysterectomy [4]. Bladder dysfunction is present in 
70–85% of patients for up to 12 months postoperatively, including urinary or anal 
incontinence or retention [4]. In order to prevent these complications, Japanese 
gynecologists introduced a surgical technique with preservation of the pelvic auto-
nomic nerves in 1961 [5]. The most important concept of nerve-sparing radical 
hysterectomy is that the cardinal ligament is divided into two parts as shown in  
Fig. A. The superficial vascular part is dissected, while the deep neural part that 
contains the pelvic splanchnic nerves is preserved in non-touch status [6]. Thereafter 
Japanese doctors had learned and modified this procedure. In the twentieth century, 

Uterus Ureter

External
iliac artery
and vein

Vascular part of CLNerve part of CL

Rectum

Fig. A Nerve-sparing radical hysterectomy. During nerve-sparing radical hysterectomy, the cardi-
nal ligament is divided into two parts. The superficial vascular part is dissected, while the deep 
neural part that contains the pelvic splanchnic nerves is preserved in non-touch status
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there were few articles reported in English [6, 7]. It is only recently that nerve-
sparing radical hysterectomy has been introduced to Western [8] as well as to Asian 
countries [9]. As the postoperative QOL was noted, studies on precise neuroana-
tomical studies [4, 10] as well as the technique of nerve-sparing radical hysterec-
tomy were reported [11]. Nowadays the concept of preservation of autonomic 
nerves during radical hysterectomy has become standard in many gynecological 
cancer centers in the world [12].

7.2  Principle and Indication

7.2.1  Neural Control of the Lower Urinary Tract

Pelvic organ function is organized by both central and peripheral nerve system. For 
instance, the lower urinary tract is innervated by three sets of peripheral nerves 
involving the parasympathetic, sympathetic, and somatic nervous systems: pelvic 
parasympathetic nerves arise at the sacral level of the spinal cord, excite the bladder, 
and relax the urethra. Lumbar sympathetic nerves inhibit the bladder body and 
excite the bladder base and urethra. Pudendal nerves excite the external urethral 
sphincter. These nerves contain afferent sensory as well as efferent motor axons.

7.2.2  Running of the Autonomic Nerves

These autonomic nerves are running and distributed by cadaver study as shown in 
Fig. 7.1. These autonomic nerves related to bladder function can be dissected during 
the different phases of radical hysterectomy (Fig. 7.2). The hypogastric nerves were 
cut when the sacral uterine ligaments were cut, the pelvic splanchnic nerves were 
cut when the cardinal ligaments were cut, the pelvic plexus and the bladder branches 
were damaged during dissection of the recto-vaginal ligaments, the bladder branches 
were injured by disseciton of vesicouterine ligaments.

S2
S3

UB

Vag

PSN

HG

UR

Fig. 7.1 Distribution of 
the left side of autonomic 
nerves from medial view 
by cadaver dissection. UR 
ureter, Vag vagina, UB 
urinary bladder, HGN 
hypogastric nerve, PSN 
pelvic splanchnic nerve
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7.2.3  Principal of Autonomic Nerves During Radical 
Hysterectomy

A level of nerve preservation is classified into four levels: non-touch, exposure, 
partial preservation, and dissection. From a point of view on nerve preservation, 
non-touch preservation provides high quality of life. Simple and modified radical 
hysterectomy can archive non-touch preservation of autonomic nerves; however, 
they compromise radicality for invasive cervical cancer. To achieve a good balance 
between radicality and retaining pelvic function, we conducted to perform exposure 
or partial preservation of these autonomic nerves.

7.2.4  Indication

7.2.4.1  Indication
The most common indication for radical hysterectomy is early-stage invasive cancer 
of the cervix, FIGO stage IB1–IIA2. The cancer of the endometrium FIGO stage II 
or that of upper vagina is also an indication for radical hysterectomy. In Japan, radi-
cal hysterectomy is performed according to Okabayashi’s method which removes 
paracolpium widely than Meigs’ method. Therefore, the cancer of cervix stage IIB 
has been included in an indication for Okabayashi’s radical hysterectomy.

HGN

PSN
PP

• Hypogastric nerves 

• sympathetic

• Pelvic splanchnic nerves

• parasympathetic

• Pelvic plexus

• bladder branches

Fig. 7.2 Autonomic nerves related to voiding function. These autonomic nerves can be dissected 
during the different phases of radical hysterectomy
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7.2.4.2  Differences Between the Two Techniques  
(Meigs vs. Okabayashi)

After dissecting of the anterior layer of the vesicouterine ligament, the paracolpium 
and the posterior layer of the vesicouterine ligament were clamped by long forceps 
together and cut and ligated by the procedure of Meigs’ radical hysterectomy. In 
contrast, by the procedure of Okabayashi’s radical hysterectomy, the paracolpium 
was separated from the posterior layer of the vesicouterine ligament [3, 13]. This 
separation can lead to dissect the bladder thoroughly and resect the paracolpium and 
vagina wider and longer. Due to the higher local control, Okabayashi radical hyster-
ectomy have been performed even in stage IIB cervical cancer in Japan.

7.3  Preoperative Evaluation

7.3.1  Physical Examination

The physical examination should evaluate the primary lesion and potential sites of 
metastatic nodes, such as the left supraclavicular fossa and groin. Inspection by 
naked eye or colposcope of the distal vagina and ectocervix is warranted to deter-
mine stage II diseases. The presence of parametrial extension is particularly impor-
tant for determining the clinical stage and treatment modality by rectal examination. 
The shortening of fornix of the vagina indicates the invasion into the muscle of the 
vagina nevertheless the intact mucosa of the vagina. With this finding, the pTNM 
classification is likely to be pT2BN0, 1 M0.

7.3.2  CT Scan

Computed tomography (CT) scanning has been widely used in the preoperative 
evaluation of significant lymphadenopathy.

CT findings may provide delineating anatomic variances that alter surgical man-
agement, such as ureteral duplication or the presence of a duplicate of infra vena 
cava. Three-dimensional CT angiography may be helpful in identifying these vari-
ances. CT scanning and MRI are equally accurate (~84%) in detecting para-aortic 
metastasis [14].

7.3.3  MR Imaging

MRI is essential for evaluating the tumor, because MRI can discriminate tumor- 
containing tissue from non-tumor-containing tissue. Preoperative evaluation 
includes the size and shape of the primary tumor, depth of stromal invasion, and 
vaginal or parametrial extension as well as nodal involvement [15, 16].
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7.4  Technique

7.4.1  Extended Nerve-Sparing Radical Hysterectomy

Based on the previous anatomical study, we showed that there was the possibility of 
improving its radicality by correcting the concept of nerve anatomy that leads to 
over-preservation of the cardinal ligament [10, 17]. Therefore, we devised a new 
method of nerve-sparing radical hysterectomy more extensive and deeper dissection 
of the cardinal ligament to increase radicality [18].

7.4.2  Procedures

Each step of our procedures is noted as follows.

7.4.2.1  Opening of Retroperitoneal Spaces
The round ligament is divided, and the broad ligament is opened to expose the retroperi-
toneal structure including the ureter and ovarian vessels attached to the medial aspect.

7.4.2.2  Identification of the Hypogastric Nerves During 
the Development of the Pararectal Space

Developing the pararectal space between the ureter and the internal iliac vessels, the 
hypogastric nerves (HGN) running along the rectum are to be identified. The ureter 
is separated from the retroperitoneum, and this tissue plane is kept facing down-
ward. The ureter should not be free from the posterior layer of the broad ligament. 
HGN are found to be running in parallel under 3–4 cm of the ureter. The ureter and 
the hypogastric nerve are covered with the same fascia. It is important to keep the 
peeling layer until the hypogastric nerve can be seen without scooping only the 
ureter. This tissue plane is corresponded to the ureterohypogastric fascia (UHF), 
which includes the HGN and the pelvic plexus (Fig. 7.3).

7.4.2.3  Developing the Vesicouterine Spaces
Sharp dissection of bladder peritoneum is employed to create vesicouterine spaces. 
The bladder is separated from the anterior cervix with dissecting correct tissue plane.

7.4.2.4  Pelvic Lymphadenectomy
The systemic pelvic lymphadenectomy is started from the center height of the com-
mon iliac vessels. The dissection of the external and internal iliac vessel continues 
caudally until the deep circumflex vein. Great care need to preserve the obturator 
nerve and vessels.

7.4.2.5  Preserving the Pelvic Splanchnic Nerves During Dividing 
of the Cardinal Ligament

The uterine artery is ligated close to its origin at the internal iliac artery. The cardi-
nal ligament (CL) is identified with developing both of the paravesical and 
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pararectal spaces. According to the original procedure of nerve-sparing radical hys-
terectomy [5, 6], the CL is divided into two parts. The superficial vascular part is 
dissected, while the deep neural part that contains the PSN is preserved. Because the 
surgical margin of the CL might compromise radicality, the indication of this 
method is limited to cervical cancer with early stage. In order to raise radicality of 
nerve- sparing radical hysterectomy, we demonstrated that the pelvic splanchnic 
nerves (PSN) arise from the dorsomedial portion of the neural part of the CL, based 
on operative findings as well as fresh cadaver studies [10].

In order to increase the margin, the CL is dissected immediately above the 
middle rectal artery as close as possible to the pelvic sidewall. The PSN originat-
ing from S3 run to the pelvic plexus dorsal to the middle rectal artery. Deeply 
putting retractors in the paravesical space and pararectal space, the cardinial liga-
ment is strained. As the connective tissue on the dorsal side of the deep uterine 
vein is incised, middle rectal artery is identified. The landmark of middle rectal 
artery are vessels that run under 1–2 cm of the deep uterine vein and pierce the 
pelvic plexus.

Fig. 7.3 Separation of the ureter hypogastric fascia. This fascia on the dorsal side of the ureter is 
thin and easy to break. It is gentle with formalin fixation, but it is difficult with actual surgery. This 
tissue plane is corresponded to the ureter hypogastric fascia, which includes the hypogastric nerve 
(HGN) and the pelvic plexus (PP)
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7.4.2.6  Developing the Rectovaginal Space
The ureter is further separated from the posterior layer of the broad ligament to 
clarify the entrance of ureteric tunnel, and the broad ligament is incised. Connecting 
both ends, the peritoneum of cul-de-sac is incised. As the rectum is being pulled 
cranially with gauze, the rectovaginal space is developed.

7.4.2.7  Dissection of the Anterior Layer of Vesicouterine Ligaments 
(VUL) with Keeping the Ureterohypogastric Fascia (UHF)

The ureteral tunnel is deroofed, allowing exposure of the uterus. The uterine artery 
is ligated close to its origin at the internal iliac artery. Keeping the ureterohypogas-
tric fascia (UHF) is important to avoid bleeding during dissection of the anterior 
layer of vesicouterine ligament. Division of the cervicovesical vessels leads to roll 
the ureter downward and laterally. The bladder is further dissected caudally to 
expose the paracolpium.

7.4.2.8  Incision of the UHF
The UHF is incised at midline between the ureter and HGN. Then the medial stump 
of the cardinal ligaments is re-clamped from the inside of the UHF. So far, the UHF 
is maintained as an index where autonomic nerves are located.

7.4.2.9  Preserving the Pelvic Plexus During Dissection 
of the Uterosacral Ligaments

The UHF is incised at midline between the HGN and the ureter. The HGN entered 
the pelvic plexus at the anterosuperior corner. Deep uterine vein is located below the 
HGN. The HGN and the pelvic plexus were frequently damaged during dissection 
of the uterosacral ligaments (USL). To diminish these nerve injuries, the medial 
stump of the CL should be fully mobilized above the HGN before dissecting the 
USL (Fig.  7.4). In the case of the tumor with deep myometrial or parametrial 

Hypogastric
nerves

Fig. 7.4 Mobilization of the visceral stump of the cardinal ligament. For total preservation of the 
pelvic plexus, this stump should be mobilized ventrally above the hypogastric nerves before dis-
section of the uterosacral and rectovaginal ligaments
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invasion, we dissect the USL just below the medial stump of the CL. Then dorsal 
area of the pelvic plexus is preserved.

7.4.2.10  Preserving the Bladder Branches During the Dissection 
of the Rectovaginal Ligaments

The ventral half of bladder branches to the ureter are more likely to be injured in 
dissection of the posterior leaf of the vesicouterine ligaments for wide resection of 
the paracolpium and the vagina. In order to maximize preservation of the dorsal half 
of bladder branches, the rectovaginal ligaments should be clamped using right angle 
forceps so as not to involve them.

7.4.2.11  Dissection of the Posterior Layer of Vesicouterine 
Ligaments

Further rolling the ureter allows the clearance of the boundary between the posterior 
layer of the vesicouterine ligaments and the paracolpium. Forceps are inserted into 
this boundary.

7.4.2.12  Dividing the Paracolpium and the Vagina
Separating the paracolpium from the posterior layer of the vesicouterine liga-
ment to extend the resection field of the paracolpium is an original point of 
Okabayashi’s hysterectomy [3, 13]. This procedure allows us wider and longer 
resection of the paracolpium and vagina. Then the paracolpium is divided by 
two steps. The specimen is removed by dividing the vagina. The vagina vault is 
closed with a Z-figure suture Fig. 7.5 and 7.6.

7.4.2.13  The Level of Preservation of Autonomic Nerves After 
Nerve-Sparing Radical Hysterectomy

Dissection line of autonomic nerves by our procedures is indicated by a red line in 
Fig. 7.7. According to our method, the HGN are found to be preserved in exposure, 

Fig. 7.5 Rolling the ureter. The top of electric cautery indicates the boundary between the para-
colpium and the posterior layer of the vesicouterine ligaments
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Fig. 7.6 Division of the posterior layer of the vesicouterine ligaments. The forceps are inserted into 
this boundary and the posterior layer of the vesicouterine ligaments is divided. 1 Ureter, 2 posterior 
layer of the vesicouterine ligaments, 3 paracolpium, 4 medial stump of the cardinal ligaments

a

b

Fig. 7.7 (a) Red line indicates the cutting line of total preservation of pelvic plexus and hypogastric 
nerves and dorsal half preservation of vesical branches. 1 Hypogastric nerves, 2 pelvic splanchnic 
nerves (S2–4), 3 pelvic plexus, 4 vesical branches. (b) Completion of nerve-sparing RH. Hypogastric 
nerve and bladder branches are found to be preserved. 1 Bladder branches, 2 pelvic plexus, 3 pelvic 
splanchnic nerves, 4 hypogastric nerves, 5 internal iliac artery, 6 external iliac artery, 7 ureter
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Method HGN PSN P Plexus
bladder
braches

PVR<50m
L

Simple Hx <5POD

class II RH 7-16POD

class III RH (S2,3,4) CIC: 10%

Nerve-sparing ARH
(Tokyo) (S2,3,4) 18POD

Extended NS ARH
(S2) (S3,4)   18POD

NS ARH (partial) (S2) (S3,4) 24POD

non-touch preservation

exposure preservation

partial preservation

(total)

dissection

Table 7.1 Bladder function recovery

This table summarizes a degree of preservation of each autonomic nerves according to procedure 
of hysterectomy
Needles to say, preservation of bladder branches is important
This concept is also shown in this figure

the PSN in non-touch or exposure, pelvic plexus in exposure or partial, and bladder 
branches in partial preservation. The difference of dissection line between radical 
hysterectomy and nerve-sparing radical hysterectomy is also shown in Fig. 7.7.

7.5  Morbidity

7.5.1  Five-Year Overall Survival

FIGO annual reported showed that 5-year overall survival of 3010 patients with 
cervical cancer stage IB1 was 89.1% [19]. In contrast, Japanese study demon-
strated that a 5-year OS was 93.3% [20]. The difference could be explained by 
the wider resection of the paracolpium according to Okabayashi’s procedure.

7.5.2  Postoperative Complication

The major postoperative complication of radical hysterectomy is the bladder dys-
function due to damage of autonomic nerves in the pelvis. Bladder function recov-
ery by procedure of hysterectomy is shown in Table 7.1 [18]. The degree of nerve 
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preservation is divided into four levels such as non-touch, exposure, partial, and 
non-preserved.

7.6  Future Prospect

A growing literature supports (robot-assisted) laparoscopic radical hysterectomy in 
early-stage cervical cancer. One review shows that robot-assisted radical hysterec-
tomy is associated with minimal blood loss, a shortened hospital stay, and few oper-
ative complications [21].

Even when these minimally invasive surgeries are widespread, locally advanced 
tumors such as stages IB2, IIA2, and IIB, especially adenocarcinoma, will continue 
to be indicated for abdominal radical hysterectomy. The abdominal approach is the 
basis of radical hysterectomy, and we need to master it (Fig. 7.8).
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8Radical Vaginal Hysterectomy

Tsuyoshi Saito

Abstract
Radical vaginal hysterectomy (RVH) was first described by Shauta in 1908. At 
that time, RVH was performed more often than abdominal radical hysterectomy 
for cervical carcinoma due to its lower surgical invasiveness. However, RVH was 
selected only for early cases because lymphadenectomy was impossible to per-
form. Recently, RVH has developed into laparoscopically assisted radical vagi-
nal hysterectomy (LARVH), which is associated with the laparoscopic procedure, 
and it is applied as radical vaginal trachelectomy and semi-radical vaginal hys-
terectomy. In this chapter, we commented on LARVH. LARVH is indicated for 
patients with stage IB1 and IIA1 cervical carcinoma, especially those with a 
tumor size of less than 2 cm, because the cardinal ligaments cannot be resected 
widely. Pergialiotis et al. reported that LARVH provided equal recurrence-free 
rates to abdominal radical hysterectomy when it is performed in patients with 
tumors that do not exceed 2 cm in the greatest diameter. Although RVH that is 
associated with laparoscopic pelvic lymphadenectomy is the most used surgical 
procedure, radical trachelectomy may be performed either abdominally or vagi-
nally (laparoscopic or robotic). One report found that the pregnancy rate was 
higher in patients who underwent minimally invasive or radical vaginal trache-
lectomy than in those who underwent radical abdominal trachelectomy.

Keywords
Cervical cancer · Trachelectomy · Laparoscopically assisted radical vaginal hys-
terectomy · Fertility · Laparoscopy · Minimal invasiveness
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8.1  History

Radical vaginal hysterectomy (RVH) was first described by Shauta in 1908 [1]. 
After making several improvements, Amreich reported a surgical procedure in 
which the parametrial ligament was resected radically according to new ana-
tomical knowledge [2]. In these RVH procedures, there was a wide surgical 
field, and the vagina, perineum, and levator ani muscle were incised. At that 
time, RVH was performed more often than abdominal radical hysterectomy for 
cervical carcinoma due to its lower surgical invasiveness. However, RVH was 
selected only for early cases because lymphadenectomy was impossible to per-
form. Later, Navratil [3] presented RVH with extraperitoneal lymphadenec-
tomy, in which incisions were made on both sides of the abdomen. In Japan, 
Akashi [4] demonstrated an RVH procedure that was a modification of the Mitra 
method [5], in which extraperitoneal lymphadenectomy and interruption of the 
parametrium vessels were performed after a vaginal procedure. RVH is adopted 
in some European countries such as Germany and Austria; however, its use has 
been limited. To increase the application of RVH, Dargent [6] proposed replac-
ing the bilateral abdominal incision method with laparoscopy for systematically 
dissecting the pelvis, which has been part of the radical hysterectomy procedure 
since Meigs’s study. Recently, RVH has developed into laparoscopically assisted 
radical vaginal hysterectomy (LARVH), which is associated with the laparo-
scopic procedure [7], and it is applied as radical vaginal trachelectomy [8] and 
semi-radical vaginal hysterectomy [9]. In this chapter, we commented on 
LARVH.

8.2  Principle and Indication

LARVH is indicated for patients with stage IB1 and IIA1 cervical carcinoma, espe-
cially those with a tumor size of less than 2  cm, because the cardinal ligaments 
cannot be resected widely.

8.3  Preoperative Evaluation

Cervical carcinoma is diagnosed based on a histologic examination of tissues that 
are obtained after conization or from a biopsy under colposcopy. As usual for cervi-
cal carcinomas, the tumor progression is evaluated routinely with a digital rectal 
examination, computed tomography scan, and magnetic resonance imaging. In 
patients in whom the tumor invades the parametrium, those with a large tumor more 
than 2 cm, and those with a narrow vagina, abdominal hysterectomy is selected. To 
determine the incision areas, the surgeon must perform colposcopy precisely. The 
vaginal orifice is stretched; a Schuchardt episiotomy is usually not performed, 
unless the vagina is especially narrow.
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8.4  Technique

8.4.1  Pelvic Lymphadenectomy

Previously, this procedure was performed extraperitoneally, but recently, it has been 
performed laparoscopically using the classical peritoneal route. The round liga-
ments and ovary-specific ligaments are sealed and cut using energy modalities. 
After the retroperitoneum is expanded, the pelvic lymph nodes are dissected. The 
medial aspect of the iliac vessels is easily cleaned. The lateral aspect is a little more 
difficult to clean; however, it can be achieved laparoscopically as effectively as dur-
ing laparotomy.

8.4.2  Interruption of the Cardinal Ligament

The next step is to divide the uterine arteries and prepare the cardinal ligament. 
Following laparoscopic lymphadenectomy, the pararectal and paravesical spaces 
are expanded. The fatty tissue-bearing lymph nodes around the cardinal ligament 
are dissected radically, and the different vessels of the vascular part of the cardinal 
ligament are transected laterally down to the level of the pelvic splanchnic nerves, 
which are kept intact.

8.4.3  Vaginal Retractors and Decision of the Incision Site

The procedure is initiated by suturing the labia to the medial aspect of the thigh. 
Vaginal retractors are positioned at four points in the vagina. Relatively short vagi-
nal retractors (2.0 × 6.0 cm) are set anteriorly and posteriorly, whereas midsized 
vaginal retractors (2.5 × 8.5 cm) are set laterally. After the retractors are placed, the 
site of the incision into the vaginal wall to remove the lesion is determined. The 
incision line varies little between individual cases. The incision areas are deter-
mined with preoperative colposcopy and the Schiller iodine test in the vaginal wall, 
and the incision line is made about 2 cm distant from the borderline of the abnormal 
epithelium. In almost all cases in which the epithelium is located at the cervix with-
out lateral invasion to the vaginal cuff, the length of the vaginal resection from the 
portio is about 1.0 cm. Vaginal resection has been performed intraoperatively for 
traction to prevent vaginal vault recurrence.

8.4.4  Incision of the Vaginal Wall

After determining the resection site, the surgeon clamps and lifts the vaginal wall 
using short Kocher hemostatic forceps at 6–8 points, according to a line circum-
scribing the cervix. Epinephrine (0.1% diluted in 100  mL of saline solution) is 
injected at the side of the incision and into the planes between the bladder and 
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vagina (Fig. 8.1). The forceps are brought forward simultaneously, and a circular 
incision is made to a depth of about 5 mm (Fig. 8.2).

Fig. 8.1 The vaginal wall is clamped and lifted by short Kocher hemostatic forceps at 6–8 points 
according to a line circumscribing the area of the cervix. Epinephrine (0.1% diluted in 100 mL 
saline solution) is injected at the side of the incision and into the planes of the separation between 
the bladder and the vagina

Fig. 8.2 The forceps are brought forward simultaneously, and a circular incision is made to a 
depth of about 5 mm
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8.4.5  Opening the Vesicovaginal Space

The upper edge of the vaginal wall is clamped at two positions using Kocher hemo-
static forceps and retracted upward. Using curved operating scissors, the surgeon 
divides the fascia vaginalis and opens the vesicovaginal space (Fig. 8.3). The sur-
geon separates the bladder by inserting the forefinger into the space between the 
bladder and peritoneum, covering the uterus. The posterior fascia is divided in a 
similar fashion using scissors. Traction sutures are placed close to the fascial inci-
sion, covering the fascia in front and behind and including the lateral portions of the 
cuff as the integument (Fig. 8.4). The sutures are left long, knotted together, and 
used to retract the uterus.

8.4.6  Opening the Paravesical Space

To expose the left side, the surgeon retracts the traction sutures laterally to the 
lower right. The vaginal wall is clamped with Kocher forceps at the two o’clock 
position and retracted to the upper left. Using a pair of curved scissors, the surgeon 
divides the lateral side of the vesicouterine ligament from the vaginal wall 
(Fig. 8.5a–c). The surgeon then opens the paravesical space by inserting a forefin-
ger or scissors, penetrating the space horizontally and to a point at the upper left of 
the cutting area (Fig. 8.6).

The paracolpos is hooked with the forefinger or curved forceps to penetrate the 
paravesical and retrovaginal spaces, and a midsized vaginal retractor (2.5 × 8.5 cm) 

Fig. 8.3 The upper edge of the vaginal wall is clamped at two positions by Kocher hemostatic 
forceps and retracted upward. Using curved operating scissors, the fascia vaginalis is divided, and 
the vesicovaginal space is opened
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Fig. 8.4 Traction sutures are placed close to the fascial incision, covering the fascia in front and 
behind and including the lateral portions of the cuff as the integument

Vesicouterine lig.

a

Dividing point

b

c
Bladder

Vagina

Rectum

Uterine artery

Vesical retinaculum

Ureter

Vesicouterine lig.

Dividing point

Fig. 8.5 (a) The vaginal wall is clamped with Kocher forceps at the two o’clock position and 
retracted to the upper left (arrow). Using a pair of curved scissors, the surgeon divides the lateral 
side of the vesicouterine ligament from the vaginal wall. (b) Shema of dividing point. (c) The 
dividing point viewing form of the abdomen
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is inserted into the paravesical space (Fig. 8.7). The paracolpos is clamped, divided, 
and transfixion sutured with a 2–0 polyglycolic acid suture.

8.4.7  Division of the Inner Vesicouterine Ligament

The surgeon extends the uterus firmly to the lower right by retracting the bladder 
and stretching the vesicouterine ligament longitudinally. The ureter can be felt and 

Vesicouterine lig.

Fig. 8.6 The surgeon then opens the paravesical space by inserting a forefinger or scissors, pen-
etrating the space horizontally and to a point at the upper left of the cutting area

Vesicouterine lig.

Paravesical space

Paracolpos

Fig. 8.7 The paracolpos is hooked with the forefinger or curved forceps to penetrate the paravesi-
cal and retrovaginal spaces, and a midsized vaginal retractor (2.5 × 8.5 cm) is inserted into the 
paravesical space
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touched between the forefinger and middle finger to establish its position (Fig. 8.8). 
The outer top of the external vesicouterine ligament is clamped in two places and 
divided using curved scissors, and the clamps are replaced with a 2–0 polyglycolic 
acid transfixion suture. Curved scissors are passed into the ureteric tunnel from the 
divided area using gentle dissection (Fig. 8.9), and the inner vesicouterine ligament 

Vesicouterine lig.

Fig. 8.8 The ureter can be felt and touched between the forefinger and middle finger to establish 
its position

Vesicouterine lig.

inner

outer

Fig. 8.9 The outer top of 
the external vesicouterine 
ligament is clamped at two 
places and divided by 
curved scissors. From 
divided area, curved 
scissors are passed into the 
ureteric tunnel by gentle 
dissection; the inner 
vesicouterine ligament is 
divided
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is divided in two or three separate stages using the same maneuver (Figs. 8.10 and 
8.11). Upon separation and ligation of the inner vesicouterine ligament, the site at 
which the uterine artery crosses the ureter is seen clearly (Fig. 8.12). The uterine 
artery, which has already been divided laparoscopically, is pulled out. Then, the 
outer vesicouterine ligaments, which contain the bladder branch of the pelvic 
splanchnic nerve, are preserved to exclude them at the dorsal side and are partially 
divided using curved operating scissors (Fig. 8.13). In that sense, the procedure cor-
responds to levels II and III of the Piver classification [10].

Inner vesicouterine lig.

Inner vesicouterine lig.
Outer vesicouterine lig.

Figs. 8.10 and 8.11 The inner vesicouterine ligament is divided in two or three separate stages 
using the same maneuver
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8.4.8  Division of the Cardinal Ligament

After opening the peritoneum of the vesicouterine pouch, the surgeon pulls the uter-
ine corpus using Muzeaux uterine tenaculum forceps, and 3–4 traction sutures are 
placed on top of the uterine corpus. The uterine corpus is pulled forward to expose 
the Douglas pouch, which is opened by dividing the peritoneum (Fig. 8.14). The 
uterosacral ligament is resected using a suture midway between the uterus and the 
sacral attachment of the ligament. A curved clamp (or finely serrated multipurpose 
forceps) is placed approximately 2 cm from the edge of the cervix. The cardinal 
ligament is divided and resected (Fig. 8.15). The resection is located near where the 
uterine artery and ureter cross.

Uterine artery

Fig. 8.12 Upon separation 
and ligation of the inner 
vesicouterine ligament, the 
site at which the uterine 
artery crosses the ureter is 
seen clearly

Outer vesicouterine lig.

Fig. 8.13 The outer vesicouterine ligaments, which contain the bladder branch of the pelvic 
splanchnic nerve, are preserved to exclude them at the dorsal side and are partially divided using 
curved operating scissors
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The same procedure is used for the right side. However, the cardinal ligament 
can be resected after the anterior part of the peritoneum is opened.

8.4.9  Resection of the Uterus and Closing the Vagina

The anterior peritoneal pouch is opened, and the uterine fundus is drawn forward 
using uterine vulsellum forceps, after which sutures are placed in three to four posi-
tions. These sutures are used for retracting the uterine body. The pelvic peritoneal 
cavity is closed using continuous sutures of 2–0 polyglycolic acid on both sides, 
each suture starting in the midline. Silicon drains are placed intraperitoneally on 
each side, and the vaginal wall is united using interrupted sutures (Fig. 8.16).

Uterine corpus

Ovary

Douglas pouch

Posterior side of uterus

Fig. 8.14 The uterine corpus is pulled forward to expose the Douglas pouch, which is opened by 
dividing the peritoneum

Uterine corpus

Posterior side of uterus

Utero-sacral ligament

Cardinal ligament

Fig. 8.15 The cardinal ligament is divided and resected
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8.4.10  Morbidity

Pergialiotis et al. searched Medline (1966–2013) and Scopus (2004–2013) and reported 
that LARVH provided equal recurrence-free rates to RAH when it is performed in 
patients with tumors that do not exceed 2 cm in the greatest diameter [11]. Kucukmetin 
et al. reviewed that there was no statistically significant difference in the risk of intra- 
and postoperative complications between women who received LARVH and those 
who received RAH, although women appeared to have lost more blood if they under-
went RAH (median 400 mL (IQR 325–1050 mL) and 1000 mL (IQR 800–1025 mL) 
for LARVH and RAH, respectively (P value = 0.05) [12]. However, Steed et al. com-
mented that LARVH is associated with an increase in intraoperative complications and 
patients may have an increased time to return to normal bladder function [13].

8.4.11  Future Prospects

RVH is a fertility-sparing technique that was first described by Daniel Dargent in 
1994, in which the cervix, parametrium, and vaginal cuff are removed while main-
taining the patient’s uterine fundus and adnexae [14]. This procedure, combined 
with laparoscopic pelvic lymphadenectomy, is the most common and accepted 
fertility- sparing procedure for patients with early cervical cancer [15]. Although 
RVH that is associated with laparoscopic pelvic lymphadenectomy is the most used 
surgical procedure, radical trachelectomy may be performed either abdominally or 
vaginally (laparoscopic or robotic) [16–18]. One report found that the pregnancy 
rate was higher in patients who underwent minimally invasive or radical vaginal 
trachelectomy than in those who underwent radical abdominal trachelectomy [19].

Fig. 8.16 Silicon drains are placed intraperitoneally on each side, and the vaginal wall is united 
using interrupted sutures
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9Indication, Technique, and Outcome 
of Super-Radical Hysterectomy 
for Cervical Cancer

Mikio Mikami, László Ungár, and Koji Matsuo

Abstract
Mibayashi invented super-radical hysterectomy, and his operative method was 
intended for radical surgery in patients with stage IIIB cervical cancer. However, 
the combination of intracavitary and external radiation currently provides a good 
outcome with good quality of life in patients with advanced cervical cancer. 
However, the survival rate of patients with stage IIIB cancer is approximately 
50–65%, and further efforts to improve the outcome should be continued. As 
described by Mibayashi himself, a parametrial lymph node metastasis fixed to 
the origin of the cardinal ligament can be identified at laparotomy in some 
patients with clinical stage IB–IIB disease, and super-radical hysterectomy is a 
useful surgical approach in such patients. Regarding the safety of this operative 
method, because the internal iliac vessels can be clearly visualized after lymph 
node dissection during current curative surgery for cervical cancer, it is possible 
to perform super-radical hysterectomy safely. Although super-radical hysterec-
tomy is not a surgical procedure of routine use for cervical cancer, it is an impor-
tant operative method that should be used in a flexible manner as indicated, 
depending on the tumor findings at laparotomy.
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9.1  History

Before describing the history of super-radical hysterectomy for cervical cancer, we 
should describe the history of standard radical hysterectomy itself. The usefulness 
of the radical hysterectomy was demonstrated by Wertheim, who performed it in 
many patients with cervical cancer and reported the detailed outcomes of 500 cervi-
cal cancer patients in the early 1900s. However, Wertheim reported that the opera-
tive mortality rate was as high as 30%, being approximately 15% for the first 100 
patients and also for the last 100 patients [1]. Moreover, the outcomes were not 
particularly good. Therefore, the suitability of performing radical hysterectomy for 
cervical cancer was questioned. In 1895, X-rays were discovered by Roentgen, and 
radium was discovered by Curie in 1898. In 1903, Cleaves in New York performed 
treatment of cervical cancer by using small radium sources. At that time, definitive 
radiation therapy was shown to be as effective as surgery for cervical cancer. Since 
studies of radium therapy for cervical cancer found no treatment-related deaths and 
few complications along with good outcomes, advocacy of radical hysterectomy for 
cervical cancer subsided, and the standard treatment shifted toward radiation ther-
apy, especially in the United States [2]. Depending on the timing of introduction of 
radiation therapy and the treatment trends, the role of radical hysterectomy has var-
ied widely among the United States, Japan, and Europe. It is important to under-
stand that radical hysterectomy has evolved uniquely in each region.

Latzko (Austria) and Okabayashi (Kyoto University) subsequently modified 
Wertheim’s operation to increase the curability and radicality of operative treatment 
[3]. In 1921, Okabayashi published an article about the so-called Okabayashi 
method [4]. While Okabayashi’s method is similar to Latzko’s operation, there is a 
fundamental difference between the two approaches with regard to handling the 
anterior part of the vesicouterine ligament. In Okabayashi’s method, the anterior 
and posterior layers of the vesicouterine ligament are handled separately. This pro-
cedure allows the vaginal wall and paracolpium connective tissues to be removed 
adequately. In Japan, Okabayashi’s method is the most commonly used approach 
for radical hysterectomy [4]. In 1941, Mibayashi (Kyoto University) advocated 
super-radical hysterectomy for the treatment of stage IIIB disease [5]. Super-radical 
hysterectomy is an operative method in which the cardinal ligament infiltrated by 
cancer is completely removed together with the tumor in the pelvic sidewall and 
adjacent blood vessels, including the internal iliac artery and vein. Mibayashi’s 
method is intended to cure stage IIIB cervical cancer without radiation therapy. The 
readers of this chapter can understand that our predecessors have worked enor-
mously on developing this surgical method by reviewing and learning textbooks 
which described the vascular anatomy in detail.
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In this chapter, we made a strenuous effort to describe Mibayashi’s method as 
accurately as possible so that our description approximates the information pro-
vided by Mibayashi at that time, since he did not publish any articles about his 
surgical method in English literature. We also describe Ungar’s method of laterally 
extended parametrectomy (LEP) [6], which is classified as Type D: laterally 
extended resection according to the classification of radical hysterectomy advocated 
by Querleu and Morrow [7], as well as the procedure we employ for lateral parame-
trial resection after radical hysterectomy for patients with cervical cancer involving 
pelvic lymph nodes.

9.2  Mibayashi’s Method

9.2.1  Super-Radical Hysterectomy

Radical hysterectomy is offered as a curative surgical treatment approach for stage 
IB–IIB cervical cancer. It includes comprehensive pelvic lymphadenectomy, and 
the cardinal ligament is to be resected just medial to the internal iliac vessels. 
Theoretically, the pelvic attachment of the cardinal ligament is not removed by this 
operative method, remaining in the patient. Therefore, a novel method was devel-
oped to improve the curability of surgical treatment. This operative method is called 
super-radical hysterectomy, and the surgery requires an en bloc complete resection 
of the cardinal ligament infiltrated by tumor together with the internal iliac vessels 
(i.e., the pelvic attachment site). Super-radical hysterectomy was originally devel-
oped for the surgical treatment of women with stage IIIB advanced cervical cancer 
with a curative intent [5].

9.2.2  Regional Anatomy Relevant to Super-Radical 
Hysterectomy (Figs. 9.1 and 9.2)

The common iliac artery gives off the two main branches: external iliac artery and 
internal iliac artery. Immediately past this bifurcation point, the superior gluteal 
artery arises from the posterior division of internal iliac artery on the dorsal side 
and runs through the supra-piriform foramen to exit the pelvis. Then the obturator 
artery branches from the internal iliac artery and runs laterally, after which the 
common trunk of the internal pudendal artery and inferior gluteal artery arises 
from the internal iliac artery and runs inferiorly. The vaginal artery and the uterine 
artery also branch from the anterior division of internal iliac artery, after which 
the internal iliac artery reaches the obliterated umbilical ligament. The obturator 
artery runs through the obturator foramen to exit the pelvis, while the common 
trunk of the internal pudendal artery and the inferior gluteal artery passes through 
the infra- piriform foramen and also leaves the pelvis. As landmarks for the arterial 
system, the origin of the internal iliac artery, the obliterated umbilical ligament 
distal to the origin of the uterine artery, and the obturator artery can be usually be 
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identified easily, while the other arteries can be identified by thoroughly removing 
the surrounding connective tissue from the vessels. When performing super-radi-
cal hysterectomy, the internal iliac artery is manipulated from its origin of the 
main trunk (Fig. 9.1).

Similar to the arterial system, immediately past the bifurcation of the internal 
iliac vein and external iliac vein, the superior gluteal vein runs dorsally into the 
internal iliac vein. Then the internal iliac vein branches into the superficial uterine 
vein, deep uterine vein, vaginal veins, etc. toward the cardinal ligament medially, 
while it also branches to form the common trunk of the internal pudendal vein and 
the inferior gluteal vein inferiorly. The internal iliac vein eventually leads to the 
obturator vein (Fig. 9.2).

Because the venous vasculature runs closer to the pelvic sidewall than the 
arterial system, the internal iliac venous system can be visualized by adequately 
ablating and removing the surrounding connective tissues of the pelvic sidewall. 
When performing radical hysterectomy, the vessels in the cardinal ligament are 
ligated and cut just before the anatomical point where several veins, including 
the deep uterine vein, run into the internal iliac vein from the uterus. However, 
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internal
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artery
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Inferior vesical
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superior vesical
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middle rectal artery

iliolumbar artery

lateral sacral artery

Fig. 9.1 Internal iliac artery and its branches (Mibayashi T; Modern Handbook of Obstetrics and 
Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). Reprinted by courtesy of 
Nakayama Shoten and translated by Mikio Mikami
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the internal iliac vein is also removed in super-radical hysterectomy. Thus, the 
vessels in the cardinal ligament can be theoretically removed widely, including 
their basal parts, by performing the following three manipulations after transec-
tion of the superior gluteal blood vessels cranially: (1) manipulation of the inter-
nal iliac artery and vein, (2) manipulation of the obturator artery and vein 
running to the obturator foramen, and (3) manipulation of the common trunk of 
the internal pudendal and the inferior gluteal arteries and veins running to the 
infra-piriform foramen. This is the essential step in super-radical hysterectomy 
(Fig. 9.3).

However, it should be noted that the anatomical course of the internal iliac blood 
vessels shows a variety of variations, especially for the venous system. Regarding 
the arterial system, the arteries follow the abovementioned pattern in majority of the 
female pelvis, but the internal pudendal artery and inferior gluteal artery sometimes 
do not form a common trunk and branch independently from the internal iliac artery. 
Although it is rare, the obturator artery can arise from the superior gluteal artery. 
Regarding the venous system, the middle iliac vein sometimes runs into the external 
iliac vein past the confluence of the internal and external iliac veins, or the internal 
iliac vein and middle iliac vein form an anastomosis into which the deep uterine 
vein runs into. The obturator vein does not always follow the same anatomical 
course either. Not only the internal pudendal vein and inferior gluteal vein run up to 
the internal iliac vein, but many other veins also run toward it from the pelvic floor. 
In the final step of super-radical hysterectomy, careful attention is required for the 
bleeding from these veins as above.
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Internal
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Fig. 9.2 Relation between internal iliac artery and vein (Mibayashi T; Modern Handbook of 
Obstetrics and Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). Reprinted by 
courtesy of Nakayama Shoten and translated by Mikio Mikami
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9.2.3  Procedure of Super-Radical Hysterectomy (Mibayashi’s 
Method)

Here we describe the typical procedure for super-radical hysterectomy as faithfully 
as possible so that we can approximate the description written by Mibayashi him-
self. Mibayashi explained an operation that was intended to be performed in patients 
with advanced cancer whose tumors invade into the cardinal ligament.

9.2.3.1  Preliminary Preparation Procedure
The para-rectal space and the paravesical space are opened. However, the tumor 
mass interferes with the normal approach, especially to the paravesical space. By 
bluntly inserting and moving the index finger from the inner surface of the pubic 
bone toward the obturator foramen, the approach to the pelvic floor can be accom-
plished with relative ease. The index finger is moved posteriorly to create a com-
munication with the para-rectal space, and the extent of resection can be determined. 
Among the preliminary procedures for this operation, clearing the adjacent adipose 
tissues and lymph nodes is essential. This step reveals the body of the ilium, the 
anterior pubic ramus, and the obturator nerve (Fig. 9.3).

9.2.3.2  First Ligation
Using the obturator nerve as a landmark, the obturator artery and vein can be dissected 
easily. Then the obturator artery and vein are ligated and transected at the site where they 
enter into the obturator foramen (Figs.  9.3 and 9.4). Ligation and transection of the 
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Fig. 9.3 Three ligations of vessels in super-radical hysterectomy (Mibayashi T; Modern Handbook 
of Obstetrics and Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). Reprinted by 
courtesy of Nakayama Shoten and translated by Mikio Mikami
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obturator artery and vein is called the “first ligation” in this operation. Next, the cardinal 
ligament is dissected from the lateral sidewall using Cooper scissors and the index finger.

9.2.3.3  Second Ligation
The internal iliac artery and vein in the cranial part of the cardinal ligament, which 
has been heavily infiltrated by the tumor, are identified using the index finger. In 
particular, the internal iliac vein is located outside the membranous tissue. Then the 
internal iliac artery and vein are bluntly lifted away from the lateral pelvic sidewall 
by the index finger, and both vessels are ligated and cut (Fig. 9.5). This is the “sec-
ond ligation” of the operation. In patients with advanced cancer, the ureter is usually 
involved by the tumor, leading to hydroureter. Therefore, the ureter is also tran-
sected at this time, and urinary diversion is performed later.

9.2.3.4  Third Ligation
Performance of the abovementioned manipulations completes the procedures for han-
dling the blood vessels in the cranial and caudal parts of the cardinal ligament, which has 
become involved by the tumor. In addition, it is necessary to deal with the internal puden-
dal and inferior gluteal arteries and veins running into the infra- piriform foramen infero-
posterior to the cardinal ligament. The tumor is pulled forward and upward to allow blunt 
dissection from the sacral plexus using Cooper scissors. Then, the connective tissue con-
taining the internal pudendal and inferior gluteal arteries and veins is dissected, clamped 
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Fig. 9.4 First ligation of vessels in super-radical hysterectomy (Mibayashi T; Modern Handbook 
of Obstetrics and Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). Reprinted by 
courtesy of Nakayama Shoten and translated by Mikio Mikami
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with forceps, and transected (Fig. 9.6). The cardinal ligament can be excised and removed 
completely by performing these steps.

obturator
nerve

cranial
caudal

internal iliac
artery and vein

hydroureter

Long curved
forceps

Fig. 9.5 Second ligation of vessels in super-radical hysterectomy (Mibayashi T; Modern 
Handbook of Obstetrics and Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). 
Reprinted by courtesy of Nakayama Shoten and translated by Mikio Mikami
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Fig. 9.6 Third ligation of vessels in super-radical hysterectomy (Mibayashi T; Modern Handbook 
of Obstetrics and Gynecology8E, Cervical cancer, 1970, Nakayama Shoten, Tokyo). Reprinted by 
courtesy of Nakayama Shoten and translated by Mikio Mikami

M. Mikami et al.



125

The abovementioned procedures comprise the basic method of Mibayashi’s 
super-radical hysterectomy, with the three ligations reflecting the anatomical 
courses of the main vessels in the basal part of the cardinal ligament. For practical 
reasons, the arteries and veins should be handled separately and individually in an 
actual procedure. Because there is usually an enough distance between the arterial 
and venous systems, the arterial system is generally handled first to improve the 
visualization of the venous system, after which the venous system is treated. While 
paying attention to variations of vascular anatomy across patients, the vessels to be 
resected are determined according to the sites of tumor infiltration and individual 
circumstances.

9.2.4  Outcome of Treating Cervical Cancer at the Kyoto 
University Department of Obstetrics and Gynecology 
(1953–1955) [8]

The 5-year survival rates after surgical treatment are shown in Table 9.1. The rate 
was similar between stages I, II, and III although the outcome of early-stage disease 
is somehow higher than expected compared to the current era. This unusual out-
come was obtained by a treatment strategy in which Okabayashi’s method was 
modified according to the tumor size in individual patients and super-radical hyster-
ectomy was performed if necessary. When a specific operation is uniformly per-
formed in all patients, the 5-year survival rate would usually decrease as the stage 
advances (i.e., the 5-year survival rate is lower for stage II disease than stage I dis-
ease), and the 5-year survival rate would not be similar for patients across different 
disease stages.

Outcomes of definitive radiation therapy at that time are shown in Table 9.2. 
Although radiation therapy was only performed in patients ineligible for surgery, 
the 5-year survival rate improved over 3  years: the rate was 25.7% in 1953, 

Table 9.1 5-year survival rate by surgery (5 years observation)

Stage
Year Stage I Stage II Stage III A Stage III B Total
1953 75.0% 78.1% 56.4% 60.0% 67.5%
1954 89.2% 67.6% 50.0% 75.0% 66.9%
1955 76.0% 85.0% 74.0% 60.0% 76.6%

Table 9.2 5-year survival rate by radiation

Stage I Stage II Stage III A Stage III B Stage IV Total
1953 (35) 0 (0) 50.0% (2) 33.3% (6) 25.0% (23) 0 (4) 25.7%
1954 (41) 100% (1) 100% (1) 20.0% (5) 29.0% (31) 0 (3) 29.2%
1955 (43) 0 (0) 50.0% (4) 28.5% (14) 41.6% (24) 0 (1) 37.2%

Number of patients
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increased to 29.2% in 1954, and rose dramatically to 37.2% in 1955. The same 
treatment approach was used to deliver radiotherapy throughout the 3-year 
period, which was rotatory irradiation using a large radiation port invented by the 
physicians at their institution. However, the dose rate was increased each year, 
suggesting that the 5-year survival rate increased along with the increasing dose 
rate. In 1953, rotatory irradiation was first performed using a large radiation port 
invented by them, allowing the entire cavity of the lesser pelvis to be irradiated 
almost equally and evenly at a dose of approximately 700 gamma and achieving 
a 5-year survival rate of 25.7% for 35 patients with stage II–IV disease. Later, the 
dose was gradually increased. With dose escalation, the 5-year survival rate 
increased markedly to 37.2% for 43 patients with stage II–IV disease. It is 
expected that the outcome could have been improved further by continuing to 
increase the dose. Based on these results, it is obvious to state that outcomes in 
the super-radical hysterectomy group were superior to the definitive radiotherapy 
group.

9.2.5  History of Controversy About Super-Radical Hysterectomy 
in Japan

Not all surgeons thought that Mibayashi’s super-radical hysterectomy was a safe 
and curative surgical approach, with some surgeons doubting both the curability 
and safety. However, Ogino conducted an additional study on Mibayashi’s method 
and concluded that the approach should be preferably used to the case where 
lymph node metastasis is fixed to the origin of the cardinal ligament, stating that 
Okabayashi’s method allowed resection of the cardinal ligament, whereas 
Mibayashi’s method achieved extirpation of the cardinal ligament [9]. Kobayashi 
evaluated the significance of super-radical hysterectomy according to disease 
stage. He stated that instead of performing the third ligation in Mibayashi’s origi-
nal method, the blood vessels should be separated into an anterior set (internal 
pudendal artery and vein and the surrounding connective tissue), a middle set 
(inferior gluteal artery and vein and the surrounding connective tissue), and a 
posterior set (trunks of the internal iliac artery and vein or common trunks of the 
arteries and veins peripheral to the internal iliac vessels and surrounding connec-
tive tissue), which should be ligated and transected individually. Because the 
middle set, including the inferior gluteal artery and vein, runs vertically and 
deeply toward the sacrum, manipulation is most difficult; so Kobayashi also sug-
gested that it was reasonable to handle the anterior set, posterior set, and middle 
set in this sequence order [10]. Tojo later agreed upon that the anterior and middle 
sets should be separated and ligated individually in some patients, as advocated 
by Kobayashi. However, because there were variations in the vascular anatomy, 
the internal pudendal vein and inferior gluteal vein (which generally form a con-
fluence near the infra-piriform foramen) may be injured by forcible separate 
manipulation, so the original third ligation of Mibayashi’s method should be per-
formed in many patients [11].
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9.3  Type D: Laterally Extended Resection (Classification 
of Radical Hysterectomy by Denis Querleu, C Paul 
Morrow) [7]

This group of rare operations features additional ultra-radical procedures, mostly 
indicated at the time of pelvic exenteration. Type D1 is defined as the resection of the 
entire para-cervix at the pelvic sidewall along with the hypogastric vessels, exposing 
the roots of the sciatic nerve. There is total resection of the vessels of the lateral part 
of the para-cervix; these vessels (i.e., inferior gluteal, internal pudendal, and obtura-
tor vessels) arise from the internal iliac vascular system. Type D2 is defined as Type 
D1 plus resection of the entire para-cervix with the hypogastric vessels and adjacent 
fascial or muscular structures. This resection corresponds to the LEER (laterally 
extended endopelvic resection) procedure. Because Type D2 is an operation for pel-
vic sidewall recurrence, Type D1 is mainly described in this chapter.

9.3.1  History and Introduction of Laterally Extended 
Parametrectomy (LEP) [12, 13]

Various technical variations were described in the initial procedure. A grading system 
for the radicality of the operation was proposed by Piver and colleagues in 1974. 
Survival outcomes did not improve substantially for several decades after this, until the 
introduction of concomitant chemotherapy with irradiation. Local control remained a 
problem, however, as most of the tumor recurrences occurred in the pelvis with the 
majority of patients dying from local recurrence. Thus, it is evident that improving 
local control in the treatment of cervical cancer could also improve survival. In 1993 
Ungar introduced a more extensive surgical technique for the treatment of lymph node-
involving stage IB cervical cancers and all cancers of stage IIB disease. The interven-
tion, which we call “laterally extended parametrectomy” (LEP), is aimed to remove all 
the lymphatic tissue from the pelvic sidewall. This procedure removes the parametrial 
tissue not usually removed by the conventional class III–IV Wertheim hysterectomy by 
means of extending the lateral limits of the dissection to the true boundaries of the 
pelvic sidewall rather than the medial surface of the internal iliac vessels.

The LEP procedure is based on three theoretical considerations, namely, that (1) 
most of the treatment failures in cervical cancer are due to pelvic sidewall recur-
rences, that (2) lymph node metastases can occur anywhere in the parametrium or 
pelvic sidewall lymph nodes, and that (3) the connective tissue containing lymph 
nodes situated lateral to the internal iliac vessels was considered technically inacces-
sible in most gynecologic oncology centers. This region is the mid part of the pelvic 
sidewall, corresponding to the lateral insertion of the parametrium, exactly where the 
superior gluteal, inferior, and pudendal lymph nodes are located. Incomplete resec-
tion of this region is a limitation of the classical radical hysterectomy. Several studies 
have described the anatomical location of tumor metastasis in the parametrial lymph 
nodes. These studies have found that there is no uniform distribution of lymph node 
metastasis in the area with an almost equal incidence of metastasis across the para-
metrial lymph nodes in the medial and lateral parametria.

9 Indication, Technique, and Outcome of Super-Radical Hysterectomy for Cervical…



128

9.3.2  Surgical Technique [12, 13]

The dissection of the pelvic sidewall begins with a meticulous pelvic lymphadenec-
tomy. In order to remove all lymphatic adipose tissue surrounding the vessels, we 
mobilize the external iliac vessels from the psoas muscle, displacing them medially, 
preserving the genitor-femoral nerve. Connective tissue between the vessels is dis-
sected, so that the entire circumference of the external and common iliac arteries 
and veins are mobilized. As the vessels are retracted from the psoas muscle (a small 
vascular branch from the iliac vessels to the muscle can be usually divided here) 
(Fig. 9.7), the lateral or “deep” common iliac nodes can be dissected. In fact the 
nodal tissues include the superior gluteal and iliolumbar lymph nodes. There is no 
well-defined limit between the “lateral common iliac” nodes and the cranial part of 
the obturator nodes. In this way the adipose tissue between the common iliac vein 
and the sacrum can also be removed. This part of the pelvic adipose tissue is a 
bridge between the “deep” or lateral common iliac lymph nodes and the presacral 
lymph nodes. Without discussing the anatomical terminology of the different lymph 
node stations, the pelvic lymphadenectomy is complete when the vessels are totally 
free all around their circumferences, the obturator nerve is visualized posteriorly 
until its retro-psoas portion, and the adipose tissue around the obturator nerve has 
been removed such that the superior branch of the sacral plexus is visible.

The key essence of the LEP is to use different dissection planes compared to that 
of the conventional radical hysterectomy. Not only the visceral branches of the 
internal iliac vessels are sectioned, but the parietal branches are also clipped and 
divided at the point where they leave or enter into the pelvis (Fig. 9.7). Thus the 
entire hypogastric system is removed, and no connective tissue is left behind on the 
pelvic sidewall. The technique is the following: after completing the lymphadenec-
tomy, we clip and divide the iliolumbar vessels, and the superior gluteal vessels, and 
dissect free the superior branch of the sacral plexus. Anteriorly, the obturator vessels 
are also ligated and divided on the surface of the obturator internus muscle. We 
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ligate and divide the internal iliac artery and vein at their origin. With slight medial 
traction on the dissected internal iliac vessels, the sacral plexus with the piriformis 
muscle between and under its branches can be dissected free, using hemoclips for 
the various number of parietal vessels in this region. Finally, we clip and divide the 
pudendal and inferior gluteal vessels at their entrance/exit from the pelvis. At the 
end of this procedure, the following structures of the pelvic sidewall can be seen 
clearly from the anteroinferior to posterosuperior direction, with no connective tis-
sue intervening: the levator ani and the internal obturator muscles, the linea arcuata, 
above it the psoas muscle, under it the piriformis muscle with the convergent 
branches of the sacral plexus, posterior the sacrum (Fig. 9.8). The main technical 
difficulty of the procedure results from the various number and calibers of the pelvic 
sidewall veins. Heavy bleeding may occur and electrocautery cannot be used 
because of the nerve plexus. Suture ligation or the application of hemoclips to con-
trol bleeding vessels may be required. The resected specimen was shown in Fig. 9.9. 
Packing the small pelvis might be necessary in order to stop bleeding.

external iliac 
artery and vein external iliac 

artery and veinuretercranial

caudal

Fig. 9.8 The clearance of the lumbar branch of the lumbosacral nerve. At the end of LEP proce-
dure, the following structures of the pelvic sidewall can be seen clearly from the anteroinferior to 
posterosuperior direction, with no connective tissue intervening: the levator ani and the internal 
obturator muscles, the linea arcuata, above it the psoas muscle, under it the piriformis muscle with 
the convergent branches of the sacral plexus, posterior the sacrum

Fig. 9.9 The extent of the parametrium on the surgical specimen
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9.3.3  Outcome of the LEP Procedure [14]

Here, the outcome of the LEP procedure will be shown with a completed 5-year 
follow-up. In 70 (66%) out of 106 patients who underwent the LEP-Wertheim sur-
gery, no adjuvant treatment was used. In the remaining 36 (34%) patients, where 
histology results suggested tumor spread beyond the threshold of our surgery, adju-
vant chemoradiotherapy was advised. The 5-year follow-up was completed without 
any patient who lost to follow-up for the whole cohort. In 70 patients treated by the 
LEP procedure alone, the overall 5-year survival was 91.4%. For those 36 patients 
who received adjuvant therapy and who were excluded due to disease spread above 
study criteria, 5-year survival was 44%. Complications encountered in 10% of the 
cases necessitated the second operation. Apart from transient hyper continence and 
one case of permanent incontinence, no severe quality of life consequence of the 
operation was observed. These results suggest that in two-thirds of pelvic lymph 
node-positive, stage IB cervical cancer cases, surgery alone could provide equal or 
superior survival without the toxicity of chemoradiotherapy than any kind of multi-
modality treatment alternatives. The LEP procedure should be considered a treat-
ment option for stage IB cervical cancer patients with pelvic lymph node metastases 
if no adjuvant therapy is intended after surgery.

9.4  Complete Resection of the Cardinal Ligament and Para- 
aortic Lymph Node Dissection Immediately After 
Ordinal Radical Hysterectomy (Mikami Methods) [15]

Among 35 patients with the first recurrence in the para-aortic lymph nodes (PAN) 
after radical hysterectomy whose data we collected, approximately 40% had simul-
taneous recurrence in the PAN and at other sites. In these patients with multiple 
recurrent tumors, metastases outside the PAN involved cervical and mediastinal 
lymph nodes (50%) or sites within the pelvis (20%). Based on these findings, we 
hypothesized that patients with PAN metastasis probably often had pelvic recur-
rence because of residual cancer in the stump of the cardinal ligament. Therefore, 
we performed radical hysterectomy using Okabayashi’s method combined with 
PAN dissection and excision of the lateral involvement of near the internal iliac 
origin if pelvic lymph node metastasis was detected by intraoperative frozen section 
diagnosis, and we performed pathological evaluation of the resected specimens 
(Fig. 9.10). This study shows that parametrial tumor involvement at the origin of 
internal iliac vessels was significantly associated with increased risk of PAN metas-
tasis: of 14 patients with PAN metastasis, 8 (57%) had tumor involvement of the 
origin of internal iliac vessels. Then we examined the risk factors for parametrial 
tumor involvement at the origin of internal iliac vessels. On univariate analysis, only 
bilateral pelvic lymph node metastasis was significantly associated with parametrial 
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tumor involvement at the origin of internal iliac vessels (50 vs. 9.1%, odds ratio 
10.0, 95% confidence interval 1.10–90.8, P  =  0.027). When there was a tumor 
involvement in the parametrial tissue near the uterine cervix, there was an increased 
risk of parametrial tumor involvement at the origin of internal iliac vessels although 
it did not reach statistical significance (57.1 vs.23.8%, odds ratio 4.27, 95% confi-
dence interval 0.99–18.4, P = 0.075). A clinically meaning interpretation of this 
study was that more than half of cases with parametrial tumor involvement near the 
uterine cervix had tumor involvement in the parametrial tissue near the internal iliac 
origin (57.1%). Tumor involvement in this anatomical location was also associated 
with pelvic and para-aortic lymph node metastasis. This association not only sup-
ports a hypothesis of lymphatic tumor spread via the anatomical sequence of para-
metria, pelvic, and para-aotic lymph nodal chains but also translates into the 
treatment intervention in women with stage IIB cervical cancer. That is, if systemic 
chemotherapy is considered as postoperative therapy rather than radiotherapy for 
high-risk group given comparable effectiveness on survival [16], (1) assessment of 
tumor involvement in the lateral parametrial at the origin of internal iliac vessels 
and (2) complete resection in necessary case would be paramount because chemo-
therapy alone may not have adequate local control in the pelvis in high-risk group 
[16]. Morbidity related to this extended surgical procedure was not available in our 
study, and further study is warranted to assess the risks and benefits related to this 
procedure. We are now planning to launch a clinical trial for stage IIB patients with 
positive pelvic nodes with the size being larger than 1 cm. Our treatment proposal 
is to perform radical surgery followed by PAN dissection, after which complete 
resection of the cardinal ligament (at the origin of internal iliac vessels) is added. 
Postoperative adjuvant chemotherapy, as opposed to radiotherapy, is to be given in 
an attempt to avoid the complications related to radiotherapy.

Lateral parametrial involvement
near the internal iliac origin

Parametrial involvement

Fig. 9.10 Resection of the lateral parametrial involvement near the internal iliac origin. We per-
formed radical hysterectomy using Okabayashi’s method combined with PAN dissection and exci-
sion of the lateral parametrial involvement near the internal iliac origin if pelvic lymph node 
metastasis was detected by intraoperative frozen section diagnosis, and we performed pathological 
evaluation of the resected specimens
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9.5  Current Significance of Super-Radical Hysterectomy 
and Future Prospect

When pelvic lymph node metastasis fixed to the origin of the cardinal ligament is 
found at the time of laparotomy conducted for women with clinical stage IB–IIB 
cervical cancer, super-radical hysterectomy may be a useful surgical approach. 
Regarding the feasibility of this operative method, because the internal iliac vessels 
can be clearly visualized after lymph node dissection during current curative sur-
gery for cervical cancer, it is possible to perform super-radical hysterectomy safely. 
Although super-radical hysterectomy would not be a routine choice of surgical pro-
cedure for cervical cancer, it is an important operative method that should be used 
in a flexible manner on demand, depending on the findings at laparotomy. As our 
data on super-radical hysterectomy were obtained from retrospective observations 
in limited institutions, the interpretation remains limited. Being said, it will be para-
mount to state the above utility of super-radical hysterectomy based upon the results 
from prospective studies. However, such trials for super-radical hysterectomy might 
be difficult to conduct in reality. Our philosophy is that once the surgeons start sur-
gery for the complete eradication of tumor from the patient, the surgeon should do 
the very best for the patient. Do no harm: if this won’t be achievable otherwise, the 
surgeon should stop surgery as soon as they possibly can. However, we feel that the 
most important concept of the super-extensive parametrectomy is that this surgical 
procedure is aimed for the curative intent by itself for pelvic sidewall recurrences 
following chemoradiotherapy [17]. This group of patients with pelvic sidewall 
recurrence after concurrent chemoradiotherapy has no other choice for cure unless 
the extensive pelvic sidewall resection with clear surgical margins is to be achieved 
by this surgery.
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Abstract
Radical hysterectomy is the currently accepted treatment for early-stage cervical 
cancer. Various radical hysterectomy techniques have been demonstrated in the 
literature, based predominantly around abdominal radical hysterectomy but more 
recently on laparoscopic radical hysterectomy. Over the last two decades, many 
studies have indicated laparoscopic radical hysterectomy’s safety and feasibility 
for early-stage cervical cancer. The proven benefits, in the appropriately selected 
cancer patient, of laparoscopy over laparotomy for radical hysterectomy have 
been significant reductions in blood loss, pain, duration of hospital stay, wound 
complications, etc. However, until just recently, there had been few studies com-
paring laparoscopic radical hysterectomy and abdominal radical hysterectomy 
regarding recurrence and survival rates over a long follow-up period. In this 
chapter, we review previous reports of laparoscopic radical hysterectomy, having 
relatively large number of patients, that described perioperative morbidity, tumor 
recurrence, and survival rate. We present our view of laparoscopic radical hyster-
ectomy’s bright prospects for the future.
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10.1  History

A protocol for laparoscopic radical hysterectomy (LRH) combined with pelvic and 
aortic lymph node dissection was first described by Nazhat in 1992 [1]. This techni-
cally challenging procedure was initially received with reticence by gynecologic 
oncologists more familiar with the traditional abdominal radical hysterectomy 
(ARH). Regardless, there are now hundreds of published reports of successful LRH, 
supporting its safety and efficacy. Remarkably, with the recent introduction of com-
puter-assisted robotic platforms, complex laparoscopic radical hysterectomy is no 
longer a procedure limited only to surgeons with advanced laparoscopic skills. Just 
recently, the results of Laparoscopic Approach to Carcinoma of the Cervix (LACC) 
trial were reported, and there is big debate concerning the oncological safety of 
LRH [2].

10.2  Principles and Indications

The ideal candidates for LRH are young thin women with no concurrent medical 
problems who are highly motivated toward a rapid return to normal life activity, in 
contrast to those who would select undertaking an extended course of radiation 
therapy.

In traditional ARH, the most common indication for radical hysterectomy and 
pelvic lymphadenectomy is early-stage invasive cancer of the cervix, i.e., 
International Federation of Gynecology and Obstetrics (FIGO) stages IB and 
IIA. The 5-year overall and disease-free survival rates for a solely primary surgical 
approach to treatment of these stages are similar to those of radiation therapy (83% 
and 74%, respectively) [3]. Although the therapeutic efficacies of a radical hyster-
ectomy and radiation therapy are equivalent, most patients with early-stage cervical 
cancer undergo radical hysterectomy because the procedure has been associated 
with fewer long-term complications and a superior quality of life and sexual func-
tion, compared with radiation therapy. Like for ARH, the indication stage for LRH 
is FIGO stages IB–IIA.

Among early-stage cervical cancers, treatment for bulky IB cervical cancer is 
controversial. Common treatments include radical surgery followed by either radia-
tion or concurrent chemoradiation, primary concurrent chemoradiation, and neoad-
juvant chemotherapy/concurrent chemoradiation before surgery. The majority of 
previous LRH studies limited their patient enrollments to those with cancers of 
stage IB1 or less, predisposing a favorable prognosis. To date, only rare LRH stud-
ies have included patients with a tumor size greater than 4 cm. Kong et al. reported 
a comparison study of LRH vs. ARH regarding the feasibility, morbidity, and recur-
rence rate when used for stage IB and IIA cervical cancers with tumor diameters of 
3 cm or greater [4]. Among 88 patients, 40 received LRH, whereas 48 underwent 
ARH. The mean tumor diameter was 44.4 mm in the LRH group and 45.3 mm for 
ARH (p = 0.194). For the ARH group compared with the LRH group, the mean 
blood loss was 588 vs. 449 mL (p < 0.001), mean operating time was similar (246.0 
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vs. 254.5  min, p  =  0.042), and disease-free survival rates were 97.9 vs. 97.5% 
(p = 0.818). Although further studies that could add support to this approach are still 
necessary, LRH appears to be a feasible therapeutic procedure for the management 
of bulky FIGO stage IB and IIA cervical cancers.

10.3  Preoperative Evaluation

In most cases, the suspicion of cervical cancer arises through a Pap test, followed by 
a secondary examination and a colposcopy and/or biopsy. Despite the critical impact 
that the stage of the disease should have on the primary treatment plan, cervical 
cancer is still based primarily on a clinical assessment. Thus, the extent of the dis-
ease is evaluated by a bimanual gynecological examination under anesthesia and, 
only in selected cases, other tests, such as cystoscopy and proctoscopy. Lymph node 
status and tumor spread within the abdominal cavity and peritoneal surface are cer-
tainly the most difficult variables to evaluate by clinical examination, with respect 
to a possible infiltration of the paracervix, vagina, and rectovaginal and vesicovagi-
nal septa.

Although not recognized by FIGO for staging, CT and MRI are widely used for 
therapeutic decisions for patients with cervical cancer. The National Comprehensive 
Cancer Network (NCCN) recently added the MRI evaluation for clinical evaluation 
of FIGO stages higher than IB1 disease. Some authors have proposed a lymph node 
laparoscopic staging to determine the extent of the disease outside the cervix, 
vagina, and paracervix. Presently among authors, there is a general consensus that 
dichotomizes cervical cancer into two categories: early stage and locally advanced 
stage. Early-stage cervical cancer is an invasive carcinoma that is strictly confined 
to the cervix, or it involves the vagina—but not the lower third. It is no greater than 
4 cm in diameter, and it has no obvious paracervical involvement or spread of the 
growth to adjacent or distant organs. Locally advanced cervical cancer is defined as 
all FIGO stages higher than IIA1.

10.4  Technique

Radical hysterectomy refers to the excision of the uterus en bloc with the parame-
trium (i.e., with the round, broad, cardinal, and uterosacral ligaments) and the 
upper one-third to one-half of the vagina. The surgeon usually also performs a 
bilateral pelvic lymph node dissection. The procedure requires a thorough knowl-
edge of pelvic anatomy, meticulous attention to sharp dissection, and careful tech-
nique to allow dissection of the ureters and mobilization of both the bladder and 
rectum from the vagina. Particular care must be taken with the vasculature of the 
pelvic sidewalls and the venous plexuses at the lateral corners of the bladder to 
avoid excessive blood loss. Removal of the ovaries and fallopian tubes is not a 
required part of a radical hysterectomy; they may be preserved, if judged clini-
cally appropriate.
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The most reported LRH technique is a reproduction of the ARH procedure, but 
via laparoscopic surgery. LRH-specific equipment and instrumentation are used, 
which the surgeon should sufficiently know how to set up. The operating room setup 
and a supply of dedicated instruments are essential for every kind of surgery but are 
even more important for laparoscopic radical hysterectomy.

Generally, the patient’s arms are blocked at her side. She is placed in a steep 
Trendelenburg position after pneumoperitoneum is completed (Fig. 10.1). A 10 mm 
0° high-definition video laparoscope is placed at the level of umbilicus, either by 
open technique or under direct visualization. An alternative 5 mm 0° video laparo-
scope can be adopted. In general, three additional 5 mm trocars are placed—one in 
each lower quadrant and one 4 cm below the umbilicus. The surgeon should not 
hesitate to place additional trocars to perform the surgery safely.

Intra-abdominal pressure is maintained at 10–12 mm Hg. The small bowel is 
mobilized to the upper abdomen, and, if necessary, the sigmoid is fixed to the 
abdominal wall to free the Douglas pouch. The round ligaments are transected bilat-
erally along their lateral section. After opening the wide ligament cranially, the 
infundibulopelvic ligament is stretched medially to identify the ureter. The pelvic 
retroperitoneum opening is performed in the following sequence: lateral pararectal 
space (Latzko), paravesical space, and medial pararectal space (Okabayashi) 
(Figs. 10.2 and 10.3). A pelvic lymphadenectomy is then performed from the level 
of the iliac or aortic bifurcation to the circumflex iliac vein (according to the tumor 
staging). The obturator lymph nodes are removed, with care taken to identify the 
obturator nerve and avoid injuring it. Para-aortic lymphadenectomy is not routinely 
performed. If bilateral salpingo-oophorectomy is being performed, the infundibulo-
pelvic ligament is transected. Fallopian tubes are always removed. The bladder is 
then mobilized inferiorly by a lateral approach to ensure adequate vaginal margins. 
The posterior peritoneum is incised using monopolar or bipolar forceps, and the 

Fig. 10.1 Ideal position of surgical team for laparoscopic surgery
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rectovaginal space is entered. After clipping and dissection of the uterine artery at 
its origin, the connective tissue between the ureter and the uterine artery is dis-
sected. At this point, the course of the ureter is usually clearly exposed up to the 
entrance of the ureteral tunnel. After sufficient dissection of the bladder, the anterior 
vesicouterine ligament (VUL) is transected, followed by transection of the cardinal 
ligament and posterior VUL (Figs. 10.4, 10.5, 10.6, and 10.7).

The tumor specimen is completely separated from the upper vagina and removed. 
Intracorporeal colpotomy under CO2 pneumoperitoneum is said to be an indepen-
dent risk factor for recurrence after LRH in previous study [5]. We routinely select 

Paravesical space

Lazko’s pararectal space

Fig. 10.2 The surgical 
view of paravesical and 
pararectal space (right 
side)

Rt Okabayashi’s 
pararectal space

Rt paravesical space 

Fig. 10.3 The view of 
Okabayashi’s pararectal 
space (right side)

Bladder Right ureter

Cervico-vesical vessels

Fig. 10.4 Visualization 
of cervico-vesical vessels 
(right side)
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vaginal colpotomy with supine position to prevent tumor seeding to peritoneal cav-
ity (Fig. 10.8). The vaginal cuff is laparoscopically or vaginally sutured (according 
to the surgeon’s preference). Finally, before completing surgery, the vagina and all 
port sites are washed with 5% povidone-iodine solution.

In November 2018, the results of Laparoscopic Approach to Carcinoma of the 
Cervix (LACC) trial were reported [2]. The main objective of this trial was to com-
pare disease-free survival at 4.5 years among patients who underwent a total laparo-
scopic or robotic radical hysterectomy (TLRH/TRRH) vs. ARH for early stage 
cervical cancer. The main result was that TLRH/TRRH was associated with higher 

Cervico-vesical vessel

Fig. 10.5 The view of 
clipping the cervico-
vesical vessels (right side)

Deep uterine vein

Fig. 10.6 Visualization 
of the deep uterine vein 
(right side)

Vesical vein

Cut end of deep uterine vein

Fig. 10.7 Visualization of 
the vesical vein (posterior 
leaf of the vesicouterine 
ligament) (right side)

E. Kobayashi et al.



141

recurrence rates and worse overall survival compared to ARH. Park et al. refuted the 
result [6]. They claimed the high recurrence rate of the MIS (minimally invasive 
surgery) group may be due to surgical technique or inattentiveness of the operator. 
During the LRH, the use of the uterine manipulator during MIS RH can cause tumor 
breakdown and fragmentation. They speculate the use of the uterine manipulator 
and intracorporeal colpotomy may predispose the patient’s intrapelvic recurrence 
shortly after surgery. And they also alleged, in the LACC trial, this factor was not 
considered and the recurrences after MIS RH were mainly pelvic recurrences which 
occurred shortly after surgery. They emphasized that in order to reduce the inci-
dence of peritoneal seeding from broken tumor fragments during MIS RH, the stiff 
Trendelenburg position should be changed to a supine position, and vaginal cuff 
resection and repair should be performed by vaginal approach. Irrigation of the 
vagina and pelvic cavity should be performed rigorously before closure of the vagi-
nal stump. Although it seems that the discussion on this result will continue for a 
while, we consider that the surgeons should be cautious with the procedure of col-
potomy during the LRH.

10.5  Morbidity

Significant amounts of non-comparative morbidity data from large series of 
LRH are available. In 2002, Spirtos et  al. reported on 78 patients with stage 
IA2–IB cervical cancer [7]. In their series, 93.5% of the procedures were com-
pleted laparoscopically (i.e., LRH). The mean operative time was 205 min, and 
the mean blood loss was 225 mL. 1.3% of the procedure required a blood trans-
fusion. Three patients had unintended cystotomies, two patients required lapa-
rotomy to control bleeding, and one patient suffered an ureterovaginal fistula. 
There were four documented recurrences (5.1%) after a minimum of 3 years of 
follow-up (Table 10.1).

Anterior vaginal wall

Cervix

Fig. 10.8 The view of 
vaginal colpotomy  
procedure
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In 2003, Pomel et al. reported on 50 patients with stage IA1–IB1 cervical cancer 
[8]. The median LRH operating time was 258 min. No conversion to laparotomy 
was required. Ten patients had an early complication (arising within 2 months after 
surgery); two required reoperation. Three patients had late complications (more 
than 2 months after surgery); two of them required reoperation. Three patients expe-
rienced recurrence after a median follow-up time of 44 months. Overall survival 
was 100% for stage IA1 and 96.8% for stages IA2 and IB1.

In 2007, Xu et al. reported on a large series of patient population [9]. Among 317 
candidates for LRH with lymph adenectomy, 313 procedures were fully completed 
laparoscopically. The patients were all with stages IA2–IIB. A major intraoperative 
complication was experienced by 14 patients (4.4%), with only 4 patients (1.3%) 
requiring conversion to an open procedure. Five cystotomies and five vascular inju-
ries were repaired laparoscopically. Postoperative complications occurred in 5% of 
patients, including five ureterovaginal fistulas, one with stenosis of the ureter, and 
four with vesicovaginal fistula. In the same year, Puntambekar et al. reported on 248 
patients with stage IA2–IB1 cervical cancer [10]. No patients were converted to 
laparotomy. Fifteen intraoperative complications were managed laparoscopically: 
four with urinary tract injury, nine with vascular injury, and two with bowel injury. 
Seventeen had early postoperative complications within 2 months of surgery: five 
had bladder dysfunction, two had urinary tract injury, three had wound infection, 
four had ureterovaginal fistula, two had bowel obstruction, and 1 had secondary 
hemorrhage. Seven patients (2.8%) experienced recurrent disease after a median 
follow-up of 36 months.

In 2009, Pellegrino et al. reported on LRH surgical outcomes in a series of 107 
patients with stage IB1 cervical cancer [11]. Conversion to laparotomy was neces-
sary in six patients. Median duration of surgery was 305 min, and median blood loss 
was 200  mL.  Intraoperative complications were registered in two patients: one 
patient had a cystotomy repaired laparoscopically and the second had an obturator 
nerve injury. Five patients needed a second surgery for intraoperative complica-
tions: two patients had a vaginal cuff resuture for bowel evisceration, and three 
patients required ureteral implantation because of ureteral stenosis or fistula. After 
a median follow-up of 30 months, 11 patients had a recurrence; the survival rate was 
95%.

In 2010, Lee et al. published on a series of 139 patients with stage IA–IIA cervi-
cal cancer [12]. Mean operation time was 231.1  min, and mean blood loss was 
666 mL. Major LRH intraoperative complications included one great vessel injury, 
one ureteral injury, one colon injury, and six cystotomies. After a median follow-up 
of 92.1 months, disease-free survival and overall survival rates were 91% and 93%, 
respectively. In 2011, Yan et al. evaluated the morbidity and oncological outcome in 
a large series of 240 cervical cancer patients treated with LRH and pelvic lymphad-
enectomy [13]. The conversion rate was 1.25%. Mean operative time was 264 min. 
Median operative blood loss was 255 mL. Intraoperative and postoperative compli-
cations occurred in 7% and 9% patients, respectively. During a median follow-up of 
92.1  months, the mean disease-free and overall survival rates were 91.1% and 
92.8%, respectively.
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Hwang et al. performed meta-analysis of 20 LRH studies [14]. They found that 
the odds ratio (OR) for the risk of intraoperative urologic complications of LRH 
compared to ARH was 1.97 [95% confidence interval (CI) 1.23–3.13]. Urologic 
structures are at significant risk for injuries during the LRH and pelvic lymphade-
nectomy procedures. In particular, this injury is mainly related to an injury of the 
bladder or ureter because part of the vesicouterine ligament was dissected laparo-
scopically by an energy sources.

A relatively larger number of retrospective comparative studies are available; 
we will discuss only those series with over 20 LRH patients. For example, in 
2007 Frumovitz et al. compared 54 patients with stage IA–IB cervical cancer 
undergoing ARH with 35 patients undergoing LRH [15]. Mean estimated blood 
loss was 548 mL with ARH compared with 319 mL with LRH (p = 0.009). The 
mean operative time was 307 min for ARH compared with 344 min for LRH 
(p = 0.03), but the median hospital stay was significantly shorter for LRH (2 vs. 
5 days). Although there was no difference in overall noninfectious postoperative 
morbidity between the two groups, infectious morbidity was substantially less 
frequent (18 vs. 53%) after the laparoscopic approach. The median duration of 
follow-up for all patients was 13 months (15.2 months for ARH, 7.2 months for 
LRH), during which 2.8% of LRH and 3.7% of ARH patients experienced 
recurrence.

In 2007, Li et al. reported on a series of 90 LRH that were compared to 35 
ARH performed for stage IB–IIA cervical cancer during the same period of time 
[16]. Two cases were converted to laparotomy. Consistent with other reports, the 
operating time was significantly longer in the LRH group (262 vs. 217  min, 
p = 0.001). However, the blood loss during operation in LRH was similar to that 
in ARH group (369 vs. 455 mL, p = 0.125). The incidence of intraoperative com-
plication was not significantly different between the two groups (8.89 vs. 8.57%, 
p = 0.955). Interestingly, the time to recover bowel movement was significantly 
reduced after LRH (1.96 vs. 2.40 days). However, the recurrence rate (13.75 vs. 
12%, p > 0.05) and the mortality rate (10 vs. 8%, p > 0.05) were similar between 
the two groups.

In 2009, Malzoni et al. compared two series of laparoscopic (n = 65) and open 
(n  =  62) radical hysterectomy for stage IA1–IB1 cervical cancer patients [17]. 
Consistent with other reports above, there was less blood loss (55 vs. 145  mL), 
median operating time was longer (196 vs. 152 min), and hospital stay was shorter 
(4 vs. 7 days) in the laparoscopy group. The median follow-up was 71.5 months in 
the ARH group and 52.5 months in the LRH group. There was no difference in 
disease-free survival between the two groups: 93.6% remained free of disease in the 
ARH group vs. 92.4% in the LRH group.

In 2012, Nam et al. compared 263 patients undergoing ARH with 263 patients 
undergoing LRH for stage IA2–IIA cervical cancer patients [18]. They reported that 
the intraoperative complication rates were similar in the two groups (6.8 vs. 5.7%, 
p = 0.711), but the postoperative complication rate was lower in the LRH than in the 
ORH group (9.2 vs. 21%, p = 0.001). LRH did not have a higher risk of recurrence 
(HR = 1.28; 95% confidence interval (CI) 0.62–2.64) or death (HR = 1.46; 95% CI 
0.62–3.43). Even in patients with tumors >2 cm in diameter, the risk of recurrence 
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(HR = 0.82; 95% CI 0.31–2.16) or death (HR = 1.01; 95% CI0.35–2.95) were not 
higher for LRH than for ARH.

The LRH technique is thus feasible, with a high success rate for a trained gynecologic 
oncologist with laparoscopic skills, and can be taught by experienced proctors. However, 
a steep learning curve is observed that prevents widespread use of the LRH technique, 
despite its obvious merits. The training cutoff is generally set at 25–50 cases. In 2007, 
Zakashansky et al. specifically examined the use of total LRH in a fellowship program 
[19]. They demonstrated that greater node counts, decreased hospital stay, and less blood 
loss are possible, without increased morbidity, in their LRH training program.

In 2007, Stefano et al. compared the incidence of complications in 50 patients, 
where the LRH was conducted in either the early or late stages of surgeon train-
ing, and also compared results with a previous laparotomy series with urinary 
complications [20]. There was no significant difference (p = 0.09) between uri-
nary tract complications during training, it occurred in 6/25 of the first 25 cases 
and 1/25 in the latter 25 cases, but it tended to occur more in the first half of train-
ing. The results, when compared with a control group of 48 laparotomy cases, 
showed that complications were significantly higher (6/25 vs. 2/48; p = 0.02) in 
the 25 patients in the first half compared with laparotomies, compared with lapa-
rotomy in 25 late-stage training cases (1/25 vs. 2/48; p = 1.00); they concluded 
that surgical outcome was significantly improved with experience, as the compli-
cation rate was higher earlier in training. There was no significant difference in 
survival between the two groups.

Provided that the necessary efforts to improve the skills of the surgeon have been 
made, excellent results can be achieved. This statement applies even to the so-called 
developing countries. In 2012, Pareja et al. compared the surgical and oncologic 
outcomes of patients undergoing LRH at a large comprehensive cancer center in the 
United States versus a cancer center in Colombia [21]. The first 50 cases performed 
in Colombia were as successful as the first 50 cases performed at the MD Anderson 
Cancer Center. This adds to the evidence that, with adequate teaching and proctor-
ship and willingness to learn, the technique of manual laparoscopic radical 
hysterectomy can be implemented in any place in the world, critical knowledge 
where the additional cost of robotic surgery is not affordable.

Despite the inherent limitations of LRH’s learning curve, the procedure conveys 
many documented advantages over the open technique, mainly in terms of blood 
loss and hospital stay. The outcome balance, combining improved quality of life 
(QOL) without compromising survival, is in favor of adopting minimally invasive 
LRH surgery as the gold standard for radical hysterectomy.

10.6  Nerve-Sparing Radical Hysterectomy

Nerve-sparing radical hysterectomy (NSRH) has been designed to prevent the fre-
quent urinary dysfunctions associated with classical (type C) radical hysterectomy 
[22]. The concept of NSRH was first proposed Kobayashi in the 1960s and Sakamoto 
and Takizawa in the 1980s and named the “Tokyo method” [23, 24]. However, the 
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complexity of pelvic anatomy, including vessels and autonomic nerves around the 
uterus and bladder, and the insufficient visual representation of pelvic space during 
ARH have been barriers to better understanding of this technique. Logically, the 
magnification and lighting provided by the laparoscope has been used to achieve a 
precise dissection of the pelvic autonomic nerves (Fig. 10.9). This technique has 
been shown to achieve similar results to open surgery, and its feasibility and safety 
have been widely recognized. Also, a meta-analysis of 20 individual studies con-
cluded that NSRH was associated with a reduced incidence of intraoperative com-
plications in comparison with conventional radical surgery. The incidences of 
urinary incontinence or frequency and constipation were also less frequent with 
NSRH, and there were no adverse effects on survival or sexual function [25].

The technique was pioneered by Possover et al., who identified the middle rectal 
artery as a landmark separating the neural part from the vascular part of the paracer-
vix [26]. Following the nerve-sparing technique, patients regained bladder function 
significantly quicker compared with a control group (n = 28) in which the neural 
part of the cardinal ligament was not preserved: suprapubic drainage occurred in 
11.2 days versus 21.4 days (p = 0.0007).

Since 2010, several investigators reported on full laparoscopic nerve-sparing 
radical hysterectomy (LNSRH). Liang et al. reported on 163 patients with cervical 
cancer who underwent laparoscopic radical hysterectomy and pelvic lymphadenec-
tomy, of whom 82 women underwent LNSRH [27]. The average time taken to 
obtain a post-void residual urine volume of less than 50 mL after removal of the 
ureteral catheter was 7.4 days in the NSRH group compared to 16.75 days. The 
bladder function recovered, with no or minor symptoms, in 94% of the LNSRH 
group compared to 73% for the LRH group. Kavallaris et al. published a series of 
32 patients who underwent LNSRH with pelvic lymphadenectomy [28]. The aver-
age operating time was 221 min. The authors reported that in all patients spontane-
ous voiding was possible on the third postoperative day, with a median residual 
urine volume of <50 mL. Park et al. [29] carried out a retrospective study of 125 
patients with cervical cancer stages IB1 (n = 105) and IB2 (n = 20). In this series, a 
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high rate of urological complications (13/125, 10.4%) was observed. However, 
these surgical morbidities were corrected with increased experience. Patients were 
able to self-void at a mean of 10.3 days postoperatively. The return rates to normal 
voiding function at postoperative 14 and 21 days were 92.0% and 95.2%, respec-
tively. Shi et  al. evaluate histopathology of autonomic verve removal within the 
cardinal ligaments, patient’s postoperative urinary function, and feasibility and 
safety of LNSRH for the treatment of early-stage cervical cancer [30]. Patients who 
underwent LNSRH had significantly earlier return of bladder and bowel function, 
with an average time to achieve residual urine of 50 mL or less of 10.22 days and 
mean first defecation time of 3.58 days. Nerves were observed mainly in the cardi-
nal ligaments of the LRH group. Disease-free survival rate did not differ between 
the LNSRH (90.6%) and LRH (88.1%) groups (p = 0.643). The authors concluded 
that an LNSRH for stage IB cervical cancer is comparable to the corresponding 
open procedure in terms of early recovery of bladder function. To summarize, 
nerve-sparing techniques are feasible laparoscopically.

10.7  Future Prospects

MIS approaches in gynecologic oncology have greatly evolved since the introduc-
tion of laparoscopy to the field. The advantages of laparoscopy over laparotomy in 
the appropriately selected cancer patient have proven beneficial to the patient, both 
intra- and postoperatively, and with similar outcomes. With our current knowledge 
and experience, it appears that laparoscopy should be the gold standard in the man-
agement of ECC. However, LRH and lymph adenectomy are complex surgeries, 
and should be performed by skilled physicians and dedicated surgical centers.

After the report of the LACC trial, we, and many other Japanese oncologists who 
have been promoting LRH, saw the potentially discouraging LACC results, of 
higher recurrence with LRH, and were deeply concerned. Since the current situation 
in Japan is exactly the same as when the LACC trial was started about ten years ago 
in the USA, could the same detrimental outcome happen here? Many institutions 
are now conflicted as to whether or not they should promote the introduction of MIS 
for cervical cancer. But many large retrospective studies contradict the initial LACC 
results, and find no recurrence differences. Therefore, with this swirling controversy 
in mind, we have to establish the safe LRH procedure and collect data concerning 
the safety and efficacy of LRH performed in our country in the future.
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Abstract
Since FDA approval of the da Vinci system for general laparoscopic surgery in 
2000, application of robotic surgery has been spread rapidly to include gyneco-
logical laparoscopic surgical procedures worldwide. In Japan, da Vinci S system 
was first approved in 2009 for urology, gynecology, general surgery, and thoracic 
surgery. However, mostly due to lack of cost coverage by public health insurance 
in Japan, robotic surgery is not popular in gynecologic field. Meantime, in the 
USA and some other European countries, robotic surgery has been shown to be 
superior to laparotomy and even to laparoscopy and has already become a stan-
dard in uterine cervix and endometrial cancer surgery. Robotic surgery is basi-
cally defined as “computer-mediated surgery,” which enables it to integrate 
various computer-based technologies, such as remote surgery, image-guided sur-
gery, and surgical education in future, leading to a drastic change in the field of 
surgery. Healthy development of robotic surgery in Japan is an urgent issue.
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11.1  History

Robotic surgical systems were initially developed to improve the accuracy and pre-
cision of surgical techniques in the fields of neurosurgery and orthopedic surgery. In 
the early 1990s, the US Army launched projects to develop remote surgical systems 
by which wounded soldiers could be operated on by surgeons in remote places. 
These technologies were transferred for civilian use to facilitate minimally invasive 
approaches. One of the first surgical robots to be approved by the FDA (in 1994) 
was the AESOP (automated endoscopic system for optimal positioning) by 
Computer Motion Inc. In this surgical system, surgeons could control the endoscope 
either by voice commands or a foot pedal [1].

The ZEUS robotic system (Computer Motion Inc.), the successor of the AESOP, 
employed a “master-slave” system. A surgeon could manipulate robot arms by mov-
ing the controller in the remote console. The reliability of the remote control of the 
Zeus system was proven in 2001 when remote surgery was performed across the 
Atlantic Ocean. In 2003, Computer Motion Inc. and Intuitive Surgical Inc. merged 
and developed the da Vinci surgical system, the prototype of today’s da Vinci sys-
tem. It had four arms for one endoscopy and three surgical instruments. The camera 
had dual lenses and could generate 3D vision. The FDA approved the da Vinci sys-
tem for general laparoscopic surgery in 2000, followed by approval for radical pros-
tatectomy, gynecological laparoscopic surgical procedures, general thoracoscopic 
surgical procedures, and thoracoscopically assisted cardiotomy procedures [1]. In 
Japan, da Vinci S system was first approved in 2009 for urology, gynecology, gen-
eral surgery, and thoracic surgery. Subsequently, the da Vinci Si system was 
approved, followed by the da Vinci Xi system (Fig.  11.1). In 2012, radical 

Surgeon Console Patient-side Cart Vision Cart

Fig. 11.1 da Vinci Si system. Images are duplicated with an authorization for publications to 
make duplicate copies for editorial use only. © [year] Intuitive Surgical, Inc.
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prostatectomy was covered by national health insurance. As of 2013, more than 200 
da Vinci systems were introduced in Japan, making it the second largest da Vinci- 
possessing country after the USA. However, no gynecologic surgery is covered by 
the national health insurance, and few robotic gynecologic surgeries have been per-
formed in Japan.

11.2  Principles and Indication

Surgeons should realize both the merits and demerits of robotic surgery before they 
determine the indication of robotic surgery. Worldwide, more than half of all robotic 
surgeries are being performed in the field of gynecology, both for benign and malig-
nant disease. This fact indicates that, in general, robotic surgery is suitable for gyne-
cologic surgery. The pelvic cavity is narrow and complicated, and the clear 3D view 
and freely accessible arm movement of robotic instruments enable surgeons to per-
form precise and safe surgery as intended. These are the apparent advantages of 
robotic surgery over laparotomy and even over laparoscopic surgery. In the USA, 
robotic surgery has overtaken laparotomy and laparoscopy in a short period of time, 
as stated above, which clearly indicates the superiority of robotic surgery in the 
gynecologic field, especially in gynecologic oncology surgery. As mentioned later, 
the obvious advantage of robotic surgery over laparoscopy is that the training period 
for robotic surgery (so-called learning curve) is much shorter than that of laparos-
copy. On the other hand, it has been recognized that the main disadvantages of 
robotic surgery include high cost and long operation time. However, recent reports 
from robot-advanced countries suggest that robotic surgery is not significantly 
expensive, if not less expensive, compared with laparotomy and laparoscopy, as the 
cost of the disposal of instruments decreases. Likewise, as surgeons treat many 
cases and develop their surgical skills, the operation time has become shorter, mak-
ing it not significantly different from laparotomy and laparoscopy.

11.2.1  Endometrial Cancer

Primary surgery for endometrial cancer is a major indication for robotic surgery. A 
recent meta-analysis of 24 studies comparing robotic hysterectomy to open hyster-
ectomy and 24 comparing robotic to laparoscopic surgery for endometrial cancer 
shows that no significant difference was found in survival outcomes. Compared to 
open surgery, robotic surgery showed less estimated blood loss, a lower rate of com-
plications and readmission, a lower rate of transfusion, and a shorter length of hos-
pital stay. However, robotic hysterectomy showed a longer operation time and a 
higher incidence of vaginal cuff dehiscence. Compared to laparoscopic hysterec-
tomy, robotic surgery showed less blood loss, less conversion to laparotomy, and 
fewer intraoperative complications, including urinary tract injury. Additionally, sev-
eral patient-reported outcomes were favorable to robotic surgery. The authors con-
cluded that robotic hysterectomy for endometrial cancer may be safer and better 
than open or laparoscopic hysterectomy [2]. Another systematic review including 
589 robotic, 396 laparoscopic, and 606 open surgeries for endometrial cancer 
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indicated that robotic and laparoscopic surgeries are superior to open surgery in 
terms of estimated blood loss and length of stay but inferior in operation time. Other 
parameters, such as the resected number of lymph nodes and complications, were 
similar [3]. In a randomized controlled trial comparing robotic and laparoscopic 
surgery for endometrial cancer, the operation time was significantly shorter in 
robotic surgery. The conversion rate was significantly lower in robotic surgery. 
There was no difference in the number of removed lymph nodes, blood loss, and 
length of hospital stay. The authors concluded that robotic surgery offers an effec-
tive and safe alternative in the treatment of endometrial cancer [4].

11.2.2  Uterine Cervical Cancer

There are several systematic reviews on robotic radical hysterectomy for uterine and 
cervical cancer. Park et al. included 15 studies comparing robotic and open radical 
hysterectomy and 11 comparing robotic and laparoscopic radical hysterectomy in 
their systematic review [5]. Compared to the open approach, overall complications, 
urinary infection, wound infection, and fever were significantly less common in 
robotic surgery. Estimated blood loss was also reduced in robotic surgery. The length 
of stay and transfusion rate were lower with robotic surgery compared to open or lapa-
roscopic surgery. Patient-reported outcomes were better in robotic surgery. Another 
systematic review analyzed 26 nonrandomized studies: 10 comparing robotic and 
open radical hysterectomy and 10 comparing robotic and laparoscopic radical hyster-
ectomy. Robotic surgery was associated with less blood loss and shorter hospital stay 
than open surgery. Robotic surgery was also associated with a lower rate of febrile 
morbidity, blood transfusion, and wound-related complications over open surgery. 
Robotic surgery was comparable to laparoscopic surgery in all outcomes [6]. Zhou 
et al. compared robotic and laparoscopic radical hysterectomy in their meta-analysis 
[7]. Compared to laparoscopic radical hysterectomy, robotic surgery was associated 
with less blood loss and shorter hospital stay. There were no significant differences in 
operative time, complications, mortality, transfusion, conversion, number of retrieved 
lymph nodes, recurrence, or disease-free survival between the two groups.

A retrospective Canadian study including 383 patients compared MIS (laparos-
copy or robotic) and laparotomy. Overall survival was not different between the two 
groups. The rate of complications was not different. The mean number of resected 
lymph nodes was significantly higher in the MIS group. Median estimated blood 
loss was significantly higher in the laparotomy group, and the transfusion rate was 
also higher [8].

11.2.3  Post-NAC Surgery

Neoadjuvant chemotherapy (NAC) is often used as a treatment for locally advanced 
cervical cancer. The feasibility of robotic surgery after NAC has been reported in 
several studies. Zanagnolo et al. retrospectively compared robotic and open radical 
hysterectomy in patients with stage IB2–IIB cervical cancer who underwent NAC 
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[9]. The mean operative time was significantly longer in the robotic group. In con-
trast, estimated blood loss was significantly less, and the length of stay was shorter in 
the robotic group. The incidence of perioperative complications and the prognosis 
were similar. Likewise, Minig et al. compared various clinical parameters between 
30 patients with stage IB2–IIB cervical cancer who underwent robotic radical hyster-
ectomy after NAC with 176 patients who underwent robotic radical hysterectomy 
with stage IA2–IB1 disease [10]. Although the operative time, type of radical hyster-
ectomy (type C1), and mean tumor size were different between the groups, estimated 
blood loss and length of hospital stay were similar. There was no difference in peri-
operative complications. Another report by Corrado et al. enrolled 41 patients with 
locally advanced cervical cancer who underwent robotic radical hysterectomy after 
successful NAC and compared surgical and oncologic outcomes with the laparos-
copy and laparotomy group [11]. The estimated blood loss, operative time, and 
length of stay were significantly in favor of the robotic group. There were no signifi-
cant differences in 3-year overall and disease-free survival. The authors in these 
reports concluded that robotic radical hysterectomy is feasible and safe.

11.2.4  Quality of Life

Several studies investigated whether robotic surgery is feasible in terms of patients’ 
quality of life. Herling et  al. conducted a prospective cohort study using patient- 
reported outcome measures to detect short-term health-related QOL after robotic 
hysterectomy for endometrial cancer [12]. A total of 139 women answered the 
EORTC C-30, EN-24, and EQ-5D-3 L preoperatively, as well as 1 week, 5 weeks, 
and 4  months after the operation. Overall, HR-QOL returned to the preoperative 
level 5 weeks after the operation. Negatively affected symptoms included fatigue, 
pain, constipation, gastrointestinal symptoms, appetite, ability to perform work and 
hobbies, change of taste, and sexually related problems. In a comparison of robotic 
and laparoscopic radical hysterectomy, there were no significant differences in the 
SF-36 and EORTC C-30 between the two groups [13]. However, regarding postop-
erative pain in patients who underwent surgery for endometrial cancer, robotic sur-
gery was associated with significantly lower levels of postoperative pain and required 
pain medication compared to laparoscopic surgery [14]. Thus, robotic surgery seems 
equal or superior in terms of postoperative QOL compared to laparoscopy.

11.2.5  Obese Patients

Indications for robotic surgery in obese women have been discussed in several 
reports. Hinshaw et al. evaluated the surgical and pathological outcomes of robotic 
versus open hysterectomy for obese women with endometrial cancer [15]. Among 
136 women (56 robotic and 80 abdominal) with BMI >35, the robotic group had 
fewer postoperative complications, shorter hospital stays, and lower blood loss 
compared to the abdominal group. A subset group with BMI >40 had similar find-
ings. The oncologic outcome was similar in both groups. Another study analyzed a 
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total of 128 obese women who underwent robotic surgery mainly with endometrial 
cancer or fibroids by dividing them into three groups (group 1, BMI 30–34.9; group 
2, 35–39.9; group 3, >40) [16]. Conversions were more common in groups 2 and 3, 
with a positive correlation with BMI. These reports indicate that robotic surgery is 
useful for obese women, who have greater perioperative risks.

11.2.6  Elderly Patients

A retrospective, multi-institutional study including endometrial cancer patients 
70 years or older was conducted with 89 robotic cases and 93 open surgery cases [17]. 
The robotic surgery group had a higher incidence of pelvic lymphadenectomy and 
decreased levels of blood loss, a lower incidence of blood transfusion, and less overall 
complications compared to laparotomy. Additionally, the robotic surgery group had a 
shorter median hospital stay with no increase in readmission. Other clinical parameters 
were similar in both groups. Robotic surgery may be beneficial for elderly patients.

11.3  Preoperative Evaluation

Basically, the preoperative evaluation for robotic surgery is the same as that for 
open surgery. Needless to say, an accurate diagnosis of cancer histology and stage 
is important to determine the type of surgery. The patient’s status should be properly 
evaluated to avoid operative complications. There are several points to be evaluated, 
especially in robotic surgery. First, operability by robotic surgery should be care-
fully assessed. Repeated laparotomies, including C-sections, may be a risk factor 
for intra-abdominal adhesion. Obesity itself may not be a contraindication for 
robotic surgery. There are reports indicating the superiority of robotic surgery in 
obese women as stated above. Nevertheless, obesity is apparently a risk of surgery, 
even in robotics, considering that the patient should be maintained in a steep 
Trendelenburg position during robotic surgery. Robotic surgery may also be advan-
tageous in elderly women as mentioned earlier. However, again, advanced age itself 
may be a risk factor for robotic surgery.

Second, the risk of robotic-specific complications should be assessed. Although 
very rare, it has been reported that intraocular high pressure caused by a steep 
Trendelenburg position may be associated with postoperative visual loss, and glau-
coma may increase the risk. Therefore, careful history taking and consultation with 
the ophthalmologist in suspicious cases are necessary.

11.4  Technique

No principal modifications of laparotomy are needed for general robotic surgery 
procedures for cervical and endometrial cancer. Compared to laparoscopy, robotic 
surgery provides clearer vision with the 3D camera and more free movement with 
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multiple joints, which enables the surgical procedure to be more similar to laparot-
omy. However, there are several limitations to robotic surgery. First, there is no 
tactile sensation in the robotic arm, and it is almost impossible to obtain operative 
information by touching the tissues, as can be done in laparotomy. Second, the num-
ber of arms is limited compared to laparotomy, in which any number of assistants is 
possible. Usually, in robotic surgery, the operator can use three hands, and one to 
two laparoscopic assistants are available, allowing a maximum of five hands to be 
used for surgery. Therefore, a device such as a uterine manipulator is a useful sub-
stitute for intra-abdominal uterine traction.

In robotic surgery, it is easier to operate in a deep and narrow area. Therefore, the 
surgeon can start the procedure from a deeper area than is possible for laparotomy. 
For example, in laparotomy, it is relatively difficult to isolate the deep uterine vein 
until the uterine artery and superficial uterine vein are dissected. However, in robotic 
surgery, the surgeon can easily access the deep uterine vein while leaving the uterine 
artery intact. In contrast, massive ligation of thick tissue is not easy in robotic sur-
gery. Therefore, the skeletonization of vessels by isolating each vessel and their 
individual dissection is typically employed in robotic surgery.

Another difference between laparotomy and robotic surgery is that robotic sur-
gery uses more electric devices. A vessel-sealing system is often used instead of 
ligation. With these devices, surgeons can save time and can perform safer surgery.

The biggest difference between robotic surgery and laparoscopic surgery is that 
training for robotic surgery is easier than that for laparoscopy. In training for lapa-
roscopy, the greatest barrier for surgeons is to develop their hand-eye coordination. 
In contrast, robotic surgery offers 3D visualization, as well as almost free angula-
tion of the robotic arms, which enables surgeons to develop surgical skills more 
quickly than laparoscopy.

Lim et  al. conducted a case-control study to compare the learning curve of 
robotic and laparoscopic hysterectomy with lymph node dissection and compared it 
with that of laparotomy and laparoscopy. Although some bias cannot be excluded, 
they concluded that robotic hysterectomy with lymphadenectomy has a faster learn-
ing curve in comparison to laparoscopic hysterectomy with lymphadenectomy for 
the management of endometrial cancer [18].

11.5  Morbidity Rate

As stated above, the general incidence of perioperative complications was reported 
to be lower in robotic surgery compared with laparotomy and possibly with laparos-
copy. Barrie et al. classified postoperative complications in robotic surgery com-
pared to laparoscopic hysterectomy for endometrial cancer [19]. All complications 
were categorized using the Clavien-Dindo classification system. In a comparison of 
745 robotic and 688 laparoscopic hysterectomies, the overall intraoperative compli-
cations or major postoperative complications were not significantly different. 
However, there were significantly fewer minor postoperative complications with 
robotic surgery. The median operative time, length of stay, estimated blood loss, 
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conversions to laparotomy, and median number of lymph nodes retrieved were 
superior in robotic surgery.

11.6  Future Prospects

11.6.1  Cost

Recent reports suggest that robotic surgery is not as expensive as it used to be. Herling 
et al. reported a cost analysis of robotic hysterectomy vs. abdominal hysterectomy for 
endometrial cancer and atypical endometrial hyperplasia [20]. The average cost of 
consumables was more expensive in robotic surgery. In contrast, when including all 
cost drivers such as complications, duration of surgery, and duration of hospital stay, 
robotic hysterectomy was 17% less expensive than laparotomy. When the robotic 
instruments were included, the cost was still less expensive (7%) for robotic surgery.

Desille-Gbaguidi et al. reported that conventional laparoscopy was less expen-
sive in their institution than robotic-assisted surgery for surgery for endometrial 
(1:2.7) and cervical (1:2.6) cancers [21]. However, when considering overall medi-
cal care, the difference was lower: the use of robotic-assisted surgery was found to 
be 1.6 times more expensive than conventional surgery.

Reynisson et al. reported that the cost for robotic radical hysterectomy is appar-
ently higher for the first 30 cases compared to open radical hysterectomy but slightly 
lower for the last 30 cases, indicating that after a substantial implementation period, 
it is feasible to perform robotic-assisted radical hysterectomy at an equal hospital 
cost compared with open surgery [22].

11.6.2  Status of Robotic Surgery in Gynecologic Oncology 
in Japan

Although Japan has introduced the second most da Vinci systems after the USA in 
the world, at present, robotic surgery is not actively employed in gynecologic cancer 
surgery. To date, less than 200 gynecologic oncology surgeries have been performed 
per year in Japan. This is mainly because robotic surgery in the gynecologic field is 
not covered by public health insurance in Japan. As a result, the patient must pay 
more than $10,000 to undergo robotic surgery. Laparoscopy for gynecologic cancer 
surgery is also not popular in Japan because of technical difficulties. To facilitate 
minimally invasive surgery in this field, the short learning curve of robotic surgery 
may be advantageous. The approval for robotic gynecologic cancer surgeries to be 
covered by health insurance is awaited.

The establishment of a nationwide system for registration, certification, and edu-
cation to monitor and warrant the safety of robotic surgery is also mandatory 
because it is still in the introductory phase in Japan.

There is no domestic surgery robot system in Japan. It is expected that, in the 
near future, several Japanese companies, in cooperation with academic groups, will 
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develop original robotic surgery instruments, which may lead to a significant 
decrease in cost and may widen the application of robotic surgery in the oncology 
field, including gynecologic oncology.

11.6.3  Technical Development of Robotic Surgery in the Future

A fundamental difference between robotic surgery and laparoscopy is that, in the 
former, surgical manipulation is mediated by a computer. In this respect, robotic 
surgery is defined as “computer-mediated surgery” rather than “minimally invasive 
surgery.” This enables robotic surgery to integrate various computer-based 
technologies.

First, remote surgery is already technically available with robotic surgery. As 
early as 2001, the first remote surgery was performed across the Atlantic Ocean 
using a Zeus robotic system. A surgeon in New York performed a cholecystectomy 
on a female patient in a hospital in Strasbourg, France. It was named “the Lindbergh 
operation” after Charles Lindbergh’s transatlantic flight. Thus, remote surgery is 
really a practical technique once social issues are addressed. In the future, remote 
surgery will be used in such cases that the expert surgeon would support a less- 
experienced surgeon operating on his patient, enabling patients to receive the best 
care in their hometown.

Second, the development of imaging techniques may lead to effective image- 
guided robotic surgery (Fig.  11.2). Preoperative imaging of a variety of vessels, 
ureters, and tumors should promote safer and effective cancer surgery. The integra-
tion of real-time images into the robotic surgery field may further require technical 
solutions on how to obtain intraoperative images and how to visualize them in the 
surgical field. The accurate localization of an anatomical reference point is essential 
to create reproducible organ images [23].

Fig. 11.2 Virtual training using the da Vinci Skills Simulator. Images are duplicated with an 
authorization for publications to make duplicate copies for editorial use only. © [year] Intuitive 
Surgical, Inc.
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Third, the most drastic change that robotic surgery will bring about is surgical 
education. Learning a robotic surgery procedure is easier than learning open surgery 
because robotic surgery can provide a clearer view compared with open surgery. 
Beginners can repeatedly learn the procedure through videos of experts and of 
themselves. Furthermore, the future development of a VR (virtual reality)-based 
training system may promote full learning of the procedure using real instruments 
before getting into the human body (Fig. 11.3). Thus, the trainee can develop their 
surgical skills step by step using an appropriate training module according to their 
skills and the type of surgery that they want to perform.

11.7  Summary

Robotic surgery has the potential to change gynecologic cancer surgery drasti-
cally in the future. Leading to safer and more effective surgery, it may introduce 
a new concept such as remote surgery, image-guided surgery, and VR-based 
surgical education, which are not available by conventional open surgery or 
laparoscopy (Fig. 11.4). To warrant the safe introduction of this new technology, 

Fig. 11.3 Firefly image for vessel detection. Images are duplicated with an authorization for 
publications to make duplicate copies for editorial use only. © [year] Intuitive Surgical, Inc.
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Fig. 11.4 Future direction of robotic surgery
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the establishment of a nationwide system for registration, certification, and edu-
cation is mandatory.
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12Radical Trachelectomy

Shintaro Yanazume and Hiroaki Kobayashi

Abstract
Due to the trends of marrying at a later age and delayed birth, cervical cancer 
patients who desire fertility-sparing surgery (FSS) are increasing. Radical trach-
electomy (RT) which is a FSS is listed in the cervical cancer guidelines and was 
established as one of the cervical cancer surgery methods. When considering this 
procedure, oncological outcome and fertility outcome must be considered 
together. The data of RT and radical hysterectomy (RH) have the same results in 
oncological outcome. Dargent and colleagues have accumulated reports on the 
early beginnings of vaginal trachelectomy (VRT), and findings show abdominal 
trachelectomy (ART) is better recommended for a lesser recurrence rate when 
the tumor diameter (TD) reaches 2 cm < TD. ART has the highest curability with 
the RH surgical formula. On the other hand, ART research has reported problems 
of postoperative complications and pregnancy rates that are not necessarily low, 
but cannot be considered high. Less invasive surgery for tumors with a TD ≤ 2 cm 
has been discussed. In addition to ART and VRT, studies including the applica-
tion of laparoscopic RT and robotic RT have begun. The optimum technique 
should be decided for each case while considering the TD and fertility result. 
This is a developing technique, and the accumulation of evidence and further 
research is warranted for the establishment and selection of adaptation and 
surgery.
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12.1  History

Fertility-sparing surgery (FSS) for patients with cervical cancer is a relatively new 
surgical therapy with a history of only about 30 years. In 1987, Dargent et al. [1] pro-
posed laparoscopic vaginal radical trachelectomy (VRT) which was a combination of 
vaginal modified radical hysterectomy and laparoscopic lymphadenectomy for young 
cervical cancer patients who wanted to preserve fertility, and it was reported as a toler-
able surgical procedure based on 47 cases with a long-term follow- up period. Since 
then more than 1000 cases of radical trachelectomy (RT) have been reported. Covens 
[2], Roy [3], Shepherd [4], and others started similar surgical procedures, but about 
80% of reported cases represented a tumor diameter (TD) ≤ 2 cm of VRT. Therefore, 
evidence on the surgical outcome of trachelectomy has been reported mainly on VRT 
data. Smith et al. [5] pointed out that resecting the cardinal ligament in the VRT via 
Piver class II is insufficient radicality and started to implement abdominal radical 
trachelectomy (ART) based on abdominal radical hysterectomy (ARH). This proce-
dure (Piver III) was considered to be applicable on larger tumors, and a recent review 
proved the prognostic superiority of ART for stage IB1 for 2 cm < TD [6, 7].

The next development of FSS for cervical cancer has been examined and is led 
by the improvement of oncological and obstetrical outcomes followed by more non-
invasive techniques. The potential of neoadjuvant chemotherapy for patients with 
2 cm < TD followed by ART was reviewed, and it has been reported that the preg-
nancy rate (30.7%) appeared to be higher than previously reported for VRT (24%) 
or for ART (16.2%) [8]. Regarding the minimally invasive techniques, the first lapa-
roscopic RT was performed in 2002 [9], and the first robotic surgery took place in 
2008 [10]. Recent systematic data may indicate a higher pregnancy rate in patients 
with minimally invasive RT than laparotomic RT [6].

Regarding the use of RT on patients undergoing FSS, recent research indicates 
no significant differences in recurrence (3.6% in RT vs. 7.8% in RH) with ART [11] 
when comparing the nerve-sparing RT group vs. the nerve-sparing RH group. 
Nerve-sparing FSS is considerable for patients with stage1A–1B1 disease who 
desired the preservation of fertility to the same degree as RH.

12.2  Principle and Indication

Delayed childbearing is the trend in the United States as well as Japan [12]. Peaks in 
the age distribution of new cases of cervical cancer have been observed in patients in 
their 30s and 40s, and this matches the peak of the number of births in Japan [13]. In 
patients aged 39 years or less, stage I accounted for 79% and stage II for 14% show-
ing that younger patients tend to be in earlier stages [14]. The term trachelectomy 
includes the procedures of simple trachelectomy, modified-RT, and RT. Trachelectomy 
is an early-stage FSS for patients in the childbearing age range that includes the pro-
cedures of removing the uterine cervix and placing a cerclage between the uterine 
lower segment and vaginal cuff. The importance and popularity of fertility-sparing 
trachelectomy are increasing annually [15]. The trend of trachelectomy in the United 
States has increased from 1.5% in 2004 to 3.8% in 2014 (P < 0.001) and 4.6% in 
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2004 to 17.0% in 2014 for limited patients aged 30 years or less (P < 0.001) [15]. The 
RT is defined as resecting the cervix, upper vagina, and uterine parametrium as well 
as pelvic lymph node removing similar to the procedure of a radical hysterectomy. 
The role of RT has been established as indicated in the publication of several clinical 
guidelines [16, 17]. The National Comprehensive Cancer Network (NCCN) guide-
lines for 2018 [16] and the Japanese version of the Japan Society of Gynecologic 
Oncology (JSGO) guidelines of cervical cancer for 2017 [17] approve RT in con-
junction with lymphadenectomy procedures (with or without SLN mapping) as a 
treatment choice for stage 1A2 or stage 1B1 lesions of TD ≤ 2 cm.

12.3  Preoperative Evaluation

The authors have performed ART from 2005, which has been undertaken on more 
than 150 cases with only 1 case of recurrence. This procedure needs to be performed 
while guaranteeing the safety of the patient by thoroughly checking strict preopera-
tive eligibility criteria, carefully diagnosing intraoperative frozen section samples, 
etc. RT is a collaborative work done by gynecological pathologist, sterility special-
ists, and perinatal specialists in addition to gynecological oncologists. The ultimate 
goal of RT treatment besides curing the patient of cervical cancer is to ensure the 
success of live birth after recovery. Patients who desire FSS must receive a sufficient 
informed explanation, including consultation with the partner and family members. 
In addition to the risk of the surgery itself, the explanation needs to address the 
issues of possible infertility, the tendency toward preterm labor, and other labor 
risks. FSS can be performed in almost the same manner as a usual radical hysterec-
tomy but offers the benefits of preserving the uterine artery and anastomoses of the 
vaginal stump with the conserved uterus.

12.4  Indication and Contraindication

Inclusion criteria for RT is described in Table 12.1, which has been modified from 
the 2017 JSGO guidelines for the treatment of cervical cancer. ART has an advan-
tage of resecting the parametrium according to the Piver class III hysterectomy. The 
authors permitted larger tumors (2  cm < TD) with SCC under the stipulation of 

Table 12.1 Inclusion criteria for radical trachelectomy modified Japanese version of JSGO 
guidelines 2017 for cervical cancer

1 Desire to preserve fertility and no evidence of infertility
2 FIGO stage 1A1 with lymphovascular space involvement and stage 1B1
3 Tumor with ≤2 cm tumor diameter
4 No evidence of lymph metastases
5 Histologic type of squamous cell carcinoma, adenocarcinoma, adenosquamous 

carcinoma

JSGO Japan Society of Gynecologic Oncology, FIGO International Federation of Gynecology and 
Obstetrics
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providing a secure ≤1 cm cancer-free space between the tumor’s edge and the inter-
nal os (Fig. 12.1). The inclusion criteria strategy [18] in our research application is 
referred to in Table 12.2. This procedure is recommended to leave at least 5 mm of 

Fig. 12.1 Preoperative MRI (T2WI, a case of uterine sagittal image of squamous cell carcinoma). 
In a case of squamous cell carcinoma with a lateral diameter of 3 cm as shown in ①, the depth 
spread (progress toward the internal os) was about 1 cm. The part ➁ indicated by the perforated 
line is the bottom of the uterus to the histologic inner uterine opening 5 cm from the uterus bottom, 
leaving at least 5 mm of the cervical canals the line to be resected to the neck; eligibility for 10 mm 
or more cancer-free space has been confirmed

Table 12.2 Inclusion and exclusion criteria strategy [Ref. 16] for radical trachelectomy for cervi-
cal cancer

Preoperative inclusion criteria
1 Desire to preserve fertility and no evidence of infertility
2 FIGO stage 1B1 or less-advanced squamous cell carcinoma with a maximum transverse 

diameter of ≤3 cm and ≤ 1 cm cancer-free space between the tumor’s edge and the internal 
os

3 Stage IB1 or less-advanced adenocarcinoma/adenosquamous carcinoma with a maximum 
transverse diameter of ≤2 cm and with mainly superficial or exophytic growth

4 No evidence of lymph metastases
Preoperative exclusion criteria
1 Histologic type of cancer indicative of a poor prognosis (e.g., small cell carcinoma)
2 Suspicion of extrauterine spread based on imaging findings
Intraoperative inclusion criteria
1 The absence of lymph node metastasis by serial frozen sections of the bilateral sentinel 

lymph nodes
2 A ≥ 5-mm cancer-free margin in the cervical canal of the extirpated cervix

FIGO International Federation of Gynecology and Obstetrics
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the cervical canal; the risk of depth along the cervical canal is not considered the 
same as the lateral spread of the uterine cervix. Our technique is first to introduce 
the concept of two directions “transverse diameter and depth” [19]. Conversely in 
smaller, less invasive tumors, abdominal modified radical trachelectomy (AmRT) 
was performed which removed less parametrium than ART. The criteria of AmRT 
were as follows: (a) stage IB1 cancer with a maximum transverse diameter of ≤2 cm 
without deep stromal invasion and (b) stage IA2 cancer.

12.5  Preoperative and Postoperative Management

As a preoperative examination, contrast computed tomography (CT) and contrast 
magnetic resonance imaging (MRI) are performed to judge the above qualifications. 
As an intraoperative examination regarding the sentinel lymph node biopsy, an iso-
tope was used as a tracer (RI method): 99 mTc-labeled phytic acid was injected just 
under the mucous membrane of the uterine cervical lesion on the day before sur-
gery, followed by lymphoscintigraphy and SPECT-CT imaging. Compared to a 
usual hysterectomy, this procedure is prone to infections for a number of reasons: 
(1) the neocervix is exposed, (2) anastomosis stitches are applied between the cer-
vix and the vaginal canal, (3) cervical sutures for preventing premature labor during 
pregnancy are implemented, and (4) a contraceptive ring FD-1® is placed after 
surgery. All of these factors are likely to cause postoperative infections, so therefore 
the use of antimicrobial vaginal tablets before and after surgery and frequent vaginal 
washing after surgery are recommended.

During outpatient follow-up periods, special attention is to be paid to the condi-
tion of the menstruation and the external os, with the prompting of cervical dilation 
when cervical stenosis or closure is suspected. Since cervical mucus is decreased, 
ascending infections such as adnexitis and PID are likely to occur. FD-1® is removed 
6 months after surgery and permits the patient to become pregnant. If natural preg-
nancy is not established easily, promptly undertake infertility treatment intervention 
(considering artificial insemination and in  vitro fertilization early because it is 
thought that the permeability of sperm is also decreased due to a decrease in cervi-
cal mucus).

12.6  Technique

12.6.1  Laparotomy: Deployment of the Pelvic Retroperitoneal 
Cavity

After laparotomy with a midline longitudinal incision, careful evaluation of the 
extent of the tumor is inspected, and palpation is performed. The uterus is retracted 
by holding the uterus with No. 1 Vicryl® thread sutured after cutting the bilateral 
round ligament and No. 1 Vicryl® thread Z-sutured at the bottom of the uterus. This 
procedure allows the crushing of the uterine endometrium when using uterine 
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grasping forceps to be avoided. Expand the retroperitoneal cavity of the pelvis, and 
explore the paravesical space and the pararectal space.

12.6.2  Sentinel Lymph Node Biopsy

A gamma probe was used to identify a hot node, considered to be a sentinel lymph 
node, after consulting the image of a sequential lymphoscintigraph utilizing the 
injection of an isotope tracer (Fig. 12.2) around the cervical lesion on the previous 
day. The reason why sequential lymphoscintigraphy was selected is because it is 
possible to distinguish the primary node (this is the original sentinel lymph node) 
that is drawn first and the secondary node that is drawn thereafter (not the sentinel 
lymph node).

On the day of surgery, after developing the retroperitoneum of the pelvis, a scan 
of the pelvic lymph node region with a gamma probe was performed to identify and 
remove the SN. If there is no metastasis to the SN after an intraoperative pathologi-
cal examination, ART will be the chosen method of treatment. The removal of the 
hot node is decided by the results of an intraoperative frozen section. If there is no 
metastasis to the sentinel lymph nodes, the operation will proceed as planned.

12.6.3  Ureter and Uterine Artery Liberation

The ureter is peeled from the posterior broad ligament with the sufficient 
binding weave attached around the ureter, and the ureteral plate following the 

20minutes after injection 20minutes after injection

Secondary node

Primary node

Fig. 12.2 Detection of sentinel lymph nodes by lymphoscintigraphy. After infusing the isotope 
around the lesion of the uterine vagina, sequential imaging of lymphoscintigraph is performed, and 
the primary node (sentinel lymph node) which is drawn first and the secondary node which is 
drawn after the sentinel lymph node are detected as a hot node during surgery. Tumor parts inter-
fere with the surrounding strong radioactivity (shine-through phenomenon); the lead plate is seated
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ureter is placed together with the lower abdominal nerve on the pelvic floor 
side, from the side wall of the rectum (so-called rectal side lumen of 
Okabayashi). Thereafter, the ureter is fenestrated in front of the lower abdomi-
nal nerve, and the lower abdominal nerve bundle is liberated toward the vagi-
nal side wall.

The uterine artery branching from the internal iliac artery is liberated toward the 
uterus until it crosses the intersection with the ureter (the middle ureteral branch is 
ligated). If the uterine artery can be liberated for a sufficient length, it will not inter-
fere with the next cardinal ligament resection.

12.6.4  Cardinal Ligament Dissection

The cardinal ligament and paracolpium are divided several times and cut on the 
pelvic side (Piver III) and ligated. When cutting to a level exceeding the uterine 
vein, scrape the ligaments while preserving the pelvic nerve plexus located at the 
bottom of the pelvis. Scooping is executed to the level exceeding the pelvic nerve 
plexus while remaining conscious of the curve of the pelvis.

12.6.5  Vesicouterine Ligament Anterior Sheath/Posterior Sheath 
Dissection

After successively dissecting the anterior sheath of the vesicouterine ligament sev-
eral times, sufficiently move the ureter to the outer side while thinning the layer of 
the surface to the level where blood vessels of the posterior sheath can be identified. 
Upon cutting of the posterior leaf, cut only the exposed blood vessel so as to pre-
serve the bladder nerve branch near the vaginal canal.

12.6.6  Rectovaginal Ligament Dissection

Open the broad ligament along the side wall of the uterus, detach the Douglas fossa 
peritoneum, and sufficiently liberate the rectum from the vaginal wall. Subsequently, 
the uterosacral ligament and the rectovaginal ligament are cut along the upper edge 
of the already identified hypogastric nerve, and finally dissect the paracolpium 
remaining in the shallow part of the pelvic plexus (uterus side). Through the above 
procedure, as shown in Fig. 12.3, the T-shaped urination-related nerve restiform tis-
sues (neural network) formed by the hypogastric nerve, the pelvic splanchnic nerve, 
and the bladder nerve branch centered on the pelvic nerve plexus can be preserved. 
Even if the vaginal canal is cut just above this pelvic plexus, it can be excised more 
than 2 cm, so it is sufficiently radical against stage Ib cervical cancer. Since the 
bladder nerve branch is located near the posterior vesicouterine ligament layer, 
when cutting the posterior layer, do not use a power source including bipolar 
scissors.
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12.6.7  Site of Cervical Cleavage Determination and Uterine 
Descending Artery Cutting

Intraoperative ultrasonography is performed while referring to the preoperative 
MRI, and the cutting position of the cervix is   determined. An ultrasound probe is 
placed directly on the serosal surface of the uterine anterior wall (Fig. 12.4a), and 
the position of the endocervical canal is confirmed (Fig. 12.4b). The incision mark-
ing is drawn so that the cervical canal remains at least 5 mm, with 10 mm producing 
better results, from the endocervix to the vaginal side (Fig. 12.4c). Although it is 
easy to confirm the position of the endometrium through a preoperative MRI sagit-
tal image before operation, the distance (Fig. 12.1) from the uterine fundus to the 
cutting position is commonly to be extended about 5 mm due to the retention of the 
uterus during surgery. Therefore, the cutting position is finally determined by the 
ultrasonic probe which is applied to the uterus intraoperatively while referencing 
the preoperative MRI. It is impossible for VRT to be able to accurately determine 
the cut position by ultrasonography, hence creating what is to be considered a lapa-
rotomic advantage. Expose the uterine artery toward the uterine wall, and then cut 
and double ligate the descending branches.

Uterus

Stump with scooped cardinal ligament

Rectal uncus
Left ureter

Bladder

¨Caudal side Cranial sideÆ

Bladder nerve branch

Pelvic splachnic nerve

Right iliac anteriovenous

Hypogastric nerve

Fig. 12.3 T-shaped network of preserved urination-related nerves. The hypogastric nerve 
descending on the lateral side of the rectum, the pelvic splanchnic nerve located on the dorsal side 
of the cardinal ligament blood vessel, the pelvic plexus where both are jointed, and the bladder 
nerve branch that exits from junction through the dorsal side of the vesicouterine ligament layer to 
the bladder make the so-called T-shaped neural network consisting of nerve branches which is 
preserved
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12.6.8  Vaginal Canal/Cervical Canal Dissection: New Cervical 
(Neocervix) Formation

Cut the vaginal wall with 2–3 cm of the vagina attached to the cervix, and then ligate 
both ends of the vaginal stump. The cervical canal is cut with an electric scalpel at 
the level to be marked (Fig.  12.5a). The endocervix undergoing intraoperative 
pathologic diagnosis is cut with a cold knife to increase diagnostic accuracy 
(Fig. 12.5b). At the time of pathological examination, two sections are cut from the 
cervix so as to create two thin discs at intervals of 2.5 mm from the stump end of the 
cervix. Both slices are frozen, and sections for pathological diagnosis are prepared 
from a section 5 mm away from the section to be excised. Although some institu-
tions examine only the cervical resected section intraoperatively, we are also target-
ing adenocarcinoma that often have skip lesions, and we want to secure a margin of 
at least 5 mm even in SCC, so the authors examined the surrounding 5 mm area 
intraoperatively. Bleeding from the cervical section is usually mild, and hemostasis 
and coagulation by electrocautery are sufficient. The severed cervical stump is 
trimmed into the shape of a normal uterine vagina in order to form a neocervix 
while taking note that the vascular system traveling longitudinally through the uter-
ine sidewalls in the 3 o’clock and 9 o’clock direction is not injured.

When the uterine artery is preserved, an abnormality such as congestion occurs 
in the tissue around the uterine-vaginal canal anastomosis part, and formation of a 
varix at an inappropriate level is formed. In case of pregnancy, severe varix occurred 
around the cervical-vaginal canal anastomosis (it was extreme in pregnancy cases 
following simple cervical excision rather than RT), and it is difficult to manage. 
Therefore, we barely cut the bilateral uterine artery. The blood flow of uterine body 
parts recovers promptly via bilateral ovarian artery-uterine artery anastomosis even 
without preservation. Natural pregnancy after bilateral uterine artery amputation 
was also established, so that major disadvantages to fertility are not present.

ba c

Corpus
endometrium

Internal os 

Cervical
endometrium

Fig. 12.4 Determination of cervical cutting level by intraoperative ultrasonography. To the sero-
sal surface of the uterine anterior wall, apply an ultrasonic probe (a) and confirm the position of the 
endocervical canal (b); the incision marking is drawn so that the cervical canal remains at least 
5 mm, with 10 mm producing better results, from the endocervix to the vaginal side (c)
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12.6.9  A Permanent Cerclage of the Cervix

We performed a cerclage of the cervix if an intraoperative frozen section did not 
detect a malignant lesion to prevent premature birth in the future. The cervical canal 
is sequentially enlarged with Hegar Uterine dilators, and cervical stitching is per-
formed with No. 1 Prolene® (nonabsorbable monofilament stitch) with a No. 8 
Hegar cervical dilator inserted. At the height of the internal os level, insert the nee-
dle from the 6 o’clock direction of the cervical canal, rotate the needle 180° in order 
to pull the needle in the direction of 12 o’clock one time, and then rotate the needle 
another 180° to move backward at 6 o’clock turning the needle toward you 
(Fig. 12.6). Be sure to suture loosely, and refrain from tightening in order to avoid 
cervical stenosis which may occur if strongly sutured. The sutured end with nonab-
sorbable thread is safer along the rectal side than the bladder side. A double cervical 
stitch is performed. In the case of VRT, cervical stitching is often performed in 

a b

Fig. 12.5 Vaginal canal dissection. Dissect the cervical canal with an electric scalpel at the level 
of resection that was marked (a). The part of the endocervical canal which undergoes intraopera-
tive pathologic diagnosis is cut with a cold knife (b)

Fig. 12.6 A cerclage of 
the cervix. Cervical canal 
retraction is performed 
with a thick needle and 
nonabsorbable thread with 
a No. 8 Hegar Uterine 
dilator. It is returned 180 
degrees at the level of the 
internal os level and is 
sewn very loosely so as not 
to tighten (in the 
photograph, mosquito 
forceps are interposed for 
loose suturing)
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accordance with the McDonald surgical procedure, and a part of the suture stitch is 
exposed in the vagina. In contrast, cervical sutures can be implanted under the cervi-
cal serosal membrane in accordance with the Shirodkar technique in the abdominal 
operation, and the knot can also be retained in the retroperitoneal cavity at the time 
of anastomosis with the vaginal canal. Therefore, the knot is not exposed in the 
vagina, which is considered to be advantageous for the prevention of infection 
around the anastomotic region after surgery.

12.6.10   Anastomosis of Neocervix and Vaginal Stump

Regarding the anastomosis of the cervical stump and vaginal canal, a U-shaped suture 
in the directions of 6 o’clock and 12 o’clock is executed using 2-0 Monocryl UR6® 
with a strongly scored needle and then a single-knot suture in the 3 o’clock and 9 
o’clock directions which is parallel to both sides of the uterus. Loosen the suture so 
that the stump of the vaginal canal encapsulates the neocervix while grasping the six 
sutures above. This technique not only allows the neocervix to protrude into the vagina 
like a natural uterine vagina but also assists postoperative sexual pain (Fig. 12.7).

Fig. 12.7 Anastomosis of the neocervix and vaginal stump. Left figure: suturing at 12 o’clock and 
6 o’clock of the vaginal canal is “reverse U-shaped suture”; 3 o’clock and 9 o’clock shall be a 
single ligation parallel to the blood vessel so as not to disturb the blood flow of the side wall. 
Performing anastomosis to wrap the neocervix in the vaginal canal like this can avoid postopera-
tive sexual pain
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12.6.11   Reconstruction of Circular Ligament: Pelvic Peritoneal 
Closure (Closed)

After placing the transabdominal continuous aspiration drain in the retroperitoneal 
cavity of the left and right pelvis, reanastomose the bilateral circular ligaments, and 
suture the pelvic peritoneum. After attaching the antiadhesive agent sheet to the peri-
toneal suture part, surroundings of the oviduct, etc., consider the possibility of future 
oocyte retrieval, and guide the bilateral ovary to the Douglas fossa, and close it.

12.7  Morbidity

The preferred FSS method choice for patients with stage 1A2 is RT + pelvic lymph 
node dissection +/− para-aortic lymph node sampling as stated in the NCCN and 
JSGO guidelines [16, 17]. A review [20] indicated that postoperative recurrence 
rates for stage 1A2 in RT including VRT, ART, or laparoscopic RT was 0–8% and 
not different from a series of patients treated with radical hysterectomy. Obstetrical 
outcomes revealed that out of a total of 210 patients who underwent RT treatment, 
109 patients tried to become pregnant with 47 patients being successful. Although 
the frequency of preterm birth and premature rupture increases, 35 live babies were 
delivered out of 59 total pregnancies. Okugawa et al. [18] reported that no recur-
rence was recorded in 10 patients with modified ART and 7 patients with ART for 
stage 1A2. Moreover, the investigation of less invasive FSS with simple trachelec-
tomy or cone resection plus removal of the pelvic lymph nodes for stage 1A2 is 
currently being studied (NCT01048853 and NCT01649089).

Several retrospective reports provide statistical results between RT and RH, 
while there have been no prospective studies [21–24]. In stage 1B1 disease, data 
found no difference from each group in recurrence rates which range from 0.9% to 
5.0% in RT and 1.1 to 6.5% in RH, respectively [11, 18, 22, 24–27].

12.8  Lymph Node Metastasis

Lymph node metastasis is one of the most important prognostic factors in cervical 
cancer, and lymph node enlargement detection in preoperative imaging exams has 
been indicated as a factor to rule out RT. Several reports have been published in 
favor of the preoperative diagnosis of lymph node metastasis using MRI, CT, and 
positron emission tomography (PET) [7, 28]. Commonly, lymph node dissection is 
performed, and in cases when positive lymph node metastasis is determined by an 
intraoperative pathologic diagnosis, RT is abandoned and treatment is converted to 
RH. Some facilities are incorporating the intraoperative sentinel lymph node (SLN) 
biopsies [7, 29–31]. A systematic review by Selman et al. [32] described that senti-
nel lymph node biopsy has an observably higher metastatic diagnosis rate than 
imaging, including PET, in cases of early cancer. In the results of a study regarding 
the feasibility of employing the use of SLN to detect early cervical cancer, the 
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intraoperative SLN detection rate was 88%, and the subgroups of patients with stage 
Ia–Ib1 disease and smaller tumor sizes (<or  =  3  cm in maximal diameter) were 
95%. Sensitivity, false-negative rate, and negative predictive value for metastasis 
were reported at 100%, 0%, and 100%, respectively. The application of the SLN 
theory for early cancer stages with smaller tumors (TD ≤ 3 cm) in cervical cancer 
is reasonable and as beneficial as its use in breast cancer and cutaneous melanoma.

This examination not only improves safety but also greatly contributes to the 
reduction of lower limb lymphoedema and pelvic lymphatic cysts after operation. 
With respect to SN biopsy theory in conjunction with ART, Du et al. [30] reported 
that SN was detectable in 94.1% of 68 patients with 99 mTc, and treatment for 8 out 
of 68 patients (12%) was converted to RH due to SN metastasis. The results of a 
total of 164 cases where RT was tried at Kyushu University (June 2005 to March 
2014) and Kagoshima University (April 2014–November 2015) were that the SN 
identification rate by the RI method exceeded 95%, with only 12 cases (7%) con-
verted into RH due to SN metastasis.

12.9  Tumor Size

As with disease stage, tumor size is an important factor after lymph node metastasis 
for performing RT. Most research has been aware of tumor size for performing RT 
[2, 7, 8, 11, 15, 19, 21, 25, 26, 33–36]. In cases with 2 cm < TD in stage 1B1, infe-
rior outcomes have been reported [7, 8, 33, 34, 37]. In VRT, the recurrence rate 
increases from 12.5% to 29% when the 2 cm < TD. In a review by Rob et al. [36], 
the recurrence rate in VRT rises to 20.8% (only 2.9% in cases of TD ≤ 2 cm) in the 
case of 2 cm < TD, whereas it reaches 4.8% in ART. Comparing 71 patients with 
VRT and 55 patients with ART in a multicenter collaborative study revealed that all 
of the 7 relapsed cases were VRT cases [33]. In VRT cases, the recurrence rate was 
4.2% in TD < 2 cm, whereas the recurrence rate was 21.7% at 2 cm < TD. This data 
confirms that patients with 2  cm  <  TD are unable to undergo radical surgery in 
VRT. In a review concerning 485 cases of ART (IA1 stage, 33 cases; IA2 stage, 90 
cases; IB1 stage, 330 cases; IB 2 stage, 11 cases), the recurrence rate of 3.8% was 
recorded (observation period 31.6 months) [38]. Table 12.3 summarizes the ART of 
stage IB which was performed on cases with 2 cm < TD. It may show that ART has 
a lower recurrence rate than VRT even in cases of tumors with a 2 cm < TD. Regarding 
the recent reports of ART for large tumor diameters, Wethington et al. [39] analyzed 
and reported 29 cases of 2–4 cm TD out of 110 RT trial patients: 22 cases were ART, 
6 cases were VRT, and 1 case was robotic RT. Fourteen out of 29 cases (48%) were 
converted into RH during surgery; the breakdown was 7 cases due to margin- 
positive and 7 cases of lymph node metastasis. One of the cases was positive in two 
lymph node metastases during the operation, so the surgery was interrupted and 
converted to concurrent chemoradiotherapy. Finally, only 15 patients (52%) were 
able to undergo RT, and only 1 patient with a TD of 3  cm (recurrence rate 3%; 
observation period, 44 months) showed signs of recurrence. In addition, Wellington 
summarized 147 cases from existing literature that 2  cm  <  TD verifying the 
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recurrence rate of VRT is 16% (12/77), while the recurrence rate of ART is only 9% 
(6/69). According to reports of Li et al. [34] (62 cases) and Lintner et al. [37] (45 
cases), the recurrence rates of ART are 0% and 12.9%, respectively, with the 5-year 
survival rate at an excellent result of 100% and 93.5%. Saso et al. [40] indicated that 
ART is more preferable for cases of 2 cm < TD than VRT and should be performed 
on tumors within 4 cm TD. The safety of ART in patients with 2 cm < TD, even in 
cases of proven adenocarcinoma, was compared to RH in a recent large series. The 
result was an overall recurrence rate in 2 cm < TD of only 2.7% in ART, which is 
comparable to RH. Only one out of four recurrence patients relapsed with adenocar-
cinoma, and progression-free survival rates at 5 years were 96.8% and 97.2% in the 
non-SCC and SCC groups, respectively (p = 0.999) [25]. The efficacy of neoadju-
vant chemotherapy in cases of tumors 2 cm < TD on patients who mostly underwent 
VRT was reviewed, and the overall recurrence rate was 7.6% with pregnancy rates 
being 30.7% [8].

12.10  Histology

Guidelines indicate that SCC, adenosquamous carcinoma, and adenocarcinoma are 
considered to be inclusive factors for RT [16, 17]. There is no evidence that adeno-
carcinoma has a significant recurrence rate after RT as compared with SCC. However, 
adaptation for adenocarcinoma should be carefully examined because there is a risk 
that a skip lesion is present on the inner cervical side, even if the cervical section is 
negative at RT [41]. Histology type of neuroendocrine tumor, gastric-type adenocar-
cinoma, or adenoma malignum was not suitable for fertility sparing because of 
insufficient data [16]. There are reports of including clear cell adenocarcinoma [39], 
glassy cell carcinoma [37, 40, 42], and sarcoma botryoides [34] as indications for 
ART, while at the present time, such special types should also be out of 
adaptation.

12.11  Age or History of Parity

There is no well-defined age range or determined age margin of safety for the pro-
cedure. It seems that many institutions do not have an upper age limit, but some 
reported literature has limited patients to 40 years old [33, 43, 44] or 45 years old or 
less [34]. It is a criterion that changes with the progress of infertility treatment, so it 
is not stipulated in our department. However, when pregnancy is established after 
RT, complications such as chromosomal abnormality, pregnancy-induced hyperten-
sion, or gestational diabetes are considered to increase in patients in their 40s; there-
fore we must fully explain the risk of pregnancy or parturition.

Although the majority of reported patients who underwent RT were unparous, 
the majority of reported cases have been adapted to include parous patients except 
for only one article [28]. However, we should avoid recommending RT lightly, and 
always receive written and signed consent after a thorough explanation of the risks 
and benefits of RT.
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The most common complications regarding ART are cervical stenosis (1.6–
7.8%), cervical erosion (2%), and amenorrhea (8.2%). Moreover, intra-abdominal 
abscess or peritonitis (1.7–24.6%) has been reported. However, uterine necrosis is 
rarely reported [6, 35].

Quality of life (QOL) and sexual function are other important considerations and 
side effects to keep in mind for post-RT patients. A few reports reveal that several 
patients have reported an immediate decrease in QOL and sexual function postop-
eratively, and there seems to be no differences in conventional surgery with RT or 
RH [45]. However, most patients return to normal levels around 6 months postop-
eratively with the exception of those suffering from poor emotional well-being who 
need an average of 4 years to recover [46]. The complications which occurred post-
operatively such as poor healing, cervical stenosis, etc. influence these patients’ 
scores.

Fertility results comparing FSS procedures including simple trachelectomy/cone 
resection, AmRT, ART, minimally invasive RT, and neoadjuvant chemotherapy have 
been recently reported [6]. It has been concluded that there is no difference between 
live birth rates. However, there was a significant difference in fertility rates between 
each FSS procedure: 44% in ART, 57% in VRT, and 65% in minimally invasive RT, 
respectively. A majority of fetal losses and premature deliveries were related to 
premature rupturing of membranes. The impact of fertility outcomes in FSS has still 
not been determined [47]. The newest detailed information regarding FSS for 
obstetrical outcome by Bentivegna et al. [6] has been outlined in Table 12.4.

The reason why ART has a relatively low fertility outcome is mainly attributed 
to poor cervical factors [48, 49]. (1) In abdominal RT, cutting levels can be more 
accurately determined by consulting a preoperative MR. The position of the inner 
uterine opening can be established by intraoperative UST. (2) In vaginal RT, which 
often deals with relatively small lesions, it is necessary to determine an accurate 
cervical cannulation site, and it is likely that a longer cervical gland will be left. 
Thus the remaining cervical gland after abdominal RT seems to be shorter. It is 
presumed that this leads to a cervical insufficiency factor and may contribute to a 
higher infertility rate in abdominal RT. Indeed, as mentioned above, the results of 
our own research show that there was no difference in the pregnancy rates between 
RT, mRT, and ST, and by positively introducing artificial insemination, in vitro fer-
tilization, etc., pregnancy cases are clearly increasing [18].

12.12  Future Prospect

The information and research from various reports have stated that among stage IB1 
cervical cancer patients in Japan under the age of 40 who underwent surgery, the 
proportion of cases with 2 cm < TD is considered to be about 1/3. If these patients 
are excluded based on eligibility criteria of conventional vaginal RT, a considerable 
number of patients will lose their uterus even if they desire fertility sparing. Reviews 
show that 30% of all trachelectomies were 2 cm < TD and 4% were 4 cm < TD 
according to the National Cancer Database [15].
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ART is most likely to be recommended for larger tumors with 2–4  cm 
TD. However, another problem was the accurate detection of lymph node metastasis 
which increases in correlation with the enlargement of the tumor size. Intraoperative 
detection of sentinel lymph node navigations seems to decrease in 3 cm < TD [50]. 
Preoperative chemotherapy may be more useful for relieving complications of sur-
gery but may not assist in the improvement of recurrence rate. If the tumor diameter 
is <2 cm, VRT is performed, but the possibility of more noninvasive surgery will be 
considered in the future for greater prospective results (UMIN000009726).
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Abstract
The current guidelines of the Japanese Society of Gynecologic Oncology (JSGO) 
state that in the setting of cervical cancer, para-aortic lymph node (PAN) dissec-
tion or biopsy is only indicated when there is a high suspicion for PAN metasta-
sis. This recommendation, however, is not based on conclusive evidence, and 
moreover, there is no objective strategic schema or triage system to indicate in 
which situations PAN dissection should be performed at the time of radical hys-
terectomy for stage I–II cervical cancer. In this chapter, we provide a concrete 
incidence table for PAN metastasis and recurrence that can be integrated into 
daily practice patterns. We also describe the “meticulous” and “awesome” PAN 
dissection procedure that is performed in Japan.
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13.1  Principles and Indications for Para-aortic Lymph Node 
Sampling

Para-aortic lymph node (PAN) metastasis is an important prognostic factor in 
patients with cancer of the uterine cervix [1–3]. PAN dissection is performed with 
the objective of diagnosing metastatic lymph nodes for the purpose of treatment 
planning and/or the therapeutic removal of these nodes. In Japan, PAN dissection is 
not routinely performed for diagnostic purposes, and instead, the decision to per-
form this procedure is determined on an individual basis. The National 
Comprehensive Cancer Network (NCCN) guidelines give the option for PAN 
biopsy in patients for stage IA1 disease with lymphovascular space invasion or 
more advanced disease. In patients with positive PAN metastasis by biopsy and 
imaging, the current guidelines recommend extraperitoneal or laparoscopic PAN 
dissection and concurrent chemoradiotherapy (CCRT) with the radiation field 
extending to the renal vessels provided that other distant metastases are excluded 
[4]. Preoperative imaging has been compared with biopsy and dissection of these 
lymph nodes in various studies, and these have shown that imaging has high speci-
ficity but lower sensitivity. The current NCCN guidelines recommend PET/CT for 
patients with stage IB2 or more advanced disease [4–6]; however, a retrospective 
study performed in 462 patients with stage IB1–IVA disease revealed PAN metasta-
sis in resected nodes from patients who had been negative for PAN metastasis by 
preoperative PET/CT. In this study, 9% of the patients who were negative for pelvic 
lymph node metastasis and 22% of those positive for pelvic lymph node (PLN) 
metastasis by PET/CT actually had PAN metastasis, suggesting that PAN biopsy 
should be performed proactively in patients with positive PLN metastasis by PET/
CT and, in many cases, even if imaging is negative for PAN metastasis [5].

An investigation of patients with stage IB2, IIA2, or IIB disease conducted by 
the Japanese Gynecologic Oncology Group (JGOG) showed that PAN dissection 
was performed at the time of radical hysterectomy in some of these patients at 101 
out of 166 medical institutions (61%). At these 101 institutions, the main criteria for 
performing PAN biopsy or dissection included positive metastasis to the common 
iliac lymph nodes and/or enlargement of the PAN on imaging [7].

A prospective multicenter study was recently conducted to evaluate the therapeu-
tic significance of PAN dissection. Laparoscopic dissection was performed on 237 
patients who were negative for PAN metastasis by PET/CT, and notably, PAN 
metastasis was detected in 29 patients (12%), who subsequently underwent CCRT 
using an extended radiation field. Following treatment, survival in patients with 
PAN metastases measuring ≤5 mm in size was similar to those without PAN metas-
tasis. However, CCRT with an extended field was insufficient in patients whose 
PAN metastases were >5 mm, suggesting that modification of the CCRT regimen or 
the addition of systemic chemotherapy after CCRT should be considered in the 
treatment of such patients [8].

There is little solid evidence that either PAN biopsy or dissection has a signifi-
cant effect in determining subsequent treatment strategies. Currently, two ongoing 
randomized controlled trials (the EPLND for cervix study, NCT01365156, and the 
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uterus 11 study, NCT01049100) are being conducted to assess the diagnostic and 
therapeutic utility of PAN dissection. In the former trial, 600 patients with suspected 
PLN metastasis who had been negative for PAN metastasis on PET/CT are being 
randomly assigned to one of the two treatment groups. The first group will undergo 
PAN dissection followed by individualized treatment, while the other group will 
receive CCRT targeting the pelvis based on the results of imaging studies. The 
3-year survival rate will be compared between these groups, and it is expected that 
the results of these two trials will demonstrate the importance of PAN dissection for 
both diagnostic and therapeutic purposes.

13.2  Different Philosophies of Lymph Node Metastasis 
Between Japan and the USA

At present, it has yet to be demonstrated whether complete regional lymph node 
dissection improves the prognosis of patients with positive lymph node metastasis 
in cervical cancer. The situation is complicated by significant differences in the 
theory of lymph node metastasis mechanisms between Japan and Western countries. 
In Japan, it is widely accepted that solid tumors remain localized for a period of 
time and lymph node metastases are considered a manifestation of local disease 
(spectrum theory), implying that tumor can be cured by resection. In Western coun-
tries, it is generally believed that a solid tumor progresses to systemic disease at an 
early stage and lymph node metastases are evidence of systemic spread (Fischer 
theory), implying that tumor cannot be cured by resection alone. These different 
concepts are reflected in the differences in the number of resected lymph nodes 
reported between Japan and Western countries [9]. These differences in philosophy 
lead to differences in the completeness of PAN dissection between different sur-
geons and centers and are primarily due to the differing goals of diagnosis vs ther-
apy. The presence of lymph node metastasis has been integrated into the International 
Federation of Gynecology and Obstetrics (FIGO) cancer stage classification of 
endometrial cancer, ovarian cancer, and vulvar cancer. In particular, the size of the 
metastatic lymph nodes is factored for staging in vulvar cancer (FIGO 2008 criteria) 
and ovarian cancer (FIGO 2014 criteria). In cervical cancer, lymph node status is 
not currently incorporated into the FIGO staging system. However, FIGO cervical 
cancer staging is now being modified according to the lymph node status diagnosed 
by the use of any imaging modality and pathological finding.

In addition to differing frequencies in which PAN dissection is performed 
between different Japanese institutions, there also appears to be institutional varia-
tion in the extent of the dissection, and routine PAN dissection to the level of infra-
renal vessels is rarely performed. This is despite the fact that nearly one-third of 
PAN metastasis can be seen in the infrarenal nodal chain in the absence of infra- 
mesenteric artery chain metastasis [10]. As PAN metastasis is not an uncommon 
clinical entity in early-stage cervical cancer [11, 12], identification of PAN metasta-
sis is crucial in its management, as it impacts not only patient prognosis but also the 
surgical approach and choice for adjuvant therapy [12, 13].
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13.3  PAN Dissection and CCRT

The Meta-analysis Group (Medical Research Council Clinical Trials Unit, London, 
UK) reported that the addition of chemotherapy to standard radiotherapy for stage 
IIB–IVA disease clearly improves both overall and disease-free survival. This was 
based on the results of 18 trials performed in 11 countries (including five studies 
that formed the basis of the 1999 National Cancer Institute [NCI] alert), comprising 
the assessment of 4818 women from the 15 trials in the main analysis [14]. These 
analyses reinforce the recommendations of the 1999 NCI alert regarding the bene-
fits of chemoradiotherapy, but with far greater reliability and precision. The report 
provides strong evidence supporting the value of CCRT for patients with stage IIB–
IVA disease; however, three of these trials excluded women with PAN involvement, 
while PAN were either uninvolved (48%) or the status was unknown (51%) in the 
vast majority of women from the remaining trials. This suggests that the benefits of 
the treatment of PAN-positive patients by current CCRT protocols may be less clear. 
In the United States, treatment planning is dependent on PLN and PAN status, 
which is mainly determined by imaging [4]. The 3- and 5-year survival rates for 
patients with stage I–IV diseases and positive PAN following extended field concur-
rent chemoradiotherapy (EF-CCRT) were reported to be 69% and 39%, respectively 
[15]. These results are not satisfactory, and better treatments are needed for patients 
with positive PAN, a surrogate marker for systemic disease spread. Herein, we pro-
pose a treatment approach which includes radical hysterectomy and PAN dissection 
followed by systemic chemotherapy for cases with PAN metastasis. The goal of this 
treatment would be disease cure, and the benefit of this chemotherapy-based 
approach would be to avoid the morbidity related to adjuvant radiotherapy.

13.4  Risk Stratification Models for PAN Metastasis 
and Recurrence in Stage IB–IIB Cervical Cancer [16]

We conducted a study to examine the surgical-pathological factors associated with 
the presence of PAN metastasis at the time of radical hysterectomy and to identify 
predictors for PAN recurrence among women who did not undergo PAN dissection 
at radical hysterectomy. This is a retrospective analysis of a nationwide cohort study 
of surgically treated stage IB–IIB cervical cancer in Japan (N = 5620). Multivariable 
models were used to identify independent surgical-pathological predictors for PAN 
metastasis/recurrence. There were 120 (2.1%) cases of PAN metastasis at the time 
of radical hysterectomy. Parametrial involvement of the tumor (adjusted odds ratio 
[aOR] 1.65), deep stromal invasion (aOR 2.61), ovarian metastasis (aOR 3.10), and 
pelvic nodal metastasis (single-node aOR 5.39 and multiple-node aOR 33.5) were 
all independent risk factors for PAN metastasis (all, P < 0.05; Table 13.1). Without 
any risk factors, the incidence of PAN metastasis was 0.9%, while women exhibit-
ing certain risk factor patterns (>20% of the study population) had PAN metastasis 
incidences of ≥4% (Table 13.2). PAN recurrence was seen in 22.5% of cases with 
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PAN metastasis present at the time of surgery, 4.2% among clinically PAN-negative 
cases at the time of surgery, and 2.5% among histologically PAN-negative cases at 
the time of surgery.

Among 4663 clinically PAN-negative cases at the time of surgery, parametrial 
involvement (aHR 1.67), lymphovascular space invasion (aHR 1.95), ovarian metas-
tasis (aHR 2.60), and pelvic lymph node metastasis (single-node aHR 2.49 and 
multiple-node aHR 8.11) were independently associated with PAN recurrence (all, 
P < 0.05; Table 13.3). Without any of these risk factors, the 5-year PAN recurrence 
risk was 0.8%; however, women demonstrating certain risk factor patterns (>15% of 
the clinically PAN-negative population) had 5-year PAN recurrence risk of ≥8% 
(Table 13.4). Surgical-pathological risk factors proposed in this study will be useful 
in the identification of women with an increased risk of PAN metastasis/recurrence. 
Currently, the JSGO guidelines only state that PAN dissection is recommended 
when there is a high suspicion for PAN metastasis [17]. However, this is not based 
on thoroughly evaluated evidence, and moreover, there is no objective schema or 

Table 13.1 Independent risk 
factors for para-aortic lymph 
node metastasis

Characteristic Adjusted OR (95% CI) P-value
Tumor size (cm)
  ≤4 1
  >4 0.96 (0.33–2.78) 0.93
Parametrial involvement
  No 1
  Yes 1.65 (1.01–2.70) 0.046
Deep stromal invasion
  No 1
  Yes 2.61 (1.05–6.46) 0.038
LVSI
  Absence 1
  Presence 0.97 (0.47–2.03) 0.94
Corpus invasion
  No 1
  Yes 0.95 (0.57–1.60) 0.85
Ovarian metastasis
  No 1
  Yes 3.10 (1.33–7.23) 0.009
Cytology results
  No malignancy 1
  Malignancy 1.61 (0.71–3.68) 0.26
  Not performed 0.72 (0.44–1.17) 0.18
Pelvic lymph node
  No metastasis 1
  Single metastasis 5.39 (1.74–16.6) 0.003
  Multiple metastasis 33.5 (13.7–81.8) <0.001

Adopted and modified from the original table [16]. A multivari-
able logistic regression model for para-aortic lymph node metas-
tasis. All the listed covariates were entered in the final model. OR 
odds ratio, CI confidence interval, and LVSI lymphovascular 
space invasion
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Table 13.2 Risk factor-based incidence of para-aortic lymph node metastasis

Parametrial 
involvement

Deep 
invasion

Ovarian 
mets

Single 
PLN

Multiple 
PLN No. PAN (+)

No No No No No 2044 18 (0.9%)
Yes No No No No 46 1 (2.2%)
No Yes No No No 1308 15 (1.1%)
No No Yes No No 6 0
No No No Yes No 112 1 (0.9%)
No No No No Yes 106 7 (6.6%)
Yes Yes No No No 380 7 (1.8%)
Yes No No Yes No 10 1 (10%)
Yes No No No Yes 20 0
No Yes Yes No No 7 1 (14.3%)
No Yes No Yes No 225 9 (4.0%)
No Yes No No Yes 287 14 (4.9%)
No No Yes Yes No 1 0
No No Yes No Yes 1 0
Yes Yes Yes No No 5 0
Yes Yes No Yes No 155 8 (5.2%)
Yes Yes No No Yes 328 21 (6.4%)
No Yes Yes Yes No 2 0
No Yes Yes No Yes 8 1 (12.5%)
Yes Yes Yes Yes No 4 0
Yes Yes Yes No Yes 25 1 (4.0%)

Adopted and modified from the original table [16]. Among 5098 cases with available results for 
these four risk factors, incidence of para-aortic lymph node metastasis was examined based on 
patterns of risk factors. PAN para-aortic lymph node metastasis; mets metastasis; and PLN pelvic 
lymph node metastasis

Table 13.3 Independent risk factors for para-aortic lymph node recurrence

Characteristic Adjusted HR (95% CI) P-value
Histology
  Squamous 1
  Non-squamous 1.08 (0.74–1.58) 0.68
Tumor size (cm)
  ≤4 1
  >4 1.22 (0.85–1.76) 0.29
Parametrial involvement
  No 1
  Yes 1.67 (1.14–2.45) 0.009
Deep stromal invasion
  No 1
  Yes 0.83 (0.53–1.31) 0.43
LVSI
  Absence 1
  Presence 1.95 (1.15–3.31) 0.014
Corpus invasion
  No 1
  Yes 1.36 (0.91–2.02) 0.14
Peritoneal cytology
  No malignancy 1
  Malignancy 1.49 (0.98–2.25) 0.06
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Characteristic Adjusted HR (95% CI) P-value
  Not performed 0.47 (0.13–1.71) 0.26
Ovarian metastasis
  No 1
  Yes 2.60 (1.03–6.58) 0.044
Pelvic lymph node
  No metastasis 1
  Single metastasis 2.49 (1.36–4.54) 0.003
  Multiple metastasis 8.11 (5.16–12.7) <0.001
Neoadjuvant chemotherapy
  No 1
  Yes 2.25 (1.56–3.24) <0.001
Adjuvant treatment
  None 1
  RT-based 1.26 (0.66–2.41) 0.48
  Chemotherapy 0.91 (0.45–1.86) 0.80

Adopted and modified from the original table [16]. A Cox proportional hazard regression model 
for multivariable analysis. All the listed covariates were entered in the final model. SCC squamous 
cell carcinoma, LVSI lymphovascular space invasion, RT whole pelvic radiotherapy, HR hazard 
ratio, and CI confidence interval

Table 13.3 (continued)

Table 13.4 Recurrence risk at para-aortic lymph nodes based on risk factor pattern among clini-
cally negative para-aortic nodes at radical hysterectomy

Parametrial involvement LVSI Ovarian mets Single PLN Multiple PLN No. 5-yr (%)*
No No No No No 1769 0.8%
Yes No No No No 70 1.6%
No Yes No No No 1198 1.9%
No No Yes No No 4 0%
No No No Yes No 57 6.0%
No No No No Yes 45 18.0%
Yes Yes No No No 276 4.8%
Yes No No Yes No 12 0%
Yes No No No Yes 19 15.0%
No Yes Yes No No 5 0%
No Yes No Yes No 218 2.5%
No Yes No No Yes 257 14.9%
No No Yes No Yes 1 0%
Yes Yes Yes No No 5 0%
Yes Yes No Yes No 117 9.0%
Yes Yes No No Yes 247 22.6%
No Yes Yes Yes No 4 0%
No Yes Yes No Yes 7 35.7%
Yes Yes Yes Yes No 3 100%
Yes Yes Yes No Yes 11 47.9%

Adopted and modified from the original table [16]. Among 4325 cases with complete information 
for the 5 risk factors, cumulative recurrence risk to para-aortic lymph node was examined based on 
the patterns of risk factors. *5-year cumulative recurrence risk of para-aortic lymph node recur-
rence. LVSI lymphovascular space invasion, mets metastasis, PLN pelvic lymph node metastasis
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triage system guiding performance of PAN dissection at the time of radical hyster-
ectomy. In this study, we have provided a concrete incidence list for PAN metastasis 
and recurrence that can be integrated into practice patterns. The threshold to per-
form PAN dissection has not been determined in this study, and we used arbitrary 
cutoffs of 4% for PAN metastasis and 8% for PAN recurrence based on clinically 
meaningful significance compared to the overall PAN metastasis/recurrence found 
in our study (PAN metastasis ~2% and PAN recurrence ~4%). Indeed, we found that 
a significant proportion (nearly one in five) of women with stage IB–IIB cervical 
cancer was at risk for PAN metastasis. Further cost-effective studies are necessary 
to determine the ultimate cutoff value to determine when PAN dissection should be 
performed.

13.5  Quality and Quantity Metrics of PLN Metastasis 
and Risk of PAN Metastasis in Stage IB–IIB Cervical 
Cancer (Tokai University) [18]

This study was conducted to identify predictors of PAN metastasis at the time of 
surgery for women with stage IB–IIB cervical cancer who underwent radical hys-
terectomy at both Tokai University School of Medicine and National Hospital 
Organization Saitama Hospital between January 1976 and December 2014. 
Inclusion criteria were as follows: (a) histology types including squamous cell car-
cinoma, adenocarcinoma, and adenosquamous and (b) lymphadenectomy sites 
including both PLN and PAN chains. Excluded cases were those that had received 
neoadjuvant chemotherapy prior to radical hysterectomy and rare histology types or 
if lymphadenectomy had been performed in the PLN chain only. Among the eligible 
cases, clinicopathological characteristics were abstracted from the medical record. 
In this study, we also assessed the pathological findings of surgical specimens from 
the parametrial tissue located at the origin of internal iliac vessels (Fig.  13.1). 
Lymph node status included the number of sampled lymph nodes as well as the 
number of lymph node containing tumor cells. Lymph node ratio (LNR) was then 
determined as the percent proportion of tumor-positive lymph node per the total 
number of sampled lymph nodes per each case. Detailed qualities of PLN status 
were further assessed for common iliac node status, bilateral PLN status, size of 
PLN determined during surgery (cutoff, 1 cm), the presence of multiple PLN metas-
tases, and high LNR (cutoff 6.6%) [19]. The primary focus of this analysis was to 
identify surgical-pathological factors for PAN metastasis. The secondary goal of 
this analysis was to examine the surgical-pathological factors predictive of the pres-
ence of parametrial tumor metastasis at the origin of internal iliac vessels.

There were 555 cases identified from the surgical tumor registry. Of these, there 
were 112 cases of surgically treated stage IB–IIB cervical cancer in which both 
PLN and PAN dissections were performed that did not receive neoadjuvant chemo-
therapy. The median numbers of sampled PLN and PAN were 39.5 and 30, respec-
tively. PAN metastasis was seen in 27 (24.1%) cases in this study. On univariate 
analysis, the absence of PLN metastasis (proportion of PAN metastasis, yes versus 
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no, 31.8% versus 0%) demonstrated a negative predictive value of 100%, while 
LVSI (yes versus no, 29.0% versus 0%) and parametrial tumor involvement at the 
origin of internal iliac vessels (yes versus no, 53.8% versus 36.4%) were statisti-
cally significantly associated with PAN metastasis (all, P < 0.05). We were not able 
to perform multivariate analysis due to the absence of cases which were positive for 
PAN metastasis but negative for PLN and LVSI involvement.

In an attempt to articulate the utility of intraoperative findings to predict PAN 
metastasis, quality and quantity metrics of PLN status were assessed for PAN 
metastasis. On univariate analysis, common iliac node metastasis (proportion of 
PAN metastasis, yes versus no, 66.7% versus 10.6%), bilateral PLN metastasis 
(52.2% versus 4.5%), PLN size of ≥1 cm (54.8% versus 10.3%), the presence of 
multiple PLN metastases (52.1% versus 3.1%), and a high LNR of ≥6.6% (63.2% 
versus 4.1%) were statistically significantly associated with PAN metastasis (all, 
P < 0.001). In a multivariate model (Table 13.5), common iliac lymph node metas-
tasis (adjusted OR 4.03), multiple PLN metastasis (adjusted OR 7.35), and PLN 
size of ≥1 cm (adjusted OR 8.92) remained independent predictors for PAN metas-
tasis (all, P < 0.05). By utilizing these intraoperatively assessable PLN characteris-
tics, the incidences of PAN metastasis were determined (Table 13.6). When none of 
these factors were present, there were no cases of PAN metastasis. If a PLN ≥1 cm 
or multiple PLN metastases were identified, the incidences of PAN were 16.7% 
and 18.2%, respectively. When two of these lymph node factors were present, 
the  incidences of PAN metastases ranged from 28.6 to 45.5%. With all three 
nodal  factors present, the incidence of PAN metastases exceeded 80% (84.2%) 
(P < 0.001).

Because parametrial tumor involvement at the origin of internal iliac vessels 
was significantly associated with an increased risk of PAN metastasis, we exam-
ined the risk factors for parametrial tumor involvement at the origin of internal iliac 
vessels. On univariate analysis, only bilateral PLN metastasis was significantly 

Lateral parametrial involvement
near the internal iliac origin

Parametrial involvement

Fig. 13.1 Resection of the parametrial tissue located at the origin of internal iliac vessels. We 
performed radical hysterectomy using Okabayashi’s method combined with PAN dissection and 
excision of the lateral parametrial involvement near the internal iliac origin if pelvic lymph node 
metastasis was detected by intraoperative frozen section diagnosis, and we performed pathological 
evaluation of the resected specimens
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associated with parametrial tumor involvement at the origin of internal iliac vessels 
(50% versus 9.1%, odds ratio 10.0, P = 0.027). When there was tumor involvement 
in the parametrial tissue near the uterine cervix, there was an increased risk of 
parametrial tumor involvement at the origin of the internal iliac vessels although it 
did not reach statistical significance (57.1% versus 23.8%, OR 4.27, P = 0.075).

The identification of PAN metastasis impacts not only patient counseling for 
prognosis but also the options for postoperative treatment. Because PAN dissection 
during radical hysterectomy can increase surgical or postsurgical morbidity related 
to the procedure, selective PAN dissection targeting women at increased risk of 
PAN metastasis is an ideal approach for the reduction of procedure-related compli-
cations. In this study, we not only validated the location, size, and quantity of PLN 
metastasis as predictors of PAN metastasis, we but also provided combined quanti-
tative and qualitative metrics to assess the incidence of PAN metastasis. All of these 
parameters are assessable during the surgery (Table 13.6), making the utility of this 
study useful in daily practice.

Table 13.5 Multivariate model for para-aortic lymph node metastasis examining pelvic lymph 
node factors

Characteristic Adjusted OR (95% CI) P-value
Multiple PLN metastases
  No 1
  Yes 7.35 (1.27–42.6) 0.026
Common PLN metastasis
  No 1
  Yes 4.03 (1.04–15.7) 0.044
PLN size ≥1 cm
  No 1
  Yes 8.92 (2.30–34.6) 0.002
  Not assessed n/a 0.99

Adopted and modified from the original table [18]. A binary logistic regression model for multi-
variate analysis. All the listed covariates were entered in the final model. OR odds ratio, CI confi-
dence interval, PAN para-aortic lymph node metastasis, and PLN pelvic lymph node

Table 13.6 Incidence of para-aortic lymph node metastasis based on quality and quantity of 
pelvic lymph node metastasis

Multiple PLN metastasis Common iliac metastasis Node size ≥1 cm No.
PAN
metastasis

No No No 20 0
Yes No No 11 2 (18.6%)
No No Yes 12 2 (16.7%)
Yes Yes No 7 2 (28.6%)
Yes No Yes 11 5 (45.5%)
Yes Yes Yes 19 16 (84.2%)

Adopted and modified from the original table [18]. Chi-square test, P < 0.001. Among cases with 
available results for all these factors, number and incidence of PAN metastasis are shown. PLN 
pelvic lymph node and PAN para-aortic lymph node
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13.6  Technique and Strategy for Para-aortic Lymph Node 
Dissection: Operative Procedure

13.6.1  Entering the Retroperitoneal Space (Retroperitoneal 
Incision, Mobilization and Rotation of the Intestines, 
Identification of the Right Ureter, and Ligation 
and Cutting of the Right Ovarian Vein)

When performing PAN dissection, particularly when removal of metastatic lymph 
nodes is required, adequate exposure is of the utmost importance for the manage-
ment of potential emergencies such as hemorrhage. To achieve this, an initial mid-
line abdominal incision is extended up toward the sternum. The falciform ligament 
of the liver is transected to release the liver from the peritoneum. The abdominal 
wall should then be elevated with a Kent retractor, while a Nakayama retractor is 
placed in the lower abdominal region (Fig. 13.2). Next, the peritoneum is incised 
along the right paracolic gutter from the lateral side of the ileocecal junction to 
allow mobilization of the ascending colon. Following this, the incision is extended 
along the medial side of the right kidney to the point where the right renal vein 
drains into the inferior vena cava (IVC), and then, the retroperitoneum is incised 

Omentum

Stomach

Kent retractor

Nakayama retractor 

Fig. 13.2 Laparotomy. Then the abdominal wall is lifted upward with a Kent retractor, while a 
Nakayama retractor is placed in the lower abdominal region
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from the origin of the right common iliac artery and vein toward the ligament of 
Treitz. This will mobilize the duodenum, the small intestine, and the ascending 
colon anterior to the IVC (Figs. 13.3–13.5). These organs are then placed into an 
intestinal bag held by an octopus retractor (Figs. 13.5 and 13.6). Lymphatic chan-
nels should now be observed in the vicinity of the left renal vein, and these must be 
ligated to prevent postoperative chylous ascites (Fig. 13.6). At this time, the courses 
of the right ureter, the right ovarian vein, and the inferior mesenteric vein should be 
mapped. The right ovarian vein is then isolated and ligated at the point where it 
enters the IVC (Fig. 13.5). Prior to starting the dissection, it is important to take note 
of the courses of the lumbar veins arising from the IVC/common iliac vein 
(Fig. 13.7).

Kidney  

 

Liver  

Ascending colon  

Gallbladder

Fig. 13.3 Incision of the 
retroperitoneum. Incision 
of the peritoneum along 
the right paracolic gutter 
from the lateral side of the 
ileocecal junction
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Rt ovarian vein

Gall bladder

Lt renal vein

Octopus retractor Octopus retractor 

Inferior mesenteric vein

Fig. 13.5 Surgical view after 
mobilizing the duodenum, small 
intestine, and ascending colon 
anterior to the aorta and inferior 
vena cava

Common iliac Artery

Inferior mesenteric vein

Fig. 13.4 Incision of the 
retroperitoneum. 
Retroperitoneum is incised from 
the origin of the right common 
iliac artery and vein toward the 
ligament of Treitz
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13.6.2  Right PAN Dissection (Residual Right Common Iliac Nodes 
and Right Side and Anterior Surface of the Inferior Vena 
Cava)

The IVC is retracted laterally by an assistant, and dissecting forceps are inserted 
from the right side of the IVC to separate the vascular sheath between the outer 
layer (tunica externa) and adipose tissue, which is ligated and transected using an 
ultrasonic scalpel (Fig.  13.8①). Next, the vascular sheath at the point two-thirds 
from the left side of the anterior surface of the IVC should be similarly separated 
using dissecting forceps, followed by ligation and transection using an ultrasonic 
scalpel (Fig. 13.8②). The right PAN can then be dissected by removal of the vascu-
lar sheath from the right half of the IVC, which allows the right side of the IVC to 
be clearly visualized. During the right PAN dissection, the sites where the lumbar 
veins enter the IVC should be checked. These veins are often symmetrical 
(Fig. 13.7), and their position of entry into the IVC is used as markers for the left 
PAN dissection. During the insertion of dissecting forceps, care should be taken to 
avoid injury to the lumbar veins. With adequate displacement of the IVC to the left 
side, the lymph nodes posterior to the IVC and between the abdominal aorta and 
IVC can be more easily removed.

Gall bladder

Inferior vena cava

Ureter Rt renal vein

Octopus retractor 

Fig. 13.6 Network of lymph vessels. A lymph vessel can be observed in the vicinity of the left 
renal vein, and it must be ligated to prevent postoperative chylous ascites
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Lt renal vein

Lt ovarian vein

Inferior mesenteric artery
Lt ovarian vein

Fig. 13.7 Vessel anatomy for para-aortic node dissection (OGS NOW No.6 Surgery for 
Endometrial Cancer and Ovarian Cancer—Essential Procedures and Advanced Techniques for 
Tumor Progression). Reprinted by courtesy of Medical View and translated by Mikio Mikami. At 
the start of PAN dissection, it is important to take note of the courses of the lumbar veins arising 
from the inferior vena cava/common iliac vein. Especially, during right PAN dissection, the sites 
where the lumbar veins enter the inferior vena cava should be checked. These veins are often sym-
metrical. The positions of the sites of lumbar vein entry are used as markers for left PAN 
dissection

Fig. 13.8 Right PAN 
dissection (OGS NOW No.6 
Surgery for Endometrial 
Cancer and Ovarian 
Cancer—Essential 
Procedures and Advanced 
Techniques for Tumor 
Progression). Reprinted by 
courtesy of Medical View 
and translated by Mikio 
Mikami
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13.6.3  Exposure of the Abdominal Aorta and IVC, Exposure 
of the Left Renal Vein, Ligation and Cutting of the Left 
Ovarian Vein, and Exposure of the Inferior Mesenteric 
Artery (IMA)

Next, the vascular sheaths enveloping the left half of the IVC and the abdominal 
aorta are removed (Fig. 13.9) to the level where the left renal vein runs into the 
IVC. The point where the left ovarian vein meets the left renal vein is identified, and 
the ovarian vein is ligated and transected following isolation of 2–3  cm of the 
peripheral left ovarian vein (Fig. 13.10). Gerota’s fascia of the left kidney should 
next be separated from the adipose tissues in the left PAN dissection field (above the 
IMA, area 326B1) which will allow for lateral displacement of the left kidney 
(Fig. 13.11). Next, tissue is removed from the anterior surface and left side of the 
abdominal aorta from the level of the IMA down to the level of the left common 
iliac which will allow for exposure of the lumbar arteries (Fig. 13.12). Small veins 
are often observed running to the IVC anteriorly at approximately 2–3 cm from the 
entry site of the common iliac vein, and these small veins should be transected using 
an ultrasonic scalpel (Fig. 13.7). Adipose tissues containing lymph nodes and the 
vascular sheaths covering the IVC and the abdominal aorta are removed by peeling 
them off while aiming to leave some of the tissue between the IVC and abdominal 
aorta. If the region between the abdominal aorta and IVC is dissected deeply, bleed-
ing from the many small blood vessels in this area may occur, particularly in the 
region of the IMA (this region should be treated afterward [refer 14.6.5.]). Therefore, 
the tissues surrounding the IMA should be resected using an ultrasonic scalpel and 
submitted as lymph nodes from the area 326B2 (the area below the IMA; Fig. 13.12).

13.6.4  Left PAN Dissection (Residual Left Common Iliac Nodes 
and Left Side of the Abdominal Aorta)

The sigmoid colon should be displaced superiorly to provide an open view of the 
area from the left external iliac artery and vein to the common iliac artery and vein. 
This will allow for dissection of the residual left common iliac nodes (Fig. 13.13). 
Next, the paraspinal tissues on the left side of the aorta are removed up to the level 
of the origin of the left renal artery (Figs. 13.14 and 13.15). As mentioned above, 
when the left para-aortic lymph nodes are removed, suture ligation should be per-
formed at the site immediately inferior to the origin of the left renal artery and vein 
to prevent chylous ascites. Prior to removal of the residual left common iliac nodes, 
the left ureter and left ovarian vein should be isolated and their courses mapped, 
followed by placement of a tape around the left ureter. Special attention should be 
paid to the lumbar veins running upward from the left common iliac vein and anas-
tomosing with the lumbar veins running downward from the left renal vein 
(Fig. 13.6). The abdominal aorta can then be displaced to the right using a forceps 

M. Mikami and K. Matsuo



199

Rt renal vein

Ureter

Ureter

Fig. 13.9 Exposure of the 
abdominal aorta and vena 
cava (OGS NOW No.6 
Surgery for Endometrial 
Cancer and Ovarian 
Cancer—Essential 
Procedures and Advanced 
Techniques for Tumor 
Progression). Reprinted by 
courtesy of Medical View 
and translated by Mikio 
Mikami. The vascular 
sheaths enveloping the left 
half of the inferior vena cava 
and the abdominal aorta are 
removed similarly. When the 
level where the left renal 
vein runs into the inferior 
vena cava is reached, the 
vascular sheaths are removed 
along the renal vein

Lt renal vein

Lt ovarian vein

Inferior vena cava

Fig. 13.10 Ligation and cut of the left ovarian vein (OGS NOW No.6 Surgery for Endometrial 
Cancer and Ovarian Cancer—Essential Procedures and Advanced Techniques for Tumor 
Progression). Reprinted by courtesy of Medical View and translated by Mikio Mikami
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with small gauze ball which allows for removal of the tissue posterior to the aorta 
(Fig. 13.14). Prior to removal of this lymphoid tissue, the adjacent lumbar veins 
should be ligated using an ultrasonic scalpel to provide a wide visual field. If liga-
tion is not performed, lumbar veins may be torn when traction is applied to the ves-
sels, and massive hemorrhage may occur. The sympathetic nerves which run toward 
the right and left sides of the spine near the iliopsoas muscle should be identified 
and preserved wherever possible.

13.6.5  Dissection Between the Abdominal Aorta and IVC

The abdominal aorta and IVC are displaced laterally in opposite directions 
through the use of forceps with small gauze ball or a finger. The lymphoid tis-
sues between the aorta and IVC can then be removed while avoiding transection 
of the lumbar veins running transversely in this area. The proximal margin of 
tissue removal is immediately inferior to the origin of the right renal artery and 
extends down to the bifurcation into the left and right common iliac arteries 
(Fig. 13.16).

Lt renal vein

Cutting end of
 lt ovarian vein

Octopus retractor 

Fig. 13.11 Separation between Gerota’s fascia on the left kidney and the fatty tissues in the left 
PAN dissection field (OGS NOW No.6 Surgery for Endometrial Cancer and Ovarian Cancer—
Essential Procedures and Advanced Techniques for Tumor Progression). Reprinted by courtesy of 
Medical View and translated by Mikio Mikami. Then Gerota’s fascia on the left kidney and the 
fatty tissues in the left PAN dissection field (above the inferior mesenteric artery, area 326B1) are 
separated (there is an easy dissection plane), and the left kidney is displaced laterally
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Inferior mesenteric artery

Fig. 13.12 Exposing the inferior mesenteric artery (OGS NOW No.6 Surgery for Endometrial 
Cancer and Ovarian Cancer—Essential Procedures and Advanced Techniques for Tumor Progression). 
Reprinted by courtesy of Medical View and translated by Mikio Mikami. There are many blood vessels 
in the region around the inferior mesenteric artery, and bleeding may occur easily. Therefore, the tissues 
surrounding the inferior mesenteric artery are resected using an ultrasonic scalpel.

Common iliac artery

Fig. 13.13 Complete dissection of residual common iliac nodes (OGS NOW No.6 Surgery for 
Endometrial Cancer and Ovarian Cancer—Essential Procedures and Advanced Techniques for Tumor 
Progression). Reprinted by courtesy of Medical View and translated by Mikio Mikami. The sigmoid 
colon is displaced superiorly to provide an open view of the area from the left external iliac artery and 
vein to the common iliac artery and vein. Then the residual left common iliac nodes are dissected
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13.6.6  Sacral Lymph Node Dissection

The right and left common iliac arteries should be separated from their veins, which 
allows for the placement of vascular tape around them. Retraction of the tapes 
(Fig. 13.17) exposes the underlying lymph nodes which can then be resected to the 
level of the sacrum.

 Forceps with small gauze ball

Inferior mesenteric artery

Fig. 13.14 Forceps with small gauze ball (OGS NOW No.6 Surgery for Endometrial Cancer and 
Ovarian Cancer—Essential Procedures and Advanced Techniques for Tumor Progression). 
Reprinted by courtesy of Medical View and translated by Mikio Mikami. The abdominal aorta is 
displaced to the right by using a forceps with small gauze ball, and tissues behind the aorta are also 
removed

Inferior mesenteric artery

Fig. 13.15 Lymph node dissection of the left side of the aorta (OGS NOW No.6 Surgery for 
Endometrial Cancer and Ovarian Cancer—Essential Procedures and Advanced Techniques for 
Tumor Progression). Reprinted by courtesy of Medical View and translated by Mikio Mikami. 
Paraspinal tissues on the left side of the aorta are removed up to the origin of the left renal artery
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Fig. 13.16 Dissection between the abdominal aorta and inferior vena cava (OGS NOW No.6 
Surgery for Endometrial Cancer and Ovarian Cancer—Essential Procedures and Advanced 
Techniques for Tumor Progression). Reprinted by courtesy of Medical View and translated by 
Mikio Mikami. The abdominal aorta and inferior vena cava are displaced laterally in opposite 
directions by using a forceps with small gaze ball or a finger, and the tissues between the aorta 
and vena cava are removed while paying attention to the lumbar veins running transversely

Fig. 13.17 Sacral lymph node dissection (OGS NOW No.6 Surgery for Endometrial Cancer and 
Ovarian Cancer—Essential Procedures and Advanced Techniques for Tumor Progression). 
Reprinted by courtesy of Medical View and translated by Mikio Mikami. The right and left com-
mon iliac arteries are separated from their veins by placing vascular tapes around the arteries and 
pulling on the tapes
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13.6.7  Checking for Bleeding, Intraperitoneal Irrigation, 
and Insertion of Drain/Measures to Prevent Adhesions

Following completion of the LND, the peritoneal cavity should be irrigated with 
physiological saline solution, checking to confirm hemostasis (Fig. 13.18). A drain 
is then inserted into the paravesical region, and the ileum and cecum are replaced to 
their normal anatomic position. The intestine should next be checked from the ter-
minal ileum to the ligament of Treitz to ensure the absence of torsion. An adhesion 
prevention agent can then be applied to the common and external iliac arteries and 
veins prior to covering these vessels with the peritoneum. As the small intestine and 
the ascending colon have been fully mobilized, it is important to replace them to 
their correct anatomic position prior to abdominal closure.

Fig. 13.18 Final view after the complete PAN dissection. The peritoneal cavity is washed with 
physiological saline, and checking is performed to confirm that bleeding has stopped
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13.6.8  Closure of the Abdomen

An adhesion prevention agent should be applied to the sutured sites of the perito-
neum prior to closure of the abdomen. Obese patients have a higher risk of postop-
erative surgical wound dehiscence; therefore, it is recommended that a subcutaneous 
drain with continuous suction should be inserted after the subcutaneous tissues have 
been irrigated with physiological saline solution.

13.7  Surgical Morbidity

Recent reports suggest relatively low mortality and morbidity rates when type III 
radical hysterectomy is performed for early-stage cervical cancer. This includes 
intraoperative complications in 1–3%, grade 3–4 postoperative complications in 
5.0–17%, and postoperative bladder dysfunction in 7.5–30% [20, 21]. However, the 
addition of PAN dissection to radical hysterectomy is associated with an increased 
risk of postoperative complications compared to radical hysterectomy alone. The 
combination of radical hysterectomy and PAN dissection with adjuvant radiother-
apy further increases the risk of grade 3–4 postoperative complications to approxi-
mately 15% (JGOG1070S, Machida H, Matsuo K, Mikami M, et al., manuscript in 
preparation). Our study showed that adjuvant radiotherapy causes an increase in the 
incidence of adverse events such as lymphedema, ileus, and ureteral obstruction 
compared to adjuvant chemotherapy. The JGOG is currently launching a phase III 
clinical trial to compare postoperative CCRT with chemotherapy alone following 
radical hysterectomy for clinical stage IB–IIB cervical cancer (JGOG1082), and 
this trial will provide data regarding the effectiveness of adjuvant chemotherapy in 
high-risk patients with early-stage cervical cancer. The clinical implications of our 
results are that adjuvant chemotherapy may be used to avoid grade 3–4 complica-
tions of radical hysterectomy plus PAN dissection. We recently reported that both 
adjuvant radiotherapy-based therapy and chemotherapy alone have a comparable 
effect on survival of women with early-stage cervical cancer for both the high-risk 
and intermediate-risk groups [22–24].

13.8  Future Prospect

The current article provides a summary of our treatment strategy for cervical cancer 
patients with surgically removable primary tumor and suspected PAN metastasis. 
Preoperatively, we always perform a manual examination to determine the clinical 
tumor stage and surgical feasibility. Imaging studies are then performed to assess 
the tumor size, lymph nodes status, and the presence of distant metastasis. In the 
absence of PLN/PAN metastasis, local therapy either by definitive whole pelvic 
radiotherapy or surgery alone is generally sufficient curative treatment. If PLN size 
>1 cm is suspected, radical hysterectomy followed by PAN dissection is recom-
mended. In such cases, complete resection of the cardinal ligament is also 
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suggested. Postoperative adjuvant chemotherapy is then given in an attempt to avoid 
the complications from radiotherapy. Our proposed strategy is originally based on 
our experience with the treatment of a patient who underwent radical hysterectomy 
for cervical cancer approximately 20 years ago. This patient had widespread lymph 
node metastasis extending sequentially from the PLN to the PAN, and during the 
surgery, 48 metastatic lymph nodes were resected. Her disease was subsequently 
cured by adjuvant chemotherapy alone without the need for radiation. We also 
treated a patient with cancer of the uterine corpus who was cured by surgery without 
further treatment despite the presence of 102 lymph node metastases. Our strategy 
is founded on the concept that “some patients with lymph node metastasis can be 
cured by local treatment alone if the proximal limit of the involved lymph nodes is 
removable.” We hope that surgeons will adopt our proposed strategy for patients 
with disease metastatic to the PLN >1 cm in the resected specimen. In the future, we 
hope that a prospective trial will be conducted to demonstrate the true value of the 
additional PAN dissection during radical hysterectomy for stage IB–IIB cervical 
cancer.
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References

 1. Ramirez PT, Jhingran A, Macapinlac HA, Euscher ED, Munsell MF, Coleman RL, et  al. 
Laparoscopic extraperitoneal para-aortic lymphadenectomy in locally advanced cervical can-
cer: a prospective correlation of surgical findings with positron emission tomography/com-
puted tomography findings. Cancer. 2011;117:1928–34.

 2. Cosin JA, Fowler JM, Chen MD, Paley PJ, Carson LF, Twiggs LB.  Pretreatment surgical 
staging of patients with cervical carcinoma : the case for lymph node debulking. Cancer. 
1998;82:2241–8.

 3. Brockbank E, Kokka F, Bryant A, Pomel C, Reynolds K. Pre-treatment surgical para-aortic 
lymph node assessment in  locally advanced cervical cancer. Cochrane Database Syst Rev. 
2013;3:CD008217.

 4. Cervical Cancer Guideline (Version 1.2017). NCCN Clinical Practice Guidelines in Oncology 
http://www.nccn.org/professionals/physician_gls/PDF/cervical.pdf

 5. Gouy S, Morice P, Narducci F, Uzan C, Gilmore J, Kolesnikov-Gauthier H, et al. Nodal-staging 
surgery for locally advanced cervical cancer in the era of PET. Lancet Oncol. 2012;13:e212–20.

 6. Gold MA, Tian C, Whitney CW, Rose PG, Lanciano R. Surgical versus radiographic deter-
mination of para-aortic lymph node metastases before chemoradiation for locally advanced 
cervical carcinoma : a Gynecologic Oncology Group Study. Cancer. 2008;112:1954–63.

 7. Mikami M, Aoki Y, Sakamoto M, Shimada M, Takeshima N, Fujiwara H, et al. Surgical princi-
ples for managing stage IB2,IIA2, and IIB uterine cervical cancer (Bulky Tumors) in Japan: a 
survey of the Japanese Gynecologic Oncology Group. Int J Gynecol Cancer. 2014;24:1333–40.

 8. Gouy S, Morice P, Narducci F, Uzan C, Martinez A, Rey A, et al. Prospective multicenter study 
evaluating the survival of patients with locally advanced cervical cancer undergoing laparo-
scopic paraaortic lymphadenectomy before chemoradiotherapy in the era of positron emission 
tomography imaging. J Clin Oncol. 2013;31:3026–33.

 9. Sakuragi N. Up-to-date management of lymph node metastasis and the role of tailored lymph-
adenectomy in cervical cancer. Int J Clin Oncol. 2007;12(3):165–75.

M. Mikami and K. Matsuo

http://www.nccn.org/professionals/physician_gls/PDF/cervical.pdf


207

 10. Gil-Moreno A, Magrina JF, Perez-Benavente A, Diaz-Feijoo B, Sanchez-Iglesias JL, Garcia A, 
Cabrera-Diaz S, Puig O, Martinez-Gomez X, Xercavins J. Location of aortic node metastases 
in locally advanced cervical cancer. Gynecol Oncol. 2012;125:312–4.

 11. Benedetti-Panici P, Maneschi F, Scambia G, Greggi S, Cutillo G, D'Andrea G, Rabitti C, 
Coronetta F, Capelli A, Mancuso S. Lymphatic spread of cervical cancer: an anatomical and 
pathological study based on 225 radical hysterectomies with systematic pelvic and aortic 
lymphadenectomy. Gynecol Oncol. 1996;62:19–24.

 12. Morice P, Castaigne D, Pautier P, Rey A, Haie-Meder C, Leblanc M, Duvillard P. Interest of 
pelvic and paraaortic lymphadenectomy in patients with stage IB and II cervical carcinoma. 
Gynecol Oncol. 1999;73:106–10.

 13. Kim PY, Monk BJ, Chabra S, Burger RA, Vasilev SA, Manetta A, DiSaia PJ, Berman 
ML. Cervical cancer with paraaortic metastases: significance of residual paraaortic disease 
after surgical staging. Gynecol Oncol. 1998;69:243–7.

 14. Vale C, Tierney JF, Stewart LA, Brady M, Dinshaw K, Jakobsen A, Parmar MK, Thomas G, 
Trimble T, Alberts DS, Chen H, Cikaric S, Eifel PJ, Garipagaoglu M, Keys H, Kantardzic 
N, Lal P, Lanciano R, Leborgne F, Lorvidhaya V, Onishi H, Pearcey RG, Pras E, Roberts K, 
Rose PG, Thomas G, Whitney CW, Chemoradiotherapy for Cervical Cancer Meta-Analysis 
Collaboration. Reducing uncertainties about the effects of chemoradiotherapy for cervical 
cancer: a systematic review and meta-analysis of individual patient data from 18 randomized 
trials. J Clin Oncol. 2008;26(35):5802–12. https://doi.org/10.1200/JCO.2008.16.4368.

 15. Kuji S, Hirashima Y, Komeda S, Tanaka A, Abe M, Takahashi N, Takekuma M, Asakura H, 
Harada H, Nishimura T.  Feasibility of extended-field irradiation and intracavitary brachy-
therapy combined with weekly cisplatin chemosensitization for IB2-IIIB cervical cancer with 
positive paraaortic or high common iliac lymph nodes: a retrospective review. Int J Clin Oncol. 
2014;19(2):341–7. https://doi.org/10.1007/s10147-013-0551-8.

 16. Matsuo K, Shimada M, Saito T, Takehara K, Tokunaga H, Watanabe Y, Todo Y, Morishige 
K, Mikami M, Sugiyama T. Risk stratification models for para-aortic lymph node metastasis 
and recurrence in stage IB-IIB cervical cancer. J Gynecol Oncol. 2018;29(1):e11. https://doi.
org/10.3802/jgo.2018.29.e11.

 17. Ebina Y, Yaegashi N, Katabuchi H, Nagase S, Udagawa Y, Hachisuga T, Saito T, Mikami M, 
Aoki Y, Yoshikawa H. Japan Society of Gynecologic Oncology guidelines 2011 for the treat-
ment of uterine cervical cancer. Int J Clin Oncol. 2015;20:240–8.

 18. Matsuo K, Grubbs BH, Mikami M. Quality and quantity metrics of pelvic lymph node metas-
tasis and risk of para-aortic lymph node metastasis in stage IB-IIB cervical cancer. J Gynecol 
Oncol. 2018;29(1):e10. https://doi.org/10.3802/jgo.2018.29.e10.

 19. Fleming ND, Frumovitz M, Schmeler KM, dos Reis R, Munsell MF, Eifel PJ, et al. Significance 
of lymph node ratio in defining risk category in node-positive early stage cervical cancer. 
Gynecol Oncol. 2015;136:48–53.

 20. Pikaart DP, Holloway RW, Ahmad S, et al. Clinical-pathologic and morbidity analyses of Types 
2 and 3 abdominal radical hysterectomy for cervical cancer. Gynecol Oncol. 2007;107:205–10.

 21. Landoni F, Maneo A, Zapardiel I, Zanagnolo V, Mangioni C. Class I versus class III radical 
hysterectomy in stage IB1-IIA cervical cancer. A prospective randomized study. Eur J Surg 
Oncol. 2012;38:203–9.

 22. Matsuo K, Shimada M, Aoki Y, Sakamoto M, Takeshima N, Fujiwara H, Matsumoto T, Mikami 
M, Sugiyama T. Comparison of adjuvant therapy for node-positive clinical stage IB-IIB cervi-
cal cancer: Systemic chemotherapy versus pelvic irradiation. Int J Cancer. 2017;141:1042–51.

 23. Matsuo K, Shimada M, Yokota H, Satoh T, Katabuchi H, Kodama S, Sasaki H, Matsumura N, 
Mikami M, Sugiyama T. Effectiveness of adjuvant systemic chemotherapy for intermediate- 
risk stage IB cervical cancer. Oncotarget. 2017;15(8):106866–75.

 24. Matoda M, Takeshima N, Michimae H, Iwata T, Yokota H, Torii Y, Yamamoto Y, Takehara K, 
Nishio S, Takano H, Mizuno M, Takahashi Y, Takei Y, Hasegawa T, Mikami M, Enomoto T, 
Aoki D, Sugiyama T. Postoperative chemotherapy for node-positive cervical cancer: results 
of a multicenter phase II trial (JGOG1067). Gynecol Oncol. 2018;149(3):513–9. https://doi.
org/10.1016/j.ygyno.2018.04.009. Epub ahead of print, PMID: 29661497.

13 Role of Para-aortic Lymphadenectomy During Radical Hysterectomy for Stage…

https://doi.org/10.1200/JCO.2008.16.4368
https://doi.org/10.1007/s10147-013-0551-8
https://doi.org/10.3802/jgo.2018.29.e11
https://doi.org/10.3802/jgo.2018.29.e11
https://doi.org/10.3802/jgo.2018.29.e10
https://doi.org/10.1016/j.ygyno.2018.04.009
https://doi.org/10.1016/j.ygyno.2018.04.009


209© Springer Nature Singapore Pte Ltd. 2019
M. Mikami (ed.), Surgery for Gynecologic Cancer, Comprehensive Gynecology 
and Obstetrics, https://doi.org/10.1007/978-981-13-1519-0_14

H. Kanao (*) · N. Takeshima 
Cancer Institute Hospital, Koutou-ku, Tokyo, Japan
e-mail: hiroyuki.kanao@jfcr.or.jp

14Laparoscopic Pelvic Exenteration 
for Recurrent Cervical Cancer

Hiroyuki Kanao and Nobuhiro Takeshima

Abstract
For locally advanced cervical carcinoma, the concurrent chemoradiotherapy 
(CCRT) ± surgery is the standard treatment. However, in some cases, even this 
multimodal therapy cannot prevent the recurrence, and almost 3000 women die 
from the cervical carcinoma every year in our country. Therefore, the treatment 
for the recurrent cervical cancer after CCRT is a big issue.

When the recurrent mass is localized in a pelvic cavity, a complete surgery, 
such as pelvic exenteration, is the most promising. However, the previous sur-
gery and CCRT create severe adhesion and fibrosis in the pelvis, which compli-
cates the complete tumor excision and causes the morbidity and mortality of this 
operation to be very high. Recently, laparoscopic pelvic exenteration is estab-
lished as technically feasible, and the rate of this morbidity and mortality assumes 
to be low compared with an open procedure, because of the advantage of lapa-
roscopy, better visualization, and meticulous dissection.

Keywords
Recurrent cervical cancer · CCRT · Laparoscopic pelvic exenteration · LEER

14.1  Background

Concurrent chemoradiotherapy (CCRT) is now regarded as the standard treatment 
for locally advanced cervical carcinoma, but this multimodal approach does not 
prevent recurrence. The risk of recurrence increases with increases in FIGO 
(International Federation of Gynecology and Obstetrics) stage and is approximately 
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10% for patients with stage IB disease, 17% for those with stage IIA disease, 23% 
for those with stage IIB disease, 42% for those with stage III disease, and 74% for 
those with stage IV disease [1].

When recurrence is within the original field of radiation, treatment options are 
limited. Re-irradiation, i.e., delivery of radiation to the field that https://rdcu.
be/1I6bt was previously radiated, is contraindicated because of the possibility of 
severe adverse effects, and chemotherapy seems to be ineffective because previ-
ously irradiated tissue is not well vascularized [2]. Surgery is often the only 
option for previously irradiated recurrent cervical cancer, and the most signifi-
cant prognostic factor is whether the resection margins are clear [3]. Marnitz 
et  al. reported that postoperative survival at 2  years drops from 55.2% when 
margins are negative to 10.2% when margins are positive [2]. Some authors have 
reported that survival of patients with one or more positive margins falls to 0% 
after 3 years [4].

Pelvic exenteration is indicated for selected cases of cervical cancer that recurs 
centrally after CCRT. Pelvic exenteration is used to achieve complete resection with 
negative margins. Pelvic exenteration for centrally recurrent cervical cancer was 
described in 1948 by Dr. Alexander Brunschwig [5]. However, he received numer-
ous criticisms due to high mortality and morbidity rates associated with the proce-
dure in general and to doubts about the therapeutic efficacy of the procedure in such 
cases. After the procedure was first described, many authors reported on its techni-
cal feasibility and oncologic outcome, and it gained widespread acceptance. Reports 
published within the past 20 years have documented a 5-year survival rate of 35.4% 
[1]. However, morbidity associated with this procedure is close to 70%. Early surgi-
cal complications include a large blood loss volume, sepsis, thromboembolic acci-
dents, and pulmonary complications [1]. Pelvic exenteration of recurrent cervical 
carcinoma involves previously irradiated tissue; therefore, the risk of anastomotic 
leakage, poor wound healing, and/or ureter and bowel obstruction increases. Long- 
term morbidity associated with pelvic exenteration includes but is not limited to 
disorders such as chronic and recurrent urinary infection, urinary tract and bowel 
obstruction, pyelonephritis, renal insufficiency, loss of sexual function, and pouch 
stones. Over the past 20 years, close to 1000 pelvic exenterations for advanced/
recurrent gynecologic malignancies have been reported, and the reported intraop-
erative mortality rate is 4.5% [1].

Because of the technical feasibility and good oncologic outcomes, pelvic exen-
teration has become the treatment of choice for centrally recurrent previously irradi-
ated cervical carcinoma.

14.2  Classification of Pelvic Exenteration

Pelvic exenteration as described by Alexander Brunschwig was originally classi-
fied into three types: anterior pelvic exenteration, posterior pelvic exenteration, 
and total pelvic exenteration [5]. Anterior pelvic exenteration removes the entire 
bladder, uterus, and vagina and is performed when the tumor invades the bladder. 
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Posterior pelvic exenteration removes the rectum, uterus, and vagina and is per-
formed when the tumor invades the rectum. Total pelvic exenteration removes the 
entire bladder, rectum, uterus, and vagina and is performed when the tumor invades 
the bladder and rectum. Although this classification system is commonly used, the 
extent of surgical resection is unclear—whether anterior pelvic exenteration 
includes resection of the urethra, whether posterior pelvic exenteration includes 
resection of the anal canal, and whether resection of the vagina is total or partial, 
for example.

For further clarification, Magrina and colleagues classified pelvic exenteration in 
relation to the levator ani muscle as supralevator pelvic exenteration, infralevator 
pelvic exenteration, and infralevator pelvic exenteration plus vulvectomy [6, 7]. We 
use the Magrina et al. classification system to guide the discussion below of laparo-
scopic pelvic exenteration for recurrent cervical cancer.

14.3  Laparoscopy vs. Laparotomy

Laparoscopy optimizes visualization and thus provides for meticulous dissection. 
Laparoscopic pelvic exenteration has become an option for treatment of recurrent 
cervical carcinoma. Iavazzo et al. [8] reviewed laparoscopic pelvic exenteration and 
compared the advantages and disadvantages of the procedure against those of open 
surgery. They reported that laparoscopic exenteration seems to result in minimal 
intraoperative blood loss, minimal intraoperative complications, fewer postopera-
tive complications, a shorter hospital stay, and better cosmesis. Although laparo-
scopic exenterations have been limited in number and longer follow-up periods are 
needed to compare late postoperative complications and overall survival between 
the laparoscopic and open procedures, the authors concluded that laparoscopic pel-
vic exenteration is a valid option for recurrent cervical cancer. These advantages 
have led us to apply laparoscopic pelvic exenteration to cases of previously irradi-
ated centrally recurrent cervical cancer.

14.4  Preoperative Evaluation

Microscopically margin-negative resection (R0 resection) of recurrent cervical can-
cer is essential. Therefore, evaluating the extent of the recurrence, whether the adja-
cent organs are involved or the pelvic sidewall is involved, is essential to determining 
whether and which type of pelvic exenteration is indicated.

14.4.1  Evaluation of Local Disease

Preoperative determination of the extent of tumor spread has traditionally involved 
clinical examination of the patient under general anesthesia and endoscopic evalu-
ation of the bladder and rectum. This type of evaluation is somewhat costly, and 
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there is a risk of complications. Magnetic resonance imaging (MRI) or computed 
tomography (CT) is often performed to evaluate the extent of tumor spread. 
According to Rockall et al., MRI is more sensitive than CT for detecting spread to 
the bladder, rectum, parametrium, and/or lymph nodes, and they concluded that an 
MRI scoring system can be used to predict absence of bladder or rectal invasion 
with sufficient confidence to safely obviate the need for invasive cystoscopic or 
endoscopic staging in the majority of patients with cervical cancer [9]. This may 
also reduce staging costs and morbidity. Forner et al. analyzed the usefulness of 
preoperative MRI for identifying uninvolved surgical margins and reported a sen-
sitivity of 85%, specificity of 52%, positive predictive value of 60%, and negative 
predictive value of 80%, but they concluded that surgical outcomes cannot be pre-
dicted with sufficient accuracy [10]. Jurado et al. reported resectability of approxi-
mately a third of centrally recurrent cervical cancers judged unresectable on the 
basis of clinical examination and imaging [11]. This is not surprising in patients 
who have been previously treated primarily with chemoradiation or surgery fol-
lowed by adjuvant radiation because the fibrotic changes produced in the pelvic 
tissues are often misjudged as recurrent tumor, and these kinds of changes can be 
difficult to distinguish even when sophisticated imaging techniques are used. MRI 
is an appropriate imaging modality for assessment of the extent of tumor spread, 
but MRI is not always adequate, and traditional preoperative evaluation (clinical 
examination under general anesthesia and endoscopic evaluation of the tumor 
spread) is necessary in some cases.

14.4.2  Evaluation of Distant Disease

When the recurrent cervical cancer has spread beyond the local area, pelvic exen-
teration is not appropriate because this situation points to systemic disease. 
Therefore, identification of distant disease is very important in determining whether 
pelvic exenteration is indicated.

Positron emission tomography (PET)-CT has been shown to be superior to both 
MRI and CT for evaluation of distant metastasis [12]. Husain et al. reported 100% 
sensitivity, 73% specificity, a positive predictive value of 55%, and a negative pre-
dictive value of 100% of PET-CT for detection of distant metastases [13]. In a meta- 
analysis of reports that covered 1757 patients, PET-CT was found to have a 
sensitivity of 90% and specificity of 99% in detecting distant metastases in patients 
with recurrent cervical cancer and was thus shown to be valuable for assessment of 
recurrent cervical cancer [14].

R0 resection is the strongest prognostic factor for postoperative survival of 
patients with recurrent cervical cancer; thus, evaluating resectability of the recurrent 
tumor is important for determining the surgical indication and avoiding pelvic exen-
teration in cases of unresectable disease. MRI and PET-CT can provide precise 
information about the extent of recurrent cervical cancer, including distant metasta-
sis, and these two imaging modalities used in combination are the standard upon 
which the surgical indication is determined.
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14.5  Techniques

When pelvic exenteration is applied to cervical carcinoma, the patient has already 
undergone CCRT, and thus almost all pelvic exenterations involve the previously 
irradiated field. Because the pelvic anatomy in the previously irradiated field is usu-
ally distorted as a result of severe adhesion and fibrosis, the pelvic exenteration 
procedure performed for recurrent cervical carcinoma is very complicated. The pro-
cedure is described below in the context of three different tumor types. Only the 
third example is of a recurrent cervical carcinoma after CCRT; the first two exam-
ples, which are not of cervical carcinoma, are given to clarify details of the operative 
procedure.

14.5.1  Supralevator Anterior Pelvic Exenteration for a Recurrent 
Low-Grade Endometrial Stromal Sarcoma (LGESS)

14.5.1.1  Case
The patient had undergone abdominal hysterectomy for what was assumed to be 
a leiomyoma but was determined by pathologic examination of the surgical speci-
men to be an LGESS. Almost 20 years later, a recurrent LGESS was detected at 
the vaginal stump, and the patient underwent several rounds of chemotherapy and 
hormonal therapy. These treatments were inefficacious, and the tumor progressed. 
Abdominal CT revealed that the recurrent tumor occupied the left vaginal stump 
and extended to the bladder, vagina, and left pelvic sidewall; the left ureter was 
also involved (Fig. 14.1). To achieve complete resection with negative margins, 
supralevator anterior pelvic exenteration including creation of an ileal conduit 
was planned.

a b

bladder

vagina bladder

Fig. 14.1 Preoperative MRI of recurrent low-grade endometrial stromal sarcoma (LGESS). (a) 
Transverse; (b) Sagittal. The recurrent tumor (←) occupied the left vaginal stump and extended to 
the bladder, vagina, and left pelvic sidewall. The left ureter was also involved
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14.5.1.2  Operative Procedure

Mobilization of the Rectum
The retroperitoneal space around the rectum was widely dissected, and the rec-
tum was mobilized. An avascular space between the mesorectal fascia and the 
presacral fascia was dissected and developed. Because the patient had not under-
gone radiation therapy, there was no fibrosis, so the procedure was very easy. The 
inferior hypogastric nerves and the pelvic nerve plexus around the rectum were 
easily identified during the dissection and easily transected. (In cases of anterior 
pelvic exenteration, it is not necessary to consider postoperative bladder func-
tion.) The dissection was continued around the rectum down to the levator ani 
muscle, and the rectum was lifted toward the opposite side for creation of the 
surgical field (Fig. 14.2).

Dissection of the Ureter (Fig. 14.3)
The recurrent mass involved the left ureter, and left hydronephrosis was found. The 
left ureter was identified at its entrance into the pelvic cavity, dissection was per-
formed around the ureter down to the bladder, and the ureter was transected. A 
temporary urinary stent was placed to preserve left renal function during the 
operation.

Detachment of the Tumor from the Pelvic Sidewall
The recurrent tumor involved the internal iliac artery and vein and was fixed to the 
pelvic sidewall. To detach the tumor from the pelvic sidewall, the internal iliac 

rectum

left ureter

tumor

promontry

external iliac artery

Fig. 14.2 The anatomical 
location of the tumor. The 
retroperitoneal space around 
the rectum was widely 
dissected, and the rectum 
was mobilized
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b

tumor

rectum

Internal iliac artery

ureter

IFPL

a
Lt. ureter

Fig. 14.3 (a) The transection of the left ureter. (b) After the transection of the ureter. IFPL infun-
dibulopelvic ligament
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artery was transected with 10 mm hemoclips (Fig. 14.4). After transection of the left 
internal iliac artery, its branches to the pelvic sidewall (e.g., the superior gluteal 
artery) were clipped and transected. (The central segment of this artery must be 
transected before transection of the peripheral branches, whereas the peripheral 
branches of the internal iliac vein must be transected before transection of the cen-
tral segment.) The tumor extended to the inferior piriform foramen, so the 

a

b

Internal iliac artery (lt)

Fig. 14.4 (a) Hemoclips placed on the internal iliac artery. (b) The transection of the internal iliac artery
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dissection was continued to the inferior piriform foramen, where the sciatic nerve 
was identified (Fig. 14.5a). During pelvic exenteration, two structures must be pre-
served: the external iliac artery and the sciatic nerve. The sciatic nerve is very close 
to the cardinal ligament, and gynecologic malignancy often involves this nerve. 
Thus, it is very important to identify the sciatic nerve during pelvic exenteration. 
After isolation of the sciatic nerve, the internal pudendal vessels were ligated and 

Sciatic nerve

Obturator nerve

Obturator nerve

Sciatic nerve

Internal pudental vein 

a

b

Fig. 14.5 (a) Sciatic nerve (lt). (b) The ligation of the lt. internal pudendal vein
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transected at the inferior piriform foramen. The close proximity between the sciatic 
nerve and internal pudendal vessels at the internal pudendal foramen is seen in 
Fig. 14.5b. After transection of the internal pudendal vein (a peripheral vein), the 
internal iliac vein (a central vein) was safely transected (Fig. 14.6). At this stage, the 
tumor was detached from the pelvic sidewall (Fig. 14.7).

a

b

Internal iliac vein

Inferior piriform foramen

Sciatic nerve

Fig. 14.6 The transection of the internal iliac vein. (a) Isolation of the internal iliac vein. (b) 
Transection of the internal iliac vein
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Development of the Prevesical Space (Fig. 14.8)
The prevesical space, which is an avascular area, was dissected and developed 
widely. The bladder was then detached from the pubic bone, and the urethra was 
easily identified. The adipose tissue was dissected around the urethra, and the dorsal 
vein complex was exposed. The dorsal vein complex was ligated and transected at 
the level of the levator ani muscle. (The dorsal vein complex is not as well devel-
oped in females as it is in males, and it can be transected without ligation when a 
vessel sealing device is used.) Note that after the bladder is detached from the pubic 
bone, a good operative view is very difficult to obtain, so detaching the bladder 
should be the final procedural step.

Transection of the Vagina and the Surgical Specimen
After the urethra was transected, the vagina was transected at the same level 
(Fig. 14.9).

The final intraoperative view is shown in Fig. 14.10. It is important to understand 
the anatomical position of the sciatic nerve, which is a key anatomical structure in 
the performance of pelvic exenteration. The surgical specimen is shown in 
Fig. 14.11. Complete R0 resection was achieved without complications.

(For surgical creation of an ileal conduit, please refer to a urology textbook.)

14.5.2  Infralevator Pelvic Exenteration plus Vulvectomy 
for a Rectal Carcinoma with Pagetoid Spread

14.5.2.1  Case
The patient presented with intractable itching and erythema in the perineal region. 
Multiple skin biopsies revealed Paget’s disease, which had infiltrated the urethra, 
vagina, vulva, and anal canal. In addition, rectal cancer was detected by colonofi-
berscopy, so rectal carcinoma with pagetoid spread was diagnosed, and infralevator 
total pelvic exenteration and vulvectomy were performed.

rectum

bladder

tumor

Sciatic nerve

Obturator nerve

Fig. 14.7 The tumor was 
detached from the pelvic 
sidewall
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14.5.2.2  Operative Procedure
Dissection down to the levator ani muscle was similar to that described above. The 
subsequent steps were as follows:

Dissection of the Ischiorectal Fossa (Fig. 14.12)
Because the tumor had not invaded the levator ani muscle, dissection included the 
ischiorectal fossa which was reached by excision of the pubococcygeal muscle. This 
is considered the best way because, of the levator ani muscles, the pubococcygeal 
muscle is most easily identified due to its anatomical location. In this case, the 
ischiorectal fossa was developed by transection of the pubococcygeal muscle. The 
ischiorectal fossa is a fat-filled space, so, it is very easy to dissect and expand this 
space with a vessel sealing device. Dissecting and developing this space as exten-
sively as possible laparoscopically are essential to safe and smooth performance of 
infralevator exenteration with vulvectomy.

Perineal Approach (Vulvectomy) (Fig. 14.13)
After laparoscopic development of the ischiorectal fossa, an incision was placed in 
the vulva in accordance with the preoperative skin mapping, and the underlying tis-
sue was dissected in line with the laparoscopic incision. The ischiorectal fossa was 
easily reached in this manner. (If dissection of the ischiorectal fossa is inadequate, 

a

b

c

Pubic bone

Dosal vein complex

Fig. 14.8 Dissection of the prevesical space. (a) Exposure of the urethra. (b) Ligation of the dor-
sal vein complex. (c) Transection of the urethra
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a

b

urethra

Pubic bone

Levator muscle

vagina

Fig. 14.9 (a) Transection of the urethra at the level of levator ani muscle. (b) Transection of the 
vagina
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reaching the space by perineal approach is very difficult and time-consuming.) The 
surgical specimens were extracted via the vulvar incision. R0 en bloc resection of 
the pelvic organs was achieved.

a

b

Internal iliac vessels

rectum

Sciatic nerve

Obturator nerve

rectum

Vaginal stump

Fig. 14.10 Final intraoperative view. (a) Left pelvic sidewall. (b) Right pelvic sidewall
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bladder

tumor

Internal iliac vessels

ureter

tumor

vagina

Bladder mucosa

Fig. 14.11 Surgical specimen. R0 resection could be achieved

a

b

c
rectum

Pubococcygeal muscle

Iliococcygeal muscle rectum

bladder

Iliococcygeal muscle

rectum
Ischiorectal fossa

Fig. 14.12 Ischiorectal fossa. (a) Transection of the pubococcygeal muscle. (b and c) The devel-
opment of the ischiorectal fossa
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Perineal Reconstruction (Fig. 14.14)
Perineal reconstruction was performed with a gracilis muscle flap. The gracilis mus-
cle was harvested from its bed via a medial femoral skin incision (Fig. 14.14a), the 
flap was brought into the pelvis, and the developed ischiorectal fossa was filled with 
this flap (Fig. 14.14b). The dead space can lead to pelvic abscess and intractable 
infection, so the gracilis muscle flap is quite important. A femoral skin flap was 
brought into the perineal region through an adequately large subcutaneous tunnel 
made between the perineum and thigh, and the skin defect was covered by the skin 
flap (Fig. 14.14c).

(Radical vulvectomy requires perineal reconstruction. There are various tech-
niques; please refer to a plastic surgery textbook.)

In cases of recurrent cervical carcinoma, the pelvic exenteration procedure is 
more complicated due to the presence of previously irradiated tissue.

The case below is that of a recurrent cervical carcinoma.

14.5.3  Total Laparoscopic Pelvic Exenteration for a Laterally 
Recurrent Cervical Carcinoma and Vesicovaginal Fistula 
that Developed After CCRT

14.5.3.1  Case (This case report is cited from reference [15])
The patient had a stage IVA cervical carcinoma. The tumor, which measured 10 cm 
upon MRI, involved the bladder and right ureter, and it caused right hydronephrosis 

a

b

c

vulva

rectum

vagina

bladder

Fig. 14.13 Vulvectomy. (a) Incision of the vulva. (b) Vulvectomy. (c) Surgical specimen
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(Fig. 14.15). Treatment with platinum-based CCRT was successful, and no residual 
tumor was detected upon completion of the CCRT. Approximately 7 months after 
completion of the CCRT, a recurrent tumor at the right pelvic sidewall and a vesico-
vaginal fistula were detected (Fig. 14.16). The tumor involved the right ureter and 
bladder and was attached to the rectum. The patient’s right renal function was lost. 
A left nephrostomy tube was placed, but steady leakage of urine from the vagina 
continued, severely affecting the patient’s quality of life. No other recurrent tumor 
was detected.

a

c

b

Gracilis muscle

perineal defect

gracilis flap

pubic bone

Fig. 14.14 (a) Harvest of the gracilis muscle; (b) The ischiorectal fossa is fulfilled by the gracilis 
flap; (c) Skin reconstruction

uterus

vagina

rectum

tumor
(10cm)

bladder

Rt. hydronephrosis

Fig. 14.15 MRI before CCRT. The tumor which measured 10 cm on a MRI involved the bladder 
and the right ureter, causing right hydronephrosis
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Treatment options for patients with recurrent disease after platinum-based CCRT 
are limited. Chemotherapy with bevacizumab is now the standard treatment for such 
patients, but this treatment is associated with fistula formation, so a bevacizumab 
regimen was not appropriate for our patient. Resection with a completely negative 
margin offers the most promise, but R0 resection was judged to be difficult in this 
case because, as noted above, pelvic examination revealed that the tumor was fixed 
to the pelvic sidewall. It has been reported that complete surgical resection with 
negative margins can be achieved in about a third of patients with a lateralized, 
previously irradiated, recurrent “unresectable” cervical cancer. MRI in our case 
revealed a small space between the recurrent tumor and the pelvic sidewall, so lapa-
roscopic surgery was decided upon.

14.5.3.2  Operative Procedure

Dissection and Mobilization of the Rectum
No distinct adhesion was detected around the uterus, but the uterus was completely 
fixed to the pelvis (Fig. 14.17a). The retroperitoneal space around the rectum was 
widely dissected, and the rectum was mobilized. The avascular space between the 
mesorectal fascia and the presacral fascia was dissected and developed. This space, 
in comparison to the prevesical space, was not affected by the previous irradiation. 
The inferior hypogastric nerves and pelvic nerve plexus were identified during the 

uterus

recurrent mass

recurrent mass

bladder vagina

vagina

rectum

rectum

a small space between the recurrent tumor 
and the pelvic sidewall

Fig. 14.16 Recurrent cervical carcinoma (MR images). Seven months after completion of the 
CCRT, a recurrent mass at the right pelvic sidewall and a vesicovaginal fistula were detected. The 
mass involved the right ureter and bladder and was attached to the rectum. The patient’s right renal 
function was lost. At this point, a left nephrostomy tube was placed; however, steady leakage of 
urine from the vagina continued, severely affecting the patient’s quality of life

H. Kanao and N. Takeshima



227

dissection, and they were transected completely. Dissection proceeded down to the 
levator ani muscle, while the assistant lifted the rectum with forceps (Fig. 14.17b).

a

b

rectum

uterus

rectum

Right ureter

uterus

Fig. 14.17 Intraoperative view. (a) Preoperative view. (b) Dissection of the pararectal space
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Transection of the Left Ureter (Fig. 14.18)
The left ureter was identified, and the left pararectal space was dissected. Severe 
fibrosis was found, especially around the left ureter, and this was most likely due to 
the previous CCRT. The fibrosis prevented dissection of the left ureter from the left 
cardinal ligament; therefore, the left ureter was transected, and a temporary ureteral 
stent was placed to secure left renal function during the operation. The left paravesi-
cal and pararectal spaces were dissected and opened until the left cardinal ligament 
was exposed.

Transection of the Left Cardinal Ligament (Fig. 14.19)
Severe fibrosis was found around the left cardinal ligament, and the left cardinal 
ligament was transected completely (en bloc resection) so that the left levator ani 
muscle could be reached. (In cases of laparoscopic radical hysterectomy, we 
expose the components [artery, vein, and nerve] of the cardinal ligament and 
transect them one by one. However, in a previously irradiated field, en bloc resec-
tion is safer because of the resulting severe fibrosis.) The right pararectal and 
retrorectal spaces were then dissected, and the right cardinal ligament was tran-
sected completely so that the pelvic floor could be reached, as on the left side. 
Right nephroureterectomy was performed because the right renal function was 
considered unrecoverable.

a

b

c
Lt. cardinal ligament

uterus

Left ureter

stump of left ureter

Left ureter

Fig. 14.18 Intraoperative view. (a) Transection of the lt. ureter. (b) Temporary urinary stent. (c) 
Exposure of the cardinal ligament
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Dissection of the Prevesical Space (Fig. 14.20)
The prevesical space was dissected and developed. The recurrent mass was found to 
be firmly attached to the pubic bone, but the attachment was a fibrotic adhesion, 
most likely due to the previous CCRT. There was no direct tumor invasion of the 
pelvic sidewall. Therefore, complete dissection of this attachment without tumor 
spillage was possible. (For hemostasis when bleeding occurs in the pubic bone area, 
the soft coagulation mode is quite effective.)

left cardinal ligament

Levator ani muscles

a

b

Fig. 14.19 Transection of the left cardinal ligament. (a) Exposure of the left cardinal ligament. 
(b) Transection of the left cardinal ligament down to the levator ani muscle
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Transection of the Rectum
Because the recurrent tumor was attached to the rectum, total pelvic exenteration was 
decided upon to ensure R0 resection. At this stage, the rectum was already mobilized, 
so the rectum was transected quite easily with a laparoscopic stapling device.

a

b

rectum

uterus

Prevesical space

Fig. 14.20 Dissection of the prevesical space. (a) Opening of the prevesical space. (b) Detachment 
of the recurrent tumor from the pubic bone
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(For transection of the rectum, please refer to another chapter.) After the rectum 
was transected, the pubococcygeal muscle was partially transected, and the ischio-
anal fossa was dissected and developed widely. (For a detailed description, please 
refer to the previous section, Infralevator Pelvic Exenteration plus Vulvectomy 
for a Rectal Carcinoma with Pagetoid Spread.)

Perineal Approach (Fig. 14.21)
The pelvic cavity was approached perineally, and this allowed for the pelvic exen-
teration. A surgical incision was placed in the vulva, in line with the laparoscopic 

a

b

Surgical specimen

Fig. 14.21 Perineal approach. (a) Vulval incision. The underlying tissue was detached so that the 
ischiorectal fossa could be reached. (b) Extraction of the surgical specimen
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incision, and the underlying tissue was detached so that the ischiorectal fossa could 
be reached. The surgical specimens were extracted via the vulvar incision. R0 en 
bloc resection of the pelvic organs was achieved. The recurrent tumor had fully 
penetrated the bladder, creating a huge vesicovaginal fistula. Upon pathologic 
examination of the surgical specimens, all surgical margins were found to be cancer 
free (Fig. 14.22).

The total laparoscopic right nephroureterectomy and pelvic exenteration were 
performed safely. The total operation time was 566 min. The blood loss volume was 
250 mL, and there was no need for transfusion.

There were no postoperative complications, and the patient was discharged on 
postoperative day 14. There has been no sign of recurrence during the 18 months 
that have passed since the surgery.

14.6  Future Prospect

Pelvic exenteration is usually indicated in cases of recurrent cervical carcinoma 
only when the recurrence is central. Patients with lateral pelvic recurrence are 
usually abandoned because the resectability rate is low, and 5-year survival rates 

Rt. kidney

Rt. ureter

uterus

bladder and recurrent mass

recurrent 
mass

Fig. 14.22 Surgical specimen
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are close to zero when a resection margin is positive [16]. Höckel et al. described 
laterally extended endopelvic resection (LEER), which includes lateral extension 
of the surgical excision, moving toward the medial aspect of the lumbosacral 
plexus, piriform muscle, internal obturator muscle, and acetabulum [17]. They 
reported 5-year survival and overall survival rates of 62% and 55%, respectively, 
for 100 patients who were treated by LEER and followed up for a median time of 
30 months. However, there were two procedure-related deaths, and the morbidity 
rate was 70% [18].

As noted above, Jurado et al. reported that about a third of patients with laterally 
recurrent previously irradiated cervical carcinoma classified as unresectable may 
ultimately undergo complete resection. They reported that when resection was com-
plete (R0), there was no difference in 10-year survival between patients with central 
and those with lateral recurrence [11].

Based on these reports, we conclude that previously irradiated recurrent cervical 
carcinoma at pelvic sidewall is not contraindication of surgery. However, incom-
plete resection is more harmful than observation, so the indication for this surgery 
(LEER) is very important. Höckel et al. reported the following selection criteria: 
tumor diameter <5 cm, a disease-free interval of at least 5 months after the comple-
tion of CCRT, and a disease-free greater sciatic foramen [18]. Thus, not every recur-
rence that extends to the pelvic sidewall is eligible for LEER.

In cases of recurrent previously irradiated cervical carcinoma, fibrosis around the 
recurrent mass can obscure the tumor border, and it is thus sometimes very difficult 
to determine by preoperative imaging whether the recurrent mass is resectable.

Abdominal MR images of two laterally recurrent cervical carcinomas are 
shown in Fig. 14.23. Whether the tumor has invaded the sciatic nerve is unclear 
on these images. In cases in which tumor invasion of the sciatic cannot be identi-
fied upon MRI or CT, limb pain is a very important clue to tumor resectability. 
The Case A patient had right lower limb pain, and the Case B patient did not. In 
fact, in the Case A patient, denervation atrophy of the right gluteus medius is 
seen (A-2), which is the result of the tumor invasion of the sciatic nerve. In this 
case, LEER was ruled out, whereas in Case B, R0 resection was achieved by 
LEER (Fig. 14.24).

We performed laparoscopic LEER in three patients with a laterally recurrent 
previously irradiated cervical carcinoma. In all three cases, R0 resection was 
achieved. The morbidity rate was 33%, and the mortality rate was 0%. The survival 
impact of LEER is unclear, however, because of the short follow-up periods and 
small number of patients in whom we have performed the procedure.

The prognosis of laterally recurrent previously irradiated cervical carcinoma is 
currently poor, and surgery is contraindicated in such cases. However, we believe 
that laparoscopic LEER will become the treatment of choice for patients with this 
type of recurrence. The next step to determining the selection criteria and discussing 
the technical feasibility and oncologic outcome of LEER for laterally recurrent pre-
viously irradiated cervical carcinoma will be further data collection.
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recurrent mass

recurrent mass

gluteus medius

Fig. 14.23 The difficulty of evaluation of extent of the recurrent tumor

Rt. external iliac vein

rectum

Rt. superior gluteal artery

S1
L5

Sciatic nerve

Fig. 14.24 The final 
operation view (Case B). 
R0 resection could be 
achieved
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15Sentinel Node Navigation Surgery

Hitoshi Niikura

Abstract
Cervical cancer patients with stage IA1 disease with lympho-vascular involve-
ment, IA2 or IB1 disease, or squamous, adenocarcinoma, or adenosquamous 
histology require a sentinel lymph node navigation surgery (SNNS) via sentinel 
lymph node biopsy. Bilateral detection rates are high in tumors smaller than 
2 cm, and such tumors are the most favorable for SNNS. Utilization of this tech-
nique increases the detection rate of lymph node micrometastasis by identifica-
tion of the target node outside the usual field dissected using formal systematic 
lymphadenectomy and/or by ultrastaging and has the potential to decrease mor-
bidity associated with standard lymphadenectomy, particularly lymphedema. 
Sentinel lymph node mapping utilizing both radioisotope and blue dye is the 
most effective. In more recent years, indocyanine green has emerged as an 
equally useful tracer compared to the traditional dual tracer technique. 
Indocyanine green may be particularly useful during laparoscopic or robotic sur-
gery. In order to decide whether or not to omit systematic lymphadenectomy 
intraoperatively, convenient strategies for intraoperative micrometastatic diagno-
sis, such as cytokeratin 19 mRNA detection, need to be established.
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Cervical cancer · Sentinel lymph node · Navigation surgery · Micrometastasis  
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15.1  History

The concept behind sentinel lymph node detection is that the SLN is the first site 
to harbor metastases and that no systemic metastases will be present in cases 
without SLN metastases. This concept was reported initially in patients with 
penile cancer by Cabanas [1] and then applied and developed for malignant mela-
noma and breast cancer. Currently, SLN biopsy is standardized in melanoma [2] 
and breast cancer [3].

Radical hysterectomy with pelvic lymphadenectomy is performed routinely to 
treat early-stage cervical cancer. However, the procedure is frequently associated 
with complications including lymphocele, lymphedema, and urologic disorders. 
Furthermore, the incidence of lymph node metastasis in patients with clinical stage 
IB cervical carcinoma is approximately 15–20% [4, 5], suggesting that lymphade-
nectomy may be unnecessary in most of these early-stage cancers. To avoid system-
atic lymphadenectomy and minimize postoperative complications, the SLN concept 
has been applied to the treatment of cervical cancer. SLN biopsy for patients with 
cervical cancer was first reported by Echt et al. in 1995 [6] using blue dye (lympha-
zurin) only. This concept has also been investigated in Japan [7–9].

SLN biopsy techniques in cervical cancer have been developed in recent years, 
and many studies from single institutions have been reported. In a review of 842 
patients in whom SLN mapping was performed, 1 study reported a 97% detection 
rate and 92% sensitivity when a combined method (both radioactive tracer and blue 
tracer) was employed [10]. These results are not inferior to those of breast cancer. 
Moreover, multicenter studies have reported that SLN detection is fully reliable 
when SLNs are detected bilaterally [11, 12].

In several systematic reviews, sentinel lymph node mapping utilizing both radio-
isotope (RI) and blue dye is feasible and effective [13]. As for radioisotopes, albu-
min nanocolloids are commonly utilized in Europe, antimonalis in Australia, and 
sulfur colloids in the United States. In Japan, 99mTc-phytate has been utilized for 
sentinel node detection at many institutes [6–8]. In more recent years, it has been 
understood that indocyanine green (ICG) is an equally useful tracer compared to the 
double tracer method with RI and blue dye [14]. ICG may be a more useful tracer 
during laparoscopic or robotic surgery.

15.2  Principle and Indication

The SLN is the first site of lymphatic flow from the primary tumor site, and SLN 
biopsy is indicated in patients with tumor limited to the uterine cervix and with no 
clinically evident distant metastases. In general, cervical cancer patients with stage 
IA1 disease with lympho-vascular involvement, IA2 or IB1 disease, or squamous, 
adenocarcinoma, or adenosquamous histology require a sentinel lymph node navi-
gation surgery (SNNS) via sentinel lymph node biopsy. SLN detection rate is low, 
and the false-negative rate is high in patients with bulky (>4 cm) tumors. On the 
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other hand, in cases with tumors smaller than 2 cm, bilateral detection rate is high; 
such tumors are ideal for SNNS [11, 12]. Previous cervical conization should not be 
considered a contraindication to SNNS [13].

The number of detected SLNs is 2–3 in most pelvic cavities [6]. Intraoperative 
frozen section analysis can be performed, and the decision to proceed to formal 
lymphadenectomy can be made intraoperatively.

The benefit of SLN biopsy seems to be its ability to identify a target node outside 
the usual field of formal, complete pelvic lymphadenectomy (e.g., presacral and 
para-aortic areas). In an analysis of 3012 SLNs, SLN basins were identified along 
the common iliac vessels (6.6%), the lower para-aortic region (2%), the presacral 
region (1.26%), and the inguinal chain (0.07%) [15].

Moreover, even if the SLN detection site is a common location for metastases, 
the lymph node micrometastases detection rate increases through ultrastaging. 
Ultrastaging is performed by stepwise serial sectioning at 0.1–0.2 mm intervals and 
immunostaining for antigens including pancytokeratin. In our studies, lymph node 
metastases were detected in approximately 30% of patients who underwent SNNS, 
and five cases had micrometastases (between 0.2 and 2 mm); two cases had isolated 
tumor cells (ITCs) (smaller than 0.2 mm) [16]. Another study demonstrated that 
lymph node metastasis was detected in 14 of 81 SNNS cases (17%) and 15 of 218 
systematic lymphadenectomy cases (7%) [17].

The clinical significance of micrometastasis is not established in cervical cancer. 
A retrospective multicenter study demonstrated that overall survival was signifi-
cantly reduced in patients with macrometastasis and micrometastasis, but the pres-
ence of ITCs was not associated with significant risk in patients who underwent 
SLN biopsy followed by ultrastaging. Micrometastasis identified by SLN biopsy 
and ultrastaging may be a significant prognostic factor [18].

There was no significant difference in recurrence rate between SNNS with intra-
operative diagnosis and surgery with complete, formal lymphadenectomy [17]. No 
pelvic recurrence could be detected in the SNNS group evaluated with intraopera-
tive, 2 mm interval frozen sections [16]. Intraoperative diagnosis of frozen section 
may be feasible at 2 mm intervals parallel to the short axis of the dissected node. In 
adenocarcinoma cases, it is important to distinguish between endosalpingiosis and 
a metastatic adenocarcinoma lesion.

The number of young women with cervical cancer has increased in recent 
years, and survivors must live with treatment-associated sequelae for long periods 
of time if treated at an early age. To that end, prevention of lymphedema is impor-
tant in cervical cancer patients. In breast cancer, the rate of postoperative compli-
cations including lymphedema has been reported to significantly decrease in 
patients who undergo sentinel lymphadenectomy alone [19]. A significant differ-
ence in the incidence of lymphedema between the SNNS group and the systematic 
lymphadenectomy group was recognized in our study [16]. In cervical cancer 
patients, omitting formal lymphadenectomy may lead to a similar decrease in leg 
lymphedema as seen in the upper extremities after surgery in breast cancer 
patients.
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15.3  Technique

15.3.1  Lymphoscintigraphy with 99m-Technetium and Single- 
Photon Emission Computed Tomography/Computed 
Tomography (SPECT/CT)

On the day before surgery, lymphoscintigraphy is performed with injection of 
0.4 mL of fluid containing 90 MBq 99mTc-phytate (DRL, Tokyo, Japan) into the 
cervix at the 3, 6, 9, and 12 o’clock positions (0.1 mL per injection site). This pro-
cedure is carried out in the Nuclear Medicine Department. No anesthesia is needed 
during this procedure. Dynamic lymphoscintigraphy lasts for approximately 30 min 
to 1 h. In most cases, sentinel lymph nodes are identified as hot spots within several 
minutes of injection. The first lymphoscintigram is taken at this time, and the sec-
ond lymphoscintigram is taken the next morning, just before the patient enters the 
operating room (Fig. 15.1). The SLNs can be detected at the second scintigram in 
some but not all cases.

In the cases where SLNs can be detected as visualized hot spots by scintigram, 
SPECT/CT is added (Fig. 15.2). SLNs sometimes exist deep in the pelvic cavity in 
cervical cancer patients. SPECT/CT is useful for easy detection of such SLNs dur-
ing surgery.

15.3.2  Intraoperative Lymphatic Mapping and Sentinel Lymph 
Node Identification

After the abdominal cavity is opened (or all trocars are inserted in laparoscopic or 
robotic surgery), 4.0 mL of blue dye (patent blue violet: SIGMA Co. St. Louis, MO) 

Fig. 15.1 Preoperative 
lymphoscintigram. Two 
hot nodes are visible in the 
pelvic area
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is injected into the cervix in four quadrants (1.0 mL per injection site) as the RI 
solution. In our institution, photodynamic dye (ICG; Daiichi Sankyo, Tokyo) is 
injected into the cervix as ICG disperses more quickly than other kinds of tracer. 
ICG is injected at the 8 and 10 o’clock positions, and SLN biopsy is performed in 
the right pelvic cavity. Next, a left side SLN biopsy is performed after injecting at 
the 2 and 4 o’clock positions. Injecting the tracer is facilitated by moving the uterus 
manually from the abdominal cavity. Before SLN biopsy is attempted, the retroperi-
toneal cavity (paravesical space and pararectal space) should be opened, and radio-
active and/or blue lymph nodes located using a gamma-detecting probe and by 
inspection. The gamma-detecting probe for laparoscopy is inserted into the 12 mm 
port (assistant port in robotic surgery) in laparoscopic surgery. The procedure to 
trace dye or photodynamic dye by inspection is useful in cases in which it is difficult 
to detect SLNs by scintigram (Fig. 15.3). In patients with SLNs in unusual sites 
(e.g., sacral or para-aortic nodes), it is necessary to remove all involved tissue. 
Radical hysterectomy requires examination of the tissue around the deep uterine 
veins, in order that parametrial lymph nodes are removed. In SNNS, lymph nodes 

Fig. 15.2 Bilateral 
obturator lymph nodes are 
visualized in SPECT/CT

Fig. 15.3 External iliac 
and obturator sentinel 
lymph nodes are detected 
utilizing indocyanine green
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around the deep uterine veins must be surveyed by a gamma-detecting probe and by 
inspection. If parametrial SLNs are detected, those nodes are removed and submit-
ted for intraoperative pathological diagnosis in a similar way.

In SLN biopsy, the iliac vessels and obturator nerve are not exposed completely, 
so anatomical knowledge is more important than formal lymphadenectomy. Special 
attention is required to not injure nerves or vessels. It is important that clinically 
suspicious and enlarged nodes should be removed regardless of SLN detection and 
that systematic lymphadenectomy should be performed in at least not detected side 
of hemipelvis if SLN mapping is not successful [20].

When the gamma-detecting probe registers counts more than tenfold above 
background radiation levels, the node is considered radioactive. All radioactive and 
blue nodes are considered SLNs. All surgically removed lymph nodes are reexam-
ined with the gamma-detecting probe ex vivo.

After lymphadenectomy or SLN biopsy during SNNS is performed, the pel-
vic cavity is scanned with the probe to confirm that no radioactive tissues 
remain.

After SLN biopsy, radical or semiradical hysterectomy is performed routinely 
(see Chap. 7 or 8).

Even if lymph node metastases are identified intraoperatively by pathological 
examination of frozen sections, the scheduled radical hysterectomy is not aban-
doned, and formal lymphadenectomy is performed. In cases with metastases limited 
to the SLN or in cases with micrometastasis (or ITCs), the role of hysterectomy and 
formal lymphadenectomy is not clear at present. Moreover, in such cases, adjuvant 
therapy with chemotherapy may be adequate and decrease the side effects by 
radiation.

15.3.3  Pathological Examination

Frozen section analysis of detected SLNs is performed intraoperatively. Each SLN 
is examined utilizing stepwise sectioning at 2 mm intervals parallel to the short axis 
of the node and examined with hematoxylin and eosin (H&E) staining. The remain-
ing tissue is formalin-fixed and embedded in paraffin for routine histological analy-
sis. Formal lymphadenectomy is omitted in patients with no SLN metastases in 
SNNS.  In cases with SLN mapping only, all surgically removed non-SLNs are 
examined histopathologically using routine H&E staining. One section from each 
lymph node is divided at the maximal diameter in non-SLNs. After SLNs are reex-
amined and diagnosed as negative for metastasis by routine H&E staining postop-
eratively, the blocks are cut at 0.1 mm intervals, and slides are immunostained with 
an antibody directed against cytokeratin (AE1/AE3, DAKO, Japan), expression of 
which is a characteristic of metastatic cancer cells. It is recommended to measure 
and record the size of metastasis for deciding adjuvant therapy, but the significance 
of ITCs (defined as metastases measuring ≤0.2 mm) and micrometastases (defined 
as tumors ranging from 0.2 to 2 mm) is not clear. Most of them lead to adjuvant 
therapy in current practice.
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15.4  Morbidity

Anaphylactic reaction to tracers (patent blue, Tc-colloidal albumin, etc.) has been 
reported, but we have not experienced a single such reaction in several hundreds of 
cases with SLN detection using patent blue and 99mTc-phytate.

The morbidity of radical or semiradical hysterectomy is present in surgeries 
using SNNS (see Chaps. 7 or 8), but the rate of lymphedema decreases [16].

15.5  Future and Prospect

SLN biopsy is indicated for patients with stage IA1–IB1 cervical cancer, and its 
feasibility and utility for more advanced-stage patients have been reported [21]. 
SLN detection procedure needs to be completed in all operable cases as an adjunct 
treatment, and the difference in the prognostic value between metastases limited to 
SLN and that extended to non-SLN beyond SLN needs to be clarified. The biologi-
cal malignant potential may be different between cases with multiple metastases 
limited to sentinel nodes and those with metastases to non-sentinel nodes, and the 
therapeutic strategy will be modified considering the individual metastatic pattern.

In breast carcinoma, cases with micrometastases or less do not need formal axil-
lary lymphadenectomy. In cervical cancer patients with micrometastases or ITCs, 
formal lymphadenectomy may be not necessary based on previous studies [22]. 
Further studies are needed to clarify the need for formal lymphadenectomy in such 
cervical cancer cases.

Previous studies have demonstrated that the detection rate of lymph node metas-
tasis by SNNS increased compared with conventional methods as confirmed by 
formal lymphadenectomy and routine pathological examinations. These data have 
been confirmed by not only intraoperative but also postoperative ultrastaging. On 
the other hand, the evaluation of intraoperative pathological diagnosis is not consis-
tent among previous reports. Examination of SLN by stepwise sectioning at 2 mm 
intervals parallel to the short axis of the node is time-consuming but feasible com-
pared with examination of only a single level on frozen sections. The sensitivity of 
lymph node metastasis detection by single-level evaluation of frozen sections intra-
operatively was reported to be low (20.7%) [23]. While the detection rate of lymph 
node metastasis has improved by increasing the number of frozen sections exam-
ined, the workload of pathologists has also increased. Other convenient strategies 
for intraoperative diagnosis, such as mRNA expression analysis and one-step 
nucleic acid amplification techniques, need to be established. Micrometastases or 
larger metastases in cervical cancer patients may be identified by evaluation of cyto-
keratin 19 mRNA expression [24].

SLN biopsy in cervical cancer cases is performed at very few institutions in 
Japan. Feasibility studies performed at a single institute are necessary even if the 
number of patients is limited, and the utility of SLN biopsy should be established 
in more institutions prior to performing multicenter prospective validation 
studies.
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It is necessary for gynecological oncologists to have experience with at least ten 
cases of sentinel lymph node mapping with backup systematic lymphadenectomy 
using a double tracer, not single tracer, method (RI with dye or RI with ICG) and to 
understand the precise diffusion pattern of pelvic SLNs.

Ultrastaging and intraoperative diagnosis using frozen sections are necessary in 
the future. Therefore, cooperation with histopathologists is important. The feasibil-
ity of pathological diagnosis should also be evaluated in individual institutions.

If the utility of SNNS for cervical cancer in Japan can be confirmed by multi-
center studies involving gynecologists who have acquired adequate experience with 
SLN biopsy, SNNS will provide significant clinical benefit for patients with cervical 
cancer.
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16Outline of Surgery  
(Refer to Hysterectomy in Section 
of Cervical Cancer)

Yukiharu Todo

Abstract
Surgery is usually the principal treatment for endometrial cancer and includes 
hysterectomy, often along with salpingo-oophorectomy and lymph node dissec-
tion. Acquisition of pelvic washing samples is preferable. In some cases, the 
omentum is removed and/or peritoneal biopsies are obtained. If the cancer has 
spread throughout the pelvis and abdomen, as much cancer as possible should be 
removed.

Keywords
Ovarian preservation · Peritoneal washing cytology · Omentectomy · Debulking 
surgery

16.1  History

Endometrial cancer is the most common malignancy of the female genital tract in 
the United States, with an estimated 61,380 new cases reported in 2017 [1]. The 
annual number of deaths increased from 6000 in 1997 [2] to 10,920 in 2017 [1]. 
However, the International Federation of Gynecology and Obstetrics (FIGO) annual 
report demonstrated that the survival rates of patients with endometrial cancer have 
continued to increase during recent decades [3]. This trend applies to all cases, 
including stage IIIC. Meanwhile, surgical staging has become a principal step in the 
treatment of endometrial cancer. This concept includes appropriate use of adjuvant 
therapy to improve the prognosis for patients at high risk of recurrence.
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16.2  Principles and Indications

Potential procedures required for surgical staging include hysterectomy, bilateral 
salpingo-oophorectomy, lymph node dissection, peritoneal washing cytology, omen-
tectomy, and peritoneal biopsy. Hysterectomy and bilateral salpingo- oophorectomy 
are the cornerstone procedures for surgical staging, and additional procedures are 
implemented when a patient is presumed to be at high risk of recurrence or to have a 
poor prognosis. Ovarian preservation is considered based on the patient’s age. 
Whether extensive surgery including lymph node dissection should be performed 
depends largely on the extent and aggressiveness of the disease. Assessment of myo-
metrial invasion when determining the extent of disease is of great importance in 
patients with endometrial cancer presumed to be confined to the uterine corpus.

16.2.1  Hysterectomy

The standard hysterectomy procedure for stage I endometrial cancer is considered 
to be extrafascial hysterectomy (Piver-Rutledge class I). One prospective random-
ized study showed no difference in the 5-year overall and disease-free survival rates 
between modified radical hysterectomy and extrafascial hysterectomy (overall sur-
vival, 92.2% vs. 88.9%, P = 0.34; disease-free survival, 89.7% vs. 87.7%, P = 0.72) 
[4]. However, modified radical hysterectomy (Piver-Rutledge class II) is another 
option. In one retrospective study, the 5-year disease-free survival rate in the modi-
fied radical hysterectomy group was higher than that in the extrafascial hysterec-
tomy group, although the difference was not statistically significant (96.0% vs. 
88.2%, P = 0.24) [5]. In contrast, the standard hysterectomy procedure for stage II 
endometrial cancer is considered to be modified radical hysterectomy or radical 
hysterectomy. Implementation of radical hysterectomy for patients with cervical 
involvement is permitted in some cases because it is difficult to distinguish endome-
trial carcinoma with cervical involvement from cervical adenocarcinoma.

16.2.2  Salpingo-oophorectomy

The reported rate of ovarian metastasis is 5% to 10% in patients with endometrial 
cancer presumed to be confined to the uterus [6–10] and 13% in patients with clini-
cal stage I through III cancer [11], which cannot be clinically ignored (Table 16.1). 
Therefore, this procedure is recommended for postmenopausal patients. However, 
removing both ovaries will cause premenopausal patients to go into menopause. 
The quality of life of women of reproductive age is affected by surgical castration. 
Early surgical menopause is associated with an increased risk of future cardiovascu-
lar disease and osteoporosis [12, 13]. In 2009, a retrospective study of data from the 
Surveillance, Epidemiology, and End Results (SEER) program showed that ovary- 
sparing surgery in women aged ≤45 years with stage I endometrial cancer was not 
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associated with an increase in cancer-related mortality [14]. Similar results were 
confirmed in other studies [15, 16]. Ovarian preservation can be one option for pre-
menopausal women with early-stage endometrial cancer. Notably, however, syn-
chronous ovarian malignancies are significantly associated with endometrial cancer 
in premenopausal women aged ≤45 years [17, 18].

16.2.3  Peritoneal Washing Cytology

One reliable systematic review revealed a positive peritoneal cytology rate of 11% 
in patients with endometrial cancer [19]. Positive peritoneal cytology is associated 
with an increased incidence of extrauterine disease, but it is not consistently linked 
to other high-risk factors such as deep myometrial invasion, lymphovascular space 
invasion, or lymph node metastasis. Several studies have confirmed that positive 
peritoneal cytology is not an independent prognostic factor in patients with endo-
metrial cancer confined to the uterus [20–25] (Table 16.2). Consequently, peritoneal 
cytology findings were disregarded in the 2008 FIGO surgical staging protocol; 
however, conflicting results were present in the literature [26–31] (Table  16.2). 
Therefore, Mariani et  al. [32] stated that the continued collection of peritoneal 
cytology may provide useful information when making postoperative treatment 

Table 16.1 A literature review of ovarian metastasis and ovary-sparing surgery in endometrial 
cancer

Author
Year of 
publication N Outcome

Ovarian metastasis in endometrial cancer
  Boronow [6] 1984 222 OVM 7.2% in clinical stage I (not available for 

information on non-endometrioid histological variant)
  Creasman [7] 1987 621 OVM 5.5% in clinical stage I (not available for 

information on non-endometrioid histological variant)
  Boente [8] 1993 202 OVM 6.9% in clinical stage II (6.9% for non- 

endometrioid histological variant)
  Takeshima [9] 1998 439 OVM 5.0% in clinical stage I (0% for non-endometrioid 

histological variant)
  Creasman [10] 1999 148 OVM 8.9% in clinical stage II (not available for 

information on non-endometrioid histological variant)
  Sakuragi [11] 2000 240 OVM 12.9% in clinical stages I–III (5.4% for non- 

endometrioid histological variant)
Ovary-sparing surgery for reproductive women with endometrial cancer
  Wright [14] 2009 402 DSS, HR 0.58 (95% CI = 0.14–2.44); OS, HR 0.68 (95% 

CI = 0.34–1.35)
  Koskas [15] 2012 184 No difference in DSS/OS between castration and 

ovary-sparing surgery
  Lee [16] 2013 176 RFS, HR 0.73 (95% CI = 0.29–1.81); OS, HR 1.33 (95% 

CI = 0.43–4.09)

OVM ovarian metastasis, DSS disease-specific survival, RFS recurrence-free survival, OS overall 
survival

16 Outline of Surgery (Refer to Hysterectomy in Section of Cervical Cancer)
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decisions or planning future research. Indeed, several researchers subsequently 
reported the prognostic significance of positive peritoneal washings [33–35] 
(Table 16.2). In particular, a 2013 study of the SEER database showed the prognos-
tic significance of positive peritoneal cytology in 14,704 patients with early-stage 
endometrial cancer. However, there is no definitive consensus on the prognostic 
significance of positive peritoneal cytology when the disease is confined to the 
uterus. According to pooled data, the recurrence rate in patients with positive peri-
toneal cytology as the only manifestation of extrauterine extension was 4.1%, but 
37.1% of the relevant patients received adjuvant treatment [19]. This high rate of 
adjuvant treatment confounds the results in terms of predicting the risk of recur-
rence when these patients are not treated.

16.2.4  Omentectomy

The reported rate of omental metastasis ranges from 0.5% to 8.3% in patients with 
endometrial cancer presumed to be confined to the uterine corpus [36–43] 
(Table  16.3). A recent systematic review suggested that microscopic omental 
metastases were not negligible in patients with clinical stage I endometrial cancer 
and that selective omentectomy was recommended for patients at high risk of 
omental metastasis [44]. Omental metastasis was associated with deep myome-
trial invasion, type II corpus cancer, adnexal involvement, and lymph node metas-
tasis. In particular, the rate of omental metastasis increased to 43–45% in patients 
with positive peritoneal cytology [37, 40]. Although whether omentectomy itself 
has therapeutic significance remains unclear, it is possible that the diagnosis of 

Table 16.3 A literature review of omental metastasis in endometrial cancer

Author
Year of 
publication

Patient 
number Background and study design

Omental 
metastasis 
(%)

Chen [36] 1991 84 Clinical stage I, 19% for serous/clear 
histological variant, prospective design

8.3%

Saygili [37] 2001 97 Clinical stage I, 12% for serous/clear 
histological variant, retrospective design

6.2%

Dilek [38] 2006 51 Clinical stage I, 100% for endometrioid 
histology, retrospective design

5.9%

Fujiwara [39] 2008 134 Clinical stage I, 100% for endometrioid 
histology, prospective design

3.0%

Metindir [40] 2008 65 Clinical stage I, 100% for endometrioid 
histology, retrospective design

6.2%

Ozdal [41] 2013 189 Clinical stage I and more, 100% for 
endometrioid histology, retrospective design

0.5%

Ulker [42] 2014 322 Clinical stage I and more, 100% for 
endometrioid histology, retrospective design

3.4%

Sasaki [43] 2014 98 Clinical stage I and more, 33% for 
non-endometrioid histology, retrospective 
design

9.2%

16 Outline of Surgery (Refer to Hysterectomy in Section of Cervical Cancer)
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omental metastasis indirectly contributes to an improved prognosis in certain 
groups of patients. Omentectomy followed by intraoperative rapid peritoneal 
cytology might be proposed as part of the surgical management of endometrial 
cancer.

16.2.5  Lymph Node Dissection

Establishment of a patient’s nodal status is necessary to determine the stage of endo-
metrial cancer. The most accurate method with which to detect lymph node metas-
tasis is systematic removal of the regional lymph nodes and pathological inspection 
of those nodes. Another method is lymph node palpation only or selective removal 
of only enlarged nodes. However, systematic lymphadenectomy is significantly 
associated with increased postoperative complications. Lymph node dissection 
must therefore be tailored to maximize the therapeutic effect of surgery and mini-
mize its invasiveness and adverse effects. Regional lymph nodes in endometrial 
cancer are classified into pelvic lymph nodes (PLNs) and para-aortic lymph nodes 
(PANs). PANs are widely known as regional lymph nodes in endometrial cancer 
through sentinel mapping [45, 46] and surgicopathologic studies [7, 47–70]. PLN 
metastases are identified in 14.4% of patients with endometrial cancer who have 
undergone surgical removal and pathological examination of the PLNs  +  PANs 
(Table 16.4). The rates vary with the depth of myometrial invasion and histological 
findings as follows: negligible in cases of no myoinvasion, negligible in cases of 
small (<2  cm) tumors with superficial myoinvasion and type I histology, 5% in 
cases of superficial myoinvasion and type I histology, 15% in cases of superficial 
myoinvasion and type II histology, and 40% in cases of deep myoinvasion and type 
II histology. PAN metastases are identified in 9.7% of patients with endometrial 
cancer who have undergone surgical removal and pathological examination of the 
PLNs  +  PANs (Table  16.4). While PAN metastasis is detected in only 2.7% of 
patients without PLN metastasis, it is detected in 51.4% of those with PLN metas-
tasis (Table 16.4). In addition, occult PAN micrometastasis is detected in 73.0% of 
patients with stage IIIC1 disease [71].

16.3  Preoperative Evaluation

The surgical stage should be based on the patient’s physical status, age, body mass 
index, comorbidities, disease extent, and disease aggressiveness. The extent of the 
disease, including the presence of myometrial invasion, cervical involvement, 
adnexal metastasis, lymph node metastasis, and distant metastasis, can be assessed 
by imaging modalities. The use of magnetic resonance imaging is recommended to 
assess myometrial invasion and cervical involvement, and computed tomography is 
preferable for assessing lymph node metastasis and distant metastasis. The aggres-
siveness of the disease can be assessed by microscopic examination of preoperative 
specimens obtained from endometrial curettage.

Y. Todo
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16.4  Technique

The patient is placed in either the supine or dorsal lithotomy position depending on 
the surgical approach. If the lithotomy position is used, extra caution is required 
during positioning to ensure that no pressure points are created or hyperextension of 
joints occurs. The risk of nerve injury is higher in this position. The abdominopelvic 
cavity should be explored to identify any ascites and peritoneal dissemination. Any 
free peritoneal fluid should be sent for cytology. If no free fluid is present, peritoneal 
washings for cytologic examination should be obtained by irrigating the pelvis with 
warm saline. If no evidence of peritoneal dissemination is found, peritoneal biopsies 
can be performed for type II endometrial cancer. The omentum should be carefully 
inspected. The infracolic omentum might be removed in patients with type II endo-
metrial cancer. If any suspicious area is present between the stomach and transverse 
colon, then the entire gastrocolic omentum should be removed. Hysterectomy and 
lymphadenectomy are discussed in detail in Chaps. 6, 7, 8 and 18, respectively. All 
regional lymph nodes are not removed in every patient, and the actual extent of 
lymphadenectomy depends on the disease status and patient’s characteristics includ-
ing age, body mass index, and complications. Consensus regarding this issue has 
not been reached.

Lymphatic spread of endometrial cancer may occur by three routes. The first 
route is from the fundus toward the adnexa and infundibulopelvic ligaments to 
the PANs. The second route is from the lower and middle thirds of the uterus in 
the base of the broad ligaments toward the lateral pelvic wall. The third route is 
along the round ligaments to the circumflex iliac nodes to the distal external iliac 
nodes.

16.5  Morbidity

Surgical morbidity rates in patients with endometrial cancer vary depending on 
the surgical approach (laparotomy vs. minimally invasive surgery), procedure 
(with vs. without lymphadenectomy and extent thereof), and patient characteris-
tics (age, obesity, and comorbidities). Laparotomy and lymphadenectomy are 
significantly associated with increased complications compared with minimally 
invasive surgery performed by experienced surgeons and hysterectomy alone. 
Intraoperative organ injuries include intestinal, bladder, ureteral, vascular, and 
neurologic injuries. Perioperative and postoperative complications include reop-
eration, postoperative hemorrhage, ileus, wound separation, surgical site infec-
tion, and venous thromboembolism. Wound complications are significantly 
associated with obesity and diabetes mellitus. Lower extremity lymphedema and 
lymphocele formation are lymphadenectomy-related complications. Surgery-
associated morbidity in patients with endometrial cancer is significantly higher 
in women aged >80 years, even after medical comorbidities have been consid-
ered [72].
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16.6  Surgical Treatment of Advanced Disease

Most patients with endometrial cancer are diagnosed at an early stage, but 3% to 
13% of all patients have stage IV disease at the time of diagnosis. Previous studies 
of advanced disease have suggested that optimal cytoreduction may be beneficial 
[73–78]. Chi et  al. [73] showed a survival benefit of surgical cytoreduction for 
patients with stage IV cancer by dividing patients into three groups: optimal cytore-
duction, in which the largest residual tumor is ≤2 cm; suboptimal cytoreduction, in 
which the largest residual tumor is >2 cm; and unresectable disease. The median 
survival periods in the three groups were 31, 12, and 3  months, respectively 
(P < 0.01). Bristow et al. [74] showed a survival benefit of optimal cytoreduction for 
patients with stage IVb cancer by dividing patients into two groups: optimal cytore-
duction, in which the largest residual tumor was ≤1 cm, and suboptimal cytoreduc-
tion, in which the largest residual tumor was >1 cm. The median survival periods in 
these groups were 34 and 11 months, respectively (P = 0.0001). Ueda et al. [76] 
concluded that optimal cytoreduction (residual tumor of <2 cm) is associated with 
improved survival of patients with stage IVb disease with extra-abdominal metasta-
sis. The median survival periods for these groups were 57 and 6 months, respec-
tively (P = 0.016). In other studies, optimal cytoreduction showed a survival benefit 
for patients with advanced uterine serous papillary carcinoma [77, 78].
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17Retroperitoneal Lymph Node Dissection

Yukiharu Todo

Abstract
The regional lymph nodes in patients with endometrial cancer are usually cate-
gorized into pelvic lymph nodes and para-aortic lymph nodes. Thus, lymph node 
dissection in patients with endometrial cancer includes a wide variety of surgical 
procedures. Although the consensus is that pelvic lymphadenectomy is not nec-
essary for patients with low-risk endometrial cancer, it is possible that combined 
pelvic and para-aortic lymphadenectomy is useful for patients with intermediate- 
and high-risk endometrial cancer. Another important aspect of lymphadenec-
tomy is the risk of lymphedema of the lower extremities. Leg edema is the most 
frequent complication of lymphadenectomy. Therefore, lymphadenectomy must 
be tailored to maximize the therapeutic effect of surgery and minimize its inva-
siveness and adverse effects. Two strategies may be used: (1) removal of lymph 
nodes most likely to harbor disease with preservation of lymph nodes unlikely to 
be affected and (2) performance of full lymphadenectomy only in patients who 
can potentially benefit from this procedure with preservation of the lymph nodes 
most closely associated with the incidence of lymphedema.

Keywords
Para-aortic lymphadenectomy · Circumflex iliac nodes · Lymphedema · Inferior 
mesenteric artery · Renal vein
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17.1  History

Before 2008, all studies regarding the role of lymphadenectomy in patients with 
endometrial cancer were retrospective. Some studies supported a survival benefit of 
lymphadenectomy [1–8], while others did not [9–12]. The regional lymph nodes in 
patients with endometrial cancer are usually categorized into pelvic lymph nodes 
(PLNs) and para-aortic lymph nodes (PANs). Although PANs are widely known as 
regional lymph nodes in patients with endometrial cancer, para-aortic lymphade-
nectomy had not been well valued. Mariani et  al. [8] focused on the PANs and 
showed a potential survival benefit of para-aortic lymphadenectomy in patients with 
endometrial cancer. They reported that removal of five or more PANs is associated 
with improved survival of high-risk patients.

In 2008, Benedetti-Panici et al. [13] conducted the first randomized controlled 
trial to assess the therapeutic effect of lymphadenectomy. A Study in the Treatment 
of Endometrial Cancer (ASTEC), the second randomized controlled trial of the 
therapeutic role of lymphadenectomy, was performed in 2009 [14]. Because both 
randomized controlled trials showed negative effects of lymphadenectomy on prog-
nosis, many gynecologists have declared at conferences that standard surgery for 
endometrial cancer should not include lymphadenectomy. Conversely, this idea has 
also been criticized. The problem most often criticized is that para-aortic lymphad-
enectomy is performed at the discretion of the attending physician, and only a small 
number of patients undergo para-aortic lymphadenectomy in previous randomized 
studies.

In 2010, the significance of lymphadenectomy was revaluated in a retrospective 
observational study from Japan. The survival effect of para-aortic lymphadenec-
tomy (SEPAL) study showed no survival benefit of combined pelvic and para-aortic 
lymphadenectomy over pelvic lymphadenectomy alone for low-risk patients but 
showed a significant survival benefit of the implementation of para-aortic lymphad-
enectomy in addition to pelvic lymphadenectomy for intermediate- and high-risk 
patients [15]. In that study, the combination of pelvic and para-aortic lymphadenec-
tomy resulted in a 10.6% increase in the 5-year overall survival rate compared with 
pelvic lymphadenectomy alone in intermediate- and high-risk patients. In addition, 
para-aortic lymphadenectomy improved survival independent of the efficacy of 
adjuvant treatment.

17.2  Principles and Indications

17.2.1  Regional Lymph Nodes in Endometrial Cancer

Figure 17.1 shows the locations of the regional lymph node sites defined below. 
PLNs are classified into nine sites: circumflex iliac nodes to distal external iliac 
nodes (CINDEINs), external iliac nodes (EINs), circumflex iliac nodes to distal 
obturator nodes (CINDONs), interiliac nodes (IINs), obturator nodes (ONs), para-
uterine artery nodes (PUNs), cardinal ligament nodes (CLNs), sacral nodes (SNs), 
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and common iliac nodes (CINs). The definitions of each site are as follows. The 
EINs are located outside a lateral iliac artery and below the level of the bifurcation 
of the common iliac artery. The CINDEINs are the most distal EINs. The IINs are 
located on the anterior side of a medial iliac artery below the level of the bifurcation 
of the common iliac artery, between both iliac arteries. The ONs are located on the 

(1)

(1)

(2)
(2)

(3)
(3)

(3)
(4)

(5)

(6)

(6)

(10)

(11)

(9)

(8)

(8)

(8)

(8)

(8)

(7)

(7)

(7)

(8)
(9)

(9)

(6)

(1)

(3)

(1)

Inferior mesenteric
artery (IMA)

O.N.O.A.O.V. A.V.

Fig. 17.1 Grouping and nomenclature of retroperitoneal lymph nodes. Para-aortic nodes: (1) the 
area above the inferior mesenteric artery (326b1), (2) the area below the inferior mesenteric artery 
(326b2), Pelvic nodes: (3) common iliac nodes, (4) sacral nodes, (5) para-uterine artery nodes, (6) 
cardinal ligament nodes, (7) obturator nodes, (8) internal iliac nodes, (9) external iliac nodes, (10)  
circumflex iliac nodes distal to the obtrator nodes, (11) circumflex iliac nodes distal to the external 
iliac nodes. AV anonymous vein, OA obturator artery, ON obturator nerve, OV obturator vein
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anterior side of an obturator nerve and under the IINs. The CINDONs are the most 
distal ONs, being located below an anonymous vein. The PUNs are located along 
the uterine artery or uterine vein. The CLNs are located on the posterior side of an 
obturator nerve and are often called the deep ONs. The SNs are located inside a 
medial iliac artery and below the level of the bifurcation of the common iliac artery. 
The CINs are located between the level of the bifurcation of the common iliac artery 
and the level of the bifurcation of the aorta. Conversely, the PANs are located 
between the level of the bifurcation of the aorta and the level of the renal veins. 
Namely, the PANs are all nodes from the precaval and laterocaval, interaortocaval, 
and preaortic and lateroaortic areas up to the renal veins.

17.2.2  Extent of Para-aortic Lymphadenectomy

Although the addition of para-aortic lymphadenectomy to pelvic lymphadenectomy 
might have a survival benefit in patients with intermediate- and high-risk endome-
trial cancer, this situation is actually not quite that simple. The PANs are usually 
categorized into the areas above and below the inferior mesenteric artery (IMA) 
(Fig. 17.1). Some sentinel node mapping studies of patients with endometrial can-
cer showed that more than half of PANs identified as sentinel nodes were located 
above the IMA [16, 17]. In 2008, Mariani et al. [18] showed that 77% of patients 
with PAN metastasis harbor disease above the IMA. In 2010, Fotopoulou et al. [19] 
showed that 54% of patients with stage IIIC cancer and 70% of patients with PAN 
metastasis harbor disease above the IMA. They indicated the need for systematic 
lymphadenectomy including the pelvic and para-aortic areas up to the renal vessels. 
In the SEPAL study, almost all patients in the pelvic and para-aortic lymphadenec-
tomy group underwent removal of the section above the IMA. Combined pelvic and 
para-aortic lymphadenectomy without removal of the area between the IMA and 
renal veins might be insufficient to improve survival for patients with high-risk 
endometrial cancer.

17.2.3  Decision of the Need for Lymphadenectomy

The Mayo Clinic initiated a paradigm for surgical management of endometrial can-
cer. According to the Mayo algorithm, women with endometrial cancer are divided 
into a high-risk group (at risk for nodal metastasis) and low-risk group (not at risk 
for nodal metastasis). Full lymphadenectomy is performed in the high-risk group, 
and lymphadenectomy is no longer necessary for the low-risk group (defined as 
grade 1–2 endometrioid histology, depth of invasion of ≤50%, and tumor size of 
≤2 cm; any grade endometrioid histology, no myometrial invasion, and any tumor 
size) [20]. This algorithm has been recognized as a cornerstone in decision-making 
regarding implementation of lymph node dissection because it warrants a suffi-
ciently low (negligible) false-negative rate (undertreatment rate) in this situation. 
Some other risk-stratification models can also reportedly be applied in clinical 

Y. Todo



265

practice (Table 17.1) [20–30]. These models might be divided into three types. The 
Mayo criteria, the Helsinki model [21, 22], and the Milwaukee model [23] are 
examples of the first type of model, which provides an excellent false-negative rate 
by reducing the low-risk population to a minimum limit. However, some 

Table 17.1 Risk-stratification models for predicting lymph node metastasis in endometrial 
cancer

Model Author Low-risk (NOT at-risk) criteria

NOT at-risk 
population 
(%)

FNR* 
(%) FPR** (%)

Mayo 
criteria

Mariani 
[20]

(1) Endometrioid G1/G2, 
myoinvasion <50%, tumor 
diameter <2 cm; (2) 
endometrioid any grade, 
myoinvasion 0%, any tumor 
diameter

21–40%† 0–2.3%†† 88–94%†††

Helsinki 
model

Tuomi [21, 
22]

Endometrioid, 0 risk score point 
(1 point for thrombocytosis, 2 
points for grade 3, 2 points for 
tumor diameter ≥ 3 cm, 3 
points for CA125 ≥ 35 U/mL)

38%§ 0%§§ 85%§§§

Milwaukee 
model

Cox Bauer 
[23]

Endometrioid, tumor 
diameter ≤ 5 cm, myoinvasion 
≤33%

39–51%|| 0–2.0%¶ 84–85%¶¶

Hokkaido 
Japan 
model

Todo [24, 
25]

Endometrioid G1/G2, small 
volume index (<36), low 
CA125 (<70 U/mL for patients 
<50 years of age and <28 U/mL 
for patients ≥50 years of age)

54%‡ 3.1–
3.3%‡‡

72–74%‡‡‡

Korean 
model

Kang [26, 
27]

Endometrioid, myoinvasion 
<50%, CA125 < 35 U/mL, no 
extrauterine disease

51–53%∫ 1.6–
1.9%∬

76%$

Modified 
ESMO 
criteria

Bendifallah 
[28]

(1) Endometrioid G1/G2, 
myoinvasion <50%; (2) 
endometrioid G1/G2, 
myoinvasion ≥50%, no 
lymphovascular space invasion 
(LVSI); (3) endometrioid G3, 
myoinvasion <50%, no LVSI

61% 7.6% 67%

Modified 
Mayo 
criteria

Vargas [29] (1) Endometrioid G1, 
myoinvasion <50%, any tumor 
diameter; (2) endometrioid G2, 
myoinvasion <50%, tumor 
diameter < 3 cm; (3) 
endometrioid G3, myoinvasion 
0%, any tumor diameter

Not 
available

Not 
available

Not 
available

*FNR false-negative rate (positive lymph node metastasis rate in NOT at-risk population); **FPR 
false-positive rate (negative lymph node metastasis rate in at-risk population); † 21% [29], 29% 
[22], 32% [31], 40% [30]; †† 0% [20], 0.8% [30], 1.4% [29], 2.3% [22]; ††† 88% [22], 89% [31], 
94% [29]; § 38% [22]; §§ 0% [22]; §§§ 85% [22]; ||39% [23], 51% [22]; ¶ 0% [23], 2.0% [22]; ¶¶ 
84% [22], 85% [23]; ‡ 54% [24], 54% [25]; ‡‡ 3.1% [25], 3.3% [24]; ‡‡‡ 72% [24], 74% [25]; 
∫51% [27], 53% [26]; ∬ 1.6% [26], 1.9% [27]; $ 76% [27]
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researchers have recently criticized this type of model because of its high false-
positive rate (overtreatment rate) [31]. The model by Todo et al. [24, 25], the Korean 
Gynecologic Oncology Group criteria [26, 27], and the modified Mayo criteria [29] 
are examples of the second type of model, which can reduce false positives while 
controlling false negatives by expanding the low-risk population. The third type of 
model might not be practical because an incorporated factor is not available before 
hysterectomy. The modification of the European Society of Medical Oncology cri-
teria incorporates lymphovascular space invasion, but information on lymphovascu-
lar space invasion is not available before hysterectomy and is difficult to confirm 
intraoperatively [28]. Generally, these models keep false negatives to a minimum 
limit but cause false positives; i.e., lymphadenectomies are frequently performed in 
patients with no lymph node metastasis. Sentinel lymph node mapping is expected 
to dramatically reduce false positives while controlling false negatives, thus offering 
a trade-off between systematic lymphadenectomy and no dissection in early-stage 
endometrial cancer.

17.3  Preoperative Evaluation

The risk of lymph node metastasis is highly associated with myometrial invasion, 
tumor size, and histological grade/variant. The use of magnetic resonance imaging 
(MRI) is recommended for assessment of myometrial invasion and tumor size. The 
histological grade/variant can be assessed by microscopic examination based on 
preoperative specimens obtained from endometrial curettage. The surgical stage 
should be also based on the patient’s physical status, age, body mass index, and 
comorbidities. Obesity is an established risk factor for developing endometrial can-
cer and is common among patients with endometrial cancer. Therefore, obesity is an 
important issue when treating endometrial cancer. Obesity is reportedly associated 
with a well-differentiated histological grade, a younger age, or a FIGO stage of I, all 
of which are associated with favorable survival outcomes; nevertheless, obesity has 
never been shown to be associated with a survival advantage in patients with endo-
metrial cancer [32–38]. It is possible that the paradoxical findings are resulted from 
insufficient surgical staging [39].

17.4  Technique

17.4.1  PLN Dissection

There are two priority tasks in terms of pelvic lymphadenectomy: development of 
the pararectal space and development of the paravesical space. The landmarks for 
development of the pararectal space are the ureter and the interiliac (hypogastric) 
artery. The inlet into the pararectal space is located between the ureter and interiliac 
artery. After the ureter has been identified, it is retracted medially to identify the 
interiliac artery. The pararectal space can then be bluntly developed, retracting the 
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rectum medially. On the other hand, the landmark for development of the paravesi-
cal space is the umbilical ligament. The inlet into the paravesical space is present 
between the umbilical ligament and external iliac vein. After the umbilical ligament 
has been identified, it is retracted medially to identify the external iliac vein. The 
paravesical space can then be bluntly developed. Surgical retractor fixation systems 
are available for stable development of these spaces (Fig. 17.2).

The dissection begins with the EINs, but the CINDEINs might be spared to pre-
vent postoperative lower extremity lymphedema (Fig.  17.3). The EINs can be 
detached from the external iliac artery and psoas muscle. The genitofemoral nerve 
should be spared during dissection. The IINs can be dissected from the external iliac 
vein and the nodal package consisting of the ONs. The ONs may be accessed from 
a lateral approach. After the external iliac vein has been medially mobilized, the 
obturator nodal package can be detached from the psoas muscle (Fig. 17.4). It may 

Fig. 17.2 The left 
pararectal (★) and the left 
paravesical (*) spaces are 
stably developed using a 
surgical retractor fixation 
system. The uterus is 
medially retracted with 
fine serrations forceps

Fig. 17.3 The left EINs 
are removed, while the left 
CINDEIN (arrowhead) is 
spared. (★ left external 
iliac artery, * left external 
iliac vein)
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also be accessed from a medial approach. While the external iliac vein is moved 
laterally, the nodal package can be completely detached from the external iliac vein 
(Fig. 17.5). Before the caudal limit of the nodal package is cut, the obturator nerve 
must be identified (Fig. 17.6). Pushing the obturator nerve in a dorsal direction with 
gentle counterattraction of the caudal limit of the package in a ventral direction may 
enable the package to be dissected from the obturator nerve. The CLNs are found 
below the ONs (Fig. 17.7), but they may be spared in most cases.

The CINs may be classified into three parts: the superficial (Fig.  17.8), deep 
(Fig. 17.9), and medial (Fig. 17.8 and 17.10) CINs. The superficial CINs receive 
lymphatic vessels from the superficial lymphatic trunks along the ventral aspect of 
the external iliac vessels. The superficial CINs may be dissected in a state connected 
from the PANs. The deep lateral CINs receive the lymphatic vessels from the deep 
lymphatic trunks, which consist of the ONs and CLNs. When the external iliac 

Fig. 17.4 Lateral 
approach for left ON 
dissection. The arrowhead 
indicates the boundary 
between the left obturator 
nodal package (♦) and the 
left psoas muscle (♠)  
(★ left external iliac artery, 
* left external iliac vein)

Fig. 17.5 Medial 
approach for left ON 
dissection. While the 
external iliac vein (*) is 
moved laterally, the left 
obturator nodal package 
(♦) can be completely 
detached from the left 
external iliac vein (*)  
(★ left external iliac artery, 
♠ left psoas muscle)
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Fig. 17.6 Identification of 
the left obturator nerve 
(arrowhead) (★ left 
external iliac vessels, ♦ left 
obturator nodal package, ♠ 
left psoas muscle)

Fig. 17.7 Left cardinal 
lymph nodes (*) are seen 
below the left obturator 
nerve (arrowhead) (★ left 
external iliac vessels, ♦ left 
obturator vein, ♠ left psoas 
muscle)

Fig. 17.8 Left superficial 
(*) CINs are located along 
the external side of the left 
common iliac artery (♦). 
Left medial (★) CINs are 
seen along the medial side 
of the left common iliac 
artery. The left ureter 
(arrowhead) is laterally 
retracted with a Penrose 
drain (♠ aorta)
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Fig. 17.9 Working space for dissection of the deep lateral CIN (★) before (left) and after (right) 
medial retraction of the external iliac vein (♠). The deep lateral CINs directly receive lymphatic 
vessels from the ONs (*) (♦ left common iliac artery, ▲ left psoas muscle, ▼ left external iliac 
artery)

Fig. 17.10 Aortic bifurcation before (left) and after (right) dissection of the medial CIN (*)  
(★ left common iliac vein, ♦ left common iliac artery, ▼ left internal iliac artery, ♠ left external 
iliac vein)
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vessels are moved medially, the deep lateral CINs can be completely dissected from 
the psoas muscle, obturator nerve, and common iliac vein (Fig. 17.9). The medial 
CINs receive the other lymphatic vessels from the deep lymphatic trunks consisting 
of the SNs. The SNs receive lymphatic vessels from the ONs and CLNs, and they 
may be dissected from the interiliac vessels. Special caution is needed to avoid 
injury to the interiliac vein.

17.4.2  PAN Dissection

First, the small intestine is isolated in a specimen bag and then flipped over outside 
the body in a direction opposite the operative field. When working on the left side, 
the peritoneum outside the descending colon is incised along the paracolic gutter 
and over the left kidney toward the splenic flexure (Fig. 17.11). To facilitate devel-
opment of the working space, the mesentery must be detached from the anterior leaf 
of the renal fascia (Gerota’s fascia). The fusion fascia of the two layers of mesentery 
(Toldt’s fusion fascia) might serve as a landmark for the detachment process 
(Fig. 17.12). The descending colon is retracted medially, and this fusion fascia is 

Fig. 17.11 Incision 
line (broken line) for 
development of the 
working space for left 
para-aortic lymph node 
dissection (★ descending 
colon, * left kidney)
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detached from Gerota’s fascia. As the separation proceeds, the left renal vein and its 
branch, which the left ovarian vein joins, are identified (Fig. 17.13). The fascia on 
the renal vein and ovarian vessels, which extends through the same surface as 
Gerota’s fascia, may be dissected. The left ovarian artery may also be cut and 
ligated. The left ovarian vessels are then completely detached from the left ureter. 
Next, the left ovarian vein is cut and ligated. The descending colon and mesentery 
are retracted medially and cephalad, while the left ureter is retracted laterally 
(Fig. 17.14). Surgical retractor fixation systems are available for stable development 
of the working space (Fig. 17.15). The preaortic and lateroaortic lymph nodes are 
then dissected up to the level of the renal vein. The left para-aortic lymphatic tissue 
bundle can be separated from the aorta and then mobilized from the medial to lateral 
direction. When the incision is performed on the ventral surface of the aorta in the 
first step of this separation, particular care is taken to avoid injury in its branch, 
which the IMA joins. Although the upper hypogastric plexus is sometimes injured 
in this step, such injury does not lead to severe complications. Using an Allis for-
ceps and monopolar scissors, this lymphatic bundle is elevated, and the lumbar ves-
sels are then usually found on the anterior surface of the lumbar spine. While sparing 
these vessels as much as possible, the relevant lymphatic bundle is horizontally 

Fig. 17.12 Boundary 
(arrowhead) between the 
mesentery (★) and 
Gerota’s fascia (♦)
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Fig. 17.13 Identification of the 
left renal vein (arrowhead) and 
its branch, which the left ovarian 
vein (*) joins. The left ovarian 
artery was cut and ligated by a 
Kelly clamp (♦) (★ aorta)

Fig. 17.14 Working space for the left para-aortic area before (left) and after (right) para-aortic 
lymphadenectomy. The left renal vein (arrowhead) and its branch (arrow), which the left ovarian 
vein joins, are identified at the upper limit (★ left kidney, * aorta, ♦ left ureter)
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separated from the aorta and vertically separated from the spine. The lymphatic 
bundle may also be divided into its cephalad and caudal parts at the level of the 
IMA. After continuing the separation up to the left renal vein, the upper end of the 
lymphatic bundle is ligated, and this bundle is finally resected. During this ligation 
procedure, particular care is taken to avoid injury to the communicating branches 
between the upper end of the lymphatic bundle and the hemiazygos vein. The upper 
end of the left PANs might be carefully divided into a few parts, and then each part 
may be separately ligated.

When working on the right side, the peritoneum outside the ascending colon is 
incised along the paracolic gutter and over the right kidney toward the level of the 
duodenum (Fig. 17.16). The ascending colon is retracted medially, and the mesen-
tery is detached from Gerota’s fascia. As the separation proceeds, the vena cava 
and its branch, which the right ovarian vein joins, are identified, and the right renal 
vein is then identified. After the right ovarian vessels are completely detached from 
the right ureter, the ovarian vessels are cut and ligated. The ascending colon and 
mesentery are retracted medially and cephalad, while the right ureter is retracted 
laterally. Surgical retractor fixation systems are available for stable development of 
the working space. The right-sided lymphatic flow consists of a route along the 
inferior vena cava (IVC) and another route crossing over the IVC caudad and along 
the aorta cephalad (Fig. 17.17). These lymphatic tissues may be divided along the 
ventral surface of the IVC to differentiate the two above-mentioned bundles. The 
precaval and laterocaval lymphatic tissues are dissected up to the level of the renal 
vein. The precaval bundle can be separated from the superior hypogastric plexus on 
the ventral surface of the aorta and then mobilized from medial to lateral. This 
bundle may be divided into its cephalad and caudal parts at the level of the IMA. A 
few small veins from the caudal part are usually found inserting into the ventral 

Fig. 17.15 The working 
space for left para-aortic 
lymph node dissection 
is stably developed using 
a surgical retractor fixation 
system. The left ureter is 
laterally retracted with a 
Penrose drain
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surface of the IVC. Particular care is taken to identify and ligate these veins. The 
caudal part is easily dissected after successful performance of this step. The cepha-
lad part is vertically separated from the interaortocaval lymph nodes and then dis-
sected after ligation of its upper end. The laterocaval lymphatic bundle can be 
separated from the IVC while sparing lumbar vessels. The lymph node dissection 
is carried cephalad to the desired level, usually near the insertion of the right ovar-
ian vein into the IVC.

Finally, the lymphatic tissues residing between the great vessels are separately 
dissected at the level of the IMA. Two Tupfel gazes are available for stable develop-
ment of the working space (Fig. 17.18). One Tupfel pushes aside the IVC laterally, 
and the other pushes aside the aorta in the opposite direction. Using an Allis forceps 
and monopolar scissors, the interaortocaval lymphatic tissues are elevated and sepa-
rated from the great vessels. The lumbar vessels are usually found crossing the 
anterior surface of the lumbar spine. The caudal part of the interaortocaval lym-
phatic tissues is dissected while sparing the lumbar vessels, and the cephalad part is 
then dissected after ligation of its upper end.

Fig. 17.16 Incision line 
(broken line) for 
development of the 
working space for right 
para-aortic lymph node 
dissection (★ ascending 
colon, * right kidney)
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a b

Fig. 17.17 The right- sided 
lymphatic flow consists of a 
route along the inferior vena 
cava (a) and another route 
crossing over the IVC caudad 
and along the aorta cephalad (b)

Fig. 17.18 Interaortocaval space before (left) and after (right) dissection of the interaortocaval 
lymph nodes (*). Lumbar vessels (arrow) are seen crossing the anterior surface of the lumbar spine 
(★ inferior vena cava, ♦ aorta, ♠ right common iliac artery)
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17.5  Morbidity

17.5.1  Lower Extremity Lymphedema

Lower extremity lymphedema is the most common complication after lymphade-
nectomy [40, 41]. Postoperative leg edema is a serious complication and a chronic 
disease that lasts a lifetime in most patients. Previous reports describe a wide range 
of incidences (1.2–50.0%) of postoperative lower extremity lymphedema in 
patients with endometrial cancer [42–45]; this wide variation might be due to the 
difference in the total number of resected lymph nodes and diagnostic methods for 
lymphedema. Two strategies for minimizing the incidence of postoperative lower 
extremity lymphedema are (1) removal of the lymph nodes most likely to harbor 
disease with preservation of the lymph nodes unlikely to be affected and (2) per-
formance of full lymphadenectomy with preservation of the lymph nodes most 
closely associated with the development of lymphedema. Sentinel lymph node 
mapping, fully described in another chapter, is the core technique in the first strat-
egy, while CINDEIN-sparing lymphadenectomy is the core technique in the sec-
ond strategy. Recent studies have shown that removal of the CINDEINs increases 
leg edema after lymphadenectomy [44, 46, 47]. As described in Chap. 17, lym-
phatic spread of endometrial cancer may occur by three routes. However, the third 
route (along the round ligaments to the CINDEINs) is a minor route in terms of 
metastasis [17, 48, 49]. Todo et  al. [49] showed that high-risk histology results 
(grade 3 endometrioid cancer or non-endometrioid cancer) and pelvic node metas-
tasis were independent risk factors for CINDEIN metastasis. Removal of the 
CINDEINs can be eliminated without anxiety in patients with low-risk endome-
trial cancer.

17.5.2  Lymphoceles

Lymphoceles are a common complication after lymphadenectomy and may be the 
cause of severe morbidity [50, 51]. Symptomatic lymphoceles compress adjacent 
structures and cause lymphedema, deep vein thrombosis, or inflammation. Two 
strategies for minimizing the incidence of lymphoceles are to leave the peritoneum 
open after surgery and to ensure proper timing of retroperitoneal drainage tube 
placement. The rationale for leaving the peritoneum open is that lymph moving 
from the retroperitoneal cavity to the peritoneal cavity is reabsorbed into the perito-
neum or omentum. One prospective randomized trial that assessed the clinical sig-
nificance of nonclosure of the peritoneum showed that the incidence of lymphoceles 
in the “closure” group was significantly higher than that in the “nonclosure” group 
(52% vs. 23%, P < 0.05) [52]. In other recent studies, however, the placement of 
drainage tubes resulted in a higher risk of symptomatic lymphocele formation. A 
recent Cochrane review reported that drainage tube placement is associated with a 
higher risk of symptomatic lymphocyst formation when the peritoneum is left open 
[53]. Lymphocele formation is probably caused by the drainage tube, which may act 
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as a foreign body. If external stimulation by the drainage tube induces adhesion 
between the mesenterium/intestinal tract and a retroperitoneum-deficient region, the 
abovementioned rationale for preventing lymphocele formation in the peritoneal 
nonclosure method would not apply. From this point of view, a preventative agent 
for postsurgical adhesion might help to reduce the incidence of lymphocele 
formation.

17.5.3  Complications with or Without Para-aortic 
Lymphadenectomy

Whether para-aortic lymphadenectomy itself increases perioperative complications 
has been a matter of debate. One retrospective analysis in which morbidity rates 
were compared with versus without para-aortic lymphadenectomy showed that 
para-aortic lymphadenectomy was not associated with increased rates of lower 
extremity lymphedema, lymphoceles, severe ileus, postoperative thrombosis, or 
intraoperative organ injury [41]. The study showed a significant increase in postop-
erative ileus secondary to the addition of para-aortic lymphadenectomy, but no sig-
nificant difference in severe ileus with or without para-aortic lymphadenectomy 
(1.4% vs. 0.7%, P = 0.58). Postoperative ileus after para-aortic lymphadenectomy 
occurs with a relatively high incidence rate but is manageable [41, 54]. Para-aortic 
lymphadenectomy might be a safe operative procedure when performed by experi-
enced surgeons in tertiary centers.
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Cancer

Yoshito Terai

Abstract
Endometrial cancer is one of the most common of gynecological malignancies 
among women worldwide. Most cancers are detected early in the course of the 
disease, and this has resulted in improved survival rates. Within this population, 
reducing the surgical morbidity rate is of considerable importance for the sur-
vival and quality of life of the patient. Over the past two decades, laparoscopic 
surgery has been incorporated into gynecological oncology, with this approach 
now being used in the treatment of endometrial cancer to reduce surgical morbid-
ity. In this section, we demonstrated about the preoperative evaluation of the 
laparoscopic surgery, the techniques of the laparoscopic surgery including pelvic 
and para-aortic lymphadenectomy, and the morbidity of the laparoscopic surgery 
compared with laparotomic surgery for the patients with endometrial cancer. In 
the previous randomized clinical studies and our institution data, we indicated 
that laparoscopic surgery tended to be longer in each study compared with open 
surgical operation. On the other hand, intraoperative blood loss tended to be 
significantly less in laparoscopic surgery compared with that in laparotomy. In 
addition, the hospital stay was significantly shortened by laparoscopic surgery in 
all of the studies. Moreover, we discuss that the correspondence to the 
intermediate- risk or advanced uterine endometrial cancer. We concluded that 
laparoscopic surgery is a curative surgery equivalent to that of conventional lapa-
rotomic surgery, and it is very important for gynecologic oncologic surgeons to 
perform laparoscopic surgery which results in less blood loss, fewer complica-
tions, quicker recovery, and less invasiveness for patients with early-stage endo-
metrial cancer.
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18.1  Introduction

Endometrial cancer is one of the most common of gynecological malignancies 
among women worldwide. Most cancers are detected early in the course of the dis-
ease, and this has resulted in improved survival rates. Within this population, reduc-
ing the surgical morbidity rate is of considerable importance for the survival and 
quality of life of the patient.

The standard surgical procedure for early endometrial cancer for many decades 
has been total abdominal hysterectomy (TAH) and bilateral salpingo- oophorectomy 
(BSO) with or without bilateral pelvic/para-aortic lymph node dissection. 
Lymphadenectomy is part of the staging of endometrial carcinoma, and its thera-
peutic value is a subject of ongoing debate [1].

Over the past two decades, laparoscopic surgery has been incorporated into gyne-
cological oncology, with this approach now being used in the treatment of endome-
trial cancer to reduce surgical morbidity. Recently, the Gynecologic Oncology Group 
LAP2 protocol randomized over 2600 women with endometrial cancer to compare 
laparotomy versus laparoscopy, and it reported fewer postoperative moderate or 
severe adverse events, shorter hospital stays, less pain, earlier resumption of normal 
activities, and improved quality of life in the laparoscopy cohort [2].

18.2  History

The first laparoscopically assisted vaginal hysterectomy for stage I endometrial can-
cer was reported by Childers and colleagues in 1992 [3]. Subsequently, Childers 
also reported about the laparoscopic lymphadenectomy of pelvic and para-aortic 
lymph nodes for staging endometrial cancer [4].

18.3  Principle and Indication

Uterine endometrial carcinoma has been on an increasing trend in recent years. 
71.1% of carcinomas at stage I are confined to the uterus, and 77.4% of carcinomas 
at stage I are stage 1A which is muscle invasion less than 1/2 according to the FIGO 
staging system. As described above, in cases of uterine body cancer, most are pri-
mary cancers, and, therefore, surgical therapy, which is the main treatment, becomes 
an important factor for the curability of the tumor. In laparoscopic surgery for uter-
ine endometrial cancer, six RCTs (randomized control trials) have been reported 
(Table 18.1) [2, 5–9]. Although two cases were included at stage II, the rate of stage 
I endometrial cancer was 74.5–87.7% in these studies.
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In the six RCT studies, laparoscopic surgery tended to be longer in each study 
compared with open surgical operation. On the other hand, intraoperative blood loss 
tended to be significantly less in laparoscopic surgery compared with that in lapa-
rotomy. In addition, the hospital stay was significantly shortened by laparoscopic 
surgery in all of the studies.

Regarding the perioperative complications, ureteral injury was 1–5% in laparo-
scopic surgery compared to 0–2.6% in laparotomic surgery. Also, bowel injury and 
vascular injury showed no significant difference between laparoscopic procedure 
and laparotomy. Postoperative complications in laparoscopic surgery showed a sig-
nificantly lower rate compared with that in laparotomy. The LAP2 study also 
showed that laparoscopic surgery significantly reduced the incidence of postopera-
tive ileus, thus indicating the superiority of the technique.

18.4  Preoperative Evaluation

Before reviewing the laparoscopic procedure, it is important to understand some 
general concepts about laparoscopy. A laparoscopic approach is contraindicated in 
any patient whose uterus is too large to be removed intact through the vagina and 
also in medically compromised patients for whom a laparoscopic approach might 
not be safe. Patient characteristics, including a history of prior surgery and body 
weight, are also important considerations. Attempting laparoscopy in patients with 
prior surgery is acceptable; however, conversion may be necessary if adhesions are 
too dense and exposure is compromised. Moreover, the size of the uterus is an 

Table 18.1 A six-study randomized control comparison between laparoscopy vs. open surgery 
for endometrial cancer

Author Procedure

Operation 
time 
(min)

Blood 
loss (mL)

Conversion 
rate (%) Hospital stay

Tozzi 
(2005)

Laparoscopy (63) LAVH 241.3* 1.4 7.8**

Open (59) 586.1* 11.4**

Malzoni 
(2009)

Laparoscopy (81) TLH 136** 50** 0 2.1**

Open (78) 123** 145** 5.1**

Zullo 
(2009)

Laparoscopy (40) LAVH 196.7 173.9 12.5 3.0**

Open (38) 135.3 282.5 6.9**

Walker 
(2012) 
LAP2 
study

Laparoscopy 
(1696)

LAVH, 
TLH, 
Robotic

204** 25.8 3**

Open (920) 130** 4**

Janda 
(2010) 
LACE 
study

Laparoscopy (190) TLH 138** 5.1 62%; less than 
2 days**

Open (142) 109** 97%; more 
than 2 days**

Mourits 
(2010)

Laparoscopy (185) TLH 115** 100** 10.8 3**

Open (94) 71** 200** 5**

*p < 0.05
**p < 0.01
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important factor since, for oncologic procedures, the organ must be removed intact. 
In our previous report, total laparoscopic hysterectomy can be performed success-
fully in most patients whose uterus is no larger than 10 cm at its greatest transverse 
diameter [10]. The preoperative total length of myoma nodules determined by MRI 
is also a useful preoperative indicator of uterine weight.

An increasing body mass index and its associated thickening of the subcutaneous 
tissue have been shown to increase the risk of perioperative complications and con-
version to laparotomy [11]. Obesity is not a contraindication to laparoscopy, as 
many series have reported successful surgeries in the obese population [11–13]. In 
the study of 1266 cases in Italy, the transfusion rate, postoperative complication 
occurrence rate, and postoperative hospital stay period in laparoscopic surgery were 
significantly lower than those in laparotomic surgery. Although the number of 
lymph nodes removed during laparoscopic surgery was not different from that in 
laparotomic surgery, there was no difference in laparoscopic surgery when the 
patient’s BMI was 40 or more. Moreover, the number of lymph nodes removed was 
significantly fewer in the laparotomic surgery group than in the laparoscopic sur-
gery group. It should be noted, however, that the rate of lymphadenectomy in highly 
obese patients with a BMI exceeding 40 mg/m2 tended to be significantly lower, and 
the conversion rate from laparoscopic surgery to laparotomic surgery was also sig-
nificantly higher than in patients with a BMI under 40  mg/m2 [13]. In the sub- 
analysis of obesity cases in the LAP2 study, the rate of well-differentiated-type 
endometrial adenocarcinoma tended to be higher in stage IA obese patients, lymph 
node metastasis was also significantly lower, and the risk of recurrence tended to be 
lower than in nonobese patients [12].

There is a definite learning curve for laparoscopic procedures, and the risk of 
complications changes according to the skills of the operator. As it is a well-known 
fact that obese patients are at a higher risk of perioperative complications in general 
surgery than nonobese patients, it is necessary to perform laparoscopic surgery with 
special attention paid to complications that may arise in each particular case. We 
highly recommend that surgeons convert to laparotomy without hesitation at the 
onset of any intraoperative complication or difficulties in proceeding with 
laparoscopy.

18.5  Technique

We insert the first trocar using the open Hasson technique. Then, four accessory 
trocars without intrauterine manipulation for laparoscopic endometrial cancer sur-
gery are placed in the Trendelenburg position. A 12 mm balloon trocar (Auto Suture 
Blunt Tip Trocar, Tyco), used for a 30 degree 10 mm laparoscope, is briefly inserted 
under direct visualization (open laparoscopy) through an intraumbilical incision of 
1.5 cm. Three lateral 5 mm trocars are then inserted (left and right lower abdominal 
quadrant and left under the costal arch) for the ancillary instruments, and one 12 mm 
trocar is placed midline suprapubically for further manipulations and the extraction 
of lymph nodes (Fig. 18.1). Exploration of the peritoneal surface of the abdominal 

Y. Terai



287

Port placement

5mm trocar
12mm trocar

First assistant

2nd assistant

Operator

TV monitor

12mm trocar

5mm trocar
TV m

onito
r

Fig. 18.1 Trocar placement of laparoscopic surgery for endometrial cancer

and pelvic cavities from the diaphragm to the pelvic cul-de-sac is carried out, and 
pelvic peritoneal cytology is obtained. A total laparoscopic hysterectomy with bilat-
eral salpingo-oophorectomy is then performed. The uterus is retracted using 5 mm 
grasping forceps that were inserted into the left under the costal arch, as the use of 
a uterine manipulator during laparoscopic hysterectomy for endometrial cancer is a 
concern about the possible increased incidence of positive peritoneal cytology and 
cancer cell spillage potential. After collecting peritoneal fluid or washings for cyto-
logical examination, the round and broad ligaments are coagulated and transected 
by an Enseal® (Ethicon Endo-Surgery Inc., OH, USA), LigaSure Maryland® 
(Medtronic Inc., MN, USA), or bipolar coagulation device. After clamping the uter-
ine artery lateral to the ureters and opening the ureteral tunnels, the ureters are 
unroofed and rolled laterally. The bilateral infundibulopelvic ligaments are then 
coagulated and transected by an Enseal® or LigaSure Maryland® sealing device. The 
vesicouterine and uterosacral ligaments are also transected. After the bilateral para-
colpium are ligated by 1-0 PDS, the vaginal cuff (10–20 mm) and the corresponding 
paracolpos are resected. A circumferential colpotomy is performed on the rim of the 
Vagi-Pipe® (Hakko Co., Japan) with monopolar scissors. After removal of the uterus 
or adnexa, or both, through the vagina, the vaginal cuff is closed laparoscopically 
with running absorbable sutures. The uterus is then submitted for frozen histologic 
section.

A pelvic lymphadenectomy is performed for all patients with endometrial can-
cer, excluding those with grade 1 tumors who had no muscle invasion, as was noted 
in previous studies [5]. If the intraoperative frozen section assessment of the uterus 
is reported to have muscle invasion of grades 1 and 2 in more than half of the tissue 
or grade 3 and other subtypes, a para-aortic lymphadenectomy is performed.
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A laparoscopic pelvic lymphadenectomy involves dissection of the common, 
external, and internal iliac lymph nodes and obturator nodes. Next, a para-aortic 
lymphadenectomy is performed. The aortic nodes are removed up to the left renal 
vein. The posterior peritoneum is incised by a diagonal cut to the peritoneum which 
goes along the route of the mesentery from the cecum to the Treitz’s ligament. The 
peritoneum is then cleaved and retracted laterally to the right (or left) side of the 
patient in order to create a “wall” between the operative field and the bowel loops 
(Fig. 18.2). The inferior mesenteric artery and left ureter are routinely identified and 
divided to prove ample access to the upper side of the left aortic nodes. The retro-
peritoneal space is gently opened, and the anterior aspects of the aorta and of the 
vena cava are identified up to the left renal vein. When we develop the retroperito-
neal field, we usually use the vessel clips to secure hemostasis and lymphostasis. 
Both ovarian arteries are divided and occluded by vessel clips, either an Enseal® or 
LigaSure Maryland® sealing device. The left lateroaortic and the precaval, interaor-
ticocaval, and laterocaval nodal areas are removed separately.

The operation is completed with a final laparoscopic inspection to check for 
hemostasis.

18.6  Morbidity

Among the six RCTs, four studies showed that the recurrence rate for laparoscopic 
surgery was 8.1–20% and 8.5–18.4% for laparotomic surgery. The number of pelvic 
lymph nodes was also reported in the 6 RCTs, with 11.5– 23.5 nodes removed by 
laparoscopic surgery and 10.7– 22.2 nodes removed by laparotomy. These data indi-
cated that laparoscopic pelvic lymph node dissection is equivalent to that of lapa-
rotomy. In addition, the recurrence rate in the pelvis was 1.3–5.0%, which is 
equivalent to the 1.0–15.8% recurrence in laparotomy operations. In 2012, a prog-
nostic analysis of the LAP2 large study was announced [14]. The mean follow-up 
period was 59.3 (38–62.9) months, the 3 year recurrence rate was 11.4%, there was 
no significant difference from the 10.2% in laparotomy operations, and the esti-
mated 5-year survival rate was 89.8%, which is not different from the rate in 

Left renal vein

Abdominal aorta

Inferior vena cava

Inferior mesenteric artery

Left ovarian vein

Right ovarian vein

Fig. 18.2 Operating field 
of laparoscopic systematic 
para-aortic 
lymphadenectomy for 
endometrial cancer. The 
left renal vein which is the 
cranial border of dissection 
is exposed. The vena cava 
and the anterior aspect of 
the aorta are cleared. The 
superficial intercavoaortic 
nodes were also removed
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laparotomy procedures. However, the follow-up period in these studies which was 
38.5–78 (2–96) months is short, and NCCN guidelines mention that there needs to 
be a long-term prognostic observation in cases of laparoscopic surgery.

In our institution, we have released the first report of laparoscopic surgery for 39 
Japanese patients with endometrial cancer compared with the laparotomy (Table 18.2) 
[15]. Patients in the laparoscopic group had longer operations compared with those 
in the laparotomic surgery group (median, 321.1  ±  65.9 vs. 262.6  ±  75.0  min, 
p < 0.0001). The estimated blood loss in the laparoscopic group was significantly 
lower than that in the laparotomic group (42.9 ± 76.3 vs. 236.8 ± 186.6, p < 0.0001). 
Nine patients received blood transfusions, including seven autologous blood transfu-
sions in the laparotomic group; however, only one patient received an autologous 
blood transfusion in the laparoscopic group. There were no patients who were ini-
tially approached via laparoscopy who required conversion to laparotomy. The uter-
ine diameter was 10.3 ± 11.6 cm in the laparoscopic group and 8.5 ± 2.0 cm in the 
laparotomic group (p  =  0.14). The median length of vagina removed was 
12.0 ± 4.1 mm in the laparoscopic group and was 5.5 ± 6.6 mm in the laparotomic 
group (p < 0.0001). Pelvic lymphadenectomy was performed in 61.5% of the laparo-
scopic patients (n = 24). In the laparotomic group, pelvic lymphadenectomy was 
performed in 67.8% of patients (n = 63). The mean number of pelvic nodes removed 
was 32.3 ± 13.1 in the laparoscopic group and 28.0 ± 11.9 in the laparotomic group. 
There were no significant differences between the two groups (p = 0.15). The mean 
lowest postsurgical hemoglobin (Hgb) level was 11.3 ± 1.7 g/dL in the laparoscopic 
group and 10.9 ± 1.1 g/dL in the laparotomic group, which was significantly different 
between the groups (p  =  0.01). The mean highest postsurgical C-reactive protein 
(CRP) level was also significantly different between the laparoscopic group and the 
laparotomic group (3.77 ± 2.7 mg/dL vs. 7.3 ± 4.3 mg/dL, p < 0.0001). Patients who 
underwent laparoscopic surgery had less intense postoperative pain (assessed by the 
duration time of analgesics used) than patients in the laparotomic group (1.1 days vs. 
2.4 days; p < 0.0001). The mean time to the first passage of flatus was 1.6 ± 0.6 days 
in the laparoscopic group and 1.3 ± 0.7 days in the laparotomic group (p = 0.11). The 
mean time to tolerance of a regular diet was 6.0 ± 1.4 days in the laparotomic group 

Table 18.2 Comparison of results of laparoscopic and abdominal operations at Osaka Medical 
College

Laparoscopic group  
(n = 39)

Laparotomic group  
(n = 93) P value

Median (SD) duration of 
surgery (min)

321.1 ± 65.9 262.6 ± 75.0 <0.0001

Median (SD) EBL (mL) 42.9 ± 76.3 236.8 ± 186.6 <0.0001
No. of transfusion patients 0 (Autologous 1) 2 (Autologous 7) 0.46
Length of uterus (cm) 10.3 ± 11.6 8.5 ± 2.0 0.14
Length of cervical  
cuff (SD) (mm)

12.0 ± 4.1 5.5 ± 6.6 <0.0001

Median (SD) number of 
lymph nodes removed

32.3 ± 13.1 28.0 ±  11.9 0.15

Conversion to laparotomy 0 — —
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and 6.6 ± 3.0 days in the laparotomic group (p = 0.27). There were no patients who 
developed any intraoperative complications, such as ureteric injury or major vessel 
injury, in either of the two groups. No major perioperative complications, such as 
suture failure in the vaginal wound, infection, ileus, or thrombosis, occurred in the 
laparoscopic group; however, 14 patients (14.3%) had postoperative complications 
in the laparotomic group. One patient had postoperative ileus, 2 patients had lymph 
cysts, and 11 patients had wound dehiscence. The postoperative hospital stay in the 
laparoscopic group was 9.3 ± 2.5 days and was significantly shorter than that in the 
laparotomic group (14.6 ± 12.6 days, p = 0.009). Three patients in the laparoscopic 
group and 14 patients in the laparotomic group received adjuvant chemotherapy. 
After the median follow-up of 17.3 months (range 1–27 months) in the laparoscopic 
group and 37.8 months (range 6–74 months) in the laparotomic group, there were no 
recurrent patients in either of the two groups.

18.7  Correspondence to Para-aortic Lymph Node Dissection 
and Advanced Endometrial Cancer

Para-aortic lymphadenectomy is a major surgical procedure for patients with gyne-
cologic cancer. This technique has improved their prognosis [1–6] and has facili-
tated correct staging [7–9] among patients with endometrial cancer. Para-aortic 
lymph node metastasis was reported to be 1% in the low risk of recurrence group, 
11.9% in the intermediate-risk group, and 23.8% in the high-risk group, and patients 
with retroperitoneal lymph node metastasis are classified as stage IIIC [10]. In the 
six RCT studies, the effective rate of para-aortic lymph node dissection was 
10–95.8%, and the number of excised lymph nodes was 7–12.3. Among cases sus-
pected of preoperative stage I, it is also true that there are some cases that should 
undergo curative surgery including para-aortic lymph node dissection in this way. 
Todo et al. reported that systematic lymphadenectomy, including para-aortic lymph-
adenectomy, has therapeutic significance for patients at intermediate/high risk of 
recurrence, such as those with deeply invasive lesions, high-grade histology, and 
tumors of serous carcinoma, clear cell carcinoma, or carcinosarcoma [11]. According 
to the National Comprehensive Cancer Network, para-aortic nodal evaluation from 
the inframesenteric and infrarenal regions may also be utilized for staging of select 
high-risk tumors, such as deeply invasive lesions, high-grade histology, and tumors 
of serous carcinoma, clear cell carcinoma, or carcinosarcoma in patients undergoing 
primary surgical management of endometrioid uterine cancer [12]. There have been 
several studies demonstrating the feasibility of laparoscopic surgery for patients 
with endometrial cancer. In these studies, laparoscopic surgery involved less intra-
operative blood loss and a shorter hospital stay compared with laparotomic surgery 
[16–21]. The GOG LAP2 study, which was a multicenter randomized trial compar-
ing the treatment of endometrial cancer performed by laparoscopy versus laparot-
omy, demonstrated not only the short-term feasibility of laparoscopy but also its 
non-inferiority with regard to the long-term prognosis compared with laparotomy. 
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We also reported the feasibility of laparoscopic para-aortic systematic lymph node 
dissection for Japanese patients with clinical stage I endometrial cancer of interme-
diate/high risk of recurrence, such as those with deeply invasive lesions, high-grade 
histology, and tumors of serous carcinoma, clear cell carcinoma, or carcinosarcoma 
endometrial cancer (Table 18.3) (Fig. 18.2) [16]. Comparison between the laparo-
scopic para-aortic lymph node dissection group (54 cases) and the laparotomic sur-
gery group (99 cases) at the same facility showed no significant difference between 
the two groups at the time of operation. Moreover, the laparoscopic group had less 

Table 18.3 Comparison of para-aortic lymphadenectomy between laparoscopy and laparotomy

Laparoscopy n = 54 Laparotomy n = 99 P value
Agea, year-old 57.9 ± 11.0 58.0 ± 10.3 0.9
BMIa 22.8 ± 3.4 22.4 ± 4.3 0.6
Median (SD) duration of surgery (min)a 483 ± 102 481 ± 106 0.9
Median (SD) estimated blood lossa (mL) 143 ± 253 988 ± 694 <0.01
No. of patients of transfusion (%) 2 (3.7) 10 (10.0) 0.1
Median (SD) number of pelvic lymph 
nodea

31.8 ± 10.1 39.9 ± 15.9 <0.01

Median (SD) number of para-aortic 
lymph nodea

26.2 ± 10.9 31.1 ± 13.2 0.02

Minimum level of Hba (SD) (g/dL) 10.4 ± 1.1 9.9 ± 1.4 0.02
Maximum level of CRPa (SD) (mg/dL) 6.3 ± 3.8 10.2 ± 4.9 <0.01
No. of patients with intraoperative 
complications

3 8 0.7

 Vessel injury 2 6 0.6
 Ureter injury 0 1 0.5
 Nerve injury 0 1 0.5
Compartment syndrome 1 0 0.1
No. of patients with postoperative 
complications
 Urinary tract infection 0 1 0.5
 Pelvic cellulitis 0 1 0.5
 Venous thrombosis 0 3 0.2
 Pulmonary embolus 0 3 0.2
 Bowel obstruction 0 0
 Urinary fistula 0 0
 Ileus 0 10 0.02
 Wound infection 2 3 0.7
 Lymphocyst 2 1 0.2
 Chyle or lymphorrhea 10 7 0.02
 Lymphedema 2 13 0.07
Median (SD) time (days) to hospital 
staya

8.4 ± 5.7 16.1 ± 8.0 <0.01

Follow-upb, day (quantile) 364 (110–681) 693 (267–1222) 0.01
Recurrence (%) 4 (7.4) 15 (14.3) 0.2

BMI body mass index, Hb hemoglobin, CRP C-reactive protein
aBased on an ANOVA (mean ± SD)
bMedian (+interquartile ranges)
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intraoperative blood loss than the laparotomic group (143 ± 253 vs. 988 ± 694 mL, 
p < 0.01). Naturally, the rate of blood transfusion was lower in the laparoscopic 
group than in the laparotomic group (3.7% vs. 10.0%, p  =  0.1). The number of 
resected pelvic lymph nodes was less in the laparoscopic group than in the laparo-
tomic group (31.8 ± 10.1 vs. 39.9 ± 15.9, p < 0.01), and the number of resected 
para-aortic lymph nodes was also less in the laparoscopic group than in the laparo-
tomic group (26.2 ± 10.9 vs. 31.1 ± 13.2, p = 0.02). The postoperative minimum 
level of hemoglobin was higher in the laparoscopic group than in the laparotomic 
group (10.4 ± 1.1 g/dL vs. 9.9 ± 1.4 g/dL, p = 0.02). In contrast, the postoperative 
maximum level of C-reactive protein (CRP) was lower in the laparoscopic group 
than in the laparotomic group (6.3 ± 3.8 mg/dL vs. 10.2 ± 4.9 mg/dL, p < 0.01). 
There was no difference in the intraoperative complications between the two groups, 
and intestinal obstruction due to postoperative complications was not significantly 
generated in the laparoscopic group and was significantly lower. Hospital stay, as 
well, was significantly shorter in the laparoscopic group, and the rate of intraopera-
tive complications was not significantly different between the groups (5.6% vs. 
8.1%, p = 0.7). Two vessel injuries and one compartment syndrome occurred in the 
laparoscopic group, and six vessel injuries (one ureter injury and one obturator 
nerve injury) occurred in the laparotomic group. The two patients with vessel inju-
ries in the laparoscopic group were converted to laparotomy for hemostasis, and the 
conversion rate of laparoscopic group was 3.7%. Postoperatively, there was one 
urinary tract infection, one case of pelvic cellulitis, three cases of venous thrombo-
sis, and three cases of pulmonary embolus in the laparotomic group. No complica-
tions described above occurred in the laparoscopic group. Bowel obstruction and 
urinary fistula did not occur in either group. While no cases of ileus occurred in the 
laparoscopic group, ten occurred in the laparotomic group. There were two wound 
infections in the laparoscopic group and three in the laparotomic group. There were 
two cases of lymphocyst in the laparoscopic group and one in the laparotomic 
group. The rate of chyle or lymphorrhea was higher in the laparoscopic group than 
in the laparotomic group (18.5% vs. 7.1%, p = 0.02). These symptoms were sponta-
neously resolved in a few days with observation and basic support. The rate of 
lymphedema was lower in the laparoscopic group than in the laparotomic group 
(3.7% vs. 13.1%, p = 0.07). The laparoscopic group tended to have a shorter hospi-
tal stay than the laparotomic group (8.4 ± 5.7 days vs. 16.1 ± 8.0 days, p < 0.01). 
The medium (quantile) duration of follow-up was 364 (110–681) days in the lapa-
roscopic group and 693 (267–1222) days in the laparotomic group. The recurrence 
rate was not significantly different between the groups in the period above (7.4% vs. 
14.3%, p = 0.2). We conclude that laparoscopic para-aortic lymphadenectomy was 
safe and feasible compared with laparotomy, although a longer follow-up will be 
needed before long-term survival can be evaluated accurately.

Regarding laparoscopic surgery for stage II endometrial cancer, six RCT studies 
have included 6–15% of stage II endometrial cancer. In the results of these studies, 
laparoscopic surgery for stage II endometrial cancer is likely to be applied.

Can we perform laparoscopic surgery for stage IV advanced endometrial cancer, 
especially when peritoneal dissemination or intestinal infiltration is suspected? 
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Unfortunately, there is no prospective study between the laparoscopic surgery and 
laparotomy for advanced endometrial cancer. Correspondence to stage IV endome-
trial cancer is considered to be similar to surgery for advanced ovarian cancer with 
disseminated lesions. However, there are few reports on laparoscopic surgery for the 
same disease. In a retrospective study, Nezhat reported that the optimal laparoscopic 
surgery for tumors less than 0.5 cm in size can be done in 88.2% of cases, and the 
amount of blood loss, as well as recurrence rate, is less than that in laparotomy 
operations [17]. There is insufficient evidence that laparoscopic surgery is consid-
ered an effective and safe procedure for patients with stage IV advanced endome-
trial cancer, as six RCT studies only included 0–2% in stage IV endometrial cancer. 
The LAP2 study indicated that metastatic lesions increased the rate of conversion to 
open surgery. In other words, laparoscopic surgery for advanced endometrial cancer 
in which the lesion is spreading outside the uterus is not currently recommended in 
general clinical treatment.

18.8  Future Prospect

Since laparoscopic surgery is a curative surgery equivalent to that of conventional 
laparotomic surgery, it is very important for gynecologic oncologic surgeons to per-
form laparoscopic surgery which results in less blood loss, fewer complications, 
quicker recovery, and less invasiveness for patients with endometrial cancer. In the 
future, we believe that laparoscopic surgery, compared with conventional laparo-
tomic surgery, for patients with either advanced stage or recurrent endometrial can-
cer will be performed widely, as laparoscopic surgery has the advantage of being a 
more precise surgery with an enlarged visual view.
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Abstract
To date, the results of the clinical trial of sentinel node navigation surgery 
(SNNS) for endometrial cancer are not reported, and SNNS should be not yet 
performed as a clinical practice. SNNS is thought to be performed as a clinical 
trial in the institutions with enough experiences of SN mapping. Regarding the 
methods of the tracer injection and tracer detection, the diagnostic accuracy of 
metastasis, the clinical significance of ITC, or micrometastasis, the oncologic 
significance of solitary metastasis-positive sentinel lymph node (SN) in para- 
aortic basin, the usefulness of SN biopsy using surgical robots with fluorescence 
imaging system for detecting ICG, accumulations of clinical trials, and the data 
analysis in many facilities are needed so that SNNS comes to be safely per-
formed as a clinical practice. Furthermore, the standardization of the diagnosing 
method for the pathological search for SN and the establishment of the molecular 
biologic laboratory procedure are necessary, too. However, we think SNNS will 
emerge as a promising, elegant solution to the ongoing discussion regarding 
lymphadenectomy in the initial surgical management of endometrial cancer in 
order to prevent many patients from receiving oversurgery, in order to properly 
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select patients who need to receive lymphadenectomy, and in order to definitely 
evaluate the risk of recurrence by using ultra-staging or biological diagnosing 
method in the near future.

Keywords
Endometrial cancer · Sentinel node navigation surgery · Sentinel node mapping · 
Minimally invasive surgery · ICG

19.1  Principle and History

Sentinel lymph node (SN) is defined as a lymph node which receives lymphatic flow 
directly from tumors. From SNs, lymphatic fluid flows into many lymph nodes. 
Therefore, SNs may have first metastasis among regional lymph nodes. Non-SN 
metastasis might occur from SN with metastasis. In principle, no direct metastasis 
occurs from tumor to non-SN. Concerning lymphatic metastasis, metastatic tumor 
cells should harbor in the SN(s) (first SN), and direct metastasis from tumor to non- 
SNs cannot be recognized. Requirements for SN detection method are high detec-
tion rate, high sensitivity, high specificity, and high negative predictive value (NPV). 
One of the aims of SN navigation surgery (SNNS) is a reduced surgery-associated 
morbidity, such as lymphedema, injury of artery or vein, and increased blood loss, 
without influencing oncologic outcomes.

In the gynecologic field, the concept of SN dissection was first developed in 
vulvar cancer and next in cervical cancer as a tool to select patients most suitable for 
surgical management. In vulvar cancer, clinical trials for verifying the omission of 
systemic lymphadenectomy have been reported [1], and in cervical cancer, the 
result of validation study in many facilities came to be reported [2]. As for endome-
trial cancer, papers for SN biopsy have gradually increased in number after the 
article of Burke et al. [3] in 1996, and the interest increases about SN biopsy with 
an argument of the significance of lymph node dissection in endometrial cancer. A 
prospective multicenter study in France [4] was reported in 2011, and the NCCN 
Clinical Practice Guidelines in Oncology for Uterine Neoplasms (Version 1.2018) 
[5] state that prospective and retrospective studies demonstrate that compared to 
systemic lymphadenectomy, SLN mapping with ultra-staging may increase the 
detection of lymph node metastasis with low false-negative rates in women with 
apparent uterine-confined disease. The NCCN Guidelines also mention that the role 
of SN mapping in endometrial cancer is under evaluation; however, it states that 
“Previously, a full standard lymphadenectomy was recommended for all patients; 
however, a more selective and tailored lymphadenectomy approach that may include 
the SLN algorithm is now recommended by the NCCN Panel to avoid systematic 
overtreatment.” And “SLN mapping can be considered as an alternative to full 
lymphadenectomy in the setting of apparent uterine-confined disease.” 
Recommendation strength is category 2A. In the ESMO-ESGO-ESTRO guideline 
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[6], ultra-staging of the SNs is referred to detect micrometastases otherwise undiag-
nosed by conventional histology, even in patients considered at low risk, on the 
basis of grade and depth myometrial invasion. It also states that SN dissection is still 
experimental, but large series suggest its feasibility and SN dissection increase the 
detection of lymph nodes with small metastases and isolated tumor cells; however, 
the importance of these findings is unclear (level of evidence, IV; strength of recom-
mendation, D). The guideline concludes that SN dissection may be useful in the 
management of endometrial cancers, although evidence is accumulating. Recently, 
the Society of Gynecologic Oncology’s (SGO) Clinical Practice Committee and SN 
Working Group reviewed the current literature and reported a review and literature- 
based recommendations for the inclusion of SN assessment in the treatment of 
patients with endometrial cancer [7].

In Japan, Japan Society of Gynecologic Oncology (JSGO) published 
“Treatment guideline for endometrial cancer version 2013,” and now JSGO is 
revising a new version. Regarding SN, at present, there is no definite evidence 
enough for omitting retroperitoneal lymph node dissection based on SN sam-
pling. SNNS should be performed as a clinical study. And recommendation grade 
is C2; however, in the next version, it might be written that pathological diagno-
sis of SN may be taken into account in order to improve the accuracy of diagnosis 
of tumor spread, if it would be performed by a well-trained team under the cir-
cumstances with good cooperation of pathologists. And recommendation grade 
might become C1.

Unfortunately, SNNS has not been yet reported in endometrial cancer. Therefore, 
in this chapter, some evidences regarding SN mapping in endometrial cancer are 
introduced in order. In the fields of surgery for endometrial cancer, a new attempt of 
“precision” or “personalized” surgery has already been made for reducing morbid-
ity associated with comprehensive lymphadenectomy and for improving diagnostic 
accuracy of lymph node metastasis and moreover for improving prognosis after 
surgery.

19.2  Indication for SN mapping

In principle, SN mapping can be considered for the surgical staging of apparent 
uterine-confined malignancy when there is no metastasis demonstrated by imaging 
studies or no obvious extrauterine disease at exploration; however, there is a move-
ment of the adaptation expansion. Historically, SN mapping was controversial in 
patients with high-risk histology (e.g., serous carcinoma, clear cell carcinoma, car-
cinosarcoma). The NCCN Guidelines Version 1.2018 [5] stated that SN mapping in 
patients with high-risk histologies (i.e., grade 3, serous, clear cell, carcinosarcoma) 
has been reported with promising results as a potential alternative to complete 
lymphadenectomy [8, 9]. The main contraindication for SN mapping is uterine sar-
coma. However, this guideline sequentially emphasizes that SN mapping should be 
done in institutions with expertise in this procedure.
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19.3  Preoperative Evaluation

SN mapping can be considered for the surgical staging of apparent uterine-con-
fined malignancy when there is no metastasis demonstrated by imaging studies or 
no obvious extrauterine disease at exploration [5]. For preoperative evaluation, 
MRI, CT, or PET-CT is applied. MRI is useful for checking myometrial invasion, 
cervical invasion, or adnexal metastasis [10]. On the other hand, CT or PET/CT is 
useful for diagnosing metastasis and peritoneal dissemination. According to a sys-
tematic review and meta-analysis for the diagnostic performances of 18F-FDG-
PET or PET/CT in detecting pelvic and/or para-aortic lymph node metastasis 
[11], sensitivity and specificity of FDG-PET or PET/CT scans in the detection of 
pelvic and/or para-aortic metastasis were 63% and 95%, respectively. The high 
positive likelihood value confirms the reliability of a positive FDG-PET or PET/
CT to detect pelvic and/or para-aortic lymph node metastasis in patients with 
untreated endometrial cancer. However, the efficacy of PET-CT for detecting 
lymph node metastasis has the limitation relating to the size of metastasis in 
lymph node and the region of metastatic lymph node [12]. In metastatic lymph 
nodes with a short-axis diameter of 4  mm or less, between 5 and 9  mm, and 
10 mm or greater, PET had a detection sensitivity of 16.7%, 66.7%, and 93.3%, 
respectively [13]. The sensitivities for the interiliac and parametrial regions were 
very low, compared with obturator, interiliac, parametrial, and common iliac 
lymph nodes [12].

Preoperative pathological diagnosis is also important for presuming the risk of 
lymph node metastasis of endometrial cancer. Pathological diagnosis can usually be 
made by an office endometrial biopsy; however, office endometrial biopsies have a 
false-negative rate of about 10% [5]. In order to fully examine the endometrium, 
patients must be followed up by a fractional dilation and curettage (D and C) under 
anesthesia.

19.4  Technique of SN Mapping and SNNS

19.4.1  Selection of Tracers and Injection Sites

Historically, blue dyes, 99m-Technetium, or a combination of the two tracers has 
been used for SN mapping in endometrial cancer patients. In this chapter, the selec-
tion and injection sites of tracers employed in some validating studies in relatively 
small number patients are introduced, and the results of SN detection are also 
shown.

Ansari et al. [14] comprehensively reviewed the available reports on SN biopsy 
of endometrial cancer in 2013. Overall, 35 studies had enough information for false- 
negative rate evaluation and 51 studies for detection rate evaluation (2071 patients 
overall). Pooled detection rate was 77.8% (95% confidence interval [CI] 73.5–
81.5%), and pooled sensitivity was 89% (95% CI 83–93%). Cervical injection, as 
well as using both blue dye and radiotracer, results in higher detection rate and 
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sensitivity. New techniques such as fluorescent dye injection and robotic-assisted 
surgery showed high detection rate and sensitivity. They concluded that using both 
blue dye and radiotracer and cervical injection of the mapping material can opti-
mize the sensitivity and detection rate of this technique.

Recently, one of the green dyes, indocyanine green (ICG), has been widely used 
with near-infrared fluorescence imaging using specific instruments. ICG, as a tracer, 
has been recently introduced in this setting. Ruscito et al. [15] reviewed 6 studies 
including 538 patients. Compared with blue dyes, ICG SN mapping had higher 
overall (odds ratio [OR] 0.27; 95% CI 0.15–0.50; p < 0.0001) and bilateral detection 
rates (OR 0.27; 95% CI 0.19–0.40; p < 0.00001). No difference was found between 
ICG and 99m-Technetium, although these results are based on data of a single 
series. No difference in overall and bilateral detection rates was found between ICG 
and the combination of blue dyes and 99m-Technetium. The pooled analysis of 
false-negative rate data showed no difference in false-negative rates between trac-
ers. They concluded that ICG SN mapping seems to be equivalent to the combina-
tion of blue dyes and 99m-Technetium in terms of overall and bilateral detection 
rates. Its safety profile and ease of use may favor its employment respect to conven-
tional tracers.

Regarding the tracer injection sites, Delpech et al. [16] reviewed papers concern-
ing correlations between SN distribution and tracer injection sites, such as cervical 
injection, subendometrial injection under hysteroscopy, and subserosal injection at 
operation. When tracers were injected at the cervix, the sites of detected SNs were 
confined only to the pelvic region, whereas, when tracers were injected to the cor-
pus either subendometrially or subserosally, SNs are detected also at the para-aortic 
region. Kataoka et al. [17] showed as much as 80% detection rate of SNs in the 
para-aortic region by injecting RI subendometrially and by injecting dye subsero-
sally into the corpus.

By using radioisotope and dye, Niikura et al. [18] detected SNs in 82% cases by 
injecting RI into the corpus submucosally under hysteroscopy and injecting dye into 
the corpus subserosally in 2004. SNs were distributed in the pelvic region and also 
in the para-aortic region. SN localization was 10% only in the pelvic region, 25% 
only in the para-aortic region, and 65% in both pelvic and para-aortic regions. 
Namely, 90% of cases revealed to have SNs in the para-aortic region. And 40% of 
metastatic LNs were localized in the para-aortic region. The average number of 
detected SNs was 3.7 (range: 1–9). In 2013, they also evaluated the most effective 
combination of injected tracer types and injection sites in order to detect SNs in 
early endometrial cancer [19]. They examined 100 consecutive patients with endo-
metrial cancer by either RI injection into the endometrium during hysteroscopy (55 
cases) or direct RI injection into the uterine cervix (45 cases). SN detection rate was 
highest (96%) by cervical RI injection; however, no SN was detected in the para- 
aortic area. Para-aortic SNs were detected only by hysteroscopic RI injection (56%). 
All cases with pelvic lymph node metastases were detected by pelvic SN biopsy. 
Isolated positive para-aortic lymph nodes were detected in three patients. Bilateral 
SN detection rate was high (96%) by cervical RI injection combined with dye. They 
concluded that RI injection into the uterine cervix is highly sensitive in the detection 
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of SN metastasis in early-stage endometrial cancer. It is a useful and safe modality 
when combined with blue dye injection into the uterine body.

In 2015, Kataoka et al. [17] evaluated the detection rate and diagnostic accuracy 
of SN mapping using hysteroscopic subendometrial injection of 99m-Technetium- 
labeled phytate and subserosal ICG injection in patients with endometrial cancer. 
They prospectively evaluated 57 endometrial cancer patients undergoing SN map-
ping using RI method combined with dye method. As for 32 cases, both (RI + dye) 
methods were used, and 23 cases were performed only in dye method. At least one 
SN was detected in 100%, and the average number of detected SNs was 6.0  in 
RI + dye method. Sensitivity and NPV were 100% and 100%, respectively. From 
the results of SN mapping, 62.8% of SNs were present in the pelvic and 37.1% in 
para-aortic lymph nodes (PAN). A total of 56.3% of lymph nodes with metastasis 
were present in the pelvic and 43.8% in PAN, and the distribution has no difference 
with SN mapping results (p = 0.602). Among 13 cases with metastatic SNs, 76.9% 
of cases showed metastasis in PAN. They concluded that their SN mapping proce-
dure revealed high detection rate, sensitivity, and NPV and also indicated the impor-
tance of the SN exploration in PAN basin. The same study group [20] also assessed 
tracers for SN mapping in endometrial cancer patients, comparing the dye and near- 
infrared fluorescence imaging to clarify a suitable method. They enrolled 92 patients 
and performed three methods using either dye or fluorescence solutions in conjunc-
tion with a RI method. In the dye method, they injected ICG in the uterine subse-
rosa, visually identifying SNs as stained green. In the fluorescence method, a dilute 
ICG solution (0.5 mg, fluorescence A or 0.25 mg, fluorescence B, each per 10 mL 
of solvent) was injected and the SN identified by the HyperEye Medical System. 
The SN detection rates were 100%, 100%, and 96% using dye and fluorescence A 
or B solution, respectively. Pelvic SNs were detected by the three methods in 98%, 
100%, and 96% of cases and para-aortic SNs in 65%, 88%, and 74%, respectively. 
Fluorescence A solution was somewhat better than dye in detecting para-aortic SNs, 
although not significantly (p = 0.07). The sensitivity and NPV for detecting SNs 
with metastases with the dye method were 92% and 98% compared with 100% and 
100%, respectively, for both fluorescence solutions. On these data, although both 
dye and fluorescence methods performed well, no method perfectly identified para- 
aortic SNs. The concomitant use of the RI method is required to detect para-aortic 
SNs.

Tanaka et al. [21] also evaluated the feasibility and detection rates of SN biopsy 
in patients with endometrial cancer and explored some clinicopathologic factors 
that might affect SN detection. They enrolled 211 patients for SN mapping using 3 
kinds of tracers including 99m-Technetium, indigo carmine, and ICG. The detec-
tion rates of the SN biopsy using 99m-Technetium, indigo carmine, and ICG were 
77.9%, 17.0%, and 73.4%, respectively. The detection rate was lower in elderly 
patients (≥60 years) (67.9% vs. 89.2%, p < 0.01), patients with >50% myometrial 
invasion (68.3% vs. 85.2%, p < 0.01), patients with high-grade tumors (69.5% vs. 
84.9%, p  <  0.01), and patients who underwent laparotomy (71.2% vs. 84.9%, 
p < 0.01). There were no significant differences in body mass index. The sensitivity 
was not significantly different in any factor. However, the false-negative rate was 

N. Susumu et al.



301

higher in patients with >50% myometrial invasion (11.5% vs. 1.2%, p < 0.01) and 
high-grade tumors (13.3% vs. 0.8%, p  <  0.01) and who underwent laparotomy 
(12.2% vs. 0.4%, p < 0.01). They concluded that patients who underwent laparos-
copy with <50% myometrial invasion and low-grade tumors not only have higher 
detection rates but also have lower false-negative rates. These patients may avoid 
systemic lymphadenectomy according to the status of the SN biopsy.

Some meta-analysis papers are available regarding SN detection in endometrial 
cancer. In 2015, Cormier et al. [22] conducted a PubMed search and included all 
original research of endometrial cancer patients having undergone SN procedure 
with an n > 30. Data collected included injection technique; unilateral, bilateral, and 
para-aortic detection rates; and ultra-staging results. They identified 17 eligible 
studies. Injection sites were categorized into cervical versus corporeal. Overall 
detection rates ranged from 60% to 100%; studies with n  >  100 all had overall 
detection rates of >80%. Bilateral detection rates were higher with a combination of 
two injection agents. Para-aortic mapping was most frequent after corporeal injec-
tion techniques (39%) and was higher after deep vs. standard cervical injection 
(17% vs. 2%). The proportion of metastatic lymph nodes diagnosed through ultra- 
staging was high (around 40%), and ultra-staging of SN upstaged approximately in 
5% of patients. Retrospectively applying a surgical algorithm revealed a sensitivity 
of 95%, a NPV of 99%, and a false-negative rate of 5%. They concluded that results 
of SN research for endometrial cancer are promising. In 2016, Bodurtha Smith et al. 
[23] conducted a systematic review to evaluate the diagnostic accuracy and clinical 
impact of SN mapping in the management of endometrial cancer. They identified 55 
eligible studies, which included 4915 women. The overall detection rate of SN map-
ping was 81% (95% CI, 77–84%) with a 50% (95% CI, 44–56%) bilateral pelvic 
node detection rate and 17% (95% CI, 11–23%) para-aortic detection rate. There 
was no difference in detection rates by patient body mass index or tumor histology 
and grade. The use of ICG increased the bilateral detection rate compared with blue 
dye. Additionally, cervical injection increased the bilateral SN detection rate but 
decreased the para-aortic detection rate compared with alternative injection tech-
niques. The sensitivity of SN mapping to detect metastases was 96% (95% CI, 
91–98%). Compared with women staged with complete lymphadenectomy, women 
staged with SN mapping were more likely to receive adjuvant treatment. They con-
cluded that SN mapping is feasible and accurately predicts nodal status in women 
with endometrial cancer. This data favors the use of cervical injection techniques 
with ICG.

Several lymphatic pathways directly reach even to the para-aortic region. Reginal 
lymph node is rather wide than those of cervical cancer and vulvar cancer. This is 
one of the reasons for the delay of SN study in endometrial cancer. However, those 
cases with para-aortic lymph node metastasis and without pelvic lymph node metas-
tasis are reported to be rare; most of the papers regarding SN mapping referred 
solely to the pelvic SN.  In NCCN Clinical Practice Guidelines in Oncology for 
Uterine Neoplasms Version 1.2018 [5], the combination method using both superfi-
cial (1–3 mm) injection and deep (1–2 cm) injection into the cervix is useful in 
delivering dye to the main layers of lymphatic channel origins in the cervix and 
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corpus. Main uterine lymphatic trunks commonly cross over the umbilical ligament 
and flow to the most common location of pelvic SNs, which are located medial to 
the external iliac region and ventral to the hypogastric region, and also located in the 
superior (cranial) part of obturator lymph nodes. The guideline also referred to the 
less common pathway of injected dye, which does not cross over the umbilical liga-
ment and runs toward cranial direction along with the mesoureter and reaches to 
less common SNs locations, such as presacral region.

Regarding the training curve in detecting SNs, Khoury-Collado et  al. [24] 
examined how many cases are needed to achieve >90% SN detection. They 
included 115 patients with endometrial cancer. The cervix was the only site of 
injection in 82 cases (71%), while a combined cervical and fundal injection was 
performed in 33 cases (29%). Overall, SN detection was achieved in 98 (85%) 
cases. In the initial 27 months of the study, a SN was identified in 50 of 64 cases 
(78%), with two false- negative cases. In the subsequent 15  months, successful 
mapping was achieved in 48 of 51 cases (94%) with no false-negative cases. When 
examining an individual provider’s performance, after the first 30 cases, the rate of 
successful mapping significantly increased from 77% to 94% (p = 0.033). They 
concluded that high SN detection rates can be achieved in women with uterine 
cancer, and increasing surgical volume (30 cases) is associated with significantly 
increased detection rates.

19.4.2  Results of Detected SNs

In this chapter, two prospective multicenter cohort studies will be referred and 
discussed.

A prospective, multicenter cohort study (SENTI-ENDO study) [4] was first 
reported to assess the detection rate and diagnostic accuracy of the SN procedure in 
predicting the pathological pelvic node status in patients with early-stage endometrial 
cancer in 2011. Eligibility is stage I/II endometrial cancer. All lymph nodes were his-
topathologically examined, and SNs were serial sectioned and examined by immuno-
chemistry. The primary endpoint was the estimation of the NPV of SN biopsy per 
hemipelvis. One hundred thirty-three patients were enrolled at nine centers in France. 
Pelvic SNs were assessed by cervical dual injection (with technetium and patent blue) 
and systematic pelvic node dissection. SN detection rate was 89% (111/125), and 19 
of 111 (17%) had pelvic lymph node metastases. Five of 111 patients (5%) had an 
associated SN in the para-aortic area. Considering the patient as the unit of analysis, 
NPV was 100% and sensitivity 100%. Three patients had false-negative results (two 
had metastatic nodes in the contralateral pelvic area and one in the para-aortic area), 
giving an NPV of 97% and sensitivity of 84%. All three of these patients had type 2 
endometrial cancer. The authors concluded that SNNS by the use of cervical dual 
labeling could be an alternative to systematic lymphadenectomy in patients with low-
risk and intermediate-risk endometrial cancer. However, further study is needed for 
protocol standardization and for validating prognosis of patients with SN mapping.
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In 2017, Rossi et al. [25] reported the results of a multicenter, prospective, cohort 
study (FIRES trial) comparing SN biopsy to lymphadenectomy for endometrial 
cancer staging for patients with clinical stage 1. In the FIRES multicenter, prospec-
tive, cohort study, patients with clinical stage 1 endometrial cancer of all histologies 
and grades undergoing robotic staging were eligible for study inclusion. Patients 
received a standardized cervical injection of ICG and SN mapping followed by 
pelvic lymphadenectomy with or without para-aortic lymphadenectomy. Negative 
SNs (by hematoxylin and eosin staining on sections) were ultra-staged with immu-
nohistochemistry for cytokeratin. The primary endpoint was sensitivity of the 
SN-based detection of metastatic disease. They enrolled 340 patients, and 196 
(58%) patients received para-aortic lymphadenectomy as well as pelvic lymphade-
nectomy. Two hundred ninety-three (86%) patients had successful mapping of at 
least one SN. Forty-one (12%) patients had positive nodes, 36 of whom had at least 
one mapped SN. Nodal metastases were identified in the SNs of 35 (97%) of these 
36 patients, yielding a sensitivity to detect node-positive disease of 97.2% and a 
NPV of 99.6%. They detected SNs also in 23% of cases in the para-aortic region. 
Isolated para-aortic SN was detected in three cases (<1%). They concluded that SNs 
identified with ICG have a high degree of diagnostic accuracy in detecting endome-
trial cancer metastases and can safely replace lymphadenectomy in the staging of 
endometrial cancer.

19.4.3  Pathologic Diagnosis and Molecular Biological  
Diagnosis of SNs

Metastasis is classified into three categories according to the maximum diameter of 
metastasis. Metastasis with a maximum diameter greater than 2 mm is called mac-
rometastasis and 0.2–2.0 mm a micrometastasis, and metastasis with a diameter less 
than 0.2 mm is called isolated tumor cells (ITCs). Recent data suggest the potential 
significance and impact of SN ultra-staging (i.e., serial sectioning and immunohis-
tochemistry) to improve the accuracy of detecting micrometastases.

Niikura et  al. [26] reported that SNs detected by immunostaining with step-
serial sectioning had micrometastases more frequently than non-SNs. Easy detec-
tion of micrometastases by immunostaining is only possible when the SNs are 
evaluated with step-serial section combined by cytokeratin immunostaining. They 
examined consecutive patients undergoing laparotomy (total abdominal hysterec-
tomy, bilateral salpingo- oophorectomy, total pelvic lymphadenectomy, and para-
aortic lymphadenectomy to the level of renal veins) with SN biopsy for endometrial 
cancer. All surgically removed lymph nodes, including SNs, were examined histo-
pathologically by immunohistochemistry staining with an anti-cytokeratin anti-
body (AE1/AE3) combined with step-serial sectioning at 200–500 micrometer 
intervals. Four of 74 SNs (5%) obtained from 20 patients had micrometastases or 
ITCs. In contrast, only 4 of the 1350 non-SNs obtained from 20 patients (0.3%) 
had detectable micrometastases. They concluded that easy detection of 
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micrometastases by immunostaining is only possible with step-serial sectioning of 
the SNs.

Holloway et  al. [27] compared the performance of SN mapping with staging 
lymphadenectomy versus staging lymphadenectomy alone for the detection of 
metastasis and the use of adjuvant therapies in patients with endometrial cancer. 
They examined patients with apparent early-stage endometrial cancer (n  =  780) 
who underwent robotic-assisted hysterectomy with pelvic ± aortic lymphadenec-
tomy and they compared pelvic  ±  aortic lymphadenectomy (n  =  661) with 
SN-mapped cases with pelvic ± aortic lymphadenectomy (n = 119). Isosulfan blue 
and ICG with near-infrared imaging were used for SN mapping. SNs were pro-
cessed in blocks and H&E slides were evaluated. The H&E negative blocks were 
further microsectioned 50 μm apart to get three H&E slides and one immunohisto-
chemistry slide using anti-cytokeratin AE1/AE3. Non-SNs were examined only by 
routine H&E.  The mapped group had more LN metastasis detected (30.3% vs. 
14.7%, p < 0.001), more stage IIIC (30.2% vs. 14.5%, p < 0.001), and more GOG 
high-risk cases (32.8% vs. 21.8%, p = 0.013) and received more chemotherapy + 
radiation (28.6% vs. 16.3%, p < 0.003). The SN was the only metastasis in 18 (50%) 
mapped cases with positive nodes. The SN false-negative rate was 1/36 (2.8%). 
Micrometastases or ITCs were identified in 22/35 (62.9%) SN metastases. 
Multivariate analysis demonstrated that SN mapping imparted a significant effect 
on the detection of metastatic disease. The performance of SN mapping with stag-
ing lymphadenectomy increased the detection of lymph node metastasis and was 
associated with more use of adjuvant therapies.

In the SENTI-ENDO study by Ballester et al. [4], immunohistochemistry and 
serial sectioning detected metastases undiagnosed by conventional histology in 9 of 
111 (8%) patients with detected SNs, representing 9 of the 19 patients (47%) with 
metastases. SN biopsy upstaged 10% of patients with low-risk and 15% of those 
with intermediate-risk endometrial cancer. This study suggests that SN biopsy could 
provide important data to tailor adjuvant therapy.

Kim et al. [28] reported that SN mapping with pathologic ultra-staging in endo-
metrial cancer detects additional low-volume metastases (4.5%) that would other-
wise go undetected with routine evaluations, and they also found that lymphovascular 
invasion was frequently recognized in those cases with low-volume metastases. 
Ultra-stage detected metastases more commonly in the cases with some evidence of 
myometrial invasion. In contrast to tumors with no myoinvasion, in which ultra- 
stage- detected nodal metastases were only found in 0.8% of cases, patients with any 
myoinvasion had approximately 7–8% low-volume, ultra-stage-detected nodal 
metastases in SNs. This is the largest single-institution study to date with standard-
ized specialized pathology review reporting the incidence of low-volume, ultra- 
stage- detected metastases in SNs during the surgical staging of endometrial cancer. 
They described the incidence of low-volume ultra-stage-detected metastases in SNs 
identified at surgical staging for endometrial cancer and they correlated it with depth 
of myoinvasion and tumor grade. They reviewed 508 patients who underwent pri-
mary surgery for endometrial cancer with successful mapping of at least one SN. All 
patients underwent a cervical injection for mapping. The SN ultra-staging protocol 
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involved cutting an additional two adjacent 5-μm sections at each of two levels, 
50-μm apart, from each paraffin block lacking metastatic carcinoma on routine 
hematoxylin and eosin (H&E) staining. At each level, one slide was stained with 
H&E and with IHC using anti-cytokeratin AE1/AE3. Micrometastases and ITCs 
were classified as low-volume ultra-stage-detected metastases if pathologic ultra- 
staging was the only method allowing detection of such nodal disease. 64 (12.6%) of 
the 508 patients had positive nodes: routine H&E detected 35 patients (6.9%), ultra-
staging detected an additional 23 patients (4.5%) who would have otherwise been 
missed (4 micrometastases and 19 ITCs), and 6 patients (1.2%) had metastatic dis-
ease in their non-SNs. The incidence rates of low-volume ultra-stage-detected nodal 
metastases in patients with grades 1, 2, and 3 tumors were 3.8%, 3.4%, and 6.9%, 
respectively. The frequency rates of low-volume ultra-stage-detected metastases in 
patients with a depth of myoinvasion of 0, less than 50%, and 50% or more were 
0.8%, 8.0%, and 7.4%, respectively. Lymphovascular invasion was present in 20 
(87%) of the cases containing low-volume ultra-stage-detected metastases in the 
lymph nodes. They proposed that the pathologic ultra-staging of SNs should be 
incorporated in endometrial cancer with any degree of myoinvasion.

In the field of diagnosis of SN metastasis, an epoch-making diagnostic method, 
a one-step nucleic acid amplification (OSNA) assay, was introduced. Nagai et al. 
[29] examined if an OSNA assay might improve lymph node (LN) metastasis iden-
tification for patients with endometrial cancer. Using quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR), an optimal mRNA marker was selected, 
and its expression was compared between histopathologically positive and negative 
LNs using an OSNA assay. They also investigated whether an OSNA assay could 
detect LN metastases with sensitivity and specificity equivalent to the 2-mm- interval 
histopathology method. Cytokeratin 19 (CK19) was selected as a useful mRNA 
marker for the OSNA assay. When the cutoff value was set at 250 copies, an OSNA 
assay using CK19 mRNA had a sensitivity of 93.3%, a specificity of 99.5%, and a 
concordance rate of 99.1%. For performance evaluations using SNs (120 histopath-
ologically negative LNs and 17 histopathologically positive LNs from 35 patients), 
a OSNA assay using CK19 mRNA had a sensitivity of 82.4%, a specificity of 
99.2%, a positive predictive value of 93.3%, and a concordance rate of 97.1%. Thus, 
an OSNA assay using CK19 mRNA provided results equivalent to those with the 
2-mm-interval histopathology method. They demonstrated that an OSNA assay 
using CK19 mRNA was applicable for detecting LN metastases. A combined analy-
sis using an OSNA assay and SNs may improve individualized treatments according 
to LN metastatic status. The OSNA assay also showed high sensitivity and specific-
ity in another report. López-Ruiz et al. [30] enrolled 94 SNs from 34 patients with 
endometrial cancer. Using the breast cancer cutoff value for detecting lymph node 
metastasis (OSNA criteria for breast cancer, >250 copies of CK19/μL), the sensitiv-
ity of the OSNA assay was 100%; specificity was 87.6%; diagnostic accuracy was 
88.3%. In two SNs from the same patient, histopathological examination revealed 
the presence of benign epithelial inclusions that were CK19 positive; both SNs 
yielded a positive result in the OSNA assay (true/false positive). All remaining nine 
histologically negative/OSNA-positive SNs were classified as micrometastasis (+) 
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by the OSNA assay. The OSNA assay shows high sensitivity and specificity, which 
suggests its utility as a novel tool for the molecular detection of SN metastasis.

19.4.4  Algorithm of SNNS

Barlin et al. [31] examined the effectiveness of their algorithm in detecting meta-
static endometrial cancer while minimizing the need for complete lymphadenec-
tomy. They reviewed 498 patients who received SN mapping in a single institution, 
and they applied retrospectively their algorithm to all patients. The surgical algo-
rithm is as follows: (1) peritoneal and serosal evaluation and washings; (2) retro-
peritoneal evaluation including excision of all mapped SNs with ultra-staging and 
suspicious nodes regardless of mapping; and (3) if there is no mapping on a hemi-
pelvis, a side-specific pelvic, common iliac, and interiliac lymph node dissection is 
performed. Para-aortic lymph node dissection is performed at the attendings’ dis-
cretion. At least one LN was removed in 95% of cases (474/498); at least one SN 
was identified in 81% (401/498). SN correctly diagnosed 40/47 patients with nodal 
metastases who had at least one SN mapped, resulting in a 15% false-negative rate. 
After applying the algorithm, the false-negative rate dropped to 2%. Only one 
patient, whose LN spread would not have been caught by the algorithm, had an 
isolated positive right para-aortic LN with a negative ipsilateral SN and pelvic 
lymph node dissection. After limiting their analysis to patients with at least ten LNs 
removed, the endometrial cancer SN algorithm still performed well, with a sensitiv-
ity of 96.9%, NPV of 99.5%, and false-negative rate of 3.1%. They concluded that 
satisfactory SN mapping requires adherence to a surgical SN algorithm and goes 
beyond just the removal of blue SNs. Removal of any suspicious node along with 
side-specific lymphadenectomy for failed mapping is an integral part of this algo-
rithm. Further validation of the false-negative rate of this algorithm is necessary. 
NCCN Clinical Practice Guidelines Version 1.2018 [5] cited this algorithm and rec-
ommended as category 2A.

19.5  Morbidity

There are few reports referring to the morbidity in the SN mapping. A prospective 
multicenter study, SENTI-ENDO [4] with 133 patients enrolled, revealed no com-
plication after injection of technetium colloid, and no anaphylactic reactions after 
patent blue injection. No surgical complication was reported during SN biopsy, 
including procedures that involved conversion to open surgery. On the other hand, 
in the FIRES trial [25], 33 (9%) of 356 patients had an adverse event, and 22 of 
these patients had a serious adverse event. The most common grade 3 or 4 adverse 
events or serious adverse events were postoperative neurological changes, such as 
peripheral nerve injuries, or central nervous symptoms, such as syncope or vertigo 
(4 patients); postoperative respiratory distress or failure (4 patients); postoperative 
nausea and vomiting (3 patients); and bowel injury (3 patients). They reported one 
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serious adverse event related to the study intervention: a ureteral injury incurred 
during SN dissection. The surgeon reported difficulty visualizing the ureter in the 
retroperitoneum during activation of the near-infrared imaging modality when 
bleeding was encountered. The ureter received a thermal injury that was immedi-
ately recognized. The ureter was stented and the patient did not sustain long-term 
adverse sequelae.

Geppert et al. [32] compared the rate of lymphatic complications in women with 
endometrial cancer undergoing SN biopsy versus a full pelvic and infrarenal para- 
aortic lymphadenectomy. This prospective study included 188 patients with endo-
metrial cancer planned for robotic surgery. ICG was used to identify SNs. In low-risk 
patients, the lymphadenectomy was restricted to the removal of SNs, whereas in 
high-risk patients also a full lymphadenectomy was performed. The bilateral detec-
tion rate of SNs was 96% after cervical tracer injection. No intraoperative complica-
tion was associated with the SN biopsy per se. Compared with hysterectomy alone, 
the additional average operative time for the removal of SNs was 33 min whereas 91 
min was saved compared with a full pelvic and para-aortic lymphadenectomy. SN 
biopsy alone resulted in a lower incidence of leg lymphedema than infrarenal para-
aortic and pelvic lymphadenectomy (1.3% vs. 18.1%, p = 0.0003).

19.6  Future Prospect

There remain some problems in SN mapping or SNNS for endometrial cancer, such 
as the standard tracer selection, the standard tracer injection sites for detecting SNs 
in the para-aortic basin, the standard method of pathological diagnosis or biological 
diagnosis of SNs, the clinical significance of ITCs or micrometastases, the oncologic 
significance of solitary metastasis-positive SN in the para-aortic basin, the usefulness 
of SN biopsy using surgical robots with fluorescence imaging system for detecting 
ICG, and so on. Recently, a few articles regarding these problems were announced.

Ultra-staging of SNs with serial sectioning and immunohistochemistry in endo-
metrial cancer with any degree of myoinvasion is useful for detecting low-volume 
metastases that would otherwise go undetected with routine evaluations. However, 
the oncologic significance of low-volume nodal metastases requires long-term fol-
low- up [27] or, if possible, a randomized prospective study comparing the prognosis 
of those patients with early-stage endometrial cancer with micrometastases or ITCs 
with or without adjuvant chemotherapy.

St Clair et al. [33] characterized treatment patterns and oncologic outcomes in 
844 patients with low-volume lymph node metastasis (ITCs and micrometastases 
[MM]) discovered during SN mapping for endometrial cancer. The median number 
of lymph nodes resected was six (range 0–60), and the median number of SNs was 
two (range 0–15). Overall, 753 (89.2%) patients were node-negative, 23 (2.7%) had 
ITCs only, 21 (2.5%) had MM only, and 47 (5.6%) had macrometastasis. Adjuvant 
chemotherapy was administered to 106 (14%) of 753 node-negative patients, 19 
(83%) of 23 patients with ITCs, 17 (81%) of 21 patients with MM, and 42 (89%) of 
47 with macrometastasis. The median follow-up was 26  months (range 0–108). 
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Three-year recurrence-free survival was as follows: node-negative patients, 90%; 
ITCs only, 86%; MM only, 86%; and macrometastasis, 71% [p < 0.001]. Patients 
with ITCs and MM frequently received adjuvant chemotherapy and had improved 
oncologic outcomes in comparison to those with macrometastasis to the lymph 
nodes. Further prospective study is needed to determine optimal post-resection 
management in patients with ITCs or MM alone.

In the Fluorescence Imaging for Robotic Endometrial Sentinel lymph node biopsy 
(FIRES) trial [25], da Vinci Si or Xi surgical robots (Intuitive Surgery, Sunnyvale, 
CA, USA) were used in all patients. This study using ICG for tracers injected into the 
cervix revealed 23% as a detecting rate of SNs in the para-aortic basin. This detecting 
rate is higher than those of other studies with cervical injection of tracers, and the 
high detecting rate is next to those of studies with corporal (subendometrial or sub-
serosal) injection methods [17, 19]. This might be derived from the usefulness of the 
fluorescence detecting system of robots or from robotic surgery itself. SN biopsy 
with this robotic system might solve the problem of the difficulties in detecting SNs 
in the para-aortic basin even by injecting tracers into the cervix.

How et al. [34] reviewed 472 patients with endometrial cancer who underwent 
either SN mapping (SN cohort) or systematic lymphadenectomy (LND cohort) 
from sequential, non-overlapping historical time points and compared the possible 
impact of SN mapping on the location of disease recurrence between the two 
cohorts. No significant difference in overall recurrence-free survival (RFS) could be 
identified between the cohorts at 48 months (HR 0.74, 95% CI 0.43–1.28, p = 0.29). 
However, the SN cohort had improved the pelvic sidewall RFS compared to the 
LND cohort (HR 0.32, 95% CI 0.14–0.74, p = 0.007). The pelvic sidewall recur-
rences accounted for 30% of recurrences in the SN cohort (8 out of 26 recurrences) 
compared to 71.4% in the LND cohort (20 out of 28 recurrences). They concluded 
that SN mapping may enable more efficient detection of the LNs at greatest risk of 
metastasis and help to guide adjuvant therapy according to the pathologic results 
using ultra-staging, which in turn seems to decrease the risk of pelvic sidewall 
recurrences. SN mapping in addition to complete lymphadenectomy appears to be 
beneficial compared to complete lymphadenectomy alone; however, it is not known 
whether SN mapping on its own is superior to lymphadenectomy in terms of out-
comes of RFS or overall survival.

Daraï et al. [35] reported the long-term follow-up results of the SENTI-ENDO 
study [4].

Patients with stages I–II endometrial cancer underwent pelvic SN biopsy after 
cervical dual injection (technetium and patent blue) and systematic pelvic node dis-
section. The secondary endpoint is the long-term recurrence-free survival (RFS) and 
the impact of the SN procedure on adjuvant therapies. The median follow-up was 
50 months (range 3–77 months). Eighteen of the 125 patients (14.4%) experienced a 
recurrence. The 50-month RFS was 84.7% with no difference between patients with 
and without detected SN (p = 0.09). Among patients with detected SN (111), no dif-
ference in RFS was observed between those with and without positive SN (p = 0.5). 
In the whole population, adjuvant therapy was performed in low-, intermediate-, and 
high-risk groups in 31 of 64 patients (48.4%), 28 of 37 patients (75.7%), and 14 of 
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17 patients (82.3%), respectively (p = 0.0001). For the 111 patients with detected SN, 
EBRT was performed in 27 of the 89 with negative SN and in 11 of the 14 with posi-
tive SN (p = 0.001). Chemotherapy was performed more frequently in patients with 
positive SN (6/12, 50%) than in patients with negative SN (7/56, 12.5%) (p = 0.009). 
Their data support the impact of SN biopsy on surgical management and indications 
for adjuvant therapies. Further studies are required to assess the clinical impact of the 
SN biopsy in early-stage endometrial cancer.

Plante et al. [36] evaluated the outcome and the role of adjuvant treatment in the 
management of patients with endometrial cancer and ITCs identified by SN map-
ping. They enrolled 519 patients undergoing hysterectomy, salpingo-oophorectomy, 
lymphadenectomy, and SN mapping for endometrial cancer in a single institute. 
Data was prospectively collected. Overall, 85 patients (16.4%) were found to have 
SN metastases of which 43 (51%) were macrometastasis, 11 (13%) micrometastasis 
(MM), and 31 (36%) ITC. Eleven (35%) of patients with ITCs received adjuvant 
chemotherapy ± whole pelvic radiation therapy (WPRT), 10 (32%) received WPRT, 
and 10 (32%) received either no adjuvant treatment or vault brachytherapy (VBT) 
only. ITC patients received significantly less chemotherapy (p = 0.0001) and WPRT 
(p = 0.007) compared to patients with macrometastasis. Remarkably, the authors 
did not consider ITC as node positive. With a median follow-up of 29 months (range 
0–67), the PFS at 3 years for the ITC patients was 95.5%, similar to node-negative 
(87.6%) and micrometastasis patients (85.5%) but statistically better than patients 
with macrometastasis (58.5%) (p = 0.0012). Only 1/31 patient with ITC recurred 
(IB, 7 cm carcinosarcoma) despite adjuvant treatments. None of the ITC patients 
with endometrioid histology recurred (0/28). Patients with endometrial cancer 
found to have SN ITCs have an excellent outcome. The use of adjuvant treatment 
should be tailored to uterine factors and histology and not solely based on the pres-
ence of ITCs. Patients with ITCs and otherwise low-risk uterine disease probably 
received little benefit from additional treatments. More studies are needed to con-
firm their results.

As mentioned above, there remain some difficult problems in SN mapping; how-
ever, we think SNNS will emerge as a promising, elegant solution to the ongoing 
discussion regarding lymphadenectomy in the initial surgical management of endo-
metrial cancer in order to prevent most patients from receiving overtreatment, in 
order to select patients who need to receive lymphadenectomy, and in order to defi-
nitely evaluate the risk of recurrence by using ultra-staging or biological diagnosing 
method in the near future.
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Abstract
Surgery is among the most important therapeutic and diagnostic modalities in 
ovarian cancer. In general, staging laparotomy is needed even for early-stage 
patients, while primary debulking surgery or interval debulking surgery is indi-
cated mainly for patients with advanced ovarian cancer. Because more than 10% 
of cases of early-stage ovarian cancer have lymph node involvement, lymph node 
dissection is included in staging laparotomy. Secondary debulking surgery can 
be a treatment option for recurrent cases, particularly those in which tumors are 
expected to be completely resected. Fertility-sparing surgery and minimally 
invasive surgery have gained much attention recently. The increasing rate of risk- 
reducing salpingo-oophorectomy for hereditary breast and ovarian carcinomas 
indicates the importance of prevention against ovarian cancer.

Keywords
Staging laparotomy · Primary debulking surgery · Interval debulking surgery  
Secondary debulking surgery · Fertility-sparing surgery

20.1  Introduction

Ovarian cancer is the leading cause of death among all gynecologic malignancies. 
Its prognosis is associated with surgical outcomes, particularly the size of residual 
tumors [1–3]. Surgical outcome is generally classified according to the size of the 
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maximum residual tumor. No residual macroscopic disease (R0) is considered as 
complete resection, regardless of positivity of the peritoneal cytology. Otherwise, it 
is classified according to the largest diameter of the macroscopic residual tumors. 
Cytoreduction with small residual tumor burden of 1–10 mm is optimal debulking, 
whereas cytoreduction with any residual tumors larger than 10 mm is suboptimal 
debulking. In advanced ovarian cancers, the prognosis is significantly favorable in 
patients with complete resection [4]. Optimal debulking by primary debulking sur-
gery (PDS) is an alternative goal of the surgery; however, its impact on prognosis is 
limited compared with complete resection [4]. To improve the surgical resectability, 
interval debulking surgery (IDS) between cycles of chemotherapy has been used 
[5–7]. Complete resection was also shown to be the most significant prognostic fac-
tor in patients receiving IDS [8]. Therefore, complete resection is the desired surgi-
cal treatment for advance ovarian carcinomas. Fertility-sparing surgery should be 
considered in patients when the staging is early (mainly IA and possibly a part of 
IC) and the tumors are completely resectable under appropriate staging surgery [9]. 
However, the criteria for fertility-sparing surgery have not been established yet. The 
usefulness of minimally invasive surgery (MIS), such as laparoscopic surgery, is 
still controversial [10]. However, inspection laparoscopy before neoadjuvant che-
motherapy may be an option for accurate diagnosis of the histological subtypes and 
evaluation of peritoneal dissemination. Here, we review the surgical modalities for 
epithelial ovarian cancer.

20.2  History

The importance of primary cytoreduction in ovarian cancer was initially described 
in 1934 and has been widely reported to date [11–13]. Intensive surgical manage-
ment has been the standard strategy for advanced ovarian cancers, regardless of the 
chemotherapeutic regimen [14–16]. The high incidence of lymph node metastasis 
(pelvic and/or para-aortic) in advanced ovarian cancer has been also broadly 
reported [17–19]. The significance of systematic lymphadenectomy is supported by 
the findings that the prognosis of ovarian cancer upstaged to stage III after lymph-
adenectomy was similar to that of stage I/II patients [20]. However, the therapeutic 
effect of systematic lymphadenectomy is still under debate, particularly for advanced 
ovarian cancer. Recently, a large randomized trial for advanced ovarian cancer 
patients who received macroscopic complete resection strongly suggested that sys-
tematic pelvic and para-aortic lymphadenectomy (LION, lymphadenectomy in 
ovarian neoplasms) did not improve the prognosis of patients with (pre- and intra-
operatively) clinically negative lymph nodes compared with the other group without 
lymphadenectomy [21]. Therefore, the optimal technique for primary surgical man-
agement is yet to be established.

“Second-look” surgery was widely performed for abdominal malignancies, 
including ovarian cancer since the 1940s [22–24]. Until the 1980s, multidisciplinary 
treatment for advanced ovarian cancer often includes whole-abdomen irradiation as 
well as chemotherapy [25, 26]. Sequential therapy included primary surgery, 
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chemotherapy, second-look exploratory laparotomy, and whole-abdomen irradia-
tion [25]. “Second-look” surgery was mainly diagnostic and occasionally therapeu-
tic. It was indicated to (a) assess disease with the intent of stopping therapy, (b) 
evaluate recurrent or persistent disease, and (c) determine the need for further tumor 
resection following chemotherapy [27]. For diagnosis, “second-look” laparoscopy 
was introduced around the 1980s [28]. “Second-look surgery” often included both 
inspection and debulking surgery (interval and secondary). Currently, diagnostic 
“second-look surgery” is not routinely performed. Although IDS for patients with 
suboptimal PDS or neoadjuvant chemotherapy has already been performed for sev-
eral decades, the prognostic significance of IDS remains controversial and needs 
more evaluation. No randomized controlled trials for secondary debulking surgery 
(SDS) have been performed; however, complete cytoreduction via SDS has been 
reported to be of prognostic importance for recurrent ovarian cancer [29–33]. In any 
case, debulking surgery has since been considered as one of the treatment options 
for advanced and recurrent ovarian cancer.

20.3  Staging Laparotomy

Staging laparotomy is a surgery that includes procedures necessary for the determi-
nation of tumor stage. The standard surgical procedure includes bilateral salpingo- 
oophorectomy, hysterectomy, and greater omentectomy as well as peritoneal 
cytology, peritoneal biopsies, and retroperitoneal (pelvic and para-aortic) lymphad-
enectomy (or biopsy) (Table 20.1). The extent of dissection for para-aortic lymph 
nodes is generally up to the level of the left renal vessel.

More than 10% of apparent stage I (pT1M0) disease has pelvic and/or para- 
aortic lymph node involvement [19, 34–36], indicating the importance of lymphad-
enectomy for diagnosis and treatment. The incidence of lymph node metastasis in 
stage I/II (pT1/2M0) was the highest in grade 3 tumors (20.0%) and the serous 
subtype (23.3%) [36]. In a retrospective study of 6686 patients with clinical stage I 
ovarian cancer, lymphadenectomy was significantly associated with improved 
5-year disease-specific survival (87.0% vs. 92.6%, P < 0.001) [37]. In a randomized 
trial in patients with macroscopically intrapelvic ovarian cancer, the risks for pro-
gression were lower in the systematic lymphadenectomy arm than the node 

Table 20.1 Staging laparotomy for ovarian cancer

Total abdominal hysterectomy, bilateral salpingo-oophorectomy, infracolic omentectomy, and 
excision of masses when prudent
Lymphadenectomy (or biopsy) of pelvic and para-aortic nodes
Peritoneal cytology (ascites or peritoneal washing)
Biopsy of peritoneum of vesicouterine excavation, Douglas’ pouch, right and left pelvic 
sidewalls, and right and left paracolic gutters
Biopsy or cytology from undersurface of right hemidiaphragm
Biopsy of all suspicious lesions
Careful inspection and palpation of all peritoneal surfaces
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sampling arm, although the difference was not statistically significant [38]. The 
incidence of para-aortic node metastasis is as high as that of pelvic node metastasis. 
In a retrospective study of 116 patients with stage IIIC or IV epithelial ovarian can-
cer who underwent systematic bilateral pelvic and aortic lymphadenectomy, 78% of 
patients had pelvic nodal metastases, whereas 84% had aortic lymph node metasta-
ses. A total of 59% of patients had both pelvic and aortic node metastasis [39]. 
Among the pelvic and/or aortic node-positive patients, the incidence of metastases 
to the aortic lymph nodes was high in both the level above the inferior mesenteric 
artery (79%) and below the inferior mesenteric artery (71%) [19]. Therefore, sys-
tematic dissection of lymph nodes should include both pelvic and para-aortic 
regions (up to the level of the renal vessel).

Greater omentectomy has been included as a part of staging laparotomy for ovar-
ian cancer since the 1960s [40], with the omentum as a frequent site of metastasis. 
Occult omental metastases in otherwise early disease indicated the necessity of 
omentectomy for accurate staging and possible therapeutic benefit [41]. Microscopic 
disease in the omentum has been reported in 5–10% of cases of early-stage epithe-
lial ovarian cancer [13, 42, 43]. Therefore, infracolic omentectomy should be per-
formed even in cases without macroscopic dissemination.

Multiple biopsies of the peritoneum are important for accurate staging in ovarian 
cancer. Careful inspection of the abdominal cavity is necessary. In patients who are 
suspected to have peritoneal dissemination, biopsy and cytology of the peritoneum, 
such as vesicouterine excavation, Douglas’ pouch, right and left pelvic sidewalls, 
right and left paracolic gutters, and right hemidiaphragm, are recommended.

20.4  Primary Debulking Surgery and Interval Debulking 
Surgery for Advanced Ovarian Cancer

The prognosis of advanced ovarian cancer (FIGO stages III to IV) is poor, with a 
median overall survival (OS) of less than 25 months and a 5-year survival rate of 
20% [44]. PDS to achieve no residual diseases (R0) followed by platinum-based 
chemotherapy is the standard treatment for advanced ovarian cancer [45, 46]. 
Despite the accumulated evidence supporting the clinical significance of PDS, 
whether the good outcome depends on the background of patients’ functional 
status and surgical tolerability or the surgical quality of professional gynecologic 
oncologists remains debated [47, 48]. PDS sometimes induces perioperative com-
plications, particularly in advanced cases with massive ascites and high tumor 
load.

To evaluate an alternative treatment strategy for advanced patients, two large 
clinical trials have been conducted. The European Organization for Research and 
Treatment of Cancer (EORTC) Gynecologic Group conducted a large phase III 
study (EORTC 55971) and suggested that neoadjuvant chemotherapy (NAC) fol-
lowed by IDS (NAC therapy [NACT]) has a comparable survival rate as that of PDS 
followed by adjuvant chemotherapy among those with stages IIIC and IV ovarian 
cancer [5]. The study reported no significant difference in progression-free survival 
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(PFS) or OS between the two treatment arms, concluding that NACT was not infe-
rior to, and was possibly safer than, PDS. The other study was a phase II/III ran-
domized controlled trial (CHORUS) conducted by the Medical Research Council 
Clinical Trials Unit in the United Kingdom. It has showed results consistent with 
those of EORTC 55971, strengthening the evidence for NACT as a non-inferior 
treatment modality in terms of survival rate and a decrease in surgical morbidity and 
mortality owing to less invasiveness compared with PDS [49].

Furthermore, a phase III, non-inferiority trial (JCOG0602) has recently analyzed 
the prognostic impact comparing PDS and NACT followed by IDS [50]. In the 
study, they have referred to two earlier studies; EORTC 55971 and CHORUS 
included a certain number of patients whose main bulk tumors were resected as 
diagnostic procedures before treatment in NACT arm. Therefore, the less invasive-
ness of NACT needs further validation. In this context, the JCOG0602 study has 
clearly demonstrated differences in treatment invasiveness comparing PDS and 
NACT by not adding diagnostic laparotomy or laparoscopy before the treatment. 
The JCOG0602 study showed noteworthy evidence for less invasiveness of NACT 
considering the frequencies of adverse events during the perioperative management 
[50]. In addition, the other phase III randomized clinical trial, SCORPION trial 
(NCT01461850), has also shown a more favorable perioperative morbidity as well 
as quality of life in the NACT arm than in the PDS arm [51]. The international Trial 
on Radical Upfront Surgery in Advanced Ovarian Cancer (TRUST) investigating 
OS after PDS or NACT is ongoing and aims to resolve optimal timing of IDS [52]. 
However, evidence for the benefit of NACT is still limited, if the cases in which 
appropriate maximum debulking at IDS is hard to perform even after NACT are 
considered. In addition, a high risk of platinum-resistant recurrence has been sug-
gested in patients who underwent NACT [53, 54]. Hence, the clinicopathological 
factors that may influence poor prognosis should be investigated during IDS to 
understand the true benefit of NACT. In a retrospective study, positive peritoneal 
cytology at IDS with no residual tumors was suggested to be the most important 
prognostic factor for PFS [55]. The normalization of CA125 before IDS was 
reported to be a good predictor to receive appropriate IDS during NACT [54]. 
Collectively, NACT may prolong the survival of those with poor prognosis if the 
therapeutic effect of chemotherapy can be improved. For instance, the addition of 
bevacizumab to conventional platinum-based chemotherapy prolongs PFS [56], 
although the clinical benefit of the addition of bevacizumab for NACT has limited 
evidence for the outcome of IDS [57]. Recently, maintenance chemotherapy with 
olaparib has been shown to induce long OS for platinum-sensitive recurrent cases 
with BRCA-mutant ovarian cancer [58]. These novel chemotherapies may be effec-
tive for a certain number of suitable cases when it can be performed as NACT, as 
shown in previous studies of NACT with a combination of paclitaxel and carbopla-
tin chemotherapy. Novel adjuvant chemotherapies may also improve the prognosis 
of patients with advanced ovarian cancer whose tumors are optimally debulked via 
PDS or IDS.

Collectively, NACT may become a novel alternative standard strategy, although 
up-front cytoreductive surgery is still important for advanced ovarian cancer. Further 
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studies of NACT with specific molecular-targeted drugs are warranted to improve 
the prognosis of advanced ovarian cancer.

20.5  Secondary Debulking Surgery

SDS may have a therapeutic benefit for patients with recurrent ovarian cancer who 
have poor prognosis. Although no randomized controlled trials have been per-
formed, the prognosis of patients who received complete cytoreduction via SDS has 
been favorable [32, 59]. Disease-free interval (DFI) is an essential factor to appro-
priately select patients for SDS. DFI with >6 m is often among the selection criteria 
for SDS [30, 59]. Although optimal surgery with residual tumors smaller than 1 cm 
is associated with favorable prognosis [60–62], a meta-analysis suggested that com-
plete resection alone was the only predictor of favorable prognosis [32]. Predictive 
factors for complete resection via SDS include recurrence of stage I/II, complete 
resection via the previous PDS, good PS, an amount of ascites <500 mL, solitary 
tumor, and tumor size smaller than 10  cm in diameter [30, 60, 63–65]. Suitable 
criteria for SDS should be established.

20.6  Fertility-Sparing Surgery and Minimally Invasive 
Surgery

Patients with ovarian tumors with suspected malignant potential (such as endome-
trioma sized over 10 cm and tumors with solid and papillary component) are recom-
mended to undergo surgical resection [66], mainly via open laparotomy and after 
appropriate surgical staging. Intraoperative assessment of ovarian tumors using fro-
zen sections is useful for managing tumors, with a reported accuracy of 91–97%. 
However, the accuracy of frozen section biopsy for epithelial borderline malignant 
tumors, particularly mucinous tumors, decreases to 65–84% (sensitivity, 44–87%; 
specificity, 64–98%) with a tendency of underdiagnosis rather than overdiagnosis 
[67–71]. Re-laparotomy is recommended for cases whose final diagnosis was cor-
rected after initial surgery. Approximately 16–31% of patients who underwent re- 
laparotomy were upstaged after staging laparotomy [41, 72]. Fertility-preserving 
procedure may be considered for patients with stage I ovarian cancer (mainly stage 
IA and grade 1/2) [73]. In such cases, treatment options must be discussed thor-
oughly before surgery as both the surgical staging and the completion of surgery are 
important prognostic factors. Patients who did not undergo staging laparotomy had 
high rate of recurrence [74–76]. However, fertility preservation has become a major 
issue in patients with ovarian cancer because late childbearing is much more com-
mon now. A prospective study is warranted to expand the indications in which 
fertility- sparing surgery followed by adjuvant chemotherapy is acceptable [77].

MIS for gynecologic malignancies is a recent medical advancement. The number 
of MIS, such as laparoscopic and robotically assisted surgery, for endometrial and 
cervical cancer is increasing [78, 79]. Although laparoscopic cytoreduction may be 
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technically applied even for advanced ovarian neoplasms [80], a higher frequency 
of intraoperative rupture or metastasis to port site than laparotomy is reported [81, 
82], implying the risk of laparoscopic cytoreduction. Although laparoscopic surgery 
may be performed by a well-trained and experienced gynecologic oncologist for 
patients with early ovarian cancer, with similar survival outcomes, less blood loss, 
and shorter hospitalization [83–85], further studies are needed to standardize lapa-
roscopic surgery as an alternative option. Laparoscopic surgery can be useful par-
ticularly for ovarian neoplasms to evaluate whether maximum cytoreduction can be 
achieved in patients with advanced ovarian cancer [86]. Patients with advanced 
ovarian cancer are often in poor general condition, which may make standard cyto-
reductive surgery too invasive. As tumor samples may be helpful for predicting 
tumor biology, drug sensitivity, ovarian cancer prognosis, and treatment planning, 
MIS may be widely used for patients with unresectable ovarian cancer who will 
undergo neoadjuvant chemotherapy. No high-quality randomized control studies 
comparing laparoscopy and laparotomy for ovarian cancer have been performed 
[87]. Further accumulation of data and evidence is warranted to apply MIS for ovar-
ian cancer.

20.7  Future Perspectives

Both tumor debulking and accurate diagnosis through surgery are essential for ovar-
ian cancer as the prognosis of advanced ovarian cancer is poor even after molecular- 
targeted drugs and/or improvement of chemotherapy regimen. Although the surgical 
strategy depends on the tumor extent, drug sensitivity and/or drug availability may 
influence the indication of the surgeries. For instance, PARP inhibitors are effective 
for recurrent ovarian cancers with BRCA1/BRCA2 mutations, and the European 
Medicines Agency has approved olaparib for patients with recurrent ovarian cancer 
with either somatic or germline BRCA mutations in 2014 [88], indicating that the 
tumor specimen needs to receive accurate companion diagnostic. Molecular-based 
tumor biology using genome-wide analysis is associated with ovarian cancer prog-
nosis [89–91]. Therefore, NACT without any tumor sampling prior to chemother-
apy may prevent appropriate drug selection, particularly of the molecular-targeted 
drugs.

Ovarian cancer prevention should also be considered. The fimbria is considered 
the origin of high-grade ovarian cancer (at least in part), and risk-reducing salpingo- 
oophorectomy is now recommended to women with germline BRCA1/BRCA2 
mutations, and even the use of risk-reducing salpingectomy is currently under 
debate [92, 93]. Precision medicine should be advocated in ovarian cancer, along 
with the improvement of drug treatment and preventive care.
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Abstract
If staging laparotomy is performed in the patients with early ovarian cancer, 
approximately 30% of them will be subject to upstaging, from stage I to stage II/
III or from stage II to stage III. The standard staging laparotomy procedure for 
early ovarian cancer is as follows: peritoneal cytology of ascites/washings, mul-
tiple peritoneal surface biopsies, bilateral salpingo-oophorectomy, a total hyster-
ectomy, pelvic and para-aortic lymphadenectomy, and omentectomy. Especially, 
the incidence of lymph node involvement is approximately 11% for stage I and 
28% for stage II. The incidence of omental metastasis is approximately 10%. 
Histological diagnosis is also important. Serous carcinoma cases have a high 
frequency of lymph node metastasis, whereas mucinous and low-grade serous 
types have less frequency, and in patients with apparent mucinous-type stage I 
ovarian cancer, lymphadenectomy may be omitted. We believe that staging lapa-
rotomy will provide information to improve the treatment quality of patients 
with early ovarian cancer. If a patient is diagnosed as stage IA or IB, grade 1 
ovarian cancer by surgical staging laparotomy, she has an excellent prognosis 
without chemotherapy. It can be omitted for patients with stage IA/IB, grade 1 
disease confirmed by staging laparotomy. We believe that staging laparotomy 
will provide information to improve the survival of patients with early ovarian 
cancer.
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21.1  History

The International Federation of Gynecology and Obstetrics (FIGO) was established 
in 1954. In 1964, the committee of FIGO officially adopted clinical staging for pri-
mary ovarian carcinoma [1, 2]. The last revision of the FIGO staging classification 
was made in 1988 [3]. The nomenclature of “staging laparotomy” was used in these 
days, because ovarian cancer was recommended to be staged surgically and patho-
logically. In January 2014, FIGO had revised the staging of ovarian cancer [4]. 
Table 21.1 shows the comparison between the old and new staging classifications of 
FIGO. The main purpose of the staging system is to provide standard terminology 
that allows comparisons of patients between centers. Furthermore, the patients and 
tumors are assigned to the resembling group, and specific treatment is examined. It 
is important to create the standardization of a staging system for ovarian cancer. 
Especially, with regard to early ovarian cancer, a standard of staging laparotomy is 
needed in the world.

In the new FIGO criteria, if there is any spillage of cystic material from an ovar-
ian tumor, it shows stage IC1. If the ovarian tumor has surface involvement or cap-
sular rupture before surgery, it shows stage IC2. The information concerning 
adhesion is important. In the new FIGO criteria, if tumors that may otherwise qual-
ify for stage I are involved with dense adhesions and dissection results in tumor 
rupture, these cases justify upgrading to stage II. However, it is not clear whether 
upstaging based on dense adhesion is warranted. A recent study suggests that it is 
not [5]. Any adherences to the uterus, pelvic sidewall, or adjacent pelvic structures, 
such as the small or large bowel, should be recorded.

If the patient has retroperitoneal lymph node involvement, she is defined as stage 
IIIC in the old FIGO staging criteria. However, the new staging includes a revision 
of stage III patients and assignment to stage IIIA1 based on spread to the retroperi-
toneal lymph nodes without intraperitoneal dissemination. Stage IIIA1 is further 
subdivided into IIIA1 (i) and IIIA1 (ii) by lymph node diameter (10 mm), even 
though there is no retrospective data supporting quantification of the size of metas-
tasis in stage IIIA1 disease. Some studies reported that the patients who have the 
retroperitoneal lymph nodes involvement without peritoneal dissemination have a 
better prognosis than that of tumors with abdominal peritoneal involvement [2, 
6–10].

21.2  Principle and Indication

Suspicious early-stage ovarian cancer is indicated for staging laparotomy at initial 
surgery. A preoperative evaluation should exclude the presence of extra peritoneal 
metastases. If the patient has extra peritoneal disease, staging laparotomy may not 
be recommended. When the patients have extra abdominal metastasis, like lung 
metastasis, she may be initially treated with chemotherapy.
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Table 21.1 Comparison between the old FIGO Stage and new One

Stage I: Tumor confined to ovaries
The FIGO 1988 staging The FIGO 2014 staging
IA Tumor limited to one ovary, negative 

carcinomatous ascites, no tumor on surface, 
capsule intact

IA Tumor limited to one ovary, capsule 
intact, no tumor on surface, negative 
washings

IB Tumor involves both ovaries, otherwise like 
IA

IB Tumor involves both ovaries, 
otherwise like IA

IC Tumor involves one or both ovaries IC Tumor limited to one or both ovaries
IC(a) Spontaneous capsule rupture IC1 Surgical spill
IC(b) Capsule rupture during surgery IC2 Capsule rupture before surgery or 

tumor on ovarian surface
IC(1) Positive peritoneal washing cytology IC3 Malignant cells in the ascites or 

peritoneal washingsIC(2) Positive ascites cytology

Stage II: Tumor involves one or both ovaries with pelvic extension (below the pelvic brim) or 
primary peritoneal cancer
The FIGO 1988 staging The FIGO 2014 staging
IIA Extension and/or implant on the uterus 

and/or fallopian tubes
IIA Extension and/or implant on the 

uterus and/or fallopian tubes
IB Extension to other pelvic intraperitoneal 

tissues
IIB Extension to other pelvic 

intraperitoneal tissues
IIC IIA or IIB with tumor on surface, capsule 

rupture, or positive washings/ascites 
cytology

Stage III: Tumor involves one or both ovaries with cytologically or histologically confirmed 
spread to the peritoneum outside the pelvis and/or metastasis to the retroperitoneal lymph nodes
The FIGO 1988 staging The FIGO 2014 staging
IIIA Microscopic metastasis 

beyond the pelvis
IIIA IIIA (positive retroperitoneal lymph 

nodes and/or microscopic metastasis 
beyond the pelvis)

IIIA1 Positive retroperitoneal lymph nodes 
only
IIIA1(i) Metastasis 

≤10 mm
IIIA1(ii) Metastasis 

>10 mm
IIIA2 Microscopic, extrapelvic (above the 

brim) peritoneal involvement ± 
positive retroperitoneal lymph nodes

IIIB Macroscopic, extrapelvic, 
peritoneal metastasis ≤2 cm 
in greatest dimension

IIIB Macroscopic, extrapelvic, peritoneal 
metastasis ≤2 cm ± positive 
retroperitoneal lymph nodes. Includes 
extension to capsule of the liver/
spleen

IIIC Macroscopic, extrapelvic, 
peritoneal metastasis >2 cm 
in greatest dimension and/or 
regional lymph node 
metastasis

IIIC Macroscopic, extrapelvic, peritoneal 
metastasis >2 cm ± positive 
retroperitoneal lymph nodes. Includes 
extension to capsule of the liver/
spleen

(continued)
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If the patient was diagnosed with early-stage ovarian cancer at initial surgery 
without staging surgery, i.e., only salpingo-oophorectomy, restaging surgery is rec-
ommended. The accurate stage and whether or not the patient needs to receive 
adjuvant chemotherapy should be decided by staging laparotomy as soon as 
possible.

21.3  Preoperative Evaluation

When a woman is suspected to have ovarian cancer by transvaginal ultrasonography 
or tumor marker, magnetic resonance imaging (MRI) should be taken. MRI may 
presume the histologic type of ovarian cancer. Computed tomography (CT) with 
contrast enhancement may be helpful in identifying the lymph node involvement. 
However, imaging modality is not conclusive, and if the patient has suspicious ovar-
ian malignancy, she should be evaluated by surgery. Histological diagnosis of ovar-
ian tumor is needed.

Before surgery, extra abdominal metastasis should be excluded. A chest X-ray 
may be helpful to identify a pleural effusion, and cytology of the fluid will confirm 
of more advanced disease. A preoperative clinical situation may require investiga-
tion of the gastrointestinal tract. Ovarian metastasis should be eliminated 
preoperatively.

If patients desire future childbearing, fertility preservation should be discussed 
before surgery. See Chap. 28.

21.4  Technique

The standard staging laparotomy procedure for early ovarian cancer is as follows: 
peritoneal cytology of ascites/washings, multiple peritoneal surface biopsies, bilat-
eral salpingo-oophorectomy, a total hysterectomy, pelvic and para-aortic lymphad-
enectomy, and omentectomy [11–13].

In general, the abdomen should be opened through a longitudinal midline 
incision extending from the symphysis pubis to the umbilicus. If ascites is pres-
ent in the abdominal cavity, cytologic examination should be done. If ascites is 

Table 21.1 (continued)

Stage IV: Distant metastasis excluding peritoneal metastasis
The FIGO 1988 staging The FIGO 2014 staging
IVA Distant metastasis excluding 

peritoneal metastasis. Includes 
hepatic parenchymal metastasis

IVA Pleural effusion with positive cytology
IVB Hepatic and/or splenic parenchymal metastasis, 

metastasis to extra-abdominal organs (including 
inguinal lymph nodes and lymph nodes outside of 
the abdominal cavity)
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absent, the peritoneal washings with saline should be obtained. Surgeons 
observe visually and palpate in the abdominal cavity and investigate whether 
there are seeding tumors. The peritoneal surface of the liver and the diaphragm 
should be examined by direct observation and palpation. The surface of small 
bowel mesentery from the ileocecal to the ligament of Treitz should be directly 
observed and palpated. Furthermore, the lymph node swelling should be pal-
pated from the pelvic area to the para-aortic area. Particularly, it is important 
whether the capsule of ovarian tumor is intact or not. First, the ovarian tumor 
should be removed by salpingo-oophorectomy. If there is adhesion of ovarian 
tumor to adjacent organs, care should be taken not to rupture the tumor. The 
ovarian tumor should be pathologically examined by frozen section during sur-
gery. The diagnosis of ovarian cancer rests with the pathological examination, 
and the error rate of frozen section ranges from 5% to 15%. If the frozen exami-
nation reveals malignancy of the tumor, staging laparotomy should be recom-
mended to the patient.

Peritoneal biopsy specimens should be obtained from the following sites: the 
peritoneum covering the bladder, Douglas’ pouch, the peritoneal surface of para-
colic gutters, and the peritoneum beneath the right hemidiaphragm. If some suspi-
cious lesions can be seen, biopsies should be taken as pathologic specimens. Even 
if there is no evidence of metastasis, such biopsies are needed for staging laparot-
omy, as the final pathologic examination may demonstrate a metastasis of malignant 
disease.

The retroperitoneal spaces should be developed to perform the pelvic lymphad-
enectomy. First, the round ligament is cut and the peritoneum is incised along with 
the external iliac vessels. The para-rectal and paravesical space should be widely 
opened (Figs.  21.1 and 21.2). After that, pelvic lymphadenectomy will be per-
formed. The layer between the external iliac vessels and the psoas muscle is dis-
sected. Separate the sheath of the external and internal iliac vein (Fig. 21.3). Extract 
some lymph nodes and fat tissue from external iliac artery (Fig. 21.4). The external 
and internal lymph nodes are then gathered to the caudal side. The obturator nodes 
are separated from the external iliac vessels and are cut with a sealing device. The 
pelvic lymph nodes are gathered on the obturator nerve from both the cranial side 
and caudal side (Fig.  21.5). These pelvic nodes are removed from the obturator 
nerve and are gathered on the umbilical vessel. Then these nodes are extracted from 
the umbilical vessel (Fig. 21.6).

A total hysterectomy is performed [13]. The bladder is separated from the vagi-
nal wall with an electronic device. Next thin the anterior vesicouterine ligament as 
soon as possible. The infundibulopelvic ligament is cut and ligated. The ureter is 
separated from the broad ligament. The broad ligament is cut toward to the utero-
sacral ligament. Incise the peritoneum of Douglas’ pouch. The uterosacral ligament 
is divided. The parametrium is clumped and divided. Enough of the vaginal wall 
should be removed (Fig. 21.7). The hysterectomy is often performed before pelvic 
lymphadenectomy.

21 Staging Laparotomy in Early Ovarian Cancer



330

Ovarian cancer often has occult metastasis of para-aortic lymph nodes, and para- 
aortic lymphadenectomy is needed as part of staging laparotomy. An upper abdomi-
nal skin incision is added to perform a para-aortic lymphadenectomy. The para-aortic 
lymphadenectomy can be performed through three different approaches (Fig. 21.8). 
Types A and C approaches incise the peritoneum along with the paracolic gutter. In 

Fig. 21.1 Expansion of the para-rectal. After pulling the rectum to the opposite side from the 
external iliac artery can provide tension to the broad ligament, then it is possible to make a cavity 
between the ureter and the umbilical ligament

Fig. 21.2 Expansion of the paravesical space. The pelvic floor muscle can be seen. Gauze has 
been inserted in the para-rectal space in this photo
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type A incision, the ascending colon can be reflected over the vena cava. The most 
common approach is through the midline peritoneum, as line B in Fig. 21.8. An 
incision of the peritoneum from the cecum to the ligament of Treitz is needed. 
Through an incision of the peritoneum, the para-aortic lymph nodes along the aorta 

Fig. 21.3 Pelvic lymphadenectomy. Separate the sheath of the external and internal iliac vein. 
Bifurcation between the external iliac vein and the internal one should be cleaned. If it is possible, 
expose the internal iliac artery between the external iliac vein and the internal one

Fig. 21.4 Separate the sheath of the external iliac artery from the cranial side to the caudal side. 
Extract some lymph nodes and fat tissue from the external iliac artery. Lymphadenectomy means 
the extraction of the sheath of the vessels
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and inferior vena cava can be identified. Para-aortic lymphadenectomy should be 
dissected below the upper level of the renal vein (Fig. 21.9). At the same time, the 
common iliac lymph nodes are removed, because the appropriate surgical field can 
be seen.

There are three types of omentectomy: total omentectomy, subtotal omentec-
tomy, and infracolic omentectomy. If there is no macroscopic metastasis of the 

Fig. 21.5 The pelvic lymph nodes are gathered on the obturator nerve from both the cranial side 
and caudal side. These pelvic nodes are removed from the obturator nerve and are gathered on the 
umbilical vessel. Then these nodes are extracted from the umbilical vessel

Fig. 21.6 The pelvic lymph nodes have been extracted as en bloc lymphadenectomy. Two retrac-
tors are placed into the paravesical and para-rectal space. The umbilical vessel is clearly seen
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Fig. 21.7 The hysterectomy has been done. Enough vaginal cuff has been dissected

a

b

c

Fig. 21.8 The para-aortic lymphadenectomy can be performed through three different approaches. 
(a) Right paracolic gutter approach. (b) Midline approach. (c) Left paracolic gutter approach
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omentum, an infracolic omentectomy is often performed to look for microscopic 
metastases that are otherwise not obvious.

Major intraoperative and postoperative complications included vessel injuries, 
lymphocyte, lymphedema, and pulmonary embolism [14–16]. Care should be taken 
for such complications.

21.5  Morbidity

Ovarian cancer is the leading cause of death among women with gynecologic can-
cer. Approximately 60% of patients initially present with stage III and IV disease. If 
the patient has been diagnosed as stage I disease by accurate staging laparotomy, 
more than 90% of stage I patients in Japan survive for 5 years.

The important pathologic findings have been demonstrated in the following sites: 
ascites, peritoneal washings, omentum, peritoneal surfaces of the paracolic gutters 
and diaphragm, and retroperitoneal lymph nodes. In the 1970s, some authors 
reported that almost half of patients with stage 1A ovarian cancer had positive cytol-
ogy on peritoneal washings [17, 18]. Tumor rupture or surface involvement by 
tumor cells warrants a change in stage to stage IC. In multivariate analysis, capsular 
rupture before surgery and positive cytology means independent predictors of a 
worse prognosis [19, 20], but it is controversial whether rupture during surgery 
worsens prognosis in the absence of positive ascites or positive washings. Some 
authors reported that intraoperative tumor rupture portends a higher risk of disease 
recurrence [19, 20], whereas others did not [21–24]. However, rupture should be 
avoided during surgery of early ovarian cancer. If the patient has the metastasis on 

Fig. 21.9 The pelvic and para-aortic lymphadenectomy has been performed. After lymphadenec-
tomy, we can see some running vessels clearly
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the omentum, the staging reveals more than stage III disease. The incidence of 
omental metastasis is about 5%–12% [25–27].

The incidence of lymph node involvement is approximately 11% for stage I and 
28% for stage II [6, 7, 14, 15, 28–35] (Table 21.2). Accumulated reports of lymph 
node metastasis in apparent stage I ovarian cancer patients are shown in Table 21.3. 
In these articles, the incidence of pelvic and para-aortic lymph node involvement is 
the same at about 8%. Furthermore, positive aortic nodes were also found in the 
situation of negative pelvic nodes. Systemic lymphadenectomy including both the 
pelvic and para-aortic area is needed.

The majority of malignant ovarian tumors are epithelial. Epithelial ovarian can-
cers are histologically divided into five main types: high-grade and low-grade 
serous, mucinous, endometrioid, and clear cell types. These tumor types have dif-
ferent characteristics: patterns of spread, response to chemotherapy, and prognosis. 
Low-grade serous carcinoma of the ovary usually contains a serous borderline com-
ponent and has a good prognosis, but it will not respond to chemotherapy. 
Furthermore, in patients with apparent stage I epithelial ovarian cancer, the inci-
dence of lymph node metastasis is about 10%–25% for high-grade serous type and 

Table 21.2 Lymph node metastasis in stage I/II ovarian cancer

Author Year Stage I Stage II
Petru [34] 1994 9/40 (23%)
Onda [6] 1996 7/33 (21%) 6/26 (23%)
Baiocchi [14] 1998 32/242 (13%)
Kanazawa [7] 1999 5/44 (11%) 9/24 (38%)
Sakuragi [29] 2000 4/78 (5%) 5/16 (31%)
Suzuki [30] 2000 5/47 (11%)
Cass [31] 2001 14/96 (15%)
Takeshima [32] 2005 20/156 (13%) 18/37 (49%)
Desteli [33] 2010 2/33 (6%)
Oshita [15] 2013 9/204 (4%) 14/80 (18%)
Mikami [35] 2014 11/89 (12%)
Total 118/1062 (11%) 52/183 (28%)

Table 21.3 Lymph node metastasis in apparent stage I ovarian cancer

Author Year No. of Pts. Positivity of LN
Site of metastasis
Pelvic Para-aortic

Petru [34] 1994 40 9/40 (23%) 8 (20%) 2 (5%)
Onda [6] 1996 33 7/33 (21%) 6 (18%) 5 (15%)
Baiocchi [14] 1998 242 32/242 (13%) NSa NSa

Kanazawa [7] 1999 44 5/44 (11%) 3 (7%) 4 (9.1%)
Sakuragi [29] 2000 78 4/78 (5%) 0% 4 (5%)
Suzuki [30] 2000 47 5/47 (11%) 4 (9%) 2 (4%)
Cass [31] 2001 96 14/96 (15%) 9 (9%) 7 (7%)
Takeshima [32] 2005 156 20/156 (13%) 11 (7%) 15 (10%)
Desteli [33] 2010 33 2/33 (6%) 1 (3.0%) 1 (3.0%)
Oshita [15] 2013 204 9/204 (4%) NS NS
Mikami [35] 2014 89 11/89 (12%) 9 (10%) 6 (7%)
Total 1062 118/1062 (11%) 51/616 (8%) 46/616 (7%)

aNS: Data is not shown

21 Staging Laparotomy in Early Ovarian Cancer



336

less than 10% for endometrioid. Especially, the incidence of lymph node metastasis 
in low-grade serous and mucinous ovarian cancer is less than 2% [30,  32, 35, 36]. 
Some authors reported that the patients with mucinous ovarian cancer may be able 
to omit systemic lymphadenectomy [36, 37]. However, when the patient is diag-
nosed as mucinous carcinoma, metastatic ovarian disease from the gastrointestinal 
tract should be ruled out. Stage I high-grade serous ovarian cancer had the highest 
incidence of node metastasis (25%) [14, 30, 32]. In cases of serous tumor, the para- 
aortic region, particularly above the inferior mesenteric artery, is the prime site for 
the earliest lymph node metastasis [30, 32]. Ovarian cancers differ primarily based 
on histologic types.

Histologic grade is an important independent prognostic factor in patients with 
epithelial ovarian cancer [19]. When the tumor is limited to an ovary and the patient 
is diagnosed as stage I, if the histological diagnosis is grade 2 or 3, the patient will 
need to be treated with chemotherapy. Grade 3 tumors are more commonly seen in 
lymph node-positive patients [31]. In the patients with early-stage ovarian cancer 
who underwent comprehensive surgical staging, 16% of the patients with grade 1 
lesions were upstaged, compared with 34% with grade 2 disease and 46% with 
grade 3 disease [27].

If the patient is diagnosed as stage IA or IB, grade 1 ovarian cancer by surgical 
staging, she has an excellent prognosis without chemotherapy [38–41]. Both the 
NCCN guideline and the Japan Society of Gynecologic Oncology guideline recom-
mend omitting adjuvant chemotherapy for patients with stage IA/IB, grade 1 dis-
ease confirmed by staging laparotomy [42, 43]. If the surgical staging were not to be 
performed, occult metastasis may be present, and its stage may be recognized as 
less than its actual stage. As a result, the chemotherapy which should be performed 
as adjuvant treatment may not be carried out. Inadequate subsequent therapy may 
lead to an unfortunate prognosis.

There were two randomized comparative studies, EORTC-ACTION study [45, 
48] and ICON 1 [46] study, conducted to evaluate the efficacy of adjuvant chemo-
therapy for patients with early-stage (stages I and II) ovarian cancer. In both trials, 
the prognosis of the patients was better in the adjuvant chemotherapy group than the 
observation group. Especially, in non-optimally staged patients in the EORTC- 
ACTION study, adjuvant chemotherapy was associated with statistically significant 
improvements overall and recurrence-free survival. However, the patients who 
underwent accurate staging did not have a benefit of adjuvant chemotherapy [44]. 
Furthermore, when the patients who had not performed retroperitoneal lymphade-
nectomy or blind biopsies did not have adjuvant chemotherapy, they had poor prog-
noses [47]. These results support that patients who need to have adjuvant 
chemotherapy should be detected by comprehensive staging laparotomy. 
Furthermore, Cochrane Review suggested that women with high-risk disease (stage 
IA/B and grade 3, stage IC) had benefited from adjuvant chemotherapy, but sub-
group analyses could neither confirm nor exclude survival benefits in lower-risk 
disease (stage IA/IB, grade 1 or 2) or in optimally staged disease. It remains uncer-
tain whether women with lower-risk early-stage ovarian cancer for whom performed 
optimally staged surgery will benefit as much from adjuvant chemotherapy as 
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women with high-risk disease. Treatment of women with lower-risk disease should 
be individualized to take into account individual factors [48].

Restaging laparotomy in patients whose initial surgery was inadequate showed 
16–30% incidence of upward staging reported by some authors [41, 49]. Although 
restaging laparotomy provides important prognostic information with minimal mor-
bidity, they may provide little benefit to those patients already receiving chemo-
therapy based on the initial operative findings.

Survival is affected by the cancer stage, grade of differentiation, gross findings at 
surgery, and additional treatment. If staging laparotomy is performed in patients 
with early ovarian cancer, approximately 30% of them will be subject to upstaging, 
from stage I to stage II/III or from stage II to stage III. Careful surgical staging is 
needed in the management of stage I ovarian cancer, and accurate staging offers 
correct adjuvant treatment.

21.6  Future Prospect

Recently, some authors have reported about staging laparoscopy for the manage-
ment of early-stage ovarian cancer. They reported that staging laparoscopy was safe 
and resulted in less blood loss [50–52]. However, tumor rupture during surgery is 
one of the most serious problems of laparoscopy. Surgeons should take care not to 
rupture the ovarian tumor. Regardless of whether the tumor fluid has malignant 
cells, if the ovarian tumor is ruptured and a spillage of tumor fluid shows, then the 
FIGO clinical stage will be upgraded. Surgery is necessary to remove the ovarian 
tumor perfectly without rupture. In the future, if staging laparoscopy can resolve the 
problem of rupture, staging laparoscopy in early ovarian cancer may be 
recommended.

It appears reasonable not to recommend adjuvant chemotherapy for patients with 
stage IA/IB and grade 1 lesions who have been comprehensively staged [38–43]. 
Patients with stage IA/IB and grade 2/3, and IC (capsule rupture during surgery) 
disease, who have been comprehensively staged, present a more difficult problem 
for receiving adjuvant chemotherapy. The Japan Gynecologic Oncology Group 
(JGOG) has been promoting, since 2012, the enrollment for the JGOG 3020 clinical 
trial: a randomized phase III clinical trial in patients with surgical stage I epithelial 
ovarian cancer will investigate the efficacy of adjuvant chemotherapy (Fig. 21.10). 
Eligible patients are determined by comprehensive staging surgery, and histological 
diagnoses are stage IA/IB and grade 2/3 and IC (capsule rupture during surgery). 
The estimated primary completion date of this study is June 2024. If the patients are 
diagnosed as low risk, stage IA/IB and grade 2/3, or IC (capsule rupture during 
surgery), such patients will be able to omit unnecessary adjuvant chemotherapy. 
The result of this clinical trial is expected to improve patient’s QOL.

Because early ovarian cancer has the greatest opportunity for cure, optimal treat-
ment must be taken. Therefore, patients with suspicious early ovarian cancer should 
have a staging laparotomy and be treated with appropriate therapy. Accurate staging 
is important for treatment planning and for providing an accurate prognosis.
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22Primary Debulking Surgery (Advanced)

Hirokuni Takano

Abstract
When performing PDS, it is desirable to achieve complete surgery. Accordingly, 
cases in which complete tumor resection is considered possible are selected. 
However, it is extremely difficult to accurately determine preoperatively whether 
complete resection is possible in advanced cases. As combined resection of 
organs other than the internal genitalia is often required to achieve complete 
excision for cases of advanced ovarian cancer, this means that large-scale surgi-
cal intervention is necessary. When performing such procedures, it is vital to 
avoid having to prematurely stop the resection despite it being incomplete. 
Therefore, it is optimal to be able to accurately determine whether complete 
resection can be performed on the basis of preoperative tests or minimally inva-
sive procedures. The details of surgery depend on the comprehensive ability of 
that specific hospital. It is vital that each facility investigates what surgical pro-
cedure can be performed safely and without causing any disadvantage to the 
patient beforehand.

Keywords
Advanced ovarian cancer · Primary debulking surgery · Complete surgery

22.1  History

Surgical treatment for advanced ovarian cancer fundamentally involves primary 
debulking surgery (PDS), which aims to remove any peritoneal dissemination and 
metastatic lesions to the maximum extent possible. The residual tumor diameter 
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correlates with prognosis. Therefore, optimal surgery is defined as PDS resulting in 
a maximum residual tumor diameter of <1 cm. When the maximum residual tumor 
diameter is ≥1 cm, it is often termed as suboptimal surgery. Performing optimal 
surgery improves prognosis [1–3]. If the tumor has been removed to the extent that 
it is no longer macroscopically visible, this is referred to as complete surgery. It has 
been shown that complete surgery improves prognosis significantly more than opti-
mal surgery, in which the maximum residual tumor diameter is <1  cm [4–7]. 
However, in cases of advanced ovarian cancer, it is difficult to achieve complete 
surgery with basic procedures such as bilateral adnexectomy, hysterectomy, and 
omentectomy. When it is considered difficult to aim for complete surgery with PDS, 
another option is performing neoadjuvant chemotherapy (NAC) and then interval 
debulking surgery (IDS). This is referred to as NAC-IDS. In cases of advanced ovar-
ian cancer, it has been reported that outcomes for NAC-IDS are not inferior to those 
achieved by performing chemotherapy after PDS (EORTC/NCICOV13 Trial [8], 
CHORUS Trial [9]). However, because these trials reported low-complete and opti-
mal surgery rates and short operation times as problems, reinvestigation at a facility 
with a high-optimal surgery rate is required. Accordingly, the results of the ongoing 
TRUST (Trial on Radical Upfront Surgery in Advanced Ovarian Cancer) and 
SUNNY (Study of Upfront Surgery Versus Neoadjuvant Chemotherapy in Patients 
with Advanced Ovarian Cancer) studies are highly anticipated. In either case, it is 
evident that complete surgery should be the aim as far as possible when performing 
PDS.

22.2  Indication and Preoperative Evaluation

When performing PDS, it is desirable to achieve complete surgery. Accordingly, 
cases in which complete tumor resection is considered possible are selected. 
However, it is extremely difficult to accurately determine preoperatively whether 
complete resection is possible in advanced cases. It can at least be determined that 
complete resection is impossible according to preoperative diagnostic imaging for 
cases of metastasis into the mediastinal space, multiple metastases in the lungs or 
lung parenchyma, metastasis to large areas of lung parenchyma requiring segmen-
tectomy, metastasis occupying the hepatic portal region, metastasis requiring resec-
tion of the pancreatic head or duodenum, and metastasis in which the course of large 
vessels such as the inferior vena cava is greatly altered. When the greater omentum 
has become lumped with the gastrointestinal tract over an extensive area and when 
metastasis of the tumor is noted extensively over the mesentery or gastrointestinal 
tract surface, complete resection is difficult. Furthermore, it is difficult to accurately 
diagnose such states before operating on the area. Although a method of determin-
ing whether complete resection is possible using laparoscopy has recently been 
reported, the surgeon usually makes the final judgment on whether resection is pos-
sible according to findings on palpation. In the future, new methods of preoperative 
diagnosis are expected.
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22.3  Technique

The criteria for complete resection are different at each facility. When operating on 
cases of advanced ovarian cancer, apart from the need for a large number of gyne-
cologist with a high level of expertise, coordination with other departments such as 
hepatobiliary-pancreatic surgery, gastrointestinal surgery, vascular surgery, urology, 
etc. is required. In addition, the cooperation of operating theater staff and anesthesi-
ologists is required, and the cooperation of internal medicine specialists is indis-
pensable in cases with serious internal complications. Therefore, the details of 
surgery depend on the comprehensive ability of that specific hospital. It is vital that 
each facility investigates what surgical procedure can be performed safely without 
causing any disadvantage to the patient beforehand.

22.3.1  If a Tumor Obstructs Douglas’ Pouch

As ovarian tumors increase in size, they may invade the uterus and the neighboring 
sigmoid colon and rectum (Fig. 22.1). One common clinical situation is the com-
plete obstruction of the pouch of Douglas by the tumor. In such cases, combined 
resection of the gastrointestinal tract and internal genitalia is performed. After sepa-
rating the bladder following the necessary procedures on the round ligament and 
ovarian blood vessels, the rectum is separated from the anterior aspect of the sacrum, 
and the internal genitalia and intestinal tract are elevated together. After operating 
on the parametrium, the vaginal canal is resected, and the intestinal tract is resected 
at the necessary site to allow the combined resection of the internal genitalia and 
intestinal tract.

Fig. 22.1 Pelvic cavity 
obstructed by the tumors
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22.3.2  If a Tumor Is Present in the Bladder Peritoneum

Cases in which the tumor develops in the bladder peritoneum are also common. In 
such cases, the retropubic space is first exposed, after which the bladder is filled 
with physiological saline solution to make the bladder walls taut. Then, the bladder 
is separated with the bladder peritoneum. If the dissection between the bladder and 
the bladder peritoneum reaches the uterine cervix, the bladder can be preserved 
without any damage in many cases.

22.3.3  If the Tumor Is Joined to the Inside of the Lesser Pelvis

Sometimes, the internal genitalia cannot be visualized at all, and the lesser pelvis 
actually appears to be a large tumorous mass. In such cases, surgery involving com-
bined resection of the internal genitalia and the necessary segment of intestinal tract 
is planned, and a retroperitoneal approach is taken. First, the retropubic space is 
exposed from the posterior surface of the pubic bone, and the separation range of 
the retroperitoneal cavity is extended laterally, identifying the round ligament 
(Fig. 22.2), which is resected at its origin. The proximal side retroperitoneum is then 
exposed, and the ureter is separated out (Fig. 22.3). Although the ureter has often 
buried in the tumor, making its course difficult to identify, it can usually be identi-
fied by dissecting the retroperitoneum past the lesser pelvis until the para-aortic 
region. After separating out the ureter, the ovarian blood vessels are identified and 
resected. Next, the paravesical and pararectal spaces are exposed. If necessary, the 
vessels in the cardinal ligament of the uterus may also be resected after the uterine 
artery to avoid any unnecessary blood loss. When bladder position cannot be con-
firmed, the bladder is filled with physiological saline solution, as described above, 
to make the bladder wall taut. This makes it easier to confirm bladder position and 

Fig. 22.2 Round ligament 
identified by 
retroperitoneal approach
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allows for the separation of the bladder from the uterine cervix. Next, the retroperi-
toneum is exposed, the rectum is separated from the anterior aspect of the sacral 
bone, and the rectum and internal genitalia are elevated together from the lesser 
pelvis. After this, the vaginal canal is resected. If palpation indicates that the vaginal 
fornices are not easily identifiable, a soft spatula of approximately 2-cm width is 
inserted from the vagina to make it easier to confirm the fornix portion. After resect-
ing the vaginal canal, when the tumor is judged to be completely resectable, the 
intestinal canal is resected on the proximal and distal sides, and the tumor is 
extracted in one piece.

22.3.4  Diaphragmatic Lesions

The treatment of diaphragmatic lesions needs to be altered depending on their 
depth. Diaphragmatic stripping is performed if the lesion is confined to the dia-
phragmatic surface, whereas whole-thickness resection of the diaphragm is per-
formed if the lesion is deep. For whole-thickness resection, the defect area is 
supplemented with Gore-Tex or a similar product. In either case, as securing 
clear visualization of the operative field is the most important concern, a Kent 
retractor or similar instrument is used to elevate the thorax so that the falciform 
ligament of the liver can be resected (Fig. 22.4). Once the hepatic ligaments are 
resected and the liver is mobilized, the left and right diaphragmatic regions can 
be confirmed. On the right side in particular, as metastatic tumors are often 
located at a deep site on the posterior surface of the liver, the visual field needs 
to be sufficiently secured (Figs. 22.5 and 22.6). The space between the diaphragm 
and the liver is sometimes partially blocked by the tumor. In such cases, if the 
lesion is evaluated as being on the superior surface of the liver on detailed imag-
ing evaluations, an energy device is used for hemostasis, while the diaphragm is 
separated from the hepatic surface and diaphragmatic stripping is continued. 

Fig. 22.3 Ureter detached 
by retroperitoneal approach
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Fig. 22.4 Thorax elevated 
by a Kent retractor

Fig. 22.5 Metastatic 
tumors located at a deep 
site on the posterior 
surface of the liver

Fig. 22.6 Completely 
stripped diaphragm
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Regardless of whether stripping or whole- thickness resection is performed, care 
must be taken regarding the course of the phrenic arteries and veins, which run 
through the diaphragm.

22.3.5  Peritoneum Lesions

When a peritoneal lesion is noted, the entire area with visible lesions is resected 
as a rule. Although depending on the degree of metastasis, the peritoneum might 
show marked hypertrophy; it is extremely rare for lesions to infiltrate up to the 
muscular layer of the abdominal wall, and resection is possible in most cases 
(Fig. 22.7). However, when resecting the peritoneum near the kidneys, care should 
be taken not to damage the adrenal glands. Although it is difficult to distinguish 
the adrenal glands by palpation, care should be taken not to manipulate them 
unnecessarily because they are extremely prone to bleeding. As manipulation of 
the adrenal glands can also cause sudden fluctuations in blood pressure, it is 
important to inform the anesthesiologist of this in advance when operating on this 
area.

22.3.6  Pancreatic Head and Duodenal Lesions

When a lesion is present in the pancreatic head or duodenum, complete resection 
is often impossible unless resection of the pancreatic head and duodenum is per-
formed. Tumor resection is not to be performed for such cases because this is 
considered as excessive surgical invasion. Accordingly, preoperative diagnostic 
imaging needs to be carefully evaluated to confirm that there are no lesions in 
this area.

Fig. 22.7 Peritoneum 
stripped from fascia
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22.3.7  Pancreatic Tail and Spleen

If tumor metastasis into the greater omentum is observed, metastasis into the spleen 
is also often noted. As the spleen is extremely prone to bleeding, splenectomy is 
usually performed. When a metastatic lesion is observed in the splenic hilum, it 
must be carefully evaluated whether there is sufficient space between the spleen and 
the pancreas. If the space between the tumor and the pancreatic tail is insufficient, 
combined splenic and pancreatic tail resection is performed.

22.3.8  Mesentery

When lesions are dispersed throughout the mesentery and are determined to 
be resectable, resection is performed to the maximum extent possible 
(Fig. 22.8). However, if the tumor is located close to the mesenteric artery, 
care must be taken not to damage the blood vessels as this can cause intesti-
nal ischemia.

22.3.9  Greater Omentum

When clear metastatic lesions are observed on the greater omentum, complete 
omentectomy, including gastroepiploic artery ligation, is performed. If this is not 
the case, partial omentectomy from below the gastroepiploic artery is performed. In 
either case, detailed inspection is performed during omentectomy, including a 
detailed evaluation of whether any metastatic tumors are present in the foramen of 
Winslow.

Fig. 22.8 Disseminated 
tumors on the mesentery
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22.3.10  Liver Parenchyma

Lesions in the hepatic parenchyma are operated on if hepatic surface resection or 
partial hepatectomy is possible (Fig. 22.9). Resection is not performed if segmental 
resection is considered necessary. During the surgery, the Pringle maneuver or simi-
lar method is used to temporarily restrict the blood flow into the liver, and resection 
is performed using a clamp-crushing or a power device.

22.3.11  Lymph Nodes

Even in cases of advanced ovarian cancer, systematic lymph node dissection is per-
formed as a rule. Despite lymph node metastasis being observed, it is very rare for 
metastatic lymph nodes to infiltrate into the blood vessels. However, strong adhe-
sion to the vascular wall is often observed. Such lymph nodes must be dissected 
carefully around veins because venous walls are much weaker than arterial walls. In 
particular, for the lymph nodes around the renal vein, inferior vena cava, and iliac 
vein, the blood vessels must be sufficiently exposed so that breakthrough bleeding 
can be immediately stopped while securing the necessary operative field to enable 
hemostasis.

22.4  Future Prospect

As combined resection of organs other than the internal genitalia is often required 
to achieve complete excision for cases of advanced ovarian cancer, this means that 
large-scale surgical intervention is necessary. Establishing specialized hospitals 

Fig. 22.9 Metastatic 
lesion removed by partial 
hepatectomy
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may contribute to raising the rate of complete operation. However, because there are 
many cases that require chemotherapy for a long time after surgery, it is necessary 
to solve problems that frequent visits to long distances are required. When perform-
ing such procedures, it is vital to avoid having to prematurely stop the resection 
despite it being incomplete. Therefore, it is optimal to be able to accurately deter-
mine whether complete resection can be performed on the basis of preoperative 
tests or minimally invasive procedures. Several reports have been reported on diag-
nostic accuracy of laparoscopy to diagnose unresectable disease in advanced ovar-
ian cancer [10]. However, at the moment, there is no conclusive data that laparoscopy 
can diagnose the extensiveness of disease. Meanwhile, NAC-IDS may become a 
mainstream treatment after the results of the TRUST study and SUNNY trial are 
released. However, when performing surgery after chemotherapy for advanced 
ovarian cancer, physicians must remember that cancer tissue causes extensive fibro-
sis and that such surgery can often be more difficult than PDS.
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23Upper Abdomen

Fumitoshi Terauchi

Abstract
The primary debulking surgery is performed to achieve complete debulking as 
the amount of residual tumor is one of the most important prognostic factors for 
survival of women with advanced ovarian cancer. In advanced cases, basic surgi-
cal procedures (bilateral salpingo-oophorectomy, total hysterectomy, and omen-
tectomy) can deal with only minimal cases. And this is restrictive.

The upper abdominal disease is frequently observed in advanced cases. The 
reason of suboptimally debulking surgery is the presence of unresectable upper 
abdominal disease in advanced ovarian cancer. In other words, it means that we 
can get closer to complete debulking if we can extract any upper abdominal 
disease.

In this chapter, I describe about the surgery for some upper abdominal dis-
ease, especially diaphragmatic surgery, liver resection, splenectomy, and distal 
pancreatectomy.

Upper abdominal surgical technique is essential for operative treatment for 
advanced ovarian cancer.

For many gynecologic oncologists, it is necessary to master these techniques 
from now on.
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Diaphragmatic surgery · Reconstruction of diaphragm · Liver mobilization  
Splenectomy · Distal pancreatectomy
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23.1  History

23.1.1  What Is the Optimal Surgery?

Prognosis of ovarian cancer is greatly affected by the diameter of residual tumor at 
the time of surgery. Therefore, primary debulking surgery (PDS), which removes 
disseminated and metastatic foci in the abdominal cavity as much as possible, is 
performed in advanced cases.

When residual tumors of less than 1 cm in diameter are removed in PDS, the 
prognosis of the case is significantly improved. Such surgery has been named as 
optimal surgery and has been considered as a goal of surgical treatment that should 
be aimed at [1, 2].

However, the analysis results of a multicenter randomized phase III study showed 
that prognostic indicators, both progression-free survival (PFS) and overall survival 
(OS), were significantly improved in only a complete surgery group, in which no 
residual tumors were observed. The survival rate of cases with residual tumors of 
less than 1 cm in diameter was almost the same level as that of cases with residual 
tumors of 1 cm or larger even if the group received a treatment previously consid-
ered as an optimal surgery [3]. Therefore, what is sought for surgeries of advanced 
ovarian cancer now is the complete surgery without residual tumors.

The plan is also similar in interval debulking surgery (IDS) conducted after the 
neoadjuvant chemotherapy (NAC).

The complete surgery can only be considered as an optimal surgery.

23.1.2  The Reason of Difficult to Perform the Complete Surgery

In advanced cases, basic operative procedures (bilateral salpingo-oophorectomy, 
total hysterectomy, and omentectomy) can deal with minimal cases. One of the 
reasons is that upper abdominal disease (UAD) is frequently observed in advance 
cases.

This is considered as a typical factor that interferes with the achievement of com-
plete surgery.

In other words, the achievement rate of complete surgery would be improved if 
UAD can be surgically controlled.

This article gives an explanation about representative surgical techniques to the 
upper abdomen for advanced ovarian cancer.

23.2  Principle and Indication

23.2.1  Characteristic of the Upper Abdominal Disease (UAD)

Organs that specifically correspond to UAD include the right and left diaphragms, 
liver, stomach and lesser omentum, spleen, pancreas tail, and upper greater 
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omentum and transverse colon. Ovarian cancer is characterized by unclear bound-
ary between the metastatic site and healthy site due to its disseminated 
development.

In other words, UAD that exists with engulfing surrounding organs occurs more 
frequently. Therefore, this is one of UAD’s characteristics that many cases require 
en bloc resection.

It has no standard procedures and is needed to be dealt with on an individual 
basis.

23.3  Does All UAD Become the Indication?

Not all UADs are suitable for surgery.
Reconstruction of the portal vein system become required especially when dis-

semination is observed in the hepatic portal region; therefore, exenteration is not 
usually applied. In addition, exenteration in PDS is also considered to be not appli-
cable when multiple metastases are observed in the liver parenchyma. Exenteration 
of the pancreatic tail is applicable; however, exenteration of the pancreatic body to 
pancreatic head is considered to be not applicable at the current moment consider-
ing risks of the exenteration. Surgery is applicable for diaphragmatic lesion in many 
cases through a technique described below. However, it has no other choice other 
than to determine that surgery is not applicable when the lesion made progress from 
the dorsal midline toward a mediastinal direction because complete extraction is 
difficult.

Resection of UAD is often a highly invasive surgery. Therefore, preoperative 
evaluation of the general condition should be conducted with caution.

Especially, careful judgment of indication is required for the elderly and patients 
with complicating venous thromboembolism.

23.4  Preoperative Evaluation

23.4.1  Computed Tomography (CT)

Computed tomography (CT) is effective for evaluation of UADs.
However, the evaluation may be difficult depending on the metastasized 

organs, requiring an attention. PET/CT is a very useful examination but is 
affected by cancerous ascites. Therefore, the accurate evaluation for metastases 
is difficult.

It is difficult to conduct preoperative diagnosis of disseminated lesion of the 
diaphragm accurately unless the legion forms nodal mass. But when the nodal 
tumor is recognized at the slice between thoracic cavity and abdominal cavity in CT, 
full-thickness resection (described below) is often necessary (Fig. 23.1).

When ascites accumulates in large quantity, dissemination to the right diaphragm 
can be predicted from irregularity of the dorsal peritoneum in slices of the liver to 
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thoracic cavity. Accurate evaluation of the status of dissemination to surrounding 
organs is difficult unless findings at laparotomy are available although it is valuable 
for diagnosis of metastasis to the spleen.

In addition, the presence or absence of dilation of the caudal pancreatic duct shall 
be confirmed with CT in preparation for resection of the pancreas tail.

It is important to evaluate the extent of the lesion in preoperative image diagnosis 
as much as possible, but the final operative method is determined based on findings 
at the time of laparotomy in many cases. The algorithm to select the treatment for 
patients who need surgery first and who need chemotherapy first is tried by diagnos-
tic laparoscopy [4].

Therefore, physicians must be ready so that they can deal with any individual 
patterns.

23.4.2  Preoperative Preparation

Resection of UAD often becomes a highly invasive surgery; hence, it is important to 
adequately improve the general condition prior to surgery. Especially, anemia and 
undernutrition need to be corrected.

When UAD is extirpated, it is desired to put a fasting period for a few days before 
the surgery in cases in which the necessity of combined resection and reconstruction 
of the digestive tract (jejunum/ileum, transverse colon, etc.) is expected.

Furthermore, when there is coexisted medical disease especially diabetes, it is 
important to control the condition adequately before the surgery.

It is needed to conduct ultrasonography of the veins of lower extremities 
when high D-dimer value was obtained in preoperative examination because 
venous thromboembolism, especially deep-vein thrombosis, may be 
accompanying.

Liver

Fig. 23.1 The white arrow 
shows the nodal metastatic 
disease of the diaphragm
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23.5  Surgical Technique

23.5.1  Securement of the Surgical Field

It is extremely important to expand the surgical field sufficiently for removal of 
upper abdominal disease. When the expansion of surgical field is insufficient, it may 
hinder safe operation and becomes a factor causing an incomplete removal.

When the physicians are inexperienced in upper abdominal surgeries, they 
should especially pay attention to the expansion of surgical field and ensure to have 
sufficient surgical field.

It is basic to conduct median incision from the xiphoid process to implement 
upper abdominal operation. The technique can be performed more safely and unfail-
ingly when the surgical field is expanded by lifting the bilateral costal arches up 
using retractors or similar devices (Fig. 23.2).

23.6  Liver Mobilization

Liver mobilization is an important technique for development. Especially, this is an 
essential surgical technique when diseases of the right diaphragm or liver are 
removed.

Liver

Stomach Pancreas

Spleen

Bilateral costal arches

Greater omentum 

Lifting
Lifting

Fig. 23.2 The surgical field is expanded by lifting the bilateral costal arches up using retractors or 
similar devices. This is the en bloc resection of the pancreas tail, spleen and the greater omentum
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First, liver mobilization is started with dissection of the ligamentum falciforme 
hepatis and right coronary ligament of liver. The dissection should not be forcedly 
conducted when dissemination is observed in the boundary between the diaphragm 
and liver.

In addition, separation of the boundary between the diaphragm and liver becomes 
easier by conducting separation of membrane continuing from the retroperitoneum 
and fascia renalis to the fascia hepatis in advance.

The procedure consists of dissection of adhesion of the transverse colon with the 
lower surface of the liver or gallbladder (ligamentum hepatocolicum) using an elec-
trosurgical knife and the following dissection of the hepatorenal ligament, which is 
exposed to view beneath the dissected adhesion and is a membrane continuing from 
the retroperitoneum and fascia renalis to the fascia hepatis with an electrosurgical 
knife.

When the coarse membrane is dissected and separated along the periphery of the 
liver, the line connects with a dissection line of the right coronary ligament of the 
liver, which was dissected at the nearest site of the liver attachment site.

It is important to conduct this procedure cautiously and thoroughly with an atten-
tion to a group of short hepatic veins flowing into the right hepatic vein as well as 
the vena cava inferior. When the right margin of the vena cava inferior can be con-
firmed, the detachment is completed, and the liver is removed and turned from the 
site and fixed using surgical retractors (Fig. 23.3).

23.7  Diaphragmatic Surgery

Diaphragmatic lesions are observed at high frequency in advanced cases [5].
Therefore, surgical techniques for diaphragmatic lesions are essential for 

achievement of complete surgery, and one of the techniques that gynecologic oncol-
ogists should learn [6]. The diaphragm consists of three-layer structure of the ven-
tral diaphragm (peritoneum), muscle layer, and chest-side diaphragm (pleura).

a b

Liver

Fig. 23.3 (a) The liver mobilization was performed completely. The surgical field under the right 
side diaphragm spreads drastically by the liver mobilization. (b) The mobilized liver was fixed by 
the surgical retractor
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Removal of diaphragmatic lesions is implemented by two techniques, stripping 
and full-thickness resection.

For diaphragmatic lesion, it is needed to deal with it on an individual basis 
depending on the range and depth of the dissemination.

23.7.1  Stripping

Stripping is a method that strips and removes only the ventral diaphragm 
(peritoneum).

The peritoneum is pulled from a dissection line and stripped from the muscle 
layer.

One of the essential points of stripping is first to decide the range to be detached 
and removed. What you should pay attention to at the time is to start the detachment 
from healthy part slightly apart from the disseminated legion. This is because 
detachment often does not work well if it is started from a site near the disseminated 
legion.

When a detachment line is decided, the ventral diaphragm (peritoneal mem-
brane) is incised using an electrosurgical knife. Then, the stump of incision is held 
using clamps, and the ventral diaphragm (peritoneal membrane) and muscular lay-
ers of the diaphragm are detached little by little with applying tension. At that time, 
it is important to conduct the process with a feeling of “pushing away the muscular 
layers” rather than intending to “detach them.”

After the stripping, no special measures to prevent adhesion are required although 
the muscular layers are exposed.

The electric ablation may be used to treat the disseminated legions of the 
diaphragm.

However, such method is restrictive. Striping is more certain for debulking 
surgery.

Usual disseminated legions are removable by stripping. However, muscle inva-
sion is suspected if the detachment cannot move forward anymore during the strip-
ping. In such cases, it is important to switch the technique to full-thickness resection 
described below. In this regard, it is thought that the electric ablation is a restrictive 
technique.

This is because the muscle invasion is not ascertained by the electric ablation.

23.7.2  Full-Thickness Resection

Diaphragmatic lesions in advanced ovarian cancer are often caused by dissemi-
nation, but it may also present nodal condition in some cases. Such clinical con-
dition causes infiltration to the diaphragmatic muscle layer as well as the 
chest-side diaphragm (pleura); therefore, removal by full-thickness resection is 
required.

Full-thickness resection does not require difficult technique very much.
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Muscular layers that cannot be detached are held and stabilized with Kelly 
clamps, and the muscular layers of the diaphragm are made an incision using an 
electrosurgical knife to open the chest. Infiltration into the chest-side diaphragm 
(pleura) is visually confirmed, and then the range of the full-thickness resection is 
determined.

In the case that visual confirmation is difficult, we observe in the chest cavity 
using a thoracoscope. Because it is an open chest surgery, we request the 
Anesthesiology Department to conduct general anesthesia using an intubation tube 
that enables one-lung ventilation in surgery for advanced ovarian cancer.

Full-thickness resection of the diaphragm is conducted by thoracotomy in coop-
eration with an anesthesiologist.

23.7.3  Reconstruction of the Diaphragm

Full-thickness resection is implemented through thoracotomy; therefore, recon-
struction of the diaphragm is required (Fig. 23.4).

The diaphragm is a well-extensible organ, and usually the chest can be closed 
using simple suture closure by full-thickness suture. Especially when a large amount 
of ascites is accumulated, the diaphragm can be adequately sutured even if the dia-
phragm has a great defect as compared with the hyperextension state.

We conduct simple suture closure by Z interrupted suture of the full thickness 
using PDS II® 1.0, which is an absorbable suture. However, when the simple suture 

Lung

Diaphragm

-Thoracic cavity-

Fig. 23.4 This is the full-thickness resected the diaphragm. The resection range was widespread
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closure is impossible due to large defect, we reconstruct the diaphragm using a 
1.0 mm thick expanded polytetrafluoroethylene (ePTFE) patch (Gore-Tex soft tis-
sue patch®).

This patch is made of a material excellent in flexibility, extensibility, and durabil-
ity and is an easy-to-use reconstruction graft in actual surgery. Clinically, it is often 
used for reconstruction of combined resection of the diaphragm in diffuse pleural 
mesothelioma and restoration of traumatic hernia of the diaphragm.

It is considered that ePTFE patch has advantages as follows as compared with 
existing polypropylene mesh: (1) good infiltration of fibroblast from tissues through 
the patch and excellent biocompatibility; (2) no deterioration, degradation, or elu-
tion even in prolonged use; (3) less friction with surrounding tissues due to its flex-
ibility; and (4) less splitting and easy to suture. The patch is sutured with applying 
tension slightly to the margin of the lost part of the diaphragm by 7–8 mm interval 
of horizontal mattress suturing using nonabsorbable suture. The key point of recon-
struction is to suture a patch, which is cut into a slightly larger size than the absent 
part, with slightly applying tension to the margin of the absent part of the diaphragm 
(Fig. 23.5).

The last stitch is held without ligating, and an aspiration tube is inserted from the 
open chest site for degassing of the thoracic cavity. Ligation is performed, and then 
the aspiration tube is removed with inflating the lung adequately and keeping that 
state by requesting it to an anesthesiologist. Pneumothorax condition is improved in 
this way.

No thoracostomy tube is required.

Diaphragm

Gore-tex soft tissue patch

Fig. 23.5 This is the diaphragm reconstructed with Gore-Tex soft tissue patch
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A leak test is performed after chest closure to make assurance double sure. The 
body is laid in Trendelenburg’s position with lowering the head. Then, about 500 mL 
of physiological saline and others is injected into a space under the diaphragm. 
Enforced ventilation is conducted several times, and air leakage is checked.

23.7.4  Liver Resection

Liver resection includes hepatic segment resection (right lobe resection, extended 
right lobe resection, left lobe resection, and left lateral segment resection) and par-
tial liver resection, which is nonanatomical resection of a range less than a segment 
of the Couinaud classification. The latter is usually used in surgery for ovarian 
cancer.

Surgical treatment is indicated for cases with legions presenting nodular status 
and invading from the capsule into the parenchyma of the liver.

The procedures of this technique are started with making an incision in a capsule 
2–3 cm away from the lesion using an electrosurgical knife.

Cutting into the parenchyma too deep using the electrosurgical knife often causes 
intense bleeding. Therefore, the incision should be conducted with intending to 
mark an incision line onto only the capsule. Then, vessels in the liver parenchyma 
are exposed using an ultrasonic scalpel (CUSA® or SONOTEC®) along the incision 
line, and congelation and cutting are conducted using a sealing device such as 
Ligasure® and Harmonic®. These manipulations are alternately repeated, and the 
tumor is removed eventually.

A sheet-like fibrin preparation is bonded and pressed on the excision site to pre-
vent postoperative bleeding and bile spillage.

It is important to conduct liver resection in a careful manner because hemorrhage 
control is essential for liver resection (Fig. 23.6).

23.7.5  Splenectomy

For splenic legions, cases that removed the spleen alone are not many, and rather en 
bloc resection with surrounding organs would be needed in many cases. Therefore, 

Liver
Fig. 23.6 Congelation 
and cutting are conducted 
using a sealing device
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it is important to check the greater omentum, transverse colon, pancreatic tail, and 
left diaphragm when a splenic legion is observed. Especially, it is needed to pay 
attention when the greater omentum has omental cake.

Splenectomy is basically conducted by detaching of the spleen and removing and 
mobilizing/turning of the spleen from the site. Detachment of the spleen becomes 
easier when the procedure is started from resection of membranous physiological 
adhesion site of the splenic flexure of the colon. After that, resection of the spleno-
colic ligament is implemented, and continuing from the resection line, resection of 
retroperitoneum and splenophrenic ligament is performed. Then, resection of the 
gastrosplenic ligament is conducted. Identification of the gastrolienal ligament is 
easy because the greater omentum is almost completely removed. When the dissec-
tion is performed furthermore, short gastric arteries and veins are found near the 
upper pole. These are ligated and cut.

The spleen locates in a deep part of the left upper quadrant of the abdomen. 
When adhesions with the retroperitoneum and surrounding organs are removed, the 
spleen can be completely removed and turned from the site.

A cord-like tissue of the hilum of the spleen is treated with an electrosurgical 
knife, and the splenic artery and vein are confirmed and then ligated and resected 
(Fig. 23.7).

In such circumstances, it has been considered that when the splenic arteries and 
veins are ligated, they should be basically separated and ligated after detaching from 
the hilum region of the spleen. However, forced detachment causes unwanted bleed-
ing; therefore, it is possible to deal with mass ligation if the course of vessels can be 
confirmed. When a distance between the hilum of the spleen and pancreatic tail is 
short, the procedure must be conducted with paying attention not to give excess 
traction or constrained detachment of the pancreatic tail to avoid damaging the 
pancreas.

When damage of the pancreatic tail is suspected even if only slightly, a sheet-like 
fibrin preparation is bonded and pressed on the site.

Spleen

Pancreas tail

Fig. 23.7 The splenic 
artery and vein are 
confirmed and then ligated 
and resected
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23.7.6  Distal Pancreatectomy

When the pancreatic tail is resected in a surgery for ovarian cancer, en bloc resection 
with the spleen is applied in most of cases.

Opening of the epiploic foramen, which is required for resection of the pancre-
atic tail, is conducted in advance in many cases because complete removal of the 
greater omentum is the basic operative procedure of surgery for ovarian cancer.

When en bloc resection of the spleen and pancreatic tail is performed, the sur-
gery is started with detachment and removal and mobilizing/turning of the spleen 
from the site through the aforementioned procedure. When the spleen is removed 
and turned from the site, the pancreatic tail is also removed and turned from the site 
unless there is dorsal development.

The resection line is determined, and the ligation sites of the splenic artery and 
vein according to the resection line are checked at this step. Surefire prevention of 
pancreatic leak is the most important in resection of the pancreatic tail.

We conduct the dissection using an automatic anastomotic device with gold car-
tridge of Echelon 60® (Ethicon Endo-Surgery; Johnson&Johnson). When the pan-
creatic tissue is crushed to staple and resect in resection of the pancreatic tail using 
this device, it is essential to conduct this crushing and stapling process slowly and 
gradually to the fullest (Fig. 23.8).

We conduct preventive measures for all cases by bonding and pressing a sheet- 
like fibrin preparation on the cutoff stump.

A closed-type information drain is placed under the left diaphragm after the 
resection of the pancreatic tail.

23.8  Morbidity

23.8.1  After Diaphragmatic Surgery

Pleural effusions are frequently observed. Especially, it is observed after full- thickness 
resection at a high frequency, but usually no thoracostomy tube is required [7].

a b

Pancreas tail
Stomach

Fig. 23.8 (a) The pancreatic tissue is crushed to staple and resected using automatic anastomotic 
device. (b) It is important to thin such like this
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In addition, no decrease in the respiratory function is observed after the 
surgery.

23.8.2  After Liver Resection

Bile spillage usually occurs around 4–5 days after surgery. However, it spontane-
ously closes within 1–2 weeks if drainage is effective; and it is rare to become a 
serious condition. If the drainage is poor, drainage under CT guide should be 
considered.

23.8.3  After Distal Pancreatectomy

Early diagnosis of pancreatic leak is the most important after resection of the pan-
creatic tail. Observation of properties of drainage from a drain is important. If pan-
creatic leak occurs, the drainage presents a red wine-like clear color due to 
hemolyzed red cells. Amylase level in the drainage should be measured on Day 1 
after the surgery to observe changes in the level. Usually the value is high on Day 1, 
and then it gradually decreases. When pancreatic leak is suspected even if only 
slightly, it is important to abstain from eating first. It is better to remove the drain 
after observation for several days after restarting oral ingestion.

23.9  Future Prospect

Upper abdominal surgical technique is essential for operative treatment for advanced 
ovarian cancer.

It is sought that gynecologic cancer specialists make an effort to acquire profi-
ciency in surgical anatomy through human cadaver training, to grasp the surgical 
techniques and acquire proficiency in surgical procedures through animal lab train-
ing, and to master each technique in a convincing way through on the job training in 
cooperation with digestive system surgery department in the future. It is a shortcut 
for learning these upper abdominal surgical techniques.

However, this policy is difficult practically and takes time. I think that the cen-
tralization of facilities is the best way to save the patient with advanced ovarian 
cancer at present. The requirement of these facilities is the performance of joint 
operation with the department of surgery and the making of maximum effort for 
debulking surgery.
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Abstract
Although peritoneal dissemination is the most common characteristic of ovarian 
cancer, retroperitoneal lymph node dissemination is also a common route of 
spread. The highest incidence of nodal metastasis is in the pelvic and para-aortic 
nodes. Nodal metastases occur in 13–74% of stage III and in 33–88% of stage IV 
patients. Preoperative evaluation using computed tomography, diffusion- 
weighted magnetic resonance imaging, and positron emission tomography are 
not acceptable alternatives to systematic lymphadenectomy regarding sensitivity 
and specificity for the moment.

Procedures of retroperitoneal lymph node dissection include pelvic lymphad-
enectomy and para-aortic lymphadenectomy. Each procedure involves develop-
ment of the retroperitoneal space, recognition of retroperitoneal viscera, and 
dissection of lymph nodes around vessels. Systematic lymphadenectomy is asso-
ciated with longer operation times, higher blood loss and transfusion rates, and a 
longer hospital stay compared with lymph node biopsy or no lymphadenectomy. 
Common complications of lymphadenectomy are hemorrhage, thromboembolic 
complications, vessel injury, adhesion, ileus, and injury to the pelvic viscera. 
Attention is also required for long-term complications, lymph cysts, lymph asci-
tes, and lymphedema.

In patients with advanced epithelial ovarian cancer, maximal cytoreductive 
surgical efforts for minimizing residual disease contribute to a good prognosis. 
However, the role of lymphadenectomy as part of maximal debulking surgery is 
still controversial.
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24.1  History

The International Federation of Gynecology and Obstetrics (FIGO) staging was 
updated in 2013. Cases of ovarian cancer with lymph node metastasis were classi-
fied as stage IIIc in FIGO 1988. However, cases with positive retroperitoneal lymph 
nodes and/or microscopic metastasis beyond the pelvis were classified as stage IIIA 
[1]. This change highlights the diagnostic and prognostic importance of nodal eval-
uation, whereas the therapeutic role of lymphadenectomy in ovarian cancer is 
uncertain.

24.2  Principles and Indications

Peritoneal implantation by exfoliation of cancer cells is the most common feature 
of ovarian cancer, and retroperitoneal lymph node dissemination is also a com-
mon route of spread. Autopsy studies have shown lymph node metastases in up to 
80% of patients with ovarian cancer [2, 3]. Para-aortic lymph node metastasis is 
the most common in ovarian cancer in gynecological malignancies. Therefore, 
staging surgery with retroperitoneal lymphadenectomy is important for staging, 
even if in early-stage ovarian cancer. In patients with advanced epithelial ovarian 
cancer, maximal cytoreductive surgical efforts for minimizing residual disease 
have been demonstrated in recent studies [4–7]. Cytoreductive surgery should 
include intraperitoneal and retroperitoneal surgical procedures. However, the role 
of lymphadenectomy as part of maximal debulking surgery is still controversial. 
The prognosis of lymph node metastasis is better than that of peritoneal dissemi-
nation [8–11].

24.3  Incidence and Pattern of Lymph Node Involvement

Ovarian cancer has three lymphatic pathways for metastasis. The first pathway is to 
the para-aortic lymph nodes through the infundibulopelvic ligament. The second 
pathway is to the external iliac nodes, internal iliac nodes, and obturator nodes. The 
third pathway is to the inguinal lymph node through the round ligament. Various 
frequencies of lymph node metastasis have been reported because systematic 
lymphadenectomy is not performed in all cases of advanced ovarian cancer. In 
patients with apparent stage I/II ovarian cancer, the frequency of lymph node metas-
tasis ranges from 1% to 15% (Table 24.1) [12–16].

Lymph node involvement is more common with advanced ovarian cancer, with 
nodal metastases being documented in 13–74% of stage III and in 33–88% of stage 
IV patients [13, 17–20]. The highest incidence of nodal metastasis is in the pelvic 
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and para-aortic nodes, with an occurrence of 53–73% [17, 21, 22]. Isolated metas-
tasis patterns are rare. The incidence of para-aortic node metastasis and pelvic node 
metastasis is 15–33% and 8–28%, respectively [13, 17, 20, 22–24]. The most com-
mon metastatic node in ovarian cancer is the para-aortic node in the area of the 
inferior mesenteric artery-renal artery, with an incidence of 79% [17, 25].

24.4  Preoperative Evaluation

Although 5 mm or greater enlargement of lymph nodes is often detected with an 
improvement in computed tomography (CT) image resolution, qualitative diagnosis 
requires a cautious diagnosis. Diffusion-weighted magnetic resonance imaging 
(MRI) and positron emission tomography (PET) are useful in assessing qualitative 
diagnosis of lymph node metastasis. However, diagnosis of lymph node metastasis 
is frequently difficult in lymph node swelling of 10 mm or less. Final diagnosis is 
made with findings of postoperative pathology.

A recent systematic review and meta-analysis examined detection of lymph 
node metastases in patients with ovarian cancer. This study showed that 
fluorodeoxyglucose- PET/CT or PET showed the highest pooled sensitivity (73%, 
95% confidence interval 68–78%) and specificity (97%, 95% confidence interval 
96–98%). The corresponding data for CT were 43% (95% confidence interval 
36–50%) and 95% (95% confidence interval 93–96%), and those for MRI were 
55% (95% confidence interval 44–55%) and 88% (95% confidence interval 
85–91%), respectively [26].

24.5  Staging Lymphadenectomy

Staging lymphadenectomy is the gold standard procedure in early invasive ovarian 
cancer. A total of 23% of women with apparent preoperative stage I ovarian cancer 
have occult nodal disease [27]. Approximately 30% of patients with early-stage 

Table 24.1 Frequency of lymph node metastasis in stage I and II epithelial ovarian cancer

Author Stage n Positive node
Site of lymph node metastasis
Pelvic Para-aortic Both

Benedetti-Panici et al. [12] I 35 5 3 2 0
II 2 0 0 0 0

Burghardt et al. [13] I 20 3 2 0 1
II 7 5 1 1 3

Nomura H, et al. [14] I* 60 8 1 3 4
II* 19 2 0 1 1

Ditto et al. [15] I 84 8 2 8 5
II 27 7

Oshita et al. [16] I* 204 9 2 10 9
II* 80 14

Total 538 64 (11.8%) 11 (2.0%) 25 (4.6%) 23 (4.3%)

( ): Rate of lymph node metastasis
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ovarian cancer are upstaged with comprehensive staging surgery [28]. Staging 
lymphadenectomy affects the indication of adjuvant therapy besides removing 
lymph node lesions. In early invasive ovarian cancer, some authors have reported 
that complete surgical staging contributes to a better prognosis [29, 30]. From the 
point of view of adjuvant therapy, Sankai Gynecology Study Group (SGSG), which 
is a Japanese local clinical study group, conducted a retrospective study to reveal the 
survival impact of systematic pelvic and para-aortic lymphadenectomy in patients 
with pT1 and pT2 epithelial ovarian cancer (EOC) [12]. In this study, the rate of 
lymph node metastasis in pT2 was 17.5%, which was significantly higher than 4.4% 
in pT1. The outcome for patients who received adjuvant chemotherapy was signifi-
cantly improved in patients who had not undergone systematic pelvic and para- 
aortic lymphadenectomy, but no improvement was observed in patients having 
undergone lymph node resection. For the above reasons, accurate surgical staging 
might avoid unnecessary adjuvant chemotherapy in selected early-stage cases.

In previous reports, ipsilateral lymphadenectomy for tumors that appeared to be 
unilateral was recommended [12]. However, later reports showed that contralateral 
lymphatic dissemination is often recognized at diagnostic lymphadenectomy. 
Therefore, even staging procedures of patients with stage I ovarian cancer should 
include bilateral pelvic and para-aortic lymph node sampling up to the level of the 
renal veins.

24.6  Systemic Lymphadenectomy

The therapeutic potential of systemic lymphadenectomy for advanced-stage ovarian 
cancer remains uncertain. A randomized, clinical trial was performed to determine 
whether systematic aortic and pelvic lymphadenectomy improves progression-free 
and overall survival compared with resection of bulky nodes only. The authors of 
this trial concluded that systematic lymphadenectomy improves progression-free, 
but not overall, survival in women with optimally cytoreductive advanced ovarian 
carcinoma. In this study, 427 patients with stage IIIB–IV epithelial ovarian cancer 
and postoperative residual disease less than 1 cm were randomly assigned to sys-
tematic pelvic and para-aortic lymph node dissection or resection of bulky nodes 
only. While systematic lymph node dissection was associated with 7  months’ 
improvement in progression-free survival (22.4 vs. 29.4 months), there was no dif-
ference in overall survival (56.3 vs. 62.1 months) [8].

An exploratory analysis of three prospective, randomized trials showed a signifi-
cant effect of lymphadenectomy on overall survival (P = 0.0123) and in patients 
with small residual tumors up to 1 cm. The effect of lymphadenectomy on overall 
survival barely reached significance (P = 0.0497) [31].

Systematic chemotherapy may not be that effective for retroperitoneal lymph 
node lesions. A high rate of nodal metastasis has been documented in 26–77% of 
patients after chemotherapy [32]. Nodal metastatic cancer cells in ovarian cancer 
are often diploid, and their cell cycle is in the low S phase. Therefore, these cells 
react poorly to chemotherapy [33].
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24.7  Surgical Technique (Fig. 24.1)

24.7.1  Systematic Pelvic Lymphadenectomy Fig. 24.1

24.7.1.1  Development of the Retroperitoneal Cavity
The posterior leaf of the peritoneum is incised from the round ligament to the sus-
pensory ligament of the ovary. To allow adequate exposure to the retroperitoneum, 
the outside incision of the posterior leaf of the peritoneum is extended. Upon enter-
ing the retroperitoneal space, the surgeon should identify the external artery, extend 
the space along it carefully, and identify the ureter, which crosses over the common 
iliac artery. The paravesical and pararectal spaces are created.

After separating the gap between the psoas muscle and external iliac artery, the 
obturator fossa is opened until the obturator nerve is confirmed. The dorsal fat pad 
of the iliac vein is applied medially and then separated from the wall of the external 
iliac vein. In this procedure, care should be taken not to damage the obturator ves-
sels and vessels supplying the psoas muscle.

24.7.1.2  Lymph Node Dissection of the External Iliac and External 
Inguinal Nodes

Dissection is begun with the external iliac nodes. The genitofemoral nerve should 
be preserved if possible. The node-bearing fat pad is tensioned, and the wall of the 

Fig. 24.1 (a) Anatomy of 
the aorta, vena cava, and 
iliac artery and vein. (b) 
The name of lymph node 
and anatomical index

right ureter

inferior mesenteric artery

right ovarian vein

left ovarian vein 

ovarian artery

left common iliac artery

left external iliac artery
left internal iliac artery 

inferior vena cava

renal vein.

aorta

para-aortic nodes

sacral nodes

Internal iliac nodes

obturator nodes

external iliac nodes

common iliac nodes

suprainguinal nodes 
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external iliac artery is outcropped. After stopping hemorrhage from small vessels, 
the nodes around the external iliac artery and vein are carefully removed. The dis-
section is performed from the external iliac vessels down to the level of the deep 
circumflex iliac vein.

24.7.1.3  Lymph Node Dissection of the Obturator  
and Internal Iliac Nodes

The obturator fossa is located between the umbilical ligament and the external 
iliac vessels. Obturator and internal iliac node dissection is performed by dis-
placing the external iliac vessels laterally. The dorsal fat pad of the iliac vein is 
separated from the external iliac vein and released from the obturator nerve and 
vessels. The lumbosacral trunk lies next to the lateral internal and external iliac 
vessels. Therefore, surgeons need to take care to avoid thermal damage by elec-
tric devices.

24.7.2  Systematic Para-aortic Lymphadenectomy Fig. 24.2

A midline abdominal incision from beneath the xiphoid process to the pubic sym-
physis is required for systematic pelvic and para-aortic lymphadenectomy to the 
level of the renal veins. For a safe operation, a sufficient surgical field and careful 
visualization of organs are important.

obturator nerve

external iliac artery and vein

umbilical ligamentureter uterine artery

Fig. 24.2 Systematic pelvic lymphadenectomy
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24.7.2.1  Development of the Retroperitoneal Space
Some approaches have attempted to develop the retroperitoneal para-aortic space. 
In the majority of cases, an incision is often made from the infundibulopelvic liga-
ment crossing the vena cava and aorta and ending at the duodenum at the ligament 
of Treitz. If a larger surgical field is required, the cecum and ascending colon are 
mobilized from loose underlying connective tissue. The right ureter is identified and 
retracted laterally. The small bowel is placed in an isolation bag and pulled out of 
the abdominal cavity.

24.7.2.2  Incision of Connective Tissue Anterior to the Aorta 
and Treatment of Bilateral Ovarian Vessels

The node-bearing tissue is removed in such a manner as to expose the front wall 
of the aorta toward the inferior border of the left renal vein. At some point in the 
procedure, the inferior mesenteric artery is identified. The left ovarian artery is 
located cephalad to the inferior mesenteric artery, and the left ovarian vein is 
located lateral to the left renal vein. Therefore, these vessels should be identified 
and ligated.

24.7.2.3  Dissection of the Right Side of the Inferior Vena Cava
This procedure begins with removal of the fat pad and then exposes the adventitial 
sheath on the anterior surface of the common iliac artery. Lymph node chains 
located in the lateral side of the right common iliac vein are dissected from caudal 
to cephalad. Although only a few vessels, except for the right ovarian vein, are pres-
ent, perforator veins are sometimes found. Careful attention is required not to tear 
these veins.

24.7.2.4  Dissection of Nodes Between the Para-aortic  
and Vena Cava

Some branches of small veins are inside of the inferior vena cava. If bleeding occurs, 
then the source should be identified, and the bleeding should be stopped without 
injury surrounding structures. The nodal tissue is gently mobilized and dissected. 
Special attention needs to be paid not to damage lumbar vessels, which lie in the 
back of the inferior vena cava and aorta.

24.7.2.5  Dissection of the Left Side of the Para-aortic Nodes
The lymph node chain is removed from the left common iliac vessels, taking care 
not to damage the lumbar vessels. The node-bearing fat is passed under the inferior 
mesenteric artery. Lymph node dissection is performed to the level of the inferior 
border of the renal vein.

24.7.2.6  Removal of the Sacral Nodes
The node-bearing tissue lying between the inside of the bilateral common iliac 
arteries is carefully dissected from underlying vessels.
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24.8  Morbidity

Systematic lymphadenectomy is associated with longer operation times, higher 
blood loss and transfusion rates, and a longer hospital stay compared with lymph 
node biopsy or no lymphadenectomy [8, 34]. In retroperitoneal lymphadenectomy, 
perioperative morbidity and 60-day mortality are higher than those with lymph node 
biopsy or no lymphadenectomy. Common early postoperative complications of 
lymphadenectomy are hemorrhage, thromboembolic complications, vessel injury, 
adhesion, ileus, and injury to the ureter or small and large bowel [35]. Injury to the 
chyle cistern sometimes leads to chyle leak. The most frequent long-term complica-
tions are lymph cysts, lymph ascites, and lymphedema (Fig. 24.3).

24.9  Future Prospects

One of the most important prognostic factors of advanced epithelial ovarian cancer 
is macroscopic complete resection at initial therapy. From this point of view, sys-
tematic lymphadenectomy is considered to improve survival in patients with 
advanced ovarian cancer who have lymph node metastasis with no visible residual 
disease [31, 36–38]. However, prospective studies have suggested that systematic 
lymphadenectomy for epithelial ovarian cancer improves progression-free, but not 
overall, survival in patients with completely cytoreductive advanced-stage ovarian 
cancer [8, 34]. The LION trial (AGO OVAR OP3/ENGOT-ov31), which was a pro-
spective, randomized study conducted by AGO, investigated systematic pelvic and 

inferior mesenteric artery  

inferior vena cava  

ureter  

aorta 

Fig. 24.3 Systematic para-aortic lymphadenectomy
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para-aortic lymphadenectomy in patients with advanced ovarian cancer with intra-
abdominal complete resection and clinically negative lymph node metastases. These 
procedures did not improve progression-free (secondary endpoint; lymphadenec-
tomy vs. no lymphadenectomy, 25.5 vs. 25.5 months) or overall survival (primary 
endpoint; lymphadenectomy vs. no lymphadenectomy, 65.5 vs. 69.2  months), 
despite the presence (and removal) of subclinical retroperitoneal lymph node metas-
tases in 56% of the patients [39]. Considering this lack of difference in oncological 
outcome and perioperative morbidity, systematic lymphadenectomy for patients 
with advanced ovarian cancer and clinical negative lymph node metastasis should 
not be performed.

Interval debulking surgery followed by neoadjuvant chemotherapy is one of the 
other therapeutic strategies for advanced ovarian cancer. Whether this method can 
be applied to patients with neoadjuvant chemotherapy followed by interval debulk-
ing surgery needs to be verified. These results could lead to a new clinical staging 
system.
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Abstract
As advanced-stage ovarian cancer frequently involves peritoneal dissemination, 
the surgical complexity including the intestinal resection is often required to 
achieve a complete cytoreduction. According to the portion and extent of the 
tumor involvement, various types of intestinal surgery are applied. This chapter 
will address the surgical techniques of intestinal resection and anastomosis.
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25.1  Introduction

The majority of patients with primary ovarian cancer present at an advanced stage 
and are treated by cytoreductive surgery and platinum-based chemotherapy. The 
most important predictor of survival in advanced-stage ovarian cancer is residual 
tumor after primary surgery [1–3]. The ability to achieve a complete cytoreduction 
to the point of no macroscopic residual disease is a significant factor associated with 
favorable survival outcomes [4]. As advanced-stage ovarian cancer frequently 
involves peritoneal dissemination, the surgical complexity including the intestinal 
resection is often required to increase the extent of cytoreduction.

Heitz et al. reported that among 573 patients with ovarian cancer FIGO IIIB–
IVB who had undergone primary debulking surgery, resection of large and/or small 
intestine was necessary in 434 patients (76%). Consequently, almost 90% of these 
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patients underwent a macroscopic complete resection (66.7%) or an optimal (diam-
eter of residual tumor, 1–10 mm) cytoreduction (25.1%) [5].

This chapter will address the surgical techniques of intestinal resection and 
anastomosis.

25.2  Resection of Small Intestine

In cases of advanced-stage ovarian cancer associated with peritoneal dissemination, 
small bowel surgery is frequently performed. Gynecologic oncologists should 
decide the length of small bowel resection according to the portion and extent of the 
tumor involvement. Bulky disease at the root of the superior mesenteric artery and 
diffuse disseminated lesions on the mesentery are assessed to be not optimally 
resectable in primary debulking surgery [5, 6]. For such cases, the use of neoadju-
vant chemotherapy has improved the extent of a complete cytoreduction that is pos-
sible in interval debulking surgery by reducing the surgical burden [4]. After 
resection of the small intestine, intestinal anastomosis is performed using a hand- 
sewn or a stapled technique.

25.2.1  Hand-Sewn Technique

The hand-sewn technique is applicable to an end-to-end anastomosis which is pref-
erable to end-to-side and side-to-side anastomoses, because the end-to-end anasto-
mosis restores the continuity of the small intestine more naturally. However, 
gynecologic oncologists sometimes select the side-to-side anastomosis due to the 
presence of sudden intestinal obstruction by a strangulated hernia, tumor dissemina-
tion, and so on. There are various hand-sewn techniques such as Albert-Lembert 
anastomosis, Gambee anastomosis, and layer-to-layer anastomosis.

25.2.2  Stapled Technique

We are presenting the case with a portion of the ileum involved by the recurrent 
ovarian tumor in the right pelvic wall. When the involved ileum was removed from 
the tumor, full-thickness resection of the portion of the ileum was needed. Then, the 
lack of the small intestinal wall was temporarily closed by interrupted 3-0 silk 
sutures.

Functional end-to-end anastomosis is performed as follows:

 1. The proximally and distally transection sites of the small intestine are decided, 
and the mesentery is divided (Fig. 25.1).

 2. Traction sutures are placed near the antimesenteric lines of the proximal and 
distal segments of the small intestine to allow approximation to each other 
(Figs. 25.2 and 25.3).
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 3. The linear stapling device is introduced through the holes on the antimesenteric 
lines of the small intestine (Fig. 25.4).

 4. The linear stapler is fired and the common lumen is created (Fig. 25.5).
 5. The defect of the segments of the small intestine is clamped and closed using the 

linear stapling device (Figs. 25.6, 25.7, and 25.8).
 6. The enteroenteric continuity can be reestablished (Fig. 25.9).

This method can be applied not only to the enteroenteric but also enterocolonic 
and colocolonic anastomoses.

Fig. 25.1 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.2 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.3 Functional 
end-to-end anastomosis of 
the small intestine
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Fig. 25.4 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.5 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.6 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.7 Functional 
end-to-end anastomosis of 
the small intestine
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25.3  Resection of Large Intestine

During cytoreductive surgery for advanced-stage ovarian cancer, resection of large 
intestine includes ileocecal resection, right hemicolectomy, transverse colectomy, 
left hemicolectomy, and sigmoid resection, besides modified posterior pelvic exen-
teration (anterior resection). Gynecologic oncologists should choose the type of 
surgical procedure and combine the procedure with each other according to the por-
tion and extent of the tumor involvement. After resection of the large intestine, 
intestinal anastomosis is performed using a hand-sewn or a stapled technique.

25.3.1  Modified Posterior Pelvic Exenteration

A rectosigmoid resection is the most frequently performed type of bowel surgery 
because of the anatomic proximity of the rectosigmoid to the female pelvic organs 
and its frequent involvement in ovarian cancer. Previous investigators have reported 
that a modified posterior pelvic exenteration, also known as a radical oophorectomy 
or low anterior en bloc resection, during surgery for ovarian cancer permits a high 
rate of complete cytoreduction with acceptable morbidity and mortality rates 
[7–10].

Fig. 25.8 Functional 
end-to-end anastomosis of 
the small intestine

Fig. 25.9 Functional 
end-to-end anastomosis of 
the small intestine
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Kato et al. assessed the extents of tumor spreading in the rectosigmoid wall in 
modified posterior pelvic exenteration specimens from 75 patients with primary 
ovarian, tubal, and peritoneal cancer [11]. Tumor involvement of the rectosigmoid 
wall was histopathologically confirmed in 65% of the cases. Invasion to the mucosal 
or submucosal layer was confirmed in 13%, the muscular layer was in 21%, and the 
serosal layer was in 31%.

Modified posterior pelvic exenteration was carried out as en bloc resection of the 
adnexal mass, uterus, pelvic peritoneum, and rectosigmoid. The order of the surgi-
cal procedures differs according to the situation. However, we usually perform this 
surgery as follows:

 1. The retroperitoneal space is developed following the ligation and division of the 
round ligaments and ovarian vessels. Both ureters are identified and moved later-
ally. If the tumor implants on the anterior side of the pelvis, the anterior pelvic 
peritoneum is stripped.

 2. The hypogastric nerve and the pelvic splanchnic nerves running into the inferior 
hypogastric plexus are identified in the loose layer hanging down from the ureter, 
and this layer is preserved in a manner that has been previously described for 
nerve-sparing radical hysterectomies [12–16].

 3. The left side of the colon is mobilized, and the sigmoid colon is transected using 
a linear stapling device. If primary and metastatic tumors filled the pelvic cavity, 
and developing a retroperitoneal space on the pelvic sidewall might be impossi-
ble, isolation and preservation of the inferior hypogastric plexus are performed 
following the transection of the sigmoid colon.

 4. At the level of the aortic bifurcation, the superior hypogastric plexus is identi-
fied. Anterior to the promontory, the superior hypogastric plexus splits into two 
bundles of hypogastric nerves at the start of the dissection along the parietal 
pelvic fascia. The dissection is continued laterally and caudally in the avascular 
plane between the parietal pelvic fascia and the proper rectal fascia. The hypo-
gastric nerves pass inferolaterally along the pelvic sidewall medial to the ureter. 
The plane of the dissection is then continued to the layer underneath the ureter 
containing the inferior hypogastric plexus. Consequently, the inferior hypogas-
tric plexus is left to be undamaged on the lateral pelvic wall (Figs. 25.10 and 
25.11).

 5. After the uterine artery is ligated and divided, the anterior leaf of the vesicouter-
ine ligament is transected, and the ureter is mobilized laterally.

 6. If the primary and metastatic tumors in the cul-de-sac invade laterally and poste-
riorly into the uterosacral ligament and the inferior hypogastric plexus is to be 
sacrificed, the cardinal ligament and the posterior leaf of the vesicouterine liga-
ment are divided. In the cases with tumor infiltration into the deep retroperito-
neal space, the plane of the dissection is placed along the parietal fascia covering 
the pelvic sidewall and continued to the surfaces of the levator ani and piriformis 
muscles.

 7. The vaginal wall is transected, and the rectum is divided below the peritoneal 
reflection and inferiorly to a level 1–5 cm below the bottom tip of the tumor 
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(Fig. 25.12). Consequently, an en bloc resection of the pelvic tumors together 
with the uterus and rectosigmoid colon can be accomplished.

 8. Finally, end-to-end or side-to-end colorectal anastomosis is performed using a 
circular stapling device or a hand-sewn technique (Figs. 25.13, 25.14, and 25.15).

Fig. 25.10 Appearance of 
the pelvic region during 
the mobilization of the 
rectosigmoid. The 
hypogastric nerves and 
ureters were isolated and 
underrun with marker tapes 
in yellow and blue, 
respectively

Fig. 25.11 Appearance of 
the pelvic region following 
the en bloc resection of the 
ovarian tumor with the 
uterus and rectosigmoid. 
The hypogastric nerves and 
ureters were isolated and 
underrun with marker tapes 
in yellow and blue, 
respectively

Figs. 25.12 The rectum is 
transected using the linear 
stapling device. Then, an 
en bloc resection of the 
pelvic tumors together 
with the uterus and 
rectosigmoid colon can be 
performed
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25.3.2  Hand-Sewn Technique

With the advances in medical instrumentation, gynecologic oncologists prefer sta-
pled technique to hand-sewn technique. However, there are cases for which the 
hand-sewn method is suitable. There are various hand-sewn techniques such as 
Albert-Lembert anastomosis, Gambee anastomosis, and layer-to-layer anastomosis. 
In this paragraph, we are focusing a description on procedures during layer-to-layer 
anastomosis. During the operation of modified posterior pelvic exenteration, the 

Fig. 25.13 The stapled 
end-to-end colorectal 
anastomosis using the 
double stapling technique. 
The circular stapling 
device is transanally 
inserted, and the rectal 
stump is penetrated by the 
central rod

Fig. 25.14 The anvil is 
inserted into the stump of 
the left side of the colon, 
and the anvil shaft is 
connected to the central 
rod of the circular stapling 
device

Fig. 25.15 The 
approximation of the ends 
of the colon and rectum is 
completed, and the circular 
stapling device is fired to 
create the common lumen
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procedures of colorectal anastomosis following the en bloc resection of the ovarian 
tumor with the uterus and rectosigmoid are presented:

 1. To gain approximation to the rectal stump, descending colon is sufficiently 
mobilized.

 2. Interrupted sutures are placed through the posterior seromuscular edges of both 
the mobilized colon and rectal stump (Figs. 25.16 and 25.17).

 3. A double-ended suture is tightened in the lateral edges of the mobilized colon 
and rectal stump. This continues a running suture through the posterior mucosal 
and submucosal layers (Figs. 25.18 and 25.19).

 4. The anterior mucosa and submucosa are closed by a running suture with the 
other side of the double-ended suture (Figs. 25.20 and 25.21).

 5. The anterior seromuscular layers are closed by interrupted sutures (Fig. 25.22). 
Then, the colorectal continuity can be reestablished.

25.3.3  Anastomotic Leakage

Previous investigators have reported that intestinal surgery for ovarian cancer per-
mits a high rate of complete cytoreduction with acceptable morbidity and mortality 

Fig. 25.16 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis

Fig. 25.17 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis
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Fig. 25.18 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis

Fig. 25.19 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis

Fig. 25.20 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis

Fig. 25.21 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis
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Fig. 25.22 Hand-sewn 
technique for layer-to-layer 
colorectal anastomosis

rates [17]. Despite advances in surgical techniques and medical instrumentation, 
however, anastomotic leakage remains the most serious complication of large bowel 
resections for ovarian cancer [18]. Especially, the occurrence of anastomotic leak-
age after modified posterior pelvic exenteration has been relatively higher than that 
with other various intestinal resections. The incidence of anastomotic leakage has 
been reported to range between 0.8% and 10% among patients undergoing modified 
posterior pelvic exenteration for ovarian cancer [9, 18–21].

A diverting colostomy and ileostomy are commonly used in colorectal surgery to 
reduce anastomotic complications, especially life-threatening ones such as fecal 
peritonitis or sepsis [22, 23]. In gynecologic literature, some reports have shown 
that diverting stomas have the potential to decrease the frequency of anastomotic 
leakage in ovarian cancer patients undergoing rectosigmoid resection. Houvenaeghel 
et al. analyzed a retrospective data of 305 patients who underwent MPPE during 
up-front surgery, interval debulking surgery, or secondary debulking surgery from 9 
French cancer centers [24]. They reported that 59 patients (20%) received a divert-
ing stoma and the overall anastomotic leakage rate was 8%. In their study, there was 
no significant difference in the rates of anastomotic leakage according to the pres-
ence or the absence of the diverting stoma. Tseng et al. reported that among 331 
patients with stage II–IV ovarian cancer who underwent colon resection during up- 
front surgery, 44 (13%) received a diverting ileostomy [25]. The overall anastomotic 
leakage rate was 6%. They concluded that patients with a longer operative time and 
a greater length of rectosigmoid resection more commonly underwent a diverting 
ileostomy; however, the presence of a diverting ileostomy did not compromise the 
postoperative outcomes or long-term survival. Kalogera et al. reported that among 
77 patients with gynecologic malignancies who underwent rectosigmoid resection, 
27 (35%) received a diverting stoma [26]. The rate of anastomotic leakage was 
2.6%. They advocated the creation of a diverting stoma if any of the following fac-
tors are present: preoperative albumin ≤3.0 g/dL; prior pelvic radiation; MPPE plus 
additional large bowel resection; anastomosis at ≤6 cm from the anal verge; non- 
tension- free anastomosis or signs of bowel ischemia; leakage identified intraopera-
tively during a proctoscopy or leak test; gross contamination of the pelvis with stool 
or infection present at time of resection; or a surgeon’s intraoperative concerns 
regarding the integrity of the anastomosis.
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25.3.4  Challenges and Future Directions

There have been many reports that elevation of optimal cytoreductive rates in pri-
mary surgery resulted in improvement of progression-free and overall survival in 
advanced-stage ovarian cancer [27, 28]. In order to improve optimal cytoreductive 
rates, surgical efforts by incorporating extensive upper abdominal surgery into the 
primary cytoreductive effort are necessary. Surgical procedures included intestinal 
resection and/or diaphragm peritonectomy resection, splenectomy, distal pancre-
atectomy, partial liver resection, cholecystectomy, and resection of tumor from the 
porta hepatis [3]. Also in the Japanese literature, a paradigm shift in surgical 
approach to advanced-stage ovarian cancer resulted in the elevation of optimal cyto-
reductive rates and better survival outcomes without causing a significant increase 
in morbidity and mortality [29]. In their study, the respective median progression- 
free and overall survival rates increased from 14.6 and 38.1 months before imple-
menting an aggressive surgery protocol in the department of gynecology, 
respectively, to 25.0 and 68.5 months after implementation, respectively. Of course, 
such aggressive surgery should not be performed at any institutions. Specialist sur-
gical teams in the department of gynecologic oncology, composed of experts with 
interests and skills in cytoreductive surgery on multiple organs, should accomplish 
the operation with surgical complexity [27, 28]. Improvement of the surgical skills 
and postoperative management of the gynecologic oncologists is necessary to 
achieve optimal cytoreduction for advanced-stage ovarian cancer. In addition, the 
passion of the gynecologic oncologists to accomplish the operation with increased 
surgical complexity is the most important.
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26Interval Debulking Surgery

Takashi Onda

Abstract
Standard treatment of ovarian cancer consists of debulking surgery and chemo-
therapy. Primary debulking surgery (PDS) with maximum debulking efforts, fol-
lowed by chemotherapy, has been the treatment of choice for patients with 
advanced ovarian cancer. Interval debulking surgery (IDS) is performed in the 
following two situations: (1) debulking (second challenge) for patients with sub-
optimal PDS and (2) debulking (first challenge) following neoadjuvant chemo-
therapy (NAC) in patients for whom PDS is not indicated. The efficacy of IDS 
after suboptimal PDS is controversial, as shown by three prospective randomized 
studies. IDS after suboptimal PDS is considered only when primary surgery was 
not performed by gynecologic oncologists or when the surgery was performed 
with less extensive efforts. Regarding IDS after NAC, three prospective random-
ized studies have been conducted. In the first two studies, the survival outcome 
of patients who underwent NAC treatment (NACT) was non-inferior to those 
who underwent PDS treatment (PDST). Morbidity in patients who underwent 
NACT tended to be reduced in one study and significantly reduced in two stud-
ies. However, the surgical efforts in these studies investigating NACT compared 
to PDST have received criticism. A prospective randomized study including only 
centers with externally proven surgical expertise and audited by experienced sur-
geons was initiated to compare maximum effort PDS with equally maximum 
effort NACT–IDS. However, currently, NACT–IDS is becoming widely adopted 
in advanced ovarian cancer. In contrast, IDS for patients with suboptimal PDS 
will certainly be decreased as a result of the wide adoption of NACT.
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26.1  Introduction

Standard treatment of ovarian cancer consists of debulking surgery and chemother-
apy. Griffiths et  al. [1] first reported the correlation between the size of residual 
tumor after primary debulking surgery (PDS) and the prognosis of patients with 
advanced ovarian cancer. Thereafter, numerous investigators reported that patients 
who underwent optimal PDS had better survival compared to those with suboptimal 
PDS. Optimal surgery was initially defined as surgery with residual tumor less than 
1–3 cm in diameter. Suboptimal surgery stands for nonoptimal surgery. PDS with 
maximum debulking efforts followed by chemotherapy has been the treatment of 
choice for patients with advanced ovarian cancer. However, optimal PDS is achieved 
in only 30–60% of patients with advanced ovarian cancer at most institutions. For 
those who underwent suboptimal PDS, debulking surgery is repeated, as secondary 
surgery, after two to six cycles of induction chemotherapy. This secondary surgery 
is termed interval debulking surgery (IDS). On the other hand, patients with very 
advanced disease—an apparently unresectable tumor or poor performance status 
(PS) due to the disease itself or medical complications—for whom suboptimal PDS 
is expected initially receive chemotherapy followed by debulking surgery. This che-
motherapy is termed neoadjuvant chemotherapy (NAC), and the first debulking sur-
gery following NAC is also referred to as IDS. These two types of IDS are presented 
in this chapter.

26.2  IDS Following Suboptimal PDS

26.2.1  Secondary Debulking Surgery for Patients Who 
Underwent Suboptimal PDS

Initially, secondary debulking surgery for patients who underwent suboptimal PDS 
was attempted after chemotherapy was completed, e.g., at the timing of second-look 
operation. However, this secondary surgery performed after the completion of che-
motherapy was not linked to a survival advantage, as demonstrated by several stud-
ies [2, 3].

Wils et al. [4] compared treatment outcomes of patients who underwent optimal 
PDS (N  =  38) and those of patients with primary non-debulkable disease who 
underwent secondary debulking surgery after a median of three (range, 2–6) cycles 
of chemotherapy (N  =  18). The difference in histologically confirmed complete 
remission rates of evaluable patients was not statistically significant between these 
patient groups (50% vs. 29%, p = 0.23). In addition, the 3-year overall survival (OS) 
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rates of these patient groups were similar (60% vs. 50%). Lawton et al. [5] con-
firmed the feasibility of secondary debulking surgery. Among 36 patients with epi-
thelial ovarian cancer incompletely resected at primary laparotomy, 78% (28/36 
patients) underwent secondary debulking surgery following three cycles of chemo-
therapy. This surgery resulted in 57% (16/28) of patients without macroscopic dis-
ease, whereas 18% (5/28 patients) and 14% (4/28 patients) had <1 cm and <2 cm 
residual disease, respectively. Postsurgical complications were few.

These two studies [4, 5] demonstrated the efficacy of secondary debulking sur-
gery and used the term intervention (debulking) surgery in their reports.

26.2.2  Results of Phase III Studies

Prospective randomized studies have been conducted to further assess the effective-
ness of IDS.  Thus far, the results of three studies from the UK group, EORTC 
(European Organization for Research and Treatment of Cancer), and GOG 
(Gynecologic Oncology Group) have been reported.

26.2.2.1  Study from the United Kingdom
The UK group, including Lawton’s institution, conducted the first prospective ran-
domized study of IDS for patients who previously underwent suboptimal 
PDS. Redman et al. [6] reported the results that are shown in Table 26.1. A total of 
79 patients were enrolled in the study. Of those, 37 patients were randomized to 
IDS, 25 (68%) of whom underwent IDS performed at a median of 13 weeks follow-
ing PDS. The remaining 42 patients in this study were randomized to chemotherapy 
alone. The median OS rates for the IDS and chemotherapy alone groups were 
15 months (95% confidence interval [CI] 10–20 months) and 12 months (95% CI 
8–16 months), respectively. The difference between the groups was not statistically 
significant (hazard ratio [HR] = 0.71; 95% CI 0.44–1.13). The conclusion of this 
study was that IDS following suboptimal PDS may not improve survival in patients 
with advanced ovarian cancer.

26.2.2.2  EORTC Study
The EORTC conducted the first large-scale prospective randomized study of IDS. 
van der Burg et al. [7] reported the results that are presented in Table 26.1. Of the 
319 patients who were enrolled and underwent randomization, 278 were evaluable 
(140 patients who underwent debulking surgery and 138 patients who did not). 
They called the surgery just “debulking surgery” in this report. Progression-free 
survival (PFS) and OS were both significantly longer in patients who underwent 
IDS compared to those who did not (p = 0.01). The difference in median OS was 
6 months (26 vs. 20 months, respectively). A 2-year OS was reported in 56% and 
46%, respectively. Multivariate analysis showed that IDS was an independent prog-
nostic factor (p = 0.012). Overall, after adjustment for all other prognostic factors, 
IDS reduced the risk of death by 33% (95% CI 10–50%; p = 0.008). IDS was not 
associated with death or severe morbidity. The investigators concluded that IDS 
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significantly prolonged PFS and OS. Based on these findings, IDS following subop-
timal PDS and induction chemotherapy was much expected to improve the survival 
of patients.

26.2.2.3  GOG Study
The GOG conducted a similar large-scale prospective randomized study of 
IDS. Unexpectedly, Rose et al. [8] contradicted the previous findings reported by 
the EORTC (Table 26.1). They called the surgery as “interval debulking surgery” or 
“secondary surgery” in their report. A total of 550 patients were enrolled. Following 
the completion of three cycles of postoperative chemotherapy, 216 and 208 eligible 
patients were randomized to receive IDS followed by chemotherapy or chemother-
apy alone, respectively. Surgery was declined by or medically contraindicated for 
15 patients assigned to the IDS group (7%). The likelihood of PFS in the IDS group, 
as compared to the chemotherapy alone group, was 1.07 (95% CI 0.87–1.31; 
p = 0.54), and the relative risk of death was 0.99 (95% CI 0.79–1.24; p = 0.92). The 
investigators emphasized the differences regarding the surgical efforts to maximize 
debulking and the resultant residual tumor size by PDS between their study and 
EORTC study. PDS was performed by gynecologic oncologist in 95% of patients in 
the GOG study. Therefore, the investigators concluded that in patients with advanced 

Table 26.1 Prospective randomized studies for the efficacy of IDS in patients with suboptimal 
PDS

Group UK group EORTC GOG
Initial stage IIB–III–IVa IIB–III–IV III–IVb

Residual tumor by 
PDS

≥2 cm ≥1 cm ≥1 cm

PDS performed by 
gynecologic 
oncologist

10% Not indicated 95%

CTx regimen CP or PAB CP TP
No. of cycles ≤8 cycles 6 cycles 6 cycles
Randomization At enrollment After 3 cycles After 3 cycles
IDS As soon as possible After 3 cycles After 3 cycles
Arms IDS(+) IDS(−) IDS(+) IDS(−) IDS(+) IDS(−)
No. of Pts evaluated N = 37 N = 42 N = 140 N = 138 N = 216 N = 208
Median OS 15 M 12 M 26 M 20 M 34 M 34 M
Significance NS p = 0.012 NS
Median PFS NA NA 18 M 13 M 11 M 11 M
Significance p = 0.013 NS
IDS performed 68% (25/37) 93% (130/140) 93% (201/216)
Optimal IDS 51% (19/37) 58% (81/140) 78% (168/216)

CTx chemotherapy, CP cyclophosphamide + cisplatin, PAB cisplatin + doxorubicin + bleomycin, 
TP paclitaxel + cisplatin, EORTC European Organization for Research and Treatment of Cancer, 
GOG Gynecologic Oncology Group, IDS interval debulking surgery, NS not significant
aStage IV was restricted to patients with malignant pleural effusion only
bStage IV was restricted to patients with malignant pleural effusion only or resected anterior 
abdominal wall tumor
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ovarian carcinoma for whom PDS was considered to be maximal, IDS in combina-
tion with postoperative chemotherapy may not improve PFS or OS. In addition, the 
difference in chemotherapy regimen used was highlighted as a possible cause of the 
discrepancy observed in the results of these studies. The EORTC study predated the 
use of paclitaxel for ovarian cancer in Europe; thus the study adopted a combination 
of cyclophosphamide and cisplatin, which was later replaced by the combination of 
paclitaxel and cisplatin adopted in the GOG study.

26.2.3  Results of Meta-analyses

Tangjitgamol et al. [9] conducted a systematic review and meta-analysis for IDS 
following suboptimal PDS and induction chemotherapy. In this systematic review, 
the three randomized studies discussed earlier in this chapter were selected for anal-
ysis. The meta-analysis of these three studies (including a total of 781 patients) for 
OS found no statistically significant difference between IDS and chemotherapy 
alone (HR  =  0.80, 95% CI 0.61–1.06). Subgroup analysis of two studies (357 
patients) in which the primary surgery was not performed by gynecologic oncolo-
gists (EORTC study) or was less extensive (UK study) showed a benefit of IDS in 
OS (HR = 0.68, 95% CI 0.53–0.87). Meta-analysis of two studies (702 patients, 
EORTC and GOG studies) for PFS found no statistically significant difference 
between IDS and chemotherapy alone (HR = 0.88, 95% CI 0.57–1.33). The rates of 
adverse reactions to chemotherapy were similar in both groups (risk ratio = 1.19, 
95% CI 0.53–2.66).IDS following NAC.

26.3  Neoadjuvant Chemotherapy

NAC was initially administered as an alternative treatment to PDS in patients with 
apparently unresectable tumors, poor PS, or medical complications. In addition, 
some patients received chemotherapy after diagnostic surgery (e.g., exploratory 
laparotomy). This chemotherapy may also be called NAC in broad sense. Following 
two to six cycles of NAC and the resulting tumor shrinkage or improvement of PS, 
IDS (first attempt) was performed. The sequence of treatment initiated with NAC 
and followed by IDS and postoperative chemotherapy will be referred to as NAC 
therapy (NACT) hereafter. Similarly, the sequence of treatment initiated with PDS 
and followed by postoperative chemotherapy will be referred to as PDS therapy 
(PDST).

26.3.1  Results of Retrospective Analyses

Numerous retrospective studies comparing NACT and PDST have been conducted. 
These studies compared treatment outcomes and/or complications related to deb-
ulking surgery [10–22]. A couple of these studies are presented below.
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Jacob et al. [10] conducted a retrospective matched case control study. This may 
be the first study comparing NACT and PDST.  The investigators reviewed their 
experience with the International Federation of Gynecology and Obstetrics (FIGO) 
stage III–IV epithelial ovarian cancer in patients referred after initial laparotomy 
and biopsy only. The planned treatment for the study group (N = 22) was two to four 
cycles of NAC, followed by IDS and six additional cycles of chemotherapy. Two 
control groups were matched with the study group according to FIGO staging, his-
tologic type, grade (2 or 3), and patient age ±5 years. Treatment for one control 
group (N = 18) was immediate re-exploration and debulking followed by a mini-
mum of six cycles of chemotherapy. All patients received cisplatin-based chemo-
therapy. Optimal cytoreduction (<2 cm) was achieved in 77% of the study group 
versus 39% in the control group (p = 0.02). The median OS rates were not different 
(16 vs. 18 months, respectively). Morbidity of the IDS was acceptable. The investi-
gators concluded that patients with bulky residual disease have a uniformly poor 
prognosis regardless of the timing of further surgery. These results suggest a higher 
possibility for optimal surgery by IDS and similar outcomes by NACT (study group) 
and PDST (control group).

Kayikçioğlu et  al. [13] compared NACT and PDST.  A total of 203 patients 
among 205 patients with advanced ovarian cancer were divided into the NACT (45 
patients) and PDST (158 patients) groups. Two patients were excluded from analy-
sis because they were lost to follow-up. NACT was administered typically in 
patients with large pleural effusion, multiple metastases at sites that made optimal 
cytoreductive surgery impossible, presence of large metastatic plaques (e.g., on the 
diaphragm), or parenchymal liver metastasis. NACT was also administered in 
patients who were medically unfit for PDS such as those with PS 2 or 3. Patients 
treated with NACT were older (p = 0.01), had worse PS (p < 0.001), and more stage 
IV disease (p = 0.03) than patients treated with PDST. Optimal cytoreductive sur-
gery rates (no residual disease) were significantly higher in the NACT group 
(p < 0.001). Multivariate analysis demonstrated that only the residual tumor diam-
eter and appendix involvement affect OS significantly. Five-year and median OS 
differences between PDST and NACT were not statistically significant. The analy-
sis also demonstrated that patients treated with NACT underwent colon resection 
(p  =  0.01, 2% vs. 16%, respectively) and splenectomy (p  =  0.02, 0% vs. 11%, 
respectively) less frequently. Based on this analysis, the investigators concluded that 
NACT in a selected group of patients may not worsen prognosis, permit less aggres-
sive surgery, and improve patient quality of life.

Hou et al. [20] compared survival and perioperative morbidity of patients treated 
with PDST or NACT. A total of 172 patients (PDST group, 109 patients; NACT 
group, 63 patients) were retrospectively analyzed. NACT patients, compared to 
PDST patients, had significantly less intraoperative blood loss (546 vs. 1033 mL, 
p < 0.0001), operating time (211 vs. 276 min, p < 0.0001), units of transfusion (1.2 
vs. 2.4 U, p = 0.03), and shorter hospital stay (5.7 vs. 8.5 days, p < 0.0001). Optimal 
cytoreduction (<1 cm) was achieved in 95% of NACT patients versus 71% of PDST 
patients (p < 0.001). Three patients in the NACT group (5%) versus 27 patients 
(25%) in the PDST group required aggressive surgery in addition to standard 
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cytoreduction. Within the NACT group, OS was improved in patients who received 
CP (CBDCA/PTX) compared to CC (CBDCA/CPA) (83 vs. 26 months, p = 0.008). 
Patients with extra-abdominal disease who received CP as NAC had improved PFS 
and OS compared to those in the PDST group with stage IV disease (15 vs. 9 months, 
p = 0.015, and 31 vs. 20 months, p = 0.032, respectively). The investigators con-
cluded that NACT was associated with less perioperative morbidity, less need for 
further aggressive surgery, and similar survival with PDST. Additionally, in patients 
with extra-abdominal disease, NACT was associated with improved PFS and 
OS.  Moreover, platinum and taxane were shown to be the therapeutic agents of 
choice in NAC.

In most studies, NACT was administered to patients who had older age, more 
advanced disease, or a poorer PS except for a few studies [10, 14, 15]. In these 
highly biased settings unfavorable to NACT, all studies showed a similar or higher 
proportion of patients with optimal debulking by NACT compared to PDST, and in 
most studies NACT yielded outcomes non-inferior to those of PDST. Regarding the 
invasiveness of debulking surgery, several studies revealed significantly less inva-
siveness with NACT, including reduced blood loss, lower rate or amount of blood 
transfusion, lower rate of bowel resection, lower rate of splenectomy, lower rate of 
surgical morbidities, shorter and less frequent stay in the intensive care unit (ICU), 
and shorter duration of hospitalization.

26.3.2  Results of Prospective Randomized Phase III Studies

Owing to the favorable outcomes of NACT compared to PDST reported by retro-
spective studies and other studies, three prospective randomized phase III studies 
were conducted to confirm the efficacy of NACT. The final results of the EORTC 
study [23] and CHORUS (Chemotherapy or Upfront Surgery) study [24] by the 
MRC-CTU (Medical Research Council Clinical Trials Unit) have already been pub-
lished. The morbidity analysis from the JCOG (Japan Clinical Oncology Group) 
study [25] was published ahead of the final results.

26.3.2.1  EORTC Study
The EORTC conducted the first prospective randomized study comparing NACT 
and PDST. The results of this study were reported in 2010 by Vergote et al. [23] 
They randomly assigned 670 patients with stage IIIC–IV epithelial ovarian carci-
noma, fallopian tube carcinoma, or primary peritoneal carcinoma to PDST (N = 336) 
and NACT (N = 334). Of those 670 patients, 632 (94.3%) were eligible and initiated 
PDST (N = 310) and NACT (N = 322). The largest residual tumor was ≤1 cm in 
41.6% after PDS and in 80.6% after IDS. Although a statistical comparison was not 
performed, postoperative adverse events (AEs) and mortality tended to be more 
frequent following PDS than IDS (per-protocol [PP] analysis). OS of patients in the 
PDS and NAC groups was 29 and 30 months, respectively (intention-to-treat [ITT] 
analysis). The HR for mortality and progressive disease in NACT was 0.98 (90% CI 
0.84–1.13; p = 0.01 for non-inferiority) and 1.01 (90% CI 0.89–1.15), respectively, 
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as compared to PDST.  Multivariate analysis revealed that complete resection of 
macroscopic disease (PDS or IDS) was the strongest independent variable in pre-
dicting OS. The investigators concluded that NACT was non-inferior to PDST for 
patients with bulky stage IIIC or IV ovarian carcinoma and that complete resection 
of macroscopic disease remains the objective of cytoreductive surgery whenever 
surgery is performed.

26.3.2.2  CHORUS Study
The MRC-CTU conducted the second prospective randomized study (CHORUS) 
comparing NACT and PDST. Kehoe et al. [24] published the results of this study in 
2015. Of the 550 eligible patients, 276 were assigned to PDST and 274 to NACT. All 
patients were included in the ITT analysis. The PP analysis included 504 patients 
(251 assigned to primary surgery and 253 to primary chemotherapy). The median 
OS was 22.6 months in the PDS group versus 24.1 months in the NAC group. The 
HR for death was 0.87 in favor of NAC arm (95% CI 0.72–1.05). Grade 3 or 4 post-
operative AEs and deaths within 28 days following surgery were more common in 
the PDS group than in the NAC group (24% [60/252] vs. 14% [30/209], p = 0.0007, 
and 6% [14/252] vs. <1% [1/209], p = 0.001, respectively). The investigators con-
cluded that in patients with stage III or IV ovarian cancer, survival with NACT is 
non-inferior to that with PDST and NAC prior to surgery is an acceptable standard 
of care for women with advanced ovarian cancer.

26.3.2.3  JCOG Study
The JCOG conducted the third prospective randomized phase III study comparing 
PDST and NACT for stage III–IV ovarian, tubal, and peritoneal cancers (JCOG0602). 
The results for treatment invasiveness were published in 2016 [25]. In this study, 
patients did not undergo diagnostic laparotomy or laparoscopy prior to treatment. 
This allowed the investigators to compare the true treatment invasiveness in the two 
study groups. In the PDS group, IDS was optional for patients who had undergone 
suboptimal or incomplete PDS, considering the results of the aforementioned 
EORTC [7] and GOG [8] studies. A total of 301 patients were enrolled and random-
ized. Of those who were randomized in the PDS group (N = 149), 147 underwent 
PDS and 49 underwent IDS.  In the NACT group (N  =  152), 130 underwent 
IDS.  Patients in the NACT group required fewer surgeries (mean 0.86 vs. 1.32, 
p < 0.001) and shorter total operation time (median 273 vs. 341 min, p < 0.001) than 
those in the PDS group. Although they underwent pelvic lymphadenectomy (PLA) 
and para-aortic lymphadenectomy (PALA) in higher frequency, they required a 
lower frequency of abdominal organ resection (23.7% vs. 37.6%, p = 0.012) or dis-
tant metastases resection (3.9% vs. 10.7%, p = 0.027). In the NACT–IDS group, 
loss of blood/ascites was reduced (median 787 vs. 3235 mL, p < 0.001), and albu-
min transfusion and grade 3–4 AEs following surgery were less frequent (26.2% vs. 
58.5%, p < 0.001; 4.6% vs. 15.0%, p = 0.005, respectively). These findings demon-
strated that NACT was less invasive than PDST. The final analysis of this study may 
confirm the non-inferior survival rate of NACT compared to PDST, and NACT may 
be a possible new standard treatment for advanced ovarian cancer.
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26.3.2.4  Summary of Prospective Randomized Phase III Studies
All the studies discussed in this chapter were designed to confirm non-inferiority 
of NACT compared to PDST, expecting non-inferior survival outcome and lower 
treatment invasiveness. The EORTC [23] and CHORUS [24] studies successfully 
demonstrated non-inferior survival of NACT (HR = 0.98 [90% CI 0.84–1.13] and 
0.87 [95% CI 0.72–1.05], respectively). Kehoe et al. [24] performed a meta-analy-
sis of the outcome of these two studies. This analysis showed that the HR of NACT 
for death was 0.93 (95% CI 0.82–1.05, p = 0.376) compared to that of PDST. The 
non- inferiority boundary was 1.18; thus non-inferiority of NACT was demon-
strated in this meta-analysis. The final analysis of the JCOG study [25] for survival 
outcome is anticipated to further confirm the non-inferior survival outcome of 
NACT.

Regarding treatment invasiveness, the EORTC study showed a trend toward less 
morbidity by NACT, as shown in Table 26.2. The CHORUS study showed signifi-
cant less morbidity by NACT, in grade 3–4 postoperative AEs, deaths within 28 days 
following surgery, and postoperative discharge within 2 weeks. However, the JCOG 
study revealed several advantages of NACT in morbidity compared to PDST, includ-
ing number of surgery, duration of total operation time, frequency of abdominal 
organ or distant metastases resection, blood/ascites loss, frequency of transfusion, 
etc., as shown in Tables 26.3 and 26.4. Owing to the findings of the JCOG study, the 

Table 26.2 Prospective randomized studies for the efficacy of NACT compared to PDST

EORTC (2010) CHORUS (2015)
Arm PDS arm

(N = 336)
NAC arm
(N = 334)

p value
for 
morbidity

PDS arm
(N = 276)

NAC arm
(N = 274)

p value
for 
morbidity

Protocol treatment started 92%
(N = 310)

96%
(N = 322)

91%
(N = 251)

92%
(N = 253)

Operation time (min) 165
(10–720)

180
(30–560)

120
(12–450)

120
(30–330)

Surgical outcome
(size of residual tumor)
0 ≲ 1 cm 41.6% 80.7% 41% 73%
0 19.4% 51.2% 17% 39%
Perioperative death 2.5% 0.7% NA 6% <1% 0.001
Adverse events grade 3–4
Hemorrhage 7.4% 4.1% NA 3% 6-7% NA
Thromboembolism 2.6% 0% NA 2% 0% NA
Infection 8.1% 1.7% NA 6% 3% NA
Intestinal fistula 1.0% 0.3% NA NA NA NA
Total postoperative AEs NA NA NA 24% 14% 0.0007
Postoperative discharge 
within 2 weeks

NA NA NA 80% 93% <0.0001

Survival outcome
PFS 12 M 12 M 10.7 M 12.0 M
OS 29 M 30 M 22.6 M 24.1 M

NA, not available, NS not significant
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lower morbidity associated with NACT compared to PDST was successfully 
confirmed.

26.3.3  Another Randomized Phase III Study in Restricted 
Institutions

As mentioned above, the EORTC and CHORUS studies successfully demonstrated 
a non-inferior survival outcome by NACT. However, these studies have received 
criticism regarding the surgical effort. Although these were multicenter studies and 
the target was advanced disease, complete resection of all macroscopic tumor 
(residual tumor equal to 0) was achieved in as few as 19.4% (61/315) and 16.7% 
(39/233) of PDS patients in the EORTC and CHORUS studies, respectively. It was 

Table 26.3 Surgical procedures in JCOG0602

Comparison of entire treatment
PDS arm
(N = 149)

NAC arm
(N = 152)

p value

Frequency of surgery
(average number per patient)

147 + 49
(1.32)

130
(0.86)

<0.001

Median total operation time (min) 341 273 <0.001
Number of patients
who underwent
  PLA 59 (39.6%) 94 (61.8%) <0.001
  PALA 29 (19.5%) 64 (42.1%) <0.001
  Resection of
  Abdominal organ 56 (37.6%) 36 (23.7%) 0.012
  Distant metastases 16 (10.7%) 6 (3.9%) 0.027

PLA pelvic lymphadenectomy, PALA para-aortic lymphadenectomy

Table 26.4 Blood/ascites loss and transfusion in JCOG0602

Comparison of main surgery
PDS arm PDS
(N = 147a)

NAC arm IDS
(N = 130a)

p value

Median loss (mL) of
  Ascitesb 2835 (N = 118) 0 (N = 108) <0.001
  Blood/ascites 3235 787 <0.001
No. of patients
who received transfusion
  RCC 75 (51.0%) 70 (53.9%) 0.718
  RCC/whole blood 75 (51.0%) 71 (54.6%) 0.630
  FFP 39 (26.5%) 25 (19.2%) 0.16
  Albumin 86 (58.5%) 34 (26.2%) <0.001
  FFP/PPF/Albumin 106 (72.1%) 55 (42.3%) <0.001

FFP fresh frozen plasma, PPF plasma protein fraction
aPatients who did not undergo main surgery were excluded
bPatients in whom the amount of ascitic loss was not counted separately from blood loss were 
excluded from the analyses
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pointed out that lower surgical efforts made PDST as similar treatment as NACT 
after exploratory laparotomy. Thus, the difference in survival outcome between the 
treatment arms might be decreased. Therefore, the AGO (German 
Arbeitsgemeinschaft Gynäkologische Onkologie) initiated another prospective ran-
domized phase III study named Trial on Radical Upfront Surgery in Advanced 
Ovarian Cancer (TRUST, NCT02828618  in clinicaltrials.gov). This study was 
designed to compare maximum effort PDS performed in centers with proven high 
surgical quality versus equally maximal effort NACT–IDS. The study includes only 
centers with externally proven surgical expertise and audited by experienced sur-
geons. The study was initiated in July 2016, and a total of 686 patients are planned 
to be enrolled. The final data collection date for the primary outcome measure (OS) 
is scheduled for April 2023. The results of this study are anticipated with great 
interest.

26.4  Future Prospect

26.4.1  Adoption of NACT (NAC + IDS)

Meyer et al. [26] reported the results of a multi-institutional observational study on 
advanced ovarian cancer conducted in six US National Cancer Institute-designated 
cancer centers. NACT was associated with decreased OS compared to PDST among 
patients with stage IIIC disease who achieved microscopic or ≤1 cm postoperative 
residual disease. However, they also stated that the use of NACT increased from 
16% (during the period from 2003 to 2010) to 34% (during the period from 2011 to 
2012) in stage IIIC disease (p < 0.001) and from 41% to 62% in stage IV disease 
(p < 0.001). US cancer centers adopted NACT more frequently following the results 
of the EORTC study. Meanwhile, Wright et al. [27] published a clinical practice 
guideline on behalf of the SGO (Society of Gynecologic Oncology) and ASCO 
(American Society of Clinical Oncology). This guideline stated that (1) patients 
with high perioperative risks or low likelihood of achieving cytoreduction <1 cm 
(ideally no visible disease) should receive NACT; (2) NACT is non-inferior to 
PDST for PFS and OS and is associated with lower peri- and postoperative morbid-
ity and mortality; and (3) primary cytoreductive surgery may offer superior survival 
in selected patients. The influence of the observational study by Meyer et  al. is 
uncertain. However, based on the additional favorable results observed in the 
CHORUS and JCOG studies and the recent guideline, NACT is becoming a widely 
accepted option for the standard treatment of patients with stage IIIC–IV ovarian 
cancer. Moreover, the final results of the JCOG study are anticipated to confirm the 
favorable survival outcome of NACT.

26.4.2  Adoption of IDS After Suboptimal PDS

On the other hand, the clinical situation of suboptimal PDS will be certainly 
decreased as a result of the wide adoption of NACT for advanced ovarian cancer. 

26 Interval Debulking Surgery

http://clinicaltrials.gov


404

Although the efficacy of IDS following suboptimal PDS remains controversial, it is 
unlikely that further prospective randomized studies will be conducted in this set-
ting. Thus, IDS following suboptimal PDS may be considered only when the pri-
mary surgery is not performed by gynecologic oncologists or when the surgery was 
performed with less extensive efforts.
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27Fertility Preservation
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Abstract
The selection criteria for fertility-sparing treatment (FST) in patients with 
epithelial ovarian cancer (EOC) are (1) stage IA grade 1 (G1) or grade 2 (G2), 
(2) stage IA clear cell carcinoma (CCC), or (3) stage IC G1 or G2. This indi-
cation for patients with stage IC1 remains controversial, and patients with 
stage IC2 or IC3 CCC, G3, bilateral lesions or stage II, or more advanced 
tumor are unsuitable for FST. Fertility-sparing surgery (FSS) procedures are 
similar to standard surgeries, except the uterus and contralateral ovary are 
preserved. Adjuvant chemotherapy is performed on patients who have received 
FSS following some guidelines as for patients who have undergone standard 
surgery. It is essential for the selection of FST that sufficient information on 
family history is obtained prior to starting treatment. When genetic abnor-
malities regarding EOC are detected, FST should be selected more carefully. 
Adhesions in the abdomen after surgery are one factor associated with infertil-
ity, so biopsies during FSS should be performed on a minimal basis, even if 
necessary. JCOG1203 is an ongoing prospective study aimed at confirming 
the effectiveness of FST in EOC patients with stage IA CCC or stage IC G1/
G2 non-CCC.
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27.1  History

Reports regarding fertility-sparing treatment (FST) for epithelial ovarian cancer 
(EOC) started to appear in the 1960s and 1970s. Thereafter, until the Gynecologic 
Cancer Study Group of the Japan Clinical Oncology Group (JCOG) reported a mul-
ticenter study of 30 institutions (the JCOG-FST study) in 2010, the only reports 
analyzed fewer than 60 patients with stage I EOC who received FST. Up to that 
point, the consensus criteria for FST selection in EOC patients were only stage IA 
and non-clear cell carcinoma (CCC) grade 1 (G1) or grade 2 (G2) [1].

The JCOG-FST study investigated 211 patients receiving FST for stage I EOC, 
including 30 patients with CCC and 67 unilateral stage IC patients with G1 or G2 
non-CCC. That study confirmed FST as a safe treatment for stage IA patients with 
CCC (5-year recurrence-free survival rate [5y-RFS]: stage IA, 100%; IC, 66%) and 
unilateral stage IC patients with non-CCC G1 or G2 (5y-RFS: stage IC1, 92.9%; 
IC2, 91.7%; IC3, 90.0%), suggesting that FST followed by adjuvant chemotherapy 
could be feasible for such patients [2]. Several articles regarding FST for EOC that 
retrospectively analyzed large numbers of patients have since been published [3–
6], but no results have been reported to contradict the results of the JCOG-FST 
study.

However, all evidence for FST of EOC has been obtained from retrospective 
studies, and evidence levels have thus not been considered particularly high. JCOG 
has therefore been performing JCOG1203 as a confirmatory prospective study 
regarding FST for EOC since 2014. The “Future Prospects” chapter provides details 
of this clinical trial [7].

27.2  Principles and Indications

Fertility-sparing surgery (FSS) procedures include salpingo-oophorectomy of the 
affected side, infracolic omentectomy or omental biopsy, peritoneal cytology, and 
pelvic or para-aortic lymph node dissection or biopsy. When metastasis is suspected, 
biopsy of the contralateral ovary and of various sites in the peritoneum is performed. 
When the patient is not confirmed to have EOC at the initial surgery, surgery can be 
limited to FSS without all of the procedures (e.g., salpingo-oophorectomy of the 
affected side, but excluding lymph node dissection), and after confirming the histo-
logical type and grade, restaging laparotomy with complete staging can be con-
ducted [7].

Adjuvant chemotherapy is performed on patients who have received FSS, exclud-
ing patients with stage IA and G1 or G2, based on guidelines. The protocol of 
JCOG1203 specifies the protocol for performing adjuvant chemotherapy, as fol-
lows: (1) four cycles of combination therapy with paclitaxel (175 mg/m2, day 1) and 
carboplatin (AUC = 6, day 1) are administered every 3 weeks to patients diagnosed 
with stage IA CCC or with stage IC1 G1/G2 non-CCC and (2) six cycles of the 
same combination therapy are administered to patients with stage IC2/3  G1/G2 
non-CCC [7].
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There are consensuses in the indication of FST to patients with stage I EOC 
based on within recent 10 years retrospective studies as follows: (1) stage IA patients 
including CCC without G3 and (2) stage IC (unilateral lesion) non-CCC G1 and G2 
[2–6, 8]. Consideration of the indication for the patients with stage IB or IC (bilat-
eral disease) is difficult, because very few patients with stage IB or IC with cancer 
of both ovaries underwent FST and the available data are therefore limited. 
Indications of FST for patients with stage I G3 and stage IC CCC are slightly con-
fusing. One review article suggested indications for FST such as (1) non-clear cell 
histology, FIGO stage IA IC, and grade 1–2 EOC or (2) clear cell histology and 
FIGO stage IA EOC’ [9], while another suggested indication such as “FIGO stage I 
grade 1 and 2, although grade 3 cases could be considered” [10]. The first sugges-
tion was based on the view that FST can be selected only for patients with good 
prognosis (generally, a 5y-RFS >90%), whereas the second was based on the view 
that FST can be selected for patients who have the same prognosis as patients under-
going standard surgery, even if the RFS of these patients is not particularly good. 
FST cannot be recommended for patients with stage IC CCC based on the results of 
the JCOG-FST study. However, the results of a study clarifying the clinical out-
comes of patients with stage IA or more advanced EOC treated with FST found no 
significant differences in disease-free or overall survival (OS) between patients with 
stage IC1 and those with stage IA [11]. Another report showed that progression-free 
survival (PFS) and OS outcomes of patients who underwent radical surgery with 
stage IA or IC1 CCC were similar (3-year PFS, stage IA and IC, 92.9% and 89.8%, 
respectively; 3-year OS, stage IA and IC, 93.5% and 96.2%, respectively) [12]. 
According to the results from those two papers, FST could potentially be performed 
safely for IC1 CCC patients. Evaluating the situation for patients with stage I G3 is 
difficult, because most studies from countries other than Japan have counted CCC 
as G3 disease. However, the number of G3 cases that do not represent CCC can be 
discerned in some carefully written papers from countries other than Japan [2, 4, 5, 
13–17]. When combining the data from those nine papers on stage I G3 patients 
(excluding CCC patients), the stage I survival rate was an extremely low 68.4% 
(26/38) (Table 27.1). On the other hand, the 71 chemotherapy patients in the ICON1/
ACTION analysis with G3 disease (non-CCC) showed 13 events and a survival rate 
of 81.7% [18]. This survival rate was far higher than that for patients with G3 dis-
ease who underwent FSS (Table  27.1). FST thus cannot be recommended for 

Table 27.1 Comparison of survival rates by surgical procedures of patients with stage I non-clear 
cell carcinoma G3

Fertility-sparing surgery Radical surgery
Number (stage) 38 (IA, 8; IC, 7; NR, 23) 71 (NR)
Number of recurrence (stage) 17 (IA, 9; IC, 6; NR, 2) NR
Recurrence sites Ovary alone, 0; others, 15; NR, 2 NR
Status of patients with recurrence NED, 4; AWD, 1; DOD, 12 NED,?; AWD,?; DOD, 13
Survival rate 68.40% 81.70%

NR not reported
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patients with stage I G3 disease. Table 27.2 shows recommendations for FSS in 
young patients with stage I unilateral EOC.

27.3  Preoperative Evaluation

Selection of FST requires sufficient elicitation of the family history before starting 
treatment. Patients with hereditary breast and ovarian cancer syndrome show a very 
high risk of recurrence or de novo development of EOC if FST is performed. If 
necessary, genetic examination should be conducted, and when deleterious BRCA 
1 or 2 or other genetic abnormalities associated with EOC are detected, FST should 
be selected more carefully.

As for EOC arising from endometriosis (such as CCC or endometrioid carci-
noma), patients have the possibility of incurring de novo EOC if any endometrial 
lesions remain after surgery [19]. Imaging examination is important for preopera-
tive detection of contralateral ovarian and extra-ovarian endometriosis.

27.4  Technique Morbidity

Adhesions in the abdomen, particularly in the pelvic cavity, after surgery represent 
a factor associated with infertility. Biopsies of the contralateral ovary, peritoneum, 
or any other location should be performed at the minimum number of sites neces-
sary. Extensive lymph node dissection may also cause severe adhesions within the 
abdominal cavity. In patients with stage I mucinous carcinoma, the rates of lymph 
node metastasis were reported as 0–4.2% [20–24], and if no enlarged lymph nodes 
were seen with careful palpation during surgery, omission of the lymph node dissec-
tion may be considered.

On the other hand, the long-term prognosis for patients with an isolated ovarian 
recurrence after FST is much better than for patients with other patterns of 

Table 27.2 Recommendation for fertility-sparing surgery in young patients with stage I unilat-
eral epithelial ovarian cancer

Stage Histology/grade
Non-clear cell carcinoma 
G1or G2 Clear cell carcinoma

Non-clear cell 
carcinoma G3

IA Offer FSS Consider FSS + ACT No FSS
IC Consider FSS + ACT No FSS (It may be possible to 

consider in stage IC1)
No FSS

G1 grade 1, G2 grade 2, G3 grade 3, FSS fertility-sparing surgery, CT adjuvant chemotherapy
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recurrence [1, 25, 26]. A review of seven papers [2, 4, 8, 11, 14, 16, 27] that include 
clear details of patterns of recurrence and outcomes showed that the disease-free 
survival rate after salvage therapy was 82.1% (23/28) for patients with recurrence in 
the opposite ovary alone, compared with 19.2% (10/52) for those with other pat-
terns of recurrence (Table 27.3) [1].

27.5  Future Prospects

JCOG1203 is entitled “A non-randomized confirmatory study regarding selection of 
fertility-sparing surgery for patients with epithelial ovarian cancer: Japan Clinical 
Oncology Group Study” [7]. Figure 27.1 shows the shame of JCOG1203. The aim 
of this study is to confirm the effectiveness of FSS with optimal staging followed by 
adjuvant chemotherapy in EOC patients with stage IA CCC or stage IC G1/G2 non- 
CCC. The study is designed as a multi-institutional, non-randomized, confirmatory 
(phase III) trial. We plan to enroll 250 patients meeting the indications for FSS, and 
primary analysis is to be conducted for 63 surgical patients with pathologically 
confirmed stage IA CCH or stage IC unilateral G1/G2 non-CCH.  The planned 
accrual period is 5 years, with the follow-up period set for 10 years after completion 
of accrual. If the results of JCOG1203 turn out positive, we will be able to perform 
FST based on high-level evidence for EOC patients who desire to retain the possi-
bility of childbearing.

Table 27.3 Oncologic outcomes of stage I patients with isolated ovary recurrence or with extra- 
ovarian recurrence [1]

Author (year) n Recurrence n
Isolated ovarian 
recurrence

Extra-ovarian 
recurrence

Status
NED AWD DOD NED AWD DOD

Fruscio (2013) 237 27 12 1 0 3 0 11
Kajiyama (2010) 60 8 0 1 1 1 0 5
Satoh (2010) 211 18 5 0 0 3 5 5
Park (2008) 59 9 1 0 0 1 3 4
Morice (2005) 33 9 2 0 2 2 2 1
Schilder (2002) 52 5 3 0 0 0 0 2
Zanetta (1997) 56 5 1 0 0 0 1 3
Rate of disease-free survival after salvage 
therapy

82.1% (23/28) 19.2% (10/52)
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28Surgery for Vulvar Cancer and Vaginal 
Cancer
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Abstract
Vulvar cancer and vaginal cancer are relatively rare cancer in the field of gyneco-
logic oncology. Nevertheless, several advancements have been achieved in the 
surgical treatment for these cancers in the past two or three decades, especially in 
vulvar cancer. Individualization and minimization is the modern trend in the sur-
gical treatment of vulvar cancer. However, the skills and techniques of the surgery 
for vulvar cancer are derived from the traditional surgery. Especially, the inguinal 
lymph node dissection is an essential part of the surgery but is not common as a 
daily practice. It is important for a surgeon to be well acquainted before surgery 
with the anatomy of the femoral triangle and the skills of the dissection before 
surgery. Reconstruction surgery is also important to close the wound adequately 
and safely reducing the postoperative wound breakdown, but is not familiar to 
most of the gynecologists. In the present chapter, these basic surgical methods in 
vulvar cancer are mainly described showing examples of the surgery.

Keywords
Radical vulvectomy · Radical local excision · Inguinal lymphadenectomy  
Vaginectomy · Vulvar reconstruction

28.1  Introduction

Vulvar cancer is a relatively rare cancer in gynecologic malignancies mainly affect-
ing elderly women. The majority of vulvar cancer is squamous cell carcinoma, 
which accounts for 90% of all vulvar cancer. The curative treatment of vulvar 
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cancer requires consideration of both the primary focus of disease in the vulva and 
the inguinal lymph nodes, which are the regional lymph nodes of the vulva. In cur-
rent treatment, surgery is the first choice, and the FIGO classification of stages is 
also based on surgical staging which includes detailed histopathological examina-
tions on lymph node metastasis [1].

Traditionally, “en bloc” radical vulvectomy with bilateral groin node dissection 
has been the choice of treatment for vulvar cancer since Taussig in the United States 
and Way in Great Britain introduced this systemic surgical procedure [2, 3]. The 
rationale of the surgery was based on the analysis of patients with vulvar cancer that 
the pattern of dissemination of this cancer is predominantly lymphogenic to the 
inguinofemoral lymph nodes and subsequently to the pelvic lymph nodes. However, 
many cases accompanied with special site characteristics, very elderly and various 
medical complications. As a result, the surgery was associated with significant mor-
bidity, including wound dehiscence and infection [4]. In the 1980s it was reported 
that postoperative complications could be reduced through conservative surgery. 
Thereafter, surgery of the primary tumor and its lymphatic drainage have drastically 
changed in the last two decades to the more individualized and conservative proce-
dures with special emphasis on the postoperative QOL of the patients [5, 6]. 
However, because of the many sites of occurrence and foci of diseases in individuals 
of vulvar cancer and the low frequency of occurrence, many reports gathered the 
cases over periods exceeding 20 years. There were no randomized controlled trials 
of incision methods and no clear evidences of the effect of conservative surgery on 
vulvar cancer. Therefore, radical vulvectomy is still applied in cases where applica-
tion of conservative surgery is not clearly indicated, i.e., the tumor is very large, on 
the side of the pubic bone, the tumors on both left and right sides, multiple foci of 
disease, or with inguinal lymph node metastasis.

In principle the mainstay therapy for vaginal cancer is radiation therapy. However, 
surgical therapy is also an option, depending on the location and extent of the focus/
foci of disease [7]. In particular, in the case of vaginal cancer occurring in the upper 
third of the vagina, surgical therapy consisting of hysterectomy extended to the 
vagina is a good option. If vaginal cancer is accompanied by widespread intraepi-
thelial neoplasia in the vagina, a total vaginectomy may sometimes be selected. 
Moreover, in carefully selected cases of locally advanced vaginal cancer with no 
metastasis, pelvic exenteration is sometimes performed.

28.2  Surgery for Vulvar Cancer

28.2.1  Radical Vulvectomy (En Bloc Incision)

Now the standard surgery for the invasive vulvar cancer is the individualized and 
conservative surgery as it possible. However, the basic techniques for the surgery 
still lay in the radical vulvectomy with en bloc incision. Therefore, first of all, the 
skills for radical vulvectomy are shown in detail. The conservative surgery is that 
some of the procedure of radical vulvectomy is not done and left intact and 
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somewhat easy to do for a surgeon once knowing the procedure of radical 
vulvectomy.

28.2.1.1  Incision and Inguinofemoral Lymph Node Dissection
The skin incision begins at the right anterior superior spine on the abdominal wall 
curving down in the inguinal crease. It then crosses in the mons pubis and extends 
in similar fashion to the left anterior superior spine (Fig. 28.1a). The skin edge of 
the upper flap was held upward by Allis forceps as the surgeon undermines the skin 
by beveling through the fat in a plane just above the fascia of abdominal muscles. 
Additional skin incision is made in upper lines of vulvectomy. Then the lower skin 
flap was grasped upward to facilitate for the surgeon undermining the skin and dis-
sect through the fat in the same plane in the femoral area. Similar dissection was 
done on the other side. During the procedure, surgeon must pay attention not to 
undermine excessively causing the skin very thin without sufficient blood supply 
(Fig. 28.1b).

The deep layer of fat is then dissected from the underlying fascia which covers 
the external oblique muscle and rectal muscle. The dissection continues across the 
midline and on downward to the inguinal ligament. At this point the overlying fat 
containing lymphatic channels and nodes (superficial inguinal nodes) has been 
completely mobilized from the underlying fascia but left in continuity with the 
vulva itself (Fig. 28.1c).

Before dissecting the femoral area, surgeon must identify the position of femoral 
artery by touching and feeling the pulse and imaging the anatomical structures 
beneath the fascia lata (Fig. 28.2). The fascia lata is incised along the inguinal liga-
ment in full length with care not to injure the femoral vessels. The surgeon then 
dissects the femoral area by drawing the mass of fat and nodes medially and down-
ward. At the cribriform fascia of fossa ovalis, the dissection can be continued deeper 
medial to the femoral vein (sometimes exploring the medial aspect of femoral vein 
and saphenous vein). Then the femoral sheath is gently incised on its lateral side. 
The artery immediately comes in view. The sheath surrounding the vessels is opened 
through its full length from the inguinal ligament downward to the top of the adduc-
tor canal where the sartorius muscle laterally and the adductor muscle medially 

a b c

Round ligament

Fig. 28.1 Radical vulvectomy with en bloc incision. (a) Incision lines for the groin and vulva. (b) 
Overview of groins and mons pubis after dissection from the overlying skin. (c) Overview after 
dissection of the inguinal fat and lymph nodes showing the bilateral round ligaments
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come together. A small arterial branch (the superficial external pudendal artery) 
comes into view on the medial side and is cut and ligated. The femoral artery is 
exposed up to the inguinal ligament. Care must be taken to identify the superficial 
circumflex artery which appears on the lateral side of the artery just beneath the 
inguinal ligament. It will also be cut and ligated. The surgeon continues the separa-
tion of the sheath from the artery on the medial side. As the dissection continues, the 
femoral vein comes into view completely. The sheath is incised and the vein wall 
exposed. The surgeon dissects the tissue (deep inguinal nodes, femoral nodes) from 
the femoral vein which lies deep and medial to the artery. The point of entrance of 
the saphenous vein into the femoral vein may be obscure. The surgeon has exposed 
probable site of entry of the saphenous vein into the femoral vein. As the dissection 
progresses, the saphenofemoral junction comes into view. There may be several 
communicating small veins which empty into the saphenous vein at this location. 
The surgeon retracts the mass of tissue upward from the femoral sheath and vein. 
By carrying out this dissection with the sheath, the surgeon can be sure of removing 
all femoral nodes and lymphatics. Dissection continues as the surgeon cleans off the 
tissue from the underlying pectineus fascia. As the tissue is freed, the saphenous 
vein comes into view at a more superficial level and can be cut and ligated. However, 
saphenous vein can usually be preserved by meticulous dissection along the vein 
(Fig. 28.3). The surgeon divides the mass of tissue at the lower pole of the dissec-
tion. After division, the tissues are secured with a ligature since they contain the 
main lymphatic channels draining the lower leg.

Just within the femoral canal along the medial side of the femoral vein is the 
structure designated as Cloquet’s node. By gentle dissection along the medial side 
of the femoral vein, Cloquet’s node can be included in the mass of tissue that will 
be excised. Surgeon transects the superior attachment of the tissue bloc just under-
neath the inguinal ligament, which connects to the lymphatics in the pelvis. Finally, 
the mass of tissue including inguinal lymph nodes is now completely freed from the 
femoral triangle (Fig. 28.2).

Psoas m. Sartorius m.

Femoral N

Femoral A

Femoral

Deep inguinal

adductor longus m.

Ve

L

Fig. 28.2 Anatomy of the 
left femoral triangle 
beneath the fascia lata. The 
figure shows the muscles 
and femoral vessels in the 
femoral triangle. Note the 
position and order of each 
structure; NAVEL: femoral 
nerve (not explored), 
femoral artery, femoral 
vein, and inguinal lymph 
nodes
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The surgeon dissects the mass free from the underlying surface of the inguinal 
ligament and mobilizes it toward the midline and the spine of the pubis. As he does 
so, the round ligament is exposed. The bilateral round ligaments are cut and ligated 
(Fig. 28.1c).

Before closing the groin wound, sartorius muscle is mobilized to midline to 
cover the explored femoral vessels. The sartorius muscle is grasped and cut at the 
attachment to superior anterior spine and moved onto the femoral vessels and tied 
to the inguinal ligament with mattress sutures (Fig. 28.4). The wound is closed by 
interrupted subcutaneous absorbable sutures and nylon skin sutures after the place-
ment of suction drainage.

28.2.1.2  Vulvar Phase
The patient is now placed in a lithotomy position to permit the removal of the entire 
vulva (Fig. 28.5a). The outer incision line is decided to give wide margin to the 
primary tumor. The inner margin of resection will leave only the urethral and vagi-
nal orifices. The surgeon continues the incision along the lateral wall of the vagina, 
completely circumscribing the vaginal epithelium. This is the inner incision line. 
The outer incision lateral to the vulva is deepened to expose the fascia of the under-
lying muscles. Individual vessels are clamped as they are encountered. The moves 
are repeated on the opposite side. The entire mass (including the inguinal fat and 
nodes) is drawn downward as it is dissected from the fascia overlying the symphysis 
and muscles attaching to the pubic rami. During the procedure, the bilateral round 
ligaments were stretched, cut, and ligated (Fig. 28.5b). The suspensory ligament of 
the clitoris must be cut across. By continuing with the dissection in this plane, the 

Femoral
Vein

Saphenous Vein

Fig. 28.3 Great 
saphenous vein joining to 
the left femoral vein. The 
saphenous vein is 
preserved with small 
branches dissected. 
Surrounding fat including 
the lymph nodes is 
removed
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mass is completely freed from the symphysis, not only on its anterior surface but 
also underneath the pubic arch. Plexus of vein in this area is also transected and 
ligated with care of hemorrhage (Fig. 28.5c and d).

The mass of tissue is again drawn to the midline, exposing the branches of inter-
nal pudendal vessels appearing below the level of the midpoint of the lateral dissec-
tion. The vessels are cut and ligated. The same steps are repeated on the opposite 
side. The outer aspect of the specimen has now been completely outlined as well as 
the vaginal aspect on both sides. The perineal incision is now made, and the plane 
between the perineum/vagina and rectum developed. The surgeon separates the 
perineum and vaginal wall from the underlying rectum as doing in posterior vaginal 
repair. Care must be taken not to cut the sphincter ani during the procedure. This 
dissection is continued well up between the posterior vagina and the rectal wall to 
permit approximation for the levator muscle at the time of closure. Now the surgeon 
separates the urethra from the undersurfaces of the specimen. The specimen is now 
detached from the symphysis and pubic rami except for the small muscle bundle of 

a b

c d

Cephalad

Caudal

Fig. 28.4 Transposition of sartorius muscle covering the denuded femoral vessels. The figures 
show the structure of left groin after full lymphadenectomy. (a) Sartorius muscle is separated from 
surrounding tissue. (b) Sartorius muscle is divided from anterior superior iliac spine and mobilized 
for covering the femoral vessels. (c) Sartorius muscle is sutured to the inguinal ligament by mat-
tress sutures. (d) The femoral vessels are completely covered by sartorius muscle

T. Saito



421

ischiocavernosus which holds it on either side. The bundles are transected and tied 
in both sides. The tissues overlying the bulbocavernosus muscle are removed down-
ward. Finally the bridge of posterior vaginal wall is divided, and the whole speci-
men is removed (Fig. 28.6).

Resection of the urethra is sometimes necessary because of invasion of cancer to 
the lower part of the urethra. The urethra can be resected without disturbing urinary 
continence when the length of resection is less than 1 cm (Fig. 28.7). The surround-
ing tissues are separated from lower part of the urethra by meticulous division 
deeper under the pubic arch. The urethra is cut and removed. The stump of the ure-
thra is everted to the surrounding tissue and sutured to the skin.

28.2.1.3  Closure of the Wound
A series of interrupted sutures is laid into the levator ani muscles in the manner of 
posterior repair of vaginal wall. The rectum now lies behind the levator muscles, 
which are approximated in the midline.

a b

c d

Fig. 28.5 Vulvar phase of radical vulvectomy. (a) Outer incision lines of the vulva continued from 
the groin incision lines. (b) Dissection of mass of the inguinal fat over the pubic rami. Note the 
exposed round ligaments. Arrows indicate the bilateral round ligaments. (c) Dissection continued 
to the tissue under the pubic arch. Dotted lines show the direction of pubic arch. (d) Lateral view 
of the dissection beneath the pubic arch. Dotted lines show the lateral view of the pubic arch
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The drainages for the groin wounds and vulvar wound are essential parts of the 
wound closure because much dead space created. The insertion of perforated cath-
eter of 3–5 mm diameter with constant suction is necessary for the groin wounds 
because of long-term postoperative leakage of lymph fluid. The drains are also 
inserted into the vulvar wounds separately to maintain the suction independently. 
The edges of the skin in the upper portion of the dissection are brought together with 
interrupted nylon sutures. The surgeon now approximates the edge of the skin to 
that of the vaginal wall with interrupted absorbable sutures throughout the circum-
ference. Because of the extensive dissection, the edge will come together with some 
tension. If they do not fall together easily, one should not hesitate to use reconstruc-
tive surgery as mentioned later.

The vaginal wall has been approximated to the skin, and the wound closure is 
complete. A Foley catheter has been inserted in the bladder. The suction catheters 
are each fixed to the skin with a suture and connected to small collecting units which 
maintain constant suction and still permit to the patient to be ambulatory. The 
wounds are covered by an adequate dressing such as transparent polyurethane film 
dressing.

a b c d e

Fig. 28.7 Resection of the urethra invaded by cancer. (a) Dissection of surrounding tissue from 
the urethra under pubic arch. (b) Cut and open the upper surface of the urethra revealing the ure-
thral catheter. (c) Eversion and suturing the urethral stump to surrounding tissue. (d) Reconstructed 
new meatus urethra. (e) Cross section of the fixed urethra resected for 1 cm in length

a b c

Fig. 28.6 Whole picture of radical vulvectomy. (a) Dissected inguinofemoral fat and lymph 
nodes are continued to subdermal dissection of the vulvar phase. (b) Outer incision line of the 
vulva continued from the groin dissection. (c) Removal of entire specimen from vulva after inner 
incision completed
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28.2.2  Radical Vulvectomy (Separate Incisions)

As an improvement to radical vulvectomy, separate incision (or triple incision) was 
reported in 1962. In this approach, the excision of vulvar neoplasia is separated 
from inguinal lymphadenectomy [8]. Later, in the 1980s, a method was developed 
to leave the suprapubic skin intact as a skin bridge. The prognosis for this procedure 
was found to be commensurate with historical data in stages I to IV in the old (1988) 
FIGO classifications, and the frequency of wound complications decreased dramati-
cally [9, 10]. In particular, a comparative matched study was conducted on 32 cases 
in each localized to the vulva and perineum [11]. Separate incision was shown to be 
clearly less surgically invasive than en bloc incision. Although skin-bridge recur-
rence between the vulva and groin was higher for separate incision than for en bloc 
incision, the survival prognosis after re-excision was good [12, 13]. Also, cases of 
skin-bridge recurrence between the vulva and groin are less than 1% where no gross 
lymph node metastasis is present. While recurrence in lymph nodes is lower for en 
bloc incision, no difference in survival is found. Currently, even when the frequency 
of recurrence in lymph nodes and of skin-bridge recurrence between the vulva and 
groin is considered, separate incision is recommended for patients without suspi-
cious lymph node metastasis, due to the lesser degree of impairment caused by 
treatment [14].

The lines are indicated as the figure (Fig. 28.8). The procedures and skills are 
identical to those of radical vulvectomy with en bloc incision (Figs.  28.9 and 
28.10).

28.2.3  Modified Radical Vulvectomy

Modified radical vulvectomy is defined as any modification of radical vulvectomy 
en bloc type or separate incision type leaving a part of healthy vulva intact. The 

Fig. 28.8 Incision lines of 
radical vulvectomy with 
separate incision. Lines 
indicated the incision lines, 
inguinal ligaments, and 
position of femoral arteries
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figure shows an example of radical hemivulvectomy with en bloc incision for the 
left vulvar lesion and left inguinofemoral lymph node, which extends upward for 
extraperitoneal resection of gross pelvic lymph node metastasis (Fig. 28.11). The 
full inguinal lymph node dissection should be done (Fig. 28.2). Full inguinal lymph-
adenectomy (superficial and deep inguinal) is essential even in these cases, based on 
the prospective study of GOG074. The study revealed the higher inguinal recur-
rence rate for superficial lymphadenectomy alone than full inguinal lymphadenec-
tomy [15].

a b c

Fig. 28.9 Vulvar phase of radical vulvectomy with separate incision. (a) Outer incision line. (b) 
Dissection of subdermal adipose tissue. (c) Dissection to the fascia of the bulbocavernosus 
muscle

a b

Fig. 28.10 Closure of the vulvar wound of separate incision of radical vulvectomy. (a) Vulvar 
wound after removal of the vulvar specimen with complete hemostasis. (b) Primary closure of the 
vulvar wound without drainage
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28.2.4  Radical Local Excision (Fig. 28.12)

Radical local excision can be considered in cases where the lesion is secluded 
(localized laterally to the vulva), with surrounding skin tissue normal. This surgical 
technique presents considerably lower frequency of postoperative complications 
than radical vulvectomy. While the local recurrence rate is reported to be somewhat 
elevated, no difference is observed in survival prognosis [16–18]. The procedure 
should be limited to the single-lying tumor which occurs in lateral (defined as 1 cm 
or more distant from the median line of the vulva).

a b

Fig. 28.11 Modified radical vulvectomy for advanced left vulvar cancer with left inguinal and 
pelvic lymph node metastases. (a) Left incision lines indicate the radical hemivulvectomy with en 
bloc incision for the left vulvar lesion and left inguinofemoral lymphadenectomy, which extends 
upward for extraperitoneal resection of gross pelvic lymph node metastasis. Right inguinal lymph-
adenectomy is planned with separate incision. (b) Closure of the wounds. Note the placement of 
suction drainage in each wound

a b c d

Fig. 28.12 Radical local excision. (a) Incision lines of the groin and vulva. The lesion is located 
lateral but within 1–2 cm from the midline. Bilateral inguinal lymphadenectomy is planned in 
separate incisions. (b) The outline of the excision for vulvar tumor is decided to ensure over 2 cm 
margins. (c) Wound after removal of the vulvar lesion. (d) Primary closure of the wound
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In this procedure the depth of the excision is similar to that of a radical vulvec-
tomy. The excision margin is closely related to probability of local recurrence. To 
ensure sufficient excision margin, a gross distance of 2 cm is required [12].

Lymphadenectomy can be limited to the disease side in cases where the tumor is 
2 cm in diameter or smaller and is 1–2 cm lateral from the midline structures such 
as the clitoris, urethra, vagina, perineal body, or anus, and no lymph node metastasis 
is suspected. While some reports indicate that bilateral lymphadenectomy is neces-
sary if lymph node metastasis has occurred on the diseased side [15], another study 
reports that metastasis to the non-diseased side is possible only in cases where the 
tumor is more than 2 cm in diameter, invasion is deeper than 5 mm, and ipsilateral 
lymph node metastasis is confirmed. In these cases, bilateral lymphadenectomy is 
essential [19]. Full inguinal lymphadenectomy is also essential as previously men-
tioned in Sect. 28.2.3.

28.2.5  Reconstructive Surgery for Vulvar Cancer

Radical vulvectomy often requires the sacrifice of large amount of skin and vagina. 
It may be impossible to cover the defect by merely mobilizing the edges of the 
remaining skin. In those cases, the surgeon does not hesitate to use the skin or myo-
cutaneous flaps swung across from the region of surrounding area for primary clo-
sure. The choice of donor site depends on the site and size of the defect (Fig. 28.13). 
Although most of the plastic surgery may be accomplished by collaboration with 
the plastic surgeon, gynecologic oncologist should be prepared for local reconstruc-
tion such as Z-plasty and rhomboid flap. Rhomboid flap is an easy procedure for a 
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Fig. 28.13 Classification and types of reconstructive surgery applied for vulvar cancer surgery
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gynecologist to apply for closure of vulvar defect (Fig. 28.14). It should be planned 
before surgery what kind of reconstructive procedure is used for primary closure of 
the defect. Examples of rhomboid flap (Fig.  28.15) and V-Y advancement flap 
(Fig. 28.16) are shown in the figures.

28.2.6  Postoperative Management and Complications

Most of the patients with vulvar cancer are elderly and frequently associated with 
medical complications. Postoperative care is of great importance in general man-
agement and wound management. Prophylactic antibiotic and suction drainage are 
the key points for wound healing.

C

D
E B

A

F
E

D

C

FA

B

Fig. 28.14 Design of rhomboid flap. Dark area is a defect to be covered. Note the point F being 
moved to point D and the whole line sutured

a b c

Fig. 28.15 An example of rhomboid flap. (a) A vulvectomy wound with a large defect in 
perineum, which is planned to be covered with bilateral rhomboid flaps. The mark of design is 
made on the skin. White arrows show the direction of transposition of the flaps. (b) Bilateral rhom-
boid flaps to cover the defect to make new perineum between the vagina and anus. (c) Healed 
wound. Note the good appearance of reconstructed perineum
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Complications after the radical vulvectomy may result from the procedure itself, 
from the lymph node dissection, or from the vulvectomy. The most common com-
plications are wound dehiscence and necrosis of the suprapubic or vulvar wound. 
This complication is attributable to excess undermining of the skin at groin dissec-
tion and too much tension at the primary closure of the wound. The second common 
complication is infection usually accompanied with wound necrosis. Wound dehis-
cence and infection should be managed by good wound bed preparation. Daily sur-
veillance and debridement of the necrotic tissue is mandatory waiting for healthy 
granulation elevated from the wound bed. Postoperative hemorrhage and hematoma 
are also common as in other surgeries. An important delayed complication is due to 
disturbance of lymph circulation. Lymphocele usually occurs just after removing 
the suction drainage. Prolonged suction drainage of lymph fluid may reduce the 
complications. Lymphedema of the lower extremities and pubis is a troublesome 
complication for a patient reducing her QOL. There’s no cure for lymphedema. But 
it can be managed with early diagnosis and diligent care of the affected limb by 
using compression garments and compression stockings.

a b

c d

Fig. 28.16 An example of V-Y advancement flap for the irradiated vulvar wound closure. (a) A 
large defect is planned for primary closure using V-shaped flap of adjacent medial thigh. Red line 
shows the V-shaped flap. (b) The skin, subdermal tissue, and fascia of V flap outline are incised to 
be mobilized toward medial wound. (c) Advancement of V-shaped flap and closure by Y-shaped 
sutures. Red line shows the Y-shaped sutures. (d) Appearance of the reconstructed vulva 3 months 
after surgery
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28.3  Surgery of Vaginal Cancer

Fifty-six percent of vaginal cancers have the tumor in the upper one-third of the 
vagina, and about half of those are located in the posterior wall. If a tumor extends 
to the middle or lower third of the vagina, it will probably require pelvic exentera-
tion or vulvectomy to remove it completely. Because of the significant reduction in 
QOL with such an extensive procedure, physicians tend to select radiation therapy. 
In the case of a stage I or stage II tumor in the upper vagina, a radical or modified 
radical hysterectomy is often selected, in combination with vaginectomy with suf-
ficient margin, as is the practice with cervical cancer.

In an analysis of 4885 cases of primary vaginal cancer conducted by the US 
National Cancer Database, the 5-year survival rate was found to be 90% for surgical 
therapy and 63% for radiation therapy in stage I. In stage II, the figures were 70% 
and 57%, respectively. These figures indicate a much better trend for surgical ther-
apy than for radiation therapy with probable selection bias [20].

Surgical therapy may consist of vaginectomy preserving a sufficient excision 
margin, radical hysterectomy and pelvic lymphadenectomy. Curative surgery for a 
tumor in the lower third of the vagina must be combined with inguinal lymphade-
nectomy. Postoperatively, if risk factors such as a positive stump or lymph node 
metastasis are present, radiation therapy is recommended as an adjuvant therapy 
[21, 22].

When vaginal cancer is discovered after a hysterectomy, surgical therapy may 
also be considered if the tumor is localized in the vaginal wall. Partial vaginectomy 
is conducted for CIS. For invasive carcinoma in the upper third of the vagina, a vagi-
nectomy including paracolpium, combined with a pelvic lymphadenectomy, is rec-
ommended [21].

Extended surgery such as pelvic exenteration may be considered if the patient 
has the invasive tumor to the rectum or urinary bladder, a rectovaginal or vesico-
vaginal fistula, or local recurrent tumors after radiation therapy [21] (Fig. 28.17). 
According to a report by the US National Cancer Database, the 5-year survival rate 
in stages III and IV is 47% for surgical therapy alone and 35% for radiation therapy 
alone. However, the 5-year survival rate rises to 60% when surgical and radiation 
therapies are combined, indicating a favorable trend when surgery is added [20]. 
There should be a selection bias not to do surgery for cases with tumors extending 
to the pelvic wall and to select radiation therapy for highly invasive cases. 
Consequently surgery may be performed only for the cases with the prognosis tend-
ing to be better.

28.4  Future Prospect

Most of vulvar and vaginal cancer is caused by human papilloma virus (HPV) infec-
tion. In the future, the incidence of these diseases would be drastically decreased by 
the widespread of HPV vaccination, hoping surgery to be unnecessary for these 
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tumors. Until the time comes, efforts should be paid for the development of new 
strategy for these tumors.

Vulvar cancer surgery drastically changed in the past two decades with individu-
alization and minimization of the surgery. However, there are few prospective stud-
ies for the treatment of relatively rare tumor, vulvar cancer and vaginal cancer. 
Multi-institutional collaborated studies are therefore warranted to establish new 
surgical treatments.
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