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Preface

Nearly 30 years after its inception, laparoscopy has been established as the pre-
ferred surgical approach in the treatment of most benign and malignant colorectal 
conditions. Minimally invasive surgery (MIS) not only mitigates the adverse effects 
of surgical trauma, but when incorporated in standardized enhanced recovery pro-
grams, a laparoscopic approach significantly reduces opioid consumption and 
length of hospital stay and abbreviates recovery time relative to open surgery. Long- 
term benefits of MIS may not have been entirely captured yet but promises cost 
savings from reduced readmission and reoperation for adhesion- and hernia-related 
complications.

Over the past decade, the adoption of MIS in colon surgery among general sur-
geons has steadily increased through the implementation of the Fundamentals of 
Laparoscopic Surgery (FLS) curriculum and teaching and training in standardized 
techniques for various colorectal procedures. With the introduction of robotic sur-
gery, the adoption of MIS for pelvic surgery and rectal resections in particular has 
steadily grown with decreasing conversion rates among surgeons beyond their 
learning curve. Other emerging minimally invasive techniques with potential clini-
cal benefit include intracorporeal anastomosis and transrectal specimen extraction, 
which can be performed using standard laparoscopic or robotic approaches.

Acquisition of the fund of knowledge and technical skills required to perform 
high-quality MIS colorectal surgery is not without challenges. The implementation 
of standardized techniques for various procedures and development of a structured 
curriculum has been recognized as instrumental in educating and training the next 
generation of surgeons. The SAGES Manual of Colorectal Surgery provides essen-
tial didactic content for the SAGES University Masters Program Colorectal Surgery 
Curriculum. Surgeons seeking to complete the competency, proficiency, or mastery 
curriculum of the Masters Colorectal Pathway for a particular anchoring colorectal 
procedure will find relevant educational content in this SAGES Manual.

The editors have compiled a textbook with practical contributions from experts 
in the field. Each chapter provides detailed guidance on preoperative and periproce-
dural considerations for right and left elective and emergency colorectal resections, 
for both benign and malignant pathologies. Technical pearls and strategies to man-
age pitfalls and complications are also extensively reviewed along with detailed 
guidance for both laparoscopic and robotic procedures.
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We are grateful to SAGES for its vision, leadership, and commitment to develop 
high-quality educational content to support practicing surgeons, fellows, and surgi-
cal residents in bridging the gap in adoption of MIS in colorectal surgery. We are 
extremely grateful to the members of the SAGES Colorectal Taskforce who have 
worked tirelessly on a very short timeline to provide expert content for this manual. 
Finally, we are thankful for this collaboration which has further strengthened our 
shared passion for surgical education and friendship. We are confident that SAGES 
Manual of Colorectal Surgery will provide a wealth of practical guidance to sur-
geons along their journey to progress from competency to mastery in various mini-
mally invasive approaches to colorectal surgery.
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Adapted with permission of Springer Nature from Jones, DB, Stefanidis D, Korndorffer JR, 
Dimick JB, Jacob BP, Schultz L, Scott DJ, SAGES University Masters Program: a structured cur-
riculum for deliberate, lifelong learning. Surg Endoscopy, 2017;31(8):3061–71.

SAGES University MASTERS Program: 
Colorectal Pathway

Daniel B. Jones, Linda Schultz, and Brian P. Jacob

 Introduction

The MASTERS Program organizes educational materials along clinical pathways 
into discrete blocks of content which will be accessible to surgeons at the SAGES 
annual meeting or logging into the online SAGES University (Fig. 1.1) [1]. The 
SAGES MASTERS Program currently includes 8 pathways: acute care, biliary, bar-
iatrics, colorectal, foregut, hernia, flexible endoscopy, and robotic surgery (Fig. 1.2). 
Each pathway is divided into three levels of targeted performance: competency, 
proficiency, and mastery (Fig. 1.3). The levels originate from the Dreyfus model of 
skill acquisition [2], which has five stages: novice, advanced beginner, competency, 
proficiency, and expertise. The SAGES MASTERS Program is based on the three 
most advanced stages of skill acquisition: competency, proficiency, and expertise. 
Competency is defined as what a graduating general surgery chief resident or MIS 
fellow should be able to achieve; proficiency is what a surgeon approximately 
3 years out from training should be able to accomplish; and mastery is what a more 
experienced surgeon should be able to accomplish after several years in practice. 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_1&domain=pdf
mailto:Djones1@bidmc.harvard.edu
mailto:linda@sages.org
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Fig. 1.1 MASTERS 
Program logo

ACUTE CARE

BARIATRIC

BILIARY

COLORECTAL

FLEX ENDO

FOREGUT

HERNIA

ROBOTICS

Fig. 1.2 MASTERS 
Program clinical pathways
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Competency
Curriculum

Proficiency
Curriculum

Mastery
Curriculum Coaching

Fig. 1.3 MASTERS Program progression

Mastery is applicable to SAGES surgeons seeking in-depth knowledge in a path-
way, including the following: areas of controversy, outcomes, best practice, and 
ability to mentor colleagues. Over time, with the utilization of coaching and partici-
pation in SAGES courses, this level should be obtainable by the majority of SAGES 
members. This edition of the SAGES Manual of Colorectal Surgery aligns with the 
current version of the new SAGES University MASTERS Program Colorectal 
Surgery Pathway (Table 1.1).

 Colorectal Surgery Curriculum

The key elements of the Colorectal Surgery curriculum include core lectures for the 
pathway, which provide 45-minute general overview including basic anatomy, 
physiology, diagnostic work-up, and surgical management. As of 2018, all lecture 
contents of the annual SAGES meetings are labeled as follows: basic (100), inter-
mediate (200), and advanced (300). This allows attendees to choose lectures that 
best fit their educational needs. Coding the content additionally facilitates online 
retrieval of specific educational material, with varying degrees of surgical complex-
ity, ranging from introductory to revisional surgery.

SAGES identified the need to develop targeted complex content for its mastery 
level curriculum. The idea was that these 25-minute lectures would be focused on 
specific topics. It assumes that the attendee already has a good understanding of 
diseases and management from attending/watching competency and proficiency 
level lectures. Ideally, in order to supplement a chosen topic, the mastery lectures 
would also identify key prerequisite articles from Surgical Endoscopy and other 
journals, in addition to SAGES University videos. Many of these lectures will be 
forthcoming at future SAGES annual meetings.

The MASTERS Program has a self-assessment, multiple choice exam for each 
module to guide learner progression throughout the curriculum. Questions are sub-
mitted by core lecture speakers and SAGES annual meeting faculty. The goal of the 
questions is to use assessment for learning, with the assessment being criterion- 
referenced with the percent correct set at 80%. Learners will be able to review incor-
rect answers, review educational content, and retake the examination until a passing 
score is obtained.

In addition to this new edition of the SAGES Colorectal Surgery Manual, the 
MASTERS Program Colorectal Surgery curriculum taps much of the SAGES 
existing educational products including FLS®, FES™, FUSE™, SMART™, Top 

1 SAGES University MASTERS Program: Colorectal Pathway
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Table 1.1 MASTERS Program colorectal curriculum outline

Curriculum elements Competency
Anchoring procedure – Competency 2
Core lecture 1
Core MCE 70% 1
Annual meeting content 6
Guidelines 1
SA CME hours 6
Sentinel articles 2
Social media 2
SAGES top 21 video 1
FLS 12
Pearls 1
Credits 35
Curriculum elements Proficiency
Anchoring procedure – Proficiency 2
Core lecture 1
Core MCE 70% 1
Annual meeting content 5
FUSE 12
Outcomes database enrollment 2
CME hours (SAGES or
SAGES-endorsed)

6

Sentinel articles 2
Social media 2
SAGES top 21 video 1
Pearls 1
Credits 35
Curriculum elements Mastery
Anchoring procedure – Mastery 2
Core lecture 1
CoreMCE 70% 1
Annual meeting content 6
Fundamentals of surgical coaching 4
Outcomes database reporting 2
CME credits (SAGES or
SAGES-endorsed)

6

Sentinel articles 2
Serving as video assessment reviewer and
Providing feedback (FSC)

4

Social media 7
SMART enhanced recovery 1
FES 9
Credits 45

21 videos, and Pearls (Fig. 1.4a–d). The Curriculum Task Force has placed the 
aforementioned modules along a continuum of the curriculum pathway. For 
example, FLS, in general, occurs during the Competency Curriculum, whereas 
the Fundamental Use of Surgical Energy (FUSE) is usually required during the 
Proficiency Curriculum. The Fundamentals of Laparoscopic Surgery (FLS) is a 

D. B. Jones et al.
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Fig. 1.4 (a–d) SAGES 
educational content: (a) 
FLS®; (b) FES™; (c) 
FUSE™; (d) SMART™. 
(Trademarks by SAGES)

a

b

c

d

1 SAGES University MASTERS Program: Colorectal Pathway
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multiple choice exam and a skills assessment conducted on a video box trainer. 
Tasks include peg transfer, cutting, intracorporeal and extracorporeal suturing, 
and knot tying. Since 2010, FLS has been required of all the US general surgery 
residents seeking to sit for the American Board of Surgery qualifying examina-
tions. The Fundamentals of Endoscopic Surgery (FES) assesses endoscopic 
knowledge and technical skills in a simulator. FUSE teaches about the safe use 
of energy devices in the operating room and is available at FUSE.didactic.org. 
After, learners complete the self-paced modules, and they may take the certifying 
examination.

The SAGES Surgical Multimodal Accelerated Recovery Trajectory (SMART) 
Initiative combines minimally invasive surgical techniques with enhanced recovery 
pathways (ERPs) for perioperative care, with the goal of improving outcomes and 
patient satisfaction. Educational materials include a website with best practices, 
sample pathways, patient literature, and other resources such as videos, FAQs, and 
an implementation timeline. The materials assist surgeons and their surgical team 
with implementation of an ERP.

Top 21 videos are edited videos of the most commonly performed MIS opera-
tions and basic endoscopy. Cases are straightforward with quality video and clear 
anatomy.

Pearls are step-by-step video clips of ten operations. The authors show different 
variations for each step. The learner should have a fundamental understanding of 
the operation.

SAGES Guidelines provide evidence-based recommendations for surgeons and 
are developed by the SAGES Guidelines Committee following the Health and 
Medicine Division of the National Academies of Sciences, Engineering, and 
Medicine standards (formerly the Institute of Medicine) for guideline development 
[3]. Each clinical practice guideline has been systematically researched, reviewed, 
and revised by the SAGES Guidelines Committee and an appropriate multidisci-
plinary team. The strength of the provided recommendations is determined based on 
the quality of the available literature using the GRADE methodology [4]. SAGES 
Guidelines cover a wide range of topics relevant to the practice of SAGES surgeon 
members and are updated on a regular basis. Since the developed guidelines provide 
an appraisal of the available literature, their inclusion in the MASTERS Program 
was deemed necessary by the group.

The Curriculum Task Force identified the need to select required readings for the 
MASTERS Program based on key articles for the various curriculum procedures. 
Summaries of each of these articles follow the American College of Surgeons (ACS) 
Selected Readings format.

D. B. Jones et al.

http://www.fusedidactic.org/


9

Fig. 1.5 (a, b) Colorectal 
Surgery Facebook™ 
Group. (Trademark by 
Facebook)

a

 Facebook™ Groups

While there are many great platforms available to permit online collaboration by 
user-generated content, Facebook™ offers a unique, highly developed mobile plat-
form that is ideal for global professional collaboration and daily continuing surgical 
education (Fig. 1.5a, b). These Facebook groups allow for video assessment, feed-
back, and coaching as a tool to improve practice.

Based on the anchoring procedures determined via group consensus (Table 1.2), 
participants in the MASTERS Program will submit video clips on closed Facebook 
groups, with other participants and/or SAGES members providing qualitative feed-
back. For example, for the colorectal competency pathway, surgeons would submit 
the critical steps during a laparoscopic right colectomy such as identification of the 
duodenum or mobilization of the ileocolic vessels. Using crowdsourcing, other sur-
geons would comment and provide feedback.

1 SAGES University MASTERS Program: Colorectal Pathway
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Eight uniquely vetted membership-only closed Facebook groups were created 
for the MASTERS Program, including a group for bariatrics, hernia, colorectal, 
biliary, acute care, flexible endoscopy, robotics, and foregut. The Colorectal Surgery 
Facebook group is independent of the other groups and will be populated only by 
physicians, mostly surgeons or surgeons in training interested in colorectal surgery. 
The group provides an international platform for surgeons and healthcare providers 
interested in optimizing outcomes in a surgical specialty to collaborate, share, dis-
cuss, and post photos, videos, and anything related to a chosen specialty. By embrac-
ing social media as a collaborative forum, we can more effectively and transparently 
obtain immediate global feedback that can potentially improve patient outcomes, as 
well as the quality of care we provide, all while transforming the way a society’s 
members interact.

b

Table 1.2 Colorectal 
surgery anchoring procedures 
by pathway

Anchoring procedure by pathway Level
Colorectal surgery
Laparoscopic right colectomy Competency
Laparoscopic simple left colectomy Proficiency
Laparoscopic complex left colectomy Mastery

Fig. 1.5 Continued

D. B. Jones et al.
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For the first two levels of the MASTERS Colorectal Surgery Program, Competency, 
and Proficiency, participants will be required to post videos of the anchoring proce-
dures and will receive qualitative feedback from other participants. However, for the 
mastery level, participants will submit unedited videos to be evaluated by an expert 
panel. A standardized video assessment tool, depending on the specific procedure, 
will be used. A benchmark will also be utilized to determine when the participant has 
achieved the mastery level for that procedure.

Once the participant has achieved mastery level, they will participate as a coach 
by providing feedback to participants in the first two levels. MASTERS Program 
participants will therefore need to learn the fundamental principles of surgical coach-
ing. The key activities of coaching include goal setting, active listening, powerful 
inquiry, and constructive feedback [5, 6]. Importantly, peer coaching is much differ-
ent than traditional education, where there is an expert and a learner. Peer coaching 
is a “co-learning” model where the coach is facilitating the development of the 
coachee by using inquiry (i.e., open-ended questions) in a noncompetitive manner.

Surgical coaching skills are a crucial part of the MASTERS curriculum. At the 
2017 SAGES Annual Meeting, a postgraduate course on coaching skills was devel-
oped and video recorded. The goal is to develop a “coaching culture” within the 
SAGES MASTERS Program, wherein both participants and coaches are committed 
to lifelong learning and development.

The need for a more structured approach to the education of practicing surgeons 
as accomplished by the SAGES MASTERS Program is well recognized [7]. Since 
performance feedback usually stops after training completion and current approaches 
to MOC are suboptimal, the need for peer coaching has recently received increased 
attention in surgery [5, 6]. SAGES has recognized this need, and its MASTERS 
Program embraces social media for surgical education to help provide a free, 
mobile, and easy to use platform to surgeons globally. Access to the MASTERS 
Program groups enables surgeons at all levels to partake in the MASTERS Program 
curriculum and obtain feedback from peers, mentors, and experts. By creating 
surgeon- only private groups dedicated to this project, SAGES can now offer sur-
geons posting in these groups the ability to discuss preoperative, intraoperative 
(even during live feed), and postoperative issues with other SAGES colleagues and 
mentors. In addition, the platform permits transparent and responsive dialogue 
about technique, continuing the theme of deliberate, lifelong learning.

To accommodate the needs of this program, SAGES University is upgrading its 
web-based features. A new learning management system (LMS) will track progres-
sion and make access to SAGES University simple. Features of the new IT infra-
structure will provide the ability to access a video or lecture on demand in relation 
to content, level of difficulty, and author. Once enrolled in the MASTERS Program, 
the LMS will track lectures, educational products, MCE, and other completed 
requirements. Participants will be able to see where they stand in relation to module 
completion, and SAGES will alert learners to relevant content they may be inter-
ested in pursuing. Until such time that the new LMS is up and running, it is hoped 
that the SAGES Manual will help guide learners through the MASTERS Program 
Curriculum.

1 SAGES University MASTERS Program: Colorectal Pathway
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 Conclusion

The SAGES MASTERS Program Colorectal Surgery Pathway facilitates deliberate, 
focused postgraduate teaching and learning. The MASTERS Program certifies 
completion of the curriculum but is not meant to certify competency, proficiency, or 
mastery of surgeons. The MASTERS Program embraces the concept of continued 
learning after fellowship, and its curriculum is organized from basic principles to 
more complex content. The MASTERS Program is an innovative, voluntary cur-
riculum that supports MOC and deliberate, lifelong learning.
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2Masters Program Colorectal Pathway: 
Laparoscopic Right Colectomy 
for Benign Disease

Tonia M. Young-Fadok

 Introduction and Rationale

Being able to perform mobilization, resection, and reestablishment of bowel conti-
nuity for right colectomy is an essential set of skills for all general surgeons who 
perform colon and rectal procedures [1].

In basic terms, laparoscopic colorectal surgery can be broken down into three 
anatomic building blocks: mobilization of the right colon; mobilization of the left/
sigmoid colon; and mobilization with transection of the rectum. Completion of each 
of these blocks results in that segment of the colon or rectum becoming a mobile 
midline structure which can then be exteriorized through a periumbilical or other 
suitable incision.

Of these three essential building blocks, right colectomy is widely considered to 
be technically the easiest to learn, and the procedure has the best safety profile in 
terms of having the lowest anastomotic leak rate compared with either sigmoid 
resection or rectal resection. This chapter focuses on right colectomy for benign 
disease in order to establish basic principles. The presumption is that benign disease 
is easy for the novice laparoscopic surgeon and safe for the patient [2]. The provisos 
are that the two commonest indications (polyp and Crohn’s disease) are not com-
plex examples of the cases for those early in the learning curve, i.e., that a right 
colon polyp is not clinically suspicious for a malignancy or that ileocolic Crohn’s 
disease is not associated with fistulas or a phlegmon. Much less common examples 
of benign right-sided disease include diverticular disease and cecal volvulus.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_2&domain=pdf
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 Indications and Contraindications

The commonest indication for right colon resection is neoplasia of the right colon, 
which includes right colon cancer and right-sided polyps. Resection of the right 
colon for known malignancy is covered in a separate chapter. Although polyps of 
the right colon that are too large to be resected endoscopically should also be con-
sidered to harbor a risk of cancer and an oncologic resection should be performed, 
polyps thought to be at low risk for harboring malignancy are generally felt to be a 
safe model for the novice laparoscopic surgeon.

The next commonest indication is ileocolic Crohn’s disease [3]. Early in the 
learning curve, it is wise to avoid complex Crohn’s disease with multiple fistulas or 
a tethered phlegmon, but simple ileocolic disease is an excellent model for early 
experience. Knowledge of how to mobilize the right colon and transect the mesen-
tery is also necessary for more extensive colorectal procedures including total col-
ectomy or proctocolectomy for indications such as Crohn’s colitis, ulcerative colitis, 
colonic polyposis syndromes, and colonic inertia.

Other general contraindications to a laparoscopic approach, not related to the 
specific procedure, also apply, such as marked colonic or small-bowel distention 
precluding attainment of an adequate pneumoperitoneum; levels of obesity that can 
also prevent an adequate working space; hemodynamic instability; and intestinal 
perforation with multiloculated pus or fecal peritonitis. A relative contraindication, 
dependent on the experience of the surgeon, is advanced tumor with involvement of 
adjacent organs requiring en bloc resection.

 Principles and Quality Benchmarks

Whatever the indication for right colectomy, establishment of the landmarks is criti-
cal for a safe procedure. Mobilization of the right colon is the simplest of the three 
building blocks described above. It introduces skills such as recognition of the ret-
roperitoneal plane and identification of the right ureter, inferior vena cava (IVC), 
and duodenum and incorporates decision-making regarding delineation of the vas-
culature and where it should be divided.

The primary distinction between resection for benign disease and resection for 
malignant disease is that oncologic principles are not in force. For right colon can-
cer, an oncologic operation requires specific margins of bowel resection, high liga-
tion of the vascular pedicles, and an intact mesenteric envelope to ensure adequate 
lymph node harvest. In benign disease, e.g., Crohn’s ileocolitis, resection margins 
are determined by the extent of disease, and transection of the mesentery can be a 
“division of convenience,” i.e., dividing the colon where the division is most easily 
achieved without the potential additional dissection and exposure required for prox-
imal ligation of vascular pedicles.

Another principle in oncologic resection is maintenance of an intact mesentery 
and standard extent of lymphadenectomy to meet current guidelines for lymph node 
harvest, and this is captured in the concept of complete mesocolic excision (CME). 

T. M. Young-Fadok



15

During mobilization of the colon, this means in essence remaining in the correct 
embryologically defined anatomical plane that separates the retroperitoneum from 
the colon. This is a bloodless plane, and staying in this plane protects the ureter, 
inferior vena cava (IVC), and duodenum. It is therefore recommended to use this 
dissection plane also for benign disease, even though there is no oncologic necessity 
as in a cancer case.

There are no benchmarks specific to the performance of right colectomy for 
benign disease. However, resection margins for large polyps with a risk of cancer 
should be identical to a cancer operation. In Crohn’s disease the standard of care is 
to resect to macroscopically and palpably normal bowel.

 Preoperative Planning, Patient Workup, and Optimization

As with all patients being considered for an operation, the diagnosis should be 
reviewed and confirmed. If necessary, further expert opinions should be sought 
regarding the need for resection, e.g., the role of an adjusted medication regimen in 
Crohn’s disease, or repeated colonoscopic evaluation of a large polyp if the Paris 
classification were not reported on the original procedure. The location of pathology 
should be confirmed as far as possible preoperatively, with tattooing, CT imaging, 
etc. to avoid the need for intraoperative colonoscopy unless the latter is considered 
part of the procedure (e.g., combined endoscopic resection/laparoscopic visualiza-
tion of a polyp).

All patients undergoing elective resection of the colon should undergo a general 
workup to optimize their condition for an operation in addition to the appropriate 
workup for the specific disease entity. It is now standard of care that specific entities 
are addressed or corrected for preoperative patient optimization: anemia, poor blood 
sugar control, malnutrition, smoking, and excessive alcohol use. If time allows, con-
sideration should also be given to preconditioning of the deconditioned patient. The 
reader is also referred to the relevant chapters on checklist for patients in prepara-
tion for laparoscopic colorectal surgery (Chap. 9) and enhanced recovery protocols 
in colorectal surgery (Chaps. 7 and 8) [4].

 Operative Setup

 Operating Room Setup

Careful placement of the video screens, insufflator, and light source is required to 
maximize access to the abdomen and minimize entanglement of cords (Fig. 2.1). 
The primary view screen is generally on the right side of the patient, with the sub-
sidiary screen on the left. Some ORs will have ceiling-mounted booms that carry the 
equipment and make this planning simpler. In ORs with cart-mounted equipment, 
one must anticipate that the surgeon and camera assistant will both need to be on the 
left side of the patient, facing the right colon, and the bank of equipment needs to be 
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able to move between the patient’s hip and shoulder in order to maintain the desir-
able straight line between the surgeon’s hands, operative site, and screen, as this 
helps to minimize surgeon fatigue.

 Patient Positioning

Steep position changes are often necessary to facilitate exposure and move small 
bowel out of the operative field, and it is imperative to prevent slipping. The 
patient is usually placed in the supine position, on egg crate foam secured to the 
OR table, or other mechanism to prevent the patient moving during steep position 
changes. A draw sheet is placed beneath the patient, and behind the foam to maxi-
mize patient contact with the foam, to then allow the sheet to be wrapped around 
the patient’s arms to align them alongside the patient after padding of the hands. 
Alternatively, a combined synchronous position with the patient in low stirrups 
can be considered to allow for the surgeon to be positioned between the legs to 
facilitate access during mobilization of the hepatic flexure. This is helpful when 
mobilization of the hepatic flexure is more complex than usual (phlegmon/large 
mass at the hepatic flexure, obesity) or if intraoperative endoscopy is anticipated. 
In this case, the patient’s thighs should be flat and aligned with the patient’s abdo-
men to prevent interference of the patient’s knees during the use of lower abdomi-
nal trocars. During the main portion of the case, both surgeon and assistant will 
need to be on the left side of the patient, facing the right colon. Preferably, both 
arms are tucked at the patient’s sides, or at least the left arm should be tucked 
alongside the patient.

Fig. 2.1 Operating room setup

T. M. Young-Fadok
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 Operative Technique: Surgical Steps

There are, quite simply, two approaches to the right colon. One either chooses 
lateral- to-medial [5] or medial-to-lateral. Multiple other approaches have been 
described including inferior upwards and top-down from the hepatic flexure. This 
does not change the fact that there are basically two approaches. The lateral-to- 
medial approach uses the right lateral peritoneal reflection as a marker for entering 
the correct retroperitoneal plane. The medial-to-lateral approach starts by isolating 
the base of the ileocolic pedicle and using this as an entry into the retroperitoneal 
plane.

This chapter will focus on the technique of extracorporeal creation of the anasto-
mosis following resection. The techniques for intracorporeal anastomosis are cov-
ered in a separate chapter.

 Trocar Placement

Insertion of trocars should be adapted to the case.
In the most simple cases, i.e., limited ileocolic resection in the patient with BMI 

<30, it is possible to fully mobilize the right colon and exteriorize it through a peri-
umbilical incision, without needing to divide either the mesentery or the bowel 
intracorporeally. A triangular configuration, facing the right colon, uses umbilical, 
suprapubic, and left lower quadrant port sites.

In the event that the case is not simple, requiring an additional port either to 
divide the mesentery or to mobilize a phlegmon, an additional fourth trocar is placed 
(Fig. 2.2). This can be positioned in the right lower quadrant or the left upper quad-
rant, where an instrument through this port is generally deployed by the camera 
holder.

 Mobilization of the Right Colon

 Lateral-to-Medial Dissection (Table 2.1)
The main aim of this approach is full mobilization of the right colon to the midline. 
This makes the right colon a midline structure and allows choices regarding ligation 
of the vasculature and transection of the mesentery [6].

Classically in this approach, the patient is first placed in Trendelenburg position 
with the right side inclined up. The right lateral peritoneal reflection alongside the 
cecum and ascending colon is identified and scored. My preference is for an electro-
cautery device rather than a bipolar device which when used inappropriately can 
enter a nonanatomic plane. Once the correct retroperitoneal plane is identified, the 
cecum is gently swept medially, and the ureter is identified and protected (Fig. 2.3a, 
b). With the cecum under tension, which means retracting it medially and cephalad, 
the medial peritoneal reflection alongside the distal terminal ileum can be entered, 
and the terminal ileal mesentery can be mobilized off of the retroperitoneum.
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The right lateral peritoneum alongside the ascending colon is exposed by retract-
ing the ascending colon towards the midline. The anterior surface of Gerota’s fascia 
should remain intact (Figs. 2.4 and 2.5). The dissection can be continued towards 
the liver (Fig. 2.6). In a patient with a BMI <30, the ascending colon can be mobi-
lized to the midline, releasing its attachments from the duodenum and allowing 
visualization of the mesenteric window cephalad to the ileocolic pedicle (Fig. 2.7). 
In patients of higher BMI, this particular view may not be visible until the mobiliza-
tion of the hepatic flexure is completed.

The operative table should then be placed in reverse Trendelenburg still with the 
OR table inclined right side up. The hepatocolic attachments at the hepatic flexure 
should be identified. These can be better delineated by gently lifting them up noting 
the movement of the superficial tissues over the underlying retroperitoneal plane. 
This will help to identify the plane of transection which can be developed between 
the retroperitoneal plane and the hepatocolic attachments (Fig. 2.8). These attach-
ments often have small blood vessels, and here a vessel sealing device can be help-
ful (Fig. 2.9).

Fig. 2.2 Trocar placement

T. M. Young-Fadok
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Table 2.1 Steps for lateral-to-medial right colectomy

Step Patient position
Survey of peritoneal cavity Neutral
Mobilize cecum and ascending colon
 1. Identify RLQ landmarks: Cecum, right ureter
2.  Incise peritoneum around base of cecum and mobilize 

cecum medially
3.  Incise right lateral peritoneal reflection, mobilize ascending 

colon medially
4.  Confirm identification of right ureter, IVC, inferior portion 

of duodenum

Trendelenburg, right side 
inclined up

Mobilize hepatic flexure
1. Elevate hepatocolic attachments and identify duodenum
2. Divide hepatocolic attachments
3.  Join dissection with the lateral dissection already 

performed
4. Divide right branch of middle colic vessels if required

Reverse Trendelenburg, right 
side inclined up

Transection of mesentery
1.  Place mobilized right colon back in anatomic position and 

elevate to expose base of ileocolic pedicle
2. Open mesenteric windows cephalad and caudad
3. Identified duodenum via cephalad window
4. Divide vascular pedicle
5. Divide remaining mesentery
6.  Divide R branch of middle colic vessels if not already done 

and required

Neutral horizontal position, 
right side inclined up

Exteriorization and anastomosis
1. Deflate pneumoperitoneum via trocars
2.  Extract colon via chosen extraction site using wound 

protector
3. Resect and create anastomosis per preferred technique
4. Return anastomosis to abdominal cavity
5. Remove ports and check for hemostasis

Neutral

a b

Fig. 2.3 (a) Cecum, and right ureter covered by peritoneum. (b) Cecum, and right ureter exposed 
after peritoneum incised
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Fig. 2.4 Gerota’s fascia 
inferior portion

Fig. 2.5 Gerota’s fascia 
mid portion

Fig. 2.6 Right lateral 
peritoneal reflection at 
hepatic flexure

Fig. 2.7 Mesenteric 
window cephalad to the 
ileocolic pedicle
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It is helpful to determine the most medial desired point of mobilization of the 
transverse colon and start by elevating the hepatic colic attachments here. The plane 
can be entered and the hepatic colic attachments divided, working laterally towards 
the dissection which has already been done from the lateral aspect. During this dis-
section, the duodenum should be identified and protected (Fig. 2.10).

For a right colon cancer, at this point the base of the ileocolic pedicle and the 
right branch of the middle colic vessels can be clearly delineated, and the associa-
tion of the latter with the pancreatic inferior margin can likewise be confirmed 
(Fig. 2.11) [6]. The right branch of the middle colic artery can be divided at this 

Fig. 2.8 Developing the 
plane beneath the 
hepatocolic attachments

Fig. 2.9 Division of 
hepatocolic attachments

Fig. 2.10 Duodenum at 
hepatic flexure
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point, with the patient still in reverse Trendelenburg while viewing the hepatic flex-
ure from above (Fig. 2.12).

The patient can then be placed in a neutral horizontal position while still main-
taining the right side inclined upwards. The fat pad at the ileocolic pedicle is placed 
under tension and elevated after laying the colon back in its normal anatomic posi-
tion, which allows visualization of the entire medial aspect of the mesentery. The 
remaining peritoneum of the mesenteric windows cephalad and caudad to the base 
of the ileocolic pedicle is scored, and the base of the ileocolic pedicle is isolated. 
After confirming the position of the duodenum through the cephalad window 
(Fig. 2.13), the ileocolic pedicle may be divided at the level of the lateral border of 
the duodenum. In benign disease, high ligation near the origin of the superior mes-
enteric vein (SMV) is not indicated.

Fig. 2.11 Base of the 
middle colic artery and 
duodenum

Fig. 2.12 Right branch of 
middle colic artery

Fig. 2.13 Duodenum and 
pancreas seen through 
cephalad mesenteric 
window
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Proponents of this approach indicate the ease of identifying the correct retroperi-
toneal plane and the ability to mobilize the right colon to the midline.

 Medial-to-Lateral Dissection (Table 2.2)
The first step is putting the ileocolic pedicle under tension by grasping the fat pad 
on the medial aspect of the mesentery adjacent to the ileocecal junction (Fig. 2.14). 
This exposes the two mesenteric windows, one cephalad above the ileocolic pedicle 
and the other caudad and inferior to the ileocolic pedicle. In patients with BMI <30, 

Table 2.2 Steps for medial-to-lateral right colectomy

Step Patient position
Survey of peritoneal cavity Neutral
Isolate and divide ileocolic pedicle
1. Place ileocolic pedicle under tension
2. Identify mesenteric widows cephalad and caudad
3. Score peritoneum over base of pedicle
4.  Identify retroperitoneum and isolate base of pedicle (and right colic if 

present)
5. Divide pedicle

Neutral 
horizontal 
position, right 
side inclined up

Mobilize cecum and ascending colon
 1.  Continue dissection in retroperitoneal plane to peritoneal attachments 

laterally, inferiorly, and superiorly
2.  Confirm identification of gonadal vessels, right ureter, IVC, inferior 

portion of duodenum
3. Divide remaining mesentery
4. Divide inferior and lateral peritoneal attachments

Neutral 
horizontal 
position, right 
side inclined up

Mobilize hepatic flexure
 1. Divide remaining hepatocolic attachments and identify duodenum
2. Isolate and divide right branch of middle colic vessels if required

Reverse 
Trendelenburg, 
right side 
inclined up

Exteriorization and anastomosis
 1. Deflate pneumoperitoneum via trocars
2. Extract colon via chosen extraction site using wound protector
3. Resect and create anastomosis per preferred technique
4. Return anastomosis to abdominal cavity
5. Remove ports and check for hemostasis

Neutral

Fig. 2.14 Exposure of the 
medial aspect of the 
ascending colon mesentery 
and the base of the 
ileocolic pedicle
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the duodenum can be visualized through the cephalad mesenteric window, and a 
transverse line of dissection can be estimated across the base of the ileocolic pedi-
cle, in line with the lateral margin of the duodenum (Fig. 2.15). In the heavier patient 
(BMI >30), the anatomy is often difficult to discern. After a transverse scoring inci-
sion is made across the medial peritoneum of the right colon, over the estimated 
base of the ileocolic pedicle; careful dissection is employed to achieve two aims: 
isolation of the base of the ileocolic pedicle and identification of the retroperitoneal 
plane by using gentle sweeping actions to elevate the posterior aspect of the mesen-
tery off the retroperitoneum. Once the base of the ileocolic pedicle is identified, the 
vein and artery can be dissected separately and divided using an electrocautery 
device (Fig.  2.16). For benign disease, the artery and vein can often be divided 
together using an advanced energy or stapling device. Many surgeons also prefer the 
addition of an endoloop to confirm control of the vascular supply.

Dissection then continues in the correct retroperitoneal plane, sweeping the right 
ureter, IVC, gonadal vessel, and duodenum posteriorly while elevating the right 
colon and extending the plane of dissection to the right lateral peritoneal reflection. 
The mesenteric transection is carried towards the chosen proximal margin in the 
distal ileum and also towards the chosen distal resection margin in the colon. Full 
mobilization is extended laterally to the right lateral peritoneal reflection which is 
then also divided. As entry into this plane is somewhat by trial and error, without the 
landmark provided by the right lateral peritoneal reflection, videos of this approach 
tend to have a more bloody exposure, other than in expert hands. In patients with 

Fig. 2.15 Duodenum seen 
after opening mesenteric 
window cephalad to the 
base of the ileocolic 
pedicle

Fig. 2.16 Division of 
ileocolic artery
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Crohn’s disease, division of the mesentery can be challenging due to marked thick-
ening and also friability if steroids have been used. Transection of the mesentery 
may be safer near the base of the ileocolic pedicle where mesenteric thickening is 
less prominent, or the mesentery may be more safely approached extracorporeally 
after exteriorization of the mobilized right colon.

Proponents of this approach indicate early vascular control as an important fea-
ture. The lymph node harvest may be greater [7] although the oncologic signifi-
cance of more than 12 lymph nodes is as yet unclear.

 Top-Down Approach
This approach is a variant of the lateral-to-medial approach described above except 
that it starts at the hepatic flexure rather than at the cecum. This is slightly more 
technically challenging than starting at the cecum, as there is no peritoneal reflec-
tion. This is an attractive option when inflammation from ileocolic Crohn’s disease 
or a desmoplastic reaction from a cecal cancer obscures the retrocecal plane.

 Transection and Anastomosis of the Right Colon

Decisions regarding transection margins, and intra- versus extracorporeal anasto-
mosis, are often decided ahead of time based on the patient’s underlying diagnosis 
and pathology. It is important, however, to be able to adjust the operative approach 
as indicated by intraoperative findings. In the case of ileocolic Crohn’s disease, the 
distal transection margin is generally somewhere in the ascending colon, as deter-
mined by the extent of disease. Mobilization of the hepatic flexure is still helpful, 
not to obtain margins but in order to obtain adequate length to perform a long side-
to-side anastomosis if that is the preferred method.

For the novice and intermediate surgeon, laparoscopic mobilization is the mini-
mum necessary to make the distal ileum, right colon, and proximal transverse colon a 
mobile section of bowel that, in a patient of BMI <25–30, can be exteriorized through 
a periumbilical incision with the resection and anastomosis performed extracorpore-
ally. Patients with a higher BMI should have the vascular pedicle and mesentery 
divided intracorporeally, and this allows the anastomosis to be performed extra- or 
intracorporeally without tension and pulling on the middle colic vessels. Intracorporeal 
anastomosis, addressed in a separate chapter, requires more advanced skills [8–10].

With regard to extraction incisions, the easiest incision to use is a periumbilical 
incision. This requires only mobilization of the right colon to the midline, at which 
point it is now a midline structure and can be easily exteriorized. However, this inci-
sion is associated with a higher subsequent incisional hernia rate [11]. Transection 
of the mesentery and vasculature intracorporeally allow additional choices in terms 
of an extraction incision, and a right lower quadrant or even a Pfannenstiel incision 
can be employed. Use of a wound protector may reduce the risk of surgical site 
infection. Transrectal extraction has been described for specific distal colonic and 
rectal procedures, but is not advocated for right-sided procedures and requires intra-
corporeal anastomosis.
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 Pitfalls and Troubleshooting

Troubleshooting is the forethought given to avoiding pitfalls! Difficulties can poten-
tially be anticipated in certain settings: uncertain location of lesion, obesity, and 
inflammation.

A common error with both lateral and medial approaches is straying from the 
correct retroperitoneal plane, which can disrupt either the complete mesenteric 
excision plane by being too superficial or dissect too deeply into the retroperito-
neum risking injury to the right ureter, inferior vena cava, or duodenum. With the 
lateral approach, being both too lateral and too deep can incur the risk of undermin-
ing the right kidney.

A bulky mass or extensive inflammation should prompt a very close look on CT 
scan at the relationship to the ureter, and consideration should be given to placement 
of ureteral stents to assist intraoperative identification of the ureter.

While T4 malignancies and large Crohn’s phlegmons can be approached laparo-
scopically by an experienced surgeon, these are not cases for the novice laparo-
scopic surgeon and should prompt conversion if they were not anticipated 
preoperatively. Other indications for conversion are inability to find the correct tis-
sue planes, concern regarding injury to the ureter, IVC or duodenum, and uncon-
trolled bleeding. Failure to make progress with the procedure is also an indication 
to convert.

Learning curves are a popular way of conveying the potential difficulty of learn-
ing a procedure. For a straightforward right colectomy, in the absence of complex 
anatomy or pathology, a trainee who is capable of performing a laparoscopic chole-
cystectomy should be able to develop the skills for right colectomy, as described 
here with extracorporeal anastomosis, within 5–10 cases. More complex techniques, 
such as single-incision right colectomy [12], intracorporeal anastomosis, and com-
plete mesorectal excision, have longer learning curves which are yet to be defined.

 Outcomes

Most level 1 evidence for the role of laparoscopy in colorectal surgery has focused 
on randomized controlled trials (RCTs) for colon cancer and subsequently for rectal 
cancer. There is less evidence for benign disease. For example, a Cochrane review 
found only two RCTs for ileocolic Crohn’s disease, involving 120 patients, and 
concluded that there was no significant difference in perioperative outcomes and 
long-term reoperation rates for disease-related or non-disease-related complications 
of Crohn’s disease. Multiple cohort studies exist, however, that cumulatively sup-
port the benefits of a laparoscopic approach, to the point where RCTs became 
untenable from the perspective of assuming equipoise. In other words, repeated, 
consistent, believable evidence from reliable experts led to the situation whereby it 
would not be possible to devise a RCT where the investigator truly believed that it 
was unknown whether either arm of a laparoscopic vs open RCT would show 
improved outcomes.
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Laparoscopic approaches gained acceptance with reported advantages of faster 
return to normal activity and diet, reduced hospital stay, reduced postoperative pain, 
and better cosmesis. Longer-term, laparoscopic surgery has shown smaller abdomi-
nal fascial wounds, lower incidence of hernias, and decreased rates of small bowel 
obstruction from adhesions (Table 2.3).

Although evidence accumulated re. potential improved outcomes from laparos-
copy, there also came concerns related to the loss of tactile evaluation of the bowel, 
i.e., missing occult segments of Crohn’s disease and inability to palpate a polyp 
which would not have visible serosal manifestations. These issues are usually 
addressed by the exhortation to define anatomy preoperatively, e.g., CT enterogra-
phy to elicit evidence of proximal small bowel disease in Crohn’s, and use of tattoo-
ing, CT colonography, and intraoperative endoscopy to localize polyps.

 Conclusions

Laparoscopic right colectomy for benign disease is a good starting point for those 
learning the skills necessary for minimally invasive colorectal surgery, including 
not just trainees but also surgeons already experienced in open colorectal proce-
dures but wishing to develop laparoscopic skills. Operative planning, OR setup, 
patient positioning, and trocar placement are important components of a successful 
operation that also recognizes correct tissue planes, resection margins, anastomotic 
technique, and specimen retrieval.
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 Introduction and Rationale

Laparoscopic colectomy was first described in the early 1990s. The first randomized 
trials evaluating laparoscopic colectomy versus open surgery were in patients with 
malignant disease. These trials demonstrated less blood loss, earlier recovery of 
bowel function, less need for narcotics, and a shorter length of stay for patients who 
had procedures performed laparoscopically [1–5]. Because of the inflammatory 
nature of most benign conditions prompting colectomy, there was some hesitation 
regarding the feasibility of a laparoscopic approach for these indications. Slowly, 
data evaluating laparoscopic sigmoid colectomy in patients with diverticulitis accu-
mulated [6–10]. These studies demonstrated that laparoscopic left or sigmoid colec-
tomy is possible in patients with diverticular disease with an increased operative 
time compared to open surgery, a decreased length of stay, and a decreased compli-
cation profile. They also demonstrated that conversion is less for surgeons who uti-
lized a hand-assisted laparoscopic approach. Using these two approaches, straight 
laparoscopy and hand-assisted laparoscopy, most patients with diverticular disease 
requiring sigmoid colectomy can undergo surgery in a minimally invasive fashion. 
This chapter details the indications, operative technique, and outcomes of studies 
evaluating laparoscopic and hand-assisted laparoscopic (HAL) sigmoid and left col-
ectomy for benign disease.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_3&domain=pdf
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 Indications and Contraindications

The most common benign condition that prompts left or sigmoid colectomy is the 
many manifestations of diverticulitis including recurrent disease, smoldering dis-
ease, colovesical/colovaginal fistula, or stricture. Other benign conditions prompt-
ing an elective left or sigmoid colectomy include Crohn’s colitis, ischemic colitis, 
endometriosis, or diverticular bleeding. As diverticulitis is the most commonly seen 
disorder requiring left or sigmoid colectomy in benign disease, this chapter will 
focus on this indication.

In the past, the inflammation and scarring associated with the chronic 
manifestations of diverticular disease prompted many surgeons to shy away from 
minimally invasive approaches. However, increasing experience with both hand-
assisted laparoscopy and straight laparoscopy has prompted minimally invasive 
techniques to be the mainstay of treating this condition. In our practice, for repeated 
attacks of uncomplicated diverticulitis, we proceed with a straight laparoscopic 
approach with a planned extraction through a small Pfannenstiel incision. For 
patients with a body mass index greater than 30 kg/m2, the size of the extraction site 
for a straight laparoscopic case is relatively similar to a hand-assisted incision. So, 
for this reason, for morbidly obese patients, we utilize a hand-assisted approach. 
Additionally, for any patient with a history of complicated diverticulitis including 
abscess, phlegmon, or fistula, a hand-assisted laparoscopic approach can be 
particularly helpful to facilitate blunt dissection and identify the correct surgical 
planes.

There are very few contraindications to approaching benign conditions of the left 
and sigmoid colon using a laparoscopic approach. Contraindications include 
patients who are unable to tolerate laparoscopy or steep changes in operating room 
table positioning. A relative contraindication is the presence of dense or extensive 
adhesions associated with a prior history of open laparotomy in the past. With expe-
rience, however, most laparoscopic surgeons will attempt a laparoscopic approach, 
even in the setting of previous open surgery. Extreme caution should be taken when 
entering the reoperative abdomen in order to avoid an injury, especially in the set-
ting of prior peritonitis, prior intraabdominal bleeding, or previous mesh placement, 
which may result in formation of dense adhesions. If the abdomen proves to be 
hostile, conversion to an open procedure should quickly be decided.

 Principles and Quality Benchmarks of the Approach/Technique

The principles of resection for diverticular disease are the same in laparoscopic 
approaches as they are in open approaches: isolation and ligation of the sigmoid 
pedicle, mobilization of the left and sigmoid colon including takedown of the splenic 
flexure, proximal transection, distal transection at the proximal rectum, and anasto-
mosis. For diverticular disease, there are additional parameters including the perfor-
mance of an adequate colon resection to minimize recurrence of disease and an 
attempt to decrease the risk of common complications of sigmoid resection. In our 
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practice, to assist in reducing the risk of recurrence of diverticular disease, all prior 
CT scans are evaluated to assess the proximal extent of disease. Any portion of the 
bowel that has been involved in previous inflammation/diverticulitis attacks is 
included in the planned resection. Once in the operating room, prior to initiating the 
mobilization of the bowel, the bowel is palpated to assess for chronic thickening or 
acute inflammation. The proximal transection margin does not need to be so proxi-
mal so as to include all diverticula, it just needs to be proximal enough to include all 
areas of previous inflammation. It should also be on soft, pliable bowel with soft 
pliable mesentery. The planned proximal colon transection can be marked (using an 
ink pen tip, clip, or cautery) at the start of the operation. This will ensure that the 
appropriate proximal margin is achieved which can be more challenging to deter-
mine once the colon and its mesentery are fully mobilized. The distal transection 
margin should be on the proximal rectum. This is identified by the splaying of the 
taeniae (Fig. 3.1a, b). A colorectal rather than a colosigmoid anastomosis is believed 
to be the single most important factor in decreasing the chance of recurrent diverticu-
lar disease [11, 12].

In addition to providing an adequate resection, a principle of left/sigmoid 
resection for benign disease is to avoid a high ligation of the sigmoid pedicle. The 
avoidance of a high ligation decreases the risk of ureteral injury and hypogastric 
nerve injury. Some studies have indicated that avoiding a high ligation of the pedicle 
decreases the chance of anastomotic leak [13]. Other studies have not confirmed this 
association [14]. However, in our practice for benign disease, we preserve the sig-
moid pedicle given this concern.

 Preoperative Planning, Patient Work-Up, and Optimization

In the planning of a minimally invasive approach to surgical resection for 
diverticulitis, a number of factors must be considered preoperatively. For those 
patients whom have not had a colonoscopy in the 2 years prior to resection, repeat 
endoscopic evaluation is warranted. Some of our surgeons will perform an on-table 
colonoscopy on the day of surgery in order to avoid repeating a bowel preparation. 

a b

Fig. 3.1 (a, b) Splaying of the taeniae
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For patients with complicated diverticulitis, additional factors must be taken into 
account preoperatively. Patients with residual diverticular abscess and/or fistula will 
keep their percutaneous drain up until the time of surgery. The drain will be prepped 
into the field and then removed once the abdomen has been entered. For those 
patients with suspected colovesical fistula, cystoscopy and ureteral stent placement 
are usually performed just prior to surgery. If the fistula takedown results in a blad-
der defect, it should be repaired with sutures. In regard to ureteral stent usage in the 
absence of colovesical fistula, the decision to place stents prophylactically is up to 
the individual surgeon. In general, when significant inflammation and/or residual 
phlegmon, abscess, or fistula is anticipated, left-sided stents are usually placed pro-
phylactically to minimize the risk of an unrecognized ureteral injury.

All prior abdominal scars should be evaluated as potential extraction sites. 
Patients are educated about enhanced recovery pathways including non-opioid pain 
relief alternatives, early ambulation, and early resumption of diet. All of our patients 
undergoing elective colon surgery undergo mechanical and antibiotic bowel prepa-
ration the day before surgery. Please refer to the chapters on enhanced recovery 
protocol in colorectal surgery for more details on this topic (Chaps. 7 and 8).

 Operative Setup

Patients are placed on a bean bag in a modified lithotomy position on a split-leg 
table. The arms are tucked at the sides and surrounded by foam padding and an 
inflated bean bag. The chest is wrapped circumferentially three times with three- 
inch silk tape affixing them to the table. The legs are split with the buttock at the 
bottom of the table to allow for trans-anal access, and then the legs are secured in 
place with Velcro straps. Patients are given subcutaneous heparin, and sequential 
compression devices are applied for deep venous thrombosis prophylaxis. 
Antibiotics are administered less than 1 hour prior to surgical incision. We use both 
monopolar cautery and the bipolar vessel sealer as our energy sources. Both of these 
instruments are placed on the field at the initiation of the case. A CO2 colonoscope 
is available as needed for the procedure. Most cases are initiated with a colono-
scopic evaluation of the colon. The Foley catheter is placed after colonoscopy in 
women to avoid risk of urinary tract infection as our group found that there was 
contamination of the catheter from colonoscopy if it had been placed pre-procedure. 
The catheter is draped over the leg to reduce contamination from the passage of 
staplers and endoscopes trans-anally.

 Operative Technique

 Port Placement

For straight laparoscopic procedures, a 12 mm Hassan port is placed in the umbilicus. 
5 mm ports are placed in the right upper quadrant, the right lower quadrant, and the 
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left lower quadrant (Fig. 3.2). Extraction is most often performed through a small 
Pfannenstiel incision or via an extension of the Hassan port site.

For a hand-assisted approach, the operation begins with the creation of an 
incision for the hand-port. Early along the learning curve of hand-assisted, an 8 cm 
lower midline incision is recommended in the case that conversion is required. Once 
the surgeon is comfortable with a hand-assisted approach, a Pfannenstiel incision 
2  cm above the pubis is the preferred approach. The incision is cosmetically 
pleasing, has an extremely low risk of incisional hernia, and is an excellent incision 
to work in the pelvis where further dissection or an anastomosis can be completed. 
The hand device is placed into the incision, and then three 5 mm trocars are placed 

Fig. 3.2 Room setup  
for laparoscopic sigmoid 
colectomy. (Used with 
permission of  
Springer Nature from 
Leroy et al. [26])
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in the left lateral, right lateral, and umbilical positions (Fig. 3.3). The trocars are 
placed with the hand inside the abdomen to protect the intestines from injury. 
Following access to the abdomen, the procedural steps of the operation are performed 
in the same sequence whether the procedure is performed by straight laparoscopic 
or a hand- assisted laparoscopic approach.

 Left/Sigmoid Colectomy

The surgeon and assistant stand on the patient’s right side. The patient is placed in 
a mild Trendelenburg and left-side up position. In our practice, we perform a medial 
to lateral mobilization of the left/sigmoid colon. To do this, the omentum is lifted 
over the transverse colon, and the small bowel is moved out of the pelvis to the right 
upper quadrant (Fig. 3.4). The “bare area” of the left colon (the mesentery just lat-
eral to the IMV between the left colic and first sigmoidal branches) is grasped and 
lifted. This mesentery is incised just lateral to the IMV, and a dissection begins 
between the left colon mesentery and Gerota’s fascia. The gonadal vessels will be 

Fig. 3.3 Room setup for 
HAL sigmoid colectomy. 
(Used with permission of 
Springer Nature from 
Sonoda [25])
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below with Gerota’s fascia, and the dissection continues out to the lateral side wall. 
The left ureter is typically under the IMA pedicle and will not be seen unless 
dissection is carried backwards toward the aorta. The first one or two sigmoid 
branches are then identified, isolated, and divided with the bipolar vessel sealer. The 
left colon is then mobilized from medial to lateral in a plane overlying Gerota’s 
fascia (Fig. 3.5). This dissection extends out to the left pelvic sidewall, inferiorly 
into the upper retrorectal space, and superiorly up towards the splenic flexure.

Fig. 3.4 The omentum is 
lifted over the transverse 
colon and the small bowel 
is moved to the right side 
of the abdomen. (Used 
with permission of 
Springer Nature from 
Leroy et al. [26])

Fig. 3.5 Medial to lateral 
mobilization. (Used with 
permission of Springer 
Nature from Leroy et al. 
[26])
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After the medial to lateral mobilization has been performed, the lateral attachments 
starting with the white line of Toldt are divided (Fig. 3.6). This maneuver connects 
the medial dissection plane to the lateral dissection plane. Moving up towards the 
splenic flexure, the lateral aspects of the splenic flexure are divided. For this part of 
the procedure, the assistant moves to the area between the legs and holds the camera 
with his left hand and the hook cautery with his right hand through the left-sided 
trocar. In this same position, the omentum is taken off of the distal transverse colon 
allowing the splenic flexure to be approached from a medial direction. Then the distal 
transverse mesocolon is freed from the inferior boarder of the pancreas. At this point, 
the colon should be assessed for reach down to the proximal rectum. If the reach is 
adequate, the mesentery can be taken with a bipolar device up to but not crossing the 
marginal artery on the proximal transection margin (the rest of the mesentery will be 
ligated once the colon is exteriorized). For the distal transection margin, the mesentery 
can be taken up to the edge of colon laparoscopically. However, if the procedure is 
being performed with a hand-assisted, that portion of the case can be done via the 
hand-port in an open fashion. At that point, the bowel can be exteriorized (Fig. 3.7), 
and the specimen can be brought out through the hand- port (in the case of hand-
assisted) or through an extraction site (straight laparoscopy). In the situation of 
straight laparoscopy, a small wound protector should be used to ease specimen 
extraction and to protect the wound from contamination.

The proximal transection and distal transection are completed via the extraction 
site. For straight laparoscopy, the anvil is placed in the proximal colon which is 
returned to the abdomen. The stapled colorectal anastomosis can be performed 
while under laparoscopic view (or in some cases through the wound directly if a 
Pfannenstiel or lower midline incision is used). It is critical to ensure that there are 
no twists in the proximal colon or the mesentery and that the small bowel is not 
trapped under the left colon mesentery before the stapler is fired. For hand-assisted 
cases the anastomosis can be performed through the hand-port site. The anvil is 
secured to the stapler and closed under direct visualization. However, prior to firing 

Fig. 3.6 Taking down the 
lateral attachments. (Used 
with permission of 
Springer Nature from 
Sonoda [25])
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of the stapler, a pneumoperitoneum is reestablished to ensure that the proximal 
colon and its mesentery are not twisted, that the small bowel is not trapped under the 
left colon mesentery, and that there is no tension upon the anastomosis. In either 
approach, the omentum is brought down over the small bowel and colon to an ana-
tomical position. Following the anastomosis, air leak testing is performed with CO2 
colonoscopy, and the mucosa is examined for perfusion. The anastomosis may be 
reinforced with a few additional sutures depending upon the surgeon’s preference. 
For cases without significant spillage or concern for colovesical fistula, no closed 
suction drain is left behind. For patients in whom a colovesical fistula repair was 
performed, a closed suction is placed in the pelvis.

 Pitfalls and Troubleshooting

Some of the most common pitfalls in this operation are extensive scarring due to 
diverticular inflammation which distorts the anatomy, a lack of reach of the proxi-
mal colon into the pelvis, or a positive leak test. Extensive scarring from repeated 
episodes of uncomplicated diverticulitis or complicated diverticulitis with abscess/
fistula can preclude a straight laparoscopic approach. This is where the hand- assisted 
approach can be the most helpful. The hand and fingers allow for safe blunt dissec-
tion. In addition, portions of the procedure can be performed via the hand-port in an 
open fashion, should the situation demand it. If the procedure cannot be performed 
in a straight laparoscopic fashion, or if failure to progress occurs, one should con-
sider a hand-assisted approach prior to converting to a midline laparotomy. A meta- 
analysis of the three published RCTs comparing hand-assisted laparoscopic to 

Fig. 3.7 Exteriorizing the 
sigmoid colon. (Used with 
permission of Springer 
Nature from Leroy et al. 
[26])
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conventional laparoscopic colorectal resection showed a significantly lower rate of 
conversion in the hand-assisted patients, while morbidity rates and outcomes were 
equivalent [15].

Another possible intraoperative difficulty in surgery for diverticulitis is extensive 
residual disease requiring more distal transection onto the patient’s rectum. Usually, the 
goal is to keep the distal transection margin at the colorectal junction. However, in 
some scenarios such as a residual phlegmon/abscess involving the top of the rectum or 
a colovaginal fistula, it is necessary to dissect further distally onto the rectum than ini-
tially planned. In these scenarios, it is important to consider and warn the patient of 
potential functional consequences. More than 50% of patients who undergo low ante-
rior resection for benign or malignant disease will develop signs and symptoms of low 
anterior resection syndrome. This is a defecatory dysfunction defined by urgency, fre-
quent stools, incontinence, and incomplete emptying. These patients may require fiber 
supplementation and antidiarrheals to assist in improving quality of life. In more severe 
cases, biofeedback, sacral nerve stimulation, and colostomy can be considered.

Another common intraoperative difficulty is a lack of reach of the proximal 
transection margin to the rectum. This is particularly common if the patient’s disease 
extends up into the descending colon. There is a stepwise approach to achieving 
more laxity to allow for a tension-free anastomosis. First, the bowel must be assessed 
for what is holding it from the pelvis. If the splenic flexure has not been fully 
released, then that should be performed. Second, the IMV and or left colic can be 
transected close to the inferior margin of the pancreas to allow further mobility. The 
transection margin must be assessed for viability after that maneuver. Here, every 
lateral 1 centimeter of division provides two additional centimeters of reach. Third, 
the rectum can be mobilized below Waldeyer’s fascia, thereby straightening the 
rectum, which typically provides several additional centimeters of length. A final 
option is the Turnbull maneuver, wherein the distal transverse colon is brought 
down to the right of midline, through an ileal mesenteric defect [16]. All of these 
maneuvers can be performed via hand-assisted or straight laparoscopic methods.

Lastly, one of the most concerning pitfalls is a positive intraoperative leak test. If 
leaking is demonstrated, our recommendation is to either redo the anastomosis or, if 
an attempt at repair of the anastomosis is performed, strong consideration should be 
made for a diverting loop ileostomy. Data from our own institution demonstrate that 
out of 2360 patients who underwent left-sided anastomosis, 119 had a positive intra-
operative leak test. Sixty-eight underwent suture repair alone, of which 9% had a 
clinical leak postoperatively. Fifty-one patients underwent either proximal diversion 
or reconstruction, and none of these patients had evidence of clinical leak postop-
eratively. Given these data, our strong recommendation is to either redo or divert the 
anastomosis in this clinical scenario. For all other patients, the decision to proceed 
with a diverting loop ileostomy to protect the colorectal anastomosis is based on 
three factors: the integrity and perfusion of the bowel, the degree of intraabdominal 
contamination, and the status of the patient. If following resection of the specimen 
the bowel is intact and well-perfused, the abdomen is free of infection, and the 
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patient has remained hemodynamically stable during the case, there is no strict 
indication for a prophylactic diverting loop ileostomy. However, if any of those 
three factors are concerning, a diverting loop ileostomy should be strongly 
considered.

 Outcomes

When considering laparoscopic approaches for patients with benign disease, there 
are two questions that need to be answered. The first is whether the laparoscopic or 
hand-assisted techniques are equivalent to an open surgical approach. In some ways, 
this is a difficult question to answer as, unlike cancer, there are not specific criteria 
of the surgical specimen that need to be obtained for the operation to be considered 
a success. Instead we have to rely on outcome measures like operative time, conver-
sion rate, length of stay, and complications to assess whether the procedures are 
equivalent (or superior). The second question is which laparoscopic approach is 
appropriate (straight laparoscopic versus hand-assisted laparoscopy).

When laparoscopic colectomy was first introduced in the 1990s, diverticular 
disease-related complications were the last indications to be evaluated scientifi-
cally given the concerns of extensive scarring and/or inflammation as potentially 
precluding a minimally invasive approach. Following this initial hesitation, stud-
ies were conducted to compare laparoscopic versus open sigmoid colectomy for 
diverticulitis in the late 1990s/early 2000s (Table 3.1). Most studies found that 
the laparoscopic approach had longer operative times with conversion rates rang-
ing from 6% to 20%. Length of stay was significantly shorter in the laparoscopic 
groups. With regard to complications, some studies found no differences between 
the groups, while other studies found that there were fewer complications with a 
laparoscopic approach. Even patients with complicated disease such as abscess 
or fistula were completed by a laparoscopic approach. This was detailed by 
Bartus and colleagues in 36 patients who underwent laparoscopic colovesical 
fistula takedown [17]. The conversion rate was higher for procedures involving 
fistula (25% versus 5%, p <0.001), but demonstrated that for many, the procedure 
could be performed successfully. Overall, for elective benign indications like 
diverticulitis, these studies demonstrated that a laparoscopic approach was pos-
sible and that it had a positive effect on the length of stay and extent of complica-
tion profile.

When comparing straight laparoscopic to hand-assisted approaches, there are a 
number of studies that evaluated colectomies for all indications (Table 3.2). Three 
of the studies are randomized controlled trials [18–20]. However, all three included 
a wide range of surgical indications and are not limited to left/sigmoid colectomy. 
Regardless, their findings can be extrapolated to the diverticular population. A 
meta-analysis of these three randomized controlled trials concluded that there was 
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no difference in operating time between the straight laparoscopic and HAL patients. 
There was a lower conversion rate for HAL versus straight laparoscopic approaches. 
Finally, there was no difference in complication occurrences between the two 
groups [15]. For this reason, in our patients who have the highest likelihood of con-
version (obesity and complicated diverticulitis), we choose to start with a hand- 
assisted approach.

 Conclusions

Laparoscopic or hand-assisted laparoscopic left/sigmoid colectomy is the preferred 
approach for patients with benign indications such as diverticulitis. Even diverticu-
lar disease complicated by abscess, phlegmon, or fistula should not preclude an 
attempt at a laparoscopic approach. In our practice, patients with repeated bouts of 
uncomplicated diverticulitis will undergo a straight laparoscopic approach, whereas 
patients with complicated disease or morbid obesity will undergo a planned hand- 
assisted procedure. Hand-assisted laparoscopy has a decreased conversion rate (in 
comparison to laparoscopic procedures) and facilitates increased adoption of mini-
mally invasive colectomy in patients with complex diverticulitis and obesity or a 
combination of both.

References

 1. Lacy AM, Garcia-Valdecasas JC, Delgado S, Castells A, Taura P, Pique JM, et al. Laparoscopy- 
assisted colectomy versus open colectomy for treatment of non-metastatic colon cancer: a 
randomised trial. Lancet. 2002;359(9325):2224–9.

 2. Clinical Outcomes of Surgical Therapy Study G, Nelson H, Sargent DJ, Wieand HS, Fleshman 
J, Anvari M, et al. A comparison of laparoscopically assisted and open colectomy for colon 
cancer. N Engl J Med. 2004;350(20):2050–9.

 3. Leung KL, Kwok SP, Lam SC, Lee JF, Yiu RY, Ng SS, et al. Laparoscopic resection of recto-
sigmoid carcinoma: prospective randomised trial. Lancet. 2004;363(9416):1187–92.

 4. Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ, et al. Laparoscopic sur-
gery versus open surgery for colon cancer: short-term outcomes of a randomised trial. Lancet 
Oncol. 2005;6(7):477–84.

 5. Schwenk W, Haase O, Neudecker J, Muller JM. Short term benefits for laparoscopic colorectal 
resection. Cochrane Database Syst Rev. 2005;(3):CD003145.

 6. Klarenbeek BR, Veenhof AA, Bergamaschi R, van der Peet DL, van den Broek WT, de Lange 
ES, et al. Laparoscopic sigmoid resection for diverticulitis decreases major morbidity rates: a 
randomized control trial: short-term results of the Sigma Trial. Ann Surg. 2009;249(1):39–44.

 7. Senagore AJ, Duepree HJ, Delaney CP, Dissanaike S, Brady KM, Fazio VW. Cost structure of 
laparoscopic and open sigmoid colectomy for diverticular disease: similarities and differences. 
Dis Colon Rectum. 2002;45(4):485–90.

 8. Dwivedi A, Chahin F, Agrawal S, Chau WY, Tootla A, Tootla F, et al. Laparoscopic colectomy 
vs. open colectomy for sigmoid diverticular disease. Dis Colon Rectum. 2002;45(10):1309–
14; discussion 14–5

 9. Gervaz P, Inan I, Perneger T, Schiffer E, Morel P. A prospective, randomized, single-blind 
comparison of laparoscopic versus open sigmoid colectomy for diverticulitis. Ann Surg. 
2010;252(1):3–8.

J. T. Saraidaridis and P. W. Marcello



43

 10. Raue W, Paolucci V, Asperger W, Albrecht R, Buchler MW, Schwenk W, et al. Laparoscopic 
sigmoid resection for diverticular disease has no advantages over open approach: midterm 
results of a randomized controlled trial. Langenbeck’s Arch Surg. 2011;396(7):973–80.

 11. Thaler K, Baig MK, Berho M, Weiss EG, Nogueras JJ, Arnaud JP, et  al. Determinants of 
recurrence after sigmoid resection for uncomplicated diverticulitis. Dis Colon Rectum. 
2003;46(3):385–8.

 12. Benn PL, Wolff BG, Ilstrup DM. Level of anastomosis and recurrent colonic diverticulitis. Am 
J Surg. 1986;151(2):269–71.

 13. Tocchi A, Mazzoni G, Fornasari V, Miccini M, Daddi G, Tagliacozzo S. Preservation of the 
inferior mesenteric artery in colorectal resection for complicated diverticular disease. Am J 
Surg. 2001;182(2):162–7.

 14. Lehmann RK, Brounts LR, Johnson EK, Rizzo JA, Steele SR. Does sacrifice of the inferior 
mesenteric artery or superior rectal artery affect anastomotic leak following sigmoidectomy 
for diverticulitis? A retrospective review. Am J Surg. 2011;201(5):623–7.

 15. Moloo H, Haggar F, Coyle D, Hutton B, Duhaime S, Mamazza J, et  al. Hand-assisted 
laparoscopic surgery versus conventional laparoscopy for colorectal surgery. Cochrane 
Database Syst Rev. 2010;(10):CD006585.

 16. Le TH, Gathright JB Jr. Reconstitution of intestinal continuity after extended left colectomy. 
Dis Colon Rectum. 1993;36(2):197–8.

 17. Bartus CM, Lipof T, Sarwar CM, Vignati PV, Johnson KH, Sardella WV, et al. Colovesical 
fistula: not a contraindication to elective laparoscopic colectomy. Dis Colon Rectum. 
2005;48(2):233–6.

 18. Hand-assisted laparoscopic surgery vs standard laparoscopic surgery for colorectal disease: a 
prospective randomized trial. HALS Study Group. Surg Endosc. 2000;14(10):896–901.

 19. Marcello PW, Fleshman JW, Milsom JW, Read TE, Arnell TD, Birnbaum EH, et al. Hand- 
assisted laparoscopic vs. laparoscopic colorectal surgery: a multicenter, prospective, 
randomized trial. Dis Colon Rectum. 2008;51(6):818–26; discussion 26–8

 20. Targarona EM, Gracia E, Garriga J, Martinez-Bru C, Cortes M, Boluda R, et al. Prospective 
randomized trial comparing conventional laparoscopic colectomy with hand-assisted 
laparoscopic colectomy: applicability, immediate clinical outcome, inflammatory response, 
and cost. Surg Endosc. 2002;16(2):234–9.

 21. Tuech JJ, Pessaux P, Rouge C, Regenet N, Bergamaschi R, Arnaud JP. Laparoscopic vs open 
colectomy for sigmoid diverticulitis: a prospective comparative study in the elderly. Surg 
Endosc. 2000;14(11):1031–3.

 22. Anderson J, Luchtefeld M, Dujovny N, Hoedema R, Kim D, Butcher J.  A comparison of 
laparoscopic, hand-assist and open sigmoid resection in the treatment of diverticular disease. 
Am J Surg. 2007;193(3):400–3.. discussion 3

 23. Jadlowiec CC, Mannion EM, Thielman MJ, Bartus CM, Johnson KH, Sardella WV, et  al. 
Evolution of technique in performance of minimally invasive colectomies. Dis Colon Rectum. 
2014;57(9):1090–7.

 24. Midura EF, Hanseman DJ, Davis BR, Johnson BL, Kuethe JW, Rafferty JF, et al. Laparoscopic 
sigmoid colectomy: Are all laparoscopic techniques created equal? Surg Endosc. 
2016;30(8):3567–72.

 25. Sonoda T.  Hand-assisted laparoscopic total abdominal colectomy. In: Milsom J, Bohm N, 
Nakajima K, editors. Laparoscopic colorectal surgery. 2nd ed. New York: Springer Science + 
Business Media; 2006.

 26. Leroy J, Henri M, Rubino F, Marescaux J. Sigmoidectomy. In: Milsom J, Bohm N, Nakajima 
K, editors. Laparoscopic colorectal surgery. 2nd ed. New York: Springer Science + Business 
Media; 2006.

3 Masters Program Colorectal Pathway: Laparoscopic Left and Sigmoid Colectomy…



45© Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 2020
P. Sylla et al. (eds.), The SAGES Manual of Colorectal Surgery, 
https://doi.org/10.1007/978-3-030-24812-3_4

A. Caycedo-Marulanda 
Health Sciences North, Department of General Surgery, Division of Colorectal Surgery, 
Northern Ontario School of Medicine, Sudbury, ON, Canada 

J. H. Marks (*) 
Lankenau Medical Center, Department of Colon and Rectal Surgery, Wynnewood, PA, USA
e-mail: marksj@mlhs.org

4Master Program Colorectal Pathway: 
Laparoscopic Splenic Flexure Release 
(Tips and Tricks)

Antonio Caycedo-Marulanda and John H. Marks

 Introduction and Rationale

Splenic flexure release otherwise known as the mobilization splenic flexure is an 
essential skill for all general and colorectal surgeons who perform colonic resec-
tions. The fundamental benefit of mobilizing the splenic flexure is the construction 
of a tension-free anastomosis following left colectomy, sigmoid colectomy, anterior 
resection, low anterior resection, as well as total mesorectal resection resections 
(TME) with coloanal anastomosis. Additionally, SFR is routinely performed during 
total and subtotal colectomies.

The extra colonic length provided by SFR allows for the descending colon to 
reach down into the deep pelvis for restoration of bowel continuity. While SFR may 
be performed selectively by some, most surgeons routinely perform SFR for all left- 
sided colectomy to ensure an adequately perfused anastomosis without tension [1–
3]. Distance from the anal verge plays a significant role as a risk factor for 
anastomotic leak in colorectal anastomoses, with tumors located 6 cm or less from 
the anal verge being at the highest risk [4]. It is possible that when creating these 
low colorectal or coloanal anastomoses, blood supply relies on the different con-
necting arcades, which may or may not be present, thus increasing the risk of leak 
secondary to ischemia [5].
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 Indications and Contraindications

Indications include resections involving the left side such as left colectomy, sigmoid 
colectomy, anterior resection, low anterior resection, ultralow anterior resection 
(with coloanal anastomosis), and total abdominal colectomy. As a general principle, 
colorectal anastomosis following sigmoid resection for diverticulitis or colon can-
cer should be performed to the rectum itself and not to the rectosigmoid, which 
usually requires additional colon length for reach and hence SFR.  Studies have 
shown that the relapse rate is much higher for diverticulitis if the rectosigmoid and 
distal sigmoid colon are left in place [6]. In addition, anastomotic integrity relies on 
meticulous dissection, adequate blood supply, and lack of tension [1]; the last two 
are optimized by performing SFR. When the decision to perform SFR is left to the 
end rather than the start of the operation, it is usually fraught with more technical 
difficulties and usually results from poor preoperative planning.

In the current era, there is an increased interest in sphincter preservation and 
restoration of bowel continuity [7]. Low and ultralow rectal cancer surgery has 
become more prevalent, and newer approaches have been introduced, including the 
use of robotic platforms and those for transanal total mesorectal excision (taTME) 
[8–10]. In these cases, splenic flexure release is mandatory if reconstruction is to 
take place.

It is our opinion that SFR should be performed systematically and at the begin-
ning of the case, particularly during sigmoid resection for diverticulitis, before any 
difficulties are encountered during pelvic dissection. SFR is also strongly recom-
mended during TME with planned sphincter preservation for rectal cancer [11]. The 
specific SFR approach used is based on the surgeon’s preference and patient’s anat-
omy. There are no absolute contraindications to performing SFR. It should be noted, 
however, that in patients who have had previous gastric or left upper quadrant sur-
gery as well as pancreatitis, the dissection might be more difficult.

 Principles and Quality Benchmarks

The goal of this step in the operation is to return the left colon to its original embry-
ologic state. The surgeon should be mindful of the fact that embryologically the 
hindgut and distal midgut are midline structures. Originally, the bowel is extra- 
abdominal and undergoes counter-clockwise rotation to be sealed to the lateral 
attachments along the line of Toldt (Fig. 4.1a–e). By fully releasing the mesentery 
of the distal and transverse colon, the left colon is returned to its embryologic mid-
line state (Fig. 4.2). This is essential to allow for a tension-free anastomosis of the 
descending colon to the rectum. It is helpful for the surgeon to picture this as sepa-
rating the pages in a book, such that the mesentery leaf is freed from the next page, 
which is the retroperitoneum.
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Fig. 4.1 (a–e) Embryonic 
bowel rotation. The 
embryologic bowel is 
extra-abdominal and 
undergoes counter-
clockwise rotation to be 
sealed to the lateral 
attachments along the line 
of Toldt
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 Perioperative Planning, Patient Workup, and Optimization

Patients undergoing SFR as part left-sided resection will undergo standard workup, 
staging, and preoperative planning based on the actual diagnosis. Almost invari-
ably, patients will undergo computed tomography scanning (CT) as part of their 
workup. Additionally, a barium or gastrografin enema can be very helpful in dem-
onstrating the configuration of the descending colon, the level and extent of diver-
ticular disease, and may help with the decision-making related to extent of the 
resection that may be needed. However, it is rarely the case that any imaging is 
obtained for the sole reason of assessing the suitability of the splenic flexure for 
mobilization.

There is a lack of standardization of preoperative assessment of the blood supply 
of the splenic flexure, which has proven to have significant variability. Different 
recognizable patterns have been identified in a recent radiologic study, in which 
preoperative blood supply was determined by using CT angiography and CT colo-
nography with 3-D reconstructions. In this publication, 39.7% of the blood supply 
was identified to originate from the left colic artery (LCA), 17.8% from the left 
branch of the middle colic artery, 9.9% from the LCA and the left branch of the 
middle colic artery, 4.2% from the accessory left colic artery, 2.6% from the LCA 
and the accessory left colic artery, and 25.8% from the marginal artery [12]. These 
newly classified patterns differ from the traditional belief that 85–89% of the blood 
supply of the splenic flexure originates from the left colic artery and 11–15% from 
the left branch of the middle colic artery [13]. That being said, we know that the 
descending colon and splenic flexure are well supplied by vascular arcades originat-
ing from the middle colic vessels that connect with blood supply that comes from 
the inferior mesenteric artery (Fig. 4.3), and it is extremely rare that ligation of the 
IMA proximal to the left colic results in frank ischemia in the left colon when the 
proximal mesentery is uninjured.

Technology to assess the blood supply of the large bowel preoperatively is avail-
able [14]. There is no evidence, however, to indicate that patients have a decrease in 
the rate of complications secondary to ischemia when they undergo preoperative 
assessment of the blood supply compared with those patients who do not, and this 

Fig. 4.2 Full splenic 
flexure release. The release 
of the mesentery of the 
distal transverse colon and 
the descending colon 
returns the left colon to its 
embryologic midline state

A. Caycedo-Marulanda and J. H. Marks



49

does not play a role in routine preoperative planning for patients [15]. Please refer 
to Chap. 29 on best practices to assess the integrity and perfusion of left-sided 
anastomoses.

 Operative Setup

The operative setup would be the same as for left-sided and pelvic procedures and/
or total abdominal colectomy. The optimal trocar position includes a 10–12 mm 
camera port through or near the umbilicus, a second 10–12 mm port in the right 
lower quadrant (main port for the left-sided dissection), a 5 mm port in the lower 
aspect of the right upper quadrant, close to the umbilicus, and a second 5 mm port 
on the contralateral side. The assistant should ideally stand either between the legs 
or on the right side of the patient with the primary surgeon standing on the right side 
during the SFR.  The surgical table could either be on mild or full reverse 
Trendelenburg position. This is optional and depends on the surgeon’s preference. 
In our practice, the patient remains in Trendelenburg position throughout the SFR.

Superior
mesenteric artery

Inferior
mesenteric artery

Left colic artery

Artery of
moskowitz

Arc of riolan

Artery of
drummond

Fig. 4.3 Vascular arcades connecting the middle colic vessels to the blood supply of the IMA
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 Operative Technique: Surgical Steps

The operative approaches for release of the splenic flexure are well established and 
should be performed in a standardized fashion. There are three options available to 
the surgeon including the supramesocolic, the inframesocolic, and the lateral to 
medial approach.

 Supramesocolic Approach

The patient is placed in a reverse Trendelenburg roughly five degrees, maximal right 
side down. The camera is trans- or supraumbilical; the left hand is used to grasp the 
gastrocolic ligament close to the stomach. Gravity allows for downward traction of 
the transverse colon, putting the gastrocolic ligament on stretch (Fig. 4.4). The right 
hand coming from the right lower quadrant is utilized to identify first and then incise 
the perforating veins between the gastroepiploic veins on the greater curvature and 
the transverse colon (Fig.  4.5). Once this space is entered, the lesser sac is 

Fig. 4.4 Gastrocolic 
ligament on stretch. The 
camera is trans or 
supraumbilical, the left 
hand is used to grasp the 
gastrocolic ligament close 
to the stomach. Gravity 
allows for downward 
traction of the transverse 
colon, putting the 
gastrocolic ligament on 
stretch

Fig. 4.5 Gastroepiploic 
vein. The right hand 
coming from the right 
lower quadrant is utilized 
to identify first and then 
incise the perforating veins 
between the gastroepiploic 
veins on the greater 
curvature and the 
transverse colon
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immediately visualized and incised in a central to lateral fashion from roughly the 
mid- transverse colon out to the splenic flexure through the gastrocolic ligament. 
The surgeon must be careful while performing this aspect of the operation to avoid 
going too deep and inadvertently injuring the mesentery of the transverse colon. 
This is a critical point as injury to the mesentery of the transverse colon will put at 
risk the blood supply to the descending colon, which is necessary for the anastomo-
sis. The dissection should be carried out laterally as far as can easily be accom-
plished. The dissection should then be carried out toward the upper 10 cm of the line 
of Toldt along the proximal descending colon. The attachments of the retroperito-
neum and the mesentery of the descending colon should be identified and pushed 
apart along an avascular plane. This can be developed bluntly and does not require 
any sharp dissection (Fig.  4.6). By paying strict attention here, the surgeon can 
notice the difference in color and texture of the fat of the colonic mesentery, deep to 
Gerota’s fascia and retroperitoneal fat (Fig. 4.7). Once this is mobilized, the hands 
are switched so that the traction of the transverse colon is brought down to the left 
hip by the right hand, and the energy source is coming from the left hand, bringing 
the thermal spread and/or scissors away from the transverse colon and a wayward 
diverticulum. The attachments of the greater omentum to the spleen must be care-
fully divided. Care must be taken not to put undue traction on the colon or the 

Fig. 4.6 The attachments 
of the retroperitoneum and 
the mesentery of the 
descending colon should 
be identified and pushed 
apart along an avascular 
plane. This can be 
developed bluntly and does 
not require any sharp 
dissection

Fig. 4.7 Color and texture 
difference between 
Gerota’s fascia and the 
colon mesentery
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greater omentum. The greater omentum may be attached to the splenic capsule as 
this will potentially be an area where capsular tearing of the spleen can occur. It is 
always a good idea at this point of the operation to gently pull medially on the 
greater omentum while watching the spleen for movement, to gauge the adherence 
and possible danger of this manipulation. For lower anastomoses, where a coloanal 
or low rectal anastomosis is necessary, the mesentery must be released from the 
inferior border of the pancreas. By identifying the mesentery and incising it approx-
imately 1 cm distal to the inferior border of the pancreas, the transverse colonic 
mesentery can be liberated from its attachment to the retroperitoneum and along 
Gerota’s fascia. If all these steps are completed as described above, splenic flexure 
release will be complete (Figs. 4.8a, b and 4.9).

 Inframesocolic Approach

The patient is positioned in steep Trendelenburg with maximal right side down, and 
the small bowel is fully retracted to the right side of the abdomen. An incision is 
made 1.5  cm above the insertion of the inferior mesenteric vein (IMV) into the 

a b

Fig. 4.8 (a, b) Left-right hand switch. Hands are switched so that the traction of the transverse 
colon is brought down to the left hip by the right hand and the energy source is coming from the 
left hand, bringing the thermal spread and or scissors away from the transverse colon and a way-
ward diverticulum

Fig. 4.9 Inferior border of 
the pancreas. Identifying 
the mesentery and incising 
it approximately a 
centimeter to the inferior 
border of the pancreas, the 
transverse colonic 
mesentery can be liberated 
from its attachment to the 
retroperitoneum and along 
Gerota’s fascia
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splenic vein. By dissecting here in an avascular fashion, one will enter into the 
lesser sac anterior to the pancreas. Care must be taken not to be too superficial and 
enter into the mesentery of the transverse colon. Interruption of the blood supply 
here can put at risk the blood supply to the descending colon which is essential for 
a well-vascularized anastomosis to the rectum. However, when dissection is carried 
along this avascular plane, this greatly facilitates takedown of the transverse colonic 
mesentery from its attachments to the retroperitoneum and full mobilization of the 
mesentery of the transverse colon. This dissection is extended cephalad and later-
ally, remaining superficial to Gerota’s fascia. During this dissection, it is imperative 
to distinguish the difference in consistency and discoloration of the fatty tissue and 
the inferior edge of the pancreas in order to stay on the anterior aspect of this latter 
organ. As the dissection progresses, the descending colon is visualized from the 
medial aspect. At this point, the lateral attachments are mobilized and the greater 
omentum is taken off the transverse colon. In this fashion, the colon is entirely 
mobilized. A considerable challenge of this approach is that, if the surgeon is not 
careful, she/he can end up posterior to the pancreas and risk injuring it as well as the 
splenic vein. While highly reliable and reproducible as a technique, this is the 
approach with the highest potential for complications. It is particularly challenging 
with obese patients. When learning this technique, it is advised that the surgeon 
have a low threshold to merge this with the other approaches until the surgeon is 
very familiar and comfortable with this anatomy and the outlined danger areas. 
However, with careful manipulation, this approach allows for mobilization of the 
colon without repositioning the patient.

 Lateral to Medial Approach

This is the most commonly used SFR approach, and the one that most open sur-
geons are comfortable with. An incision is made along the line of Toldt and extended 
toward the splenic flexure. One must be mindful as one marches up the line of Toldt, 
not to inadvertently extend behind the kidney. As the surgeon gets close to the 
splenic flexure, the surgeon remembers that she/he needs to direct the dissection 
medially and not extend it cephalad. Cephalad extension will direct the surgeon 
posterior and lateral to the spleen and up to the diaphragm. That being said, by stay-
ing slightly medial and scoring the superficial layer of the omentum, it is easier to 
liberate the rest of the greater omentum off the transverse colon by applying a com-
bination of blunt and sharp dissection. This facilitates full mobilization of the flex-
ure, especially in situations when the omentum and the mesentery are prominent 
and fatty. From a minimally invasive standpoint, be it laparoscopic or robotic, the 
challenge with this approach is the energy source being used for dissection (e.g., an 
ultrasonic, bipolar, or monopolar energy). Lateral spread in this fashion invites the 
possibility of injury to the colon or an unrecognized diverticulum of the descending 
colon, distal transverse colon, or splenic flexure. Therefore the surgeon must be 
mindful at all times to protect the colon so as not to inadvertently injure it during 
mobilization. Again, if a lower anastomosis is necessary, further dissection may be 
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necessary, including the mesentery of the transverse colon. This can be accom-
plished in a lateral to medial fashion. Care must be taken to avoid injury of the 
mesentery or any major nearby vascular structures.

 Pros and Cons

In general terms, there are no specific contraindications for the procedure. However, 
the surgeon must bear in mind that critical structures are very closely related in the 
splenic flexure area (left kidney, left renal vein, splenic vein, superior mesenteric 
vessels, portal veins, pancreas). Any injury to those organs or entering into the 
wrong plane can have serious consequences. There are situations in which the pro-
cedure can become very challenging from a technical standpoint as in redo surgery, 
procedures in morbidly obese patients or in patients with prior pancreatitis or major 
surgery in left upper quadrant.

 Pitfalls and Troubleshooting

Laparoscopic splenic flexure mobilization has traditionally been considered diffi-
cult and time-consuming. While some surgeons have advocated using the same 
standardized approach to SFT in every case, as practicing surgeons it is essential to 
be knowledgeable in all the different techniques so that difficult anatomy can be 
addressed safely and an alternative approach can be selected when appropriate [16]. 
This aspect of the procedure requires a thorough understanding of the anatomy of 
the neighboring structures in order to avoid injuries. As in any other laparoscopic 
interventions, the recognition of unsafe scenarios or lack of progress should prompt 
the surgeon to consider other strategies or conversion to an open approach.

Complications that can occur during SFR include injury to the mesentery of the 
transverse or descending colon, which can affect perfusion of the left conduit. Once 
the IMA is transected, colorectal and coloanal anastomoses are entirely dependent 
on the blood supply from the middle colic artery and accessory vascular arcades, 
including the marginal artery of Drummond, the arterial arc of Riolan, and the artery 
of Moskowitz [5] (Fig. 4.3).

Any injury to the marginal vessel that supplies the colon can render the anasto-
mosis ischemic. Aside from dissecting into the wrong plane and inadvertently divid-
ing the mesocolic vessels of the proximal colon, careless handling of the mesentery 
can be costly and result in devascularization of the proximal colon [17]. The intra-
operative use of fluorescence imaging to assess perfusion can be helpful in gauging 
adequate blood supply for the left colon before and after constructing the anastomo-
sis [11, 18]. If more proximal colon needs to be mobilized to achieve a well- 
vascularized anastomosis, the colon attachments should be released fully from the 
inferior border of the pancreas.

Other complications of SFR include splenic injury. The spleen is often not clearly 
visualized, and no effort should be made to routinely see it. Regardless of the sur-
geon’s ability to see the spleen, it must be made certain that undue mobilization or 
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traction do not occur. The most common mechanism whereby the spleen is injured 
during splenic mobilization involves excessive pulling on the descending or trans-
verse colon when the greater omentum is attached to the splenic capsule. The result 
is avulsion of capsule and subsequent bleeding. When this occurs, generally the best 
approach is to pack the area and wait for hemostasis rather than resort to more 
aggressive strategies. That being said, clearly the best way to treat a splenic injury 
is to avoid it in the first place [19].

Other areas of risk involve injury to the pancreas, particularly in the area of the 
splenic hilum and the pancreatic tail. While mobilizing the splenic flexure, one must 
be certain to be anterior to the tail of the pancreas and away from the splenic hilum. 
It is not difficult when fully mobilizing the mesentery of the distal transverse colon 
and the proximal descending colon to delve too deep into the retroperitoneum and 
inadvertently dissect posterior to the pancreatic tail. This, in turn, takes the surgeon 
into the splenic hilum [19].

Lastly, a potential complication, which is unique to the inframesocolic approach, 
includes carrying the dissection at the IMV to posterior and coming underneath the 
inferior border of the pancreas. The real problem here is that if this is continued, one 
can enter the splenic vein, which could result in major bleeding. By recognizing this 
possibility, the surgeon should be able to avoid this issue entirely.

The inframesocolic approach is more difficult to adopt from a technical stand-
point. It is the preferred approach during robotic dissection, when changes in table 
positioning are much more restricted. It is our recommendation that surgeons 
become facile with all three approaches. But while learning each technique, the 
surgeon should be aware of the limitations and risks of each approach and have a 
low threshold to convert to another approach or to an open approach.

Another area of difficulty that can be encountered is when the greater omentum 
is so prominent that it either entirely obscures the flexure and/or is densely fused 
with the mesentery (Fig. 4.10). This needs to be carefully released to obtain ade-
quate length that can be carried out for a safe colorectal anastomosis.

Fig. 4.10 Greater 
omentum covering the 
splenic flexure
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 Outcomes

Literature comparing different approaches for SFR is scarce. Perhaps the most 
significant publication is from Benseler and colleagues. This retrospective study 
compared the use of the three different approaches on 303 patients that underwent 
laparoscopic surgery for rectal cancer at a single center over a 12-year period. The 
authors identified a significantly higher rate of intraoperative complications 
(p = 0.038), including dissecting in the wrong plane, organ injury, and bleeding, for 
those patients that had SFR using the lateral approach. Postoperative morbidity 
was also higher on the same group, secondary to increased wound infection 
(p = 0.001) [20]. We cannot provide any rational explanation for these results nor 
would we allow this to factor into our decision-making for how to best approach 
this operative step.

 Conclusions

Splenic flexure release is an integral part of the procedure for a multitude of colon 
surgeries. The general and colorectal surgeon must be entirely comfortable with the 
different approaches in order to carry this out in a routine fashion. In most cases, the 
splenic flexure can be released by using one of the above-described techniques. 
However, on occasion, a combination of approaches is required. We recommend 
that each surgeon develop their preferred technique which they use routinely but 
also become facile with the other approaches as these will be helpful at times, and 
it is best to be knowledgeable before trying a technique in a difficult situation.

We advocate the routine release of the splenic flexure for a safe anastomosis. It 
is the authors’ opinion that consideration to releasing the splenic flexure be given 
early on during the procedure in a proactive fashion, rather than reserving it for 
when it is necessary in order to achieve adequate length for the anastomosis. 
Delaying the decision to complete splenic flexure takedown until the end of an oth-
erwise difficult operation can complicate the procedure even further. Routine release 
using a standardized approach will result in better outcome for patients with colorec-
tal disease.

References

 1. Goulder F.  Bowel anastomoses: the theory, the practice and the evidence base. WJGS. 
2012;4(9):208–6.

 2. Chand M, Miskovic D, Parvaiz AC. Is splenic flexure mobilization necessary in laparoscopic 
anterior resection? Dis Colon Rectum. 2012;55(11):1195–7.

 3. Brennan DJ, Moynagh M, Brannigan AE, Gleeson F, Rowland M, OʼConnell RP.  Routine 
mobilization of the splenic flexure is not necessary during anterior resection for rectal cancer. 
Dis Colon Rectum. 2007;50(3):302–7.

 4. Tortorelli A, Alfieri S, Sanchez A, Rosa F, Papa V, Di Miceli D, et al. Anastomotic leakage 
after anterior resection for rectal cancer with mesorectal excision: incidence, risk factors, and 
management. Am J Surg. 2015;81(1):41–7.

A. Caycedo-Marulanda and J. H. Marks



57

 5. Toh JWT, Matthews R, Kim SH. Arc of Riolan-preserving splenic flexure takedown during 
anterior resection. Dis Colon Rectum. 2018;61(3):411–4.

 6. Jurowich CF, Germer CT. Elective surgery for sigmoid diverticulitis – indications, techniques, 
and results. Visc Med. 2015;31(2):112–6.

 7. Rullier E, Denost Q, Vendrely V, Rullier A, Laurent C. Low rectal cancer. Dis Colon Rectum. 
2013;56(5):560–7.

 8. Marks JH, Myers EA, Zeger EL, Denittis AS, Gummadi M, Marks GJ.  Long-term out-
comes by a transanal approach to total mesorectal excision for rectal cancer. Surg Endosc. 
2017;31(12):5248–57.

 9. Marks JH, Salem JF. From TATA to NOTES: how taTME fits into the evolutionary surgical 
tree. Tech Coloproctol. 2016;20(8):513–5.

 10. Marks JH, Montenegro GA, Salem JF, Shields MV, Marks GJ. Transanal TATA/TME: a case- 
matched study of taTME versus laparoscopic TME surgery for rectal cancer. Tech Coloproctol. 
2016;20(7):467–73.

 11. Caycedo-Marulanda A, Ma G, Jiang HY.  Transanal total mesorectal excision (taTME) 
in a single- surgeon setting: refinements of the technique during the learning phase. Tech 
Coloproctol. 2018;22(6):433–43.

 12. Fukuoka A, Sasaki T, Tsukikawa S, Miyajima N, Ostubo T.  Evaluating distribution of 
the left branch of the middle colic artery and the left colic artery by CT angiography 
and colonography to classify blood supply to the splenic flexure. Asian J Endosc Surg. 
2016;10(2):148–53.

 13. Sakorafas GH, Zouros E, Peros G. Applied vascular anatomy of the colon and rectum: clinical 
implications for the surgical oncologist. Surg Oncol. 2006;15(4):243–55.

 14. Kawamoto A, Inoue Y, Okigami M, Yasuda H, Okugawa Y, Hiro J, et al. Preoperative assess-
ment of vascular anatomy by multidetector computed tomography before laparoscopic colec-
tomy for transverse colon cancer: report of a case. Int Surg. 2015;100(2):208–12.

 15. McDermott S, Deipolyi A, Walker T, Ganguli S, Wicky S, Oklu R. The role of preoperative 
angiogram in colon interposition surgery. Diagn Interv Radiol. 2012;18(3):314–8.

 16. Takeru M, Takeshi I, Kenro H, Daisuke T, Yutaka S, Yasuo S, et al. A three-step method for 
laparoscopic mobilization of the splenic flexure. Ann Surg Oncol. 2015;22(s335):1–1.

 17. Garcia-Granero A, Sánchez-Guillén L, Carreño O, Sancho Muriel J, Alvarez Sarrado 
E, Fletcher Sanfeliu D, et  al. Importance of the Moskowitz artery in the laparoscopic 
medial approach to splenic flexure mobilization: a cadaveric study. Tech Coloproctol. 
2017;21(7):567–72.

 18. Blanco-Colino R, Espin-Basany E. Intraoperative use of ICG fluorescence imaging to reduce 
the risk of anastomotic leakage in colorectal surgery: a systematic review and meta-analysis. 
Tech Coloproctol. 2017;22(1):15–23.

 19. Merchea A, Dozois EJ, Wang JK, Larson DW. Anatomic mechanisms for splenic injury during 
colorectal surgery. Clin Anat. 2011;25(2):212–7.

 20. Benseler V, Hornung M, Iesalnieks I, Breitenbuch von P, Glockzin G, Schlitt HJ, et al. Different 
approaches for complete mobilization of the splenic flexure during laparoscopic rectal cancer 
resection. Int J Color Dis. 2012;27(11):1521–9.

Bibliography

Atallah S, Albert M, Monson JRT. Critical concepts and important anatomic landmarks encoun-
tered during transanal total mesorectal excision (taTME): toward the mastery of a new opera-
tion for rectal cancer surgery. Tech Coloproctol. 2016;20(7):483–94.

Deijen CL, Tsai A, Koedam TWA, Veltcamp Helbach M, Sietses C, Lacy AM, et al. Clinical out-
comes and case volume effect of transanal total mesorectal excision for rectal cancer: a system-
atic review. Tech Coloproctol. 2016;20(12):811–24.

4 Master Program Colorectal Pathway: Laparoscopic Splenic Flexure Release (Tips…



58

Koedam TWA, van Ramshorst GH, Deijen CL, Elfrink AKE, Meijerink WJHJ, Bonjer HJ, et al. 
Transanal total mesorectal excision (TaTME) for rectal cancer: effects on patient-reported 
quality of life and functional outcome. Tech Coloproctol. 2017;21(1):25–33.

Lee L, De Lacy B, Gomez Ruiz M, Liberman AS, Albert MR, Monson JRT, et al. A multicenter 
matched comparison of transanal and robotic total mesorectal excision for mid and low-rectal 
adenocarcinoma. Ann Surg. 2018; https://doi.org/10.1097/SLA.0000000000002862. [Epub 
ahead of print]

Pasam RT, Trejo DE, Murray A, Lee-Kong S, Feingold D, Kiran RP.  PTU-223 Conversion 
to open surgery from laparoscopy: to ‘try and fail’ or ‘not try at all’? Gut. 2015;64(Suppl 
1):A161.1–A161.

Sylla P, Rattner DW, Delgado S, Lacy AM. NOTES transanal rectal cancer resection using trans-
anal endoscopic microsurgery and laparoscopic assistance. Surg Endosc. 2010;24(5):1205–10.

Wong-Chong N, Caycedo-Marulanda A.  Transanal total mesorectal excision with retroileal 
colorectal anastomosis: combining old and new techniques. Color Dis. 2018;20(7):642–3.

A. Caycedo-Marulanda and J. H. Marks

https://doi.org/10.1097/SLA.0000000000002862


59© Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 2020
P. Sylla et al. (eds.), The SAGES Manual of Colorectal Surgery, 
https://doi.org/10.1007/978-3-030-24812-3_5

A. R. Bhama 
Department of Surgery, Division of Colorectal Surgery, Rush University Medical Center, 
Chicago, IL, USA 

C. P. Delaney (*) 
Digestive Disease and Surgery Institute, Cleveland Clinic, Cleveland, OH, USA
e-mail: delanec@ccf.org

5Masters Program Colorectal Pathway: 
Laparoscopic Left Colon Resection 
for Complex Inflammatory Bowel 
Disease

Anuradha R. Bhama and Conor P. Delaney

 Introduction and Rationale

Crohn’s disease can be a challenging disease process for surgeons to treat. Patients 
often present with obstruction, an abscess, or fistula, frequently with septic compli-
cations of their disease [1]. When possible, these are initially treated nonoperatively 
with image-guided drainage procedures and antibiotics in order to stabilize the 
patient and clear the sepsis. This then allows for time to hold immunosuppressive 
medications and optimize nutritional parameters to allow for an elective resection. 
Less frequently, nonoperative preparation and preoperative optimization may not be 
possible, and the patient will require a more emergent operative procedure. This is 
usually related to intestinal obstruction or perforation of a previously contained 
abscess.

This chapter will focus on the specific considerations regarding fistula and 
abscess necessary in patients with CD. Fistulas can occur between the small bowel 
and colon with any adjacent structure including the bladder, the vagina, other gas-
trointestinal sites, or, more rarely, the skin (Figs.  5.1a, b and 5.2). In situations 
involving a fistula between the left colon and the small intestine, it is necessary to 
determine the segment of the diseased intestine that is the origin of the fistula, as the 
diseased segment is the portion of the bowel that should be resected. If the small 
intestine is diseased, then frequently only the small intestine requires resection, pro-
vided the sigmoid colon is free of disease and the fistulous opening is small and 
amenable to primary repair, as described below (Figs. 5.3, 5.4, 5.5, and 5.6a–c). 
Regardless, a laparoscopic approach can usually be utilized safely to perform a 
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a b

Fig. 5.1 (a, b) Examples of colocutaneous fistula in patients with inflammatory bowel disease

Fig. 5.2 CT scan of 
patient with colovesical 
fistula. Note air in the 
bladder

Fig. 5.3 Fistula between 
healthy small bowel and 
diseased segment of colon
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left-sided colon resection in most situations [2, 3]. Some patients with chronic com-
plex diverticular disease may present with fistulas and abscesses that require similar 
management [4].

 Indications and Contraindications

A laparoscopic approach is indicated in almost all patients. Inability to tolerate 
pneumoperitoneum and steep Trendelenburg position because of medical comor-
bidity or massive obesity are rare in this population. The primary contraindication 
is a prior history of multiple surgeries with obliterative adhesions. Anatomical con-
siderations that may complicate laparoscopy include large hernias, dense adhesions 
from prior surgery, or enterocutaneous fistulas that require resection of the abdomi-
nal wall. Patients who are hemodynamically unstable generally cannot tolerate lapa-
roscopy, as the positioning is typically more exaggerated, the operative times may 
be longer, and the pneumoperitoneum causes a decrease in cardiac preload. Patients 

Fig. 5.4 Luminal view of 
enteric fistula in setting of 
active inflammatory 
Crohn’s disease

a b

Fig. 5.5 (a, b) Laparoscopic views of fistulizing Crohn’s disease
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must be able to tolerate the physiologic changes associated with laparoscopy in 
order to undergo this approach. This includes patients with severe pulmonary dis-
ease as well. In the vast majority of cases, however, laparoscopy can be attempted 
and if the patient does not tolerate a trial at positioning, or adhesions are too severe, 
conversion to an open procedure may be indicated. Other contraindications include 
lack of surgeon experience or lack of appropriate equipment.

There are some situations in which a large fistula is present that may require 
assistance from other subspecialty surgeons, such as a low bladder fistula or rare 
ureteric fistula. In such cases, it is necessary to coordinate preoperative planning 
with the assisting surgeons. Especially for the sigmoid colon, if it is possible to do 
the majority of the procedure laparoscopically and a portion of the procedure 
through a small Pfannenstiel incision, many of the benefits of laparoscopy may be 
provided to the patient by minimizing the size of the definitive incision. Careful 
preoperative planning in a team-based approach and clear communication with the 
operating room staff is necessary in these situations.

Segmental colon resection in the setting of CD remains somewhat controversial 
[5–10]. Although a full discussion of this topic is outside the confines of this chap-
ter, a total colectomy is usually indicated for CD-related dysplasia or pancolitis, 
considering ileorectal anastomosis for those with rectal sparing and good conti-
nence [11]. Segmental colectomy, with or without a temporary diverting ileostomy, 
can be considered for those with short segment disease in whom the rectum, anus, 
and proximal colon appear salvageable.

a

c

b

Fig. 5.6 (a–c) Crohn’s ileosigmoid fistula. After confirming that the sigmoid is not primarily 
involved with active inflammatory Crohn’s disease, the endoscopic stapler is used to transect 
across the fistula followed by resection of the disease terminal ileum and preservation of the sig-
moid colon. (All: Courtesy of Daniel Popowich, MD)
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 Principles and Quality Benchmarks

The first principle of treating IBD associated with fistula and abscess is to ensure 
that the source of sepsis has been controlled, and the patient has been stabilized 
hemodynamically. These patients rarely present acutely. When possible, treatment 
with antibiotics and utilization of radiologic drainage as a bridge to surgery is advo-
cated to clear sepsis and allow the patient to recover from systemic sepsis and allow 
for preoperative optimization. Nutritional optimization may need to be considered 
as well, and we primarily base assessment on weight loss, using prealbumin in those 
otherwise suspected to be malnourished. Patients are frequently evaluated by dieti-
cians on the multidisciplinary team. If patients can tolerate enteral diets, they are 
educated on dietary choices and supplements that optimize their protein and calorie 
needs. If patients cannot tolerate oral intake, they are evaluated and followed care-
fully by members of a multidisciplinary nutritional support team to manage enteral 
or total parenteral nutrition. Ideally patients will demonstrate weight gain or stabili-
zation of weight loss and normal serum markers of nutrition including albumin and 
prealbumin. There are instances where the disease severity is so great that surgical 
resection is necessary prior to improvement in nutritional status. For that reason, we 
generally are more concerned about getting 7–10 days of adequate nutrition, rather 
than waiting for laboratory values to normalize.

When proceeding with the operation, it is important to remember to evaluate the 
entire bowel for active disease, even if the indication for operation is colonic dis-
ease. The extent of disease is not always accurately identified preoperatively. 
Typically, preoperative evaluation includes colonoscopy and one or more means of 
small bowel assessment, such as CT or MR enterography. If no recent endoscopic 
assessment is available, preoperative colonoscopy should be performed to assess for 
the extent of colitis or proctitis and for any underlying malignancy, as it allows more 
accurate surgical planning and a better discussion with the patient. If patients are 
very symptomatic and/or preoperative colonoscopy cannot be completed, this can 
be performed intraoperatively. Even so, it is important to visually inspect the entire 
intestine for active disease and in our practice, we generally exteriorize and “run” or 
sequentially palpate the entire small intestine. At a minimum this can be done lapa-
roscopically with a hand-over-hand technique of running the small bowel, with care 
taken to avoid injuring the bowel, although generally the small bowel can be exteri-
orized and palpated when a specimen is being removed.

When performing a resection for CD, it is important to preserve as much bowel 
as possible, though this is less directly relevant for colonic disease. Surgical margins 
should be grossly negative for active disease for 2 cm, as defined by the normal 
appearing bowel with absence of mesenteric inflammation. It is not necessary to 
have frozen section assessment of surgical margins. An anastomosis should not be 
created if there is active purulence in proximity to the anastomosis, such as a large 
pelvic abscess with resultant thickening and secondary inflammation of the distal 
rectum. A proximal diverting loop ileostomy should be considered if there are con-
cerns about the quality of the remaining intestine for anastomosis, patient nutrition, 
or immunosuppression.
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 Preoperative Planning, Patient Workup, and Optimization

Except in the relatively rare situations of bleeding or acute perforation, preoperative 
optimization is essential for patients with IBD. Abscesses that can be drained are 
dealt with using image-guided techniques, including retroperitoneal abscesses, 
unless small. Smaller abscesses and some intramesenteric abscesses may be best left 
undrained and treated with antibiotics. Holding any immunosuppressive agents, such 
as biologic agents, is also recommended. Steroids are tapered if possible but can 
rarely be stopped in patients with these types of symptoms. There are no set guide-
lines for the duration of time of biologic agents to be held, though we generally wait 
6–8 weeks prior to proceeding with an operation. The nutritional status of the patient 
should be assessed to determine the safety of proceeding with an operation and the 
likelihood of successful healing postoperatively. Evaluation of serum levels of albu-
min, prealbumin, and transferrin is useful. In patients who are malnourished, preop-
erative supplemental nutrition may be necessary. This can be done orally with 
high-protein supplements but may require enteral or parenteral nutrition, particularly 
in those who are chronically partially obstructed with their disease, or who have 
high-output or symptomatic fistulas which preclude intestinal feeding. Postoperative 
supplemental enteral or parenteral nutrition is generally unnecessary. Many patients 
are also routinely seen by our enterostomal team and given a temporary mark for a 
stoma. In cases requiring intraoperative decision-making, both left and right-sided 
marks are placed, taking care to be away from old scars and skinfolds.

Once surgery is scheduled, standard enhanced recovery protocols are applied 
[12]. Patients should be encouraged to stop smoking and limit alcohol intake, as 
these have been shown to have improved postoperative outcomes when done for 
greater than 4 weeks prior to operation. Patient education and setting clear postop-
erative expectations are paramount in preparation for surgery. This discussion 
includes expected goals regarding pain control, postoperative diet advancement, 
patient participation in recovery, and discharge criteria and planning.

In preparation for the operation, all patients who are not obstructed should 
undergo mechanical bowel preparation. Bowel preparation is commonly utilized as 
it provides several benefits in the laparoscopic setting. The decompressed bowel 
after mechanical bowel preparation allows for easier manipulation and specimen 
extraction. Particularly important is that the addition of oral neomycin and metroni-
dazole with the mechanical bowel appears to be associated with a significant 
decrease in rate of postoperative surgical site infection.

Preoperative diet remains controversial, as patients traditionally fast from mid-
night the night prior to surgery. In our practice, consistent with anesthesia guidelines, 
patients are allowed to continue to consume clear liquids up until 2 hours prior to 
surgery. Some enhanced recovery protocols also provide patients with carbohydrate 
loading fluids to drink the morning of surgery. Patients with chronic obstructive dis-
ease who will not tolerate a bowel preparation are kept on a liquid diet for 48 hours 
and given two bottles of magnesium citrate, a milder preparation that is usually toler-
ated reasonably well. For more details on preoperative preparations, please refer to 
the chapters on enhanced recovery protocols in colorectal surgery (Chaps. 7 and 8).
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Standard venous thromboembolism prophylaxis and preoperative intravenous 
antibiotics should be administered in accordance with SCIP (Surgical Care 
Improvement Project) guidelines [12]. This has been shown to minimize the risk of 
surgical site infection. Enhanced recovery programs also call for antinausea prophy-
laxis to be administered [12]. Currently, alvimopan is not indicated for laparoscopic 
surgery, as it has not been clearly shown to improve postoperative outcomes; how-
ever, we will give a single dose to patients at high risk of conversion, and this will 
continue postoperatively if the patient is converted to open surgery. For more details 
on enhanced recovery recommendations, please refer to the chapter on enhanced 
recovery protocols in colorectal surgery (Chaps. 7 and 8).

 Operative Setup

Patients are placed in a modified lithotomy position, ensuring that the legs and arms 
are positioned appropriately to avoid nerve injury. The patient’s arms should both be 
tucked by their sides, with the use of sleds if needed for larger patients. In order to 
overcome the steep Trendelenburg positioning, a bean bag may be placed under-
neath the patient, the chest may be taped to the table, or anti-sliding padding can be 
used. The lithotomy position is important so access to the anus is maintained.

 Operative Technique: Surgical Steps

The basics steps of laparoscopic colectomy for CD follow similar principles to 
those described in the chapters on laparoscopic left and sigmoid colectomy for 
benign (Chap. 3) and malignant disease (Chap. 17). In cases of abscess and fistula 
with inflammatory bowel disease, and similar to some complex diverticular disease, 
there are several operative steps that are helpful.

 Laparoscopic Access

Many of these cases are re-operative in nature. Even so, we start with a sub- umbilical 
cutdown to insert a Hasson balloon port. This commonly is quite straightforward. If 
there are adhesions or concerns of adherent intestine, a lateral 5 mm visual port is 
inserted, away from the area of the pathology. This guides placement of a second 
port which allows adhesiolysis and insertion of additional ports as required.

 Definition of Anatomy and Pathology and Abscess Management

The procedure starts with a review of the area of pathology. Multiple small bowel 
loops may be involved and there may be extensive adhesions. The operation then 
starts with lysis of adhesions, separating each loop individually off the phlegmon. 
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In these cases, the entire small bowel will be examined extracorporeally, but if there 
are areas of particular concern, they are marked with a laparoscopic 3-0 polygly-
colic acid suture. Loops of small bowel that contain fistulas are controlled by an 
endoloop suture, to minimize intraabdominal leakage and contamination. Generally, 
each adherent loop of bowel is separated so that they can be removed through a 
small incision for resection or examination.

Once the small bowel loops have been separated, the colon can be evaluated. The 
decision of whether the mesentery or bowel is mobilized first really depends on 
what step will facilitate dissection of the diseased segment most safely and effec-
tively. Oftentimes, the best strategy is to start by mobilizing the bowel proximal to 
the pathology in order to define the correct anatomical planes. This will help iden-
tify anatomic landmarks and guide the dissection safely toward the diseased seg-
ments and associated phlegmons, abscess cavities, and/or fistulas. This dissection 
will lead next to taking down colovesical, colovaginal fistulas, or even left lower 
quadrant cutaneous fistulas. These are transected with a combination of sharp dis-
section with scissors and blunt dissection using a Maryland or bowel grasper. For 
those who like energy devices for dissection, these are particularly unsuitable in 
fistula and abscess cases, as the tissues are often so thickened that the energy devices 
cannot be closed effectively. When a pericolonic abscess cavity is unroofed, a suc-
tion device is immediately positioned into the cavity to aspirate out all pus before it 
contaminates the abdomen. The goal at this stage is simply to control and minimize 
spillage of purulence. The use of monopolar cautery should be minimized in order 
to avoid inadvertent burn injury to the bowel. Sponges can be very helpful to achieve 
hemostasis as well as to provide effective bowel retraction. Frequently ovaries, fal-
lopian tubes, or the appendix may be adherent to the inflammatory phlegmon or 
abscess and must be carefully separated. If the appendix is involved, it is removed 
as per routine. Once the pathology and anatomy have been fully defined, the entire 
small bowel should be examined for disease, as described above.

Another important consideration is identification of the ureter. Frequently the 
ureter may be more medial than expected due to distorted anatomy from the inflam-
matory process. Consider ureteral stents, although these are generally not required 
except for cases with a psoas abscess, prior pelvic surgery, or some colovaginal 
fistulae with a phlegmon involving the pelvic sidewall.

 Mobilization and Division of Mesentery

For the left colon, a low ligation of the inferior mesenteric vessels is adequate unless 
there is dysplasia or a concern for cancer. Our preferred approach in cancer is a 
medial to lateral approach to the mesentery. This frequently also works well in cases 
with inflammatory disease. Usually the easiest first step is to grasp the rectosigmoid 
mesentery and elevate it from the retroperitoneum and incise with scissors or cau-
tery parallel to the inferior mesenteric vessels over the sacral promontory. This 
allows CO2 to distend the presacral space, and the mesentery is mobilized as per 
routine. If there is too much tethering on the mesentery because of a vesical fistula, 
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this is taken down first. The left colic vessels may need to be divided to achieve 
adequate length for tension-free colorectal anastomosis.

In cases where the abscess is medial, however, a medial approach is fraught with 
difficulty, and there is frequently too much inflammation to visualize any plane. 
Rather than transecting the mesentery blindly, we will switch to a lateral to medial 
approach. The planes there are often more manageable, even allowing mobilization 
as far medial as the ureter and presacral space. If that is not the case, move proxi-
mally on the descending colon, and a plane can usually be found. The last option is 
a high medial approach, coming between the duodenojejunal flexure and the infe-
rior mesenteric vein, which generally allows entry to a clean anatomical plane.

If there is any doubt about an anatomical plane, stay inside the mesenteric fascia. 
While this causes a little more bleeding, it is much safer. It is important not to dis-
sect blindly, particularly with an energy device, as these can so effectively stop 
bleeding that one may stray outside the correct plane and cause injury to surround-
ing urinary, vascular, or nerve structures.

Many of these abscesses and fistulas involve the left pelvic sidewall. In these 
cases, one must carefully combine blunt and sharp dissection techniques, and fre-
quently switch from medial to lateral views, to progress gradually to completely 
dissect the mesentery off the abscess wall or pelvic sidewall. The goal is to have 
adequately mobilized the left colon, so that the diseased segment can be removed, 
with an adequate margin of normal tissue and adequate length for a tension-free 
anastomosis. Splenic flexure mobilization is almost routinely required in these cases 
but division of the inferior mesenteric vein again at the tail of the pancreas is rarely 
required. Please refer to specific laparoscopic techniques in Chap. 4 on laparoscopic 
splenic flexure release.

 Colon Transection

Proximal colonic division is generally extracorporeal. The distal transection margin 
is critical and may be complex. The most frequent consideration is whether one is 
distal to the inflammation. Our goal is always to mobilize enough rectum and meso-
rectum so that we reach visibly and palpably normal tissue. Sometimes a loop of 
sigmoid is stuck in the pelvis, and this must be completely mobilized. Sometimes 
the upper rectal wall is thickened because of an adjacent abscess, and we generally 
mobilize more distally, sometimes below the peritoneal reflection until normal 
bowel can be identified. If the rectum does not look healthy enough for an anasto-
mosis, it is transected as a Hartmann’s stump and an end colostomy is brought out, 
which may subsequently be closed depending on a variety of factors such as pathol-
ogy, patient status, etc. Indeed, the quality of the distal rectum is usually a predomi-
nant determinant of whether an anastomosis will be performed, or a Hartmann’s 
stump left for safety. Additional considerations for anastomosis include the extent 
and severity of any residual proctitis in the rectal stump. For details on steps to take 
during Hartman’s procedures, please refer to the chapter on Key steps to facilitate 
minimally invasive Hartmann’s reversal (Chap. 20).
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 Specimen Extraction

In simple cases requiring a sigmoid or left colon resection, a left lower quadrant 
muscle splitting incision is made. This is technically straightforward with a low 
complication rate. If a diverting stoma is required, the specimen is removed through 
that opening, if necessary making a “key-hole” incision to enlarge the opening.

For patients with an enterocolic fistula that required dissection of tethered small 
bowel loops from an abscess or phlegmon, or with concurrent ileocolic and left 
colon disease, a short periumbilical midline incision is used. A wound protector is 
critical to prevent contamination by the abscess or fistula. This permits sequential 
exteriorization of the entire length of the small bowel, which can be examined, 
resected, or repaired as appropriate.

 Anastomosis

Small bowel anastomoses are performed most frequently using a stapled side-side 
functional end-end approach. Left-sided anastomoses are stapled transanally. We 
use a 28 mm circular stapler to minimize anal stretching and to facilitate reaching 
the apex of the rectal stump. Sizers are not usually required for these cases, although 
they are sometimes used to gently stretch the rectum. In rare cases, a hand-sewn 
colorectal anastomosis may be performed, and this can be performed through a 
short Pfannenstiel incision.

 Fistula Repair

The enteric and colon sides of fistulas are generally both resected as segmental 
resections (Fig. 5.3). In the setting of Crohn’s disease, it is necessary to first evaluate 
both for active inflammation. If the tissues are actively inflamed, then a fistula repair 
is not advisable, and formal resection should be carried out (Figs. 5.4 and 5.5a, b). 
If there is no surrounding inflammation, a tiny fistula in small bowel may be man-
aged with a wedge resection and hand-sewn closure of the enterotomy. While some 
surgeons advocate selective use of stapling across fistulas when only one of the 
bowel segments is involved with Crohn’s disease, we do not routinely staple across 
fistula tracts, as we feel this is by definition abnormal tissue and at higher risk for 
recurrence. We tend to reserve this for patients with multiple prior Crohn’s resec-
tions and less residual small bowel (Fig. 5.6a–c). For more discussions on laparo-
scopic management of complex Crohn’s ileocolic disease, please refer to the chapter 
on advanced laparoscopic right colectomy techniques (Chap. 16).

Small colovesical fistulas are tested by distending the bladder with very dilute 
methylene blue. If there is no leak, they are not sutured. Larger fistulas are repaired 
with laparoscopic suturing. An omental pedicle graft should be placed next to the 
bladder, and a drain should be placed and monitored in case of a urine leak. A con-
trast study is done at 48 hours for small fistulas. Larger (sutured) fistulas are imaged 
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at 2 weeks by cystography before removing the Foley catheter. Vaginal fistulas are 
left open unless they are large in which case they are sutured with absorbable 
sutures. An omental pedicle graft is placed over the defect when possible.

 Other Steps

A segment of omentum is brought down as an omental pedicle graft between any 
remaining wall of a fistula or abscess cavity if reach permits. Drains are placed into 
residual contained abscess cavities, although not if the abscess cavity has not been 
mostly excised. Surgical wounds are closed in a standard fashion, and a wound 
protector is used in all cases. Vacuum-assisted (VAC) dressings are not used. In rare 
cases of extreme purulence or wound contamination, the wound is partially closed 
and a betadine wick is inserted and removed on POD3 for delayed primary closure. 
If there is a colocutaneous fistula that requires excision of the abdominal wall and 
skin (Fig. 5.1a, b), these defects are typically managed with wet to dry dressing 
changes, which can be switched to negative pressure dressing changes once healthy 
granulation tissue is visible. The utilization of laparoscopy helps reduce the rates of 
surgical site infection when compared to open operations. Standard enhanced recov-
ery protocols and intraoperative surgical site infection measures are implemented.

 Pitfalls and Troubleshooting

The level of difficulty can range from straightforward to highly complex depending 
on the degree of severity of the inflammation. The learning curve in general for 
laparoscopic left colectomy is upward of 50 cases and may not necessarily include 
the challenges specific to safely managing penetrating CD [13]. Common chal-
lenges include the ability to separate the colon from adjacent structures, identifying 
and protecting the left ureter, managing the difficult Crohn’s mesentery, and closure 
of the fistula on the organ remaining in situ (typically bladder or vagina). When 
separating the colon from adjacent structures, if standard techniques are not suc-
cessful, some surgeons favor conversion to hand-assist to optimize blunt dissection 
while minimizing the size of the incision to maintain the benefits of a laparoscopic 
approach.

Identifying the ureter can be difficult in the setting of severe inflammation. Keep 
in mind that the ureter may be more medial than normal. Ureteral stents may be 
placed preoperatively or intraoperatively if necessary [14]. We tend to favor selec-
tive intraoperative placement since a previous study we performed showed that this 
made surgery faster and was just as manageable for urology [14]. Typically, ureteral 
stents may help identify but not prevent ureteral injuries, and their presence should 
not supplant safe dissection and knowledge of the anatomy.

The mesentery in CD can be challenging as it is frequently thickened, friable, 
woody, and tends to bleed easily. Even when taking segments of mesentery with 
small vascular branches, blood loss can be quite significant. When using an energy 
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device, it may be necessary to take the mesentery in layers and cauterize/seal the 
vessel in multiple locations prior to ligation. Endoloop® (Ethicon, Somerville, NJ, 
USA) and endoscopic clip appliers may be helpful when taking named vessels and 
should be available.

The predominant overarching theme in completing these cases laparoscopically 
should be safety. Safe and quality surgical technique should not be compromised for 
the sole purpose of completing the case in a minimally invasive fashion. Specifically, 
in cases where there is difficulty in managing a bleeding mesentery or a question of 
integrity of bowel, bladder, or vaginal repair; conversion is indicated. Conversion is 
also indicated for several technical reasons such as inability to establish or maintain 
pneumoperitoneum, inability to maintain adequate visualization, or inability to 
clear gross fecal contamination.

 Outcomes

While no specific studies evaluate left-sided colectomy specifically, several studies 
have shown that segmental colectomy for CD can be performed safely [6, 7, 11, 15].
The review article by Lightner and colleagues examined the results of six studies 
looking at colectomy in Crohn’s disease with a follow-up ranging from 5 to 14 years 
[11]. However, they conclude that 50–65% of patients will have recurrent disease 
involving the colon requiring additional immunosuppression. Furthermore, up to 
57% will require additional operation, and 5–35% will have a permanent stoma due 
to medically refractory disease (Table 5.1).

A meta-analysis by Tekkis and colleagues included six studies comparing seg-
mental resection vs subtotal/total colectomy with ileorectal anastomosis. A total of 
488 patients with CD were included (223 ileorectal anastomosis patients and 265 
segmental colectomy patients). The time to recurrence was longer in patients who 
had total colectomy with ileorectal anastomosis by 4.4  years (95% CI 3.1–5.8, 
P <0.001), but there was no difference in the incidence of postoperative complica-
tions (OR = 1.4, 95% CI 0.16–12.74) or the need for a permanent stoma between the 

Table 5.1 Recurrence rates after segment resection for Crohn’s colitis

Author
Year 
published

Number of 
patients

Percent 
recurrence

Average length of follow-up 
(years)

Longo [8] 1988 21 62 5
Prabhakara 1997 49 49 14
Makowiec 
[9]

1998 141 63 10

Andersson 
[5]

2002 31 39 13

Martelb 2002 4 65 8.7
Fichera [10] 2005 55 61 5.1

Modified with permission of Oxford University Press from Lightner [11]
aPrabhakar et al. [24]
bMartel et al. [25]
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two groups (OR = 2.75, 95% CI 0.78–9.71) demonstrating that both segmental col-
ectomy and total abdominal colectomy with ileorectal anastomosis were safe and 
effective treatment options for colonic CD, even though patients who underwent 
segmental colectomy exhibited earlier recurrence than those in the ileorectal anas-
tomosis group. Their recommendation was that for patients with medically refrac-
tory CD, a segmental resection may be preferred in the setting of segmental colitis 
and absence of perianal disease since the disease recurs regardless of the operative 
approach. Total proctocolectomy with an end ileostomy remains the preferred 
approach in the setting of colonic dysplasia.

Regarding the use of minimally invasive surgery in CD, the benefits of laparos-
copy for ileocolonic resections have been well-established even in the setting of 
abscess, fistula, and recurrent disease [2, 16–18]. The feasibility of laparoscopy for 
complex fistulizing disease has been described with similar outcomes to that of 
nonfistulizing disease [19–21]. In the prospective study by Goyer and colleagues, 
postoperative outcomes between patients with CD undergoing laparoscopic ileoco-
lic resection for uncomplicated disease were compared with those undergoing lapa-
roscopic ileocolic resection for complicated or recurrent disease [21]. A total of 124 
consecutive patients were analyzed over a 9-year period. The indications for laparo-
scopic ileocolic resection within the cohort of complex CD included fistula (43%), 
abscess (30%), and recurrent disease after prior ileocolic resection (27%). Although 
complex disease was significantly associated with increased average operative time 
(214 ± 13 vs 191 ± 53 minutes, P <0.05), increased conversion rate to open proce-
dure (37% vs 14%, P <0.01), and increased use of a temporary stoma (39% vs 9%, 
P  <0.001), the overall postoperative morbidity was similar between both groups 
(17% vs 17%, P = not significant(NS)), including major surgical postoperative com-
plications (7% vs 6%, P = NS). The average hospital stay was also not statistically 
different between both groups (8 vs 7 days, P = NS) [21]. This prospective study of 
consecutive patients suggests that laparoscopy in complex CD is safe and feasible.

With regards to minimally invasive approach to colectomy in patients with CD, 
despite a paucity of contemporary studies on this topic, older studies have demon-
strated laparoscopy to be safe and feasible when performed at centers of expertise. 
A single institutional experience was described by Holubar and colleagues identify-
ing a total of 92 patients with CD undergoing minimal invasive colectomy from 
1997 to 2008 [22]. Procedures included 43 total colectomies, 17 subtotal colecto-
mies, and 32 segmental colectomies. Overall, straight laparoscopy was used in 57% 
of cases and 43% were hand-assisted with no significant difference in operative 
times between lap- and hand-assisted groups. The rate of conversion to open lapa-
rotomy was 16%, and only small bowel disease predicted conversion (OR 7 (1.6–
35)). Conversion was not associated with increased length of hospital stay or 
postoperative complications. Overall postoperative length of stay was 5 (4–7) days 
with a 34% rate of early postoperative complications. Only perianal disease pre-
dicted complications after multivariate analysis (OR 2.6 (1.0–6.6)).

A case-matched study by da Luz Moreira and colleagues analyzing Crohn’s 
patients undergoing laparoscopic vs open colectomy showed that although median 
operative times were significantly longer in the laparoscopic cohort (240 vs 150 min, 
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P <0.01), postoperative complications were similar and the laparoscopic group had 
shorter median length of stay (5 vs 6 days, P = 0.07) and median time to first bowel 
movement (3 vs 4 days, P = 0.4) [23].

 Conclusions

Laparoscopy is feasible and safe in patients with abscess or fistula due to inflamma-
tory bowel disease. It is important to thoroughly evaluate the patient and optimize 
preoperative parameters through management of medications, nutrition, and utiliza-
tion of enhanced recovery pathways. It is important to recognize patient-specific 
contraindications and surgeon-specific limitations in attempting to approach these 
operations laparoscopically. Several unique considerations need to be observed in 
order to perform a safe operation, and conversion should be considered whenever 
safety or quality is in question.
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 Introduction and Rationale

The original concept of laparoscopic colectomy was to minimize the surface impact 
on the abdominal wall, while the same extent of resection was being performed on 
the colon, as might be accomplished through an open large incision. Since that con-
cept was proposed and started in 1991 with the first case report of a laparoscopic 
right colectomy, the ability of laparoscopic surgeons has increased to the point that 
almost all operations on the entire gastrointestinal tract can be accomplished lapa-
roscopically. It is remarkable that laparoscopic technique and instrumentation have 
not changed much from the initial explosion of long straight instruments inserted 
through the abdominal wall access ports which mirrored most of the instruments 
used in open operations. Laparoscopy is considered standard of care for most gen-
eral surgical procedures, and the same can be said for colorectal operations, even 
though some surgeons lag behind in adoption of the approach. The evidence is 
mature and fills the surgical literature with solid evidence that laparoscopic tech-
niques can be utilized for almost all routine and even some advanced colorectal 
procedures.

 Levels of Evidence and Data Quality

As we consider recent publications on outcomes from laparoscopic operations, we 
should only accept Level 1 or 2 evidence to make our decisions and adhere to the prin-
ciples of evidence-based practice. The early reports of laparoscopic techniques and 
outcomes were in the form of case reports or small, single-institution, retrospective 
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reviews of consecutive patient series with, at best, a case-matched retrospective histori-
cal control group of patients treated with open technique. This barely qualified as Level 
4 evidence on the literature quality scale, where randomized controlled trials (RCTs) 
are considered Level 2 and systematic meta-analysis of data from similar-design, RCTs 
is considered Level 1 evidence (e.g., Cochrane Database Systematic Reviews) [1, 2]. In 
the early days of laparoscopic general surgery, very few randomized controlled trials 
for comparison of outcomes between minimally invasive and open procedures were 
performed. Fortunately, comparison of large retrospective series with historic out-
comes measures was able to detect a rise in complication rates (e.g., bile duct injury 
during cholecystectomy). Efforts were redirected to make the minimally invasive 
approach as safe as the open approach while maintaining the benefits of minimally 
invasive access to abdominal organs (e.g., development of the critical view of the portal 
structures and cystic duct in cholecystectomy). Meta-analysis of these retrospective 
series reviews, without case matching or propensity score-controlled adjustment, does 
not improve the quality of the data because the biases of selection and partial follow-up 
persist. Combining data simply increases the number of subjects to make a comparison 
statistically significant.

Fortunately, colorectal surgeons have learned that RCTs will answer specific 
questions without controversy in most circumstances. The area of laparoscopic 
resection for colorectal cancer has been the most studied [3–13]. The complexity of 
designing an RCT is based on selecting a homogeneous population with as few 
confounding factors as possible and applying a consistent approach to the disease 
and patient to achieve predetermined primary and secondary outcomes. 
Randomization can remove almost all selection bias from the process, and prospec-
tively collected data are usually more complete and less likely to be manipulated. 
Colon and rectal cancers have been the focus of most RCTs in colorectal surgery 
and continue to populate the literature. As mentioned above, the meta-analysis of 
the combined data from RCTs can provide the clearest answer to a major question 
like cancer treatment. It is important to try to standardize the confounding factors in 
each trial to make the combined analysis meaningful. For example, the definition of 
the rectum or the segments of the colon used in the study will make a difference in 
the ability to draw a conclusion. Dr. Lars Pahlmann took the data from the early 
RCTs studying laparoscopic colectomy for cancer to provide a meta-analysis of 
combined trials and confirmed equivalence of laparoscopic and open approaches to 
colon cancer [14]. It is hoped that combined data analysis of the recently published 
rectal cancer trials will give us the same confidence in the use of laparoscopy in 
patients with rectal cancer.

Reviews of large administrative databases (e.g., National Inpatient Sample [15] 
and Premier Prospective Database [16] and California Cross Section Database [17]) 
provide adequate numbers of patients to result in statistical significance for even 
small differences in outcomes across a wide spectrum of patients, hospitals, and 
surgeons. It is important to remember that these large databases are usually reser-
voirs of data from hospitals and insurance companies that utilize relatively untrained 
personnel to enter the data at the patient interface. The data are collected with 
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limited filters, other than the fact that the patient had a procedure or a disease pro-
cess based on codes. Some databases are able to include severity of illness informa-
tion and enhance comparison of patients based on comorbidities and other individual 
features of the patient. The integration of disease codes, procedure codes, and bill-
ing codes can sometimes be faulty and give a false sense of security and accuracy 
based on large numbers alone.

The best technique for managing retrospective data is achieved by educated, spe-
cifically trained, data abstractors and entry personnel focused on a set of definitions, 
rules, and criteria for specific conditions and outcomes. The National Surgical 
Quality Improvement Project (NSQIP) [18], the Society of Thoracic Surgery (STS) 
database, and the National Cancer Database (NCDB) at the American College of 
Surgeons are examples of trustworthy databases that can give a reliable answer even 
within the limitations of retrospective data. The quality of the data needs to be con-
sidered when evaluating outcomes of different techniques. Each database has its 
own limitations based on the comprehensiveness of the data collected, which is 
constrained by time, resources, and storage capacity. Fortunately, the newest data 
collection effort in colorectal surgery is supported by the NCDB with prospective 
rectal cancer-specific data collection through the National Accreditation Program in 
Rectal Cancer (NAPRC) managed by the American College of Surgeons. These 
data elements were collaboratively defined by consensus within the multidisci-
plinary OSTRiCh (Optimizing Surgical Treatment of Rectal Cancer) Consortium 
during the design phase of the NAPRC. As the NAPRC functions, data points will 
be changed to answer new questions relevant to clinical practice.

If laparoscopic colorectal surgery is to be considered as standard of care over 
open surgery, we need contemporary data and reports from the literature to confirm 
ongoing safety and quality of outcomes from the laparoscopic approach. A search 
of the surgical literature back to 2006 yielded a large number of reports (134) com-
paring open and laparoscopic colorectal surgery. A selection process that focused on 
resection of the colon and rectum and comparison of the 2 approaches yielded 25 
articles that deserve discussion. Comparison of different aspects of the procedure 
and a range of outcomes have been reported in the past decade in large database 
reviews, systematic meta-analysis, randomized controlled trials, and prospective 
non-randomized series. The bottom line reflects the ability of laparoscopic colorec-
tal surgery to achieve excellent outcomes and improve on some of the aspects of 
recovery over the open approach.

 Outcomes

The benefit of laparoscopy is most realized in the short-term outcomes of length of 
stay and postoperative pain. These are uniformly superior to the open technique. 
Mortality after a laparoscopic colorectal procedure has been reported to be less than 
after an open resection (0.52% vs 1.24%) (relative risk = 0.69) (0.4% vs 2.0%) [15, 
19–28]. Length of stay is always shorter by multiple days for laparoscopic 
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resections compared to open [6, 15–28]. Complications over a broad spectrum of 
definitions are always fewer for laparoscopic procedures [16, 19–28]. Laparoscopy 
acts in conjunction with protocols for enhanced recovery after surgery to improve 
outcomes after colectomy [6, 23].

The cost of laparoscopic procedures to the system, while higher in the operating 
room, has been shown to be lower overall, due to reduced complications and length 
of stay [15, 16]. Cost comparisons warrant further investigation as the application of 
technologic advances including robotic-assisted surgery increases in colorectal sur-
gery. Cancer outcomes after laparoscopic surgery have been shown to be the same 
as for open operation including survival, recurrence, lymph node harvest, and abil-
ity to resect locally advanced, emergently operated, obstructed tumors from all sec-
tions of the colon and the rectum and in elderly and high-risk patients [4–6, 15, 20, 
22, 24–30]. Several rectal cancer trials have developed the concept of the composite 
pathologic assessment as an immediate oncologic outcome. Long-term outcomes of 
3- or 5-year overall survival, disease-free survival, and local recurrence are consid-
ered non-inferior and therefore acceptable as a preferred standard owing to its short- 
term benefits.

Hand-assisted laparoscopic techniques have been shown to provide equivalent 
outcomes to open and straight laparoscopic colorectal resections with a lower con-
version rate and shortened learning curve [19, 31, 32]. Sexual and bladder function 
may be impacted by laparoscopic techniques used in low rectal resection; other-
wise, quality of life is similar to open results [3, 5]. Conversion from laparoscopic 
to open operation has been shown to impact outcomes adversely [3, 32, 33]. 
Conversion is associated with longer length of stay, higher rates of readmission, and 
higher rates of postoperative complications. Studies have reported negative onco-
logic outcomes following conversion; however, when adjusting for other factors, 
perioperative outcomes and pathologic features are more predictive of oncologic 
endpoints such that conversion may be a proxy for more biologically aggressive 
disease or a more susceptible patient [34].

Laparoscopy for the management of benign disease including inflammatory 
bowel disease and diverticulitis is well studied and is extensively covered in several 
subsequent chapters. In the two available randomized controlled trials that consider 
laparoscopic over open ileocolic resection for Crohn’s disease, despite a longer 
operative time with laparoscopy, laparoscopy was found to be feasible, safe, and 
with low conversion rate provided procedures were performed with proper patient 
selection and by experienced surgeons. There is strong evidence that laparoscopic 
sigmoid resection offers the benefit of reduction in major complications and shorter 
hospital stay over open resection [35–37]. There are no randomized data for laparo-
scopic treatment of small intestinal obstruction [2].

See Table 6.1.
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Table 6.1 Summary of best quality evidence for laparoscopic colorectal surgery

Study Type N Indications Endpoint Conclusion
COST 
(2007)
Fleshman 
et al. [7]

RCT 
non- 
inferiority

872 Colon cancer
Stage I–III

Time to 
recurrence

“Laparoscopic colectomy for 
curable colon cancer is not 
inferior to open surgery 
based on long-term oncologic 
endpoints”

COLOR 
(2005)
Veldkamp 
et al.a

RCT 
non- 
inferiority
7% 
margin

1248 Colon cancer
Stage I–IV

3-yr DFS “…the difference in 
disease-free survival between 
groups was small and, we 
believe, clinically acceptable, 
justifying the implementation 
of laparoscopic surgery into 
daily practice”
“Laparoscopic surgery 
[has]…similar rates of 
disease-free survival, overall 
survival and recurrences as 
open surgery at 10-year 
follow-up”

CLASICCb,c 
(2005, 2012)

RCT 794 Colon and 
rectal cancer
Stage I–IV

Multiple
OS, DFS, LR

“…impaired short-term 
outcomes after laparoscopic- 
assisted anterior resection for 
cancer of the rectum do not 
yet justify its routine use”
“Long-term results…support 
the use of laparoscopic 
surgery for both colonic and 
rectal cancer”

ALCCaS 
(2018)
McCombie 
et al. [5]

RCT 601 Colon cancer
Stage I–III

5-year OS, 
DFS, freedom 
from 
recurrence

“… laparoscopic colorectal 
resection was not inferior to 
open colorectal resection in 
direct measures of survival 
and recurrence”

COREAN 
(2014)
Jeong et al. 
[4]

RCT 
non- 
inferiority
15% 
margin

340 Rectal cancer
Stage II–III

3-year DFS “…laparoscopic resection for 
locally advanced rectal 
cancer after preoperative 
chemoradiotherapy provides 
similar outcomes for 
disease-free survival as open 
resection, thus justifying its 
use”

COLOR II 
(2015) [13]

RCT 
non- 
inferiority
5% 
margin

1044 Rectal cancer
Stage I–III

3-year LR “…laparoscopic surgery is as 
safe and effective as open 
surgery in patients with rectal 
cancers without invasion of 
adjacent tissues”

Z6051 
(2015, 2018)
Fleshman 
et al. [8, 9]

RCT 
non- 
inferiority
6% 
margin

486 Rectal cancer
Stage I–III

Composite 
pathology
2-year DFS, 
recurrence

“Laparoscopic assisted 
resection of rectal cancer was 
not found to be significantly 
different to OPEN resection 
of rectal cancer based on the 
outcomes of DFS and 
recurrence”

(continued)
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Table 6.1 (continued)

Study Type N Indications Endpoint Conclusion
AlaCaRT 
(2018)
Stevenson 
et al. [11]

RCT 
non- 
inferiority
8% 
margin

475 Rectal cancer
(0–15 cm)
Stage I–IV

Composite 
pathology
2-year LR, 
DFS

“Laparoscopic surgery for 
rectal cancer did not differ 
significantly from open 
surgery in effects on 2-year 
recurrence or DFS and OS”

Maartense 
et al. (2006)d

RCT 60 Ileocolic 
Crohn’s 
disease

3-month QoL “QoL …was not different for 
laparoscopic-assisted 
compared with the open 
ileocolic resection, morbidity, 
hospital stay, and costs were 
significantly lower”

Milsom et al. 
(2001) [35]
Stocchi et al. 
(2008)e

RCT 60 Ileocolic 
Crohn’s 
disease

Recurrence
Postoperative 
complications

“Laparoscopic ileocolectomy 
is at least comparable to open 
ileocolectomy…”

Sigma trial
Klarenbeek 
et al. f (2009)

RCT 104 Diverticulitis Mortality
Postoperative 
complications

“Laparoscopic surgery was 
associated with a 15.4% 
reduction in major 
complication rates, less pain, 
improved quality of life, and 
shorter hospitalization at the 
cost of a longer operating 
time”

Gervaz et al. 
(2010, 
2011)g,h

RCT 113 Diverticulitis Postoperative 
pain
Duration of 
ileus
duration of 
LOS

“Laparoscopic sigmoid 
resection is associated with a 
30% reduction in duration of 
postoperative ileus and 
hospital stay”

DFS disease-free survival, OS overall survival, LR local recurrence, RCT randomized controlled 
trial, QoL quality of life, LOS length of hospital stay
aVeldkamp et al. [38]
bGuillou et al. [39]
cGreen et al. [40]
dMaartense et al. [41]
eStocchi et al. [42]
fKlarenbeek et al. [37]
gGervaz et al. [36]
hGervaz et al. [43]

 Conclusion

In summary, there is high-quality evidence the supports laparoscopic treatment of 
most colorectal diseases. Outcomes are generally equivalent if not better than open 
operation in almost all parameters. Laparoscopy for both benign and malignant 
colorectal diseases should be considered whenever possible, and surgeons should now 
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consider laparoscopy as standard of care. As technological advances in the field of 
minimally invasive surgery continue to evolve, surgeons must continue to validate the 
safety and feasibility of these newer technologies with high-quality evidence.
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7Debunking Enhanced Recovery 
Protocols in Colorectal Surgery: Minimal 
Requirements for Maximum Benefit

Deborah S. Keller and Lawrence Lee

 Introduction and Rationale

Despite significant improvements in perioperative care and surgical technique, 
major surgery is still associated with significant morbidity that can delay recovery 
and increase healthcare costs [1]. In the late 1990s, Henrik Kehlet proposed that to 
understand postoperative morbidity, it is necessary to understand the components of 
the surgical stress response [2]. They addressed the multiple components in a mul-
timodal rehabilitation or “fast-track” pathway, designed to achieve early recovery 
for patients undergoing major surgery [3, 4]. These protocols eliminate outdated 
perioperative care principles, implement evidence-based innovations to expedite 
recovery, and reduce physiological stress and postoperative organ dysfunction by 
optimizing perioperative care and recovery. While originally used in open surgery, 
the same principles apply, and results are amplified in combination with minimally 
invasive surgery. The key tenets focus on patient education, multimodal opioid- 
sparing analgesia, reduction of surgical stress via fluid management, minimal inva-
sive surgery, optimizing nutrition, and stressing early ambulation, diet, and defined 
discharge criteria. Traditional perioperative care principles such as immobilization, 
nasogastric tubes, and fasting were eliminated, and innovations such as carbohydrate- 
loading liquids before surgery, regional anesthetic techniques, maintenance of nor-
mal temperature during surgery, optimal treatment of postoperative pain and 
prophylaxis, and minimally invasive laparoscopic surgical techniques were imple-
mented. The replacement of these traditional approaches in surgical care with 
evidence- based practices has demonstrated that surgical recovery can be accelerated 
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and convalescence decreased [5]. Since their introduction, volumes of work have 
established that these pathways can reduce the stress response, postoperative mor-
bidity, length of hospital stay, and overall costs. Enhanced recovery was initiated in 
colorectal surgery, and the largest body of literature is still based in the colorectal 
field; however, the concept and benefits rapidly spread to a variety of surgical spe-
cialties [6].

With the undisputed improvement in clinical and financial outcomes using 
enhanced recovery protocols and need to improve surgical quality and value, this is 
a topic relevant to all surgeons who perform colorectal procedures. As enhanced 
recovery evolves, there are several important points for providers to keep in mind. 
First, the term “enhanced recovery after surgery” is a misnomer, as the order sets 
cover the entire patient surgical experience, and the preoperative, intraoperative, 
and postoperative periods need to be incorporated for best success. In addition, 
simply having a protocol is also not enough to reap the benefits of enhanced recov-
ery; experience and better organization of care are necessary for success [7]. Finally, 
the implementation process involves the entire multidisciplinary team; all staff 
members that care for the surgical patient should be educated in the protocols and 
supportive. In this chapter, we debunk common assumptions around ERPs and use 
a simple approach to help put an ERP into practice using minimal requirements for 
maximal benefit in colorectal surgery.

 Reviewing the Evidence: The Clinical Case for ERP

The benefits of ERPs are becoming unquestionably clear based on a growing body of 
literature. Multiple randomized trials have demonstrated the clinical benefits of ERPs. 
The most recent systematic review and meta-analysis included 25 randomized trials 
comparing ERP versus conventional care in patients undergoing colorectal surgery. In 
this meta-analysis, there were significant reductions in length of stay and periopera-
tive morbidity in favor of ERP, without differences in readmissions or mortalities 
(Table 7.1) [8]. These overall effects remained significant regardless of open versus 
laparoscopic approach or by indication for surgery (colorectal cancer, rectal cancer, or 
benign disease). A similar meta-analysis in patients undergoing major non-colorectal 

Table 7.1 Results from a meta-analysis of 25 randomized trials comparing ERP and conventional 
care in patients undergoing colorectal surgery

Outcome
Number of comparisons 
included Effect

Length of stay 24 Mean difference: −2.62 days (95% CI 
−3.22, −2.02)

Perioperative 
morbidity

19 Risk ratio: 0.66 (95% CI 0.54, 0.80)

Mortality 22 Risk ratio: 1.79 (95% CI 0.81, 3.95)
Readmissions 19 Risk ratio: 1.10 (95% CI 0.81, 1.50)
Surgical site 
infections

17 Risk ratio: 0.75 (95% CI 0.52, 1.07)
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abdominal surgery also demonstrated a significant decrease in length of stay without 
a difference in readmissions, although the effect on complications was not statistically 
significant (Table 7.2) [9]. Analysis of return of GI function has reported significant 
reductions in time to first flatus and time to first bowel movement for both upper GI 
and colorectal procedures [10]. Nonetheless, the effect sizes for these three important 
outcomes are remarkably similar between colorectal and non-colorectal abdominal 
surgery, suggesting the robustness of ERP principles. The generalizability of ERPs is 
especially important, as the initial effort and resource investments and expertise devel-
opment for a colorectal ERP can then be applied for other procedures and specialties. 
With this evidence, methods to develop, implement, and measure outcomes with ERP 
are key for surgeons performing colorectal surgery.

 Solicit Institutional Support

Institutional support from hospital administrators is a necessary step for success, as 
for senior level buy-in sets the tone for the culture change with ERP implementa-
tion, and demonstrates to all staff that the institution supports dedicating the time 
and resources that are required to implement and maintain these pathways. 
Institutional support for ERP is necessary to identify where support can be offered, 
such as in the provision of an ERP facilitator, purchasing decisions, reallocation of 
staff and support services, education sessions in relation to ERPs, and the develop-
ment of strategies to improve multidisciplinary buy-in and participation [11]. A 
recent study of SAGES members reported the single most important roadblock to 
successful ERP implementation was the lack of support from the hospital adminis-
tration [12]. Thus, the visible top-down support of the institution and administration 
is key to drive the awareness and implementation of an ERP. As you put an ERP into 
practice, the next step after reviewing the evidence and building a clinical case is to 
present this evidence to the institutional administration to ensure high-level support 
of the initiative.

 Defining Leaders and Creation of the Multidisciplinary Team

With support of the administration, the next step is to build the multidisciplinary 
team. A successful ERP requires active collaboration and participation from the 
entire healthcare provider team, to ensure that all involved stakeholders feel 

Table 7.2 Results of a meta-analysis comparing ERP and conventional care in patients undergo-
ing major non-colorectal abdominal surgery (randomized trials only)

Outcome
Number of 
comparisons included Effect

Length of stay 11 Mean difference: −2.6 days (95% CI −3.5, −1.7)
Perioperative 
morbidity

12 Risk ratio: 0.68 (95% CI 0.43, 1.10)

Readmissions 7 Risk ratio: 1.60 (95% CI 0.87, 2.96)
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accountable for the implementation and maintenance processes [13]. It is essential 
to define leaders and assemble a multidisciplinary team, identifying champions 
from all involved specialties that will take the lead in organizing, implementing, and 
maintaining their specialty’s respective roles in the ERP. The team begins with 
defining a local clinical champion, who recognizes its benefits. This individual then 
forms a working group of similar-minded individuals from all involved parties into 
a steering committee, which should be able to effectively disseminate the clinical 
and economic benefits of the ERP approach to their colleagues, implement, and 
monitor changes. This steering committee should consist of representatives from 
the involved specialties, as well as allied health professionals that are essential for 
patient care. This multidisciplinary team is recommended to include surgeons, anes-
thesiologists, internists, nursing representatives from the preoperative center, post-
anesthesia care unit, surgical ward, physiotherapists, pharmacists, and nutritionists 
that meet on a regular schedule. Each of these individuals represents an essential 
component in the patient’s perioperative journey. The role of the surgeon and anes-
thesiologist is obvious; however other specialties and team members should also be 
recruited. For example, much of the preoperative testing and evaluation can be 
streamlined to minimize patient burden and resource utilization. In this regard, the 
inclusion of a representative of the medical specialty in charge of preoperative cen-
ter is crucial. Operating room, perioperative care, and ward nursing representation 
are also critical, to ensure education, acceptance, and compliance with the ERP 
items during surgery and the patient’s stay in the postanesthesia recovery unit and 
inpatient floor. Similarly, allied health professionals that provide much of the care 
processes in the perioperative period should also be included. Pharmacists are an 
essential team member for agreement with medications included in the pathways 
and ease of future clinical trials. Nutrition, physical therapy, and wound ostomy care 
nurses are invaluable for input on managing high-risk and frail patients during the 
prehabilitation and postoperative periods. In most hospital systems, trainees are 
actively involved in patient care and may actually have the primary role of putting 
in orders and patient education. Thus, surgical resident involvement for ownership 
and buy-in of the care practices by the house staff is critical. For centers with the 
means or desire to publish, a librarian who can provide detailed literature searches 
on the best available evidence can also facilitate the dissemination process and path-
way design. Once protocols have been developed and approved, the Information 
Technologies department can help streamline the implementation and audit pro-
cesses, by integrating the pathways into the electronic medical record with auto-
mated order sets, back-end databases, and personalized queries on outcomes 
metrics. Finally, a dedicated ERP facilitator is one of the essential elements com-
monly overlooked. The facilitator is paramount for successful ERP implementation 
and subsequent audit processes [14, 15]. The ERP facilitator is mostly a nurse, nurse 
practitioner, or physician assistant (most common in the United States). Their 
responsibilities include reviewing the literature and evidence-based guidelines; 
shepherding the pathways through the approval process; maintaining momentum; 
creating patient education material; coordinating education sessions, meetings, and 
launch; and, finally, conducting postlaunch feedback and audit [15]. In cases where 
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there is a dedicated colorectal unit, the facilitator could also be the nurse manager 
of the dedicated unit, helping to assure training and compliance with postoperative 
care principles. The ERP coordinator is a vital member of the team who is respon-
sible for overseeing each of these key steps and coordinating among specialties.

 Reviewing Current Data

Once the team is created, it is important to provide clear goals for your ERP. The 
first step in this process is to review specific institutional practice patterns and out-
comes. Determine what the current outcome and process measure data are at your 
institution. Process measures cover what the institution does to maintain or improve 
care; these measures typically reflect generally accepted recommendations for clini-
cal practice. Examples include use of bowel prep, blood sugar control before sur-
gery, and the delivery of timely prophylactic antibiotics to reduce surgical site 
infection. Outcome measures reflect the impact of interventions on the patient’s care 
and include metrics such as hospital length of stay, readmissions, and common com-
plications. From these data, develop a specific needs assessment for change and 
initial goals for the ERP, such as reducing the rate of surgical site infections, reduc-
ing length of stay, or reducing opioid use. Provide the group with your institution’s 
current processes and outcomes, as well as the same metrics for other hospitals and 
national benchmarks to emphasize the need and help prove the need for the change. 
These are basics of patient improvement, financial benefits, and clinical outcomes, 
to give the team a sense of urgency and need to implement a protocol. Without these 
data, there may be resistance to change from healthcare providers that do not see 
any advantages of the ERP approach over their current practice or fear the process 
change will be cumbersome and expensive [12].

 Creating an Education Program

With the current state of your institution and ERP goals defined, the next step involves 
education of these providers on current best practices and evidence-based recom-
mendations and their potential improvements in clinical and financial outcomes. It is 
imperative to provide education for all staff at the appropriate levels, as well as to 
create a sense of urgency to drive change initiatives. This approach has been shown 
to be effective in a business setting, as well as in healthcare [11, 13]. Literature on the 
basic principles and successful outcomes of ERP can be sent for the team to review 
as pre-learning, prior to meeting in person. Suggested landmark background papers 
are seen in Box 7.1. Next, targeted education specific to each team member’s contri-
bution is essential for the team to understand their role and essential contribution to 
the overall success of an ERP. Ideas for education include presenting the initiative at 
grand rounds for each department involved and trainees, staff meetings, designated 
education sessions, and ward “huddles” or sign-out sessions and creating handouts 
for the staff with the protocol and their main role highlighted. For the nursing and 
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allied health staff, assure presentations occur at multiple periods to include staff that 
work on evening or weekend shifts. With education, acceptance of the culture change 
will come, followed by willing participation and then finally excitement for the new 
standard and identification of ERP champions. It is especially important to educate 
the primary caretakers, including nursing and other allied health professionals in the 
preoperative clinic, postanesthesia care unit, and postoperative surgical ward, as 
ERPs may require significant departures from long-standing practices. Specific 
changes like removing patient-controlled analgesia (PCAs) after surgery and remov-
ing the practice of preoperative fasting starting at midnight the night before surgery 
require changes across multiple providers, preoperative clinic, admitting office, pre-
anesthesia clinic and anesthesiologists, and postoperative and ward nursing. These 
changes can be facilitated with the support of the champions, who can effectively set 
goals, disseminate the evidence and benefits underlying the proposed changes, and 
support the implementation [1].

Box 7.1 Suggested Reading for Surgeons to Review Evidence for Enhanced 
Recovery
 1. King PM, Blazeby JM, Ewings P, et  al. The influence of an enhanced 

recovery programme on clinical outcomes, costs and quality of life after 
surgery for colorectal cancer. Colorectal Dis. 2006;8:506–13.

 2. Kehlet H, Wilmore DW. Evidence-based surgical care and the evolution 
of fast-track surgery. Ann Surg. 2008;248:189–98.

 3. Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel AF, 
Gerhards MF, van Wagensveld BA, van der Zaag ES, van Geloven AA, 
Sprangers MA, Cuesta MA, Bemelman WA, LAFA study group. 
Laparoscopy in combination with fast track multimodal management is 
the best perioperative strategy in patients undergoing colonic surgery: a 
randomized clinical trial (LAFA-study). Ann Surg. 2011;254:868–75.

 4. Smart NJ, White P, Allison AS, Ockrim JB, Kennedy RH, Francis 
NK. Deviation and failure of enhanced recovery after surgery following 
laparoscopic colorectal surgery: early prediction model. Colorectal Dis. 
2012;14:e727–34.

 5. Aarts MA, Okrainec A, Glicksman A, Pearsall E, Victor JC, McLeod 
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LS.  Cost-effectiveness of enhanced recovery versus conventional 

D. S. Keller and L. Lee



93

 Overcoming Barriers Through Culture Change

ERPs may represent a significant culture change – departures from long-standing 
clinical practices – and there may be initial resistance to change, especially if aware-
ness of the benefits of the ERP is poor [14]. Resistance to change has been identified 
as one of the major barriers to ERP implementation, yet it is one that can be slowly 
broken down through enhanced multidisciplinary collaboration and communica-
tion, as well as support from hospital administration [16, 17]. Other potential barri-
ers that are often encountered include lack of manpower, knowledge, hospital 
resources, buy-in, poor communication among team members, and patient factors 
[12]. There may also be specialty-specific barriers and concerns. From the nursing 
point of view, a potential lack of manpower and time is often viewed as potential 
barriers to ERP implementation, as nurses may be resistant to interventions that 
increased their workload and thus compound staffing shortages [16]. However, 
studies have reported decreased or unchanged nursing workload as a result of 

perioperative management for colorectal surgery. Ann Surg. 2015; 
262(6):1026–33.

 9. Stone AB, Grant MC, Pio Roda C, et  al. Implementation costs of an 
enhanced recovery after surgery program in the United States: a financial 
model and sensitivity analysis based on experiences at a Quaternary 
Academic Medical Center. J Am Coll Surg. 2016;222:219–25.

 10. Keller DS, Delaney CP, Senagore AJ, Feldman LS, SAGES SMART Task 
Force. Uptake of enhanced recovery practices by SAGES members: a 
survey. Surg Endosc. 2017;31(9):3519–26. https://doi.org/10.1007/
s00464-016-5378-8.

 11. Carmichael JC, Keller DS, Baldini G, Bordeianou L, Weiss E, Lee L, 
Boutros M, McClane J, Steele SR, Feldman LS. Clinical practice guide-
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Endosc. 2017;9.

 12. Jurt J, Slieker J, Frauche P, Addor V, Solà J, Demartines N, Hübner 
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we need the bel ensemble? World J Surg. 2017;41(10):2464–70. https://
doi.org/10.1007/s00268-017-4054-z.

 13. Berian JR, Ban KA, Liu JB, Ko CY, Feldman LS, Thacker JK. Adherence 
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pathway implementation [18]. Surgeons often cite personal preferences, feeling 
little room for improvement from their current outcomes, lack of time to learn new 
methods, inconsistency with covering teams and partners, and comfort with long- 
standing practices as barriers to implementation [12]. Anesthesiologists were con-
cerned about the surgeons’ willingness to cede control of perioperative elements 
traditionally under their control. One common theme across specialties is that they 
often saw other specialties as potential barriers, such as surgeon concerns about 
ward nursing not adopting many of the perioperative interventions. Many of these 
potential barriers can be overcome through improved organizational culture, com-
munication, and education on everyone’s role in reaching the common goal of 
improved patient recovery. Another common barrier to adoption is the perceived 
additional costs and resources that these pathways require [16]. A review of the 
economic data (described in more detail below) will show that there are important 
cost savings associated with these pathways, and any initial resource investments 
can be recovered by the clinical and economic benefits [19, 20]. With the common 
barriers and obstacles to success identified, the steering committee can proactively 
develop action plans to overcome them and adjust the plans during regular meetings 
to address new issues that arise.

 Overcoming Barriers by Building the Business Case 
for Enhanced Value with ERPs

One of the oft-stated barriers to ERP adoption is the perception that significant time, 
money, and resources are required. While certainly some investments in time and 
healthcare resources are necessary, especially when it comes to a dedicated ERP 
facilitator, these overall costs are often more than recovered based from the overall 
cost savings associated with ERPs. It is also important to frame the benefits of ERP 
through the “value” perspective. Value in healthcare is defined as the outcomes 
achieved per dollar spent [21]. Value is always defined around the customer, which 
is the surgical patient. Value depends on results, and it is important to realize that 
cost reduction without regard to the outcomes achieved is dangerous and self- 
defeating, leading to false “savings” and potentially ineffective care and poor out-
comes. Conversely, when value improves, patients, payers, providers, and suppliers 
all benefit, and the economic sustainability of the healthcare system increases [21]. 
Improving the quality and cost-effectiveness of healthcare requires that we decrease 
or eliminate care that provides no benefit or offer interventions that provide good 
value for their cost [22]. ERPs eliminate surgical practices that are outdated, have 
no evidence-based benefit, and may be harmful – such as perioperative starvation 
and prolonged postoperative bedrest – and replace them with multiple evidence- 
based interventions within a single perioperative strategy that may reduce waste and 
variability and improve outcomes. There is a cost to set up an ERP, with much of the 
expense to cover salary of the ERP coordinator. However, these costs can be spread 
across a large number of patients, especially as ERP principles can be easily applied 
across different procedure groups, thus resulting in a negligible per patient cost. In 
addition, even including all input and maintenance costs, there is an overall cost 
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benefit for the savings resulting from the accelerated recovery and use of resources 
during the hospital stay; these saving are furthered by the reduction of postdischarge 
healthcare resources, complications, and readmissions with ERP.  Several studies 
have proven this overall cost benefit. In a cost-effectiveness analysis comparing 
ERP with conventional care in colorectal surgery, Lee and colleagues found the 
yearly cost of the ERP was $108,770 (2103 CAD); this cost was spread across mul-
tiple patients and specialties managed by ERPs, resulting in a mean overall cost of 
the multidisciplinary program to approximately $153 (2013 CAD) per patient [20] 
(Table 7.3). The authors found no shift in the burden of care to the outpatient setting, 
either resulting an overall significantly lower societal costs (productivity losses and 
caregiver burden) or total cost savings with ERP of $2985 ($373–$5753) per patient 
[20]. The available economic data generally support the cost-effectiveness of ERP, 
with lower total and direct costs [23–29]. At one institution, there was a per patient 
reduction of $7129 in direct costs, corresponding to a cost savings of $777,061 in 
the 6-month study period the ERP group [26]. The cost-effectiveness was generaliz-
able to all patient populations, with the cost benefit for ERP expected to generate 
cost savings in at least 85% of unadjusted and 82% of adjusted cost samples [27]. 
Another study estimated that the implementation of ERP across an entire provincial 
hospital network in Alberta, Canada, reported that an upfront investment of $528,459 
CAN over 2 years was required [30]. The “break-even point” – where the cost sav-
ings would be greater than the implementation costs – was estimated at 93 to 236 
cancer resections or 38 to 80 noncancer resections. Based on these data, it was fur-
ther estimated that every $1 invested would result in $3.8 (range 2.4–5.1) in return 
[31]. Data from an academic US center reported similar results (Table 7.4) [19]. All 
of these studies support the notion of higher value care with ERP, with provision of 
better outcomes at the same cost, identical outcomes at the same cost, or better out-
comes at lower costs.

 Developing the Protocols

After reviewing the evidence, current outcome, and process measure data and devel-
oping the multidisciplinary team, the next step is writing the detailed care plans. In 
the ERP development, it is necessary to consider the preoperative, intraoperative, 
and postoperative periods, and then drill down on the distinct elements you want to 
cover in each time frame. The specific elements included will depend on the 

Table 7.3 Breakdown of McGill University Health Centre Surgical Recovery (SuRe) workgroup 
program costs over a 1-year period

Full-time ERP nurse coordinator (yearly salary) 81,225
Opportunity costs of ERP steering group (1 hr./meeting × 26 meetings) 14,320
  Nurse specialists and managers, nutritionist, physiotherapist, librarian, clinical 

leaders from surgery, and anesthesia ($550 per meeting)
Patient education material (operating costs of work performed by a medical 
informatics center)

13,225

Total 108,770

Used with permission of Wolters Kluwer Health from Lee et al. [20]
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Table 7.4 Implementation costs at an American quaternary academic medical center

Annual no. of ERAS cases
Costs 100 250 500
Implementation costs, $ 10,000 10,000 10,000
  Site visits/training course 0 73,700 135,839
  Surgeon/anesthesia/nursing leadership time 0 25,000 50,000
Capita expenses, equipment, $
Annual costs, $
  Personnel
   Project manager 100,875 100,875 126,094
   Acute pain nurse 0 56,950 113,900
   Preoperative support 0 28,475 56,950
  Materials
   Education materials 2000 5000 10,000
   Carbohydrate drinks/nutritional supplements 5000 12,500 25,000
    Disposable materials related to fluid therapy monitor or 

other ERAS equipment
0 12,500 25,000

Total first-year costs, $ 117,875 325,00 552,783
Annual maintenance costs, $ 107,875 216,300 356,944
Cost per patient, year 1, $ 1179 1300 1106
Cost per patient, nonyear 1, $ 1079 865 714

Used with permission of Elsevier from Stone et al. [19]

Fig. 7.1 Enhanced recovery protocol template. (Used with permission of the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) from SAGES SMART Program. Available 
online at: http://www.sages.org/smart-enhanced-recovery-program)

individual institution and the ERP goals, but there are essential elements to cover in 
all protocols. Samples and guidelines can be found on the SAGES SMART 
Enhanced Recovery Program site [32]. A general template is seen in Fig. 7.1. In the 
preoperative period, patient education and setting expectations should be the 
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cornerstone of every ERP [33]. Preoperative education is essential; the need for 
more education and counseling has been identified as a barrier to ERP success [34]. 
Thus, information should be repeated at different points in time and via different 
means  – words, pictures, electronic media, or mobile health apps  – to increase 
patient engagement in their recovery process (Fig.  7.2) [15, 33, 35]. The bowel 
preparation should be detailed; the current standard of care is mechanical and oral 
antibiotics to reduce surgical site infection [36, 37]. There may also be a role for a 
prehabilitation program prior to surgery, with nutrition, regular exercise, smoking 
cessation, and anxiety/stress management facilitate return to baseline functional sta-
tus; this is especially important in colorectal cancer and frail patients [38–40]. Other 
tenets for the preoperative period are fluid and carbohydrate loading, clear liquids 
until 2 hours before surgery, and preemptive pain and ileus management [6]. During 
the intraoperative period, attention should focus on multimodal pain management, 
minimally invasive approaches instead of large incisions when feasible, goal-
directed fluid therapy, and avoidance of unnecessary drains and tubes. Postoperatively, 
important elements include early ambulation; early removal of catheters, drains, and 
tubes; early resumption of diet and cessation of supplemental intravenous fluids, 
and multimodal opioid-sparing pain management. Patients should also have a 
scheduled follow- up visit before discharge to reduce anxiety during the transition of 
care from hospital to home.

 Measuring and Further Improving Outcomes

Audit of processes and outcomes is a common theme across all periods. The desig-
nated coordinator can document compliance with the protocol overall and individ-
ual ERP elements and evaluate the process and outcome variables for key metrics. 

Fig. 7.2 Enhanced recovery protocol educational material
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Fig. 7.3 Example of creating personalized audit reports

Programs such as the American College of Surgeons National Surgical Quality 
Improvement Program (NSQIP) are a useful tool to help with quality improvement 
after ERP implementation. NSQIP produces risk-adjusted reports tracking institu-
tional outcomes and can compare outcomes to both your historical and national 
rates. The Enhanced Recovery in NSQIP (ERIN) program has ERP-specific vari-
ables that can be collected within the NSQIP and can be a useful tool for audit [41]. 
The ERAS Society has also developed an interactive audit tool specifically to mea-
sure and track care processes and outcomes for ERPs [42]. For institutions without 
access to NSQIP or the ability to use the ERAS Society tool, the most simple option 
is to create your own report using a spreadsheet, such as Microsoft Excel, where 
customized audit reports can be easily created showing overall compliance with the 
individual elements of a protocol, trends over time, and even provider-specific 
reports for continuous quality improvement (Fig. 7.3).

After the initial implementation, effective integration with existing clinical sys-
tems, such as creating standardized electronic order sets, and using audit and feed-
back to report to hospital stakeholders have been identified as technical enablers to 
success [17]. It is important to set a regular schedule to audit the outcomes, such as 
every month initially and then every quarter, and transition the results back to the unit 
champions and stakeholders. Audit of outcomes regularly allows for refinement, cel-
ebrating accomplishments, and continued administrative and departmental support. 
With the audit results, the team can revise the protocol, education documents, and 
any other aspect of the program to meet changing needs and goals. Auditing can also 
help identify outliers and patients who fail to meet expectations on an ERP to maxi-
mize identification of defects in and improve on further pathway implementation and 
success [1, 43, 44]. To date, there are no standardized frameworks to guide data 
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collection or audit or to assess the effectiveness of implementation, but an interna-
tional expert consensus is underway to maximize outcomes [14].

The impact of ERP compliance on postoperative outcomes has been studied; 
showing increasing compliance independently improves outcomes, with fewer 
complications and shorter primary hospital length of stay [45]. The association of 
compliance with improved clinical outcomes was shown specifically in major 
colorectal cancer surgery, indicating a dose-response relationship [46]. Thus, con-
tinued quality improvement should target increasing compliance with all elements 
of the ERP.  While compliance improves outcomes, ERPs are not an all-or-none 
phenomenon. Non-compliance occurs mostly in the postoperative period and may 
be due to lack of education, logistical issues, or medical necessity [47]. Patients will 
still experience benefits in clinical and functional improvement following parts of 
the pathways as the team strives for complete implementation to maximize the ben-
efits [48].

 Conclusions

Enhanced recovery protocols are proven to improve the clinical and financial out-
comes in colorectal surgery. Development of ERPs is commonly thought of as a 
complicated, expensive, and labor-intensive practice, and while there is a large vol-
ume of literature on outcomes, there is little written on the actual implementation 
science of ERPs at the institutional level. In this chapter, we moved through the 
stepwise development, methods to successfully translate the ERP into clinical prac-
tice and auditing results using the minimal requirements for maximal benefit. This 
framework can assist all surgeons practicing colorectal surgery in the process of 
defining their goals; obtaining institutional support; creating their multidisciplinary 
team, business case, and specific protocols; overcoming the cultural change when 
rolling out the protocols; and auditing results for ongoing quality improvement. It is 
important to remember that ERPs are a process and to have patience with the results 
and acceptance of the process. With time and perseverance, barriers and enablers 
will be identified, and ERP will prove to be incorporated as everyday practice with 
ongoing benefits.
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8Bowel Preparation in Colorectal Surgery: 
Impact on SSIs and Enhanced  
Recovery Protocols

Traci L. Hedrick and Stefan D. Holubar

 Introduction and Rationale

There are few topics more widely debated in the gastrointestinal surgical literature 
than the use of mechanical bowel preparation (MBP) for colorectal surgery. Some 
of the controversy arises from differences in practice patterns between the United 
States and Europe. However, much of the discrepancy arises from methodological 
differences between studies with regard to bowel preparation recipes including the 
osmolarity of the cathartic and the presence or absence of oral antibiotics (OAs). 
The variations in study methodology (specifically with regard to the omission of 
OAs) have led to misinterpretation of the data and changes in practice. As a result, 
practice patterns vary widely (Fig. 8.1) [1–3]. In this chapter, we will review the 
evolution of the MBP including the most up-to-date literature specifically with 
regard to the role of MBP in the prevention of surgical site infection (SSI) and use 
within an enhanced recovery protocol (ERP).

 Efficacy of Mechanical Bowel Preparation (MBP)  
in Colorectal Surgery

The efficacy of the MBP combined with OAs for elective intestinal surgery was first 
demonstrated in the 1970s when the Nichols-Condon bowel preparation (typically 
a clear liquid diet for 24 hours followed by neomycin and erythromycin in addition 
to vigorous mechanical cleansing) was described [4–6]. This demonstrated a 
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reduction in SSI following colorectal surgery from 43% to 9%. Following this sen-
tinel publication, the Nichols-Condon bowel preparation became the gold standard 
for the following two decades with widespread, global use and adoption of this 
“aggressive” cathartic prep, which was often poorly tolerated by patients [7, 8]. 
However, the modern use of the MBP has been called into question due to a number 
of secular trends in surgery including patient satisfaction/tolerance, concern of 
overall renal failure with hyperosmotic preparations, the development of broader 
spectrum parenteral (IV) antibiotics, and finally the advent of enhanced recovery 
programs (ERPs). As a result, there has been a proliferation of research into the 
efficacy of the MBP (with or without OAs), which continues to this day (Fig. 8.2).

With the development of parenteral third-generation cephalosporins and other 
parenteral antibiotics, many of the MBP trials conducted in the early 2000s omitted 
OAs based on the assumption that IV antibiotics would mitigate the need for OAs 
[9, 10]. This was in stark contrast to the initial trials conducted during the 1970s. It 
subsequently became evident that a MBP in the absence of OAs results in liquid, 
bacteria-laden stool that is more likely to contaminate the operative field than 
formed stool in the unprepped colon [11, 12]. Due to the omission of OAs in a 
majority of these studies, clinical trials and meta-analyses from the early 2000s 
failed to demonstrate efficacy in SSI or anastomotic leak prevention with MBP [9, 
10, 13–15]. In fact, the 2005 Cochrane meta-analysis suggested that, compared to 
no prep at all, MBP alone may result in a higher rate of anastomotic leakage and 
surgical site infection [14]. Thus, the omission of the MBP became standard prac-
tice and one of the primary tenets of the early ERP movement [16]. Many ERP 
protocols to this day still recommend omission of mechanical bowel preparations 
altogether. Please refer to the chapters on ERPs in colorectal surgery for more 
details regarding specific protocols (Chaps. 7 and 8).

In a Cochrane Collaboration meta-analysis published in 2009, Nelson and coau-
thors demonstrated the importance of OAs in the presence of prophylactic IV 

Fig. 8.1 Graphic representation of 
practice patterns throughout the 
United States with regard to 
mechanical bowel preparation 
demonstrating that 24% of surgeons 
omit a mechanical bowel prep, 29% 
use MBP with oral antibiotics, and 
45% use MBP in the absence of oral 
antibiotics. (Data from Refs. [1–3])
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antibiotics and a MBP. Their review of 182 RCTs found that OAs administered in 
the presence of a MBP in addition to IV antibiotics for prophylaxis were associated 
with a 75% reduction in the rate of SSI [17]. This subsequently led to the publica-
tion of several studies evaluating the efficacy of OA combined with the MBP. Multiple 
large risk-adjusted national database studies including the National Surgical Quality 
Improvement Program (NSQIP) and the Michigan Surgical Quality Collaborative- 
Colectomy Best Practices Project demonstrated significant reduction in infectious 
morbidity (SSI and anastomotic leak) associated with the use of a MBP when com-
bined with oral antibiotics [1, 18–25]. Furthermore, the addition of OAs does not 
seem to increase the risk of Clostridium difficile infection and may, in fact, reduce 
the risk through the prevention of SSI and subsequent need for broad-spectrum 
antibiotics [26]. The recommendation for the use of a MBP in the presence of OAs 
is now supported by multiple meta-analyses [27].

Taken together, these data demonstrate that a MBP alone in the absence of OAs 
cannot be recommended. However, based on several prospective randomized con-
trolled trials (RCTs) and databases studies totaling over 100,000 patients, a combi-
nation of a MBP and nonabsorbable OAs is associated with the lowest rate of 
infectious morbidity following elective colorectal surgery. This distinction in the 
use of MBP with and without OAs is critical when interpreting available literature 
to optimize surgical outcomes [1, 2, 20, 28].

There are emerging data suggesting that OAs may be beneficial at reducing SSI 
in elective colorectal surgery in the absence of MBP, at least relative to regimens 
without OAs [29, 30]. Several recent large NSQIP studies have examined the role of 
OA prep without MBP. Atkinson and coauthors [31] conducted a study of just over 
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Fig. 8.2 Graphic representation of the number of published manuscripts within PubMed per year 
on the use of mechanical preparation prior to surgery
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6000 patients, demonstrating that OA alone, without MBP, was associated with a 
reduction in SSI rates from 13.7% to 9.7% (p = 0.01). Klinger and coauthors [23] 
examined roughly 30,000 colectomy patients within NSQIP and found that while a 
combined MBP with OAs was superior, OA alone was favorable to omission of 
MBP in terms of SSIs. A significant limitation of this study was that only 6% (1374) 
of the cohort received OA alone, suggesting significant selection bias.

Finally, Garfinkle and coauthors [30] in a similar study with over 40,000 colec-
tomies found that OA alone and combined OA + MBP resulted in an equivalently 
low rate of SSI, leak, and ileus, suggesting that the combined prep offered no advan-
tage over OAs alone. These studies have been included in a recent networked meta- 
analysis whose findings were that overall combined MBP  +  OAs produced the 
lowest rate of infectious complications with OAs alone as the next best option for 
obtaining the lowest rate of SSIs [21]. There are no RCTs examining OAs alone 
compared to other strategies. Therefore, whether or not isolated OAs in the absence 
of a mechanical preparation is truly effective in reducing infectious morbidity 
remains to be seen.

To assess current practice regarding current bowel prep use, the authors con-
ducted a Twitter® poll, of mostly academic surgeons, from around the globe. This 
included 141 votes from a variety of different countries and showed that a combined 
MBP and OA prep is now the most commonly used preparation (59%), while 21% 
of surgeons omit use of any MBP. A similar contemporaneous poll regarding sig-
moid colectomies showed similar results with the addition that some surgeons pre-
scribe enemas for left-sided procedures (Fig. 8.3).

Fig. 8.3 Results of recent 
Twitter (Twitter Inc., San 
Francisco, CA, USA) poll 
on the use of bowel 
preparations by academic 
surgeons
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 Bowel Preparations and Laparoscopic Colorectal Surgery

Aside from the salutary effect of MBPs on SSIs, the MBP offers a practical and 
technical benefit specific to intestinal surgery through decompression of the bowel. 
This allows for easier manipulation of the colon, particularly with laparoscopy. In 
addition, a mechanical preparation is obviously preferable should an intraoperative 
colonoscopy become necessary (e.g., unable to locate the lesion intraoperatively) 
which could force the decision to abandon surgery or perform an extended resection 
with hopes of resecting the lesion. Thus, many colorectal surgeons who perform 
mostly laparoscopic surgery, including the authors of this chapter and their respec-
tive partners, prefer a combined preparation for these reasons.

 Types of Mechanical Bowel Preparations

One common misconception held by many perioperative care providers is that all 
MBPs cause dehydration, electrolyte imbalance, and detrimental physiologic 
effects. Although many of the early hyperosmotic phosphate-based solutions did 
lead to dehydration, the isosmotic solutions in most current MBP regimens are bet-
ter tolerated. Table  8.1 describes the clinical characteristics of various MBP 
regimens.

In contrast to isosmotic preparations, hyperosmotic preparations such as magne-
sium citrate and sodium phosphate draw water into the intestine through an osmotic 

Table 8.1 Various mechanical bowel preparations and their properties

Name Properties
Polyethylene glycol (PEG, GoLYTELY® 
[Braintree Laboratories, Braintree, MA, 
USA], Colyte® [Pendopharm, Montreal, 
Canada])

Safe, large volume, poor taste

Sulfate-free PEG (NuLytely® [Braintree 
Laboratories, Braintree, MA, USA], 
TriLyte® [Schwarz Pharma, Milwaukee, 
WI, USA])

Safe, large volume, better taste

Low-volume PEG and bisacodyl 
(HalfLytely® [Braintree Laboratories, 
Braintree, MA, USA])

Safe, lower volume (2 L)

Low-volume sulfate solution (SUPREP® 
[Braintree Laboratories, Braintree, MA, 
USA])

Low volume, risk of electrolyte abnormalities and 
renal dysfunction

Ascorbic acid lavage (MoviPrep® [Salix 
Pharmaceuticals, Bridgewater, NJ, USA])

Safe, better taste, caution in patients with G6PD 
deficiency

Sodium phosphate
Liquid form
Visicol® tablets (Salix Pharmaceuticals, 
Bridgewater, NJ, USA)
OsmoPrep® tablets (Salix 
Pharmaceuticals, Bridgewater, NJ, USA)

Low volume, electrolyte and fluid shifts, caution in 
cardiac/liver/renal dysfunction; elderly/dehydrated, 
those taking angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers

Magnesium citrate as adjunct to PEG Lower volume, caution in renal dysfunction
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effect. As a result, hyperosmotic preparations can be administered in smaller vol-
umes resulting in higher patient satisfaction. However, as opposed to the safer isos-
motic solutions, the hyperosmotic solutions can be associated with significant fluid 
and electrolyte shifts and renal damage [32–34]. Hence, hyperosmotic bowel prepa-
ration solutions are not generally recommended prior to colorectal surgery.

Polyethylene glycol (PEG), an osmotically balanced electrolyte lavage solution, 
is the most commonly used agent for MBP in elective colorectal surgery. It is stan-
dardly administered in a 4 liter preparation that many patients dislike due to volume 
and taste. The major advantage is that the high-molecular weight, nonabsorbable 
polymer passes directly through the GI tract without net absorption or secretion. 
Fluid and electrolyte shifts are thereby generally avoided. Up to 17% of patients 
will experience adverse effects such as nausea and vomiting with PEG [9]. Standard 
full-volume PEG preparations include GoLYTELY® (Braintree Laboratories, 
Braintree MA, USA), Colyte® (Pendopharm, Montreal, Canada), NuLytely® 
(Braintree Laboratories, Braintree, MA, USA), and TriLyte® (Schwarz Pharma, 
Milwaukee, WI, USA). Low-volume PEG preparations (HalfLytely® [Braintree 
Laboratories, Braintree, MA, USA], MoviPrep® [Salix Pharmaceuticals, 
Bridgewater, NJ, USA], MiraLax® [Bayer, Whippany, NJ, USA], and BiPeglyte® 
[Pendopharm, Montreal, Canada]) have been developed in combination with other 
cathartic agents to make the solution more palatable. There is a paucity of literature 
evaluating the efficacy of these low-volume preparations specific to colorectal sur-
gery. However, the low-volume solutions have been demonstrated to result in simi-
lar preparation for colonoscopy procedures.

 Bowel Preparations and Enhanced Recovery Protocols (ERPs)

To date, limited research has focused on the intersection between the mechanical 
bowel preparation and enhanced recovery. Even ERP guidelines from Europe and 
North America are contradictory, with the ERAS society advocating for omission of 
the MBP, while the aforementioned ASER guideline recommended routine com-
bined MBP + OA prep [35].

The most recent guideline on ERP for colon and rectal surgery was a joint ASCRS/
SAGES publication. That guideline stated that MBP + OA is the preferred prepara-
tion and is associated with reduced complication rates (grade of recommendation 2B, 
weak recommendation based on moderate quality evidence) [36]. In addition to that 
resource, readers are referred to the SAGES SMART Enhanced Recovery Program 
(https://www.sages.org/smart-enhanced-recovery-program/). The position that 
SAGES has taken is that bowel preparations should be used selectively, but their 
recommendations are congruent with the above recommendations. Specifically, they 
recommend inclusion of oral antibiotics if a mechanical bowel preparation is used, as 
this combination has been shown to decrease infections when used. However, a 
definitive recommendation was not made for rectal surgery as it was felt more data 
are required (https://www.sages.org/enhanced-recovery/bowel-preparation/).

T. L. Hedrick and S. D. Holubar
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In addition to the bowel preparation itself, one must consider how the prepara-
tion affects oral carbohydrate loading. Hendry and coauthors [37] demonstrated the 
feasibility of oral carbohydrate loading with MBP in patients undergoing elective 
left colon and rectal resections with no adverse events. Subsequently, numerous 
successful ERPs have been published incorporating use of an isosmotic MBP with 
oral antibiotics. Thiele and colleagues demonstrated that MBP with oral antibiotics 
could successfully be incorporated into an ERP, demonstrating a 2.2 day reduction 
in length of stay and a reduction in overall complications by 48.8% (p <0.0001) 
[38]. Likewise, Keenan and colleagues [39] demonstrated a further reduction in 
infectious morbidity and length of stay following the addition of a SSI prevention 
bundle that included, among various other things, the routine use of a MBP to their 
existing successful ER program. These results demonstrate that use of a PEG-based 
MBP in the presence of oral antibiotics is not detrimental to an ER program. Finally, 
MBP + OA has been endorsed not only by ASCRS and SAGES but also by the 
American Society for Enhanced Recovery (ASER) and Perioperative Quality 
Initiative (POQI) to prevent infectious complications following elective colorectal 
surgery in the setting of an ERP [40].

A sample MBP that can be utilized within an ERP is demonstrated in Box 8.1. 
Prophylactic antiemetics may attenuate the postoperative nausea and vomiting asso-
ciated with the emetogenic nature of the large-volume preparations and high-dose 
metronidazole and the prokinetic effects of the high-dose erythromycin. Finally, 
patients should be encouraged to drink electrolyte-rich fluids throughout their prep-
aration up until 2 hours before surgery.

 Conclusion

An isosmotic MBP in combination with OAs is associated with the lowest attain-
able rates of infectious morbidity following elective colorectal surgery. The use of 
these preparations can be effectively utilized within an enhanced recovery protocol 
without untoward effects on the recovery process. Preparation use may be opti-
mized by addition of simple measures such as use of palatable lower volume solu-
tions, prophylactic antiemetics, and electrolyte-rich drinks.

Box 8.1 Sample bowel preparation in enhanced recovery protocol

• Clears starting at 6 am in the morning the day before surgery.
•  4 liters of GoLYTELY® (Braintree Laboratories, Braintree, MA, USA) starting at 

5:00 PM.
• Erythromycin (1 g administered orally at 1:00 pm, 2:00 pm, and 10:00 PM)a, b.
• Neomycin (1 g administered orally at 1:00 pm, 2:00 pm, and 10:00 PM).
• Clear liquids can be consumed ad libitum until 2 hours prior to surgery.
• A 20 oz Gatorade® (PepsiCo, Chicago, IL, USA) is consumed 2 hours prior to surgery.

aMay substitute 1 g of metronidazole for the erythromycin
bAlternative dose/timing 2 g of the antibiotics given at 6 pm and 10 pm

8 Bowel Preparation in Colorectal Surgery: Impact on SSIs and Enhanced Recovery…
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9Checklist for Patients and OR Team 
in Preparation for Laparoscopic 
Colorectal Surgery

Samuel Eisenstein and Alexis L. Grucela

 Introduction and Rationale

Preoperative preparation for laparoscopic colon and rectal surgery should include 
careful evaluation and planning on the part of the surgeon. Knowledge of comor-
bidities dictates need for further preoperative testing or intervention in order to pre-
vent complications within the perioperative period. Furthermore, prior pelvic 
radiation or pelvic surgery plays an important role in operative planning. Preoperative 
mechanical bowel preparation (MBP), judicious use of antibiotics, and prophylaxis 
for venous thromboembolic events (VTE) are essential aspects of perioperative 
patient care. Once a patient is deemed appropriate and ready for surgery, the sur-
geon must carefully plan their approach and know what instruments are required to 
achieve the desired outcome.

The checklist for the surgeon and OR team can be conceptualized in two phases:

 1. Preoperative (outpatient) preparation and prevention.
 2. Preoperative preparation in the operating room.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_9&domain=pdf
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 Preoperative Planning, Patient Workup, and Optimization

 Preoperative Risk Assessment

A systems-based approach to the preoperative assessment is essential with particu-
lar emphasis on cardiac and pulmonary risk factors. There are clinical risk factors 
based on patients’ comorbidities which are used to assess perioperative risk of mor-
bidity and mortality. The American Society of Anesthesiologists physical status 
classification is used to assess general risk (Table  9.1) [1]. American Society of 
Anesthesiologists class III or higher should prompt preoperative risk assessment by 
internist or medical subspecialist (i.e., cardiologist, pulmonologist). This provides 
dialogue between the surgeon and consultant and determines if further preoperative 
diagnostics or interventions are necessary prior to surgery. Box 9.1 lists patient 

Table 9.1 American Society of Anesthesiologists physical status classification

ASA PS 
classification Definition Examples, including, but not limited to:
ASA I A normal healthy 

patient
Healthy, non-smoking, no or minimal alcohol use

ASA II A patient with mild 
systemic disease

Mild diseases only without substantive functional 
limitations. Examples include (but not limited to) current 
smoker, social alcohol drinker, pregnancy, obesity 
(30< BMI <40), well-controlled DM/HTN, mild lung 
disease

ASA III A patient with severe 
systemic disease

Substantive functional limitations: one or more moderate 
to severe diseases. Examples include (but not limited to) 
poorly controlled DM or HTN, COPD, morbid obesity 
(BMI ≥40), active hepatitis, alcohol dependence or 
abuse, implanted pacemaker, moderate reduction of 
ejection fraction, ESRD undergoing regularly scheduled 
dialysis, premature infant PCA <60 weeks, history 
(>3 months) of MI, CVA, TIA, or CAD/stents.

ASA IV A patient with severe 
systemic disease that 
is a constant threat to 
life

Examples include (but not limited to) recent (<3 months) 
MI, CVA, TIA, or CAD/stents, ongoing cardiac ischemia 
or severe valve dysfunction, severe reduction of ejection 
fraction, sepsis, DIC, ARD, or ESRD not undergoing 
regularly scheduled dialysis

ASA V A moribund patient 
who is not expected 
to survive without 
the operation

Examples include (but not limited to) ruptured 
abdominal/thoracic aneurysm, massive trauma, 
intracranial bleed with mass effect, ischemic bowel in 
the face of significant cardiac pathology or multiple 
organ/system dysfunction

ASA VI A declared brain-
dead patient whose 
organs are being 
removed for donor 
purposes

DM diabetes melitus, HTN hypertension, ESRD end-stage renal disease, MI myocardial infarction, 
TIA transient ischemic attack, CVA cerebrovascular accident, DIC disseminated intravascular 
coagulation, CAD coronary artery disease
Used with permission of the American Society of Anesthesiologists [1]
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Box 9.1 Patient Factors Associated with Perioperative Complications
Patient factors
• Age
• Smoking
• Dyspnea at rest or on exertion
• Poor functional status
• Cerebrovascular accident
• Disseminated cancer
• Preoperative open wound
• Immunosuppression
• Preoperative weight loss >10%
• Preoperative anemia or need for >4  units of PRBC within 72  hours of 

surgery
• Body mass index (BMI)
• Preoperative leukocytosis

characteristics shown to be independent risk factors associated with perioperative 
complications in patients undergoing surgery.

Extremes of body mass index (BMI) (<20 kg/m2 or >35 kg/m2) are associated 
with significant risk of 30-day mortality, and BMI >35 kg/m2 is associated with 
increase in 30-day morbidity (urinary tract infection, wound infection, sepsis, VTE) 
[2, 3]. These patients should undergo nutrition counseling at first preoperative visit 
in order to optimize weight and nutritional status before surgery. A conversation 
between the operating surgeon and the morbidly obese patient should occur com-
municating the increased risk of morbidity and mortality incurred based on the 
patient’s BMI.  An anesthesia preoperative assessment is also recommended for 
these patients, as factors such as challenging airways can exist.

The goal of preoperative cardiac risk assessment is to identify those who have 
recently experienced myocardial infarction (MI) and those at high risk of periopera-
tive MI in order to prevent perioperative cardiac complications. Recent MI requiring 
percutaneous coronary intervention presents a challenge due to the requirement of 
dual antiplatelet therapy (aspirin and clopidogrel) in the post intervention period [4, 
5]. Bare-metal stents require antiplatelet therapy for a minimum of 4–6 weeks post 
procedure and drug-eluting stents a minimum 1 year post procedure before stopping 
for elective surgery [4, 5]. In the setting of malignancy or acute ulcerative colitis, 
one may not have the ability to concede to these time restraints. Therefore, the risk 
of perioperative MI versus postoperative bleeding on antiplatelet therapy must be 
carefully weighed, and a discussion between cardiologist, surgeon, and patient is of 
utmost importance in such circumstances. Some institutions have their own policies 
on this and continue at least aspirin throughout the operation on patients with car-
diac stents.

The Revised Cardiac Risk Index (RCRI) [6] and Gupta score [7] are two clinical 
indices commonly used to assess patients at high risk for experiencing perioperative 
cardiac events. Patients with scores predicting higher risk may need more extensive 
diagnostic investigation and possible intervention prior to elective surgery. For 

9 Checklist for Patients and OR Team in Preparation for Laparoscopic Colorectal…



116

Table 9.2 Recommend time for discontinuation of anticoagulation prior to surgery

Drugs Mechanism of action Hold time
Heparin Promote antithrombin 6–12 hours
Low molecular weight 
heparin

Factor Xa inhibitor 12–24 hours

Warfarin Vitamin K antagonist 5 days
Argatroban Direct thrombin inhibitors 3–9 hours
Bivalirudin Direct thrombin inhibitors 1.5–3 hours
Dabigatran Direct thrombin inhibitors 24–96 hours (more if patient has renal 

impairment)
Rivaroxaban Factor Xa inhibitor 24–48 hours
Apixaban Factor Xa inhibitor 24–48 hours
Edoxaban Factor Xa inhibitor 48 hours
Aspirin Cyclooxygenase inhibitor Unnecessary (7–10 days for reversal of 

effect)
Clopidogrel Platelet P2Y12 receptor 

inhibitor
5 days

Prasugrel Platelet P2Y12 receptor 
inhibitor

5 days

Ticagrelor Platelet P2Y12 receptor 
inhibitor

5 days

Ticlopidine Platelet P2Y12 receptor 
inhibitor

5 days

Box 9.2 Revised Cardiac Risk Index (RCRI)
• Revised Cardiac Risk Index (RCRI): independent risk factors associated 

with increased incidence of perioperative cardiac events in patients under-
going non-cardiac surgery

1. High-risk surgery
2. Ischemic heart disease
3. History of congestive heart failure
4. History of cerebrovascular disease
5. Insulin therapy for diabetes
6. Preoperative serum creatinine >2.0 mg/dL

Box 9.3 Gupta Score
• Gupta score: independent risk factors associated with greater potential to 

identify increased risk of perioperative cardiac event compared with RCRI
 – ASA class
 – Dependent functional status
 – Age
 – Abnormal creatinine (>1.5 mg/dL)
 – Type of surgery
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example, in the RCRI (Box 9.2) for each risk factor, a patient is given a score of 1, 
and for those with a total score of ≥2, further testing may be of clinical utility. 
Patients with low scores do not need further testing. The Gupta score (Box 9.3) is 
scoring index that is also used to identify high-risk patients for perioperative cardiac 
complications [7]. This scoring index is reported to be more accurate than RCRI; 
however, it is more difficult to calculate and, therefore, less frequently used. Patients 
with cardiac risk factors may be on a variety of anticoagulants. Standard recom-
mendations for holding anticoagulants are included in Table 9.2.

 Special Considerations

 Immune Suppression
Patients undergoing colon and rectal surgery may suffer from baseline immunosup-
pression for a variety of reasons. Patients with inflammatory bowel disease (IBD) 
are often taking a variety of medications including biologic agents, steroids, and 
thiopurines which impair their immune response, cancer patients may have been 
exposed to chemotherapy, transplant patients may require long-term immune sup-
pression, and the malnourished may have baseline immune dysfunction. When pos-
sible, it is advantageous to stop immune suppression and allow it to wash out of the 
system; however, this is not often an option as stopping these medications could 
cause the patients to deteriorate and opens up other potential risks.

There is a significant body of literature demonstrating that steroids significantly 
increase the risk of septic complications during colon and rectal surgery [8–12]. 
This effect appears to be dose related, and it does seem clear that patients taking less 
than 20 mg of prednisone daily are at a lower risk of complications than those on 
more than 20 mg daily. These patients are still, however, at an increased risk of 
complications compared to those who are entirely off of steroids [12]. The use of 
perioperative stress-dose steroids has also fallen out of favor. Perioperative adrenal 
insufficiency is an extremely rare condition, and there is a greater risk of steroid- 
related complications [13]. Patients have been assessed for mild symptoms such as 
orthostasis in the perioperative period, and there is no difference based on whether 
they received a stress dose of steroids at the time of surgery [14]. The current recom-
mendation is for the patient to take their standard steroid dose on the day of surgery 
and then begin a taper in the postoperative period. Stress-dose steroids should only 
be administered in the setting of symptomatic adrenal insufficiency. There is also 
excellent evidence showing that thiopurines do not appear to increase the risk of 
postoperative complications in patients with IBD [15].

There is much greater controversy surrounding the effect that biologics have on 
perioperative outcomes in IBD surgery. There have been several papers showing an 
increase in perioperative infection rate [16–18] and several and many others show-
ing no increased rate of infection [19–22]. There are valid arguments on both sides 
as to whether biologic agents should be stopped or washed out of the system prior 
to surgery, but the full argument is well beyond the scope of this chapter. Likely 
biologic agents are markers for severity of disease, and patients who have failed 
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multiple biologics likely have the most severe disease. This needs to be taken into 
consideration when planning surgery, and these patients should be treated as though 
they have more severe illness than they may exhibit. A common approach to patients 
on biologics is to wait until they are at the nadir of their dose, usually around the 
time they are about to receive their next dose, delay that dose, perform their surgery, 
and restart medication if medically necessary several weeks after surgery. It should 
be remembered that these patients still have active therapy in their system, and the 
only true way to ensure there is no drug present is to allow for a full washout which 
is equivalent to five half-lives of the medication (Table 9.3).

Ideally, chemotherapy should be allowed to wash out of the patient’s system 
prior to undergoing elective colorectal procedures. Chemotherapy can impair wound 
healing, cause myelosuppression, impair immune responses, and lead to a variety of 
other different issues which can increase the risk of postoperative complications. 
When feasible, it is best to wait at least 6 weeks after any dose of chemotherapy to 
allow for washout. This is particularly true of bevacizumab, a monoclonal antibody 
against vascular endothelial growth factor (VEGF), which impairs angiogenesis. 
These patients are at a significant risk of postoperative bleeding. Waiting for surgery 
is not always feasible, and in the acute setting, patients undergoing chemotherapy 
sometimes require urgent surgical intervention. When this occurs, it is always 
important to take the chemotherapy into consideration when planning the type of 
surgery and consider smaller, more temporizing procedures knowing that signifi-
cant intervention may lead to significant complication.

 Smokers
Smoking is a well-documented risk factor for complications after colon and rectal 
surgery. Smoking has shown to contribute to increased risk of VTE, wound infec-
tion, anastomotic dehiscence, and hernia formation [23–25]. The effects of smoking 
on the airway are also extensive. Carbon monoxide has deleterious effects on the 
cardiovascular system and can persist for several hours after inhalation. Airway 
sensitivity is increased, and these effects last 2–10  days after inhalation. Mucus 
secretion is also altered, and these effects can last for many weeks [26]. Smoking 
cessation should be instituted at least 4  weeks prior to surgery, and it has been 

Table 9.3 Half-life and washout time of biologic treatments for IBD

Medication Half-life (d) Washout (d)
Infliximab 8–9.5 40–47.5
Adalimumab 14 70
Certolizumab 14 70
Golimumab 9–15 45–75
Vedolizumab 25 125
Natalizumab 10–11 40–45
Ustekinumab 15(IV)

45.6 (SQ)
75 (IV)
228 (SQ)

Tofacitinib 0.13 3

Half-lives and washout times for biologic therapies for IBD listed in days (IV intravenous, SQ 
subcutaneous)
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shown that there is increasing benefit for every week beyond 4 that the patient is 
able to stop smoking [23]. However, for those who have quit smoking for less than 
4 weeks, the alteration of mucus secretion may lead to greater risk of respiratory 
complications from general anesthesia, and ideally it is best to wait until mucus 
secretion and cilliation returns to its normal state [26].

One should consider canceling elective surgery in patients who are actively 
smoking, and any patient who actively smokes and presents for surgery should be 
counseled on smoking cessation techniques. The surgeon should seek help from the 
patient’s primary care physician as they will often have a greater depth of experi-
ence in assisting the patients to adequate cessation. Several aides have also been 
used in promoting smoking cessation. These include varenicline, bupropion, and 
nicotine replacement. In a randomized controlled trial, varenicline demonstrated a 
3.6-fold increase in smoking cessation compared to placebo, while bupropion and 
nicotine replacement demonstrated a two-fold increase [27].

These techniques for smoking cessation are often not effective, and so many 
surgeons will test their patient’s blood, urine, or saliva for nicotine or the by-product 
of nicotine metabolism cotinine. Nicotine will only stay positive on a blood test for 
several days after consumption, whereas cotinine may remain positive for several 
weeks and is therefore a better test of long-term cessation than nicotine testing 
alone. It should be noted that patients taking nicotine replacement will also test 
positive for nicotine and cotinine, and so this should be taken into consideration 
when counseling patients on their optimal cessation technique.

 Malnutrition
It is also critical to ensure your patient’s nutritional status is optimized prior to 
undergoing major abdominal surgery. Nutrition can be measured in many different 
ways, whether its body mass index (BMI), weight loss, or hypoalbuminemia. It is 
important to take all of these into consideration when evaluating a patient for sur-
gery, but the single best test is likely hypoalbuminemia, which has been shown to be 
the best predictor of most surgical complications as well as length of stay and over-
all complication rates when compared to weight loss and BMI in patients with 
colorectal cancer [28]. Malnutrition has been shown to increase the risk of almost 
every potential complication, from a variety of infectious and septic conditions, to 
VTE and DVT, to anesthesia-related complications, as poor nutrition impairs every 
major organ system, leaving patients open to postoperative dysfunction.

Improving upon patient nutrition prior to surgical intervention is necessary to 
minimize the risk of complications. Patients who are at risk for malnutrition should 
be assessed prior to surgery with an albumin and prealbumin levels. It should be 
remembered that albumin is a better marker of chronic nutrition with a half-life of 
20–22 days, while prealbumin has a half-life of 2–4 days and is a better gauge of the 
direction a patient’s nutrition is trending. If a patient is determined to be malnour-
ished, then intervention should be considered. Intervention should be chosen based 
on the factors which led to the patient’s malnutrition as well as the acuity of the 
problem and the timing of surgical intervention. Generally those who are in a cata-
bolic condition should take in between 1.5 and 1.8 g of protein per Kg of body 
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weight per day [29]. Vitamin D supplementation can also help increase muscle mass 
and should also be considered [29].

Standard dietary supplementation with high-quality protein supplements (>30 g 
protein/serving) can be helpful, particularly if there is only mild malnutrition. Total 
parenteral nutrition (TPN) should be considered in patients who are unable to take 
enteral nutrition. These patients are at higher risk of line-related complications, but 
this risk is trivial in comparison with those complications that the patient may 
encounter due to their malnutrition. Enteral nutrition (EN) consists of elemental or 
semi-elemental feeds delivered to the gut which recently has been shown to be the 
preferred approach when possible. These data have been borne out in the IBD com-
munity where historically patients underwent prolonged usage of TPN for malab-
sorption and short gut. While studies have shown both TPN and EN are effective at 
decreasing the risk of surgical complications compared to standard dietary interven-
tion, EN has been shown to be superior to TPN with a number needed to treat of 2 to 
prevent surgical complications [30]. One downside of EN, however, is that the enteral 
feeds tend to be foul tasting and difficult to ingest, requiring prolonged placement of 
a nasogastric tube for up to 4 weeks prior to surgery. TPN tends to be easier to admin-
ister, and thus, when given the options, patients will often prefer TPN.

Preoperative immunonutrition is also a useful adjunct in colon and rectal surgery. 
It is well documented that surgery leads to a state of relative immune suppression in 
the perioperative period. Immunonutrition usually consists of supplements taken for 
a week prior to surgery consisting of some combination of arginine, glutamine, 
branched-chain amino acids, omega-3 fatty acids, and nucleotides. These are 
designed to target mucosal barrier function, cellular defense, and local and systemic 
inflammation [31]. A large meta-analysis of immunonutrition showed that while it 
does not improve mortality, it does decrease the risk of overall complication and 
infectious complications and shortened hospital stay. The caveat to these data is that 
when substratified to industry-sponsored vs nonsponsored trials, only the industry 
sponsored trials demonstrated these benefits [32].

 Obesity
Obesity has been shown to increase the risk of almost every type of surgical compli-
cation in the colon and rectal surgery patient [33]. Having a plan in place for miti-
gating the risks of obesity is critical in ensuring optimal patient outcomes. The 
extremely obese should not be considered for elective surgery without undergoing 
some manner of weight loss program. This may ultimately include the consideration 
of bariatric surgery prior to elective colorectal procedures in an attempt to optimize 
the patient. There are also newer endoluminal approaches to weight loss which 
carry a lower risk of complications while still achieving modest improvements in 
both weight loss and correcting the various comorbidities associated with obesity 
[34]. Morbidly obese patients who can delay their colorectal procedure should be 
referred to a surgical weight loss team to undergo evaluation.

Many patients will not be able to undergo this long course of evaluation and 
treatment prior to their surgical intervention. A very low calorie liquid diet has been 
shown to decrease fat and in particular visceral fat in the preoperative period [35, 
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36]. By decreasing visceral fat, specifically a surgeon can gain length and reach of 
bowel. This diet can be particularly helpful in procedures such as low anterior resec-
tions and ileal pouch-anal anastomosis where bowel length is crucial. Very low calo-
rie liquid diets usually have the patient consume nutritional shakes that make up less 
than 800 kcal/day for 1–4 weeks. The amount of fat loss correlates to the time the 
patient consumes this diet, and it should be done under the direction of a medical or 
surgical weight loss specialist to ensure that the patients are consuming the appro-
priate macronutrients.

For those patients who must undergo surgery prior to weight loss, it is important 
to understand the risks obesity imparts upon the colon and rectal surgery patient. 
Hernia rates and wound complications are significantly increased in these patients. 
A minimally invasive approach and off-midline extraction may be helpful in mini-
mizing these wound complications [33, 37]. Surgical site infections are also 
increased in this population [33]. This may mean that an otherwise uneventful case 
may still benefit from anastomotic diversion in an attempt to minimize the risk of a 
leak. These patients may also benefit from drains in their subcutaneous tissues to 
minimize the risk of infected fat necrosis. Obese patients are also at an increased 
risk of respiratory and cardiovascular complications from anesthesia [33]. Therefore, 
it is helpful to include the anesthesia team in your surgical planning and consider 
prolonged postoperative monitoring for adverse events.

 Renal Impairment
Chronic dialysis has been demonstrated to increase the risk of major complications 
from elective colorectal procedures by at least 2.5-fold and mortality by seven-fold 
[38]. These patients are particularly difficult to manage postoperatively especially 
with regard to managing their fluid balance. If these patients present with sepsis, it 
can be quite difficult to ensure that they maintain the appropriate intravascular vol-
ume to support their circulatory system without putting the patient into pulmonary 
edema. These patients are at a significantly increased risk of both bleeding and VTE 
[38]. And because of this, it is crucial to carefully manage any postoperative antico-
agulation. Patients on dialysis should be managed in conjunction with a nephrolo-
gist who should see the patient prior to surgery to ensure that they are optimized. 
Dialysis should be optimally timed for surgery. It has been shown that an interval of 
less than 7 hours between dialysis and surgery can lead to postoperative hypoten-
sion due to the depleted intravascular state with which these patients undergo sur-
gery [39]. Therefore, it is likely best to dialyze a patient the day prior to surgery to 
ensure they are undergoing their procedure at euvolemia.

Chronic kidney disease (CKD) not on dialysis also imparts an increased risk of 
perioperative complications. CKD patients undergoing colorectal resections were 
more likely to develop cardiovascular complications postoperatively and have a 
greater than two-fold risk of 30-day mortality [40]. These patients have the potential 
to be more dysregulated than the dialysis patients depending on their degree of renal 
impairment. Uremia can lead to a pro-inflammatory state which can lead to an 
increased risk of atherosclerotic complications as well as infections and bleeding 
problems. These patients are also often malnourished and volume overloaded, their 
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electrolytes are unbalanced, and they have relative immune suppression. These 
patients are also often anemic and may benefit from preoperative erythropoietin. 
When possible their renal function should be optimized as much as possible, and 
electrolytes should be checked immediately prior to surgery and frequently through-
out their procedures.

 Preoperative Stoma Marking

Preoperative stoma marking should be arranged for all patients undergoing colon 
and rectal surgery who may require a stoma at the time of their procedure. A frank 
conversation about the risks of colostomy or ileostomy is absolutely necessary 
before attempting bowel surgery. Patients should be aware of the likelihood of this 
outcome prior to undergoing surgery.

The surgeon may elect to perform their own marking, taking into consideration 
where the patient’s belt line may fall and then evaluating the abdominal contours. 
The patient should be evaluated in a variety of positions including sitting and supine. 
Creases, folds, and surgical scars should be avoided as they are a common site of 
leakage. Stoma marking should occur medial to the lateral border of the rectus 
abdominis muscle which can be easily palpated by having the patient sit up part way 
from the supine position, putting this muscle on tension. Oftentimes, it is necessary 
to mark multiple locations, either bilaterally or in the upper and lower abdomen 
depending on the patient’s habitus and the potential for different types of stomas 
which could be created at the time of surgery.

It is often much more beneficial for the patient to be marked by an enterostomal 
therapist (EST) or a wound, ostomy, and continence nurse (WOCN). These special-
ists not only mark the patient prior to surgery, but they help educate the patient on 
what life with a stoma may be like. They introduce the patients to the equipment and 
help them gain a familiarity. Oftentimes these nurses will see the patients in the 
hospital and continue their education prior to and post discharge. For more details 
on stomas, please refer to Chap. 36 on optimizing stoma function and quality of life.

 Preoperative Patient Education

Patient education is a critical part of the enhanced recovery process and of manag-
ing expectations of what they will experience during their postop period/hospital 
stay and at home. Patient education materials should be distributed including the 
preoperative plan and preparation and what to expect. See Fig. 9.1 for an example. 
These materials have been demonstrated to help assuage patient’s fears of the 
unknown and have been demonstrated to decrease length of hospital stay [41].

Current enhanced recovery and surgical site infection (SSI) prevention protocol 
bundles may include aspects to improve return of bowel function, improved length 
of stay, and decrease wound infection rates. These are often institution-specific but 
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Fig. 9.1 NYU Langone Medical Center colon pathway. (Used with permission. Copyright © 
NYU Langone Health)
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Fig. 9.1 (continued)
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Fig. 9.1 (continued)

9 Checklist for Patients and OR Team in Preparation for Laparoscopic Colorectal…



126

Fig. 9.1 (continued)

may include mechanical and antibiotic bowel preparation, carbohydrate loading/
drinks, chlorhexidine shower, or wipes. For more specific recommendations, please 
refer to the chapters on enhanced recovery protocols (Chap. 7) in colorectal surgery 
and on bowel preparation (Chap. 8) in colorectal surgery.
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 Operative Setup, Pitfalls, and Troubleshooting

 Local, Regional, and Epidural Anesthesia

Multimodal analgesia is an important part of postoperative recovery after laparo-
scopic colon and rectal surgery as minimizing the use of narcotics aids in intestinal 
recovery. Patients should be evaluated prior to surgery for any effective adjunct to 
their postoperative pain control which may help minimize the postoperative use of 
narcotics and thus facilitate a quicker return of bowel function.

Transversus abdominis plane (TAP) blocks are a mainstay of perioperative 
abdominal anesthesia. Local anesthetic is injected into the neurovascular plane 
between the transversus abdominis and the internal oblique. This effectively blocks 
T7-L1 innervation to the abdominal wall for up to the first 24 hours after surgery, 
depending on the type of local anesthetic used. This can be done during laparo-
scopic surgery under direct visualization, or it can be done preoperatively using 
ultrasound guidance by the surgeon or anesthesiologist. Studies comparing TAP 
block to local wound infiltration have demonstrated similar visual analog scale 
(VAS) pain scores during the first 24 hours, but they have also demonstrated a sig-
nificant decrease in narcotic use during that same time period [42, 43], demonstrat-
ing that this can be a useful adjunct in aiding return of bowel function to expedite 
postoperative recovery.

There is extensive evidence that thoracic epidural anesthesia (TEA) decreases 
postoperative pain and narcotic use, expediting the recovery of bowel function in 
open surgery. The evidence for TEA usage in laparoscopic surgery is less conclu-
sive. Several studies have examined the impact of epidural anesthesia on postopera-
tive outcomes from laparoscopic colectomy and proctectomy. Most have shown that 
TEA leads to longer hospital stay, increased costs, and no decrease in postoperative 
ileus [44–46]. Pain score improvement versus conventional postoperative narcotic 
analgesia varies but generally is not better [44–46]. These studies do have several 
problems, however, as there is some heterogeneity as to which patients receive epi-
dural narcotics as opposed to just local anesthetic as well as including a diverse 
group of surgeries. Many of the studies are also retrospective, and therefore the 
TEA patients tend to be the ones with more risk factors for postoperative complica-
tions. Patients being considered for laparoscopic procedures who have a high risk of 
conversion based on preoperative factors to open should be considered for TEA as 
this can be removed in the early postoperative period if the surgery stays minimally 
invasive.

Intravenous lidocaine infusions have been used as an adjunct both during anes-
thesia and postoperatively in the recovery and on the floor. Preliminary results of 
multiple studies have shown less postoperative pain, less narcotic use with earlier 
return of bowel function, and no adverse events [47, 48]. Patients need to be moni-
tored, which can result in resistance in adaptation; however, cardiac complications 
such as arrhythmias and other adverse effects are rare. With a sound, data-driven 
protocol and team education, this can be easily employed.
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Another option for patients undergoing laparoscopic colorectal surgery is adjunct 
spinal analgesia. This is a single preoperative injection of a combination of mor-
phine and long-acting local anesthetic into the L3-L4 space. Although not studied 
extensively, this modality has been shown in limited studies to provide as much as 
3 days of postoperative analgesia, generally decreasing narcotic requirements and 
pain scores, without affecting other postoperative outcome [49].

 Prevention of Venous Thromboembolism

Venous thromboembolic events (VTE), which include deep vein thrombosis (DVT) 
and pulmonary embolism (PE), remain the most preventable cause of perioperative 
morbidity and mortality in hospitalized patients. Over 250,000 patients are diag-
nosed with DVT, and 50,000 patients are diagnosed with PE each year [50]. A quar-
ter of patients with PE present with sudden death [51]. Colorectal surgical patients 
are at a four- to fivefold higher risk of PE relative to other general surgery patients. 
Rectal surgery places patients at higher risk of VTE due to extensive pelvic dissec-
tion, prolonged placement of patient in Trendelenburg position, and prolonged 
operative time. In addition, obesity, malignancy, and inflammatory bowel disease 
[52, 53] have a greater risk of VTE.

Current CHEST and SAGES guidelines for VTE prophylaxis for laparoscopic 
surgery stratify surgical patients into four categories of risk based on the Caprini 
Score (Table 9.4) [54–56]: very low (no risk factors), low (one to two points), mod-
erate (three to four points), and high (five points and greater). Patients at moderate 

Table 9.4 Caprini Score

One point Two points Three points Four points
Age 41–60 years
Swollen legs (current)
Varicose veins
BMI >25
Minor surgery
Sepsis (within last month)
Serious lung disease
Oral contraceptives
Pregnancy or postpartum 
<1 month
History of stillborn infant, 
recurrent spontaneous 
abortion, premature birth
Acute myocardial infarction
History of inflammatory 
bowel disease
History of prior major 
surgery (<1 month)
Abnormal pulmonary 
function

Age 61–74 years
Arthroscopic 
surgery
Malignancy
Laparoscopic 
surgery 
(>45 minutes)
Patients confined to 
bed rest (>72 hours)
Immobilizing 
plaster Cast 
(>1 month)
Central venous 
access
Major surgery 
(>45 minutes)

Age >75 years
History of DVT/PE
Factor V Leiden
Elevated 
homocysteine
Heparin-induced 
thrombocytopenia
Elevated 
anticardiolipin
Lupus anticoagulant
Prothrombin 
202110A
Family history of 
thrombosis

Stroke (<1 month)
Elective lower 
extremity 
arthroplasty
Hip, pelvis, or leg 
fracture 
(<1 month)
Acute spinal cord 
injury (<1 month)
Multiple trauma 
(<1 month)
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risk and greater require chemical and mechanical VTE prophylaxis. Chemical pro-
phylaxis entails 5000  U of unfractionated heparin administered subcutaneously 
three times daily. Mechanical VTE prophylaxis entails use of graduated compres-
sion boots placed prior to anesthesia induction, and after induction, 5000  U of 
unfractionated heparin is administered subcutaneously.

 Parenteral Antibiotics

The benefit of perioperative prophylactic parenteral antibiotic use has been well 
established. Current Surgical Care Improvement Project (SCIP) guidelines and SSI 
protocol bundles require administration of parenteral antibiotics within 1 hour of 
incision (preferably within 30 minutes) [57, 58]. Multiple antibiotic regimens (Box 
9.4) are suitable for elective colorectal surgery. These regimens should be tailored 
to accommodate institutional variations of species sensitivities. All antibiotics 
should be re-dosed per protocols based on antibiotics and case length. Parenteral 
antibiotics may be continued postoperatively, but are generally not, and should be 
discontinued within 24 hours of operative end time.

 Positioning

Careful patient positioning is critical to ensure that the surgeon and assistant have 
access to the anatomy and that dexterity is not limited by patient habitus. Careful 
positioning is also important in preventing pressure-related injuries during the 
procedure.

Lithotomy or split leg position should generally be used for patients undergoing 
pelvic procedures. This should be performed with the anus just past the lower 

Box 9.4 Antibiotic Prophylaxis for Elective Colon and Rectal Surgery
• Ampicillin-sulbactam
• Cefoxitin, cefotetan (second-generation cephalosporin with aerobic and 

anaerobic activity)
• Cefazolin plus metronidazole
• Ceftriaxone plus metronidazole (institutions with increased resistance to 

second- generation cephalosporins)
• Cefuroxime plus metronidazole
• Ertapenem
• Alternatives for patients with beta-lactam allergy:

 – Clindamycin or vancomycin plus aminoglycoside, aztreonam, or 
fluoroquinolone

 – Metronidazole plus aminoglycoside or fluoroquinolone
 – (Metronidazole should not be combined with aztreonam as this will 

have no aerobic gram-positive coverage)
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break of the table. This is important because access to the anus is often part of criti-
cal steps during the procedure such as the placement of an EEA stapler or in per-
forming flexible endoscopy. Lithotomy should be undertaken with padded Allen 
stirrups. The legs should be placed carefully, the pressure points should be padded, 
and the weight should be placed on the patient’s heel and off of their calf to help 
prevent peroneal nerve injury or compartment syndrome. During the procedure, 
when the anus is not being accessed, it is often helpful to bring the legs down so 
the thighs are parallel to the floor. This will help prevent instrument limitation by 
the legs.

Both of the arms should be tucked during laparoscopic surgery. While this does 
limit the anesthesiologist’s access to the arms, and their vascular access, it facilitates 
surgeon positioning and access during the case, especially for pelvic dissections. It 
is important to discuss this with the anesthesiologist prior to positioning so they 
have all access planned, which is required for the case. Pressure points, such as the 
elbows, and the hypothenar aspect of the hand should be carefully padded to prevent 
pressure injury prior to tucking.

Patients should be affixed to the bed in multiple points to prevent any slippage 
during surgery. Pelvic surgery often requires steep Trendelenburg positioning, and 
this may cause the patient’s anus to slip above the bed break. Similarly in a total 
colectomy or flexure mobilization, the patient may go through extremes in position-
ing from Trendelenburg to reverse Trendelenburg and steep lateral positioning. In 
patients undergoing surgery in a supine position, it is helpful to place a strap across 
the thighs as well and the chest, taking care to avoid the patient’s neck. In lithotomy 
position, the stirrups will serve as one point of fixation, and a chest strap should act 
as a second. We also recommend the use of fixation pads such as the Pink Pad™ 
(Xodus Medical, New Kensington, PA, USA). These devices are pads consisting of 
a high-friction foam which prevents patient slippage during extreme positioning.

 Urinary Catheterization and Ureteral Stenting

Generally urinary catheters are placed preoperatively and removed within 
12–24  hours of surgery. Catheters allow for decompression of the bladder, thus 
avoiding injury on trocar placement and allowing access/visualization in the pelvis. 
Catheters can often be avoided in brief procedures by having the patient void their 
bladder contents just prior to surgery.

In the setting of laparoscopic surgery, the surgeon is not afforded the opportu-
nity to appreciate the ureters by palpation. Stents have not been shown to decrease 
rates of injury [59]. However, the use of preoperatively placed ureteral stents 
allows for the early identification and repair of ureteral injury [60, 61]. Stents are 
of particular benefit in the setting of prior pelvic surgery, inflammation, locally 
advanced cancers, or prior pelvic radiation. Any such circumstances can make pel-
vic dissection more difficult. Historically lighted stents have only been useful in 
the thinnest of patients as thick tissue has made it difficult to appreciate the lumi-
nescence. A newer technique which is more cost-effective which allows for better 
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visualization is injecting indocyanine green (ICG), which fluoresces under infrared 
light (Fig. 9.2a–d). There are little data to date to demonstrate the efficacy of these 
technologies, however.

 OR Setup and Equipment

Each team member has a specific role and responsibility in setting up the operating 
room and ensuring necessary equipment is available and functioning properly. The 
duties specific to the circulating nurse, scrub person, surgeon/surgery team, and 
anesthesiologist both prior to and after the patient enters the OR and after prepping 
and draping is outlined comprehensively in Fig. 9.3 [62].

 Surgical Time-Out

The surgical time-out should consist of a verbal checklist of all the abovementioned 
factors to ensure they are all properly performed prior to incision. The WHO also 
has a checklist which is incorporated in many institution’s time-out procedures 
(Fig. 9.4) [63].

a b

c d

Fig. 9.2 (a–d) Ureteral stent with ICG
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Fig. 9.3 SAGES/AORN MIS safety checklist. (Used with permission of the Society of American 
Gastrointestinal and Endoscopic Surgeons from: https://www.sages.org/wp-content/uploads/
SAGES_AORN_MIS_Checklist.pdf)

Fig. 9.4 World Health Organization surgical safety checklist. (Used with permission of the World 
Health Organization: whqlibdoc.who.int/publications/2009/9789241598590_eng_Checklist.pdf)
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 Conclusion

Each team member plays a critical role in preoperative preparation for laparoscopic 
colorectal surgery. Careful preoperative prevention and planning along with patient 
education and preoperative preparation in the operating room result in successful 
laparoscopic colon and rectal surgery.
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10Essentials on Troubleshooting During 
Laparoscopic Colorectal Surgery

Alexander T. Hawkins and Craig H. Olson

 Introduction

Laparoscopic surgery involves a complex interplay between the surgeon, technol-
ogy, and the patient. For a case to go well and the patient to have a successful out-
come, all aspects of the procedure must be carefully coordinated. However, this is 
not always the case, and the laparoscopic surgeon needs to have the knowledge and 
skills to correct things when an operation is deviating from the intended plan. This 
chapter presents a number of potential issues with laparoscopic surgery – including 
port placement, equipment, patient physiology, exposure, and inadvertent injury – 
as well as methods to rescue successful surgery.

 Preoperative Preparation

Troubleshooting should begin even before the patient enters the operating room. It is 
important to engage in early discussion with the anesthesia team, circulating nurse, 
and scrub technician prior to the procedure. Items for discussion include patient posi-
tioning as well as the need to change positions, e.g., flipping prone for an abdominal 
perineal resection. For robotic surgery, thought must be given to where the robot will 
dock, along with where the assistants will stand. The appropriate table needs to be in 
the room, along with any other positioning equipment such as a footboard, beanbag, 
or straps. The proper case carts, equipment, supplies, and instruments should be in 
the rooms and checked to make sure they are operational. This particularly applies to 
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the laparoscopic tower and its gas supply. Energy devices, such as the electrosurgical 
unit, should be inspected. Connections should be checked, settings confirmed and 
integrity of protective sheets on bipolar/monopolar devices closely inspected. If fluo-
roscopy is needed, the table must be radiolucent, and proper shielding equipment 
should be available for all members of the team.

Once the patient enters the room and is placed under general anesthesia, a Foley 
catheter and orogastric tube should be placed. Prior to any incision, a hard stop 
time-out should be conducted to confirm the patient’s identity, procedure, medica-
tion administration, and any anticipated difficulties [1, 2].

 Laparoscopic Access

 Choice of Entry Technique

The establishment of pneumoperitoneum and initial port placement is one of the 
most critical parts of a laparoscopic procedure. Three main options exist for laparo-
scopic entry: an open (Hasson), closed (Veress), and optical port technique. The 
bulk of data that exists focuses on comparing the first two techniques. A recent 
meta-analysis concluded that there is insufficient evidence to recommend one lapa-
roscopic entry technique over another. An open-entry technique is associated with a 
reduction in failed entry when compared to a closed-entry technique, with no evi-
dence of a difference in the incidence of visceral or vascular injury. An advantage of 
direct trocar entry over Veress needle entry was noted for failed entry and vascular 
injury. They found that the evidence was generally of very low quality with small 
numbers of participants in most studies and that the findings should be interpreted 
with caution [3]. Further retrospective reviews suggest a trend toward reduction of 
the risk of major complications with either open access techniques or an optical port 
technique [4]. In terms of injury patterns for closed or Veress technique, 38 selected 
articles including 696,502 laparoscopic procedure cumulatively reported 1575 inju-
ries (0.23%), 126 (8%) of which involving blood vessels or hollow viscera (0.018% 
of all laparoscopies). Of the 98 vascular injuries, 8 (8.1%) were injuries to major 
retroperitoneal vessels. There were 34 other reported retroperitoneal injuries, but 
the authors were not specific as to which vessel was injured. Of the 28 injuries to 
hollow viscera, 17 were considered major injuries, i.e., 60.7% (0.0024% of the total 
cases assessed) [5]. In the absence of definitive data to recommend one technique 
over another, surgeons are encouraged to employ whichever entry technique they 
are most comfortable with.

 Special Considerations

For patients who have undergone previous abdominal surgery, either MIS or open, 
laparoscopic entry is still possible but requires some additional planning. Attempts 
should be made to establish access at a site remove from previous surgery and 
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suspected adhesions. No one technique has demonstrated superiority in reoperative 
access. Basic principles include avoiding previous scars, a low threshold to modify 
the approach technique if initial attempts fail, and close inspection of the area once 
pneumoperitoneum is gained [6].

Laparoscopic entry in the obese patient can be significantly more difficult given 
the amount of subcutaneous tissues and the subsequent increase in distance between 
skin and fascia. To begin, larger Veress needles or Hasson trocars are necessary. 
Anatomically, obesity modifies the relationship of the umbilicus to the aortic bifur-
cation. Utilizing computed tomography, Hurd and colleagues demonstrated that the 
umbilicus migrates caudally in relation to the aortic bifurcation as the BMI increases 
[7]. Because of this, recommendations are for a 90° angle of insertion of the Veress 
needle. In terms of technique, Pasic and colleagues retrospectively analyzed out-
comes in separate cohorts of obese and nonobese patients, focusing on multiple- 
entry approaches. The only group that demonstrated a significantly higher failure 
rate for obese patients was the open approach. Ultimately, the authors recommended 
using the Veress needle in the left upper quadrant for obese patients [8]. Despite 
these conclusions, we advocate whatever approach the surgeons feel most comfort-
able using while acknowledging the challenges that the obese patient poses.

 Pitfalls and Troubleshooting

 Complicated Peritoneal Entry

For the closed or Veress approach for abdominal access, inability to establish pneu-
moperitoneum will be noted by low pressure and high flow on the insufflator. Initial 
attempts may be tried at the same position, but if multiple attempts are unsuccessful, 
another site should be used. Palmer’s point, at two fingerbreadths below the costal 
margin in the left midaxillary line, is usually a safe position unless previous surgery 
has taken place in the left upper quadrant (Fig. 10.1). If multiple attempts are unsuc-
cessful, another entry technique should be used. If bile, enteric contents, or blood 
returns at placement of the Veress needle, the needle should be left in place, and 
alternative access gained immediately. The alternative access may be laparoscopic 
if it is safe to do so. If the bleeding is significant or if hypotension is noted, open 
laparotomy is required.

Regardless of the technique chosen for entry, the first step following port place-
ment should be a visual inspection of the abdomen for injury. This can include the 
obvious, such as bleeding or enteric contents or the subtle, such as a retroperitoneal 
hematoma or hollow viscus injury. Any failed entry site should be inspected to 
assess for any associated injury. Hollow viscus injury may be repaired with over-
sewing as appropriate. Small bleeding can be controlled with an energy device. 
Larger bleeding may require vascular repair, and early consultation from a vascular 
surgeon is recommended. Bladder injury may require closure in layers and use of a 
Foley catheter for decompression for an extended period postoperatively. Urology 
consultation is recommended.
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Laparoscopic entry can cause injury to vessels of the abdominal wall. Access 
sites are carefully chosen to avoid major vessels. Abdominal wall bleeding may not 
be immediately apparent until after the port is removed because the port may tam-
ponade muscular or subcutaneous bleeding. In addition to visually inspecting the 
access site upon its creation, all laparoscopic port sites should also be observed dur-
ing and following port removal. Bleeding points can usually be identified and man-
aged with electrocautery or sutures as necessary. If bleeding persists, a Foley 
catheter may be inserted, inflated, and pulled back against the abdominal wall to 
tamponade the site. U-stitches can then be placed into the abdominal wall under 
direct laparoscopic visualization using a suture passer with absorbable braided 
suture. With uncontrolled bleeding, the skin incision may need to be enlarged to 
control the bleeding. Both proximal and distal to the injured portion of the vessel 
must be sutured.

 Equipment Issues

Once pneumoperitoneum has been established and ports are placed, there are a few 
potential issues that can take place with any laparoscopy equipment. Major issues 
include low pressure, high pressure, problems with lighting, and problems with the 
picture. Troubleshooting tips are summarized in Table 10.1. A couple of issues will 
be highlighted here in the text.

Fig. 10.1 Palmer’s point: 
two fingerbreadths below 
the left costal margin in the 
midaxillary line
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Low pressure can be due to several etiologies. First, check that the CO2 tank is 
full and that all lines and stopcocks are open or closed as appropriate. Next, check 
to make sure the ports are not leaking. If a port leaks during surgery, it can be due to 
the fascial defect being too large or excessive port angulation. Leaks can also be 
decreased with additional sutures or the placement of a towel clamp to cinch the 

Table 10.1 Troubleshooting guide

Problem Cause Solution
Poor insufflation/loss of 
pneumoperitoneum

CO2 tank empty Change tank
Accessory port 
stopcock(s) not properly 
adjusted

Inspect all accessory ports. Open or 
close stopcock(s) as needed

Leak in sealing cap or 
stopcock

Change cap or cannula

Excessive suctioning Allow time to reinsufflate
Loose connection of 
insufflator tubing at 
source or at port

Tighten connections

Hasson stay sutures loose Replace or secure sutures
Tubing disconnection 
from insufflator

Connect tubing

Flow rate set too low Adjust flow rate
Excessive pressure required 
for insufflation (initial or 
subsequent)

Veress needle or cannula 
tip not in free peritoneal 
cavity

Reinsert needle or cannula

Occlusion of tubing 
(kinking, table joints, etc.)

Inspect full length of tubing. Replace 
with proper size as necessary

Port stopcock turned off Fully open stopcock
Patient is “light” Give more muscle relaxant
Cannula tip not in 
peritoneal space

Advance cannula under visual control

Inadequate lighting 
(partial/complete loss)

Loose connection at 
source or scope

Adjust connector

Light is on 
“manual-minimum”

Go to “automatic”

Bulb is burned out Replace bulb
Fiber optics are damaged Replace light cable
Automatic iris adjusting 
to bright reflection from 
instrument

Reposition instruments or switch to 
“manual”

Monitor brightness turned 
down

Readjust setting

Room brightness floods 
monitors

Dim room lights

Lighting too bright Light is on 
“manual-maximum”

Go to “automatic”

“Boost” on light source is 
activated

Deactivate “boost”

Monitor brightness turned 
up

Readjust setting

(continued)
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tissue closed around the trocar. Petrolatum-coated gauze may also be used to reduce 
the flow of any air leak. If available, balloon-tipped trocars can be used to eliminate 
a leak.

High pressure can result from several factors. Begin by inspecting insufflation 
tubing and stopcocks and that the insufflator is set on the correct pressure. High 
pressure can also be a result of the patient being inadequately paralyzed. Discussion 
with anesthesia regarding redosing of muscle relaxant is appropriate.

Investigation of poor lighting begins with tracing the light cord back to the light 
source and ensuring an appropriate connection. The light source itself should be 

Table 10.1 (continued)

Problem Cause Solution
No picture on monitor(s) Camera control or other 

components (printer, light 
source, monitor) not “on”

Make sure all power sources are 
plugged in and turned on

Cable connector between 
camera control unit and/
or monitors not attached 
properly

Cable should run from “video out” on 
camera control unit to “video in” on 
primary monitor. Use compatible 
cables for camera unit and light 
source

Cable between monitors 
not connected

Cable should run from “video out” on 
primary monitor to “video in” on 
secondary monitor

Input select button on 
monitor doesn’t match 
“video in” choice

Assure matching selections

Poor picture quality
Fogging/haze Condensation on lens 

from cold scope entering 
warm abdomen

Gently wipe lens on viscera; use 
antifog solution or warm water

Condensation on scope 
eyepiece, camera lens, 
coupler lens

Detach camera from scope (or camera 
from coupler), and inspect and clean 
lens as needed

Flickering electrical 
interference

Moisture in camera cable 
connecting plug

Use suction or compressed air to dry 
out moisture (don’t use cotton tip 
applicators on multipronged plug)

Poor cable shielding Move electrosurgical unit to 
different circuit or away from video 
equipment

Insecure connection of 
video cable between 
monitors

Reattach video cable at each monitor

Blurring, distortion Incorrect focus Adjust camera focus ring
Cracked lens, internal 
moisture

Inspect scope/camera, and replace if 
needed

Too grainy Adjust enhancement and/or grain 
settings for units with this option

Adapted with the permission of the Society of American Gastrointestinal and Endoscopic 
Surgeons. From: SAGES Laparoscopy Troubleshooting Guide https://www.sages.org/wp-content/
uploads/troubleshootingchart.pd

A. T. Hawkins and C. H. Olson

https://www.sages.org/wp-content/uploads/troubleshootingchart.pdf
https://www.sages.org/wp-content/uploads/troubleshootingchart.pdf


143

checked and make sure the bulb is lit. The laparoscope should be cleaned to remove 
any material that may block the light. Finally, consider replacing the light cord as 
the fiber-optic cables can crack over time.

Troubleshooting an inadequate picture on the monitor involves a number of 
steps. As with the above issues, first start by tracing the camera cord and ensuring 
all cables are plugged in to the appropriate sites. The camera connection with the 
laparoscope should be examined and made sure it is tight. The laparoscope should 
be cleaned of any debris. If these measures fail, first replace the camera and then the 
laparoscopic tower.

Should any of these measures fail to fix the problem, the local representative of 
the laparoscopic equipment should be contacted for assistance.

 Physiologic Issues

Laparoscopic surgery utilizes gas (usually CO2) to insufflate the abdominal cavity 
to supernormal intra-abdominal pressures. The elevated intra-abdominal pressure, 
along with patient positioning and carbon dioxide absorption, can cause changes in 
physiology, especially in the respiratory and cardiovascular system. In most 
instances, the body can adapt to these changes without significant issues. But in 
certain scenarios, physiologic changes may become life threatening.

Nodal rhythm, sinus bradycardia, and asystole can all result from stretching of 
the peritoneum. Such effects usually take place at the beginning of insufflation 
because of the rapid stretching of the peritoneum. Should any arrhythmias be noted, 
immediate communication between the anesthesia and surgery team should take 
place. The abdomen should be desufflated as quickly as possible, and pharmaco-
logic correction of the arrhythmia should be initiated.

The most frequently used gas for insufflation is CO2. It is colorless, nontoxic, 
and nonflammable and has the greatest margin of safety in the event of a venous 
embolus as it is highly soluble. As it is readily absorbed from the peritoneum, it can 
cause an increase in PaCO2. This has direct, as well as indirect (by raising catechol-
amine levels), effects on the cardiovascular system. Tachycardia, increased cardiac 
contractility, and reduction in diastolic filling can result in decreased myocardial 
oxygen supply to demand ratio and greater risk of myocardial ischemia. Constant 
monitoring of the ECG rhythm strip for signs of ischemia is essential. Any evidence 
of ischemia should be communicated, and the abdomen should be desufflated 
promptly.

If CO2 is insufflated directly into a blood vessel or if gas is drawn into an open 
vessel by the Venturi effect, venous gas embolism can occur. This is a rare but 
potentially fatal occurrence. The physiologic effects of carbon dioxide are less than 
that with air because of the greater blood solubility. The clinical signs of a venous 
gas embolus begin with an abrupt decrease in the end-tidal CO2 levels and are 
accompanied by hypotension and desaturation. A “mill wheel” murmur may be aus-
cultated on physical exam. A transesophageal echocardiogram is usually required to 
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evaluate the embolism. Treatment includes rapid deflation of the abdomen place-
ment of the patient in the left lateral Trendelenburg position and resuscitation. If 
severe, the gas can be aspirated with a central line.

 Optimizing Laparoscopic Exposure

 OR Table Positioning

Obtaining proper exposure is one of the key elements to successful completion of 
any surgical procedure. As opposed to open surgery, where retractors can be easily 
placed, laparoscopic surgery presents more of a challenge. Gravity remains the 
greatest retractor available to the laparoscopic surgeon, and its use requires safe 
manipulation of the operating table to achieve exposure of the intended operative 
field. Mobilization of the splenic flexure can be aided by placing the patient in 
reverse Trendelenburg; rectal surgery is aided by placing the patient in Trendelenburg. 
Additional exposure can be provided by rotating the operative bed to the right or the 
left. Beyond gravity, additional ports and intraperitoneal retractors can be helpful as 
well. Position changes and additional retractors all introduce new complexities to 
the operation and provide opportunities for complications. Appropriate foreknowl-
edge of these pitfalls can help to avoid them.

Trendelenburg exposure, or placement of the patient in the supine position, with 
the feet elevated above the head with the bed placed at an incline relative to the 
floor, is essential in pelvic laparoscopy (Fig.  10.2a, b). This position allows the 
intestine and peritoneal organs to fall upward toward the chest, providing a clear 
view of the pelvis. This introduces many challenges, both operative and anesthetic. 
From a very basic point of view, the patient must be securely placed on the operat-
ing table. Patient movement on the operative table can lead to surgical injuries, 
positioning injuries including neuropathies, and, in the extreme case, trauma from 
an unexpected fall. Physiologic risks of the Trendelenburg position include lower 
extremity compartment syndromes, increase in intraocular pressure, decrease in 
cerebral oxygenation, and a reduction in pulmonary compliance.

Nerve injury is the most common injury associated with the Trendelenburg posi-
tion. In one series, brachial plexus injuries were seen in 6.6% of patients undergoing 
robotic urologic surgery [9]. Factors that contributed to neuropathies included arm 
positioning (patients with their arms tucked at the sides had half the rate of neuro-
pathic injury compared to those with their arms extended) as well as length of oper-
ation. There are also reports of brachial plexus injuries resulting from the use of 
shoulder braces as well as wristlets intended to prevent the patient from sliding 
cephalad [10]. For this reason, it is recommended that the patient be secured to the 
bed with cross-chest straps, with arms at the side and thumbs pointing upward 
(Fig.  10.3). Other commercially available Trendelenburg positioning systems 
accomplish this through the use of a viscoelastic foam pad combined with a cross- 
chest hook and loop fastener.

A. T. Hawkins and C. H. Olson
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a

b

Fig. 10.2 (a, b) a Represents Trendelenburg positioning, while b represents reverse Trendelenburg
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Physiologic changes associated with the Trendelenburg position can also create 
challenges. Most frequently, problems with oxygenation can be seen given the 
reduction in pulmonary compliance. This is best addressed by reducing the degree 
of Trendelenburg if possible. Other strategies include insuring complete paralysis of 
the patient, increasing peak airway pressure, and negative ventilation techniques. It 
is good practice to reevaluate the need for extreme angles during the case and lessen 
the degree of Trendelenburg if necessary. Increases in intraocular pressure occur 
and can lead to optic nerve injury resulting in temporary or permanent blindness. 
Patients with glaucoma are at increased risk; this can be mitigated through the use 
of appropriate ophthalmic medications and reducing the degree and length of 
Trendelenburg as much as possible [11]. Lower extremity compartment syndromes 
leading to fasciotomies and rhabdomyolysis have been reported as well and have 
been reviewed in the past [12]. Guidance provided by the authors suggests the risk 
can be mitigated by avoiding pressure on the calves in the lithotomy stirrup, avoid-
ing excessive angulation of the hips and avoiding raising the legs as much as pos-
sible. Even an increase in intracranial pressure with a resultant decrease in cerebral 
oxygenation occurs with Trendelenburg positioning; however, the clinical signifi-
cance remains uncertain [13]. As an overarching theme, minimizing the degree and 
length of Trendelenburg as much as possible will help to avoid these complications. 
In long cases, it may be advisable to intermittently return the patient to the supine 
position for a few minutes prior to reassuming the Trendelenburg position and con-
tinuing the operation.

Fig. 10.3 The patient is positioned on a nonslip pad with arms tucked at side and fingers up to 
reduce risk of brachial plexus injury during Trendelenburg positioning

A. T. Hawkins and C. H. Olson
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Reverse Trendelenburg positioning has utility in colorectal surgery. In this posi-
tion, the viscera fall into the pelvis, and exposure of the transverse colon and associ-
ated hepatic and splenic flexures improves. Reverse Trendelenburg is associated 
with fewer physiologic complications as opposed to the Trendelenburg position; 
however, the opportunity for patient motion on the table and associated nerve injury 
remains. Therefore, having the patient securely and appropriately attached to the 
bed and appropriately placed in lithotomy stirrups remains vital (Fig. 10.2a, b).

Left and right tilt can be applied to the bed in either the Trendelenburg or reverse 
Trendelenburg positions to increase exposure of the left or right colon, respectively. 
There are minimal physiologic changes that occur with bed tilt, but increased table 
motion increases the chance for patient motion and possible nerve injury or patient 
fall from the operative table.

 Assistant Ports and Retraction

Placement of additional laparoscopic port sites can allow for improved retraction 
via the use of a surgical assist. The bowel can be manipulated with atraumatic grasp-
ers, laparoscopic fans, or even the placement of intraperitoneal surgical sponges 
(Figs. 10.4 and 10.5a–c). Additionally, intracorporeally placed retractors or sutures 
can be used in some instances. For example, a suture can be used to retract the 
uterus cephalad, and stay sutures can be used to assist in suturing on the bowel [14]. 
External retractors can also be helpful: the uterus can be retracted cephalad with the 
aid of a uterine manipulator, and the rectum can be moved through the use of sizers 

Fig. 10.4 During medial 
to lateral dissection of the 
inferior mesenteric artery 
(IMA), exposure is 
achieved with bowel 
retractors. An intra-
abdominal sponge is used 
to retract the small bowel 
at the base of the 
mesentery to prevent 
inadvertent thermal injury. 
(Courtesy of Patricia Sylla, 
MD)
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(Fig. 10.5a–c). Magnetic retractors that work through the abdominal wall have also 
been developed and have demonstrated clinical utility [15]. All these techniques 
introduce additional complexity to an operation, and close attention must be paid to 
the location of assistant’s instruments, and in the case of intraperitoneal retractors/
assists, these are removed at the completion of the operation.

 Laparoscopic Visualization

Poor visualization can hamper the safe completion of laparoscopic procedures. 
Ideally, a clear view of the operative field should be present at all times. Fogging is a 
common problem which can be remedied by using pre-warmed laparoscopic lenses, 
warm air insufflation, and moving the insufflator away from the camera port. Fogging 
from smoke production during use of cautery or energy devices also occurs and can 
be improved by use of suction irrigation, venting a laparoscopic port, and use of a 
smoke evacuation device. Specialized laparoscopes with built-in heaters to warm the 
lens are available; also, the use of conductive lubrication on cautery instruments can 
greatly reduce the amount of smoke produced. Other impediments to visualization 
include dirty lenses from passing the scope through soiled ports. Here, cleaning the 
port regularly can help, as well as upsizing the port to allow for easier introduction of 
the lens. The suction irrigator can also be used to clean the lens by blowing clear fluid 
across it and then using the suction to remove remaining water vapor.

 Control of Surgical Bleeding

Bleeding is a common operative problem and can be the cause of conversion to an 
open procedure. Increasing operative experience decreases the number of signifi-
cant bleeding complications as well as the need to convert the case to address 

a b c

Fig. 10.5 (a–c) Three different techniques to retract the uterus, cul-de-sac, and vagina during low 
anterior resection. (a) A suture is placed laparoscopically through the uterus using a Keith needle, 
and the uterus is suspended superiorly. (b) Multiple retractors are used to retract the uterus and 
cul-de-sac superiorly in order to expose the anterior rectal wall. (c) A sizer is inserted transvagi-
nally and used to retract the vaginal anteriorly and facilitate exposure of the rectovaginal plane. 
(All: Courtesy of Patricia Sylla, MD)
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bleeding [16]. As always, prevention is better than reaction, and appropriate expo-
sure of the operative field can reduce the incidence of bleeding and facilitate con-
trol. The first response should generally be control of the bleeding as quickly as 
possible using an instrument already present in the abdomen. This could be either a 
grasper or an energy device. Modern laparoendoscopic energy devices use endo-
thermal bipolar vessel sealing or ultrasonic energy to coagulate tissue. Both can 
close vessels up to 7 mm in diameter; however, endothermal bipolar vessel sealing 
devices have significantly less heat production, decreasing possible thermal injury 
to nearby structures. A small randomized controlled trial showed a significant 
reduction in blood loss and operative times with the use of endothermal bipolar 
devices [17]. The choice of particular device is largely dependent on individual 
surgeon’s preference and experience.

In the event bleeding cannot be controlled with an energy device, other options 
are available. Larger vessels with significant calcification may not be adequately 
sealed with coagulation alone. It is important to note that bipolar devices will mal-
function when in proximity to a foreign body such as metal. Bleeding through staple 
lines must be controlled with alternative measures. Laparoscopic clips or endoloops 
are more effective means of control. Clips are available in either the traditional 
metal style or locking plastic clips. Endoloops are very effective to control bleeding 
from a major colonic vessel such as the ileocolic, inferior mesenteric, or middle 
colic pedicle. Slow bleeding through a staple line can also be managed with mono-
polar cautery, suture ligature, or application of a laparoscopic hemostatic agent.

 Splenic Bleeding

Bleeding from the spleen can be difficult to control and lead to conversion to open 
and even splenectomy, which has long-term immunologic consequences. Rates of 
splenic injury vary from 0.5 to 1% for laparoscopic colorectal resections. For minor 
splenic bleeding, the best initial route is application of a surgical hemostatic agent 
and tamponade. If this proves ineffective, monopolar cautery or argon beam coagu-
lation can be attempted; however, these can worsen the area of injury and lead to 
more severe bleeding. Devascularization of the inferior pole of the spleen has also 
been reported as a salvage technique and may prove effective [18]. Should splenec-
tomy be required, the patient should receive the appropriate vaccinations prior to 
hospital discharge.

 Organ Injury

Organ injuries that occur during laparoscopic colorectal resection should ideally be 
identified and repaired at the time of the procedure. Commonly injured organs 
include the small bowel and ureter, and special precautions can be taken to help 
avoid these complications. Other organs at risk include the spleen, pancreas, liver, 
bladder, and vagina. As with many aspects of surgery, most repairs can be accom-
plished laparoscopically; however, a low threshold for conversion to an open is 
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appropriate. Knowledge of the anatomy and proper exposure are the first line of 
defense. Please see Chap. 31 on strategies to minimize conversion in laparoscopic 
colorectal surgery for more technical details.

 Small Bowel Injury

Serosal tears affect the outer muscular layer of the intestine while leaving the inner 
muscular layer and mucosa intact. Small serosal tears likely require no repair. 
Larger tears benefit from closure with Lembert sutures. This can be accomplished 
laparoscopically in the traditional interrupted fashion or as a running suture. 
Absorbable sutures should be used, and unidirectional sutures can be employed as 
well. Repair should occur in a transverse fashion to avoid stenosis of the bowel 
lumen. Full thickness injuries of the intestine mandate repair. These are repaired 
most effectively with a running suture, and the use of unidirectional suture greatly 
facilitates laparoscopic closure and has been shown to be safe (Fig.  10.6) [19]. 
Again, repair should occur along the transverse axis of the bowel. Thermal injuries 
to the intestine are more difficult to identify [20]. Signs of thermal injury can be 
subtle, and surgeons should have a high index of suspicion if energy was used in 
close proximity to the bowel. Thermal injury can appear as a whitish discoloration, 
or in severe cases, the tissues may appear bruised or charred and have a contracted 
appearance. Often, these injuries may be missed altogether. If an area of injury is 
identified, it should be debrided and repaired as a full thickness injury.

 Ureteral Injury

Injuries to the ureter occur in up to 1% of all laparoscopic colorectal operations and 
are one of the most commonly litigated areas in colorectal surgery [21]. Repair of 
ureter injuries should involve the consult of a urologic surgeon and ideally be identi-
fied and performed at the time of surgery. Delay in identification of ureteral injuries 
leads to increased risk of loss of kidney function and further complications [21]. 

Fig. 10.6 Bowel repair. Repair of bowel injuries is performed transversely to avoid structuring of 
the intestine
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Prevention of ureter injuries is guided primarily by knowledge of the pelvic anat-
omy, proper exposure, and review of preoperative imaging. Ureteral stents can also 
play an important role. Stents are unlikely to prevent injuries but may aid intraop-
erative recognition of ureteral injuries, facilitating early repair. A 2018 analysis of 
NSQIP data demonstrated a protective effect of ureteral stents in high-risk cases 
[22]. Newer technologies such as lighted stents and immunofluorescence can aid 
further in intraoperative identification of the ureters, saving operative time and pos-
sibly reducing injury rates (Fig.  10.7) [23, 24]. Complications of ureteral stent 
placements occur approximately 2% of cases and include acute renal injury, obstruc-
tion and hydronephrosis, urinary tract infection, and ureteral perforation [25]. For 
this reason, many employ a selective stenting policy based on preoperative index of 
suspicion for a difficult case.

 Trocar Site Closure

Hernias at port sites occur, and the question of which port sites to close remains 
controversial to this day. Generally, 5 mm port sites have a low risk of hernia, and 
closure is unnecessary. Consideration to closure should be given if the port has 
fallen out and been replaced several times during the operation, inadvertently creat-
ing a larger fascial defect. Hernias at 8 mm ports have been reported; however, com-
mon practice remains to not close the fascia at these defects as large series show 
these hernias are rare [26]. 10–12 mm ports have reported rates of hernia around 
1%, making some authors recommend fascial closure of port site [27]. Risks of 
closure include vessel injury and bleeding, as well as increased postoperative pain. 
Port site closure can be accomplished with a laparoscopic suture passer or one of the 
several commercially available devices.

 Conclusion

Laparoscopic colorectal surgery is a challenging endeavor that requires greater cog-
nitive involvement and training when compared to traditional open surgery. Constant 
vigilance and anticipation and knowledge of potential problems can lead to improved 
intraoperative management and patient outcomes.

Fig. 10.7 Indocyanine 
green dye can be injected 
through ureteral stents to 
aid in ureteral 
visualization. (Courtesy of 
Jeffrey Gahan, MD, UT 
Southwestern Medical 
Center)
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11Principles of Complete Mesocolic 
Excision for Colon Cancer

Ian M. Paquette and Fergal Fleming

 Introduction and Rationale

Since the initial description by Heald of total mesorectal excision (TME) [1–3], 
there has been a steady interest in the relationship between the quality of a rectal 
cancer resection and oncologic outcomes. The fact that a well-executed TME as 
judged by the quality of the mesorectal specimen is clearly associated with better 
oncologic outcomes has led to some authors to postulate that similar principles 
should be applied to colon cancer. The current point of controversy is the role for 
complete mesocolic excision (CME) in colon cancer surgery [4]. The effort to stan-
dardize colon cancer surgery has brought forth many new and often contradicting 
definitions. CME, “high-tie,” “D3” resection, and others are often incorrectly used 
interchangeably in the literature. To be able to understand the literature on this topic, 
we must first understand the meaning of the various definitions which have been 
proposed. We will then examine the impact of these techniques on survival after 
colon cancer surgery and the evolving role of minimally invasive surgery in these 
techniques.

 Definitions

Many reports in the literature use the terms CME and central vascular ligation 
(CLV) interchangeably. There are three components to CME. The first component 
involves sharp dissection between the parietal fascia and mesenteric plane and 
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removal of the mesenteric tissue within a complete envelope of fascia and perito-
neum [5]. The second component is the central vascular tie at the most proximal 
extent of the feeding blood vessel, and the final component is removal of an ade-
quate length of bowel either side of the tumor to remove potentially involved lymph 
nodes in a longitudinal direction [6]. Where the confusion often arises is in the 
extent of lymphadenectomy that is done. CME requires proximal vascular ligation 
at the origin of the feeding vessels but does not require dissection of the root vessels 
(e.g., superior mesenteric artery or vein). The definitions of extent of lymph node 
dissection described in the following sections are based on the guidelines of the 
Japanese Society of Cancer of the Colon and Rectum (JSCCR) [7, 8] It is important 
to note that most of the literature reported below describes a CME dissection with a 
standard high ligation of the feeding vessel and does not include an extended 
lymphadenectomy.

 D3

The Japanese classification references levels as D1–D3, as highlighted in Fig. 11.1. 
D1 lymph node resection represents transection of the mesenteric vessels at the 
level of the marginal vessel; D2 is a more traditional resection of the main feeding 
vessel to a given colonic segment at its origin. D2 dissection is equivalent to transec-
tion of the ileocolic artery at its origin off the superior mesenteric artery (SMA) or 
ligation of the inferior mesenteric artery at the takeoff of the left colic artery. A D3 
dissection for a right-sided tumor includes lymph nodes along the anterior aspect of 
the superior mesenteric vein (SMV) and SMA (central lymph nodes) and for a left- 
sided tumor includes lymph nodes around the inferior mesenteric artery at the origin 
off the aorta [7].

 Central Venous Ligation (CVL)

The group from Erlangen, Germany, has proposed nodal dissection even more 
extended than the D3 standard proposed by the Japanese, noted as central vascular 
ligation [7]. This description is pertinent to a right colectomy. Dissection in the 
plane of Toldt’s fascia between the mesocolic fascia and the retroperitoneum is per-
formed with sharp dissection. Surgery involves a Kocher maneuver and takedown of 
the mesenteric attachments to the duodenum and uncinate process of the pancreas 
with complete dissection around the superior mesenteric vein and superior mesen-
teric artery. For tumors of the cecum and proximal ascending colon, the right 
branches of the middle colic artery and middle colic vein are ligated centrally. For 
tumors located more distally in the ascending colon, hepatic flexure or proximal 
transverse colon (proximal to the left branch of middle colic artery) lymph node 
removal is taken down to origin of the middle colic and ileocolic artery with these 
arteries divided centrally. For tumor in the distal transverse colon, lymph nodes in 
the gastrocolic ligament are included in the resection, as are gastroepiploic vessels, 
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and their branches to the stomach are divided for a length of approximately 10 cm 
either side of the tumor. It is important to understand this definition, in contrast to 
the definition of D3, and they are often inappropriately discussed interchangeably in 
the literature.

 Role for Minimally Invasive Surgery in CME

Laparoscopic colectomy is widely accepted as a preferred surgical technique for 
colon cancer [9]. CME was initially described as a massive open operation, albeit 
with good oncologic outcomes. The challenge for the surgeon is to use minimally 
invasive techniques to achieve the same oncologic outcomes while maintaining the 
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benefits of MIS approach. Many reports continue to emerge describing the technical 
considerations for achieving a CME resection for colon cancer using laparoscopic 
or robotic surgery [10–15]. Most of these studies examine outcomes in resection of 
either the right colon or the transverse colon, as a proximal lymphadenectomy in a 
left colectomy is not technically difficult and is often performed [10]. Of these types 
of resection, transverse colectomy tends to be more technically difficult, with longer 
operative times due to increased technical complexity [16]. The technical complex-
ity comes from dealing with the intricacies of the middle colic vessels, which are 
often shorter and have more varied branching patterns than often seen in other seg-
ments of the colon. A study by Spinoglio and coauthors of 202 robotic vs. 101 lapa-
roscopic right colectomies with CME indicated a lower rate of conversion to open 
surgery (0% vs. 6.9%) in robotic vs. laparoscopic surgery (p = 0.01), with no differ-
ence in 5-year overall or disease-free survival [17]. A recent literature review com-
paring laparoscopic vs. open CME included 1 RCT and 11 non-randomized studies 
(4 from Europe and 7 from Asia) [14]. As expected, laparoscopic surgery offered 
faster return of gastrointestinal function and less complications. There were no dif-
ferences in the quality of the resected specimen based on lymph node harvest and 
distance from tumor to the mesenteric transection. The laparoscopic approach 
offered better 3-year overall survival (OR 2.02, p = 0.001) and disease-free survival 
(PR 1.45, p = 0.05) [14]. These results suggest that a minimally invasive approach 
is at least feasible, but the survival results need to be interpreted with some caution 
as these studies were fraught with selection bias, and in many instances, laparo-
scopic resections were offered to lower-risk tumors. Although little has been pub-
lished on the learning curve during CME, the few publications on this topic have 
demonstrated a long learning curve as demonstrated by longer operative time and 
time to achieve CME specimens of satisfactory quality [18, 19].

Please refer to Chap. 13 on laparoscopic right colectomy for malignant disease 
for details on operative setup and techniques of laparoscopic right colectomy with 
CME.

 Perioperative Outcomes of CME

The extensive dissection close to or around the root of the major blood vessels in 
both CME and D3 lymphadenectomy has led to understandable concerns about pos-
sible morbidity compared to conventional colon cancer resection which does not 
mandate as an extensive dissection. Tables 11.1 and 11.2 summarize publications to 
date where either CME or D3 resections were compared to either a concurrent or 
historical control group who underwent conventional or “standard” colon cancer 
resection. Operative blood loss was reported on in three studies, with one study 
reporting a significantly higher blood loss in the CME group, with no difference 
noted in the other two studies [20–22] (Table 11.1). A recent pooled analysis by 
Alhassan and coauthors comparing [23] conventional colectomy and CME for 
colon cancer found a similar rate of pooled overall complications for conventional 
resection of 19.6% (95% CI:13.6–25.5) and 22.5% (95% CI:18.4–26.6) for CME 
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[20–22, 24, 25]. However, the sole paper to date to report on intraoperative compli-
cations did note a significantly higher rate of intraoperative organ injuries in patients 
undergoing CME resection (CME 9.1% vs. 3.6% conventional resection, p < 0.001), 
notably splenic and superior mesenteric vein injury [25]. These findings suggest 
that a surgeon should be careful in performing dissection close to the root of major 
feeding vessels, as there is a risk of injury to structures such as the duodenum, pan-
creas, and SMV.

 Oncologic Outcomes of CME

 Pathological Outcomes

All three studies that reported on distance from the tumor to the high ligation tie 
reported a significantly longer distance from tumor to tie in the CME group com-
pared to conventional surgery (Table  11.2). Lymph node yield was significantly 
higher in all six studies for CME group. Kotake and coauthors reported [26, 27] on 
two patient cohorts where a D3 lymphadenectomy was compared to conventional 
resection and observed a significantly higher lymph node yield for the D3 cohort in 
both studies compared to conventional resection.

To better understand the potential impact of central lymphadenectomy for colon 
cancer, one must first understand the incidence of central nodal positivity when 
these resections are done. Some reports have upstaged up to 5% of patients from N0 

Table 11.1 Studies comparing conventional colectomy and CME or D3 lymphadenectomy with 
respect to operative and 30-day outcomes

Study
Study 
period Country

Surgical 
approach Number

OR 
time 
(mins)

Blood 
loss 
(ml)

Complication 
rate (%)

30-day 
mortality 
(%)

West 
et al. [39]

1999–
2008

Denmark Conventional 
CME

170
93

–
–

–
–

–
–

–
–

Bertelson 
et al. [22]

2007–
2009

Denmark Conventional 
CME

93
105

–
–

270
250

20
22.6

7.
6.

Galizia 
et al. [20]

2004–
2012

Italy Conventional 
CME

58
45

130*
178

200*
280

12.1
13.3

–
–

Bertelson 
et al. [34]

2008–
2011

Denmark Conventional 
CME

1031
364

–
–

–
–

–
–

4
5

Bertelson 
et al. [40]

2008–
2013

Denmark Conventional 
CME

1701
529

–
–

–
–

28.5
30.6

–
–

Merkel 
et al. [24]

1978–
2014

Germany Conventional 
CME

429
1099

–
–

–
–

17.2*
21.3

3.7
2.7

Olofsson 
et al. [21]

2007–
2009

Sweden Conventional 
CME

390
1694

148
155

204
232

20.8
22.8

0.8
3.6*

Kotake 
et al. [26]

1985–
1994

Japan Conventional 
D3 resection

3425
3425

–
–

–
–

–
–

–
–

Kotake 
et al. [27]

1995–
2004

Japan Conventional 
D3 resection

463
463

–
–

–
–

–
–

–
–

*: P < 0.05
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to N3 disease. Review of the literature involving D3 vascular ligation indicates that 
the central nodal basin is positive approximately 1–8% of the time. Right-sided 
tumors are estimated to metastasize to central vasculature between 3 and 5% of the 
time [7, 28–32], while left-sided lesions metastasize to the root of the IMA between 
1.7 and 8% of the time [29, 33]. The true incidence of central nodal positivity is 
largely unknown because most colon cancer resections are done at the D2 level. 
Positive nodes in the central location would really be the only clinical reason to 
undertake such an extensive central resection.

 Long-Term Survival

Attempts to compare survival between conventional colectomy for colon cancer and 
CME or D3 lymphadenectomy are difficult due to multiple potential confounding 

Table 11.2 Studies comparing conventional colectomy and CME or D3 lymphadenectomy with 
respect to pathological and long-term survival

Study
Surgical 
approach

Large bowel 
specimen 
length 
(mean)

Distance 
from tumor 
to high tie 
(cm)

Lymph 
node yield 
(mean)

Overall 
survival 
(%)

Disease- 
specific 
survival 
(%)

West et al. 
[39]

Conventional
CME

24.7 
(median)
31.5

8.4 
(median)*
10.5

18*
28

–
–

–
–

Bertelson 
et al. [22]

Conventional
CME

–
–

7.1*
9.6

24.5*
26.7

–
–

–
–

Galizia 
et al. [20]

Conventional
CME

27.4
28.8

8.7*
10.6

15*
20

–
–

87 3 years
95

Bertelson 
et al. [34]

Conventional
CME

–
–

–
–

–
–

69.8 
(5 years)
74.5

73.4* 
4 years
85.8

Bertelson 
et al. [40]

Conventional
CME

–
–

–
–

20*
36

–
–

–
–

Merkel 
et al. [24]

Conventional
CME

–
–

–
–

25* 
(median)
27

Stage III 
53.1* 
(5 years)
Stage III 
69.7

Stage III 
61.7* 
5 years
Stage III 
80.9

Olofsson 
et al. [21]

Conventional
CME

–
–

–
–

17.5*
19.2

78.5 
(3 years)
79.4

69.4
73.8

Kotake 
et al. [26]

Conventional
D3 resection

–
–

–
–

14.9*
21.8

No 
difference 
at 5 years

–
–

Kotake 
et al. [27]

Conventional
D3 resection

–
–

–
–

11.6*
18.1

90.6 
(5 years)
91.9

–
–

*: P < 0.05
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factors. Few studies compare CME to high-quality D2 resection, and the concepts 
of CME and CVL are often used interchangeably. There is a paucity of studies 
which directly compare high-quality conventional colectomy (D2 lymphadenec-
tomy) with either D3 lymphadenectomy or CVL with lymphadenectomy along the 
root vessels. Many of the studies use historical controls when less attention was paid 
to lymph node retrieval and pathological assessment. Only one study reported sig-
nificantly higher survival for stage 3 patients in the CME group compared to con-
ventional resection group [13] (Table  11.2). The other four studies did not 
demonstrate a difference in overall survival between conventional and CME resec-
tions. Disease-specific survival was higher in two of the four studies [13, 34] which 
reported this endpoint. Despite the CME groups and D3 lymphadenectomy cohorts 
all having a significantly longer distance from tumor to high tie and lymph node 
yields, this apparent improvement in pathological surrogates has not been associ-
ated with a consistent improvement in survival (Table 11.2). This raises the question 
of what is the incremental benefit of an “extended” lymphadenectomy with respect 
to oncologic outcomes. The following section highlights some studies where CME 
or D3 resections are compared to a more standardized approach involving D2 
lymphadenectomy.

Hohenberger and coauthors reported their experience with over 2000 patients 
who underwent colon cancer resection over a 35-year period with the period 1978–
1984 represented the baseline group prior to a policy change, and routine use of 
CME colon cancer surgery was practiced in the two latter time periods (2003–2009–
1994 and 2010–2014) [13]. They found a significant decrease in overall locore-
gional recurrence for the latter time period (2003–2009) (3.6%) compared to the 
earliest time period (1978–1984) (6.5%). For cancer-related survival, a significant 
improvement over time was found, from 78.9 to 90.6% (hazard ratio 0.54, 95% CI 
0.38–0.77, p = 0.001), though no significant improvement in overall survival was 
seen. The results must be viewed within the context that the study was comparing 
patients from an era when no patients received adjuvant chemotherapy compared to 
the latter period where nearly 80% of patients with stage III patients received che-
motherapy and no data were available on the mesenteric dissection plane or ade-
quacy of the nodal assessment from the earlier study periods.

Kawamura and coauthors wished to explore the impact of ligation level (interme-
diate or high ligation) on survival for colon cancer over a very long time period 
(1963–1999) [35]. High ligation was not associated with an improvement in sur-
vival, regardless of level of lymph node positivity (pericolic, intermediate, or central 
lymph node positivity), though the results must be viewed within the context that 
the number of patients with intermediate or central lymph node positivity was very 
small (n = 53).

Kotake and coauthors explored the association of extent of lymphadenectomy 
(D3 versus D2 lymphadenectomy) using a match propensity score design for 
patients with a pathological stage T3 or T4 cancer from the time period 1985–
1994. There was a significant difference in OS between the matched groups, 
favoring the D3 lymphadenectomy group (HR 0.81; 95% CI:0.73–0.90, 
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p = 0.0001), though the findings may have been confounded by the fact that even 
after matching the D2 group had a significantly higher proportion of stage 3 
patients [26]. The same group subsequently examined the association between 
level of lymphadenectomy for pathological T2 tumor who underwent D2 versus 
D3 resection and found no difference in overall survival between patients who 
underwent a D2 versus D3 resection [27].

Bokey and coauthors compared two consecutive periods of time (1971–1979 
vs. 1980–1995). Patients in the latter time period were defined as having under-
gone a standardized surgery with sharp mesocolic dissection with transection 
of the relevant vessels “close to the origin” of the feeding vessel. Patients in the 
latter standardized surgery group had a significantly better 5-year disease-spe-
cific survival (76.5% vs. 66.4%), though as with all these studies who use his-
torical controls, the lack of receipt of chemotherapy in the stage 3 patients in 
the early time period must be considered [36]. The potential impact of a surgi-
cal education program was examined by Storli and associates who compared 
the outcomes of a group of patients (n = 89) after a CME training program and 
compared the outcomes to patients treated in different hospitals where conven-
tional colectomy was performed (n = 105). The CME cohort had a lower local 
recurrence, and 3-year survival was higher than seen in the group who under-
went conventional colectomy [37]. These studies do suggest that a standardized 
approach to colon cancer resection are important, though the precise contribu-
tions of the various elements of CME (sharp dissection in the mesocolic plane, 
lymphadenectomy to the D3 levels, and “wide” bowel resection) require fur-
ther study.

A recent systematic review by Alhassan and associates of 14 studies compared 
short- and long-term outcomes between conventional colectomy and CME for colon 
cancer. The authors concluded that the evidence base for CME was limited and did 
not reveal a clear benefit over conventional colectomy in accordance with a previous 
study [12, 38].

 Conclusion

Current data support resection of the complete mesocolic envelope with a D2 
lymphadenectomy for colon cancer. Metastasis to central lymph nodes is a rela-
tively rare event (1–8% of patients), and it is unclear whether extended lymphade-
nectomy confers a survival benefit. Minimally invasive techniques to these resections 
are technically feasible but are associated with a long learning curve. The recent 
resurgence of interest in the operative approach in colon cancer is to be welcomed 
as it has refocused attention on the integral role of optimal surgical technique in the 
management of colon cancer. Future studies should involve a standardized defini-
tion of what constitutes a CME with a prospective comparison between CME and a 
D2 lymphadenectomy with sharp dissection in the mesocolic plane to determine the 
optimal surgical technique.

I. M. Paquette and F. Fleming



163

References

 1. Heald R, Moran B, Pahlman L, Christensen HK. Optimising surgery for rectal cancer. Ugeskr 
Laeger. 2011;173:1044–7.

 2. Heald RJ. A new approach to rectal cancer. Br J Hosp Med. 1979;22:277–81.
 3. Heald RJ. The ‘Holy Plane’ of rectal surgery. J R Soc Med. 1988;81:503–8.
 4. Paquette IM, Madoff RD, Sigurdson ER, Chang GJ. Impact of proximal vascular ligation on 

survival of patients with colon cancer. Ann Surg Oncol. 2018;25:38–45.
 5. West NP, Hohenberger W, Weber K, Perrakis A, Finan PJ, Quirke P. Complete mesocolic exci-

sion with central vascular ligation produces an oncologically superior specimen compared 
with standard surgery for carcinoma of the colon. J Clin Oncol. 2010;28:272–8.

 6. Sondenaa K, Quirke P, Hohenberger W, Sugihara K, Kobayashi H, Kessler H, et al. The ratio-
nale behind complete mesocolic excision (CME) and a central vascular ligation for colon can-
cer in open and laparoscopic surgery : proceedings of a consensus conference. Int J Color Dis. 
2014;29:419–28.

 7. Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S.  Standardized surgery for 
colonic cancer: complete mesocolic excision and central ligation--technical notes and outcome. 
Colorectal Dis: Off J Assoc Coloproctol Great Br Ireland. 2009;11:354–64.. discussion 364–5

 8. Watanabe T, Itabashi M, Shimada Y, Tanaka S, Ito Y, Ajioka Y, et  al. Japanese Society for 
Cancer of the Colon and Rectum (JSCCR) guidelines 2010 for the treatment of colorectal 
cancer. Int J Clin Oncol. 2012;17:1–29.

 9. Fleshman J, Sargent DJ, Green E, Anvari M, Stryker SJ, Beart RW Jr, et al. Laparoscopic col-
ectomy for cancer is not inferior to open surgery based on 5-year data from the COST Study 
Group trial. Ann Surg. 2007;246:655–62.. discussion 662–4

 10. Ozben V, de Muijnck C, Esen E, Aytac E, Baca B, Karahasanoglu T, et al. Is robotic complete 
mesocolic excision feasible for transverse colon cancer? J Laparoendosc Adv Surg Tech A. 
2018; https://doi.org/10.1089/lap.2018.0239. [Epub ahead of print].

 11. Ozben V, Aytac E, Atasoy D, Erenler Bayraktar I, Bayraktar O, Sapci I, et  al. Totally 
robotic complete mesocolic excision for right-sided colon cancer. J Robot Surg. 2019 
Feb;13(1):107–14.

 12. Cengiz TB, Aytac E, Gorgun E.  Robotic complete mesocolic excision with high vascular 
tie and intracorporeal side-to-side anastomosis with omental pedicle flap - a video vignette. 
Colorectal Dis: Off J Assoc Coloproctol Great Br Ireland. 2018;20:453–4.

 13. Wang Y, Zhang C, Zhang D, Fu Z, Sun Y. Clinical outcome of laparoscopic complete meso-
colic excision in the treatment of right colon cancer. World J Surg Oncol. 2017;15:174.

 14. Negoi I, Hostiuc S, Negoi RI, Beuran M. Laparoscopic vs open complete mesocolic excision 
with central vascular ligation for colon cancer: a systematic review and meta-analysis. World 
J Gastrointest Oncol. 2017;9:475–91.

 15. Miyo M, Takemasa I, Ishihara H, Hata T, Mizushima T, Ohno Y, et al. Long-term outcomes of 
single-site laparoscopic colectomy with complete mesocolic excision for colon cancer: com-
parison with conventional multiport laparoscopic colectomy using propensity score matching. 
Dis Colon Rectum. 2017;60:664–73.

 16. Cao J, Ji Y, Peng X, Wu W, Cheng L, Zhou Y, Yang P. Efficacy evaluation of laparoscopic 
complete mesocolic excision for transverse colon cancer. Zhonghua wei chang wai ke za zhi = 
Chinese J Gastrointest Surg. 2017;20:545–9.

 17. Spinoglio G, Bianchi PP, Marano A, Priora F, Lenti LM, Ravazzoni F, et al. Robotic versus 
laparoscopic right colectomy with complete mesocolic excision for the treatment of colon 
cancer: perioperative outcomes and 5-year survival in a consecutive series of 202 patients. Ann 
Surg Oncol. 2018 Nov;25(12):3580–6.

 18. Melich G, Jeong DH, Hur H, Baik SH, Faria J, Kim NK, et al. Laparoscopic right hemico-
lectomy with complete mesocolic excision provides acceptable perioperative outcomes but 
is lengthy-analysis of learning curves for a novice minimally invasive surgeon. Can J Surg. 
2014;57:331–6.

11 Principles of Complete Mesocolic Excision for Colon Cancer

https://doi.org/10.1089/lap.2018.0239


164

 19. Munkedal DL, West NP, Iversen LH, Hagemann-Madsen R, Quirke P, Laurberg 
S.  Implementation of complete mesocolic excision at a university hospital in Denmark: an 
audit of consecutive, prospectively collected colon cancer specimens. Eur J Surg Oncolol. 
2014;40:1494–501.

 20. Galizia G, Lieto E, De Vita F, Ferraraccio F, Zamboli A, Mabilia A, et al. Is complete meso-
colic excision with central vascular ligation safe and effective in the surgical treatment of 
right-sided colon cancers? A prospective study. Int J Color Dis. 2014;29:89–97.

 21. Olofsson F, Buchwald P, Elmstahl S, Syk I. No benefit of extended mesenteric resection with 
central vascular ligation in right-sided colon cancer. Color Dis. 2016;18:773–8.

 22. Bertelsen CA, Bols B, Ingeholm P, Jansen JE, Neuenschwander AU, Vilandt J. Can the quality 
of colonic surgery be improved by standardization of surgical technique with complete meso-
colic excision? Color Dis. 2011;13:1123–9.

 23. Alhassan N, Yang M, Wong-Chong N, Liberman AS, Charlebois P, Stein B, et al. Comparison 
between conventional colectomy and complete mesocolic excision for colon cancer: a sys-
tematic review and pooled analysis : a review of CME versus conventional colectomies. Surg 
Endosc. 2019 Jan;33(1):8–18.

 24. Merkel S, Weber K, Matzel KE, Agaimy A, Gohl J, Hohenberger W. Prognosis of patients with 
colonic carcinoma before, during and after implementation of complete mesocolic excision. Br 
J Surg. 2016;103:1220–9.

 25. Bertelsen CA, Neuenschwander AU, Jansen JE, Kirkegaard-Klitbo A, Tenma JR, Wilhelmsen 
M, et  al. Short-term outcomes after complete mesocolic excision compared with ‘conven-
tional’ colonic cancer surgery. Br J Surg. 2016;103:581–9.

 26. Kotake K, Mizuguchi T, Moritani K, Wada O, Ozawa H, Oki I, et al. Impact of D3 lymph 
node dissection on survival for patients with T3 and T4 colon cancer. Int J Color Dis. 
2014;29:847–52.

 27. Kotake K, Kobayashi H, Asano M, Ozawa H, Sugihara K. Influence of extent of lymph node 
dissection on survival for patients with pT2 colon cancer. Int J Color Dis. 2015;30:813–20.

 28. Kanemitsu Y, Komori K, Kimura K, Kato T. D3 lymph node dissection in right hemicolec-
tomy with a no-touch isolation technique in patients with colon cancer. Dis Colon Rectum. 
2013;56:815–24.

 29. Kanemitsu Y, Hirai T, Komori K, Kato T. Survival benefit of high ligation of the inferior mes-
enteric artery in sigmoid colon or rectal cancer surgery. Br J Surg. 2006;93:609–15.

 30. Huh JW, Kim YJ, Kim HR. Distribution of lymph node metastases is an independent predictor 
of survival for sigmoid colon and rectal cancer. Ann Surg. 2012;255:70–8.

 31. Hohenberger W, Merkel S, Weber K. Lymphadenectomy with tumors of the lower gastrointes-
tinal tract. Der Chirurg; Zeitschrift fur alle Gebiete der operativen Medizen. 2007;78:217–25.

 32. Hohenberger W, Lux P, Merkel S, Weber K. Lymph node dissection for carcinomas of the 
lower gastrointestinal tract. What is evidence-based? Der Chirurg; Zeitschrift fur alle Gebiete 
der operativen Medizen. 2011;82:1096–105.

 33. Chin CC, Yeh CY, Tang R, Changchien CR, Huang WS, Wang JY. The oncologic benefit of 
high ligation of the inferior mesenteric artery in the surgical treatment of rectal or sigmoid 
colon cancer. Int J Color Dis. 2008;23:783–8.

 34. Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M, Kirkegaard-Klitbo A, Tenma 
JR, et al. Disease-free survival after complete mesocolic excision compared with conventional 
colon cancer surgery: a retrospective, population-based study. Lancet Oncol. 2015;16:161–8.

 35. Kawamura YJ, Umetani N, Sunami E, Watanabe T, Masaki T, Muto T. Effect of high ligation 
on the long-term result of patients with operable colon cancer, particularly those with limited 
nodal involvement. Eur J Surg. 2000;166:803–7.

 36. Bokey EL, Chapuis PH, Dent OF, Mander BJ, Bissett IP, Newland RC. Surgical technique 
and survival in patients having a curative resection for colon cancer. Dis Colon Rectum. 
2003;46:860–6.

 37. Storli KE, Sondenaa K, Furnes B, Nesvik I, Gudlaugsson E, Bukholm I, et  al. Short term 
results of complete (D3) vs. standard (D2) mesenteric excision in colon cancer shows improved 

I. M. Paquette and F. Fleming



165

outcome of complete mesenteric excision in patients with TNM stages I-II. Tech Coloproctol. 
2014;18:557–64.

 38. Killeen S, Mannion M, Devaney A, Winter DC. Complete mesocolic resection and extended 
lymphadenectomy for colon cancer: a systematic review. Colorectal Dis: Off J Assoc 
Coloproctol Great Br Ireland. 2014;16:577–94.

 39. West NP, Sutton KM, Ingeholm P, Hagemann-Madsen RH, Hohenberger W, Quirke 
P. Improving the quality of colon cancer surgery through a surgical education program. Dis 
Colon Rectum. 2010;53:1594–603.

 40. Bertelsen CA. Complete mesocolic excision an assessment of feasibility and outcome. Dan 
Med J 2017;64.

 41. Bertelsen CA, Kirkegaard-Klitbo A, Nielsen M, Leotta SM, Daisuke F, Gögenur I. Pattern of 
colon cancer lymph node metastases in patients undergoing central mesocolic lymph node 
excision: a systematic review. Dis Colon Rectum. 2016;59(12):1209–21.

11 Principles of Complete Mesocolic Excision for Colon Cancer



Part III

Rights-Sided Resections



169© Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 2020
P. Sylla et al. (eds.), The SAGES Manual of Colorectal Surgery, 
https://doi.org/10.1007/978-3-030-24812-3_12

E. Steinhagen (*) 
University Hospitals Cleveland Medical Center, Case Western Reserve University,  
Cleveland, OH, USA
e-mail: emily.steinhagen@uhhospitals.org 

G. M. Nash 
Department of Surgery, Memorial Sloan Kettering Cancer Center, Weill Cornell Medical 
College, New York, NY, USA

12Unexpected Findings at Appendectomy
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 Introduction and Rationale

Laparoscopic appendectomy is one of the most frequently performed general sur-
gery operations. With the widespread availability of cross-sectional imaging and 
improved expertise with ultrasound, the number of patients undergoing surgery for 
presumed appendicitis with a normal appendix has diminished. However, there are 
many entities that may be found during appendectomy that should prompt the sur-
geon to reevaluate their operative strategy prior to performing the planned appen-
dectomy procedure.

 Normal Appendix with Unexpected Other Source of Pathology

When laparoscopy is performed for a presumptive diagnosis of appendicitis and 
intraoperative findings suggest that the appendix is not the problem, a careful 
inspection of the abdomen to identify a source of inflammation or infection should 
be completed. Many entities may overlap with the clinical presentation of appendi-
citis and therefore should be systematically excluded (Box 12.1).
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 Inflamed Meckel’s Diverticulum

Meckel’s diverticulum is an embryologic remnant of the omphalomesenteric or 
vitelline duct found in approximately 2% of individuals; the vast majority is asymp-
tomatic [1]. The most common presentations are bleeding and infection. Bleeding 
occurs most commonly in younger patients because of ectopic gastric mucosa and 
resulting acid secretion and ulceration. Like the appendix, it can get obstructed from 
inspissated bowel contents or enlarged lymphoid tissue. When this happens, it can 
become inflamed or infected in a phenomenon similar to appendicitis. Because of 
the location of the Meckel’s, typically 40 cm from the ileocecal valve, clinical signs 
and symptoms may mimic appendicitis. Furthermore, on imaging when the appen-
dix is small and non-visualized, an inflamed Meckel’s in the right lower quadrant 
could feasibly be confused for an inflamed appendix. In addition, a Meckel’s can 
perforate and cause free fluid or an abscess that is easily confused with that of a 
perforated appendicitis [2].

Potential etiologies of Meckel’s diverticulitis may be because of torsion from the 
mesodiverticular band that attaches the tip of the diverticula to the mesentery or 
abdominal wall, ulceration in the presence of ectopic gastric mucosa leading to 
perforation, obstruction of the lumen typically from normal intestinal contents, and 
more rarely from seeds or bones that have been ingested.

When the appendix is found to be normal at exploration, a search for alternative 
sources is conducted, and the small bowel is run. When an inflamed Meckel’s diver-
ticulum is identified, it should be removed. A diverticulectomy is usually feasible 
given the typical anti-mesenteric position of the diverticulum as long as the base of 
the diverticulum is normal. This can be done with a technical approach similar to an 

Box 12.1 Differential Diagnosis When the Appendix Is Normal
Inflamed Meckel’s diverticulum
Cecal diverticulitis
Sigmoid diverticulitis
Epiploic appendagitis
Crohn’s disease
Cecal cancer
Cholecystitis
Gynecologic pathology

• Tubo-ovarian abscess
• Pelvic inflammatory disease
• Ovarian torsion
• Ruptured ectopic pregnancy
• Ovarian cyst
• Hydrosalpinx
• Endometriosis
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appendectomy by utilizing a stapler, endo-loops, or suture ligating the stump. Care 
should be taken to avoid narrowing the small bowel lumen from which the diver-
ticulum arose. In general, diverticulectomy can safely be performed with a laparo-
scopic approach. Routine exteriorization of the bowel for direct palpation is an 
option that may avoid laparotomy but is not, in general, required [3]. In some 
instances, small bowel resection may be necessary either due to the amount of 
inflammation and involvement of the associated small bowel or because of anatomic 
concerns. Diverticulectomy alone is sufficient for clearing all heterotopic tissue that 
may be present while also decreasing postoperative complications compared to seg-
mental small bowel resection [4].

When diverticulectomy for inflamed Meckel’s is performed, it may still be rea-
sonable to perform a prophylactic appendectomy as it adds minimal morbidity to 
the procedure and has the potential to prevent later pathology. There is virtually no 
literature to guide this decision. However, whether to perform a prophylactic diver-
ticulectomy in the setting of appendicitis is discussed in the literature. The rationale 
includes a small risk of becoming symptomatic and a very low risk of malignancy. 
The overall risk of symptoms from a Meckel’s ranges from 4 to 16%, and an esti-
mated morbidity from the procedure ranges from 0 to 6% [1]. It is impossible to 
make a strong management recommendation in the absence of evidence. However, 
a reasonable approach may be to remove a Meckel’s with features that may repre-
sent a higher risk of becoming symptomatic, namely, those in male patients, those 
under age 50 years, diverticular length greater than 2 cm, and those with heterotopic 
tissue felt on palpation [5].

 Cecal Diverticulitis

Cecal diverticulitis is a relatively rare problem that accounts for approximately 3% 
of all diverticulitis. Compared to appendicitis, it is also very rare (0.4–2.1% com-
pared to ~7%). Given the association between the cecum and the appendix, diagnos-
tic uncertainty based on clinical signs and symptoms as well as imaging findings is 
understandable. Up to 70% of patients diagnosed with this problem in the operating 
room had a preoperative diagnosis of appendicitis on imaging [6]. The classic pre-
sentation is a patient with right lower quadrant pain, tenderness on examination, and 
fever. Leukocytosis is common as is an inflammatory reaction in the right lower 
quadrant on imaging. Authors that attempt to differentiate suggest that the course of 
cecal diverticulitis may be more indolent than appendicitis, and the pain does not 
begin in the epigastrium [7]. Unlike left-sided diverticuli, cecal diverticuli tend to be 
true diverticuli consisting of all layers of the bowel wall though traditional false 
diverticuli may also occur. They are seen more frequently in men of Asian descent, 
and the true diverticuli are considered a congenital phenomenon.

When it is diagnosed preoperatively, cecal diverticulitis may be managed nonop-
eratively in the majority of cases similarly to left-sided diverticulitis. Surgical treat-
ment of this entity includes right hemicolectomy, ileocecal resection, or simple 
diverticulectomy or inversion of the diverticulum [6, 8]. When diagnosed 
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intraoperatively, recommendations are based on a grading system: Grade I describes a 
protruding, easily identifiable cecal diverticuli, grade II is an inflamed cecal mass, 
grade III is a localized abscess or fistula, and grade IV represents a free perforation 
[9]. In cases of grade I cecal diverticulitis, simple diverticulectomy and appendectomy 
are recommended. For grades II–IV, the suggested treatment is ileocecectomy or right 
hemicolectomy [10]. In practice, cecal diverticulitis may be impossible to distinguish 
from a mass intraoperatively, and in those cases, an oncologic right hemicolectomy is 
the prudent choice. In some clinical scenarios, it may be the most prudent option to 
simply terminate the procedure and treat the diverticulitis with antibiotics until the 
diverticulum can be definitively addressed in the elective setting.

 Sigmoid Diverticulitis

A redundant sigmoid may lie in the midline, in the pelvis, or even in the right lower 
quadrant. Inflammation of the sigmoid colon may appear similar to appendicitis on 
clinical history, physical exam, and laboratory evaluations. On CT scan, inflamma-
tory changes may appear in the right lower quadrant, and the appendix may also 
appear thickened or secondarily inflamed. In this situation, the appendiceal inflam-
mation is due to proximity rather than inherent pathology. There is often a serositis 
on direct observation. In this situation, appendectomy is not indicated, but consid-
eration for removal to prevent future complications can be considered. Treatment of 
complicated sigmoid diverticulitis is discussed in Chap. 28.

 Epiploic Appendagitis

Inflammation of an epiploic appendage may partially mimic appendicitis clinically 
with acute onset right lower quadrant pain that is progressive. However, patients are 
usually afebrile and without leukocytosis, nausea, or vomiting. The right colon is 
the third most common site for appendagitis, following the sigmoid and descending 
colon. The etiology of epiploic appendagitis is torsion of the appendage causing 
venous occlusion that can result in ischemia, thrombosis, or infarction. It is benign 
and self-limited, requiring no specific treatment. Patients typically improve with 
oral anti-inflammatory medications over 4–7  days. Rarely, an inflamed epiploic 
appendage will become infected and develop into an abscess, cause a bowel obstruc-
tion, or act as a lead point for intussusception.

On imaging, it should be feasible to differentiate this entity from appendicitis; 
the patient should have a normal appendix, and on CT scan there is inflammatory 
infiltration of the fat around the offending epiploic appendage. There is a character-
istic central lucency [11]. With ultrasound, an inflamed epiploic appendage will 
appear as an oval, non-compressible mass with no central flow on Doppler when the 
probe is placed over the point of maximal tenderness [12]. In cases of severe inflam-
mation, it could appear that the inflammation is surrounding the appendix and can 
lead to diagnostic confusion.
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Given the widespread use of imaging, this is a diagnosis that is typically not 
made in the operating room at this point. However, if imaging is not utilized or not 
available and it is found in the context of a normal appendix, the appendix should 
not be removed. There is no evidence whether it is necessary to remove the offend-
ing epiploic appendage once identified.

 Crohn’s Disease

On laparoscopy, features of Crohn’s disease may be visualized including creeping 
fat, thickened mesentery, inflamed bowel, abscess, and strictures. When these are 
found, it must first be determined if there is a perforation. If there is a bowel perfora-
tion, an appropriate resection should be performed with or without a stoma depend-
ing on patient and surgeon factors. When there is no perforation and particularly 
when the diagnosis has not previously been made, no resection should be performed. 
The remainder of the bowel should be carefully examined to determine the extent of 
the disease. Areas of inflammation, mesenteric thickening, and creeping fat should 
be noted. Strictures are also a common finding and may or may not be associated 
with proximal bowel dilation depending on the severity. The position and distance 
between abnormal segments should be documented. Following the operation, a 
careful history should be taken with the new diagnosis in mind, and patients should 
be seen by a gastroenterologist to direct further workup and treatment.

While certainly it is possible for a patient with a new diagnosis of Crohn’s dis-
ease to have appendicitis as well, it is somewhat rare to have two simultaneous 
problems. The commonly taught adage to remove the appendix if the base and 
cecum are normal and to leave it if they are not is a reasonable approach despite no 
specific evidence in either direction. The goal of this approach is to reduce diagnos-
tic confusion in the future between a Crohn’s flare and appendicitis. The appendix, 
however, should not be removed if the cecal inflammation involves the base of the 
appendix given the risk of postoperative stump leak. Given the availability of imag-
ing, this is less important, but since the morbidity of the appendectomy is minimal, 
it is still appropriate.

 Gynecologic Pathology

Many gynecologic and obstetric conditions may mimic the clinical signs and symp-
toms of appendicitis. Even on imaging, some entities may demonstrate right lower 
quadrant inflammatory changes. Therefore, if the appendix is normal on laparos-
copy, the pelvis should be carefully evaluated. Diagnoses such as tubo-ovarian 
abscess, pelvic inflammatory disease, ovarian torsion, ruptured ectopic pregnancy, 
ovarian cyst, hydrosalpinx, or even severely symptomatic endometriosis may mimic 
appendicitis.

Whenever possible, the assistance of a gynecologist should be utilized in dealing 
with these entities. If that is not feasible, any infection or sepsis should be drained; 
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nonviable tissue should be removed with the goal of preserving both ovaries and 
fallopian tubes whenever possible.

Pelvic inflammatory disease (PID) is a usually polymicrobial infection of the 
upper part of the female reproductive system (uterus, fallopian tubes, ovaries). 
Symptoms include pain, fever, and vaginal discharge. The pain may be pelvic or 
lower abdominal. On exam, cervical motion tenderness and adnexal tenderness may 
be noted. There is typically mucopurulent cervicitis. The most frequently impli-
cated organisms are Neisseria gonorrhoeae or Chlamydia trachomatis, but polymi-
crobial infection with a number of other bacteria is also common [13, 14]. The 
diagnosis is often made clinically and based on physical exam and therefore requires 
a high degree of suspicion. Tubo-ovarian abscess is a late complication of pelvic 
inflammatory disease. If the abscess ruptures, it can result in peritonitis and sepsis. 
The abscess is often visible on ultrasound or cross-sectional imaging such as CT 
scan but on the right side could appear similar to appendicitis if the inflammation is 
extensive and the appendix lays in the pelvis. On laparoscopy, there may be a con-
fined abscess. In addition, inflammatory changes consistent with Fitz-Hugh-Curtis 
perihepatitis may be seen. PID is usually treated with antibiotics alone. When tubo- 
ovarian abscess requires surgery, operative therapy may include either drainage or 
salpingo-oophorectomy.

Ovarian torsion occurs when the ovary rotates on its vascular pedicle and the 
vessels are occluded. This leads to unilateral pain and is often associated with nau-
sea and vomiting. It may be more common in the setting of ovarian masses or cysts. 
When suspected, the diagnosis can often be made with Doppler sonography that 
demonstrates a loss of blood flow to the affected ovary. When diagnosed preopera-
tively on imaging, a gynecologist should be consulted. When found incidentally in 
the operating room, the treatment for ovarian torsion is surgical detorsion and pexy; 
if the ovary is necrotic or nonviable, it should be removed.

Ectopic pregnancy occurs when the embryo implants outside of the uterine cav-
ity. The fallopian tube is the most common site of implantation [15]. Common 
symptoms are abdominal/pelvic pain associated with vaginal bleeding in the setting 
of a positive pregnancy test. Nauseas and vomiting are less frequent. Most women 
present between 4 and 8 weeks after the last menstrual period [16]. On ultrasound, 
there is no evidence of intrauterine pregnancy. When diagnosed early, medical man-
agement with methotrexate and serial laboratory monitoring is often feasible. 
Ruptured ectopic pregnancy, however, is a surgical emergency because of the risks 
for severe bleeding and hemorrhagic shock. When possible, consultation to gyne-
cology should be made prior to going to the operating room. In the operating room, 
the affected fallopian tube is incised, and the contents are removed; alternatively, 
salpingectomy may be required. The ovary should be preserved when possible.

 Appendiceal Mass

The other occasional unexpected intraoperative finding during appendectomy is an 
appendiceal mass or mucocele (dilated mucin-filled appendix), which occurs in less 
than 2% of appendectomy specimens [17]. Recent database studies suggest that the 

E. Steinhagen and G. M. Nash



175

incidence of appendiceal tumors may be increasing from 0.63 to 0.97 per 100,000 
persons; however, this may be a consequence of more selective appendectomy or 
more thorough pathologic evaluation [18, 19]. While many appendiceal neoplasms 
are not identified until the pathologist is examining the specimen, when noted in the 
operating room, an appendiceal mass requires thoughtful treatment about how to 
proceed.

Appendiceal neoplasms may be broadly classified into epithelial and non- 
epithelial tumors (Box 12.2). Epithelial tumors include mucinous or non-mucinous 
adenocarcinoma, low-grade appendiceal mucinous neoplasm, and signet ring carci-
nomas. Non-epithelial neoplasms include carcinoid tumors, lymphomas, leiomyo-
mas, and leiomyosarcomas. Goblet cell carcinoids are mixed epithelial and 
non-epithelial neoplasms but with an adenocarcinoma phenotype. An additional 
feature common to epithelial tumors is associated mucin in the peritoneal cavity. 
When there is large-volume mucinous ascites, the clinical syndrome is referred to as 
pseudomyxoma peritonei; however, this is rarely an unexpected finding. 
Nevertheless, smaller areas of mucinous peritoneal implants, which were not identi-
fied on imaging, may be seen during surgery and should be evaluated for if there is 
a suspicion for an appendiceal neoplasm at exploration.

It is not always feasible to confirm malignancy at the time of surgery, even if 
there is mucin present on the serosa of the appendix or on the nearby or remote 
peritoneal surfaces. However, it is important to note whether the mass is at the tip of 
the appendix or at the base. The remainder of the peritoneal cavity must also be 
carefully surveyed to look for mucin or nodular lesions on the peritoneum, mesen-
tery, or other organs.

Box 12.2 Appendiceal Neoplasms
Epithelial neoplasms

• Adenocarcinoma (mucinous and non-mucinous)
• Low-grade mucinous appendiceal neoplasm (LMAN)
• Signet ring carcinoma
• Goblet cell carcinoma1

Non-epithelial neoplasms

• Carcinoid tumor
• Lymphoma
• Leiomyoma
• Leiomyosarcoma

1 Mixed epithelial and non-epithelial neoplasms but with an adenocarcinoma phenotype.
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In general, the surgical approach to an unexpected appendiceal mass during a 
laparoscopy for presumed appendicitis should be as follows:

• Carefully inspect the pelvis, ovaries, both hemidiaphragms, liver, omentum, 
mesentery, and bowel serosa at the beginning of the operation accompanied by 
photo documentation and extensive sampling of suspicious or indeterminate 
peritoneal lesions in four quadrants (Fig. 12.1). These should be sent for perma-
nent rather than frozen section as it may not be truly representative due to tumor 
heterogeneity. If it is not the practice of your hospital to routinely section the 
entire appendix, ensure that this is requested for this patient.

• When peritoneal disease is seen, avoid laparoscopic ports or incisions in the 
rectus muscle and keep in the midline if possible as incisional metastases may 
occur and are more difficult to manage off the midline.

• The goal of surgery in this setting is to address urgent symptoms/conditions 
related to the mass such as appendicitis or bowel obstruction. However, it is pru-
dent to limit surgery to appendectomy and biopsy of peritoneal disease whenever 
possible as right colectomy, hysterectomy, or any organ resection may be unnec-
essary, in the setting of a benign mass, or may complicate future management, in 
the setting of malignancy [20].

• There is no absolute contraindication to laparoscopy for appendiceal tumors, and 
surgical approach should depend on surgeon experience. The tumor should not 
be directly grasped to avoid rupture.

• If the patient has not had completed cross-sectional imaging of abdomen and 
pelvis prior to surgery, this should be performed if malignancy is identified on 
final pathology. If preoperative ultrasound is suspicious for an appendiceal mass 
in the setting of appendicitis, obtaining cross-sectional imaging preoperatively 
may assist in decision-making.

Fig. 12.1 Peritoneal 
implant
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Appendiceal adenocarcinoma is a rare cancer with an estimated incidence of 2.6 
per one million per year. These tumors are thought to arise from adenomas and are 
most commonly mucinous or intestinal type though some harbor a variety of ele-
ments. Mechanical rupture of these tumors does not necessarily lead to peritoneal 
metastases, and many will have established metastases prior to symptoms of rupture 
[21]. The typical pattern of metastasis is to the parietal and visceral peritoneum 
rather than along lymphatics, particularly in low-grade primary tumors [22]. 
However, the intestinal type is thought to progress along the adenoma to carcinoma 
sequence and is comparable to colon cancer, yet solid organ metastases are not com-
mon as initial site of metastatic disease [21]. Signet ring cell appendiceal adenocar-
cinoma is a particularly rare subset of mucinous adenocarcinoma. It is rarely 
confined at diagnosis and may infiltrate below mucosal surfaces. Unfortunately, the 
majority of appendiceal cancers may have spread at the time of diagnosis, though 
estimates vary greatly by series [17, 23–25]. Mucin may be found throughout the 
abdomen and easily visualized in more advanced cases (Fig. 12.2); in other situa-
tions, there may be small mucin deposits which are subtle and are only seen after 
meticulous inspection. For the low-grade lesions, right hemicolectomy typically 
does not play a role in staging as lymph node positivity rate may be as low as 5%; 
however, in higher-grade primary tumors, lymph nodes have been shown to be pre-
dictive of recurrence [22, 23]. As a result, given the uncertain nature of the disease 
at time of index surgery and the more extensive treatment that will likely be required 
particularly for many appendiceal cancers, right colectomy is best reserved for an 
elective operation after appropriate pathology review and patient counseling.

A low-grade appendiceal mucinous neoplasm (LAMN) is a well-differentiated 
tumor which grows slowly and tends to have a fibrotic, sometimes calcified appen-
diceal wall and is commonly described as a mucocele by radiologist; however, it is 
important to note that mucocele is not a pathologic diagnosis (Fig. 12.3). LAMNs 
may extrude mucin on the nearby serosal surfaces. When a mucinous lesion is sus-
pected, it is important to avoid directly grasping it as it may rupture and increase the 
risk of subsequent recurrence within the peritoneal cavity if the mucin harbors neo-
plastic epithelium.

Fig. 12.2 Ruptured 
low-grade appendiceal 
mucinous neoplasm 
(LAMN) with peritoneal 
mucin
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When LAMNs are confined to the mucosa of the appendix, as proven by com-
plete sectioning of the appendix and careful examination of the peritoneum by 
imaging and during surgery, appendectomy with negative margins is curative, and 
no specific follow-up is necessary. However, when there is intramural or extra- 
appendiceal mucin present, further follow-up and, possibly, treatment are necessary. 
When the mucin is acellular and seen within the wall of the appendix or confined to 
the serosa of the appendix or periappendicular tissue, the entity is referred to as 
LAMN of uncertain malignant potential (UMP) and is associated with a 5% risk of 
subsequent recurrence. However, cellular mucin carries a higher risk of recurrence, 
and consideration of subsequent treatment at a specialty center should be given [26, 
27]. Simple appendectomy is typically sufficient for diagnostic and therapeutic pur-
pose for LAMN and LAMN/UMP. However, partial cecectomy or ileocecectomy is 
occasionally necessary to clear the margin for neoplastic tissue. Formal right colec-
tomy is unnecessary as the initial treatment as most mucinous neoplasms seen on 
preoperative imaging do not harbor invasive cancer and are not at risk for lymph 
node metastases. Baseline serum tumor markers including CEA, CA-125, and 
CA19-9 may be useful for monitoring LAMN/UMP and can be drawn pre- and 
postoperatively if a LAMN is suspected. There are no formal guidelines for surveil-
lance of LAMN/UMP; however, imaging and serum markers more frequently than 
once a year appear unnecessary given the low risk of recurrence and indolent course 
for those who recur.

While definitive management of appendiceal carcinoma may ultimately include 
right hemicolectomy and/or intraperitoneal chemotherapy (IPC), the most appropri-
ate course of action upon recognizing this unexpected finding is to remove the 
appendix, biopsy suspected metastatic disease, and close without additional organ 
resection. Neither the surgeon nor the patient may be prepared for a more significant 
undertaking. If the next step in a patient’s treatment involves systemic chemother-
apy or cytoreductive surgery, a more extensive operation may delay initiation of that 
treatment. A right hemicolectomy alone does not provide any survival advantage 
over appendectomy alone in stage IV disease nor does it particularly help with 

Fig. 12.3 Intact 
low-grade appendiceal 
mucinous neoplasm 
(LAMN) opened for 
pathologic examination
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staging in many cases [22, 28]. Furthermore, studies have suggested improved effi-
cacy of IPC with a lower prior surgical score which is calculated based on extent of 
previous surgery [29]. Therefore, while it is certainly appropriate to remove the 
appendix and perform any other necessary biopsies, a more extensive right hemico-
lectomy is not warranted in most cases.

Carcinoid tumors, also known as neuroendocrine tumors (NET), of the appendix 
have an incidence of 0.15 per 100,000 per year (Fig. 12.4) [30, 31]. Approximately 
75% occur at the tip of the appendix, 15% in the mid-appendix, and 10% at the base. 
Size is one of the critical features of staging for carcinoid tumor; fortunately the 
majority are less than 1 cm at the time of removal, and only 6% are more than 2 cm 
[32]. With increasing size, penetration of the appendiceal wall and infiltration of the 
mesoappendix become more likely. However, size is the most significant predictor of 
prognosis, rather than depth of invasion and lymphatic or perineural invasion. In a 
carcinoid <1 cm in size, lymph node metastases are rare. In tumors over 2 cm, the risk 
is approximately 20–30% [33]. Distant metastasis for appendiceal carcinoid is rare at 
diagnosis. In general, definitive management of non-metastatic appendiceal carci-
noids >2 cm, those at the base or with positive margins, or those with adverse histo-
logic features or radiologic evidence or locoregional nodal involvement is right 
hemicolectomy, though it is important to note that there are no data to address the 
benefit of this intervention. Nevertheless, pathologic diagnosis must be made; there-
fore, appendectomy alone is the first treatment. Once the diagnosis of appendiceal 
NET is made, workup including cross-sectional imaging should be performed. 
Octreotide scans and serum markers are unnecessary in the absence of symptoms 
consistent with metastatic disease, such as carcinoid syndrome. Staging right colec-
tomy is recommended for tumors greater than 2  cm, and no specific follow-up is 
necessary for tumors less than 1.5 cm. The management of tumors between 1.5 and 
2 cm after appendectomy remains controversial. The two largest series of appendiceal 
NET report no cases of lymph node metastases in patients with <2 cm tumors; how-
ever, there are only seven patients reported in case series with lymph node metastases 
and tumors <2 cm. [34–36] Though small bowel NET is associated with synchronous 
additional small bowel lesions, this has not been described in appendiceal NET.

Fig. 12.4 Neoendocrine 
tumor (NET) on CT
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 Conclusions

When intraoperative findings do not match up to preoperative expectations, a 
thoughtful approach is required. The remainder of the abdomen must be examined 
if the appendix is normal to identify the etiology of the patients’ symptoms. An 
abnormality that likely explains the clinical picture should be appropriately 
addressed; others such as epiploic appendicitis and some presentations of Crohn’s 
disease do not require any intervention. The impulse to intervene because the opera-
tion is underway should be tempered by careful judgement about what might have 
been done differently if the correct diagnosis was apparent and the potential for 
harm. When a mass or mucin is encountered, the operation should be limited to 
appendectomy and biopsies to definitively stage the patient whenever possible. 
Patients will benefit from definitive pathology and preoperative planning if any fur-
ther intervention is considered.
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13Laparoscopic Right Colectomy 
for Malignant Disease

Hermann Kessler and Jeremy M. Lipman

 Introduction and Rationale

Laparoscopic right hemicolectomy is oncologically effective for malignant disease 
and associated with improved patient outcomes when compared to open operations 
[1, 2]. This approach has therefore become an important tool in the arsenal of sur-
geons who perform right colon resections. Compared with an open approach, mini-
mally invasive surgery has been associated with reduced length of hospital stay, 
faster return to work, earlier normalization of diet, decreased perioperative pain, 
improved cosmesis, lower incidence of incisional hernia, lower narcotic utilization, 
decreased transfusion requirement, and improved quality of life.

Laparoscopic right hemicolectomy was first described in the early 1990s follow-
ing the success of laparoscopic cholecystectomy [3, 4]. The initial reports of the 
procedure utilized between four and six laparoscopic trocars to perform a lateral-to- 
medial mobilization and intracorporeal mesenteric ligation; however, the anastomo-
sis was performed extracorporeally. The variation of a hand-assisted laparoscopic 
surgery (HALS) approach showed equivalent short- and long-term recovery and 
oncological outcomes when compared with traditional laparoscopic surgery, but 
longer operative times were reported for hand-assisted laparoscopic surgery [5]. 
Even for those surgeons who prefer straight laparoscopy for a right colectomy, the 
hand-assisted approach can be an excellent adjunct to prevent conversion to 
laparotomy.
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Over time, the laparoscopic dissection technique has evolved. The medial-to- 
lateral dissection gained acceptance and was increasingly favored based on shorter 
operative times, improved exposure, and equivalent oncologic outcomes when com-
pared with a lateral-to-medial dissection [6, 7].

Adhering to the basic principles of oncologic resection, single-incision laparo-
scopic approaches have been employed. Single-incision right colectomy claimed 
improved cosmetic results, while it was shown to have equivalent operative times and 
blood loss when compared to traditional laparoscopic resection [8]. A large random-
ized controlled trial comparing single-incision and multi-port laparoscopy for colon 
resection suggested that the cosmetic result was only improved for those undergoing 
a truly single-incision resection [9]. The single-incision approach therefore remains 
a viable option for patients who desire the best possible cosmetic result.

The most recent evolution to minimally invasive right colectomy is robotic sur-
gery. A randomized controlled trial comparing the robotic to traditional laparo-
scopic approach found similar oncologic results and short- and long-term outcomes. 
However, longer operative times and increased cost lead some to question its role 
for right-sided colon cancer [10]. The robot, however, offers opportunities for 
advanced minimally invasive techniques even for right colectomy, e.g., facilitating 
performance of an intracorporeal anastomosis (ICA). Data suggest that robotic right 
hemicolectomy with ICA may result in a shorter time to return of bowel function 
and decreased overall incision length, at the cost of higher expense and longer oper-
ative times [11]. For more details on techniques and results, please refer to the 
chapters on robotic right-sided colon resection (Chap. 15) and options for ileoco-
lonic reconstruction (Chap. 14).

In the current chapter, the oncologic principles of a right hemicolectomy per-
formed for malignancy will be reviewed, with emphasis on complete mesocolic 
excision (CME) and laparoscopic techniques.

 Indications and Contraindications

Laparoscopic right hemicolectomy is an appropriate operation for the majority of 
right-sided colon malignancies [12]. Several well-designed, large, multinational, 
randomized controlled trials have shown mostly equivalent oncologic outcomes for 
laparoscopic and open approaches to right-sided colon cancers [13–16]. The non- 
inferiority of oncologic outcomes, coupled with decreased length of hospital stay, 
wound complication rates, blood loss, and time to return of work, have led most 
surgeons to view this as a safe and effective technique for managing right-sided 
colon cancers.

Care must be taken to assure that the laparoscopic operation accomplishes the 
same dissection as a laparotomy. Regardless of the pathology or the technical experi-
ence of the surgeon, an appropriate oncologic resection must be achieved in the end.

Careful patient selection is important to identify those who are appropriate for a 
laparoscopic resection. In particular, tumors invading the abdominal wall or other 
organs can pose significant technical challenges to a laparoscopic resection and may 
be better suited to a laparotomy. Likewise, perforated tumors with extensive 
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adjacent inflammatory changes present a unique challenge in pursuit of an R0 resec-
tion. These patients carry a high risk for peritoneal recurrence and therefore warrant 
meticulous attention to assure a complete resection [17]. Perforated tumors may 
also result in sepsis, and the hemodynamic instability may be exacerbated with the 
creation of CO2 pneumoperitoneum, possibly as a result of decreased venous return 
from gas compression of the inferior vena cava. Active communication with the 
anesthesiology team is essential in such cases.

Patients presenting with obstructing right-sided colon cancers may not be ame-
nable to a laparoscopic resection due to poor visualization from dilated bowel if 
their ileocecal valve is incompetent. These patients are also at high risk for dehydra-
tion and benefit from fluid resuscitation prior to operation.

 Principles and Quality Benchmarks

The key benchmarks are the oncologic outcomes of patients and the quality of the 
resection. The tumor must be resected to include at least 5 cm negative margins and 
the entire lymphovascular drainage system [18]. The arterial supply to the portion of 
colon containing the tumor should be excised at the takeoff of its feeding vessel.

The importance of total mesorectal excision has been well described for rectal 
cancer. Extrapolating from this, the concepts of complete mesocolic excision (CME) 
and central vascular ligation (CVL) have evolved in the treatment of right-sided 
colon malignancies. For tumors in the cecum and ascending colon, the ileocolic 
artery (and if present the right colic artery) should be divided at the takeoff from the 
superior mesenteric artery. While for these tumors the trunk of the middle colic artery 
does not need to be divided, the right branch of the middle colic artery should be 
ligated. The colon should be divided at the level of the middle colic artery [19, 20]. 
This will assure a complete lymphovascular en bloc excision which must achieve a 
minimum of 12 lymph nodes in the specimen, as the patient’s survival may otherwise 
be negatively impacted [21]. For more details on this topic, please refer to Chap. 11 
on principles of complete mesocolic excision (CME) for colon cancer.

Conversion to an open operation should never be viewed as a complication and 
should be undertaken whenever the safety or effectiveness of a laparoscopic resec-
tion is in doubt. As was noted above, the addition of a hand port may allow for 
preservation of the minimally invasive advantages while avoiding a conversion to 
full laparotomy. In a recent meta-analysis, a conversion rate of 2–13% was reported 
from comparable studies of laparoscopic right hemicolectomy [22]. Individual sur-
geons should be encouraged to follow their conversion rates and to be cognizant if 
higher than expected.

 Preoperative Planning, Patient Work-Up, and Optimization

Preoperative planning for a laparoscopic right hemicolectomy for malignancy 
should begin with appropriate staging. This should include a CT scan of the chest, 
abdomen, and pelvis to ensure that no metastatic disease is present. Complete blood 
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count (CBC), serum chemistry, and carcinoembryonic antigen (CEA) level are also 
recommended by the National Comprehensive Cancer Network (NCCN) as part of 
the initial cancer staging [23]. A complete colonoscopy is also recommended, as 
synchronous lesions are not infrequent and may change the operative plan.

Endoscopic tattooing of the lesion is useful in patients planned for laparoscopic 
right hemicolectomy. Misidentification of the segment of colon in which a lesion 
sits occurs around 20% of the time after colonoscopy [24]. As such, it is imperative 
to assure accurate localization of the involved colon segment prior to resection. 
Laparoscopic colectomy does not provide much tactile feedback about the colon, 
and visualization is limited to the serosa. Therefore, a colonoscope should be avail-
able in the operating room to permit on-table localization if needed.

A preoperative mechanical bowel preparation with antibiotics has been shown to 
reduce the incidence of anastomotic leak, surgical site infection, and ileus [25, 26]. 
Many combinations of antibiotics and mechanical preparation agents exist, though 
none have yet been reported superior to another. It does seem clear, however, that 
bowel preparation alone without antibiotics is not sufficient to achieve these 
improved outcomes [27]. For more details on this topic, please refer to Chaps. 7 and 
8 on enhanced recovery protocols in colorectal surgery.

 Operative Setup

The patient is placed under general anesthesia, ideally in an OR that is specially 
equipped for minimally invasive procedures. At least two monitors should be avail-
able, one on each side of the patient. A 10-mm laparoscopic camera with a 30-degree 
optical system is ideal. The patient may be positioned modified-lithotomy or split- 
leg to facilitate hepatic flexure mobilization from between the legs if needed. The 
anus needs to remain easily accessible in the event intraoperative endoscopy is 
required. The patient’s abdomen is disinfected and draped.

 Operative Technique: Surgical Steps, Medial-to-Lateral 
Approach

For an open access, a vertical 1.5-cm midline incision is made near the umbilicus, 
and the abdominal cavity is opened stepwise using retractors and Kocher clamps. A 
12-mm Hasson trocar is inserted. Pneumoperitoneum is created with a pressure of 
12-mm Hg. Two 5-mm trocars are placed on the left in the upper and lower quad-
rants. An additional port on the right may be added to facilitate dissection. A diag-
nostic laparoscopy is performed for staging purposes to localize the tumor and 
inspect the entire abdominal cavity for distant metastases.

The patient’s right side is now tilted up and in Trendelenburg position. This way 
the right colon is exposed. A medial-to-lateral dissection is often easier and strongly 
recommended. Dissection starts by incising the peritoneum anterior to the right iliac 
artery and inferior to the terminal ileum to enter both planes of Gerota’s fascia and 
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start dissecting them from each other. This guarantees preservation of the mesocolic 
plane. The incision should be enlarged medially toward the mesenteric root (Fig. 13.1) 
and lateral toward the cecum (Fig.  13.2). Careful mobilization is now continued 
cephalad, laterally and medially to separate both planes of Gerota’s fascia toward the 
right transverse colon, the hepatic flexure, and the ascending colon and mobilize the 
duodenum and the pancreatic head posteriorly (Fig. 13.3). This dissection effectively 
creates a blind-ending retroperitoneal tunnel below the right mesocolon.

Fig. 13.1 Trocar 
positions, numbers 
indicate trocar sizes in 
mm

Fig. 13.2 Opening of the 
peritoneum below the 
ileocolic vascular bundle
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Lateral mobilization is now facilitated. This portion of the dissection starts 
around the cecum and the appendix (Fig. 13.4), and then gradually the lateral sus-
pension of the ascending colon is taken down. Hepatic flexure mobilization is com-
pleted by taking down its suspension toward the fatty tissue around the right kidney 
and the retroperitoneum below the liver. The omentum is gradually taken down until 
the central transverse colon is reached.

The ileocolic vascular bundle (Fig. 13.5) is exposed by lifting it up laterally close 
to the cecum. An incision is made medially below it, and a connection is created 
toward the previously created blind ending located posteriorly. The peritoneum is 
further incised below the ileocolic vessels toward their origin. The superior mesen-
teric vein (SMV) is identified and dissected for further central lymph node harvest 
(Fig. 13.6). The origin of the ileocolic vessels is identified, skeletonized, and divided 
with the laparoscopic energy device, a laparoscopic stapler or clips. The dissection 
continues cephalad along the SMV. In a minority of cases, a true right colic artery 
(Fig. 13.7), originating from the superior mesenteric artery (SMA), is identified and 
similarly divided. Further central dissection will lead toward the gastrocolic trunk 

Fig. 13.3 Medial-to-
lateral dissection 
posterior to the right 
mesocolon and anterior 
to Gerota’s fascia

Fig. 13.4 Beginning of 
medial-to-lateral 
dissection, with opening 
of the peritoneum below 
the ileocolic vascular 
bundle
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Fig. 13.5 Medial-to-
lateral dissection, 
approaching the superior 
mesenteric vein

Fig. 13.6 Identification 
and dissection of superior 
mesenteric vein

Fig. 13.7 Identification 
and dissection of superior 
mesenteric vein
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of Henle (Fig. 13.8) where anatomic variations are frequent. In most cases, the right 
colic vein, superior right colic vein, and right gastroepiploic vein form this trunk, 
but they may also have separate origins from the SMV. The trunk or the individual 
veins are sealed and transected centrally. Next, the middle colic vein and artery 
(Fig. 13.9) are identified. The SMA normally runs posteriorly toward the anatomi-
cal left side of the SMV in this region. Central dissection continues along the middle 
colic vein and artery toward the right branches of both vessels (Fig. 13.10). They are 
also sealed and transected centrally. The transverse mesocolon may be further tran-
sected distally to facilitate mobilization if needed. At this point the central dissec-
tion is complete (Fig.  13.11). The bowel is grasped close to the cecum using a 
laparoscopic bowel grasper. The right ureter stays behind the anterior peritoneal 
envelope which is never injured or dissected and may be visualized in skinny 
patients easily.

In laparoscopic right colectomy with extracorporeal anastomosis (ECA), the 
camera trocar is removed, and a periumbilical incision is made around the left side 
of the umbilicus to create a mini-laparotomy. A 4- or 5-cm incision is typically 
adequate. A wound protector is placed, and the mobilized right colon is 

Fig. 13.8 Identification 
and dissection of 
ileocolic artery

Fig. 13.9 Identification 
and dissection gastrocolic 
trunk of Henle
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exteriorized. Alternative extraction sites would be the right lower abdominal trocar 
site (transverse incision) or a Pfannenstiel incision which may bear a lower risk of 
hernias, but both alternatives would demand a more comprehensive mobilization of 
the transverse colon for optimal reach to create a tension-free anastomosis.

Alternatively, laparoscopic right colectomy can be combined with intracorporeal 
anastomosis (ICA), which facilitates specimen extraction through a Pfannenstiel 
incision, since extensive mobilization of the transverse colon and terminal ileum is 
not needed. For detailed techniques of ECA and ICA during laparoscopic and 
robotic right colectomy, please refer to the chapters on options for ileocolonic 
reconstruction (Chap. 14) and robotic right-sided colon resection (Chap. 15), 
respectively.

The position of the tumor is verified by careful palpation. Mesenteric transection 
is completed toward the ileum and transverse colon at the sites of planned transec-
tion. The bowel is divided using a linear stapler. Photo documentation of the speci-
men may be performed with a ruler next to it. The central transection areas of the 
major vessels may be marked using sutures of different colors based on institutional 
availability. The ileocolic anastomosis is performed with proper orientation of the 

Fig. 13.10 Middle colic 
trunk

Fig. 13.11 Completion 
of central vascular 
dissection. (a) Middle 
colic vein. (b) Middle 
colic artery. (c) Pancreas
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ileum and colon. The oncologic principles of conventional surgery do not change as 
the omentum is taken off the right transverse colon in cancers proximally to the 
hepatic flexure and taken along en bloc with the specimen in tumors of the hepatic 
flexure and right transverse colon.

 Operative Technique: Comparison with Lateral-to-Medial 
Approach

The technique of creating a retroperitoneal tunnel in the medial-to-lateral approach 
offers several advantages such as a minimized risk of injury to the retroperitoneal 
envelope which covers the right ureter and the gonadal vessels. Furthermore, the 
named arteries are clearly visible posteriorly at their origins, and they may be ligated 
early, proximally, and safely to minimize the risk of bleeding and keeping the small 
intestine out of the operative field; an early proximal ligation of the mesenteric ves-
sels (observation of no-touch isolation technique) is achieved. By leaving the lateral 
attachments of the colon intact until the mesenteric division has been carried out, 
important natural anatomic countertraction is applied to the bowel as the mesentery 
and bowel are mobilized. Colectomy is facilitated by leaving the lateral attachments 
intact, and the described anatomic landmarks are highlighted clearly. Only minimal 
manipulation of the tumor-bearing colon is needed, as most of the colon mobiliza-
tion and dissection of the mesentery are accomplished before the cecum and ascend-
ing colon are freed from their lateral attachments (no-touch isolation technique).

In a lateral-to-medial approach, the tumor-bearing colon is mobilized first. The 
lateral dissection is started by elevating the colon on its vascular pedicle, and then both 
planes of Gerota’s fascia must be entered laterally and dissected apart from each other. 
The mesenteric and vascular division is the same as in a medial-to- lateral approach 
with respect to the principles of CME. The vessels are ligated intra- or extracorpore-
ally in a second step; however, it must be ensured that the superior mesenteric vessels 
and the origins of the mesenteric vessels are clearly identified and divided at their 
origins. An assistant has to pull on the tumor-bearing bowel to create traction and 
countertraction for central exposure of the mesentery and avoid the risk of tearing the 
colon and mesentery. It is important to note that the mobilized colon and small bowel 
become more difficult to manage laparoscopic surgery relative to open surgery.

 Pitfalls and Troubleshooting

For carcinomas of the hepatic flexure and right transverse colon, an extended right 
hemicolectomy is indicated. The omentum is not dissected off the colon, but the 
dissection is continued along the lower edge of the duodenum toward the right 
aspect of the greater curvature of the stomach. The gastrocolic ligament is tran-
sected at the left transverse colon. The middle colic vein and artery are dissected and 
transected centrally at the level of the SMV and SMA to assure a complete lympho-
vascular resection. The right branches of the middle colic vessels are also divided. 
In patients where a tension-free anastomosis may be challenging, such as those who 
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are obese, splenic flexure mobilization in combination with further takedown of the 
omentum may be beneficial as well as a total laparoscopic approach with intraab-
dominal bowel transection and creation of an intracorporeal ileocolonic anastomo-
sis (ICA) to avoid tension from an extracorporeal approach (ECA).

In obese patients, the landmarks of dissection are more difficult to find, espe-
cially the SMV. In such cases, a laparoscopic lateral-to-medial approach may pro-
vide improved exposure. In particularly challenging cases, the laparoscopic colon 
mobilization may be followed by central mesocolic and lymph node dissection in an 
open technique through a relatively short midline incision.

If the tumor has not been tattooed and cannot be identified at exploration, intra-
operative colonoscopy may be necessary. CO2 insufflation should be used to mini-
mize dilatation of the colon that will hinder further laparoscopic dissection. If the 
tumor cannot be localized laparoscopically or endoscopically, conversion to lapa-
rotomy and careful palpation of the colon may be necessary. As pointed out previ-
ously, a conversion to a hand-assisted approach can facilitate medial-to-lateral 
mobilization, especially in reoperative and obese cases.

The most frequently described intraoperative complication is bleeding. In order 
to avoid any vascular injury which may be hazardous especially with SMV, SMA, 
and middle colic vessels, a very slow and meticulous dissection technique is imper-
ative. The laparoscopic energy devices and instruments used for dissection should 
be carefully observed to avoid contact with vessels. Especially in obese patients, the 
visualization may be difficult, and the threshold for conversion should be kept very 
low. As explained above, in a medial-to-lateral approach, the risk of injury to adja-
cent organs is low: duodenal adhesions by small ligaments toward the posterior 
mesocolon should be taken down cautiously. The same applies to adhesions between 
the pancreatic head and the mesocolon. In cases of previous pancreatitis with firm 
adhesions, conversion is recommended. The ureter normally stays safely below the 
surface of the retroperitoneal envelope; whenever possible it should be visualized.

If against expectations from preoperative staging by CT scans a T4 tumor is 
found at exploration, conversion to open approach for planned en bloc resection is 
recommended.

There are no data of the learning curve in oncologic laparoscopic right hemico-
lectomy. However, when possible, the technique of CME should be mastered first in 
the context of open surgery to better understand variations in the relevant anatomy. 
Also, the laparoscopic expertise required to perform these cases should be advanced, 
and it may be helpful to practice the procedure first in benign cases, especially 
adenomas. The retroperitoneal tunnel approach has advantages also when applied in 
Crohn’s disease and may be practiced in such cases first to gain confidence and 
become familiar with the technique.

 Outcomes

Numerous retrospective studies have shown that a laparoscopic oncologic approach 
for right colon cancer has results comparable to that of open procedures [28] 
(Table 13.1). The laparoscopic approach to right hemicolectomy, specifically, has 
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been shown equivalent to the open approach with regard to key oncologic outcome 
measures. These include the ability to obtain R0 resection with negative resection 
margins, disease-free and overall survival, lymph node harvest, and incidence of 
local and systemic recurrence. With experience, some would argue the laparoscopic 
view provides an advantage over open resection regarding lymph node harvest. 
With the magnified view provided by the laparoscopic camera, surgical planes can 
be visualized and dissected with more accuracy and less trauma to surrounding 
structures.

 Conclusions

Laparoscopic right hemicolectomy for malignant disease is a procedure with stan-
dardized setup, equipment, and surgical steps leading to short- and long-term results 
equivalent to open surgery. The principles of high vascular ligation and preservation 
of the mesocolic planes need to be respected. A low threshold for conversion in 
challenging cases will keep complication rates low.
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14Laparoscopic Right Colectomy: Options 
for Ileocolonic Reconstruction

Giovanni Dapri and Marco Montorsi

 Introduction and Rationale

The advent of minimally invasive surgery (MIS) has prompted surgeons to develop 
new techniques and strategies to perform the same surgical steps as in open surgery. 
During laparoscopic right colectomy, ileocolonic anastomosis has traditionally 
been performed outside the abdomen through the extraction incision created after 
completing ileocolonic mobilization and mesenteric transection [1]. The extraction 
sites most commonly utilized are periumbilical and upper midline incisions which 
allow the specimen to be extracted with the least amount of transverse colon mobi-
lization and tension on the ileal mesentery and middle colic vessels. Due to their 
location, these incisions are associated with increased incisional pain relative to 
lower abdominal incisions, as well as substantial wound complications (infection, 
hematoma) and a significant incidence of incisional hernias of up to 13% [2, 3].

Over time and with more experience with MIS, surgeons began to perform bowel 
transection and anastomosis creation intracorporeally. Since the adoption of the 
endoscopic linear stapler, the ileocolonic anastomosis was created by firing of linear 
stapler and closing the enterotomy by another firing of the stapler or by intracorpo-
real suturing. With continued improvement in the surgeon’s skills, advances of the 
technology, and the adoption of robotic surgery, intracorporeal anastomoses have 
become enabled, and techniques have become standardized [4–6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_14&domain=pdf
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 Indications and Contraindications

There are few contraindications to laparoscopic right colectomy other than patient- 
related factors such as inability to tolerate pneumoperitoneum or general anesthesia. 
During minimally invasive right colectomy,  both intracorporeal anastomoses (ICA) 
and extracorporeal anastomoses (ECA) can be safely performed [2, 3, 7–9]. The 
main technical differences between intracorporeal and extracorporeal anastomoses 
include but are not limited to (1) the ability to visualize the mesentery completely to 
ensure no twisting during anastomotic construction, (2) the ability to create the 
smallest possible extraction incision and to select an extraction incision in the lower 
abdomen or off-midline since there is no tension on the ileal or transverse colon 
mesentery during extraction, (3) improved cosmesis and reduced postoperative 
pain, and (4) reduced incisional hernia formation, particularly when using a 
Pfannenstiel incision as the extraction site. Furthermore, in obese patients, the ben-
efits of MIS are further amplified when using intracorporeal anastomotic techniques 
and further reduce the risk of postoperative wound complications including surgical 
site infection (SSI), hematoma, and incisional hernia.

For surgeons using robot-assisted MIS, advantages provided by the robotic plat-
form include the availability of a robotic stapler which facilitates insertion and posi-
tioning of the stapler, more precise visualization provided by 3D optics, and the 
enhanced suturing ability provided by the articulating robotic instruments. 
Ultimately, the choice between intra- or extracorporeal anastomosis during mini-
mally invasive right colectomy is dependent on the surgeon’s training, skills, prefer-
ence, patient-related factors, and costs, taking into account the fact that handsewn 
anastomosis reduces the cost related to the use of multiple stapler loads.

 Principles and Quality Benchmarks

Ileocolonic anastomoses follow the same principles whether performed during right 
colectomy for benign or malignant indications. For more details on specific laparo-
scopic techniques during right colectomy, please refer to the chapters on laparo-
scopic right colectomy for benign (Chap. 2) and malignant (Chap. 13) disease.

Extracorporeal anastomoses are most commonly constructed following the simi-
lar methods achieved during open surgery. Most ECA are performed using an anti-
peristaltic configuration, most commonly referred as side-to-side functional 
anastomosis. It is critical that enough length of the transverse colon and terminal 
ileum have been mobilized prior to exteriorization in order to minimize tension on 
the bowel and its mesentery which can result in tearing or ischemia. In addition, one 
must ensure that there is no twisting of the mesentery before and during exterioriz-
ing the bowel. The standard strategy is to follow the root of the transected mesentery 
and mesocolon back to the duodenum and visualize the mesentery lying flat, with-
out twisting. This can be challenging laparoscopically or when performed through 
a small extraction incision, especially in obese patients.

G. Dapri and M. Montorsi
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Extracorporeal anastomoses are created slightly differently as they require the 
use of a different stapler load/size and possibly the need for suturing the enterotomy 
close. With stapled antiperistaltic ICA, both ileum and transverse colon are incised 
at the apex of the antimesenteric side in order to insert the stapler. This is either done 
by excising the antimesenteric portion of the staple line or opening the bowel 
1–2 cm proximal to the staple line. After firing the stapler, the enterocolotomy is 
closed either by utilizing another firing of stapler or by suturing. There are many 
options for suturing the enterocolotomy: single vs. double layer, absorbable vs. non-
absorbable sutures, and running vs. interrupted suturing. With regard to ensuring 
that there is no twisting of the mesentery before construction of the ileocolonic 
anastomosis, it is much easier to visualize the mesentery fully and continuously to 
ensure that there is no twisting. ICA requires the least amount of transverse colon 
mobilization and eliminates any potential of tension or ischemia on the middle colic 
vessels during extraction and anastomotic creation.

 Preoperative Planning

During the preoperative work-up of patients with right colon pathology, a funda-
mental requirement is a complete colonoscopy with confirmation of the location of 
the tumor. When the tumor is not within the cecum, it is commonly tattooed to allow 
for visualization at the time of MIS. It is important to clarify with the endoscopist if 
the tattoo is at the site of the neoplasia, distal, proximal, or both distal and proximal 
to the lesion, in order to precisely map the tumor’s location and plan the extent of 
the resection. This is particularly important when creating an ICA as there will not 
be the ability to palpate the bowel until after extraction. When right colectomy is 
being performed for malignancy, staging CT scans of the chest, abdomen, and pel-
vis are completed in order to rule out metastatic disease and invasion into adjacent 
organs that may require en bloc oncologic resection. Patients are prepared for sur-
gery using enhanced recovery protocols including full mechanical bowel prepara-
tion, oral antibiotics, cleansing of the skin, and oral carbohydrate loading, among 
other strategies [10]. The use of mechanical bowel preparation for right colectomy 
has not been shown to reduce major postoperative complications [11]. That being 
said, the prepped bowel may be easier to handle utilizing minimally invasive tech-
niques with less risk of spillage during creation of the anastomosis, especially when 
ICA is performed. For more details on enhanced recovery programs, please refer to 
Chap. 7 on debunking enhanced recovery protocols in colorectal surgery.

 Operative Techniques

 Positioning

Laparoscopic right colectomy can be performed using one of two configurations 
with respect to patient and surgical team positioning on and around the operative 
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room table, respectively. Patients are most commonly placed supine with the 
surgical team located on the patient’s left side, where the surgeon stands in the 
middle, the scrub nurse to the surgeon’s left, and the camera assistant to the sur-
geon’s right (Position A) (Fig. 14.1). Another option is the use of the so-called 
French positioning, where the patient is placed in supine position with split legs, 
or alternatively, if a split-leg table is not available, the patient can be placed in 
low lithotomy position. With this setup, the surgeon stands in between the 
patient’s legs, the camera assistant to the surgeon’s right, and the scrub nurse to 
the right of the camera assistant (Position B) (Fig. 14.2). Typically, the patient 
will be placed in the slight Trendelenburg position and tilted right-side up for the 
majority of the operation.

Fig. 14.1 Position A. Trocars positioning with the surgical team on the patient’s left. (Copyright 
© Giovanni Dapri. Illustration by M. Crespi)
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 Trocars Placement

There are several options for trocar positioning for laparoscopic right hemicolec-
tomy with planned ECA or ICA. Over time, the surgeon will eventually identify 
their preferred configuration and alternatives when required based on body habitus, 
adhesions from prior surgery, and need for additional assist trocars. Most surgeons 
will place their 12 mm stapler port where they plan to extract the specimen, so that 
there are fewer incisions at risk for subsequent hernia formation. It is important to 
mark potential extraction sites at the start of the procedure as after insufflation; the 
abdominal wall will become distorted.

 Position A (Fig. 14.1)
With the patient supine, a 5/12 mm trocar is placed just at the umbilicus for the 
5/10 mm scope or endoscopic linear stapler. This trocar site can later be enlarged 

Fig. 14.2 Position B. Trocars positioning with the surgical team between the patient’s legs. 
(Copyright © Giovanni Dapri. Illustration by M. Crespi)

14 Laparoscopic Right Colectomy: Options for Ileocolonic Reconstruction



204

for specimen extraction via the umbilical incision when ECA is performed. A 
5/12 mm trocar is placed in the suprapubic region, slightly to the left of the mid-
line for the surgeon’s left-hand instruments like the grasping forceps, or the 
scope or the endoscopic linear stapler if introduced through this port. This latter 
trocar will be enlarged for specimen’s extraction via a Pfannenstiel incision after 
completion of ICA. A 5 mm trocar is placed in the epigastrium, slightly to the left 
of the midline for the surgeon’s right-hand instrument, like an energy device and 
the needle holder for suturing. If needed for added retraction, a 5 mm trocar can 
be placed along the right mid-clavicular line in the right upper quadrant for the 
assist grasping forceps. Additional assist trocars can be placed in any number of 
locations as needed. This is particularly useful in obese patients and in patients 
with extensive adhesions. When suturing is found to be challenging due to the 
suboptimal port placement, an existing assist port is firstly recommended. If this is 
still suboptimal, one or more additional trocars can be placed, so that the surgeon’s 
right and left hands are properly triangulated with the camera targeted on the 
relevant anatomy.

 Position B (Fig. 14.2)
With the patient supine with split-leg or in low lithotomy position, a 12 mm trocar 
is placed in the suprapubic location for the 10 mm scope and for the endoscopic 
linear stapler. This trocar will be enlarged for specimen removal via a Pfannenstiel 
incision, after completion of intracorporeal anastomosis. A 5 mm trocar is placed on 
the left mid-clavicular line in the left iliac fossa for the surgeon’s right-hand instru-
ments like the needle holder for suturing or for the introduction of 5 mm scope at 
the time of endoscopic stapling. A 5 mm trocar is placed on the right mid-clavicular 
line in the right iliac fossa for the surgeon’s left-hand instruments, like the grasping 
forceps. If needed for retraction, a 5 mm trocar is placed in the epigastrium, slightly 
to the left of the midline for the assist grasping forceps.

 Options for Ileocolonic Reconstruction

When an ECA is performed, the specimen is extracted through the enlarged 
trocar site (e.g., 12 mm umbilical trocar). Both the ileum and trasnverse colon 
are transected extracorporeally using a standard linear stapler, and the speci-
men is handed off the field. The anastomosis is then created.

When an ICA is performed, following vascular dissection and mobilization 
of the ileum, right and transverse colon, the distal ileum and the proximal trans-
verse colon are transected intracorporeally using an endoscopic linear stapler. 
The specimen is then placed above the liver or in the low pelvis and the ICA is 
created. The specimen will be later extracted through the incision of the sur-
geon’s choice.

G. Dapri and M. Montorsi
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 Techniques of Intracorporeal and Extracorporeal Ileocolonic 
Anastomoses

 Side-to-Side Stapled Anastomosis
The ileal loop is placed alongside the transverse colon ensuring no twisting of the 
mesentery. The limbs can be aligned in an isoperistaltic or antiperistaltic configura-
tion, depending on the natural way the bowel lays and surgeon’s preference.

In the isoperistaltic anastomotic configuration, an enterotomy is created along 
the antimesenteric aspect of the ileum 1–2 cm proximal to the stapled end using 
monopolar cautery or any energy device. The transverse colon is opened as well 
along its antimesenteric aspect, keeping a 5–8  cm distance from its stapled end 
(Fig. 14.3). Each arm of a standard or endoscopic linear stapler (with a 45 mm or 
60 mm load of the appropriate staple height) is inserted in each limb, and the stapler 
is closed and fired (Fig. 14.4). The staple line can be visualized through the enter-
otomy and checked for hemostasis. The enterocolotomy can then be closed by 
another firing of the stapler or by suturing. With the stapled closure, care must be 
taken not to narrow the anastomosis or staple across the mesentery to the anastomo-
sis. Authors’ preference for sutured closure of the enterocolotomy is a single layer 
anastomosis by two converging running sutures, using absorbable material (e.g., 
polydioxanone/PDS 2/0), started at both corners of the anastomosis (Fig.  14.5). 
There are several options for suture closure of the enterocolotomy based on the 
surgeon’s preference.

Fig. 14.3 Side-to-side 
stapled isoperistaltic 
anastomosis: opening of 
the viscera. (Copyright © 
Giovanni Dapri. 
Illustration by M. Crespi)
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In the antiperistaltic anastomotic configuration, an enterocolotomy is created 
along the ileum 1–2 cm proximal to its stapled end. The transverse colon is opened 
close to its stapled end as well (Fig. 14.6). Each arm of a standard or endoscopic 
linear stapler is inserted in each limb, and the stapler is closed and fired (Fig. 14.7). 
The enterocolotomy is then closed using two converging running sutures of 

Fig. 14.4 Side-to-side 
stapled isoperistaltic 
anastomosis: insertion of 
the linear stapler. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

Fig. 14.5 Side-to-side 
stapled isoperistaltic 
anastomosis: closure of 
the enterocolotomy by 
two running sutures. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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absorbable material (e.g., PDS 2/0), started at both corners (Fig. 14.8) or using the 
other options described above.

An alternative technique during right colectomy with ECA consists in exterior-
izing the specimen en bloc with the distal ileum and proximal transverse colon 

Fig. 14.6 Side-to-side 
stapled antiperistaltic 
anastomosis: opening of 
the bowel. (Copyright © 
Giovanni Dapri. 
Illustration by M. Crespi)

Fig. 14.7 Side-to-side 
stapled antiperistaltic 
anastomosis: insertion of 
the linear stapler. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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without transecting the bowel first. Upon exteriorization, rather than transecting the 
bowel, the enterotomy and colotomy are made with insertion of the linear stapler 
and creation of the anastomosis. The enterocolotomy is transected along with the 
attached ileum and transverse colon using a second load of linear stapler. This 
approach only requires a total of two stapler loads rather than three to four loads, 
when the bowel is transected prior to creation of the anastomosis.

 Side-to-Side Handsewn Anastomosis
The ileal loop is placed alongside the transverse colon, in either an isoperistaltic or 
antiperistaltic configuration. A continuous running suture is placed aligning the 
ileum to the colon using absorbable material (e.g., PDS 2/0) (Fig. 14.9). After com-
pleting this first running suture (typically ~5 cm in length), which constitutes the 
posterior anastomotic layer, a second running suture for the anterior layer is started 
at the planned apex of the anastomosis. After taking the first bite with the suture, a 
transverse colotomy and ileal enterotomy are created using monopolar cautery or 
any energy device (Fig. 14.10). The second running suture is used to construct the 
anterior layer of the anastomosis. At the opposite corner of the anastomosis, the 
posterior running suture is continued onto the anterior layer for a few bites in order 
to oversew the corner of the anastomosis (Fig. 14.11). The two running sutures are 
then tied together.

 Side-to-End Stapled Anastomosis
For this type of anastomosis, the bowel is aligned in an isoperistaltic configuration 
with the terminal ileum oriented at 90 degrees relative to the transverse colon. The 

Fig. 14.8 Side-to-side 
stapled antiperistaltic 
anastomosis: closure of 
the enterocolotomy with 
running sutures. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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ileal loop is placed with its lateral (antimesenteric) side against the stapled end of 
the transverse colon. The ileum is opened by making an enterotomy close to its 
stapled end. The transverse colon is also opened close to its stapled end (Fig. 14.12). 
A standard or endoscopic linear stapler is inserted in each limb and fired (Fig. 14.13). 
The enterocolotomy is closed by any method previously described (Fig. 14.14).

Fig. 14.9 Side-to-side 
handsewn anastomosis: 
posterior anastomotic 
layer completed with the 
first running suture. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

Fig. 14.10 Side-to-side 
handsewn anastomosis: 
creation of the 
enterotomy and colotomy 
after having started the 
second running suture for 
the anterior anastomotic 
layer. (Copyright © 
Giovanni Dapri. 
Illustration by M. Crespi)
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Fig. 14.11 Side-to-side 
handsewn anastomosis: 
transition of the posterior 
running suture to 
anteriorly, for a few bites, 
to oversew the corner of 
the anastomosis. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

Fig. 14.12 Side-to-end 
stapled anastomosis: 
opening of the viscera. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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Fig. 14.13 Side-to-end 
stapled anastomosis: 
insertion of the linear 
stapler. (Copyright © 
Giovanni Dapri. 
Illustration by M. Crespi)

Fig. 14.14 Side-to-end 
stapled anastomosis: 
closure of the 
enterocolotomy by two 
running sutures. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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An alternative ECA with side-to-end stapled anastomosis, which is popular 
among few surgeons, consists in the use of a circular stapler to complete a side-to- 
end ileocolonic anastomosis. The stapled end of the terminal ileum is transected and 
the anvil of an EEA stapler (of the appropriate size) is inserted in the lumen and 
secured into place by tying a purse-string suture. A colotomy is made along the 
transverse colon either at the stapled end or just proximal to it. The EEA stapler is 
advanced retrograde, and the spike is deployed along the antimesenteric side of the 
colon. The spike is connected to the anvil and the stapler is closed and fired. The 
colotomy is transected using a firing of linear stapler.

 Side-to-End Handsewn Anastomosis
The ileal loop is placed with its lateral (antimesenteric) side against the stapled 
closed colon end. A first running suture is started on the ileum, 5–8 cm from its 
stapled closed end (Fig. 14.15). This running suture is performed bringing the ileum 
together with the transverse colon, from far to near, toward the stapled end of the 
ileum. This first running suture constitutes the posterior anastomotic layer. Then, a 
new suture is started close to the starting point of the posterior layer, to initiate the 
anterior layer. After the first bite, the transverse colon and ileum are incised 
(Figs.  14.16). The rest of the anastomosis is created as described previously 
(Fig. 14.17).

 End-to-Side Handsewn Anastomosis
This type of anastomosis replaces the anatomic ileocecal junction and is con-
structed in an isoperistaltic configuration. The ileal loop is placed with its stapled 

Fig. 14.15 Side-to-end 
handsewn anastomosis: 
posterior anastomotic 
layer completed with the 
first running suture. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

G. Dapri and M. Montorsi
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closed end against the lateral side of the transverse colon. A continuous running 
suture is placed aligning the ileum to the colon, using absorbable material (e.g., 
PDS 2/0) (Fig. 14.18). The rest of the anastomosis is created as described previ-
ously (Figs. 14.19 and 14.20).

Fig. 14.16 Side-to-end 
handsewn anastomosis: 
opening of both 
transverse colon and 
ileum, after having started 
the first bite of the second 
running suture for the 
anterior layer. (Copyright 
© Giovanni Dapri. 
Illustration by M. Crespi)

Fig. 14.17 Side-to-end 
handsewn anastomosis: 
transition of the posterior 
running suture to 
anteriorly, for a few bites, 
to oversew the corner of 
the anastomosis. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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 End-to-End Handsewn Anastomosis
This type of isoperistaltic anastomosis is useful in cases of intestinal obstruction 
and consequent small bowel dilatation when the ileal diameter is of similar size to 
the colon. The two linear staple lines, on the ileal end and on the transverse colon 
end, are placed in front of each other. A posterior running suture is performed from 

Fig. 14.18 End-to-side 
handsewn anastomosis: 
posterior anastomotic 
layer completed with the 
first running suture. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

Fig. 14.19 End-to-side 
handsewn anastomosis: 
opening of both 
transverse colon and 
ileum, after having started 
the first bite of the second 
running suture for the 
anterior layer. (Copyright 
© Giovanni Dapri. 
Illustration by M. Crespi)
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one corner of each limb to the opposite corners (Fig. 14.21). Then, a new running 
suture (anterior layer) is initiated at one end of the anastomotic apex. After taking 
the first bite, the colon and ileum can either be opened along the staple line 
(Fig. 14.22). The anterior layer of the anastomosis is completed as described previ-
ously (Fig. 14.23).

Fig. 14.20 End-to-side 
handsewn anastomosis: 
transition of the posterior 
running suture to 
anteriorly, for a few bites, 
to oversew the corner of 
the anastomosis. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

Fig. 14.21 End-to-end 
handsewn anastomosis: 
posterior anastomotic 
layer completed with the 
first running suture. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)
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Fig. 14.22 End-to-end 
handsewn anastomosis: 
opening of both 
transverse colon and 
ileum, after having started 
the first bite of the second 
running suture for the 
anterior layer. (Copyright 
© Giovanni Dapri. 
Illustration by M. Crespi)

Fig. 14.23 End-to-end 
handsewn anastomosis: 
transition of the posterior 
running suture to 
anteriorly, for a few bites, 
to oversew the corner of 
the anastomosis. 
(Copyright © Giovanni 
Dapri. Illustration by 
M. Crespi)

 Pitfalls and Troubleshooting

 Twisting of the Anastomosis

With ICA, the choice of anastomotic configuration can be decided upon by observing 
the natural positioning of the viscera after their transection. Additionally, by being 
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able to fully visualize the abdominal cavity, bowel, and mesentery, twisting and ten-
sion are avoided. When an ECA is being constructed, care must be taken during 
extraction and after bowel transection to avoid twisting. It can often be difficult to 
visualize the mesentery through the extraction incision. If there is any doubt about 
twisting prior to performing the anastomosis, the recommendation is to view the 
mesentery. This can be done while keeping the bowel limbs extracorporeally and 
placing the camera in one of the lateral ports to visualize the bowel and mesentery.

 Operative Time

Although ICA can initially take longer to perform, as the surgeon gains experience, 
the time needed to create it can eventually equal that of ECA. In addition, there are 
several facts that will help reduce operative time during ICA: (1) There is less need 
for full transverse colon and ileal mobilization with ICA as the bowel does not need 
to be pulled up through the abdominal wall for extraction. This is particularly help-
ful in obese patients or in patients with prior surgeries where adhesions are a rate- 
limiting step. (2) Place all sutures required for anastomosis creation/enterocolotomy 
closure within the abdomen after specimen’s transection to minimize the need to 
keep placing and removing sutures. (3) Stapled closure of the common channel will 
avoid the need for any suturing. (4) Using clips and barbed sutures or creating a loop 
at the end of the suture avoids the need to tie knots.

 Spillage

During ECA creation, a wound protector is commonly placed prior to specimen’s 
extraction. A sterile field can be created around the bowel prior to making an enter-
otomy/colotomy. With enough length of bowel mobilized and extracted extracorpo-
really, non-crushing bowel clamps can be placed on both bowel limbs to prevent  
enteric flow during enterotomy creation or enterotomy closure. During ICA, there is 
minimal leakage of intestinal contents because of the pressure generated by the 
pneumoperitoneum. As discussed earlier, the use of a mechanical bowel preparation 
can also reduce the possibility of spillage during anastomotic creation. During intra-
corporeal stapled anastomosis, one must be prepared to handle the contaminated 
stapler after completion of the stapled anastomosis. A gauze can be inserted into the 
abdomen (before stapling) and used to cover the stapler upon removal through the 
trocar. In this way, the fecal contamination of the trocar can be avoided or at least 
minimized.

 Alignment/Ergonomics

Often times after bowel division and aligning the bowel in preparation for ICA, the 
surgeon realizes that the trocar position is not optimized for ICA. This can either be 
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secondary to suboptimal position of the camera or suboptimal trocar positioning. 
There are several maneuvers that can help in this scenario:

 1. Place a stay suture on the far side of the planned anastomosis, and have the assis-
tant hold it upward toward the abdominal wall, or use a suture passer through the 
abdominal wall to retract it. This allows for improved traction on the bowel 
which remains in stable and optimized position for the surgeon. In addition, by 
pulling up on the bowel in this manner, there is less risk of fecal spillage after 
enterotomy or during the anastomosis.

 2. Although many surgeons prefer to staple through the suprapubic port site as this 
is the incision that will be upsized for specimen extraction, sometimes it can be 
challenging to get a good angle to staple the anastomosis from this location. In 
these cases, stapling from an alternative port (e.g., umbilical port) is 
recommended.

 3. When the ports are found to be too challenging for safe anastomotic creation, the 
placement of even one additional 5 mm port can solve the problem.

 4. If the bowel continues to lay in a position that makes it challenging to safely cre-
ate an ICA, additional mobilization of the transverse colon and root of ileal mes-
entery can be done to gain mobility and to optimize positioning.

 5. Lastly, when all of the above maneuvers fail, one can always perform an ECA.

 Outcomes

Five recent systematic reviews and meta-analyses have compared outcomes of lapa-
roscopic right hemicolectomy performed with extracorporeal versus intracorporeal 
anastomosis [3, 7–9, 12] (Tables 14.1). None of the meta-analyses demonstrated 
statistically significant differences in operative time, and only one describes a lower 
mortality rate [12]. Cirocchi and colleagues [12] reported also less blood loss during 
ICA, while van Oostendorp and colleagues [3] and Ricci and colleagues [7] demon-
strated a reduced short-term morbidity after ICA, including significant reduction in 
wound infection rates. Wu and colleagues [8], Feroci and colleagues [9], and 
Cirocchi and colleagues [12] showed a shorter time to first defecation. Ricci and 
associates [7], Wu and associates [8], and Feroci and associates [9] showed reduced 
time to first oral intake. The use of analgesics was evaluated by Feroci and coau-
thors [9] and Cirocchi and coauthors [12], and the ICA was associated to a decreased 
use. The length of hospital stay was significantly shorter with ICA [3, 7–9]. Cosmetic 
outcomes were evaluated by Wu and associates [8] and Cirocchi and associates 
[12], with superior results after ICA. Most notable, ICA was also associated with 
significantly lower rate of incisional hernia [7] with overall rates 2.3% vs. 13.7% 
following ICA vs. ECA across 14 matched studies.
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Table 14.1 Overview of results from meta-analyses comparing laparoscopic right hemicolec-
tomy performed with intracorporeal versus extracorporeal anastomosis

Study
N

ResultsICA ECA
Ricci et al. [7] 864 853 ICA associated with lower:

  Overall complication rate (27.6% vs 38.4%, P = 0.01).
  Time to first oral intake (WMD −1; 95% CI = −1.59 to −0.41).
  Length of stay (WMD −1.13; 95% CI = −1.90 to −0.35).
  Wound infection (4.9% vs 8.9%, P = 0.03).
  Incisional hernia (2.3% vs 13.7%, P = 0.02).
No differences in anastomotic leak (3.4% vs 4.6%, P = 0.12), OR 
time, blood loss, conversion, reoperation, mortality, analgesia 
required

Wu et al. [8] 994 963 ICA associated with lower:
  Length of stay (WMD −1.03, 95% CI −1.57 to −0.48).
  Time to first bowel movement (WMD −0.65, 95% CI −0.97 to 
−0.32).

  Time to liquid diet (WMD −0.87, 95% CI −1.41 to −0.33).
No significant differences in intraoperative (OR = 0.75, 95% CI 
0.21–2.74) and postoperative complications (OR = 0.74, 95% CI 
0.49–1.12), mortality (RR = 0.59, 95% CI 0.19–1.86), and 
anastomotic leak (OR = 0.77, 95% CI 0.45–1.31)

Van 
Oostendorp  
et al. [3]

763 729 ICA associated with lower:
  Short-term morbidity (OR 0.68, 95% CI 0.49–0.93).
  Length of stay (WMD −0.77, 95% CI −1.46 to −0.07).
  Surgical site infection (OR 0.56, 95% CI 0.35–0.88).
No significant difference in mortality (OR 0.36, 95% CI 0.09–
1.46), anastomotic leak (OR 0.77, 95% CI 0.39–1.49), ileus (OR 
0.94, 95% CI 0.57–1.57).

Cirocchi et al. 
[12]

945 total ICA associated with lower:
  Mortality rate (0.34% vs 1.32%, OR 0.52; 95% CI 0.09–3.10), 

though not statistically significant.
No significant difference in anastomotic leak (1.13% vs 1.84%, 
OR 0.90, 95% CI 0.24–3.10) and intraoperative complications 
(OR 0.54; 95% CI 0.09–3.24). A meta-analysis of postoperative 
morbidity was not possible because the data reported in the 
included studies were too heterogenous

Feroci et al. 
[9]

202 223 ICA associated with significantly decreased:
  Time to first flatus (OR = -0.48, 95% CI −0.78 to −0.18).
  Time to solid diet (OR = -1.00, 95% CI −1.33 to −0.67).
  Use of analgesics (OR = -1.00, 95% CI −1.34 to −0.66).
  Length of stay (OR = −0.93, 95% CI −1.79 to −0.07).
No significant difference in intraoperative complications (OR 
0.84; 95% CI −0.14–5.20), mortality (OR 0.75; 95% CI 0.10–
5.93), nonsurgical site complications (OR = 0.79, 95% CI 
0.20–3.13), surgical site complications (OR = 0.44, 95% CI 
0.14–1.39)

ICA intracorporeal anastomosis, ECA extracorporeal anastomosis, WMD weighted mean differ-
ence, CI confidence interval, OR odds ratio
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 Conclusions

The choice of the anastomotic technique during laparoscopic right colectomy 
depends on the surgeon’s preference, as well as patient’s anatomy and intraoperative 
findings. While the literature does not suggest any major differences in outcomes 
related to these various anastomotic techniques, many suggest decreased wound- 
related morbidity, better cosmesis, decreased postoperative pain, and incisional her-
nia rate with ICA.
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15Robotic Right-Sided Colon Resection: 
Unique Considerations and Optimal 
Setup

Konstantin Umanskiy

 Introduction and Rationale

Laparoscopic right colectomy is a commonly performed procedure. While some 
general surgeons steadfastly reject minimally invasive approach to right colectomy, 
most general and colorectal surgeons are quite comfortable performing laparoscopic 
(hand-assist or pure) right hemicolectomy. Below are a few reasons to consider the 
robotic approach:

 1. Gaining experience with robotic colon surgery. Right colectomy is often referred 
to as a “gateway procedure” because it allows the surgeons who are learning 
minimally invasive surgery to begin with procedures that are considered “less 
challenging” [1]. Once surgeons ascend the learning curve, they may expand 
their clinical portfolio to other, more complex procedures such as left colectomy, 
low anterior resection, and abdominoperineal resection.

 2. Complete mesocolic excision (CME). There is a growing body of literature sug-
gesting that extensive excision of mesocolon at the time of right colectomy, simi-
lar to total mesorectal excision of the rectum, can improve lymph node yield and 
lead to improved oncologic outcomes [2–4]. The CME involves central vascular 
ligation with complete exposure and lymphadenectomy along the superior mes-
enteric vessels. This increases the technical demand of minimally invasive sur-
gery in right colon cancer and adds the potential of worsened vascular 
complications compared to standard right hemicolectomy. Even in the hands of 
experienced laparoscopists, mastering laparoscopic CME technique has proven 
to be quite challenging. Robotic surgery may potentially overcome the limita-
tions of straight laparoscopic instruments in CME given its technical features 
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such as instrument stability, enhanced dexterity of wristed instruments, and 
improved 3D visualization.

 3. Intracorporeal anastomosis (ICA) is a compelling reason to adopt the robotic 
technique for right colectomy [5]. With its advantages of wristed instruments and 
easier intracorporeal suturing, intracorporeal robotic anastomosis may become 
easier to perform and may gain popularity. With adoption of ICA, surgeons are 
able to move the specimen extraction site away from periumbilical midline 
region and toward the pubis using a small muscle-splitting Pfannenstiel incision. 
This likely contributes to decreased pain, lower rates of wound complications, 
and incisional hernia that have been reported in some comparative studies of 
laparoscopic right colectomy performed with intracorporeal vs. extracorporeal 
anastomosis [6, 7].

 4. With popularization of da Vinci Xi® (Intuitive Surgical, Sunnyvale, CA, USA) 
surgical robot, which is capable of rotating its base, single docking total abdomi-
nal colectomy is now feasible [8]. Learning the technical steps of right colec-
tomy could enable surgeons to seamlessly incorporate right colectomy into total 
abdominal colectomy or other multiquadrant procedures [9].

 Indications and Contraindications

Any patient who is a candidate for minimally invasive procedure could be consid-
ered for robotic colectomy. Morbid obesity, a relative contraindication to laparo-
scopic approach, could be one of the reasons to consider robotic approach instead 
of conventional laparoscopy. During conventional laparoscopy in morbidly obese 
individuals, the thick abdominal wall may cause significant torqueing of the instru-
ments, reduce precision and accuracy of movements, and lead to instrument mal-
function or even breakage. Robotic platform is uniquely suited to overcome these 
disadvantages and reduce physical and psychological strain on the surgeon [10]. 
The remote center on the ports reduces trocar site torque and instrument strain. The 
robotic approach also allows smooth, controlled movements with variable degree of 
scaling and built-in tremor reduction. Furthermore, construction of robotic intracor-
poreal anastomosis could eliminate the need for additional dissection to exteriorize 
the bowel for anastomosis. This, thereby, would reduce unnecessary traction on the 
tissue and minimize the length of the incision. Absolute contraindications to robotic 
surgery are similar to those of laparoscopy and include surgical scenarios resulting 
hemodynamic compromise and inability to tolerate pneumoperitoneum. Relative 
contraindications to robotic right colectomy include intestinal obstruction, signifi-
cant intra-abdominal adhesions, large lesions, or fistulizing lesions.

 Principles and Quality Benchmarks

Most of the principles of the robotic right colectomy for benign and malignant disease 
are based on the well-established laparoscopic approach [11] and are described in 
detail in chapters on laparoscopic right colectomy for benign (Chap. 2) and malignant 
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(Chap. 13) indications in this textbook. There is a consensus in the literature that the 
medial to lateral approach is the preferred approach during laparoscopic and robotic 
surgery. Robotic right colectomy is compared to the laparoscopic approach based on 
quality metrics such as operative time, rate of conversion to open surgery, blood loss, 
procedural complications, early and long-term morbidity rates, incidence of incisional 
hernia, and short and long-term oncologic outcomes (R0 resection, lymph node yield, 
local and distant recurrence rates, and long-term survival).

 Preoperative Planning, Patient Workup, and Optimization

Specific preoperative planning for robotic right colectomy should include detailed 
review of computer tomographic (CT) imaging, particularly the relationship of the 
tumor to surrounding structures such as the liver, gallbladder, duodenum, right kid-
ney/ureter, and adrenal gland. Preoperative planning should also consider points for 
potential transection of the colon and ileum as well as planning for the extraction 
site and type of anastomosis (intracorporeal vs. extracorporeal) to be performed. If 
the tumor is not visible on imaging and has not been tattooed at the time of initial 
colonoscopy, a preoperative colonoscopy should be performed to identify and mark 
the lesion. Alternatively, intraoperative colonoscopy could be performed prior to 
commencing the procedure, but even with the CO2 insufflation, the colon and small 
bowel can become distended, obscuring the operative field.

 Operative Setup

The patient is placed in a supine or lithotomy position. The patient is secured to the 
operating table with the help of a Pink Pad® (Xodus Medical, New Kensington, PA, 
USA) or similar anti-sliding device, with both arms tucked at bedside. The patient 
is placed in slight Trendelenburg position, and tilted right side is up. Upon initial 
exploration of the abdomen, unless the da Vinci Xi® system (Intuitive Surgical, 
Sunnyvale, CA, USA) is used in combination with the OR table equipped with an 
integrated table motion functionality, the small bowel is retracted to the left upper 
quadrant laparoscopically prior to docking the robot. Table motion functionality 
allows changes in OR table position with the robot being fully docked. The robotic 
arms will automatically adjust their position as table position changes [12]. If a da 
Vinci Si® or X® system (Intuitive Surgical, Sunnyvale, CA, USA) is used or if the 
integrated table motion is not available with Xi robot, there can be no changes in 
table position or the robot’s position without first undocking the robotic arms.

 General Considerations for Port Placement and Docking

In the early stages of adoption of the robotic approach for right colectomy, sur-
geons may consider replicating the steps of laparoscopic procedure using similar 
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port configuration and steps of the procedure. This allows the surgeon to begin the 
procedure laparoscopically, dock the robot, but have the option of converting back 
to laparoscopy at any time during the case. Familiar port placement may reduce 
surgeon’s anxiety, decrease operative time and make adoption of robotic technol-
ogy easier. As the surgeon’s proficiency increases, ports can be placed to accom-
modate a potential extraction site, optimize intracorporeal anastomosis, and 
cluster near the pubic region where it is more cosmetically favorable [13]. Because 
of the mechanical differences between da Vinci Si, da Vinci X, and da Vinci Xi 
robots, port placement varies. There are no strict rules for robotic port placement, 
and many surgeons arrive to their own preferred configuration. When considering 
port placement, one must ensure an optimal camera view, trocar spacing to mini-
mize external collisions, and adequate reach of the operating instruments to the 
targeted field.

 da Vinci Si® and X® Setup (Intuitive Surgical, Sunnyvale, CA, USA)

The da Vinci Si and newer X models use the similar general mechanical architec-
ture; however, the da Vinci X features upgraded arms and instruments of the Xi 
model.

After pneumoperitoneum is established, a 12 mm camera port is placed either 
supraumbilically or 2–3 cm to the left of the midline to decrease the incidence of 
incisional hernias related to the a midline location [14]. The larger (stapler) port 
could be placed at the proposed extraction site. Location and position of the hepatic 
flexure should be noted. Ports placed too far laterally on the left side may not have 
sufficient reach and excursion for dissection and retraction of colon at hepatic flex-
ure. While some surgeons use robotic camera from the beginning of the case, others 
find da Vinci Si camera to be too cumbersome and heavy to be used as a laparo-
scope. The da Vinci X camera, on the other hand, is 8 mm in diameter and signifi-
cantly smaller and lighter than Si’s, making it easier to be used as a laparoscope. 
The da Vinci X camera can be inserted into any of the robotic cannulas and con-
nected to any of the robotic arms.

Instrument cannulas are placed under direct laparoscopic or robotic camera 
vision. These additional ports should be triangulated in relation to the target anat-
omy with instrument ports approximately 10–20  cm from the target anatomy 
(Figs. 15.1 and 15.2). Five mm assistant ports (non-robotic instrument cannulas) 
should be placed as needed. Most surgeons who use the Si system for right colecto-
mies dock the robot over the right side (over right shoulder). General principles of 
docking are the same between Si and X machines. When docking the patient’s cart, 
the distance of the robot from the OR table is determined by the camera arm’s 
“sweet spot.” The camera port, target anatomy, and patient cart should be in a 
straight line to maximize range of motion of the robotic arms, though side docking 
is also a widely used option.
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 da Vinci Xi® Setup (Intuitive Surgical, Sunnyvale, CA, USA)

The da Vinci Xi has sleeker arms with an extra joint for movement, which allows for 
closer arm positioning without concern for external collisions. The Xi instruments 
are longer than Si, and the camera is the same as the one used for da Vinci X (8 mm). 
Port placement for robotic right colectomy with the Xi system is in a diagonal line 
from a point to the left of the costal margin cephalad to the suprapubic region cau-
dally (Fig.  15.3). Alternatively Xi ports can be clustered within the suprapubic 
region to improve cosmetic outcomes (Fig. 15.4). Most surgeons dock the Xi robot 
directly over the right side of the operating table.

8

8

8

12

12 Camera

Potential
specimen
extraction site

Fig. 15.1 Port placement for da Vinci Si® or da Vinci X® (Intuitive Surgical, Sunnyvale, CA, 
USA) right colectomy
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Fig. 15.2 Operative photograph 
demonstrating port placement for 
da Vinci Si® or da Vinci X® 
(Intuitive Surgical, Sunnyvale, 
CA, USA) right colectomy. 
(Photo courtesy of Dr. Craig 
Johnson, Tulsa, Oklahoma)

8

8

8

8 or 13

5

Potential
specimen
extraction site

Fig. 15.3 Port placement for da Vinci Xi® (Intuitive Surgical, Sunnyvale, CA, USA) right 
colectomy
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Fig. 15.4 Alternative 
port placement for da 
Vinci Xi® (Intuitive 
Surgical, Sunnyvale, CA, 
USA) robotic right 
colectomy. (Courtesy of 
Dr. Craig Johnson, Tulsa, 
Oklahoma)

 Operative Technique: Surgical Steps

The abdomen is inspected laparoscopically to determine the feasibility of minimally 
invasive resection and to identify the extent of disease. The patient is placed in slight 
Trendelenburg position with the right side tilted up. This allows for the small bowel 
to be displaced to the left upper quadrant, exposing the cecum, terminal ileum, and 
right colon mesentery. The omentum is retracted over the liver. We prefer to use a 
robotic hook cautery on the left robotic arm, while other surgeons prefer to use 
robotic shears and a bipolar fenestrated grasper on the right robotic arm. Other sur-
geons will use either two instruments for the left hand or two for the right hand and 
swap them as needed. For example, two left-hand instruments could be a tip  up/
stapler and a fenestrated bipolar and one right-hand scissors/vessel sealer/needle 
driver. Depending on the surgeon’s comfort, training, and experience, an additional 
robotic port can be used for the swappable instrument. We typically proceed with a 
medial to lateral approach. If medial to lateral approach is not feasible because of 
anatomic variant or inability to expose the ileocolic pedicle, a lateral to medial 
approach can be used.

The cecum is grasped and retracted laterally, caudally, and anteriorly exposing 
the ileocolic pedicle. In most individuals, the second portion of duodenum can be 
visualized through a thin layer of parietal peritoneum. In the setting of visceral obe-
sity, however, these anatomic landmarks may be more difficult to identify 
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(Fig. 15.5a). The peritoneum inferior and posterior to the ileocecal pedicle is opened 
sharply, and blunt dissection is carried out along the retroperitoneal plane 
(Fig. 15.5b). Next, the ileocolic pedicle is controlled. The ileocolic artery is care-
fully dissected close to its origin (Fig. 15.6a). While visualizing the duodenum, the 
artery is ligated and divided using a suitable device (Fig. 15.6b). Available methods 
include vascular endostapling, clips, bipolar energy, or suture ligation with the 
robotic system. The robotic technique has been successfully applied to complete 
mesocolic excision (CME) for right-sided colon cancers. In this approach, the ileo-
colic vessels are dissected and ligated near their origin. Dissection continues cepha-
lad along the ventral aspect of the superior mesenteric vein (SMV). While following 
embryological planes between the mesocolon and retroperitoneal structures, mes-
enteric dissection is extended up to the root of the right colic vessels and middle 
colic vessels. Depending on the location of the mass, one or both of the above ves-
sels are divided at their origin. After transection of the terminal ileum, the remainder 
of the operation proceeds in the conventional fashion with mobilization of the colon 
from the gastrocolic ligament and from its lateral attachments.

The table is tilted to reverse Trendelenburg position to mobilize the hepatic flex-
ure, although this is not mandatory, and often single docking is usually suitable. The 
omentum and transverse colon are retracted caudally thereby exposing the hepato-
colic ligament. For this step, unless da Vinci Xi with table motion is used, the instru-
ments may need to be removed and the robotic arms temporarily undocked from the 
ports before changing the OR table position. The transverse colon is retracted cau-
dally and the hepatocolic ligament is divided with energy device to control the 

a

b

Fig. 15.5 (a, b) The 
ileocolic pedicle is 
retracted and placed under 
tension (a). The plane 
between the right colon 
mesentery and the 
retroperitoneum is 
dissected bluntly, and the 
second portion of the 
duodenum is identified (b). 
(Courtesy of Daniel 
Popowich, MD)
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a

b

Fig. 15.6 (a, b) The 
ileocolic artery and vein 
are dissected (a). The 
ileocolic artery is divided 
using the robotic vessel 
sealer (b). (Courtesy of 
Daniel Popowich, MD)

Fig. 15.7 Division of the 
hepatocolic ligament. The 
mentum is dissected off 
the proximal transverse 
colon. (Courtesy of 
Daniel Popowich, MD)

blood vessels within the ligament (Fig. 15.7). The dissection is continued toward the 
hepatic flexure, and the final attachments of the colon to the retroperitoneum are 
divided. The first and second portions of the duodenum should be visualized and 
protected. If necessary, the gastrocolic ligament is divided to achieve additional 
mobilization of transverse colon.

Depending on the surgeon’s skill and complexity of the procedure, the terminal 
ileum and its mesentery and transverse colon with its mesocolon are divided with 
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the robotic bipolar energy device and/or stapler (Figs. 15.8a, b and 15.9a, b). An 
intracorporeal anastomosis can be constructed robotically with removal of the spec-
imen through either a Pfannenstiel incision or by extending left upper quadrant 
12 mm stapler trocar (Figs. 15.10 and 15.11). For more details on how to perform 
laparoscopic intracorporeal anastomosis, please refer to Chap. 14 on option for ileo-
colonic reconstruction.

a b

Fig. 15.8 (a, b) Following complete mesocolic excision, bowel perfusion is assessed using ICG 
perfusion and FireFly fluorescence imaging (a). After confirming the level of vascular demarcation, 
the proximal colon is divided with the robotic stapler (b). (Courtesy of Daniel Popowich, MD)

a b

Fig. 15.9 (a, b) Following mobilization of the terminal ileum mesentery, ICG perfusion confirms 
the level of vascular demarcation along the small bowel (a) which is divided with the robotic sta-
pler at that level (b). (Courtesy of Daniel Popowich, MD)

Fig. 15.10 An 
enterotomy is made along 
the terminal ileum and the 
transverse colon, and the 
robotic stapler is inserted 
to complete stapled 
side-side isoperistaltic 
anastomosis. (Courtesy of 
Daniel Popowich, MD)
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Alternatively, the remainder of the operation can be performed via an open 
approach. After the robot is undocked, the incision for a camera port is extended 
superiorly to create a small midline mini-laparotomy. The mobilized right colon is 
then exteriorized through this incision and resected. A standard extracorporeal side- 
to- side ileocolic anastomosis is created.

 Pitfalls and Troubleshooting

 1. Incorrect port placement. This could result in external collisions, limited reach, or 
instrument excursion. An attempt at repositioning the arms or adjusting the Flex joints 
on Xi should be made. If the setup remains suboptimal, the surgeon should consider 
placing another robotic cannula in a more favorable location on the abdomen.

 2. Motion scaling. Most da Vinci machines have their default scaling set to “fine.” 
For right colectomy, fine scaling may result in excessive need for clutching; 
therefore, we prefer to use “normal” scaling.

 Common Errors and Intraoperative Difficulties (Anatomic 
Landmarks)

 1. Failure to identify the correct plane during medial to lateral dissection. Initial 
incision posterior to ileocolic pedicle does not always lead to a correct bloodless 
retroperitoneal plane. If the plane of dissection appears bloody, it is recom-
mended to enter the plane in a different location distal or proximal along the 
ileocolic pedicle.

 2. Division of the ileocolic artery using energy device without clear identification of 
the duodenum. In the event of bleeding from the ileocolic artery following divi-
sion, attempt at controlling the artery could result in injury to the duodenum.

 3. Failure to fully mobilize terminal ileal attachments could result in limited mobil-
ity of the transected terminal ileum and tension on the anastomosis.

 4. Excessive traction on the transverse colon during exteriorization of the specimen 
could result in avulsion of middle colic vein at its confluence with the SMV.

Fig. 15.11 The common 
enterotomy is closed 
using intracorporeal 
robotic suturing to 
complete the ileocolonic 
anastomosis. (Courtesy of 
Daniel Popowich, MD)
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 Management of Intraoperative Complications: Tips and Tricks, 
Salvage, and When to Convert

 1. Rapid control of intraoperative hemorrhage is one of the essential skills in robotic 
surgery. Unless a major vascular injury has occurred, an attempt at robotic con-
trol of hemorrhage should be made. It is imperative to communicate with the OR 
team and especially bedside assistant in a calm and clear fashion. An assistant 
can operate the suction, apply pressure on a vessel, and introduce a mini- 
laparotomy pad. A bipolar energy device should be used in controlled and pre-
cise fashion since careless bites can result in injury to nearby organs, such as 
duodenum, or worsen the hemorrhage. Suture ligature, ties, clips, or stapler can 
be considered as alternatives. Most importantly, the surgeon must exercise judg-
ment and consider converting to laparoscopy, hand-assist laparoscopy, or open 
approach if several attempts at control of the hemorrhage have been made with-
out success. It is ill-advised to struggle robotically to control intraoperative hem-
orrhage, especially in the early phases of learning of robotic technique.

 2. Organ injury may occur during dissection in the vicinity of the duodenum, liver, 
and gallbladder. Injury to the right ureter and gonadal vessels is rare during right 
colectomy. If the correct retroperitoneal plane is developed during medial to 
lateral dissection, identification of right ureter and gonadal vessels is not required. 
However, if the psoas muscle is exposed, the plane of dissection is likely too 
posterior. In this circumstance right ureter needs to be positively identified to 
assure that it has not been lifted with ascending mesocolon. If injury to the organ 
is identified, a skilled colleague should be asked to assist with repair. The repair 
should be carried out robotically only if the surgeon is absolutely confident in 
their skill to complete the task. An example of repair suitable for robotic approach 
is a small defect in the second portion of the duodenum that can be repaired with 
suture closure.

 3. If the decision to convert has been made, it does not necessarily mean that a 
surgeon should convert right away. For example, in the cases of severe terminal 
ileal of Crohn’s disease where dense phlegmon is deemed not amenable to 
robotic mobilization, the surgeon may still consider taking down hepatic flexure 
and mobilize ascending colon robotically. This way the incision may be created 
in the lower midline or in the right lower quadrant to specifically address termi-
nal ileal disease and eliminate the need for cephalad extension of the incision. 
For more details, refer to the chapter on advanced laparoscopic right colectomy 
techniques in Crohn’s disease and preoperative ileocolonic resection.

 Outcomes

The comparison of outcomes between laparoscopy and robotic right colectomy is 
summarized in Table 15.1. In a recent meta-analysis by Solaini and colleagues [15], 
operative time was found to be significantly longer for robotic colectomy proce-
dures in the pooled analysis (standard mean difference (SMD) − 0.99; 95% CI − 1.4 
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to −0.6, p < 0.001), while the rate of conversion was less in the robotic group (RR 
1.7; 95% CI 1.1–2.6, p = 0.02). There was a trend toward higher lymph node yield 
during robotic right colectomy than for laparoscopic right colectomy (23.4 versus 
24.3), p = 0.057. Postoperative complications, morbidity, and mortality were similar 
between the two procedures. Return of bowel function, as determined by passage of 
flatus, was earlier in robotic group (SMD 0.85 days; 95% CI 0.16–1.54, p = 0.016). 
The incidence of other complications such as anastomotic leak, postoperative hem-
orrhage, ileus, wound infection, abdominal abscess, and incisional hernia was simi-
lar between the groups.

Robotic colectomy is considered feasible and safe in regard to oncologic out-
comes. Spinoglio and colleagues [3] reported results of their study of 100 consecu-
tive patients who underwent robotic CME.  With a median follow-up period of 
48.5 months (range, 24–114 months), the survival rates were 94.5% for disease- 
specific (DSS), 91.4% for disease-free survival (DFS), and 90.3% for overall sur-
vival. The DSS rates were 100% for stage 1 cancer, 97.1% for stage 2 cancer, and 
89.3% for stage 3 cancer. The disease-free survival rates were 100% for stage 1 
cancer, 94.3% for stage 2 cancer, and 78.2% for stage 3 cancer. The overall survival 
rates were 95% for stage I, 91.7% for stage II, and 86.3% for stage III cancer. The 
anastomotic leak rate was 1%.

The cost of robotic surgery for right colectomy remains higher than laparoscopy 
[16, 17]. The pooled mean surgery-related costs was higher in the robotic group 
($5953; 95% CI 2223–9684) than in the laparoscopic one ($3930; 95% CI 1733–
6127; p = 0.051) [15].

 Conclusions

Robotic right colectomy is considered to be feasible and safe procedure with post-
operative morbidity and mortality rates similar to the laparoscopic approach, among 
surgeons who have overcome their learning curve. Specific surgical complications 
such as anastomotic leak, postoperative hemorrhage, postoperative ileus, wound 
infections, and abdominal abscess are similar between the two procedures.
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16Advanced Laparoscopic Right Colectomy 
Techniques for Crohn’s and Reoperative 
Surgery

Alexander John Greenstein and Barry Salky

 Introduction and Rationale

Crohn’s disease (CD) surgery, both primary and revisional, may present unique 
challenges for the surgeon. Because there is currently no cure for CD, recurrent 
disease after prior resection is relatively common. The risk of endoscopic and surgi-
cal recurrence increases with time. Documented recurrence rates are 20–25% at 
5 years and approximately 50% at 10 years [1]. Not all of these patients will require 
surgery, but as recurrence tends to mimic the original presentation, many of these 
patients will require repeat resections over their lifetime. This is one of the main 
reasons a minimally invasive approach is particularly advantageous in this popula-
tion, as it may lessen the incidence of abdominal wall hernia. Another relevant 
advantage of a laparoscopic approach is the reduction in abdominal adhesions fol-
lowing resection which potentially could make subsequent surgery less demanding. 
Multiple articles have documented decreased adhesions and decreased adhesive 
obstructions following laparoscopic surgery [2, 3].

Although simple fibrostenotic CD is typically easy to manage laparoscopically, 
the surgical complexity of resections increases dramatically in the setting of severe 
inflammatory and fistulizing disease. While similar difficulties may be encountered 
during surgery for cancer and/or diverticulitis, these complicating factors are more 
commonly encountered in CD, particularly in right-sided disease. Surgeons should 
be prepared to encounter these findings and plan their surgical approach accord-
ingly. There is evidence from several large retrospective series that complex CD can 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_16&domain=pdf
mailto:alexander.greenstein@mountsinai.org


238

be approached safely and effectively laparoscopically, with reduced hospital stay 
and comparable or fewer complications including decreased adhesions and 
decreased adhesive obstructions relative to open surgery [4–7]. We will discuss 
these various scenarios in detail below. All surgeons taking care of these patients 
should be familiar with advanced laparoscopic techniques, especially for those with 
recurrent disease.

 Indications and Contraindications

Indications for laparoscopic revisional surgery for CD are the same as for pri-
mary CD and including medically refractory fibrostenotic, fistulizing disease, 
and recurrent inflammatory disease with abscess or phlegmon. Absolute contra-
indications to a laparoscopic approach include hemodynamic instability or other 
medical conditions precluding tolerance of pneumoperitoneum and intestinal 
perforation with diffuse intraabdominal spillage. Relative contraindications 
include intestinal obstruction with massive abdominal distention and severely 
decreased working space and/or friability of the bowel wall. If it is safe to defer 
surgery, a period of nasogastric tube decompression, bowel rest, and parenteral 
nutrition is highly recommended in order to facilitate a laparoscopic approach 
in these patients.

Reoperation in the setting of multiple prior abdominal surgeries, while feasi-
ble, requires a change in strategy with respect to establishing safe intraabdominal 
access, planned steps of the procedure, and manipulating the bowel. Achieving 
adequate exposure and evaluating the bowel proximal and distal to the pathology 
can be challenging in the setting of dense adhesions. Careful review of preopera-
tive imaging is critical in order to determine the best intraoperative strategy. High 
BMI in the setting of reoperative or Crohn’s surgery is not a contraindication to 
laparoscopy, and we would consider it to actually create an even stronger indica-
tion for surgery as these patients stand to benefit even more from a minimally 
invasive approach.

 Principles and Quality Benchmarks

The primary guiding principle for all surgery in CD is bowel conservation. This is 
especially the case in patients with multifocal disease and those who require recur-
rent resections. Although the goal of the resection is to remove the diseased seg-
ment, resection to microscopically negative margins has not been shown to decrease 
the rate or time to recurrence or increase quality of life. Strictureplasty should be 
considered when appropriate, especially in multifocal disease, i.e., multiple narrow 
segments over a long span of bowel. Avoidance of intestinal leak is also critical to 
reduce bowel loss. As fistulizing disease is common in CD, it is important to spare 
the normal bowel attached to the diseased bowel whenever possible. In general, 
almost all internal connections can be divided laparoscopically using endoscopic 
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linear staplers. This will decrease the extent of bowel that is resected and decrease 
the size of the extraction incision as well. During reoperative ileocolic resection, 
identification of the duodenum and ureter and meticulous lysis of adhesions are 
paramount.

 Preoperative Planning, Patient Work-Up, and Optimization

As bowel conservation is key to the success of resection for primary or recurrent 
CD, the preoperative work-up is critical in determining the planned surgical proce-
dure. A thorough review of prior operative reports will provide details regarding the 
extent and location of all prior resections and/or strictureplasties, length of small 
bowel removed and of small bowel remaining, as well as type of anastomosis previ-
ously created. Recent CT and MR enterography (CTE/MRE) can be very helpful to 
define the anatomy of the diseased segments as well as “occult” areas that may not 
be clinically significant or visualized on endoscopy may dramatically affect the 
operative plan. We have found it very useful to review these with experienced radi-
ologists preoperatively. We also highly recommend a preoperative colonoscopy on 
all patients. Ileosigmoid fistulas are common, and it is helpful to evaluate the sig-
moid mucosa prior to dividing the fistula. While CD typically affects the ileum, it is 
possible to have sigmoid disease concurrently which would make a double resection 
mandatory.

For patients in whom fecal diversion is anticipated, preoperative marking of 
stoma sites by an enterostomal therapist is critical for improved function and quality 
of life. If an enterostomal nurse is not available, it is critical that the patient is 
marked in the office or even in the preoperative area the day of surgery. We recom-
mend that the patient be examined while sitting up, standing, and lying down in 
order to identify a location away from creases, scars, and belt line and ensure that it 
is in an area that the patient is able to see (i.e., not below a large pannus). We recom-
mend marking patients preoperatively even if a stoma is not definitively planned for 
as operative conditions may determine the need for one and marking the patient on 
the operating room table will lead to unsatisfactory results. A thorough discussion 
between the physician and the patients/family and GI doctor is also helpful in man-
aging short- and long-term expectations regarding disease control and potential 
need for reoperation.

Physiological optimization is required in all elective patients with CD. Nutrition 
and anemia should be corrected as much as the clinical condition will allow. There 
is some debate about the impact of new biologics and anti-tumor necrosis factor 
(TNF) medications on postoperative infectious complications and on the safest time 
interval between the last dose and surgery. While some studies have shown that 
preoperative use of infliximab does not increase postoperative complication rates, 
others have suggested worse outcomes with newer biologic agents such as vedoli-
zumab especially when used within 3 months of surgery [8–12].

In general, if possible, most of these medications should be stopped at least 
2 weeks prior to surgery. Unfortunately it may not be possible to wean these patients 
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completely from their immunosuppression as their disease may worsen and their 
clinical condition may deteriorate prior to surgery. In our own experience, with the 
exception of steroids, recent use of biologics has not been found to increase postop-
erative morbidity.

 Operative Setup

In general, if an ileosigmoid fistula is not present and a left colectomy, sigmoid, or 
rectosigmoid resection is not required, the patient is placed supine, with arms tucked 
at the sides. It is key to protect against all potential nerve injury sites, including the 
brachial plexus. A urinary drainage catheter is always placed, as is an orogastric 
tube. Preoperative antibiotic dosing is performed within 1 hour of the incision. All 
patients have sequential compression devices (SCDs) on and functioning during the 
operation, and many surgeons prefer to give the first perioperative dose of subcuta-
neous heparin at this time. For right-sided disease, the surgeon and assistant stand 
on the patient’s left, and the OR nurse and video monitor are on the patient’s right. 
If an ileosigmoid fistula is present or a left colectomy and sigmoid/anterior resec-
tion is required, the patient is placed in low lithotomy position utilizing stirrups with 
the thighs flexed in such a manner as to not impede the abdominal instruments and 
allow access to the anus for potential endoscopic evaluation and stapler placement. 
As the patient is frequently placed in steep, head down position, some type of fixa-
tion to the OR table is highly recommended (belts, pink pad, bean bag, tape).

There are multiple laparoscopic energy devices available, and each one of them 
is adequate for dissection and vessel division. Mechanical hemostatic devices are 
available as well. Each surgeon tends to have their preferred device for vessel seal-
ing, and we have found no difference in outcome with any of them. It is important 
to be familiar with whichever device is being used, especially regarding trouble-
shooting. None of these devices are infallible during dissection or mesenteric divi-
sion especially with thick, friable Crohn’s mesentery.

 Operative Technique: Surgical Steps Including Pitfalls 
and Troubleshooting

 Abdominal Entry and Trocar Placement

Safe intraabdominal access is essential to decreasing complications at the earliest 
phase of the operation. There are multiple methods to gain access to the abdomen in 
previously operated patients, none of which have shown superiority with respect to 
avoiding injury. Whichever method is used, we would not place the first trocar 
through a previous scar as the chance of bowel adhesions under a scar is high. We 
prefer an open (Hasson) approach or use of an optical viewing trocar at Palmer’s 
point in the left upper quadrant. Following entry, the abdominal wall under the 
original trocar is visualized to ensure a through and through bowel injury has not 
occurred. On occasion, several entry sites will be attempted in order to gain safe 
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access. In general, we like to approach the pathology further away. Whenever pos-
sible, 5 mm trocars should be preferentially used, with a 12 mm trocar reserved for 
the use of an endoscopic stapler and preferably placed in planned extraction sites. 
Additional 5 mm trocars should be added as necessary in order to optimize visual-
ization and exposure. Please see Fig. 16.1 for typical port placement. We prefer the 
use of a 5 mm camera as this allows the camera to be placed in different trocar loca-
tions during adhesiolysis and disease mobilization.

 Adhesiolysis and Intestinal Dissection

The extent and density of adhesions can vary significantly from case to case. It is for 
this reason that we believe that diagnostic laparoscopy should be performed in every 
patient before committing to an open operation. In some cases, minimal adhesions 
are found, and laparoscopic reoperative resection will be as straightforward as pri-
mary resection. In Crohn’s patients, it is thought that this may be due to their chronic 
immunosuppression. More typically, however, extensive laparoscopically lysis of 
adhesions and bowel mobilization will be needed to expose anatomic landmarks 
and the pathology. Even if the case is ultimately converted to open due to inability 
to fully expose the pathology, the size of the extraction may be reduced by having 
mobilized the bowel proximal and distal to the pathology laparoscopically. Surgeons 
should be familiar with multiple techniques for safe adhesiolysis.

Fig. 16.1 Laparoscopic 
port setup: three 5 mm 
ports and a 12 mm port
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In general, sharp “cold” dissection with endoshears is safer than using monopo-
lar cautery or bipolar energy and will avoid inadvertent burn injury and delayed 
enterotomy. There is a clear difference between “filmy” adhesions (nonvascular), 
which can usually be teased apart and easily transected, and “dense” adhesions 
which are vascularized or inflammatory, which will not separate without sharp dis-
section. The two guiding principles in adhesiolysis are preventing bowel injury and 
maintaining hemostasis. Traction and counter-traction principles are just as impor-
tant in laparoscopic adhesiolysis as in open surgery. However, the amount of coun-
ter-traction provided by an assistant is hard to estimate and control. Serosal tearing 
to bowel wall can occur passively by assistant traction on the bowel against a point 
of fixation. Overzealous grasping of friable bowel can result in partial- or full-thick-
ness tearing. Therefore, we prefer limiting the traction applied by the assistant and 
use the assistant only when necessary during this phase of the operation. The other 
important consideration is to stay in the proper dissection plane. When dissecting 
off the abdominal wall, a clear plane exists on the parietal peritoneum. It tends to be 
avascular. When dissecting between two loops of bowel or two loops of mesentery, 
it is important to go slowly and stay in the avascular plane. If bleeding occurs, it is 
most likely due to an improper dissection plan. After extensive adhesiolysis, it is 
important to check for serosal tears and enterotomies prior to moving on with the 
resection, and this should be repeated again at the end of the procedure. If there is 
any question about injury, we recommend marking the area with a suture or an 
endoloop for closer inspection and definitive suture repair later during the case.

 Complex Crohn’s Disease Resection

As with any other complex surgery, mastery of the anatomy and careful dissection 
techniques are required to identify anatomic landmarks during complex or reoperative 
right colectomy such as the right ureter, kidney, and duodenum. Laparoscopic reop-
erative surgery for CD follows the same steps as for primary resection. Differences 
include identification of the prior anastomosis and its mesentery and careful mobiliza-
tion of the anastomosis from surrounding structures, which is usually complicated by 
fibrosis, acute or chronic inflammation, and/or fistulas. Once mobilized fully, the 
planned resection of the anastomosis and adjacent diseased bowel and construction of 
a new ileocolonic anastomosis is performed. As most patients have had the retroperi-
toneum exposed previously, repeat dissection and identification of landmarks is often 
more challenging, especially in the setting of scarring, fibrosis, abscesses, phlegmons, 
and fistulas. Rather than dissecting the mesentery using a medial to lateral approach 
during reoperative right colectomy, a lateral to medial approach may facilitate ureteral 
identification and avoid inadvertent injury. This is particularly useful in CD where the 
mesentery can be very thickened and friable and not suitable to be taken safely via a 
minimally invasive approach with an energy device.

Additionally, in reoperative Crohn’s disease with prior resection, the mesentery to 
the diseased bowel may not be readily identifiable until after full mobilization of the 
diseased segment and therefore best to be divided after lateral to medial mobilization.
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 Crohn’s Abscess, Phlegmon, and Mass

Intraperitoneal, pelvic, or retroperitoneal abscess formation remains a serious com-
plication of Crohn’s fistulizing disease. Assuming that the collection is greater than 
5 cm and there is a safe window on imaging, preoperative drainage under radiologi-
cal control is standard of care. If percutaneous drainage is not possible, preoperative 
or simultaneous surgical aspiration may be necessary. Eventually, the diseased seg-
ment and source of the abscess requires resection.

After successful drainage of intraabdominal or retroperitoneal abscess and return 
to optimal health, resection of the associated segment of bowel may be attempted 
laparoscopically. We recommend waiting approximately 3 months to allow for the 
inflammatory changes to resolve and the patient to be medically and nutritionally 
optimized. Conversion, or hand-assisted laparoscopy with a smaller incision may be 
necessary in the most difficult cases, but we typically begin with a pure laparoscopic 
approach even in the setting of a large phlegmon. The prevailing goal in these cases 
is to mobilize the phlegmonous mass in order to exteriorize it through as small an 
incision as possible (midline or off-midline). We generally approach this using a 
lateral to medial approach given the thickened mesentery that tends to accompany a 
Crohn’s mass and the difficulty manipulating it.

Often the hepatic flexure, even if previously mobilized, is not diseased and is an 
optimal place to begin a lateral to medial dissection. After mobilizing the hepatic 
flexure, we continue the lateral to medial dissection down toward the ileocolic 
angle. Unfortunately, the area with greatest inflammation often tends to be adjacent 
to the confluence of the ureter and iliac vessels. Appropriate use of blunt dissection 
is paramount to a successful mobilization of the disease and avoidance of collateral 
damage. Our instrument of choice is the suction-irrigating device (which allows for 
simultaneous clearance of blood or purulence) or laparoscopic peanut which can 
serve as a replacement for open finger fracture dissection. A bipolar or ultrasonic 
device should be available to lyse scar tissue when determined safe. Eventually, the 
scar will need to be penetrated leaving the mesentery of the ileocolic region, and the 
mass can be mobilized medially. If one enters a retroperitoneal plane, one must be 
careful to remain superficial and anterior to the ureter. Ureteral catheters with and 
without the use of lighted devices or indocyanine green (ICG) can be used at the 
surgeon’s discretion for ureteral identification.

 Crohn’s Fistula

Ileosigmoid and ileorectal fistulae are relatively common in patients with fistulizing 
disease. One large case series estimated the prevalence of internal fistulizing disease 
at 6% for all CD patients and, of those, 19% possessed fistulas from the ileum to the 
sigmoid colon [13]. In these fistulae, the inflamed terminal ileum most commonly 
adheres to the medial aspect of the sigmoid colon, which is usually otherwise healthy, 
but on occasion there is disease of both the terminal ileum and sigmoid colon. 
Because of this, dealing with the sigmoid side of the fistula can involve either simple 
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division across the fistulous tract with resection of only the diseased ileocolic seg-
ment or en bloc resection. While simple ileosigmoid fistulae can often be approached 
laparoscopically, fistulae low in the sigmoid colon or more distal in the region of the 
rectouterine or rectovesical pouch may require a hand-assisted or open approach.

In the event of a simple ileosigmoid fistula, after mobilization of the right colon 
and sigmoid, it should be possible to lift the Crohn’s mass and sigmoid anteriorly 
and superiorly in order to identify the tract from the ileum to the sigmoid. After it 
has been dissected out and thinned out as much as possible, it should be possible to 
laparoscopically place an endoscopic linear stapler loaded with a 60-mm-long 
purple, green, or black load through an appropriately sized port and staple across the 
fibrous tract (Figs. 16.2a, b1, c1 and 16.3a–c). The sigmoid will fall gently aside 
leaving the right colon and ileum which can then be resected and anastomosed. 
Complex ileosigmoid fistulae which require double resection (Fig. 16.2a, b2, c2) 
may be able to be performed by a pure laparoscopic approach, but often their 
complexity may require conversion. Again, we recommend trying to mobilize as 
much as possible laparoscopically or try hand-assisted techniques prior to converting 
as this can reduce the size of the incision and still greatly benefit the patient.

a

b1 b2

c2c1

Fig. 16.2 (a) Ileosigmoid fistula. (b1, b2) Division across the fistulous tract with resection of the 
diseased ileocolic segment only. (c1, c2) En bloc ileosigmoid fistula resection with double 
anastomosis
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a

c

b

Fig. 16.3 (a–c) Crohn’s ileosigmoid fistula. The endoscopic stapler is used to transect across the 
fistula with ileocolic resection and preservation of the sigmoid

 Difficult Crohn’s Mesentery

As discussed previously, the friable and thickened Crohn’s mesentery presents a 
unique challenge, as often the standard energy devices are not adequate to seal the 
vessels. For this reason, we recommend mobilizing the diseased bowel first to lift the 
mesentery off the retroperitoneum prior to mesenteric division. Once the diseased 
bowel is mobilized, a decision is made whether to transect the mesentery intracorpo-
really or extracorporeally. If the mesentery appears thin and pliable and amenable to 
division with an energy device, laparoscopic transection can be attempted. Additionally, 
the mesentery further away from the bowel wall may be thinner and more amenable 
to standard division with an energy device. In these situations, a high ligation and 
mesenteric division similar to that for oncologic resections is recommended. There 
are many devices well equipped to deal with intracorporeal mesenteric division. These 
include ultrasonic, bipolar, mechanical (staplers and clips), and monopolar electric 
devices. All can be utilized to divide the mesentery and control bleeding. When these 
fail, the surgeon needs to be ready with a backup plan which may include laparoscopic 
suturing or temporary pressure control and conversion to open.

If the mesentery appears to be very bulky and is deemed to be at risk for bleeding 
after transection with a bipolar device, then it may be safer to perform mesenteric 
division in an extracorporeal fashion. By mobilizing the diseased and adjacent nor-
mal bowel, at least the extraction incision will be smaller than if approached open to 
start. When in doubt, and if there are questions about vascular control, performing 
this portion of the procedure in an open fashion is safer. When ready to extract and 
divide mesentery, we make a periumbilical incision, place a wound protector, and 
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exteriorize the diseased bowel. Occasionally, the Crohn’s mass is too large to fit 
through the small extraction site, so the skin incision may need to be enlarged. It is 
critical that one maintains control of the proximal portion of the mesenteric vessels 
during exteriorizing the bowel and mesenteric transection in order to reduce arterial 
bleeding and/or hematoma formation. After exteriorization, one can place a soft 
bowel clamp toward the root of the mesentery and use the bipolar device on the more 
distal portion of the vessel. Even with this technique, it is not uncommon to require 
multiple 2-0 Vicryl sutures in a figure-of-eight fashion or horizontal mattress fashion 
in order to control bleeding vessels after attempted control with an energy device or 
even clamp and tie technique. With the specimen already exteriorized, resection and 
anastomosis will follow mesenteric transection through this incision.

 Ileocolonic Reconstruction

After the mesentery has been divided intracorporeally, one can then decide whether 
to make an intracorporeal or extracorporeal anastomosis. In addition to the patient’s 
pathology, the surgeon’s comfort and proficiency plays a role in this decision, and 
we will outline both approaches in the next two sections. The benefits of an intra-
corporeal anastomosis include but are not limited to the need for more limited mobi-
lization of the bowel as it does not need to be exteriorized until after division. Ability 
to place the extraction site at any location, preferably Pfannenstiel or off midline/
planned stoma site, as this is associated with decreased pain and decreased subse-
quent hernia formation.

 Intracorporeal Anastomosis

Our preferred intracorporeal ileocolic anastomotic technique is as follows [14]. 
Once the mesentery and specimen have been divided, the two ends of the bowel are 
aligned in an isoperistaltic fashion (antiperistaltic is another option), after the mes-
entery is visualized at its base. This is an important maneuver to ensure there is no 
twisting of the anastomosis. If this step is followed, it is impossible to twist the 
anastomosis. Stay sutures are often placed to help align the bowel and to help with 
manipulation during stapler placement. Once the intestine is aligned, an enterotomy 
is made in both the proximal and distal bowel. We prefer to do this with cutting cur-
rent electrocautery, but ultrasonic devices can be used. If the intestine is dilated 
from obstruction, a laparoscopic “bulldog” clamp can be placed on the proximal 
side at least 10  cm up from the planned anastomosis to prevent spillage. Often, 
however, the pressure of the pneumoperitoneum is enough to prevent enteric spill-
age. Once the enterotomies are made, an endoscopic linear stapler is placed into 
each limb of the intestine and fired to create the side-to-side anastomosis. A 60 mm 
load is preferred but a 45 mm is acceptable. We prefer a purple load, but vascular or 
thicker loads may be required based on the condition of the bowel and surgeon 
preference (Fig. 16.4). At this point, the inside staple line is checked for bleeding. 
Any bleeding must be controlled now before the common enterotomy is closed. We 
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prefer bipolar energy to control bleeding points on the metal staple line, but this can 
also be controlled by monopolar cautery, clips or suture ligation.

The options for enterotomy closure are largely dictated by surgeon preference. 
We prefer a 2-layer closure with an inner absorbable and outer permanent suture. In 
our experience, this is preferably with 2-0 Vicryl for the inner layer and 3-0 Prolene 
for the seromuscular outer layer. The use of a single-layer closure, of barbed sutures, 
and of stapled closure has all been validated. When starting the first/inner layer, we 
recommend that the surgeon sew away from oneself laparoscopically and toward 
oneself in open procedures (Fig. 16.5). The reason for this is that it allows the sur-
geon to place the sutures at right angles to the bowel easier than if sewing toward 
oneself. This also ensures that the innermost portion of the common channel is 
completely closed. This can often become difficult to see if sewing toward oneself 
on the inner layer as that area will have less exposure as the suture progresses closer 
to the near corner. As suturing can be perceived as a difficult task, the common 

Fig. 16.5 Intracorporeal 
anastomosis: suturing 
close the common 
enterotomy

Fig. 16.4 Intracorporeal 
anastomosis: stapling and 
creating of a common 
channel
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channel can be stapled closed using an endoscopic stapler. However, if a stapler is 
used to close the enterotomy, extreme care must be taken to not include the mesen-
tery or to narrow the anastomosis.

 Extracorporeal Anastomosis

In order to minimize anastomotic leaks, our preferred approach when performing 
an extracorporeal anastomosis is to “oversew” the anastomotic staple lines. After 
the specimen has been resected, the end of the ileum is aligned with the proximal 
colon in an antiperistaltic side-to-side fashion. We first lay down a posterior 
continuous 3-0 silk back row on the taenia of the colon and adjacent to the 
mesentery of the small bowel (Fig.  16.6a). Enterotomies are then made by 

a b

c d

e

Figs. 16.6 (a–e) Technique of oversewing the anastomosis. (a) Lying down posterior/back row. 
(b) Pulling the mesentery posteriorly. (c) Creating the common channel. (d) Closing the common 
enterotomy. (e) Oversewing all staple lines and tucking all corners
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excising the anti-mesenteric corners of the staple lines on the bowel. The row of 
silk sutures is then pulled posteriorly so as to remove the mesentery away from 
the staple line  (Fig. 16.6b), and a linear stapler (typically 80 mm) is placed to 
create the common channel (Fig. 16.6c). A second linear stapler load is used to 
close the enterotomy (Fig.  16.6d), and then all staple lines are oversewn and 
covered with running 3-0 silk suture (Fig. 16.6e). For more details and alternative 
techniques, please refer to Chap. 14 on options for ileocolonic reconstruction.

 Pitfalls and Troubleshooting

 Entry
Avoid previous scars. Use either optical trocars or open Hasson techniques depend-
ing on expertise of the surgeon. After subsequent trocar placement, always look 
back at the original trocar and the abdominal wall to make sure a through and 
through or occult injury has not occurred. In the unoperated abdomen, a Veress 
needle has also been shown to be a safe entry as well.

 Adhesiolysis
Use sharp dissection whenever possible. Beware of the “aggressive” assistant. 
Traction injuries from graspers are common in laparoscopic surgery. If there is trou-
blesome bleeding during adhesiolysis, it is likely that the wrong surgical plane has 
been entered. Stop the dissection and correct the plane of dissection. After adhe-
siolysis, always go back and visualize the areas lysed to be sure a bowel injury has 
not occurred. If there is any suspicion of injury, repair is indicated. If there is any 
question, exteriorization of the segment is advised.

 Duodenum and Right Ureter
It is critical that these two structures be clearly identified during mobilization of the 
right colon. The best plane for proximal transverse colon mobilization is right on the 
duodenum, and we advise that a sweeping-blunt technique be used when possible 
with minimal energy use. Any injury or potential injury to either of these structures 
must be immediately addressed.

 Thickened Mesentery
This has been discussed in detail above. Bleeding can be profuse from inflamed 
mesentery; therefore, suturing skills should be obtained before tackling difficult 
mesenteric dissection via minimally invasive techniques. Consider higher ligation 
as in cancer cases as the mesentery tends to be thinner in this area compared to 
immediately adjacent to the bowel wall. Laparoscopic or open figure of 8 or hori-
zontal mattress sutures placed while the mesentery is compressed and controlled 
can get the patient and surgeon out of a difficult situation. Mechanical staplers do 
not work well on the thickened mesentery, and in general, they should be avoided 
unless the jaws will close easily around the vessels.
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 Anastomotic Problems
Keeping the anastomotic leak rate low is important. In order to avoid twisting the 
anastomosis, the base of the mesentery must be identified and the edge of the mes-
entery traced up to the cut end of the bowel. At the completion of the anastomosis, 
it should look correctly oriented. If there is any doubt as to that, we strongly recom-
mend that the anastomosis be redone.

 Postoperative Issues
In general, the patients look well, and they are ambulating the first evening or cer-
tainly the next day. The WBC can be elevated, but it is highly unusual for that to last 
more than a day or two. There are some studies that suggest following CRP is a 
more predictive value in assessing for postoperative complications such as anasto-
motic leak. It is not uncommon to have a low-grade temperature for a day or two, 
but not more than that. While a little nausea is common, vomiting is not. The abdo-
men can, of course, be a little tender for the first day or two, but usually not more 
than that. If the patient does not adhere to these clinical parameters, it is likely that 
there is something wrong. We have a very low threshold to take the patient back to 
the OR for a diagnostic laparoscopy to make sure that the anastomosis is intact. An 
early CT of the abdomen in our experience almost never tells the real picture of 
what is happening in the abdomen. Additionally, if there is high clinical concern 
over the patient’s status, there are very few findings on CT that absolve the concern 
and prevent return to the OR. When returning to the OR, we prefer a laparoscopic 
approach to asses for anastomotic leak or occult bowel injury or bleeding as most 
can be dealt with in this manner. It is a mistake to wait until the patient is overtly ill 
before returning them to the OR.

 Ileostomy and Conversion
Temporary ileostomies are occasionally needed. Decisions for end or loop stoma 
creation should be definitively made preop based on the patient’s overall condi-
tion. This is often based on patient-related factors such as nutritional status, lab 
values and immunosuppressive medications, and recent weight loss. Occasionally 
the decision to create a stoma is made based on intraoperative conditions such as 
finding an abscess, dilated/thickened proximal bowel, residual diseased bowel, 
and/or the need for double resections. Marking the patient preoperatively is man-
datory to avoid the issue of improper stoma creation if the decision is made based 
on unplanned operative findings. We believe that the anastomosis should be per-
fect in appearance, or it should be revised. We do not divert to compensate for a 
suboptimal anastomosis.

The threshold to conversion to open or hand-assist will vary based on the sur-
geon’s experience and expertise with advanced skills. We strongly believe in pre-
emptive conversion rather than reactive conversion, especially in cases where there 
is failure to progress due to difficulties identifying the correct anatomical planes of 
key landmarks. Prompt conversion will avoid injury and reduce intraabdominal 
spillage with associated septic complications.
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 Outcomes

Increasingly, laparoscopic resection has been used to treat patients with Crohn’s 
disease and for those requiring reoperative surgery, and this has been validated by 
several articles that depict good results. Prospective randomized, retrospective, 
database studies and meta-analyses have all shown short- and long-term benefits of 
laparoscopic surgery in comparison with open surgery. Short-term benefits include 
reduced morbidity, expedited recovery, and lower cost, while significant long-term 
benefits include fewer small bowel obstructions and incisional hernias [6, 15–21]. 
CD recurrence rates, not surprisingly, are unchanged by laparoscopic surgery. They 
are essentially equivalent to that of open surgery and remain high [22, 23]. Please 
see Table 16.1 for a listing of some of these studies.

Clearly, laparoscopic resections are possible, even likely, in Crohn’s and reopera-
tive surgery given a certain level of expertise. Considering the incidence of recurrent 
disease and surgery in these patients, an initial laparoscopic approach is indicated 
[24]. There are also several studies that have been published which analyze laparo-
scopic surgery for recurrent Crohn’s versus primary Crohn’s disease. They essen-
tially demonstrate that laparoscopic surgery can be performed safely on recurrent 
patients with minimal difference in postoperative complications in comparison with 
primary Crohn’s patients [25–28].

With regard to “oversewing” the anastomosis, a retrospective comparative study 
at our institution has revealed that the use of this technique for our Crohn’s patients 
led to a significant reduction in major anastomotic complications – a compilation of 
anastomotic leak, intraabdominal abscess, small bowel obstruction, and anasto-
motic bleed [29]. Even in the setting of acute abscess or phlegmon, if a carefully 
constructed anastomosis is created, it is not necessary to create an end ileostomy or 
diverting loop ileostomy for these cases. There are currently many retrospective 
papers debating the relative merits of different configurations of ileocolic anastomo-
ses – end-to-end, side-to-side – as well as different types of handsewn anastomoses 
[30]. A full discussion of this is beyond the scope of this chapter, but there are no 
good randomized prospective trials indicating advantage of any one technique [31]. 
We recommend that the individual surgeon perform the anastomosis that they are 
most comfortable with.

As for intracorporeal anastomosis, several papers and meta-analyses have been 
published so far stressing the feasibility and safety in colorectal surgery. The use of 
intracorporeal anastomosis should lead to the reduction of incision length, allow for 
off-midline or Pfannenstiel incisions to decrease postoperative pain, lower inci-
sional hernia rate, and eliminate the need for bowel exteriorization for anastomosis, 
which could be particularly difficult in the presence of thick and short mesentery 
and involve the risk of bowel torsion [32–34]. There is a decreased wound infection 
risk with intracorporeal anastomosis as well, primarily because there is minimal 
contamination at the extraction site. All specimens are removed in a bag or with 
wound protection, and typically through a Pfannenstiel incision. Our data have 
shown a statistically significant decrease in narcotic use as well [14]. Other studies 
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Table 16.1 Lap vs open ICR for Crohn’s disease

Author Year
N 
(%Lap) Term Type Short-term results

Long-term 
results

Milsom [20] 2001 60 
(52% 
lap)

Short Prospective 
randomized

Lap with significant 
decrease in minor 
complications and 
significantly better 
lung function

N/A

Maartense 
[19]

2006 60 (505 
lap)

Short Prospective 
randomized

Lap with significant 
decrease in 
complications (10% 
vs 33%), LOS 
(−2 days), and costs

N/A

Lee [6] 2011 1917 
(34% 
lap)

Short Database 
(NSQIP)

Lap with significant 
decrease in major 
(0.629) and minor 
complications 
(0.576), significant 
decrease in LOS 
(−1.08 days)

N/A

Aytac [21] 2012 52 
(50% 
lap)

Short Case-matched 
retrospective

No statistical 
difference in overall 
morbidity and 
reoperation rate. Lap 
with significant 
decrease LOS

N/A

Young- 
Fadok [16]

2001 66 
(50% 
lap)

Short Case-matched 
retrospective

Lap with significant 
decrease in LOS 
(−3 days) and costs 
($3373)

N/A

Bergamaschi 
[18]

2003 92 
(42% 
lap)

Short 
and 
long

Retrospective Lap with significant 
decrease in LOS 
(−5.6 days) but 
longer OR time 
(80 min)

No significant 
difference in 
5-year 
recurrence 
(approx 28%)

Lowney [23] 2005 113 
(56% 
lap)

Long Retrospective N/A No significant 
difference in 
5-year 
recurrence

Heimann 
[24]

2017 750 
(33% 
lap)

Long Retrospective N/A Hernia rate 
higher for open 
(10.8%) than lap 
(8.4%) but not 
significantly 
different

Patel [17] 2013 2519 
(N/A)

Short 
and 
long

Meta-analysis Lap with significant 
decrease in 
complications (0.71)

No significant 
difference 
recurrence. 
Hernia rate 
significantly 
lower for lap(RR 
=0.24)

LOS length of hospital stay, RR relative risk
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that have looked at right colonic intracorporeal anastomosis for various indications 
with no adverse effect on complications, anastomotic leak, or reoperation rates and 
particularly good results appear to be present for intracorporeal anastomosis in the 
setting of obesity [14, 35–39]. See Table 16.2.

 Conclusion

Primary and reoperative surgery in Crohn’s disease is common. The preoperative 
evaluation is important so as to have an exact diagnosis of the type and extent of the 
disease including mapping of fistulas and abscesses. Even if the patient has had 
multiple, previous open surgeries, an attempt at laparoscopy is worthwhile for the 
patient and will reduce both short- and long-term outcomes. While intracorporeal 
anastomosis has several advantages, the technical demand and additional time it 
takes to complete laparoscopically has lead thus far to limited widespread usage 

Table 16.2 Intracorporeal versus extracorporeal results for ileocolic resection

Author Year N (%IC) Term Type
Patient 
characteristics

Short-term 
results

Long-term 
results

Grams 
[14]

2009 105 
(51%)

Short Retrospective Crohn’s 
patients

ICA with 
significantly 
less narcotic 
usage, LOS, 
morbidity

N/A

Vignali 
[39]

2017 128 
(50%)

Short 
and 
long

Case 
matched 
retrospective

Obese 
patients with 
colorectal 
disease

ICA with 
significantly 
earlier bowel 
function

ICA with 
significantly 
less (8% vs 
25%) 
incisional 
hernia at 
2 years

Martinek 
[38]

2018 453(51%) Short Propensity 
score 
matched 
cohort.

Crohn’s and 
obese colon 
cancer

ICA with 
significantly 
lower SSI 
rates and less 
morbidity 
(5.1% vs 
12.8%)

N/A

Milone 
[37]

2014 512 
(56%)

Short Propensity 
score 
matched 
case-control 
study

Colon cancer ICA with 
significantly 
lower minor 
complication 
rate 0.63)

N/A

Cirocchi 
[35]

2012 945 
(N/A)

Short Meta- 
analysis

All No 
significant 
difference in 
leak rate and 
morbidity

N/A

ICA intracorporeal anastomosis, ECA extracorporeal anastomosis, SSI surgical site infection, LOS 
length of hospital stay
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among surgeons. For some surgeons, the robotic platform may make the creation of 
an intracorporeal anastomosis easier and is described in other chapters. If an extra-
corporeal anastomosis is to be performed, oversewing the anastomosis can reduce 
anastomotic complications and can be considered.
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 Introduction and Rationale

Colon and rectal cancer represents the third most common cancer in men and the 
second in women worldwide. Furthermore, it is the fourth leading cause of cancer 
death in the world [1]. The incidence of colorectal cancer varies by geographic 
region with Europe having the highest incidence followed by North America, 
Australia, Latin America, and Africa. In addition, there is an increasing incidence of 
colon cancer in patients younger than 50 years old [2]. The majority of colon can-
cers are located in the left side of the colon [1]. The mainstay treatment for non-
metastatic colon cancer is surgical resection. The surgical approach to a left or 
sigmoid resection has evolved over time from the traditional open approach to hand- 
assisted laparoscopy, multi-port laparoscopy, single-port laparoscopy, and more 
recently robotic surgery.

With the publication of the COST trial in 2004 [3, 4], laparoscopic surgery for 
colon resection has been applied to the treatment of colon cancer. This study dem-
onstrated the short-term benefits of laparoscopy including faster return of bowel 
function, shorter hospital length of stay, and less narcotic use. Importantly, the 
3-year oncologic results between the laparoscopic and open groups were equivalent. 
These findings have been confirmed by two additional international, multicenter, 
prospective randomized trials: the UK CLASICC trial published in 2007 and 2013 
[5, 6] and the European COLOR trial published in 2009 [7].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_17&domain=pdf
mailto:melissa_chang@ihacares.com


260

 Indications and Contraindications

All patients with colon cancer should be considered candidates for a laparoscopic 
approach. Locally advanced tumors can be a relative contraindication for laparo-
scopic resection. Cases with T4a tumors (tumor growing into the surface of the 
visceral peritoneum) can be approached laparoscopically with caution and if R0 
resection can be achieved. Extreme caution should be used for T4b lesions, where 
the tumor has grown into or has attached to other organs or structures. For cases 
requiring multi-visceral resections, laparoscopy is not supported [8].

Other relative contraindications for the laparoscopic approach are many prior 
abdominal surgeries, extreme morbid obesity precluding tolerance of pneumoperi-
toneum, and severe obstructive lung disease. The surgeon’s experience is a key fac-
tor in determining whether each case can be completed laparoscopically or an early 
conversion to the open approach can be the most beneficial for the patient.

 Principles and Quality Benchmarks

The National Comprehensive Cancer Network provides the recommended princi-
ples of surgical resection for colon cancer [9]. These principles can be used in any 
surgical approach: open, laparoscopic, or robotic. These principles include 
obtaining:

 1. Adequate proximal and distal margin (5 cm).
 2. Adequate lymphadenectomy (≥12 lymph nodes). High ligation of the feeding 

vessels is the preferred method of lymph node dissection. The lymph nodes at 
the origin of the feeding vessel should be marked to be identified on pathologic 
examination. The concept of high versus low ligation of the primary feeding 
pedicle has been controversial in the literature; however, the goal remains to 
clear all regional lymph nodes to obtain the minimum lymph nodes necessary for 
adequate pathologic evaluation.

 3. Clinically positive lymph nodes outside the field of resection should be removed. 
Positive lymph nodes left behind are considered an R2 resection. The concept of 
a total mesorectal excision (TME) in certain cases also applies to the resection of 
colon and its mesentery along the fascial planes or the complete mesocolic exci-
sion (CME). Although CME has been associated with higher postoperative com-
plication rates, it has shown to increase lymph node harvest with longer vascular 
ligation, increased resection of extranodal tumor deposits, and increased upstag-
ing, resulting in improved locoregional control and survival in certain cases. Its 
use remains controversial.

 4. On an individualized basis, young patients (<50 years) or patients that are sus-
pected to have Lynch syndrome need to be considered for more extensive 
resections.

 5. The laparoscopic approach should be cautiously used in locally advanced can-
cers (T4) or cases that present with contained perforation or obstruction.

M. I. Chang and E. Messaris
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 Preoperative Planning, Patient Workup, and Optimization

The first step in the management of a patient with a left-sided colonic mass is to 
establish tissue diagnosis of the malignancy. Colonoscopy should be complete with 
confirmed evaluation of the ileocecal valve. Furthermore, it is paramount to use any 
localizing technique for any unresected or incompletely resected lesions or suspi-
cious lesions that were resected. Placement of an endoscopic clip or endoscopic 
tattooing proximal and distal to the tumor in three separate areas around the circum-
ference of the colon wall will facilitate subsequent intraoperative localization of the 
tumor. Accurate tumor localization preoperatively is imperative for a successful 
resection as manual palpation is not possible in laparoscopy or in cases where the 
tumor has been completely removed endoscopically.

After the diagnosis of left-sided colon cancer has been established, the patient 
will undergo clinical staging. A carcinoembryonic antigen (CEA) blood level and a 
computed tomography of the chest, abdomen, and pelvis with intravenous and oral 
contrast will be needed to rule out distant metastatic disease. Positive emission 
tomography is not recommended as a first-line imaging study.

 Preoperative Optimization

Preoperative optimization of patients with colon cancer is known to improve surgi-
cal outcomes and consequently oncologic outcomes. Patient optimization should be 
focused in five modifiable factors: functional status, nutrition, anemia, tobacco use, 
and glycemic control. There are programs that can improve with exercise the 
patient’s functional status and decrease the hospital and rehabilitation length of stay 
[10]. Prehabilitation before elective surgery is to be considered for patients under-
going elective colorectal surgery with multiple comorbidities or significant decon-
ditioning. Several screening tools can be used for nutritional assessment [11]. 
Malnourished patients will have to improve their sarcopenia in order to be able to 
undergo surgery without severe postoperative complications [12]. Anemia has been 
associated with poor postoperative outcomes. Iron supplementation is the preferred 
treatment, but sometimes it requires a long period of time to restore the hemoglobin 
levels, and that is time that cancer patients do not have. In cases of severe anemia, 
preoperative transfusions of packed red blood cells may be required, although low 
perioperative anemia has not been associated with worse long-term oncologic out-
comes in patients with colon cancer [13]. Tobacco use has been associated with 
poor outcomes after any abdominal operation. Any patient that is scheduled for an 
elective colectomy for colon cancer should be enrolled in a smoking cessation pro-
gram [14]. Poor glycemic control is associated with higher wound complications 
and infectious complications after surgery. Euglycemia in the perioperative period 
is important to avoid such infectious complications [15].

Mechanical bowel preparation has been a controversial issue over the past 
decade, but most of the studies on left-sided resections have concluded that mechan-
ical and antibiotic bowel preparation is associated with a lower surgical site 
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infection rate and in some studies with a lower anastomotic leak rate. All left-sided 
resections should undergo combined bowel preparation with mechanical cleansing 
and oral antibiotics [16].

 Accelerated Recovery Pathway

The American Society for Colon and Rectal Surgery (ASCRS) Clinical Practice 
Guidelines Committee [17] and members of the Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) Surgical Multimodal Accelerated Recovery 
Trajectory Enhanced Recovery Task Force and Guidelines Committee have joined 
together to produce guidelines, written and approved by both the ASCRS and 
SAGES [18]. The combined ASCRS/SAGES panel worked together to develop the 
statements in the following guidelines for the care of patients undergoing colon and 
rectal resections in order to have an accelerated recovery. Appropriate preoperative 
counseling should include discussion of milestones and discharge criteria, ileos-
tomy education and marking, and counseling on dehydration avoidance. Just before 
surgery a clear-liquid diet may be continued up to 2 hours before surgery, and car-
bohydrate loading should be encouraged in nondiabetic patients.

Mechanical bowel preparation plus oral antibiotic bowel preparation before 
colorectal surgery is the preferred preparation and is associated with reduced com-
plication rates. Furthermore, for distal rectosigmoid lesions, the addition of two 
fleet enemas may optimize cleansing. Optimizing bowel preparation is critical 
should intraoperative localization be required through endoscopic evaluation.

During the operation, a bundle of measures should be in place to reduce surgical 
site infections. A multimodal, opioid-sparing, pain management plan should be 
used and implemented before the induction of anesthesia, and antiemetic prophy-
laxis should be guided by preoperative screening for risk factors for postoperative 
nausea and vomiting. Preemptive, multimodal antiemetic prophylaxis should be 
used in all at-risk patients. Maintenance infusion of crystalloids should be tailored 
to avoid excess fluid administration and volume overload. Balanced chloride- 
restricted crystalloid solutions should be used as maintenance infusion in patients 
undergoing colorectal surgery, and in specific high-risk patients with significant 
intravascular losses, the use of goal-directed fluid therapy is recommended. The 
routine use of intra-abdominal drains and nasogastric tubes for colorectal surgery 
should be avoided, and early and progressive patient mobilization is associated with 
shorter length of stay. Intravenous fluids should be discontinued in the early postop-
erative period after recovery room discharge, and patients should be offered a regu-
lar diet immediately after elective colorectal surgery. Urinary catheters should be 
removed within 24  hours of elective colonic or upper rectal resection when not 
involving a colovesical fistula. Please refer to Chapters 7 and 8 on bowel prepara-
tion in colorectal surgery and enhanced recovery protocols in colorectal surgery for 
additional details.
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 Operative Technique: Surgical Steps

Before induction of anesthesia, the patient receives 5000 units of unfractionated 
heparin subcutaneously. In addition, the patient has at least knee-length compres-
sion stockings and sequential compression device prophylaxis. The patient is posi-
tioned and secured in the lithotomy position with both arms tucked and padded to 
avoid any neurovascular injury during operative positioning. An overview of the 
involved anatomy is provided in Fig. 17.1.  Concerning port placement, they 
should be based on surgeon approach and preference. An example of port placement 
is provided in Fig. 17.2. As this is a multi-quadrant procedure, placement of the 
camera port is most optimal at the apex of pneumoperitoneum, which is typically in 
the midline either just above or below the umbilicus. Placement of the 12 mm port 
that can be used for the laparoscopic stapler can be either in the right lower quadrant 
or the suprapubic area.

Splenic flexure division
of the left branch of the
middle colic artery

Left colic artery

Inferior mesenteric
artery

Fig. 17.1 Left colectomy anatomy
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The first step after establishing pneumoperitoneum and port placement is to 
explore the abdomen to rule out any metastatic disease and identify the lesion in 
the colon. The patient is positioned in steep Trendelenburg with right tilt so that 
the left side is up, and the small bowel is swept to the right to expose the left colon 
mesocolon. The superior rectal artery is then identified at the level of the sacral 
promontory. This is facilitated by retracting and tenting the superior rectal artery 
to the anterior abdominal wall to trace to its origin and opening the peritoneum 
from below the sacral promontory to the inferior mesenteric artery (IMA) origin 
on the aorta. The retroperitoneum is swept posteriorly until the left ureter is iden-
tified and protected as shown in Fig. 17.3. The IMA is isolated and ligated (can 
use clips, energy device, stapler, and vessel loop) as shown in Fig. 17.4. The infe-
rior mesenteric vein (IMV) is then identified by separating the mesentery from the 
retroperitoneum to the inferior border of the pancreas. The IMV is then isolated 
and ligated (can use clips, energy device, stapler, and vessel loop) as shown in 
Fig. 17.5. The sigmoid colon and descending colon are retracted medially to free 
all the lateral attachments along the white line of Toldt, and the omentum is 
reflected cephalad to the transverse colon to expose the transverse colon and 
splenic flexure. In order to mobilize the splenic flexure, the superficial peritoneal 
plane between the omentum and transverse colon is opened toward the midline to 
enter the lesser sac, and the splenic flexure is then retracted medially and caudally 
to divide the peritoneal attachments to the inferior border of the pancreas. The 

C

Fig. 17.2 Laparoscopic 
left colectomy ports
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Fig. 17.3 Identifying the 
left ureter

Fig. 17.4 High ligation 
of the inferior mesenteric 
artery

Fig. 17.5 High ligation 
of the inferior mesenteric 
vein

splenocolic ligament is divided. By detaching the mesocolon off the kidney at 
Gerota’s fascia, the last attachments of the colon can be taken down sharply to 
achieve complete mobilization of the splenic flexure.

The identification of the proximal and distal points of transection can be per-
formed with the assistance of indocyanine green enhanced fluorescence as shown in 
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Fig. 17.6. An intracorporeal transection of the rectosigmoid junction is performed 
with the laparoscopic stapler at the confluence of the taenia coli. The specimen can 
be extracted through an extended off midline lower-quadrant trocar site (such as the 
12 mm trocar site) or a suprapubic (Pfannenstiel) incision, a technique that is asso-
ciated with a lower hernia rate.

The descending colon can be transected at least 5 cm proximal to the tumor, and 
the anvil of a circular stapler can then be secured in the colon with a purse-string 
suture. The perineal operator then inserts the circular stapler transanally and deploys 
the pin through the midportion of the staple line of the rectal stump to complete an 
end-to-end colorectal anastomosis. An alternative approach would be to perform a 
side-to-end colorectal anastomosis by placing the anvil through the anti-mesocolic 
border of the descending colon. In either case, the anastomotic rings are checked for 
intactness and sent to pathology as additional proximal and distal margin. An air 
leak test of the anastomosis is performed with endoscopic assessment under laparo-
scopic visualization. Before closing, reassess if any unexpected findings during the 
surgery would warrant an unplanned diverting ostomy or placement of a drain. 
Several randomized trials and a meta-analysis suggest that routine use of drains for 
left colectomy is not recommended [19].

 Pitfalls, Troubleshooting, and Special Considerations

 Difficulty Identifying the Ureter

The left ureter should be clearly identified and safely dissected free of the left colon 
mesentery prior to the division or the IMA or the IMV. A ureteral stent may be 
inserted at the discretion of the surgeon. To help facilitate identification, these 

Fig. 17.6 Perfusion assessment
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maneuvers may be taken in a step-wise fashion: access the retroperitoneum at the 
level of the superior rectal artery at the sacral promontory, identify the IMV, and 
open the medial aspect of the peritoneum to develop a plane in the retroperitoneum. 
Dissection can proceed caudally until the sacral promontory to identify the ureter. 
As an alternative to locate the ureter, mobilize the colon in a lateral to medial fash-
ion to completely expose it, utilize a hand port, or convert to open to directly palpate 
for the ureter.

 Difficulty with Reach

Resection of a proximal left colon lesion (splenic flexure, proximal descending) 
may require division of both branches of the middle colic artery to allow the proxi-
mal transverse colon to reach the rectal stump for anastomosis. The division of the 
left colic artery, marginal, and the middle colic vessels can lead to poor perfusion of 
the remaining transverse colon and can lead either to evident intraoperative colonic 
ischemia or to an under-perfused colorectal anastomosis with associated complica-
tions such as anastomotic leak, stricture, and segmental narrowing of the transverse 
colon. In cases where the transverse colon does not have adequate blood supply or 
cannot reach the rectum, if maintenance of the right colon is preferred, a retroileal 
right colon to rectum anastomosis may be performed versus an extended right col-
ectomy with an ileosigmoid or ileorectal anastomosis.

 Locally Advanced Tumors

As mentioned earlier in this chapter, T4a tumors can be approached laparoscopi-
cally with caution and can be completely removed. When there is clear invasion of 
an adjacent organ by a T4b tumor, conversion to an open approach is recommended 
[8]. En bloc resection of the colon and involved organ should be performed with the 
goal of achieving R0 resection.

 When to Consider Conversion

The surgeon should consider conversion to a different approach if there is failure to 
progress over a significant period of time. Furthermore, excessive bleeding, unex-
pected organ injury, significant amount of adhesions, and difficulty in obtaining a 
high ligation of the vessels should prompt the surgeon to consider changing the 
surgical approach either to open or to another laparoscopic technique that can assist 
with solving the occurring problem. Strategies that can enhance the surgeon’s abil-
ity to deal with intraoperative difficulties or complications would include the place-
ment of additional ports or hand assistance. If these strategies fail, the case should 
be converted to open surgery.
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 Outcomes

Laparoscopic colectomy for colon cancer has been found to have short-term bene-
fits relative to open surgery and to be as safe and efficacious as open surgery. The 
COST trial published in 2004 was the initial large multicenter study group with 
almost 900 patients randomized to either open or laparoscopic approaches, with no 
differences found in overall survival or disease-free survival [3, 4]. This was fol-
lowed by the UK CLASICC trial in 2005 and the European COLOR trial in 2009 
which echoed similar findings [5–7]. More recently, the Australian Laparoscopic 
Colon Cancer Study trial conducted across Australia and New Zealand in 2012 and 
the Japanese JCOG0404 trials have continued to demonstrate and uphold the short- 
term benefits for the laparoscopic approach without differences in long-term overall 
survival, disease-free survival, and recurrence rates [20, 21]. The results of these 
five trials are summarized in Table 17.1.

While participants in the COST trial were required to have performed at least 20 
laparoscopically assisted colectomies with a conversion rate of less than 21%, other 
publications have suggested that the learning curve in laparoscopic colorectal sur-
gery ranges from 20 to 70 cases [22–28]. In Tekkis and colleagues, the learning 
curve for laparoscopic left colectomy, based on operative time, conversion to open, 
postoperative complications, and readmission rates, was calculated as 62 cases [28]. 
While laparoscopic left colectomy continues to be a technically challenging proce-
dure, studies have shown that operative autonomy can be mastered in a structured 
training protocol in a specialized surgical fellowship [29, 30].

 Conclusions

While laparoscopic approach for left-sided and sigmoid colon cancers can achieve 
similar oncologic outcomes in the setting of faster return of bowel function and 
shorter length of hospital stay, performing a complete oncologic resection, 

Table 17.1 Prospective, randomized controlled trials comparing laparoscopic versus open sur-
gery for colorectal cancer

Trial (year)
N 
(lap:open)

Postoperative 
complications (%)

30-day 
mortality

5-year DFS 
(%); p-value

5-year OS 
(%); p-value

COST (2004, 
2007)

435:437 19:19% <1:1% 69.2:68.4% 
(p = 0.94)

76.4:74.6% 
(p = 0.93)

CLASICC 
(2007, 2013)

526:268 33:32% 4:5% 77.0;89.5% 
(p = 0.589)

82.7:78.3 
(p = 0.78)

COLOR (2009) 627:621 21:20% 1:2% 74.2:76.2 
(p = 0.19)a

81.8:84.2 
(p = 0.21)a

Australasian 
(2012)

290:297 NA NA 72.7:71.2% 
(p = 0.70)

77.7:76.0% 
(p = 0.64)

JCOG0404 
(2017)

529:528 10:13% 0:<1% 79.3:79.7% 91.8:90.4%

DFS disease-free survival, OS overall survival, NA not available
a3-year period vs. 5 year
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including a proximal and distal margin of >5 cm and an adequate lymphadenectomy 
of >12 regional lymph nodes, is paramount in patient outcome. Special attention 
and consideration should be taken based on patient and tumor characteristics to 
determine if the patient is a candidate for a laparoscopic approach.
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18Laparoscopic Left and Sigmoid 
Colectomy: Options for Colonic 
and Colorectal Reconstruction

Matthew G. Mutch

 Introduction and Rationale

This chapter will focus on the construction of colorectal anastomosis after laparo-
scopic resection of the left and sigmoid colon or low anterior resection. Therefore, 
anastomoses of the colon to anywhere on the rectum ranging from the upper rectum 
to the level of the pelvic floor will be covered. Indications and contraindications for 
performing an anastomosis, types of anastomoses, options for exteriorization of the 
colon, anastomotic assessment, and recognizing and managing intraoperative anas-
tomotic complications will be discussed. Surgical technique and judgment are para-
mount for a successful anastomosis as this is one of the most important aspects of 
the entire operation. The primary goals for restoring intestinal continuity are to 
maintain the patient’s quality of life and avoid the associated complications of an 
anastomosis such as leak, bleeding, and stricturing.

 Indications and Contraindications

An anastomosis can be performed after any left-sided resection provided that the 
sphincter complex remains intact. The decision to perform an anastomosis in a 
given patient involves several factors that are related to the specific circumstances 
of the operation. There are no absolute contraindications to performing an anasto-
mosis, but there are several relative contraindications. Reasons to avoid restoring 
intestinal continuity during an elective colon resection include patient preference, 
preoperative history of fecal incontinence, hemodynamic instability during the 
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surgery, poor tissue quality, or risk factors for anastomotic leak that make not per-
forming anastomosis a prudent decision. These concepts highlight the importance 
of surgeon decision-making during each individual operation. The utilization of a 
diverting stoma is also an issue that impacts a surgeon’s decision to perform an 
anastomosis, and this possibility should be discussed with the patient 
preoperatively.

 Principles and Quality Benchmarks

The general principles of a healthy anastomosis are (1) ensuring adequate blood 
supply, (2) utilization of healthy bowel, (3) adequate mobilization to avoid tension 
on the anastomosis, and (4) assessment of the mechanical integrity of the anastomo-
sis. An anastomosis can be created with handsewn, stapled, or compression tech-
niques. Techniques for creating an anastomosis have evolved significantly since the 
advent of stapling devices. Staplers have increased the surgeon’s ability to preserve 
the sphincter and avoid a permanent colostomy. This chapter will only cover stapled 
anastomoses, but many of the types of anastomotic constructions are applicable to 
handsewn anastomosis. Compression anastomoses will not be covered because 
these techniques are not widely used.

Anastomotic leak is one of the most devastating complications for patients 
undergoing restorative procedures. The causes of anastomotic leaks are multifacto-
rial, and identification of clear and consistent risk factors has been difficult. 
Unquestionably, however, surgeon decision-making and technique are paramount to 
a successful reconstruction. General factors related to the risk of an anastomotic 
leak include those associated with the patient, disease process, surgeon, and loca-
tion of the anastomosis. A surgeon’s ability to predict an anastomotic leak is limited. 
Several authors have attempted to develop predictive models for anastomotic leak 
using such variables as comorbidities, operative events, and operative complexity 
with marginal success [1]. Specific risk factors for anastomotic leak will be dis-
cussed below.

 Preoperative Planning, Patient Work-Up, and Optimization

The majority of preoperative planning is centered on the disease process and the 
extent of resection required to appropriately manage the patient. This is the time to 
discuss the risks associated with the anastomosis and to understand the patient’s 
bowel function, continence, overall functional status, and their associated comor-
bidities. It is also prudent to discuss the various situations in which a temporary 
diverting ileostomy or colostomy may be required. If there is a reasonable likeli-
hood that the patient will leave the operating room with a stoma, it is imperative to 
have the patient see an enterostomal therapist for education and marking prior to the 
day of surgery.
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 Operative Setup

Once the colon has been mobilized, the decision for resection, extraction, and anas-
tomosis must be made. The choices for resection include intracorporeal division of 
the colon and rectum with endoscopic staplers, intracorporeal division of the rectum 
with exteriorization, and open division of the proximal colon or exteriorization of 
the colon with extracorporeal division of both ends of the bowel. The approach is 
really a matter of surgeon preference as long as the principles of the resection can 
be maintained. Intracorporeal division of the bowel allows for the smallest extrac-
tion site and allows for the extraction site to be off the midline, whereas extracorpo-
real division typically requires the extraction site to be in the midline, suprapubic 
position so that the rectum may be divided in an open fashion.

Laparoscopic division of the rectum can be challenging because of the depth of 
the pelvic, port placement, and limitations of the endoscopic staplers. Ideally, the 
rectum is divided at a right angle with a single firing of the stapler, but that is not 
always possible. It is recommended to use an articulating endoscopic stapler, and 
the length of stapler is predicated on the size of the pelvis. Given the relative thick-
ness of the rectum, a thicker load stapler may be preferred. Dividing the rectum 
below the peritoneal reflection becomes much more difficult because of the chal-
lenge to get the stapler across it at a right angle. As a result, multiple firing may be 
required. Some surgeons may use a shorter stapler and utilize two staple firings to 
divide the rectum. It is important to keep in mind that the risk of anastomotic leak 
increases when three or more staple firings are needed to divide the rectum [2]. A 
suprapubic port may be a good alternative to allow for stapling the rectum in an 
anterior to posterior fashion at the pelvic floor. Alternatively, a suprapubic midline 
or Pfannenstiel incision can be utilized to divide the rectum with an open stapler. In 
either case, the associated mesorectum is divided at a right angle to the rectum with 
the energy source of choice.

The colon can be extracted and exteriorized via an upper or lower midline inci-
sion, Pfannenstiel incision, or a left lower quadrant muscle-splitting incision. The 
use of an upper midline and left lower quadrant incision requires the incision to be 
closed and the anastomosis to be performed laparoscopically. With a lower midline 
or Pfannenstiel incision, the anastomosis can be carried out either laparoscopically 
or open under direct visualization. Once the incision is made, a wound protector 
should be used as there are clear data supporting a decreased incidence of wound 
infections and to protect the wound from tumor implantation for cancer cases [3]. 
Wound protectors can be capped or twisted and clamped in order to reestablish 
pneumoperitoneum.

Whether the colon and its mesentery are divided intracorporeally or extracorpo-
really, the proximal colon must be assessed for adequate perfusion. This can be 
accomplished in several ways such as flashing the marginal artery, observing bright 
red blood from the cut edge of the colon, or utilization of indocyanine green fluores-
cence imaging. The technique used for the anastomosis will dictate how the colon is 
divided and prepared.
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 Operative Technique: Surgical Steps

 End to End Anastomosis

An end to end anastomosis is the most common type of anastomosis between the 
colon and rectum. This typically is described as a double-stapled technique as the 
rectum is divided with a linear stapler and the end to end anastomosis is created 
across this staple line using a circular stapler. To prepare the proximal colon, a purse 
string is placed to secure the stapling anvil. A purse string can be placed with either 
a disposable device, a reusable device using a 2-0 monofilament suture on a Keith 
needle, or as a handsewn purse string. The key concept is to ensure the edges of the 
colotomy are everted and that the purse string is complete and secure. For a hand-
sewn purse string, a running Connell stitch is best to ensure these principles are met 
(Fig. 18.1a, b). It allows for full-thickness bites circumferentially around the lumen 
of the proximal colon. When using a disposable device, be aware that the staples 
securing the purse string only grab the serosa with or without the underlying muscu-
laris, so it is very important to ensure the mucosal edges are everted to adequately 
secure the entire bowel edge around the post of the anvil when cinching the purse 
string down. It is up to the surgeon to “clean” tissue from the colon at the level of the 
anvil. The goal of this would be to minimize fat within the staple line, to identify 
diverticula that could be caught in the circular staple line, and to ensure a complete 
purse string. If a diverticulum is identified that may fall within the staple line, it is 
drawn up into the anvil with a stitch. A full-thickness stitch is placed just proximal to 
the diverticulum, and the suture is then tied around the post of the anvil. This maneu-
ver allows the diverticula to be drawn up and out of the staple line. This is important 
as these colonic diverticula are false diverticula, so they only contain mucosa and 
serosa. After the anvil has been securely placed, the anastomosis can be performed.

It is at the surgeon’s discretion whether to perform the anastomosis under pneu-
moperitoneum or open via the laparotomy incision. For the laparoscopic approach, 
the proximal colon and anvil are returned to the peritoneal cavity, and the fascia is 
definitively closed. Alternatively, with an extraction site in the suprapubic position, 
the creation of the anastomosis can be performed under direct visualization. The 
advantage of this open approach is the ease of management of any difficulties or 
complications associated with the anastomosis  – these will be discussed in the 
Pitfalls and Troubleshooting section.

With either approach, the end to end anastomosis (EEA) stapling cartridge is 
passed transanally to the top of the rectal stump. The flat end of the stapler should be 
advanced so that the top of the rectal stump is splayed out flat across the device 
(Fig. 18.2a). This is to ensure that there are no rectal folds or redundant mucosa 
incorporated into the staple line. Once it is flush at the top of the rectal stump, the 
spike of the stapler should be deployed (Fig. 18.2b). The spike can pass through the 
rectal wall either just posterior or anterior to the staple line or even directly through 
the staple line. With the spike fully deployed, the anvil should be joined with the 
spike after confirming the proximal colon is properly oriented and not twisted. The 
anvil is then cinched down under direct visualization to ensure there is no extra tissue 
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(e.g., vagina, bladder) incorporated into the staple line and make sure the proximal 
purse string remains intact (Fig. 18.2c). Once the stapler is fired and extracted, the 
anastomotic doughnuts should be inspected for completeness. A complete doughnut 
is intact circumferentially and includes all layers of the bowel wall – mucosa, mus-
cularis, and serosa. The final step in creating a secure anastomosis involves assessing 
that the anastomosis is airtight and intact, which will be discussed below.

Suture

Allis clamp

Colon

Mesentery

Anvil

Colon

Suture

a

b

Fig. 18.1 (a) Placement 
of a handsewn purse string 
in the colostomy. (b) 
Cinching down of the 
purse string with the 
stapling anvil in place
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 End to Side Anastomosis

An end to side anastomosis is variation of an end to end that does not require the 
placement of a purse string. It can be used for any level of rectal anastomosis. For 
this technique, the colon is divided sharply, and the colotomy is opened. The anvil 
is passed into the lumen via the end colotomy (Fig.  18.3a). The spike is then 
brought out through the antimesenteric wall roughly 3–4  cm proximal to the 
colotomy and secured in position with a clamp (Fig. 18.3b). The colotomy is then 
re-approximated with Allis clamps and closed with a firing of linear stapler 
(Fig. 18.3c). It is critical to ensure that the anvil is brought out through the colonic 

Staple line

Spike

Rectum

EEA stapler

Sacrum

Proximal colon
anvil

a b

c

Fig. 18.2 (a) Sagittal view of the pelvis and rectum. EEA stapler passed to the top of the rectal 
stump. (b) EEA stapler with the spike deployed. (c) The anvil is attached to the EEA staple 
cartridge
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wall proximal enough to ensure that the linear staple line is not incorporated into 
the circular staple line and that there is enough tissue (>2 cm) between the circular 
and linear staples lines to maintain perfusion to this bridge of tissue. Once the 
placement of the anvil is complete, the anastomosis is created using the same 
technique as described above.

c

b

a

AnvilColotomy

Linear
stapler

3-4 cm

Allis clamp

Fig. 18.3 (a) The stapling anvil is passed through the open colotomy at the end of the colon. (b) 
The anvil is brought out the antimesenteric border of the colon 3–4 cm proximal to the end colos-
tomy. (c) The end colotomy is closed by approximating it with Allis clamps and stapling with a 
linear stapler
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 Colonic J Pouch

Proctectomy with reconstruction has a very profound impact on a patient’s bowel 
function. Therefore, surgeons have developed several reservoir or neorectum proce-
dures for anastomosis within 5 cm of the anal verge. Utilization of a reservoir above 
5 cm often results in increased difficulties with evacuation. Options for reconstruc-
tion after proctectomy include a straight colorectal anastomosis (described under 
end to end anastomosis), colonic J pouch, transverse coloplasty, and the Baker anas-
tomosis (described under end to side anastomosis). Functionally, the colonic J 
pouch has better immediate outcome, but after 2 years all of the types of reconstruc-
tion have similar functional outcomes [4]. Using a reservoir for an anastomosis 
above 5 cm may result in difficulties with evacuation. Anastomosis at the pelvic 
floor will require division of the inferior mesenteric artery at its origin, division of 
the inferior mesenteric vein at the inferior boarder of the pancreas, and complete 
mobilization of the splenic flexure to ensure adequate length for the proximal colon 
to reach the pelvic floor. For the best functional outcomes, it is recommended that 
soft, pliable descending colon be used for the anastomosis. Utilization of stiff, 
thickened sigmoid colon will result in decreased compliance of the neorectum and 
may increase the chances of developing low anterior resection syndrome.

A colonic J pouch is constructed to be 5 cm in length. A larger reservoir is associ-
ated with evacuation difficulties. The colon is divided with a linear stapler, and 
staple line may be oversewn to prevent a leak at the tip of the J. A colotomy is made 
on the antimesenteric border 5 cm proximal to the transecting staple line (Fig. 18.4a). 
One fork of the stapler is passed up the proximal limb, and the other fork is passed 
up the distal limb. The stapler is then reassembled, and the bowel wall is rotated so 
that the stapler will fire down the antimesenteric boarder of the colon (Fig. 18.4b). 
It is important to ensure that all epiploic appendages are excluded from the staple 
line. Once the stapler is removed, a handsewn purse string in a Connell fashion is 
placed at the colotomy. The EEA stapling anvil is placed into the colotomy, and 
purse string is cinched down (Fig. 18.4c). The anastomosis is then created by pass-
ing the stapling device transanally and deploying the spike through the rectal stump. 
The anvil is then connected to the stapling cartridge ensuring proper orientation of 
the left colon. As the stapler is cinched down, the anterior tissues (prostate and blad-
der in a male and the vagina in a female) must be elevated and confirmed to be free 
of the EEA staple line before firing. Given the complexity of J pouch and the low 
anastomosis, most surgeons would recommend proximal diversion.

 Transverse Coloplasty

A transverse coloplasty is an acceptable alternative to a colonic J pouch when the 
pouch will not fit into the pelvis. Reasons that a J pouch will not fit into the pelvis 
include a bulky mesentery and or a narrow pelvis. Construction of the coloplasty 
begins with sharp division of the proximal colon, placement of a purse string, and 
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Anvil

Suture

c

Staple line

Mesentery

5cm

Colotomy

Cautery

a
GIA stapler

Finger

b

Fig. 18.4 (a) Creation of colonic j pouch. A 5 cm limb is measured, and a colotomy is made at the 
apex of the pouch on the antimesenteric border. (b) A GIA stapler is used to create the pouch. The 
finger is used to get the mesentery out of the staple line so the staple line is antimesenteric to 
antimesenteric. (c) A purse string is placed using a handsewn technique
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securing of an EEA stapling anvil. On the antimesenteric border of the colon and 
4 cm proximal to the anvil, an 8 cm colotomy is created and extended proximally 
(Fig. 18.5a) The longitudinal colotomy is then closed in a transverse direction in a 
handsewn fashion (Fig.  18.5b). A 3-0 monofilament suture is for the first layer. 
Beginning at one of the corners, a running Connell stitch is used to close the colot-
omy, and the second layer of imbricating Lembert stitches are placed to reinforce 
the suture line (Fig. 18.5c). With the coloplasty completed, an end to end anastomo-
sis is completed as previously described.

 Baker’s Anastomosis

This is the same anastomosis as that described in the end to side technique. When 
constructed as an anastomosis at 5 cm or less from the anal verge, functional out-
come falls in between that for a colonic J pouch and a transverse coloplasty.

 Anastomotic Assessment

Once the anastomosis is created, it must be appropriately assessed to ensure that it 
is intact. Proper assessment has three components: (1) inspection of the anastomotic 
doughnuts, (2) air leak testing, and (3) direct intraluminal visualization of the 

8 cm

Edges of
the bowel

Suture

4 cm

Anvil

Anvil

Colotomy

Suture
lineLembert

suture

Anvil
a b c

Fig. 18.5 (a) The anvil is in place in the distal colotomy and secured with a handsewn purse 
string. The measurement for the placement and extent of the colotomy are shown. (b) The colot-
omy is open with electrocautery. The first layer is closed in a transverse fashion with a running 
suture. (c) The colotomy closure is reinforced with a second layer of Lembert sutures
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anastomosis. The proximal and distal anastomotic doughnuts should be intact cir-
cumferentially with all three layers of the bowel. The management of incomplete 
doughnuts is addressed below. Inspection of the anastomosis itself can occur with 
either rigid proctoscopy or flexible endoscopy. With either technique, the pelvis is 
filled with normal saline, and the bowel is manually occluded proximal to the anas-
tomosis. The endoscope is then introduced transanally into the rectum, air is insuf-
flated to distend the anastomosis, and the pelvis is examined for the presences of air 
bubbles. The management of an anastomosis that is leaking air bubbles is described 
below. During or after the air leak test, the endoscope is used to directly evaluate the 
anastomosis. The anastomosis is examined for completeness, bleeding, and perfu-
sion. For more details on techniques to assess the integrity and perfusion of left- 
sided anastomoses, please refer to Chap. 29 on minimizing colorectal anastomotic 
leaks.

 Pitfalls and Troubleshooting

 Unable to Pass Stapler to the Top of the Rectal Stump

The longer the rectal stump, the more difficult it can be to get the EEA stapler to 
navigate past all of the rectal folds and get the stapler head flush against the trans-
verse staple line. Adhesions or scarring of rectum may make it difficult in which 
case further mobilization of the rectum will be beneficial. This may require mobili-
zation below the peritoneal reflection. The upper rectal folds or a narrowed upper 
rectum may also prevent passage of the stapler. The use of EEA sizers may help 
flatten out the folds or dilate a narrowed rectum because of their oval shape, and this 
will help to facilitate the passage of the flat or square face of the stapler head. If this 
is unsuccessful, then the rectum needs to be divided again at the level to where the 
stapler can easily be passed.

 Rectal Stump Blowout

A disruption of the transverse staple line on the rectum can be one of the most frus-
trating situations because it often happens at the end of a long case. Poor tissue 
quality, thickened rectum, and traumatic rupture from passing the stapler are all 
causes of the rectal staple line falling apart. If this occurs in the upper rectum, it is 
easily rectified by dividing the rectum a few centimeters below the previous staple 
line. If this is due to a thicken rectum, it may be helpful to use a longer staple height 
when stapling across the rectum or dividing the rectum a level where it is the softest. 
When the disruption of the staple line occurs in the rectum below the peritoneal 
reflection, salvaging the rectum becomes much more complicated. The first step is 
to mobilize the rectum to the pelvic floor circumferentially. This will maximize the 
chances that another stapler can be fired across the rectum. If you are unable to re- 
staple the rectum laparoscopically, conversion with a suprapubic incision is 
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warranted. This will allow the rectal stump to be grasped with clamps and re-stapled 
with an open linear stapler. If it is not possible to staple across the rectal stump, 
there are two remaining options. The first option is a handsewn purse string on the 
rectal stump. All of the staples must first be removed. The purse string can be placed 
intraabdominally from an open or laparoscopic approach. With the use of a 2-0 
monofilament suture, a purse string is sewn in a full-thickness Connell fashion. This 
can be particularly challenging because of limitations of the laparoscopic instru-
mentation, and because visualization from an open approach is poor at best. A sec-
ond option is to place the purse string transanally. With the patient in the lithotomy 
position, the legs are frog-legged in the stirrups to expose the anus. The anus in then 
everted with Lone Star retractor. An operating anoscopy is passed into the anal 
canal, and the purse string is then placed in the same fashion as above. In either the 
transabdominal or transanal technique, the stapler is inserted into the rectum, and 
the spike is deployed before the purse string is cinched down. The purse string is 
then tied around the spike of the stapler, ensuring that the rectal wall is securely and 
circumferentially drawn into the stapler. The ultimate fallback for when the rectal 
stump cannot be salvaged is a mucosectomy with a handsewn coloanal anastomosis. 
This will work for all the described types of reconstruction. Once again, the patient 
is placed in high lithotomy position to expose the anal canal. The anal canal is 
everted with a Lone Star retractor. If the top of rectal stump is visible and easily 
accessed, the staple line is excised, and the anastomosis is created. Otherwise, a 
mucosal incision is made circumferentially 1–2 cm above the dentate line. The sub-
mucosal plane is developed and dissected in a cephalad fashion, and eventually the 
dissection becomes full thickness resecting the rest of the rectal stump. The idea is 
to preserve as much of the internal sphincter as possible. With the dissection com-
pleted, the first sutures are placed in the rectum at the 12, 3, 6, and 9 o’clock posi-
tions. The sutures are placed from inside the lumen to the outside, and the needles 
are left on the suture. Next the proximal colon is grasped transanally and delivered 
into the anal canal. The sutures are then sutured to the proximal colon in an outside 
to inside fashion, so the knots for each suture are inside the lumen. Each quadrant is 
then completed with full-thickness, interrupted sutures.

 Positive Air Leak Test of the Anastomosis

The assessment of the anastomosis entails inspection of the anastomotic doughnuts 
and air leak testing of the anastomosis as described above. As a result, there are four 
different scenarios that can arise (Fig. 18.6): (1) complete doughnuts with an air-
tight anastomosis, (2) complete doughnuts with air leaking from the anastomosis, 
(3) incomplete doughnuts with an airtight anastomosis, and (4) incomplete dough-
nuts with air leaking from the anastomosis. Each component of the scenarios 
impacts the management of the anastomosis. The ideal is intact doughnuts with an 
airtight anastomosis. However, if the doughnuts are incomplete or there is an air 
leak at the anastomosis, this will require further management. The presence of com-
plete doughnuts with an air leaking from the anastomosis is managed based on the 
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size of the air bubbles leaking and the source can be clearly visualized. Small 
“champagne” bubbles for the anterior half of the anastomosis that can be visualized 
can be managed by placing Lembert stitches across the anastomosis. The placement 
of multiple stitches along the anastomosis is recommended as a single suture is not 
adequate. If the small “champagne”-type bubbles cannot be seen, consider proximal 
diversion or revision of the anastomosis by taking it down and recreating it. If the 
bubbles are large with an obvious defect in the staple line, this needs to be managed 
with revision of the anastomosis. However, if the anastomosis is low and can be 
accessed transanally, the anastomosis can be repaired transanally with proximal 
diversion. When the doughnuts are incomplete with an airtight anastomosis, this 
anastomosis should be protected with proximal diversion, or it should be revised 
because it cannot be guaranteed that the anastomosis is full thickness. For an anas-
tomosis with incomplete doughnuts and leaking air, it should be taken down and 
re-created as proximal diversion alone is unlikely to be sufficient. For more details 
on techniques to manage intraoperative air leak and other anastomotic complica-
tions, please refer to Chap. 30 on how to salvage the failed anastomosis.

 Staple Line Bleeding

With routine use of endoscopic assessment of the anastomosis, it is easy to identify 
and manage bleeding from the anastomosis. It is important to use CO2 insufflation 
so the colon and rectum do not remain distended. If a site of bleeding is identified, 
it can be managed with endoscopic clips or injection with epinephrine or coagu-
lated. Caution with epinephrine is needed as to not over-inject, causing issues with 
local perfusion and with caution with electrocoagulation as not to cause extensive 
thermal injury to the anastomotic tissue. If transanal or endoscopic attempts at con-
trolling the bleeding fails, direct suture ligation of anastomotic bleeding can be 
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Fig. 18.6 Algorithm for managing a positive air leak test
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achieved using a transanal endoscopic platform (TEM/TAMIS), assuming the anas-
tomosis can be reached.

 Inadequate Reach of the Colonic Conduit

Ensuring the proximal colon has adequate reach for a well-perfused and tension- 
free anastomosis is critical to ensure proper healing. The first steps to provide ade-
quate length for the colon to reach the top of the rectal stump include high ligation 
of the inferior mesenteric artery at its origin, ligation of the inferior mesenteric vein 
adjacent to the ligament of Treitz near the inferior border of the pancreas, and full 
mobilization of the splenic flexure with division of the attachment to the inferior 
border of the pancreas to the midline. If there is still inadequate length to reach the 
rectal stump, then additional maneuvers will be required, which will be presented in 
a step-wise progression. First, complete mobilization of the transverse colon from 
the omentum and the attachments within the lesser sac especially the stomach. This 
mobilization should extend to the hepatic flexure. Second, the colon may be brought 
down the right side of the abdomen and passed through a window on the small 
bowel side of the ileocolic pedicle. This is an avascular window, and by bringing the 
colon through this window, it is the shortest path and prevents the colon from cours-
ing over the terminal ileum (Fig. 18.7). Third, the middle colic vessels can be ligated 
in a sequential fashion. If the colon maintains perfusion from one of the remaining 
branches of the middle colic vessels, bringing the colon down the right side as 
described above is often adequate to reach into the pelvis. Finally, if perfusion to the 
distal colon or there is still not enough length, then resection of the distal portion of 
the colon to a point where the prefusion to the remaining colon is depend upon the 
ileocolic pedicle will be needed. To get adequate length, complete mobilization of 
the right colon and the proximal colon can be brought into the pelvic either via the 
window in the ileal mesentery described above or with the use of Deloyer’s tech-
nique. The Deloyer’s technique involves complete mobilization of the right colon 
and its mesentery off the retroperitoneum. The proximal colon is then rotated coun-
terclockwise 180, so the colon is brought down the patient’s right side, and the 
cecum ends up in the right upper quadrant (Fig. 18.8a, b).

 Outcomes

 Anastomotic Leak

An anastomotic leak is one of the most dreaded complications associated with 
colorectal resections. Its occurrence has significant impact on the patient’s recov-
ery, bowel function, cancer-related outcomes, and may ultimately result in a per-
manent stoma. These are multifactorial events, and the literature is full of reports 
detailing potential risk factors. The literature has several limitations that impact 
our ability to accurately identify true and consistent risk factors such as 
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retrospective study designs, relatively low incidence of anastomotic leaks, varying 
definitions of a leak, and selection bias based on inability to account for surgeon 
decision of when not to create an anastomosis. Having said all of that, there are a 
handful of factors that have consistently been shown to impact the rate of anasto-
motic leak (Box 18.1). The site of the anastomosis does have an impact. Any anas-
tomosis of the colon to the rectum has a higher rate of leak when compared to 
ileocolic anastomosis and small bowel anastomosis [5]. Additionally, the level of 
the anastomosis from the anal verge has an impact as anastomoses <5 cm from the 
anal verge have a six times greater risk of an anastomotic leak than anastomoses 

Ileocolic
pedicle

Terminal ileum

EEA stapler

Rectum

Bare area &
window in mesentery

Cecum

Fig. 18.7 When there is difficulty getting the proximal colon to reach easily into the pelvis, the 
colon can be brought down the right side and passed through a window on the ileal side of the 
ileocolic pedicle
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Fig. 18.8 (a, b) The Deloyer’s technique. (a) The right colon and transverse colon are in situ with 
the middle colic vessels have been ligated. The arrows demonstrate that the end of the colon and 
cecum are rotated counterclockwise 180. (b) The right colon and transverse colon are completely 
mobilized and rotated counterclockwise 180. This results in placing the cecum in the RUQ and the 
end of the colon in the pelvis
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above that level [6]. The complexity of the patient and operative procedure influ-
ences the risk of an anastomotic leak. For example, prolonged operative times of 
>200 minutes, combined procedures, and need for blood transfusions have been 
shown to be associated with an increased risk of leak by factors of 3.4, 3.7, and 3.1 
times, respectively [7]. Specific patient-related factors that have been found to 
increase the risk of anastomotic leak include male gender, a body mass index 
(BMI) >30 who are having an anastomosis below the peritoneal reflection, steroid 
use, and smoking [8, 9]. Based on the German Rectal Cancer Trial that compared 
preoperative vs postoperative radiation therapy, there was no difference in the rate 
of anastomotic leak between the two groups [10]. After the introduction of early 
recovery after surgery protocols, there has been a flurry of articles examining the 
association between NSAID usage and anastomotic leaks [11–14]. There does 
appear to be some associated increased risk, but these studies have been retrospec-
tive. As a result, they lack detailed information such as accurate usage from a tim-
ing and dosage perspective, and there are many confounding factors in the study 
populations such as comorbidities, steroid use, and emergent and elective surgery. 
Thus, it is difficult to draw firm conclusions, so routine usage in ERAS protocols 
remains common practice. Finally, one of the most effective preventative measures 
for anastomotic leak is the use of preoperative bowel preparation with a mechani-
cal component and oral antibiotics. Using colon and rectal surgery-specific NSQIP 
(National Surgical Quality Improvement Program) data, Scarborough and col-
leagues demonstrated a significantly lower rate of leak with a mechanical and oral 
antibiotic prep (2.8%) compared to mechanical prep only (4.2%), oral antibiotics 
only (5.5%), and no prep (5.7%) (p = 0.001) [15]. Therefore, it is recommended 
that all patients undergoing elective colon and rectal surgery receive a mechanical 
and oral antibiotic preparation.

Box 18.1 Risk Factors for an Anastomotic Leak
Site of anastomosis: 

Colorectal > ileorectal > ileocolic > small bowel
Height of colorectal anastomosis:
 <5 cm from anal verge
 Male gender
 BMI >30
Complexity of procedure:
 Combined procedures
 Excessive operative time
 Excessive blood loss
 Intraoperative adverse event
Malnutrition
Smoking
Crohn’s disease
Failure to perform an air leak test
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 Anastomotic Assessment

Anastomotic assessment at the time of surgery is critical for a successful anastomo-
sis. There are two components to the assessment. Air leak testing assesses that the 
staple line is airtight, and direct visualization provides the ability to confirm an 
intact staple line, gross perfusion to both ends of the bowel, and to manage bleeding 
from the staple line. The benefit of routine anastomotic testing is a decrease in the 
chances that the anastomosis leaks. The state of Washington through their Surgical 
Care and Outcomes Assessment Program demonstrated a 75% reduction in the 
anastomotic leak rate for hospitals that performed routine testing (defined as >90% 
of cases) compared to hospitals that did not routinely test their anastomosis [OR 
0.23 (95% CI 0.05–0.99] [16]. Management of specific anastomotic complications 
is discussed above. The assessment can be performed with either flexible endoscopy 
or rigid proctoscopy, and some will advocate instilling the rectum with betadine 
versus air. It is also essential to clearly document your findings in the operative note.

 Bowel Function for Reconstruction After Low Anterior Resection

Bowel function changes significantly for patients after proctectomy. Low anterior 
resection syndrome (LARS) occurs in 25–80% of patients and is characterized by 
stool frequency, urgency, clustering, and/or emptying problems. In order to improve 
bowel function after proctectomy for anastomosis within 5 cm of the anal verge, 
surgeons have utilized all of the reconstruction techniques described above. In 2007, 
Fazio and colleagues published the first results from a prospective randomized trial 
comparing colonic J pouch, transverse coloplasty, and straight coloanal anastomosis 
[4]. They reported that the colonic J pouch had significant improvement in number 
of bowel movements, fragmentation, and incontinence, but there was no difference 
between coloplasty and straight anastomosis. However, after 2 years there was no 
difference in quality of life score between all three groups. In a more recent multi-
center prospective randomized trial comparing end to side, colon J pouch, and 
straight anastomosis, it demonstrated no difference in composite evacuation and 
incontinence scores at any time point [17]. The composite evacuation score included 
data on the use of medications, difficulty emptying, need for digitation to empty, 
feeling of incomplete evacuation, need for straining, and time required to evacuate. 
Putting these studies together, the determination for the type of reconstruction after 
proctectomy remains up to surgeon preference. There does appear to be some early 
benefit for the use of a colonic J pouch, but any difference is lost after 2 years. 
Therefore, patients with concern for difficulty managing their bowels, fecal incon-
tinence, or an anastomosis below 5 cm may be best served by a colonic J pouch.

 Temporary Fecal Diversion

Utilization of fecal diversion for high-risk anastomoses is beneficial in reducing the 
incidence of leak and managing the leak when it occurs. There are several 
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multicenter, prospective randomized trials demonstrating a decreased leak rate after 
low anterior resection for rectal cancer. In 2007, a trial from Sweden reported a 
reduced leak rate with either a diverting ileostomy of colostomy of 10.3% or 28% 
without diversion (p < 0.001) for anastomosis below 5 cm [18]. These findings have 
been confirmed by more recent study by Mrak and colleagues [19]. They demon-
strated improved leak rate for those patient with diverting stomas [5.8% compared to 
16.3% (p = 0.04)]. Both studies also demonstrated a decreased rate of urgent reopera-
tion when a leak does occur, thus suggesting greater ease of managing a leak.

Diversion with either a loop ileostomy vs loop colostomy is acceptable. Each 
type of stoma has positives and negatives. Loop ileostomies are easy to manage and 
easy to reverse but have a higher rates of dehydration and pouching difficulties [20]. 
In contrast, loop colostomies have a higher rate of prolapse, herniation, and morbid-
ity after closure. It remains surgeon preference for utilizing a diverting ileostomy 
versus colostomy. For more details on optimizing stoma function and quality of life, 
please refer to Chap. 36 on best practices in planned and unplanned stoma 
creation.

 Conclusion

Anastomotic creation after left-sided colon or rectal resection is technically demand-
ing and its critical aspect of a successful operation. The principles of a healthy 
anastomosis include utilization of healthy bowel, adequate perfusion to the bowel, 
adequate mobilization of the colon to ensure no tension, and assessment of the anas-
tomosis. The type of reconstruction for the anastomosis is up to surgeon discretion 
as there appears to be little benefit of one type of reconstruction over another. 
Surgeons should be familiar with potential risk factors associated with leaks and 
capable of identifying and managing intraoperative anastomotic complications as 
their decision-making at the time of the operation is critical for a successful 
outcome.
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19Robotic Left-Sided Colon Resections: 
Unique Considerations and Optimal 
Setup

Mark Karam Soliman and Ovunc Bardakcioglu

 Introduction and Rationale

It is widely accepted that compared with open operations, minimally invasive abdomi-
nal surgery is superior in nearly every aspect: reduced pain, faster return of bowel func-
tion, reduced length of hospital stay, lower overall cost of care, improved cosmesis, 
lower hernia rates, and quicker return to work [1]. This holds true for most laparoscopic 
operations and is therefore the reason that the laparoscopy has become the gold stan-
dard for a large part of elective and emergent operations. The same clinical benefits are 
seen in patients undergoing minimally invasive colorectal operations but with the 
added benefit of equivalent oncologic benefits and a trend towards improved cancer-
related survival in at least one randomized controlled trial (RCT) comparing open and 
laparoscopic resection for colon cancer [2]. However, despite the known benefits and 
widespread availability of laparoscopy [3], adoption has remained relatively low, with 
rates of laparoscopic colectomy reaching 55.4% based on the most recent data from the 
National Inpatient Sample database [4, 5]. The adoption is low even considering an 
increase in worldwide prevalance of left-sided colonic pathology [6]. Slow adoption 
can be partly explained by the complexity of colorectal operations, which require con-
trol and ligation of one or more major vascular pedicles, mastery of the relevant ana-
tomical landmarks, careful dissection and manipulation of tumor specimens, and 
familiarity with all the steps required to construct an adequate anastomosis.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_19&domain=pdf
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Continued advances in minimally invasive technologies have led to the develop-
ment of robotic platforms in the hope that the ergonomic benefits of a robotic plat-
form, combined with wristed instruments and 3D visualization, would help mitigate 
some the technical challenges of laparoscopy, thereby increasing adoption of mini-
mally invasive surgery (MIS) while reducing conversion rates. This rise in pathol-
ogy has likewise encouraged surgeons to incorporate instruments and technology to 
bridge the gaps that laparoscopic surgery was unable to fill.

This chapter will describe various techniques and strategies for robotic left-sided 
colonic resections, with emphasis on best practices based on tumor location and 
tumor pathology.

 Indications and Contradictions

There are no absolute contraindications to a robotic approach for left-sided colorectal 
resection. In fact, in recent years, absolute contraindications to minimally invasive 
approaches in “high-risk” patients have been challenged, such as prior abdominal 
surgery and obesity [7]. Authors now advocate for the use of minimally invasive 
surgery when possible, even in “high-risk” patients based on the benefits derived 
from reduced physiologic stress and postoperative morbidity. Similarly, robotic 
colorectal operations may also be offered to all patients undergoing left- sided colon 
resections. Relative contraindications to robotic surgery include the following:

• Hemodynamic instability
• Inability to tolerate insufflations: e.g., due to cardiopulmonary disease
• Inability to access the abdominal cavity safely: e.g., intense adhesive burden 

from previous surgery, intraperitoneal mesh placement
• Inability to adequately insufflate: e.g., abdominoplasty, bowel obstruction caus-

ing over distension of bowel
• Tumor-related issues: e.g., size of tumor larger than incision required for lapa-

rotomy, local extension into adjacent structures that would require a multidisci-
plinary approach where other surgical teams are not proficient in reconstructive 
procedures using a minimally invasive approach

 Principles and Quality Benchmarks

The critical steps to be completed during minimally invasive resection of malignant 
and benign left-sided pathology are outlined below.

 Malignant Diseases

 1. Dissection along embryologic planes of the parietal and visceral peritoneal layer 
to the root of the mesentery and avoiding retroperitoneal structures and the left 
ureter (complete mesocolic excision)
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 2. Identification and dissection of the inferior mesenteric artery (IMA) with selec-
tive ligation of the IMA at its origin or just distal to the junction of the left colic 
artery resulting in adequate lymph node yield for malignant diseases (minimum 
of 12 lymph nodes)

 3. Adequate proximal and distal tumoral margins of healthy, non-affected colon of 
5–10 cm

 4. Adequate colonic mobilization with technical ability for complete splenic flex-
ure mobilization and high ligation of the inferior mesenteric vein (IMV) if neces-
sary for a tension-free anastomosis

 Benign Diseases

 1. Definition of the appropriate extent of the resection as defined by the nature of 
the disease: for example, for a resection in diverticulitis cases, it is necessary to 
precisely identify and divide the colon at the rectosigmoid junction (coalescence 
of the teniae) to avoid retaining distal sigmoid colon with an increased risk of 
recurrent diverticulitis.

 2. Proximal division of the colon where the bowel is healthy.
 3. Definition of an appropriate degree of devascularization: Unless there is strong 

confirmation about the benign nature of the disease, the same oncological vascu-
lar dissection should be performed as for known malignant disease; if the disease 
is confirmed to benign, a less aggressive and blood supply-sparing dissection 
may be sufficient as the lymph node harvest is not of relevance.

 Preoperative Planning, Patient Workup, and Optimization

Patients with left-sided pathologies are – like for any major surgical intervention – 
evaluated for relevant comorbidities and optimized accordingly. Special attention is 
paid to obese patients, where a thorough pulmonary evaluation is needed to rule out 
underlying diseases such as chronic obstructive pulmonary disease which can be 
associated with difficulties with ventilation during prolonged periods in 
Trendelenburg position.

Computer tomography of the chest, abdomen, and pelvis is obtained for tumor 
staging. It further provides important strategic information about pathology itself as 
well as about the configuration of the colon, its redundancy, and the level of the 
splenic flexure.

Preoperative complete colonoscopy or alternative colon evaluation is necessary 
to exclude secondary pathology and possible for tattooing if the tumor location is 
not otherwise reliably defined.

Individual hospital and institutional specific enhanced recovery protocols deter-
mine further preoperative optimization. These frequently include prehabilitation, 
nutritional supplements, patient education, and bowel preparation with oral 
antibiotics.
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 Operative Setup

 Patient Positioning

The patient is placed in the modified lithotomy position with both arms tucked in 
neutral position along the torso. The legs are placed in stirrups such that they can be 
moved from a 0-degree angle at the hip level to an elevated position when access to 
the anus is needed.

To minimize sliding when the patient is placed in steep Trendelenburg position, 
an anti-sliding pad should be used. Alternatively, a beanbag with respective external 
stabilizers may be helpful. Shoulder brackets should be used with caution to avoid 
damage to the brachial plexus. The patient is further secured to the table by means 
of safety straps across the upper chest. Testing the various positions before prepping 
the patient may be helpful to identify instabilities.

 Room Setup

It is important to optimize the limited space and arrange the various items in the 
room, such as operating table, towers, robot, accessory equipment, room lights, 
anesthesia equipment, sterile trays, colonoscopy cart, etc. The arrangement needs 
coordination in such a fashion that adequate space is available to access the robotic 
arms and execute an unrestricted and sterile exchange of instruments once the 
patient is prepped and draped.

The assistant surgeon will be on the right side of the patient and can help with 
instrument changes, retraction, suctioning, and irrigation as needed. The scrub tech 
is also on the right side next to the assistant surgeon.

 Operative Technique

 Trocar Placement

Planning the trocar outline should take into consideration the extent of the planned 
colon dissection, the midpoint between the most proximal and the most distal point, 
the optimal site for an accessory port as well as the specimen extraction site. Trocar 
sites should be marked onto the patient’s skin using a sterile pen after draping. 
Abdominal access, CO2 insufflation and initial camera insertion are completed in 
the usual fashion using safe practice guidelines.

 Si® Robot (Intuitive Surgical, Sunnyvale, CA, USA)
When using the Si system, the ports should be placed along a curve and be approxi-
mately 20 cm away from the target and 10 cm apart in order to avoid clashing of the 
robotic arms. The ports/arms are labeled C for the camera and 1, 2, and 3 for trocars 
going right to the left. The specimen extraction and anvil insertion site may be 
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planned at one of the existing ports or as a separate small Pfannenstiel incision in 
the suprapubic region.

A typical trocar setup for a robotic low anterior resection (LAR) is illustrated in 
Fig. 19.1a. The camera is placed through a periumbilical 12 mm laparoscopic trocar. 
A 12 mm robotic trocar (arm 1) is placed in the right lower quadrant making sure 
not to injure the inferior epigastric vessels. A more medial position facilitates access 
to the deep pelvis, whereas a more lateral position is appropriate if the extent of the 
dissection ends at the pelvic inlet. One 8 mm robotic trocar (arm 2) is placed in the 
left upper quadrant on the midclavicular line between ribs and the iliac crest, and 
another 8 mm trocar (arm 3) is placed in the left lower quadrant (position 3A). For 
splenic flexure mobilization, a right upper quadrant 8 mm trocar may temporarily be 
used for arm 3 (position 3B). An accessory 5 mm port is placed in the right upper 
quadrant to be used by the bedside assistant.

Figure 19.1b shows a modification of the trocar outline when the entire left side 
(left and sigmoid colon) is the target of the operation.

 Xi® Robot (Intuitive Surgical, Sunnyvale, CA, USA)
For the Xi system, the ports have a different layout and should be placed on a 
straight line from left upper to right lower quadrant. The slope of the line may be 
steeper if the splenic flexure needs to be taken down and flatter if that step is not 
anticipated. The space between arms should be an equal distance of 6–8  cm. In 
contrast to the previous setting, the ports/arms in the Xi are labeled as 1–4 from left 

Fig. 19.1 (a) Robotic sigmoid Si port placement for anticipated splenic flexure takedown. (b) 
Robotic left/sigmoid colectomy, da Vinci Xi® (Intuitive Surgical, Sunnyvale, CA, USA) port 
placement

8 mm Assist (3b)

5 mm Assist

12 mm Camera

12 mm Stapler

8 mm Arm 2

8 mm Arm 3a

a
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to right (Fig. 19.2). The standard robotic port including the one for the camera is 
8  mm; stapler insertion requires a 12  mm port (typically arm 4) with an 8  mm 
reducer when used for the other instruments. The specimen extraction and anvil 
insertion site may be planned as one of the existing ports or as a separate small 
Pfannenstiel incision in the suprapubic region.

 Docking of the Robot

After trocar placement, the patient is positioned in Trendelenburg and with the left 
side up just enough to move the small bowel out of the pelvis and expose the root of 
the left colon mesentery.

 Si Robot
The Si robot has less flexibility, and the cart needs to be docked in an oblique angle 
(approximately 30 degrees) from the left hip. The base of the robotic cart is aligned 
parallel to a virtual line between the most outer trocars in the left flank and right 
lower quadrant (Fig. 19.1a). It is important to position the left leg in the stirrup such 
that it will not interfere with the robotic arm movements after the patient is posi-
tioned in Trendelenburg position and tilted to the right. The Si system will allow 
reasonable access to two quadrants involved in the operation. If the ports are config-
ured for a lower pelvic operation, access to the pelvis and a portion of the left 

5 mm Assist

8 mm Arm 2

12 mm Camera

12 mm Stapler

8 mm Arm 3

b

Fig. 19.1 (continued)
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hemi- abdomen will be possible without repositioning. If the splenic flexure needs to 
be mobilized, three options exist: [1] arm 3a is undocked and rotated into the 3b 
position (Fig.  19.1a), [2] the robotic cart may need to be redocked over the left 
shoulder, or [3] the splenic flexure is mobilized laparoscopically. Once the Si robot 
has been docked, it needs to be manually targeted to the area of interest.

 Xi Robot
As the Xi robot has a central boom that allows for 360 degrees rotation, it can be 
docked from any direction, typically though from the left. First, the boom is cen-
tered and then docked to the camera port (arm 3) only. The camera is inserted and 
pointed at the surgical target. The boom and the other arms are automatically opti-
mized using the integrated targeting function. The other arms are docked and ade-
quately spaced.

 Instrument Insertion

Instruments should be carefully inserted, best under visual control or by testing the 
direction first by means of a nontraumatic laparoscopic peanut. With either system, 
the right hand typically controls an energy device (monopolar scissors, hook, or 
bipolar vessel sealer) through the right lower quadrant port. The left hand directs 

Fig. 19.2 Optimal trocar 
outline for left colectomy 
using the da Vinci Xi® 
system (Intuitive 
Surgical, Sunnyvale, CA, 
USA) (Courtesy of 
Andreas Kaiser, MD)
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two retracting instruments (fenestrated bipolar forceps, Cadiere forceps or tip up, 
fenestrated graspers). These instruments are frequently adjusted utilizing the foot 
switch to allow for optimal traction and countertraction. Much of the exposure is 
achievable without the assistant surgeon and is considered one of the major benefits 
of robotic compared to laparoscopic approaches.

 CME Dissection of the Colon Mesentery and Isolation 
of the Mesenteric Root

When the goal is to perform an oncological resection, the procedure follows the 
same steps as described for the laparoscopic approach. Please refer to Chap. 11 on 
Principles of Complete Mesocolic Excision (CME) for Colon Cancer.

Depending on the location of the pathology and whether left colectomy is per-
formed for benign or malignant indications, different levels of vascular dissection 
are needed. The dissection usually commences with retracting the rectosigmoid 
colon upwards to tent up the inferior mesenteric artery (IMA) pedicle towards the 
anterior abdominal wall (Fig. 19.3). The two robotic arms from the left side and a 
laparoscopic grasper through the assistant trocar can be utilized to achieve optimal 
tension on the peritoneum. This will allow CO2 dissection to better identify the dis-
section planes defined by embryological anatomy. Wide scoring of the peritoneum 
overlying the base of the left colon mesentery starts at the peritoneal groove on the 
right side of the lateral mesorectum and continues towards the inferior border of the 
inferior mesentery artery (Fig. 19.4). Subsequent adjustment of the robotic arms 
with lifting the rectosigmoid colon and by passive upwards retraction with the 
instrument shafts from beneath the colon wall will expose the areolar tissue between 
the sigmoid colon mesentery and all retroperitoneal structures. This dissection con-
tinues from medial to lateral until the IMA and inferior mesenteric vein (IMV) are 
completely mobilized, the left ureter is identified close to the mesenteric root, the 
hypogastric nerves identified and preserved, and the lateral peritoneal reflection is 

Fig. 19.3 Rectosigmoid 
junction being tented 
anteriorly exposing the 
IMA pedicle
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reached. The dissection is performed along the embryological planes of the visceral 
and parietal peritoneum to yield an intact mesocolon (complete mesocolic 
excision).

At this point, the decision has to be made whether the IMV will be ligated next 
to the artery or higher near the duodenum (see Fig. 19.5, which demonstrates high 
ligation of the IMV). This step is most commonly used during low anterior resection 
(LAR) and will be described in detail in Chap. 24 on Robotic Low Anterior 
Resection. The entire pedicle is encircled, and high ligation of the IMA and IMV is 
performed with the robotic vessel sealer or stapler after being individually dissected 
and skeletonized. Alternatively, the left colic artery can be preserved and ligation of 
the superior rectal artery only performed just distal to its runoff.

With few exceptions, it is recommended to follow the natural planes regardless 
of the indication for left colectomy. The ability to consistently and intentionally dis-
sect, isolate, and divide the IMA, left colic artery, and superior rectal artery is 
invaluable and mandatory for malignant disease. Even for confirmed benign dis-
ease, dissection along these planes is often easier and less bloody than dissecting 
through the mesentery. In addition, a high ligation increases colon mobility which 
is needed for lower anastomoses.

Fig. 19.4 Red masking 
indicates IMA takeoff 
from aorta. Blue masking 
indicates left colic artery. 
Purple masking indicates 
superior hemorrhoidal 
artery. Note the close 
proximity of the 
bifurcation relative to the 
root of the IMA

Fig. 19.5 View of the 
IMV prior to its division. 
Note that division is at the 
inferior border of the 
pancreas and the fourth 
portion of the duodenum
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A non-anatomic “wedge resection” along the bowel wall may on occasion be 
preferable in proven benign disease with severely altered anatomy (Crohn’s colitis, 
severe diverticulitis) and is technically facilitated using vessel sealing devices. For 
more details and techniques, please refer to Chap. 5 on Laparoscopic Left Colon 
Resection for Complex Inflammatory Bowel Disease.

The dissection continues with a medial to lateral mobilization of the descending 
colon mesentery off Gerota’s fascia. If the splenic flexure is mobilized for a tension- 
free anastomosis, the inferior border of the distal pancreas should be recognized to 
maintain the dissection plane anteriorly (Fig. 19.6). The sigmoid and descending 
colon is now retracted medially to divide a thin remaining layer of peritoneum along 
the line of Toldt. This dissection is continuous from lateral to medial for the spleno-
colic ligament. Alternatively, the lesser sac is entered from medially, and the omen-
tum and splenocolic ligament are divided starting from the distal transverse colon 
(Fig. 19.7). Upon complete mobilization of the descending colon and the splenic 
flexure, the peritoneum lateral to the rectosigmoid junction is scored, and a window 
is created using blunt dissection along the posterior wall of the colon. This allows 
transection of the rectosigmoid colon with a robotic stapler through the right lower 
quadrant port. The remaining mesentery is divided to the planned proximal 

Fig. 19.6 Magenta masking indicates the pancreatic body with the splenic vein at its inferior 
border. Green masking indicates the duodenal-jejunal junction with IMV diving deep to it. Note 
the close proximity of the transverse colon to the body of the pancreas

Fig. 19.7 Omentocolic 
attachments being divided 
during the final steps of 
splenic flexure 
mobilization
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transection. Bowel perfusion can be assessed with indocyanine green injection and 
the fluorescence imaging mode of the robotic camera. For additional details on per-
fusion assessment for left-sided anastomoses, refer to Chap. 29 on Minimizing 
Colorectal Anastomotic Leaks.

 Extracorporeal Anastomosis

Multiple extraction sites can be selected for extracorporeal anastomosis and mostly 
used are a Pfannenstiel or a lower midline incision. A small wound protector is 
inserted prior to specimen exteriorization to help reduce the risk of wound infection. 
The anvil of the EEA stapler is placed into the descending colon and secured with a 
purse string suture. An end-to-end or end-to-side anastomosis to the rectum is then 
created with the EEA stapler.

 Intracorporeal Anastomosis

The robotic approach simplifies intracorporeal anastomosis (ICA), which has the 
benefits of moving the specimen extraction sites off the midline to decrease the risk 
of incisional hernia. The most commonly used extraction site is an extension of the 
right lower quadrant stapler port. A small wound protector is placed after enlarging 
the 12  mm trocar site, and the anvil of the EEA stapler is placed 
intra-abdominally.

For a side-to-end anastomosis, an enterotomy is created on the specimen side, 
i.e., just distal to the planned level of transection on the proximal colon. The anvil 
can be manipulated spike-first through the anterior wall of the descending colon. 
The spike is pushed laterally through the proximal bowel wall after incising the wall 
over the tip of the anvil. The anvil spike should be located approximately 5  cm 
above the planned transection site on the proximal colon. The initial enterotomy is 
closed with a running suture to avoid spillage of content from the specimen. The 
colon is transected with the robotic stapler just proximal to this closure.

Alternatively, a true end-to-end anastomosis can be created as well. The bowel is 
transected with the stapler first, the proximal staple line is excised, and a purse 
string suture is placed. The anvil (secured with a string) is inserted backwards with 
the tip aiming distally, and the purse string is tied.

 Pitfalls, Intraoperative Difficulties, and Complications

 Instrument Collisions

Instrument collisions are frequently related to suboptimal trocar placement too 
close to each other in relation to the target. The idea of laparoscopic triangulation 
should always be the underlying principle for trocar placement. It is always 
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recommended that the surgeon walks from the console to the bedside to inspect and 
analyze the reason for the collisions. If the adjustment of the robotic arms and elbow 
joints do not improve the instrument movement, the surgeon should not hesitate to 
consider repositioning the trocars.

 Inadequate Colon Length and Morbid Obesity

Morbid obesity and inadequate colon length can go hand in hand due to thickened 
and foreshortened mesentery. The short and fatty mesentery makes it significantly 
difficult to safely identify, isolate, and divide the inferior mesenteric artery/vein, left 
colic vessels, and superior rectal artery. In addition, small bowel loops tend to slide 
back into the surgical field and cannot be kept out of the pelvis and away from the 
mesenteric root for adequate visualization of the inferior mesenteric pedicle. 
Furthermore, the steep Trendelenburg position might not be tolerated from the anes-
thesia perspective when the massive weight pushes onto the diaphragm. At the same 
time, benefits of a minimal invasive approach are more pronounced in the morbidly 
obese specifically as it relates to the abdominal wall and wound complications.

Achieving additional colon length can be achieved using multiple strategies. 
High ligation of the IMA close to the junction to the aorta will help relieve tension 
on the descending colon after the descending colon mesentery is mobilized from the 
retroperitoneum and Gerota’s fascia. The next step consists in ligation of the IMV 
close to the duodenum, followed by medial to lateral splenic flexure mobilization 
over the inferior border of the pancreas. Care must be taken to avoid avulsion and 
interruption of the marginal artery along the entire colon. If there is still inadequate 
length, the omentum is taken off the transverse colon; the middle colic vessels may 
have to be sacrificed unless the plan of an anastomosis is abandoned. In any such 
challenging case, it is helpful to check the perfusion of the colon with the integrated 
fluorescence imaging technology using intravenous injection of indocyanine green.

These are difficult situations that require experience and sound clinical judgment 
as it relates to the implications of further vascular division, including that of the 
middle colic vessels. Rather than blindly continue, this may be a moment to recon-
sider the goals and progress of the surgery and evaluate whether conversion to lapa-
roscopy or an open approach would be justified.

 Bleeding

Bleeding is often related to non-anatomical tissue and mesenteric dissection. Precise 
dissection is easier to perform due to the three instrument traction, countertraction, 
and dissection. Clear identification and circumferential dissection of all major ves-
sels is paramount before attempted division. If bleeding is encountered at the mes-
enteric root, a third arm is helpful to immediately occlude proximally, while the 
other instruments can help suction and identify the exact source. Repeat attempt at 
controlling the proximal vessel can be attempted, but early conversion and 
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laparotomy is sometimes mandatory before massive blood loss ensues. Surgeons 
and operating room teams should be prepared and trained for emergent robotic 
undocking for vascular injuries.

 Anastomotic Leak

Intraoperative anastomotic leaks are almost always due to technical difficulties and 
complications. Even though genuine failure of the EEA stapler can occur, more 
often leaks are due to technical issues. Proximal colon anvil placement could be 
impaired from a loose proximal purse string suture, incorporation of a diverticulum, 
or uneven bowel wall thickness from the suture placement. It is important to recog-
nize a suboptimal purse string suture and redo it, or alternatively place the anvil 
through the antimesenteric wall of the colon and perform a side-to-end anastomosis 
(Baker type).

Distally, the passage of the EEA stapler through the rectum can cause unrecog-
nized serosal or even full-thickness injuries of the rectal wall often seen anteriorly. 
It is advised not to force the stapler through the rectum but rather perform a limited 
rectal mobilization, specifically posteriorly. Posterior rectal mobilization straight-
ens out the rectum and allows the stapler to advance more easily.

An alternative is to place the spike through the anterior rectum distal and away 
from the blind staple line for an end-to-side stapled anastomosis (reversed Baker 
Type).

If the anastomosis is found to be suboptimal or faulty, as evidenced by either a 
positive air leak test, incomplete anastomotic doughnut, or endoscopic inspection, 
the options are (1) to reinforce the anastomosis (with/without diversion), (2) to redo 
the entire anastomosis, or (3) to abandon the anastomosis and convert to a Hartmann’s 
procedure.

 Outcomes

Several studies have been published examining the outcomes for robotic versus 
laparoscopic versus open colectomy in patients undergoing resection for both 
malignant and benign disease [8–10]. In general, robotic and laparoscopic surgery 
take longer than open operations, but they are both associated with improved short- 
term outcomes, shorter length of stay, fewer 30-day complications, and equivalent 
long-term oncologic results. In a comprehensive meta-analysis analyzing 40 peer- 
reviewed studies with varying study designs, Sheng and colleagues [9] compared 
robotic surgery to laparoscopic surgery in oncologic resections. They noted that 
blood loss, complication rate, mortality rate, bleeding rate, and ileus rate were all 
lowest in the robotic group. The authors also demonstrated that wound infection rate 
for laparoscopic resections was lowest, but this was statistically similar to the 
robotic group. Notably, both minimally invasive approaches were superior to the 
open approach with regard to reducing wound infections.
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Fewer conversions to open surgery are also a clear benefit of left-sided robotic 
colonic resections [10]. Robotic colorectal surgery has been associated with a nearly 
50% reduction in open conversion when compared to equivalent laparoscopic oper-
ations (15.1 vs. 7.6%, p  <  0.001) [11]. These lower conversions translate into 
improved clinical outcomes such as decreased length of stay, fewer 30-day compli-
cations, and a reduction in overall cost of care [11]. Alva and colleagues has per-
formed an exhaustive review of the currently published data regarding clinical 
outcomes in laparoscopic versus robotic colorectal surgical cases and is summa-
rized in Table 19.1 [12].

 Conclusions

A robotic approach to a sigmoid and left colectomy has several technical advantages 
compared to a laparoscopic approach. The addition of a third surgeon-controlled 
instrument arm allows optimal traction and countertraction. In combination with 
improved stable and 3D visualization and wristed instruments, consistent dissection 
along embryologic and anatomic planes and precise visualization, mapping, and 
dissection of the left-sided mesenteric vessels allow consistent oncologic resections 
for malignant disease. Intracorporeal anastomosis is facilitated allowing off midline 
extraction of the specimen with decreased incisional hernia rates.
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Key Steps During Hartmann’s 
Procedures to Facilitate Minimally 
Invasive Hartmann’s Reversal

Alan E. Harzman and Syed Husain

 Introduction and Rationale

Hartmann’s creation (colectomy with closed rectosigmoid stump and end colos-
tomy) is a commonly performed surgical procedure in emergency colorectal surgi-
cal practice. The most common indication for this procedure is perforation or 
obstruction of the distal colon or rectum, typically secondary to diverticulitis or a 
neoplastic process. Other indications include uncontrolled inflammatory bowel dis-
ease involving the rectum and anal canal or dehiscence of a previously performed 
colorectal anastomosis. Irrespective of the underlying etiology, the overwhelming 
majority of Hartmann’s procedures are usually performed in an urgent or semi- 
urgent setting. Given the emergent nature of these operations, surgeons are typically 
focused on addressing the acute situation at hand, and measures to facilitate 
Hartmann’s closure are often ignored.

Hartmann’s closure has been historically associated with a high complication 
rate attributable to the technical complexity of this operation [1]. For this reason, 
many patients with Hartmann’s pouches are never offered a reversal [2]. While 
there is a plethora of evidence indicating that a laparoscopic approach ameliorates 
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many complications associated with Hartmann’s closure [3, 4], there has been 
underutilization of this technique, and the adoption of minimally invasive tech-
niques for Hartmann’s closure has lagged behind that observed for other colorec-
tal procedures [5].

In this chapter, we discuss the measures that can be undertaken at the time of 
Hartmann’s creation to potentially rectify common difficulties experienced during 
closure. We believe that adaption of these techniques can lead to improved stoma 
reversal rates and facilitate utilization of laparoscopic technique for Hartmann’s 
reversal.

 Indications and Contraindications

There are no absolute contraindications to the operative maneuvers discussed below. 
Hemodynamic instability can be considered a relative contraindication as most of 
these measures can lead to prolongation of operative time. Operating surgeons 
should use their judgment to determine the appropriateness of the measures in an 
unstable patient where an expeditious laparotomy may prove more beneficial than 
maneuvers to facilitate a future operation. Given that many patients will never have 
the colostomy closed, it is also unwise to focus strictly on facilitating colostomy 
closure. The ideal is creating a good colostomy that the patient could keep forever 
while setting up for a future closure if possible.

 Principles and Quality Benchmarks

 Timing of Hartmann’s Reversal

The need to resist patient’s demands for an expeditious stoma reversal cannot be 
overstated. Stoma reversal is almost never an urgent operation, and it is important to 
permit a sufficient interval between the index operation and stoma reversal to allow 
time for the thick vascularized adhesive bands to evolve into avascular, filmy adhe-
sions. We recommend an interval of at least 6 months between Hartmann’s creation 
and reversal, both to minimize trouble with adhesions at the second operation and to 
allow the patient to return to an otherwise normal physiologic state.

 Impact of Laparoscopic Hartmann’s Procedure

In the authors’ opinion, the most important maneuver to minimize complications 
and ensure successful Hartmann’s reversal is to perform Hartmann’s operation lapa-
roscopically. Laparoscopy has been proven to be associated with less adhesion for-
mation than an open approach in a variety of surgical settings [6]. With the 
emergence of literature favoring “straight” laparoscopy, hand-assisted laparoscopic 
colectomy has been largely supplanted by straight laparoscopy. Despite its 
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shortcomings hand assistance may be particularly useful during emergency 
Hartmann’s creation for acute, complicated diverticulitis, where presence of inflam-
mation and abscess formation may preclude successful completion of the case using 
a straight laparoscopic technique. This is particularly true when most of the case can 
be accomplished laparoscopically, but one portion of the case, such as dissection of 
a phlegmon tightly adherent to the left pelvic side wall or retroperitoneum or take-
down of a colovesical fistula, can be performed more safely and expeditiously using 
direct hand palpation, dissection, and retraction. When needed, conversion from 
laparoscopic to hand assist or to open should be done prior to creating a significant 
injury or greatly prolonging operative time.

In cases where a laparoscopic approach is abandoned due to hemodynamic insta-
bility or colonic dilation precluding safe visualization of operative field, use of an 
adhesion barrier should be considered. While adhesion barriers have never been 
tested in this particular clinical setting, there is plenty of evidence that they result in 
significant reduction in adhesions in a variety of surgical settings comparable to 
Hartmann’s [7, 8] creation. Another step that can minimize adhesions is the restora-
tion of peritoneal lining by careful peritoneal approximation during midline incision 
closure. Finally, placing omentum under the midline laparotomy incision can mini-
mize adhesions between the anterior abdominal wall and underlying small bowel 
loops which can present a challenge during Hartmann’s closure.

 Operative Technique: Surgical Steps

The following are techniques to aid later laparoscopic stoma closure, broken down 
by the steps of the original Hartmann’s operation.

• Opening
 – Perform a laparoscopic Hartmann’s procedure when possible.

• Resection
 – Proximal extent: Resect only what is required, and do not mobilize the splenic 

flexure unless absolutely required to form the colostomy. This will allow it to 
be newly mobilized at the stoma closure and maximum length obtained.

 – Distal extent: For inflammatory disease such as diverticulitis, dividing 
just distal to the inflammation leaves sigmoid colon and therefore 
decreases the chance that the rectosigmoid will retract into the pelvis. 
However, the remaining sigmoid will then need to be resected at the time 
of stoma closure. Therefore, the authors would divide at the rectosigmoid 
junction (where the tinea splay out) at the first operation. Do not, though, 
divide lower than that unless absolutely necessary. Certainly do not divide 
at or distal to the anterior peritoneal reflection if the goal is to close the 
stoma later. Doing so makes the rectal stump exceptionally difficult to 
identify and dissect from the vagina and bladder.

 – Do not divide the IMA or the superior hemorrhoidal vessels, and do not vio-
late the mesorectal plane. Save the holy plane to use to find the rectum later.
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 – Avoid topical procoagulants as a means of hemostasis, especially on the rectal 
stump staple line. These can cause a great deal of inflammation and scarring.

• Stoma creation
 – As above, avoid mobilizing the splenic flexure unless required to create a 

good stoma.
 – Remember that for many patients the stoma will be permanent.
 – Making a large trephine in the fascia may increase the risk of parastomal her-

nia. However, it may also allow the patient to regain bowel function more 
quickly than a tight stoma. A large parastomal hernia can make stoma closure 
difficult, although a small hernia can make it easier to dissect the stoma from 
the abdominal wall.

 – Wrap an adhesion barrier around the stoma before closing when feasible.
 – For more details regarding optimizing stoma formation, please refer to Chap. 

36 on best practices in planned and unplanned stoma creation.
• Dealing with the rectal stump and pelvis

 – Place dyed, nonabsorbable sutures on the staple line on the rectal stump. 
These can be placed through the corners of the staple line or through the peri-
toneum immediately adjacent to them (Fig. 20.1a, b).

 – Some surgeons use those sutures to tack the rectal stump to the anterior 
abdominal wall. The authors prefer to tack them to the peritoneum along the 
sacral promontory, medial to the ureters. This does not require a particularly 
long stump and does not create any space that could create an internal 
hernia.

 – Cut the sutures 3–5 cm long to make them easier to find at the time of stoma 
closure.

• Closing
 – Thoroughly explore and irrigate the abdomen.

a b

Fig. 20.1 (a, b) Intraoperative identification of the suture marking the rectal stump during laparo-
scopic Hartmann’s reversal. (a) The suture can be identified, but the rectal stump is tightly adherent 
to a loop of small bowel that is partially covering it. (b) Following dissection of the small bowel 
loop, the rectal stump is exposed. (Both: Courtesy of Dan Popowich, MD)
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 – Leave a drain in the pelvis to prevent accumulation of contaminated fluid and 
subsequent abscess formation in the pelvis.

 – Bring the omentum down to underlie the incision. If possible, place the tip in 
the pelvis to prevent the small bowel from adhering to the pelvis or rectal 
stump.

 – If the operation is done open, use an adhesion barrier under the midline wound 
and in the pelvis.

 – Close the peritoneum as part of the fascial closure. The goal of this is to mini-
mize the raw surface area for abdominal wall adhesions to form.

 – Leave the skin open to lower the rate of wound infection and therefore the rate 
of hernia formation and/or dehiscence.

• Postoperative course
 – Ensure that the patient has fully recovered from the first operation. This 

includes returning to work and all normal activities.
 – Wait at least 6 months before attempting stoma reversal. Stoma reversal may 

be possible at 3 months, but adhesions will continue to transition from inflam-
matory to flimsy between 3 and 6 months. A failed attempt at stoma closure 
will make any further attempt exponentially harder, so it is better to wait the 
full 6 months.

 – Some patients are told after Hartmann’s procedure that their stoma is not 
reversible. When this is true, it is imperative to clearly dictate the reasons and 
explain them to the patient. It is incumbent on the surgeon closing a stoma 
created by someone else to understand what was done at the first operation 
and to know which if any of the above maneuvers were performed.

 Pitfalls and Troubleshooting

It is imperative to discuss the reasons why even experienced laparoscopic surgeons 
often opt to perform Hartmann’s reversal using an open technique. The technical 
challenges deterring laparoscopic Hartmann’s closure or prompting conversion to 
open technique include the following issues discussed below.

 Adhesions

Since many Hartmann’s operations are performed to treat distal colonic or rectal 
perforations, these procedures are often complicated by significant peritoneal con-
tamination leading to peritonitis and abscess formation which in turn result in sig-
nificant adhesion formation (Fig. 20.2). The fear of hostile adhesions often represents 
the major deterrent to laparoscopic closure of a colostomy. Thus it is imperative to 
suction out any residual blood, purulence or fecal material from the peritoneal cav-
ity at time of Hartmann’s creation. Furthermore, copious peritoneal irrigation with 
warm saline should be undertaken to decrease the burden of peritoneal 
contamination.
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 Presence of a Large Ventral Wall Hernia

Given the contaminated nature of these cases, many Hartmann’s creations are 
associated with incisional complications ultimately leading to incisional hernias 
[9]. A large ventral or parastomal hernia can present a daunting task especially if 
laparoscopic reversal is planned. Utilization of a laparoscopic approach at the 
time of initial stoma creation obviates the need for a large abdominal incision. 
Whether this reduction in incision length translates into a lower incidence of inci-
sional hernia remains a topic of debate. It is quite plausible, however, that the 
incisional hernias occurring at a laparoscopic extraction site are much smaller and 
easier to manage than those occurring after a generous midline laparotomy. In 
addition, the skin of the midline wound should be left open at the time of 
Hartmann’s operation if there is significant contamination. Wound infection, even 
those that can be managed by “popping out a few staples,” can lead to incisional 
hernia formation. Certainly efforts to avoid wound dehiscence and evisceration 
will also contribute to reduced incisional hernias. Avoiding a large abdominal 
wall fenestration for stoma exteriorization can also minimize the risk of parasto-
mal hernia. On the other hand, prophylactic mesh placement to avoid parastomal 
hernia is not indicated unless one is certain that the stoma will not be closed later. 
For additional details, please refer to Chap. 37 on prophylactic mesh placement 
during laparoscopic stoma creation.

 Difficult Rectal Stump Dissection

Identification and dissection of the rectal stump represents another component of 
Hartmann’s reversal that can prove to be quite challenging. The rectal stump often 
tends to adhere to the lateral pelvic wall in close proximity to ureters and major 
pelvic vessels. In other cases, the rectal stump forms dense adhesions to the bladder 
or female genital organs leading to a quite tedious dissection at time of reversal. 
Copious pelvic irrigation with removal of purulent/fecal material can minimize 

Fig. 20.2 Adhesions of 
small bowel loops to 
Hartmann’s pouch require 
careful lysis of adhesions. 
Identification of the rectal 
stump is facilitated by 
visualization of the 
marking suture that was 
placed at the original 
operation. (Courtesy of 
Dan Popowich, MD)
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these adhesions. Furthermore, interposition of omentum between the rectal stump 
and pelvic organs can also facilitate rectal stump dissection at time of closure. 
Finally, it is very important to preserve as much rectum as possible at the time of 
Hartmann’s creation. A long rectal stump lends itself to easy identification at time 
of reversal. Barring malignant cases where it is important to achieve a distal resec-
tion margin, rectal division should be carried out as close to the pathology as pos-
sible. Every attempt should be made to avoid violation of mesorectal planes as this 
can lead to dense posterior adhesions which make identification and dissection of 
rectal stump very difficult at time of closure.

 Rectal Stump Retraction

In addition to forming adhesions to the surrounding structures, the divided rectum 
often retracts into the pelvic cavity leading to “bunching up” of the rectal stump. A 
retracted rectal stump frequently folds upon itself creating sharp angles which can 
be very difficult to negotiate with the rigid EEA stapler. This inability to advance the 
EEA stapler to the end of the rectal stump can lead to the creation of an inadvertent 
end-to-side rather than end-to-end colorectal anastomosis. While most of the end- 
to- side anastomoses have excellent functional results, the rectal blind pouch can 
sometimes lead to bacterial stasis with its attendant issues. Worse yet, adhesions of 
the vagina or bladder to the retracted stump can lead to inadvertently incorporating 
them into the anastomosis. Retraction of the rectal stump into the pelvic cavity can 
be prevented by leaving a long rectal stump and tacking the stapled end to the ante-
rior abdominal wall or retroperitoneum with the help of an anchoring stitch.

 Inability to Accomplish a Tension-Free Anastomosis

Inadequate proximal colonic length often prompts surgeons to convert to an open 
technique to be able to accomplish tension-free anastomosis. Often, this situation is 
due to extensive mobilization of left colon and splenic flexure at the index opera-
tion. We advocate limiting left colonic mobilization to the bare minimum required 
for exteriorization of the colonic end for stoma creation. Splenic flexure dissection 
is typically discouraged unless absolutely necessary for exteriorization.

 Outcomes

There are no outcome data for the specific techniques described above. Chapter 21 
covers the procedure of minimally invasive Hartmann’s reversal, for which there are 
data that are cited there and in the references below. However, the authors of those 
studies do not specifically identify what steps they or other surgeons took in the 
initial operation.
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 Conclusion

There are multiple strategies during stoma creation that can maximize the possibil-
ity of a minimally invasive stoma closure. Most of these are also relevant to open 
stoma closure as well. However, the surgeon must also remember that many stomas 
will never be closed, so making stoma closure easier should not come at the cost of 
a good initial stoma. Nor should it significantly prolong the first operation and delay 
getting a sick patient out of the operating room safely.
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21Laparoscopic and Robotic Hartmann’s 
Reversal: Strategies to Avoid 
Complications

David A. Kleiman and Steven A. Lee-Kong

 Introduction and Rationale

Approximately 65% of the population over age 65 develop sigmoid diverticulosis 
[1]. Of those, approximately 20% will develop diverticulitis during their lifetime, 
requiring some type of medical or surgical intervention [2]. The management of 
diverticulitis accounts for nearly $2.7 billion in healthcare-related costs within the 
United States annually and is a common indication for emergency surgery [3].

Current clinical practice guidelines recommend emergent surgery for acute 
diverticulitis in patients with peritonitis or for those in whom non-operative man-
agement of diverticulitis has failed [2]. A Hartmann’s procedure, which involves 
segmental sigmoid colectomy with creation of an end colostomy and a blind-end-
ing distal rectal stump, was initially described for the management of acute malig-
nant large bowel obstructions in 1923 [4]. It has since become the widely accepted 
standard surgical treatment of sigmoid diverticulitis in the emergent setting, par-
ticularly for Hinchey III and IV disease (Fig. 21.1). It remains an attractive option 
to many surgeons because by not creating a colorectal anastomosis, operative times 
are shorter, there is usually no need to perform a splenic flexure mobilization, and 
there is no risk of anastomotic complications (leakage or bleeding). However, the 
real morbidity of a Hartmann’s procedure is often associated with the subsequent 
reversal operation. Since Hartmann’s reversal can require a reoperative laparot-
omy, there can be significant associated risks, including surgical site infections, 
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hernia formation, injury to adjacent organs, anastomotic complications, and risks 
associated with general anesthesia. In fact, up to 45% of patients who undergo a 
Hartmann’s procedure are never reversed, oftentimes due to fear of these complica-
tions or other significant comorbid conditions which can complicate an otherwise 
elective operation [4, 5].

The morbidity associated with a traditional open Hartmann’s reversal has led 
many surgeons to explore minimally invasive options. However, there are signifi-
cant inherent challenges to this approach, generally related to the fact that the initial 
surgery may have been performed via an open approach. These patients may present 
with significant intra-abdominal contamination, resulting in dense intra-abdominal 
adhesions. Patients’ comorbid conditions may also make a minimally invasive 
approach challenging. However, in well-selected patients, a minimally invasive 
approach can be performed safely with low perioperative morbidity and may help 
increase stoma reversal rates.

In this chapter, we will discuss indications and contraindications of minimally 
invasive Hartmann’s reversal and key aspects of preoperative evaluation and 
describe general steps of a minimally invasive technique.

 Indications and Contraindications

A minimally invasive Hartmann’s reversal may be considered in any patient under-
going the procedure. Ideal candidates are those whose initial operation was per-
formed through either a limited laparotomy incision (i.e., a lower midline below the 
umbilicus) (Fig. 21.2) or a hybrid laparoscopic/open resection (i.e., laparoscopic 
hand-assisted via Pfannenstiel incision), although any patient considered suitable 
for laparoscopy may be a candidate [6].

While there are no absolute contraindications to minimally invasive Hartmann’s 
reversal, two factors that are most likely to limit the successful completion of a 
minimally invasive approach are intra-abdominal adhesions and patient comorbid-
ity. Obesity has been identified as an independent risk factor for complications in 
patients undergoing Hartmann’s reversal [7]. Patients with a BMI ≥ 30 kg/m2 are at 
increased risk of morbidity, surgical site infection, and need for diverting ileostomy 

Fig. 21.1 Fecal peritonitis
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creation. While minimally invasive surgery may help ameliorate some of these 
risks, the technical challenges faced in obese patients can still make minimally inva-
sive Hartmann’s reversal difficult. Surgeons often recommend obese patients to lose 
weight prior to elective surgery. However, many patients find this difficult. 
Consultation with a dietician, weight loss specialist, or bariatric surgery program 
should be considered preoperatively.

Patients who suffered medial sigmoid perforations resulting in a large amount of 
purulent or feculent peritonitis at the index operation are more likely to have exten-
sive lower abdominal or pelvic adhesions, making a minimally invasive approach 
challenging. Similarly, patients with long midline laparotomy incisions extending 
well above and below the umbilicus may have limited domain for safe laparoscopic 
entry into the abdomen (Fig. 21.3). Patients who have had multiple open surgeries 
in the past may experience difficulties with safe laparoscopic abdominal entry.

Laparoscopic Hartmann’s reversal can require extended periods of time in steep 
Trendelenburg position, particularly if extensive pelvic dissection is required. 
Patients with significant congestive heart failure, chronic obstructive pulmonary 
disease, and morbid obesity may not be able to tolerate this positioning, precluding 
a minimally invasive approach.

Fig. 21.2 Straightforward 
abdominal access
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 Principles and Quality Benchmarks

The key steps to a successful minimally invasive Hartmann’s reversal include the 
following:

 1. Safe laparoscopic lysis of intra-abdominal adhesions
 2. Takedown of the colostomy without injuring the colon
 3. Sufficient mobilization of the splenic flexure and descending colon (often 

needed)
 4. Identification, mobilization, and preparation of the rectal stump for creation of 

the anastomosis
 5. Performance of a tension-free colorectal anastomosis.

 Preoperative Planning, Patient Workup, and Optimization  
(Box 21.1)

Most Hartmann’s procedures are performed emergently with little or no preopera-
tive planning. In contrast, a Hartmann’s reversal is an elective procedure. Careful 
and thoughtful preoperative assessment and planning is essential. Often, this is an 
excellent opportunity to complete aspects of the preoperative workup that ideally 

Fig. 21.3 Difficult 
abdominal access

Box 21.1 Preoperative Checklist Prior to Hartmann’s Reversal

[   ]  Review operative report
[   ]  Review pathology
[   ]  Colonoscopy
[   ]  Water-soluble enema of rectal stump
[   ]  Physical exam (assess sphincter function)
[   ]  Medical/cardiac clearance
[   ]  Ureteral stents
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would have been performed prior to the original sigmoid colectomy. For example, 
recent colonoscopy reports should be reviewed. If one was not recently performed, 
this should be considered. Thorough cardiopulmonary assessments should be per-
formed as part of the preoperative workup.

 Review Operative Report

Whenever possible, the original operative report of the Hartmann’s procedure should be 
carefully reviewed. Details such as the degree of abdominal contamination, bleeding, 
and any pre-existing adhesive disease may predict how hostile the abdomen will be dur-
ing colostomy closure. It is also important to note where the distal margin of resection is 
and which, in any, major mesenteric vessels were ligated. Additional information such 
as whether suture tags were left on the end of rectal stump may also be helpful.

 Review Pathology Report

The pathology report from the original surgery should be reviewed to ensure that 
there was no incidental cancer diagnosis or evidence of inflammatory bowel disease 
at the original operation.

 Colonoscopy (Colon and Rectal Stump)

If the patient has not had a recent colonoscopy, this should be performed prior to 
Hartmann’s closure. This should include evaluation of the remaining colon through 
the colostomy as well as the rectal stump. If the patient is up to date with colonos-
copy (i.e., within the past year), then at a minimum a flexible sigmoidoscopy of the 
rectal stump should be performed to assess the health of the stump and to ensure that 
it is not structured or obstructed by inspissated mucus or stool. For patients in whom 
the indication for Hartmann’s procedure was colorectal cancer, endoscopy should 
be performed to rule out persistent or recurrent cancer in the rectal stump. The 
length of the rectal stump is important to know prior to attempt at colostomy clo-
sure, as a short stump may impart poorer functional outcomes after closure. 
Distensibility of the rectum, which may be poor due to a fibrosing pelvic process 
from sepsis, may also portend poorer functional outcomes.

A water-soluble contrast enema of the rectal stump is also helpful to ensure that 
the staple line at the top of the stump is intact and that there are no sinus tracts to 
adjacent organs.

 Assessment of Sphincter Function

A detailed history can reveal if the patient had any degree of fecal incontinence prior 
to them developing perforated diverticulitis. A digital rectal exam should be per-
formed to assess the patient’s sphincter function prior to Hartmann’s reversal. If the 
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patient has poor sphincter function, then he or she should be counseled on the 
expected functional outcomes of reversal, and the option of keeping a permanent 
colostomy should be discussed. Anorectal manometry may also be considered, 
although not necessary, if there are any concerns about sphincter function. Patients 
with long-standing fecal diversion may have impaired function, and this should be 
clearly discussed with the patient prior to attempts at reversal.

 Cross-Sectional Imaging

Although not essential, review of any available cross-sectional imaging (prior to or 
after the original sigmoid colectomy) should be performed. This may help define 
relevant anatomy, as well as identify potential anatomic issues that may arise at the 
time of colostomy reversal. For example, large uterine fibroids may limit access to 
the pelvis for rectal dissection and anastomosis. Tracing the course of the ureters 
may also be possible, allowing for anticipation of potential areas of injury during 
the surgery. This may also reveal parastomal and/or midline hernias that can be 
addressed simultaneously with the takedown operation.

 Ureteral Stents

Bilateral ureteral stents should be considered to assist with intraoperative identifica-
tion of the ureters and help ensure that they are protected. Patients with Hinchey III 
or IV diverticulitis often have dense fibrosis in the lower abdomen and pelvis, mak-
ing intraoperative identification of the ureters challenging.

 Operative Setup

A variety of minimally invasive and hybrid techniques are possible based on equip-
ment availability and surgeon preference. As for all colorectal surgery procedures, 
straight laparoscopic, single-incision laparoscopic, laparoscopic hand-assisted, and 
robotic-assisted techniques have all been described. There is no single approach that 
will work for everyone, so the surgeon should remain adaptable and able to alter the 
surgical approach based on the intraoperative findings.

Regardless of which minimally invasive technique is chosen, there are a few 
common themes in preparing for the procedure. The patient should be positioned on 
the operating table with access to the anus to allow for passage of a transanal sta-
pling device or intraoperative endoscopy. Our preference is supine on a split-leg 
table, but modified lithotomy position is also acceptable (Figs. 21.4 and 21.5). Both 
arms should be tucked, if possible, to allow both the surgeon and the first assistant 
to stand cephalad on either side of the patient facing toward the pelvis. The patient 
should lie on a nonskid mat (our preference is either a bean bag or foam mat), and a 
shoulder strap should be utilized to secure the patient to the operating table to pre-
vent sliding with steep positioning.
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Fig. 21.4 Lithotomy position

Fig. 21.5 Split-leg 
position
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Robotic-assisted Hartmann’s reversal should be reserved for surgeons both 
trained and comfortable using currently available robotic platforms. The DaVinci 
Si® or Xi® platforms (Intuitive Surgical, Sunnyvale, CA, USA) are the most widely 
available. Port placement strategies in general follow conventions unique for each 
platform. For the DaVinci Si, placing the cannulae in the right abdomen at least 
8 cm apart in a “C” configuration is most helpful. One can take down the end colos-
tomy at the beginning of the procedure, or once it is determined intraoperatively, 
that safe colostomy reversal is possible. For the DaVinci Xi system, the authors find 
it helpful to place the cannulae in a nearly straight vertical line along the right abdo-
men. The arm docked closest to the pelvis should be able to accommodate an endo-
scopic stapler, should division of the rectal stump be necessary. The Xi platform has 
the added advantage of intraoperative table motion, which can aid in operating in 
more than one abdominal quadrant comfortably (Fig. 21.6).

For both Si and Xi platforms, intra-abdominal adhesions are typically assessed and 
managed laparoscopically before the robot is docked. Availability of laparoscopic 
scissors with monopolar energy is helpful during this portion of the procedure and 
adds minimal additional cost to the case. Once the robotic trocars are safely inserted, 
the patient is positioned in steep Trendelenburg position with right side down. The 
small bowel and omentum are lifted out of the pelvis into the right upper quadrant. 

Fig. 21.6 Xi robotic port 
placement
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The authors find it helpful to do this laparoscopically prior to docking the robot. The 
table is then lowered as low as it can go, and the robot is docked from the patient’s left 
side. If “targeting” is used on the Xi platform to help align the robotic arms, the 
authors prefer to target the left pelvic inlet, as this typically allows for comfortable 
reach from the splenic flexure to the pelvis. If the colon proximal to the splenic flexure 
requires mobilization, the surgeon should be prepared to undock and re-dock as nec-
essary. This can be easily accomplished with the Xi by simply rotating the boom and 
retargeting. However, with the Si platform, the patient cart may need to be moved to 
the patient’s right side. This can be quite burdensome and is often an indication for 
conversion to a laparoscopic or open approach. The bedside assistant is positioned on 
the patient’s right side. A sitting stool is provided so that the assistant can comfortably 
access the ports while staying below the level of the moving robotic arms.

Single-incision laparoscopic surgery (SILS)-assisted Hartmann’s reversal can 
also be considered, if the surgeon is appropriately trained and comfortable. Those 
who perform SILS procedures often gain abdominal access by first taking down 
the end colostomy and placing the SILS port at this location. Proponents advocat-
ing for this technique report the advantage of avoiding the adhesions often present 
in the midline from prior laparotomy. The use of an angled or flexible-tip laparo-
scope can be very helpful to overcome the difficulty encountered with the use of 
straight laparoscopic instruments and their close proximity. As the vast majority of 
surgeons do not perform SILS procedures, there are no reliable data examining 
SILS Hartmann’s reversal.

 Operative Technique: Surgical Steps

There are many nuances of technique that will vary depending on surgeon prefer-
ence and the minimally invasive approach that is selected. Here, we will describe 
the general steps of any minimally invasive Hartmann’s resection. These basic steps 
can be performed using any minimally invasive technique.

The first challenge is to safely gain entry into the peritoneal cavity and establish 
pneumoperitoneum. This can be quite challenging depending on the degree of 
intra- abdominal adhesions and is a common reason for early conversion. In gen-
eral, we allow the patients’ previous incision to guide our site of abdominal entry. 
We try to avoid entering the abdomen directly through a previous incision, as one 
is likely to encounter dense adhesions immediately underneath. If the patient has a 
lower midline or Pfannenstiel scar, then a supraumbilical direct cutdown (“Hasson”) 
technique is a good option. If their scar extends above and below the umbilicus, 
then an off-midline entry site may be better suited. For off-midline entry, our pref-
erence is to use a Veress needle in the left upper quadrant at Palmer’s point (two 
fingers below the costal margin at the genu of the rib) (Fig. 21.7). Once pneumo-
peritoneum has been achieved, a 5 mm laparoscopic camera is advanced through 
the abdominal wall inside a clear 5 mm trocar so that the surgeon can observe each 
layer of the abdominal wall as the trocar passes through it until the abdominal 
 cavity is safely entered.
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Oftentimes, taking down the colostomy with early placement of the anvil into the 
proximal colon may be the safest and “fastest” approach for entering the abdomen. 
A balloon trocar or a wound protector with a cap can be subsequently placed. This 
is an ideal strategy for those who prefer a single-incision laparoscopic approach, 
whereby the same incision is used for specimen extraction.

Once pneumoperitoneum is established and the first trocar has been placed, we 
first assess for visceral organ injury due to port placement. Next, a quick survey of 
the abdominal cavity is performed to assess the burden of the adhesive disease and 
make a decision as to whether the procedure can safely be performed with mini-
mally invasive techniques. If yes, then additional trocars should be placed.

We then proceed with complete laparoscopic adhesiolysis. This can be quite 
tedious depending on the density of adhesions. Often patients who have had severe 
peritonitis from the inciting diverticular process will form difficult to manage adhe-
sive disease. We find that delaying Hartmann’s reversal for 3 to 6 months allows for 
improvement in the adhesive burden and may help facilitate a minimally invasive 
approach. The surgeon needs to remain patient and flexible and may need to alter 
their usual trocar placement in order to handle the pattern of adhesions that are 
encountered. The rectal stump is then mobilized and inspected. Once we confirm 
that the rectal stump is suitable for creation of a colorectal anastomosis, we then 

Fig. 21.7 Veress needle 
entry
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proceed with taking down the colostomy. Great care is taken not to damage the 
colon within the abdominal wall so that it can be used for creation of the anastomo-
sis. The mucocutaneous junction will need to be trimmed from the colostomy- 
bearing segment prior to use in creating the anastomosis. The anvil of an end-to-end 
circular stapler is then secured in place to the end of the descending colon with a 
purse-string suture. The colon is then delivered back into the abdomen, and pneu-
moperitoneum is reestablished. A small wound protector can be placed through the 
colostomy site and then sealed with a cap or by twisting it in order to reestablish 
pneumoperitoneum. Alternatively, if a hand-assisted technique is used, the cap of 
the Gelport device can simply be replaced. The left colon and splenic flexure are 
then fully mobilized to ensure a tension-free anastomosis. We find that mobilization 
of the splenic flexure by starting at the inferior mesenteric vein (IMV) is very help-
ful (Fig. 21.8). Creating a plane between the mesocolon and the retroperitoneum 
underneath the IMV allows access to a “virginal plane” that has been undisturbed 
by the previous peritonitis.

A colorectal anastomosis is then performed in the typical fashion. An air leak test 
can be performed by using a laparoscopic suction irrigator to submerge the anasto-
mosis while occluding the proximal colon with an atraumatic grasper.

 Pitfalls and Troubleshooting

The timing of Hartmann’s reversal is largely surgeon dependent, with most advocat-
ing for a delay of several months from the index operation. This allows for reduction 
in the postoperative and/or postinfection inflammation seen after emergency sur-
gery. While patients may push for early colostomy reversal for convenience, allow-
ing for some delay may provide for lessening of the degree of adhesions and 
facilitate the reversal. Reversal is typically delayed by 2–3 months, although this 
may be delayed by 6 months or more in cases of delayed wound closure, malnutri-
tion, or other long-lasting sequelae of intra-abdominal sepsis.

Adhesions make minimally invasive Hartmann’s reversal technically challeng-
ing. Access to an experienced assistant can be invaluable during these difficult 

Fig. 21.8 Medial to 
lateral mobilization of 
splenic flexure
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cases. Having a senior-level trainee or partner available may help reduce frustration 
and operative time.

Conversion from a minimally invasive to open approach should not be consid-
ered failure. The goal of the operation is successful reversal of the colostomy, and 
the operation should only be considered a failure if the rectal stump cannot be sal-
vaged and reversal is not possible. Oftentimes, this decision to convert to open is 
made relatively early in the course of the operation. Dense intra-abdominal or pelvic 
adhesions may preclude adequate visualization. If the surgeon is comfortable with 
laparoscopic or robotic adhesiolysis, this can be attempted once adequate port 
placement has been achieved. Hasson entry in the supraumbilical midline or initial 
colostomy takedown and port placement via this aperture are both reasonable strate-
gies for safe abdominal entry.

Minimally invasive Hartmann’s reversal operations can be complicated by nui-
sance bleeding caused by management of intra-abdominal or pelvic adhesions. The 
use of a laparoscopic suction irrigator can help evacuate blood, which may obscure 
your view of the operative field. Alternatively, introduction of a sponge or laparot-
omy pad into the abdomen can be helpful for the evacuation of blood or clot. This 
can also be used to clean the laparoscope should the lens become soiled during the 
operation.

Should splenic flexure mobilization become necessary, a medial to lateral 
approach can be performed. Incising the peritoneum beneath the IMV and entering 
the retromesenteric plane at this location may allow for easier flexure takedown. 
Peritonitis from perforation and prior surgery may make lateral to medial mobiliza-
tion of the left colon and splenic flexure difficult. Taking advantage of the “virginal” 
retromesenteric plane may facilitate flexure mobilization and avoid potential injury 
to the colon conduit.

Even with complete mobilization of the splenic flexure, sufficient reach may not 
be achieved in all cases. This can happen if a significant portion of the left colon had 
been resected at the index operation or if the remaining left colon is diseased, isch-
emic, or otherwise unusable. In such scenarios, the transverse mesocolon may not 
be long enough to allow a tension-free anastomosis between the distal transverse 
colon and the rectum. While one option would be to abort the procedure and re- 
mature the end colostomy, one can consider mobilization and counterclockwise 
rotation of the right colon with anastomosis of the right or proximal transverse 
colon to the rectum (Deloyers procedure). The transverse colon is sacrificed during 
this procedure to allow for right colon to rectum anastomosis. The blood supply to 
the right colon must, obviously, be carefully preserved. A variation of this is the 
Turnbull procedure, in which a window is created in an avascular portion of the 
terminal ileal mesentery allowing the proximal colon to be passed in a retroileal 
fashion to the colorectal anastomosis.

Dense pelvic inflammation may hamper attempts at mobilization of the rectal 
stump. At times, the stump can become completely retroperitonealized, making 
initial identification difficult. Having an assistant pass an EEA sizer or large bougie 
transanally may help in identification of the top of the stump and may help define 
the course of the rectum in the pelvis. Once identified, entering the presacral space, 
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which is seldom violated at the original operation, may allow for easier mobiliza-
tion of the rectum. This dissection is usually begun at the sacral promontory. 
Ureteral catheters can be helpful in identification of the ureters at this level. 
Resection of the fibrotic proximal rectal stump is often required, to allow anasto-
mosis to soft, pliable rectum.

 Outcomes

The literature outlining the clinical outcomes of minimally invasive Hartmann’s 
reversal continues to evolve. While the proportion of patients who never undergo 
colostomy closure remains high, it appears that more reversal surgeries are being 
performed using minimally invasive techniques.

Several studies have examined outcomes of laparoscopic Hartmann’s reversal, 
which are summarized in Table 21.1. Pei and colleagues examined national trends 
and outcomes in laparoscopic colostomy reversal using the American College of 
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) [9]. By 
2014, up to 74% of reversal surgeries were performed laparoscopically, with an 
annual increase of 2.87% per year during the study period. Laparoscopic reversal 
was associated with shorter hospital length of stay and lower overall complication 
rates when compared to open surgery.

Table 21.2 summarizes several studies that compared outcomes of laparoscopic 
and open Hartmann’s reversal. Most studies demonstrated slightly shorter operative 
times and shorter length of stay in the laparoscopic group compared to open. 
However, since these studies were not randomized, selection bias likely skewed the 
laparoscopic group toward less challenging cases.

Arkenbosch and colleagues examined the same database, identifying patients 
undergoing Hartmann’s reversal between 2005 and 2012 [12]. Only 17.6% of 
patients underwent a laparoscopic procedure. Patients in this group tended to have 
a lower BMI, shorter operations, and a lower overall morbidity. Rates of 

Table 21.1 Outcomes of laparoscopic Hartmann’s reversal

Year Author Data source
Conversion 
rate (%)

Major findings in laparoscopic reversal 
over open reversal

2018 Park [8] Single 
institution

49 Lower morbidity, shorter LOS

2018 Pei [9] ACS-NSQIP N/A % of laparoscopic reversal increased 
over time

2017 Brathwaite [10] ACS-NSQIP N/A Less SSI, shorter LOS
2017 Horesh [11] Multi- 

institution
27.2 N/A

2015 Arkenbosch [12] ACS-NSQIP N/A Lower morbidity, shorter LOS
2014 Richards [13] Multi- 

institution
64 N/A

2013 Lin [7] Single 
institution

47 Lower morbidity
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reoperation, incisional and organ space surgical site infection, and sepsis were also 
lower in the laparoscopic group. A similar study by Brathwaite and colleagues dem-
onstrated identical results [10].

Despite increased experience and comfort with minimally invasive techniques 
including robotic surgery, conversion rates of Hartmann’s reversal remain high, and 
they have not yet been consistently demonstrated to have decreased over time. It is 
not yet clear what impact the introduction of robotics will have on conversion rates 
since very limited data are currently available on this.

 Conclusion

Minimally invasive Hartmann’s reversal is often a challenging operation, requiring 
careful patient selection and preoperative planning. Advanced training in minimally 
invasive colorectal surgery is essential in achieving acceptable outcomes and limit-
ing complications. Rates of conversion to open surgery remain high but should not 
be interpreted as a failure. Successful completion of minimally invasive surgery is 
associated with lower postoperative morbidity and shorter length of hospital stay. 
Surgeons should be comfortable with the various minimally invasive techniques 
available, applying them as applicable. A significant learning curve for minimally 
invasive colorectal surgery exists, and this should be kept in mind prior to attempt-
ing laparoscopic or robotic Hartmann’s reversal surgery.
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22Principles of Rectal Cancer Management: 
Preoperative Staging, Neoadjuvant 
Treatment, Basic Principles of TME, 
and Adjuvant Treatment

Emmanouil Pappou and Martin R. Weiser

 Introduction and Rationale

Rectal cancer was considered incurable up until the eighteenth century, when tech-
niques to remove the rectum were developed. With innovations in anesthesia and the 
advent of aseptic technique, proctectomy became more radical and aggressive. In 
1908, William Ernest Miles described his technique of a combined abdominal and 
perineal resection (APR) with en bloc removal of all associated lymph nodes in 
upward, lateral, and downward directions (cylindrical concept), introducing the 
basis for curative rectal cancer surgery. The widespread acceptance of Miles’ APR 
represented an acknowledgment that cancer surgery should be based on anatomical 
and biological principles. In 1910, the American surgeon Donald Balfour described 
a technique of anterior resection with construction of a primary end-to-end anasto-
mosis, which didn’t gain acceptance, as it was thought that this operation was not 
radical enough. However, Miles’ concept concerning the spread and recurrence of 
rectal cancer was subsequently proven wrong when Cuthbert Dukes, an English 
pathologist at St. Mark’s Hospital, demonstrated that downward and lateral spread 
from rectal cancer was overestimated by Miles, as the majority of metastatic lymph 
nodes were either parallel to or proximal to the level of the primary tumor. This 
observation initiated the historical shift to sphincter-saving procedures. Claude 
Dixon, surgical chair at the Mayo Clinic, reported in 1948 a mortality rate of 2.6% 
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and a 5-year survival of 64% with anterior resection, establishing the technique as 
an accepted treatment for upper and middle rectal cancers. The understanding in the 
1970s that a distal margin of 1–2 cm did not compromise survival or local control 
initiated the shift from APR to anterior resection even for low-rectal tumors. Circular 
stapling devices, first conceived in Russia and introduced in the United States by 
Steichen and Ravitch, revolutionized rectal surgery by facilitating the creation of 
low colorectal anastomoses in a safe and expeditious manner while reducing the 
risk of anastomotic leakage. Interest in lateral tumor spread was renewed when 
Quirke and Dixon found that there was a high predictive value of the involvement 
of the circumferential resection margin (CRM) for the subsequent development of 
local recurrence and poor survival. Bill Heald popularized a low anterior resection 
technique he termed “total mesorectal excision” (TME), which involves en bloc 
resection of the tumor and mesorectum using sharp dissection under direct vision 
and along embryologically defined surgical planes, resulting in decreased rates of 
positive lateral margins and lower rates of local recurrence. This approach became 
the gold standard in rectal cancer surgery, along with the principle of autonomic 
nerve preservation (hypogastric nerves, inferior hypogastric plexus, and pelvic 
splanchnic nerves), which was initiated in Japan by Hojo and Moriya and promoted 
in the United States by Warren Enker.

Although at present the primary treatment of rectal cancer is centered on surgical 
resection, chemotherapy and radiation have become increasingly important. The 
concept of neoadjuvant therapy for rectal cancer was first introduced in the 1920s, 
when significant tumor response was noted following implantation of radon seeds 
directly into rectal tumors. As surgery became safer and the limitations of contact 
radiation (the only radiation treatment modality at that time) became apparent, the 
use of radiation as a primary treatment declined. After it became apparent that the 
outcomes of radical surgery were suboptimal, investigators in Europe and the United 
States explored utilizing neoadjuvant radiotherapy and chemoradiotherapy, and 
eventually the benefits of administering radiotherapy in the preoperative period in 
reducing local recurrence rates were demonstrated. Subsequent studies suggested 
that the oncologic benefits of neoadjuvant radiotherapy and good surgical technique 
were additive, not compensatory, with regard to pelvic control. Several large trials 
have since shown the benefit of preoperative radiotherapy combined with chemo-
therapy, and consensus guidelines since the 1990s have established trimodal ther-
apy – chemotherapy, radiation, and surgery – as the standard of care for locally 
advanced rectal cancer.

 Preoperative Staging

Assessment of the extent of disease at the time of diagnosis is important because 
clinical stage dictates treatment decisions. The preoperative staging of rectal cancer 
follows the clinical TNM system, based on the depth of tumor penetration in the 
rectal wall, presence of involved regional lymph nodes, and presence of distant 
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metastatic disease. However, the preoperative assessment of rectal cancer goes 
beyond determination of clinical tumor stage; it includes the distance of the tumor 
from the anal verge, its relationship to the sphincter complex and the levator mus-
cles, the proximity of the tumor to the mesorectal fascia, the involvement of sur-
rounding structures (e.g., prostate, bladder, vagina), and the presence of extramural 
venous invasion.

A complete history and physical examination are essential components of the 
initial preoperative evaluation. The physician should inquire about changes in bowel 
habits, rectal bleeding, control of flatus and stool, obstructive symptoms, recent 
weight loss or anorexia, and sacral or sciatic pain. A detailed family history should 
also be taken to rule out the possibility of a hereditary cancer syndrome.

The physical exam should focus on the presence of abdominal masses, inguinal 
lymphadenopathy, and palpable rectal masses. A careful digital rectal exam should 
be performed, noting the resting anal tone, anal squeeze, and length of the surgical 
anal canal. If a mass is encountered, its orientation, quality (hard vs. soft, mobile vs. 
fixed), and distance both from the anal verge and more importantly from the sphinc-
ter complex (anorectal ring) should be noted. A hard mass in the pouch of Douglas 
felt on digital rectal exam may indicate peritoneal carcinomatosis.

The lumen of the rectum should be examined with either a rigid proctoscope or 
flexible sigmoidoscopy, although tumor location is most accurately measured by 
rigid proctoscopy. This allows for accurate assessment of tumor orientation, loca-
tion in relation to the rectal folds (proximal, middle, and distal Houston’s valves), 
circumferential involvement, proximal and distal extent of the tumor, and whether 
the tumor is obstructing or near-obstructing. If the diagnosis of invasive cancer has 
not yet been confirmed, additional biopsies should be taken.

Laboratory studies including complete blood count, coagulation parameters, 
chemistry panel, and carcinoembryonic antigen (CEA) level are generally obtained 
prior to start of treatment.

Whenever possible, the patient should have a full colonoscopy because synchro-
nous polyps and synchronous colorectal cancers are present in up to 30% and up to 
5.3% of rectal cancer patients, respectively. If a full colonoscopy is not possible at 
the outset, it can be attempted after tumor downsizing by neoadjuvant therapy. 
Alternatives include CT colonography (virtual colonoscopy) and intraoperative pal-
pation of the colon. In cases where a complete colonoscopy is not feasible prior to 
an operation, a short-interval surveillance colonoscopy should be performed 
3–6 months after surgery.

Accurate pretreatment locoregional staging is needed to assess the depth of 
tumor penetration through the rectal wall as well as the presence of suspiciously 
enlarged regional lymph nodes. The two most commonly utilized imaging modali-
ties for locoregional staging are endorectal ultrasound (ERUS) and magnetic reso-
nance imaging (MRI).

ERUS is used to evaluate the depth of tumor invasion through the rectal wall and 
to detect any enlarged adjacent mesorectal lymph nodes; it is most useful for staging 
early-stage, T1–T2 rectal cancers. The main advantages of ERUS are its low cost 
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and ability to distinguish between Tis, T1, and T2 tumors (Fig. 22.1a–d). However, 
it has a relatively short focal range, is inferior at evaluating the mesorectal fascia, 
and cannot assess pelvic lymph nodes that are remote from the rectum. It is also 
limited by operator skill and is associated with a substantial learning curve.

Rectal MRI (specifically high-resolution T2-weighted images including a nar-
row field of view of the rectum) provides the best assessment of the rectal wall and 
perirectal fat and is considered the best modality for distinguishing T2–T4 tumors 
(Fig. 22.2a, b). It provides high tissue resolution and excellent anatomical depiction 
of the rectum, the mesorectum, the mesorectal fascia, the levator muscles, other 
pelvic structures adjacent  to the tumor, and possible extramural venous invasion. 
Advanced functional sequences such as diffusion-weighted imaging permit the 
quantification of tumor biologic processes such as microcirculation, vascular 

a
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Fig. 22.1 (a–d) Endorectal ultrasound in rectal cancer staging. The sonographic 5-layer structure 
of the rectal wall consists of 3 hyperechoic layers (interface between the balloon and mucosa, 
submucosa, and perirectal fat/serosa) separated by 2 hypoechoic layers (muscularis mucosa and 
muscularis propria). Lesions are T staged as uT0/uTis when the mass is within the hypoechoic M. 
mucosa layer, as uT1 when invading the hyperechoic submucosal layer, and as uT2 if they cause a 
distinct break in the submucosal layer and invade into the hypoechoic muscularis propria layer. 
(All images used with permission of Springer Nature from Valinluck Lao and Fichera [53].)
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permeability, and tissue cellularity and are useful in the assessment of response to 
neoadjuvant therapy. However, it is often difficult to distinguish the submucosa 
from the muscularis propria on MRI, and therefore differentiating T1 and T2 tumors 
can be difficult, and overstaging can occur. Tumor distance from the mesorectal 
fascia is highly predictive of achieving a negative CRM; it has prognostic implica-
tions for local recurrence and patient survival and has become one of the most 
important parameters in the preoperative evaluation. The excellent accuracy of MRI 
in delineating the mesorectal fascia – producing results comparable to those of his-
tological analysis – was demonstrated by a large European multicenter trial known 
as the MERCURY study, in which 349 patients underwent preoperative MRI assess-
ment, followed by TME surgery. MRI was found to be accurate within 0.5 mm, with 
a specificity of 92%, in predicting a clear CRM [1]. MRI with a rectal cancer proto-
col has become more widely available and has replaced ERUS as the primary imag-
ing modality used for the locoregional staging of rectal cancer, although ERUS 
remains useful for staging of early T1–T2 tumors.

The National Accreditation Program for Rectal Cancer (NAPRC) that was devel-
oped through a collaboration with the Commission on Cancer (CoC), a quality pro-
gram of the American College of Surgeons, considers rectal MRI the standard for 
the pretreatment staging of rectal cancer. ERUS can be used in addition to rectal 
MRI for small rectal lesions (T1/T2) to improve accuracy of T staging.

A CT scan of the chest, abdomen, and pelvis with oral and intravenous contrast 
should be obtained to exclude distant metastases, which are present in up to 20% of 
patients at the time of diagnosis. PET-CT is not routinely used for initial staging.

 Indications and Contraindications

One of the difficulties in constructing algorithms and guidelines for treatment of 
rectal cancer is that treatment decisions must take into account multiple variables, 
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Fig. 22.2 (a, b) Magnetic resonance imaging in rectal cancer staging. Routine use of rectal MRI 
in the context of a multidisciplinary assessment of rectal cancer has been used to plan neoadjuvant 
therapy and surgery and has been shown to reduce the incidence of positive circumferential mar-
gins. Axial and sagittal views of a locally advanced rectal cancer are shown, depicting extramural 
venous invasion and enlarged obturator lymph nodes
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including tumor location, fixation, circumferential involvement of the rectum, the 
tumor’s relation to the pelvic floor muscles, pelvic morphology, clinical stage, pres-
ence of symptoms and degree of obstruction, presence and location of metastases, 
continence status, prior treatments, and patient preferences. It is virtually impossi-
ble to create straightforward guidelines that account for all of these factors. At pres-
ent, the clinician caring for patients with rectal cancer must be able to tailor 
recommendations for therapy based on the characteristics of the tumor, and the 
patient, and have a firm grasp of the rationale and the existing data supporting any 
proposed treatment plan.

In a number of European countries, treatment decisions are based on MRI find-
ings of tumor aggressiveness including the proximity of the primary tumor to the 
mesorectal fascia, the depth of tumor invasion, the presence of metastatic lymph 
nodes, and the presence of venous invasion (Fig. 22.3). While this algorithm is intui-
tive, its utility has not been yet evaluated in prospective trials [2]. A simplified ver-
sion of the National Comprehensive Cancer Network guidelines for locally advanced 
rectal cancer is also shown (Fig. 22.4).

 Local Excision for Early-Stage Rectal Cancer

Transanal endoscopic surgery for rectal cancer is covered in Chap. 39 in more detail. 
Historically, local excision was associated with high recurrence rates; however, the 
advent of accurate preoperative staging, tumor downstaging following neoadjuvant 
therapy, and the development of new surgical techniques such as transanal endo-
scopic microsurgery and transanal minimally invasive surgery have resulted in 
increased interest in local excision. Currently, the National Comprehensive Cancer 

Patients with rectal cancer

TME

Preoperative
short-course radiation

TME
Adjuvant chemotherapy
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Adjuvant chemotherapy 

High risk: “The Ugly”
T4 (other than posterior

vaginal wall)
N0/1/2

MRF involved
Risk of LR > 20%

Low risk: “The Good”
T1-T3 (< 5 mm) mid/upper rectum
T1-T3 (superficial) lower rectum
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Extramural vascular invasion: no

MRF clear
Risk of LR < 10%
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T3 (> 5 mm)

T4 (posterior vaginal wall only)
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Extramural vascular invasion: yes
MRF clear (> 1 mm)
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Fig. 22.3 European model of stratification for patients with rectal cancer based on magnetic reso-
nance imaging. Abbreviations: MRF, mesorectal fascia; LR, local recurrence; TME, total mesorec-
tal excision. (Source: Ferrari and Fichera [54]. Published under the terms of the Creative Commons 
CC License.)
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Network (NCCN) guidelines state that candidates for full-thickness local resection 
include patients with Tis and T1 tumors up to 3 cm that are well to moderately dif-
ferentiated, occupy less than one-third of the rectal lumen’s circumference, and are 
located within 8 cm from the anal verge. Any local resection that results in a final 
margin less than 1  mm or that demonstrates high-risk features for lymph node 
metastasis, such as lymphovascular invasion, poor differentiation, tumor budding, 
or penetration of the lower third of the submucosa in the final pathology specimen, 
should be followed by a formal proctectomy.

 Radiotherapy in Combination with Local Excision

Preoperative chemoradiation can be used in combination with local excision for 
selected patients. A number of retrospective studies have shown good local control 
rates in patients treated with preoperative chemoradiation in combination with local 
excision. These studies primarily evaluated patients who were not candidates for radi-
cal excision or patients who declined proctectomy. A retrospective study conducted at 
MD Anderson Cancer Center reported outcomes in patients with T3 rectal cancer 
treated with preoperative radiation (45–52.5 Gy) and concurrent fluorouracil [3]. Of 
the 47 treated with local excision, 49% had a pathologic complete response (pCR), and 
36% had microscopic residual disease after chemoradiation. The 10-year actuarial risk 
of local recurrence was 10.6%, in comparison with 7.6% in a cohort of 473 patients 
treated with TME at the same institution. Similarly, a retrospective study conducted in 
Korea showed a 5-year rate of local relapse-free survival of 89% in 27 patients with 

Clinical Stage Primary Treatment Adjuvant Treatment

Transabdominal
resection

Resection contraindicated

Transabdominal
resection

Capecitabine/RT
or inf. FU/RT or
bolus FU/LV/RT

CT
-FOLFOX or
CapeOC or
-FU/LV or
capecitabine

Surveillance

SurveillanceFOLFOX or CapeOx
or FLOX or FU/LV
or capecitabine

Active CT regimen
for advanced
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Resection contraindicated

Active CT regimen for advanced disease

CRT
-Cape/RT or
inf. FU/RT* or
bolus FU/LV/RT

T3, N0 or
T any, N1-2 or T4 and/or
locally unresectable or
medically inoperable

Fig. 22.4 A simplified version of the National Comprehensive Cancer Network algorithm for 
locally advanced rectal cancer. Abbreviations: CRT, chemoradiation; CT, chemotherapy Cape, 
capecitabine; RT, radiation therapy; CapeOx, capecitabine plus oxaliplatin; inf., infusional; FLOX, 
bolus fluorouracil, leucovorin, and oxaliplatin; FOLFOX, infusional fluorouracil, leucovorin, and 
oxaliplatin; FU, fluorouracil; LV, leucovorin
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mostly T3 rectal cancer treated with preoperative chemoradiation and local excision 
[4]. Another retrospective study conducted in the United States reported outcomes in 
44 patients with T2–T3 rectal cancer treated with preoperative chemoradiation and 
full-thickness local excision [5]. Pathologic complete responses were seen in about 
43% of patients. The results of all these studies should be interpreted with great caution 
given their small size and retrospective nature. Careful selection of patients likely con-
tributed to these results, as suggested by the high proportion of patients with pCR. At 
this point, the combination of preoperative chemoradiation and full-thickness local 
excision for T1–T3 rectal cancer appears appropriate only for patients who are medi-
cally unfit for proctectomy or who refuse radical surgery. Prospective randomized stud-
ies are needed to validate the long-term safety of this approach [6].

 Principles and Quality Benchmarks of Total Mesorectal 
Excision

This chapter will focus on the principles of complete TME for mid- or low-rectal 
tumors. For tumors of the rectosigmoid or upper rectum, the mesorectal excision 
should be extended to 5 cm distal to the lower edge of the tumor, and the mesorec-
tum should be divided perpendicular to the axis of the rectum (Fig. 22.5). As some 
of the distal mesorectum is left in the pelvis along with the distal rectal stump, this 
operation is known as tumor-specific TME (TSME), to distinguish it from the com-
plete TME, and is covered in Chap. 23. Radical proctectomy with complete TME 
remains the gold standard for locally advanced mid- to low-rectal cancer. Surgical 
treatment of rectal cancer is aimed at eradicating the primary tumor and its lym-
phatic drainage by en bloc removal of the rectum and the mesorectum, following 
well-defined anatomical planes. TME requires sharp dissection under direct vision 
along the areolar tissue plane situated between the visceral and parietal layers of the 
endopelvic fascia. A sharp dissection along the mesorectal plane is associated with 
a higher probability of achieving a negative CRM, lower risk of bleeding from inad-
vertent tearing of the presacral veins, and reduced risk of injuring the hypogastric 
and pelvic nerves. The basic principles of TME are as follows:

 1. Sharp dissection circumferentially around the mesorectum along an avascular 
areolar plane between the visceral and parietal layers of the endopelvic fascia.

 2. Identification and preservation of the autonomic nerve plexus that controls blad-
der and sexual function.

 3. Prevention of tearing of the mesorectum, especially posteriorly when dividing 
the rectosacral fascia.

 4. Achieving a CRM that is macroscopically clear of tumor. If the tumor extends to 
the CRM, a more extensive resection is necessary. This would include removal 
of a portion of the parietal layer of the endopelvic fascia and any additional ana-
tomic structures involved by tumor.

The quality of TME surgery is reflected in the appearance and integrity of the 
mesorectum in the removed specimen (Fig.  22.6). Quirke and colleagues have 
described a grading system  that classifies rectal cancer specimens according to 
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Tumor
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Total mesorectal
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Tumor-specific bowel
and mesorectum
transection

Mesorectum

Rectum

Fig. 22.5 In tumor-specific TME for high rectal cancers, the rectum and mesorectum are divided 
perpendicularly to the rectal wall 5  cm below the level of the tumor. For mid- and low-rectal 
tumors, complete TME is performed, removing the entire mesorectum to the level of the levator 
muscles. (Used with permission of Springer Nature from Hakiman et al. [55].)
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Fig. 22.6 Grading of removed rectal cancer specimens. (a) demonstrates the posterior surface of 
an intact mesorectum consistent with a complete TME grade. (b) demonstrates superficial defects 
in the posterior mesorectum consistent with a near-complete TME grade. (c) demonstrates a speci-
men with incomplete TME grade, with exposed muscularis propria. (All images  courtesy of 
Patricia Sylla, MD.)
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whether the surgeon has dissected outside the mesorectal fascia in the correct plane 
(mesorectal excision plane) or has violated the mesorectum, leaving mesorectal tis-
sue behind the pelvis following either a plane within the mesorectum (intra- 
mesorectal excision plane) or directly on the muscularis propria (muscularis propria 
excision plane) [7]. The macroscopic quality of mesorectal excision completeness 
has been found to be an independent predictor of local recurrence and survival, even 
in patients with an uninvolved CRM [8].

Adequate lymphadenectomy requires division of the lymphovascular pedicle at 
the origin of the superior rectal vessels. This can be achieved by ligation of the infe-
rior mesenteric artery distally to the branching of the left colic artery (low ligation), 
or in cases where clinically suspicious nodes are present at the origin of the inferior 
mesenteric artery (IMA), by dividing the IMA close to its origin (high ligation). We 
routinely perform high ligation of the IMA at our institution. In either case, all sig-
moidal branches should be included in the surgical specimen, and therefore the 
colon should ideally be proximally divided at the junction of the descending and the 
sigmoid colon, incorporating the sigmoid colon in the surgical specimen. As distal 
tumor extension along the rectal wall is limited for mid- and low-rectal cancers, a 
distal margin of 1–2  cm of normal rectal wall is considered adequate for most 
tumors.

Patients with low-rectal cancer <5 cm from anal verge may still be treated with a 
sphincter-sparing technique. Options include a hand-sewn coloanal anastomosis if 
the tumors are >1 cm from the sphincter complex, and either partial internal anal 
sphincter resection for tumors <1 cm from the internal anal sphincter or complete 
intersphincteric resection for tumors involving the internal anal sphincter but spar-
ing the external anal sphincters and levators [9].

For many cancers located in the distal rectum, specifically those infiltrating the 
levator muscles or the anal sphincter, an oncologically safe CRM and/or distal 
resection margin is not compatible with sphincter preservation, and an APR is there-
fore necessary. In a more radical version of conventional APR, the coccyx is 
removed en bloc with the rectum and the levators, resulting in a surgical specimen 
that has a cylindrical appearance; this procedure is called cylindrical or extralevator 
APR. Some surgeons question the need to entirely remove both levator muscles and 
recommend removing only the portion of the levators required to clear the tumor. 
The choice between standard and extralevator APR is controversial. The potential 
oncologic benefit of larger tissue removal needs to be weighed against the increased 
morbidity associated with a larger perineal defect, particularly in patients treated 
with neoadjuvant radiotherapy.

Optimal resection of rectal cancer according to the oncological principles of 
TME can be achieved by open or minimally invasive (laparoscopic or robotic) sur-
gical techniques. Multiple trials have demonstrated the feasibility and safety of 
laparoscopic and robotic surgery for rectal cancer [10–12]. Transanal TME (taTME) 
is a more recently described minimally invasive approach for dissection of the distal 
rectum in patients with a narrow pelvis [13, 14]. With this technique, lymphovascu-
lar control, the entire colonic mobilization, and dissection of the upper rectum are 
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performed using conventional transabdominal laparoscopy. The dissection of the 
distal rectum and mesorectum is performed transanally through an endoscopic plat-
form. The lumen of the rectum is closed with a purse-string suture to avoid contami-
nation, and the rectal wall is incised circumferentially distal to the tumor. The 
dissection is carried cephalad until the abdominal field is reached. The specimen is 
then removed, and the anastomosis is performed through the anus. This approach 
allows the surgeon to choose precisely the point for transecting the rectum while 
visualizing the distal edge of the tumor. Transanal TME has been associated with 
low conversion rates and preliminary oncologic outcomes equivalent to that of 
abdominal TME. Several trials are underway to assess long-term outcomes relative 
to laparoscopic TME. Please refer to the chapters on laparoscopic and robotic TME 
(Chaps. 23 and 24) for more details on operative setup and techniques of minimally 
invasive TME.

 Multidisciplinary Management

There is increasing evidence to suggest the benefits of a multidisciplinary approach 
in patients with rectal cancer, involving surgical, medical, and radiation oncologists, 
radiologists, and pathologists [15]. Rectal cancer centers of excellence have been 
successfully established in several European countries over the past decade, and 
similar efforts in standardizing care have begun in the United States [16]. 
Multidisciplinary tumor (MDT) boards may change the clinical management in a 
non-negligible proportion of rectal cancer patients, creating a tailored plan for every 
individual patient [17].

Cancer outcomes are better when patients are managed according to the prin-
ciples of MDT care. MDTs are associated with improved clinical decision-mak-
ing, clinical outcomes, and patient experience in several cancer types, including 
rectal cancer. Implementation of an MDT approach to rectal cancer care in several 
European countries has resulted in reduced rates of local recurrence, lower rates 
of permanent stoma, and improved overall survival [18, 19]. We strongly encour-
age referral of rectal cancer patients to high-volume centers with established 
MDTs.

 Pitfalls and Troubleshooting

Adhering to the traditional principles of following the avascular embryologic planes 
during dissection, proper tissue handling, ensuring adequate blood supply of the 
colon conduit, and avoiding tension of the anastomosis remain essential to optimiz-
ing outcomes after rectal cancer surgery. All colorectal anastomoses should undergo 
leak testing regardless of the donut integrity. Methods for creating adequate colon 
conduit length for a technically sound colorectal or coloanal anastomosis include 
complete mobilization of the splenic flexure and the colon mesentery, division of 
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the inferior mesenteric vein proximally near the ligament of Treitz, and ligation of 
the inferior mesenteric artery proximally to the left colic artery (high ligation). In 
cases when, despite full mobilization of both the mesentery and the left colon, the 
conduit doesn’t reach the pelvis, or in cases of marginal artery injury, options 
include performing a total colectomy and an ileorectal anastomosis or rotating the 
right colon 180° around the ileocolic pedicle in an effort to preserve the ileocecal 
valve (Deloyers procedure) or performing a retroileal anastomosis between the 
ascending colon and rectum [20].

 Oncologic Outcomes with TME

TME has been associated with improved local control and survival rates. The local 
recurrence rate following TME ranges from 4% to 10%. This represents an improve-
ment compared with local recurrence rates following the conventional blunt 
approach, which range from 15% to 45% with or without chemoradiation or radia-
tion. Local recurrence and survival from selected representative studies on TME are 
shown in Table 22.1 [21–25]. Radiation or chemoradiation in addition to TME has 
further decreased local recurrence rates.

The importance of TME technique in local recurrence has been demonstrated 
in Sweden, Norway, and the Netherlands, where implementation of educational 
programs and hands-on surgical TME workshops were shown to markedly reduce 
local recurrence, improve survival, and reduce the permanent stoma rate 
(Table 22.2) [26–28].

Table 22.1 Representative studies assessing local recurrence and survival following TME 
surgery

Author Country Year N Local recurrence (%) Five-year survival (%)
MacFarlane et al. [21] UK 1993 135 4 78
Enker et al. [22] Germany 1995 246 7 74
Arbman et al. [23] Sweden 1996 128 6 68
Bjerkeset et al. [24] Norway 1996 81 4 65
Heald et al. [25] UK 1998 405 3 80

N, number of patients

Table 22.2 Local recurrence 
rates before and after the 
introduction of and training 
in TME in Northern Europe 

Country Local recurrence rate
Pre-TME era Post- TME era

Norway [26] 12% 6%
Netherlands [27] 16% 9%
Stockholm [28] 14% 6%

E. Pappou and M. R. Weiser



343

 Functional Outcomes with TME

High rates of postoperative bowel, sexual, and urinary dysfunction have been a 
well-known phenomenon in rectal cancer surgery, ranging between 30% and 60% 
[29]. Bowel dysfunction, otherwise referred to as low anterior resection syndrome 
(LARS), is present in up to 50–60% of patients after TME; symptoms may include 
incontinence, frequent bowel movements, bowel emptying difficulties, and urge, 
and may affect quality of life significantly. Outcomes in urologic and sexual func-
tion improved with the advent of sharp dissection and precise technique used in 
TME, which made the identification and preservation of the autonomic pelvic 
nerves an integral part of the procedure. In an early study of 42 men undergoing 
sphincter-preserving operations for treatment of rectal cancer, Enker demonstrated 
high rates of potency (86.7%) and normal ejaculation (87.9%) with the introduction 
of nerve-preserving TME [30]. In a comprehensive, retrospective study in both 
women and men, Havenga reported the sexual and urinary function of 136 patients 
undergoing nerve-sparing TME for cancer [31], as assessed by survey. The ability 
to engage in intercourse was maintained by 86% of patients younger than 60 years 
of age and by 67% of patients 60 years and older. Eighty-seven percent of men 
maintained their ability to achieve orgasm. Type of surgery (APR compared to 
LAR) and age greater than 60 were significantly associated with worse male sexual 
function. Women had similarly good results, with 85% able to experience arousal 
with vaginal lubrication and 91% able to achieve an orgasm. The majority of patients 
had few or no complaints related to urinary function. Serious urinary dysfunction 
such as neurogenic bladder was not encountered in this study. The importance of 
autonomic nerve identification and preservation during TME was also highlighted 
in a study by Shirouzu and colleagues, who assessed outcomes of 403 patients 
undergoing TME with or without nerve-sparing over a 20-year period [32]. In 
patients who underwent TME with nerve preservation, urinary function was pre-
served in over 80% of patients, erection in 79%, and ejaculation in 65%, whereas 
when TME was performed without nerve preservation, urinary disorders were 
found in over 90% and sexual dysfunction in virtually all patients, even in those 
younger than age 60.

 Preoperative Versus Postoperative Chemoradiation

Multiple trials have established preoperative chemoradiation as a standard of care 
for patients with stage II and III rectal cancer. The German CAO/ARO/AIO-94 trial 
was the landmark study that established the superiority of preoperative chemoradia-
tion over postoperative chemoradiation for rectal cancer [33]. In this trial, 823 
patients were randomized to receive either preoperative chemoradiation or postop-
erative chemoradiation, along with TME and adjuvant chemotherapy with bolus 
fluorouracil and leucovorin. Patients in the preoperative chemoradiation arm had 
significantly lower 5-year rates of local relapse (6% vs. 13%, p = 0.006), higher 
rates of sphincter preservation (39% vs. 20%), and lower rates of toxicity (grade 3–4 
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acute toxicity, 27% vs. 40%; grade 3–4 late toxicity, 14% vs. 24%); however, there 
was no significant difference in overall or disease-free survival between the two 
arms [33, 34]. Even after a median follow-up of 11 years, patients in the preopera-
tive chemoradiation arm had a significantly lower 10-year rate of local relapse (7% 
vs. 10%, p = 0.048) [34]. The National Surgical Adjuvant Breast and Bowel Project 
R-03 trial, in which patients were randomized to either preoperative or postopera-
tive chemoradiation, provided further support for the use of preoperative chemora-
diation [35]. Unlike in the German trial, the 5-year rate of disease-free survival was 
significantly higher (65% vs. 53%, p = 0.011) in patients who received chemoradia-
tion preoperatively. The results of this trial provided general support for the preop-
erative approach; however, they should be interpreted cautiously, as the trial enrolled 
only 267 patients instead of 900 as was initially planned. Two randomized trials 
have compared preoperative chemoradiation and preoperative long-course radiation 
alone: the European Organization for Research and Treatment of Cancer (EORTC) 
22,921 trial, which included 1,011 patients, and the Federation Francophone de 
Cancerologie Digestive (FFCD) trial, which included 762 patients [36–38]. Both 
trials showed that preoperative chemoradiation resulted in significantly higher rates 
of pathologic complete response and significantly lower rates of local recurrence, 
with somewhat higher toxicity.

 Short-Course Radiotherapy

Preoperative short-course radiotherapy (SCRT) is used mainly in Scandinavia, 
the Netherlands, and the United Kingdom. It consists of a radiation schedule of 
25 Gy delivered in a single week, with 5 treatments of 5 Gy each (5 × 5). SCRT 
offers the potential benefits of shorter duration of treatment, more efficient uti-
lization of resources, and lower cost compared to traditional long-course chemo-
radiation. However, the higher dose per fraction increases the risk of delayed 
toxicity, and tumor regression is lower with SCRT. Two prospective randomized 
trials comparing SCRT with long-course chemoradiation have reported equiva-
lent local tumor control for the two regimens, and the selection between SCRT 
and long-course chemoradiation is usually based on doctor and patient prefer-
ence [39].

Recent results from the Stockholm III trial suggest that an 8-week interval 
between the end of SCRT and surgery may be more beneficial than the conventional 
3- to 7-day interval [40]. In this trial, 840 patients with intermediate-risk (locally 
advanced) rectal cancer were randomized to preoperative radiotherapy using SCRT 
with either immediate (3–7 days) or delayed (4–8 weeks) surgery, or long-course 
conventionally fractionated radiotherapy (25 × 2 Gy) without chemotherapy and 
delayed surgery (4–8 weeks). The trial showed no difference in  local recurrence 
rates, distant metastases, or recurrence-free or overall survival between the 3 arms. 
Postoperative mortality was the same, but postoperative morbidity (53% vs. 41%, 
p = 0.001) and surgical morbidity (36% vs. 28%, p = 0.03) were higher in patients 
who underwent SCRT with immediate surgery.
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 Intraoperative Radiation

Intraoperative radiotherapy (IORT) involves the delivery of a single, large dose of 
radiation (biologically equivalent to 2–3 times its nominal dose) intraoperatively to 
high-risk areas, using either electron beams or high dose-rate brachytherapy appli-
cators. IORT allows radiation to be delivered to a small, specified area that is at 
highest risk of recurrence, taking advantage of direct visualization of the treated 
area and operative mobilization of normal structures away from the radiation field. 
A recent systematic review and meta-analysis of 29 studies including a total of 
3,003 patients on IORT for locally advanced or recurrent colorectal cancer indicated 
a significant improvement in local control (odds ratio, 0.22; p = 0.03), disease-free 
survival (hazard ratio, 0.51; p  =  0.009), and overall survival (hazard ratio, 0.33; 
p = 0.001), albeit at the expense of an increase in wound complications (odds ratio, 
1.86; p = 0.049), but no significant difference in total complications [41]. IORT 
therefore appears to result in favorable perioperative and long-term outcomes and 
should be considered for selected patients who are at high risk of local recurrence.

 Selective Omission of Radiotherapy and Neoadjuvant 
Chemotherapy

Certain patient subgroups have a relatively low risk of local recurrence and can 
potentially be treated without radiation, thereby avoiding the associated acute and 
late side effects.

In the multicenter MERCURY study, which evaluated the role of MRI in identi-
fying patients with low risk of local recurrence who could be treated with surgery 
without radiotherapy, 33% of patients identified as having a good prognosis based 
on specific MRI criteria (safe CRM with tumor >1 mm from the mesorectal fascia, 
no extramural venous invasion, extramural spread <5 mm, and no encroachment 
into intersphincteric plane or levators for low-rectal tumors) were treated with sur-
gery alone. Patients with good prognosis had a local recurrence rate of only 3%. 
Moreover, the 5-year rates of disease-free survival and overall survival in this group 
were 85% and 68%, respectively [42]. Based on the findings of the MERCURY 
study, good-quality rectal cancer protocol MRI and appropriate interpretation of the 
images by highly trained radiologists can be used to select patients who can be 
treated with TME without radiation.

A small prospective Phase II trial conducted at Memorial Sloan Kettering Cancer 
Center also investigated the use of preoperative chemotherapy without radiation in 
patients with intermediate-risk rectal cancer (tumor located 5–12 cm from the anal 
verge that does not threaten the mesorectal fascia on MRI) [43]. In this trial, 32 
patients with resectable, clinically staged II–III rectal cancer were treated with pre-
operative FOLFOX (fluorouracil, leucovorin, and oxaliplatin)/anti-VEGF and 
selective chemoradiotherapy, based on tumor response. The 30 patients who com-
pleted preoperative chemotherapy had tumor regression and underwent proctec-
tomy without preoperative chemoradiotherapy. Eight (27%) had pathologic 
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complete responses. No local recurrences were noted at 4 years, and disease-free 
survival was 84%. The findings of this trial suggest that preoperative chemotherapy 
can be a potential alternative to preoperative chemoradiation for selected patients.

To further investigate this treatment approach, the ongoing multicenter Phase II/
III study CALGB PROSPECT (Preoperative Radiation or Selective Preoperative 
Evaluation of Chemotherapy and TME) is randomizing patients to either the stan-
dard treatment arm (chemoradiotherapy, surgery, and adjuvant FOLFOX chemo-
therapy) or the selective arm, with 6 cycles of FOLFOX, evaluation of response, 
followed by TME, with consideration for standard chemoradiotherapy if the reduc-
tion of the primary tumor is <20% on endoscopic and radiographic findings [44]. 
Eligible patients must have biopsy-proven adenocarcinoma with the primary tumor 
located 5–12 cm from the anal verge and must be candidates for sphincter-sparing 
surgery. The primary outcomes of the Phase II component are R0 resection rate and 
time to local recurrence. The primary endpoints of the Phase III component are time 
to local recurrence and disease-free survival. This study has accrued, and results 
will provide important insight into the potential for a more individualized treatment 
approach for rectal cancer through selective use of radiation.

 Adjuvant Chemotherapy

Most patients with rectal cancer eventually experience metastatic disease. 
Consequently, similarly to patients with stage III colon cancer, patients with locally 
advanced (stage II and III) rectal cancer treated with neoadjuvant chemoradiother-
apy and proctectomy are considered for postoperative adjuvant chemotherapy 
regardless of the histologic tumor stage identified in the final pathology specimen. 
Postoperative chemotherapy  usually consists of fluorouracil or capecitabine plus 
oxaliplatin. While the use of postoperative adjuvant chemotherapy for rectal cancer 
lacks the unequivocal support that data from prospective randomized trial would 
provide, a recent meta-analysis of 21 randomized controlled trials concluded that 
postoperative fluorouracil-based chemotherapy is effective against locally advanced 
rectal cancer [45].

Initiation of adjuvant chemotherapy within 8 weeks of TME is recommended 
based on a meta-analysis that reported that each 4-week delay in initiation of adju-
vant chemotherapy resulted in significant decreases in overall survival (hazard ratio, 
1.14; 95% confidence interval 1.10–1.17) and disease-free survival (hazard ratio, 
1.14; 95% confidence interval, 1.10–1.18) [46]. These data have to be interpreted 
with caution, as worse outcomes in patients starting chemotherapy at later times 
may be confounded by significant comorbidities or surgical complications, which 
are linked to delays in initiation of therapy following surgery and to worse overall 
survival. While acknowledging potential confounding by age and comorbidities, we 
do recommend starting chemotherapy as soon as feasible after full recovery from 
surgery. It is important to highlight that up to a third of eligible patients with locally 
advanced rectal cancer never start adjuvant chemotherapy and less than half receive 
the full treatment course without interruptions or delay, due to either postoperative 
complications, slow recovery, or treatment refusal [47]. Even at specialty cancer 
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centers, a sizable proportion of patients (as high as 17%) do not complete postop-
erative chemotherapy [48].

Optimal duration of adjuvant chemotherapy after proctectomy also remains 
undetermined. Based on extrapolation from the MOSAIC trial, which led to the 
adoption of 6 months of FOLFOX as the standard of care for locally advanced colon 
cancer, the National Comprehensive Cancer Network guidelines currently recom-
mend a total of 6 months of chemotherapy for rectal cancer. Accounting for the 
2 months of fluoropyrimidine chemotherapy administered concurrently with radia-
tion prior to proctectomy, this translates to approximately 4  months of adjuvant 
FOLFOX.

 Total Neoadjuvant Therapy

In the modern era, patients with rectal cancer more commonly experience distant 
metastatic disease than local recurrence, with more than 25% of stage II and III 
rectal cancers causing metastatic disease. Although neoadjuvant chemoradiation 
has been shown to decrease the incidence of local recurrence, overall survival and 
risk of distant metastases are not impacted by chemoradiation. In an effort to pre-
vent distant disease and increase long-term survival, the early introduction of both 
chemotherapy and chemoradiation prior to surgery is being investigated. Theoretical 
benefits include earlier protection against dissemination of micrometastatic disease, 
delivery of chemotherapy to the primary tumor with undisrupted vasculature, tumor 
downstaging, less toxicity, and better adherence to prescribed treatment.

The novel concept of total neoadjuvant therapy (TNT), in which chemoradiation 
and chemotherapy are administered prior to surgery, has been shown to be safe and 
effective [49]. A recent retrospective study conducted at Memorial Sloan Kettering 
analyzed records of patients treated between 2009 and 2015. Of the 811 patients 
identified, 320 received chemoradiation with planned adjuvant chemotherapy, and 
308 received TNT (induction FOLFOX-based chemotherapy followed by chemora-
diation). Patients in the TNT cohort received greater percentages of the planned 
chemotherapy than those in the chemoradiation with planned adjuvant chemother-
apy cohort. The rate of complete response, including both pathologic complete 
response in patients who underwent surgery and sustained clinical complete 
response for at least 12 months posttreatment in patients who did not undergo sur-
gery, was 36% in the TNT cohort compared with 21% in the chemoradiation with 
planned adjuvant chemotherapy cohort. These findings provide additional support 
for TNT as a viable treatment strategy for rectal cancer. TNT may facilitate nonop-
erative treatment strategies aimed at organ preservation.

 Nonoperative Management

Chemoradiation can lead to pCR, and selected patients with such response can 
potentially avoid surgery. This nonoperative management strategy is referred to as 
the watch-and-wait approach. Avoiding surgery can potentially lead to better 
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functional outcomes and better quality of life. The largest systematic study on this 
approach was conducted in Brazil [50]. Of 361 patients treated with chemoradia-
tion, 122 attained clinical complete response, and 99 (27%) had sustained complete 
regression for at least 1 year. Clinical complete response was defined as absence of 
residual mass or ulcer on clinical evaluation and endoscopy, as well as no residual 
tumor on imaging studies. Of the 99 patients with sustained complete regression, 
only 5% developed endoluminal recurrences, none developed pelvic regional recur-
rence, and 8% developed metastatic disease. Of the 5 patients who developed endo-
luminal recurrences, 3 underwent salvage APR or low anterior resection, while 2 
declined radical surgery and underwent local excision or brachytherapy. The 5-year 
rates of overall and disease-free survival were 93% and 85%, respectively. 
Retrospective studies conducted in the United Kingdom, the Netherlands, and the 
United States reported similar findings, suggesting that watch-and-wait can be a 
reasonable option in carefully selected and closely followed patients [51, 52]. A 
number of multi-institutional prospective observational studies and Phase II trials 
are currently testing the feasibility of incorporating nonoperative management in 
multimodal treatment of rectal cancer, but at the present time, nonoperative man-
agement should be considered experimental and should ideally take place in the 
setting of a clinical trial.

 Conclusion

Decades of basic science and clinical research have resulted in a multitude of treat-
ment options for patients with rectal cancer, providing dramatic improvement 
in local control and patient survival. Multidisciplinary management of rectal can-
cer – involving surgical, radiation, and medical oncologists; pathologists; and radi-
ologists  – has been shown to improve clinical decision-making and clinical 
outcomes. The ability to differentiate levels of risk for tumor recurrence and sur-
vival prognoses based on baseline tumor characteristics and response to therapy will 
enable future tailoring of treatment to disease biology to reduce morbidity and 
improve outcomes.
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23Laparoscopic Low Anterior Resection 
for Rectal Cancer: TME Planes 
and Surgery of the Upper 
and Mid-Rectum

Eric M. Haas and Amanda V. Hayman

 Introduction and Rationale

Laparoscopic low anterior resection for rectal cancer is one of the more challenging 
minimally invasive colorectal procedures to master. The confined and narrow spaces 
of the pelvis often limit visualization, exposure, and access. Additionally, it is 
imperative to maintain proper planes of dissection to achieve a sound oncologic 
resection. Straying from the embryologic planes may result in a field obscured with 
nuisance bleeding and injury to critical structures. It is therefore essential to 
approach each case in a stepwise fashion with a clear understanding of the anatomi-
cal considerations as well as the precise location of the tumor.

The benefits of laparoscopy are well known and include less pain, earlier return 
of bowel function, shorter length of stay, and fewer wound complications. With 
modern techniques and newer technologies, there is rarely a case that cannot be 
approached using laparoscopic technique. More challenging patients including 
those with multiple medical morbidities, extreme obesity, or prior open abdominal 
procedures, often tend to benefit the most. Therefore, our initial approach is to gain 
access laparoscopically and assess if all or parts of the procedure can be accom-
plished in this fashion to limit the morbidity of a large incision.

In the absence of locally advanced disease or a threatened circumferential 
 resection margin (CRM), upper rectal tumors, and select mid-rectal tumors, are 
treated like colon cancers via upfront surgical resection, avoiding the morbidity of 
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neoadjuvant chemoradiotherapy. Standard oncologic vascular pedicle ligation of the 
inferior mesenteric artery (IMA) is performed with regional lymphadenectomy and 
is referred to as tumor-specific mesorectal excision (TSME).

However, the delineation between the upper and mid-rectum and the lower rec-
tum can be controversial. Intraoperatively, the top of the rectum can be identified by 
where the taenias play and the epiploic appendages peter out. Obviously, this is not 
applicable preoperatively. If the tumor is large enough, it can be detected by CT or 
MRI, thus providing reliable anatomic landmarks, such as distance from the values 
of Houston or the sacral promontory. An approximation of the location of the ante-
rior reflection, and thus the delineation between the sigmoid colon and the rectum, 
is a line drawn between the top of the sacral promontory and the bottom of the pubic 
symphysis. However, in many cases, the exact intraluminal borders of the tumor are 
not easily seen on cross-sectional imaging. Therefore, the most important initial 
step for the surgeon in the workup for a newly diagnosed rectal cancer is rigid proc-
toscopy. This is a much more reliable assessment of “true” distance from the anal 
verge than flexible endoscopy, which should not be solely relied upon for surgical 
planning. Marking the tumor distally via tattoo may also aid in identification, intra-
operatively, especially if CO2 colonoscopy is not readily available. The surgeon 
should also be aware, however, that occasionally tattoo marks can obscure the ana-
tomical visualization during the minimally invasive procedure. Proctoscopy also 
allows the surgeon to determine in which quadrant(s) the tumor is located, which 
has implication during resection about what structures would be potentially threat-
ened (i.e., an anterior-based tumor may closely abut or involve the prostate or 
vagina). Further, patient habitus may influence surgical approach. An obese, muscu-
lar man may have a longer anal canal, and thus the tumor may be closer to the top 
of the anal sphincters (aka the “anorectal ring”) making a laparoscopic approach 
more difficult. Proctoscopy also allows for serial assessment of response to neoad-
juvant treatment, as well as to detect recurrence during surveillance.

This chapter addresses rectal cancer involving the upper and mid-rectum and, 
despite many similarities, leaves out the most distal rectal cancer. For the purposes 
of this chapter, we define the lower rectum as the distal 5 cm, the mid-rectum from 
6–11  cm, and the upper rectum as above 11  cm (or above the second valve of 
Houston). Most studies on rectal cancer define the top of the rectum as 15 cm from 
the anal verge [1]. There are several important distinctions between upper and mid-
dle rectal cancers. Upper rectal cancers are typically managed with upfront surgical 
resection. An adequate distal resection margin and mesorectal excision can be read-
ily achieved with a laparoscopic technique. It is important to understand the ana-
tomical concepts of a tumor-specific mesorectal excision (TSME). To achieve a 
TSME, a minimum of 2 cm distal margin on the rectum is required, as well as a 
5 cm distal margin of the mesorectum [2, 3]. Care is taken to avoid the tendency to 
cone inward and divide across the mesentery within the required margins.

Mid-rectal cancers are more often subject to neoadjuvant chemoradiation ther-
apy if determined to be locally advanced (Stage II or III disease, i.e., T3 and/or 
node-positive disease). TSME is not typically feasible for most tumors of the mid- 
rectum due to the constraints of the narrow pelvis and bulky mesentery of the mid-
rectum. In most cases, a total mesorectal excision (TME) with low pelvic colorectal 
anastomosis is the most technically feasible approach to surgical resection of 
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mid-rectal cancers. Minimally invasive techniques become much more cumber-
some and difficult in these cases and are addressed in the chapters on principles of 
rectal cancer and robotic low anterior resection (Chaps. 22 and 24).

 Indications and Contraindications

A laparoscopic TSME can be considered in many, but not all, patients. Patients with 
certain comorbidities, such as extreme obesity or severe pulmonary dysfunction, 
may not tolerate prolonged Trendelenburg positioning and/or insufflation, as can be 
seen intraoperatively by high airway pressures or CO2 retention. The surgeon can 
choose to partially mitigate these concerns by using lower insufflation pressures 
(such as 10–12 mmHg instead of the standard 15), but this may still be insufficient. 
Another option is to perform only the splenic flexure mobilization laparoscopically, 
which typically uses reverse Trendelenburg positioning, and then completing the 
pelvic dissection via a Pfannenstiel or lower midline incision. In addition to these 
patient factors, there are also tumor characteristics that may make a laparoscopic 
approach more challenging: a large, bulky tumor or presence of a colonic stent can 
prevent adequate retraction and visualization. Occasionally, adding another assist 
port can help, but not always. Additionally, presence of a perforated tumor or 
involved radial margins may require dissection outside the standard TME planes. 
This can result in a bloodier field, impeding laparoscopic visualization. Further, 
ensuring a negative radial margin in the setting of extreme fibrosis, such as after an 
intense radiation reaction, reoperative surgery, or previous perforation, can be dif-
ficult without direct tactile feedback. However, except for patient intolerance of 
laparoscopy, the cases listed above are relative contraindications and highly depend 
on the skill of the individual surgeon.

If the surgeon is able to maintain the principles of adhering to the avascular 
mesorectal planes of dissection, ensure proper radial and distal margins, ensure 
proper lymph node harvest to the base of the inferior mesenteric artery (IMA), and 
ensure an intact specimen, the laparoscopic approach is appropriate.

 Principles and Quality Benchmarks

Ultimately, regardless of the operative approach chosen by the surgeon, a quality 
oncologic outcome should never be sacrificed. The same quality oncologic bench-
marks for TME apply to TSME. As per the National Comprehensive Cancer Network 
(NCCN) guidelines and National Accreditation Program in Rectal Cancer (NAPRC) 
standards, an adequate lymphadenectomy is a harvest of a minimum of 12 lymph 
nodes. The commonly accepted distances to be considered an adequate margin are as 
follows: radial (>1 mm), distal (2 cm), and mesenteric (5 cm) [3]. Although the exact 
factors that predispose for low anterior resection syndrome (bowel dysfunction char-
acterized by stool clustering, increased frequency, urgency, or incomplete emptying) 
are multifactorial, taking care to preserve the paired hypogastric nerves that run 
along the back of the rectum distal to the sacral promontory may mitigate this risk. 
Because of this risk, it is important to preoperatively assess the patient’s bowel 
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function and at all future postoperative appointments. There are many validated 
questionnaires that assess patient-reported outcomes regarding bowel function, 
including the FIQOL (fecal incontinence quality of life), the MSKCC bowel function 
instrument, or the EORTC QOL questionnaire for colorectal cancer surgery 
(QLQ-CR38). Sexual function may also be impaired postoperatively, likely due to 
injury to the nervi erigentes that course horizontally near the lateral rectal stalks.

Although the surgeon will not be performing a complete mesorectal excision, the 
same avascular presacral plane needs to be maintained while keeping the fascia 
propria of the mesorectum intact. Similar to the surgical principles of a TME, it is 
essential to not “cone in” on the mesentery when planning where to perform the 
rectal transection. It is also essential to harvest the lymph nodes at the base of the 
IMA and maintain the dissection into the retroperitoneal planes along the superior 
rectal artery leading to the mesorectal dissection.

 Preoperative Planning, Patient Workup, and Optimization

The initial workup includes serum CEA level and CT scan of the chest, abdomen, 
and pelvis to rule out metastatic disease as per NCCN guidelines. Rigid proctoscopy 
is performed to assess clinical features of the cancer including measurement of the 
precise distance from the anal verge. Locoregional staging evaluation is performed 
with MRI using a rectal cancer staging protocol, unless MRI is medically contrain-
dicated. Per NAPRC guidelines, endorectal ultrasound is considered an inferior stag-
ing option, due to the lack of reproducibility and inability to serially assess radial 
margins in a multidisciplinary fashion. [4] Based on the assessment, decision is ren-
dered to proceed with neoadjuvant therapy followed by surgical resection versus 
immediate surgical resection. Each rectal cancer case should be presented for con-
sensus recommendations in the setting of a multidisciplinary tumor conference.

Managing perioperative risks are essential. All diabetic patients must have good 
perioperative glucose management, as reflected by a preoperative Hba1c level. If ele-
vated (>7.5%), aggressive comanagement with their endocrinologist is recommended. 
Additional modifiable risk factors such as tobacco and alcohol use should be addressed 
with a cessation program in the allotted time period prior to the resection. Nutritional 
optimization should also be addressed and maximized, and obese patients are encour-
aged to lose excess weight. Preoperatively, all patients undergo oral antibiotics and 
mechanical bowel preparation, as well as a standardized enhanced recovery protocol 
that includes multimodal pain regimen, early feeding, goal-directed fluid therapy to 
minimize IV fluids, and early mobilization. For additional details, please refer to 
Chaps. 7 and 8 on enhanced recovery protocols in colorectal surgery.

Although we do not routinely utilize ureteral stents, consideration of placement 
is important in cases that involve difficult pelvic anatomy such as a redo pelvic sur-
gery or selected patients with T4 disease or history of perforated tumor. Lastly, if an 
ileostomy is planned (i.e., when performing a low pelvic anastomosis within 5 cm 
from the anal verge or following neoadjuvant radiation or in the setting of malnutri-
tion or immunosuppression), patients should meet with a wound ostomy nurse pre-
operatively for education and stoma marking.
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 Room Setup and Patient Positioning

The most common laparoscopic approach is multiport surgery with the placement 
of four or five ports. Reduced port techniques are feasible and included below. 
Single-port laparoscopic surgery can be performed, but anatomical constraints of 
the lower pelvic anatomy result in less-than-ideal exposure and access with this 
approach. Another approach, which can be especially useful is the morbidly 
obese, is a hand-assisted technique via either a Pfannenstiel or lower midline 
approach. The patient is secured to safely enable steep Trendelenburg and left-
side elevation throughout the procedure. This should be ensured by a preoperative 
“Trendelenburg test.”

 Intraoperative Positioning (Fig. 23.1)

• Both arms tucked
• Modified lithotomy or split leg
• 5 (or 10) mm camera port at umbilicus
• 5 mm ports in right upper quadrant (RUQ) and right lower quadrant (RLQ)
• Optional 5 mm port in left lower quadrant (LLQ) or subxiphoid

Monitor

Assistant

Surgeon
Surgical

tech

Monitor
Back table

Fig. 23.1 Surgeon and room setup
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• Pfannenstiel incision for extraction
• Surgeon and assist on patient’s right side
• Surgical tech and sterile instrument table on patient’s left side
• Monitor angled at left shoulder and left lower extremity

 Port Placement (Fig. 23.2)

• If you prefer a 10 mm camera, the umbilical port will need to be upsized to a 
12  mm port size. On occasion, placing the camera in another port may be 
required, and these ports will also need to be upsized or an additional 5 mm cam-
era opened.

• The midline 5 mm port can usually be hidden in the upper ridge of the umbilicus; 
however, if the distance between the umbilicus and suprapubic region is rela-
tively short, then the optical field of view may be limited. In these cases, placing 
the midline port a few centimeters superior the umbilicus is an option.

• If planning to fashion an ileostomy, the 12 mm RLQ can be placed at the lateral 
margin of the predetermined ileostomy site. Care should be taken not to place the 

5 mm

12 mm 5 mm
optional

5 mm

Fig. 23.2 Port placement
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12 mm RLQ port adjacent to the planned ileostomy site as this may result in dif-
ficulty pouching the stoma.

• It is recommended to close the fascia on all 12 mm port sites due to hernia risk.

 Other Equipment/Incisions

• Extraction site: Several options exist for the extraction site. We prefer a 
Pfannenstiel incision because it can usually also allow direct access to the anas-
tomosis in cases in which repair of an anastomotic defect is required. It is also 
associated with a very low rate of hernia risk. Other extraction sites, however, 
can be used such as an umbilical site or the left lower quadrant. In cases in which 
we plan to perform an ileostomy, we use the ileostomy site as extraction site.

• Camera: A 5 mm 30 degree or flexible tip camera is preferred.
• Instruments: Atraumatic bowel graspers are required. It is recommended to have 

extended length graspers available.
• Energy devices: Monopolar energy devices include the L or J hook, spatula, or 

scissors with cautery. Thermal energy can include various devices designed to 
control vessels up to 7 mm size, such as a bipolar device or ultrasonic device.

 Operative Technique and Surgical Steps

 Planes of the Mesorectum

Both medial-to-lateral and lateral-to-medial approaches are utilized during the lapa-
roscopic procedure. The procedure is preferably initiated in a medial-to-lateral fash-
ion to identify the critical landmarks and develop the proper planes of mesenteric 
dissection. The medial side of the mesentery is exposed by elevating the rectosig-
moid with a bowel grasper to identify the thin base near the sacral promontory. The 
peritoneum is carefully scored and the avascular presacral plane is dissected. 
Pneumodissection in the alveolar tissue signifies the correct plane between presa-
cral fascia and the fascia propria of the rectum. The superior rectal artery (SRA) is 
identified and elevated to further expose the plane of dissection (Fig. 23.3). The left 
ureter and gonadal vessels are exposed very early in the dissection. The avascular 
plane is dissected further while elevating the SRA taking care not to injury the 
nerves in the deeper plane. Dissection continues laterally in the retroperitoneal 
plane toward the white line of Toldt, inferiorly to the level of the sacral promontory 
and superiorly toward the base of the IMA. At this level, the peritoneal plane is 
scored in an upside-down “U” fashion, starting at the base of the bifurcation, sweep-
ing up as it follows the vessel’s course into the pelvis, and then extending distally to 
where the anterior reflection terminates laterally in the pararectal gutter.

The plane between the retroperitoneal structures posteriorly and the mesorectum 
anteriorly is then developed. Dissection from the CO2 insufflation again helps iden-
tify this avascular plane; after infiltrating into the tissues, they appear as white, 
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crackly fibers. After sweeping over the sacral promontory from right to left, it is 
important to remember that the lateral retroperitoneal structures of interest, specifi-
cally the ureter, gonadal vessels, and internal iliac artery and vein, lie slightly supe-
rior to the presacral fascia. Therefore, the surgeon has to be careful to not proceed 
in so linear a fashion as to injure these structures. The dissection plane will be 
identified quite high on the edge of the mesorectum when dissecting the lateral- 
most area.

In order to avoid creating a tunnel when performing the above dissection, the 
surgeon should periodically reexamine the right peritoneal edge and continue to 
open up the triangle that forms between the aorta and IMA pedicle, scoring the 
peritoneum in a radial fashion right up to the IMA take off. The surgeon will encoun-
ter small bridging nerves in this area. These should be preserved if possible or 
ligated as anteriorly as possible.

In order to preserve planes and perform a meticulous dissection, many use hot 
scissors, L hook, or thermal energy device tip to carefully dissect between planes. 
The use of thermal or bipolar energy is typically not used to establish the planes of 
dissection and is reserved to control bleeding or division of vascular pedicles.

Once the vascular pedicle has been adequately skeletonized, and the surgeon has 
ensured that the left retroperitoneal structures at risk (i.e., ureter, gonadal vein) are 
lateral, the vessel can be divided (Fig. 23.4). Either a low (preserving the left colic 
(LCA) and/or sigmoid branches) or high ligation of the IMA and inferior mesen-
teric vein (IMV) is then performed (Table 23.1). If performing a low ligation, care 
is taken to dissect the mesenteric lymph nodes in the fatty tissue along the base of 
the IMA and draw this tissue into the resection margins so as not to leave behind 
draining lymph nodes (Fig. 23.5).

The surgeon then continues the mesenteric transection up to the site of planned 
proximal colonic division, which can be immediately performed via endoscopic 
stapler or via the extraction site. In the case of a particularly bulky colorectal 
mesentery, early bowel division can improve visualization when performing the 
pelvic dissection.

Fig. 23.3 Medial-to-
lateral dissection with 
elevation of the superior 
rectal artery (SRA) and 
exposure of the 
retroperitoneal plane
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Fig. 23.4 Isolation of the 
inferior mesenteric artery 
(IMA) with dissection of 
the para-aortic lymph 
nodes

Table 23.1 Oncologic and functional outcomes of high versus low IMA ligation during LAR for 
rectal cancer

Matsuda et al. GI 
tumors 2017 [5]

N = 100, ‘08-‘11. RCT: high 
vs. low ligation in LAR for 
rectal cancer

NS: OS, DFS (including stage III), # LN 
16.7 vs. 14.9

Matsuda et al. BJS 
2015 [6]

N = 100, ‘08-‘11, TCT: high 
vs. low ligation in LAR for 
rectal caner

NS: defecatory dysfunction, FIQOL, fecal 
incontinence, anastomotic leak, 16% vs. 
10% (p = 0.42)

Fujii, et al. BJS 
Open [7]

N = 331, ‘06-‘12, RCT: high 
vs. low ligation

NS: anastomotic leak, 17.7% vs. 16.3%

Mari et al. Ann Surg 
2018. (HIGHLOW 
trial) [8]

N = 214, ‘14-‘16, RCT: high 
vs. low ligation

Low ligation: significant for better 
continence, fewer urinary symptoms 
(p < 0.05 @ 1 and 9 months), better QOL 
and sexual function
NS: anastomotic leak: 8.1% vs. 6.7%

RCT randomized controlled trial, OS overall survival, DFS disease-free survival, FIQOL fecal 
incontinence quality of life, NS not significant, LN lymph nodes

Fig. 23.5 Low IMA 
ligation with lymph nodes 
in specimen and 
preservation of the LCA
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 Splenic Flexure Mobilization

Additional length of the proximal colon may be needed to perform the anastomosis in 
a tension-free fashion. If so, we generally use the sub-IMV approach, either before or 
after IMA ligation, to accomplish this. With this technique, the patient is placed in 
slight reverse Trendelenburg position. The key is to carefully sweep the small intestine 
right lateral and cephalad to expose the ligament of Treitz. It is helpful to have the 
assistant retract the transverse colon cephalad to expose this area. The surgeon then 
identifies the IMV and incises the peritoneum in a horizontal fashion posterior to the 
vein along border of the ligament of Treitz. The retroperitoneal plane deep to the vein 
is then developed, and the vein is isolated and divided. The borders of the retroperito-
neal dissection plane are the white line of Toldt along the descending colon (lateral), 
the inferior border of the pancreas (superior), and the origin the left colic artery (infe-
rior). When dividing the IMV, allow for 1–2 cm cuff of vessel to avoid retraction of a 
bleeding vein beneath the pancreas should ligation be inadequate. We have found that 
the sub-IMV technique allows for easier identification of the dissection planes around 
the pedicle. For more details on various approaches for splenic flexure take down, 
please refer to Chapter 4 on splenic flexure release.

 Lateral Dissection

Prior to starting the pelvic dissection, we then complete the lateral dissection. We 
initiate this dissection along the sigmoid colon and continue in a cranial fashion. If 
the sub-IMV approach has been accomplished, the peritoneal attachments will be 
well defined and separated from the retroperitoneal plane. The best way to accom-
plish the lateral dissection is to have the assistant gently retract the proximal colon 
medial and cephalad to expose and stretch the peritoneal refection. The surgeon uses 
an atraumatic instrument to push the colon medially for counter-traction (it is impor-
tant to guide trainees with this technique as their instincts are often to traumatically 
grasp the mesentery), putting the peritoneal attachments on tension (Fig. 23.6). This 

Fig. 23.6 The colon is 
retracted to stretch the 
peritoneal reflection for 
lateral to medial dissection 
along the white line of 
Toldt
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will allow for efficient division of these attachments all the way up to the splenic 
flexure, staying just medial to Gerota’s fascia.

One helpful tip is that the peritoneum over the lateral retroperitoneal struc-
tures appears slightly pink, as opposed to the peritoneum over the colon mesen-
tery which appears slightly yellow. In order to maintain the correct plane, it is 
advised to score 1 mm on the yellow fat to avoid stripping the peritoneum off the 
side wall.

This technique is continued proximally around the splenic flexure, staying 
close to the colon, to enter the lesser sac. As we approach the splenocolic liga-
ment, we often switch from hot scissors to a thermal energy device such as a 
bipolar device or harmonic scalpel to minimize thermal spread and achieve ade-
quate hemostasis. Dissection is continued until entry into the lesser sac is achieved, 
usually marked by visualization of the posterior wall of the stomach. If the colon 
is closely adhered to the spleen or exposure is otherwise limited, we will change 
our approach and attack it proximally. The assistant retracts the mid-transverse 
colon omentum cephalad, while the surgeon pulls inferiorly on the transverse 
colon tenia. The omentum is then dissected off the colon until the lesser sac is 
opened. This dissection plane is carried distally until it meets the descending 
colon plane. Typically, there will be a few more attachments anterior to Gerota’s 
fascia that will need to be ligated.

Lastly, we return our attention to the rectosigmoid colon and release the lateral 
attachments at the intersigmoid fold, taking care to avoid injury to the left gonadal 
vein and left ureter. Continue the peritoneal release as distally as possible by retract-
ing the rectum medially and cephalad to expose the left pararectal gutter (Fig. 23.7). 
We score the peritoneum up and over the lateral edge of sacral promontory, being 
careful to stay just medial to the peritoneal edge. We perform the contralateral peri-
toneal release on the right during the IMA pedicle ligation (Fig. 23.8). Remember 
from embryology that the colon was a midline structure. Especially for low colorec-
tal anastomoses, splenic flexure mobilization is not complete until the colon is able 
to be fully mobilized to the midline.

Fig. 23.7 The rectum is 
retracted medially to 
expose the left pararectal 
gutter
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 Pelvic Dissection

Dissection continues in the presacral mesorectal plane from the sacral promontory 
toward the retrosacral fascia. Care is taken to maintain the correct dissection plane 
identified by the avascular alveolar tissue while keeping the investing fascia of 
mesorectum intact (Fig. 23.9). The surgeon scores the peritoneum where the blood 
pools along the right and left pararectal gutters, until the anterior reflection is 
reached. With the assistant grasping the sigmoid, the surgeon then lifts the rectum 
with a blunt instrument and dissects in the posterior plane up and over the sacral 
promontory into the pelvis. The lateral stalks of the rectum are divided with hot 
cautery. Next, the anterior reflection of the rectum is scored and the plane between 
the anterior pelvic strictures (seminal vesicles in a man and vagina in a woman) and 
the anterior wall of the rectum is developed until the rectum has been adequately 

Fig. 23.8 Exposure and 
release of the right 
pararectal peritoneal 
attachments

Fig. 23.9 Dissection in 
the avascular presacral 
plane
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mobilized based on the location of the tumor. In the case of an upper rectal tumor, 
at least 2 centimeters of distal margin and 5 centimeters of mesenteric margin are 
required. A tangential resection across the mesorectum is performed with the aid of 
thermal energy device to control the mesenteric vessels. Care is taken to keep the 
investing fascia of the mesorectum intact and to avoid the tendency to cone into the 
mesenteric envelope.

 Dividing the Rectum

During specimen division, the surgeon must decide whether to divide the mesentery 
or the bowel lumen first. Typically, the mesentery is initially divided. This is per-
formed in a tangential fashion using thermal energy device with care taken not to 
injure the rectal wall. A reticulating linear stapler is placed though the 12 mm RLQ 
port, and the rectal wall is stapled and divided. It is important to compress the bowel 
wall in a linear fashion, and use of a second staple cartridge load is often necessary. 
In cases of a particularly bulky mesorectum and/or narrow male pelvis, dividing the 
bowel first can be helpful. A tunnel beneath the bowel wall is carefully created by 
developing a plane between the bowel wall and the mesentery. The reticulating lin-
ear stapler slides into this plane, and the bowel is then divided in one or two loads. 
The mesorectum is now readily exposed for division.

Alternatively, one can widen the Pfannestiel extraction incision and perform 
division of the bowel and mesentery under direct nonlaparoscopic access. This 
should be reserved for large bulky tumor or otherwise unfavorable anatomy.

The most important aspect of this portion of the case is to maintain adequate 
distal and circumferential resection margins. A proper distal margin of at least 2 cm 
can be ensured by concomitant intraoperative endoscopic visualization of the tumor. 
Again, it is important to achieve a 5 cm mesenteric margin due to the vagaries of 
local lymph node drainage (Fig. 23.10).

Fig. 23.10 Tumor-specific 
mesorectal excision for 
showing 5 cm mesenteric 
margin
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 Specimen Extraction and Creating the Anastomosis

We utilize a small Pfannenstiel incision for our extraction site to minimize pain, 
hernia rate, and improve cosmesis. Generally, we also place and secure the anvil of 
the circular stapler into the proximal end of colon via this site. The assistant then 
places the circular stapler through the rectum and opens the stapler just anterior to 
the rectal staple line. The anvil is then attached to the head of the stapler, which is 
closed and then actuated. The patient is then taken out of Trendelenburg and the 
pelvis filled with saline, submerging the anastomosis. The assistant advances a flex-
ible or rigid endoscope past the anastomosis under direct visualization to assess for 
anastomotic integrity and hemostasis while insufflating. The operating surgeon 
assesses for any bubbling from the anastomosis, indicating a potential leak. 
Generally, for upper and mid-rectal tumors, we do not perform a diverting loop 
ileostomy unless there are poor prognostic features of healing, most commonly in 
the background of a radiated field.

 Pitfalls and Troubleshooting

 When to Convert

Typically, the most difficult portion of the case is the pelvic dissection, especially when 
operating in a postradiated or postoperative field or in the presence of a bulky, locally 
advanced, or previously perforated tumor. In these cases, we still commence the proce-
dure with a minimally invasive approach performing the splenic flexure, sub-IMV dis-
section and colon mobilization laparoscopically, then performing the remainder of the 
pelvic dissection and specimen extraction through the Pfannenstiel extraction incision. 
Although for novices, laparoscopic dissection and exposure of challenging anatomy or 
splenic flexure takedown may be daunting and result in early conversion to open sur-
gery, with experience this approach will become more routine. However, as with diffi-
cult low pelvic dissections, although conversion to open may allow for more effective 
retraction and counter-traction, visualization is often sacrificed, due to the loss of mag-
nification and high-definition imaging supplied by modern laparoscopes. Therefore, in 
order to minimize the morbidity of an open incision, whenever possible, we attempt to 
keep our incisions subumbilical even when we need to convert.

Another tool that aids in anatomic identification is preoperative cystoscopy and 
ureteral catheter placement by urology. If preoperative ureteral catheters are uti-
lized, intraoperative identification can be accomplished laparoscopically by inject-
ing 25 mg of indocyanine green in 10 mL of saline via a Luer lock attachment into 
each catheter and performing intraoperative fluorescence imaging utilizing Spy or, 
if using the robot, FireFly technology. This will allow the ureters to light up green 
throughout the duration of the case (Fig.  23.11a, b). However, if these tools are 
insufficient to allow safe visualization, or if at any point the surgeon is concerned 
about safely proceeding with the procedure, the surgeon should consider conversion 
to an open or, when possible, a hand-assisted approach.
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The laparoscopic surgeon should be constantly vigilant about avoiding intraop-
erative injury to major vascular structures (IMA, iliac vessels, pelvic side wall ves-
sels, and presacral venous plexus) or adjacent organs (small intestine, spleen, 
bladder). One tip is to alert the operating room staff prior to a critical portion of the 
procedure (IMA ligation, splenic flexure takedown) and ensure that any potential 
equipment needed in the event of an unintended injury is immediately available. In 
the event of IMA stump bleed, a large plastic clip or looped laparoscopic ligature 
may be helpful in controlling bleeding. Hollow organ injury (bladder, small intes-
tine) can be repaired, either definitely or for temporary control, via laparoscopic 
suturing with an absorbable suture. Although a detailed discussion about managing 
intraoperative splenic bleeding is beyond the scope of this chapter, briefly, the lapa-
roscopic surgeon must be aware that any undue traction on the splenocolic ligament 
can result in splenic bleeding. If just a subcapsular tear, a useful tool for managing 
this can be intraoperative placement of an absorbable hemostatic knit mesh, along 
with extended pressure.

 Outcomes

Every prospective proctectomy patient should be asked about any baseline bowel, 
sexual, or urinary dysfunction. They should be counseled about the risk of surgery 
including low anterior resection syndrome (LARS), incontinence, impotence, blad-
der dysfunction, and others especially in those who will undergo neoadjuvant radia-
tion therapy.

There are debates about the risk versus benefit ratio of high versus low ligation 
of the IMA during LAR; one must balance oncologic outcomes (i.e., overall land 
disease-free survival) with functional outcomes (defecatory, urinary, and sexual 
function). Some purists insist that it is essential to perform a full lymphadenectomy 
for LAR completed for malignancy, up to just after the takeoff of the IMA from the 
aorta and cephalad to the aortic bifurcation. However, other surgeons have argued 
that this adds unnecessary risk of injury to the autonomic nerves, specifically the 

a b

Fig. 23.11 (a, b) Intraoperative localization of the left ureter using Firefly fluorescence and ICG 
injection into the left ureteral stent. (Courtesy of Josh Wallet, MD)
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superior hypogastric plexus that runs anterior to the aortic bifurcation, with increased 
risk of defecatory and urinary dysfunction, compromised blood supply, thus increas-
ing the risk of anastomotic leak. If, indeed, there is regional lymph node involve-
ment between the takeoff of the left colic artery and the IMA, this may be a marker 
for more distant tumor spread up the paraaortic chain and thus represent occult 
metastatic (M1) disease. Most studies comparing oncologic outcomes following 
high versus low IMA ligation during LAR for cancer did not report any significant 
difference in oncologic outcomes but did highlight functional differences favoring 
low ligation (Table 23.1) [5–8]. Our approach is to carefully examine the cross-
sectional imaging prior to resection to assess for any lymph node involvement near 
the bifurcation and to perform selective high ligation.

A more important question of whether laparoscopic LAR is oncologically 
equivalent to open low anterior resection. Multiple well-publicized trials have had 
conflicting results, as summarized in Table 23.2 [2, 3, 9]. Three multinational and 
multi-institutional randomized trials, evaluated outcomes of laparoscopic versus 
open TME for rectal cancer performed by expert laparoscopic colon and rectal 
surgeons. Because of the early timeline of follow-up, long-term oncologic results 
(i.e., overall and disease-free survival) were not yet available. Consequentially, a 
proxy measure of oncologic efficacy was used to compare the pathologic results 
via a composite score of negative margins (circumferential radial and distal) and 

Table 23.2 Results of randomized controlled trials of laparoscopic versus open total mesorectal 
excision for rectal cancer

Fleshman et al. 
JAMA 2015. 
(ACOSOG Z6051 
trial) [2]

N = 486, ‘08-‘13, RCT: lap vs. 
open TME for stage II/III rectal 
CA

Successful resection (neg CRM/distal 
margin, complete/near complete 
TME), 81.7% vs. 86.9% (p 0.41 for 
noninferiority)a

Stevenson et al. 
JAMA 2015. 
(ALACART trial) [3]

N = 475, ‘10-‘14 RCT: lap vs. 
open TME for stage I–III rectal 
CA

Successful resection (neg CRM/ 
distal margin, TME completeness), 
82% vs. 89% (p = 0.38 for 
noninferiority)a

Jeong et al. Lancet 
Oncol 2010. 
(COREAN trial) [9]

N = 340, ‘06-‘09. RCT: lap vs. 
open TME for stage II/III rectal 
CA

NS: involvement of CRM, TME 
specimen, #LNs harvested

Jeong et al. Lancet 
Oncol 2014 [11]

N = 340, ‘06’09. RCT: lap vs. 
open TME for stage II/III rectal 
CA (COREAN trial f/u: 3YS)

NS: 3Y DFS (79.2% vs 72.5%), 
p < 0.0001 for noninferioritya

Fleshman et al. Ann 
Surg 2019 [10]

N = 486, ‘08-‘13, RCT: lap vs. 
open TME for stage II/III rectal 
CA (ACOSOG Z6051 trial f/u: 
median 48 months)

NS: 2Y DFS (79.5% vs 83.2%), 
locoregional (4.6% vs. 4.5%) or 
distant (14.6% vs. 16.7%) recurrence

CRM circumferential resection margin, TME total mesorectal excision, DFS disease-free survival, 
LN lymph nodes
aEstablishing “noninferiority” of laparoscopic versus open approach was the end point chosen by 
the authors of these trials. Therefore, a nonsignificant p-value (p ≥ 0.05) suggests that there are 
insufficient data to conclude that laparoscopy was “not not inferior” to an open approach. 
Conversely, significant p-value (<0.05) would suggest that laparoscopy was not inferior to an open 
approach
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completeness of the TME specimen. The burden of proof was to determine that a 
laparoscopic approach was noninferior to open TME, which could not be demon-
strated in two of the three major trials [2, 3]. Although results of long-term survival 
are eagerly awaited, the most recent publications on short-term oncologic out-
comes including disease-free survival rates from two of the trials suggests onco-
logic equivalence [10, 11].

 Conclusions

Laparoscopic low anterior resection with a mesenteric-specific tumor resection 
allows for functionally acceptable outcome while preserving minimizing morbidity. 
However, performing these procedures safely requires a thorough understanding of 
the relevant anatomic landmarks, knowledge about intraoperative pitfalls and how 
to avoid them, and are best performed by surgeons experienced in minimally inva-
sive techniques. Although early randomized trial results suggest probable oncologic 
equivalence, ongoing controversy about the oncologic inferiority of minimally inva-
sive TME and potential ramifications on long-term survival should be approached 
with thoughtful consideration by all rectal cancer surgeons when deciding on surgi-
cal approach and individualized based on patient and tumor factors.
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24Robotic Low Anterior Resection: Unique 
Considerations and Optimal Setup

Slawomir Marecik, John J. Park, and Kunal Kochar

 Introduction and Rationale

The objective of robotic assistance has always been to facilitate completion of 
 complex laparoscopic procedures [1–7], which is particularly crucial during total 
mesorectal excision (TME). No randomized study has yet demonstrated the superi-
ority of the robotic technique over laparoscopy for rectal cancer resections, but sur-
geons have consistently reported advantages of the robotic approach with respect to 
the ease of dissection, control of the operating field, and the ergonomics during 
these demanding cases [1, 2].

At the end of 2018, there are more than 40 companies actively developing new 
surgical robots. At least two of these companies offer integrated transabdominal 
platforms pending FDA approval. The cost of these emerging technologies remains 
the main point of contention and will need to be addressed [8, 9].

When examining robotics from a purely technical standpoint, and in the context 
of pelvic dissection, there are several inherent features of the robotic system that 
make it more advantageous to use when compared with laparoscopic, transanal 
minimally invasive, and open techniques. First, the robotic platform allows the 
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primary surgeon to control the camera in a very stable way, allowing for constant 
operator-friendly adjustments, as well as “freezing” of the entire operating field. 
This, together with simultaneous control of three working articulating wrist instru-
ments (often supported by two additional instruments controlled by the bedside 
assistant), gives the primary surgeon the ability to completely control the operating 
field. This is essential when working with obese patients, bulky tumors, or narrow 
pelvic confines.

While other chapters will detail the principles of rectal cancer management as 
well as the technique of laparoscopic LAR, this will review robotic techniques for 
low anterior resection with special emphasis on optimal robotic setup and best 
practices.

 Indications and Contraindications of Approach

There are currently no strict guidelines with regard to which patients with rectal 
cancer are appropriate candidates for robotic low anterior resection (rLAR). As a 
general principle, however, candidates for a laparoscopic approach can also be 
operated with robotic assistance. Patients with previous abdominal surgeries 
should be carefully selected. The most difficult cases to include mid and low rec-
tal cancers, bulky tumors, high body mass index (BMI), male patients, and 
abdominoperineal resections may be easier with the robotic approach. Surgeons 
still early along their robotic learning curve should not proceed with these com-
plex cases without assistance by a proctor or an experienced co-surgeon. 
Conversion rates have been used as surrogate parameter for failure to pursue a 
minimally invasive approach [3].

 Principles and Quality Benchmarks

The main objective of any emerging surgical technique is to perform a safe and 
controlled operation to the benefit of the patient. The robotic surgeon should have 
sufficient laparoscopic and open experience to complete the procedure [10, 11]. 
Good clinical judgment is crucial to determine the appropriate technique 
 (laparoscopic, robotic, transanal, or open) for a particular patient while considering 
value- based outcomes [8].

The main principle of rectal dissection for cancer is the universal concept of total 
(or tumor-specific) mesorectal excision [12], i.e., to resect the necessary mesorec-
tum with an intact mesorectal fascia (>90% of cases), low rate of positive circum-
ferential and distal resection margins (<5%), and a low anastomotic leak rate (<5%) 
[3, 4, 13]. Total mesorectal excision (TME) requires an adequate knowledge of the 
pelvic anatomy and specialized training in this technique in order to perform an 
oncological, technically safe operation with good functional outcomes. When the 
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anatomical landmarks are difficult to identify, the surgeon should look for the 
roundness and symmetry of the mesorectal compartment.

rLAR can be performed as a pure robotic technique or as hybrid approach 
(with traditional laparoscopy) [14, 15]. The latter is recommended at the beginning 
of the learning curve, in order to keep the procedures as short and easy as possible. 
A stepwise approach, i.e., adding robotically performed parts of the procedure with 
increasing robotic experience, will eventually enable the surgeon to convert to a 
fully robotic procedure (if appropriate) while considering each individual surgeon’s 
learning curve [14, 16].

The fourth-generation system (da Vinci Xi®) from Intuitive Surgical® 
(Sunnyvale, CA, USA) is more versatile and allows a wider reach of the arms with 
less chance for external collisions. This makes it more suitable for multi-quadrant 
surgeries such as TME, without the need to redock. Conversely, the da Vinci Si® (or 
X) system will require redocking of the robot in order to complete the left colon 
mobilization and perform the TME.

 Preoperative Planning, Patient Workup, and Optimization

Newly diagnosed rectal cancer patient should undergo a standardized staging 
workup, per the National Accreditation Program for Rectal Cancer [17]. The 
results of pathology; computer tomography of the chest, abdomen, and pelvis; as 
well as magnetic resonance (MRI of the pelvis, rectal cancer protocol with stan-
dardized synoptic reporting) and blood tests (CBC, CMP, CEA) are then presented 
to the multidisciplinary tumor board to determine if any neoadjuvant therapy is 
recommended. Digital rectal examination and flexible and/or rigid sigmoidoscopy 
are performed by the surgeon her/himself in order to localize the tumor and assess 
its relationship to the anal sphincters. Video documentation of the tumor (pre and 
post- neoadjuvant treatment) can be particularly helpful as it allows the surgeon to 
recall specific details just before surgery. This is especially important when assess-
ing for tumor downstaging and when surgery is delayed by weeks or months after 
sigmoidoscopy.

When a plan for immediate or future LAR is made, the patient undergoes medical 
optimization. The first part involves smoking and alcohol cessation, weight loss as 
needed, nutrition optimization, and prehabilitation. Patients are extensively educated 
with respect to what to expect perioperatively as part of standard enhanced recovery 
protocols. For more information on specific protocols, refer to Chaps. 7 and 8 on 
enhanced recovery in colorectal surgery.

Most patients with tumors in the mid and lower rectum, particularly after 
neoadjuvant chemoradiation, are considered for a protective diverting ileostomy, 
based on the low level of the anticipated colorectal anastomosis. Some experienced 
surgeons are more selective in that decision. Preoperative stoma marking should be 
routinely performed by an enterostomal therapist.
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 Operative Setup

 Positioning

The patient is placed in the modified lithotomy position with the thighs at level with 
the abdomen. If available, an anti-sliding pad is used (e.g., The Pink Pad®, Xodus 
Medical, New Kensington, PA, USA) with both arms tucked along the torso in a 
neutral position. Care is taken to provide full access to the perineum, taking into 
consideration the possibility of cephalad and caudal patient sliding during steep 
Trendelenburg positioning. Bony prominences and potential nerve entrapment sides 
should be secured with a protective padding to avoid neuropathy [18]. The most 
common sites of potential nerve injury are the cervical portion of the brachial 
plexus, the ulnar nerve at the epicondylar groove (elbow), the median nerve at the 
wrist, and the peroneal nerve at the fibular head. The patient is strapped to the table 
at the chest, with a towel between the chest and the strap so respiratory movement 
is not compromised. The shoulder brackets are then secured to avoid compression 
on the brachial plexus. Before draping the patient, the bed is tilted to the extreme 
positions to observe any possible patient sliding. The anesthesia equipment is 
moved as far cephalad as possible to prevent contamination during robotic arm 
setup and instrument exchange. The minimum amount of necessary table tilt is used 
throughout the procedure.

 Robotic Cart Position (Fig. 24.1)

For LAR using the Si system, the cart is placed by the left hip and along the left leg 
while straddling the left lower corner of the operating room base. Occasionally, the 
Si (or X) system can be placed between the legs (provides excellent robotic arm 
distribution for pelvic dissection). However, this position precludes easy access to 
the perineum.

When using the Xi system, the cart can be brought from either side with the 
exception of the right upper quadrant, which is reserved for the bedside assistant. 
A rotating boom of the Xi system allows the arms to be directed toward the left 
abdomen and pelvis.

 Port Placement

Standard principles of safe port placement should be respected. These include 
ensuring the appropriate distance between the ports and depth of port insertion. In 
cases of insufficient instrument reach, which may be encountered during deep pel-
vic dissection, the ports and the robotic arms may need to be pushed deeper beyond 
the black line marked on the port’s cannula. Additionally, attention should be given 
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to the position of the robotic base (Si or X system) or the center of the rotating boom 
(Xi system) in relation to the ports. The shorter distance between the ports and the 
abovementioned central parts of the robotic system can result in cramming of the 
external arms, with the possibility of external arm collision. The longer distance 
would result in decreased reach of the instruments. During the learning curve, it is 
recommended that the robotic ports be placed in the most optimal location with no 
regard for a future ileostomy site, or even the extraction site. With time and experi-
ence, the ileostomy site and the extraction incision can be incorporated into the port 
placement.

There are many possible ways to achieve successful port placement. There are, 
however, differences between the Si and Xi systems in terms of port setup. Overall, 
the Xi system provides a wider reach of the arms with less chance for external col-
lisions. The Si (or X) system will typically require redocking of the robot in order 
to complete the left colon mobilization and perform the TME. The techniques for a 
completely rLAR with the Si (or X) system have been described; however, the 
authors suggest using them only after obtaining sufficient experience with the 
 simpler techniques [14, 15, 19].

CP R2

R1

R3

CP - Camera port 12mm

R   - Robotic port 8mm

- Assistant ports 5mm or 6mm
  Air Seal ®
- Alternative assistant ports

Fig. 24.1 Port setup for Si 
(and X) system. R1-robotic 
dissecting instrument, 
CP-12 mm camera port 
(8 mm in X system), 
R2-micro-retracting 
bipolar grasper, R3-macro-
retracting grasper; assistant 
ports (5 mm or 6 mm 
AirSeal®, Conmed 
System, Utica, NY, USA)
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 Robotic LAR with the Si System

The technique is based on the hybrid robotic-laparoscopic technique. The robot is 
used for left lower quadrant dissection, inferior mesenteric artery (IMA) control, 
and TME. Standard laparoscopy is used for inferior mesenteric vein (IMV) control 
and splenic flexure takedown. In this technique, a 12 mm camera port is placed at 
the umbilicus, and an 8 mm robotic port (R1) is placed in the right lower quadrant, 
one third to one half of the distance from the anterior superior iliac spine to the 
umbilicus. Two 5 mm assistant ports (a1 and a2) are inserted in the right upper 
quadrant with a1 placed just cephalad from the horizontal umbilical line in between 
the camera port and R1 and a2 placed suprapubic on the line of the future extraction 
port via the Pfannenstiel incision. This four-port configuration should be sufficient 
for laparoscopic splenic flexure takedown and IMV control. Two additional robotic 
ports are necessary for the robotic portion. The R3 is an 8 mm robotic port placed 
above the horizontal umbilical line, on the intersection with the anterior axillary 
line. An 8 mm R2 is then placed in between R3 and the camera port (Fig. 24.2).

CP

CP - Camera port 8mm
         (X3)
X   - Robotic port 8mm

- Assistant ports 5mm or 6mm
  Air Seal ®
- Alternative assistant ports

- Alternative robotic ports
  (adjusted for splenic flexure access)

X4

X3

X2

X1

Fig. 24.2 Port setup for 
Xi system. X1-macro-
retracting grasper for 
pelvic dissection, 
X2-micro- retracting 
bipolar grasper for pelvic 
dissection, X3–8 mm 
camera port, X4-robotic 
dissecting instrument; 
assistant ports (5 mm, 
6 mm AirSeal®, Conmed 
System, Utica, NY, USA)
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During the robotic part of the procedure, R1 is used for a monopolar cautery 
hook or hot shears, which are assigned to the right hand of the operator. The R2 
port accommodates a bipolar grasper-type instrument, and R3 is used for a 
Cadiere-type (no cautery) grasper. Both R2 and R3 ports are assigned to the left 
hand of the operator. The R3 instrument is primarily responsible for stationary 
retraction (macroretraction) of the rectosigmoid during posterior rectal mobiliza-
tion. It is also used to retract anterior pelvic structures during anterior rectal mobi-
lization. The left hand of the assistant (a1) controls a grasper and helps with 
macro- and microretraction, while the right assistant hand (a2) is supplied with a 
suction irrigator in order to actively evacuate the plume and fluid from the pelvis 
and to assist with retraction and exposure. Zero-degree or 30-degree down camera 
is used for most of the procedure.

 Robotic LAR with This Xi System

The Xi system differentiates from the Si system by its central rotating boom and a 
reverse numbering of the arms from the left to right. The 8 mm Xi camera can be 
placed in any robotic port. The ports are placed in an almost linear configuration 
from the right lower quadrant (one third to one half of the distance between the 
anterior superior iliac spine and the umbilicus) to the left upper quadrant mid-
costal region (Fig. 24.3). Subsequently, the 8 mm camera port (X3) and two addi-
tional robotic ports (X2 and X1) are placed on that line, evenly distributed. 
Frequently, the camera port (X3) corresponds with the umbilicus, which is the 
preferred site for the camera. The line for the port positions can be modified by 
pivoting it around the X4 port (which is constant). A more vertical port placement 
line brings the X1 closer to the midline and allows for more comfortable dissection 
around the splenic flexure and the left colon. A rotation of the port placement line 
in a more horizontal direction allows for more comfortable pelvic dissection and 
with better reach of the X1 and X2 instruments into the deep pelvis. The assistant 
port configuration includes two ports in the right upper quadrant or one port in that 
location and the other one in the suprapubic location. Alternatively, the entire 
robotic port line, including the X4 port, may be moved in parallel toward the right 
upper quadrant.

The assignment of the arms for the pelvic dissection is essentially the same as 
in the Si technique, but for the splenic flexure mobilization, the instruments can be 
rearranged, including the 8 mm camera, which can be placed in any robotic port. If 
the assistant port is chosen to be placed in the suprapubic location, the right hand 
of the assistant will have to be inserted between the robotic arm of the right lower 
quadrant (R1 or X4) and the camera arm. This maneuver is not usually problem-
atic; however, the assistant should be alert for any sudden swings of the nearby 
robotic arms.

Once the rectal mobilization is complete, a robotic stapler is typically introduced 
via the right lower quadrant port (R1 or X4), after upsizing of that port with a 
12 mm designated stapler port.
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The X system utilizes the Xi system ports and instruments, but the port placement 
can be chosen between Si and Xi.

 Extraction Site

The preferred extraction site is a Pfannenstiel incision for cosmetic reasons and an 
extremely low hernia formation rate [20]. Alternatively, the specimen can be 
extracted through the ileostomy site. In this case, the incision would likely have to 
be enlarged at the skin and fascial levels for the larger specimens. This could 
increase the risk of stomal prolapse and/or parastomal hernia. Select patients can 
undergo transanal or transvaginal specimen extraction, particularly when hand- 
sewn anastomosis follows the pull-through procedure [21].

 Operative Technique: Surgical Steps

After safely establishing the pneumoperitoneum, diagnostic laparoscopy is carried 
out to confirm the appropriateness of the planned resection, including plans for 
splenic flexure release and use of a hybrid or fully robotic technique.

Robotic cart

Scope warmer

Vision cart

Assistant

Tray

Anesthesiologist

Fig. 24.3 Robotic cart positioning
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Exposure of the base of the left colon mesentery and the sacral promontory is 
obtained by adjusting the table tilt and sweeping of the small bowel to the right and 
upper abdomen. All necessary ports are then placed, the robot docked, and the 
instruments inserted under direct vision.

A decision is made regarding where to initiate the dissection and the sequence of 
dissection. Most surgeons prefer a medial to lateral approach for mesenteric dissec-
tion. However, the surgeon should be familiar with the lateral to medial approach if 
exposure of the base of the mesentery is complicated by severe visceral obesity or 
inability to sweep away small bowel loops, uncertainty regarding the anatomy, 
aneurysmal aorta, suspiciously enlarged lymph nodes, or extensive scarring or 
inflammation. The medial to lateral approach can be initiated by incising below the 
IMV, above or below the IMA, or at the level of the sacral promontory. Likewise, 
the splenic flexure can be mobilized using a lateral to medial, supra-mesocolic or 
infra-mesocolic approach.

 Mesenteric Dissection and IMA Ligation

When starting the dissection below the IMV or above the IMA, the peritoneal 
incision should be initiated between the vein and a distinct autonomic (sympathetic) 
nerve running along the left side of the aortic surface. This nerve, which serves as a 
very helpful anatomical landmark, eventually joins the (peri) IMA nerve plexus. 
A proper initial incision guarantees easiest access to the correct plane within lamel-
lar Toldt’s fascia, between the retroperitoneal and the mesocolic fascia [22]. 
Squiggly vessels of Toldt’s fascia, left on the mesocolic side of the dissection, indi-
cate that the dissection was carried out too deep. Small oozing from these vessels 
can eventually stain the dissection plane. A proper (non-bloody) dissection plane 
should keep the squiggly vessels on the retroperitoneal side.

When the dissection is initiated below the IMA, it is more difficult to find the 
proper plane (Toldt’s fascia). This almost always leads to dissection in the deeper 
plane, below the retroperitoneal fascia. The main reason for this difficulty is the 
presence of a distinct autonomic nerve layer in front of the aorta, in addition to often 
seen fibrosis, inflammation, and sometimes lymphadenopathy between the IMA 
and the aorta. The main consequence of too deep of a dissection is oozing from the 
small vessels and potential injury to the ureter and the gonadal vessels.

For the reasons stated above, the dissection is frequently initiated at the level of 
the sacral promontory. This is done by retracting the rectosigmoid, with the far-left 
instrument stretching the peritoneum at the base of the rectosigmoid. Hot dissection 
also helps in plane identification between the mesentery and the prehypogastric 
nerve fascia (pHGNF). The latter is a fascial layer covering the superior hypogastric 
plexus (below the aortic bifurcation), both hypogastric nerves, and the sacral 
splanchnic nerves (SSN) deeper in the pelvis (Fig. 24.4) [23]. The pHGNF must be 
kept intact in order to minimize injury to these important autonomic nerves.

Dissection is continued cephalad along and above the nerves and pHGNF layer, 
toward the root of the IMA, avoiding further lateral dissection. A helpful maneuver 
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at this point involves moving the dissection above the IMA. This helps to establish 
a proper layer of easily identifiable Toldt’s fascia above (cephalad from) the IMA. In 
addition, “connecting the dots” between the planes above and below (cephalad and 
caudal of) the IMA helps prevent violation of the retroperitoneal fascia along the 
entire length of dissection. Thus, if the retroperitoneal fascia remains intact in a 
bloodless operating field, the left ureter and gonadal vessels will also be left intact 
below the fascia, and a search for the ureter by dissection through the retroperito-
neal fascia will not be necessary. Conversely, if the operating field becomes bloody 
and/or the retroperitoneal fascia is violated, the ureter must be clearly identified.

Dissection continues at the root of the IMA, where it is circumferentially 
dissected, isolated, and then divided. Several methods can be used, including the 
laparoscopic or robotic clip applier (most cost effective), a robotic vessel sealer, a 
vascular stapler, or a laparoscopic bipolar energy device. The dissection is then 
carried from the medial to the lateral aspect by dissecting between the retroperito-
neal and mesocolic fascia. One of the robotic arms, usually the far-left one, provides 
a macroretraction to the detached mesenteric base and should be continually 
adjusted to provide adequate tension during medial to lateral dissection. The dissec-
tion is extended onto the white line of Toldt. Any difficulty encountered during 
medial to lateral dissection, such as difficulties identifying the correct plane or the 
left ureter, can be circumnavigated by changing the dissection to the lateral to 
medial approach. When the lateral to medial dissection is performed, the far-left 
robotic arm is applied laterally to the white line of Toldt. The other retracting arm 
provides the medial microretraction on the bowel and mesentery.

 Splenic Flexure Release

The various strategies for laparoscopic splenic flexure release (SFR) are described 
in the Masters chapter (Chap. 4) on laparoscopic SFR, tips and tricks. Robotic sur-
geons should be familiar with the lateral to medial, supra-mesocolic or infra- 
mesocolic approach, in case difficulties arise and an alternative approach is needed. 

Fig. 24.4 Prehypogastric 
nerve fascia (pHGNF) 
covering the superior 
hypogastric plexus and 
both hypogastric nerves. 
The fascia was incised 
between both diverging 
nerves, and the plane of 
dissection was changed, 
leaving the pHGNF 
attached to the mesorectum
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Several techniques of splenic flexure mobilization have been described for both the 
Si and Xi systems [14, 15, 24]. While it is possible to mobilize the flexure and per-
form the TME with one robotic setup, the Si system techniques are generally more 
demanding. They frequently require arm repositioning and/or system redocking and 
may be achieved easier with the hybrid (laparoscopic) approach. On the other hand, 
the design of the Xi system allows for less external arm collisions and better reach. 
When combined with integrated table motion and appropriate port placement, it 
allows for more effective one port setup for splenic flexure mobilization as well as 
for rectal dissection. Also as mentioned, the in-line port setup must be done in a 
more vertical fashion, thus opening a more effective angle for the splenic flexure. 
Alternatively, a completely horizontal, mid-abdominal robotic port placement can 
effectively serve the splenic flexure and pelvis, following boom rotation and instru-
ment exchange.

 Rectal Mobilization

This part of the dissection is fairly standardized and very reproducible with repetitive 
movements, particularly when compared with splenic flexure mobilization. The 
objective of successful TME is to perform a gradual release of the mesorectum 
(posterior, anterior, and both lateral) using effective and atraumatic retraction of the 
mesorectal specimen.

 Posterior Dissection
The rectum is mobilized posteriorly to the level of the lower sacrum. During the 
upper part of the dissection, care should be taken to preserve the pHGNF (the inner-
most layer of the presacral (Waldeyer’s fascia). The pHGNF covers the superior 
hypogastric plexus, the right and left hypogastric nerves, and a significant portion of 
the sacral splanchnic nerves), all of which are important as safety landmarks and are 
essential for both sexual and urinary function (Fig. 24.5). Additionally, because the 

Fig. 24.5 Sacral 
splanchnic nerves (SSN) 
originating from the pelvic 
sympathetic trunks and 
converging in the pelvic 
plexus (seen in the left 
upper corner); pHGNF 
lifted with the mesorectum
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posterior avascular plane can be easily identified, it is often advantageous to con-
tinue this plane of dissection around the rectum, mobilizing the mesorectum from 
the right and left lateral pelvic compartments. In order to provide the best exposure, 
the far- left robotic arm with Cadiere forceps is used to provide a macroretraction 
to the rectum in the cephalad and anterior direction. The medial left robotic arm 
with the fenestrated bipolar grasper is then used to provide a gentle microretraction 
on the mesorectum, close to the area of hook/scissors dissection (performed with 
the right arm). In experienced hands, using the wrist of the instrument at a 90-degree 
angle to the shaft, the macro-retracting arm can frequently lift and support the 
mesorectum without actually grasping it (Fig. 24.6). Posterior TME dissection pro-
ceeds either between the mesorectal fascia and the pHGNF (with reduced risk of 
injury to the nerves) or between the pHGNF and the nerves, which exposes the 
nerves but may extend the posterior resection margin in cases where the mesorectal 
fascia is threatened by tumor. It is the authors’ preference to preserve the pHGNF 
until a clear divergence of the two hypogastric nerves can be seen toward both pel-
vic sidewalls. At that point, the pHGNF is routinely incised, and dissection falls into 
the plane between the pHGNF and the sacral splanchnic nerves (Fig. 24.4).

Another implication of precise and bloodless surgery is the ability to visualize 
anatomical landmarks to guide the dissection. This is important in the case of 
unclear anatomy due to inflammation, tumor, previous radiation, or previous dissec-
tion. While it is rare to visualize SSN during open surgery, they are easily identified 
during robotic surgery and should be preserved (Fig. 24.5).

It is also important to point out that many general surgery and colorectal textbooks 
describe Waldeyer’s fascia as a structure penetrating the mesorectum and spreading 
between the sacrum and the rectal tube. It is often referred to as “rectosacral” or 
“retrosacral.” In fact, the presacral Waldeyer’s fascia has two components, with a 
more posterior one covering the presacral vessels and a more superficial one 
covering the hypogastric and sacral splanchnic nerves. The name of the latter layer 
is the pHGNF (prehypogastric nerve fascia). Waldeyer’s fascia spreads onto the 
lateral aspects of the mesorectal compartment, where it ultimately embeds the pel-
vic (inferior hypogastric) plexi (Fig. 24.7).

Fig. 24.6 Retraction of 
the mesorectum during 
posterior dissection, left 
hand grasper with 
90-degree wrist angulation
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 Lateral Dissection
The area of the lateral rectal attachments (stalks) is referred to by authors as 
 “lateral tethered surface” and not “lateral ligament.” These are often taken down 
by cautery and sharp dissection (Fig. 24.8). When most of the lateral mobiliza-
tion is completed as a continuum of the posterior dissection around the rectum, 
this part of the dissection is relatively easy, particularly if the line of anterior 
dissection has been previously marked (Fig. 24.9). Care should be taken, however, 

Fig. 24.7 Pelvic fasciae and nerve structures. (Used with permission of Wolters Kluwer from 
Marecik et al. [25])

Fig. 24.8 Dissection 
through the left lateral 
tethered surface; left 
hypogastric nerve 
converging with the sacral 
splanchnic nerves to form 
left pelvic plexus; 
mesorectum – bottom/right
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not to injure the lateral pelvic plexi. This is where the sympathetic hypogastric 
nerves and sacral splanchnic nerves converge with the parasympathetic sacral 
pelvic nerves (known as nervi erigentes, located in the posterior aspect of the 
lateral compartment) (Fig.  24.7) [25]. The left lateral dissection is performed 
with the far-left instrument retracting the lateral wall, the medial left instrument 
pushing the mesorectum to the right, and the right-hand instrument crossing the 
medial left instrument for dissection. The right lateral dissection is performed 
with the far-left instrument retracting the mesorectum (macroretraction to the 
left), while the medial left instrument pushes the right anterior Denonvilliers’ 
fascia (DF), or the lateral wall, while positioned in front of or behind the right-
hand dissecting instrument.

 Anterior Dissection
The rectovaginal/rectovesical peritoneal fold is incised to expose the DF, and the 
rectum is mobilized from the vagina/prostate. The key to avoiding potential 
bleeding from the fine vascular plexus that surrounds the seminal vesicles or 
posterior vaginal wall (venous sinuses) is to maintain the plane of dissection just 
posterior to DF, unless the tumor is threatening it. This also helps to avoid injury 
to the neurovascular bundles of the prostate (and vagina). These are covered by 
the lower portion of DF just above the pubococcygeus levator muscle in the 
anterolateral portion of the mesorectal compartment (Fig. 24.10). The fixed mac-
roretraction provided by the far-left robotic arm on the bladder/prostate/vagina 
facilitates surgical access and visualization during anterior rectal dissection, 
while the micro-retracting arm pushes the mesorectum posteriorly (downward) 
(Fig. 24.11a, b). Of note, during a clean TME technique, the lateral edges of the 
trapezoid-shaped DF can be seen covering the anterior half portion of the pelvic 
plexus (Fig. 24.12).

Fig. 24.9 Dissection 
through the left lateral 
tethered surface; left edge 
of Denonvilliers’ fascia 
still attached to the 
mesorectum; left pelvic 
plexus visible laterally
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Fig. 24.10 Right anterior 
dissection at the level of 
the pubococcygeus levator 
muscle; mesorectum on the 
left, right neurovascular 
prostatic bundle (“erigent 
pillar”) above the cautery 
hook, covered by 
Denonvilliers’ fascia

a

b

Fig. 24.11 (a) Anterior 
dissection, the macro-
retracting arm (top) is 
retracting the anterior 
pelvic structures (cephalad 
and anterior direction). (b) 
The micro-retracting arm 
(left) pushing on the 
mesorectum downwards
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 Pelvic Floor Dissection
This part of the dissection can be challenging because it is the most distal part of the 
TME. Occasionally, the robotic ports need to be pushed in beyond the recommended 
black mark on the cannula, in order to obtain adequate reach in tall patients. It is 
also possible for the instrument wrists to start losing their responsiveness at times. 
This requires resetting by simple removal and reinsertion. The exposure can also be 
challenging in very obese patients with a narrow and muscular pelvis, as well as in 
thin patients with a stretchy rectum and levators with their fascia. Finally, for low 
rectal cancers, there is a narrow margin for error because of the converging pelvic 
space and lack of mesorectal fat coverage.

The anterior mobilization is often easier during deep pelvic floor dissection due 
to the shorter distance to reach the levators. Here, a small segment of the pubococ-
cygeus muscle can be exposed posteriorly next to the base of the arcuate DF 
(Fig. 24.10). In fact, it is also easy to reach the levators in the lateral aspects, right 
at the lateral edge of DF and medial to the pelvic plexus. This is where the domes of 
the iliococcygeus muscles are located.

Medial dissection of the dome-like portion of the levators can be more difficult 
due to the depth of dissection. In addition, the endopelvic fascia (levators’ fascia in 
this case) becomes quite stretchy and often difficult to dissect from the stretchy 
mesorectal fascia. Similarly, the posterior dissection of the pelvic floor, which starts 
below the posterior impressions of the piriformis muscle (S4/5 level), with a flat and 
tendinous coccygeus muscle, will lead deeper into the levator “funnel,” along the 
levators’ raphe, and toward the anorectal junction. These nuances, together with the 
fact that posterior dissection requires significantly more work than anterior dissec-
tion, may lead to difficulty in determining at what level to stop the dissection for 
adequate distal margin below the tumor. As a result, deep pelvic dissection may 
require a 30-degree-up camera angulation.

Fig. 24.12 Left edge of 
Denonvilliers’ fascia; 
mesorectum on the right 
side, pelvic plexus visible 
laterally
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 Distal Mesorectal Clearance, Rectal Transection, and Anastomosis

Once the mesorectum is adequately mobilized, the distal transection site is prepared. 
If the goal is to perform an ultralow anterior resection with a staple line on or close 
to the anorectal junction, a circumferential clearance of the mesorectum or thickened 
mesorectal fascia is usually simple due to the minimal amount of mesorectal tissue 
at that level. For the more proximal stapler application, the mesorectum must be 
transected first. It is helpful to perform an intraoperative flexible sigmoidoscopy to 
confirm a tumor-specific transection site or, alternatively, one can rely on India ink 
marking. Mesenteric transection can be easily performed using a cautery hook. It is 
best to start in the right anterior aspect, where the rectal wall is subsequently 
exposed. The dissection is gradually moved toward the posterior midline, exposing 
more circumference of the rectal wall. The process is repeated on the left side, 
establishing the rendezvous in the posterior midline. Large and bulky mesorectum 
can be challenging, and care should be taken to transect the mesorectum on the 
same level during the left- and right-sided division. Care should also be taken to 
avoid the “spiral apple peel” effect, with unequally transected left and right side. 
Depending on the level of transection, the macro-retracting far-left arm may need to 
support the anterior pelvic structures for adequate exposure or to retract the speci-
men. The assistant’s instruments can be very helpful in supporting the exposure or 
the specimen during this part of procedure.

Once the distal transection site is prepared, a linear and articulating robotic 
stapler can be applied. The robotic stapler has smart clamp technology which makes 
it more comfortable and easier to control than the laparoscopic instrument. It is 
typically inserted through the right-hand port; however, the port itself needs to be 
first upgraded to a 12 mm cannula. During the stapling process, the far-left robotic 
arm provides a macroretraction to the anterior pelvic structures. Meanwhile, the 
medial left arm stretches and flattens the rectum for stapler application. The stapler 
can be supplied with blue or green cartridges and is available in 30 mm, 45 mm, and 
60  mm length. On average, at least two stapler applications are necessary for 
successful rectal transection. The smart clamp technology allows for initial tissue 
compression, active feedback, and stapler reapplication during this process, in order 
to optimize the amount of tissue in the stapler jaws to the height of closing staples.

The proximal mesenteric transection in the sigmoid or descending colon can be 
performed using a robotic or laparoscopic vessel sealer. The stapler is used to tran-
sect the bowel. Alternatively, the colon with a resected rectum can be exteriorized 
for extracorporeal division and anvil application, including the transanal route. 
A  suprapubic horizontal incision and the ileostomy site are preferred extraction 
sites. With experience, an intracorporal purse-string suture application and anvil 
insertion can be performed after the staple line from the proximal colonic end is 
removed. The anastomosis is performed in a standard fashion, with two left robotic 
arms retracting the anterolateral walls of the mesorectal compartment, providing 
excellent exposure. A double-stapled anastomosis can also be performed in the 
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laparoscopic technique once the robot is undocked. It is not recommended to per-
form a robotic double purse-string (single stapled) technique until proficiency with 
the robotic system is gained [21, 26]. Each completed anastomosis is inspected with 
a sigmoidoscope to watch for signs of intraluminal bleeding. An air-water leak test 
is also performed.

 Pitfalls and Troubleshooting

The da Vinci surgical robot system is a mechanical and highly sophisticated 
computer system. As such, there is potential for malfunction or failure. Fortunately, 
general system failures are rare, provided that proper maintenance and its software 
updates have been carried out [10, 27].

The system has a user-friendly communication system to help with routine setup 
and the docking process. The Xi system offers a self-optimizing robotic boom and 
arm positioning, but it is important to note that strict reliance on that self- optimization 
is not always beneficial. The surgeon should know how to adjust the arms and the 
boom, how to position the robotic cart, and how to distribute the arms in the most 
ergonomic fashion. When setting up and docking the robotic cart, the assistant should 
be provided with a comfortable place to stand or sit by the bedside, without assuming 
any contorted positions or being placed near swinging robotic arms. Finally, it is 
important that the console surgeon be actively engaged in port and instrument place-
ment during the setup. This is to ensure full understanding of the limitations of reach 
and instrument collisions, should they arise. Strict reliance on the assistant without 
constructive feedback will not allow the team to evolve efficiently.

Port setup is also crucial and can be a major factor for progress in the procedure. If 
any restrictions or persistent collisions arise during instrument manipulation, the lay-
out should be assessed and, if necessary, more ports be added in better locations. 
Likewise, the robotic cart needs to be positioned correctly. If it is placed too close to 
the field, cramming of the arms and instruments will occur. If it is placed too far away, 
the instruments will not have the full range of motion. The blue mark on the Si system 
shows the optimal distance range between the robotic cart and the field. This can be 
adjusted, depending on the body habitus of the patient and the distance between ports.

Once the arms are docked with the ports, the elbows of the arms should be spread 
sufficiently to allow for clearance and avoidance of collisions. If the ports are placed 
too far from the pelvis, the instruments may not reach the pelvic floor or may get 
hung up on the pelvic brim, limiting the access to the posterior (presacral) aspect of 
the mesorectal compartment. Similarly, if the instruments intended to dissect in the 
deep pelvis are placed too far laterally (too close to the anterior superior iliac spine), 
access to the ipsilateral pelvic sidewall will be limited as well. In case of insufficient 
reach to the pelvic floor, advancing the robotic ports beyond the recommended 
black mark on the robotic port cannula is suggested.

Proficient camera operation is one of the primary determinants of fluidity and 
rhythm of the case. Proper visualization is not only important for the operator but 
also helps to orient the assistant, whose instrument frequently retracts and protects 
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the operating field outside of the active camera view. For this reason, frequent 
zooming out and pan viewing of the field must be performed. During TME in the 
deep pelvis, there is a natural tendency to inadvertently “spiral” the camera (rotate 
the horizon), especially during anterolateral dissection. This results in improper rec-
ognition of anatomical landmarks. It is true that experienced robotic surgeons are 
known to perform up to four times more camera (and instrument) adjustments than 
novice surgeons while still demonstrating the economy of movements [27]. What 
should be avoided is dissection on the outskirts of the active view. Instead, the cam-
era should have the working instruments in center view at all times.

Similar to constant camera adjustment is constant instrument adjustment with the 
clutching mechanisms [27]. The surgeon’s hands should rest comfortably on the sup-
port and never be positioned “in the air.” This guarantees precision of movements 
and control of the operating field. Thus, by controlling three working instruments, 
the camera, and “conducting” the position of the assistant’s instruments, the surgeon 
is in full control of the entire case. It is imperative for the operator to subconsciously 
know the spatial position of all instruments at any given time. Without this aware-
ness, the instruments tend to clash internally and get damaged, but there is also an 
increased risk of collateral tissue damage if the instruments are not seen.

The part of the instrument most susceptible to damage is the plastic wrist cover 
of the monopolar cautery hook, which should always be checked when removed 
from the patient body. The internal and external collisions can lead to loss of instru-
ment wrist responsiveness. This requires resetting by simple removal and reinser-
tion. This malfunction can sometimes be observed during dissection around the 
very distal rectum. Frequently, less experienced surgeons do not recognize the full 
ability of the wrist articulation and use this sophisticated system in the traditional 
laparoscopic-like fashion. The skill of proficient utilization of the wrist articulation 
is especially crucial during right pelvic sidewall dissection with the right-hand 
instrument (hook or scissors) placed in the right lower quadrant. This often requires 
cocking the wrist toward the right side (Fig. 24.13). Additional unique articulation 

Fig. 24.13 Cocking of the 
right-hand dissecting 
instrument during the 
right-side pelvic dissection
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techniques are used for atraumatic retraction (L-shaping of the closed graspers), 
including lifting of the mesorectum and resting it on the instrument shaft without 
grabbing any tissue during posterior dissection (Fig.  24.6). Essentially, all tech-
niques of robotic TME rely on two robotic instruments to provide micro- and mac-
roretraction and one dissecting monopolar cautery instrument. While the most 
lateral retracting instrument is typically used for macroretraction, one has to remem-
ber that switching roles of the retracting instruments can sometimes improve the 
retraction. There is also a possibility, particularly during difficult and long cases, to 
confuse the pedals of the monopolar and bipolar cautery, resulting in burning of the 
specimen or, even worse, applying the heat to the grasper that is retracting the walls 
of the mesorectal compartment.

The newest Xi system comes with a built-in electrocautery generator unit which 
has different cautery settings than commonly used external units. As of now, the 
former may have a slightly inferior performance than the latter. Some operative 
adjustments may be necessary, and the settings increased to higher values than 
expected from traditional units.

Multiple problems can arise from inadequate communication between the 
console surgeon and the bedside assistant. Closed-loop communication in a 
standardized fashion is mandatory to confirm receipt and implementation of 
mutual instructions. Noise, insufficient microphone volume, or lack of team 
concentration can set off intraoperative disasters. Unexperienced bedside 
assistants may be unable to dock the robot efficiently or may injure tissues (most 
commonly small bowel) during instrument exchanges. In the newest Xi version, 
protective visual mechanisms (hazard bars) allow one to visualize the path of the 
inserted instruments, even when they are outside of the active visual field. It is 
recommended that instruments always be inserted under the camera’s vision. 
Typically, the assistant’s instruments are 5 or 6 mm in size, and occasionally they 
will collide with the robotic instruments or arms, rendering them ineffective. If 
such problems arise, a liberal new port insertion in the optimal location is 
recommended. Additionally, because of the design of the robotic arms, the 
instrument insertion or replacement requires more clearance over the sterile field 
toward the anesthesia stand. Therefore, the anesthesia screen and the poles must 
be moved more cephalad in order to avoid instrument contamination.

It is important to remember that newer, integrated motion tables, designed for 
use with the Xi system, will likely not have as extreme of a right-sided tilt when 
combined with simultaneous extreme Trendelenburg positioning seen in most 
traditional tables. Because of this, a more methodical small bowel positioning, or 
even different approach (lateral to medial), might be required to gain access to 
the base of the left colon mesentery. Finally, when the console operator leaves 
the console and returns to resume the case, care must be taken to safely insert the 
fingers in the manipulators before the surgeon’s head rests on the support with 
the system activation sensors. This will help to avoid inadvertent movement of 
the instruments which could be holding or retracting crucial anatomical 
structures.

S. Marecik et al.



391

 Common Errors and Intraoperative Difficulties

The most common errors specific to robotic cases result from inadequate retraction 
and visualization of anatomic landmarks, failure to recognize visual cues of tissue 
tension without a haptic interface, use of excessive or mistaken instrument energy 
application, loss of visualization of the instruments, or unrecognized collision of the 
instruments (Box 24.1).

Box 24.1 Most Common Errors Specific to Robotic Cases
• Improper retraction or clearance of small bowel and redundant sigmoid 

from the pelvis
• Initial incision into the mesentery of the rectosigmoid (more common in 

obese patients) or below the pHGNF, thus endangering the autonomic 
nerves

• Traumatic macroretraction of the rectosigmoid with break of the peritoneum 
or mesentery and bowel deserolization

• Dissection below the retroperitoneal fascia (very common), thus exposing 
the ureter and gonadal vessels

• Too deep dissection through the layers of Toldt’s fascia (nuisance error 
resulting in bleeding from the squiggly vessels of Toldt’s fascia)

• Inadequate clearance of the fibrotic trunk of IMA and not addressing vessel 
calcification

• Inadequate lymphadenectomy at the IMA root
• Transection of IMV distal to splenic flexure tributary (not close enough to 

the origin at the inferior pancreatic border)
• Disruption of splenic flexure vascular arcades (venous outflow is more 

common)
• Devascularization of omentum, with special emphasis to posterior omental 

leaflet attached to the cephalad surface of the transverse mesocolon
• Pulling on the omentum, resulting in splenic decapsulation, or rupture and 

bleeding
• Stripping of the peritoneal or retroperitoneal layer of the sigmoid fossa
• Stripping the retroperitoneal areolar layer (fascia) of the left common iliac 

vessels and psoas muscle (leading to a false pelvic dissection plane)
• Injury to the superior hypogastric plexus or the hypogastric nerves due to 

unrecognized dissection below the pHGNF
• Presacral dissection below or through the sacral splanchnic nerve (SSN) 

layer and too close to presacral vessels
• Lateral dissection below and outside of the SSN layer (exposing the 

internal iliac vein and injuring the pelvic plexus, where the nerves converge)
• Lateral dissection beyond the lateral edge of Denonvilliers’ fascia 

(exposing the anterior portion of the pelvic plexus) (Figs. 24.8 and 24.11)
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 Management of Intraoperative Complications and Conversion

Most intraoperative complications during a robotic low anterior resection are similar 
to those seen during traditional laparoscopic or open procedures. The lack of haptic 
feedback is outweighed by the steady view, instrument articulation, and tireless 
retraction. The ability to take visual cues of tissue or suture tension in lieu of haptic 
feedback develops with experience.

In the simplest cases of non-life-threatening bleeding, compression of the 
bleeding structure can be sufficient. The robotic platform allows the field, including 
the compressing instrument, to “freeze.” This allows for self-hemostasis or 
preparation for the hemostatic maneuver (evacuation of blood and irrigation, 
application of vessel sealer or suture-ligature). In cases of more severe and 
potentially life-threatening bleeding, all robotic graspers should release any tissue, 
the robot be undocked, and a rapid laparotomy be performed.

Suturing is easier with the robot and can be easily employed to repair a bowel 
injury. The left ureter injury can be avoided if the retroperitoneal fascia is kept 

• Unrecognized dissection in front of Denonvilliers’ fascia (safe and 
intentional anterior dissection can be championed with experience)

• Lateral dissection into the mesorectum, leaving the mesorectum of the 
lateral tethered surface remaining

• Breach of the mesorectal fascia
• Unintentional breach of Denonvilliers’ fascia during retraction or 

dissection, with resulted sagging of seminal vesicles resulting in oozing
• Anterolateral dissection beyond the distal portion of Denonvilliers’ fascia, 

resulting in bleeding from the neurovascular prostatic bundles
• Anterior and anterolateral dissection too close to sinuses of the posterior 

vaginal wall
• Inadequate distal rectal mobilization
• Improper mesorectal transection (“spiral apple peel”) below the tumor, 

resulting in too close distal margin or transection line (more common in 
large specimens)

• Improper stapler application (green cartridges are likely more adequate for 
thick rectal tissue) with insecure staple line after multiple stapler firings, isch-
emic dog ears, and large amount of loose foreign body (free floating staples)

• Devascularization of colonic conduit (indocyanine green angiography may 
be helpful in suspected cases)

• Proximal purse-string application incorporating a diverticulum into the 
circular staple line

• Tension on the anastomosis
• Insecure anastomosis with failed pressure-bubble test
• Not protecting the high-risk anastomosis with a proximal diversion
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intact, and the dissection is performed in the bloodless fashion. In all other cases, a 
methodical, limited exposure of the ureter is required. Ureteral stents are helpful 
during complicated redo surgeries, but routine stent placement is not recommended. 
Lack of control of the powerful instruments in the pelvis can lead to violation of the 
presacral Waldeyer’s fascia, with injury to the presacral venous plexus or, less likely, 
sacral artery (median or lateral). Small injuries can be controlled with robotic arm 
compression of the bleeding structure for 5–15 minutes; however, more severe inju-
ries may require conversion and specialized hemostatic techniques.

The most common reason for conversion during low anterior resection is the 
inability to progress due to unclear anatomy as a result of extensive pelvic pathol-
ogy. Unclear anatomy can even be encountered when preoperative imaging appears 
to be clear. It helps in these situations to look for two features of a complete meso-
rectal compartment  – roundness and symmetry  – which are universally present. 
They can be appreciated with appropriate exposure and deliberate slowing (or stop-
ping) of the dissection to zoom out and in for reorientation.

Conversions have historically been associated with negative perioperative, 
functional, and oncologic outcomes [28, 29]. It remains prudent to reevaluate the 
various options and rather convert in a difficult situation than to proceed with 
excessive case prolongation and suboptimal outcome [9, 30].

 Prerequisite Skills and Learning Curves

Advanced laparoscopic skills and adequate case volumes are keys to performing 
safe low anterior resection of the rectum [11]. The learning curve for robotic low 
anterior resection is estimated to be approximately 30–40 cases to achieve primary 
technical competence and around 70 cases to achieve proficiency [31, 32]. Many of 
the necessary robotic skills can be acquired with the help of virtual reality simula-
tors and cadavers [16, 24, 33]. In order to keep operative times as short as possible, 
a stepwise transition from hybrid to complete robotic procedures may be prudent.

 Outcomes

Since the landmark paper by Pigazzi and colleagues in 2006, demonstrating the 
feasibility of rLAR, many case series and several nonrandomized, retrospective, and 
prospective comparative studies of robotic and laparoscopic technique followed [1, 
2, 6, 7, 11]. Until now, only two randomized controlled trial were performed. The 
ROLARR trial compared robotic and laparoscopic techniques, while the ACOSOG 
study compared a robotic subgroup with laparoscopic and open cohorts [3, 4]. In 
addition, several meta-analyses were conducted comparing robotic and laparo-
scopic techniques and others comparing all three techniques [34, 35].

Altogether, robotic surgery was shown to be safe and feasible but had longer 
operative times when compared to the laparoscopic technique. Oncologic superior-
ity of the robotic technique could not be demonstrated. Nonrandomized studies and 
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meta-analyses frequently pointed toward lower conversion rates in the robotic tech-
nique [34, 35]. The pivotal ROLARR study (2017) suggested lower conversions and 
lower positive circumferential resection margins with the robotic technique but 
failed to reach statistical significance [3]. Additionally, the study found no differ-
ence in operative and postoperative complication rates, or functional genitourinary 
outcomes, in contrast to several nonrandomized studies that had suggested a poten-
tial respective advantage of the robotic technique [36–39].

 Conclusions

Since its inception, the robotic technique for low anterior resection has continued to 
undergo a constant evolution. Currently, it remains one of the many available tools 
in the surgical armamentarium for surgeons treating rectal cancer. Further studies 
are necessary to the optimal role of this technology.
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 Introduction

Laparoscopic colectomy for colon cancer is widely accepted and perhaps the proce-
dure of choice for the majority of patients with colon cancer. Despite sophisticated 
preoperative imaging that typically includes a CT scan of the chest, abdomen, and 
pelvis, as recommended by the National Comprehensive Cancer Network (NCCN) 
Guidelines and most surgeons’ practices, unexpected intraoperative findings are 
sometimes encountered. This chapter focuses on eight findings that may be encoun-
tered during the performance of laparoscopic surgery for colon cancer and how to 
manage these unexpected findings so that patient outcome is optimized.

 Identification of the Primary Tumor or Lack Thereof

Of primary importance in laparoscopic surgery for colon cancer are identification of 
the cancerous segment and its removal in an oncologically appropriate manner. 
Although this seems basic and routine, in the early learning curve of laparoscopic 
colon cancer management, wrong segments were removed for a variety of reasons. 
Surgeons often embarked on laparoscopic surgery to remove segments based solely 
on colonoscopic reports rather than intraoperative confirmation. This leads to the 
realization that preoperative marking using tattoo techniques was extremely impor-
tant owing to the fact that, with the loss of tactile sensation associated with 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_25&domain=pdf
mailto:weisse@ccf.org
mailto:dasilvag@ccf.org


400

laparoscopic surgery, the surgeon is more highly reliant on other methods of identi-
fying tumors intraoperatively or preoperatively. Thus the importance of reviewing 
the preoperative imaging, even when a report does not explicitly state that there is a 
mass or tumor identified in a segment, cannot be overstated. Subtle findings, par-
ticularly with the surgeon’s familiarity with the colonoscopy report, their own phys-
ical examination, and, possibly, their own endoscopy (colonoscopy or flexible 
sigmoidoscopy) depending on the situation, will often allow for confirmation of a 
tumor location. If a PET/CT has been ordered, unless the tumor is mucinous, the 
location of the tumor is typically PET-avid and will reappear, thus adding a corrobo-
rating study in addition to the colonoscopy. In cases of rectal or rectosigmoid 
tumors, flexible endoscopy is notoriously inaccurate in identifying the specific level 
of the tumor in relation to the anal verge or dentate line. Thus, in these cases, it 
behooves all surgeons to perform preoperative rigid proctoscopy or flexible sig-
moidoscopy in the office or endoscopy suite to ensure that the tumor is a colonic 
rather than a rectal lesion. This is important both to ensure removal of the appropri-
ate bowel segment and, in the case of rectal cancer, to consider alternative therapeu-
tic options based on local staging such as neoadjuvant chemoradiotherapy, a 
diverting stoma, chemotherapy, etc. Other scenarios in which preoperative imaging 
can be useful is obtaining a water-soluble contrast enema study (WSCE) in the case 
of incomplete colonoscopy due to obstruction or partial obstruction. This will pro-
vide information regarding the areas not visualized by colonoscopy as well as a 
“hard copy, road map” as to the location of the tumor.

At the time of the initial colonoscopy, the endoscopist should consider marking 
a tumor with tattoos [1]. Although until recently there was no standard method of 
tattooing for localization of tumors during laparoscopic colectomy, several princi-
ples should be adhered to. Tattooing should always be placed distal to the tumor so 
that removal of the tattoo within the segment ensures removal of the tumor. Tattooing 
should be placed in multiple quadrants of the bowel wall to facilitate visualization 
of the tattooing. If only one or two tattoos are placed and they happen to be in the 
mesenteric surface, they will at times be difficult if not impossible to visualize. 
Therefore placing tattoos in three or four quadrants should be routinely performed. 
Reviewing the colonoscopy report is sometimes helpful, but the specifics of mark-
ing are often omitted, and the reports only confirm that marking/tattooing was per-
formed. In these cases, discussion with the endoscopist can be useful. Furthermore, 
in cases where an endoscopist frequently refers patients, it is helpful to discuss the 
specifics of marking/tattooing in advance, which will often preclude the need for 
repeat colonoscopy and further marking/tattooing or intraoperative maneuvers to 
identify the correct segment with its associated tumor (Fig. 25.1).

At the onset of a laparoscopic procedure, an initial diagnostic laparoscopy 
should be performed. This entails a general inspection of the peritoneal cavity, 
liver, and pelvis to look for identifying characteristics of an underlying colonic 
tumor such as an obvious mass, adherence of omentum to the colon, puckering of 
the serosa, serosal involvement by the tumor, and visualization of the tattoo mark-
ings. If none of the characteristics of a colonic tumor are present and tattooing is 
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not visualized, one needs to consider why the tattoos are not visualized. Is the 
surgeon looking in the wrong location? Just because a colonoscopy report states a 
tumor is in the sigmoid, it does not mean that it could not be in the descending, 
splenic flexure, transverse colon, and at times even more proximal. Flipping the 
omentum up over the transverse colon should be undertaken as sometimes this 
maneuver will allow visualization of the tattoos/markings. Lastly, mobilizing the 
flexure(s) will sometimes allow visualization if tattoos are on the mesenteric sur-
face or blocked by folded or adhesed areas. Another approach is to place a hand 
port through the expected extraction site to restore tactile sensation and help to 
identify the tumor and its associated segment.

If all of the above maneuvers are unsuccessful, intraoperative colonoscopy 
should be performed. For most laparoscopic colorectal procedures, patients should 
be initially positioned in lithotomy, allowing access to the anus for such potential 
needs as intraoperative colonoscopy. If this has not already been done, repositioning 
will be required. Ideally, intraoperative colonoscopy should be performed using 
CO2 endoscopy equipment [2]. If unavailable, clamping the terminal ileum will 
prevent insufflation of the small bowel with room air, which will limit working 
space and make completion of the surgery more difficult. Once the tumor is identi-
fied, placing a tattoo intraoperatively, placing a suture at the site of the tumor, and 
marking with endoclips are all viable options to preserve identification of the tumor 
once the colonoscopy has been completed. With all of the tools available both 

Fig. 25.1 Preoperative 
tattooing
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preoperatively and intraoperatively, a “blind colectomy”  – without the ability to 
identify the correct segment prior to excision – should never be performed.

 Invasion of Other Organs

Despite preoperative, routine, and high-quality CT scans of the chest, abdomen, and 
pelvis, more advanced disease does sometimes present intraoperatively. Thus on 
initial diagnostic laparoscopy, assessment for adherence to or involvement of the 
tumor to other structures should be undertaken. Structures that a primary colon 
cancer may be adherent to or invading into would include the abdominal wall, 
omentum, small bowel, duodenum, stomach, retroperitoneum, bladder, and female 
reproductive organs including the fallopian tubes, ovaries, uterus, and/or vagina. 
Other structures may be less frequently involved. Regardless, intraoperative assess-
ment as to the resectability of these structures en bloc with the primary tumor needs 
to be undertaken. In addition, a decision needs to be made as to whether the proce-
dure should be continued as a laparoscopic approach or converted to an open proce-
dure [3]. Involvement of other specialists, if available, may also be required 
depending on the expertise of the operating surgeon and the organ(s) involved.

One of “the out of the OR” considerations is the potential lack of informed con-
sent for the additional surgery that may be necessary. Speaking to family members 
may be of some benefit; however, from a medicolegal standpoint, unless a family 
member has healthcare power of attorney on behalf of the patient, consent may not 
be binding or legal. Regardless, doing what is in the patient’s best interest should 
take precedence and should guide decisions.

The best decision may sometimes be to abort the procedure. However, this is 
advisable only if an initial diagnostic laparoscopy has been performed. If the proce-
dure has advanced (mobilization, vascular division, etc.) in an effort to recognize 
any secondary involvement of structures, aborting the procedure is not an option.

If the decision is made to proceed with en bloc resection, the operative team 
should take a “time-out” to discuss the new operation and the steps required and the 
need for other teams or services, if required. This will then allow the OR staff, the 
operative team(s), and potential additional services to be called and prepared.

 Synchronous Masses/Tumors

Synchronous tumors or cancers are relatively rare, occurring in less than 1–2% of 
patients with colon cancer, and are usually intraoperatively identified rather than 
preoperatively during colonoscopy. Although there is a small “miss rate” on colo-
noscopy, more typically a synchronous tumor would be proximal to a partially or 
obstructing tumor that was not traversed at the time of colonoscopy, thereby leaving 
a segment(s) of the colon that was not endoscopically evaluated. In cases where a 
complete colonoscopy cannot be performed, a preoperative WSCE is recommended. 
Not only does WSCE confirm the location of the primary tumor, it can also assess 
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areas that were not endoscopically evaluated. In cases where a second tumor is 
noted preoperatively, an extended resection or, less commonly, two segmental 
resections should be performed [4, 5].

If the synchronous tumor is noted intraoperatively, similar options are available 
to the surgeon and patient. Synchronous tumors should raise the suspicion of hered-
itary nonpolyposis colorectal cancer (HNPCC) in the appropriately aged patient. 
Depending on the location of the first and second tumors, the options remain as 
above: extended resection such as an extended right colectomy, subtotal colectomy, 
or total colectomy with ileorectal anastomosis. Even in cases of total abdominal 
colectomy with ileorectal anastomosis, functional outcomes are good with an aver-
age of 24-hour bowel function of two to four bowel movements per day.

 Meckel’s Diverticulum

Meckel’s diverticulum occurs in 2% of the population as per the “rule of 2s”: a loca-
tion of 2 feet from the ileocecal valve and ectopic gastric tissue within the diverticu-
lum predisposing to GI bleeding in 2% of cases. Incidentally finding a Meckel’s 
diverticulum is rarely an indication for surgical excision unless bleeding, perfora-
tion, diverticulitis, and obstructions have occurred prior to the incidental identifica-
tion [6]. However, if a decision is made to excise a Meckel’s diverticulum, it is 
generally safe and well tolerated.

 Peritoneal Carcinomatosis

Patients with peritoneal carcinomatosis (PC) typically have other sites of metasta-
sis. However, PC may be the only site in up to 25%, and in 10% it is diagnosed at 
the time of surgery [7]. The presence of PC implies a poorer prognosis to the patient. 
Traditionally, management of PC has included a combination of systemic therapy 
and cytoreductive surgery (CRS) followed by intraoperative hyperthermic intraperi-
toneal chemotherapy (HIPEC) with mitomycin-C or oxaliplatin (Fig.  25.2). 
Recently, a French randomized phase III multicenter trial has questioned the addi-
tion of HIPEC in these patients showing no difference in survival and an increased 
incidence of severe complications when compared to CRS alone [8]. Nevertheless, 
several studies have shown that CRS/HIPEC confers increased median 5-year sur-
vival of approximately 30% after R0/R1 resection, depending on the extent of dis-
ease and the completeness of CRS [7, 9].

Up-front knowledge of the presence of PC allows the surgeon to prepare for 
CRS, which entails removal of all visible disease, omentum/parietal peritoneum 
followed by HIPEC, which is time-consuming and demands structure with special 
equipment and drugs. More importantly, advance knowledge provides an opportu-
nity for a thorough preoperative discussion with the patient regarding the prognosis, 
benefits, and morbidity related to the procedure. CT scan is still considered the best 
imaging modality to detect PC. The presence of nodular or plaque-like soft tissue 
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masses and thickening of the mesentery in association with ascites are suggestive of 
the diagnosis. Unfortunately, CT scan accuracy is approximately 65% with low 
sensitivity for implants less than 1 cm. This results in often missed or underesti-
mated PC on preoperative imaging [10].

When the surgeon encounters unexpected PC, the first step is to evaluate the 
extent of the disease. The peritoneal cancer index (PCI) is one of the most commonly 
used tools to evaluate the extent of disease. The PCI scores the lesion size from 0 to 
3 (0 no tumor, 1 implants ≤5 mm, 2 >5–50 mm, or 3 >50 mm) in 13 abdominopelvic 
regions, for a score range from 0 to 39 (13 × 3). Patients who are physically fit and 
have limited (PCI < 20) and potentially completely resectable and/or ablatable dis-
ease with no extra-abdominal metastasis are candidates for the procedure [8]. In 
these cases, a surgeon experienced with CRS/HIPEC should be called in for evalua-
tion and/or the extent of the disease well documented with photos or video. While 
colectomy has been performed in these scenarios, few studies have suggested worse 
outcomes with CRS/HIPEC preceded by nondefinitive surgical intervention due to 
violation of the planes and adherence of cancer cells in traumatized tissue [11]. A 
better option might be to perform biopsies and, at a later date, colectomy with con-
comitant CRS/HIPEC. Similarly, if the patient has multiple liver metastasis, CRS 
should not be attempted. The implants should be biopsied and the primary tumor left 
in place. If the patient is symptomatic, however, the tumor might be resected and/or 
a stoma constructed or a gastrostomy tube placed, as indicated. In all situations, the 

Fig. 25.2 Peritoneal 
carcinomatosis. (Courtesy 
of Patricia Sylla, MD)
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case should be discussed in a multidisciplinary team, and the patient is referred for 
combination treatment with systemic chemotherapy, CRS, and HIPEC.

 Liver Metastasis

Liver metastasis is present in approximately 25% of patients diagnosed with 
colorectal cancer. CT scan is the imaging modality of choice for patients undergo-
ing colectomy for colon cancer. As with PC, the diagnosis of liver metastasis alters 
the patient’s treatment and prognosis. High-quality preoperative imaging is crucial 
as it demonstrates the number, size, and distribution of the metastasis and the vol-
ume of the remaining liver, which is important to determine the resectability of the 
lesions(s) and best treatment approach.

When the surgeon encounters lesions during laparoscopic exploration that are 
suggestive of metastasis not detected preoperatively, the decision to proceed with 
colectomy depends on the number/burden of the liver by the lesion(s) and the 
patient’s symptoms. If the lesions are multiple and occupy a significant portion of 
the liver, biopsy of the most assessable lesion might be performed using an energy 
device and sent for frozen biopsy, if available. If the patient is asymptomatic, the 
surgeon may forego colectomy, whereas resection should be performed in the pres-
ence of symptoms such as obstruction or bleeding. If only few lesions are noted, the 
surgeon may proceed with colectomy. In all cases, high-quality imaging +/− biopsy 
should be obtained postoperatively for further treatment planning. In addition, the 
patient should be referred to chemotherapy and hepatobiliary surgery, and the case 
should be discussed in a multidisciplinary tumor board.

 Ovarian Mass

The differential diagnosis for ovarian mass includes functional cyst, endometrioma, 
and benign or malignant neoplasm. The incidence of malignant ovarian tumors 
increases with age. Approximately 5–30% of ovarian tumors originate from other 
sites and 3–8% are from the colon. Whereas the appearance of a benign cyst filled 
with clear fluid is reassuring, the findings of a large, irregular, solid, multiloculated, 
or fixed mass are concerning. The approach to ovarian mass includes a diagnostic or 
staging phase and an operative phase. The diagnostic phase entails washing for 
cytologic examination and thorough inspection of all pelvic organs, peritoneal sur-
faces, the upper abdomen, the diaphragm, and the liver, in order to rule out macro-
scopic evidence of malignancy. Surgical treatment of known ovarian tumors may 
include debulking with removal of all visible disease and a staging procedure with 
hysterectomy, bilateral salpingo-oophorectomy, omentectomy, peritoneal biopsies, 
and bilateral pelvic and para-aortic lymphadenectomy [12]. This might be followed 
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by intraperitoneal or systemic chemotherapy. Metastatic ovarian tumor may be 
managed with unilateral or bilateral oophorectomy. Careful preoperative evaluation 
should identify women who have suspicious adnexal masses, and the patient is 
referred to a gynecologic oncologic surgeon for possible oophorectomy and imme-
diate staging by laparoscopy or laparotomy at the time of colon resection.

If an incidental isolated ovarian mass is found during colectomy for colon can-
cer, the surgeon may proceed as planned with colectomy, and gynecologic oncology 
consult should be obtained, if available. If the mass is suspicious and the patient is 
postmenopausal, after consent is obtained from the next of kin, the specialist may 
perform oophorectomy with care to avoid rupture and sent for frozen biopsy. If 
malignancy is confirmed, immediate full staging including peritoneal washings, 
total abdominal hysterectomy with bilateral salpingo-oophorectomy, omentectomy, 
peritoneal biopsies, and pelvic and para-aortic lymphadenectomy might be per-
formed, or in a second surgery [13]. This staging procedure can be performed by 
laparotomy or laparoscopy in experienced hands. If frozen biopsy is not available or 
the patient’s wishes are unknown, the ovary may be sent for permanent pathology 
and a second surgery performed at a later date by a specialist after discussion with 
the patient. Tumor markers can be sent intraoperatively or in the postoperative 
period.

In a premenopausal patient, reproductive and hormonal issues render the sce-
nario more complex. A gynecologic oncology surgeon is called in for evaluation 
and/or the findings documented and photos taken. Oophorectomy should be per-
formed at a later date after proper discussion and counseling relative to the patient’s 
reproductive wishes and expected hormonal changes. In cases when a benign- 
looking cyst is incidentally found, management should be postponed and the patient 
referred to a specialist.

 Malrotation

Intestinal malrotation is a rare congenital disorder that results from incomplete rota-
tion and fixation during fetal development. It is usually diagnosed in the first month 
of life and is extremely rare in adults. Presentation may be acute or chronic, with 
symptoms of obstruction with abdominal pain and vomiting. Although preoperative 
CT scan is usually obtained in patients undergoing colectomy for colon cancer, the 
diagnosis of malrotation is often missed. Findings of reversed relation of superior 
mesenteric artery and superior mesenteric vein with the vein to the right of the 
artery, a duodenojejunal junction lying on the right without crossing over to the left 
(corkscrew sign), a whirled appearance of the vasculature entering the volvulus 
(whirlpool sign), small bowel loops in the right upper abdomen, lack of visualiza-
tion of the cecum in the right lower abdomen, and dilatation of small bowel are 
suggestive of malrotation (Fig. 25.3a, b). The best imaging modality is upper gas-
trointestinal series, which may show the duodenojejunal flexure to the right of the 
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abdomen. Upon entering the abdominal cavity, the surgeon may encounter the small 
bowel to the right of the abdomen (Fig. 25.4). Lysis of adhesions should be carried 
on until the bowel is mobilized off the right abdomen. The colon might be difficult 
to visualize as it may be dislodged to the left. One should not hesitate to convert to 
open surgery to properly identify the anatomy. Care should be taken with division 
of the blood supply.

a

b

Fig. 25.3 (a) CT scan 
showing superior 
mesenteric artery dorsal to 
superior mesenteric vein. 
(a Source: From Donaire 
et al. [14]. Copyright © 
2013 Michael Donaire 
et al. Used under the 
Creative Commons 
Attribution License 3.0, 
which permits unrestricted 
use, distribution, and 
reproduction in any 
medium, provided the 
original work is properly 
cited.). (b) Duodenum 
does not cross the midline
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 Conclusion

Unexpected intraoperative findings are minimized by thorough and high-quality 
preoperative evaluation and imaging. The decision-making process is based on the 
knowledge of how to proceed when these findings are known prior to surgery; mor-
bidity of additional treatment; natural history of the disease; surgeon’s experience, 
resources, and skills; availability of the next of kin; the pathologist for frozen biopsy 
in some cases; and, above all, the patient’s best interest.
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26The Role of Laparoscopy 
in the Management of Bowel 
Obstruction

Angela H. Kuhnen

 Introduction and Rationale

Traditionally, laparotomy has been the approach of choice for small bowel obstruc-
tion even though laparoscopy may offer improved outcomes. Despite early adoption 
of laparoscopy for evaluation and treatment of a wide variety of abdominal pathol-
ogy, acceptance of laparoscopy as an adequate approach to small bowel obstruction 
occurred late in the history of laparoscopy. Laparoscopic release of a single adhe-
sive band was first described in 1991 by Bastug [1]. An estimated 300,000 patients 
are hospitalized and/or undergo surgery annually for adhesion-related 
SBO. Approximately 85% of small bowel obstructions in the Western world are 
caused by adhesions [2]. The overall risk of developing an adhesive SBO after 
abdominal surgery is approximately 5% historically, and after major abdominal sur-
gery, the risk increases to between 15% and 42%. In a meta-analysis of over 440,000 
patients who underwent abdominal surgery, the highest incidence of SBO occurred 
after open adnexal surgery or ileal pouch-anal anastomosis. With many procedures, 
laparoscopy resulted in fewer adhesions than an open approach, though this has not 
clearly translated to a lower incidence of SBO in colorectal surgery [3].

Although laparoscopic surgery is associated with early recovery, reduced 
length of hospital stay, and decreased morbidity compared with open surgery, the 
laparoscopic approach for treatment of small bowel obstruction has been slow to 
become established as the optimal approach, but laparoscopy is now considered 
an acceptable approach for cases of SBO in which it was previously felt to be 
contraindicated.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_26&domain=pdf
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 Indications and Contraindications of Laparoscopy in SBO

The cause of a bowel obstruction frequently determines whether a laparoscopic 
approach is possible. Most commonly adhesions are the source of obstruction, but 
other causes including hernia (both internal hernias and abdominal wall defects), 
tumor, bezoar, intussusception, acute appendicitis, and terminal ileitis may be 
implicated. Preoperative imaging studies often point to a cause and assist with 
planning of the operative approach (Figs.  26.1a, b and 26.2a–c). Laparoscopy 
offers the advantage of a diagnostic opportunity in cases where preoperative imag-
ing is ambiguous. Several predictors of successful laparoscopic lysis of adhesions 
have been reported, as well as relative contraindications to a laparoscopic approach 
(Table 26.1).

 Principles and Quality Benchmarks

Principles of surgery for small bowel obstruction include identification of the 
cause of obstruction, relief of the obstruction, resection of nonviable bowel, and 
avoidance of inadvertent enterotomy. Laparoscopy can be a valuable tool in 

a b

Fig. 26.1 (a, b) Abdominal CT scan images and operative findings in a woman with an adhesive 
closed loop small bowel obstruction after low-anterior resection for rectal cancer. Given the CT find-
ings and peritonitis on exam, the patient was felt to be a poor candidate for laparoscopic exploration 
and underwent laparotomy and small bowel resection. a shows a coronal image with a class C-shaped 
closed loop obstruction with thickening and hypoenhancement of the bowel wall as well as edema 
and lack of perfusion in the associated mesentery. The arrow points to the location of both proximal 
and distal obstruction. b shows findings on exploratory laparotomy, with internal hernia through a 
short adhesive band causing closed loop obstruction and ischemia of a loop of small intestine
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a b

c

Fig. 26.2 (a–c) Abdominal CT scan images and operative findings in a woman with adhesive 
small bowel obstruction of the proximal jejunum after laparoscopic total proctocolectomy and 
ileal pouch-anal anastomosis for familial adenomatous polyposis. Given the proximal point of 
obstruction and prior laparoscopic approach, the patient was felt to be a good candidate for lapa-
roscopic exploration and lysis of adhesions, which successfully resolved her obstruction. a shows 
a coronal image with dilated stomach, duodenum, and proximal jejunum. The arrow points to the 
point of obstruction from the adhesive band. Note the distal decompressed loops of small intes-
tine in the pelvis. b and c show laparoscopic findings, with a broad adhesive band compressing 
the proximal jejunum

Table 26.1 Predictors for success and contraindications to laparoscopy for small bowel 
obstruction

Predictors of successful laparoscopic lysis  
of adhesions

Contraindications to laparoscopic approach  
for SBO

Two or fewer prior abdominal operations
Previous upper abdominal incision
Appendectomy as only prior operation
Transition point outside of the pelvis
Bowel dilation less than 4 cm
Partial bowel obstruction
Surgeon training in advanced laparoscopic 
techniques

Massive abdominal distension that prevents 
safe entry into the peritoneal space and limits 
working space
Peritonitis with the need for bowel resection
Hemodynamic instability
Inability to tolerate pneumoperitoneum due to 
comorbid disease
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accomplishing these goals, but conversion to open surgery should be undertaken 
without delay if any of these goals cannot be accomplished via laparoscopic 
approach.

 Preoperative Planning, Patient Workup, and Optimization

Initial evaluation of the patient should address early stabilization with nasogastric 
decompression, fluid resuscitation, and correction of electrolyte abnormalities. 
Nasogastric decompression should be performed prior to induction of general anes-
thesia to minimize risk of aspiration.

Early attention to the urgency of surgery is critical in avoiding complications of 
strangulated bowel. Severe pain, incarcerated hernia, overlying skin changes, sig-
nificant leukocytosis, free peritoneal fluid or air, or suggestion of compromised per-
fusion on imaging warrants consideration of emergent surgery. It is important to 
remember that with a closed loop obstruction, fluid-filled loops are often not seen 
on abdominal x-ray. If a patient is felt to be stable without impending strangulation, 
observation with nasogastric decompression is appropriate, but if an obstructed 
patient does not improve in 24–48 hours, the abdomen should be explored.

The skill level and experience of the surgeon are important in operative plan-
ning, both in terms of technical skill and ability to judge if and when it is appropri-
ate to convert to laparotomy. Absolute contraindications for laparoscopy include 
pulmonary or cardiac status that cannot tolerate abdominal insufflation. Relative 
contraindications include diffuse abdominal distension, which risks bowel injury 
both during initial access to the abdomen and in dissection and visualization of 
the anatomy due to limited exposure. A history of previous abdominal surgery is 
a relative contraindication to a laparoscopic approach, with prior laparotomy or 
prior diffuse peritonitis yielding lower probability of success than a prior laparo-
scopic operation.

 Operative Setup and Technique

The patient should be positioned on the operating room table with the entire abdo-
men exposed and sterilized. The patient’s torso and all extremities should be secured 
to the operating table such that the table can be tilted in different directions for best 
visualization. In cases where intraoperative lower endoscopy may be useful (e.g., 
SBO after ileal pouch-anal anastomosis), a split-leg table or lithotomy position 
should be considered.

Pneumoperitoneum can be established using either Hasson technique or Veress 
needle depending on surgeon’s preference, but ideally initial access should be gained 
away from prior surgical sites. Initial use of an optical viewing trocar can facilitate 
safe peritoneal entry as it allows direct visualization of the layers of the abdominal 
wall. Insertion of subsequent trocars under direct laparoscopic visualization is criti-
cal. Surgeons should not shy away from using several additional 5 mm trocars in 
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order to improve access and exposure. Using a 5 mm rather than 10 mm 30 degree 
scope allows for frequent change in camera port position during the case. This is 
particularly helpful in keeping the camera in line with the surgeon’s instruments 
when running the bowel from distal to proximal. Using a pair of atraumatic laparo-
scopic forceps, the surgeon follows the loops of bowel, attempting to find a transition 
point between distended and collapsed bowel. Careful attention to gentle manipula-
tion of the bowel, especially dilated segments, is critical to avoid creating enteroto-
mies. Adhesive bands are lysed with sharp laparoscopic scissors, and blunt dissection 
of adhesions is minimized in order to avoid tearing of tissue in planes out of direct 
view. As in reoperative surgery, the use of energy, either monopolar cautery or bipo-
lar energy, should be minimized in order to avoid the risk of inadvertent burn injury 
and delayed enterotomy. Endo peanuts can be particularly helpful during blunt dis-
section of soft adhesions. Hemostasis can be achieved with suction and sponges.

Laparoscopy is a very good option to evaluate bowel obstruction in the virgin 
abdomen, as it allows for diagnosis and, if tumor or other reasons for minilaparot-
omy are found, helps optimize incision placement.

 Pitfalls and Troubleshooting

The decision to convert to open surgery should be made expediently if any of the 
goals of surgery for SBO cannot be accomplished (identification of the cause of 
obstruction, relief of the obstruction, resection of nonviable bowel, and avoidance 
of inadvertent enterotomy). Frequently laparoscopy provides improved visualiza-
tion over open surgery, but with obstruction, dilated bowel may preclude adequate 
visualization. Changing camera ports, adding working ports, and tilting the operat-
ing table may allow for identification of the transition point. Often after prior open 
surgery, adhesions to the prior abdominal incision can be divided via lateral laparo-
scopic ports, and laparoscopic approach is successful.

Ideally, all adhesions should be lysed to allow for running of the entire small 
bowel. It is necessary, however, to balance the advantage of complete visualization 
with the risk of bowel injury and causing bleeding by dividing further adhesions. 
The surgeon should maintain a low threshold for conversion if severely distended 
bowel or matted adhesions are present, especially in the deep pelvis. If enterotomy 
with minor contamination occurs and the bowel is minimally distended and other-
wise healthy, laparoscopic repair can be considered, but unfortunately these condi-
tions are rarely met, and at least minilaparotomy is typically advisable after 
iatrogenic bowel injury.

If the cause of obstruction is corrected but question of bowel strangulation exists, 
the loop of bowel should be observed for at least 5 minutes in the operating room. 
Return of normal color and peristalsis suggests viability, but with uncertainty the 
loop of bowel should be resected or at minimum the patient should be closely 
observed after surgery with a low threshold for second-look laparoscopy. If nonvi-
able bowel is identified, resection should be performed through at least a minilapa-
rotomy to minimize peritoneal contamination.
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Laparoscopy can be a safe and effective first-line approach to small bowel 
obstruction, but maintaining a low threshold to convert to laparotomy is imperative 
for patient safety.

 Outcomes

Logic would suggest that a laparoscopic approach for adhesive small bowel obstruc-
tion would confer the same benefits to patients as laparoscopy for other conditions, 
but the data are not so clear. An important consideration is that the retrospective, 
nonrandomized nature of nearly all publications on surgery for adhesive SBO heav-
ily biases open surgery toward patients with more comorbidities or worse clinical 
presentation. As a result, outcomes will tend to favor laparoscopy despite attempts 
to mediate these confounders with multivariate analysis and case matching. 
However, it is unlikely that a randomized controlled trial large enough to provide 
useful results will ever be completed, and so best analysis of the available data is 
important. Several single institution retrospective reviews, some of which utilize 
propensity score matching, have been published on the topic. In addition, several 
authors have pooled analyses of case-matched control or comparative studies, and 
nationwide databases have been queried on the topic.

Adhesive SBO is approached laparoscopically in about one third of cases [4, 5] 
with conversion to laparotomy in 25–39% of these [2, 4, 5]. The number of prior 
operations did not correlate with need for conversion to open surgery in all studies, 
but a documented history of dense adhesions was associated with a higher rate of 
conversion to open surgery. In addition, emergency operations resulted in twice the 
rate of conversion to laparotomy [6]. The most commonly cited reasons for conver-
sion are dense adhesions (29–70%), ischemic bowel with need for resection (16–
24%), iatrogenic injury (10–16%), and inadequate exposure (9–16%) [2, 4, 5]. 
Enterotomy rates ranged from 6.6 to 25% [2, 4, 6] (Table 26.2). It is unclear whether 
laparoscopic or open surgery poses a higher risk for enterotomy, with conflicting 
results showing higher rates of enterotomy in open surgery [4], some showing 
higher rates in laparoscopy [7], and some equivocal [8]. Importantly, Dindo and 
colleagues found in their review of a prospective Swiss nationwide database of 

Table 26.2 Outcomes in laparoscopy for small bowel obstruction

Reasons for conversion to open surgery during laparoscopic approach to small 
bowel obstruction Incidence
Dense adhesions 29–70%
Ischemic bowel, need for resection 16–24%
Iatrogenic injury 10–16%
Inadequate exposure 9–16%
Laparoscopic approach to small bowel obstruction is associated with:
  Enterotomy rates of 6.6–25%
  Reduced rates of mortality, morbidity, pneumonia, length of stay compared to open approach
  Possibly increased long-term incidence of reoperation for recurrent obstruction compared to 

open approach
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laparoscopic approach for SBO that reactive conversions forced by intra-abdominal 
complications almost doubled the morbidity rate compared to early preemptive con-
versions [6].

Laparoscopic surgery for adhesive SBO has been associated with a significant 
reduction in mortality [2, 8], morbidity [2, 4, 8–10], rates of pneumonia [8], and 
length of stay [4, 5, 8–11] (Table 26.2). Most [4, 9] but not all [8] studies showed 
early return of bowel function with laparoscopy compared to open surgery. No dif-
ference has been found between laparoscopy and laparotomy in need for early 
return to the OR [8, 9, 11].

With introduction and wider adoption of laparoscopy for intestinal surgery, com-
fort levels with more challenging cases have risen. Pei et al. used the ACS NSQIP 
database to evaluate trends in use of laparoscopy for SBO and found that the propor-
tion of SBO cases treated laparoscopically increased by 1.6% per year from 17.2% 
in 2006 to 28.7% in 2013 [10]. Behman and colleagues showed a threefold increase 
in laparoscopic approach over a 10-year period, from 4.3% to 14.3% in 2014 [7]. In 
a separate study, patient outcomes did not differ when the operating surgeon was 
fellowship-trained in minimally invasive surgery [5].

One argument for the use of laparoscopy is the attractive logic that long-term 
recurrence of adhesive small bowel obstruction might be less if the index obstruc-
tion is treated laparoscopically, resulting in fewer future adhesions. Yao and col-
leagues [9] followed 156 patients for 3  years after laparoscopic and open 
adhesiolysis and evaluated incidence of recurrent obstructive symptoms and reop-
eration for obstruction. Laparoscopy yielded good short-term outcomes including 
early return of bowel function, reduced incidence of complications, and shorter 
hospital stay. At 1 and 3 years postoperatively, etiology of previous SBO, surgical 
approach (laparoscopic vs. open), and postoperative clinical course had no impact 
on recurrence of obstructive symptoms. At 1 and 3 years, however, the incidence of 
reoperation for recurrence was significantly higher in the laparoscopically treated 
group (7.7% vs. 0%), though only four patients in total required reoperation 
(Table 26.2). Overall the authors were unable to show a long-term benefit of lapa-
roscopy over open surgery, especially in terms of recurrent symptoms. The authors 
speculate that in laparoscopy, insufficient exposure of the entire small bowel can 
contribute to recurrence.

 Conclusions

Relative to the open approach, laparoscopic management of small bowel obstruc-
tion is feasible in selected patients with reduced morbidity and mortality among 
surgeons experienced in laparoscopy but with a significant conversion rate. It is 
important to keep in mind that a low threshold for conversion may decrease post-
operative morbidity. Laparoscopy may reduce the risk of adhesions compared to 
laparotomy, though further long-term studies are needed to determine whether 
laparoscopic treatment of adhesive SBO can help reduce the risk of recurrent 
episodes of SBO.
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27Large Bowel Obstruction: When Should 
Colon Stenting Be Considered as  
First- Line Strategy?

George Melich, Elena Vikis, and Alberto Arezzo

 Introduction and Rationale

Introduced in the 1990s [1, 2] and found to be a lower cost alternative to emergency 
surgery (ES) for symptomatic obstructing left-sided colon cancer [3], the role of self-
expanding metal stents (SEMS) has continued to evolve. There are two types of colonic 
stents available on the market, covered and uncovered stents. While no differences in 
technical and clinical success rates or complication rates have been found between the 
stents, covered stents have significantly higher rates of tumor ingrowth but lower 
migration rates [4, 5]. Correct stent insertion is mostly dependent on the location of the 
stenosis and length of the stent, which may be difficult to advance through the loops of 
the sigmoid tract (mainly if >10 cm long). Stent diameter also influences the rate of 
migration, as stents <24 mm in diameter are associated with higher migration rates [6, 
7, 8]. As SEMS tend to shorten after deployment, it is advisable to cover at least 2 cm 
on each side of the obstruction to guarantee long-lasting efficacy [9].

The indications for stent placement in patients with malignant colonic obstruc-
tion include:

• Palliation of surgically incurable colorectal cancer
• Stenting as a bridge to surgery to avoid an emergent, two-step procedure and to 

allow for optimization of medical status and for preoperative staging including 
colonoscopy

• Management of some patients with extracolonic pelvic tumors (e.g., ovarian 
cancer)
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This chapter will review indications and contraindications for colonic stents 
placement in large-bowel obstruction, based on available data regarding technical 
success/failure, risk for early and delayed perforation, and oncologic outcomes rela-
tive to emergency surgery based on recurrence rates and 5-year survival rates.

 Indications for SEMS

While first-line use of SEMS for palliation of obstructing left-sided colon cancer in 
the face of significant comorbidity is widely accepted [10–13], its role in colonic 
stent decompression as a bridge to elective surgery (SBTS) remains controversial. 
This is reflected by conflicting international guidelines that are summarized in 
Table 27.1.

The 2013 American Society for Gastrointestinal Endoscopy (ASGE) guidelines 
state colonic SEMS may also be used as “bridge to surgery” for patients with malig-
nant obstruction who are surgical candidates [10]. These were followed by the 2014 
update of the European Society of Gastrointestinal Endoscopy (ESGE) guidelines 
[11]. Heavily influenced by outcomes from the halted STENT-In 2 trial [14], the 
largest multicenter randomized controlled trial (RCT) published at the time, the 
guidelines strongly recommended against colonic SEMS placement as a standard 
treatment for symptomatic left-sided malignant obstruction. Nonetheless, several 
critics of the STENT-In 2 study questioned the SEMS skills and experience of some 
of the centers, due to the low clinical and endoscopic success rate reported [15]. 
Though not a recommended first-line treatment for all patients with potentially cur-
able left-sided obstructing colon cancer, the ESGE still conceded that SEMS place-
ment may be considered as an alternative to emergency surgery in those who have 
an increased risk of postoperative mortality, e.g., ASA > III and/or age > 70 years 
(weak recommendation, low quality evidence) [11].

More recent guidelines are no less at odds. In 2016, the Eastern Association for 
the Surgery of Trauma (EAST) conditionally recommended colonic stenting (if 
available) as the initial therapy for malignant colonic obstruction after finding stent 
use being associated with decreased mortality and decreased rates for emergency 
procedures, including reoperations [11], based on a meta-analysis of results from 
six RCTs [16–20]. These conclusions are supported by findings from the subse-
quent 2016 ESCO trial, the largest RCT published to date [21]. Here the findings 
indicate that the two treatment strategies (stent bridge to elective surgery and emer-
gency surgery) are equivalent. No difference in oncologic outcome was found at a 
median follow-up of 36 months. The significantly lower stoma rate noted in the 
SBTS group argues in favor of the stent bridge to elective surgery procedure when 
performed in expert hands.

The 2017 consensus conference of the World Society of Emergency Surgery 
(WSES) states SEMS as a bridge to elective surgery offers a better short-term out-
come than direct emergency surgery with significantly lower stoma rates [21, 22]. 
However, SEMS could not with certainty be recommended as the treatment of 
choice in the management of obstructing left-sided colon cancer, because evidence 
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remained suboptimal for long-term outcomes [23]. Further studies were deemed 
necessary to alleviate concerns that SEMS insertion may promote tumor progres-
sion and metastasis. A 2015 meta-analysis by Erichsen and coauthors reports a com-
parable 5-year survival of 49% among patients with SEMS vs 40% who underwent 
urgent resection. However, the same study also reports a 5-year recurrence risk of 

Table 27.1 Main recommendations on the use of stents of the most recent international 
guidelines

Prophylactic colonic 
stent placement Stent bridge to elective surgery

Stent as palliation of 
malignant colonic 
obstruction

ASGE, 
2013

“Colonic SEMS may also be 
used as a ‘bridge to surgery’ 
for patients with malignant 
obstruction who are surgical 
candidates”

ESGE, 
2014

Not recommended. 
Colonic stenting should 
be reserved for patients 
with clinical symptoms 
and imaging evidence of 
malignant large-bowel 
obstruction, without 
signs of perforation

Not recommended, unless 
increased risk of postoperative 
mortality, i.e., American 
Society of Anesthesiologists 
(ASA) physical status RIII 
and/or age >70 years (weak 
recommendation, low quality 
evidence)

SEMS placement is 
recommended as the 
preferred treatment for 
palliation of malignant 
colonic obstruction except 
in patients treated or 
considered for treatment 
with antiangiogenic drugs 
(e.g., bevacizumab)

EAST, 
2016

We conditionally recommend 
endoscopic, colonic stenting (if 
available) as the initial therapy 
for colonic obstruction

WSES, 
2017

SEMS as bridge to elective 
surgery offers a better 
short-term outcome than direct 
emergency surgery. The 
complications are comparable, 
but the stoma rate is 
significantly smaller. Long- 
term outcomes appear 
comparable, but evidence 
remains suboptimal; further 
studies are necessary. For 
these reasons, SEMS as BTS 
cannot be considered the 
treatment of choice in the 
management of OLCC, while it 
may represent a valid option in 
selected cases and in tertiary 
referral hospitals

In facilities with 
capability for stent 
placement, SEMS should 
be preferred to colostomy 
for palliation of OLCC 
since it is associated with 
similar mortality/
morbidity rates and 
shorter hospital stay. 
Alternative treatments to 
SEMS should be 
considered in patients 
eligible to a bevacizumab- 
based therapy. 
Involvement of the 
oncologist in the decision 
is strongly recommended

Data from Refs. [10, 11, 16-20, 21-26]
ASGE American Society for Gastrointestinal Endoscopy, ESGE European Society for 
Gastrointestinal Endoscopy, EAST Eastern Association for the Surgery of Trauma, WSES World 
Society of Emergency Surgery, SEMS self-expanding metal stents, OLCC obstructing left colon 
carcinoma, BTS bridge to elective surgery
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39% after SEMS placement compared with 30% after urgent resection [24]. More 
recently, a 2017 meta-analysis of randomized trials and observational studies found 
SBTS had similar long-term oncologic outcomes to ES, leading the authors to con-
clude that it should be considered the best treatment option for left- sided malignant 
colonic obstructions in centers with appropriate experience [25]. A similar meta-
analysis considering only RCTs showed that SBTS was associated with lower short-
term overall morbidity and lower rates of temporary and permanent stoma [9]. The 
authors concluded that depending on multiple factors such as local expertise and 
clinical status, including level of obstruction and level of certainty of diagnosis, 
SBTS does offer some advantages with less risk than ES for left-sided malignant 
colonic obstruction in the short-term. Patients’ characteristics and main findings of 
the meta-analysis of only RCTs are summarized in Tables 27.2 and 27.3.

Although the evidence quality is low, because of the potential complications 
associated with SEMS, prophylactic stenting in the case of asymptomatic left-sided 
colon cancer cannot be recommended outside clinical trials [11]. Results of the 
CREST study are awaited to eventually reconsider this conclusion [26].

 Contraindications for SEMS

Absolute contraindications to colorectal stenting include documented perforation 
on imaging, concomitant small bowel obstruction, and very distal rectal lesions 
where stent placement poses a high risk of tenesmus and, when within 2 cm of the 
anal verge, incontinence [27, 28]. In addition, stents are not recommended if 
bevacizumab- based chemotherapy is intended, due to increased risk of perforation 
[28–30].

Relative contraindications include peritoneal carcinomatosis due to increased 
risk of perforation, uncorrectable coagulopathy, and extensive bleeding [ 31].

 Principles and Quality Benchmarks

Most commercial SEMS are manufactured from the flexible nickel-titanium alloy 
Nitinol and may be covered with polyurethane, polyethylene, or silicone, which 
makes them resistant to tumor invasion and tissue ingrowth but more prone to 
migration [27, 28, 30, 32].

Stent placement may be radiologic, endoscopic, or, as we prefer, a combination 
of both. The combined approach not only enables precise placement of the stent by 
facilitating guidewire delivery, particularly in tortuous colons and angulated or tight 
stenoses, but endoscopy permits biopsy when a pathologic diagnosis has yet to be 
made and decreases patient and operator exposure to radiation compared with fluo-
roscopy alone [33].

Stent length is selected by allowing an additional 2 cm to extend proximally and 
distally past the lesion while ensuring the expanded stent fully abuts the bowel wall 
to prevent migration.
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Although there is no agreement on how long the stent should or could be kept in 
place depending on the different applications, it is generally recommended to await 
a minimum of 5 days before proceeding to elective surgery if the stent was meant as 
a bridge to surgery. Some centers prefer to discharge patients and readmit them after 
a minimum of 2 weeks before subsequent surgery. A full bowel preparation is ques-
tionable after SEMS placement but generally not performed for concerns regarding 
possible stent migration. No evidence is provided in the literature to provide specific 
guidance in any of these topics.

Subsequent surgery is ideally carried out as a single procedure, but patients with 
multiple comorbidities (i.e., distant metastases) may require staged surgery, i.e., 
first colorectal resection followed by systemic chemotherapy, after which liver- 
directed operation is performed.

 Preoperative Planning, Patient Workup, and Optimization

Complete blood count and, in cases where a bleeding diathesis is known or sus-
pected, INR and PTT are ordered. If applicable, abnormalities are corrected. CT 
scans of the chest, abdomen, and pelvis are performed to localize the tumor, to 
assess for metastatic spread, and to identify contraindications to stent placement.

Prior to stent placement, patients can usually undergo a simple water enema.

 Technique

Once the lesion is visualized endoscopically, a 5 Fr catheter threaded with a 
hydrophilic guidewire is passed via the endoscope’s 3.7 mm working channel 
beyond the lesion. Threading is further facilitated via radiological guidance 
using static X-rays or fluoroscopy (Fig.  27.1) [34]. Angulated strictures may 
require initial traversal either with a J-wire or with the use of a sphincterotome 
as cannula. The guidewire is retrieved, and water-soluble contrast is injected 
through the catheter to delineate the lesion and confirm required stent length 
under radiological guidance, if this is not clear by just observation of air contrast. 
A super stiff guidewire replaces the hydrophilic one (Fig. 27.2), the catheter is 
removed, and the compressed SEMS delivery system is passed over the guide-
wire into position (Fig. 27.3) and expanded under both fluoroscopic and endo-
scopic visualization (Fig. 27.4). Patency is confirmed by water-soluble contrast 
which also ensures the absence of leaks. Additional dilation via balloon is not 
performed to avoid perforation. X-rays are taken the day of the procedure and the 
day after to confirm appropriate placement, non-migration, and rule out asymp-
tomatic perforation.

G. Melich et al.
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Fig. 27.1 Insertion of the J-wire under endoscopic and fluoroscopic guidance

Fig. 27.2 Advancement of the super-stiff wire
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Fig. 27.3 Advancement of the SEMS delivery system

Fig. 27.4 Stent deployment

G. Melich et al.
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 Pitfalls and Troubleshooting

Complications of SEMS include perforation, migration, obstruction, and bleeding. 
Immediate perforation typically occurs during guidewire or catheter advancement, 
while delayed perforation is associated with stent quality and high angulation stric-
tures at the rectosigmoid junction [27, 31, 35, 36].

Partial migration or foreshortened stent length may be managed with placing a 
second overlapping stent. For re-obstruction, stent-in-stent deployment must be bal-
anced against the increased risk of surgical failure with the placement of additional 
stents.

Bleeding is usually due to a friable tumor or mucosal injury and is typically 
self-limited.

Emergency surgery is required in cases of perforation, incorrect or unsalvageable 
stent placement, and unrelieved obstructive symptoms.

 Learning Curve

Initial proctoring by a skilled operator is strongly recommended with the learning 
curve for colorectal stent insertion being reported as about 30 procedures for an 
experienced endoscopist [37]. We now know that one of the weaknesses of the 
Stent-In 2 trial study that significantly influenced subsequent statements and guide-
lines was the variation in operator experience with stenting in the participating cen-
ters, which could partly explain the high rate of perforations as compared with the 
published literature. As a result, in order to minimize the risk of perforation, sur-
geons in the Netherlands must prove sufficient expertise before they can perform 
colonic stenting. The general consensus is that larger trials are mandatory and that 
stent placement should only be performed in centers where experienced endosco-
pists are available.

 Outcomes

Tables 27.2 and 27.3 summarize the findings of all randomized trials pertaining to 
SBTS vs ES. The meta-analysis of RCTs investigated overall mortality and morbid-
ity rates within 60 days as primary outcomes. The overall mortality rate was 9.6% 
in the SBTS group and 9.9% in the ES group (RR  =  0.98, 95% CI 0.53–1.82, 
p = 0.955). The overall morbidity rate was 33.9% in the SBTS group and 51.2% in 
the ES group (RR = 0.59, 95% CI 0.38–0.93, p = 0.023). Among secondary out-
comes, the temporary stoma rate was 33.9% in the SBTS group and 51.4% in the ES 
group (p < 0.001); the permanent stoma rate was 22.2% in the SBTS group and 
35.2% in the ES group (p = 0.003); the primary anastomosis success rate was 70.0% 
in the SBTS group and 54.1% in the ES group (p = 0.043).
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Major concern has been raised regarding oncologic outcomes after SBTS and the 
increased risk of disease spread, particularly of liver metastases. The same meta- 
analysis showed that tumor recurrence rate was reported in four of the eight studies, 
with a median follow-up period ranging from 18 to 65 months; the rate was 40.5% 
in the SBTS group and 26.6% in the ES group, with an overall RR of 1.80 (95% CI 
0.91–3.54, p = 0.09; I2 = 61.1%). Data about overall survival and progression-free 
survival as well as quality of life and cost analysis were insufficient for inferential 
analysis.

 Conclusions

First-line use of colonic stenting is universally recognized for the palliation of 
symptomatic left-sided obstruction due to colon cancer when patient comorbidity is 
high. Its role in symptomatic, potentially curable obstructing left-sided colon cancer 
is less defined, and we await the 5-year oncologic outcomes from the ESCO trial 
[21] to provide further clarity. Prophylactic stenting in asymptomatic left-sided 
colon cancer is not recommended.
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28Minimally Invasive Management 
of Complicated Sigmoid Diverticulitis 
in the Emergency Setting: Patient 
Selection, Prerequisite Skills, 
and Operative Strategies

Ron G. Landmann and Todd D. Francone

 Introduction and Rationale

Complicated diverticulitis is defined as diverticulitis with associated abscess, 
 phlegmon, fistula, obstruction, bleeding, or perforation with purulent or fecal peri-
tonitis [1]. National guidelines for the management of diverticular disease continue 
to evolve with the pendulum swung in full force toward a more conservative 
approach, individualized for both complicated and uncomplicated diverticulitis. 
These guidelines have also been modified to include minimally invasive surgery as 
a safe and effective modality for diverticular disease. This is mainly in part related 
to the increased utilization of robotic and laparoscopic approaches for not only 
benign disease but also malignant processes.

As with the decision to operate, the technique should be tailored to the individ-
ual. No matter the choice of technique, open or minimally invasive, surgery for 
complicated diverticulitis comes with inherent challenges due to perforation, sepsis, 
abscess, fistula, and peritonitis. Surgical options vary between the historically con-
servative Hartmann’s procedure (HP) with segmental colectomy and end colostomy, 
segmental resection with primary anastomosis (PRA) with or without fecal diver-
sion, and, the least invasive approach, laparoscopic peritoneal lavage (LL).

Safe and effective management of complicated diverticulitis requires a personal-
ized approach to the patient based on the clinical presentation, diagnostic imaging, 
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and underlying disease presentation such as the presence of purulent (Hinchey III) or 
feculent (Hinchey IV) peritonitis (Box 28.1). For these reasons, it is essential to be 
familiar with various approaches (i.e., medial-to-lateral, lateral-to-medial, superior 
to inferior, etc.) resulting in optimal exposure as well as safer, quicker, and a more 
reproducible dissection in an otherwise hostile surgical environment. This chapter 
aims to provide insight into the considerations required and techniques available to 
safely perform minimally invasive surgery for complicated diverticulitis.

 Indications and Contraindications

The management of patients with peritonitis from perforated diverticulitis is chal-
lenging. Patient presentation may vary from hemodynamically stable to critically ill 
and labile. Accordingly, rapid and accurate diagnosis and evaluation is essential to 
facilitate selection of an appropriate surgical strategy. Indications for surgery in 
patients with complicated diverticulitis include the presence of diffuse peritonitis 
such as in patients with Hinchey III or IV disease, failure to respond to medical 
therapy such as with percutaneous drainage or IV antibiotics, or the development of 
complex disease such as a fistula to the vagina or bladder (Box 28.2). As one would 
expect, bowel resection in the setting of acute inflammation can be quite problem-
atic and potentially detrimental to the patient with increased risk of injury to other 
critical structures. As such, nonoperative management, such as percutaneous drain-
age and intravenous antibiotic therapy, should always be considered and favored 
in  patients who are not critically ill. A study by Dharmaarjan and coauthors 

Box 28.1 Hinchey Classification
• Stage Ia: phlegmon
• Stage Ib: diverticulitis with pericolic or mesenteric abscess
• Stage II: diverticulitis with walled off pelvic abscess
• Stage III: diverticulitis with generalized purulent peritonitis
• Stage IV: diverticulitis with generalized fecal peritonitis

Data from Refs. [2–6]

Box 28.2 Indications for Surgery with Complicated Diverticulitis
 1. Hemodynamic instability
 2. Failure to respond to medical therapy (i.e., percutaneous drainage of 

abscess and IV antibiotics)
 3. Fistula disease (colovesicular, colovaginal, colocutaneous)
 4. Large bowel obstruction with impending perforation
 5. Gastrointestinal hemorrhage.

R. G. Landmann and T. D. Francone
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demonstrated that 93% of patients with remote air on CT scan were able to be man-
aged effectively nonoperatively with almost 50% of patients eventually undergoing 
an elective minimally invasive resection highlighting the importance of correlating 
clinical assessment with diagnostic imaging [7].

The decision to perform minimally invasive surgery in the setting of complicated 
diverticulitis should be based not only on the physiologic state and comorbidities of 
the patient but also the experience of the operating surgeon and surgical team. In the 
hemodynamically stable patient, laparoscopy offers both diagnostic and therapeutic 
utility, including drainage of abscesses, lavage, or bowel resection. The decision to 
proceed in a minimally invasive fashion or convert to an open approach is multifac-
torial. Factors such as poor exposure, difficult anatomy, and patient intolerance 
related to cardiopulmonary status or failure to make progress highlight the impor-
tance of an experienced surgeon to recognize when the benefit of a minimally inva-
sive approach is dwarfed by the risk to patient safety.

Although an open approach does not necessarily resolve all the difficulties 
encountered during those complex cases, it may allow certain advantages such as 
increased exposure and the ability to palpate structures as well as the use of blunt 
dissection. In the setting of purulent or feculent peritonitis, aggressive abdominal 
irrigation may also be facilitated. Those familiar with hand-assist laparoscopy may 
be able to avoid conversion to an open procedure as this technique utilizes the 
advantages of both minimally invasive and open techniques. Whatever the approach, 
the surgeon and the operating room staff should frequently reevaluate the intraop-
erative conditions to ensure there is appropriate prioritizing of patients’ safety and 
that procedures are progressing in a safe and effective manner.

 Principles and Quality Benchmarks

The goals of treating patients with complicated diverticulitis remain simple: (1) 
stabilize the patient and (2) control the sepsis. Once achieved, definitive man-
agement can be determined. In the critically ill patient with physiologic com-
promise, MIS should be avoided, and damage control techniques may need to be 
employed. The principles of damage control surgery in non-trauma care include 
abbreviated surgery to control contamination in the abdomen, simultaneous 
resuscitation, and definitive surgical management at a later stage after restora-
tion of hemodynamic stability. The staged management of damage control has 
been shown to minimize the physiological impact of shock, allowing definitive 
reconstruction under more favorable conditions. In the setting of perforated 
diverticular disease, the patient may be taken to the operating room for explor-
atory laparotomy where the segment of perforated diverticular disease is 
resected with minimal dissection or simply diverted. Diversion can be achieved 
with either a diverting loop sigmoid colostomy, transverse colostomy, or “blow 
hole” [8]. The abdomen is thoroughly washed with irrigation, and the patient is 
transferred to the ICU for further resuscitation with plans for more definitive 
care once stable [9].

28 Minimally Invasive Management of Complicated Sigmoid Diverticulitis…
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There is minimal benefit to “damage control” techniques in the setting of hemo-
dynamic stability. Less critical patients may be considered for a minimally invasive 
approach although the principles of concurrent physiologic resuscitation and sepsis 
control remain relevant. The source of sepsis should be identified and controlled 
either by diversion or resection. Resection is often feasible; however, the surgeon 
should avoid extensive dissection along the retroperitoneum and avoid mobilizing 
the splenic flexure if possible. This may not be possible in certain situations, espe-
cially in the morbidly obese when a diverting colostomy can be difficult to create in 
the setting of a thick abdominal wall. Once the sepsis is controlled, primary defini-
tive care may occur at the time of the initial operation. If resection is performed, the 
potential for restoring intestinal continuity should be considered. Alternative man-
agement to resection in patients with mainly Hinchey III disease includes laparo-
scopic lavage and is discussed later in the chapter in detail.

 Preoperative Planning, Patient Workup, and Optimization

In the emergency setting, extensive preoperative workup and planning are often 
precluded by the need for urgent operative intervention. In the critically ill patient, 
operative intervention may be required before further diagnostic imaging such as a 
CT scan can be performed; however, preoperative optimization, either in the emer-
gency department or surgical intensive care unit with IV fluid resuscitation, IV anti-
biotics, as well as potentially afterload reduction or inotropic support may reduce 
intraoperative events and improve postoperative outcomes. Additionally, improved 
hemodynamic status may allow opportunity for further diagnostic imaging includ-
ing CT scan to further narrow the differential diagnosis and etiology.

Physiologic state notwithstanding, clinical assessment should at minimum 
include a detailed medical history including prior operative interventions as well as 
an appropriate physical exam and laboratory workup. Past medical history includes 
prior endoscopic evaluation such as colonoscopy. This is particularly important in 
patients who present with perforation secondary to large bowel obstruction raising 
the possibility of a neoplastic etiology in the absence of a prior endoscopic evalua-
tion. Hemodynamic stability often affords more time for a detailed clinical history 
and physical exam habitually supplemented by a CT scan of the abdomen and pel-
vis. Identification of free air or fluid throughout the abdomen may give further clues 
to the classification of the presenting diverticular disease with categorization into 
Hinchey I–IV (Box 28.1) and as such dictate further management. In the absence of 
free fluid or diffuse air throughout the abdomen, nonoperative management should 
be considered as the preferred pathway. Failure to respond to medical management 
should trigger conversion to an operative approach. Patients with presumed Hinchey 
III diverticular disease may be considered for laparoscopic lavage with the under-
standing that delineation between Hinchey III and IV can be challenging and may 
require conversion to a bowel resection either by laparoscopy or open. Other preop-
erative considerations may include ureteral stents depending on availability at the 
time of surgery.
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Routine mechanical bowel preparation should be performed if possible, for left- 
sided resections, and is recommended in the elective setting in conjunction with 
oral antibiotics as per enhanced recovery protocols [10]. Elective resection with 
primary anastomosis without bowel preparation has been shown to be safe and 
feasible; however, if fecal diversion is deemed necessary, then an on-table lavage 
should be performed to reduce the fecal load proximal to the new anastomosis. 
Fecal diversion will have minimal benefit if the colon distal to the diverting ostomy 
is full of stool. On-table lavage has been shown to be safe but can be time-consum-
ing and expose the patient to unnecessary risk with increased fecal contamination, 
bowel handlining, and ileus [11]. The authors do not generally perform nor advo-
cate for on-table lavage.

It also is worth noting that all patients undergoing emergent operation for pre-
sumed diverticular disease receive preoperative stoma marking and teaching. It is 
well documented that a well-sited stoma and pre-counseling have been associated 
with improved postoperative outcomes and higher quality of lie scores [12]. Often a 
Wound Ostomy Care Nurse (WOCN) is not available; therefore, it is up to the sur-
geon to discuss the possibility of a stoma, provide adequate education, and appro-
priately mark potential sites. Both the right and left sides of the abdomen should be 
marked for potential stomas in preparation for either Hartmann’s procedure or seg-
mental resection with primary anastomosis and loop ileostomy creation. Stoma cre-
ation without considerations of certain factors such as prior scars, belt lines, and 
abdominal crease can result in a poorly functioning stoma no matter how well it is 
fashioned.

 Operative Strategy

Operative strategy will be dictated by multiple factors including but not limited to 
the physiologic state of the patient, medical comorbidities, prior surgical history, 
diagnostic imaging suggesting feculent or purulent peritonitis, timing of presenta-
tion, as well as the experience of the surgeon and surgical staff. Consideration of 
these factors among others should aid the surgeon in devising a strategic operative 
plan for the patient, in particular whether to approach the patient using a mini-
mally invasive approach. Furthermore, any patient planed for a minimally inva-
sive approach should be prepared the possibility of conversion to an open 
procedure.

When operating in an emergent hostile abdomen, it is essential to be familiar 
with various approaches for dissection of the bowel and its mesentery (i.e., medial- 
to- lateral, lateral-to-medial, superior to inferior, etc) in order to optimize exposure, 
perform a safer and quicker dissection, and minimize the risk of injury and postop-
erative morbidity. This is undoubtedly facilitated by a fundamental understanding 
of the surgical anatomy, allowing the surgeon to identify key anatomic landmarks 
such as the bladder and ureters prior to proceeding with planned resection while 
being prepared to perform additional diagnostic evaluations and therapeutic inter-
ventions as needed.

28 Minimally Invasive Management of Complicated Sigmoid Diverticulitis…



438

Surgical options can range from sigmoid resection with end colostomy, well 
known as a Hartmann’s procedure (HP), sigmoid resection with primary anastomo-
sis (PRA) with or without temporary fecal diversion, or laparoscopic lavage (LL). 
Recent systematic reviews and meta-analyses have reported comparable complica-
tion rates for those undergoing PRA and HP suggesting that PRA is safe and feasi-
ble in the setting of generalized peritonitis (Hinchey III and IV). Results have been 
less favorable for laparoscopic lavage with data suggesting no clear benefit to lavage 
when compared to PRA or HP [13, 14]. In a recent meta-analysis by Schmidt and 
coauthors, mortality rates were similar between HP and PRA (RR 2.03 (95% CI 
0.79–5.25); p  =  0.14) but showed higher stoma reversal rates for those patients 
undergoing PRA (RR 0.73 (95% CI 0.58–0.98); p = 0.008). In addition, the meta- 
analysis showed no significant benefit of laparoscopic lavage when compared to 
resection, with similar mortality (RR 1.07 (95% CI 0.65–1.76); p = 0.79) and mor-
bidity rates (RR 0.86 (95% CI 0.69–1.08); p = 0.20), respectively [14].

Diagnostic laparoscopy is first performed to inspect the abdominal and pelvic 
cavity to evaluate for any altered anatomy and discern for feculent peritonitis not 
previously identified on preoperative staging and imaging. For the most part, the 
decision to convert from minimally invasive to open should occur early in the opera-
tive intervention with studies demonstrating improved patient outcomes with proac-
tive conversion rather than reactive [15]. The decision to restore intestinal continuity 
at the time of emergency resection rather than diverting with an end colostomy can 
be challenging. The surgeon has to consider multiple factors including the patient’s 
condition, the condition of the bowel and the amount of fecal load proximal to the 
anastomosis, the risk of morbidity and mortality based on comorbidities, as well as 
the potential for long-term impact on the patient’s quality of life. Primary anastomo-
sis with or without mechanical bowel preparation has been shown to be safe and 
feasible. If the fecal load above the new anastomosis is considerable, then on-table 
lavage should be considered.

 Operative Setup

The following patient setup can be utilized for any procedure (resection, lavage, or 
fecal diversion). Patient positioning and port placement may need to be adjusted 
based on the patient’s prior surgical history, body habitus, and pathology.

 Patient Positioning

Patients are positioned on gel pads or bean bags with safety straps or tape to mini-
mize patient slipping and movement during extremes of positioning (Trendelenburg 
and reverse-Trendelenburg, right or left-side tilt). Furthermore, all patients are 
placed in modified lithotomy (legs in slight hip flexion) or split-leg position with 
both arms tucked at the sides (Fig. 28.1). Positioning in this manner affords the 
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surgeons numerous advantages including (1) insertion of a stapling device and 
(2) exposure to the anus/rectum for intraoperative colonoscopy if needed. This can 
be particularly useful to help rule out a tumor that may not have been appreciated on 
preoperative workup, as well as to assess the anastomosis endoscopically for integ-
rity and adequate perfusion (3) operator positioning between the legs during more 
complex procedures.

 Port Placement

Appropriate port placement is critical in facilitating exposure and anatomic defini-
tion. For a left or sigmoid colectomy, a total of four “working” ports are utilized 
(12 mm umbilical, 12 mm right lower quadrant (RLQ), 5 mm right upper quadrant 
(RUQ), 5 mm left lower quadrant (LLQ)) (Fig. 28.2a). An open cut-down technique 
(Hasson technique) is used to place a supra-umbilical port and then utilized for 
introduction of the 10 mm laparoscope. This allows for initial exploration. The RLQ 
trocar is used for the endoscopic stapler. The LLQ port is often helpful for assis-
tance with retraction and possible drain placement. For a hand-assist approach, 
access to the peritoneal cavity is achieved by making a 6–8 cm Pfannenstiel incision 
(Fig. 28.2b); however, in cases that have high probability of conversions to an open 

Fig. 28.1 Patient setup. Patient is placed in the split-leg position for all cases

28 Minimally Invasive Management of Complicated Sigmoid Diverticulitis…



440

procedure, a lower midline incision may be used as it can be easily extended 
 cephalad if conversion to an open procedure is warranted. For elective procedures 
with complex disease such as colovesicular or colovaginal fistulas, robotic surgery 
techniques may be utilized. Port placement for an elective left colectomy is 
 demonstrated in Fig. 28.2c.
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Fig. 28.2 (a–c) Port setup. (a) Depicts a laparoscopic four-port technique. Abdominal access is 
typically achieved via the Hasson technique, and a 10 mm port is placed. The two ports in the right 
upper and lower quadrant are utilized as working ports. The 4th port is placed on the left side of 
the abdomen and is typically used for additional retraction. This port maybe excluded as one gains 
more experience. Extraction can vary with surgeon preference. The diagram depicts the extraction 
site (dotted line) in the two most common locations. (b) Hand-port port placement. (c) Port place-
ment for Xi Robotic approach with supra-pubic extraction site
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 Diagnostic Laparoscopy

The patient is placed in Trendelenburg position with the left side tilted up, which 
assists in displacing the small intestine into the upper abdomen. Prior to any mobi-
lization or resection, inspect the abdominal and pelvic cavity to rule out feculent 
peritonitis and localize abscesses or phlegmons and evaluate their relationship to the 
sigmoid colon. It is also appropriate to take this opportunity to visualize the pelvis 
including the relationship of the inflammatory sigmoid mass to the bladder, left 
pelvic sidewall and retroperitoneum, ovaries, adjacent colon and small bowel loops, 
and anterior peritoneal reflection. The small bowel should also be thoroughly 
inspected to assess the degree of peritonitis and the likelihood that a minimally 
invasive approach is feasible.

 Identification of Pathology

The pathology is often identified during diagnostic laparoscopy at which point 
adjustments to the preoperative surgical plan may be required. In the setting of per-
forated diverticulitis, the extent of peritonitis will dictate whether minimally inva-
sive approach is feasible. The identification of feculent peritonitis is often difficult 
to control with minimally invasive techniques, even hand-assist, and is typically 
associated with conversion to an open procedure. Patients with purulent peritonitis 
(Hinchey III) may only require laparoscopic lavage.

Those who present with large bowel obstruction may be difficult to resect due to 
chronic inflammation such that fecal diversion may be the safest option. In this 
circumstance the entire large and small bowel should be inspected to rule bowel 
compromise which may present as large serosal tears or even frank perforation. If 
there is a concern for malignancy, then an intraoperative colonoscopy is warranted 
if feasible and temporary fecal diversion may be in the patient’s best interest. 
Subsequently, the patient may undergo appropriate staging, allow inflammation to 
settle, and subsequently undergo an appropriate oncologic resection in the future. 
Pathology located in the proximal sigmoid colon or distal descending colon may 
necessitate mobilization of the splenic flexure for appropriate tension-free anasto-
mosis or fecal diversion.

 Minimally Invasive Resectional Approach

 Critical Steps of Resection

 Best Approach
In the elective setting, a medial-to-lateral approach is the author’s preferred 
approach. However, in the setting of a perforation, the anatomy of the left lower 
quadrant, pelvis, and retroperitoneum is often distorted. The retroperitoneum at the 
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site of the perforation is often inflamed such that critical retroperitoneal structures 
can be challenging to identify or kept out of harm’s way. A phlegmon may involve 
loops of small bowel or densely adhere the colon to the pelvic sidewall. For this 
reason, a lateral-to-medial mobilization is most useful and safe especially in the set-
ting of benign disease where regional lymph node harvest is not of importance 
(Fig. 28.3). The colon mesentery needs only to be mobilized enough for resection 
leaving much of the colonic mesentery in place overlying the retroperitoneum and 
avoiding injury to critical structures such as the left ureter. The dissection should be 
started above the pathology typically along the proximal descending colon where 
the planes are less inflamed. The correct plane is followed as the dissection is 
extended toward the pelvis.

 Identifying the Vascular Anatomy
The inferior mesenteric artery (IMA) is typically preserved during an emergent 
operation. The takeoff of the IMA occurs roughly at the level of L3 vertebrae. The 
IMA and its branches are the vascular supply to the hindgut structures including the 
distal transverse, descending, and sigmoid colon, as well as the rectum. Leaving the 
IMA intact preserves blood flow to the proximal colon and rectal stump while also 
avoiding the retroperitoneum and circumventing the potential risk of injury to 
underlying structures.

 Identification of the Left Ureter
Given the left ureter’s close proximity to the rectosigmoid and left pelvic sidewall, 
it is often at risk for becoming secondarily involved from diverticular inflammation. 
Therefore, it is particularly vulnerable to injury during emergent surgery for com-
plicated sigmoid diverticulitis. It lies under the parietal peritoneum along the pelvic 
sidewall and rests on the anterior surface of the psoas muscle (Fig. 28.4a, b). The 
right and left ureters generally both follow a straight path from the renal pelvis to 
the pelvic brim and then cross over the iliac vessels to enter the pelvic brim. The 
right ureter classically traverses the external iliac artery, whereas the left ureter lies 
slightly more medial and typically crosses the common iliac artery. The ureters then 

Fig. 28.3 When dividing 
the lateral attachments, 
dissection is carried from 
the pelvis toward the 
splenic flexure
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run posterior and inferior along the lateral pelvic sidewall before entering the pos-
terolateral surface of the bladder to form the trigone. If possible, avoiding extensive 
mobilization in a lateral-to-medial fashion should avoid injury to the ureter and 
other underlying retroperitoneal structures such as the left gonadal vessels and the 
hypogastric nerve plexus.

If the underlying disease and circumstances dictate a more extensive retroperito-
neal dissection, the ureter must be visualized and dissected out to avoid inadvertent 
injury. In cases where the ureter is not easily identified, it is prudent to alter the 
approach and mobilization to ensure that it is visualized prior to mesentery or bowel 
transection. In certain cases, the ureter may have been mobilized medially and 
placed on stretch with the mobilized left colon mesentery. Alternatively, it may be 
involved in a phlegmon and require dissection to free it. The latter cases require a 
different approach to dissect the colon mesentery safely away from the left ureter to 
avoid transection. In the non-emergent setting, preoperative ureteral catheters/stents 
placement can be particularly helpful to aide in laparoscopic palpation of the ure-
ters. Though these stents do not reduce the risk for transection or injury, they do 
permit for earlier identification of these events and facilitate prompt repair.

 Splenic Flexure Mobilization (If Needed)
Splenic flexure mobilization is typically not required when performing an HP unless 
the patient is morbidly obese and with a thick abdominal wall or PRA is planned. 
Splenic flexure mobilization is generally performed using a combination of 
approaches. A lateral-to-medial approach is our preferred approach in the emergency 
setting. The patient is placed in reverse Trendelenburg position with the table inclined 
toward the right. Laterally, the peritoneal attachments to the abdominal sidewall and 
spleen are carefully divided while being mindful not to injure the splenic capsule 
(Fig. 28.5). Often, there will be close and dense adhesions of the colon to the spleen. 
The hand-assist technique can also be advantageous in this scenario. The lesser sac 
can be entered and used to direct the dissection around the splenic flexure and safely 
mobilize left colon (Fig. 28.6). Dissection continues separating the attachments of 
the splenic flexure and its mesentery away from the spleen and pancreas.

Ureter

Left Common
Iliac ArteryHypogastric

Nerves

Ureter

Left Common
Iliac Artery

Hypogastric
Nerves

Gonadal
Vessel

Fig. 28.4 (a, b) Pelvic anatomy highlighting the ureter, gonadal vessels, sacral promontory, hypo-
gastric nerves, and avascular alveolar space between fascia propria and presacral fascia
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 Resecting the Source of Sepsis
Once the colon is adequately mobilized and the left ureter identified and protected, 
bowel resection is carried out. In the setting of a large perforation, the proximal and 
distal colon should be divided laparoscopically to control contamination. The mes-
entery is then divided using an energy device or stapler. Staying close to the colon 
will avoid injury to the underlying structures of the retroperitoneum. In the setting 
of a phlegmon or perforation, tissues are often friable, necrotic, and ischemic with 
little bleeding. The mesentery is divided caudally until the site of distal transection 
is reached.

 Distal Colon Transection
A critical step in any left or sigmoid resection is identification of a distal transection 
point. The colon should be soft and viable. If planning a Hartmann’s procedure, then 
a lengthier rectal stump can be utilized. The superior hemorrhoidal arteries can be 
left intact ensuring the retroperitoneum is undisturbed facilitating possible reversal 
of the colostomy in the future.

When planning a primary anastomosis, division is generally performed at the 
level of the proximal rectum, past the splaying of the tenia coli on the anti- mesenteric 
surface. For diverticular disease, this minimizes recurrence by transection distal to 

Fig. 28.5 The attachments 
to the sidewall and spleen 
are carefully divided while 
being mindful not to injure 
the splenic capsule

Fig. 28.6 The lesser sac is 
identified by visualization 
of the posterior wall of the 
stomach. Often, congenital 
fusion attachments must be 
divided to enter the correct 
space. Entry into the lesser 
sac often facilitates 
complete mobilization of 
the splenic flexure
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the high-pressure zone encountered in the rectosigmoid colon. The upper rectum is 
isolated by creation of a window between the posterior wall of the rectum and mes-
entery at the proposed transection site (Fig. 28.7a). Once the bare rectum is appro-
priately dissected and exposed, division is generally performed with an endoscopic 
stapling device through the RLQ port (Fig. 28.7b). The appropriate stapling load 
should be chosen based on the thickness and integrity of the tissue to be divided. It 
may be required to use additional loads of the stapler in some cases.

Integrity and airtightness of the rectal stump staple line may be tested at this 
point. The stump is submerged under sterile solution, and gentle insufflation 
per anus is performed. This can be done with a variety of modalities including rigid 
proctoscopy, flexible sigmoidoscopy, or bulb syringe insufflation. The former two 
allow for visualization of the mucosa and staple line. Direct laparoscopic visualiza-
tion during rectal insufflation should confirm appropriate distension of the stump 
without air leak (visualized bubbles). If air leak is encountered at this point, two 
options are available. The first is to introduce the spike of the end-to-end anasto-
motic circular stapler through the defect. The second option is to resect an addi-
tional distal margin incorporating the prior staple line. Air testing may then be 
repeated.

Rectum
a

b

Mesorectum

window

Tenia splayed

Fig. 28.7 (a) Once the 
site of distal transection 
has been identified, the 
mesorectum is divided by 
creating a window between 
the posterior wall of the 
rectum and the mesorectal 
fat. (b) The upper rectum 
is divided with an 
endoscopic stapler. 
Multiple loads may be 
required; careful attention 
should be taken to avoid a 
staggered staple line
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 Extraction and Proximal Colon Transection
Prior to extraction, the distal end of the colon is held with a locking grasper and 
placed under the location of the anticipated extraction site. Potential extraction sites 
include extension of the periumbilical incision, creation of a Pfannenstiel incision, 
or extension of the RLQ incision. When performing a minimally invasive HP, the 
specimen can be extracted through the marked colostomy site. In a patient who has 
had prior abdominal operations, using a prior incision may be appropriate. 
Cosmetically, a Pfannenstiel incision may be preferable and may minimize hernia 
rates [16]. The incision size will vary between 3 and 6 cm but ultimately is deter-
mined by the size of the pathology. Once the abdominal wall is opened appropri-
ately and the peritoneal cavity entered, a wound protector is inserted to protect the 
skin and soft tissue from contamination during externalization and creation of 
anastomosis.

Through the wound protector, the distal stapled end of the colon and the proxi-
mal mobilized colon and mesentery are extracorporealized. The proximal dissection 
point is predicated upon a number of factors including inflammation, edema, indu-
ration, and perfusion. Appropriate maintenance of vascular supply must be assured 
to minimize risk of ischemia of the anastomosis. Sharp transection of the marginal 
artery with resultant pulsatile flow from the proximal end is one method to verify 
and document appropriate healthy vascular tissue. In the elective setting, newer 
methods including fluorescence imaging may also be utilized to identify well- 
perfused tissue prior to transection.

 Anastomosis and Intraoperative Leak Testing
A double-stapled technique is often employed during a left or sigmoid colectomy. 
An end-to-end anastomotic (EEA) stapler height is chosen based on tissue thickness 
and compliance. Common staple heights range between 3.5 and 4.8  mm staples 
with optimal closure of 1.5–2 mm in height, respectively. When dealing with the 
rectum, inflamed or not, the authors typically prefer the latter, green loads. The 
diameter of the stapler will also vary between 21 and 33 mm and may be selected 
based on the diameter of the proximal and distal bowel as well as the compliance of 
the patient’s anal tone. Testing of the anastomosis is essential with recent data sug-
gesting the ability to reduce the incidence of missed anastomotic leak [17]. The 
bowel proximal to the anastomosis is clamped, and an air leak test is performed as 
described above. Flexible sigmoidoscopy is preferred by the authors as it allows 
superior visualization of the mucosa and staple line as well as quick resolution of 
CO2. If an air leak is encountered, several options exist including direct repair of the 
anastomotic leak point(s) with or without fecal diversion, takedown and creation of 
a new anastomosis, or creation of an end colostomy. Choosing the appropriate sur-
gical management of a positive air leak test is dependent on multiple factors and is 
beyond the scope of this chapter.

Given that risks for anastomotic leak are multifactorial, the absence of a “posi-
tive” leak test does not preclude later occurrence of an anastomotic leak. Other fac-
tors should be considered when deciding whether to divert including the severity of 
immunosuppression, worsening hemodynamic instability, difficult dissection or 
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anatomy resulting in increased tension on the anastomosis, malnutrition, and obe-
sity. Routine prophylactic drain placement is not recommended as it was not shown 
to reduce surgical site infection or anastomotic leaks [18]. Drains should be used 
selectively in the setting of residual purulent collections or phlegmons or gross fec-
ulent spillage.

 Considerations During Laparoscopic Hartmann’s Procedure
In certain cases, anatomic, physiologic, or disease processes preclude safe or appro-
priate anastomosis. In those cases, as above, the distal colon or proximal rectum 
should be transected and divided using an endoscopic stapling device. If there is any 
potential for future anastomosis, it is helpful to add tags at the staple line using 
permanent monofilament suture to ease future identification of the rectal stump. 
When mobilizing the proximal sigmoid and descending colon, all attempts should 
be made to minimize excess dissection and mobilization more than is necessary to 
bring out a tension-free colostomy. This will aide in future Hartmann’s reversal. 
Similarly, it may be prudent to have localizing ureteral stents placed at the time of 
Hartmann’s reversal. For more details, please refer to Chap. 20 on Key Steps During 
Hartmann’s Procedures to Facilitate Minimally Invasive Hartman’s Reversal.

 Pitfalls and Troubleshooting

 Fistula/Phlegmon in Diverticular Disease
In the case of fistulas between the colon and other intraperitoneal structures or pro-
cesses involving phlegmonous collections, care should be taken to minimize con-
comitant injury/resection (Fig.  28.8a). In general, the authors prefer to place 
preoperative ureteral catheters (or stents) to help in identification of these structures 
during dissection. Oftentimes, a combination of lateral-to-medial and medial-to- 
lateral dissection is required. Initiating the dissection with a medial-to-lateral mobi-
lization close to the takeoff of the IMA may help gain access to the retroperitoneal 
surface and space between the colon and its mesentery and the sidewall due to 
decreased acute on chronic inflammatory processes in the central mesentery. This 
will then help in identification of the ureter and other structures more easily than a 
primary lateral-to-medial dissection. Dissection may then proceed laterally with 
anterior retraction of the colon and mesentery. In some cases, it may be helpful to 
initiate the dissection proximally along the descending colon at an area of decreased 
inflammatory reaction and proceed caudally. Similarly, rectal mobilization with ret-
rograde dissection can also be a helpful adjunct in mobilizing the colon from the 
pelvic sidewall and ureter. In certain cases, this dissection and separation of the 
colon to the sidewall and ureter may require manual disruption with a finger- fracture 
technique. If significant inflammation and/or abscess are encountered (Fig. 28.8b), 
in certain cases, anastomosis may be precluded or protected with the use of a divert-
ing loop ileostomy.

Colovesical fistulas may be dissected free without the need for repair. If a small 
or no bladder defect is visualized, catheter drainage for a few days [8–10] with 
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removal predicated upon a negative retrograde cystogram is advised. If a larger 
bladder defect is uncovered, a two-layer closure of the bladder is advised. Takedown 
of colovaginal fistulas frequently requires closure of the vaginal defect. Smaller 
defects may generally heal spontaneously once the inciting phlegmon or fistula has 
been removed. In these instances, the defect may function as a drain. Larger defects 
can be closed in a single-layer fashion with an absorbable suture.

In the setting of a prior fistula (colovesical or colovaginal), the anastomosis 
should be distal to and away from the previously dissected process. Furthermore, a 
pedicle of healthy and well-vascularized mobilized omentum should be interposed 

a

b

Fig. 28.8 (a) CT scan 
demonstrating a 
colovesicular fistula 
secondary to diverticular 
disease. (b) Separating the 
colon from the bladder 
reveals a small pericolic 
abscess
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and secured between the anastomosis and the anterior fistula defect to prevent future 
contamination and fistulous communication with the new anastomosis.

If small bowel is noted to be fistulized with the diseased colon, after takedown 
of the fistula, either primary repair or small bowel resection is usually indicated. 
The decision is predicated upon overall condition of the small bowel and size of 
the fistula.

 Obese Patients
Obesity presents a challenge to the surgeon, specifically due to increased mesenteric 
adiposity and patient weight. To prevent falls and slippage during extremes of posi-
tioning required in these cases, extra care must be taken to tape and securely strap 
the patient to the bed (Fig. 28.9). Obesity can create challenges in identification of 
landmarks and typical planes that would otherwise be easily accessed (i.e., space 
over the sacral promontory, around the takeoff of the IMA, retroperitoneal reflec-
tions). Additionally, the additional weight of the colon and mesentery may make 
appropriate retraction and visualization difficult. In these instances, liberal use of 
additional ports with retracting devices and/or hand assistance may be utilized. It is 
helpful to differentiate between visceral mesenteric fat and retroperitoneal fat dur-
ing dissection. Basic knowledge of the typical anatomy and landmarks as well as 

Fig. 28.9 Obesity 
provides additional 
challenges with patient 
positioning, intraoperative 
exposure, and 
postoperative fluid 
management
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prior experience in non-obese patient will help the surgeon safely progress during 
dissection. If the anatomy is not clear or safety becomes a concern, conversion to an 
open procedure is advised.

 Minimally Invasive Non-resectional Approach

 Laparoscopic Peritoneal Lavage

Over the past several years, several studies have investigated alternative minimally 
invasive approaches to mitigate the morbidity of resectional approaches (i.e., 
Hartmann’s procedure) in the setting of Hinchey III diverticulitis. Colectomy and 
stoma can have profound long-term sequelae, including prolonged ICU stay and 
permanent stoma. LL has been advocated as an alternative to resectional approaches 
in carefully selected patients with Hinchey III disease.

 Operative Setup

Port Placement
Appropriate port placement is critical in facilitating exposure and anatomic defini-
tion. Though no resection is intended, it may be advisable to place the ports accord-
ingly in case colectomy becomes necessary. The authors have advocated a modified 
3-“working”-port technique: 5/10 mm umbilical, 5 mm RLQ, and 5 mm RUQ tro-
cars (Fig. 28.2a with omission of the LLQ trocar). The surgeon should be prepared 
to place an additional LLQ working port for help with manipulation and retraction 
and also be prepared to upsize the RLQ port to a 10/12 mm port in case of the need 
to convert to a resectional approach.

 Diagnostic Laparoscopy and Identification of Pathology
The decision to proceed with laparoscopic lavage is made early with the presence of 
frank stool indicating the need for resection. At this stage, gentle retraction of the 
small bowel should be performed away from the disease process. Care is utilized to 
avoid inadvertent injury to the small bowel, which if encountered should be promptly 
repaired or resected. Once the diseased segment and/or abscess is isolated away from 
the remainder of the abdominal and pelvic contents, suction followed by copious 
irrigation should be performed. There is no consensus on how much irrigation should 
be utilized; however, enough volume of sterile fluid should be utilized to minimize 
the bacterial burden in the peritoneal cavity. Careful inspection of the colon is then 
performed to identify any additional pathology. In the majority of cases, no demon-
strable perforation will be found. In rare cases, a small isolated perforation may be 
observed and subsequently oversewn. If a large colonic defect is encountered, lavage 
with oversewing will not be successful, and conversion to a resection procedure is 
warranted. If a malignancy is suspected, resection is then mandated. Availability of 
intraoperative flexible sigmoidoscopy is a helpful adjunct to diagnose any malignant 
process or ongoing perforation. Once lavage is completed, a drain is left in place.
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 Postoperative Management
Most of patients should then be placed on broad-spectrum antibiotics to treat puru-
lent peritonitis and class IV/infected wounds. Resumption of an oral diet may be 
instituted if no significant small bowel dilatation was noted (indicative of an impend-
ing ileus/obstruction). If successful, most patients will demonstrate a prompt 
improvement and normalization of their leukocytosis, resolution of abdominal dis-
tension, and an ability to tolerate a low-residue diet with return of bowel function. 
Once all parameters have been achieved on an acceptable pain management regi-
men, patients can then be discharged with follow-up. If no colonoscopy has been 
documented within the past 2 years, a full colonoscopy is imperative generally per-
formed to exclude malignancy or other pathology 6 weeks after discharge.

 Pitfalls and Troubleshooting
Any operative intervention in the setting of Hinchey III diverticular disease is com-
plex and fraught with risks of further complications. The surgeon must have a 
strong grasp of the anatomy and experience managing unexpected intraoperative as 
well as complications. When evaluating the peritoneal cavity, if anatomic land-
marks cannot be clearly identified and dissection safely performed, conversion to 
an open resectional procedure should be contemplated early in the interest of 
patients’ safety.

If the patient’s condition fails to improve postoperatively (elevated WBC, pro-
longed ileus), then the source of persistent intra-abdominal sepsis must be evalu-
ated. If the patient becomes hemodynamically unstable with worsening leukocytosis 
and/or signs of ongoing sepsis or peritonitis, urgent reoperation is indicated, which 
may need to be performed open if a minimally invasive approach is not feasible. In 
the absence of hemodynamic compromise, a CT may be performed 3–4 days post-
operatively to evaluate for undrained abscesses which may be drained percutane-
ously. Management would then proceed as if the patient had Hinchey II disease. If 
continued disseminated intra-abdominal fluid is noted, there should be a high index 
of suspicion for continued uncontrolled perforation. Patients may demonstrate 
ongoing signs of sepsis or a systemic inflammatory response (SIRS). Though addi-
tional imaging could be performed (CT or water soluble contrast enema), the gen-
eral consensus is that patients with ongoing sepsis following LL should undergo 
resectional therapy (either resection with primary anastomosis and diversion or 
Hartmann’s procedure).

Many cases of LL have been reported as complicated by small bowel fistulas 
from the laparoscopic attempt at separating and mobilizing the small bowel away 
from the inflammatory mass. Partial- or full-thickness enterotomy may not have 
been appreciated at the time of initial lavage. If encountered, primary repair and/or 
bowel resection should be performed and might require conversion and/or sigmoid 
resection as well. It is common to see delayed fistulization from the small bowel to 
another segment of small bowel or colon on follow-up. In these situations, interval 
resection is necessary. If the patient is otherwise asymptomatic, these procedures 
can be delayed by at least 6–8 weeks following initial LL and in some instances by 
6 months or more.
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When performing lavage, it is rarely indicated to mobilize the colon from the left 
pelvic sidewall. If this becomes necessary, it is imperative that pelvic sidewall struc-
tures (i.e., ureter and gonadal vessels) be appropriately identified and preserved. 
Failure to identify anatomic landmarks during minimally invasive approach is an 
indication to convert to an open procedure and proceed with a resectional approach 
as described above.

 Outcomes

 Resection

Patient with perforated diverticulitis and peritonitis should be considered for 
early operative intervention to control sepsis. Emergency surgery for perforated 
diverticulitis is associated with increased morbidity and mortality compared to 
elective surgery [2]. That being said, studies suggest that the laparoscopic 
approach for sigmoid resection with or without a stoma decreases overall com-
plications compared to open resections in the emergency setting and should be 
considered in patients with perforated diverticulitis who are otherwise hemody-
namically stable [3, 4, 19].

The optimal treatment strategy for perforated diverticulitis remains controver-
sial. In Hinchey III diverticulitis, sigmoid resection with PRA and proximal diver-
sion has been demonstrated to have similar mortality, lower mobility, and a lower 
stoma rate at 12 months compared to HP [5, 20–23]. A recent systematic review and 
meta-analysis demonstrated significantly lower overall mortality in patients with 
PRA compared with patients with HP [OR (95% CI) = 0.38 (0.24, 0.60), p < 0.0001]. 
Organ/space surgical site infection, reoperation, and ostomy non-reversal rates were 
significantly lower in PRA [21]. HP remains to the preferred operation in hemody-
namically unstable patients with perforated diverticulitis and is associated with 
acceptable mortality and morbidity.

 Laparoscopic Lavage

Numerous groups have performed randomized studies investigating lavage and 
comparing this modality to HP and resection with PRA and diverting ileostomy. See 
Tables 28.1 and 28.2. There are three major randomized trials investigating LL for 
diverticulitis: LOLA/LADIES [24], DILALA [27], and SCANDIV [25].

Acuna and coauthors recently published a Current Status guideline report review-
ing six studies, incorporating 626 patients who underwent surgery for perforated 
diverticulitis. Though early reoperation rates and postoperative mortality were simi-
lar in the lavage vs sigmoidectomy group, major complications (Clavien-Dindo > 
IIIa) were significantly higher after LL group, RR  =  1.68 (95% CI, 1.1–2.56) 
(p = 0.02). Similarly, early reoperation rates were slightly higher in the laparoscopic 
lavage group, RR  =  1.93 (95% CI, 1.71–5.22) (p  =  0.20), as was postoperative 
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mortality, RR = 1.33 (95% CI, 0.37–4.74) (p = 0.66). All three above measured 
outcomes favored resection over laparoscopic lavage [33].

When evaluating patients undergoing primary sigmoidectomy with PRA and 
stoma to patients undergoing Hartmann’s procedure, similar complication rates 
(RR  =  0.88 (95% CI, 0.49–1.55)) and postoperatively mortality were noted 
(RR = 0.58 (95% CI, 0.20–1.70)). However, those patients that underwent PRA 
were more likely to be stoma-free at 1  year compared to those undergoing 
Hartmann’s procedure (RR = 1.40 (95% CI, 1.18–1.67)) and experience fewer 
major complications related to stoma reversal (RR  =  0.26 (95% CI, 
0.07–0.89)).

Acuna also performed a meta-analysis attempting to evaluate quality of life and 
comparing laparoscopic lavage group with the resection group. Due to significant 
differences in survey instrumentations and variable time points, no appropriate dif-
ferences nor conclusions could be drawn. Overall, the DILALA trial found similarly 
poor quality of life at discharge among both groups. The LOLA trial similarly found 
no differences overall. Lastly, the SCANDIV trial found no significant differences 
in any of the quality of life measures at 90 days [33].

Beyer-Berjot published a meta-analysis evaluating surgical outcomes following 
emergency surgery for acute diverticulitis which included LL, open or laparoscopic 
sigmoidectomy with PRA with or without ostomy. This comprehensive review 
included 5 guideline papers, 4 meta-analysis, 14 systematic reviews, and 5 random-
ized controlled trials. Laparoscopic lavage was associated with an increased rate of 
deep space infections and abscess and a higher rate of unplanned reoperations. 
When comparing Hartmann’s procedure to resection with PRA, the latter had an 
improved stoma-free rate and improved quality of life [13].

Penna similarly reviewed clinical outcomes between LL and colonic resection 
for Hinchey III diverticulitis. Based on their analysis, the former had higher rates of 
intra-abdominal abscesses (RR = 2.85 (95% CI 1.52–5.34), p = 0.001), peritonitis 
(RR = 7.80 (95% CI 2.12–28.69), p = 0.002), and increased long-term emergency 
reoperations (RR = 3.32 (95% CI 1.73–6.38), p < 0.001). After stoma reversal, 23% 
had a stoma after 1 year in the resection group, compared to 7.2% in the lavage 
group. Of note, 36% of the lavage group eventually underwent elective sigmoid 
resection [34].

Table 28.2 Long-term secondary outcomes of laparoscopic lavage compared to resection at 
12 months

Measures Trials
Risk ratio 
(95% CI) Favoring P

Major postoperative complication LOLA, SCANDIV 
[24, 25]

1.27 
(0.89–1.80)

Resection 0.19

Reoperations, including stoma 
reversal, at 12 months

DILALA, LOLA, 
SCANDIV

0.67 
(0.45–1.02)

Lavage 0.06

Mortality at 12 months LOLA, DILALA, 
SCANDIV

0.89 
(0.49–1.61)

Lavage 0.70

Patients with stoma at 12 months DILALA, SCANDIV, 
LOLA

0.43 
(0.22–0.83)

Lavage 0.01
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Kohl presented long-term results of the DILALA trial comparing LL to 
HP. At 2 years, there was a statistically significant increase in the number of 
reoperations in the Hartmann’s group; however, reasons for these secondary 
operations were similar among the two groups and likely related to the index 
operation [31].

Though initially advocated as a significant adjunct to minimize morbidity in 
patients with perforated Hinchey III diverticulitis, an abundance of data from mul-
tiple large prospective trials demonstrates that LL is associated with increased major 
complication rate, increased short-term re-operative rate, and permanent stoma rate 
when compared to primary resection. In summary, resection with primary anasto-
mosis and diverting ileostomy should be the preferred approach in the management 
of Hinchey III disease.

In conclusion, when possible, we currently recommend percutaneous drainage of 
diverticular abscesses which, when successful, can be followed by observation vs 
definitive resection on an elective basis. In the setting of Hinchey III perforated 
diverticulitis with purulent peritonitis, the current guidelines and data suggest resec-
tion of the diseased sigmoid colon with primary colorectal anastomosis and divert-
ing loop ileostomy in patients that are otherwise stable for an operation is superior 
to LL and HP. HP remains a viable safe alternative in patients hemodynamically 
unstable or unfit for creation of an anastomosis. This treatment paradigm results in 
a significantly lower rate of permanent stoma with lower or equivalent long-term 
morbidity and mortality when compared to LL (or selective HP). Lavage may be 
considered in selected Hinchey III patients by surgeons with appropriate expertise 
and the ability to closely watch for and manage complications. The lower stoma rate 
should be weighed against the higher risk of postoperative complications and re- 
intervention encountered after LL.

 Conclusions

Emergent laparoscopic colectomy with or without fecal diversion is feasible and 
safe in carefully selected patients. Current data do not support the routine use of 
laparoscopic peritoneal lavage for Hinchey III (or IV) diverticulitis. The optimal 
resectional strategy (open or laparoscopic HP, PRA with or without ileostomy) is 
determined by multiple factors including surgical experience, patient clinical pre-
sentation, and intraoperative findings with consideration of short-term and long- 
term outcomes and impact on quality of life. The surgical team should frequently 
reevaluate the intraoperative conditions to ensure the patient’s safety is maximized. 
It is essential to be familiar with various approaches (i.e., medial-to-lateral, lateral- 
to- medial, superior to inferior, etc.) resulting in optimal exposure as well as safer, 
quicker, and a more reproducible dissection. This is undoubtedly facilitated by a 
fundamental understanding of the surgical anatomy, allowing the surgeon the ability 
to proceed in a safe manner and allow for additional diagnostic and therapeutic 
maneuvering while maximizing patient quality of life and simultaneously reducing 
morbidity.
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29Minimizing Colorectal Anastomotic 
Leaks: Best Practices to Assess 
the Integrity and Perfusion of Left-Sided 
Anastomoses

Mehraneh D. Jafari and Alessio Pigazzi

 Introduction and Rationale

Anastomotic leak can be a serious complication of colon and rectal resections. 
Although all the factors contributing to anastomotic leak are not well understood, 
leaks are commonly caused by a combination of patient factors such as malnutri-
tion, obesity, smoking, and diabetes or technical factors including excessive tension 
on the anastomosis, inadequate perfusion, or other errors in their construction. 
Leaks from right-sided (ileocolic) anastomoses are uncommon, with less than 2% 
reported in a meta-analysis of seven series [1]. Rates for left-sided (colorectal) anas-
tomoses vary depending on the distance of the anastomosis relative to the anal verge 
and range from 5 to 18%, even among high-volume surgeons [2–5].

The sequelae of leaks can range from subclinical leaks that require no interven-
tions to life-threatening sepsis requiring emergency surgery. Randomized trial data 
report mortality of 1.3–6.7% in patients with anastomotic leaks, with higher rates in 
anastomoses closer to the anal verge [4, 6]. Mortality after right-sided colon resec-
tions are less than 0.5%, corresponding to the lower leak rates [1].

Intraoperative examination of the anastomosis with air leak testing and rigid or 
flexible endoscopy should be used to evaluate for the mechanical integrity and per-
fusion of the anastomosis. Bowel perfusion with fluorescence angiography may be 
used as an adjunct to further delineate and identify areas of compromised perfusion. 
Endoscopy can also aid in correcting technical errors and help perform anastomotic 
revision intraoperatively, possibly reducing the rate of postoperative leak.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24812-3_29&domain=pdf
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460

 Indications for Endoscopic Evaluation

In our view, all left-sided colorectal anastomoses should be evaluated with intra-
operative endoscopy. Though no randomized trial of flexible endoscopy versus 
air leak testing without visualization has been performed, data from large case 
series support evaluation with direct visualization over air leak testing alone. A 
single- institution review of 415 consecutive laparoscopic left-sided colorectal 
resections identified abnormalities on 17 (4.1%) of cases, 15 of which also had 
an air leak. These anastomoses were resected and refashioned, and none subse-
quently leaked [7]. However, a negative air leak testing does not necessarily 
eliminate the risk of a postoperative leak. Grading with visual inspection of the 
anastomoses can potentially predict leaks, allowing for intraoperative revision 
and lower risk of anastomotic leak. Areas of ischemia or congestion at the anas-
tomosis warrant intraoperative revision [8]. Evaluation with fluorescent imaging 
that highlights the vasculature, and thus perfusion to the anastomosis, can help 
identify and/or confirm areas of suspected bowel ischemia, allowing for correc-
tion and reducing the risk of postoperative leakage [9]. Endoscopic evaluation 
carries almost no risk if properly performed and does not significantly prolong 
operative time. This modality is recommended for evaluation of all left-sided 
colorectal anastomoses.

 Principles and Quality Benchmarks for Endoscopic Evaluation

When evaluating a colorectal anastomosis, surgeons should evaluate for the integrity 
of the anastomosis with insufflation, evaluate the perfusion of the colon and rectum 
at the anastomosis, and evaluate for any brisk bleeding which can be controlled.

The integrity of the anastomosis can be performed by visualization of the anasto-
mosis with simultaneous CO2 (or air if CO2 is unavailable) insufflation and proximal 
bowel occlusion via either open or laparoscopic techniques. This combination will 
allow the surgeon to visualize any defect and potentially repair via suture ligation or, 
in cases of large defects, revise the anastomosis entirely. Any obvious defects at the 
anastomosis, with or without air leak, warrant immediate revision. Flexible sigmoid-
oscopy offers excellent visualization, but rigid proctoscopy can also be performed. 
We highly encourage every surgeon who performs high-risk anastomosis to perform 
an endoscopic evaluation with care to fully visualize the anastomosis.

One technique we developed at the University of California, Irvine, involves 
examination and grading of the distal and proximal mucosa at the staple line. This 
novel technique allows the surgeon to objectively evaluate the perfusion at the 
index operation (Table 29.1 and Fig. 29.1a–c) [8]. Grade 1 anastomoses have no 
signs of ischemia or congestion and have a low risk of leak. Grade 2 anastomoses 
have ischemia or congestion involving less than 30% of either the colon or rectal 
mucosa. These anastomoses have a higher risk of leak, and intraoperative revision 
or diversion should be considered. Grade 3 anastomoses have more than 30% 
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ischemia on either side or any ischemia on both sides of the staple line. They have 
a high risk of leak and should always be revised. Re-evaluation with endoscopy 
after revision is warranted. Please refer to Chap. 30 on salvage of the failed anas-
tomosis for additional details on how to manage colonic ischemia.

 Techniques for Assessing Tension and Perfusion During 
Colorectal Anastomosis Creation

A tension-free, well-perfused anastomosis is the key to reducing the risk of anas-
tomotic leak, especially in pelvic anastomoses. Excessive tension can compromise 
perfusion, but overzealous division of the mesocolon will also cause ischemia. 
With this in mind, complete mobilization of the left side of the colon, including the 
splenic flexure, and division of the inferior mesenteric vein and artery (IMV and 
IMA) are encouraged for low anterior resections. Division of the gastrocolic liga-
ment to the mid transverse colon and separation of the mesocolic attachment to the 
pancreatic tail will also provide additional colon length. After mobilization, the left 
colonic conduit should easily descend down toward the rectal stump without any 
tension. The mesocolon is often the site of persistent tension even after mobiliza-
tion of these attachments, and division of the azygous portion of inferior 

Table 29.1 Endoscopic mucosal grading system for colorectal anastomoses

Anastomosis appearance on endoscopy
Grade 1:
No ischemia  
or congestion

Grade 2:
<30% ischemia  
or congestion

Grade 3:
>30% ischemia  
or congestion

Patients 92 10 4
Leaks (%) 9 (9.4%) 4 (40%) –
Odds ratio of leak 
(95% CI)

Ref 4.09 (1.21–13.6) –

a b c

Fig. 29.1 (a) Grade 1 anastomosis. No areas of ischemia or congestion are noted, and the entire cir-
cumference is visible. (b) Grade 2 anastomosis. Less than 30% of the circumference (arrows) appears 
congested. (c) Grade 3 anastomosis. Greater than 30% of the colonic mucosa appears ischemic. All 4 
Grade 3 anastomoses were revised to Grade 1 with no subsequent leaks
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mesenteric vein superior to the ligament of Treitz can provide additional length. 
Please refer to Chap. 4 on laparoscopic splenic flexure release for additional details 
on surgical techniques.

Perfusion of the colon can be assessed through direct visual inspection of the 
serosa and evaluation of blood flow after sharp division of the colon. Any concerns 
should prompt identification of a better perfused area for division. Further mobiliza-
tion of retroperitoneal, gastrocolic, and lateral attachments may be required to avoid 
tension on the anastomosis. Care should be given to avoid injury of the marginal 
artery to avoid ischemia of the colonic conduit.

Various fluorescent dyes have been developed for assessment of bowel perfu-
sion. The most commonly used of these is indocyanine green (ICG). This is a 
nontoxic, stable dye that has been used for a half century in ophthalmology for 
retinal angiography [10]. It is readily excreted in bile and does not stain the tis-
sues. Allergy to the dye is extremely rare. Angiography with this dye requires 
specialized light sources and cameras that can capture the near-infrared spectrum, 
which are present on some robotic and laparoscopic camera systems. 3.75–7.5 mg 
of ICG dye is injected intravenously and imaging performed approximately 
2–3 minutes afterward. The dye washes out after 3–5 minutes; thus, close com-
munication with the anesthesiologist and surgeon is critical. Repeated injections 
can be performed if necessary. Ideally, visualization should be performed prior to 
division of the colon to identify a transection point between well-perfused and 
ischemic bowel. The proximal rectal pouch can also be evaluated simultaneously 
as the dye perfuses the entire bowel vasculature. Well-perfused bowel will fluo-
resce green or blue, and a sharp cutoff of malperfused distal bowel should be 
noted (Fig.  29.2). With rigid proctoscopy, fluorescent perfusion of the mucosa 
after anastomosis can also be visualized; however, this option is not currently 
available with flexible endoscopes. This technique can be used in conjunction 
with, but not in lieu of, direct visual inspection of the bowel’s blood supply. Using 
both ICG imaging techniques, leak rates of only 1.4% were achieved in a phase II 
multicenter trial [11].

Fig. 29.2 Intraoperative 
ICG perfusion imaging. 
Green fluorescence 
highlights the proximal, 
perfused bowel. Clamp 
delineates the transition 
between perfused and 
unperfused bowel
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 Techniques for Intraoperative Endoscopy

The patient should undergo bowel preparation with oral laxatives and rectal ene-
mas prior to the day of operation, and rectal irrigation should be performed at the 
start of the procedure to ensure adequate evacuation of residual rectal contents. The 
patient should remain in a modified lithotomy position and Trendelenburg after 
creation of the anastomosis. With the anastomosis under direct visualization from 
the abdomen, a flexible colonoscope is inserted via the anus. If a laparoscopic 
approach is used, the extraction incision should be temporarily closed with a 
wound retractor (Fig. 29.3), and the abdomen should be re-insufflated. If an open 
approach is used, the extraction site should be large enough to provide adequate 
visualization of the anastomosis. The colon proximal to the anastomosis is gently 
occluded with a blunt grasper by an assistant. The pelvis should be irrigated of 
clots, and any organs obscuring the anastomosis should be retracted away. Irrigation 
(water) is instilled into the pelvis to submerge the anastomosis. Any residual bub-
bles from instilling irrigation should be suctioned away. The rectum is then insuf-
flated with CO2 or air. The colonoscope or proctoscope is gently advanced to the 
anastomosis and beyond. Any air leak noted within the pelvis should warrant 
investigation of the anastomosis. If positive air leak continues after suctioning, 
consider repair of the anastomosis under direct visualization at the exact location 
of the air leak. This can be performed transabdominally with interrupted absorb-
able sutures to close the defect. Visualization of the defect during repair can ease 
accurate placement of sutures. If the anastomosis is very low, suture repair of the 
defect may need to be performed transanally. In either case, careful inspection via 
a colonoscope or proctoscope should be performed and air leak testing repeated 
after repair to confirm resolution of leak. If the leak persists or is associated with a 
large or posterior defect, revision of the entire anastomosis with either stapled or 
hand-sewn techniques may be required. In the setting of a small air leak that cannot 
be identified, in a patient who has undergone a full bowel preparation, fecal diver-
sion with a loop ileostomy can be considered, in conjunction with placement of 
reinforcing sutures at the anastomosis, but only after endoscopic and/or perfusion 
assessment has confirmed adequate perfusion.

As the endoscope is slowly pulled back, the colon mucosa proximal to the anas-
tomosis is inspected for any changes in perfusion. Once the entire anastomosis is in 

Clamp
Wound Protector

Skin

Fascia

Rectus

Fig. 29.3 Technique for re-insufflating abdomen by occluding the specimen extraction site. A flex-
ible wound protector inserted into the specimen extraction site can be twisted and clamped flush 
with the incision to maintain pneumoperitoneum during the anastomosis creation and inspection
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view, any clots and debris are gently irrigated away with the endoscope flush. Signs 
of ischemia or congestion are noted, and the approximate extent around the circum-
ference of the anastomosis is determined (Fig. 29.1a–c). If the area is small (UCI 
Grade 2), suture reinforcement may be adequate. If a UCI Grade 3 anastomosis is 
noted, takedown and revision of anastomosis with possible diversion must be con-
sidered (Fig. 29.4a–d). The remainder of the rectal remnant is inspected as the endo-
scope is removed. Retroflexion should not be performed to avoid undue tension on 
the anastomosis. The rectum should be desufflated with suction. If any brisk arterial 
bleeding is encountered, endoscopic clips can be utilized to control bleeding. If 
clips are not available, the area should be visualized intraabdominally, and suture 
ligation should be attempted.

 Pitfalls and Troubleshooting

Evaluation of the anastomosis with intraoperative and endoscopic assessment is a 
straightforward technique that is readily applicable in elective colon resections. 
The surgeon should be familiar with basic endoscopy techniques. The major pit-
fall with endoscopic evaluation is incomplete or inaccurate assessment of the 

a b

c d

Fig. 29.4 (a–d) Intraoperative evaluation of a high-risk low rectal anastomosis with laparoscopic 
techniques for revision. Colon is shown prior to transection in white light (a) and with ICG fluo-
rescence imaging (b). The distal colon appears ischemic after the initial anastomosis is performed 
(c) and well perfused after complete revision of the anastomosis with viable bowel (d)
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anastomosis. Assessment of the degree of ischemia requires experience, but sim-
ple grading systems such as the one provided in this chapter are useful bench-
marks. Determining the need for revision must be tailored for each patient’s 
situation, with the understanding that immediate revision in a non-inflamed and 
non-contaminated field will be technically easier than revision in the setting of a 
clinically significant leak.

Incomplete assessment of the anastomosis is technically preventable by ensuring 
sufficient exposure to allow for careful inspection of the entire circumference of the 
anastomosis. It is essential to irrigate any clots or stool and ensure sufficient insuf-
flation so that mucosal folds do not obscure the anastomosis. Therefore, we recom-
mend rectal irrigation prior to anastomosis. Proximal occlusion of the colon will 
help retain gas within the rectum, and a well-made anastomosis will not leak with 
normal levels of insufflation. Flexible, rather than rigid, endoscopy greatly facili-
tates evaluation of the anastomosis by multiple observers in the operating room and 
allows for endoscopic intervention. Ensuring that the anastomosis is well exposed 
from the abdomen, and the bladder and uterus are retracted off the rectum, will also 
improve visualization.

 Outcomes

Many methods for evaluating anastomotic leaks have been described in the litera-
ture. Gross assessment of the anastomosis without endoscopic evaluation is neither 
sensitive nor specific for predicting leaks [12]. A meta-analysis of 20 studies evalu-
ating air leak testing with out endoscopy found no significant decrease in postopera-
tive leaks, even if diverting ostomies were created after repair of the anastomosis 
(OR 0.61, 95% CI 0.32–1.18, p = 0.15) [13]. The overall leak rate across all studies 
was 11.2%, consistent with ranges of 10–15% in randomized colorectal surgery tri-
als [3, 4]. These findings highlight the importance of direct endoscopic inspection 
of left- sided colorectal anastomoses.

Large series examining the use of intraoperative endoscopy in evaluating anasto-
moses demonstrated significant reductions in leak rates when compared to patients 
who had not undergone endoscopy. A series of 215 rectal cancer patients matched 
for demographics, AJCC stage, and tumor location demonstrated a 4.2% leak rate 
after endoscopy vs. 12.1% with air leak testing alone (p = 0.004) [14]. Of note, only 
1 of the 26 patients with postoperative leaks after air leak testing alone had had a 
positive air leak test. A series of 415 consecutive patients who underwent intraop-
erative endoscopy reported a 4.1% rate of abnormalities requiring revision. No post-
operative leaks occurred in these patients [7]. The overall leak rate in this series was 
2.1%, much lower than the 13% rate reported in a recent Cochrane review of the 
literature [15]. However, neither group reported a systemic method of evaluating the 
integrity of the anastomosis.

A simple classification scheme has been developed at our institution to grade 
the quality of colorectal anastomoses (Table 29.1) [8]. This is the only reported 
systemic method of grading colorectal anastomoses with intraoperative endoscopy. 

29 Minimizing Colorectal Anastomotic Leaks: Best Practices to Assess the Integrity…



466

Using this scheme, 106 consecutive patients were evaluated intraoperatively, and 
significant differences in leak rates were noted between Grade 1 and 2 anastomoses 
(OR of leak 4.09, 95% CI 1.21–13.63, p = 0.023). There were no significant differ-
ences in patient demographics, indication for resection or operative approach. The 
majority of anastomoses were Grade 1 (86.7%), and these had a leak rate of 9.8% 
(9/96). Five of these patients had a symptomatic leak requiring intervention. Grade 
2 anastomoses had a significantly higher leak rate of 40% (4/10), and two patients 
required intervention. Four patients had Grade 3 anastomoses initially, and all 
underwent immediate revision to a Grade 1 anastomosis. This study highlights the 
usefulness of a grading system to guide intraoperative decision-making.

The use of ICG for evaluating bowel perfusion during colorectal operations has 
gained traction in recent years as newer models of minimally invasive camera 
systems have included the necessary optics. A recent meta-analysis of five case-
control series demonstrated a significant reduction in postoperative leaks with the 
use of ICG imaging (OR 0.34, 95% CI 0.160.74, p = 0.006) [16]. The majority of 
the benefit was noted in resections for cancer (1.1% with ICG vs. 6.1% without, 
p = 0.02). A series of 402 patients with matched controls demonstrated a lower 
leak rate and fewer reoperations with ICG use (3.1% vs. 7.7%, p = 0.04) [17]. In 
a prospective trial of ICG in laparoscopic left-sided colorectal operations, opera-
tive plans were informed by perfusion assessment in 8% of cases, and the anasto-
motic leak rate was 1.2% [11]. ICG is a simple to use, low-risk method of perfusion 
assessment that can provide important information to guide intraoperative plan-
ning and reduce postoperative complications from leaks. See Table 29.2.

Table 29.2 Evaluation of anastomoses with ICG

Study
Series type and 
comparison n

% Left-sided 
anastomosis Leak rate

Change in operation  
due to ICG imaging
n (%)

Jafari [11] ICG series 139 100% 2 (1.4%) 9 (6.5%)
Ris [18] ICG series 30 6 (20%) 0 (0%) 3 (10%)
Boni [19] ICG series

Matched cases
42
38

100%
100%

0 (0%)
2 (5.3%)

2 (4.7%)
–

Kudszus [17] ICG group
Matched cases

201
201

NA
NA

7 (3.4%)∗
15 (7.5%)

28 (13.9%)
–

Protyniak 
[20]

ICG group 76 47 (61.8%) 0 (0%) 4 (5.2%)

Foppa [21] ICG group 160 NA NA 4 (2.5%)
Kawada [22] ICG group 68 28 (41.1%) 3 (4.5%) 18 (26.5%)
Kim [23] ICG group

Matched cases
123
313

100%
100%

1 (0.8%)∗
17 (5.4%)

13 (10.6%)
–

Kin [24] ICG group
Matched cases

173
173

17 (9.8%)
17 (9.8%)

13 (7.5%)
11 (6.4%)

8 (4.6%)
–

Hellan [25] ICG group 40 27 (67.5%) 2 (5.0%) 16 (40%)
Boni [26] ICG group 107 22 (21%) 1 (0.9%) 4 (3.7%)

NA not available
∗p < 0.05
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 Conclusion

Anastomotic leaks from colorectal anastomoses dramatically increase the morbidity 
and mortality of colorectal operations. However, the risk of this complication can be 
minimized with close attention to the quality of the anastomoses. Minimizing ten-
sion, optimizing perfusion, and evaluating the newly created anastomosis are essen-
tial to ensure its integrity. Endoscopic visualization and bowel perfusion assessment 
with fluorescent dyes are simple techniques that can be readily incorporated into 
any colorectal operation.

Acknowledgments The authors are indebted to Abhineet Uppal, MD, for his invaluable contribu-
tions to this chapter.

References

 1. Cirocchi R, Trastulli S, Farinella E, Guarino S, Desiderio J, Boselli C, et al. Intracorporeal ver-
sus extracorporeal anastomosis during laparoscopic right hemicolectomy – systematic review 
and meta-analysis. Surg Oncol. 2013;22(1):1–13.

 2. Chadi SA, Fingerhut A, Berho M, DeMeester SR, Fleshman JW, Hyman NH, et al. Emerging 
trends in the etiology, prevention, and treatment of gastrointestinal anastomotic leakage. J 
Gastrointest Surg: Off J Soc Surg Alimentary Tract. 2016;20(12):2035–51.

 3. Fingerhut A, Hay JM, Elhadad A, Lacaine F, Flamant Y. Supraperitoneal colorectal anasto-
mosis: hand-sewn versus circular staples--a controlled clinical trial. French Associations for 
Surgical Research. Surgery. 1995;118(3):479–85.

 4. Fingerhut A, Elhadad A, Hay JM, Lacaine F, Flamant Y.  Infraperitoneal colorectal anasto-
mosis: hand-sewn versus circular staples. A controlled clinical trial. French Associations for 
Surgical Research. Surgery. 1994;116(3):484–90.

 5. Hyman NHOT, Cataldo P, Burns EH, Shackford SR. Anastomotic leaks after bowel resection: 
what does peer review teach us about the relationship to postoperative mortality? J Am Coll 
Surg. 2009;208(1):48–52.

 6. Fingerhut AHJ, Elhadad A, Lacaine F, Flamant Y.  Supraperitoneal colorectal anastomosis: 
hand-sewn versus circular staples--a controlled clinical trial. French Associations for Surgical 
Research. Surgery. 1995;118(3):479–85.

 7. Kamal T, Pai A, Velchuru VR, Zawadzki M, Park JJ, Marecik SJ, et  al. Should anasto-
motic assessment with flexible sigmoidoscopy be routine following laparoscopic restor-
ative left colorectal resection? Colorectal Dis: Off J Assoc Coloproctol Great Br Ireland. 
2015;17(2):160–4.

 8. Sujatha-Bhaskar S, Jafari MD, Hanna M, Koh CY, Inaba CS, Mills SD, et al. An endoscopic 
mucosal grading system is predictive of leak in stapled rectal anastomoses. Surg Endosc. 
2018;32(4):1769–75.

 9. Chen CW, Chen MJ, Yeh YS, Tsai HL, Chang YT, Wang JY. Intraoperative anastomotic dye 
test significantly decreases incidence of anastomotic leaks in patients undergoing resection for 
rectal cancer. Tech Coloproctol. 2013;17(5):579–83.

 10. Alander JT, Kaartinen I, Laakso A, Patila T, Spillmann T, Tuchin VV, et al. A review of indo-
cyanine green fluorescent imaging in surgery. Int J Biomed Imaging. 2012;2012:940585.

 11. Jafari MD, Wexner SD, Martz JE, McLemore EC, Margolin DA, Sherwinter DA, et  al. 
Perfusion assessment in laparoscopic left-sided/anterior resection (PILLAR II): a multi- 
institutional study. J Am Coll Surg. 2015;220(1):82–92 e1.

29 Minimizing Colorectal Anastomotic Leaks: Best Practices to Assess the Integrity…



468

 12. Karliczek A, Harlaar NJ, Zeebregts CJ, Wiggers T, Baas PC, van Dam GM. Surgeons lack 
predictive accuracy for anastomotic leakage in gastrointestinal surgery. Int J Color Dis. 
2009;24(5):569–76.

 13. Wu Z, van de Haar RC, Sparreboom CL, Boersema GS, Li Z, Ji J, et al. Is the intraoperative 
air leak test effective in the prevention of colorectal anastomotic leakage? A systematic review 
and meta-analysis. Int J Color Dis. 2016;31(8):1409–17.

 14. Yang SY, Han J, Han YD, Cho MS, Hur H, Lee KY, et al. Intraoperative colonoscopy for the 
assessment and prevention of anastomotic leakage in low anterior resection for rectal cancer. 
Int J Color Dis. 2017;32(5):709–14.

 15. Neutzling CB, Lustosa SA, Proenca IM, da Silva EM, Matos D. Stapled versus handsewn meth-
ods for colorectal anastomosis surgery. Cochrane Database Syst Rev. 2012;(2):CD003144.

 16. Blanco-Colino R, Espin-Basany E. Intraoperative use of ICG fluorescence imaging to reduce 
the risk of anastomotic leakage in colorectal surgery: a systematic review and meta-analysis. 
Tech Coloproctol. 2018;22(1):15–23.

 17. Kudszus S, Roesel C, Schachtrupp A, Hoer JJ.  Intraoperative laser fluorescence angiogra-
phy in colorectal surgery: a noninvasive analysis to reduce the rate of anastomotic leakage. 
Langenbeck’s Arch Surg. 2010;395(8):1025–30.

 18. Ris F, Hompes R, Cunningham C, et al. Near‐infrared (NIR) perfusion angiography in mini-
mally invasive colorectal surgery. Surg Endosc. 2014;28:2221–6.

 19. Boni L, Fingerhut A, Marzorati A, Rausei S, Dionigi G, Cassinotti E. Indocyanine green fluo-
rescence angiography during laparoscopic low anterior resection: results of a case-matched 
study. Surg Endosc. 2017;31:1836–40.

 20. Protyniak B, Dinallo AM, Boyan WP Jr, Dressner RM, Arvanitis ML.  Intraoperative indo-
cyanine green fluorescence angiography: an objective evaluation of anastomotic perfusion in 
colorectal surgery. Am Surg. 2015;81:580–4.

 21. Foppa C, et al. Indocyanine green fluorescent dye during bowel surgery: are the blood supply 
“guessing days” over? Tech Coloproctol. 2014;18(8):753–8.

 22. Kawada K, et al. Evaluation of intestinal perfusion by ICG fluorescence imaging in laparo-
scopic colorectal surgery with DST anastomosis. Surg Endoscopy. 2017;31(3):1061–9.

 23. Kim JC, Lee JL, Yoon YS, Alotaibi AM, Kim J.  Utility of indocyanine‐green fluorescent 
imaging during robot‐assisted sphincter‐saving surgery on rectal cancer patients. Int J Med 
Robotics Comput Assist Surg. 2016;12:710–7.

 24. Kin C, Vo H, Welton L, Welton M. Equivocal effect of intraoperative fluorescence angiog-
raphy on colorectal anastomotic leaks. Dis Colon Rectum. 2015;58(6):582–7. https://doi.
org/10.1097/DCR.0000000000000320.

 25. Hellan M, Spinoglio G, Pigazzi A, Lagares-Garcia JA. The influence of fluorescence imaging 
on the location of bowel transection during robotic left-sided colorectal surgery. Surg Endosc. 
2014;28(5):1695–702. https://doi.org/10.1007/s00464-013-3377-6.

 26. Boni L, David G, Dionigi G, Rausei S, Cassinotti E, Fingerhut A. Indocyanine green-enhanced 
fluorescence to assess bowel perfusion during laparoscopic colorectal resection. Surg Endosc. 
2016;30(7):2736–42. https://doi.org/10.1007/s00464-015-4540-z.

M. D. Jafari and A. Pigazzi

https://doi.org/10.1097/DCR.0000000000000320
https://doi.org/10.1097/DCR.0000000000000320
https://doi.org/10.1007/s00464-013-3377-6
https://doi.org/10.1007/s00464-015-4540-z


469© Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 2020
P. Sylla et al. (eds.), The SAGES Manual of Colorectal Surgery, 
https://doi.org/10.1007/978-3-030-24812-3_30

V. O. Shaffer (*) 
Emory University School of Medicine, Department of Surgery, Emory University Hospital, 
Atlanta, GA, USA
e-mail: Virginia.o.shaffer@emory.edu 

E. C. McLemore 
Kaiser Permanente Los Angeles Medical Center, Department of Surgery,  
Los Angeles, CA, USA
e-mail: Elisabeth.c.mclemore@kp.org

30Intraoperative Air Leak, Colonic 
Ischemia, or Tension: How to Salvage 
the Failed Anastomosis

Virginia Oliva Shaffer and Elisabeth C. McLemore

 Introduction and Rationale

Dietz and Debus note that in the recorded period prior to 1882, there were 100 differ-
ent suture techniques for treatment of gut wounds [1]. Between 1844 and 1908, there 
were approximately 60 different suture techniques described by Senn in his classic 
review [2]. The importance of serosa apposition was introduced by Lembert in 1826, 
and additional advances in asepsis by Lord Joseph Lister further advanced the field 
of surgery [1]. In 1887, Halsted using animal studies laid the foundation for the 
importance of the submucosa in an anastomosis [3]. It was not until the late nine-
teenth century that the principles of intestinal anastomoses became standardized.

 Risk Factors for Anastomotic Leaks

Although intestinal resection and anastomoses have been standardized, anasto-
motic leaks (AL) continue to plague gastrointestinal surgeons. Rates of anasto-
motic leak range from 3% to 30% depending on the patient population and the 
criteria used to define anastomotic leak [4–7]. A myriad of factors both technical 
and patient- specific have been implicated as contributing to AL.  Among many 
others, risk factors include excessive tension on the anastomosis, poor tissue 
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perfusion, smoking, immunosuppressive medications, and radiation. Obesity and 
male gender have also been associated with increased risk of AL [8]. Additional 
factors such as gut microbiome are emerging as possible culprits in anastomotic 
leakage [9].

With respect to anastomotic technique, anastomoses are created in two main 
ways – handsewn or stapled. The first mechanical stapling devices were described 
in 1908 by Professor Humer Hultl and delivered two double rows of fine wire steel 
staples. The USSR began experimenting and developing stapling devices in the 
1940s and by 1952 had a series of instruments meant for vascular surgery. In the 
USA, gastrointestinal staplers appeared in 1967.

With the advent of laparoscopy, the adoption of staplers grew [10]. With the 
increased popularity of gastrointestinal staplers, a controversy has emerged as 
to whether a stapled or a handsewn anastomosis has a greater risk of leaking. A 
recent Cochrane review found insufficient evidence that a stapled anastomosis 
was superior to handsewn, but there are no randomized clinical trials in the last 
decade comparing the two techniques [11]. However, a Cochrane review specifi-
cally examining ileocolonic anastomoses in Crohn’s disease found stapled func-
tional end-to-end ileocolic anastomoses to be associated with fewer leaks than 
handsewn anastomoses [12]. A recent large cohort study of 1414 patients under-
going right colectomy for cancer demonstrated a twofold increased risk of anas-
tomotic leak in the stapled relative to handsewn anastomotic group [13]. Based 
on conflicting data, it is difficult to make a definitive conclusion about the supe-
riority of one technique over another with respect to risk of anastomotic 
leakage.

 Definitions of Anastomotic Leaks

The American College of Surgeons National Surgical Quality Improvement Project 
(NSQIP) defines AL as “a leak of endoluminal contents though an anastomosis…
The presence of infection/abscess thought to be related to an anastomosis even if 
the leak cannot be definitively identified as visualization in an operation or contrast 
extravasation…still considered a leak if indicated by the surgeon” [14]. There are 
over 20 definitions of AL in the literature which makes comparison of leak rates 
across studies very difficult (Table 30.1) [15]. Minor disruptions are usually <1 cm 
or <1/3 the circumference of the lumen. Anything larger is categorized as a major 
disruption [16]. In general, leaks that occur within 7 days after surgery are consid-
ered “early,” and those occurring after 7 days are considered “late.” The different 
timing of these leaks affects their treatment. Operative intervention is generally 
preferred for early leaks, whether it be with resection of anastomosis or with a 
proximal diverting stoma. Patients with late-onset leaks may have already been 
discharged from the hospital and require readmission for symptoms of abdominal 
pain, fevers, ileus, or failure to thrive. A CT scan in these situations is typically 
helpful in making the diagnosis. Several large series report a majority of late leaks 
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Table 30.1 Different definitions of anastomotic leak based on diagnostic test and timing of leak

References Operation
Study 
design

Sample 
size

No. of 
leaks Definition Test Timing

Ambrosetti 
et al. [71]

CR Cohort 199 5 (3) No WS  
contrast

Routinely 
on day 9–11

Biondo 
et al. [72]

CR Cohort 63 3 (5) No Unspecified 
contrast

When 
suspected

Bokey et al. 
[73]

C/CR Cohort 1846 79 (4) Yes WS contrast, 
abdominal 
reoperation

When 
suspected

Bouillot 
et al. [74]

C Cohort 50 1 (2) No Unspecified 
radiography

Unclear

Burke et al. 
[75]

CR RCT 186 7 (4) Yes WS contrast Routinely 
on day 7 in 
first half of 
study, then 
changed to 
when leak 
suspected

Cornwell 
et al. [76]

C Cohort 56 3 (5) Yes Surgical 
re-exploration, 
CT, or WS 
contrast

Variable

De Wever 
et al. [77]

CR Cohort 16 5 (31) No Endoscopy and 
unspecified 
radiological test

3–4 months

Debus et al. 
[78]

CR Cohort 77 6 (8) No Barium contrast When 
suspected

Deen and 
Smart [79]

C Cohort 53 2 (4) Yes Unspecified 
radiography

When 
suspected

Dehni et al. 
[80]

CR Cohort 258 31 (12) Yes WS contrast, 
imaging, or 
reoperation

Routine 
contrast 
study 
8–10 weeks 
before 
stoma

Docherty 
et al. [81]

CR RCT 652 38 (6) Yes WS contrast, 
reoperation

Routine on 
day 4–14

Fingerhut 
et al. [82]

CR RCT 159 10 (6) Yes WS contrast, 
sinography

Routine 
contrast 
study on day 
7

Fingerhut 
et al. [83]

CR RCT 113 17 (15) Yes WS contrast, 
sinography, 
reoperation

Routine 
contrast 
study on day 
7

Hallbook 
et al. [84]

CR RCT 97 9 (9) Yes Digital and 
endoscopic 
examination, 
contrast, 
reoperation, CT 
closure

Routine 
contrast 
study before 
stoma 
closure

(continued)
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Table 30.1 (continued)

References Operation
Study 
design

Sample 
size

No. of 
leaks Definition Test Timing

Hansen 
et al. [85]

CR Cohort 615 9 (1) Yes Unspecified 
radiography

When 
suspected

Hida et al. 
[86]

CR RCT 43 2 (5) No WS contrast Routinely at 
2 months

Iversen 
et al. [87]

CR Cohort 161 17 (11) No WS contrast When 
suspected

Junger et al. 
[88]

Yes LPS 
concentration

LPS level 
assessed 
daily

Karanjia 
et al. [89]

CR Cohort 219 38 (17) Yes WS contrast When 
suspected

Kessler 
et al. [90]

CR MRCT 621 88 (14) Yes Unspecified 
radiological 
tests, methylene 
blue test

When 
suspected

Kockerling 
et al. [91]

CR MRCT 949 46 (5) No Unspecified Unspecified

Kracht 
et al. [92]

C MRCT 440 31 (7) Yes WS contrast, 
reoperation

Routine 
contrast on 
day 8–10

Mann et al. 
[93]

CR Cohort 370 11 (3) Yes WS contrast When 
suspected

Merad et al. 
[94]

CR RCT 705 53 (8) Yes WS contrast, 
reoperation

Routine 
contrast on 
day 8

Merad et al. 
[95]

CR RCT 494 32 (6) Yes WS contrast, 
reoperation

Routine 
contrast on 
day 7

Miller et al. 
[96, 97]

CR Cohort 103 6 (6) Yes WS contrast Routine 
contrast on 
day 10

Moore et al. 
[98]

CR Cohort 300 34 (11) No Unspecified 
radiological 
examination, 
reoperation 
(clinically 
significant)

Routine 
before 
stoma 
closure

Norris et al. 
[99]

L Cohort 156 6 (4) No Unspecified 
imaging or 
reoperation

When 
suspected

Pakkastie 
et al. [100]

CR RCT 38 15 (39) Yes WS contrast Routine 
contrast on 
day 7–10

Petersen 
et al. [101]

CR Cohort 467 41 (9) Yes WS contrast When 
suspected

Redmond 
et al. [102]

CR Cohort 111 13 (12) Yes WS contrast Routine 
contrast on 
day 10–12

Sagar et al. 
[103]

CR RCT 100 12 (12) Yes WS contrast Routine 
contrast on 
day 5–7
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being able to be managed nonoperatively with antibiotics with or without radio-
logic drainage [17, 18]. The treatment ultimately hinges on the clinical picture and 
stability of the patient.

Studies have also noted that there may be differences between early and late AL 
[19] and that risk factors may be different [7]. A recent large cohort study found that 
early leaks were associated with male gender, rectal cancer, higher BMI, laparo-
scopic surgery, emergency surgery, and lack of proximal fecal diversion. Late-onset 
leaks were associated with male gender, ASA class greater than 3, Charlson 
Comorbidity Index greater than 2, advanced tumor stage, and extensive additional 
resection required [7].

 Impact of Anastomotic Leaks

Postoperative anastomotic leaks are associated with significant morbidity, longer 
lengths of hospital stay, and overall worse oncological outcomes [20–23]. Up to 
68% of patients live with a permanent stoma following anastomotic leakage [24, 
25]. A NSQIP study of over 13,000 patients undergoing colectomy and anastomosis 
found that AL was associated with an increased 30-day mortality rate [6.8% vs 
1.6% p <0.001] and longer lengths of hospital stay (13 vs 5 days) and was 37 times 
more likely to require reoperation [20]. A review of 13 studies with a total of 12,202 

Table 30.1 (continued)

References Operation
Study 
design

Sample 
size

No. of 
leaks Definition Test Timing

Santos et al. 
[104]

CR RCT 149 11 (7) Yes Unspecified 
radiological 
examination

When 
suspected

Slim et al. 
[105]

Lap. CR Cohort 65 6 (9) Yes WS contrast, 
reoperation for 
peritonitis

When 
suspected

Stewart 
et al. [106]

CR RCT 88 1 (1) Yes Unspecified Unspecified

Tagart 
[107]

CR Cohort 220 79 (36) No Limited barium 
contrast

Routine 
contrast on 
day 14

Thompson 
et al. [108]

CR Cohort 535 18 (3) No None Unspecified 
(not done 
routinely)

Watson 
et al. [109]

C/CR Cohort 477 9 (2) No WS contrast When 
suspected

Wheeler 
and Gilbert 
[110]

CR Cohort 102 7 (7) No WS contrast Routine 
contrast on 
day 8

Used with permission of John Wiley and Sons from Bruce et al. [15]
Values in parentheses are percentages
C colonic resection, CR colorectal surgery, CT computed tomography, L laparotomy (for Crohn’s 
disease), Lap laparoscopic, LPS lipopolysaccharide, MRCT multi-randomized clinical trial, RCT 
randomized clinical trial, WS water soluble
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patients in rectal cancer found that patients with anastomotic leak had twice the 
odds of local recurrence. A review of seven studies on outcomes of patients under-
going resection for rectal cancer found no significant impact of AL on distant recur-
rence rates but did find an increased risk of cancer-specific mortality [21].

AL also has detrimental effects on bowel function and quality of life (QOL) in 
patient undergoing low rectal anastomoses for cancer. One year postoperatively, 
patients who suffered from AL had worse physical and mental SF-36 scores, more 
frequent daytime and nighttime bowel movements, and worse control of solid 
stool as compared to patients without AL [26]. A study examining the effect of 
pelvis sepsis on function following ileal pouch-anal anastomosis (IPAA) found 
that patients with pelvic sepsis had worse function and QOL [27]. A different 
study in over 800 patients who underwent restorative proctocolectomy found that 
AL did not adversely affect long-term outcomes or QOL but did increase the risk 
of pouch loss and ileostomy creation [28]. In addition to overall worse clinical 
outcomes, AL is quite costly. A study evaluating gastrointestinal leak in the 
NSQIP database found a mean cost of $16,085.39 vs $56,349.12 in non-leak vs 
leak patients [29]. Anastomotic leak has also been found to be the complication 
with the largest impact on 30-day end-organ dysfunction and the third largest 
impact on mortality after elective colorectal surgery. It also contributed the most 
to reoperation and readmission [30].

 Principles and Quality Benchmarks

 Intraoperative Testing of Colorectal Anastomoses

Intraoperative air testing of intestinal anastomosis was introduced to mitigate poten-
tial adverse outcomes [31]. Most commonly, after the anastomosis is complete, the 
pelvis is filled with sterile water or saline and the proximal bowel occluded. Air is 
insufflated through the anus through either a rigid, flexible, or bulb irrigator. When 
a rigid or flexible endoscope is used, the anastomosis can be directly visualized for 
integrity and hemostasis. If bubbles are noted, the anastomosis is not airtight. Some 
surgeons go a step further and perform an additional betadine-tinged saline infusion 
to look for extravasation [32]. Different methods for anastomotic leak testing are 
described in Table 30.2.

A study evaluating the selective or routine use of intraoperative endoscopy in 
elective laparoscopic surgery showed a trend toward more overall anastomotic com-
plications in the selective group vs routine use group [33]. Proponents of intraopera-
tive leak testing estimate this may identify leaks in as many as 25% of anastomoses 
[31, 34]. Some studies indicate a lower rate of clinically diagnosed anastomotic 
leaks in the air leak-tested patients when compared to controls, and several studies 
have shown value and efficacy with this practice [31, 35–38]. A recent study of 777 
laparoscopic left-sided colon resections with primary anastomosis and no proximal 
diversion demonstrated a lower anastomotic leak rate in intraoperatively air leak- 
tested anastomoses [39]. Sasaki and colleagues reviewed 148 consecutive cases of 
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left-sided anastomoses and found 7 to yield a positive intraoperative leak test; they 
reconstructed the anastomosis and performed proximal diversion. They had no 
anastomotic leaks in this cohort [40].

 Management of Positive Intraoperative Leak Test

If a positive air leak test is found, there are several options, including suture repair, 
reanastomosis, diversion, or a combination of techniques. Kamal and colleagues 
reviewed 415 consecutive cases of hand-assisted laparoscopic colorectal resection 
and had 15 patients with a positive leak test. Fourteen underwent takedown and 
reanastomosis with no proximal diversion with no subsequent clinical leak. Based 
on this, they recommend formal takedown and reconstruction of the anastomosis 
[38]. Davies and colleagues studied 33 patients with postoperative gastrografin 
(water soluble) contrast enemas. In their cohort, six patients had positive air leaks 
which were suture repaired only. Two of the six had radiographic leaks on postop-
erative day 8 (POD8), and one of the two also developed a clinical leak [41]. A 
recent study looked at patients that had a positive air leak test and divided patients 
into those receiving a suture repair alone vs suture repair with diversion or recon-
struction of the anastomosis. This study of non-inferiority found 9% clinically sig-
nificant leak rate in the suture repair alone group vs 0% in the diverted or 
reanastomosis group. The study was not able to conclude that suture repair alone 
was non-inferior to diversion or reanastomosis after an intraoperative positive leak 

Table 30.2 Methods of intraoperative testing in recent studies

Authors Year Method of testing
Vignali  
et al. [111]

2000 Air insufflation into the rectum with anastomosis under saline 
irrigation

Schmidt  
et al. [112]

2003 Air insufflation into the rectum using endoscope with anastomosis 
under saline irrigation

Ishihara  
et al. [113]

2008 Air insufflation into the rectum with anastomosis under saline 
irrigation

Lanthaler  
et al. [114]

2008 Air insufflation into the rectum with anastomosis under saline 
irrigation

Ricciardi  
et al. [36]

2009 Air insufflation through a proctoscope or flexible endoscope with the 
anastomosis under irrigation of saline

Li et al. [33] 2009 Air insufflation into the rectum using endoscope with anastomosis 
under saline irrigation

Shamiyeh  
et al. [115]

2012 400 cc air insufflation into the rectum using a syringe with the 
anastomosis under saline irrigation

Ivanov  
et al. [116]

2011 Air insufflation into the rectum using a sigmoidoscope with the 
anastomosis under saline irrigation

Lieto  
et al. [117]

2011 Air insufflation into the rectum using endoscope with anastomosis 
under saline irrigation

Xiao  
et al. [118]

2011 Air insufflation into the rectum using a rectoscope with anastomosis 
under irrigation of saline

Kamal  
et al. [119]

2015 Air insufflation into the rectum using a sigmoidoscope with the 
anastomosis under saline irrigation
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test [25]. There is literature describing the management of postoperative leak by 
proximal diversion alone without repair of anastomosis as safe and non-inferior to 
resection [42–44]. Extrapolating these data, one might conclude that if because of 
location of air leak, one is unable to suture repair it or reconstruct it, it may be safe 
to proximally divert with a loop ileostomy (Fig. 30.1). Proximal diversion, however, 
does not eliminate the need for additional surgery, hospitalization, and the risk of 
complications. Leahy and colleagues [19] studied the rate of anastomotic leak even 
after diversion and found that 34 of 245 patients experienced anastomotic leak with 
8 of those occurring after stoma closure. In this study, there was no difference in the 
proportion of positive leaks intraoperatively in patients with and without subsequent 
clinical leak.

 Strategies to Reduce Mechanical Contributions to Leaks

 Splenic Flexure Release
Factors that influence a successful outcome after colorectal anastomosis include a 
tension-free anastomosis, intact macro- and microcirculation of the retained colon 
and rectum, as well as appropriate perioperative abdominal and pelvic sepsis and 
wound prophylaxis [45]. In the setting of any bowel anastomosis, achieving a 
tension- free anastomosis is of utmost importance. Patient body habitus and ana-
tomic variants in colonic redundancy and vascular anatomy contribute to the broad 
range in the variable length that can be achieved after splenic flexure mobilization 
and inferior mesenteric vein ligation. In both the cadaveric and in vivo laparoscopic 
setting, the longest length achieved is when splenic flexure mobilization is com-
bined with high ligation of the inferior mesenteric vein [46, 47].

In a recent systematic review and meta-analysis on the safety and use of splenic 
mobilization, splenic flexure mobilization was associated with longer operative 
time, especially when performing TME for rectal cancer [48]. In addition, splenic 
flexure mobilization was found to be associated with a higher leak rate in the studies 
with both benign and malignant indications, as well as the subgroup which included 

+ intraoperative
leak test

Anastomosis
visible/accessible,

large defect

Resect anastomosis
and redo

Anastomosis not easily
accessible

Large defect
Small or not
visible defect

Proximal
diversion

Suture repair
and proximal

diversion

Fig. 30.1 Proposed algorithm for positive intraoperative leak test
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only rectal cancer resections [48]. Rather than a cause and effect, splenic flexure 
mobilization is a surrogate marker for low colorectal or coloanal anastomosis. 
Splenic flexure mobilization to the level of the midbody of the pancreas combined 
with high ligation of the inferior mesenteric vein (IMV) is typically required to 
facilitate colonic conduit mobilization and reach into the pelvis to create an anasto-
mosis within 4–5 cm from the anal verge. Please refer to Chap. 4 on laparoscopic 
splenic flexure release for more technical details.

 Colonic Conduit Ischemia

Intraoperative colonic ischemia in the retained descending colon (colonic conduit) 
planed for use and restoration of bowel continuity with low pelvic colorectal or 
coloanal anastomosis can occur for a variety of reasons during open or minimally 
invasive colorectal surgery (Fig. 30.2a, b). Venous congestion can result in colonic 
conduit ischemia if the IMV is ligated inadvertently during high ligation of the 
inferior mesenteric artery (IMA). Disruption of collateral arterial blood flow to the 
retained descending colon conduit during mesocolic transection up to the level of 

a

b

Fig. 30.2 (a, b) Left 
colonic conduit ischemia 
recognized following 
stapled colorectal 
anastomosis during 
laparoscopic low anterior 
resection. The discoloration 
of the left colon does not 
improve following multiple 
maneuvers to reduce tension 
on the anastomosis. (Both: 
Courtesy of Patricia Sylla, 
MD)
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the colon can occur secondary to tension on the retained left colic, arc of Riolan, or 
marginal artery of Drummond resulting in spasm and/or arterial thrombosis. Colonic 
ischemia can also occur in patients with altered mesocolic vascular anatomy due to 
embryologic developmental variations and/or prior rectosigmoid surgery. (See Fig. 
4.3 in Chap. 4 in this volume.) There is also potential for ischemia during specimen 
extraction completed either abdominally or transanally.

During mesocolic dissection and high ligation of the IMA for left-sided colon or 
rectal cancer, two technical errors can be made. The first is inadvertent ligation of the 
inferior mesenteric vein during high ligation of the IMA, and the second is disruption 
of collateral arterial blood flow during the mesenteric dissection. The IMV drains into 
the splenic vein, and high ligation of the inferior mesenteric vein is typically performed 
in cases in which low pelvic colorectal or coloanal anastomosis is required. A high liga-
tion of the IMV is typically performed just to the left of the fourth portion of the duo-
denum at the level of the ligament of Treitz or duodenojejunal flexure (Fig.  30.3). 
However, the IMV can travel in close approximation to the IMA, and inadvertent liga-
tion of the IMV during high ligation of the IMA can result in colonic ischemia due to 
venous congestion. Patients with central obesity and/or increased mesocolic adiposity 
are at risk for inadvertent ligation of the IMV during high ligation of the IMA as the 
IMV may be obscured or difficult to identify due to increased mesocolic adiposity.

In cases in which a high ligation of the IMV is planned for reconstructive pur-
poses, it may be prudent to perform a high ligation of the IMV as the first step dur-
ing the mesocolic dissection for distal sigmoid or rectal cancer. The IMV is typically 
less challenging to identify at the level of the ligament of Treitz, even in patients 
with increased mesocolic adiposity. After high ligation of the IMV, the mesocolic 
dissection caudal to the IMA can proceed in a bloodless plane.

This inframesocolic approach for splenic flexure takedown can be utilized even in 
cases in which a high ligation of the IMV is not required as a colonic conduit lengthen-
ing maneuver. Please refer to Chap. 4 on laparoscopic splenic flexure release for more 

Fig. 30.3 Dissection of 
the inferior mesenteric vein 
during laparoscopic left 
colectomy. The tumor is 
located in the mid-left 
colon and was tattooed 
preoperatively. (Courtesy 
of Patricia Sylla, MD)
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details regarding this approach. The IMV can be identified at the level of the ligament 
of Treitz but not divided. Inframesocolic dissection can be carried down to the level of 
the IMA and then high ligation of the IMA performed after identification and separa-
tion from the IMV. Anatomic variations in blood supply should be kept under consid-
eration during the mesocolic dissection in order to avoid inadvertent devascularization 
of the colon conduit. The blood supply to the splenic flexure can be distributed through 
the superior mesenteric artery (SMA), the IMA, or both. The feeder vessels originating 
from these arteries can be the left colic artery, left branch of the middle colic, an acces-
sory middle colic artery, a combination of these arteries, or no direct feeder vessel [49]. 
Collateral arterial blood flow disruption after high ligation of the IMA during meso-
colic dissection up to the level of the colon can be a cause of colonic ischemia. 
Disruption of collateral arterial blood flow to the retained descending colon conduit 
during mesocolic transection up to the level of the colon can occur secondary to tension 
on the retained left colic, arc of Riolan, or marginal artery of Drummond resulting in 
spasm and/or arterial thrombosis. (See Fig. 4.3 in Chap. 4 in this volume.)

There are several techniques that the surgeon can adopt to avoid arterial tension 
and thrombosis during sigmoid and rectal resection. The first is to identify the collat-
eral arterial flow and avoid transecting the mesentery too proximally. Direct visualiza-
tion of a proximal feeding vessel supplying the conduit may be possible. More 
recently, fluorescence angiography has been used to help in assessing intestinal perfu-
sion. Intravenous injection of indocyanine green (ICG) dye followed by the use of 
near-infrared light to assess bowel perfusion is safe and may decrease the risk anasto-
motic leaks by aiding the surgeons better identify ischemic segments (Figs. 30.4a, b 
and 30.5a, b) [50–52]. The second technique is to avoid tension on the mesentery 

a

b

Fig. 30.4 (a, b) Perfusion 
assessment of the bowel 
during low anterior 
resection using ICG 
fluorescence angiography. 
(a) Demarcation of the 
bowel is assessed 
laparoscopically with 
white light. (b) Following 
ICG intravenous injection, 
perfusion reassessment 
using near-infrared light 
confirms the level of 
vascular demarcation. 
(Both: Courtesy of Antonio 
Caceydo, MD)
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during mesocolic transection, either by performing the transection intracorporeally or 
further mobilizing the colon and its mesentery in order to reduce the tension on the 
vascular pedicles during extracorporeal extraction. When the mesentery performed 
extracorporeally, undue tension may result in spasm and tearing of the left colic, arc 
of Riolan, or marginal artery of Drummond leading to arterial colonic ischemia.

Special consideration should be made in cases in which transanal extraction of the 
specimen and conduit is planned. Even if the mesocolic transection is performed intra-
corporeally prior to transanal specimen extraction, the weight of the specimen can 
inadvertently pull on the proximal mesocolon and lead to spasm and/or arterial trauma 
resulting in arterial colonic ischemia. Care should be taken to maintain hold of the 
specimen after transanal extraction and not allow the weight of the specimen to pull on 
the retained colonic conduit prior to distal bowel transection. The specimen should be 
held at all times and not allowed to lay unsupported through the extraction site.

 Options for Anastomotic Reconstruction

In the event of colonic conduit ischemia, the first step is to discuss this finding with 
your anesthesiology team. Vasopressors should be discontinued if the patient’s 
hemodynamic status can be maintained with alternative agents, and normothermia 
should be achieved. Intravenous fluid warming devices as well as warm intraab-
dominal irrigation can facilitate increasing the patient’s body temperature if the 
patient is hypothermic. In addition, temporary cessation of pneumoperitoneum and 

a

b

Fig. 30.5 (a, b) Perfusion 
assessment during robotic 
LAR using ICG 
fluorescence angiography. 
(a) Vascular demarcation is 
assessed with white light. 
(b) Following ICG 
intravenous injection, 
perfusion is reassessed 
using near-infrared light 
and confirms the point of 
vascular demarcation. 
(Both: Courtesy of Daniel 
Popowich, MD)
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taking the patient out of steep Trendelenburg or reverse Trendelenburg position can 
be performed to improve mean systemic filling pressure, venous return, and micro-
circulation associated with pneumoperitoneum [53]. Releasing any tension on the 
mesentery is another important maneuver. If the tension was placed during transanal 
extraction, the conduit should be returned intraabdominally to see if this improves 
blood flow. Additionally, the mesentery should be assessed for avulsion of any 
blood vessels that may be contributing to the ischemia.

If colonic ischemia persists despite all the above maneuvers, alternative recon-
structive options vs conversion to permanent colostomy need to be considered 
depending on the extent of the colonic ischemia. If this possibility was not discussed 
with the patient prior to surgery, the surgeon is encouraged to discuss the findings 
with the patient’s family or emergency contact and obtain emergent informed con-
sent for either conversion to permanent colostomy or attempt to alternative recon-
structive options. In addition, the surgeon is encouraged to consult a surgical 
colleague to assist with decision-making for the remainder of the case. Alternative 
low pelvic reconstructive options utilize the right colon for low pelvic reconstruc-
tion and anastomotic options. In some cases, the transverse colon can be salvaged as 
well [54]. While laparoscopic approaches have been described for alternative low 
pelvic reconstruction [55–57], an open approach may be in the patient’s best interest 
to facilitate reducing operative time and potentially preserving a longer segment of 
the colon if feasible. The anatomy becomes significantly altered and is typically 
easier to visualize rather than described (Fig. 30.6 AB).

a b

Fig. 30.6 (a, b) Deloyers procedure. (Both: Used with permission of Springer Nature from Davis [70])
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Deloyers procedure was first described in 1964 and utilizes a right colon to low 
pelvic rectal anastomosis as a salvage technique for low colorectal or coloanal anas-
tomosis in the setting of ischemic left conduit. In the Deloyers procedure, the right 
and middle colic arteries are ligated, and the right colon is inverted, so a right colon 
to rectal anastomosis is created [58–60]. The left and transverse colon are frequently 
removed secondary to ischemia during this approach. The right colon can be used 
either in an isoperistaltic or antiperistaltic fashion, essentially whichever conduit 
has less tension and better reach into the pelvis. An appendectomy is performed as 
well to avoid future appendicitis and delay in diagnosis or inability to treat due to 
the altered anatomic location of the retained appendix. The terminal ileum is relo-
cated to the hepatic flexure in cases in which an antiperistaltic right colorectal anas-
tomosis is created. Another option similar to the Deloyers procedure is a cecum to 
rectal anastomosis [61, 62]. A modification of the Deloyers technique involves 
maintaining the orientation of the vascular pedicle but involves two anastomosis – 
an antiperistaltic colorectal anastomosis and an ileocolonic anastomosis [63]. 
Surgeons have also described a retroileal transverse colon to rectum anastomosis. A 
passage is created in an avascular plane in the transverse ileal mesentery to allow the 
proximal transverse colon through to anastomose to the rectum [64]. If none of 
these techniques are successful, an option for a subtotal colectomy with an ileorec-
tal anastomosis is a possibility. In extreme cases, a delayed coloanal anastomosis, 
Turnbull-Cutait [65, 66], may be attempted. In this technique, the colon is exterior-
ized through the anus and transected. A segment of the colon is left exteriorized 
through the anus and affixed to the skin with sutures. A small venting hole is created 
in the exteriorized colon with plans to return to the OR several days later. At the 
second stage, the colon is transected at the level of the anal verge, and a handsewn 
coloanal anastomosis is performed [65, 66]. Surgeons have found this technique to 
be a valuable option in difficult situations [67–69].

 Conclusion

There are many factors associated with creating a viable and intact anastomosis. 
Intraoperative anastomotic interrogation with endoscopic evaluation for air leak as 
well as mucosal perfusion is recommended for all low pelvic anastomosis. Colonic 
ischemia and tension on the anastomosis are technical factors that can contribute to 
anastomotic leak. Ischemia, tension, and anastomotic integrity should be evaluated 
intraoperatively. When identified, the anastomosis can be salvaged with various 
techniques including proximal colonic mobilization and anastomotic 
reconstruction.
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31Minimizing Conversion in Laparoscopic 
Colorectal Surgery: From Preoperative 
Risk Assessment to Intraoperative 
Strategies

John Byrn and Heather Yeo

 Introduction and Rationale

More than 300,000 colorectal resections were performed in 2012 for benign and 
malignant conditions in the United States [1]. Since 1991, the use of laparoscopy for 
colorectal surgery has increased, reaching 22.7% in 2005 to 49.8% in 2014 [2]. This 
steady increase in adoption results from improvements in instrumentation, stan-
dardization of surgical techniques through training, as well as mounting evidence 
demonstrating the clinical benefits and oncologic safety of laparoscopy from ran-
domized controlled trials (RCTs) [3]. Compared to open surgery, minimally inva-
sive colorectal resections result in less pain, less blood loss, shorter hospital stay, 
and shorter recovery, with significant cost savings [4].

Over the last two decades, laparoscopic techniques and instrumentation have 
continued to improve. As laparoscopy continues to gain traction in colorectal sur-
gery, it is important that surgeons become familiar with various techniques and tools 
available in their armamentarium in order to minimize the risk of conversion. 
Several factors, including unclear anatomy, bowel injury, and bleeding, can lead to 
conversion. Reactive conversion follows an intraoperative complication (i.e., a vas-
cular, ureteral, or bowel injury), while preemptive conversion is performed to avoid 
complications (i.e., when there is difficulty with structural identification or a deci-
sion that performing a procedure will be too difficult laparoscopically) [5]. While 
no studies have evaluated the difference, it is our experience that reactive conversion 
leads to worse outcomes as it is in response to a complication, and preemptive 
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conversion is done to avoid a complication. However, often a case that is difficult 
laparoscopically may also be difficult as an open procedure.

The overall impact of conversion has been well studied with demonstrated negative 
effects on costs, morbidity, and patient outcomes [6]. Several factors have been shown 
to impact rates of conversion; however, while conversion rates have decreased over time 
as experience with the minimally invasive technique has grown, the conversion rate is 
still 10–25% nationally, and, as a result, techniques to mitigate these consequences have 
important clinical benefit. In this chapter, we discuss preoperative considerations and 
intraoperative steps that may help to achieve the goal of decreasing conversion rates.

 Indications and Contraindications

Laparoscopic and minimally invasive approaches to colon and rectal resections have 
become the preferred method over open surgery for nearly all colorectal surgical 
procedures. They can be used for benign and malignant disease and have lowered the 
morbidity and mortality of many procedures, especially colon resections, rectopexy, 
and procedures for fecal diversion. There are no absolute contraindications to laparo-
scopic colorectal procedures [7], but much of the decision depends on the surgeon’s 
experience and comfort with laparoscopy. Extra caution should be taken in patients 
with a history of previous abdominal surgeries, a history of cardiopulmonary comor-
bidities, obese patients, pregnant patients, and patients with rectal cancer, where the 
use of laparoscopy is more controversial. Absolute contraindications are emergency 
patients with hemodynamic instability due to bleeding, sepsis, or trauma.

 Principles and Benchmarks

While there are no benchmarks for conversion during laparoscopic surgery, most 
major RCTs have reported conversion rates ranging between 1% and 25% 
(Table 31.1). The conversion rates from these trials should be evaluated with the 
understanding that most of them included only experienced laparoscopists, so the 
numbers may be lower than many surgeons might see in their own practice.

The practicing surgeon can easily determine his or her own laparoscopic conver-
sion to open colectomy or proctectomy rate using his or her own institutional data. 
This rough estimate may allow self-assessment and aids in determining if the sur-
geon is providing a certain measure of quality care. The COST trial conversion rate 
for colectomy (excluding transverse colectomy) was 21%, and in the Z6051 trial, the 
laparoscopic conversion to open proctectomy rate for rectal cancer was 11%. Both 
trials involved expert surgeons with significant laparoscopic experience (>20 lifetime 
laparoscopic colectomies) and more importantly had undergone a credentialing pro-
cess for the study where a video was reviewed for evaluation of surgical technique.

An important consideration when evaluating conversion rates is the impact of con-
version on patient outcomes. While reactive conversion, for example, due to iatro-
genic colotomy with gross fecal contamination is necessary and associated with worse 
outcomes with respect to infectious complications, other conversions may not have as 
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much of a deleterious effect. Hence, the decision to attempt a laparoscopic approach 
should balance the benefits of a laparoscopic approach, and the risks of complications 
including consequences of conversion to open surgery with the understanding that a 
preemptive conversion, before complications or injury arises, may mitigate the impact 
of conversion on outcomes. Although a laparoscopic approach may be highly desir-
able in complex cases based on the clinical benefits incurred from avoidance of a lapa-
rotomy, early and preemptive conversion should be considered in the face of failure to 
progress or impending complications. When conversion is performed early, it may 
mitigate the morbidity incurred from reactive conversion in the face of a complication. 
When interpreting the literature on the negative impact of conversion on oncologic 
and infectious outcomes, surgeons should not become discouraged from attempting 
laparoscopy for fear of conversion but be prepared for this possibility and realistic 
with respect to when to convert. This clinical judgment is part of the laparoscopic 
learning curve and can only be finessed through experience gained when attempting 
complex cases. As a general rule, surgeons should consider diagnostic laparoscopy, 
with a low threshold to convert when the risk of injury and/or prolonged operative 
time outweighs the benefits of persisting with a laparoscopic approach.

High conversion rates for any given surgeon should prompt careful review of 
case logs, with specific focus on patient selection and risk factors for conversion, 
case volume, and experience with specific cases. This will in turn identify areas for 
improvement and strategies to mitigate the risk of conversion.

 Preoperative Planning, Patient Work-Up, and Optimization

Patients undergoing laparoscopic colorectal surgery need a detailed medical history, 
physical exam, and colorectal cancer staging if the pathology is a colorectal malig-
nancy. Particular attention should be paid to the number and type of previous 
abdominal surgeries and any history of abdominal infections, radiation, or surgical 
complications. The operative reports from previous abdominal surgeries should be 
reviewed. Patients can then proceed with standard preoperative blood work-up, 
electrocardiogram, and chest X-ray as indicated. A focused physical abdominal 
exam will appreciate previous surgical scars, the approach to previous surgeries 
(Pfannenstiel vs. midline laparotomy), and the presence of incisional hernias. The 
most important findings on history and physical are related to cardiopulmonary 
debilitation. A patient with poor functional status and non-optimized cardiac and 
pulmonary comorbidity often needs further specialty care through cardiology and 
pulmonology before surgery. Increases in preoperative activity and smoking cessa-
tion, prehabilitation, are of proven benefit in surgical outcomes.

When considering segmental colectomy for malignant polyps or tumors, local-
ization of the tumor is key and achieved through a combination of cross-sectional 
imaging and endoscopy. Colonoscopy reports are valuable, as endoscopic tattoo 
placement or clipping may be crucial to localizing the pathology and planning your 
resection during the procedure. Preoperative planning entails reviewing all images 
prior to surgery. A CT scan is not only useful to localize disease but is also helpful 
to assess the thickness of the abdominal wall, location of the top of the splenic flex-
ure, and other important surgical landmarks, which can help in port planning.
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 Patient Risk Factors for Conversion (Table 31.2)

Studies on the patient-related risk factors for conversion have almost exclusively ret-
rospective single institution case series but are still worth considering for anyone 
adopting laparoscopy into his or her practice. Patient-related factors that have been 
shown to increase risk of conversion include advanced age, obesity, gender, ASA clas-
sification, previous surgery, and cardiopulmonary comorbidity. For patients undergo-
ing colectomy, those older than 80 have a 73% higher chance of conversion compared 
to patients younger than 50 [8]. Male gender is also associated with a higher risk of 
conversion in colectomy [9, 10]. Obese patients (BMI >30 kg/m2) showed increasing 
the chance of conversion by 31% compared to patients with normal BMI [8]. While 
there is an increasing epidemic of obesity in the USA, the technical difficulty of per-
forming laparoscopic colorectal resections increases with BMI, particularly in indi-
viduals with a BMI >40 or super obesity. In elective cases, we often council patients 
regarding weight loss strategies preoperatively, as this can significantly impact out-
comes. Obesity contributes to difficulty with exposure as these patients often have a 
shortened mesentery and retraction of the small bowel can be difficult. Please refer to 
Chap. 32 on laparoscopic colorectal surgery in the obese and morbidly obese patient 
for more details on preoperative strategies and surgical techniques.

Patients with ascites have been found to be approximately three times more 
likely to require conversion as ascites may represent underlying primary liver dis-
ease or malignant ascites secondary to peritoneal carcinomatosis [8]. In addition, 
those with cardiopulmonary comorbidities are of increased risk of conversion, as 
the CO2 pneumoperitoneum may lead to hemodynamic and pulmonary function 
alterations. Patients with Society of Anesthesiologists (ASA) class 4 have 68% 
increased odds of conversion when compared to patients with ASA class 1, hence 
the importance of patient selection and preoperative risk assessment.

 Disease-Related Factors for Conversion

Conversion rates vary depending on the specific type of colectomy performed. In a 
review of National Inpatient Sample data from 2009 and 2010, it was found that proc-
tectomy was associated with the highest rates of conversion (31.3%), followed by 
transverse colectomy (20.5%), with lower rates for left and right colectomy, sigmoid 

Table 31.2 Risk factors for conversion

Patient related Disease related Surgeon related
Advanced age (>80)
Male gender
Obesity (BMI >30)
ASA classification (class 4)
Previous surgery
Ascites
Cardiopulmonary 
comorbidities

Anatomical site (rectum and transverse 
colon)
Pathology (Crohn’s disease)
Presentation (emergency setting)

Experience (low 
volume)
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colectomy, and total colectomy [10]. Transverse colon and rectal lesions were origi-
nally excluded from laparoscopic trials, as they required advanced skills. These rates 
also vary depending on indications, with the highest rates of conversions in patients 
undergoing resection for Crohn’s disease (20.2%) relative to other pathologies, includ-
ing benign and malignant tumors, diverticulitis, and ulcerative colitis [10].

The nature of presentation of colorectal pathology also plays into the conversion 
rate. Patients admitted as an emergency are less likely to undergo emergency lapa-
roscopic procedures. In one study, the percentage of surgeons using an open tech-
nique rose from 8% in an elective setting to 47% in an emergency setting [11].

Careful consideration should be given to patients presenting with Crohn’s dis-
ease or diverticulitis with abscess/phlegmon, especially in reoperative cases. The 
risks of conversion are high, as well as that of inadvertent injury to the bowel or 
surrounding structures. In patients with visceral obesity and a short, bulky trans-
verse colon mesentery, the surgeons should proceed cautiously during laparoscopic 
resection of transverse colon cancer as it may be difficult to obtain a high ligation 
on the middle colic vessels and an adequate lymphadenectomy in this patient habi-
tus. Additionally, great care should be taken when performing laparoscopic proce-
dure in the setting of large or small bowel obstruction, fulminant colitis, or toxic 
megacolon, with an increased risk of intraoperative perforation during laparoscopic 
manipulation of the bowel, which will increase the risk of serious post-operative 
infectious complications. Our recommendation is to conduct a careful diagnostic 
laparoscopy with a low threshold to convert.

Patients deemed to be at high risk for conversion should be counseled preopera-
tively with respect to the likelihood of requiring conversion and the risk of organ 
injury and other complications incurred from attempting laparoscopy in the face of 
one or more risk factors for conversion.

 Surgeon-Related Factors

One of the factors that clearly plays a role in conversion during laparoscopic 
colorectal surgery is the surgeon’s experience and comfort during complex laparo-
scopic colon or rectal resections. A recent study of laparoscopic colorectal proce-
dures showed that regardless of the training, high-volume laparoscopic surgeons 
(≥100 laparoscopic procedures) have lower rate of conversion compared to low-
volume laparoscopic surgeons (<100 laparoscopic procedures) [5]. This trend was 
also seen in a nationwide study comparing high-volume surgeons (>15 procedures/
year) with low-volume surgeons (≤15 procedures/year), with high-volume surgeons 
not only having lower rates of conversion but also lower incidence of prolonged 
length of stay, bile duct injury, and mortality [12].

 Bowel Preparation

While bowel preparation for colon and rectal surgery has waxed and waned in per-
ceived efficacy to reduce surgical site infection, it remains widely adopted by many 
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surgeons who find the colon easier to manage laparoscopically if the bowel has been 
prepped. Combined mechanical bowel preparation with oral antibiotics has recently 
been reinstituted into standard enhanced recovery protocols for colorectal procedures, 
as it has reduced surgical site infections and anastomotic leak rates compared to patients 
who did not receive either mechanical or antibiotic bowel prep [13]. A prepped bowel 
is easier to manipulate laparoscopically, and an additional benefit of operating on a 
prepped colon includes localization of the pathology, such as an unexpectedly incon-
spicuous tumor requiring direct palpation or intraoperative colonoscopy.

 Ureteral Stents

Visualization and identification of the ureters before transection of the mesenteric ves-
sels and the mesentery is crucial to prevent ureter injuries, and the inability to do so is a 
risk factor for conversion to open surgery. Intraoperative identification of the ureter can 
be challenging, especially in the setting of visceral obesity, inflammation, and during 
reoperative pelvic surgery. Some surgeons will opt for prophylactic ureteral stent place-
ment to help with ureter identification and facilitate recognition of an inadvertent injury. 
However, their use is controversial because of the complications that accompany stent-
ing, such as obstructive oliguria, ureteral injury, or urinary tract infection. In addition, 
there is no evidence that stents decrease the risk of ureteral injury, of conversion rates, 
but they may facilitate ureteral identification in difficult cases and help recognize ure-
teral injuries intraoperatively. Thus, for reoperative colorectal procedures, acute or com-
plicated diverticular disease or Crohn’s disease, bulky and locally advanced rectal or 
sigmoid cancers, we recommend prophylactic ureteral stent placement.

A ureter that is difficult to identify can slow progress significantly in laparoscopic 
colorectal surgery. Common scenarios are when dissecting inflamed mesentery off the 
left or right retroperitoneum. A medial to lateral approach to the mesentery is pre-
ferred where early identification of the correct anatomic planes, meticulous hemosta-
sis, and careful dissection are your best ally. If oozing from the retroperitoneum is 
limiting progress, a lap pad or sponge introduced into the abdomen may allow for 
improved tamponade and visualization. If the patient is obese and there is difficulty 
with visualization medially, a lateral to medial approach can be used instead.

Key Point There should be a low threshold to call a urologist or colleague to assist 
in identification of the ureters if and when difficulty is encountered. Intraoperative 
ureteral stents can help with early laparoscopic identification of the ureters, and 
prophylactic stenting should be considered in complex colorectal cases.

 Operative Setup and Operative Techniques

 Patient Positioning

Patients must be placed securely in the supine or lithotomy position, depending on 
the planned procedure, and should be well padded. With patients positioned securely, 
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the surgeon obtains the ability to place the patient into steep Trendelenburg or 
reverse Trendelenburg. Steep Trendelenburg position in particular makes it much 
easier to retract the small bowel out of the pelvis when approaching a rectal or sig-
moid dissection. For almost all colon resections, the authors prefer the lithotomy 
position which allows for intraoperative colonoscopy for air leak testing and local-
ization of the pathology when needed and for positioning of an operator between the 
patient’s legs if needed. Regardless of positioning, patients’ arms are usually tucked 
to the sides, allowing for safe frequent position changes that lead to successful lapa-
roscopic surgery. Many other commercial products are available to help secure the 
patient; these may vary by institution and mimic a “bean bag” device that hold 
patients in place without sliding during extremes in left and right tilt as well as in 
Trendelenburg position.

One of the main obstacles in achieving and maintaining good exposure during 
laparoscopic colorectal procedures is adequate retraction of the small bowel. Patient 
positioning should use gravity to help expose the operative site; therefore, attention 
should be paid to padding and securing the patient to the table during steep position, 
especially for obese patients. Good exposure can be the difference between conver-
sion and no conversion.

Key Point For obese patients, we prefer to use pink foam and tape to secure the 
patients to the operating table.

 Pneumoperitoneum

Establishing pneumoperitoneum is a key first step in laparoscopic surgery, and it 
may result in vascular or visceral injury if not performed carefully. Adequate pneu-
moperitoneum can be established and maintained under an appropriate muscle 
relaxation. Usually, the intra-abdominal pressure should be between 10 and 12 mm 
Hg to provide sufficient laparoscopic visualization and working space.

Key Point We recommend starting with low-flow insufflation in any patient with 
cardiopulmonary disease to minimize the effect that it has on cardiac output.

Although there is no consensus regarding the best method to establish pneumo-
peritoneum, closed technique (Veress needle) method is the most frequently used. 
Although open Hasson technique is routinely used by some surgeons, it did not 
show any superior results regarding bowel injury [14]. However, it is primarily used 
in reoperative cases and when dense intra-abdominal adhesions are suspected. 
Another alternative to establish pneumoperitoneum is to use optical access trocar. 
The trocar used in this technique allows visualization of the dissected planes using 
the laparoscopic camera. It is best used in patients with a thick abdominal wall, 
where an “open” technique is difficult.

Key Point In reoperative cases where dense intra-abodminal adhesions are sus-
pected, the Hasson technique is the preferred method for laparoscopic access.
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 Laparoscopic Exposure: Trocars

In most colorectal procedures, three to five trocars are typically used: one for the 
camera, two for the operating surgeon, and one or two for the assistant. Trocar 
placement is dependent on surgeon’s preference, prior abdominal surgeries, body 
habitus, and type of procedure. Please see Figs. 31.1, 31.2, and 31.3 for our recom-
mended port placement for (1) laparoscopic left colectomy (Fig. 31.1), (2) laparo-
scopic sigmoid colectomy (Fig.  31.2), and (3) laparoscopic rectal resection 
(Fig.  31.3). In most instances, the camera trocar is placed in the midline at the 
umbilicus, while the operating surgeon trocars are placed on the opposite side of the 
pathology under laparoscopic guidance. Additional consideration should be given 
to the distance between trocars, which should be at least 8 cm to ease the movement 
of the instruments. Additional care must be taken for lower abdominal trocars so 
that collision with the legs of the patient (this can occur in supine o lithotomy posi-
tion) can be prevented.

Fig. 31.1 Trocar placement for left colectomy. (Courtesy of Yuko Tonohira)
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Key Point There is minimal morbidity with the addition of one or more 5 mm tro-
cars. When struggling to achieve appropriate exposure laparoscopically, additional 
trocars should be placed.

 Laparoscopic Adhesiolysis

For patients with complex adhesions, there are several tricks that our authors prefer 
using. Several instruments can be very beneficial, and one should be willing to add 
additional 5 mm ports where needed. For sharp adhesiolysis, we prefer the dispos-
able microshears as these have a smaller cut length and are better for delicate dis-
section than traditional or reusable sheers (Fig. 31.4). In addition, the endo peanut 
is a good instrument to separate areas between the bowel and other areas where you 
do not want to perform sharp dissection (i.e., by the ureter). Adhesiolysis should be 

Fig. 31.2 Sigmoid colectomy port placement. Additional port for splenic flexure mobilization on 
the right. (Courtesy of Yuko Tonohira)
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Fig. 31.3 Port placement for rectal resection. The suprapubic port is optional. (Courtesy of Yuko 
Tonohira)

Fig. 31.4 Laparoscopic 
lysis of adhesions 
facilitated by 
laparoscopic endo 
peanuts and cold 
endoshears. (Courtesy of 
Patricia Sylla, MD)
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performed “cold” with no cautery to minimize the risk of burn injury and delayed 
enterotomy. The endo peanut used in a gentle twisting motion will often help sepa-
rate even the most dense adhesions (Fig.  31.5). We also recommend achieving 
meticulous hemostasis and having the camera quite close to the dissection, as visi-
bility of the correct planes is key to avoid injury (Fig. 31.6a, b).

 Minimizing Incision Size

For more complex cases where surgeons are pushing the limits of their experience 
and learning curve, several options are available to minimize the extent of the open 
portion of the procedure when converting. The classic example of this scenario is in 
a low anterior resection, left or sigmoid colectomy to perform the major artery liga-
tion and mobilization of the sigmoid and splenic flexure laparoscopically, while 
performing the rectal dissection open through a Pfannenstiel incision. In this sce-
nario, the patient is saved a laparotomy through laparoscopic mobilization, but the 
surgeon is able to do high-risk portions of the procedure through the open exposure. 
Another opportunity for this would be with a difficult transverse colon during total 
colectomy where an upper midline hand port could be used to aid in laparoscopic 
mobilization and then open control of a short transverse colon mesentery. Lastly, an 
excellent option for very complex cases is to have a more experienced surgeon par-
ticipate in the case. This could be an expert urologist who could help identify a left 
ureter matted in a diverticular phlegmon or a partner with a different training back-
ground or more diverse laparoscopic experience. Formal mentoring during a case or 
assistance is best addressed preoperatively and planned carefully, so neither party 
feels unsure of their role.

Fig. 31.5 Careful 
laparoscopic separation of 
inflamed bowel loops is 
facilitated by the use of 
endo peanuts. (Courtesy 
of Patricia Sylla, MD)
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 Pitfalls and Troubleshooting

Common intraoperative pitfalls portending a conversion from laparoscopic to open 
colorectal resection include distortion of dissection planes due to inflammation or 
tumor, visceral obesity, and the challenge of laparoscopic handling of the transverse 
colon. We will discuss strategies below, but remedies include early conversion to 
open, hand-assist techniques, increased usage of assistants and assistant ports, and 
position changes.

a

b

Fig. 31.6 (a, b) Pelvic 
side wall adhesions 
during ileoanal J pouch 
excision meticulously 
dissected sharply using 
endoshears. (Both: 
Courtesy of Patricia 
Sylla, MD)
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 Adhesions and Response to Injury

Obscuring of tissue planes during laparoscopic mobilization and handling of the 
colon mesentery can lead to bleeding, injury to surrounding structures, and conver-
sion to open. Sometimes, very little can be done to combat this, and conversion to 
open is justified and preferred over prolonged operating times, excessive bleeding, 
and injury to other structures that would ultimately require conversion regardless.

Key Point In the event of acute bleeding during laparoscopic colorectal resection, 
an endo peanut or sponge can be used for tamponade, and/or a grasper can be used 
for clamping the vessel until hemostasis can be achieved.

 Acute Inflammatory Process

When approaching a diverticular abscess or phlegmon or severely inflamed Crohn’s 
ileitis, blunt and suction dissection can be useful and allow for the most progress 
with the less risk of injury. Inflammatory adhesions are, in our experience, one of 
the most common indications for open conversion. A defensive strategy is necessary 
when handling areas with intense inflammation (abscess or active disease). One 
approach is to first dissect away from the inflammation and identify important struc-
tures. These include the left ureter in sigmoid disease and the duodenum and adnexa 
in ileocolic disease. The surgeon may want to “circle the enemy” by working both 
medial and lateral, caudad and cephalad to the pathology, until maximal mobiliza-
tion and dissection have been performed to identify anatomic landmark and the 
correct tissue planes. With this strategy, the most inflamed portion of the procedure 
is left for last. If dissection of the sigmoid off the left pelvic brim, for example, is 
not possible, assessment of the relationship between the inferior mesenteric artery 
(IMA) and left ureter for ligation and mobilization of the descending colon and 
splenic flexure may allow for completion of the procedure through an open tech-
nique, where the laparotomy length can be minimized, or a Pfannenstiel incision 
can be used.

A high ligation of the IMA, while not necessary for diverticular disease, does 
allow for handling of the mesentery outside of the inflammatory area and for estab-
lishing a clean plane to work off of when approaching the inflamed pelvic brim.

Key Point Avoid the area with abscess or inflammation until you have mobilized all 
surrounding structures and identified the correct tissue planes.

 Traction Injuries

Excessive, unnecessary traction and counter traction may result in serosal tears or 
organ injuries, which may lead to conversion to open approach to fix these 
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complications. In laparoscopic right hemicolectomy, injury to the middle colic ves-
sels due to excessive traction or unclear anatomy can be a significant intraoperative 
complication and may lead the surgeon to convert.

 Lateral Dissection

One of the most common errors to happen during right, left, or sigmoid surgery is 
dissection carried out too laterally onto the abdominal wall during lateral mobiliza-
tion of the colon, which may result in retroperitoneal dissection and mobilization of 
the kidney and the ureter or pancreatic tail. During the dissection, our authors rec-
ommend staying close to the bowel mesentery or doing a medial to lateral approach.

Key Point You to not want to be in the retroperitoneal plane. Keep just anterior to 
that plane and dissect away from the bowel mesentery, not toward it, as this is more 
likely to pull the retroperitoneum up with you.

 Bulky Tumors

If a bulky right colon tumor is approaching the duodenum, the most useful strategy is 
to employ a medial to lateral approach where this relationship is assessed early and 
conversion can be decided promptly. A bulky sigmoid lesion may require aggressive 
position changes and placement of additional trocars in order to provide the necessary 
retraction to achieve adequate exposure for IMA ligation and ureter identification.

 Transverse Colectomy

Transverse colectomy, either in isolation for malignancy or as part of a total colec-
tomy for a variety of indications, is a common pitfall of laparoscopic colorectal 
surgery. The transverse colon is redundant and can become unwieldy when encoun-
tered along with a bulky omentum. The transverse mesocolon can be treacherous as 
dissection of the middle colic vessels is carried out in close proximity to the supe-
rior mesenteric artery and vein. Additional trocar placement and retraction by addi-
tional assistants, position changes, use of hand-assist technique, and early 
conversions are the typical maneuvers that may be used to handle the difficult trans-
verse colectomy.

 Obesity

Visceral obesity often increases the technical difficulty of laparoscopic colorectal 
procedures but less consistently predicts conversion when compared to 
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inflammation and mass. Stepwise approach to optimize exposure of the anatomy 
includes placement of additional trocars for additional levels of retraction, recruit-
ing additional assistants to help with retraction, changes in patient positioning tak-
ing advantage of the effect of gravity on the bowel, and its mesentery.

Finally, in patients with difficult anatomy and where additional ports do not pro-
vide adequate exposure, conversion to a hand-assisted approach can help keep the 
case laparoscopic while avoiding conversion to a midline laparotomy. A hand-assist 
port can be placed as a midline (upper or lower) or as a Pfannenstiel. We prefer a 
Pfannenstiel as this has a lower rate of hernia and wound complications. Hand-assist 
techniques are necessary for the surgeon to have in his or her armamentarium and 
can apply to any situation (including inflammation and mass effect above) where the 
surgeon is struggling laparoscopically. Specifically, hand-assist techniques reduce 
conversions by improving retraction and augmenting the surgeon’s ability to palpate 
the anatomy (Fig. 31.7a, b). The surgeon can assess fixity of a tumor to adjacent 
structures in order to confirm resectability, bluntly dissect inflammatory masses, 
control bleeding, and identify ureters. The hand also provides effective tissue retrac-
tion of redundant colon, bulky mesentery, or omentum to help expose the vascular 
pedicles in preparation for high ligation.

a

b

Fig. 31.7 (a, b) 
Hand-assisted 
laparoscopic lysis 
adhesions can be very 
helpful when extensive 
interloop adhesions are 
encountered. (Both: 
Courtesy of Patricia Sylla, 
MD)
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Key Point Hand-assist techniques can facilitate laparoscopic completion of a com-
plex colorectal resection that would otherwise require conversion to open 
laparotomy.

 Outcomes

Available literature on outcomes of conversion of laparoscopic colon and rectal 
surgery to open surgery show worse outcomes with conversion relative to lapa-
roscopic surgery or even open cases. Patients with colorectal cancer who under-
went conversion during laparoscopic resection have been shown to have worse 
oncological outcomes, especially with respect to disease recurrence and overall 
mortality. As seen in the COST and MRC CLASICC trials [15, 16], there was a 
significant decrease in overall survival in converted patients with colorectal can-
cer. Although there are some caveats, as this was not a primary endpoint and the 
converted group had some worse preoperative parameters as well. Conversion is 
also associated with an increased need of blood transfusion and increased 
30-day mortality [17].

 Learning Curve

There is a clear learning curve in laparoscopic surgery. Studies have placed the 
learning curve in colorectal surgery in the range of 30–70 cases, with the learning 
curve for right colectomy being about 10 cases less than that for left or sigmoid 
colectomy [18]. For surgeons not trained laparoscopically, we recommend a train-
ing course as well as performing at least the first 30 with a more senior partner to 
gain experience.

 Conclusions

Laparoscopic surgery has made significant strides over the last two decades. 
Improvements in technique have expanded indications. Conversion rates are due to 
both patient and physician factors. Careful preoperative preparation can help 
decrease conversion rates and give patients the best chance for an optimal recovery. 
Minimizing conversion whenever possible can help to improve patient outcomes. 
However, the surgeon should not delay conversion when laparoscopy is determined 
to be unsafe or if anatomy is unclear.
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32Laparoscopic Colorectal Surgery 
in the Obese and Morbidly Obese 
Patient: Preoperative Strategies 
and Surgical Techniques

Matthew T. Brady and Joseph C. Carmichael

 Introduction and Rationale

Obesity is described by the Center for Disease Control and Prevention (CDC) as 
being common, serious, and costly. With a prevalence of 39.8% between 2015 and 
2016 in the United States (US) and an estimated 93.3 million affected adults, obe-
sity is a diagnosis all health-care professionals will encounter frequently [1]. 
Furthermore, obesity is a risk factor for the development of colorectal adenomas 
and carcinomas [2–4], Clinicians performing colon and rectal surgery must have a 
plan in place for surgery in obese patients. The surgical care of obese patients pres-
ents challenges to the individual surgeon. Surgery on patients affected by obesity 
can be more technically challenging resulting in longer operative times and increased 
complication rates [5–7]. With these challenges, along with an overall increased 
requirement for medical care associated with obesity-related comorbidities, it is not 
surprising that per capita medical spending is on average $1429 higher per year for 
obese patients [8].

Obesity is defined by the CDC as having a body mass index (BMI) greater than 
or equal to 30. Further classifications are described for stratifying patients with 
BMIs greater than or equal to 30: class I obese (BMI ≥ 30 and <35), class II obese 
(BMI ≥ 35 and <40), and class III Obese (BMI ≥ 40) [9]. Though BMI is often the 
most common term utilized when classifying patient outcomes with regard to 
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weight, some have argued that other factors, specifically visceral fat, may be even 
more predictive [10]. Whichever classification is used, it is important to identify 
obesity preoperatively, consider its effect on the planned surgery, adjust the opera-
tive plan as needed, and counsel the patient accordingly as to potential increased 
risks.

While minimally invasive surgery may provide advantages for obese patients 
considering colorectal surgery, obesity remains a risk factor for many postoperative 
complications and creates technical challenges for the surgeon [11, 12]. Overall 
obese patients have longer operative times, higher rates of postoperative morbidity, 
and higher rates of anastomotic leak when compared with nonobese cohorts [13]. 
Patient outcomes in complex operations, such as ileal pouch-anal anastomosis, are 
also significantly worse in obese patients when compared with nonobese, with obe-
sity being described as an independent risk factor for pouch-related complications 
[14]. Considering the increased rates of postoperative complications in obese 
patients, as well as increased costs of caring for those complications, a plan for 
preoperative weight loss may be advantageous in obese patients, though it is impor-
tant to keep in mind that many disorders in the field of colon and rectal surgery 
cannot be delayed to allow for significant preoperative weight loss. Colon and rectal 
cancer, for example, require timely definitive treatment in order to best care for the 
patient. Additionally, complications arising from inflammatory bowel disease, both 
Crohn’s and ulcerative colitis, often require prompt surgical intervention. 
Consideration for preoperative weight loss can occur in others though, for example, 
those with polyposis syndromes and patients with medically managed IBD consid-
ering future resections for long-term management of their disease. Currently, there 
is no literature investigating the use of weight loss surgery prior to planned colorec-
tal resections.

In this chapter, we will review minimally invasive surgery techniques for colon 
and rectal surgery and prior literature that highlights the use of minimally invasive 
surgery in the treatment of colorectal disease and specifically highlight the technical 
challenges presented by obesity and strategies aimed to minimize complications.

 Indications and Contraindications of Minimally Invasive 
Surgery in Obese Patients and Principles and Quality 
Benchmarks

Indications for surgery in colon and rectal surgery are similar regardless of the 
approach used, whether laparoscopic, robotic, or open. Each technique has its 
advantages and disadvantages. The choice of technique rests largely with the skill 
set of the surgeon along with the capabilities of the operating room. Additionally, 
disease pathology and anatomic considerations can weigh heavily into the choice 
of technique. Principles of laparoscopic colorectal surgery are not unique and 
mirror the principles of open surgery. For example, when approaching colon can-
cer cases, performing an R0 resection with an appropriate lymphadenectomy is 
essential. When considering rectal cancer, adhering to the principles of total 
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mesorectal excision (TME) is critical regardless of the approach used. In all cases, 
careful attention is paid to meticulous dissection, maintaining an adequate blood 
supply to the preserved intestine, and proper anastomotic construction. Minimally 
invasive techniques in colorectal surgery have been shown to be as efficacious in 
treatment of colon and rectal cancer when compared to open techniques. No dif-
ferences in oncologic outcomes have been seen in colon cancer when comparing 
laparoscopic and open techniques [15, 16]. Similarly, in rectal cancer, multiple 
trials have shown no significant differences between the two techniques with 
regard to local recurrence or survival [17, 18]. If there is concern during surgery 
that a quality resection cannot be achieved minimally invasively, this should 
prompt conversion to an open surgery.

Two recent trials were not able to designate laparoscopic approach non-inferior 
compared with open surgery with respect to immediate pathologic outcome; how-
ever, similar to prior studies, long-term follow-up did not demonstrate differences 
with regard to disease-free survival or recurrence [19–21]. Laparoscopic tech-
niques have also been associated with improved outcomes for patients with Crohn’s 
and ulcerative colitis [22]. Given the challenges of operating in the pelvis, conver-
sion to open has been higher when comparing laparoscopic proctectomy with col-
ectomy. In select patients, specifically obese and male patients, use of a robotic 
surgery platform has been associated with decreased rates of conversion [23]. Its 
use produces similar outcomes when compared with laparoscopic proctectomy 
when performed by surgeons proficient in either technique. Again, the indications 
for surgery, and principles adhered to, do not differ between laparoscopic, robotic, 
and open surgery. Not surprisingly, open surgery has not been shown to be superior 
to minimally invasive approaches in colon and rectal surgery. Given the many 
patient-derived benefits using a minimally invasive approach, it should be consid-
ered when appropriate.

 Preoperative Planning, Patient Work-Up, and Optimization

Preoperative assessment of patients undergoing colon and rectal surgery focuses on 
the disease being treated and the patient as a whole. Obesity remains a risk factor for 
many other systemic diseases including hypertension, diabetes, ventricular hyper-
trophy, cardiac failure, obstructive sleep apnea, and overall decreases in respiratory 
function [24]. Careful attention to their preoperative functional capacity and medi-
cal history should help guide preoperative evaluation and optimization. Proper com-
munication with the anesthesia team preoperatively can also help in their preoperative 
planning and intraoperative strategy.

Enhanced recovery after surgery (ERAS) protocols are not contraindicated in 
obese patients. Attention should be paid to their individual comorbidities. Of par-
ticular interest to ERAS, obese patients have been shown to have the same gastric 
emptying characteristics as nonobese patients [25]. Obese patients can have high 
rates of insulin resistance or diabetes. Postoperative insulin resistance is improved 
with administration of preoperative oral carbohydrates [26]. For patients with 
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insulin resistance, it is important to continue their diabetic medications when preop-
erative carbohydrate loading is employed to avoid preoperative hyperglycemia.

Patients should be appropriately screened for medical comorbidities preoperatively. 
Screening for cardiac disease can be difficult in the obese. Symptoms such as dyspnea 
on exertion can be related to weight as opposed to poor cardiac or pulmonary function. 
Physical exam findings such as jugular venous distension and lower extremity edema 
can also be masked. Obese patients may have decreased physical exercise tolerance as 
a result of their increased weight. All patients should be screened for their risk of peri-
operative cardiovascular morbidity. Assessment tools such as the Revised Cardiac Risk 
Index (RCRI) and the Duke Activity Status Index (DASI) can help identify patients 
who would benefit from preoperative cardiac testing if it will impact management [27]. 
Obese patients with no risk factors may not require further testing.

Obese patients can have respiratory dysfunction. Obesity results in an increased 
work of breathing as a result of increased airway resistance and reduced respiratory 
compliance [28]. Screening for obstructive sleep apnea is important in the patient 
cohort as it has been shown to decrease intensive care unit admissions postopera-
tively in obese patients [29]. The snoring, tiredness, observed apnea, high blood 
pressure, BMI, age, neck circumference, and male gender (STOP-BANG) question-
naire is once effective screening tool to identify patients at risk for sleep apnea who 
would benefit from preoperative testing as they may require continuous positive 
airway pressure (CPAP) postoperatively.

Trendelenburg positioning is common in colorectal resections and has the poten-
tial to exacerbate poor respiratory compliance by increased load on the diaphragms 
intraoperatively. Inability to tolerate Trendelenburg positioning may be a reason to 
convert to an open surgery or delay surgery in non-urgent cases. While increased 
conversion rates have been described in obese patients undergoing laparoscopic 
colorectal surgery, the majority of these conversions are described to be due to oper-
ative factors such as adhesions, visualization, and tumor invasiveness as opposed to 
ability to tolerate Trendelenburg positioning [30]. Gradual positioning changes can 
help ensure the patient does not slide on the bed due to their increased weight and 
maintains adequate ventilation. Communication with the anesthesia team during 
positioning is critical in these cases in order to optimize outcomes.

With regard to disease-focused preoperative planning, it is critical to ensure 
patients are adequately prepared for the operating room. Malignant diseases, colon 
and rectal cancer, require the appropriate staging work-ups consisting of chest, 
abdomen, and pelvis computed tomography (CT) scans, serum CEA assessment, 
and locoregional staging of the pelvis for rectal cancer. Magnetic resonance imag-
ing (MRI) is the preferred modality for assessment of locoregional disease in rectal 
cancer and best assesses the need for neoadjuvant therapy [31]. Obtaining an MRI 
can potentially be challenging in some obese patients due to table weight limitations 
and aperture diameter [32]. Open MRI may be able to accommodate patients, 
though image resolution can be poorer compared with closed MRI [32]. In patients 
who cannot undergo a staging MRI, endorectal ultrasound, while less accurate, 
should be performed [33].
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In certain cases, a conversation regarding preoperative weight loss should be 
held when considering elective cases where patients can delay their colon sur-
gery. As is well described in the bariatric surgery literature, weight loss by diet 
alone or by pharmaceutical means is relatively ineffective when compared with 
bariatric surgery [34]. Additionally, beyond weight loss, bariatric surgery has 
the benefit of providing resolution of many associated comorbidities. While 
there is an emerging body of literature in support of “prehabilitation” prior to 
colorectal surgery [35], prehabilitation research focuses on increasing a patient’s 
functional capacity in the few weeks prior to surgery and not intentional preop-
erative weight loss. The effect of intentional preoperative weight loss prior to 
colon and rectal surgery to improve outcomes has not been studied, though 
benefits have been seen in the transplant literature where there is some limited 
evidence for using bariatric surgery as a bridge to cardiac transplantation in 
patients with advanced heart failure and morbid obesity [36]. While having 
patients undergo bariatric surgery prior to colon resection is not well described 
in the literature, given how much obesity can impact postoperative patient out-
comes, both in the short and long term, referral to a weight loss surgery special-
ist seems reasonable in non-urgent cases. Additionally, referral patterns for 
bariatric surgery can vary widely; despite the known benefits, some studies have 
demonstrated very low rates of bariatric surgery referrals by primary care physi-
cians [37]. Having a discussion with patients preoperatively regarding weight 
loss surgery may be the first opportunity they have had to consider the opportu-
nity to undergo bariatric surgery.

An increased risk of venous thromboembolism (VTE) has been associated with 
obesity in some series, though this finding is not consistent in literature focusing on 
postoperative complications in obese and nonobese patients [38]. The American 
Society of Colon and Rectal Surgeons Clinical Practice Guidelines for the 
Prevention of Venous Thromboembolic Disease in Colorectal Surgery offers multi-
ple strategies aimed at decreased VTE risk [39]. Obesity is noted as a risk factor for 
VTE in those guidelines. Early mobility and the use of pharmacological thrombo-
prophylaxis are also strongly recommended for patients who are moderate to high 
risk for VTE and not high risk for bleeding complications. Also, consideration of 
high-risk patients for an extended VTE prophylaxis regimen following discharge is 
also strongly recommended.

 Operative Technique: Surgical Steps

Numerous strategies and approaches for laparoscopic colectomy exist; the authors 
present their preferred strategies which highlight a totally laparoscopic approach. 
This approach avoids the use of a hand port, involves performing an intracorporeal 
anastomosis, and allows the surgeon to preferentially use a Pfannenstiel incision in 
order to minimize the risk of postoperative incisional hernia.
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 Laparoscopic Right Colectomy

The patient is positioned in either supine or lithotomy depending on the indica-
tions for surgery and the surgeon’s preference. Some surgeons advocate for lithot-
omy position because they are able to stand between the legs during mesenteric 
mobilization; however, in a morbidly obese patient, this may not be possible. If 
the indication for surgery is an ileocolectomy for Crohn’s disease, lithotomy may 
be the preferred position so that an unanticipated ileo-sigmoid fistula could be 
more easily addressed by allowing transanal anastomotic stapling if needed. 
Given that obesity and lithotomy position appear to be risk factors for peripheral 
motor nerve injury in colorectal surgery [40], we place obese patients in the supine 
position whenever possible. If lithotomy is required, it is imperative to ensure all 
pressure points are adequately padded (Fig. 32.1). Generally, both arms are tucked 
at the patient’s sides; however, in the morbidly obese patient, sometimes it is only 
possible to tuck the patient’s left arm, and it needs to be left outstretched; alterna-
tively, an arm sled can be used. Pressure points are padded, and we prefer to have 
the patient on a soft foam or egg crate that is fixed to the table. This helps to create 
a “friction hold” between the patient’s back and the table when using steep 
Trendelenburg position and should minimize pressure points that could lead to 

Fig. 32.1 Lithotomy position
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nerve injury. We also employ padded straps around the patient’s thighs (in supine 
position) and chest to minimize sliding during extreme table tilt. Additional pad-
ding behind the shoulders can further prevent sliding of the patient in Trendelenburg 
position (Fig. 32.2).

For laparoscopic right colectomy, a Veress needle insertion is used at Palmer’s 
point in the left upper quadrant to gain insufflation. We utilize a four-port laparo-
scopic technique, but even within our practice, some variation in port placement 
does occur. In general, the laparoscopic ports should be separated by 10–12 cm. 
Figure 32.3 depicts a typical port placement scenario. Initially, a trocar is placed in 
the center of the abdomen equidistant from the pubic symphysis and the xiphoid 
process. Trocar size at this location will depend on the surgeon’s preference regard-
ing camera size (5 vs. 10 mm). The lower midline port is placed 10–12 cm below 
the central camera port, and sometimes there is the opportunity to place this through 
the intended Pfannenstiel extraction site. The left lower quadrant port is placed 
between the camera port and the anterior superior iliac spine. Finally, the left upper 
quadrant 5 mm port is placed (Fig. 32.3). In this port arrangement, the left lower 
quadrant 12 mm port site can also be enlarged for specimen extraction depending on 
the preference of the surgeon.

Fig. 32.2 Shoulder 
support during 
laparoscopic surgery
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The patient is placed in Trendelenburg position with the left side down. The 
small bowel is swept to the patients left to expose the ileocolic pedicle which is 
further defined by having the assistant elevate the cecum anteriorly and inferiorly. 
For a medial to lateral approach, the mesentery is scored below the ileocolic pedicle, 
and the plane is developed bluntly to separate the mesocolon from the retroperito-
neum (Fig. 32.4a, b). The duodenum is identified and protected, and the ileocolic 
pedicle is divided (Fig. 32.5a, b). The omentum is then freed from the transverse 
colon, and the hepatic flexure is taken down from a medial to lateral fashion. Finally, 
the white line of Toldt is released, and the ileal mesentery is freed from its posterior 
attachments. The mesentery of the transverse colon and ileum are divided with the 
energy device and the bowel divided with laparoscopic staplers.

We prefer an intracorporeal anastomosis (ICA)  in all patients, and evidence sug-
gests that ICA in obese patients is associated with a reduced risk of postoperative 
incisional hernia presumably because the specimen is not being removed via a mid-
line incision [41]. For the intracorporeal anastomosis, multiple techniques can be 

Fig. 32.3 Right colectomy port placement

a b

Fig. 32.4 (a, b). Medial to lateral approach: the mesentery is scored below the ileocolic pedicle (a), 
and the retromesenteric plane is dissected bluntly (b) (Both: Courtesy of Daniel Popowich, MD)
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applied. The anastomosis can be set up antiperistaltic or isoperistaltic. In both tech-
niques, the ends of the colon and ileum are aligned side by side. Enterotomies are 
created in the ileum and colon using a hook electrocautery. The laparoscopic stapler 
is used to create a common channel. For closure of the common enterotomy, an 
additional staple fire can be used; this technique is reproducible, is reliable, and mir-
rors the open technique of a totally stapled side-to-side anastomosis. Alternatively, 
the common enterotomy can be closed with sutures (Fig.  32.6a–d). An 

a b

Fig. 32.5 (a, b) Medial to lateral approach: the second portion of the duodenum is visualized and 
serves as an anatomic landmark (a). The ileocolic pedicle is subsequently divided (b) (Both: 
Courtesy of Daniel Popowich, MD)

a b

c d

Fig. 32.6 (a–d) Laparoscopic stapled intracorporeal anastomosis following right hemicolectomy 
(All: Courtesy of Daniel Popowich, MD)
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intracorporeal handsewn closure of the common enterotomy is also effective and 
has the benefit of cost savings compared with stapled closure.

Once the anastomosis is complete, a small Pfannenstiel incision is made, and the 
specimen is extracted through a wound protector. Alternatively, the left lower quad-
rant port site may be enlarged via a muscle splitting incision and the specimen 
removed via that site. Please refer to Chap. 14 on options for ileocolonic reconstruc-
tion for more details on various anastomotic techniques.

 Laparoscopic Left Colectomy

For left colectomy, the room is set up to facilitate all personnel and provide access 
to the rectum. Abdominal insufflation is again gained through a Veress needle tech-
nique. The camera port placement is identical to what is described above. The 
12 mm port is placed now 10–12 cm from the camera port on a diagonal line from 
the camera to the right anterior superior iliac spine. Five millimeter ports are next 
placed 10–12 cm from the camera port in the right upper quadrant midclavicular 
line and superior midline below the xiphoid process (Fig. 32.7).

Next, the dissection can begin either above or below the level of the inferior 
mesenteric artery (IMA). The authors prefer to begin above the level of the IMA at 
the inferior mesenteric vein (IMV). The dissection is begun by incising the perito-
neum just below the IMV, which is found adjacent to the ligament of Treitz 
(Fig. 32.8). Again, blunt dissection is used to separate the mesocolon from the ret-
roperitoneum. As the dissection progresses, the IMV is clipped and divided which 
will allow for complete mobilization of the splenic flexure. The attachments of the 
splenic flexure are released in a medial to lateral fashion as well. This is performed 
by dissecting over the anterior surface of the pancreas and entering the lesser sac. 

Fig. 32.7 Left colectomy port placement
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Anecdotally, we have found that this seems to be an easier approach to splenic flex-
ure mobilization in obese patients; however, care must be taken not to open a plane 
posterior to the pancreas and risk splenic vein injury. All attachments of the distal 
transverse colon and splenic flexure can be safely divided with this technique.

The dissection is next moved to below the level of the IMA. The sigmoid colon 
is elevated to the abdominal wall and the IMA put on stretch to aid in identification. 
The mesentery below the IMA is scored from the IMA to the sacral promontory and 
blunt dissection again utilized to free the mesocolon from the retroperitoneum 
(Fig. 32.9a, b). Here, the ureter and gonadal vessels must be identified prior to IMA 
division. Following division of the IMA, the white line of Toldt is incised to release 
the colon from the abdominal wall, and the omentum is elevated off the transverse 
colon as needed. The mesorectum and rectum are divided intracorporeally as this 

Fig. 32.8 Dissection 
under the inferior 
mesenteric vein in an 
obese patient (Courtesy of 
Daniel Popowich, MD)

a

b

Fig. 32.9 (a, b) Medial to 
lateral approach: the 
rectosigmoid mesentery is 
retracted superiorly (a), 
and the mesentery below 
the IMA is scored starting 
just above the sacral 
promontory (b) (Both: 
Courtesy of Daniel 
Popowich, MD)
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approach is straightforward, and this can be very challenging to perform extracor-
poreally via the Pfannenstiel incision in obese patients. Similarly, the proximal 
mesocolon is divided intracorporeally as this would also be very challenging to 
divide extracorporeally via the Pfannenstiel incision in an obese patient.

A Pfannenstiel extraction site is created, a wound protector placed, and the distal 
end of the specimen is brought out. Field isolation is employed, and the colon is 
divided at the proximal margin extracorporeally. An anvil is secured in the proximal 
colon, and it is returned to the abdomen. Next, a transanal circular stapler is used to 
anastomose the colon and rectum. Flexible endoscopy is used to test the anastomo-
sis for bleeding and air leak testing.

 Laparoscopic Total Colectomy

For laparoscopic total colectomy, our ports are typically placed in a box configura-
tion as depicted in Fig.  32.10. This configuration allows for access to all four 
abdominal quadrants, allows for both the surgeon and assistant to work simultane-
ously, and is similar to port placements for both the right and left laparoscopic 
colectomies.

 Pitfalls and Troubleshooting

 Port Placement

Laparoscopic colectomy often involves working in multiple quadrants within 
the abdomen (Fig. 32.11). Improper port placement can severely limit your abil-
ity to access each quadrant of the abdomen without undue stress put on the 

Fig. 32.10 Total colectomy port placement
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patient’s abdominal wall as well as the surgeon. It is critical to consider the 
trajectory of the laparoscopic port during placement. The patient’s abdomen 
exists as a dome once insufflated; the surgeon’s goal should be to have their port 
placement be exactly perpendicular to the skin and abdominal wall at the point 
of insertion. This insertion results in the least amount of trauma to surrounding 
tissue and the most ergonomic positioning for working in multiple quadrants 
within the abdomen. One technique that can help achieve this positioning is to 
push trocars directly forward until the tip of the trocar engages the fascia. After 
that, it is appropriate to begin twisting motion required of spreading trocars for 
insertion. Twisting prior to engaging the fascia can often result in skiving tan-
gentially in the subcutaneous fat prior to engaging the fascia. It is easier to skive 
the trocar in obese patients given the greater distance between the skin and 
abdominal wall.

 Identification of Anatomic Landmarks

Proper identification of vascular landmarks and critical structures such as the 
ureters is essential for successfully completing a laparoscopic or open colec-
tomy. However, obesity can challenge identification of these landmarks second-
ary to a thickened and shortened mesentery. Indeed, some studies have shown 
that it is the presence of excessive visceral fat, rather than BMI, that is highly 
predictive of postoperative complications in colon resection [42, 43]. 
Furthermore, men tend to carry the obesity in the mesentery rather than the 
subcutaneous tissue [44]. This can generally make for a more challenging colon 
resection. In the event it is difficult to expose a given vascular pedicle, i.e., the 
ileocolic pedicle, inferior mesenteric vein, or inferior mesenteric artery, the sur-
geon should always review factors that can assist exposure. Proper bed 

A
B

Fig. 32.11 Proper port placement
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positioning can often be critical for exposing vascular anatomy. Proper position-
ing will allow the small bowel to fall away from structures of interests. Adequate 
assistance is also critical, often it may be necessary to use an extra 5 mm assis-
tant port for laparoscopic colectomy to aid in retraction. Those two factors can 
often make a large difference in avoiding a conversion for inability to progress 
during a laparoscopic colectomy.

 Failure to Progress

If in the course of a minimally invasive operation the surgeon determines that there 
has been failure to progress based on disease burden, unclear anatomy, unfavorable 
anatomy, bleeding, or other factors, conversion to an open approach is recom-
mended. Advocates for hand-assisted laparoscopy (HALS)  suggest this may reduce 
the risk of conversion to an open surgery. With regard to HALS in obese patients, a 
retrospective single-center study did demonstrate a decreased conversion to open 
procedure in patients, BMI > 30, undergoing hand-assisted laparoscopy when com-
pared with conventional laparoscopic resection [45]. Subgroup analysis in that 
study demonstrated this benefit was only statistically significant in patients under-
going right colectomy. Interestingly, differences in conversion rate did not reach 
statistical significance in the left colectomy, sigmoid colectomy, total colectomy, 
proctocolectomy, low-anterior resection, or abdominoperineal resection 
subgroups.

 Minimally Invasive Proctectomy: A Word of Caution

Minimally invasive total mesorectal excision in an obese male patient is generally 
regarded as one of the most challenging surgeries that a colorectal surgeon will face. 
The choice of which minimally invasive approach a surgeon should take (laparo-
scopic, robotic, transanal TME) depends on what the surgeon is comfortable per-
forming and what the surgeon has the most experience in performing. In the UK 
Medical Research Council (MRC), trial of conventional vs. laparoscopic-assisted 
surgery in colorectal cancer (CLASICC), surgeons were required to have performed 
at least 20 laparoscopic resections to enter the study [46]. Over the study period, the 
rate of conversion to open surgery fell from 38% to 16% suggesting that an experi-
ence of 20 cases was not enough. Given a general surgeon in the United States 
performs an average of 11 colon resections annually [47], and that not all cases are 
candidates for laparoscopic surgery, it could take a surgeon years to gain adequate 
experience to perform these cases.

In addition, it has been demonstrated that the hospital experience with mini-
mally invasive proctectomy also matters. In the Colon Cancer Laparoscopic or 
Open Resection (COLOR) trial, “high-volume” hospitals that performed more 
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than 10 laparoscopic proctectomy procedures per year had a lower conversion 
rate compared with “low-volume” hospitals that performed fewer than five cases 
per year (9% conversion vs. 24% conversion) [48]. High-volume hospitals also 
had more lymph nodes recovered, fewer complications, shorter hospital stay, 
and shorter operative time independent of surgeon experience. What this means 
for the surgeon is that experience matters for both the individual and the 
institution.

As noted previously, there appears to be some evidence that robotics offers 
benefit over laparoscopy in obese male proctectomy patients in terms of decreased 
risk of conversion to open surgery [23]. At least two articles have suggested the 
robotic learning curve for proctectomy has three phases and could be achieved 
within 25 cases [49, 50]. A direct comparison of the laparoscopic proctectomy 
learning curve vs. the robotic proctectomy learning curve is difficult to find. 
However, one study from South Korea noted that while tasks like splenic flexure 
mobilization and IMA dissection had similar learning curves between laparo-
scopic and robotic surgery, TME had a shorter learning curve when performed 
robotically [51]. In this study, TME showed consistently shorter operative times 
for robotics after 22 cases. For the surgeon who is new to minimally invasive 
proctectomy, robotic surgery may prove to be easier to learn than a laparoscopic 
approach. The literature regarding transanal TME is developing, but currently it 
would seem prudent for this to only be performed by high-volume experts in 
proctectomy.

 Tips and Tricks to Successful Minimally Invasive Colorectal 
Surgery in Obese Patients

Regarding minimally invasive proctectomy and colectomy in the obese patient, we 
have several recommendations for the surgeon:

 1. Be clear with patients regarding your experience level. It is important to manage 
patients’ expectations regarding the duration of surgery and risk of conversion to 
open surgery. As you gain experience, the duration of surgery and risk of conver-
sion will improve.

 2. Understand that obesity significantly increases the challenge of minimally inva-
sive surgery, and these are not good learning cases, particularly in male patients 
who tend to have central obesity rather than subcutaneous obesity. However, 
extensive minimally invasive surgical experience, even if not specific to colec-
tomy or proctectomy, is very helpful.

 3. Be well prepared for a challenging case. These are not cases to perform post-call 
or at the end of a long operative day. Mental preparation and understanding elec-
tive conversion to open surgery in a case that is not progressing is not a failure. 
Reasons to convert to open include failure to identify the ureter in a left 
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colectomy, inability to safely retract the small bowel out of the field, and gener-
ally failure of the case to progress.

 4. It may be simpler to staple the vascular pedicle rather than divide it with an 
energy device in a patient with obesity. For example, when performing a left 
colectomy for colon cancer and a high ligation of the IMA, the small bowel may 
be falling into the surgical field periodically. If this happens when your energy 
device is halfway across the IMA, it can cause significant problems. With sta-
pling, the stapling device can be safely placed across the IMA and closed with-
out committing to vascular ligation. Once it appears safe to staple, the surgeon 
can proceed. Regarding the vascular division, it is important to always reidentify 
the left ureter prior to vascular division.

 5. When dividing the rectum intracorporeally, it is important to remember that an 
obese patient may require a thicker stapler load than what you are typically used 
to using. If the stapler is hard to close, it would be wise to select a stapler load 
capable of handling thicker tissue.

 Outcomes

Minimally invasive approaches to colon and rectal surgery are sound strategies 
when considering surgery in the obese patient population. Laparoscopy has 
many benefits when compared with open colectomy in obese patients. These 
benefits include decreased hospital length of stay, decreased long-term compli-
cations, and improvement in patient postoperative quality of life [30, 52]. 
Obesity poses a significant risk for incisional hernia development following 
colorectal resection. However, laparoscopic colectomy can have decreased inci-
sional hernia rates compared with open surgery, especially when Pfannenstiel 
incisions are utilized [53]. While conversion rates can be higher in obese patients 
compared with nonobese patients, conversion to open surgery is not associated 
with worse outcomes relative to patients who undergo laparotomy as a planned 
procedure [30].

Results from a small number of studies focusing on postoperative outcomes 
following laparoscopic and open colectomy are summarized in Table  32.1. 
They suggest that there does not appear to be any increase in anastomotic leak 
rate between these two techniques. Overall, minimally invasive approaches to 
colorectal surgery in obese patients are safe and can provide many 
advantages.

It is important to recognize the obvious limitations of these reports: a BMI up to 
35 has become the new “baseline,” and there is consensus that in the hands of expe-
rienced surgeons, the operative management and outcomes in this patient popula-
tion are similar to that of normal BMI patients. The unanswered question remains 
whether superobesity (BMI > 40) allows for the same quality surgery as would be 
expected in normal BMI patients.
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 Conclusions

Obesity rates are on the rise, and obesity is a significant risk factor for the develop-
ment of colorectal adenomas and carcinomas. Therefore, the busy colon and rectal 
surgeon must have a strategy in place for the surgical approach to these patients. 
While obese patients have increased risks of complications in colon and rectal sur-
gery, minimally invasive surgical techniques have proven benefit in obese patients 
in terms of wound complications, length of stay, hernia rates, and quality of life.
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33The Challenge of the Transverse Colon 
Tumor: Laparoscopic Techniques 
and Strategies

Izi Obokhare and Kelly A. Garrett

 Introduction and Rationale

Laparoscopic techniques for colon cancer resections have significant benefits over 
open techniques as evidenced by earlier return of bowel function, shorter length of 
stay, and reduced postoperative pain. In recent years, enhanced recovery after sur-
gery (ERAS) protocols have dramatically changed the perioperative care of surgical 
patients by reducing morbidity and mortality while at the same time reducing 
healthcare cost and patient length of stay. The incidence of transverse colon and 
splenic flexure tumors is lower than that of right- and left-sided colon cancer. At the 
same time, the prognosis of transverse colon tumors is also significantly poorer 
compared to left-sided and right-sided colon cancers. The reason for this difference 
is not completely known; however, it is postulated that due to the late presentation 
of symptoms and proximity to other organs such as the stomach, liver, gallbladder, 
and pancreas, the symptoms are misdiagnosed. Until recently, the laparoscopic 
approach to transverse colon cancer had not been well studied. Previous research 
comparing open to laparoscopic colectomy for cancer had excluded transverse 
colon tumors due to the increased difficulty of laparoscopic lymph node dissection 
around the middle colic artery and vein, as well as the proximity of the transverse 
mesocolon to structures such as the duodenum, pancreas, spleen, and the superior 
mesenteric artery (SMA).
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There appears to be a renewed interest in analyzing minimally invasive surgery 
for transverse colon tumors as evidenced by recent publications comparing onco-
logic outcomes of the open and laparoscopic approach. This may be due to the 
increased use of laparoscopy and robotic technology for colon resections. A recent 
2017 meta-analysis by Athanasiou showed laparoscopic transverse colectomy had a 
longer operative time, conversion rates of 1.9% to 16.7%, faster oral intake, and 
reduced length of stay while at the same time providing equivalent mortality and 
morbidity as well as overall disease-free survival (DFS) when compared to the open 
approach [1]. With regard to short- and long-term outcomes, Kim and colleagues 
studied 102 consecutive patients who underwent laparoscopic-assisted colectomy 
for stage II and III transverse colon cancer [2, 3]. In this study, laparoscopic surgery 
had better short-term outcomes compared to open surgery; however, both had simi-
lar long-term outcomes. The oncological outcomes were also similar for both 
groups with similar lymph node harvest which is a well-known important bench-
mark for completeness of resection.

 Indications and Contradictions

Minimally invasive transverse colon resection is indicated for patients who are can-
didates for general laparoscopic surgery. Patients with severe pulmonary and car-
diovascular comorbidities are not ideal candidates for laparoscopic transverse 
colectomy and are to be excluded due to the hemodynamic effects of prolonged 
carbon dioxide abdominal insufflation. Multiple previous extensive abdominal sur-
gery as well as large or multiple ventral hernias requiring repair may preclude a 
laparoscopic approach.

Laparoscopic transverse colectomy may be indicated for patients with early- stage 
colon cancer, impending obstruction, and massive or recurrent colorectal bleeding. 
Matching the medically optimized surgical candidate to the laparoscopic surgeon 
with appropriate skill and training is the key to achieving the ideal patient outcome.

 Principles and Quality Benchmarks

The quality benchmarks of laparoscopic transverse colectomy include (a) negative 
proximal and distal margin of resection, (b) ligation of the middle colic vessels at 
the base to achieve adequate lymph node sampling, (c) similar or reduced wound 
and anastomotic complications as compared to open transverse colectomy, and 
finally (d) similar morbidity and mortality as compared to open resection.

An important point to consider in the management of a transverse colon tumor is 
that tumors located at the proximal transverse colon or close to the hepatic flexure 
can be managed by a right colectomy taking the right branch of the middle colic 
vessels. Tumors in the mid-transverse colon may also be managed by performing an 
extended right colectomy or a transverse colectomy. In both instances, a high liga-
tion of the middle colic vessels must be performed in order to achieve a complete 
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oncologic resection. However, several different approaches have been advocated for 
transverse tumors close to the splenic flexure. One may consider a segmental trans-
verse colectomy involving the splenic flexure or a more aggressive subtotal colec-
tomy with an anastomosis between the terminal ileum and the descending colon. 
Another option is an extended left colectomy with ligation of the left branch of the 
middle colic, the marginal artery of Roland, and left colic artery at their origins to 
remove nodes that may be involved [3, 4].

The individualized choice of the best oncologic resection procedure matching 
the skill level of the surgeon is crucial to ensure an excellent outcome. Patients with 
increased body mass index (BMI), cardiac and pulmonary comorbid conditions, and 
multiple previous abdominal surgical procedures will be considered rather complex 
and should only be managed by surgeons with extensive colorectal minimal inva-
sive surgery experience to prevent undue mortality and morbidity.

 Preoperative Planning, Patient Workup, and Optimization

Preoperative evaluation with colonoscopy and tattooing of the lesion and staging 
CT scans of the chest abdomen and pelvis to assess for resectability and for meta-
static disease are crucial for preoperative staging.

In case of advanced disease, i.e., stage IV transverse colon cancer, neoadjuvant 
5-FU-based chemotherapy should be considered. For patients with local invasion of 
nearby structures such as the stomach, pancreas, and spleen, surgical intervention 
for cure should not be performed if en bloc resection is not feasible.

Preparing patients for laparoscopic transverse colectomy calls for risk optimiza-
tion. The concept of prehabilitation is especially vital for patients with extensive 
comorbid conditions. All patients are encouraged to increase physical activity, vita-
min/nutritional supplementation, and smoking cessation prior to surgical interven-
tion. In some cases, cardiac and pulmonary risk optimization is necessary, and the 
patient is sent for consultation with a cardiologist and/or pulmonologist before surgi-
cal intervention. Oral antibiotics and mechanical bowel preparation have been shown 
in randomized studies to reduce infectious complications and also aid in reducing the 
fecal load within the colon hence making laparoscopic manipulation easier.

 Operative Setup

As part of ERAS protocols, patients are given a promotility agent (mu-opioid 
receptor antagonist) and preoperative pain management prior to surgical interven-
tion. A dose of intravenous antibiotics should be given within 1 hour of incision. 
Deep vein thrombosis prevention including sequential compression devices placed 
on the lower extremities and subcutaneous heparin is beneficial prior to induction 
of general anesthesia. The patient should be positioned on a nonslip mat to prevent 
movement during extremes of positioning. Both arms should be tucked and all 
pressure points padded. A Foley catheter can be placed for bladder decompression. 
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The patient can be positioned on the operating table in a supine fashion; however, 
the lithotomy or split-leg position provides better ergonomics for the operating 
surgeon (Fig. 33.1). Having the ability to stand between the legs during mobiliza-
tion of the splenic flexure reduces back and neck strain of the surgeon and enhances 
to reach of the laparoscopic instruments. This positioning can be helpful to prevent 
musculoskeletal strain on the part of the surgeon during prolonged laparoscopic 
surgery. The viewing screen should be positioned at the head of the bed at an ade-
quate comfort level for the surgeon and the surgical assistants.

 Operative Technique

After the abdomen is prepped and draped, trocars are placed. The choice of sentinel 
trocar placement technique is dictated by the preference of the surgeon. Several 
techniques exist such as the Veress needle, the Visiport/Optiview trocar technique, 
the Hasson and the open cutdown technique, or a hybrid of several techniques. 
Utilizing the laparoscopic principle of triangulation, most surgeons favor the use of 

Anesthesia

Primary
mobile
monitor

Camera operator

Secondary
mobile
monitor

Assistant surgeon

Surgeon

Laparoscopy table

OR technician

Colonoscopy table

Fig. 33.1 Patient positioning and operating room setup. (Used with permission of Jeremy Moon)
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multiple 5  mm trocars placed just lateral to the epigastric vessels bilaterally 
(Figs. 33.2 and 33.3). This reduces the risk of bleeding from the rectus abdominis 
and the epigastric vessels while at the same time alleviating the risk of abdominal 

Fig. 33.2 Laparoscopic 
trocar placement with 
Pfannestiel extraction. 
(Used with permission of 
Jeremy Moon)

Fig. 33.3 Laparoscopic 
trocar placement with 
midline extraction. (Used 
with permission of Jeremy 
Moon)
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wall hernias and providing adequate reach to the target area. In addition, a 12 mm 
trocar is required when using the laparoscopic stapler. The ideal location to place 
the laparoscopic 12 mm stapler trocar is in the umbilical area as this area can be 
used for extracorporeal anastomosis creation and specimen extraction. However, in 
the setting of an intracorporeal anastomosis, the 12 mm trocar can be placed any-
where on the abdomen depending on surgeon preference. The use of the articulating 
endoscopic stapler is useful as it allows the stapler to be fired from almost any angle. 
The major advantage of an intracorporeal anastomosis is the extraction site can be 
placed at the Pfannestiel site.

To ensure adequate exposure of the transverse colon, the operating table is placed 
in a slight reverse Trendelenburg position at about 10 degrees, and the procedure is 
begun with a diagnostic exploration of the abdominal cavity to determine the extent 
of the disease. The liver, peritoneal surface, and primary transverse colon tumor 
location are carefully inspected. Biopsies of the liver or peritoneal surface are 
obtained with request for frozen sections made when appropriate. If the patient is 
found to have stage IV disease with peritoneal implants and hepatic metastatic dis-
ease, the surgical plan is modified to reduce mortality and morbidity in the periop-
erative period. For patient with stage IV disease, a palliative resection with a 
colostomy or a diverting ostomy without resection may be a better option. However, 
in the absence of metastatic disease, the oncologic procedure can proceed as 
planned. The anatomic position of the transverse colon mesentery is verified and the 
proposed resection margins clearly noted (Fig. 33.4a, b).

Adequate exposure is provided by reflecting the omentum in a cephalad position 
over the liver (Fig.  33.5). The small bowel is retracted gently into the pelvis. A 

a b

Fig. 33.4 (a, b) Anatomic considerations of the transverse colon. (a, b: Used with permission of 
Jeremy Moon)
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gauze can be placed in the abdominal cavity to provide exposure with gentle trac-
tion on the small bowel caudally, as well as to help with hemostatic control during 
the operative procedure. The small bowel, stomach, and colon should be grasped 
with an atraumatic bowel grasper to reduce the risk of undue tension and iatrogenic 
bowel injury during the procedure. Using an energy device of the surgeon’s prefer-
ence, the gastrocolic ligament is incised separating the colon from the stomach and 
entering the lesser sac (Fig. 33.6a, b). The splenic flexure is mobilized by taking 
down the lateral attachments of the colon along the white line of Toldt. The hepatic 
flexure is also mobilized with care taken to preserve the gallbladder, duodenum, and 
kidney from harm. The mesocolic dissection is performed by providing gentle trac-
tion on the transverse colon. The middle colic vessel exposure is provided by gentle 
upward retraction using a long atraumatic grasper providing adequate tension of the 
vascular base (Figs. 33.5 and 33.7a, b).

It is not necessary to ligate the inferior mesenteric vein (IMV) during the 
splenic flexure mobilization. This will prevent devascularization and congestion 
of the left colon. High ligation of the middle colic vessel can be performed 
between clips, a vascular stapler load or vessel sealing device. After ligation of the 
middle colic vessels, the specimen can be extracted through a small midline inci-
sion at the level of the umbilicus. A suprapubic incision may also be used for 
extraction which has the added benefit of reduction of abdominal wall hernias and 
less postoperative pain. This requires adequate mobilization, however, to ensure 
reach. A wound protector should be used to prevent abdominal wall tumor seeding 
and to reduce the risk of wound infections. An extracorporeal side-to-side anasto-
mosis can be created using a linear stapler and can be ideally performed via the 
upper midline incision. The common enterotomy can be closed using a linear 
stapler or suturing. Reinforcing the anastomosis with another layer of suture can 

Fig. 33.5 Transverse 
colon mesentery exposure. 
(Used with permission of 
Yuko Tonohira, Medical 
Illustrator, Dept of Surgery, 
Weill Cornell Medical 
Center)
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be done based on the preference of the surgeon. Prior to performing the anastomo-
sis, the surgeon may elect to use indocyanine green (ICG) angiography to evaluate 
the vascularity of the proposed sites for the anastomosis. Obtaining surgical mar-
gins of at least 5 cm macroscopically is also crucial to prevent local recurrence at 
the anastomotic site. Depending on the experience and preference of the surgeon, 
laparoscopic intracorporeal isoperistaltic colo-colonic anastomosis (Fig.  33.8) 
can be performed using the appropriate laparoscopic endostapler based on tissue 
thickness. An important advantage of the intracorporeal anastomosis is that it 
avoids undue tension on the two bowel limbs and the extraction of the specimen 
can be performed at the Pfannestiel site.

The robotic approach tends to provide enhanced dexterity for intracorporeal 
anastomosis.

a b

Fig. 33.6 (a, b) Upward traction on the transverse colon mesentery exposes the base of the middle 
colic vessels and the lesser sac (a). The lesser sac is entered and the gastrocolic ligament is divided. 
LOT ligament of Treitz, MCA middle colic artery (b). (Courtesy of Patricia Sylla, MD)

a b

Fig. 33.7 (a, b) The middle colic artery is carefully dissected and subsequently divided. (Courtesy 
of Patricia Sylla, MD)
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 Pitfalls and Troubleshooting

One common pitfall of laparoscopic transverse colectomy includes not adequately 
mobilizing the hepatic and splenic flexure of the colon. This creates difficulty with 
extracting the specimen for extracorporeal colo-colonic anastomosis especially in 
obese patients with a short and bulky mesentery. This may also produce undue tension 
at the anastomosis or creates bleeding of the colonic mesentery. Another pitfall is per-
forming an anastomosis between poorly vascularized segments of the colon. The 
splenic flexure is a watershed zone, therefore ensuring adequate vascularity between 
the two proposed sites of anastomosis is crucial to prevent anastomotic leaks. The vas-
cularity of the colon can be ascertained by a variety of techniques. Direct visual inspec-
tion of the colon can identify the transition point between ischemic (blue) and well 
vascularized bowel (pink) prior to transection. The presence of arterial bleeding at the 
stapled colonic margins and ICG angiography are also very helpful to assess adequate 
perfusion. Finally, another pitfall is not having an adequately prepped bowel. Failure to 
perform a mechanical prep results in a bulky transverse colon, and a partially prepped 
bowel without oral antibiotics may result in spillage of colonic contents during the 
anastomosis.

One major complication of the surgical procedure is bleeding either from the 
spleen or from the middle colic pedicle [4–6]. Pulsatile arterial bleeding can obscure 
the surgical field. The use of suction and surgical gauze can help to tamponade the 
bleeding while adequate exposure and subsequent hemostasis is achieved. Using a 
hemoclip or endoloop can further secure the vascular pedicle without the applica-
tion of thermal energy which can cause delayed injury to underlying structures such 
as the duodenum, pancreas, and superior mesenteric artery. Providing upward trac-
tion during exposure of the middle colic vessels and gently reducing the traction 

Fig. 33.8 Post resection 
and expected anastomotic 
configuration. (Used with 
permission of Jeremy 
Moon)
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during the sealing phase with the vessel sealer can extend the compression time and 
hence reduce the risk of premature breakage or inadequate sealing of the vessels by 
the vessel sealer. Ultimately, if adequate control of the bleeding cannot be promptly 
obtained, the case should be converted to open surgery.

Another dreaded complication of this procedure is pancreatitis and possible 
injury to the superior mesenteric artery. These two vital structures are located pos-
terior and medial to the base of the transverse colon mesentery. Placing a gauze 
behind the transverse colon, working layer by layer when transecting the middle 
colic artery, and working from known surgical dissection planes to unknown planes 
can ameliorate the risk of such iatrogenic injuries.

Having adequate experience with complex laparoscopic procedures as well as 
assistance by trained surgical staff will help to reduce complications and overall 
length of the procedure.

 Outcomes

Due to the heterogeneity of various studies comparing the outcomes of laparoscopic 
versus open transverse colectomy, head-to-head compression of the data is some-
what difficult to achieve. However, across all the studies evaluated, the 5-year over-
all survival (OS) and disease-free survival (DFS) between laparoscopic and open 
transverse colectomy showed no statistically significant difference. Recent meta- 
analysis by Athanasiou and colleagues showed a mortality rate of 0.4% across sev-
eral studies examined. As expected, laparoscopic resections took a longer time to 
complete reflecting the difficulty of laparoscopic dissection and the variability of 
the mesenteric vasculature. Yamaguchi showed a significantly higher rate of wound 
infection 9.7% vs. 6.4% when comparing open surgery to laparoscopic surgery; 
however, meta-analysis of multiple studies did not support this [1, 7].

A conversion rate of 4.5%–6.3% was also reported by Yamaguchi and Kim and 
colleagues mostly due to severe adhesions, advanced cancer, and bleeding. 
Postoperative ileus was reported at 2.6% for laparoscopic and 4.1% for open surgery. 
As expected, there was no statistically significant difference in the reoperation rate 
between the laparoscopic and open colectomy groups. With respect to the length of 
stay, the laparoscopic group had a significantly shorter length of stay and time to oral 
intake without any statistically significant difference with respect to local recurrence 

Table 33.1 Outcomes. Short-term outcomes of laparoscopic (LAC) vs. open (OC) resection for 
transverse colon cancer

LAC (n = 79) OC (n = 23) P value
Mean operating time (mins) 332.5 241.3 0.000
Time to flatus 3.5 3.3 0.119
LOS (mean) 12 15.9 0.000
Bleeding 2 0
Conversion 6.3%

Data from: Kim et al. [2]

I. Obokhare and K. A. Garrett



543

disease-free survival and distant metastatic disease [1–3, 7]. A brief description of 
patient outcomes is presented in Table 33.1 from a study by Kim and colleagues [2].

 Conclusion

Overall, the evidence suggests that laparoscopic colectomy for transverse colon 
cancer is feasible and safe when performed by an experienced surgeon. Similar to 
other laparoscopic colon resection techniques, it provides earlier return to baseline 
function and reduces pain, postoperative length of stay, and postoperative complica-
tions such as pneumonia and postoperative ileus. Transverse colectomy can be per-
formed safely with the appropriate skill level and proper preparation of the patient. 
Complications such as anastomotic leak, splenic injury, mesenteric bleeding, pan-
creatitis, and gastric and bowel injury can be reduced significantly with adequate 
exposure during the surgical procedure [7, 8].
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34Laparoscopic Total Abdominal 
Colectomy for Emergent and Elective 
Indications: Perioperative 
Considerations and Techniques

Meagan Costedio and Luca Stocchi

 Introduction and Rationale

In hemodynamically stable patients, the laparoscopic approach is associated with 
decreased length of stay, blood loss, and morbidity [1, 2]. Laparoscopic total 
abdominal colectomy (TAC) is currently performed for a number of indications 
including malignant and benign disease. The short-term benefits of decreased length 
of stay, blood loss, and pain are well established laparoscopically versus the open 
approach. Malignant indications include patients with synchronous carcinomas 
and/or polyps and/or with a background of familial adenomatous polyposis (FAP) 
or hereditary nonpolyposis colorectal cancer (HNPCC). Benign indications include 
inflammatory bowel disease (IBD), Clostridium difficile (C. diff.) colitis, and colonic 
inertia. Typically, TAC when performed in the setting of medically refractory ulcer-
ative colitis (UC) results in the creation of an end-ileostomy and preservation of the 
rectum or rectosigmoid stump. This is the most common reason for emergent or 
urgent TAC.  Initially these cases were performed open, but recent data support 
short-term recovery benefits of laparoscopy in skilled hands despite the emergent 
nature of the surgery. When TAC is performed for Crohn’s disease (CD) or slow 
transit constipation, a restorative procedure can be performed with creation of an 
ileorectal anastomosis.
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 Indications and Contraindications

An increasing number of patients undergoing surgery for UC require a TAC without 
anastomosis, which has become the most common initial operation for UC [3, 4]. 
This procedure is most often performed laparoscopically [5]. In a substantial pro-
portion of cases, the procedures are performed urgently after patients have been 
admitted with either severe or fulminant UC (Table 34.1). When patients are acutely 
ill and on high-dose steroids, immediate total proctocolectomy with ileal pouch- 
anal anastomosis has an increased incidence of leak and pelvic sepsis [6, 7]. The 
operation of choice is an initial TAC with creation of an end-ileostomy and preser-
vation of the rectum or rectosigmoid stump to reduce postoperative morbidity while 
preserving the anatomy and dissection planes in the pelvis. Most of these patients 
are suitable for a delayed, elective completion proctectomy and ileal pouch-anal 
anastomosis after a 3–6 month recovery period. Other candidates for an initial TAC 
are those patients who have become progressively anemic or malnourished as a 
result of a combination of severe disease and prolonged treatment with high doses 
of steroids or other immunosuppressive medications.

The indication for initial total abdominal colectomy in patients with medically 
refractory UC who have received biologic medications within the last 3  months 
preceding surgery is more controversial [8]. There are data, however, indicating that 
the increased morbidity associated with an immediate total proctocolectomy and 
ileal pouch-anal anastomosis [9, 10] can be mitigated by an initial TAC [11].

Another relative indication for initial TAC is in morbidly obese patients with 
central adiposity who can be offered the opportunity to reduce their weight to maxi-
mize the reach of the pouch increasing the chance of successful surgery.

Crohn’s disease (CD) can also manifest as severe acute colitis requiring total 
abdominal colectomy due to unresponsiveness to medical management, although 
this is less common than in UC. In some cases, an initial TAC may be preferable 
regardless of the severity of inflammatory bowel disease (IBD) to clarify the diag-
nosis of CD versus UC or indeterminate colitis and therefore guide subsequent man-
agement and counseling. Patients with Crohn’s colitis and rectal sparing who 

Table 34.1 Preoperative risk factors for urgent or emergent surgery for ulcerative colitis and 
Crohn’s disease and the risk of immediate stage 2 (TPC-IPAA) versus stage 3 (TAC) pouch 
surgery

Preoperative risk factors TAC TPC-IPAA
Steroids >20 mg Preferred Avoid
Malnutrition >10% weight loss Preferred With caution
Anemia Safe Safe
Morbid obesity Safe Risk of reach issues
Pregnancy With caution Avoid
Unclear diagnosis Safe Avoid in CD
Biologics Safe With caution
Multiple risk factors Preferred Avoid

TAC total abdominal colectomy, TPC-IPAA total proctocolectomy with ileal pouch-anal anastomo-
sis, CD Crohn’s disease
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become unresponsive to medical management or develop complications of disease 
such as colonic strictures precluding colonoscopic cancer surveillance or fistulae 
are also candidates for laparoscopic TAC with IRA.

Laparoscopic TAC with IRA is a viable option for patients with colonic inertia 
after workup and aggressive trial of prokinetic medications. Initially, patients should 
have a colonoscopy confirming no intraluminal pathology and blood work ruling 
out endocrine or metabolic abnormalities. Patients should have manometry looking 
for the rectoanal inhibitory reflex. Barium or MR defecography can help determine 
if the patient has pelvic floor outlet dysfunction. If pelvic floor dysfunction is diag-
nosed then pelvic floor physical therapy is recommended. If the sitz marker test 
shows greater than 20% retention of markers at 5 days off laxatives, the test is con-
sistent with slow transit. If the patient fails aggressive medical therapies, then lapa-
roscopic TAC with IRA is warranted (Fig. 34.1).

Laparoscopic TAC is warranted in FAP when there is relative rectal sparing (less 
than 20) or when rectal polyps are amenable to endoscopic excision. Prophylactic 
surgery is recommended in patients with a known mutation or phenotype of disease 
in their early 20s or at a younger age in the case of symptoms or high-grade dyspla-
sia. Patients with significant rectal polyp burden or rectal cancer should proceed 
with total proctocolectomy with reconstruction [12]. Patients with a significant fam-
ily history of colon or rectal cancer or patients known to have HNPCC are watched 
closely, but if they do develop a colon cancer, TAC is the operation of choice.

Constipation

Colonoscopy

Sitz marker test
Osmotic
laxatives

Manometry
Advanced trial

of laxatives

Failure

TAC with IRA Hirschsprung’s
workup

Pelvic floor
physical therapy

>20% at 5 d <20% at 5 d

Negative RAIR Outlet dysfunction

Defecography

Fig. 34.1 Algorithm for decision-making for the treatment of constipation. TAC total abdominal 
colectomy, RAIR rectoanal inhibitory reflex, IRA ileorectal anastomosis
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Laparoscopy is the approach of choice when the patient is stable and the sur-
geon feels comfortable with the approach. Relative contraindications to laparos-
copy include massive bleeding, colonic perforation with fecal peritonitis, and 
toxic megacolon. A TAC is an accepted option for obstructing left-sided colon 
cancer, but again the degree of colonic dilatation can become a significant obsta-
cle in the conduct of a laparoscopic operation, particularly where high ligation of 
the vessels is essential. There are also insufficient data to support laparoscopy in 
the pregnant patients developing severe acute UC requiring surgery [13]. In addi-
tion, there may be circumstances in which the surgeon can make an individual 
judgment that poor quality and friability of the tissues excessively increase the 
risk of intra-abdominal colonic injury during laparoscopy, thus making an open 
approach preferable. The role of TAC in the management of C. difficile colitis is 
covered in Chap. 35.

 Principles and Quality Benchmarks

Laparoscopic TAC can be performed with technical variations based on the specific 
indication. If the indication is management of a biopsy-proven carcinoma, polyp, or 
dysplasia it is necessary to perform high vascular ligation with oncologic mesen-
teric dissection throughout the colon. Ligation at the origin of the lymphovascular 
pedicles is not necessary for benign disease, which can facilitate and expedite the 
conduct of the operation. The ileorectal anastomosis should be typically performed 
at the level of the upper rectum, recognized by the confluence of the teniae, which 
frequently occurs at the level of the sacral promontory. Some surgeons prefer to 
leave a shorter segment of rectum if the indication is colonic inertia to facilitate 
bowel function, which remains controversial. In CD the specific length of residual 
rectosigmoid is based on the principle that the large intestine left in place should 
have minimal or absent gross disease. In the case of nonrestorative procedures, the 
inflamed upper rectum can be transected laparoscopically to create a longer defunc-
tionalized rectosigmoid segment which can be implanted in the subcutaneous tis-
sues or left just underneath the abdominal fascia. Overall morbidity and pelvic 
sepsis rates are comparable regardless of whether the rectal stump is left under the 
fascia or secured above the fascia; therefore the decision is at the individual sur-
geon’s discretion [14].

 Preoperative Planning, Patient Workup, and Optimization

Preoperative planning and workup largely depend on the individual diagnosis and 
urgency of the indications for TAC. The following paragraph is relevant for patients 
undergoing elective resection. A complete colonoscopy should be ideally performed 
in all patients requiring TAC. It is imperative that patients with a history of colitis 
for more than 8 years undergo surveillance if medically feasible, to ensure that there 
is no dysplasia prior to proceeding with planned colectomy without high ligation of 
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the vessels. Nutrition assessment is essential in operative planning to make sure that 
patients are optimized prior to surgery when there is time to postpone surgery. Also, 
an anemia workup should be performed and iron and B12 replaced prior to surgery 
to optimize blood levels. Patients should be seen by a specialist to mark the appro-
priate site for a stoma, optimally in the right lower or upper quadrant. For patients 
on biologics who are doing poorly, if possible, it is optimal to wait close to the tim-
ing of the next dose of medication to have the lowest serologic levels of drug while 
the patient retains some benefits from the medication. When performing a TAC for 
UC, the authors choose to leave patients on the dose of steroids where the patient 
can best function, as forcing a decrease in steroids can lead to fulminant colitis. 
Severe acute IBD is a relative contraindication to complete colonoscopy due to 
increased risk of perforation, in which case a sigmoidoscopy can be sufficient to 
confirm the severity of disease as well as perform biopsies to rule out CMV infec-
tion. Infectious causes of diarrhea should be excluded. Stool studies for Clostridium 
difficile, ova and parasites, and bacterial pathogens should be performed. Computed 
tomography (CT) or magnetic resonance (MR) enterography can be performed to 
rule out small bowel CD when the diagnosis of colitis is in question. For patients 
hospitalized with fulminant colitis, giving intravenous iron can help build up stores 
for postoperative recovery. There is no demonstrated benefit in delaying colectomy 
to give preoperative parenteral nutrition [15].

Patients with colonic malignancy should be adequately staged with CT of the 
chest abdomen and pelvis and a CEA level. In patients who are younger than 50 or 
with a strong family history of colorectal, ovarian, endometrial, or renal cancer, 
genetic counseling is recommended preoperatively, as the patient may want to con-
sider concomitant preventative surgery such as hysterectomy and oophorectomy. 
Concurrent conditions within hereditary syndromes should be assessed and 
addressed as well. A type and screen is encouraged in all of these patients as it is 
common for patients to be anemic as well as have antibodies to blood with IBD. A 
mechanical bowel preparation with oral antibiotics is recommended in all hemody-
namically stable patients to help decrease the risk of surgical site infection.

 Operative Setup

The patient is positioned on the operating room table in the supine split-leg or lithot-
omy position. This positioning is helpful for two reasons: the operating surgeons 
can stand between the legs, and the surgeon has access to the rectum for the anasto-
mosis or to help define the anatomy by inserting a rectal probe. The OR mattress 
should be taped to the bed base and nonslip padding, or bean bags can be used to 
prevent movement of the patient during surgery. If an ileorectal anastomosis is 
planned, the perineum needs to be positioned over the end of the bed to allow for 
any cephalad sliding which might occur with steep Trendelenburg tilt. Both arms 
are tucked, and the patient is secured to the table to minimize sliding. Ensuring that 
the patient has adequate IV access and two blood pressure cuffs on can help to pre-
vent untucking the arms later in the case. Two laparoscopic monitors that are mobile 
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are helpful as the operation progresses in all four quadrants of the abdomen. 
Prophylactic antibiotics that cover aerobes and anaerobes such as a third-generation 
cephalosporin or ciprofloxacin and metronidazole are administered within 1 hour of 
incision. A prophylactic subcutaneous heparin dose is administered even if the 
patient is anemic preoperatively. This is an important step as the majority of the 
patients needing a TAC will have IBD or cancer and are at increased risk for venous 
thromboembolism (VTE). The benefit of stress dose intravenous steroids should be 
discussed with the anesthesia team prior to surgery if the patient has been taking 
steroids within the preceding 6 months.

 Operative Technique: Surgical Steps

Port placement varies based on the surgeon’s preference and indication for 
surgery. An umbilical trocar is placed that will house the laparoscopic camera 
(5 or 10 mm based on surgeon preference). Classically ports in the midclavicu-
lar line in the right and left lower and upper quadrants are used (Fig. 34.2). In 
many cases the patient will need an end or diverting loop ileostomy, so it is 
preferable to place a 12  mm port in the right lower quadrant position at the 
previously marked stoma site if a laparoscopic stapler will be used, so that the 
fascial defect will not need to be closed. If the patient does not need a stoma, 
then the extraction site, which is at the discretion of the surgeon, can be used 
for the 12 mm port site as well. Alternatively, it is possible to start with the 
stoma or extraction site and place a wound protector with a 12 mm port held in 
place with a Penrose drain and penetrating towel clamps, or a specialized port 
with a wound protector, as it is easier to enter the peritoneal cavity through a 
larger incision. If the surgeon feels comfortable with single incision laparo-
scopic surgery (SILS), then the stoma site or extraction site can be used 
(Fig. 34.3). Another option for port placement keeping the extraction site off 
the midline would be to place the extraction incision in the suprapubic site and 

5mm port site

IIeostomy site
12mm port

Fig. 34.2 Laparoscopic 
port placement for TAC
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use that as a either a SILS port or a hand-assist port for patients with a bulky 
mesentery. Additional 5 mm ports can be added as necessary to complete the 
surgery safely.

 Total Abdominal Colectomy for Benign Disease

After safe port placement, in cases of colitis, the small bowel is briefly inspected to 
ensure that there is no gross evidence of CD. The camera is placed in the umbilical 
port, and the operating surgeon stands on the left side of the patient and operates 
through the left-sided ports or the right lower quadrant and left lower quadrant 
ports. With the patient placed in Trendelenburg and left side down position, the 
mesentery is grasped just under the ligament of Treves and retracted laterally and 
anteriorly. The terminal ileum is positioned in the pelvis, and the remainder of the 
small bowel falls into the left abdomen. This will tent up the ileocolic artery and 
vein. The groove under the ileocolic vessels is then scored, and blunt dissection is 
used to dissect the posterior aspect of the mesentery from the retroperitoneum and 
anterior duodenum (Fig. 34.4a, b). Finding the plane just anterior to the duodenum 
ensures the correct avascular dissection up to the hepatic flexure. When the ileocolic 
vessels are divided, a high ligation is not necessary in benign disease but can facili-
tate reach for an ileoanal anastomosis if that is planned for a later date. In UC cases, 
the authors prefer high ligation of the ileocolic vessels so that the J-pouch operation 
is always the same whether it is performed for malignancy or benign disease as far 
as reach maneuvers and blood supply, although this remains at the discretion of the 
individual surgeon.

Fig. 34.3 Single incision laparoscopic port placement in the right lower quadrant ileostomy site
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The mesentery is dissected free from the retroperitoneum up to the hepatic flex-
ure and laterally to the abdominal wall. The terminal ileum is then retracted cepha-
lad and anteriorly. There is an avascular plane between the small bowel mesentery 
and the retroperitoneum containing the ureter and gonadal vessels. That avascular 
plane is scored and the prior dissection is joined (Fig. 34.5a, b). Often the surgeon 
can see a dark/red area behind the mesentery which corresponds to the previously 
dissected space. Once the dissections are joined, the lateral attachments of the right 
colon are divided with monopolar cautery or a vessel sealer up to the hepatic flex-
ure. The operating surgeon then changes the table position to the reverse 
Trendelenburg and left side down position and moves to operate between the legs 
from the RLQ and LLQ ports. The hepatocolic attachments are taken with care to 
avoid the duodenum and stomach. If the surgeon chooses to spare the omentum, the 
omentum is retracted over the colon and dissected free from the transverse colon 
eventually entering the lesser sac closer to the splenic flexure. The previously dis-
sected mesentery of the right colon is retracted anteriorly and caudally to demon-
strate the transverse colon mesentery (Fig. 34.6). In cases where it is difficult to 
dissect the lesser omentum from the transverse mesocolon, the lesser omentum can 
be taken with the transverse colon mesentery close to the colon wall across the 

a

b

Fig. 34.4 (a) Ileocolic 
pedicle when the ligament 
of Treves is retracted 
anterolaterally. The black 
line depicts the plane 
between the 
retroperitoneum and the 
posterior mesentery. (b) 
Once the peritoneum is 
scored, this photo 
demonstrates how to 
identify the anterior 
duodenum, which will lead 
the surgeon to the correct 
avascular plane between 
the posterior right 
mesocolon/mesentery and 
retroperitoneum
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transverse colon and the omentum removed with the colon. The patient is then tran-
sitioned into the reverse Trendelenburg and right side down position. Once the 
transverse mesocolon starts to curve to become the descending colon mesentery, the 
lesser sac is entered, and the lesser omentum is taken off the splenic flexure 
(Fig.  34.7). The splenic flexure is then retracted caudally, and the splenocolic 

a

b

Fig. 34.5 (a) The terminal 
ileal mesentery is retracted 
anteriorly and cephalad 
showing a dark area which 
is the previously dissected 
space between the 
mesentery and 
retroperitoneum. (b) The 
peritoneum is scored, and 
the prior dissection plane is 
entered ensuring 
identification of the correct 
plane, after which the right 
lateral attachments can be 
expeditiously taken down

Fig. 34.6 With the patient 
in reverse Trendelenburg 
position and the middle 
colic vessels and lesser 
omentum tented over a 
grasper, the transverse 
mesocolon is above the 
ligament of Treitz and can 
be taken close to the colon 
wall in benign disease
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attachments are taken. The left colon attachments are taken as well, and the descend-
ing colon is medialized off Gerota’s fascia. The left colon is dissected free from the 
retroperitoneum, and the mesentery can be taken close to the wall of the left colon. 
The sigmoid is dissected from the retroperitoneum, ensuring the left ureter and 
gonadal vessels are kept retroperitoneally. The authors prefer to keep the dissection 
of the mesocolon anterior to the superior hemorrhoidal vessels to ensure adequate 
blood flow to the proximal rectum. Patients with IBD or C. diff. on high-dose ste-
roids and biologics, severely malnourished, and/or having severe rectal inflamma-
tion, are at increased risk of staple line breakdown. In this case, the mesorectum is 
then taken to the rectal wall at the rectosigmoid junction in an area that will reach 
up to the suprapubic abdominal wall to prevent intra-abdominal rectal stump leak. 
A small horizontal extraction site is created in the suprapubic area splitting the rec-
tus muscles. The terminal ileum is transected and grasped, and the colon is removed 
through this site through a wound protector. The rectosigmoid is stapled either intra-
corporeally or extracorporeally, and the rectal stump mesentery can be sutured to 
the surrounding fascia, and the skin can be closed or left open. If the patient is on 
less than 20 mg of prednisone/day or 100 mg of hydrocortisone, with normal nutri-
tion and tissue integrity, then the mesentery is taken up to the rectal wall close to the 
peritoneal reflection, and the rectum is transected with a laparoscopic stapler. This 
will minimize the amount of inflamed rectum left in place. A common practice is to 
leave a rectal tube to decrease the pressure on the staple line until the patient is able 
to mobilize and try to evacuate air and mucous on their own. A potential side effect 
of pelvic surgery is decreased fecundity; it is important to minimize dissection near 
the ovaries and irrigate and remove any blood products to prevent scarring near the 
fallopian tubes in female patients. Once assured that the mesentery is appropriately 
oriented without twists, the specimen and the terminal ileum are delivered through 
the wound protector at the stoma site and matured.

In the case of a subtotal colectomy for slow transit constipation, the laparoscopic 
colectomy portion of the operation is the same, but the mesentery is taken to the top 
of the proximal rectum, approximately 7–9  cm from the anterior peritoneal 

Fig. 34.7 The transverse 
mesocolon comes to an 
end as it sweeps around to 
become the descending 
mesocolon. The lesser sac 
must be entered and 
dissected off the splenic 
flexure to the abdominal 
wall so that the descending 
colon can then be 
medialized and the 
mesocolon dissected off 
Gerota’s fascia and taken 
close to the colon wall
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reflection. The rectosigmoid is transected using a laparoscopic stapler, and a circu-
lar stapler, anvil, is secured into the terminal ileum using a purse-string suture 
through the extraction site. The correct mesenteric orientation is again ensured, and 
an end-to- end anastomosis is created intracorporeally and checked with air leak 
testing. For patients with Crohn’s colitis, a point of normal colon or rectum is cho-
sen for the anastomosis. If the patient is young and has a normal colon, an ileosig-
moid anastomosis can be performed. It can be difficult to get the EEA stapler to the 
end of the transected sigmoid colon, so in these cases, a handsewn end-to-end anas-
tomosis is preferred for ease of small bowel endoscopic surveillance. A diverting 
loop ileostomy is always an option for patients on >20 mg of prednisone daily or 
who have lost greater than 10% of their body weight.

 Total Abdominal Colectomy for Malignancy/Dysplasia

The laparoscopic setup is the same as described for benign disease. The operation 
proceeds as in the benign setting, but a complete mesocolic excision is required for 
the entire colon (Fig. 34.8). When the ileocolic vessels are identified, they are dis-
sected back above the duodenum and taken at the bifurcation at the last branch of 
the superior mesenteric artery (SMA). The hepatic flexure is taken down as described 
in the benign section. The patient is placed in the reverse Trendelenburg position, 
and the omentum is retracted over the colon, and the lesser sac is then entered in the 
mid-transverse colon, and the omentum is dissected free from the colon to the 
splenic flexure. The posterior aspect of the stomach is dissected from the transverse 
mesocolon toward the right to facilitate high ligation of the middle colic vessels. 
The middle colic vessels can then be taken in a high ligation with care to avoid the 
fourth portion of the duodenum as it courses through the transverse mesocolon. The 
transverse mesocolon is then taken just above the ligament of Treitz ensuring a high 

Fig. 34.8 Complete 
mesocolic excision is 
required for the entire 
colon for TAC for 
malignancy/dysplasia
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ligation. The splenic flexure can be released at this point, but the authors prefer to 
transition to the left colon in a medial to lateral approach for a high ligation of the 
inferior mesenteric artery (IMA) and vein (IMV). The patient is placed back into the 
Trendelenburg and right side down position. The superior hemorrhoidal vessels are 
identified and tented up, and the plane between the posterior mesorectum and pre-
sacral fascia is identified, sweeping the inferior hypogastric nerves, ureters, and 
gonadal vessels posteriorly. The superior hemorrhoidal artery is traced back to the 
base of the IMA, and the IMA is taken close to the aorta to ensure a high ligation. 
The posterior aspect of the left colon mesentery is dissected free from the retroperi-
toneum. The IMV is then taken in a high ligation, and the previous dissection from 
the transverse mesocolon and splenic flexure should be met. The lateral attachments 
of the left colon are taken down to the pelvis.

Following division of the IMA, the blood supply to the rectum relies on middle 
rectal artery backflow. It is essential for adequate blood supply as well as for onco-
logic reasons that the true rectum be transected rather than the distal sigmoid. The 
authors select a transection point along the rectum, approximately 7–9 cm proximal 
to the peritoneal reflection for a planned end-to-end anastomosis. Drains are not 
routinely used for total abdominal colectomy. If the rectal stump is implanted supra-
pubically, the authors routinely close the skin as only 15% will blow out and become 
a mucous fistula [14]. Rarely the rectum will be so inflamed it will not hold sutures 
or staples, in which case it should be matured as a mucous fistula.

 Pitfalls and Troubleshooting

 Common Errors: Injury to the Fragile Colon/Mesentery

A dreaded and common complication of this surgery is perforation of the colon and 
intraperitoneal stool contamination. It is essential that the colon is grasped as little as 
possible for retraction. Utilization of steep table positioning as well as tenting of the 
mesentery for retraction can obtain adequate visualization without grasping the colon 
wall. The authors use an open bowel grasper under the mesentery to adequately expose 
planes posterior to the colon with minimal tension on the weakened colon wall.

In cases of IBD, the mesentery is often thickened and fragile and bleeds easily. 
The authors chose to stay in the avascular planes posterior to the thickened mesen-
tery and use a vessel sealing device with multiple firings to control this fragile and 
thickened mesentery. While most procedures can be completed with minimal blood 
loss, surgeons should be prepared for the possibility of severe bleeding from the 
fragile Crohn’s mesentery.

 Intraoperative Difficulties: Megacolon and Microperforation

Megacolon was initially considered a contraindication to laparoscopy. Since laparo-
scopic equipment and experience have increased, that is no longer the case, and 
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laparoscopy can provide short-term recovery benefits even under emergent circum-
stances. If the patient has significant small bowel or colonic dilation, then open surgery 
may still be required, as there may not be sufficient domain to maneuver laparoscopi-
cally. As long as the megacolon is caused by benign pathology, there are tricks to per-
forming this surgery safely, and in experienced hands, the risk of colonic perforation 
during laparoscopic TAC in this setting is equivalent to that during open surgery.

A medial to lateral approach is often not possible due to bowel dilation. In this 
case steep table positioning can be helpful to move the dilated and often heavy 
colon, and great care is taken to grasp or tent the mesentery rather than the dilated 
colon to help avoiding perforation. Gauze can be used to retract and manipulate the 
bowel. The patient is placed in the steep Trendelenburg and left side down position. 
The terminal ileal mesentery is retracted cephalad and toward the abdominal wall 
and the avascular plane between the posterior aspect of the mesentery, and the ret-
roperitoneum is developed to the hepatic flexure. The terminal ileum can be tran-
sected laparoscopically and the mesentery divided with a vessel sealing device at 
the level at the colon wall and the lateral attachments taken all while tenting the 
colon and mesentery upward. The patient is then positioned in reverse Trendelenburg, 
left side down, and once the colon has fallen into the pelvis, then the procedure can 
be performed as described as for benign disease, for the remainder of the colon as 
the lateral to medial dissection is safer in this case. For benign disease, particularly 
if the right side of the colon is the most dilated, if pneumoperitoneum is inadequate, 
the surgeon can transect the transverse colon using a laparoscopic stapler and 
remove the proximal, dilated bowel through a wound protector to reduce a portion 
of dilated colon and improve exposure and maneuverability.

 Management of Intraoperative Complications: Tips and Tricks, 
Salvage, and When to Convert

 Perforation

As alluded to above, acutely ill patients with UC are at a very high risk for intraop-
erative perforation both open and laparoscopically. Just grasping the colon or some-
times even putting pressure on the colonic wall can cause perforation. The authors 
attempt to tent under the colon and mesentery to avoid putting pressure on the frag-
ile colon wall. If a perforation is encountered with stool spillage, a suction irrigator 
is needed to control fecal soilage, and either sutures or a laparoscopic stapler can be 
used to control further fecal contamination. If the surgeon is unable to contain fecal 
spillage, they should convert to open.

 Bleeding

The authors use a vessel sealing device to control the major colonic vessels. If 
bleeding is encountered, the vessel is occluded with a bowel grasper or Maryland 
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grasper, and the blood vessel can be controlled with a repeat application of the 
vessel sealing device, assuming the surrounding structures are safely out of harm, 
clips, or intracorporeal suturing. If the surgeon cannot gain control of the vessel, 
then conversion to open is appropriate.

 Injury to Other Organs

Small bowel injury most often occurs during adhesiolysis. As long as the small bowel 
is mobilized and freed from other adhesions, often the entire small bowel can be run 
through a stoma or extraction site. The surgeon can pull up the concerning area and 
place a stitch on the area extracorporeally and then run the entire bowel and repair any 
areas of concern without having to formally covert to open. Injury to the ureters should 
prompt a urology consult and may require conversion to open based on the experience 
of the consulting urologic surgeon. Injury of the duodenum can be repaired laparo-
scopically or open based on the comfort of the individual surgeon. Splenic injury is a 
rare laparoscopic complication but can happen, and its management can range from 
use of hemostatic agents to splenectomy, based again on the comfort of the surgeon. A 
very rare but concerning complication of a total colectomy would be injury to the supe-
rior mesenteric artery or superior mesenteric vein (SMA, SMV) which could compro-
mise small bowel viability. In this scenario, the authors recommend conversion to open 
with repair and intraoperative consultation with a vascular surgeon.

 Level of Difficulty of Particular Approach, Prerequisite Skills, 
Learning Curve

Total colectomy is a difficult procedure which requires knowledge of the anatomy 
over the entire abdominal cavity as the surgeon is working in all four quadrants. 
There is a significant learning curve for efficient retraction in this case as well. If 
the surgeon is well versed in right, extended right, and left colectomy, then TAC for 
benign disease is reasonable. For cases of dysplasia or malignancy, the surgeon 
needs specific training for complete mesocolic excision with high ligation of the 
ileocolic, middle colic, and inferior mesenteric vessels. If the surgeon does not feel 
comfortable with these techniques, then additional training or proctoring should be 
sought.

 Outcomes

The largest available evidence on the outcomes of laparoscopic TAC comes from 
the evaluation of large administrative databases. There is evidence that the laparo-
scopic technique is more commonly performed for constipation and IBD compared 
with neoplasm in the assessment of 744 patients included in the American College 
of Surgeons National Surgical Quality Improvement Program (NSQIP) undergoing 
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TAC, including any indication for surgery, both laparoscopic and open techniques 
and both restorative and nonrestorative procedures. Median operative times were 
longer for laparoscopic surgery (230 vs. 178 min, p < 0.001), and the difference 
remained similar regardless of the diagnosis. The laparoscopic approach resulted in 
a significant decrease in the median length of hospital stay among patients with 
neoplasm or IBD (6 vs. 8 days, p < 0.001, and 7 vs. 9 days, p < 0.001, respectively), 
but not in patients operated on for colonic inertia [16]. In another series limited to 
restorative procedures, 326 patients undergoing laparoscopic TAC and ileorectal 
anastomosis for any indications were compared with an equivalent number of 
patients who underwent an open procedure. The laparoscopic technique was again 
associated with a significantly longer mean operative time (242  minutes versus 
202 minutes, p < 0.001) but a significantly shorter length of hospital stay (9.4 versus 
13.3 days, p < 0.001) and decreased rates of ileus (24% versus 31%, p = 0.04). The 
morbidity and mortality rates were comparable, in particular anastomotic leak rates 
(5.2% in each group) and sepsis rates (5.2% after laparoscopic surgery vs. 8.9% 
after open surgery, p = 0.07) [17]. There is evidence from a single institution indi-
cating that TAC with ileorectal anastomosis is associated with increased morbidity 
when carried out for colonic inertia compared with neoplasm. However, when 
assessing the specific subgroup of patients undergoing laparoscopic surgery, the 
rates of anastomotic leakage and postoperative abscess were statistically similar, 
and the difference in readmission and overall morbidity favoring patients operated 
on for neoplasm was statistically borderline (p  =  0.05) [18]. The comparison of 
morbidity rates after TAC according to specific diagnosis in the abovementioned 
NSQIP study did not indicate significant differences, in particular for septic compli-
cations, except for increased urinary tract infection rates and neurologic and renal 
complication in constipation patients when compared to IBD [16]. Contemporary 
results of laparoscopic TAC for IBD from individual institutions are reported in 
Table 34.2. The laparoscopic approach has been generally associated with recovery 

Table 34.2 Selected series of laparoscopic total abdominal colectomy and end-ileostomy for 
severe acute inflammatory bowel disease

Author Year
Patients 
(n)

Laparoscopic  
technique used

Overall  
morbidity (%) LOS (days)

Ouaïssi [23] 2008 23 Standard 35 9.3
Chung [24] 2009 37 HALS and standard 51 5
Watanabe [25] 2009 30 HALS 37 23
Telem [26] 2010 29 Standard 28 4.5/10.3a

Bartels [27] 2012 36 HALS and standard 17 N/A
Parnaby [28] 2013 32 Standard 72 7
Frid [29] 2013 42 Standard 43 6
Gu [30] 2014 197 HALS and standard 40 6
Messenger [31] 2014 131 Standard 31 7 (median)
Buchs [32] 2017 117 Standard 32 10.5

LOS length of hospital stay. LOS reported as means, HALS hand-assisted laparoscopic surgery
aReported separately for patients with unremarkable postoperative course and experiencing post-
operative complications
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benefits when compared with open TAC while maintaining similar postoperative 
morbidity, as also confirmed by a systematic review and meta- analysis [19]. Within 
the subgroup of TAC for colonic inertia, a number of single institutional series have 
also demonstrated earlier return of bowel function, reduced postoperative pain, and 
shorter length of hospital stay after laparoscopic surgery [20]. With respect to ano-
rectal function, it is generally accepted that laparoscopic TAC is associated with 
similar function to their open counterparts, although a recent small series indicated 
improved function after laparoscopic surgery [21] for still unclear reasons. There is 
also evidence based on the Nationwide Inpatient Sample (NIS) database that lapa-
roscopic TAC is associated with decreased hospital charges. In an analysis of 26,721 
patients who underwent elective TAC between 2009 and 2012, almost 63% had an 
open operation, while slightly more than 37% had a minimally invasive approach 
including a less than 1% rate of robotic surgery. The most common indication for 
surgery was UC. While the conversion rate for laparoscopic surgery was signifi-
cantly higher than that of robotic TAC (13.3 versus 1.5%, p < 0.01), patients under-
going laparoscopic surgery have significantly lower total hospital charges compared 
to patients who underwent open surgery. Total hospital charges for the robotic 
approach were also significantly higher than for the laparoscopic approach [22]. 
While this retrospective analysis remains associated with possible selection bias 
when comparing different surgical approaches and assessed charges rather than 
direct hospital costs, its results corroborate the widespread use of laparoscopic sur-
gery for TAC.

 Conclusions

Laparoscopic TAC is associated with recovery advantages when compared to open 
surgery and can be successfully performed for a number of indications. Besides 
recovery benefits, laparoscopic TAC is also associated with substantial cost savings 
when compared to open surgery. Laparoscopic surgery is the established technique 
of choice for TAC for both benign and malignant disease. With technical advance-
ment and increased experience, laparoscopic TAC can be considered as the initial 
approach even in emergent situations, depending of the individual surgeon 
comfort.
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 Introduction and Rationale

Clostridium difficile infection (CDI) is a major cause of morbidity and mortality for 
hospitalized patients and is a leading cause of nosocomial infections and antibiotic- 
associated diarrhea [1]. In the United States, there are an estimated 500,000 cases of 
CDI each year with 29,000 deaths within 30 days of initial diagnosis [1]. The inci-
dence of CDI has been rising since 1996 and has been estimated to cost up to 4.8 bil-
lion dollars per year in the United States [1–4]. Of the patients who get CDI, 3–10% 
develop severe or fulminant CDI which carries a 35–57% mortality rate [5–7].

CDI is diagnosed by the presence of symptoms and an objective marker of toxi-
genic Clostridium difficile. CDI should be suspected in patients with unexplained 
acute diarrhea (≥3 unformed bowel movements per day) with risk factors such as 
recent antibiotic exposure and/or health-care exposure [8]. Stool tests should then be 
submitted to confirm diagnosis in suspected cases. There are three readily available 
stool tests for CDI with varying degrees of sensitivity and specificity: glutamate 
dehydrogenase (GDH) immunoassays, enzyme immunoassays (EIA) detecting 
toxin, and nucleic acid amplification test (NAAT) detecting the toxin gene. GDH and 
NAAT have high negative predictive value, but a positive result does not distinguish 
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active infection from colonization. Toxin EIA has the highest positive predictive 
value, but its sensitivity is less than GDH and NAAT. The most accurate way to diag-
nose CDI is to use a multistep algorithm, such as GDH plus toxin EIA followed by a 
confirmatory test with NAAT [8].

Recent guidelines from the Infectious Diseases Society of America have rede-
fined the severity classification of CDI: non-severe, severe, and fulminant [8] 
(Table  35.1). Fulminant Clostridium difficile colitis (FCDC) is characterized by 
hypotension, shock, ileus, or megacolon [8]. Toxic megacolon is a clinical and 
radiographic diagnosis defined as total or segmental nonobstructive colonic dilation 
greater than 6 cm accompanied by systemic toxicity. General management strate-
gies include continued enteral nutrition, fluid resuscitation, discontinuation of other 
antibiotics if possible, and initiation of appropriate anti-CDI antibiotics [8, 9]. 
Treatment for fulminant CDI includes vancomycin 500 mg orally 4 times daily and 
metronidazole 500 mg intravenously every 8 hours. In cases of ileus, vancomycin 
retention enemas can be administered every 6 hours, though data to support this 
therapy are sparse [10]. Adjunct treatments including intravenous immunoglobulin 
and other antibiotic regimens have not been shown to improve outcomes in fulmi-
nant CDI [11–13]. For some patients, the appropriate course of action is surgery, but 
identifying these patients is challenging. Multiple studies have looked at risk factors 
of failing medical therapy including shock, pressor requirement, end organ failure, 
and laboratory abnormalities including leukocyte count and lactate [5, 6, 14, 15]. 
The mortality rate reported with colectomy in patients with fulminant CDI range 
from 30% to 50% [14]. Several studies have identified predictors for poor outcome 
with surgical treatment including respiratory insufficiency, renal insufficiency, 
age > 60, peripheral vascular disease, congestive heart failure, and coagulopathy [3, 
5, 14–16]. Long-term outcomes after standard of care total abdominal colectomy 
(TAC) for CDI are poor with mean survival of 18.1 months and median survival of 
3.2 months [17]. Mounting evidence suggests early intervention is key, which may 
reduce mortality in these patients [6, 7, 18–21].

Given the poor outcomes with current medical and surgical approaches to fulmi-
nant CDI, alternate treatment approaches have been explored. In this chapter, we 
will explore organ-preserving strategies in the management of fulminant CDI.

Currently, the standard of care for FCDC is timely TAC with end ileostomy. 
However, despite this early intervention, mortality rates remain high ranging from 
35% to 57% [16, 18, 22, 23]; thus TAC for FCDC is usually reserved as a measure 
of last resort for many patients. This is in part due to the absence of absolute indica-
tions for surgery such as the rare events of colonic ischemia and perforation and the 
lack of clear guidelines on the optimal timing of surgical intervention for 
FCDC. Furthermore, patients who survive a TAC for FCDC often face a difficult 

Table 35.1 Clostridium 
difficile infection severity 
classification

Classification Definition
Non-severe WBC <15 and Cr <1.5
Severe WBC ≥15 and/or Cr ≥1.5
Fulminant Hypotension, shock, ileus, megacolon

Data from: McDonald et al. [8]
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and prolonged recovery, with significant morbidity [17]. Moreover, the majority of 
patients are left with a permanent ileostomy, as is demonstrated by the low gastro-
intestinal restoration rates following TAC for FCDC in the literature [17, 24].

However, in spite of the high mortality and morbidity associated with TAC, many 
studies have reported improved mortality for patients with FCDC who underwent 
early operative intervention [16, 19, 25]. Even though these studies were limited by 
retrospective designs, a recent systematic review confirmed that this procedure still 
provides a survival advantage compared to medical management alone [7].

Furthermore, a recent study by Stokes and coauthors reported a significantly 
decreased mortality in patients with CDI admitted under the care of gastrointestinal 
surgeons compared to patients admitted under general medical services [26]. 
Sailhamer and coauthors similarly reported a decreased mortality rate in patients 
admitted under the care of the surgical department compared to medical depart-
ments, with a shorter time from admission to operation and a trend toward a higher 
rate of operation [18]. These data show that timely surgical intervention improves 
survival as it prevents the development of multi-organ system failure.

 Operative Interventions

 Loop Ileostomy and Colonic Lavage

 Indications and Contraindications
Loop ileostomy and colonic lavage for FCDC involve the creation of a loop ileos-
tomy, an intraoperative colonic lavage with warmed polyethylene glycol (PEG) via 
the ileostomy, and postoperative antegrade instillation of vancomycin flushes into 
the diseased colon via the ileostomy (Fig. 35.1a, b) [27]. First described by Neal and 
coauthors in 2011, this single institution, single surgeon series compared 42 patients 
who underwent loop ileostomy and colonic lavage for FCDC with 42 historical 
patients who had undergone a TAC. Indications for operative management included 
a diagnosis of CDI either by endoscopy, toxin assay, or evidence of colitis on imag-
ing with any sign of clinical worsening. These included signs of peritonitis, worsen-
ing abdominal distention, sepsis, new onset ventilator requirement, new or increasing 
vasopressor requirement, altered mental status, unexplained change in clinical sta-
tus, non-improving leukocytosis, or bandemia, despite appropriate antibiotic 
therapy.

Absolute contraindications for loop ileostomy and colonic lavage include the 
rare situations of FCDC presenting with colonic perforation or ischemia. In addi-
tion, patients with toxic megacolon may not tolerate the lavage required for this 
procedure.

 Principles and Quality Benchmarks of the Approach
The primary endpoint was resolution of clinical signs associated with CDI and 
normalization of peripheral leukocyte count. Both the historical TAC and experi-
mental groups were comparably critically ill as evidenced by similarities in their 
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APACHE-II scores, white blood cell counts, intensive care unit admission, preop-
erative intubation, need for vasopressors, and pharmacologic immunosuppression. 
The authors found that all patients achieved resolution of disease, with a significant 
reduction in the 30-day mortality in the loop ileostomy group compared to the 
historical control group who underwent a TAC (19% vs 50%, respectively; 
p = 0.006). In addition to the survival benefit, there was an increase in ileostomy 
reversal rates (reported at 79% at 6 months), which is considerably higher than the 
reported 20% rate of gastrointestinal restoration rates following TAC [24]. The 
authors were also able to perform the lavage laparoscopically in the majority of 
patients (83%). In their series, one patient required immediate conversion to TAC 

a

b

Fig. 35.1 (a) Schematic illustration of loop ileostomy with lavage technique (a: Used with per-
mission of Wolters Kluwer Health, Inc., from Neal et al. [27]). (b) Securing the Foley catheter. The 
Foley can be secured to the ileostomy appliance as shown here. Alternatively, it can be secured to 
the rod, or a tie around the catheter can be left long and held in place by the stoma bag
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due to persistent abdominal compartment syndrome (ACS) that was not improved 
with the lavage, and one patient developed ACS 12  hours after the lavage and 
required conversion to TAC.  In their series of 42 patients, only one patient had 
recurrent vasopressor requirement 12 days after surgery and required conversion to 
a TAC. Thus, in a minority of patients who undergo a lavage, a second surgery may 
be necessary. The authors’ hypotheses for the success of the lavage were that a 
diverting loop ileostomy poses minimal surgical stress for the critically ill patient 
and that since the fecal stream is diverted and the colonic lumen deprived of nutri-
tion, mechanical lavage and local vancomycin delivery would result in successful 
removal of the bacteria and toxin.

 Operative Technique
Exploratory laparotomy or diagnostic laparoscopy is carried out first to confirm 
the diagnosis and ensure that there is no colonic necrosis or perforation. A laparo-
scopic approach is preferable if the patient is a good candidate and if the surgeon 
is comfortable with the procedure; otherwise it can be undertaken using an open 
approach.

The second step involves the creation of a loop ileostomy. The loop ileostomy is 
ideally created 20  cm from the ileocecal valve so that an 18Fr Foley catheter, 
inserted into the distal limb of the ileostomy, can be positioned in the cecum. The 
Foley should be secured to the ileostomy at the end of the procedure using a 0-silk 
suture (Fig. 35.1b). Lavage of the colon is then performed with 8 liters of polyeth-
ylene glycol (PEG) solution warmed to 37 °C. The colonic lavage is performed with 
the use of the Foley catheter connected to a bag with the PEG solution using uro-
logical connection tubing, similar to the one used in cystoscopy. A rectal tube or 
management device should be inserted into the rectum and attached to a large drain-
age bag until the lavage is complete. The PEG solution is administered in incre-
ments, liter by liter, ensuring that effluent drainage is collected in the rectal tube. If 
the procedure is performed laparoscopically, pneumoperitoneum can be maintained 
at 7–10 mmHg during lavage. Laparoscopic bowel graspers may be used to aid in 
pushing the fluid along the colon. If performed by a laparotomy, the abdomen is 
kept open, and the surgeon can manually aid the movement of the fluid through the 
colon. If trouble is encountered getting fluid through the colon, the patient may be 
moved into the Trendelenburg/reverse Trendelenburg positions as well as left side 
up/down and right side up/down to move the fluid along the colon. Alternatively, 
though rarely required, the hepatic and/or splenic flexures may be mobilized. Due 
to fluid sequestration in the diseased and atonic colon, an ACS may occur during or 
after the operation. Although the authors do not recommend routinely monitoring 
for ACS, the surgeon should be aware of this possibility. The surgeon may choose 
to leave a drain in the paracolic gutters to drain excessive ascites and potentially 
reduce the risk of an ACS. Postoperatively, vancomycin flushes (500 mg in 500 mL 
of Lactated Ringers) are delivered to the diseased colon through the Foley catheter 
that was left in the efferent limb of the ileostomy. The first vancomycin flush is 
given after completion of the PEG flushes, and administration should be continued 
every 8 hours for 10 days or until the patient is clinically well.
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 Outcomes
Since earlier time to operation in patients with FCDC has been associated with faster 
recovery and better outcomes, the success of this procedure could be attributed to ear-
lier time in surgical intervention. As such, this might encourage surgeons to intervene 
at the first signs of severe or complicated disease, using this minimally invasive proce-
dure, rather than delaying to the point where a TAC is the last resort (Table 35.2) [28].

Since the first description of this novel procedure, Ferrada and coauthors con-
ducted the first multicenter study comparing TAC with loop ileostomy in the treat-
ment of CDI [20]. This study retrospectively compared 77 patients who underwent 
TAC to 21 patients who underwent loop ileostomy and lavage for FCDC.  The 
authors demonstrated that management of FCDC with loop ileostomy carried a sig-
nificantly lower mortality rate than TAC (17.2% vs 39.7%). Further research is cur-
rently being undertaken in the form of a prospective national Canadian registry [29]. 
This registry will also collect information on strain of C. difficile to establish 
whether patients infected with some strains will be more likely to fail this minimally 
invasive operative management or suffer higher recurrence rates. Moreover, the reg-
istry will also allow for evaluation of the patient’s quality of life and documentation 
of long-term outcomes, including recurrence of CDI.

 Turnbull-Blowhole Procedure

The Turnbull-Blowhole procedure was described as a less invasive option, com-
pared to TAC, for critically ill patients with inflammatory bowel diseases. The pro-
cedure involves colonic decompression by a skin level colostomy and a loop 
ileostomy for toxic megacolon [30]. The goal of this operation is to divert the fecal 
stream and thereby deprive the colonic mucosa of nutrition without the stress of a 
radical operation.

In their publication in 1971, Turnbull and colleagues described a diverting loop 
ileostomy and a transverse colostomy (Fig. 35.1a, b). The authors recommended a 
sigmoid colostomy be created if the sigmoid remained significantly dilated. 
Although this procedure has been used by surgeons for cases of FCDC, evidence to 
support its use is lacking. The authors believe this procedure could be an alternative 
in severely ill patients in whom intestinal lavage may lead to colonic perforation.

Table 35.2 Summary table comparing total abdominal colectomy vs. loop ileostomy and colonic 
lavage for fulminant Clostridium difficile colitis

Procedure Pros Cons
Loop ileostomy  
and colonic lavage

Minimally invasive option
Apparent survival benefit
Higher gastrointestinal 
restoration rates

Limited available data to support use, 
especially regarding recurrence rates
May fail and some patients would require 
reoperation

Total abdominal 
colectomy

Definitive management, 
rare recurrence

High morbidity and mortality
Low gastrointestinal restoration rates
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 Non-operative Interventions

 Nasojejunal Lavage

Drawing from the success of the colonic lavage proposed by Neal and colleagues, 
some surgeons described the use of nasojejunal PEG irrigation as an alternative to 
surgical intervention. The authors consider this procedure an option for the manage-
ment of early severe disease, albeit without entirely replacing loop ileostomy and 
colonic lavage or TAC. To date, the specific indication(s) for this intervention are 
not clear, and the outcomes of this method have not yet been determined. However, 
it is a possible alternative for patients who are not surgical candidates or who refuse 
surgery. A randomized trial of nasojejunal intestinal lavage for the treatment of C. 
difficile is underway and will provide evidence on this procedure as a potential early 
alternative to surgical intervention [31].

 Fecal Microbiota Therapy (FMT)

Another non-operative approach for FCDC, fecal microbiota transplant (FMT), 
aims to recolonize the colon with normal intestinal flora. FMT was first introduced 
in the English language [technically first introduced in fourth century China] with a 
four person case series in 1958 [32]. Subsequently there have been numerous reports 
and randomized trials that show FMT is a successful and safe treatment for recur-
rent CDI [33–36].

 Indications and Contraindications
Current guidelines from both gastrointestinal and infectious disease societies 
recommend using FMT after three recurrences of CDI [8, 37]. While there are no 
guidelines on the use of FMT in FCDC, several groups have recently reported 
successful treatment of severe and fulminant CDI with FMT with 1 month sur-
vival of 70–100% [38–42]. The exact timing of FMT in this disease process 
remains unknown, but Hocquart and colleagues showed that a single FMT per-
formed 48 hours after severe CDI diagnosis was associated with significant mor-
tality benefit at 3 months compared to standard-of-care (17% vs 69%, p < 0.0001) 
[42]. Based on the available data, FMT for FCDC should be considered in 
patients not responding to standard of care antibiotics for 48 hours. A multidisci-
plinary approach is paramount with these patients to coordinate plan of care. 
Patients with bowel perforation or evidence of colonic ischemia should not 
undergo FMT.  Relative contraindications to performing FMT include patients 
with severe immunocompromised status, though recent case reports have shown 
FMT to be successful in these patients [43–45]. It is recommended not to pursue 
FMT in patients who are on concomitant non-CDI antibiotics for other 
conditions.
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 Principles and Quality Benchmarks of the Approach
Our current understanding of the disease pathogenesis is that a disruption in the host 
intestinal flora and metabolic pathways allows Clostridium difficile to proliferate 
and produce a diarrhea-causing toxin [46–48]. FMT is the process of transferring 
healthy stool containing colonic microbes and metabolic products from a healthy 
individual into a patient with disease. FMT has been shown to restore microbial 
diversity and richness as well as bile acid metabolism in patients with CDI, leading 
to clinical cure [49, 50].

 Preoperative Planning, Patient Work-Up, and Optimization
A multidisciplinary approach should be used in these patients with input from infec-
tious disease, surgery and gastroenterology services. Prior to FMT, potential donors 
undergo screening including laboratory testing as outlined by FMT Working Group 
[51]. In the cases of fulminant CDI, there is not enough time to screen donors. In 
these cases, stool should be easily available and accessible to be administered within 
48 hours of patient presentation. The majority of practitioners now use frozen stool 
either from a local donor or from a stool bank, such as OpenBiome (Somerville, 
MA, USA). Standard-of-care antibiotics can be held for 6–12 hours before the pro-
cedure, though there is no consensus on this practice. Colonic bowel preparation 
with 4 L of PEG solution is recommended if there is no ileus or bowel obstruction, 
though there is no consensus on this practice.

 Operative Setup and Technique
While FMT can be administered via upper or lower gastrointestinal (GI) tract, it is 
recommended to perform via lower GI tract with either flexible sigmoidoscopy or 
colonoscopy in these patients. FMT can be performed at bedside, operating room, 
or endoscopy suite.

Upper GI route includes delivery via nasogastric tube, nasoduodenal tube, push 
enteroscopy, percutaneous gastrostomy tube, and percutaneous jejunotomy tube. 
Lower GI delivery includes colonoscopy, flexible sigmoidoscopy, or enema. In 
patients with ileus, it is advisable to administer FMT via lower GI delivery. FMT via 
upper GI route should be administered at the most distal site and with a maximum 
of 100 cc of product. FMT via lower GI route should be administered at the most 
proximal extent of exam [terminal ileum or colon] with approximately 250 cc of 
product. While any of the above delivery mechanisms can be utilized with similar 
rates of efficacy [75–90%], for patients with fulminant CDI, it is recommended to 
perform via flexible sigmoidoscopy or colonoscopy in order to assess for pseudo-
membranous colitis. If pseudomembranes are visualized, vancomycin should be 
restarted within 24 hours (Fig. 35.2). Serial FMTs, using the above approach, are 
performed every 3–5 days until pseudomembranes are resolved (Fig. 35.3).

 Pitfalls and Troubleshooting
If severe pseudomembranous colitis is encountered during colonoscopy, we rec-
ommended using minimal air insufflation to avoid air trapping and perforation, and 
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only advancing the scope to the splenic flexure or where the endoscopist feels most 
comfortable advancing. Ideally carbon dioxide should be used to minimize the risk 
of bowel perforation. Patients with WBC > 20, albumin <2.5, pseudomembranous 
colitis on index colonoscopy, and use of non-CDI antibiotics during admission are 
more likely to require multiple FMTs. Serial FMTs performed every 3–5  days, 
until resolution of pseudomembranous colitis, have been shown to be effective in 
these patients [38, 39]. Administering FMT via upper GI tract in patients with ful-
minant CDI may be ineffective given the high prevalence of ileus in these patients 
and subsequent risk of fecal aspiration [52].

Fig. 35.2 Pseudomembranes visualized endoscopically

Fulminant C diff colitis (FCDC)

Vancomycin PO + metronidazole IV ± vancomycin PR ≥ 48 hours

Colonoscopy / sigmoidoscopy with FMT

Pseudomembranes
present

Vancomycin 125 mg
orally four times a
day for 3-5 days

Clinical observation
with no further

intervention

Pseudomembranes
absent

Fig. 35.3 The approach to 
the administration of serial 
FMT
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 Outcomes
The existing literature shows FMT to be a very promising treatment strategy for 
patients with FCDC (Table 35.3). Using an endoscopic response-guided FMT 
strategy achieved clinical cure in 90% of patients with 1 month survival >90% 
and no significant adverse event profile [38, 53]. Given the positive results, 
favorable risk profile, and ease of administration with frozen stool, FMT is a 
practical organ- preserving strategy in the management of fulminant Clostridium 
difficile colitis.

 Conclusion

Overall, colon-preserving options for FCDC have been shown to improve sur-
vival and gastrointestinal restoration/preservation rates while minimizing com-
plications and facilitating earlier intervention for FCDC. However, despite these 
minimally invasive surgical alternatives such as loop ileostomy with colonic 
lavage, or non- operative interventions such as nasojejunal lavage or FMT, some 
patients will still require a TAC. Furthermore, the patient and disease selection 
criteria for each of these approaches have yet to be definitively determined. 
While evidence for these new techniques is still emerging, the anticipated results 
from ongoing prospective trials will outline their specific roles in the manage-
ment of FCDC (Fig. 35.4).

Table 35.3 Use of FMT in severe and fulminant CDI

Study Patients
Severity  
of CDI Intervention Administration Outcomes

Fischer  
et al. [38, 53]

57 Severe and 
fulminant

Serial FMT Colonoscopy Cure rate = 91%
Survival at 
1 month = 94.7%

Aroniadis 
et al. [40]

17 Severe and 
fulminant

1 or 2 FMT Colonoscopy Cure rate = 88%
Survival at 
1 month = 100%

Ianiro  
et al. [39]

56 Severe and 
fulminant

Single FMT vs. 
multiple FMT

Colonoscopy Survival at 
1 month = 100%

Zainah  
et al. [41]

14 Severe Single FMT NGT Cure rate = 79%
Survival at 
1 month = 71%

Hocquart 
et al. [42]

34 Severe Single FMT NGT Survival at 
3 months = 87%

NGT nasogastric tube
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36Optimizing Stoma Function and Quality 
of Life: Best Practices in Planned 
and Unplanned Stoma Creation

Lisa M. Cannon and Dana M. Hayden

 Introduction

Intestinal diversion refers to a surgical operation in which a bowel segment is 
diverted to an artificial opening through the abdominal wall. Permanent or tempo-
rary intestinal diversion is necessary in the management of a number of colon and 
rectal disorders, such as trauma, fecal incontinence, malignancy, inflammatory 
bowel disease (IBD), diverticular disease, postsurgical complications, and func-
tional bowel disorders. The overall incidence and prevalence of ostomies are diffi-
cult to approximate since the procedure is often bundled within other operations, 
and there is no national registry of ostomates in the United States. However, a 
Danish study in 2016 created a database that extrapolated an incidence of 4000 
stomas created per year and a prevalence of 10–12,000 people living with stomas in 
that country at one time [1]. It is estimated that more than 120,000 intestinal stomas 
are created annually in the United States [2].

The type of stoma and its reversibility are extremely variable. Over 80% of rectal 
cancer patients undergoing proctectomy undergo fecal diversion at their initial opera-
tion, with approximately 20% undergoing abdominoperineal resection (APR) with 
permanent colostomy [3]. Up to 25% of patients undergoing sphincter-preserving sur-
gery for rectal cancer never undergo ileostomy reversal. In the trauma population, 
10% of patients with hollow viscus injury require a stoma, and of these, 25% will not 
have been reversed at 5 years [4]. Approximately half of patients undergoing emer-
gency surgery for diverticulitis will receive a colostomy or ileostomy, compared to 
only 15% of those undergoing elective resection [5]. Only one half of patients 
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undergoing Hartmann’s procedure (HP) for diverticulitis will be reversed, whereas 
over 90% of diverting loop ileostomies performed at primary resection with anasto-
mosis will be reversed [6, 7]. Fecal diversion is occasionally used in the management 
of Crohn’s colitis and severe perianal disease; while this is often planned as temporary 
strategy, long-term bowel restoration is successful in only 17% of these patients [6].

While stomas may decrease postoperative complications, improve quality of life, 
and may even be lifesaving, they are undeniably life-altering. Proper site selection 
and marking, adherence to proper technique when maturing a colostomy or ileot-
omy, enhanced stoma education, and knowledge of postoperative support in stoma 
care are essential to any general surgeon who performs colon or rectal surgery.

 Indications and Contraindications

The indications for fecal diversion are broad and are summarized in Box 36.1. There 
are no firm contraindications for ostomy formation, only relative contraindications in 
regard to the type of diversion selected. Emergency indications for stoma formation 
include traumatic or iatrogenic intestinal injury, reoperation for anastomotic leak, 
perforated diverticulitis, large bowel obstruction (LBO), and toxic megacolon such 
as with Clostridium difficile colitis, ulcerative colitis or Crohn’s colitis, and colonic 
volvulus when anastomosis is not indicated. Unplanned stoma creation is most often 
seen during intraoperative consultation for iatrogenic injury or for anastomotic pro-
tection when unanticipated operative findings or events such as bleeding or bowel 
ischemia have made an anastomosis unexpectedly tenuous. Elective stoma creation 
can be used as definitive management after resection for rectal cancer and planned 
anastomotic protection for high-risk anastomoses, as a last resort for fecal inconti-
nence or constipation and in the management of congenital intestinal anomalies.

Box 36.1 Indications for Fecal Diversion
Trauma
Diverticulitis
Rectal cancer
Fecal incontinence
Ulcerative colitis
Crohn’s disease
Constipation
Volvulus
Toxic megacolon
Mesenteric ischemia
Anastomotic protection
Obstruction
Congenital anomalies
Radiation proctitis
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It is important to stress that stoma formation is not always indicated in each of 
the above circumstances, and patient- and disease-specific factors should guide the 
decision-making process. Both ileostomy and colostomy formation, temporary or 
permanent, are associated with an array of complications including peristomal skin 
complications, dehydration, infectious complications, obstruction, hernia, reduced 
quality of life, prolapse, stenosis, and retraction, all resulting in increased health- 
care costs and decreased quality of life.

 Principles and Quality Benchmarks

There are multiple options of diversion depending on the disease process, so 
thoughtful decisions in regard to current and future surgeries are integral. When 
large bowel obstruction requires diversion, sigmoid loop colostomy is preferred if 
the obstruction is distal, within the rectosigmoid. This allows the loop colostomy 
site to be easily resected with the primary pathology at the time of planned resec-
tion, without a separate anastomosis. If the obstruction is more proximal, a trans-
verse loop colostomy should be considered. In the setting of LBO, ileostomy should 
be created cautiously if the ileocecal valve is competent as this can lead to a closed 
loop obstruction. These operative approaches possess different complication pro-
files. Wound infection, sepsis, and stoma prolapse are more common with trans-
verse loop colostomy, while loop ileostomy patients have higher rates of dehydration, 
readmission, and obstructive complications after closure [7]. Resection with a pri-
mary anastomosis with or without loop ileostomy is emerging as a favorable alter-
native to Hartmann’s procedure for Hinchey III and IV diverticulitis [8, 9]. 
Subspecialty referral may lead to a higher likelihood of primary anastomosis during 
a left-sided resection in the emergent setting without increased morbidity or mortal-
ity [10]. All diverting ostomies are associated with significant morbidity, so this 
decision should be carefully scrutinized for individual patients, weighing patient- 
and disease-specific factors.

 Types of Stomas

There are four main types of intestinal stomas, which may be created with either 
the small or large intestine. These are end stoma, loop stoma, end-loop (also called 
Prasad type, defunctioned loop or divided loop) stoma, and pseudo-loop (also 
called loop-end) stoma. These are illustrated in Fig. 36.1a–d. An end-loop stoma is 
utilized as a means to reduce the morbidity of subsequent re-establishment of 
intestinal continuity by bringing both the proximal and distal bowel loops through 
the same abdominal wall aperture. It can be created with remote intestinal seg-
ments following bowel resection. The end-loop technique is preferred to the forma-
tion of an end stoma and mucus fistula through two separate abdominal wall 
apertures or leaving a long Hartmann’s pouch in situ, which can lead to catastrophic 
Hartmann’s pouch blowout. When this technique is used, stoma closure can often 
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be performed without the need for laparotomy [11]. A pseudo-loop stoma is used 
when it is difficult to create a well-perfused, tension-free end stoma. The distal end 
of the bowel is stapled off, and the antimesenteric border of the bowel 2–5 cm 
upstream is brought up through the stoma aperture and matured. This can gain a 
few additional centimeters of bowel reach and be less traumatizing on the mesen-
tery. Pseudo-loop stoma creation is most often required after sigmoid colectomy; 
however, it is occasionally necessary when maturing an end ileostomy or colos-
tomy in a morbidly obese patient.

 Preoperative Planning, Patient Workup, and Optimization

 Stoma Site Selection and Marking

All patients scheduled for colon or rectal surgery with planned or potential stoma 
creation should undergo a dedicated outpatient visit with an experienced wound, 
ostomy, and continence nurse (WOCN) and be marked preoperatively. The 
American Society of Colon and Rectal Surgeons (ASCRS) and the WOCN 
Society have published a joint position statement on proper site marking for fecal 
diversion [12]. While site selection is a priority during the visit, the WOCN can 
assist in setting expectations, addressing misconceptions and anxieties about sto-
mas, and directing patients toward adequate support and resources available after 
surgery [13].

a

c d

b

Fig. 36.1 Types of intestinal stomas. (a) End stoma, (b) loop stoma, (c) end-loop (Prasad, defunc-
tioned loop, divided loop) stoma, (d) pseudo-loop (loop-end) stoma
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In addition to the preoperative marking and education by the WOCN, the surgeon’s 
role is important to optimize stoma function at the time of creation. The ostomy should 
be meticulously constructed to allow for easy pouching and reduction in the risk of 
stoma complications and peristomal skin irritation [7]. Anatomical considerations and 
the disease process requiring surgery guide proper site selection for stoma formation. 
Firstly, the bowel segment selected for stoma creation will influence its location 
(ileum, transverse, or sigmoid colon). Secondly, it is desirable to lead the bowel 
through the rectus muscle. Thirdly, the patient’s body habitus and pannus size, folds, 
divots, and their clothing preferences should be taken into consideration.

The “ostomy triangle” is used to guide both preoperative marking and unplanned 
stoma creation at the time of surgery. It is the zone defined by the umbilicus, the 
anterior superior iliac spine, and the pubic tubercle. If the stoma is too close to a 
bony prominence such as the iliac spine or the costal margin, this may push off the 
faceplate during normal wear. The stoma will sit ideally on the apex of an abdomi-
nal fold and be at least 5 cm away from skin creases and folds the umbilicus and 
prior surgical scars. Having the patient lean over while sitting will accentuate 
abdominal creases. The site should be assessed with the patient in sitting, standing, 
and supine positions. If possible, the stoma is placed below the beltline to allow for 
more concealed wear. However, lower quadrant placement may not be possible or 
advisable in some circumstances. Obese patients with their large lower abdominal 
panniculi can be particularly challenging. The weight of the panniculus can substan-
tially shift the location of the stoma site and move it over the patient’s visual horizon 
on their abdominal wall (Fig. 36.2). If the surgery is elective, the patient should be 
instructed to sit up in order to select a stoma location that they can see and access. 
A more cephalad location should be chosen to allow for visualization and reach. 
The upper abdomen is also beneficial since the abdominal wall is comparably thin-
ner and positional shift is less impactful. Unfortunately, appropriate marking does 
not completely eliminate other stoma risks in obese patients, who are more prone to 
stoma necrosis, retraction, and pouching difficulty [14].

Nonobese patients are also at risk of stoma complications, including parastomal 
hernia. Traditional teaching recommends that the stoma should be sited within the 
borders of the rectus muscle to reduce the incidence of parastomal hernia formation. 
However, a recent Cochrane review of 9 retrospective cohort studies with a total of 
761 patients failed to show a reduced hernia formation with the transrectus approach 
compared to lateral pararectus stoma placement [15].

 Unplanned Stoma Creation

An unplanned stoma creation may be necessary under emergency conditions (e.g., 
colon perforation, large bowel obstruction, ischemia, etc.) or in case of a complica-
tion from a previously undiverted distal surgery (e.g., anastomotic leak, recto- 
vaginal/recto-urinary fistula). Creation of a stoma under such difficult circumstances 
has been associated with an increased rate of stoma complications and pouching 
difficulty. A prospective audit of 3970 stomas created across multiple sites in the 
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United Kingdom revealed that insufficient stoma height <10 mm, loop ileostomies, 
and those created in an emergency setting were more likely to be problematic, 
requiring increased stoma care and pouching system changes. Problems included 
retraction, mucocutaneous separation, poor sitting causing pouching difficulty, 
necrosis, and prolapse [16]. A similar study in 2011 identified colostomy, short 
stoma, BMI >30, emergency surgery, and lack of marking as risk factors for a prob-
lematic stoma (Fig. 36.3) [17]. If emergency surgery is unavoidable, consideration 
should be given as to whether there is a safe alternative to stoma creation.

While preoperative stoma site marking is a must for all elective cases, the patient 
undergoing emergency surgery may not be in a condition to allow for marking, or 
the patient’s abdominal contour immediately prior to emergency surgery (e.g., 
LBO, fluid retention, or anasarca) may not reflect the true body habitus and may 
obscure even deep abdominal creases and folds.

In the obese patient undergoing emergency surgery, intertriginous skin pathol-
ogy from chronic moisture may highlight skin creases that should be avoided. 

Visual horizon

Fig. 36.2 Site selection in 
the upper abdomen in an 
obese patient
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Stoma placement should be planned much higher than in a thinner patient, typically 
in a supraumbilical location. An oversized fascial and skin aperture will help pre-
vent congestion and ischemia; although it is likely to lead to peristomal hernia and 
stoma prolapse in the long-term, these are less morbid outcomes (Fig. 36.4). For 
emergency colostomy, adequate mobilization from retroperitoneal attachments is 
important to prevent retraction or ischemia. Another option would be a pseudo-loop 
(also called loop-end) colostomy since the antimesenteric border has slightly more 
reach and may require a smaller aperture. The small bowel or colon is pulled up as 
a loop just proximal to the staple line, and stapled end is left within the abdomen 
(Fig. 36.1d). This procedure facilitates leaving most of the fatty mesentery within 
the abdomen and decreases the risk of tearing the mesentery off the bowel wall as it 
is being pulled through the stoma site. Also, a small wound protector can be placed 
through the stoma site which puts stretch on the aperture and compresses the wall. 
With the addition of sterile lubrication, the colon can be more easily pulled through 
a thick abdominal wall [18].

In a patient with LBO, the distended and fragile colon may be difficult to 
handle and get to the abdominal wall. Venous compression at the fascial aperture 
adds to the challenge as it can lead to ischemia in this tenuous bowel. The 

Fig. 36.3 A poorly sited 
stoma in an obese patient. 
This stoma is both 
retracted and in a skin 
crease, causing pouching 
difficulty and chemical 
burn. (Courtesy of 
M. Kaplon-Jones, APRN)
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surgeon should assess the cecum and right colon in a left-sided obstruction in 
case there is vascular compromise or wall compromise due to shear stress. 
Colonic decompression should be considered early as it greatly facilitates the 
manipulation of the colon and reduces the risk of rupture and stool spillage. A 
purse-string suture can be placed at the anticipated site of the colostomy to 
decompress the colon in a controlled manner. This should facilitate a smaller 
colostomy aperture and ease pulling the colon through the abdominal wall. 
Rarely, it may be the case that only the antimesenteric side of the colon can be 
matured, leading to a stoma that does not fully divert the fecal stream and may 
require revision later [18].

 Operative Setup and Surgical Techniques

Intestinal diversion, if it is not the primary procedure, is typically performed as the 
concluding stage of an operative procedure. Both colostomy and ileostomy matura-
tion can be accomplished with the patient in any supine or semi-supine position. 
Patients in high lithotomy will need to be repositioned into low lithotomy or modi-
fied low lithotomy. Patients in prone or left lateral decubitus position will require 
repositioning and redraping. For laparoscopic stoma creation, the patient is placed 
in lithotomy with arms tucked at the sides.

Routine mechanical or antibiotic bowel preparation prior to ileostomy formation 
is not required but should be performed prior to colostomy formation. Preoperative 
antibiotic prophylaxis covering gastrointestinal flora is administered prior to the 
procedure. Sequential compression stockings are utilized throughout the case. An 
oral gastric tube and Foley catheterization are not required. If stoma formation is 
part of a longer operative case, the above considerations should be dictated by the 
primary procedure being performed.

Fig. 36.4 Acute prolapse 
of an end ileostomy 
requiring operative 
reduction and pexy. 
(Courtesy of Patricia Sylla, 
MD)
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 Aperture Creation When the Primary Operation Has Been 
Performed Through a Midline Incision

 1. A Kocher clamp is placed on the fascial edge to keep the abdominal wall in 
alignment. A folded dry laparotomy pad is then placed intra-abdominally.

 2. A circular disk of skin is excised at the site previously marked. The skin aperture 
for ileostomy should be 2 cm in diameter and slightly larger for colostomy. There 
are two techniques to excise the skin aperture; the first is to grasp the central por-
tion of this skin with a second Kocher clamp and pull and excise the tented skin 
and dermis. The second technique is to use cutting cautery or scalpel to develop 
a cruciate incision into the subcutaneous tissue and then excise the “dog ears” to 
create a circular incision.

 3. The subcutaneous tissue is divided down to and through Scarpa’s fascia until the 
anterior rectus sheath is exposed. Army-navy, curved S, or appendiceal retractors 
will assist in exposing the fascia.

 4. A vertical incision is then made in the anterior rectus sheath. This aperture 
should be slightly larger than the skin aperture, or about 3 cm. A small 1 cm 
cruciate incision is made laterally. The operating surgeon will now place their 
supinated nondominant hand under the laparotomy pad and apply some upward 
pressure for improved exposure.

 5. The rectus muscle is split in the direction of its muscle fibers, and the retractors 
are advanced into the incision to now expose the posterior rectus sheath. The 
posterior sheath is now incised with cutting cautery to expose the intra- abdominal 
laparotomy pad, thus avoiding bowel injury. The defect should be approximately 
2 fingerbreadths in diameter for ileostomies and 3 fingerbreadths for 
colostomies.

 6. The previously divided bowel is then delivered through the aperture that has 
been created in the abdominal wall. A Babcock clamp can facilitate delivery of 
the ileum or colon but is important to push the bowel out, rather than pull it, as 
the bowel and mesentery are easily injured.

 7. The bowel is then carefully oriented to ensure the mesentery is straight. The 
mesentery should be oriented in the cephalad direction.

 8. The midline incision is then closed using the preferred technique and then either 
dressed or covered with an operative towel before the stoma is Brooked [19].

 Primary Aperture Creation Without a Secondary Incision

Note: This technique is identical to the above technique with the following 
modifications:

 1. The technique begins with excision of the circular disk of skin at the previously 
marked site.

 2. Once the retractors are advanced into the incision to expose the posterior rectus 
sheath, the posterior sheath is grasped with two tonsil clamps and elevated, and 
Metzenbaum scissors are utilized to open the posterior sheath and peritoneum.
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 Stoma Maturation for End Ileostomy or Colostomy

 1. Care must be taken to ensure that the planned stoma does not change its orienta-
tion while attention may be turned to closing other incisions or port sites first. If 
the end of the bowel has been stapled to control enteric spillage, this staple line 
is removed. Care is taken not to allow the stoma to drop back into the abdominal 
cavity or for enteric contents to seep into the aperture.

 2. Four to five absorbable sutures (3-0 or 4-0, either chromic catgut or braided 
suture, on a small tapered needle such as an SH or CV-23) are then used to 
evert or “Brooke” the stoma. The first suture is passed from mucosa-to-serosa 
on the antimesenteric side of the bowel, and then a seromuscular bite is taken 
3–4 cm proximal to the cut edge of the bowel, then through a subcuticular 
layer of skin. Passage of the suture through the epidermis can result in peris-
tomal skin complications, such as persistent mucosal islands or scarring. Of 
note, The ASCRS practice guidelines recommend that whenever possible, 
both ileostomies and colostomies should be fashioned to protrude above the 
skin surface [7].

 3. This process is repeated as Brooke sutures are placed at each cardinal location on 
the bowel. The small end of an army-navy retractor or the back of an Adson tis-
sue forceps is then used to evert the bowel wall as these sutures are sequentially 
tied down.

 4. Additional intervening sutures are then placed to approximate the mucocutane-
ous junction. These need not be numerous, and should not include the seromus-
cular bite.

 5. If desired, the stoma can be digitized to confirm an adequately patent fascial 
aperture and a finger placed alongside the stoma to ensure the aperture is not too 
tight. A pouching system is placed.

 Stoma Maturation for Loop Ileostomy or Colostomy

 1. The appropriate length of colon or ileum is identified. If the stoma is meant to be 
a terminal loop ileostomy, the site of stoma maturation is approximately 20 cm 
proximal to the ileocecal valve.

 2. It is recommended to mark this length of bowel and to indicate which direction 
is distal. This can be achieved through dyed and undyed suture or long- and 
short-tailed marking sutures, with cautery or with a tip of a sterile marking pen 
used intra-corporeally.

 3. To deliver the bowel through the abdominal wall, a Penrose, umbilical tape or 
14F red rubber catheter can be passed just under the mesenteric side of the bowel.

 4. The bowel is now carefully oriented to ensure the afferent and efferent limbs are 
identified by the previously placed suture or mark, and with direct 
visualization.

 5. If desired, the red rubber catheter can be secured to the deep dermis using 3-0 
nylon suture.
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 6. Approximately 80% circumference of the antimesenteric portion of the bowel is 
opened with a horizontal incision using cutting cautery. This should not be at the 
apex of the exposed loop but on the distal end.

 7. The proximal end of the stoma (efferent into the stoma appliance) is matured 
similarly as above using cardinal everting Brooke sutures.

 8. The distal edges are secured to dermal edge with simple sutures, again excluding 
the epidermis, to complete the maturation, and a pouching system is applied.

 Operative Technique for Laparoscopic Stoma Creation

 1. Enter the abdomen using the Optiview port under direct visualization at Palmer’s 
point in the left upper quadrant. Alternatively the abdomen can be entered at the 
planned site of stoma creation using an open cutdown technique.

 2. Once intra-peritoneal and the abdomen is insufflated, perform diagnostic explo-
ration of the abdomen to assess for adhesions or carcinomatosis. Plans for 
either ileostomy or colostomy will dictate port placement. For ileostomy cre-
ation, a 5 mm port will be placed infra-umbilically, and a second 5 mm port will 
be placed in the left lower quadrant for triangulation. Often, however, a two- 
port technique is feasible when simply pulling up a loop ileostomy.

 3. The cecum and terminal ileum are identified, and the small intestine is lifted 
and run proximally for about 10–20  cm from the ileocecal valve. Look for 
excess mobility of the ileal mesentery to reach the abdominal wall where the 
patient was previously marked. If the mesentery is stuck, some lysis of adhe-
sions or mobilization of the cecum can be performed. This can be done sharply, 
so advanced energy devices are not necessary. The surgeon should avoid creat-
ing the ileostomy too close to the ileocecal valve, to allow for easy mobilization 
and a tension-free, well-vascularized small bowel anastomosis at the time of 
ileostomy reversal. However, creating the stoma too proximal may increase the 
risk of high ileostomy output.

 4. Once the site is chosen, use an intracorporeal suture to mark the proximal and 
distal direction of the small bowel. Clamp the small bowel with a padded grasper.

 5. The stoma aperture is created at the previously marked site. See “Primary aper-
ture creation without a secondary incision.”

 6. Pneumoperitoneum is maintained with a finger placed through the stoma site 
intraperitoneally until it is widened enough to fit two fingers. As pneumoperito-
neum is maintained with two fingers in place, a Babcock is inserted between the 
fingers, and, under laparoscopic visualization, the small intestine is lifted to the 
Babcock and then grasped. It is carefully pulled through the abdominal wall 
without twisting the mesentery. De-sufflate and confirm that there is no exces-
sive tension on the bowel and its mesentery.

 7. Once pulled through, a hemostat is pushed through the mesentery just under-
neath the bowel wall and then replaced with a 14-18F red rubber or stoma bar. 
If there is minimal to no tension on the stoma, consideration can be given to 
avoiding the use of a supporting bar or rod.
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 8. The abdomen is re-insufflated and explored again to make sure the mesentery 
is straight and under no tension. One last check is that a finger will fit along the 
side of the stoma within the aperture and the ports are removed under direct 
visualization and pneumoperitoneum is released.

 9. The skin incisions are irrigated and closed with subcuticular sutures, and the 
abdomen is covered except for the stoma.

 10. The stoma is matured identically to the open approach for loop ileostomy.
 11. Note: For laparoscopic colostomy creation, the steps are very similar. The part of 

the colon used for the stoma is the most variable aspect of the operation. This 
decision depends on the reason for stoma creation, abdominal adhesions, mobil-
ity, presence of carcinomatosis, diameter of the colon, fatty mesentery or epiplo-
ica, and preoperative marking. Generally, we try to bring up the sigmoid colon or 
the most distal aspect of the colon that is mobile. Without a redundant sigmoid, 
the left colon may need to be mobilized by taking down the white line of Toldt. If 
a more proximal colostomy is created, such as at the distal transverse, the omen-
tum should be taken down and mobilization performed both proximal and distal 
to the site of the planned colostomy. More mobilization performed laparoscopi-
cally will allow for more length, easier reach, and less tissue to be pulled through 
the abdominal wall. We routinely Brooke our colostomies, so the same steps 
listed above for ileostomy are carried out during colostomy creation.

The minimally invasive approach to colon and rectal surgery in general and 
stoma creation is widely supported. Particularly in conjunction with an enhanced 
recovery program, there has been decreased morbidity, decreased length of stay, and 
increased patient satisfaction [7]. Laparoscopic approach to ileostomy or colostomy 
creation is safe and can be a fast and minimally morbid operation.

During laparoscopic stoma creation, it is particularly important to maintain 
proper bowel orientation. A retrospective review of 161 patients undergoing 
laparoscopic loop ileostomy formation demonstrated a 5% rate of obstructive 
complications, owing to improper orientation, adhesive kinking of the ileos-
tomy, or tight fascia [20]. Re-insufflation and peritoneal exploration after exte-
riorization of the bowel should be employed to reduce twisting, and the stoma 
should be digitized to judge appropriate size of the fascial aperture. If proper 
orientation during loop colostomy creation is in question, endoscopy should be 
performed.

Single-incision “scarless” technique in the setting of stoma creation for tempo-
rary fecal diversion has also been described [21–24]. The technique begins by 
developing the cylindrical trephine stoma incision at the site previously chosen and 
marked by an enterostomal therapist. For this reason, the single-incision approach 
is not appropriate when multiple sites of stoma maturation have been marked and 
are being considered. A commercially available single-incision port device is then 
introduced, or a “glove port” can be fashioned by securing a sterile glove around a 
small wound protector. Laparoscopy is then used to grasp the appropriate length of 
terminal ileum or colon, and great care is taken to keep this oriented while deliver-
ing it through the stoma aperture.
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 Use of a Stoma Bridge

A stoma bridge is a temporary tool meant to prevent stoma retraction and is more 
commonly used for the creation of a loop colostomy than an ileostomy. Common 
techniques to establish the stoma bridge include commercially available stoma 
rods, use of a red rubber catheter as a ring-rod, and placement of a subcutaneously 
placed bridge device, among others [25–28]. Bridges tend to interfere with the 
application of the flange which can lead to leakage and pouching difficulty. 
Furthermore, plastic stoma rods can cause pressure necrosis of the underlying skin. 
Use of a “ring-rod” instead of a conventional bar eliminates the risk of peristomal 
pressure ulceration (Fig. 36.5) [29]. In some studies, a bridge was associated with 
an increased rate of stomal necrosis, congestion, edema, and readmission; but often 
times these complications are more likely the result of a challenging body habitus 
and bowel condition [30].

In summary, a stoma bridge is not universally beneficial and should be used on a 
selective basis and may not be necessary for loop ileostomies. If a bridge is felt to 
be necessary, ring-rod construction is preferred. Removal of the bridge is typically 
done after 2–3 weeks when sufficient bonding of the bowel with the abdominal wall 
has occurred but can be removed as early as 3–5 days after stoma construction if the 
bowel appears to be intact well above the abdominal wall.

 Peristomal Adhesion Barrier Membranes for Temporary Ostomies

A temporary ileostomy or colostomy may be constructed as a means to defunction-
alize a lower rectal anastomosis in oncologic resections, ileal pouch-anal anastomo-
ses in ulcerative colitis or for damage control and avoidance of intra-abdominal 
anastomoses in the setting of trauma, feculent peritonitis, hemodynamic instability, 

Fig. 36.5 A ring-rod type 
stoma bridge fashioned 
from a 14F red rubber 
catheter. The rod is secured 
to the dermis with 3-0 
nylon. (Courtesy of 
J. Colwell, RN)
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and severe protein-calorie malnutrition. These ostomies are typically closed 6 weeks 
to 3 months after the initial operation.

A number of studies have sought to determine whether placement of a peris-
tomal anti-adhesion barrier facilitates these stoma closure operations. These bio-
resorbable barrier membranes are placed on the stoma-bearing bowel segment as 
it is pulled through the abdominal wall. They are made of sodium hyaluronate 
and carboxymethylcellulose, which may reduce peristomal adhesions in the sub-
cutaneous space and immediate pre-aperture peritoneum and fascial edge. Aside 
from a rare allergy, these barrier membranes are considered to be safe [31–34]. 
The closure of the temporary stoma may come easier, faster, and safer when less 
adhesiolysis is required.

 Postoperative Pouching Considerations

Goals of selecting a proper pouching system (Fig. 36.6) include good adherence 
with consistent wear time, release of flatus with no odor, comfort, and ease of appli-
cation [35]. The choice of product depends on stoma-specific factors, peristomal 
skin health, and self-care abilities [36]. In addition, periodic reassessment of the 
pouching system in the immediate perioperative period as well as after major weight 
changes is appropriate.

A large number of pouching manufacturers and products to collect stoma efflu-
ent are available. They all utilize a solid skin barrier, also called the faceplate. This 
is a one- or two-piece adhesive hydrocolloid wafer that provides a wide seal between 
the skin and pouch. As the hydrocolloid adhesive erodes with moisture, the recom-
mended pouch wear time is generally limited to a maximum of 4 days. The solid 
skin barrier may be cut-to-fit or precut to a prescribed aperture. If necessary, a con-
vex barrier is utilized to flatten peristomal creases (Fig. 36.7a, b).

The solid barrier seal is augmented with any number of additional skin barri-
ers. A moldable hydrocolloid washer may enhance the appliance seal. These can 
be stretched to fit and provide a slight convexity when a flat faceplate is utilized. 
In a limited resource setting, stockage of a universal cut-to-fit solid barrier seal 
accommodating 22–64 mm diameter stomas as well as a skin barrier ring will 
allow for successful pouching in the large majority of patients with stomas [13]. 
Skin barrier paste can be best thought of as “stoma caulk” and is used to fill 
uneven areas near the stoma, for example, in the case of mucocutaneous separa-
tion. Application of barrier paste requires a fair amount of manual dexterity and 
is not a good choice for patients with limited ability to self-care. Barrier powder 
helps secure a seal when the peristomal skin irritated, ulcerated, or weeping. It is 
sprinkled onto the moist, denuded peristomal skin and then gently brushed away. 
Liquid skin barriers (acrylate copolymer or cyanoacrylate clear film) can be 
placed over skin barrier powder to protect the skin from stoma effluent or adhe-
sive stripping. Liquid barriers must be allowed to dry before application of the 
solid barrier. Elastic skin barrier strips add extra security in sealing the outer rim 
of the pouching system. Finally, a number of accessory products including belts, 
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Solid skin 
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One- or two-piece 
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Cut-to-fit or precut

Moldable hydrocolloid
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Adds covexity to a flat 
solid skin barrier

Used to fill uneven areas
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running under solid skin 
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Prepares denuded 
peristomal skin 
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mucocutaneous 
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Protects injured 
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Reinforces outer edge
of solid skin barrier

Does not directly come
in contact with effluent

Fig. 36.6 Elements of a proper pouching system
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pouch covers, deodorants, and absorbent products provide additional comfort 
and discretion for ostomates.

After supplies are gathered, the soiled pouch is gently removed with the help 
of an adhesive remover wipe or spray. The peristomal skin is gently cleansed and 
dried. If indicated, peristomal hair is clipped; shaving can contribute to mechani-
cal trauma and folliculitis and should be avoided. The solid barrier is cut-to-fit if 
necessary using a prior stoma template. If needed, skin barrier paste or the barrier 
ring is applied to the peristomal skin or to the solid barrier. The solid barrier is 
then pressed into place, using the hands to create a bit of warmth to “set” the bar-
rier and improve seal [37].

Prolonged wearing of a pouch without change when the output is not solid allows 
for the hydrocolloid barrier to break down, which may lead to chronic moisture and 
ultimately a condition called pseudoverrucous epitheliomatous hyperplasia (PEH). 
This can cause increasing pouching difficulty (Fig. 36.8) as it interferes with main-
taining a seal. Occasionally, surgical excision may be required [13]. Patients with 
colostomies, which have more solid stool, can consider extending frequency of 
changes to every 4–7 days.

 Pitfalls and Troubleshooting

 Short-Term and Long-Term Complications

Short- and long-term complications of stomas are numerous and vary in terms of 
their severity and morbidity to the patient. Their incidence and management are 
covered in Tables 36.1 and 36.2.

a b

Fig. 36.7 (a) A peristomal skin crease interfering with successful pouching. (b) Application of a 
convex appliance flattens this crease. (Both: Courtesy of J. Colwell, RN.)
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Fig. 36.8 Raised 
pseudoverrucous 
epitheliomatous 
hyperplasia due to 
improperly sized solid skin 
barrier aperture. (Used 
with permission of Georg 
Thieme Verlag KG from 
Steinhagen et al. [39])

Table 36.1 Short-term complications of stomas: incidence and management

Short-term 
complications Incidence Management
Dehydration [60] 17% readmission 

rate with 
ileostomy

Preventative education on signs of dehydration. 
Dietary modification including thickening foods and 
seperating solid from liquid intake. Initiation of 
loperamide. Oral rehydration solution. IV hydration 
and high-output stoma management for refractory 
cases

Stomal ischemia 
[38, 61]

13%, most 
commonly with 
colostomy

Preventative measures including adequate mesenteric 
length and fascial aperture. Distinguish mucosal from 
full-thickness ischemia. Distinguish subfascial from 
suprafascial ischemia. Manage mucosal and 
suprafascial ischemia expectantly, anticipating 
retraction, and/or stenosis. Full-thickness, subfascial 
necrosis requires operative revision

Stoma retraction 
[61]

Up to 30%, most 
commonly with 
colostomy and 
emergency stoma

Preventative measures including adequate mobilization 
of the mesentery. Distinguish subfascial from 
suprafascial retraction. Manage suprafascial retraction 
expectantly, anticipating stenosis. Subfascial retraction 
requires operative revision

Obstruction [62] ~3% readmission 
rate

Most often due to inadequate fascial aperture or 
improper dietary choices. If fascia-level obstruction, 
trial gentle irrigation. Remove stoma rod if present. 
Low threshold for operative re-exploration to rule out 
volvulus around stoma as fixed point through 
abdominal wall, which can lead to devastating small 
bowel loss

(continued)
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Table 36.2 Long-term complications of stomas: incidence and management

Long-term 
complications Incidence Management
Parastomal 
hernia [64]

Up to 30% for 
ileostomy, up to 
50% for 
colostomy

75% rate of recurrence after local repair. Various open 
and laparoscopic repair options with mesh are available. 
Prophylactic mesh reinforcement for permanent stoma 
formation should be offered

Stoma prolapse 
[38]

3% for ileostomy, 
2% for colostomy

Prevention with appropriate fascial aperture. Reduce at 
bedside with aid of sugar and ice. If incarcerated will 
require operative resection and rematuration. If it is a 
loop stoma, convert a loop stoma to a divided “end-loop” 
stoma. If stoma is temporary, consider reversal surgery

Parastomal 
varices [38]

Rare, associated 
with portal 
hypertension

Avoid long-term stoma creation in portal hypertensive 
patients. Manage systemic portal hypertension with 
transjugular intrahepatic portosystemic shunt. 
Percutaneous embolization of mesenteric veins. 
Circumferential incision 1 cm from mucocutaneous 
junction with division of varices and closure of skin 
incision can provide short-term control

Stoma stenosis 
[38]

Up to 9% Sequelae of ischemia and/or retraction. Preventative 
measures including adequate mesenteric length and fascial 
aperture. If stoma is temporary, serial dilation to bridge to 
reversal surgery. If stoma is permanent, local revision with 
rematuration is possible once the stoma is well-established

Pyoderma 
gangrenosum 
[65]

0.6% associated 
with inflammatory 
bowel disease 
(IBD)

Minimize skin trauma. Topical steroids. Escalate to 
topical tacrolimus. Ensure underlying IBD is under 
control. Reestablish intestinal continuity if possible

Pressure ulcer 
[39]

Varies, associated 
with parastomal 
hernia

Change to flexible pouching system. Treat full-thickness 
wounds with alginate or hydrocolloid dressing. Correct 
parastomal hernia

Short-term 
complications Incidence Management
Mucocutaneous 
separation [39]

Extremely 
common

Local wound care, irrigation of fibrinous slough, and 
application of skin barrier powder. Even circumferential 
mucocutaneous separation typically will heal with 
expectant management

Suture sinus and 
granuloma

Varies Avoid suturing through the epidermis which can create 
mucosal islands. Remove any visible suture. Treat 
granulomas with topical silver nitrate. Recalcitrant 
suture sinus may require operative exploration

Leakage/chemical 
irritation [39, 63]

Up to 34% of 
ileostomy patients

Prevention with proper site selection and stoma 
maturation with good protrusion. Evaluation with 
enterostomal therapy to ensure proper pouching 
practices. Topical hydrocolloid powder. Once leak is 
corrected, skin tends to heal rapidly

Allergic contact 
dermatitis

Varies Transition to nonallergenic alternative pouching 
system may require topical aerosolized corticosteroids 
and rarely systemic steroids

Peristomal 
folliculitis

Varies Instruct patient to clip, not shave, hair under appliance. 
Cleanse with antibacterial soap

Table 36.1 (continued)
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 Salvaging a Borderline Stoma in the Postoperative Period

Intestinal ischemia, stoma retraction, and mucocutaneous separation are fairly com-
mon and likely underreported in the literature [16, 38]. Mucocutaneous separation 
may arise from excessive tension, impaired wound healing, or infection. Ischemia, 
diabetes, immunosuppression, and chemotherapy are risk factors. Mucocutaneous 
separation is a common cause of pouching difficulties in the early postoperative 
period. Fortunately, most cases can be treated successfully with fastidious wound 
care. The areas of separation are cleansed and then filled with barrier powder prior to 
application of the pouching system to protect the wound from stoma effluent. Even 
circumferential separation can usually be salvaged, though it may take substantial 
time and contribute to stoma retraction and subsequent stenosis (Fig. 36.9) [39].

Mucosal ischemia is common, especially during resuscitation after emergency 
surgery. Vascular congestion can impede venous drainage, causing the stoma to 
swell and turn blue or purple, and possibly slough. Mucosal ischemia alone rarely 
causes long-term sequela such as stenosis. Stoma necrosis, on the other hand, 
involves full-thickness ischemia and is a result of devascularization of the bowel 
conduit. This may have occurred through overzealous removal of the peristomal 

Fig. 36.9 Deep, 
circumferential 
mucocutaneous separation. 
(Courtesy of M. Kaplon- 
Jones, APRN)
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mesentery during maturation, improper ligation of an important collateral vessel 
during mobilization, avulsion of the mesentery when the bowel is pulled through the 
fascia, or strangulation at the fascia level. If the ischemia is limited to a suprafascial 
level, the situation is not life-threatening, and the stoma can often be managed con-
servatively during the acute perioperative period (Fig. 36.10a). This usually results 
in retraction and stricture, which may be acceptable for the limited time of a tempo-
rary stoma. However, if the stoma is meant to be permanent, a revision is necessary 
when the intra-abdominal condition has improved, and the mesentery has relaxed 
somewhat. Serial dilations may be required as a bridge through the postoperative 

a

b

Fig. 36.10 (a) Mucosal 
ischemia and necrosis that, 
on test-tube exam, did not 
extend below the fascia 
and was successfully 
managed nonoperatively 
but resulted in stenosis that 
will later require revision. 
(Courtesy of 
Y. Vignaswaran, MD); (b) 
Stoma necrosis extending 
to below the fascia, and 
required revision. 
(Courtesy of Patricia Sylla, 
MD)
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period to either revision or reversal. In contrast, extension of the full-thickness isch-
emia to a subfascial level represents an urgent situation requiring immediate re- 
exploration and stoma revision as the necrosis may lead to perforation and feculent 
peritonitis (Fig. 36.10b). A pinprick test using an 18-guage needle can help distin-
guish between mucosal and muscular ischemia: if blood emanates from this area of 
trauma, the ischemia is likely only mucosal. The classic “test-tube” or better a flex-
ible endoscopy evaluation is more common and more reliable in determining the 
extent of ischemia [18, 38].

The same principles outlined above apply to stoma retraction. Stoma retraction 
is most commonly due to inadequate mobilization and mucocutaneous tension. If 
the stoma retracts below the fascia, immediate re-exploration and revision are indi-
cated. If the retraction remains suprafascial, efforts may center on salvaging the 
stoma with local wound care. Circumferentially retracted stomas will likely require 
a revision or takedown whereby the timing is a matter of the individual circum-
stances (Fig. 36.11) [38].

During the operation, the surgeon should always mobilize more colon than may 
be necessary. It can be frustrating and inefficient if there is not enough reach to the 
abdominal wall, and pneumoperitoneum has to be reestablished to perform more 

Fig. 36.11 Circum-
ferential mucocutaneous 
separation with retraction. 
(Courtesy of M. Kaplon-
Jones, APRN)
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mobilization. If the colon looks ischemic or there seems to be tension, believe it and 
perform more mobilization, and avoid “hoping the stoma will look good” after the 
operation is complete. The most mobile part of the colon should be utilized, keeping 
in mind any future surgeries and potential reversal. Parastomal hernia or prolapse is 
less morbid than stoma ischemia, necrosis, or retraction; thus, the results of enlarge-
ment of the aperture may outweigh the risks of tension or vascular comprise.

 Outcomes

 Laparoscopic and Single-Incision Stoma Creation

Outcomes are generally good with a low rate of conversion to standard multiport or 
open technique, most often owing to adhesions [40]. Because delivering the bowel 
through the incision is performed with a pull rather than push technique, care must 
be taken to create an adequate fascial aperture to reduce trauma to the bowel or 
mesentery to decrease the potential for ischemia. The rate of bowel ischemia with 
this technique can be as high as 25% which should be taken into consideration when 
counseling the patient and planning the intervention [24].

There have also been reports of using the stoma site as a means to conduct single- 
incision surgery for IBD, such as total abdominal colectomy or ileal-pouch forma-
tion with good success [41, 42]. Ultimately, the decision to create a stoma using a 
minimally invasive approach is dependent on surgeon proficiency with this tech-
nique. The ultimate location, appearance, and functionality of the resulting stoma 
are more important than the surgical approach.

 Quality of Life Considerations

Evaluating quality of life in an ostomate is a complex and contextual process. 
Findings from multiple studies suggest that health-related QoL is often impaired 
when an ostomy has been created [43]. However, there are also a non-negligible 
group of patients who chose to have a stoma created to overcome functional inca-
pacitation (incontinence, colonic dysmotility) and see a dramatic improvement in 
their QoL after ostomy formation.

A generic (QoL) instrument is not entirely sufficient to appropriately evaluate 
ostomates as they do not include aspects that are important to stoma patients, for 
example, odor or concern about appliance leak. However, utilization of generic 
instruments is important in order to compare QoL to the general population. The 
Short Form 36 version 2 (SF36v2) is one such generic health-related QoL tool. A 
study of 2329 respondents, 40% with a colostomy and 44% with an ileostomy, dem-
onstrated that physical health limited ostomates to an extent greater than that seen 
in the general population [44].

The Stoma Quality of Life Scale (SQoLS) is a 21-item condition-specific QoL 
instrument that was validated in 2003 and features a work/social function scale, a 
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sexuality/body image scale, a stoma functional scale, and a measure of the financial 
impact on ostomates as well as skin irritation [45]. The City of Hope Quality of Life 
Ostomy (COHQoL-O) tool is a 90-item condition-specific tool with a very broad 
scope. Validation of this tool has demonstrated that married ostomates, those who 
identify with a support system, and those who are active in the workforce have 
higher QoL compared to other ostomates without these identifiers [46]. There are 
other stoma-related instruments that are disease-specific to either cancer or inflam-
matory bowel disease [47, 48]. Utilization of such instruments can be used to 
administer targeted patient education, manage expectations, and compare surgical 
options that may or may not include permanent stoma formation.

Several factors impact health-related QoL in ostomates. Quality of life is most 
severely impaired in the immediate postoperative period, but dramatically improves 
by 3 months, and subsequently stabilizes [49]. Persons who have difficulty paying 
for ostomy supplies experience a lower quality of life [50]. Quality of life consider-
ations also extend to the spouses of ostomates, with these individuals reporting sig-
nificantly increased time spent at home and decline or complete dissolution of 
sexual activity [51].

Though not well studied, patients with a temporary stoma have some unique 
QoL considerations. Knowing the stoma is temporary may interfere with adaptation 
to the ostomy. It has been reported that patients with temporary stomas feel a 
decreased sense of control, put social and work life on hold, and restrict disclosure 
of the presence of the stoma, even to spouses [52]. Further, stoma closure becomes 
a strong anchoring event for these patients, and any uncertainty related to the timing 
of closure becomes a source of great angst [53].

New ostomates find themselves burdened by the rigors of stoma self-care, coping 
issues, real and perceived physical activity limitations, new challenges in personal 
hygiene, frustration, helplessness, and other negative feelings [54]. Structured pre- 
operative and inpatient education have a positive effect on health-related QoL [55]. The 
addition of targeted post-discharge educational sessions and stoma support groups 
focusing on topics such as everyday life with a stoma, sexuality and intimacy, and 
return to work may lead to more rapid improvement in QoL after stoma formation [56].

Finally, proper stoma site marking and maturation are crucial to preserved health- 
related QoL. Patients who were not marked preoperatively, or those who otherwise 
have an inappropriately sited stoma, report significantly lower QoL scores in several 
studies [57–59].

 Conclusions

Most ostomates, regardless of whether the diversion is temporary or permanent, will 
experience a profound effect on their quality of life. It may be negative, especially 
in the first few months after creation. However, preoperative marking and education 
by a WOCN specialist, careful construction by the surgeon, and rigorous postopera-
tive support and education will dampen any negative impact on a patient’s quality of 
life. A properly sited, adequately protruding stoma will ease the burden of daily 
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pouching and maintenance. In circumstances where emergency unplanned stoma 
formation is required, one must anticipate and manage postoperative complications 
including ischemia, retraction, stenosis, and subsequent pouching difficulty.

Acknowledgments Special thanks to Jan Colwell, RN, MS, CWOCN, FAAN, Michele Kaplon–
Jones, MSN, RN, ANP-BC, CWOCN, and Dr. Yalani Vignaswaran, MD, for their photo 
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37Prophylactic Approaches for Parastomal 
Hernia Formation During Laparoscopic 
Creation of Permanent End Stomas: 
Rationale, Techniques, and Outcomes

Sami A. Chadi and Steven D. Wexner

 Introduction and Rationale

A parastomal hernia (PSH) is defined as an incisional hernia at the site of an ostomy, 
usually created for urine or fecal diversion. The recent Association of Coloproctology 
of Great Britain and Ireland (ACPGBI) Delphi exercise identified PSH to be one the 
second most important non-cancer concern to be addressed [1]. The incidence of 
PSH varies from 1% to as high as 50% of patients [2, 3] depending on the method 
and criteria used for diagnosis. Although categorizations of PSH subtypes have 
been proposed, none have been validated or used consistently in clinical trials [4–6]. 
Both size of the PSH defect and the presence of a concomitant incisional hernia can 
affect the type of repair used. As such, the European Hernia Society proposed an 
additional classification system that takes both of these factors into account [7]. 
Most PSH will develop in the first few years after stoma creation; however, there are 
reports of PSH developing over 20  years later [8, 9]. Although the majority of 
patients are asymptomatic [10] diagnosed radiologically or clinically [11], close to 
30% of patients develop significant symptoms including pain or discomfort, 
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parastomal bulging, nausea and vomiting, bowel obstruction, or rarely fistulization 
[2]. Furthermore, there are established effects on the quality of life of patients with 
significant impact on peristomal discomfort, physical function, general health, and 
overall shame associated with the associated bulge [12].

The etiology of PSH has been investigated in various institutional datasets. In 
general, there are patient and technical factors to be considered, similar to incisional 
hernias. Patient factors include obesity, malnutrition, sources of increased intra- 
abdominal pressure (ascites, chronic coughing, constipation, benign prostatic 
hyperplasia, and urinary retention), increased age, malignancy, and immunosup-
pressant use [2, 10, 13]. Various technical factors have been proposed from the 
preoperative setting (stoma therapist consultation, stoma site selection) to intraop-
erative aspect of the procedure (size of the trephine in the abdominal wall, fixation 
of the stoma to the abdominal wall, intraperitoneal vs. extraperitoneal course), as 
well as the elective or emergent nature of the procedure [2].

 Stoma Position

Stoma placement was traditionally left to the preference of the surgeon, with some 
stomas being brought through the midline incisions and other through the umbili-
cus, less common nowadays given the increased frequency of midline incisions ver-
sus the previously performed paramedian incisions [14]. As surgeons realized the 
decreased rates of parastomal herniation by using the bulk of the rectus muscle to 
both surround and secure the stoma, this principle became further established in 
surgical technique [15, 16]. Interestingly, equipoise continued to exist with lateral 
pararectus abdominis and intrarectus abdominis approaches to stoma creation, 
whereby the stoma is brought through the abdominal wall lateral to the rectus 
abdominis muscle or through the body of muscle, respectively [17]. Hardt and col-
leagues performed a single-centered randomized controlled trial of both stoma posi-
tions, the PATRASTOM trial, where 30 patients were randomized to each approach, 
and no significant difference was identified in PSH rates or EORTC quality of life 
outcomes [18]. Given the low number of patients recruited, the authors acknowl-
edge that a small difference in PSH rates between the two groups cannot be ruled 
out, and, as such, the available literature does not support that pararectal location 
further increases PSH rates.

 Stoma Aperture Size

Varying sizes of abdominal wall apertures have been recommended for different 
stoma types usually based on the fingerbreadths of the trephine window created. 
Turnbull recommended 1 fingerbreadth for end ileostomies and 2 fingerbreadths for 
loop ileostomies [15], where Babcock discussed 2 fingerbreadths for end ileosto-
mies [19]. These varying diameters of fingerbreadths led to recommendations based 
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on size. Nguyen recommended a 1.5 cm aperture for colostomies and a 2 cm aper-
ture for loop ileostomies [20]. This proposal was supported by a regression model 
assessing predictors of PSH in a sample of 108 patients, in which trephine size was 
found to be significant, although the size cutoff was not defined [21].

The prevalence of PSH has led surgeons to seek preventative approaches at the 
time of stoma creation. Manook and colleagues described the use of a fascial secur-
ing “Hepworth hitch” to prevent further fascial separation [22]. Furthermore, an 
extraperitoneal course to the stoma was proposed as early as 1958 so as to avoid a 
linear tract through the abdominal wall, thereby decreasing the likelihood of a PSH 
[23]. The use of a prophylactic mesh is being increasingly investigated in the litera-
ture but is not novel as reports of prophylactic mesh use were reported over 30 years 
ago [24], reported to allow for a strengthening of the adjacent fascia. Varying 
approaches have been proposed including the Sugarbaker technique [25], the key-
hole approach [26], and the SMART (Stapled Mesh Stoma Reinforcement 
Technique) approach [27].

 Indications and Contraindications

 Extraperitoneal Stomas

Although no established indications exist for the use of added measures to prevent 
PSH in patients, recommendations vary in the literature regarding the approach. The 
evidence supporting an extraperitoneal course of permanent stomas remains largely 
retrospective in nature with only two small randomized controlled trials [28, 29]. 
Meta-analyses of these data suggest a significantly lower rate of PSH with extra-
peritoneal approaches (risk ratio 0.36; 95% CI 0.21–0.62; p  <  0.001) [30]. The 
indications for this technique would be center-specific in that certain programs rou-
tinely employ such preventative tactics [31, 32]. Furthermore, in centers wishing to 
start using a prophylactic technique for PSH formation, the extraperitoneal approach 
lends itself well when cost implications of mesh as well as concerns regarding mesh 
complications are factored in. The authors do not routinely employ extraperitoneal 
stoma creation as the data continue to mature in the literature (Table 37.1), but the 
technique has been performed for quite some time and has more recently been 
adapted to laparoscopic procedures. Explicit contraindications have not been pub-
lished; however, performing these procedures in emergent cases where exposure 
and patient stability are of concern is likely not optimal. Furthermore, the mesoco-
lon or mesentery in these emergent cases or in patients with inflammation due to 
Crohn’s disease can be robust, edematous, and foreshortened. Crohn’s patients are 
also more likely to require reoperative surgery or to develop fistulizing disease. This 
can make it difficult to bring the intestinal conduit of the stoma through the extra-
peritoneal space. Additionally, patients with prior abdominal wall reconstructive 
procedures or multiple previous laparotomies (disruption of the parietal perito-
neum) may not be amenable to an extraperitoneal stoma creation.
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 Prophylactic Mesh Use

Select reports have supported the routine use of prophylactic mesh based on the 
available published literature [33]. Ultimately, prophylactic mesh placement has 
been shown to have a low complication profile in long-term follow-up studies [34], 
suggesting the procedure to be safe in these clean-contaminated procedures. The 
use of prophylactic mesh should thus be left to the surgeon’s judgment; however, 
patients with elevated BMI, diabetes, or undergoing surgery for malignancy may be 
at an increased risk, further supporting the use of prophylactic mesh [35].

Contraindications would mainly include those patients with diffuse fecal or 
purulent contamination for concern of mesh infection. These include situations 
where significant contamination has occurred during an emergent procedure or due 
to visceral injury, as well as patients with peritoneal carcinomatosis or short-life 
expectancy.

 Preoperative Planning, Patient Workup, and Optimization

In the setting of elective procedures, it is important to ensure that modifiable patient 
factors have been optimized in preparation for surgery. Preoperative planning is the 
same whether the surgeon is planning an extraperitoneal approach or the use of pro-
phylactic mesh. Most patients who will require a permanent stoma will require sur-
gery on a semi-urgent or urgent basis for indications such as inflammatory bowel 
disease or malignancy. As such, there is often an insufficient amount of time to opti-
mize many modifiable factors including smoking status, obesity, and nutritional sta-
tus among others. Various pre-habilitative programs have been proposed to prepare 
patients for abdominal surgical procedures but none in particular to optimize the 
outcomes related to the creation of a permanent end stoma. Abdominal imaging with 
computed tomography (CT) will often have been performed for disease- specific 

Table 37.1 Review of studies of extraperitoneal versus transperitoneal stoma creation in mini-
mally invasive surgery

Author (year) Type of study

Sample 
size
TPS/EPS

Primary 
surgery

Median 
follow-up 
(months)

Outcomes
(TPS vs. EPS)

Hamada et al. 
(2012) [32]

Retrospective 37 APR 24 33.3 vs. 4.5% 
(p = 0.031)15 22

Leroy et al. (2012) 
[31]

Retrospective 22 APR N/A 33.3 vs. 0% 
(p = 0.02)12 10

Funahashi et al. 
(2014) [55]

Retrospective 80 APR/TPE 31 34.8 vs. 17.6% 
(p < 0.01)46 34

Heiying et al. 
(2014) [29]

Randomized trial 36 APR 17 11.1 vs. 0% 
(p = 0.15)18 18

Hino et al. (2017) 
[56]

Retrospective 59 APR/
Hartmann’s

21 41 vs. 13% 
(p = 0.02)29 30

EPS extraperitoneal stoma, TPC transperitoneal stoma, APR abdominoperineal resection, TPE 
total pelvic exenteration
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purposes. This imaging can be used to visualize abdominal wall anatomy and the 
intactness of the various muscular and fascial layers, which can be particularly 
important in patients with previous abdominal surgical procedures.

Although preoperative bowel preparations and intravenous antibiotics have been 
shown to decrease the likelihood of a surgical site infection, there has not been any 
correlation with a decreased risk of infectious peristomal complications. Bowel 
preparation can help mitigate intra-abdominal contamination during laparoscopy 
although some surgeons believe that the liquidity of intracolonic contents can make 
spillage more likely with an intraoperative colonic injury.

Preoperative assessment of the patient’s abdominal wall is crucial to identify the 
optimal site for stoma creation. This is usually performed by a trained enterostomal 
therapy (ET) nurse. Various factors are taken into account including naturally occur-
ring skin creases in the seated and supine positions, surgical scars, the patient’s belt 
line, the width of the rectus muscles, the type of stoma being created, the patient’s 
abdominal wall adiposity, as well as factors such as manual dexterity, location of a 
seatbelt, and others. It is important to protect the skin marking, often by marking the 
skin and placing a watertight adhesive on top to prevent the marking from being 
washed off. Furthermore, informing your ET nurse of the potential location of inci-
sions for the laparoscopic procedure may allow for proposed stoma sites to be incor-
porated into incisions. Additionally, in complex cases, selection of bilateral or 
four-quadrant stoma locations can also provide the surgeon with more options at the 
time of stoma creation, especially with obese abdominal walls and difficulty bring 
through the intestinal segment. For additional details on optimizing stoma function, 
please refer to Chap. 36 on best practices in planned and unplanned stoma 
creation.

 Operative Setup

Procedures can be performed using a laparoscopic approach. Ensuring the drapes 
are sufficiently laterally positioned is important to allow for exposure of the skin for 
the lateral fixation sutures. Placing the lateral drapes just medial to the anterior axil-
lary line will allow for sufficient lateral access.

 Extraperitoneal Stoma Creation

 Principles and Quality Benchmarks

A number of techniques are available to allow for the creation of an extraperitoneal 
tract. When performed laparoscopically, the maneuver tends to be technically chal-
lenging. The challenge lies in the ability to create the intraperitoneal opening as well 
as the supraperitoneal tunnel under visualization while maintaining pneumoperito-
neum. In the view of the authors, this approach has little role during the creation of 
temporary stomas. The decision that needs to be made is the position of the stoma 
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relative to the various abdominal wall layers. One of the more common approaches 
is to bring the colostomy anterior to the parietal peritoneum, below all the abdomi-
nal wall structures [31, 32, 36] (Fig. 37.1) or, less commonly, below the transversa-
lis muscle but anterior to the transversalis fascia and parietal peritoneum [37]. 
Furthermore, a dissector is needed to create the extraperitoneal tunnel from the 
peritoneum at the level of the skin aperture to the window created intraperitoneally. 
Some surgeons have used the curve of a Kelly clamp to gently separate the appropri-
ate layers. Leroy and colleagues discuss the EndoH® retractor (Karl Storz® 
(Tuttlingen, Germany) [31], whereas others have used the Covidien® Endo 
Retract™ Maxi 10 mm device (Mansfield, MA, USA) [36].

 Operative Technique

Individual techniques vary, but consistently, the resectional aspect of the procedure is 
completed first, and the proximal transection margin is stapled off. In abdominoperi-
neal resections (APR), if the perineal dissection is being performed supine, the speci-
men is often removed through the perineum and the perineal wound closed prior to 
reinsufflation. If the perineal is approach prone, the colostomy is fashioned first.

During this approach, it is important to mobilize the descending colon slightly 
more proximally to allow for sufficient mobility of the colonic conduit that is to 
be brought through the extraperitoneal space. If an assistant port has been placed 
at the proposed stoma site, the port is removed, and a disc of skin is excised cor-
responding to the proposed stoma site. This aperture can vary between 20 and 
25 mm depending on the width of the lumen and type of stoma being created. It is 
up to the surgeon to decide if the underlying subcutaneous fat is to be resected or 
separated. The anterior rectus sheath is identified and can be incised either in a 
cephalocaudal axis or in a cruciate fashion, after which the rectus muscle fibers 

Posterior
fascia of
rectus

Peritoneum

Fig. 37.1 Cross-sectional image of the abdominal wall delineating a retrorectus extraperitoneal 
tract for a permanent stoma to prevent parastomal hernias
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are separated. It is important to ensure a perpendicular approach through the 
abdominal wall is being followed. The posterior rectus sheath, if present, is then 
identified and carefully incised to expose the intact peritoneum. The dissection of 
the extraperitoneal tract is often and more easily performed in an external to inter-
nal fashion. The width of the tract should be approximately 2 fingerbreadths or 
5 cm and taken laterally to the paracolic gutter or smaller with end ileostomies. 
This is also performed with laparoscopic observation and guidance. The tunnel 
may often have to be angled in a slight cephalad fashion to accommodate the path 
along which the colon and mesocolon/mesentery must be brought along. 
Laparoscopically, the peritoneum is then incised laterally at the proposed entry 
site of the intestinal conduit of the end stoma. It is important to ensure that the size 
of the path being created accounts for the bulk of the mesentery/mesocolon. Leroy 
and colleagues report placing an absorbable suture loop around the distal end of 
the stoma that is then grasped by the laparoscopic grasper placed through the 
trephine opening [31]. The intestinal segment is gently pulled through, at times 
requiring digital assistance. The lateral parietal peritoneal opening may some-
times be narrowed down using intracorporeally placed absorbable sutures (3-0) to 
minimize the likelihood of a potential for herniation of intestinal content.

Tulina and colleagues rejuvenated the Goligher approach by creating the extra-
peritoneal tract along the retrorectus plane, anterior to the transversalis fascia and 
peritoneum [37]. They describe using the assistant trocar at the site of the stoma by 
gradually pulling it back from the intraperitoneal space to the appropriate abdomi-
nal wall level and then connecting the laparoscopic insufflation to assist with the 
separation of the planes using pneumodissection. The plane can be created during 
delivery of the bowel through the stoma aperture.

 Pitfalls and Troubleshooting

In slim patients, the parietal peritoneum may be violated. In such situations, if the 
defect is too large, a different tract can be created, which when formally complete 
can then allow for the disrupted segment of peritoneum to be closed with laparo-
scopically placed sutures. Alternatively, the retrorectus plane described by Tulina 
and colleagues can be followed instead [37].

It is important to ensure the tract is sufficiently wide to allow for the intestinal 
segment and its mesentery to be passed through without tension or excessive nar-
rowing. Lowering intra-abdominal pressures can decrease tension on the abdominal 
wall. The cut-edge of the mesentery or mesocolon should be kept in consideration 
as tension on this as the segment is being pulled through the tract may result in tears 
and bleeding. Bleeding can often be addressed with laparoscopic techniques but 
care must be taken not to affect the vascular inflow of the conduit. Conduits appear-
ing ischemic at the time of stoma creation should be observed briefly in a non- 
insufflated state to ensure it is not a tension-related phenomenon; if there is no 
improvement in the appearance, adjuncts such as indocyanine green angiography 
can be used to objectively assess perfusion. Frankly ischemic stomas should be 
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revised. Conversion to an open procedure should be based on the comfort of the 
surgeon to revise and manage these issues laparoscopically.

Caution should be taken in considering this for patients with Crohn’s disease. 
The mesenteric bulk and fistulizing nature of the disease as well as the frequent need 
for reoperations may result in intraperitoneal complications and abdominal wall 
inflammatory in case of recurrence.

 Outcomes

A number of retrospective reports and two prospective randomized controlled trials 
have been reported, which are well summarized in a recently published meta- 
analysis comparing transperitoneal and extraperitoneal approaches for stoma cre-
ation [30]. In this review, the authors report lower rates of PSH (risk ratio 0.36; 95% 
CI 0.21–0.62; p < 0.001) and stoma prolapse (risk ratio 0.21; 95% CI 0.06–0.73; 
p < 0.01) with no difference in the rate of stoma necrosis. Well-designed random-
ized trials are pending at this time. No cost-effectiveness data are available. The 
published data on the comparative outcomes of extraperitoneal techniques in mini-
mally invasive surgery are summarized in Table 37.1.

 Prophylactic Mesh Placement

 Principles and Quality Benchmarks for Prophylactic Mesh 
Placement for Permanent End Colostomies and Ileostomies

There are a number of approaches to the application of prophylactic mesh to 
decrease the likelihood of PSH and stoma prolapse with an end stoma. The main 
questions that should be asked are the following: (1) What type of mesh will be 
used? (2) Which technique and location of mesh placement will be employed?

As will be described in the outcomes section, the use of biologic mesh is not cur-
rently supported by the published data [38, 39]. Most of the published evidence 
describes outcomes following the placement of a retromuscular segment of nonab-
sorbable synthetic mesh in an open fashion. The focus of our discussion is on the 
laparoscopic placement, and as such, the main procedures would be a modified- 
Sugarbaker or a keyhole approach, both of which are the intraperitoneal techniques. 
Comparative trials of the keyhole and Sugarbaker techniques have focused on the 
therapeutic management of PSH. A number of trials have been published assessing 
these two approaches in the therapeutic treatment of PSH with no data available on 
their comparative efficacies in the prophylactic setting. These trials have noted 
improved results with the Sugarbaker approach, compared to keyhole approach, 
which has led surgeon to preferentially opt for the former approach [40, 41]. The 
senior author (SDW) performs the keyhole technique as it is his preferred method of 
therapeutic rather than prophylactic mesh placement, whereas the corresponding 
author prefers a Sugarbaker technique for the above reasons.
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Most of trials included the use of lightweight macroporous polypropylene mesh, 
often with a single or dual composite component when used intraperitoneally. As 
reflected in the outcomes section (Table 37.2), most assessments of the efficacy of 
biologic mesh have failed to demonstrate any role in prophylaxis against PSH 
development. The jury is still out on the efficacy of heavy versus lightweight meshes 
although both authors prefer dual-layer composite lightweight macroporous mesh. 
The mesh is prepared externally and should be cut with the objective of a 10 cm 
overlap both medially and laterally.

The first step is both mesh orientation and fixation. When used intraperitoneally 
with either the Sugarbaker or the keyhole technique, the mesh should be fixed with 
either absorbable or nonabsorbable sutures or absorbable or nonabsorbable tacks to 
allow for preplacement and optimal final securing of the mesh (Fig. 37.2). One of 
the authors (SDW) favors the use of a barbed suture to hold mesh but occasionally 
uses tacks, whereas alternatively proposed (SAC) approaches include the use of 
permanent polypropylene sutures (2–0), followed by a double-crown placement of 
tacks. These sutures are preplaced on the mesh prior to the introduction into the 
abdomen. Small 2 mm skin incisions are made at the proposed sites of fixation (usu-
ally 4 points), and the sutures are brought through with a suture passer, such as a 
Carter-Thompson® device (Cooper Surgical, Trumbull, CT, USA). A number of 
technical pearls have been identified to improve the efficacy of these procedures.

For both techniques, a number of procedural pearls can be focused on to decrease 
the likelihood of recurrence. Although the overview and conclusions presented by 
Muysoms, Winkel, and Ramaswamy were aimed to describe parastomal hernia 
repair, these same principles are applicable to the prophylactic placement of mesh 
[42]. The following are some of the main recommendations:

• Clear the abdominal wall lateral to the fascial aperture to allow for the appropriate 
lateralization of the bowel segment. The authors also recommend tacking sutures 
of the segment of bowel leading to the fascial aperture to the abdominal wall to 
ensure it is appropriately linearized. Mesh placement can often retract medially 
due to abdominal wall forces resulting in lateral sites of recurrence. The above 
maneuver helps address this. This lateral segment extends down to the paracolic 
gutter, but usually, only a portion of this will be covered by the mesh. One of the 
authors (SAC) clears the peritoneum for 10 cm lateral to the aperture.

• Ensuring the stoma aperture is not too wide to provide the greatest surface area 
adjacent to the intestinal segment on the peritoneum and the fascia for mesh 
ingrowth.

• Although this point is not widely taught, the authors recommend stripping the 
peri-aperture abdominal wall of its peritoneum and fascia to allow the mesh to 
securely attach to the fascia or muscle fibers, thereby further encouraging 
ingrowth of the mesh.

• Maximize the overlap of the mesh by ensuring at least 5 cm of contact overlap 
between the mesh and the surrounding fascia. Some authors, as do the chapter 
authors, recommend 10 cm of overlap, especially lateral to the aperture as this is 
the most frequent site of hernia recurrence.
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• In addition to double-crown placement of tacks, transabdominal fixation sutures 
should be tied down in a lateral to medial sequence as described above.

 Operative Technique for the Laparoscopic Sugarbaker Approach

Please refer to the “Operative Technique” section in regarding the resectional 
aspects of the procedure. A disc of skin measuring 20–25 mm in diameter is excised 

D

C

A

C

A

B

Order of cardinal
transfascial suture
placement (A-D)

Initial closure
of defect

Lateral mobilization
of stoma

Bowel sutured
to lateral

abdominal wall

Final mesh
fixture with tracks

Fig. 37.2 Placement of the nonabsorbable segment of mesh using a modified-Sugarbaker tech-
nique, with lateral suturing the bowel segment to the abdominal wall. The tacks should be applied 
after the transfascial sutures have been tied down. These are down in a double-crown 
configuration
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at the proposed stoma site. The underlying fat can be resected or transected at the 
surgeon’s preference. The anterior rectus sheath is exposed which is incised in a 
cephalocaudal axis or as a cruciate. The muscle fibers are separate along their course 
medially and laterally exposing the underlying posterior sheath and peritoneum. 
This is incised exposing the intra-abdominal space and is dilated to ~20 mm diam-
eter. The intestinal segment is brought through the abdominal wall and secured to 
the skin, protruding by 10–20 mm.

After ensuring that the bowel has been sufficiently mobilized to the lateral abdomi-
nal wall, some authors will recommend placing individual interrupted absorbable or 
nonabsorbable tacking sutures with seromuscular bites of the intestinal segment to the 
parietal peritoneum, thus linearizing the segment and allowing the surgeon to clearly 
visualize its course. The mesh is prepared by selecting the appropriate size initially. 
Usually mesh of 20 cm in diameter will allow for a 5 cm minimum overlap with the 
surround fascia when the size and width of the intestinal segment is also taken into 
account. Furthermore, with single-sided composite mesh, it is important to mark the 
non-composite side with a nonsymmetrical mark or letter to allow its identification 
intracorporeally; additionally, drawing a line along the long axis of the mesh can help 
clarify orientation. Cardinal sutures are placed on the medial and lateral aspects of the 
mesh prior to its insertion into the abdominal cavity. Prior to insertion of the segment 
of mesh, it often helps to roll it with the composite side on the inside of the roll. This 
allows for the mesh to be unrolled onto the abdominal wall with the composite side 
exposed to the abdomen. The long axis of the mesh is unrolled in a medial to lateral 
fashion to allow for maximal coverage of the intestinal segment. A suture passer is 
used through small 2–3 mm abdominal incisions to pull through the tacking sutures 
which can then be tied down (Fig. 37.3). A snap or toothed forced can be used to 
retract on the skin in this area to prevent the edge from being pulled down to the fascia 

Fig. 37.3 Ultimate 
appearance of a modified-
Sugarbaker mesh 
application for prophylaxis 
against parastomal hernia 
formation
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with the suture. Subsequently, double- crown placement of tacks is applied to the mesh 
around the stoma to ensure that there are no gaps through which a segment of intestine 
can enter. Counterpressure externally with manual pressure on the abdominal wall can 
help ensure the tacks are well placed. It is important to ensure that the sutures and 
tacks are placed in a less insufflated state. We prefer to decrease intra-abdominal pres-
sures to 6 mmHg, allowing for adequate visualization but not overstretching the mesh; 
this allows for its placement in a more physiologically natural state (Fig. 37.4). When 
this is complete, the abdomen is desufflated and the skin at the port sites closed 
(including the fascia of any larger port sites), after which the stoma is matured. This is 
performed in a Brooke fashion with absorbable sutures, 3-0 in size, ensuring approxi-
mately a 10 mm protrusion of the colonic mucosa.

 Operative Technique for the Laparoscopic Keyhole Approach

The above pearls and recommendations with regard to preparation of the stoma aper-
ture, the intestinal segment, and the introduction of the mesh apply for this approach 
as well. With this technique, it is important to ensure that the “non-slit” side of the 

Fig. 37.4 Placement of a keyhole segment of mesh using a double-crown technique to secure the 
mesh in place
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mesh be positioned laterally to ensure the area at highest risk for recurrence, i.e., the 
lateral side, is covered. Overlapping the two limbs should be done in a way to ensure 
the aperture of the mesh at the level of the intestinal conduit is not too tight to avoid 
stenosis but not more than 1 cm to avoid herniation of any other intra-abdominal 
structures between the mesh and intestine. Overlap of these limbs can be performed 
by pre-placing a stay suture on one limb while bringing a suture passer transabdomi-
nally, through both limbs, grasping the suture and then securing it. A second line of 
fixation of both the limbs and the mesh itself can then be performed with a tracking 
device. It is the authors’ preference to use permanent tacks in these circumstances.

 Pitfalls and Troubleshooting

A complete double crown of absorbable or permanent tacks will ensure there are no 
gaps for loops of the small intestine to enter through. Although rare, it is possible for 
the abdominal tacks to be placed through the intestinal segment. If this were to 
occur, the risks of fecal contamination of the segment of mesh would be too high. 
As such, taking down the mesh, repairing the injury to the intestinal segment, and 
proceeding without placement of the prophylactic mesh would be most appropriate. 
Furthermore, the tack may cause a bleeding-related injury to the abdominal wall or 
the mesentery/mesocolon. In such a situation, a segment of gauze can be inserted 
laparoscopically, and pressure can be applied to the area for 5–10 minutes. It is 
generally best to apply this pressure in a less insufflated state to ensure that the reso-
lution of bleeding occurs in a more physiologic and natural anatomic state that 
would mimic the postoperative setting and not secondary to tamponade from higher 
intra-abdominal pressures. If the bleeding does not subside, the surgeon will need to 
take down part of the mesh to expose the area bleeding to allow for it to be addressed. 
This can be performed with an energy device or using a suture passer to suture ligate 
the vessel. It is also important to ensure the mesh is not placed too tightly around the 
stomal conduit that may result in bowel obstruction. Mesh erosion, fistulization, or 
infection generally requires excision of mesh with stoma relocation. The bowel is 
often quite adherent to this area, at times necessitating a resection of the involved 
intestinal segment. There are rare circumstances in which a mesh infection can be 
successfully treated with incision and drainage and/or antibiotics, but in general 
mesh excision with stoma relocation is the preferred treatment modality.

 Outcomes

Since the publication of one of the most recent randomized controlled trial assess-
ing the use of prophylactic mesh placement during stoma creation [43], a number 
of meta-analyses have been published summarizing the data, all of which have 
commented on a decrease in the rate of PSH when using prophylactically placed 
mesh at the time of the original procedure [11, 44–49]. These publications are 
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summarized in Table 37.2. These meta-analyses have not accounted for the results 
of a more recent well-designed randomized trial that did not identify any differ-
ences in outcomes between the mesh and non-mesh groups [50]. Most studies 
commented on the fact that there remains heterogeneity between studies with 
respect to detection methods for PSH, whether clinically, radiologically, or both, 
as well as with regard to the type of mesh (biologic vs. synthetic) and the tech-
nique in which it was applied (retromuscular, intraperitoneal onlay  – modified 
Sugarbaker or keyhole). The Cochrane review by Jones and colleagues reports a 
decrease in the likelihood of a PSH with mesh placement by more than 50% (rela-
tive risk of 0.53, 95% Confidence Interval 0.43–0.56) although the I2 value indica-
tive of inter-study heterogeneity was 69%, which is high [48]. One such source of 
inter-study heterogeneity is the method by which the PSH is diagnosed. In an 
attempt to control for this heterogeneity, the meta-analysis by Patel and colleagues 
found a pooled odds ratio of 0.21 (95% confidence interval 0.11–0.38) for a PSH 
when prophylactic mesh was used, with an I2 value of 0% [11], indicating the 
outcome of PSH is almost 80% less likely with mesh prophylaxis. Furthermore, 
consistent with the findings of the individual studies, the odds ratio (OR) was 
found to be 0.16 (95% confidence interval 0.09–0.27) when studies including 
synthetic mesh were selected for in a subgroup analysis (greater than 95% less 
likely chance of PSH with synthetic mesh versus no mesh), with no significant 
effect in the studies using biologic mesh [38, 39]. Reassuringly, there were no 
differences in overall adverse event rates or stoma- related complications (such as 
fistulization, stenosis, or bleeding) between the mesh and non-mesh groups. 
Additionally, in assessing the cost-effectiveness of the data, Findlay and col-
leagues identified that the use of prophylactic synthetic mesh was cost-effective in 
preventing PSH, whereas the use of composite mesh was cost- neutral. Furthermore, 
given the more expensive nature of biologic mesh and the negative results of stud-
ies, biologic meshes were found to be more costly [51].

The publications summarized in Table 37.2 are largely associated with a demon-
strable prophylactic effect of mesh use on the outcome of PSH. The recent 2019 
publication by Odensten and colleagues presents data to the contrary [50]. At this 
juncture, the authors do not routinely use mesh to prevent PSH. But based on the 
demonstrated preventative effect of mesh use against the occurrence of PSH, the 
low rate of stoma-related and general adverse outcomes and the cost-effective nature 
of this approach have led societies such as the European Hernia Society to strongly 
recommend placement of prophylactic mesh at the time of surgery with a permanent 
colostomy [52].

With respect to the learning curve associated with the use of prophylactic mesh 
to prevent PSH, there are no published data that have investigated this. At this 
point, the authors would strongly recommend that the first few procedures per-
formed by any surgeon be appropriately proctored by a local expert to ensure 
outcomes are optimal for the patient. Safe and proctored implementation of this 
technique is likely to ensure patients experience optimal outcomes of PSH 
prophylaxis.
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 Upcoming Procedures: SMART Procedure

Recently, the Stapled Mesh Stoma Reinforcement Technique (SMART)  was 
developed by Williams and colleagues [27]. Although prophylactic mesh place-
ment seems advisable based upon the ever-increasing body of literature, certain 
cost constraints as well as technical challenges may be the factors which have 
limited the application of this recommendation. During this procedure, the ante-
rior rectus sheath is exposed and incised. The rectus muscle fibers are separated 
and the posterior sheath and peritoneum are entered. The anvil of the 28  mm 
stapler is placed intra-abdominally and is connected through the posterior sheath, 
peritoneum, and anterior sheath defects to the spike of the body of the stapler. 
Usually a 28 mm circular end-to-end stapler was used with the stapler placed 
through the stoma itself and the anvil of the stapler within the distal most end of 
bowel to be matured into a stoma. The fully extended spike of the body of the 
circular stapler is connected to the anvil. The spike will have had the circular 
segment of the biologic mesh pre- loaded (10  cm diameter circular configura-
tion). The stapler is deployed resulting in a stapled incorporation of the mesh into 
the anterior rectus sheath, standardizing the trephine size. The outer edges of the 
mesh are sewn to the anterior rectus sheath after which the conduit is brought 
through (Fig. 37.5). The technique was developed to further enhance the strength 
of the adjacent fascial defect. Other authors have commented on the fact that the 
use of biologic mesh is not well-supported in the literature, in addition to the fact 
that these staples do have the ability to further separate, allowing for the mesh to 
release and the aperture to distend further. Long-term follow-up and well-
designed prospective trials are necessary to better evaluate the efficacy of this 
technique.

The outcomes from this technique remain preliminary at this time. In a cohort 
study of 22 SMART patients and 11 controls, the rate of PSH was 19% (4 patients) 
in the SMART group and 73% in the control [53] with similar age and BMI distribu-
tions between both groups. This report was provided by the center that first reported 
the technique. A second report from a different center of 29 patients undergoing 
SMART and 38 undergoing a transperitoneal non-mesh approach was reported with 
no difference in patient demographics and a median follow-up of 27 months. The 
rate of PSH in the SMART group was 13.8% with a rate of 29.5% in the control 
group (p = 0.029) [54]. Both of these studies are preliminary with other reports 
published in abstract format. The authors have not employed nor recommend this 
technique at the time of writing but identify it as a potential future option for PSH 
prophylaxis.

 Conclusions

A number of techniques, varying in invasiveness, are available to minimize the like-
lihood of PSH formation with the creation of end stomas. Laparoscopic and other 
minimally invasive approaches do not preclude the use of various approaches, 
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including the creation of extraperitoneal routes and the application of prophylactic 
mesh techniques. The use of these techniques does have significant support from 
published evidence, with some heterogeneity in the literature remaining. Given the 
implications of complications with these procedures, authors should be comfortable 
with their minimally invasive skillsets prior to performing these additional tech-
niques and should optimally ensure they have been through the appropriate training 
pathways and proctorship networks.
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 Introduction and Rationale

Local excision of rectal lesions has increased in appeal because of the obvious 
 benefits of decreased postoperative morbidity, improved functional outcomes, and 
the avoidance of a stoma. Standard transanal excision (TAE) is reserved for tumors 
smaller than 4 cm in diameter within 6–8 cm of the anal verge. This approach is 
limited by anal retractors that can be quite cumbersome, sometimes satisfactory for 
pedunculated tumors, but often difficult for sessile lesions providing limited 
 visualization. With the lack of precision and visual clarity, specimens often end up 
fragmented and with positive margins [1].

These techniques together (TEM, TAMIS, and TEO) form a generalized classifi-
cation of transanal endoscopic surgery (TES) comprised of several different  reusable 
and disposable platforms for transanal surgery. This will be discussed for use in the 
context of resection of benign rectal lesions for both submucosal and full- thickness 
excisions.

 TEM

The transanal endoscopic microsurgery (TEM) platform (Richard Wolf, 
Knittlingen, Germany), introduced in the 1980s by Dr. Gerhard Buess, was the 
first TES platform to be introduced. It has demonstrated to be superior to standard 
TAE for treating benign and malignant rectal lesions [2–5]. This is likely due to 
its ability to perform high-quality resections with enhanced optics, instruments, 
and a specialized insufflation system. This allows for decreased incidence in frag-
mentation of the rectal specimen and subsequently lower recurrence rates [6, 7]. 
Little has changed in the system in over 30 years, proving its advanced technology 
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for the time, though widespread application of TEM has been slow. This could be 
due to several barriers, most notably its steep learning curve and expensive 
 equipment [8, 9].

 TEO

The transanal endoscopic operation (TEO®) system (Karl Storz, Tuttlingen, 
Germany), which is similar to the TEM platform, was designed to utilize standard 
laparoscopic equipment with a stable reusable transanal platform. Both include a 
40 mm proctoscope, faceplate, and support arm allowing the surgeon to work auton-
omously without the need for an assistant to drive the camera. TEO offers varying 
rectoscope lengths of 7.5, 15, and 20 cm and an option to use a conventional 5 mm 
laparoscope. Its benefit includes the fact that the platform and specialized instru-
mentation are reusable and can be combined with additional disposable instrumen-
tation as needed.

 TAMIS

Transanal minimally invasive surgery (TAMIS) is a technique that was originally 
developed in 2009 as a hybrid between TEM and single-site laparoscopy for resec-
tion of rectal lesions [10]. It was developed out of the need for a practical alternative 
to TEM, capitalizing on the availability of current single-site access ports, which 
proved to be both technically feasible and affordable without purchase of special-
ized equipment. TAMIS is categorized by the use of a single-site port transanally in 
combination with conventional laparoscopic instruments, a laparoscopic camera 
lens, and a standard laparoscopic CO2 insufflator for the purpose of performing 
endoluminal rectal surgery. It was originally described using the single-incision 
laparoscopic surgery port (SILS™ Port; Covidien, Mansfield, MA, USA) noting 
that its upper border anchored nicely at the anorectal ring. The GelPOINT® path 
transanal access platform (Applied Medical, Rancho Santa Margarita, CA, USA) 
was specifically designed for transanal access building on their previous single-site 
devices. Both are the only commercially available ports approved by the Food and 
Drug Administration (FDA) in the United States, with multiple other platforms 
available from other companies worldwide.

Comparable results have been reported with TAMIS in terms of fragmentation 
rate, margin positivity, and recurrence rate when compared to TEM [11, 12]. 
Advantages of TAMIS over TEM include rapid setup time, increased field of view 
within the rectal lumen, ability to adapt existing laparoscopic instruments already 
in the hospital, and the ease of patient positioning within the operating room 
[13–17].
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 Indications and Contraindications

This chapter will focus on recommendations for benign rectal lesions and suspected 
benign lesions, considering that occult cancers are occasionally discovered on final 
pathology of these polyps. A general rule of thumb is that if the lesion can be fully 
visualized with a rigid proctoscope, it is likely amenable to resection with 
TES. Lesions extending more proximal than what is easily visualized in the office 
may prove to be too difficult for local excision. Conversely, very distal lesions may 
reveal frustration during dissection due to difficulty placing the transanal access 
device, especially using TAMIS technique. In this situation, a hybrid approach may 
be used which will be described later.

The most common application for TES, as originally described by Buess, is the 
resection of rectal adenomas [2]. Farther reaching than TAE, this has expanded to 
include large or sessile lesions or endoscopically unresectable adenomas or those 
that are recurrent. Multiple large series with hundreds of patients have reported low 
recurrence rates ranging from 4 to 7.6% after TES for benign polyps [6, 18, 19]. In 
addition, small carcinoid tumors less than 2 cm are well suited for local excision via 
TES. The risk of metastases from these small carcinoid tumors is low and provides 
a reasonable alternative in the absence of metastases on preoperative imaging. 
Several institutions have reported resections of small rectal neuroendocrine tumors 
widely used using TEM with no evidence recurrence [20, 21].

Most contraindications are relative. When beginning these techniques, it is best 
to attempt resections of lesions in the mid and distal rectum (10 cm or below). Those 
more proximal than 10 cm risk peritoneal entry and can be difficult to manage with-
out the necessary skill set. Large bulky lesions are also difficult given the limited 
space inherent to operating within the rectal lumen. Caution should be used when 
deciding to resect these lesions transanally as the surgeon should not compromise 
the margins of resection or inadvertently subject a patient to local excision when 
there is a chance an occult malignancy is present within the specimen. Lesions that 
are firm and fixed should be assumed to harbor a malignancy and therefore not be 
resected in the submucosal plane.

As the surgeon’s comfort level with these techniques improves, larger polyps and 
more difficult dissections will become possible [14]. Even circumferential lesions 
are not a contraindication, as the transanal platform allows more precise dissection 
in the full-thickness and submucosal planes and the ability to perform a handsewn 
anastomosis to maintain intestinal continuity [15].

 Principles and Quality Benchmarks of the Approach

As with any local excision, the expectation of a complete, en bloc resection without 
fragmentation of the specimen with negative margins is the goal. For benign lesions, 
a 5  mm margin should be marked out prior to beginning dissection to ensure a 
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negative margin. Benign lesions may be dissected in the submucosal plane, though 
it is generally recommended that a full-thickness excision be performed in the event 
that an occult malignancy is identified on pathologic review. For more details on the 
management of malignant rectal lesions, please refer to the Chap. 39 on TES for 
rectal cancer.

 Preoperative Planning, Patient Workup, and Optimization

 Orientation and Location of the Lesion

When a rectal lesion is identified on digital rectal exam, careful observation of its 
characteristics should be noted, including location from the anal verge and the ano-
rectal junction, positional orientation within the rectal lumen, size, and whether it is 
soft or firm and mobile or fixed. Video endoscopy or office proctosigmoidoscopy 
should be repeated by the operating surgeon to confirm the impression and allow for 
operative planning. It is imperative to adequately identify the location and orienta-
tion of the lesion as this will guide the preoperative planning including intraopera-
tive positioning of the patient.

Notation must be made of the height of the tumor in the rectum as divided by the 
valves of Houston into low (0–5 cm), mid (6–10 cm), and upper (11–15 cm) rectum. 
Also, whether the lesion is anterior or posterior and right or left sided will dictate if 
the patient will be positioned in lithotomy, prone, or decubitus position. Especially 
with the TEM platform, the exact spatial orientation of the lesion (anterior vs. pos-
terior, right vs. left) must be determined to allow correct positioning in the operative 
theater.

 Workup

A colonoscopy should be performed to rule out any synchronous lesions and to 
further characterize the rectal mass. Targeted biopsies of the rectal lesion may be 
taken of areas showing suspicion for malignancy. These may be more informative 
than random superficial biopsies which are subject to sampling error and might be 
misleading.

Imaging of the lesion may prove beneficial if there is still question of possible 
malignancy. The preferred imaging modalities for a rectal lesion include rectal MRI 
or endorectal ultrasound (EUS). Using one or both is acceptable and should be 
dependent upon institutional availability and expertise. Some data suggest MRI 
may over-stage rectal villous adenomas more than 50% of the time, recommending 
that EUS is the preferred method for preoperative evaluation of villous adenomas 
[22]. Other data suggest that preoperative imaging may not be necessary for clini-
cally benign lesions before local excision. A dual institution study recently pub-
lished a series of 620 patients of which 272 underwent preoperative imaging and 
348 were without. There was no difference in the incidence of malignancy on final 
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pathology in patients with preoperative imaging vs. those without (17% vs. 15%). 
In addition, the incidences of margin involvement and the need for salvage opera-
tion for the two groups were similar, concluding that if the important end results of 
local excision are not affected by preoperative imaging, then it may not be necessary 
[23]. Lastly, chest, abdomen, and pelvis staging CT scans for benign lesions are not 
commonly indicated.

 Ambulatory Surgery Versus Admission

TES is generally viewed as safe and able to be performed as an outpatient proce-
dure. Depending on comorbidities of the patient, the option to admit for 23-hour 
observation with discharge on the first postoperative day is also reasonable. 
Several centers have looked at details for admission and readmission after these 
procedures. Common reasons for admission include surgeon’s discretion for fur-
ther monitoring, urinary retention, bleeding, and breach of the peritoneal cavity. 
Some factors that may dictate whether a patient requires admission have been 
found to include tumor height, prolonged operative time, unsutured surgical 
defect, and surgeon experience. There are other risk factors for complications 
including tumor size >6 cm and antiplatelet medication. The most common rea-
sons for readmission were hemorrhage, pain, and infection [24, 25]. It is helpful 
if patients are counseled on the potential need for admission during their preop-
erative consultation.

 Preoperative Preparation

Perioperative protocols should follow the standards for colorectal surgery, including 
preoperative antibiotics and DVT prophylaxis. Some form of a bowel preparation is 
needed to ensure adequate visualization of the lesion, but the type can be left up to 
the operating surgeon’s preference. Full mechanical bowel preparations are often 
used and would consist of an osmotic laxative such as polyethylene glycol or similar 
used for colonoscopy. This will produce clear visualization but may lead to constant 
inflow of liquid bowel contents in the surgical field. A flexible sigmoidoscopy prep-
aration (dose of oral laxative and two enemas) may also be used and is more than 
adequate for visualization in most patients. If solid fecal matter is still present within 
the rectum, it can be easily pushed proximal to the lesion with a small surgical 
sponge. The former is likely more advantageous with more proximal lesions and the 
latter for distal lesions.

Routine placement of a Foley catheter is not mandatory but can be considered, 
especially in cases that are expected to take considerable time. Another scenario 
where Foley placement is beneficial is when resecting anterior lesions in a male 
patient. The catheter can be used as an indicator of injury to the urethra or can be 
used to manipulate the prostate (gentle tugging on the catheter) for orientation 
before an injury occurs.
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 Anesthesia

One important caveat to consider when operating within the insufflated rectum is 
that forceful diaphragmatic breathing may collapse the operative field. With the use 
of general endotracheal anesthesia, the patient can be paralyzed and negate the ill 
effects of this. Most TES procedures have been described and are performed under 
general anesthesia [1, 2]. Under special circumstances, spinal anesthetic can also be 
used and has been described as being safe and feasible by several institutions [26].

 Operative Setup

 Positioning and Setup

TEM procedures require slightly more operative setup time given the complexity of 
the equipment. Patients are usually positioned so that the lesion to be resected is in 
the downward orientation, e.g., lithotomy for a posterior lesion or prone jackknife 
with spread legs for an anterior lesion. This may require patients to be placed on 
their side for lateral lesions, in which case they can easily be secured with a bean 
bag. Conversely, TEO procedures can usually be performed in lithotomy position 
except for anterior lesions where peritoneal entry is anticipated. Both TEM and 
TEO equipment require the use of a U-shaped arm to secure the operating scope to 
the bed; however, this negates the need for an assistant to hold the camera.

For TAMIS procedures, lithotomy positioning can be used in all patients regardless 
of the lesion location. This expedites setup time in the operating room. Allen or candy 
cane stirrups may be used based on their availability. In contrast to what is mentioned 
above, TAMIS requires a designated camera driver to assist in the procedure.

If there is any question that abdominal access may be required, such as antici-
pated peritoneal entry for anterior proximal lesions, Allen stirrups are preferred so 
that the legs may be repositioned for the abdominal portion of the procedure. The 
disadvantage of having to reposition the patient in the case of peritoneal entry must 
be considered.

Both procedures should position patients low enough on the table to enable 
transanal access. Slight Trendelenburg position can be added as needed. A video 
monitor placed over the patient’s torso and positioned between the legs provides the 
most ergonomic position for the operating surgeon and assistant (Fig. 38.1). Patients 
can then be prepped and draped in the normal fashion. If peritoneal entry is antici-
pated, the abdomen can be prepped preemptively as well.

 Equipment

 TEM and TEO
TEM equipment consists of a rigid operating rectoscope anchored to the operating 
table using an adjustable jointed U-shaped arm, specialized insufflation allowing 
consistent pneumorectum, 3D angled stereoscopic endoscope, and specialized 
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angled instrumentation for dissection (Fig. 38.2a–c). The commercially available 
rectoscopes are ~4 cm in diameter and come in both beveled and straight configura-
tions. Different lengths of 12 or 20 cm rectoscopes are also available. The longer 
versions greatly increase the ease of operating in the proximal rectum. The special-
ized insufflators allow for variability in intrarectal pressure during irrigation and 
suctioning to prevent loss of visualization during the operation. The external end of 
the rectoscope is covered with a sealed facepiece with an air tight rubber seal and 
sealed working ports to maintain insufflation. At the beginning of the procedure, the 
rectoscope is inserted up to the lesion under direct vision using manual insufflation. 
The scope is then secured to the operating table with the U-shaped arm. The scope 
produces a 40 degree downward view and does limit some of the operator’s lateral 
field of vision. Because of this limitation, the scope may be repositioned several 
times during the course of the dissection to keep the operative field in the center of 
view. Angled instruments for grasping, retraction, and cautery, as well as self- 
righting needle drivers, are inserted through the working ports. “Silver bullets” may 
be applied to the ends of the suture to forego knot tying.

TEO is a less expensive rigid platform permitting use of standard laparoscopic 
instrumentation and a 5 mm 30 degree laparoscope (Fig. 38.3). The rectoscope is 

Fig. 38.1 TAMIS setup. Surgeon and assistant are seated facing the perineum with monitors 
placed above patient for ergonomic viewing while operating
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a

c

b

Fig. 38.2 (a–c) TEM setup. (a) TEM system (Robert Wolf, Knittlingen, Germany). (b) Patient is 
placed in right lateral decubitus position for a right-sided lesion. Once the operating rectoscope is 
positioned at the level of the lesion, it is secured to the bed with a Martin arm. (c) Specialized 
instruments can then be inserted through the rectoscope for resection of the lesion. (All: Copyright 
retained by Mark H. Whiteford, MD)

Fig. 38.3 TEO® (Karl 
Storz, Tuttlingen, 
Germany) with Airseal® 
insufflation system 
(AirSeal®, ConMed, 
Utica, NY, USA). 
(Courtesy of Patricia Sylla, 
MD)
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also secured to the table with the multijointed U-shaped arm allowing the surgeon 
to operate autonomously without an assistant to hold the camera, similar to TEM. It 
also comes in straight or beveled ends but has 3 different lengths to the rectoscope: 
7.5, 15, and 20 cm. The channels of the scope can accommodate instruments from 
3 to 14 mm including endoscopic staplers. It also differs from TEM in that the insuf-
flation system is not specialized and standard laparoscopic insufflators are used. It 
can be combined with specialized high-flow insufflators.

 TAMIS
TAMIS can be performed using commercially available access ports including dis-
posable and reusable options (Fig. 38.4a, b). Most allow insufflation through a sepa-
rate channel, and some provide an additional separate channel for smoke evacuation 
to maintain clear visualization throughout the procedure. To combat the limitations 
of standard insufflators’ slow cycling and inability to maintain pneumorectum dur-
ing suctioning, several modifications have been designed or adapted for the avail-
able ports. These work with varying degrees of success and include high-flow 
insufflation using a valveless trocar system and an attachable bag that serves as a 
reservoir to prevent fluctuations in insufflation pressure. The remaining equipment 
is standard instrumentation found in the operating room, usually from a rectal tray 
and a laparoscopic cholecystectomy tray. A 30 or 45 degree angled laparoscope is 
preferred over 0 degree scopes, ideally with inline or right-angled optical cables. 
Bariatric length laparoscopes can also be used to vary the length of instruments to 
prevent collision. Maryland graspers, or similar, may be used for retraction. 
Monopolar electrosurgery is generally adequate for dissection and can be chosen 
from a variety of handheld options. Closure of the defect is accomplished with 
simple laparoscopic suturing techniques using standard needle drivers.

 Accessory Equipment
Advanced devices can also be used for TES procedures but will add expense to the 
operation. Overall procedural costs, equipment availability, and lesion complexity 
should be considered prior to using these devices routinely. Advanced insufflation 

a b

Fig. 38.4 (a, b) Currently available ports in the United States for TAMIS. (a) GelPOINT® path 
(used with permission of Applied Medical, Rancho Santa Margarita, CA, USA). (b) SILS™ port 
(Medtronic, Minneapolis, MN, USA)
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systems (AirSeal®, ConMed, Utica, NY, USA) can provide stable insufflation and 
smoke evacuation for TEO and TAMIS procedures as opposed to standard insuffla-
tion towers [27]. Advanced bipolar energy dissectors would be excessive for a sub-
mucosal dissection but may simplify a full-thickness resection and aid in hemostasis. 
There are several commercially available advanced laparoscopic closure devices 
that may speed up closure of the defect and therefore decrease operative times.

 Operative Technique: Surgical Steps

 Insufflation

Initial pressure settings for insufflation should be 8–15 mmHg and can be increased 
in a stepwise fashion if there is difficulty maintaining distention of the rectum. CO2 
insufflation has been described as providing a natural “pneumo-dissection” which 
helps expose the planes of dissection [10, 28].

 Marking Out the Lesion

Standard principles used in transanal resection should be followed for TES resec-
tions. Electrocautery set on 30–40 watts used on the coagulation setting is sufficient 
for dissection and to permit hemostasis. It is recommended that the lesion be marked 
with dots of cautery around its circumference to ensure an adequate margin prior to 
beginning the dissection. For benign lesions, a 5 mm margin is sufficient (Fig. 38.5). 
For those with high suspicion of having a malignancy, a 10 mm margin is preferred 
when feasible. Gentle handling of tissues and avoidance of directly grasping the 
lesion will help to preserve the specimen.

Fig. 38.5 Benign lesion 
with cautery marks 
outlining the resection 
margin prior to beginning 
dissection
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 Submucosal Dissection

As mentioned previously, benign lesions such as adenomas may be excised in the 
submucosal plane with a negative margin. When starting the dissection, the surgeon 
will note division of the mucosa with entry into the submucosal plane and may 
begin to see underlying muscle fibers from the muscularis layer deep to the submu-
cosa (Fig. 38.6a, b). Careful dissection of these muscle fibers away from the submu-
cosal layer with short bursts of cautery will maintain the plane of dissection. The 
tissue around the lesion will be quite thin and should be handled gently to prevent 
tearing or “button-hole” defects in the pathologic specimen.

 Full-Thickness Excision

Most high-volume centers would endorse full-thickness excision to prevent the 
inadvertent under treatment of an occult malignancy. For full-thickness excisions, it 
is very important to remain perpendicular to the tumor so as not to compromise the 
deep margin. After division of the mucosa, the surgeon will continue through the 
circular and longitudinal muscle fibers before breaching the entire rectal wall and 
noting the areolar tissue at the interface of the mesorectum (Fig.  38.7a–c). This 
plane is ideal for the dissection to continue as it is fairly avascular. It may prove 
slightly more difficult to identify anteriorly as the anterior mesorectal fat is often-
times thin if not nonexistent. If a nodal harvest is desired, dissection into the meso-
rectum can yield several nodes for sampling. This is more easily performed 
posteriorly. For posterior tumors, care must be taken not to disturb the mesorectal 
envelope in the event that unfavorable pathology is discovered unexpectedly. This 
would still allow a rescue TME to be performed without violating oncologic 
 principles [29].

a b

Fig. 38.6 (a, b) Submucosal plane of dissection for a benign rectal polyp. (a) Note the muscularis 
layer being separated from the mucosa. (b) Completed resection showing the muscularis layer 
intact within the wound bed. These defects can be left open since there is not a full-thickness defect 
through the rectal wall
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 Closure

Closure of the defect is one of the more difficult and time-consuming portions of the 
procedure. Submucosal resections can usually be left open as these are not full- 
thickness defects. Full-thickness defects located distal to the peritoneal reflection 
can technically be left open as they are extraperitoneal; however, it is highly recom-
mended to close all defects as it is good practice for the necessary skills needed to 
close defects of the peritoneal cavity when they occur.

After resection of the specimen, defects will always appear larger than expected 
because of continuous insufflation stenting the rectum open. The insufflation pres-
sure can be decreased to 8–10 mmHg allowing the edges to come in closer proxim-
ity for closure.

Defects are closed transversely so as not to narrow the lumen of the rectum. 
This can be accomplished in an interrupted fashion with multiple figure-of-eight 
sutures or with a running suture (Fig. 38.8a, b). It is quite difficult to tie intracor-
poreally within the limited confines of the rectal lumen. To overcome this, intralu-
minal knot tying can be facilitated with the use of a knot pusher or suture clips. 
Advanced laparoscopic suturing devices can fasten closure, thereby decreasing 
operative times. If closure is attempted in an interrupted fashion, it is easiest to 
bisect the defect at the center and continue in this manner until the entire defect is 

a

c

b

Fig. 38.7 (a–c). Full-thickness resection of a rectal lesion. (a) Note visualization of the mesorec-
tal fat once the rectal wall has been divided. Dissection in this plane is fairly avascular and can 
proceed quickly with the aid of insufflation to develop the areolar plane. (b) A small portion of 
mesorectal fat can be seen on the deep side of the specimen. This will allow for preservation of the 
deep margin for pathologic evaluation in the event an unsuspecting malignancy is identified in the 
specimen. (c) Resected bed after a full-thickness excision with clearly visible mesorectal fat
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closed. Barbed suture is advantageous to use when running the defect closed as it 
obviates the need for knot tying.

Very distal defects may require closure with standard transanal equipment due to 
the access channel obscuring the distal edge. A useful trick is to place a suture at the 
proximal midsection of the defect endoscopically before removing the transanal 
platform. This will allow the surgeon to have a traction and reference point to con-
tinue the closure.

In patients who were previously radiated, higher incidences of wound dehis-
cence have been reported [30]. This is likely to produce pain, bleeding, and drain-
age. Many experts would recommend leaving these defects open or reapproximating 
them loosely with just a few interrupted sutures. Patients should be counseled pre-
operatively about this complication and managed expectantly through their 
discomfort.

 Pitfalls and Troubleshooting

 Loss of Insufflation

The most troublesome and disruptive occurrence during TES procedures is loss of 
pneumorectum and collapse of the operative visual field. The first step is to check 
the system for any obvious air leaks. This may require repositioning of access chan-
nels, seals, and tubing to prevent CO2 from escaping the system. Another beneficial 
maneuver is to ensure that the patient is fully paralyzed if under general anesthesia. 
Excursional diaphragmatic breathing can overcome insufflation pressures and cause 
the rectum to collapse. Patients with visceral obesity may pose a similar challenge 
and may be tilted slightly so that the weight of the abdomen is not directly in the 
midline. It will take longer in these patients to overcome the resistance from a heavy 
abdominal wall, distend the colon fully, and establish adequate pneumorectum.

a b

Fig. 38.8 (a) Closure of the full-thickness defect with interrupted sutures. (b) Completed closure 
of the defect

38 Transanal Endoscopic Surgery for Benign Rectal Lesions: Preparation…



638

 Lesions in the Distal Rectum

For very distal lesions at or just above the dentate line, a hybrid approach may be 
employed to facilitate resection, especially when using the TAMIS platform [31]. In 
this instance, the distal margin incision is begun using standard transanal retractors 
and electrocautery. Once the distal edge of the resection is developed, the transanal 
access channel can be inserted to use for the remainder of the lateral and proximal 
dissection. This allows improved visualization of the proximal extent of the lesion 
and less fragmentation of the specimen. Closing these distal defects is easier, as a 
single suture can be placed on the proximal edge of the excision site in the midline 
and used to reapproximate to the distal edge via the standard transanal approach 
[32, 33].

 Peritoneal Entry

Full-thickness excision of lesions located in the middle or upper third of the rectum, 
notably anterior lesions, is associated with a higher risk of peritoneal entry. This is 
likely due to a lower peritoneal reflection on the anterior and lateral surfaces of the 
rectum, especially in the female pelvis. Studies have shown no increase in compli-
cation rates with peritoneal breach and surmise that proximal lesions should not be 
excluded from TES because of the chance of peritoneal entry. Current data reveal an 
occurrence rate between 1% and 15% [32, 34–37].

If intraperitoneal entry does take place, it may be initially noticed by an obvious 
defect into the abdominal cavity. The best next step is to stop dissection immedi-
ately and grasp the edge of the defect while still visible. This will allow prompt 
closure of the peritoneum to re-establish insufflation and continue on with the sur-
gery. Sometimes entry is not this obvious, and the initial impression is loss of pneu-
morectum with leakage of insufflation into the abdominal cavity. Pausing for a few 
moments may allow the two cavities to equilibrate and the surgeon to regain visual-
ization. Increasing the insufflation pressure may also aid in restoring pneumorec-
tum. If the pressure from the abdomen is too great, it can be decompressed with a 
Veress needle or trocar in the abdomen.

The patient should be placed in Trendelenburg position to allow the abdominal 
contents to fall out of the pelvis so as not to injure the adjacent bowel during rectal 
wall closure. Though many peritoneal entries can be closed via the transanal 
approach, it can occasionally be difficult to maintain adequate visualization due to 
loss of pneumorectum. If this occurs, there are two viable options. First, if available, 
consider changing the transanal access to a longer channel. This may stent the rec-
tum open closer to the peritoneal defect to allow visualization and closure. If this is 
not available or unsuccessful, converting to a laparoscopic assisted approach to aid 
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in closure of the defect should not be delayed [38]. A Gastrografin enema study may 
be considered prior to discharge and is especially necessary if the patient is showing 
clinical signs of a leak after repair.

 Learning Curve

Although TEM offers the potential for more precise excision, it has a steep learning 
curve and requires costly equipment [7, 9]. Specialized training courses are required 
before implementing it in a surgical program. Conversely, TAMIS has proven to be 
easier to adapt to, though not without its own learning curve [39]. It is still consid-
ered a complex procedure that requires a minimum of 14–24 cases to reach an 
acceptable R1 resection rate and lower operative duration [40].

 Outcomes

 TAE Versus TES

Unsurprisingly, there is a paucity of randomized controlled trials comparing TAE to 
TES, though current evidence continues to show a benefit to resecting rectal lesions 
with through advanced endoscopic platforms. The large majority of data stems from 
the TEM literature and portends an improved outcome in terms of microscopic mar-
gin positivity rates, specimen fragmentation rates, and recurrence rates [1, 6, 7]. 
Even for benign lesions, this should relay benefit to patients undergoing local resec-
tion while providing lower morbidity and reduced rates of stoma creation 
(Table 38.1) [12, 18, 19, 34, 35, 41–43]. The TAMIS data are relatively sparser but 
has thus far proven equivalent results to TEM, likely proving that the enhanced 
visualization with pneumorectum is likely what differentiates the two from TAE 
(Table 38.2) [11, 12, 31, 32, 44].

 Complications

Intraoperative complications are mostly related to bleeding and peritoneal entry. As 
mentioned previously, peritoneal entry is often expected with resection of certain 
lesions and can be closed through a transanal approach the majority of the time. 
Less common intraoperative events include retroperitoneal, intraperitoneal, and 
subcutaneous emphysema, vaginal entry, and prostatic-urethral injury.

Postoperative complications associated with TES include bleeding, urinary reten-
tion, wound dehiscence, pain, infection, rectal stenosis, and transient fecal 
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incontinence (Table 38.3) [11, 12, 18, 19, 34, 35, 44]. TES results in minimal anal 
sphincter dysfunction [45, 46]. Older age may herald a worse prognosis with regard 
to fecal incontinence; however, this may prove to be temporary and reversible on the 
patient’s quality of life after 1-year follow-up [47, 48]. Rectovaginal fistula has also 
been described and should be cautiously considered in female patients, as well as 
rectourethral and rectovesicular fistulae in men [25, 31]. The incidence of these will 
rise with prior radiation to the pelvis, especially the prostate, and requires counseling 
with the patient, particularly before resection of anterior lesions. Alternatively, TES 
may be used as a platform to correct rectovaginal and rectourethral fistulae [49].

 Additional Uses

TES has also been described for resection of benign rectal lesions other than adeno-
mas. Case reports of successful resection of endometriomas, perirectal dermoid 
cysts, perirectal myxoid pseudocysts, rectal schwannomas, and rectal GIST can be 
found in the literature [50–55]. In addition, TES can be used for diagnostic pur-
poses, such as resection of a post-polypectomy scar to ensure no residual dysplasia 
or even early cancer is present at the site.

Table 38.2 TAMIS series results

Study
Benign 
etiology

Fragmentation 
(%)

Positive 
margins 
(%)

Recurrence 
(%)

Complications 
(%)

Peritoneal 
entry (%)

Stoma 
(%)

Lee 
et al. 
[12]

228 4a 7a – 9a 3a 0

Martin- 
Perez 
et al. 
[32]

152 4.1 4.4a 2.7a 8.7a 1a –

Lee 
et al. 
[44]

90 3 6 3 7 6 0

Keller 
et al. 
[31]

50 1.3 0 0 4a 4a 2.6a

Albert 
et al. 
[11]

25 4a 8 4 8a 4 –

aData reflect total rate for benign and malignant cases
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 Conclusions

Transanal endoscopic surgery is a safe and effective means of local resection for 
benign rectal lesions following adequate workup. Evidence shows increased quality 
of specimens using TES, resulting in lower rates of margin positivity, fragmentation 
of specimen, and recurrence. Amid improved results compared to TAE, superior 
functional outcomes over radical resection and equivalent results between TEM and 
TAMIS, surgeons will continue to use these techniques to improve patient care.
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39Transanal Endoscopic Surgery for Rectal 
Cancer: Indications, Staging, 
and Perioperative Considerations

Mark H. Whiteford

 Introduction and Rationale

The primary goal in the treatment of rectal cancer is curative therapy, best obtained 
through multidisciplinary care and the stage-appropriate use of three complemen-
tary modalities: total mesorectal excision surgery (TME), radiation therapy, and 
chemotherapy. Through en bloc resection of the rectal tumor and mesorectal lymph 
nodes, TME affords the highest chance of cure. However, TME is also associated 
with significant morbidity including a weeklong hospital stay, prolonged postopera-
tive convalescence, risks of infections, and urinary, sexual, and defecatory dysfunc-
tion. TME is also accompanied by a temporary and occasionally permanent ostomy. 
Morbidity following TME in recent randomized trials ranges from 37 to 58%, and 
30-day mortality is around 1% [1, 2].

It is from these concerns that surgeons have sought to identify patients that could 
be candidates for rectal sparing transanal local excision. Preservation of the rectum 
can avoid the significant morbidity and mortality of radical surgery and better main-
tain defecatory function. Unfortunately there is no single modality, histologic fea-
ture, radiographic study, and size and location of tumor that can predict with 
consistent accuracy whether the tumor extends beyond the rectal or has spread to 
regional lymph nodes.

In an ideal world, if we could accurately predict that there was no tumor in the 
lymph nodes and that complete local excision could be achieved, then local excision 
surgery would be curative. Conventional transanal excision (TAE) relies upon self- 
retaining and handheld retractors, stay sutures used to prolapse the rectal tissue into 
view, and extracorporeal lighting and viewing. In theory, transanal excision sounds 
straightforward; however, in practice, the surgeon faces significant challenges such 
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648

as limited reach and retraction, poor lighting, and suboptimal exposure. Because of 
these physical limitations, TAE has been limited to benign lesions and malignant 
lesions less than 4 cm in maximum diameter and within 8 cm of the anal verge. 
Lesions exceeding these criteria were felt to require radical surgery.

 Indications and Contraindications

The most common indication for transanal endoscopic surgery (TES) is for submu-
cosal and full-thickness resection of benign lesions not otherwise resectable using 
standard colonoscopy. For more details, please refer to the Chap. 38 on TES for 
benign rectal lesions. With respect to rectal cancer, TES does not remove the at-risk 
mesorectal lymph nodes and, therefore, should be limited to selected early cancers 
with no evidence of local regional disease on imaging and have a low risk of occult 
lymph node metastasis. TES for rectal cancer might also be appropriate for more 
advanced tumors in patients who are unfit or unwilling to undergo radical surgery. 
The primary mode of determining increased risk of nodal metastasis remains in the 
domain of standard histologic evaluation. Unfortunately, this remains an imprecise 
science. No single histologic characteristic can predict lymph node metastasis in 
isolation; however, histologic factors that are associated with an increased chance of 
lymph node metastasis and local recurrence include T1SM3 and T2 depth of inva-
sion, grade 3 histology, lymphovascular invasion, and positive margin status [3]. 
There are also not any currently available genetic, molecular, or immunologic mark-
ers that have increased diagnostic accuracy.

 Principles and Quality Benchmarks

For malignant rectal lesions, the goal of transanal excision is complete en bloc 
resection without fragmentation of the specimen and negative margins. For rectal 
cancer, a 10  mm margin should be marked out prior to beginning dissection to 
ensure a negative margin. Submucosal dissection is not recommended for lesions 
harboring a known focus of invasive carcinoma.

 Histologic Factors for Predicting Risk of Lymph Node Metastasis

Following full-thickness excisional biopsy via TES, histology slides should be 
reviewed, ideally at a multidisciplinary tumor board, to assess depth of invasion, 
margin status, and tumor histology. Patients that are identified as having adverse 
histologic features or have positive or indeterminate margins are at higher risk for 
local recurrence and should be treated with TME to ensure adequate staging and 
treatment (Table  39.1). There is also an additive relationship between increased 
number of adverse risk factors and incidence of lymph node metastasis [4, 5]. 
Figure 39.1 illustrates the odds ratios for the individual histologic risk factors [6].
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 Depth of Invasion
When considering adverse histologic features for early rectal cancer, depth of tumor 
invasion is the most familiar and commonly referenced factor. T1 cancers are asso-
ciated with a 10–15% incidence of occult lymph node metastases, and T2 cancers 
are associated with a 20–28% risk of lymph node metastasis [7–10]. Kikuchi and 
coauthors demonstrated the importance of depth of invasion within subclasses of 
submucosa invasion on the node metastasis and local recurrence in T1 cancers. By 
dividing submucosal invasion in the upper, middle, and lower thirds of the submu-
cosa (SM1, SM2, SM3), an incremental increase in the risk of nodal metastases 
with a deeper depth of invasion is observed. SM3 level of invasion conferred a simi-
lar risk of nodal metastases as did a T2 cancer [11, 12]. Ding and coauthors described 
a similar phenomenon for T2 cancers whereby risk of lymph node metastasis 
increases with deeper penetration of the tumor into the muscularis propria [13].

Table 39.1 Local recurrence rates (percentage) at 36 months following TEM excision of rectal 
cancer

Depth of invasion Lymphatic invasion
Maximum tumor diameter (cm)
≤1 1.1–2 2.1–3 3.1–4 4.1–5 ≥5.1

pT1 SM1 No 3.0 3.6 4.4 5.4 6.6 8.1
Yes 5.2 6.4 7.7 9.4 11.4 13.7

pT1 SM2–3 No 10.5 12.7 15.3 18.5 22.1 26.4
Yes 17.8 21.4 25.5 30.3 35.7 41.8

pT2 No 9.8 11.9 14.3 17.3 20.7 24.7
Yes 16.7 20.0 23.9 28.5 33.7 39.5

pT3 No 19.7 23.6 28.0 33.2 39.0 45.4
Yes 32.2 37.9 44.1 51.0 58.3 65.7

Used with permission of John Wiley and Sons from Bach et al. [4]
pT pathological tumor stage, SM1 and SM2–3 Kikuchi submucosal stage

Lymphatic invasion

Tumor budding

Poorly differentiated

Lymphovascular invasion

SMl vs SM2/3

Vascular invasion

Submucosal Invasion ≥ 1mm

0 2 4 6 8 10 12 14 16

Fig. 39.1 Relative risk (95% confidence intervals) of lymph node metastasis in pT1 rectal can-
cers. SM1, invasion into superficial third of submucosa. SM2/SM3, invasion into middle and deep 
third of the submucosa. (Used with permission of Georg Thieme Verlag KG from Bosch et al. [6])
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Colonoscopic polypectomy specimens are usually partial thickness, so without 
the complete submucosal layer to visualize, the Kikuchi submucosal level of inva-
sion cannot be determined. Under these circumstances, another predictive measure-
ment system for depth submucosal invasion is needed. A Japanese collaborative 
study led by Kitajima reported that sessile polyps with depth of invasion <1 mm, as 
measured from the muscularis propria, and pedunculated polyps with <3 mm sub-
mucosal invasion into the polyp neck predicted for a very low risk of lymph node 
metastasis [14, 15].

 Tumor Budding
There is increased recognition that tumor budding, defined as small nests of five or 
more cancer cells along the invasive front of the tumor, is a strong predictor of 
lymph node metastasis in colon and rectal cancer. Tumor budding is present in 
16–25% of T1 cancers [16–18] and has an odds ratio of 5.1–5.8 at predicting lymph 
node metastases [6, 8].

 Lymphovascular Invasion
Lymphovascular invasion (LVI) is present in 12–32% of T1 rectal cancers [7, 17]. 
LVI has long been recognized a predictor of lymph node metastasis with a reported 
odds ratio between 3.0 and 11.5 [6–8, 19].

 Poor Differentiation
Poorly differentiated tumor histology has also long been a predictor of lymph node 
metastasis in early rectal cancer. However, this feature is seen rather infrequently 
and is only present in 2–4% of early rectal cancers [5, 6, 8, 20].

 Preoperative Planning, Patient Workup, and Optimization

Once a patient has been diagnosed with rectal cancer, a standardized workup is initi-
ated to exclude synchronous colorectal neoplasm and assess for locally advanced 
and metastatic disease [3]. Synchronous neoplasm is excluded via screening colo-
noscopy. Metastatic disease is evaluated using CT scan of the chest, abdomen, and 
pelvis. Local regional disease is evaluated using rectal cancer protocol MRI or 
endorectal ultrasound (EUS). EUS is useful in evaluating candidates for local exci-
sion, as it is better than MRI and CT in visualizing the individual layers of the bowel 
wall and differentiating superficial T1 and T2 rectal cancers [19]. Rectal cancer 
protocol MRI is a useful adjunct in assessment and surveillance of mesorectal 
lymph nodes [21].

For optimal surgical planning, preoperative rigid or flexible sigmoidoscopy is 
necessary to assess the location and extent of the rectal tumor, the tumor height from 
the anal verge, anterior/posterior/lateral location, tumor bulk, extent of circumferen-
tial involvement, or other features which might hinder access to the proximal border 
of the tumor. This can affect choice of patient positioning, planned complexity and 
length of surgery, risk of intraperitoneal entry, and plan for closure strategy. 
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Sometimes a “rectal” tumor is found up in the sigmoid, beyond the reach of trans-
anal instruments.

Standard transanal excision has typically been restricted to tumors that are less 
than 40% of the circumference of the rectum and tumors within 8 cm of the anal 
verge. These limitations, however, arose not because these dimensions portend high 
risk of recurrence, but rather, they represented the restricted reach and visibility 
afforded through standard transanal instrumentation. TES – through improved light-
ing, visualization, advanced instrumentation, and the benefit of a stable pneumorec-
tum – overcomes these size and location restrictions such that they are no longer 
considered a contraindication, provided the tumor can be removed en bloc with 
negative margins.

 Operative Setup and Technique

The requisite equipment for transanal endoscopic surgery involves an operating 
transanal platform, laparoscopic or modified laparoscopic instruments, CO2 insuf-
flation unit, laparoscope and light source, suction device, and monopolar and/or 
bipolar energy sources and handpieces depending on the surgeons’ preferences and 
a method to close the rectal wall defect such as suture or laparoscopic suture devices. 
Each TES platform will require a greater or lesser amount of disposable and reus-
able equipment. The initial TES platforms used rigid, reusable proctoscopes, trans-
anal endoscopic microsurgery (TEM, Richard Wolf Medical Instruments, 
Knittlingen, Germany), and transanal endoscopic operating system (TEO®, Karl 
Storz, Tuttlingen, Germany). Transanal minimally invasive surgery (TAMIS), intro-
duced in 2010, utilizes a disposable single-port platform placed transanally. The 
most common TAMIS platform is the GelPOINT® Path (Applied Medical, Rancho 
Santa Margarita, CA, USA).

As with all major surgeries, patient comorbidities and nutritional and smoking 
status should be optimized prior to elective surgery. Preoperative preparation 
involves a bowel preparation to ensure the rectal lumen and surgical field remain as 
clear as possible during the procedure. Most surgeons advocate for a full mechani-
cal bowel preparation to achieve this goal, and some centers report clearance with 
enemas alone. Colorectal surgery prophylactic preprocedural intravenous antibiot-
ics are administered in the operating room. Since spontaneous patient breathing can 
compromise adequate pneumorectum, general anesthesia with muscular relaxation 
is the preferred anesthetic modality.

Patient positioning is based on surgeon preference and surgical platform. TAMIS, 
using the disposable platform with straight instruments, can universally be done in 
lithotomy position. This also permits easy access to the abdomen for laparoscopy in 
the event of intraperitoneal entry and need for laparoscopic closure. TEM and TEO 
reusable platforms have beveled proctoscopes and angled instruments that facilitate 
operating on tumors located in the down position. Hence, patients with anterior 
tumors can be positioned prone split leg, posterior tumors in lithotomy, and lateral 
tumors in decubitus hip flex position. Intraperitoneal entry with TEM and TEO can 
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usually be repaired transanally. Since TES patients have minimal postoperative dis-
comfort, they can be managed as an outpatient or a 23-hour overnight stay.

 Technique for TEM and TEO

Following positioning, the anus is gently dilated to facilitate insertion of the 4-cm- 
diameter proctoscope. The proctoscope is secured to the table with a U-shaped 
mounting arm. An airtight faceplate is secured, and tubing is connected to the suc-
tion insufflator unit. Pneumorectum is established and the video laparoscope 
adjusted to view the target lesion. Three instrument ports are available for use of the 
modified angled TEM/TEO laparoscopic instruments.

Needle tip electrocautery is utilized to demarcate a 10 mm margin around a can-
cer. Full-thickness dissection is then initiated and carried into the mesorectal fat 
(Fig.  39.2). Partial en bloc resection of the adjacent mesorectum has also been 
described for T1 lesions with unfavorable histology and T2 lesions [22]. The risk of 
bleeding is higher when operating on larger lesions and in the mesorectum where 
larger vessels are encountered. Bipolar or ultrasonic energy devices should be used 
or on standby for these situations. Continuous suction functions to clear the cautery 
smoke during the procedure. The integrated suction-insufflation unit prevents loss 
of pneumorectum from suctioning.

Following specimen removal, the defect is closed transversely using a running 
absorbable suture. A metal clip is locked at each end of the suture in lieu of intracor-
poreal knot tying. Alternative closing techniques include use of barbed sutures or 
laparoscopic suturing device. Closure of large resection defects is facilitated by 
starting the closure with a bisecting suture in the middle of the defect, thereby con-
verting one large defect into two small defects (Figs.  39.3 and 39.4). With the 
increased proximal reach of TEM/TEO, intraperitoneal entry occasionally occurs 
and, in experience hands, can safely be closed via the TEM/TEO instrumentation 
[23–25]. TEM/TEO suffers from technical limitations of the rigid proctoscope caus-
ing significant instrument conflict and has a longer learning curve for both tech-
nique and instrument troubleshooting compared to other transanal techniques.

Fig. 39.2 Full-thickness 
resection into the 
mesorectal fat following 
dissection through the 
TEM platform. (Copyright 
retained by Mark 
H. Whiteford, MD)
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 Technique for TAMIS

TAMIS is a modification of TEM whereby the reusable rigid 4-cm-diameter operat-
ing proctoscope is replaced by a flexible, disposable single-port laparoscopic plat-
form (Fig. 39.5). Standard laparoscopic instruments are utilized. Insufflation and 
smoke evacuation are accomplished using specialized high-flow insufflators such as 
the AirSeal® insufflator (ConMed, Utica, NY, USA), to avoid bellowing of the 
pneumorectum from standard laparoscopic insufflators. A 1 cm and full-thickness 
resection principles are identical to those mentioned above for TEM/TEO. Defect 
closure techniques vary among authors and include the use of different laparoscopic 
suturing devices or barbed sutures (Fig.  39.6) [26]. Intraperitoneal entry during 
TAMIS is more likely to require laparoscopic assistance for defect closure due to 
loss of rectum and visualization of the defect via the transanal device [27].

 Oncologic Outcomes

The oncologic results following local excision of rectal cancer are mostly derived 
from case series and phase 2 trials. Many of these studies are subject to selection 
bias, include patients who had malignant polyps excised colonoscopically, or only 

Fig. 39.3 Large full- 
thickness defect. 
(Copyright retained by 
Mark H. Whiteford, MD)

Fig. 39.4 Large defect 
bisected with suture 
closure. (Copyright 
retained by Mark 
H. Whiteford, MD)
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track patients with favorable histology and negative margins. It is therefore difficult 
to make high-probability predictions for this heterogeneous disease process.

 Clinical T1Nx Cancer

CALGB 8984 was a multicenter phase 2 trial examining long-term outcomes of 
local excision for early rectal cancer. One hundred seventy-seven patients with 
early-stage low rectal cancer underwent transanal excision. T1 cancers with nega-
tive margins (n  =  59) were followed with no further treatment. T2 cancers with 
negative margins (n  =  51) underwent adjuvant long-course chemoradiotherapy 

Fig. 39.5 TAMIS 
platform inserted 
transanally for TES. 
(Courtesy of Dr. Daniel 
Popowich)

Fig. 39.6 Transanal 
endoscopic suturing of a 
full-thickness rectal defect 
through a TAMIS platform 
using a barbed suture. 
(Courtesy of Dr. Daniel 
Popowich)
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(5400 cGy, 5-fluorouracil). The 6-year local failure-free survival was 83% for T1 
[28]. These optimistic results, however, were tempered by multiple subsequent 
single- institution reports demonstrating recurrence rates from 7% to 18% following 
transanal excision for favorable T1 cancers [29–32].

There are limited quality data comparing oncologic outcomes between TES and 
radical surgery for favorable T1 rectal cancer. Five of the larger studies are sum-
marized in Table 39.2 [33–37]. Winde and coauthors published the only randomized 
trial comparing TEM to low anterior resection; however, this study was underpow-
ered by only including 50 patients. Taken together, these studies demonstrate that 
TEM has a higher incidence of local recurrence relative to radical surgery; however, 
because of salvage radical surgery, 5-year tumor-specific survival and overall sur-
vival between the two techniques are not statistically different.

There are no long-term oncologic data comparing TAMIS to radical surgery. 
There is one large multi-institution cohort study comparing medium-term 
(14 months) follow-up of TAMIS (n = 181) to long-term (42 months) follow-up for 
TEM (n = 247) for benign and malignant rectal neoplasms. All stage (Tis, T1, T2, 
T3) local recurrence and 5-year disease-free survival for TAMIS and TEM were 
similar at 7% and 78% vs 7% and 80%, respectively [38].

 Clinical T2Nx Cancer

Local recurrence following transanal excision alone for T2 rectal cancer is several-
fold higher than that following radical surgery. To compensate for this, radiation 
therapy has been added to local excision of T2 rectal cancer to reduce the rate of 
local recurrence. The abovementioned CALGB 8984 trial reported a 71% 6-year 
failure-free survival for T2 cancers treated with adjuvant radiation therapy [28]. 
Lezoche and coauthors enrolled 100 patients in a single-institution randomized trial 
comparing neoadjuvant chemoradiotherapy followed by TES vs neoadjuvant 
chemoradiotherapy followed by laparoscopic TME for favorable ultrasound-staged 

Table 39.2 Long-term oncologic results comparing transanal endoscopic surgery and radical 
total mesorectal excision for favorable T1 rectal cancer

Series 
(year)

Number of 
patients

Follow-up 
(months)

5-year local 
recurrence

5-year 
disease-free 
survival

5-year overall 
survival

Winde 
(1996) [33]

24 TEM 41 4.1% – 96%
26 TME 46 0% – 96%

Heintz 
(1998) [34]

46 TEM 52 4.3% – 79%
34 TME 52 2.9% – 81%

Lee (2003) 
[35]

52 TEM – 4.1% 95% 100%
17 TME – 0% 94% 93%

Ptok (2007) 
[36]

105 
TAE + TEM

43 6.0% 91% 84%

312 TME 42 2.0% 92% 92%
De Graaf 
(2009) [37]

80 TEM 42 24% 90% 75%
75 TME 84 0% 87% 77%

TEM transanal endoscopic microsurgery, TME total mesorectal excision, TAE transanal excision
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uT2 N0 low rectal tumors. There was no difference in the probability of local recur-
rence or cancer- related survival at 5 years [22].

The American College of Surgeons Oncology Group Z6041 phase 2 multicenter 
trial enrolled 90 patients with uT2 N0 rectal cancer to undergo preoperative chemo-
radiotherapy with capecitabine plus oxaliplatin followed by local excision. A total 
of 77 patients completed treatment of which 98% had a negative resection margin, 
and 64% of tumors were downstaged (ypT0–T1), of which 44% had a pathologic 
complete response. There was no treatment-related mortality, and at a median fol-
low-up of 56 months, 3-year disease-free survival was 88%, and overall survival 
was 95%. Bowel function and quality of life returned to baseline by 12 months [39].

 Pitfalls and Troubleshooting

TES complications are similar to those of other anorectal surgeries and tend to be of 
low severity and of short duration. Mortality is rare [40, 41].

 Intraoperative Complications

Intraoperative hemostasis is a surgical norm. TES is no different in this regard; 
however, the surgeon needs to develop the important balance between adequate 
suctioning to visualize the site of bleeding and excessive suctioning which results in 
loss of pneumorectum and needed exposure. Typical bleeding sites include the mus-
cularis propria of the rectal wall and the mesorectal vessels. Bulky lesions also tend 
to have more robust blood supply and are more prone for brisk bleeding. Most 
bleeding can be controlled with monopolar cautery. Additional techniques include 
graspers connected to cautery, bipolar or ultrasonic energy devices, epinephrine 
injection, laparoscopic clips, suture ligation, and, rarely, packing.

Most of the rectum lies in an extraperitoneal location and is surrounded by a fatty 
mesorectum. TES excision into this extraperitoneal space rarely causes significant 
infection or morbidity. The anterior and lateral upper rectum, however, becomes an 
intraperitoneal organ whereby full-thickness transgression can result in intraperito-
neal defect which mandates secure closure. Once considered a complication requir-
ing laparoscopy/laparotomy and transabdominal repair, in the hands of experienced 
surgeons with a transanal laparoscopic suturing skill set, intraperitoneal entry and 
defect closure have been demonstrated to be safe using the rigid platforms [23–25]. 
At the time of intraperitoneal entry, CO2 pneumorectum escapes into the abdominal 
cavity with resultant loss in pneumo-distention of the rectum and potential collapse 
of the working space. The rigid reusable TES platforms are able to maintain expo-
sure to the intraperitoneal defect which permits transanal suturing to be completed. 
The TAMIS platform, however, does not stent the rectal lumen open, so complicated 
intraperitoneal entry using this device is often managed by converting to a laparo-
scopic approach for suture repair of the rectal defect [27]. Until a TES surgeon has 
acquired adequate endoluminal suturing skills to securely close an intraperitoneal 
entry, it is best to avoid upper rectal and anterior lesions early in their experience.
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 Postoperative Complications

Most common complication following TES surgery is urinary retention which 
occurs in 5–10% of cases [40, 41]. Like other anorectal surgeries, this is usually a 
self-limiting event which might require short-term urinary catheterization.

Small amounts of rectal bleeding and spotting are to be expected following transanal 
surgery. Major bleeding resulting in readmission or return to the operating room is infre-
quent. These events typically occur several days postoperatively related to a suture line 
disruption or later when patients restart their anticoagulation. Treatment is based on the 
severity and the clinical condition of the patient. Often the bleeding stops spontane-
ously; otherwise, a return to the operating room is necessary to obtain hemostasis using 
whatever combination of techniques deemed necessary, transanal endoscopic surgery, 
traditional transanal instrumentations, or flexible endoscopic techniques.

Suture line dehiscence is suspected when patients report increased bloody and 
mucous drainage, constant pelvic pain, and perhaps fevers and night sweats, usually 
several days to a week following surgery. It is more common following excision of 
low tumors and in patients that have received neoadjuvant radiation. True pelvic 
sepsis and fistulas are rare complications as is the need for urgent fecal diversion, 
but this must be considered where clinically appropriate.

 Conclusion

The standard surgical treatment for early rectal cancer is total mesorectal excision. 
Oncologic equivalence between transanal endoscopic surgery and total mesorectal 
excision has not yet been demonstrated in the scientific literature so must still be 
considered a compromise. That said, many patients unfit for or unwilling to undergo 
radical surgery for early rectal cancer will choose organ sparing transanal endo-
scopic surgery for their treatment. Like all rectal cancer surgery, TES for early rectal 
cancer should be part of a multidisciplinary team to assure proper preoperative stag-
ing and interpretation, thoughtful patient selection, sound technical performance to 
obtain en bloc resection with negative margins, and careful histologic evaluation of 
the resection specimen. Tumors with unfavorable histology, including tumor bud-
ding, lymphovascular invasion, and deep submucosal invasion, have a high risk of 
occult lymph node metastasis and subsequent local recurrence. These patients 
should be steered toward radical surgery, be considered for adjuvant radiation, or be 
offered close surveillance follow-up.
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 Introduction and Rationale

Over the last 20 years, laparoscopic colorectal surgery has shown equal efficacy in 
cancer treatment as open surgery [1]. In comparison to open colorectal surgery, a 
laparoscopic approach reduces postoperative morbidity and shortens hospital stay 
[2]. With the introduction of enhanced recovery protocols, hospital stay after a lapa-
roscopic colorectal resection has been further reduced [3–5]. Fast-track programs or 
so-called enhanced recovery after surgery (ERAS) protocols, pioneered by Kehlet 
and colleagues, were developed to reduce the surgical stress response, organ dys-
function, and morbidity.

Postoperative recovery is enhanced by a multimodality set of measures proposed 
by the various stakeholders in postoperative care [3]. However, a laparoscopic 
approach still has inherent drawbacks, such as incision-related complications 
(wound infection/incisional hernia) and postoperative morbidity. Because the length 
of the abdominal incision is directly related to the incisional hernia rate [6], avoid-
ing a laparotomy might influence the rate of postoperative wound complications. In 
the quest to optimize outcomes after laparoscopic colorectal surgery, reduction of 
access trauma could be a way to improve recovery. In the early 1990s, Franklin and 
coauthors developed the concept of a totally laparoscopic approach for a sigmoid 
resection, which was later called NOSE-colectomy [7]. With NOSE, the specimen 
is delivered via a natural orifice, and the anastomosis is created intracorporeally. 
Natural orifice specimen extraction (NOSE) during laparoscopic colorectal surgery 
has the potential advantage of decreasing surgical trauma to the abdominal wall, 
resulting in a lower complication rate, faster recovery, and shorter length of hospital 
stay.
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In 2008, Sylla and coauthors explored the feasibility of natural orifice translumi-
nal endoscopic surgery (NOTES) transanal rectosigmoid resection with and without 
transgastric endoscopic assistance in a porcine model [8]. Preclinical studies clearly 
indicated the need for a hybrid transanal procedure to allow proximal vascular con-
trol and splenic flexure mobilization. The efforts have resulted in the first hybrid 
NOTES transanal total mesorectal excision (taTME) [9]. During the last few years, 
taTME was developed by merging different concepts of transanal minimally inva-
sive surgery: laparoscopic transanal abdominal transanal (TATA) resection [10, 11], 
transanal endoscopic surgery (TES) [12], and natural orifice specimen extraction 
(NOSE) [13]. As such, when the specimen is extracted transanally – after comple-
tion of TME  – this could be considered a NOSE-procedure as well, because an 
extraction site incision can be avoided. The specimen is extracted through the anal 
canal (transanal NOSE), in contrast with transrectal NOSE-colectomy when the 
specimen is extracted through the intact rectum and anal canal (e.g., this could be 
performed during a sigmoid or high anterior resection). In this chapter, the distinc-
tion is made between transanal and transrectal NOSE-techniques. Transvaginal 
specimen extraction during laparoscopic resection could also be considered a 
NOSE-technique. The main advantage of transvaginal NOSE is the possibility to 
extract large specimens following both right-sided and left-sided colonic resections, 
but this approach is only applicable to female patients with a non-intact hymen who 
give informed consent for this approach. Therefore, this technique will not be dis-
cussed in this chapter.

 Indications and Contraindications

 Transrectal NOSE

Before laparoscopic NOSE-colectomy can be introduced as an alternative to conven-
tional laparoscopic colectomy, safety and feasibility were studied prospectively in a 
large cohort of consecutive patients [14]. Patient selection appears to be of paramount 
importance, and contraindications for transrectal NOTES include a body mass index 
(BMI) >35 kg/m2, a bulky mesocolon, large tumors, the presence of a rectal stricture, 
and proximal diverticular disease [15]. Relative contraindications include immuno-
suppression, abnormal blood coagulation, peritoneal dialysis, a history of anal sur-
gery, prior laparotomy, and any other condition that would preclude laparoscopy. 
Pathology-specific exclusion criteria include diverticulitis of the proximal sigmoid 
colon, acute diverticulitis including Hinchey stages I to IV, and advanced stage colon 
carcinoma, defined as clinically staged T3 or T4 tumors (cT3 or cT4). Transrectal 
NOSE-procedures can be considered after so-called high anterior resection, when the 
rectum remains intact and the top of the rectum is opened for specimen extraction.

Moreover, laparoscopic partial mesorectal excisions (PME) could also be amend-
able for transrectal NOSE. This procedure could only be done for lesions above the 
peritoneal reflection, because rectal opening and cross-stapling will become more 
difficult when dissection proceeds toward the pelvic floor.
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 Transanal NOSE

In 1984, Gerald Marks developed the technique of transanal abdominal transanal 
(TATA) proctosigmoidectomy with coloanal anastomosis for low rectal cancer 
after preoperative radiation therapy [16]. This technique was later performed in a 
minimally invasive way and popularized by his son John Marks [10]. In 1997, 
Teramoto and colleagues described a new technique of laparoscopic TME with 
intersphincteric dissection and “per anum” specimen retrieval. From that same 
group, data from a small cohort of patients were reported by Watanabe and coau-
thors [17, 18]. In 2003, Rullier and coauthors added coloplasty to this technique 
[19], and Person and coauthors described the original technique for totally laparo-
scopic low anterior resection with transperineal hand-sewn colonic J-pouch anas-
tomosis for low rectal cancer [11]. Obviously, transanal NOSE is only possible 
after TME either performed using the TATA or the taTME technique. Therefore, 
the main indication for transanal NOSE is rectal cancer of the distal third of the 
rectum in patients requiring a low coloanal anastomosis. Indications vary among 
authors, but the following criteria should be taken into account when considering 
transanal NOSE: gender, BMI, neoadjuvant chemoradiation, tumor distance from 
the anorectal ring, tumor stage and size, anal sphincter function, and type of 
planned coloanal anastomosis [10, 20].

 Principles and Quality Benchmarks

Both transanal NOSE and transrectal NOSE involve opening of the colon and/or 
rectum during surgery to facilitate specimen dissection, transection, and specimen 
extraction.

Complications relate to the potential contamination of the abdominal cavity or 
the pelvis with subsequent infection. The bacteriological impact of both rectotomy 
and proximal colotomy for anvil insertion and specimen extraction with possible 
intracorporeal soiling includes a heightened inflammatory response [21]. Intuitively, 
one would expect higher CRP levels and more positive cultures in patients undergo-
ing NOSE-colectomy, because the colon and rectum are opened intraperitoneally 
with bacterial contamination of the peritoneal cavity [21]. Therefore, in order to 
justify the use of NOTES, the risk of infectious complications and inflammatory 
response should not exceed the potential advantages of this approach. Moreover, 
when dealing with malignant disease, tumor seeding and tumor cell implantation 
must be avoided. Anorectal washout and protection of the rectum and anal canal by 
the use of plastic sleeves or bags are essential in order to minimize leakage of fecal 
material and tumor cells during specimen extraction. A wound protector is typically 
inserted into the anal canal during transanal NOSE.

Other technical considerations include the creation of a well-vascularized proxi-
mal conduit which can be facilitated by the use of near-infrared imaging for perfu-
sion assessment and tension-free colorectal anastomosis which can be facilitated by 
splenic flexure mobilization [22]. It is strongly recommended that the splenic 
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flexure be completely mobilized when transanal NOSE is considered in order to 
achieve transanal specimen extraction without tension. Of note, it can be difficult to 
extract a bulky specimen through the anal canal. Therefore, full muscle relaxation 
should be obtained and provided by the anesthesia team.

Moreover, the relative size of the specimen in relation to that of the pelvis should 
be taken into consideration when considering transanal NOSE. In a male with a nar-
row pelvis (in combination with an enlarged prostate), extraction of a bulky speci-
men through the anal canal may be impeded. It should be stressed that specimen 
disruption should be avoided at all costs, so if the specimen cannot safely be 
extracted by gentle pulling without risk, an alternative abdominal extraction site 
must be selected.

 Preoperative Planning, Patient Workup, and Optimization

For patients with rectal cancer, tumors should be staged by CT scan and pelvic 
magnetic resonance imaging (MRI). The decision regarding the use of neoadjuvant 
therapy should be discussed at local multidisciplinary team meetings according to 
standard NCCN guidelines.

On the day prior to surgery, patients undergo mechanical bowel preparation in 
combination with oral antibiotics. Although mechanical bowel preparation is not 
recommended for colectomy in ERAS protocols, it can be used in patients under-
going laparoscopic NOSE-colectomy, because of concerns of perioperative peri-
toneal contamination with solid stool. In our current practice, we abandoned 
bowel preparation, and patients administer enemas on the day of surgery. With 
respect to operative preparation, the patient is placed in modified Lloyd-Davies 
position on a moldable beanbag to allow a steep Trendelenburg position 
(Fig. 40.1a, b).

The surgeon should plan their operative strategy – i.e., site of specimen extrac-
tion, site of rectal transection, and creation of a well-perfused and tension-free anas-
tomosis – based on tumor height from the anal verge. If the tumor is low but with 
enough of an anorectal cuff to create a low-stapled anastomosis, the surgeon should 
be prepared to suture close the rectal stump with a distal purse string in order to 
allow single-stapling (please see next section for technical considerations).

 Operative Technique: Surgical Steps

 Transrectal NOSE

A step-by-step approach of laparoscopic NOSE sigmoid colectomy was published 
in 2011 [23]. After administration of preoperative intravenous antibiotic prophy-
laxis (cefuroxime 2 g and metronidazole 1.5 g), general anesthesia is induced. The 
peritoneal cavity is entered in the left subcostal region with a Veress needle, and 
pneumoperitoneum is established to a pressure of 15 mmHg. A standardized 4-port 
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laparoscopic technique is used, and a conventional medial-to-lateral approach is 
performed with straight laparoscopic instruments and a 30° 5-mm laparoscope. The 
inferior mesenteric artery (IMA) and inferior mesenteric vein (IMV) can be clipped 
and divided (depending on whether this is an oncologic resection or not), safeguard-
ing the left ureter, the gonadal vessels, and the autonomic hypogastric nerves. The 
sigmoid colon is mobilized by incising Toldt’s fascia, a partial mesorectal excision 

a

bb

Fig. 40.1 (a, b) Patient 
positioning: modified 
Lloyd-Davies position
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(PME) with division of the mesorectum of the upper rectum, allowing the rectal 
ampulla and reservoir function to be preserved. After the proximal and distal colonic 
margins have been established, the sigmoid mesentery is divided with a vessel- 
sealing device. The devascularized specimen is isolated, and both the proximal sig-
moid colon and proximal rectum are tied off with a nonabsorbable suture. A 
rectotomy is then performed to deliver the anvil from a circular stapler into the 
abdominal cavity (Fig. 40.2a–e). The spike from the circular stapler has a built-in 
hole through which a suture is attached and used to manipulate the anvil. A colot-
omy is made at the level of the transition between descending and proximal sigmoid 
colon, the anvil is introduced into the lumen of the descending colon, and the spike 

a

c

e

d

b

Fig. 40.2 (a) Anvil insertion into the descending colon. (b, c) Anvil retrieval by pulling on the 
suture placed along the antimesenteric colon, with division of the proximal bowel with a 60-mm 
endoscopic linear stapler. (d, e) Transrectal NOSE via a protected rectum. (Used with permission 
of Springer Nature from Wolthuis [42])
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is pulled out along the antimesenteric aspect of the colon above the colotomy. The 
spike is disconnected from the anvil and extracted. The colon containing the enter-
otomy is transected with an endoscopic linear stapler. Now, the proximal colon is 
ready for anastomosis. The rectum is transected with laparoscopic endoshears, and 
the colonic specimen is placed in a plastic pouch and extracted transrectally. The 
rectal stump is closed with the endoscopic stapler, and the rim of proximal rectum 
is extracted through the 12-mm trocar. A functional end-to-end stapled intracorpo-
real colorectal anastomosis is created using the circular stapler, and an air leak test 
is routinely performed.

 Transanal NOSE

Transanal NOSE could be a step during taTME. First, taTME is performed with a 
one- or two-team approach as described elsewhere [24–26]. If the rectosigmoid 
specimen and left colon are mobilized completely, a commercially available wound 
protector should be inserted into the anal canal for protection and to facilitate of 
specimen extraction (Fig. 40.3a, b). The procedure continues with specimen and 
colon that will be used for reconstruction being brought out through the anus. It 
should be stressed that this is not feasible in every patient, because of specimen size, 
tumor measurements, and pelvic dimensions. As such, it is left to the surgeon to 
decide whether specimen extraction should be done transanally or transabdomi-
nally. In general, large tumors (>3  cm), higher BMI (>35  kg/m2), and a narrow 
pelvis are suboptimal conditions for transanal NOSE. Procedures are usually tech-
nically easier to perform in female patients, given a wider pelvis. Adequate colon 
length should be obtained via mobilization of the splenic flexure. It is essential that 
the IMV be transected proximally, and this is best achieved by dividing it immedi-
ately inferior to the inferior border of the pancreas. Care should be taken not to 

a b

Fig. 40.3 (a) After laparoscopic-assisted taTME, a wound protector is inserted into the anal 
canal, and the specimen can be extracted transanally with a laparoscopic grasper. (b) Transanal 
NOSE. Exteriorized TME specimen with its vascular pedicle (white arrow) and proximal colon 
used for the reconstruction (black arrow)
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damage the marginal artery by tearing and putting too much traction on the 
specimen.

Following specimen extraction, the colon is transected transanally, and the anvil 
is inserted in the proximal colon. Either hand-sewn or low single stapled, anastomo-
sis can be performed. For a hand-sewn anastomosis, after transection of the speci-
men, the colon should be gently pushed into the anal canal, and laparoscopy can be 
performed to confirm that there is no twisting of the colon or its mesentery. If onco-
logically safe, a low stapled anastomosis should be performed, because it tends to 
result in better functional outcomes. For a stapled anastomosis, a double purse- 
string technique is necessary. The open rectal stump should be closed with a care-
fully placed purse-string suture. It is necessary to take full-thickness bites but to 
avoid taking the vaginal wall. Moreover, gaps should be avoided, because this will 
potentially lead to an anastomotic leak. When the anvil is sutured in place and the 
distal purse string is completed, three different stapling techniques can be used to 
create a stapled coloanal anastomosis [27].

 Pitfalls and Troubleshooting

Technically, the leap from conventional laparoscopic colectomy to laparoscopic 
NOSE-colectomy is substantial in comparison to the presumed benefit. Indeed, pre-
sumed short-term advantages are less morbidity and less postoperative pain leading 
to a decrease in stress response and length of hospital stay. However, advanced 
technical skills are required with experience in laparoscopic colorectal surgery, 
NOSE-techniques, and familiarity with creating an intracorporeal anastomosis.

Specimen extraction without rectal protection is an option for benign disease, but 
this can be difficult, because the specimen can become stuck in the rectum [28, 29]. 
Originally, transrectal specimen retrieval involved a specimen-retrieval pouch, but 
positional changes of the specimen and air trapping in the bag often hampered 
extraction. Moreover, the specimen can bunch up and become impossible to extract. 
To solve this problem and expand the indications for NOSE-colectomy with tran-
srectal specimen extraction, a plastic sleeve can be inserted through the anorectum 
to protect the rectal lumen, so that the specimen can be extracted in a straight rather 
than coiled up configuration. Specimen extraction is either performed with a long 
laparoscopic grasper or a long ring forceps.

Drawbacks of this modified technique include the fact that the end of the sleeve 
is left open, so that the rectum more or less is protected by a “plastic tunnel” instead 
of a hermetically closed bag. Most authors recommend rectal protection during 
specimen extraction, especially when resections are performed for malignant dis-
ease. This can be accomplished with a specimen-retrieval pouch or by inserting a 
rigid rectoscope normally used during transanal endoscopic microsurgery (TEM). 
Insertion of a rigid rectoscope requires anal dilation, and the inner diameter of the 
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rectoscope will determine the maximum size of the specimen to be retrieved. 
Therefore, larger specimens should be extracted in a retrieval pouch, which is 
impermeable to fluids, thus minimizing the risk of tumor cell dissemination. 
Because colorectal anastomosis is made using a triple-stapling technique, proximal 
diverticular disease could lead to an anastomotic leak, due to inadvertent diverticu-
lum cross-stapling. This should be assessed on preoperative CT scanning and 
avoided at operation.

 Outcomes

It is difficult to report postoperative outcomes including morbidity and length of 
hospital stay following transanal and transrectal NOSE, because of heterogeneity 
between studies (Table  40.1). Differences in technique, such as the number of 
abdominal ports (three to five ports), rectal protection (none, rigid rectoscope, cam-
era sleeve, or retrieval bag), and anastomotic technique (double stapled and triple 
stapled), will impact outcomes. In general, it is accepted that laparoscopic NOSE- 
colectomy is as safe as conventional laparoscopic resection with an anastomotic 
leak rate ranging 2–5% [23, 30]. Although anastomotic leakage is the most serious 
complication, intraluminal bleeding remains a concern with an incidence around 
4.5% [14]. If anastomotic bleeding occurs, it can be controlled endoscopically with-
out significant impact on recovery. Transrectal NOSE is a valid option for specimen 
extraction and the creation of a colorectal anastomosis because of its applicability 
in both male and female patients and for a wide range of left-sided colonic patholo-
gies including diverticulitis, endometriosis, adenoma, and carcinoma. Moreover, 
the direct access to the peritoneal cavity provided by the transrectal route further 
contributes to the feasibility of this approach.

Among the few studies reporting outcomes of transanal NOSE-procedures, most 
combined laparoscopic TME with either transabdominal or transanal specimen 
extraction (Table 40.1). Moreover, with the recent introduction of taTME- techniques, 
studies described outcomes of a combined laparoscopic and transanal approach for 
TME, of which transanal extraction is only one of the many steps. Transanal NOSE 
was demonstrated to be feasible. No randomized studies are available, but a com-
parative study of transanal NOSE versus transabdominal specimen extraction 
showed no detrimental impact on oncological and functional outcome when trans-
anal NOSE was performed [20]. This retrospective study included 220 patients with 
low rectal cancer, who underwent laparoscopic TME with hand-sewn coloanal 
anastomosis. Transanal NOSE was performed in 122 patients, and in 98 patients the 
specimen was extracted transabdominally. There was no difference in circumferen-
tial resection margin positivity, mesorectal grade, local recurrence, and disease-free 
survival rate between the two groups.
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 Conclusions

One of the goals of modern minimally invasive laparoscopic colorectal surgery is 
reduction of incision-related morbidity. NOSE-procedures could be the next step in 
bridging conventional laparoscopic surgery to pure human NOTES procedures by 
minimizing abdominal access trauma.

References

 1. Kuhry E, Schwenk WF, Gaupset R, Romild U, Bonjer HJ. Long-term results of laparoscopic 
colorectal cancer resection. Cochrane Database Syst Rev. 2008;(2):CD003432.

 2. Schwenk W, Haase O, Neudecker J, Muller JM. Short term benefits for laparoscopic colorectal 
resection. Cochrane Database Syst Rev. 2005;(3):CD003145.

 3. Kehlet H. Fast-track colorectal surgery. Lancet. 2008;371(9615):791–3.
 4. Spanjersberg WR, Reurings J, Van Laarhoven CHJM. Fast track surgery versus conventional 

recovery strategies for colorectal surgery. Cochrane Database Syst Rev 2009(2): CD007635.
 5. Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel AF, et al. Laparoscopy in 

combination with fast track multimodal management is the best perioperative strategy in 
patients undergoing colonic surgery: a randomized clinical trial (LAFA-study). Ann Surg. 
2011;254(6):868–75.

 6. Laurent C, Leblanc F, Bretagnol F, Capdepont M, Rullier E. Long-term wound advantages of 
the laparoscopic approach in rectal cancer. Br J Surg. 2008;95(7):903–8.

 7. Franklin ME Jr, Ramos R, Rosenthal D, Schuessler W.  Laparoscopic colonic procedures. 
World J Surg. 1993;17(1):51–6.

 8. Sylla P, Willingham FF, Sohn DK, Gee D, Brugge WR, Rattner DW. NOTES rectosigmoid 
resection using transanal endoscopic microsurgery (TEM) with transgastric endoscopic assis-
tance: a pilot study in swine. J Gastrointest Surg. 2008;12(10):1717–23.

 9. Sylla P, Rattner DW, Delgado S, Lacy AM. NOTES transanal rectal cancer resection using trans-
anal endoscopic microsurgery and laparoscopic assistance. Surg Endosc. 2010;24(5):1205–10.

 10. Marks J, Mizrahi B, Dalane S, Nweze I, Marks G. Laparoscopic transanal abdominal transanal 
resection with sphincter preservation for rectal cancer in the distal 3 cm of the rectum after 
neoadjuvant therapy. Surg Endosc. 2010;24(11):2700–7.

 11. Person B, Vivas DA, Wexner SD.  Totally laparoscopic low anterior resection with trans-
perineal handsewn colonic J-pouch anal anastomosis for low rectal cancer. Surg Endosc. 
2006;20(4):700–2.

 12. Albert MR, Atallah SB, deBeche-Adams TC, Izfar S, Larach SW. Transanal minimally inva-
sive surgery (TAMIS) for local excision of benign neoplasms and early-stage rectal cancer: 
efficacy and outcomes in the first 50 patients. Dis Colon Rectum. 2013;56(3):301–7.

 13. D’Hoore A, Wolthuis AM.  Laparoscopic low anterior resection and transanal pull-through 
for low rectal cancer: a Natural Orifice Specimen Extraction (NOSE) technique. Color Dis. 
2011;13(Suppl 7):28–31.

 14. Wolthuis AM, de Buck van Overstraeten A, Fieuws S, Boon K, D’Hoore A. Standardized lapa-
roscopic NOSE-colectomy is feasible with low morbidity. Surg Endosc. 2014;29(5):1167–73.

 15. Wolthuis AM, Van Geluwe B, Fieuws S, Penninckx F, D’Hoore A. Laparoscopic sigmoid resec-
tion with transrectal specimen extraction: a systematic review. Color Dis. 2012;14(10):1183–8.

 16. Marks G, Mohiuddin M, Rakinic J. New hope and promise for sphincter preservation in the 
management of cancer of the rectum. Semin Oncol. 1991;18(4):388–98.

 17. Teramoto T, Watanabe M, Kitajima M. Per anum intersphincteric rectal dissection with direct 
coloanal anastomosis for lower rectal cancer: the ultimate sphincter-preserving operation. Dis 
Colon Rectum. 1997;40(10 Suppl):S43–7.

40 Advanced Techniques for Specimen Extraction During Laparoscopic Colorectal…



672

 18. Watanabe M, Teramoto T, Hasegawa H, Kitajima M. Laparoscopic ultralow anterior resection 
combined with per anum intersphincteric rectal dissection for lower rectal cancer. Dis Colon 
Rectum. 2000;43(10 Suppl):S94–7.

 19. Rullier E, Sa Cunha A, Couderc P, Rullier A, Gontier R, Saric J. Laparoscopic intersphincteric 
resection with coloplasty and coloanal anastomosis for mid and low rectal cancer. Br J Surg. 
2003;90(4):445–51.

 20. Denost Q, Adam JP, Pontallier A, Celerier B, Laurent C, Rullier E. Laparoscopic total meso-
rectal excision with coloanal anastomosis for rectal cancer. Ann Surg. 2015;261(1):138–43.

 21. Zattoni D, Popeskou GS, Christoforidis D.  Left colon resection with transrectal specimen 
extraction: current status. Tech Coloproctol. 2018;22(6):411–23.

 22. Ris F, Liot E, Buchs NC, Kraus R, Ismael G, Belfontali V, et al. Multicentre phase II trial of 
near-infrared imaging in elective colorectal surgery. Br J Surg. 2018;105(10):1359–67.

 23. Wolthuis AM, Penninckx F, D’Hoore A.  Laparoscopic sigmoid resection with transrec-
tal specimen extraction has a good short-term outcome. Surg Endosc Other Interv Tech. 
2011;25(6):2034–8.

 24. Wolthuis AM, Bislenghi G, de Buck van Overstraeten A, D’Hoore A. Transanal total mesorectal 
excision: towards standardization of technique. World J Gastroenterol. 2015;21(44):12686–95.

 25. Wolthuis AM, Cini C, Penninckx F, D’Hoore A. Transanal single port access to facilitate distal 
rectal mobilization in laparoscopic rectal sleeve resection with hand-sewn coloanal anastomo-
sis. Tech Coloproctol. 2012;16(2):161–5.

 26. Wolthuis AM, de Buck van Overstraeten A, D’Hoore A. Dynamic article: transanal rectal exci-
sion: a pilot study. Dis Colon Rectum. 2014;57(1):105–9.

 27. Penna M, Knol JJ, Tuynman JB, Tekkis PP, Mortensen NJ, Hompes R.  Four anastomotic 
techniques following transanal total mesorectal excision (TaTME). Tech Coloproctol. 
2016;20(3):185–91.

 28. Akamatsu H, Omori T, Oyama T, Tori M, Ueshima S, Nishida T, et al. Totally laparoscopic low 
anterior resection for lower rectal cancer: combination of a new technique for intracorporeal 
anastomosis with prolapsing technique. Dig Surg. 2009;26(6):446–50.

 29. Leroy J, Costantino F, Cahill RA, D’Agostino J, Morales A, Mutter D, et al. Laparoscopic 
resection with transanal specimen extraction for sigmoid diverticulitis. Br J Surg. 
2011;98(9):1327–34.

 30. Wolthuis AM, Meuleman C, Tomassetti C, D’Hooghe T, Fieuws S, Penninckx F, et  al. 
Laparoscopic sigmoid resection with transrectal specimen extraction: a novel technique for 
the treatment of bowel endometriosis. Hum Reprod. 2011;26(6):1348–55.

 31. Franklin ME, Jr., Liang S, Russek K.  Natural orifice specimen extraction in laparoscopic 
colorectal surgery: transanal and transvaginal approaches. Tech Coloproctol. 2013;17 Suppl 
1(1):S63–7.

 32. Han Y, He YG, Zhang HB, Lv KZ, Zhang YJ, Lin MB, et al. Total laparoscopic sigmoid and 
rectal surgery in combination with transanal endoscopic microsurgery: a preliminary evalua-
tion in China. Surg Endosc. 2013;27(2):518–24.

 33. Leung AL, Cheung HY, Fok BK, Chung CC, Li MK, Tang CN. Prospective randomized trial of 
hybrid NOTES colectomy versus conventional laparoscopic colectomy for left-sided colonic 
tumors. World J Surg. 2013;37(11):2678–82.

 34. Xingmao Z, Haitao Z, Jianwei L, Huirong H, Junjie H, Zhixiang Z. Totally laparoscopic resec-
tion with natural orifice specimen extraction (NOSE) has more advantages comparing with 
laparoscopic-assisted resection for selected patients with sigmoid colon or rectal cancer. Int J 
Color Dis. 2014;29(9):1119–24.

 35. Lamm SH, Zerz A, Efeoglou A, Steinemann DC. Transrectal rigid-hybrid natural orifice trans-
lumenal endoscopic sigmoidectomy for diverticular disease: a Prospective Cohort Study. J Am 
Coll Surg. 2015;221(4):789–97.

 36. Huang CC, Chen YC, Huang CJ, Hsieh JS. Totally laparoscopic colectomy with intracorporeal 
side-to-end colorectal anastomosis and transrectal specimen extraction for sigmoid and rectal 
cancers. Ann Surg Oncol. 2016;23(4):1164–8.

A. M. Wolthuis



673

 37. Saurabh B, Chang SC, Ke TW, Huang YC, Kato T, Wang HM, et al. Natural orifice specimen 
extraction with single stapling solorectal anastomosis for laparoscopic anterior resection: fea-
sibility, outcomes, and technical considerations. Dis Colon Rectum. 2017;60(1):43–50.

 38. Shimizu H, Adachi K, Ohtsuka H, Osaka I, Takuma K, Takanishi K, et al. Totally laparoscopic 
resection for low sigmoid and rectal cancer using natural orifice specimen extraction tech-
niques. Surg Laparosc Endosc Percutan Tech. 2017;27(4):e74–e9.

 39. Kang J, Min BS, Hur H, Kim NK, Lee KY. Transanal specimen extraction in robotic rectal 
cancer surgery. Br J Surg. 2012;99(1):133–6.

 40. Bie M, Wei ZQ.  A new colorectal/coloanal anastomotic technique in sphincter-preserving 
operation for lower rectal carcinoma using transanal pull-through combined with single sta-
pling technique. Int J Color Dis. 2013;8:8.

 41. Rasulov AO, Mamedli ZZ, Gordeyev SS, Kozlov NA, Dzhumabaev HE. Short-term outcomes 
after transanal and laparoscopic total mesorectal excision for rectal cancer. Tech Coloproctol. 
2016;20(4):227–34.

 42. Wolthuis A. Transrectal specimen extraction: should this be catching on? In: Schlachta CM, 
Sylla P, editors. Current common dilemmas in colorectal surgery. Cham: Springer International 
Publishing; 2018. p. 227–37.

40 Advanced Techniques for Specimen Extraction During Laparoscopic Colorectal…



675© Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 2020
P. Sylla et al. (eds.), The SAGES Manual of Colorectal Surgery, 
https://doi.org/10.1007/978-3-030-24812-3

A
Accelerated recovery pathway, 262
Adequate lymphadenectomy, 340
Adhesiolysis, 65, 241, 242
Adjunct spinal analgesia, 128
Adjuvant chemotherapy, 346–347
Advanced laparoscopic right colectomy 

techniques for Crohn’s and 
reoperative surgery, see Crohn’s and 
reoperative surgery

Air leak test, 266, 283
Alignment/ergonomics, 217, 218
American College of Surgeons National 

Surgical Quality Improvement 
Program (NSQIP), 98

American quaternary academic medical 
center, 96

American Society for Enhanced Recovery 
(ASER), 109

American Society of Anesthesiologists 
Physical Status Classification, 114

American Society of Colon and Rectal 
Surgeons (ASCRS), 580

Anastomotic assessment, 280, 281, 288
Anastomotic leaks

causes, 459
colonic conduit ischemia, 477–480
complications, 272
definition, 470–473
early and late, 470, 473
endoscopic evaluation

disadvantage, 464
endoscopic mucosal grading system, 

461, 465
gross assessment, 465
ICG imaging, 462, 466
incomplete assessment, 465
intraoperative endoscopy, 460

intra-operative evaluation, 463, 464
negative air leak testing, 460
principles and quality benchmarks, 460, 

461
tension and perfusion assessment, 

461–463
intraoperative air testing, 474–476
intraoperative examination, 459
mortality, 459, 473
NSQIP study, 473, 474
outcomes, 284, 285, 287
physical and mental SF-36 scores, 474
postoperative anastomotic leaks, 473
reconstruction, 480–482
risk factors, 272, 285, 287
splenic flexure release, 476, 477
variables, 272

Antibiotic Prophylaxis for elective colon and 
rectal surgery, 129

Aortic bifurcation, 139
Appendectomy

cross-sectional imaging, 169, 179
differential diagnosis, 170
management, 179
right hemicolectomy, 177, 178
staging right colectomy, 179

Appendiceal adenocarcinoma, 177
Appendiceal mass, 174–177
Appendiceal neoplasms, 175
Appendicitis and intraoperative findings, 169
Association of Coloproctology of Great 

Britain and Ireland (ACPGBI), 
605

Audit of processes and outcomes, 97
Auditing, 98
Australian Laparoscopic Colon Cancer Study 

trial, 268
Autonomic nerve preservation, 332

Index

https://doi.org/10.1007/978-3-030-24812-3


676

B
Baker’s anastomosis, 280
Benign rectal lesions

advanced insufflation systems, 633–634
ambulatory surgery vs. admission, 629
anesthesia, 630
defect closure, 636, 637
diagnosis, 628
full-thickness excision, 628, 635
intraoperative complications, 639, 641, 642
learning curve, 639
loss of insufflation, 637
orientation and location, 628
peritoneal entry, 638, 639
preoperative preparation, 629
standard transanal excision, 639
submucosal dissection, 635
TAMIS, 630, 631, 633, 638, 639, 641
targeted biopsies, 628
TEM, 625, 630, 632, 639, 640
TEO, 626, 631, 632, 640
transanal endoscopic surgery, 625, 641

Bilateral ureteral stents, 320
Blunt and sharp dissection techniques, 67
Bowel continuity for right colectomy, 13
Bowel function changes, 288
Bowel preparation, 64, 103
Bowel repair, 150

C
Caprini score, 128
Carbon monoxide, 118
Carcinoid tumors, 179
Carter-Thrompson® device, 613
Cecal diverticulitis, 171, 172
Central vascular dissection, 191
Central vascular ligation (CVL), 185
Checklist for surgeon and OR team

body mass index, 115
chemotherapy, 118
dietary supplementation, 120
immunosuppression, 117, 118
patient factors, 115
preoperative risk assessment, 114, 115, 117
surgical time out, 131
time restraints, 115

CHEST and SAGES guidelines for VTE 
prophylaxis for laparoscopic 
surgery, 128

Chronic dialysis, 121
Chronic kidney disease (CKD), 121
Circumferential resection margin (CRM), 

332

City of Hope Quality of Life Ostomy 
(COHQOL-O) tool, 599

Closed loop communication, 390
Clostridium difficile infection (CDI)

classification, 564
diagnosis, 563, 564
fecal microbiota therapy, 569

indications and contraindications, 569
minimal air insufflation, 570
operative setup and technique, 570, 571
outcomes, 572
principles and quality benchmarks, 570

general management strategies, 564
incidence, 563
loop ileostomy and colonic lavage

indications and contraindications, 565
operative technique, 567
outcomes, 568
principles and quality benchmarks, 565, 

567
Turnbull-Blowhole procedure, 568

nasojejunal lavage, 569
risk factors, 564
TAC, 564
toxic megacolon, 564
treatment, 564

Cochrane Collaboration meta-analysis, 104
Colectomy, 192
Colocutaneous fistula, 60
Colon cancer, 78

flexible sigmoidoscopy, 400
initial diagnostic laparoscopy, 400
intestinal malrotation, 406–408
liver metastasis, 405
Meckel’s diverticulum, 403
organ invasion, 402
ovarian mass, 405, 406
peritoneal carcinomatosis, 403, 404
preoperative marking, 399
preoperative rigid proctoscopy, 400
preoperative tattooing, 400, 401
synchronous tumors or cancers, 402, 403
tattooing, 400

Colon cancer Laparoscopic or Open Resection 
(COLOR) trial, 522

Colonic and colorectal reconstruction
anastomotic leak, 272
contraindications, 271
disadvantages

anastomosis, 282, 283
colonic conduit, 284–286
rectal stump blowout, 281–282
staple line bleeding, 283–284

indications, 271

Index



677

operative technique
anastomotic assessment, 280, 281
Baker’s anastomosis, 280
colonic J pouch, 278, 279
end to end anastomosis, 274–276
end to side anastomosis, 276, 277
set-up, 273
transverse coloplasty, 278, 280

outcomes
anastomotic assessment, 288
anastomotic leak, 284, 285, 287
bowel function changes, 288
fecal diversion, 288, 289

patient work-up, 272
pre-operative planning, 272
principles, 272

Colonic J pouch, 278, 279
Colonoscopic polypectomy, 650
Colon transection, 67
Colorectal cancer, 78
Colorectal competency pathway, 9
Colorectal Surgery Anchoring procedures by 

pathway, 10
Colorectal Surgery FacebookTM Group, 9
Colovaginal fistulas, 448
Colovesical fistulas, 37, 60, 447, 448
Commission on Cancer (CoC), 335
Complete mesocolic excision (CME), 14, 185, 

221, 298
and laparoscopic techniques, 184
for right-sided colon cancers, 228

Complete mesocolic excision (CME) in colon 
cancer surgery, 155

components, 155
vs. conventional colectomy, 159
Japanese classification references levels, 

D1-D3, 156
laparoscopic colectomy, 157, 158
learning curve, 158
lymph nodes, 156
mesenteric transection, 158
minimally invasive techniques, 157
oncologic outcomes

central lymphadenectomy, 159
D2 lymphadenectomy, 162
extensive central resection, 160
long term survival, 160–162
lymphadenectomy, 161, 162
mesocolic envelope, 162
mesocolic lymph node, 157
metastasis to central lymph nodes, 162
pathological assessment, 161
pathological and long-term survival, 160
pathological outcomes, 159–160

sharp mesocolic dissection, 162
training program, 162

perioperative outcomes, 158, 159
proximal lymphadenectomy, 158

Complex Crohn’s disease resection, 242
Complicated sigmoid diverticulitis

damage control techniques, 436
definition, 433
definitive management, 435
diagnostic laparoscopy, 441
diversion, 435
fecal diversion, 437
guidelines, 433
hemodynamic stability, 436
Hinchey classification, 434
indications, 434
mechanical bowel preparation, 437
minimally invasive non-resectional approach

diagnostic laparoscopy, 450
disadvantages, 451
laparoscopic peritoneal lavage, 450–452
pathology, 450
port placement, 450
postoperative management, 451

minimally invasive resectional approach
anastomosis and intraoperative leak 

testing, 446–447
distal colon resection, 444, 445
extraction and proximal colon 

transection, 446
fistula/phlegmon, 447–449
hand-assist technique, 443
Hartmann’s reversal, 447
left ureter, 442–443
lesser sac, 443, 444
medial-to-lateral approach, 441, 442
obese patients, 449, 450
sepsis, 444
splenic flexure mobilization, 443, 444
vascular anatomy, 442

minimally invasive surgery, 435
nonoperative management, 434
operative strategy, 437, 438

patient positioning, 438, 439
port placement, 439, 440

outcomes
laparoscopic lavage, 452–455
resection, 452

past medical history, 436
pathology, 441
preoperative workup and planning, 436
principles, 435
safe and effective management, 433
sepsis, 436

Index



678

Corkscrew sign, 406
COST trial, 268
Crohn’s disease, 173, 243

bladder fistula/ureteric fistula, 62
colonic dysplasia, 71
colovaginal fistulas, 66
contraindication, 61
discharge criteria and planning, 64
endoscopic clip appliers, 70
fistula and abscess, 59
ileorectal anastomosis, 71
indications, 63
inflammatory phlegmon/abscess, 66
intestinal obstruction/perforation, 59
intraabdominal leakage and contamination, 

66
laparoscopic colectomy, 65
laparoscopic ileocolic resection, 71
laparoscopic vs. open colectomy, 71
mesenteric inflammation, 63
minimal invasive colectomy, 71
non-operative preparation and preoperative 

optimization, 59
nutritional status of the patient, 64
pain control, 64
patient education, 64
patient participation in recovery, 64
patient specific contraindications, 72
pericolonic abscess cavity, 66
postoperative complications, 70
postoperative diet advancement, 64
preoperative optimization, 64
preoperative parameters, 72
principle, 63
proximal diverting loop ileostomy, 63
recurrence rates after segment resection, 70
safe and quality surgical technique, 70
segmental colectomy, 70, 71
segmental resection vs. subtotal/total 

colectomy with ileorectal anastomo-
sis, 70

severe inflammation, 69
sigmoid/left colon resection, 68
small bowel loops, 65
surgeon-specific limitations, 72
surgical margins, 63
total abdominal colectomy, 71
ureter identification, 66

Crohn’s ileosigmoid fistula, 62
Crohn’s mesentery, 245, 246
Crohn’s and reoperative surgery

absolute contraindications, 238
complication avoidance, 238
disadvantages

adhesiolysis, 249
anastomotic leak, 250
duodenum and right ureter, 249
entry, 249
ileostomy and conversion, 250
postoperative issues, 250
thickened mesentery, 249

indications, 238
intracorporeal anastomosis, 239, 247
intracorporeal vs. extracorporeal results, 

251, 253
lap vs. open ICR, 252
multiple prior abdominal surgeries, 238
operative technique

abdominal entry, 240
adhesiolysis, 241, 242
complex resection, 242
Crohn’s mesentery, 245, 246
extracorporeal anastomosis, 248–249
ileocolonic reconstruction, 246
ileorectal fistula, 243
ileosigmoid fistula, 244, 245
intestinal dissection, 242
intraabdominal or retroperitoneal 

abscess, 243
intracorporeal ileocolic anastomotic 

technique, 246–248
mass, 243
open (Hasson) approach, 240
phlegmon, 243
setup, 240
typical port placement, 241

outcomes, 251
patient work-up, 239
physiological optimization, 239
preoperative planning, 239
principles, 238
relative contraindications, 238

Culture change, barriers, 93, 94
Curriculum Task Force, 8

D
da Vinci Si and X models, 224
da Vinci Xi® surgical robot, 222, 225, 388
Damage control surgery, 435
Debunking enhanced recovery protocols in 

colorectal surgery
care plans, 95
clinical benefits, 88
clinical practice, 91
cost-effectiveness analysis, 95
financial benefits and clinical outcomes, 91
generalizability of, 89

Index



679

patient improvement, 91
perioperative care and surgical technique, 

87
provincial hospital network, 95
randomized trials, 88
surgical care with evidence-based 

practices, 87
Deep vein thrombosis (DVT), 128
Deloyer’s technique, 284, 286
Discontinuation of anticoagulation, 116, 118
Distal mesorectal clearance, 387
Distal transverse colon lymph nodes in 

gastrocolic ligament, 156
Diverticular disease-related complications, 39
Diverticulitis, 30, 38, 40
Dreyfus model of skill acquisition, 3
Duke activity status index (DASI), 512

E
Ectopic pregnancy, 174
Education program, 91, 92
Elective surgery in patients, 119
Embryolic bowel rotation, 47
End stoma, 580
End to end anastomosis (EEA), 274–276
End to side anastomosis, 276, 277
End-loop stoma, 579, 580
Endoluminal recurrences, 348
Endorectal ultrasound (ERUS), 333, 334
Endoscopic tattooing, 186
End-to-end handsewn anastomosis, 215, 216
End-to-side handsewn anastomosis, 214, 215
Enhanced recovery after surgery (ERAS) 

protocols, 88, 511, 661
Enhanced recovery and surgical site infection 

(SSI) prevention protocol, 122
Enhanced recovery in NSQIP (ERIN) 

program, 98
Enhanced recovery pathways (ERPs), 8, 32
Enhanced recovery protocol educational 

material, 96, 97
Enhanced recovery protocols, 64, 88
Enhanced value with ERPs, 94
Enteral nutrition (EN), 120
Enteric fistula, 61
Enterostomal therapy (ET), 609
Enterotomy closure, 246–248
Epiploic appendicitis, 180
Epiploic appendagitis, 172, 173
Epithelial tumors, 175
ERAS Society tool, 98
ERP compliance on postoperative  

outcomes, 99

European COLOR trial, 268
Evidence-based interventions, 94
Extracorporeal anastomosis (ECA), 190, 200, 

248–249, 301
Extracorporeal ileocolic anastomoses

end-to-end handsewn anastomosis, 214
end-to-side handsewn anastomosis, 212
side-to-end handsewn anastomosis, 212
side-to-end stapled anastomosis, 208, 212
side-to-side handsewn anastomosis, 208
side-to-side stapled anastomosis, 205–208

Extracorporeal side-to-side ileocolic anasto-
mosis, 231

F
Facebook™, 9
Fecal diversion, 288, 437, 578
Fecal peritonitis, 316
FireFly technology, 366
Fistula repair, 68, 69
Fistulizing disease, 238
FOLFOX, 347
Full splenic flexure release, 48
Fulminant Clostridium difficile colitis 

(FCDC), 564
Fundamental use of surgical energy (FUSE), 6
Fundamentals of endoscopic surgery (FES), 8
Fundamentals of laparoscopic  

surgery (FLS), 6

G
Gastrocolic ligament on stretch, 50
Gastroepiploic vein, 50
Gastrografin enema study, 639
GelPOINT® Path, 626, 651
German CAO/ARO/AIO-94 trial, 343
Gerota’s fascia and colon mesentery, 51
Gupta score, 116, 117
Gynecologic and obstetric conditions, 173, 

174

H
Hand-assisted laparoscopic surgery (HALS) 

approach, 29, 30, 34, 38, 41, 80, 
183, 522

Hartmann’s procedure (HP), 67, 578, 579
Healthcare system, 94
Hemodynamic instability, 308
Hemodynamic stability, 435, 436
Hereditary nonpolyposis colorectal cancer 

(HNPCC), 403

Index



680

Hinchey III diverticular disease, 436, 455
Hyperthermic intraperitoneal chemotherapy 

(HIPEC), 403
Hypogastric nerves, 379

I
Ileal pouch-anal anastomosis (IPAA), 474
Ileocolonic anastomosis, 199, 200
Ileocolonic reconstruction, 204, 246

end-to-end handsewn anastomosis, 214
end-to-side handsewn anastomosis, 212, 

213
side-to-end handsewn anastomosis, 208, 

212
side-to-side handsewn anastomosis, 208
side-to-side stapled anastomosis, 205–208

Ileosigmoid fistula, 244, 245
Image-guided techniques, 64
Immunonutrition, 120
Indocyanine green (ICG), 462
Inferior mesenteric artery (IMA), 264, 265, 

298, 299, 340, 442
Inferior mesenteric vein (IMV), 264, 265, 

298–300
Inflamed Meckel’s diverticulum, 170, 171
Inflammatory bowel disease and diverticuli-

tis, 80
Inframesocolic approach, 52, 53, 55
Institutional support from hospital administra-

tors, 89
Instrument collisions, 301
Instruments insertion, 297, 298
Intact low-grade appendiceal mucinous 

neoplasm, 178
Intestinal diversion, 577
Intestinal malrotation, 406–408
Intracorporeal ileocolonic anastomosis (ICA), 

25, 184, 193, 222, 230, 239, 
246–248, 301, 516

Intracorporeal stapled anastomosis, 217
Intracorporeal vs. extracorporeal anastomosis, 

219
Intraoperative radiation therapy (IORT), 345
Intraoperative surgical site infection measures, 

69
Intravenous lidocaine infusions, 127

J
Japanese JCOG0404 trials, 268

K
Keyhole approach, 607, 613

L
Laparoscopic approach to right hemicolec-

tomy, 193, 195
Laparoscopic cholecystectomy, 183
Laparoscopic colectomy, 29
Laparoscopic colorectal surgery, 13, 79

quality evidence, 81–82
troubleshooting

assistant ports and retraction, 147, 148
bipolar/monopolar devices, 138
brachial plexus injuries, 144
CO2 insufflation, 143
complicated peritoneal entry, 139, 140
cul-de-sac and vagina, 148
direct trocar entry over Veress needle 

entry, 138
energy devices, 138
exposure and inadvertent injury, 137
guide, 141–142
intraoperative management and patient 

outcomes, 151
low pressure, 141
medication administration, 138
operating room table positioning, 144, 

146, 147
patient movement, 144
patient physiology, 137
perineal resection, 137
physiologic issues, 143, 144, 146
pneumoperitoneum and port placement, 

138, 140
port angulation, 141
port placement, 137
port site closure, 151
preoperative preparation, 137
suction irrigator, 148
trans-esophageal echocardiogram, 143
Trendelenburg positioning, 144, 145
visualization, 148

Laparoscopic conversion
acute inflammatory process, 503
adhesions and bleeding, 503
bowel preparation, 495, 496
bulky tumors, 504
clinical benefits, 493
colonoscopy reports, 493
complications, 493
conversion rates, 490
disadvantages, 502
disease-related factors, 494, 495
indications and contraindications, 490
intra-operative complication, 489
laparoscopic learning curve, 493
lateral dissection, 504
learning curve, 506

Index



681

obesity, 504, 506
operative reports, 493
operative setup and techniques

laparoscopic adhesiolysis, 499, 501, 502
minimizing incision size, 501
patients positioning, 496, 497
pneumoperitoneum, 497
trocar placement, 498–500

outcomes, 506
patient risk factors, 494
physical abdominal examination, 493
preemptive conversion, 489
RCTs, 490–492
surgeon-related factors, 495
traction injuries, 503
transverse colectomy, 504
ureteral stents, 496
Z6051 trial, 490

Laparoscopic dissection technique, 184
Laparoscopic entry, 138, 139
Laparoscopic Hartmann’s procedure, 308–309
Laparoscopic ileocolic resection, 71
Laparoscopic lavage (LL), 452–455
Laparoscopic left and sigmoid colectomy

colonic and colorectal reconstruction
anastomotic leak, 272
contraindications, 271
disadvantages, 281–284
indications, 271
operative technique, 273–281
outcomes, 284, 285, 287, 288
patient work-up, 272
pre-operative planning, 272
principles, 272

malignant disease
accelerated recovery pathway, 262
anatomy, 263
contraindications, 260
disadvantages, 266, 267
inferior mesenteric artery, 264, 265
inferior mesenteric vein, 264, 265
iron supplementation, 261
left ureter identification, 264, 265
mechanical bowel preparation, 261
patient optimization, 261
patient positioning, 263
patient work-up, 261
perfusion assessment, 265, 266
port placement, 263, 264
preoperative planning, 261
principles, 260
prospective, randomized controlled 

trials, 268
short-term benefits, 259

Laparoscopic low anterior resection

contraindications, 355
disadvantages, 366, 367
inferior mesenteric artery, 354
initial work up, 356
intraoperative localization, 367
mid-rectal cancers, 354
nutritional optimization, 356
operative setup

camera, 359
extraction site, 359
instruments, 359
intraoperative positioning, 357–358
monopolar energy devices, 359
patient positioning, 357
port placement, 358–359
room set-up, 357

outcomes, 367, 368
perioperative risks, 356
preoperative planning, 356
surgical technique

anastomosis, 366
lateral dissection, 362–364
left pararectal gutter, 363
mesorectum, 359–360
pelvic dissection, 364–365
right pararectal peritoneal attachments, 

364
specimen division, 365
specimen extraction, 366
splenic flexure mobilization, 362
tumor-specific mesorectal excision, 365

TME
quality oncologic benchmarks, 355
surgical principles, 356

TSME, 354, 355
Laparoscopic oncologic right hemicolectomy, 

194
Laparoscopic peritoneal lavage, 450–452
Laparoscopic right hemicolectomy

anastomotic configuration, 216
central dissection, 188, 190
CO2 insufflation, 193
complete blood count, 185–186
contraindications, 200
dehydration, 185
extracorporeal versus intracorporeal 

anastomosis, 218
French positioning, 202
gastrocolic ligament, 192
ileocolic vascular bundle, 188
ileocolonic reconstruction, 191
indications, 184
intracorporeal anastomotic techniques, 

200
intraoperative complication, 193

Index



682

Laparoscopic right hemicolectomy (cont.)
laparoscopic lateral-to-medial approach, 

193
lateral mobilization, 188
lateral-to-medial approach, 192
medial to lateral dissection, 186, 188, 189
middle colic trunk, 191
midline incision, 186
oncologic outcome, 185
oncologic principles, 184
operative setup, 186
operative time, 217
patient and surgical team positioning, 201
patient-related factors, 200
patient selection, 184
perforated tumors, 184, 185
preoperative planning, 185, 201
retroperitoneal tunnel, medial-to-lateral 

approach, 192
safety/effectiveness, 185
split-leg/low lithotomy position, 204
superior mesenteric artery, 188
superior mesenteric vein, 188, 189
total mesorectal excision, 185
trocar positioning, 187, 203
vascular ligation, 195
wound protector, 217

Laparoscopic sigmoid colectomy, 29, 33
Laparoscopic splenic flexure mobilization, 54
Laparoscopy and robotic right colectomy, 232
Laparoscopy vs. open colorectal surgery

cancer outcomes, 80
colorectal procedures, 77
combined data analysis, 78
complication rates, 78
confounding factors, 78
disease codes, 79
laparoscopy, 80
minimally invasive approach, 78
postoperative pain, 79
principles of evidence-based practice, 77
procedure codes and billing codes, 79
randomized controlled trials, 78
selection process, 79
short term outcomes, 79
statistical significance, 78

Learning management system (LMS), 11
Left and sigmoid colectomy

anastomosis, 37
blunt dissection, 30
CO2 colonoscopy, 37
colosigmoid anastomosis, 31
complications, 30
contraindications, 30

defecatory dysfunction, 38
distal transverse mesocolon, 36
diverticular inflammation, 30, 37
Gerota’s fascia and dissection, 34
HAL vs. straight laparoscopic approaches, 39
Hassan port placement, 32
indications, 30
inflammation and scarring, 30
intraabdominal contamination, 38
laparoscopic approaches, 39
laparoscopic colovesical fistula, 39
medial to lateral mobilization, 34, 35
operative set up, 32
planned proximal colon transection, 31
pneumoperitoneum, 36
preoperative planning, 31
principles of resection, 30

Lithotomy, 130
Liver metastasis, 405
Longitudinal colotomy, 280
Loop stoma, 580
Low and ultra-low rectal cancer surgery, 46
Low anterior resection syndrome (LARS), 343
Low-grade appendiceal mucinous neoplasm 

(LAMN), 177, 178
pathologic examination, 178
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Lymphovascular invasion (LVI), 650
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Malnutrition, 119
Marked colonic/small bowel distention, 14
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MASTERS program colorectal curriculum, 6
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intraoperative colonoscopy, 107
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perioperative care, 107
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properties, 107
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Meckel’s diverticulum, 170, 403
Medial to lateral approach to the mesentery, 
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Mesenteric transection, 191
Michigan Surgical Quality Collaborative-
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contraindications, 308
difficult abdominal access, 317, 318
disadvantages

adhesions, 311, 312, 325
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rectal stump dissection, 312, 313
rectal stump retraction, 313
splenic flexure dissection, 313
splenic flexure mobilization, 326
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flexure release
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transrectal
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Perioperative Quality Initiative (POQI), 109
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Robotic left-sided colonic resections (cont.)
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operative technique
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stent deployment, 426, 428
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complications, 54
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indications, 46
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intraoperative complications, 56
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postoperative morbidity, 56
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splenic injury, 54
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Stoma (cont.)
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