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Abstract
In the last two decades, hemorrhoidal dearterialization 
has become universally accepted as a treatment option 
for symptomatic hemorrhoids. The rationale for this 
procedure is based on the assumption that arterial 
blood overflow is mainly responsible for dilatation of 
the hemorrhoidal plexus due to the absence of capillary 

interposition between the arterial and venous systems 
within the anal canal. Dearterialization, with either 
suture ligation (Doppler-guided hemorrhoid artery 
ligation/transanal hemorrhoidal dearterialization) or laser 
(hemorrhoidal laser procedure), may be successfully 
performed alone or with mucopexy. Although the 
added value of Doppler-guidance in association with 
dearterialization has recently been challenged, this 
imaging method still plays an important role in localizing 
hemorrhoidal arteries and, therefore, minimizing the 
effect of anatomic variation among patients. However, it 
is important to employ the correct Doppler transducer. 
Some Doppler transducers may not easily detect 
superficial arteries due to inadequate frequency settings. 
All techniques of dearterialization have the advantage 
of preserving the anatomy and physiology of the anal 
canal, when compared to other surgical treatments for 
hemorrhoids. This advantage cannot be underestimated 
as impaired anal function, including fecal incontinence 
and other defecation disorders, may occur following 
surgical treatment for hemorrhoids. Furthermore, this 
potentially devastating problem can occur in patients of 
all ages, including younger patients. 

Key words: Dearterialization; Laser dearterialization; 
Hemorrhoids; Mucopexy

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This editorial analyzes the techniques of 
dearterialization for hemorrhoids. The advantages and 
pitfalls of the various techniques of dearterialization 
are reported, with specific attention given to the role 
of Doppler ultrasound and technical tips on the various 
procedures. Finally, the author reports the efficacy of 
dearterialization based on data in the literature as well 
as personal experience in this field.

Giamundo P. Advantages and limits of hemorrhoidal dearteria
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INTRODUCTION
The surgical treatment of hemorrhoids has evolved 
over the last three decades. Significant postoperative 
pain as well as changes to the anatomy of the anal 
canal leading to impaired defecation has led surgeons 
to adopt new procedures that are less invasive than 
traditional surgical hemorrhoidal excision.

A variety of surgical procedures are currently 
available for the treatment of hemorrhoids, however 
no single technique has been universally accepted as 
superior. Theoretically, surgical procedures should be 
tailored to individual patients. In reality, the choice of 
the surgical technique is often based upon the surgeon’s 
preference or the availability of specialized equipment.

Hemorrhoidal disease has a multifactorial etiology 
and theories on its actual pathogenesis are still being 
debated. Symptoms related to hemorrhoidal disease 
may vary substantially among patients. An accurate 
preoperative evaluation is therefore mandatory and 
extremely useful in selecting the most appropriate 
surgical approach. Rectal mucosal prolapse is one 
among many potential anatomical alterations related 
to hemorrhoidal disease that impairs a patient’s quality 
of life. In addition, bleeding, pruritus, pain, soiling, and 
recurrent thrombosis of piles cannot be underestimated. 

The Goligher classification[1] is commonly used to 
grade the severity of hemorrhoids and, consequently, 
indicates the modality of surgical treatment. However, 
the grade of prolapse and hemorrhoidal symptoms 
are often poorly correlated[2]. Tolerance to hemorrhoi­
dal symptoms varies among patients. Therefore the 
surgeon should be prepared to consider not only the 
anatomical aspects of the anal canal but also the patient’s 
characteristics and symptoms. In particular, successful 
treatment should focus on the cure of symptoms 
affecting the patient’s quality of life. In this regard, 
studies related to surgical treatment of hemorrhoids 
should include a thorough evaluation of the patient’s
quality of life as it represents one crucial aspect of 
successful therapy.

With this in mind, the current trend is to give 
preference to less invasive procedures with the aim 
of minimizing postoperative pain, providing relief of 
symptoms, and reducing the risk of anatomical alte­
rations and dysfunction of the anal canal.

In the last two decades, hemorrhoidal artery ligation 
(HAL) has become universally accepted for the treatment 
of hemorrhoids. The rationale for this procedure is based 
on the assumption that arterial blood overflow is mainly 
responsible for dilatation of the hemorrhoidal plexus due 
to the absence of capillary interposition between the 
arterial and venous systems within the anal canal. This 
has been clearly demonstrated in anatomical studies[3,4]. 

Both the mean caliber and blood flow of the arterial 
branches of the superior rectal artery (SRA) were found 
to be significantly higher in patients with hemorrhoids 
than in a control group[5]. Closure of the terminal bran­
ches of the SRA is therefore expected to shrink the 
hemorrhoidal piles and alleviate symptoms, and even 
possibly reduce hemorrhoidal prolapse. Closure of the 
terminal branches of the SRA can also be performed 
in combination with plication of the prolapsing mucosa 
in cases of large and symptomatic prolapse [transanal 
hemorrhoidal dearterialization (THD) + mucopexy].

A systematic review of 17 case series that included 
1996 patients reported satisfactory overall results in 
grade Ⅱ and Ⅲ hemorrhoids with mean recurrence 
rates of 11% for prolapse, 9% for pain at defecation, 
and 10% for bleeding at an average of 1-year follow-up 
after Doppler-guided hemorrhoidal dearterialization[6]. 

In another recent review[7], 2904 patients from 28 
studies were included in the final analyses. Overall 
recurrence rates varied among studies with a pooled 
rate of 17.5% and an overall reintervention rate of 6.4%. 
In both of these systematic reviews, it was concluded 
that Doppler-guided hemorrhoidal dearterialization can 
be safely considered for primary treatment of grade Ⅱ 
and Ⅲ hemorrhoids. Grade Ⅳ hemorrhoids, however, 
had the highest recurrence rate at long-term follow-
up. It is interesting to note that not all patients included 
in these reviews underwent a mucopexy in addition to 
dearterialization.

A recent multicenter trial including 803 patients who 
underwent Doppler-guided THD reported an overall 
success rate of 90.7% after a mean follow-up of 11.1 
+ 9.2 mo. These authors also reported a recurrence of 
hemorrhoidal prolapse, bleeding, or both in 6.3%, 2.4% 
and 0.6% of patients, respectively[8]. 

The advantage of HAL/THD when compared to 
excisional methods is the absence of anal wounds, which 
significantly reduces the patient’s postoperative pain 
and discomfort. In addition, preservation of the anal 
anatomy and physiology cannot be underestimated[9]. In 
this regard, it must be stressed that one of the primary 
causes of fecal incontinence is anorectal surgery[10]. 

The anticipated reduction of postoperative pain and 
alleviation of symptoms makes these procedures the 
most favored by patients. Early and mid-term results 
have shown high success and patient satisfaction rates[11]. 
When compared to other non-excisional procedures for 
hemorrhoids such as stapled hemorrhoidopexy (PPH), 
dearterialization may have the added advantage of 
reducing the incidence of serious or life-threatening 
complications[12]. Despite these advantages, long-term 
results may be associated with higher recurrence rates 
compared to conventional hemorrhoidectomy[13]. In 
addition to the advantages of shorter-term decreased 
pain and quicker return to daily activities, patients should 
be informed of this potential eventuality, especially in 
case of 4th degree hemorrhoids. 

Recent studies have called into question the true 
value of Doppler-assisted localization of the terminal 
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branches of the SRA in the HAL/THD procedures[14]. 
According to this theory, the efficacy of artery ligation 
in all six of the odd-numbered clock positions around 
the anus (1, 3, 5, 7, 9 and 11 o’clock in the lithotomy 
position) followed by mucopexy would be equal to the 
same operation performed with Doppler-assistance. 
This would then suggest that there is no real need for 
the costly Doppler instruments. Conversely, it has been 
demonstrated that one-third of the population has at 
least one artery in an even-numbered clock position, 
and for this reason Doppler-assisted localization is 
important in correctly locating the arteries[15]. 

Some studies have shown good overall success 
rates when hemorrhoidopexy is performed without 
dearterialization[16]. Skepticism over the true value of 
dearterialization might therefore be justified. However, 
hemorrhoidopexy, beyond the treatment of mucosal 
prolapse, can most likely be considered an empiric form 
of de-arterialization, although the closure of underlying 
arteries cannot be proven by Doppler ultrasound. In 
fact, the running sutures placed on the redundant 
mucosa may include the underlying arteries. In this 
regard, there are some important issues regarding 
the anatomy of the anal canal and the type of Doppler 
device used for HAL/THD that need to be addressed.

Aigner et al[3] and Schuurman et al[4] have described 
in detail the vascular pattern of the anal canal. At 
approximately 2-3 cm above the dentate line, the 
terminal branches of the superior rectal arteries become 
superficial (2 mm deep) and thin (0.6-2 mm). These 
terminal branches may be directly responsible for blood 
overflow into the hemorrhoidal piles due to the lack 
of capillary interposition between the arterial system 
and the hemorrhoidal plexus. However, the Doppler 
transducers used by the majority of DGHAL and THD 
equipment operate at 7-8 MHz. At these frequency 
settings, Doppler probes can only detect deep arteries 
that may not directly contribute to the hemorrhoidal pile 
overflow.

In addition, in commonly used equipment, suture 
ligation is placed approximately 1 cm above the point 
where the arterial pulse is located by Doppler ultrasound, 
which may not succeed in closing the artery.

In this regard, dearterialization with laser [hemorr­
hoidal laser procedure (HeLP)] seems to be more 
precise and effective[17]. This procedure uses a 20 MHz 
Doppler-transducer, which is more accurate in detecting 
superficial arteries at approximately 2 cm above the 
dentate line. In addition, diode laser energy delivered at 
980 nm of wavelength causes shrinkage of the mucosa 
and submucosa to a depth of 4 mm, which can easily 
include the underlying superficial arteries. The efficacy 
of arterial shrinkage is in fact improved by the selective 
action of laser energy on hemoglobin at that specific 
wavelength. Furthermore, in the HeLP procedure, the 
laser fiber is placed in contact with the mucosa exactly 
at the same point where the Doppler signal locates the 
artery. By doing so, the risk of missing the artery is 
minimized. 

Laser treatment may also have the added advantage 
of closing a larger number of arteries (12 instead of 6) 
and being less invasive than artery ligation, therefore 
requiring neither anesthesia nor sedation[18]. However, 
one pitfall associated with this procedure is the low 
success rate of curing severe mucosal prolapse. In 
fact, the standard HeLP procedure does not address 
the issue of prolapsed mucosa. Nevertheless, in cases 
of concomitant severe and symptomatic prolapse, a 
mucopexy can easily be incorporated into the same 
procedure, following the laser treatment (HeLP + 
rectoanal repair)[19]. 

The number of arteries closed as well as the level 
at which the arteries are located might also play a 
significant role in the clinical success of techniques 
that employ dearterialization. In order to optimize the 
results of THD, Ratto et al[20] modified their technique 
of dearterialization by performing a “distal” ligation, 
rather than the original technique of closing the arteries 
approximately 4-5 cm above the dentate line, located 
by Doppler signal. 

The terminal branches of the SRA multiply and 
become more superficial as they get closer to the 
dentate line. This explains the fact that 20 MHz Doppler 
probes, as seen in the HeLP procedure[16], can easily 
identify and locate at least 12 arteries, compared to only 
6 as has been previously described in other procedures 
employing different Doppler probes. 

IN summary
The techniques of dearterialization for symptomatic 
hemorrhoids seem to have maintained the encouraging 
early results, despite a progressive increase in long-
term recurrence rates that have been reported in some 
studies, especially for grade Ⅲ and Ⅳ hemorrhoids. 
The rationale for this procedure seems to be valid, as 
demonstrated not only by anatomical studies but also by 
clinically successful results reported in numerous series 
in the literature, even when no additional mucopexy is 
performed.

Dearterialization, either with suture ligation (DGHAL/
THD) or laser (HeLP), may be successfully performed 
alone or in association with mucopexy, when necessary.

Mucopexy improves resolution of short- and long-
term symptoms when significant prolapse altering 
the patient’s quality of life is present in grade Ⅲ he­
morrhoids. Dearterialization plus mucopexy should 
be indicated only in very selected cases of grade Ⅳ 
hemorrhoids. Mucopexy alone can be performed when 
prolapse is the only symptom, but this procedure may 
fail to control bleeding and recurrent acute symptoms in 
the long-term.

Although the added value of Doppler-guidance in 
association with dearterialization has recently been 
challenged, this imaging method still plays an important 
role in localizing hemorrhoidal arteries, and minimizing 
the effect of anatomic variation among patients.

Some Doppler transducers may not easily detect 
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superficial arteries due to inadequate frequency settings 
(7-8 MHz). In HAL/THD procedures, dearterialization 
may be empirically effective in that the arteries may 
be successfully closed because the width of the suture 
ligation would close a larger quantity of tissue, thus 
incorporating the underlying arteries regardless of 
Doppler-guidance. Unfortunately, these results may not 
be easily reproducible. 

Finally, all techniques of dearterialization have the 
advantage of preserving the anatomy and physiology 
of the anal canal, when compared to other surgical 
treatments for hemorrhoids. This advantage cannot be 
underestimated as impaired anal function, including 
fecal incontinence and other defecation disorders, may 
occur following surgical treatment for hemorrhoids. 
Furthermore, this potentially devastating problem can 
occur in patients of all ages, including younger patients. 
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Abstract
Laparoscopic liver resection (LLR) has been progre
ssively developed along the past two decades. Despite 
initial skepticism, improved operative results made 
laparoscopic approach incorporated to surgical practice 
and operations increased in frequency and complexity. 
Evidence supporting LLR comes from case-series, 
comparative studies and meta-analysis. Despite lack of 
level 1 evidence, the body of literature is stronger and 
existing data confirms the safety, feasibility and benefits 
of laparoscopic approach when compared to open 
resection. Indications for LLR do not differ from those 
for open surgery. They include benign and malignant 
(both primary and metastatic) tumors and living donor 
liver harvesting. Currently, resection of lesions located 
on anterolateral segments and left lateral sectionectomy 
are performed systematically by laparoscopy in hepa
tobiliary specialized centers. Resection of lesions located 
on posterosuperior segments (1, 4a, 7, 8) and major 
liver resections were shown to be feasible but remain 
technically demanding procedures, which should be 
reserved to experienced surgeons. Hand-assisted and 
laparoscopy-assisted procedures appeared to increase 
the indications of minimally invasive liver surgery and 
are useful strategies applied to difficult and major 
resections. LLR proved to be safe for malignant lesions 
and offers some short-term advantages over open 
resection. Oncological results including resection margin 
status and long-term survival were not inferior to open 
resection. At present, surgical community expects high 
quality studies to base the already perceived better 
outcomes achieved by laparoscopy in major centers’ 
practice. Continuous surgical training, as well as new 
technologies should augment the application of lap
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aroscopic liver surgery. Future applicability of new 
technologies such as robot assistance and image-guided 
surgery is still under investigation.

Key words: Minimally invasive surgery; Laparoscopic 
surgery; Hand-assisted laparoscopy; Liver neoplasm; 
Liver cirrhosis; Living donor; Liver; Hepatectomy; Liver 
transplantation
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Core tip: Liver surgery was one of the last frontiers 
reached by minimally invasive surgery. Surgical tech
nique and specialized equipment evolved to overcome 
technical limitations, making laparoscopic liver re
sections (LLR) safe and feasible. Surgeons developed 
skills in a stepwise approach, beginning with low 
complexity operations for benign diseases and reaching 
high-complexity surgeries for malignant cases and living 
donor organ harvesting. Despite a cautious slow start 
laparoscopic liver surgery has been incorporated to 
practice. On the following pages the successful history 
of LLR is depicted, along with an updated panel of it’s 
current role and expected achievements.

Coelho FF, Kruger JAP, Fonseca GM, Araújo RLC, Jeismann 
VB, Perini MV, Lupinacci RM, Cecconello I, Herman P. 
Laparoscopic liver resection: Experience based guidelines. World 
J Gastrointest Surg 2016; 8(1): 5-26  Available from: URL: http://
www.wjgnet.com/1948-9366/full/v8/i1/5.htm  DOI: http://
dx.doi.org/10.4240/wjgs.v8.i1.5

INTRODUCTION
In the last two decades, minimally invasive liver surgery 
(MILS) underwent a major evolution. Willing to explore 
the possibility of laparoscopic liver resection (LLR), 
specialized centers with solid background on hepatic 
and laparoscopic surgery took the first steps[1,2]. 

Initial development of MILS was slow, withheld by 
three main barriers. The first limit to overcome was 
technical, hence the translation of conventional techni­
ques to the laparoscopic approach was needed. For 
instance, organ mobilization, manual palpation, vascular 
dissection, vascular control and parenchymal transection 
were steps universally applied to open liver resection 
(OLR) that had to be adapted to laparoscopy. The second 
barrier consisted of anticipated intraoperative hazards, 
such as massive bleeding and the theoretical increased 
risk of gas embolism secondary to pneumoperitoneum. 
The third step toward acceptance of LLR concerned 
about oncological outcomes such as adequate margins, 
port site seeding and long-term survival[1,3-5]. 

The first wedge resection was reported by Reich 
et al[6] (1991). Since then, improvements in surgical 
techniques associated with technological advances 
significantly expanded the complexity and safety of 

MILS. The first laparoscopic anatomic hepatectomy was 
reported in 1996 simultaneously by Azagra et al[7] and 
Kaneko et al[8] The first laparoscopic major hepatectomy 
in 1997 by Hüscher et al[9]. In 2000, Cherqui et al[1] and 
Descottes et al[2] published the first structured case-
series with results favoring laparoscopic liver operations. 
Many other small single center or multicenter case series 
emerged on the following years, with promising good 
results[10-12]. 

By the year 2007 Koffron et al[13] published the 
first major series showing operative results on 300 
consecutive patients. On the following year a landmark 
meeting produced the Louisville Statement[14], the 
first expert consensus conference on laparoscopic liver 
surgery. In 2009 a comprehensive review on published 
series accounted that 2804 LLR had been performed 
worldwide[15]. Of note, previous publications reported 
mainly on resected benign lesions and this review 
showed, for the first time, a predominance of malignant 
cases. 

The years 2010 witnessed many reports on safety 
and feasibility of laparoscopic operations[16-18] including 
complex procedures such as major hepatectomies and 
graft harvesting for living donor liver transplantation 
(LDLT)[19,20]. Clinically significant events of carbon dioxide 
(CO2) embolism were extremely rare[21,22] and no port 
seeding or peritoneal implant could be attributed to 
laparoscopy, dismissing many of the initial worries on 
LLR[23,24]. 

Evidence supporting MILS comes from case-series, 
comparative studies and meta-analyses. Only recently, a 
prospective randomized study was published comparing 
the results of LLR with the OLR[25]. There are prospective 
studies in course and their results are expected to 
provide the best scientific evidence to the already 
perceived superiority of MILS[26,27]. Despite the lack 
of evidence level 1, existing data confirms the safety, 
feasibility and benefits of MILS. Also, many comparative 
series indicated the role of laparoscopy in disease 
specific settings, such as benign diseases[12,17,25,28-33], 
hepatocellular carcinoma (HCC)[34-49] and colorectal liver 
metastases (CRLM)[50-58]. Recently, the 2nd International 
Consensus Conference (2nd ICC) on LLR in Japan de­
monstrated the progress and dissemination of the 
method worldwide[59]. 

TERMINOLOGY AND DEFINITIONS
Extent and complexity of resection
LLR should be classified according to the complexity of 
the operation and the technique of minimally invasive 
access[14]. Referring to complexity categories, laparo­
scopic operations might consist of: (1) small wedge 
resections; (2) resections of the left lateral section 
(segments 2 and 3) or anterior segments (segments 4b, 
5 and 6); and (3) hemihepatectomies, trisectionectomies 
and resections of the difficult postero-superior segments 
(segments 1, 4a, 7 and 8). The first two categories 
are classified as “minor resections”. The Louisville 
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Statement[14] defined the third group of operations as 
“major hepatectomies”, unlike the classical concept of 
open surgery, in which major resections are defined 
as operations resecting 3 or more contiguous liver 
segments[60]. Subsequently, other authors have shown 
that resection of lesions located in the posterior and 
superior segments require greater technical proficiency 
and have higher complication rates than anterolateral 
resections. These operative results justify the “upgrade” 
of difficult resections to major resections due to their 
technical complexity[61,62]. In a recent study, Di Fabio et 
al[62] evaluated the outcomes of the “traditional” major 
hepatectomies (hemi-hepatectomy, trisectionectomies) 
compared to laparoscopic “postero-superior” resections 
and concluded that the creation of two subcategories of 
laparoscopic major hepatectomy seems appropriate to 
reflect differences in intraoperative and postoperative 
outcomes between those two sets of patients. In the 2nd 
ICC the classical definition was used (minor resection: 
≤ 2 segments, major resections > 2 segments)[59]. In 
this review, we employ the term “major resection” for 
hemi-hepatectomies and trisectionectomies and the 
term “difficult resections” for resections of the postero-
superior segments (segments 1, 4a, 7 and 8).

Types and techniques of LLR
LLR can be categorized in three different approaches[14]: 
(1) Pure LLR (PLLR): the entire resection is performed 
through laparoscopic ports and an auxiliary incision is 
used only for specimen extraction; (2) Hand-assisted 
laparoscopy surgery (HALS): The operation is carried 
out with elective placement of an auxiliary hand-port, 
which also aids specimen extraction. If a pure lapar­
oscopic procedure demands the insertion of a hand-
port in order to overcome difficulties and to complete 
the procedure, this should be considered a “conversion 
from pure laparoscopy to hand-assisted hepatectomy”. 
The third type of minimally invasive liver resection is 
(3) Hybrid hepatectomy (also termed laparoscopy-
assisted hepatectomy): The operation begins with 
laparoscopic liver mobilization (with or without hand-
assistance), followed by an elective mini-laparotomy 
for a conventional approach to vascular pedicles (if 

necessary) and parenchymal transection.
Along the development of MILS the pure laparoscopic 

approach was the overall preferred method, especially 
in European centers[63-66]. The hybrid and hand-assisted 
methods are adopted more liberally to perform complex 
resections in United States and Japan, although there is 
a trending shift towards PLLR in Japan[67-70]. 

LEARNING CURVE
To overcome the difficulties associated with minimally 
invasive hepatic resections the training of surgeons 
is essential in order to safely spread the benefits of 
laparoscopic liver surgery[71-73]. 

A consensual observation in many papers on LLR is 
that laparoscopic hepatectomies should be performed 
by surgeons with extensive training in hepatobiliary and 
advanced laparoscopic surgery[14,74]. Thence, fellowships 
in specialized centers should offer high-level training 
in order to accomplish competence in both domains. 
The key points related to the training with LLR are 
summarized in Table 1.

A major change in MILS is the way surgeons 
approach the liver, as the classic open frontal view is 
modified. In laparoscopy, due to the insertion of the 
optical equipment in or near the umbilicus, a caudal 
approach is forcefully undertaken. In the caudal view the 
surgeon sees the well-known anatomy from a different 
perspective[64]. Basic technical skills acquisition can 
occur through practicing in cadaveric or animal model[75] 
and further clinical training should follow an increasing 
order of procedure difficulty[14,73,76]. Case selection is 
essential in early clinical experience; first cases should 
involve lesions prone to small wedge resections located 
on the anterolateral segments (segments 2, 3, 4b, 
5 and 6). Anatomic resections can be started with 
left lateral sectionectomy (LLS), which is a patterned 
straightforward segmental resection that requires 
liver mobilization, pedicle treatment and parenchymal 
transection[33,71,76,77]. It is safer to move on to complex 
resections after the surgeon has acquired proficiency in 
minor resections (Table 1)[73]. 

In order to better understand the difficulty asso­
ciated with each kind of operation, a recent paper 
proposed a scoring index for LLR[78]. This scoring system 
incorporates factors such as tumor size and location; 
proximity to major vessels; liver function and extent 
of liver resection. Resections are graded from 1 to 10, 
being score 1 for peripheral wedge resection; 4 for LLS; 
7 for hemihepatectomy and 10 stands for extremely 
difficult resections. This interesting index offers a 
numeric score of progressive difficulty that can help 
learners to evaluate their progress. This scoring system 
can be used as a guide in training and progressive skill 
acquisition.

Learning curve analysis is somewhat a preoccupation 
linked to laparoscopic operations. When a laparoscopic 
operation is proposed, it is usually compared with its 
conventional counterpart in order to assess results 
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Table 1  Laparoscopic liver resection learning curve key points

Knowledge of caudal view anatomy 
Training in cadaveric and/or animal model
Clinical training should follow an increasing order of procedure 
difficulty (Difficult Scoring System for LLR[78] can be used to point 
difficulty levels) 
   Minor anterolateral resections
   Minor anatomical resections (start with LLS)
   Difficult resections
   Major resections
   Graft harvesting for LDLT 
HALS and hybrid resections can be used in the early experience to 
overcome the learning curve

LLR: Laparoscopic liver resection; LLS: Left lateral sectionectomy; LDLT: 
Living donor liver transplantation; HALS: Hand-assisted liver surgery.

Coelho FF et al . Laparoscopic liver resection guidelines
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of major resections is increasing[64]. A recent analysis 
performed in a general medical population, including 
all liver resections in France along the year 2013, 
resulted that 15% of liver resections were performed 
through minimally invasive surgery[87]. Another surgical 
population profile indicates that less than 10% of all 
liver resections done for benign conditions are carried 
out with laparoscopy in North American centers[88]. In 
fact, there are few centers with extensive experience 
with LLR, Table 2 presents per operative results in high-
volume centers with more than 150 cases.

Indications for LLR do not differ from those for 
open surgery[3,89,90]. Indications are based on tumour 
characteristics, liver function and patient’s general 
health status. In patients who cannot tolerate pneumo­
peritoneum due to their cardiopulmonary status LLR is 
contraindicated. 

MILS may be used for benign and malignant (primary 
and metastatic) tumors and living donor liver harvesting. 
A high percentage of benign tumors was presented in 
early series of MILS, whereas the proportion of malignant 
has significantly increased in recent years[15,79,91,92]. 
Between June 2007 and December 2014, 214 LLR were 
performed at the Liver Surgery Unit, University of Sao 
Paulo Medical School. In our experience, 65.9% of LLR 
patients were by malignant diseases and their proportion 
has significantly increased in recent years (Table 2). 

Classic indications for LLR are tumours confined to 
the so-called “laparoscopic segments”: The left lateral 
section (segments 2 and 3) and the anterior segments 
(segments 4b, 5, 6). It is also preferable to operate 
on tumours smaller than 5 cm, located away from 
major blood vessels and hilar structures. Those are 
the most frequently adopted indications, but are not 
restrictive, once indications can be shifted and extent of 
resection can be expanded according to the expertise 
of a particular center[85,93]. For instance, peripheral 
tumours are amenable to laparoscopic approach, even 
when greater than 5 cm. On the other hand, LLR is not 
advised for large intrahepatic lesions, because of difficult 
tumor mobilization and risk of rupture[3]. Laparoscopic 
LLS is considered the gold standard treatment for lesions 
located on segments 2 and 3 and should be routinely 
applied[33,71,94]. This successful policy has led some 
experts to expand the indication of routine laparoscopic 
approach to left hepatectomy[95].

Major liver resections (i.e., right hepatectomy) 
showed to be feasible but remain technically demanding 
procedures reserved to experienced surgeons. Patients 
with bilateral or central tumors, close to the liver hilum, 
major hepatic veins or inferior vena cava (IVC) are 
not standard candidates for a laparoscopic approach. 
However, in some expert centers, even these cases are 
addressed laparoscopically in selected patients[96,97]. 

Posterior and superior segments of the liver have 
been traditionally considered as “non-laparoscopic 
segments” because laparoscopy offers a caudal vision 
of the liver and there is a great amount of parenchyma 
interposed between the surgeon’s view and those 

and to establish the number of operations required for 
technical competence. To our knowledge there is no 
data on open hepatectomy learning curve, and Rau et 
al[79] published the first mention of a LLR learning curve 
in 1998. Cherqui’s group published a seminal paper on 
the subject and their analysis revealed that 60 cases 
were needed in order to achieve optimal results[72]. 
Of notice, the use and duration of Pringle maneuver, 
and use of HALS decreased over time. This indicates 
that pedicle clamping and HALS play an important role 
during the learning curve. Likewise, hybrid resections 
can also be used in the early experience to overcome 
the learning curve[13,70,80]. 

Other series have indicated a smaller number in order 
to obtain expertise. A recent Chinese paper observed a 
variable number on cases needed to achieve competence, 
according to the complexity of the operation. Their 
caseload ranged between 15 to 43 operations[81]. 

Other authors have made some interesting conjoined 
analysis, looking beyond the numbers, also considering 
the effect of expert training. Hasegawa et al[58] made an 
analysis on their experience with 24 cases of LLS divided 
in 3 eras; initially a senior surgeon performed the first 
8 operations with no technical standardization. In the 
second era a senior surgeon operated on 8 cases with 
a standardized technique. The third group of 8 patients 
underwent operations performed by junior surgeons 
under senior guidance. Comparative analysis showed 
better results of the second and third eras in comparison 
to the first period and, most important, results did not 
differ between the second and third periods. 

Other authors studied the learning curve for complex 
and major hepatic resections[73,82]. Nomi et al[83] studied 
173 patients that underwent major LLR in a high-
volume center using the cumulative sum method. The 
learning curve identified three phases: Phase 1 (45 initial 
patients), phase 2 (30 intermediate patients) and phase 
3 (the subsequent 98 patients). These data suggests 
that the learning phase of major LLR included 45 to 75 
patients[83]. 

INDICATIONS AND LIMITATIONS OF LLR
Laparoscopic access offers some benefits over con­
ventional operations[66,84]. The magnified view of the 
operating field allows meticulous haemostasis. During 
parenchymal transection, most of the blood loss derives 
from the hepatic veins and laparoscopy offers the 
possibility of parenchymal transection under positive 
pressure, resulting in less bleeding. However, minimally 
invasive liver operations has some drawbacks, such 
as lack of tactile feedback, restricted manoeuvres 
and difficult visualization of the posterior and superior 
segments of the liver[85]. 

Nowadays, LLR is utilized in a small percentage of 
liver resections (5%-30%) in most centers, although 
some very skillful surgeons have reported higher rates, 
reaching from 50% to 80%[59,64,86]. The majority of 
data arise from minor resections but the proportion 

Coelho FF et al . Laparoscopic liver resection guidelines
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veins and long operative time. However, the occurrence 
of gas embolism in this scenario is also extremely low. 
Dagher et al[67] in a multicenter study with 210 cases of 
major LLR; reported 3 (1.43%) patients that developed 
gas embolism. However, there was no influence of gas 
embolism on postoperative morbidity and mortality[67]. 
Otsuka et al[157] reviewed 477 major hepatectomies 
from high-volume centers and observed only 3 (0.2%) 
cases of gas embolism. In recent series, as well as in our 
experience, no cases of air embolism were observed. 

The occurrence of gas embolism has been also 
related to argon beam coagulation, which increases 
intra-abdominal pressure leading to an increased risk 
of gas embolism[158-160]. As argon is not diffusible as 
CO2, the use of argon beam coagulator during liver 
transection is not recommended by many experts[59]. 
 
Intraoperative bleeding
The main technical challenge of LLR remains intrao­
perative hemorrhage during parenchymal transection. 
Even though intraoperative bleeding rarely occurs, it 
is difficult to manage in the absence of manual com­
pression.

Some cases of hemorrhagic complications have been 
reported, mainly related to hepatic veins injuries[161,162], 
and were managed either laparoscopically or by conver­
sion to laparotomy. Intraoperative bleeding is the main 
cause of conversion to laparotomy in most series[13,14,81,93,

99,163-165].
Major blood loss during liver resection has a direct 

effect on postoperative course[166] and negatively affects 
oncological outcomes[116]. Perioperative blood trans­
fusions are associated with a higher rate of recurrence 
and lower survival after surgical treatment of malignant 
diseases, especially HCC[10]. 

Blood loss reported during laparoscopic surgery 
varies between series, and is directly related to the type 
and difficulty of LLR[13,14,81,93,99,163-165]. In several meta-
analysis of comparative studies intraoperative bleeding 
tends to be lower at laparoscopic approach than at open 
resection resulting in decreased requirement for blood 
transfusion (Table 6)[149,151,153]. 

Studying patients with malignant diseases (HCC 
and CRLM), Parks et al[167] showed significantly lower 
blood loss in the group undergoing LLR than in the 
group undergoing OLR. Analyzing only patients with 
HCC, other meta-analyses yielded similar results, with 
systematic advantage for the group undergoing LLR, 
with less intraoperative bleeding and lower rates of 
blood transfusion[117,118,168,169].

The factors responsible for reduced blood loss 
during LLR are magnified view of the operating field, 
the positive pressure of the CO2 pneumoperitoneum 
that avoids retrograde bleeding from hepatic veins, the 
emergence of new transection devices and adequate 
inflow and outflow control[170]. In order to address 
essential steps in bleeding control during LLR, a recent 
experts’ literature review made some recommendations: 
Maintenance of pneumoperitoneum between 10-14 

mmHg; low CVP (< 5 mmHg); laparoscopy control of 
inflow and outflow; and surgeons should be experienced 
with the use of all surgical devices for liver transection 
and should master laparoscopic suture before starting 
LLR[170]. 

Conversion
The reported conversion rate is in the range of 0%-
20%[171], varying mostly according to the indication for 
LLR. Series on benign disease show conversion rates 
from nil to 10%[12,17,25,28-33]. Observational comparative 
studies focused on malignant diseases (Tables 4 and 5) 
showed conversion rates ranging from 0% to 23.3%[34-58]. 
However, with surgical expertise the conversion rate can 
be reduced to < 5% in high-volume expert centers[32,58]. 
In our experience the overall conversion rate was 6.5%; 
however, in the last 100 cases, the conversion rate was 
3.0%.

The conversion rate is also related to the complexity 
of the surgical procedure and accumulated experience. 
In a multicentric review of 210 major hepatectomies 
conversion rate was 12.4%. To evaluate the effects of 
learning curve on outcomes, a comparison was made 
between the first 15 major LLR performed at each 
center and the subsequent 120 major hepatectomies. 
Conversion rate (18.8% vs 7.5%, P = 0.0018) was 
significantly lower in the late group[67]. In patients with 
cirrhosis reported conversion rates are higher, ranging 
from 7% to 19.4%[168]. 

EFFICACY OF LLR
Postoperative outcomes: Comparison with OLR
The literature data cited above indicate that LLR is 
feasible and safe when compared to OLR for both 
benign and malignant liver lesions. At present, there are 
20 meta-analysis summarized on Table 6 comparing 
the results of LLR and OLR[94,111,117,118,127-130,148-153,167-169,

172-174]. Most studies have consistently demonstrated a 
significantly lower length of stay (LOS) as compared 
to the open approach. The overall shorter LOS in 
laparoscopic resection is not only associated with quicker 
hospital discharge, but an earlier return of bowel activity 
and lesser requirement of analgesics[148-151]. Rao et 
al[148] pooled analysis of 32 comparative studies showed 
significant reduction in LOS (2.96 d, 95%CI: -3.70 to 
-2.22) and in the time to oral intake (1.33 d, 95%CI: 
-1.86 to -0.80) in the laparoscopic group.

Morbidity and mortality
Nguyen et al[15] found that the overall mortality rate was 
0.3% (range 0% to 10%) in 2804 patients operated by 
LLR until 2008. There were no reported intraoperative 
deaths. Most common cause of postoperative death was 
liver failure[15]. Modern series from large volume centers 
report mortality for LLR in the range of 0% to 2.4%[17,25,

32,33,35-49,52-58,81,93,99,164,165]. Jackson et al[153] pooled results 
of 40 studies comparing mortality rates between LLR 
and OLR and there were no significant differences 
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approach (n = 338). LLR was associated with lower 
ward stay cost than OLR (2972 USD vs 5291 USD) but 
costs related to operation (equipment and theatre) were 
higher in the group of patients undergoing LLR. The 
total cost was lower in patients managed by LLR (19269 
USD) compared to OLR (23419 USD). The same trend 
of overall cost reduction was observed when the subset 
of patients undergoing minor LLR was analyzed (total 
cost: LLR 12720 USD vs OLR 17429 USD). 

Regarding major hepatectomies results are con­
tradictory. There is no proven economic benefit related 
to the laparoscopic procedure when compared to con­
ventional counterparty[13,179-181]. 

ONCOLOGICAL RESULTS
Initial limitations of laparoscopic liver surgery included 
the fear of unfavorable oncological outcomes[3]. As a 
new technique, LLR should prove to be non-inferior 
when compared to the established methods. Pursued 
oncological results were two-fold: Intraoperative tumor 
clearance (complete resection with adequate margins) 
and long-term survival.

Surgical margins
As observed for any laparoscopic operation, LLR is 
performed without tactile feedback along with a limited 
bi-dimensional field of view. Moreover, as mentioned 
earlier, the insertion of the laparoscope through or near 
the umbilicus implicates in a caudal view of the liver[84,98]. 
Complete resection is the goal for the treatment of 
hepatic malignancies and the limitations in tactile 
feedback associated with the modified field of view 
made surgeons concern about adequate intraoperative 
oncological results.

The encouraging results of LLR set surgeons to 
search alternatives to overcome those limitations. LLR 
performed either with laparoscopic or hand assistance 
offers the possibility of placing the surgeon’s hand 
into to the operative field, ruling out the lack of tactile 
feedback[14]. Moreover, during LLR intraoperative ultra­
sound should be extensively used, not only to identify 
occult previously unknown lesions, but most importantly 
to aid surgical planning in order to obtain clear surgical 
margins[182].

The best evidence available to date indicates that 
surgical margins in LLR are as good as in conventional 
procedures. Comparative studies and meta-analysis 
have indicated that patients operated with LLR have no 
increased risk of positive surgical margins[111,117,118,128-130,149,

150,168,172-174]. LLR is carried out under a magnified field of 
view, which implies in augmented perception of operative 
blood loss and induces surgeons to be more meticulous, 
especially when employing a new technique[86,115]. Another 
reason for adequate margins relies on patient selection 
and surgical planning for laparoscopic cases. Surgery 
should be extensively planned to include peripheral 
tumors located away from vascular structures and far 
from the transection plane[3,14,63,85,93].

between the groups for both in-hospital mortality and 
postoperative mortality within 30 d of discharge[153]. 

The comprehensive review of LLR published series 
by Nguyen et al[15] found an overall morbidity rate was 
10.5% (range 0% to 50%). The most common liver-
related complication was bile leakage (1.5%) followed 
by transient hepatic insufficiency (1.0%). The most 
common general and surgical-related complications 
were pleural effusions, incisional bleeding and wound 
infections each with less than 1%[15]. 

In large series including benign and malignant 
disease, the overall morbidity rate ranges from 3.2%[175] 
to 45%. In our series of 214 LLR, morbidity rate was 
15% and mortality was 0.5% (one cirrhotic patient 
died of sepsis). The most common postoperative com­
plications were: Ascitis (15.6%) followed by incisional 
hernias (9.4%), ileus (9.4%) and pneumonia (9.4%).

Comparative studies showed significant decrease in 
the complication rate in patients undergoing LLR[149,150,152,

153,172]. A meta-analysis published by Mirnezami et al[149] 
showed a significant decrease in the incidence of liver-
specific complications with LLR compared with OLR. 
Similarly, Jackson et al[153] analyzed 47 studies and 
demonstrated that patients who underwent LLR had 
lower postoperative complications rates when compared 
with OLR. Specifically, minimally invasive approaches 
had lower rates of wound infections, incisional hernias, 
and cirrhotic decompensation events. 

Regarding malignancies, patients with CRLM who 
underwent laparoscopic resections also have lower 
rates of postoperative complications than the open 
group[127,128,130].

Recently, our group published a series including 30 
patients with HCC that underwent LLR. Postoperative 
complications were observed in 40% of patients (75% 
grade Ⅰ by Dindo-Clavien classification) and the mortality 
rate was 3.3%[176]. A consistent finding among the meta-
analysis of LLR for HCC includes reduced complication 
rates[117,169,173,174]. Xiong et al[117] examined ascites 
and postoperative liver failure and reported reduced 
incidences of both. Recently, Morise et al[169] analyzing 
the subset of patients with known cirrhosis also noted 
a significant reduced incidence of postoperative ascites 
and liver failure. 

Cost analysis
There are concerns that LLR may be associated with 
increased cost due to laparoscopic equipment[13,74]. 
Koffron et al[13] showed that the operating room costs 
for MILS were significantly higher than those of OLR; 
however, overall costs were reduced due to shorter 
LOS. Similarly, Polignano et al[177] reported increased 
disposable instrument costs with LLR. However, these 
expenses were offset by reduced high dependency unit 
and ward stay costs, resulting in significantly lower total 
costs with LLR[177]. 

In a recent meta-analysis published by Limongelli 
et al[178], 9 studies were analyzed comparing the costs 
of patients undergoing LLR (n = 344) vs conventional 
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Long-term outcomes - CRLM 
Inadequate intraoperative staging, insufficient surgical 
margins, port-site seeding and peritoneal dissemination 
were feared outcomes that limited the application 
of LLR to the treatment of CRLM. Those fears were 
not confirmed and LLR slowly gained acceptance for 
operations on CRLM.

The cautious progress demonstrated that results 
on selected patients proved to be equally good for LLR 
when compared to conventional operations (Tables 5 
and 6)[128,130]. Moreover, LLR increases the chance for 
future resections once laparoscopy reduces operative 
adhesions and eases futures interventions[56]. Other tech­
nical benefits include the expansion of liver resections 
to elderly patients and the possibility of synchronous 
colorectal resections made feasible by a less morbid 
approach[131,132,183].

Long-term outcomes - HCC 
HCC is the most common primary liver malignancy and 
figures as a leading cause of cancer related death[184]. 
It has a frequent association with chronic liver disease, 
which implies that management of such tumors comes 
along with the management of cirrhosis and its com­
plications.

Initial results of laparoscopic operations on cirrhotic 
patients have shown excellent short-term perioperative 
outcomes[23,35,66]. One of the intraoperative benefits of 
LLR is reduced blood loss; perioperative blood trans­
fusions have a negative impact in survival for HCC[116], 
indicating that laparoscopic resection is a useful tool to 
improve long-term outcomes.

Comparative and meta-analytical studies took a look 
into survival rates of LLR and long-term outcomes were 
superimposed to conventional results (Tables 4 and 
6)[111,117,168,173,174]. Thus, LLR is an acceptable option for 
treating patients with HCC. 

TECHNICAL CONSIDERATIONS
PLLR is the most frequent method of LLR and is mostly 
applied to less complex operations, such as wedge 
resections, non-anatomic and anatomic resections on 
the anterolateral segments[14]. Some expert teams 
also perform PLLR for major resections and complex 
procedures such as living donor graft harvesting[19]. 
HALS offers the advantage of regaining tactile feedback 
lost with PLLR. It is also helpful in instances were 
extensive liver mobilization is required, such as posterior 
sectionectomies and major resections[68]. Hybrid resec­
tion associates laparoscopy for liver mobilization with 
an auxiliary incision for parenchymal transection and 
specimen removal[14]. Hybrid resections has been 
reported as a useful tool to increase the frequency of 
major resections[69]. Figure 1 demonstrates the rationale 
from the Liver Surgery Unit at University of Sao Paulo 
Medical School for selecting the best MILS approach for 
each scenario.

Minor resections
Minor resections were responsible for the successful 
start of LLR during the 1990’s and still represent one of 
the major indications of LLR. Especially when located in 
easily accessible, minor resections should be routinely 
performed through laparoscopy[14].

Another LLR minor resection that should be rou­
tinely performed is LLS[14,33,95]. This resection was 
the first published successful anatomic LLR and has 
been extensively studied[8]. Comparative studies have 
shown that LLS is technically feasible, with superior 
short-term outcomes and equal long-term oncological 
results[71,185-187]. Moreover, it is a standardized procedure, 
allowing reproducibility and training for surgeons initiating 
their experience with LLR[76,77]. 

Major resections
Laparoscopic major resections have been compared 
to conventional resections and operative results favor 
LLR on reduced blood loss, shorter length of stay and 
fewer complications[188,189]. Major resections are feasible 
procedures but are clearly experts’ job. Published series 
derive from multi-institutional studies that gather the 
experience of high-volume centers, were operations are 
carried out by experienced liver surgery teams[62-64,67].

Difficult resections
Access to “non-laparoscopic” segments is difficult 
once they are located posterior and superior to the 
liver. Moreover, the postero-superior location demands 
extensive mobilization in order to bring these segments 
to the operative field[190]. Mobilization can be toilsome 
once the right liver should be detached from its liga­
ments, the diaphragm, retroperitoneum and, sometimes, 
the IVC.

The perceived technical difficulty to operate on the 
non-laparoscopic segments has been confirmed in 
papers that indicate posterior sectionectomies as “major 
operations” (despite including only two segments), 
associated with higher conversion rates, higher blood 
loss, prolonged operative times and narrower surgical 
margins[61,85,99,100].

Resections on these difficult segments can be 
performed, but usually demand special techniques to 
overcome above-mentioned limitations. HALS, laparo­
scopy-assisted and trans-thoracic port placement are 
useful strategies applied to difficult resections[103,104,190,191].

NEW TECHNOLOGIES
MILS has evolved during the past two decades and still 
moves forward. Robot assisted resections are feasible as 
reported in case series. Robotic surgery might improve 
results of LLR once it offers a three-dimensional view 
and has a greater range of movements, which can be 
useful for complex resections[24,192,193].

Another perspective for LLR is the association of 
three-dimensional (3D) image guidance to help surgeons 
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to navigate along the liver anatomy while planning and 
executing de resection. 3D image simulation appears to 
be useful for surgical planning and has a high accuracy 
for predicting surgical margins and liver volumes. 
Further dynamic applicability of the 3D planning to navi­
gation during operation is expected to improve operative 
results[194].

Single port operations have been recently incor­
porated to LLR and anecdotally described. Recent 
reviews of the scarce available data identified around 
30 reported cases. Most cases were highly selected 
and included small resections, even though major 
hepatectomy has also been performed. At this point no 
conclusion or recommendation can be made for single 
port LLR, further studies are needed to indicate it’s role 
in LLR[195,196].

CONCLUSION
LLR has been progressively developed along the past 
two decades. Despite initial skepticism, improved 
operative results made LLR incorporated to surgical 
practice and operations increased in frequency and 
complexity. However, the expansion of MILS becomes 
essential when we consider that countries with long-
standing tradition in surgery apply laparoscopy to liver 
surgery in less than 15% of cases. High quality studies 
allied with high-level surgical training are required to 
base surgical practice and to disseminate the benefits 
of MILS to many centers as possible. LLR should be 

standard practice for anterolateral resections and LLS, 
major resections are feasible procedures but restricted 
to experienced centers. Future applicability of new 
technologies such as robot assistance and image-guided 
surgery is still under investigation.
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Abstract
According to the United States census bureau 20% 

of Americans will be older than 65 years in 2030 and 
half of them will need an operation - equating to about 
36 million older surgical patients. Older adults are 
prone to complications during gastrointestinal cancer 
treatment and therefore may need to undergo special 
pretreatment assessments that incorporate frailty and 
sarcopenia assessments. A focused, structured literature 
review on PubMed and Google Scholar was performed 
to identify primary research articles, review articles, 
as well as practice guidelines on frailty and sarcopenia 
among patients undergoing gastrointestinal surgery. 
The initial search identified 450 articles; after eliminating 
duplicates, reports that did not include surgical patients, 
case series, as well as case reports, 42 publications 
on the impact of frailty and/or sarcopenia on outcome 
of patients undergoing gastrointestinal surgery were 
included. Frailty is defined as a clinically recognizable 
state of increased vulnerability to physiologic stressors 
resulting from aging. Frailty is associated with a 
decline in physiologic reserve and function across 
multiple physiologic systems. Sarcopenia is a syndrome 
characterized by progressive and generalized loss of 
skeletal muscle mass and strength. Unlike cachexia, 
which is typically associated with weight loss due to 
chemotherapy or a general malignancy-related cachexia 
syndrome, sarcopenia relates to muscle mass rather 
than simply weight. As such, while weight reflects 
nutritional status, sarcopenia - the loss of muscle mass 
- is a more accurate and quantitative global marker of 
frailty. While chronologic age is an important element in 
assessing a patient’s peri-operative risk, physiologic age 
is a more important determinant of outcomes. Geriatric 
assessment tools are important components of the pre-
operative work-up and can help identify patients who 
suffer from frailty. Such data are important, as frailty 
and sarcopenia have repeatedly been demonstrated 
among the strongest predictors of both short- and long-
term outcome following complicated surgical procedures 
such as esophageal, gastric, colorectal, and hepato-
pancreatico-biliary resections.
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Core tip: It is estimated that by the year 2030, 36 
million Americans > 65 years will require surgery. Frailty 
as defined by a clinically recognizable state of increased 
vulnerability due to physiologic stressors resulting 
from aging has been associated with a decreased 
physiologic reserve and function across multiple physi
ological systems. Recently, a loss of muscle mass or 
sarcopenia has been proposed as an accurate and 
quantitative global marker of frailty. The current review 
demonstrates that frailty as defined by sarcopenia can 
be accurately used as a preoperative predictor of poor 
short- and long-term postoperative outcomes following 
complex gastrointestinal surgery.

Wagner D, DeMarco M, Amini N, Buttner S, Segev D, Gani F, 
Pawlik TM. Role of frailty and sarcopenia in predicting outcomes 
among patients undergoing gastrointestinal surgery. World J 
Gastrointest Surg 2016; 8(1): 27-40  Available from: URL: http://
www.wjgnet.com/1948-9366/full/v8/i1/27.htm  DOI: http://
dx.doi.org/10.4240/wjgs.v8.i1.27

INTRODUCTION
The life expectancy of the average person doubled over 
the course of the last century. In addition, between 
1982 and 2003 the American population aged over 65 
years doubled and the population older than 85 years 
quadrupled[1]. According to the United States census 
bureau 20% of Americans will be older than 65 years in 
2030 and half of them will need an operation - equating 
to about 36 million older surgical patients[2]. The process 
of aging is associated with an increasing prevalence of 
frailty, comorbidities, a decline of functional reserve and 
a progressive restriction in personal and social resources. 
All of these factors can contribute to less favorable 
postoperative outcomes among older patients[3]. Older 
patients are at increased risk for complications which 
include delirium, urinary incontinence, pressure ulcers, 
depression, infection, functional decline and adverse 
drug affects[4-8]. Despite the fact that surgery is the most 
effective cancer therapy, complication rates, mortality, 
length of hospital stay and intensive care unit admissions 
increase with patient age, which can offset oncologic 
advantages[9-13].

Many cancer treatment guidelines have been for
mulated based on clinical data that may have under-
represented older and more frail patients; therefore, 
more attention is needed to guide the management of 
this vulnerable population[14,15]. Several studies have 
noted potential differences in gastrointestinal surgical care 
between older and younger patients[16,17]. For example, 
commonly used predictor scores for postoperative 
complications like the American Society of Anesthesiology 

score have substantial limitations in older patients, as 
most are based on a single organ system, are subjective 
and none measures the patients’ physiologic reserve[18]. 
In fact, a recent review by McCleary et al[16] stressed 
that older adults are prone to complications during 
gastrointestinal cancer treatment and therefore need to 
undergo special pretreatment assessments incorporating 
frailty and sarcopenia assessments. 

More recently, sarcopenia and frailty have increas
ingly been recognized as important factors that can 
be markers of decreased physiologic reserve. Several 
studies have highlighted the importance of frailty and 
sarcopenia to predict perioperative outcomes among 
patients undergoing surgery for gastrointestinal can
cer[19-22]. Recent guidelines from the American College
of Surgeons have highlighted the importance of assessing 
both frailty and sarcopenia prior to oncologic surgery 
in the elderly[23]. As such, there is increasing interest in 
screening patients for frailty and sarcopenia to better 
predict patients at highest risk of complications after 
surgery[24]. Given this, we sought to review the available 
literature on the association of frailty and sarcopenia 
with patient outcome, as well as the risk of perioperative 
morbidity and mortality after gastrointestinal surgeries. 

SYSTEMATIC LITERATURE REVIEW
A focused, structured literature review was performed 
using PubMed and Google Scholar to identify primary 
research articles, review articles, as well as practice 
guidelines on frailty and sarcopenia among patients 
undergoing gastrointestinal surgery. Articles published 
between January 2000 to March 2015 were identified 
using the search terms “sarcopenia and gastrointestinal 
surgery”, “frailty and gastrointestinal surgery”, “sarco
penia and outcome and surgery”, as well as “frailty and 
outcome and surgery”. In addition, references of relevant 
articles were also reviewed to identify potentially eligible 
studies. As per the methodology specified under the 
PRISMA guidelines, only studies published in English 
were included, while conference abstracts that did not 
proceed to publication in peer-reviewed journals were 
excluded[25]. The initial search identified 343 articles; 
53 duplicates were eliminated and 290 abstracts were 
reviewed for further assessment. Among these 25 
editorials, 97 studies that did not include gastrointestinal 
patients, 99 articles that did not use standard frailty 
or sarcopenia assessments, 19 case series, as well 
as 5 case reports and 3 consensus statements were 
eliminated (Figure 1). In total 42 publications assessing 
the impact of frailty and/or sarcopenia on postoperative 
outcomes among patients undergoing gastrointestinal 
surgery were identified that met inclusion criteria. 
Among all studies that were included, 10 studies 
were performed prospectively (2 gastroesophageal 
surgery, 6 colorectal surgery, and 2 hepato-pancreatico-
biliary surgery, Tables 1-3)[26-33]. Sixteen studies were 
conducted retrospectively on an unmatched cohort 
(2 gastroesophageal, 4 colorectal, and 10 hepato-
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pancreatico-biliary), 2 studies retrospectively analyzed 
prospectively collected data while two articles analyzed 
data from multiple centers in the United States[34-50]. 
Additionally, 15 narrative reviews were included in the 
study. The quality of each study was assessed using 
the Newcastle-Ottawa Scale based on case selection, 
comparability, and outcome reporting (Tables 1-3); the 
median quality score of the studies was 6.5 (range 4-9).

 Data pertaining to patient demographics (age 
and sex), assessment used, type of surgery and the 
number of patients were collected for each article and 
are displayed in Table 4. Additionally, data relating to 
short-term clinical outcomes such as 30-d morbidity 
and mortality, as well as long-term outcomes including 
median, 5-year overall and 1-year overall survival were 
recorded from each study. Sarcopenia and frailty, as 
well as other end points used for analyses were not 
homogenously defined throughout the studies. The 
different approaches to define sarcopenia and frailty 
along with relevant clinical and outcome parameters 
used along with the quality scale of the included studies 
(Tables 1-3). While a direct comparison between the 
studies was therefore not possible due to their heter
ogeneity, data were amassed from these studies to 
inform a comprehensive review.

FRAILTY AND SARCOPENIA IN OLDER 
ADULTS UNDERGOING SURGERY: 
GENERAL CONSIDERATIONS
Frailty is associated with a decline in physiologic reserve 
and function across multiple physiologic systems[51]. 
In the absence of a gold standard, frailty has been 
operationally defined by Fried et al[20] as meeting 3 out of 
5 phenotypic criteria indicating compromised energetics: 
Low grip strength, low energy, slowed waking speed, 
low physical activity, and/or unintentional weight loss. 

While frailty has not been widely evaluated in surgical 
patients, Makary et al[22] did report on the surgical 
outcomes of a large cohort of older patients in which 
frailty was assessed using a frailty scale based on the 
Fried frailty phenotype (Table 4). The authors reported 
that preoperative frailty was associated with an increased 
risk of postoperative complications. Specifically, patients 
with moderate or severe frailty had roughly twice 
(moderate: OR = 2.06, 95%CI: 1.18-3.6; severe: OR 
= 2.54, 95%CI: 1.12-5.77) the odds of complications 
compared with non-frail patients. The authors also 
reported that frailty independently predicted length of 
stay with moderate or severe frailty having a 44%-53% 
and 65%-89%, respectively, longer hospital stays than 
non-frail patients. Of note, the power of frailty to predict 
worse outcomes was much higher than traditional peri-
operative assessments alone (Figure 2). These data 
emphasize how frailty adds valuable information to 
standard preoperative risk assessments, yet highlight 
how defining frailty in the peri-operative period can be 
challenging. 

A full combined geriatric assessment (CGA) can take 
several hours and includes assessments such as activities 
of daily living, geriatric depression scores, and timed “up 
and go” tests[52]. Specifically, the risk of mortality among 
patients with frailty ranged from 1.1%-11.7%, with frail 
patients up to 12 times more likely to die compared with 
non-frail patients in a recent review on the use of CGA 
in gastrointestinal surgery[52]. Due to its time consuming 
nature, the National Cancer Institute and the National 
Institute of Aging recommends this scoring system only 
for patients with special needs who are deemed at high 
risk[7]. In addition to CGA, other parameters have been 
used to assess frailty and sarcopenia in older patients 
undergoing gastrointestinal surgery. For example, in a 
large cohort study of 76106 patients from the NSQIP 
database, Amrock et al[53] reported that preoperative 
impaired cognition, low albumin level, previous falls, low 
hematocrit levels and a high prevalence of comorbidities 
were associated with an increased 6 mo mortality and 
post discharge institutionalization among older patients 
undergoing major abdominal operations. While the 
authors concluded that preoperative data could help 
define frailty and predict the geriatric-specific surgical 
risk, the study failed to provide a clear definition for 
frailty in gastrointestinal surgical patients. Other studies 
have suggested that the Charlson index, timed “up 
and go” tests, Katz score or the Mini cog score, as 
well as serum albumin levels below 3.4 g/dL and the 
Braden score all may be associated with postoperative 
outcomes[28,54,55]. Each of these parameters have not 
been shown, however, to improve the risk prediction 
compared with the Fried Frailty Phenotype when used 
alone. 

Sarcopenia has been proposed as another means to 
assess frailty. In fact, when Fried et al[20] first described 
the frailty phenotype and its association with mortality 
and morbidity, the potential link between frailty and 
sarcopenia was noted. Specifically, patients deemed 
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Records identified through database searches of 
MEDLINE, Embase and Google Scholar (n  = 343)

Articles after duplicates removed (n  = 290)

Articles screened (n  = 290)

Articles included in review (n  = 42)

Articles excluded due to the following (n  = 248):
   Case reports or case series
   Editorials
   Guidelines
   Did not address gastrointestinal surgery
   No standard frailty or sarcopenia assessment

Figure 1  Flow chart depicting the review process for the inclusion of 
publications. 
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Sarcopenia and gastro-esophageal malignancies
Specific publications on the impact of frailty and sar
copenia on postoperative outcomes following gastro-
esophageal surgery are rather scarce (Table 1)[34,35,63]. 
In a small study, Pultrum et al[64] reported that esopha
gectomy was justified in older patients as advanced 
age alone had only a minor impact on a patients’ 
postoperative course. The authors noted, however, 
that frailty was much more strongly associated with 
both short- and long-term outcomes among patients 
undergoing esophageal surgery. In a separate study, 
Hodari et al[34] examined a much larger cohort of 2095 
patients undergoing esophagectomy and reported that 
higher frailty scores were associated with increased 
postoperative morbidity and mortality. In this study, the 
frailty score was divided into 5 different categories and 
the incidence of peri-operative mortality incrementally 
increased with the frailty score, with mortality only 
1.8% among patients with a frailty score 0 vs 23.1% 
among those patients with a frailty score 5 (P = 0.001). 
While the authors assessed several other parameters 
associated with postoperative outcomes, only age and 

frailty were significantly associated with risk of peri-
operative morbidity and mortality. Examining a separate 
cohort of patients undergoing esophageal cancer, Sheetz 
et al[35] confirmed a strong association between frailty, 
sarcopenia and peri-operative risk of morbidity among 
patients undergoing esophagectomy. Using preoperative 
computed tomography scans in 230 subjects who had 
undergone transhiatal esophagectomy for malignancy, 

Table 4  Makary et al [22] did report on the surgical outcomes 
of a large cohort of older patients in which frailty was 
assessed using a frailty scale based on the fried frailty 
phenotype

Characteristic

Weakness Weakness should be assessed by grip strength 
and measured directly with a hand held JAMAR 

dynamometer (Sammons, Preston Rolyan). Three serial 
tests of maximum grip strength with the dominant hand 
will be performed and a mean of the three values will be 
calculated and adjusted by body mass index and gender. 

Actual weakness will be defined in the lowest 20th 
percentile of a community dwelling adults of 65 yr and 

older
Shrinking Shrinking should be defined through a self-report as 

unintentional weight loss above 10 pounds during the 
last year

Exhaustion Exhaustion should be measured by responses following 
2 statements from the modified 10 items Center for 

Epidemiological Studies - Depression scale: "I felt that 
everything I did was an effort and I could not get going" 
and "How often in the last week did you feel way?" and 
will be given the opportunity to reply with 0 = rarely or 
none of the time (< 1 d); 1 = some or a little time (1-2 d); 
2 = a moderate amount of time (3-4 d); and 3 = most of 
the time. Patients answering either with 2 or 3 will be 

classified as exhausted
Low activity Physical activities should be assessed using the 

Minnesota Leisure Time Activities Questionnaire which 
includes frequency and duration. The focus should be 
placed on activities in the past 2 wk prior to operation. 

Weekly tasks will be converted to equivalent kilocalories 
of expenditure, and individuals reporting a weekly 

kilocalorie expenditure in the lowest 20th percentile for 
their gender will be classified as having low activity

Slow walking 
speed

Walking speed should be measured combining 3 trials of 
walking 15 feet at a normal pace for the patient. Patients 

with a walking speed in the lowest 20th percentile, 
adjusted for gender and height, will be scored as having 

a slow walking speed
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Figure 2  Power of frailty to predict worse outcomes was much higher 
than traditional peri-operative assessments. A: American Society of 
Anesthesiologists (ASA); B: Lee; C: Eagle risk indices. Each panel shows the 
area under the receiver operator characteristics (ROC) curve to demonstrate 
the ability of the specific risk index to predict surgical complications and 
discharge to an assisted or skilled nursing facility. Frailty was added to the risk 
index scoring to demonstrate the combined ability of these indices to predict 
discharge disposition. Used with permission Makary et al[22], 2010.
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the authors assessed lean psoas area (LPA) and 
correlated it with overall and disease-free survival[35]. 
Analyses demonstrated that increasing LPA correlated 
with both overall and disease-free survival and the 
authors concluded that core muscle size appeared to be 
an independent predictor of outcome[35].

To date, the role of sarcopenia to predict peri-
operative outcomes among patients undergoing eso
phagectomy has been evaluated in only a handful 
of studies[26,27]. Yip et al[26] studied 35 patients who 
received neoadjuvant chemotherapy followed by surgical 
resection for esophageal cancer. The authors noted that 
changes in computed tomography body composition 
were associated with outcomes. Specifically, fat mass, 
subcutaneous fat to muscle ratio and visceral to subcu
taneous adipose tissue ratio were each associated with 
circumferential resection margin. While sarcopenia 
was more prevalent after neoadjuvant chemotherapy, 
changes in body composition were not associated with 
perioperative complication or survival. In a separate 
study, Awad et al[27] similarly noted marked changes in 
body composition following neoadjuvant chemotherapy 
for esophageal cancer. In this study, the authors reported 
on 47 patients treated with neoadjuvant chemotherapy 
for esophageal cancer. The proportion of patients with 
sarcopenia increased from 57% pre-therapy to 79% 
post-neoadjuvant therapy. Similar to the study by Yip 
et al[26], no association was demonstrated between 
sarcopenia and hospital stay, morbidity or mortality. 
Given the very small number of patients included in the 
studies by Yip et al[26] (n = 35) and Awad et al[27] (n = 
47), the lack of association between sarcopenia and 
peri-operative outcomes may have been due to low 
sample size and a type Ⅱ statistical error. Future larger 
studies are necessary to better delineate the impact of 
sarcopenia on peri-operative and long-term outcomes 
among patients with esophageal cancer undergoing 
surgical resection.  

Similar to esophageal cancer, gastric cancer patients 
are at high risk for malnutrition and therefore older 
patients with gastric cancer may be at a particularly 
high risk of frailty. In fact, the prevalence of frailty and 

sarcopenia among patients with gastric cancer has 
been reported to be as high as 30% and 38%, respec
tively[49,65]. Despite the high incidence, data on the asso
ciation of frailty, sarcopenia and outcomes of patients 
after gastric resection are limited. In a review on the 
topic of gastric cancer surgery, Tegels et al[49] described 
a strong association between frailty, sarcopenia and 
increased postoperative mortality after gastric resections. 
Specifically, the authors highlighted the need for better 
preoperative risk assessment using comorbidity index, 
assessment of nutritional status, and frailty assessment. 
In particular, Tegels et al[65] noted that assessment tools 
such as the Groningen Frailty Indicator (GFI), Edmonton 
frail scale, or the Hopkins frailty scale should be used to 
help identify patients for preoperative optimization using 
pre-habilitation. In a separate prospective study of 180 
patients with gastric cancer, the same authors examined 
the association of frailty with morbidity and mortality 
after gastric cancer surgery. In this study, patients 
scheduled for gastric cancer surgery were preoperatively 
assessed with the GFI and the Short Nutritional Asse
ssment Questionnaire (SNAQ). Of note, patients with a 
GFI ≥ 3 had a mortality of 23.3% vs 5.2% in the lower 
GFI group. Similarly, those patients who scored poorly 
on the SNAQ had a higher mortality (13.3%) vs those 
deemed to have better nutritional status (3.2%). The 
authors concluded that frailty and nutritional status were 
important factors in preoperative decision making among 
elderly patients being considered for gastric resection. 
While the impact of frailty and malnutrition on peri-
operative outcomes has been examined, no study on 
the role sarcopenia to predict morbidity and mortality of 
patients undergoing gastric surgery has been reported to 
date. 

COLORECTAL CANCER 
In 2014, 132700 patients were diagnosed with colo
rectal cancer in the United States. More than half of 
patients with colorectal cancer are older than 65 years 
and approximately 70% are diagnosed at early stages, 
when surgical resection is feasible[66].

Figure 3  Define sarcopenia rather than a single axial image. A: Total psoas area is measured by circling both psoas muscles at the level of the patients computed 
tomography where both iliac crests are visible; B: Total psoas volume is measured at the full length of the psoas muscles and normalized for the patients body surface 
area. Used with permission Amini et al[47], 2015. 
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Frailty and colorectal cancer
Among older patients undergoing surgery for colorectal 
cancer, frailty and sarcopenia have been investigated 
as predictors of outcome in a small number (Table 2). 
In particular, pre-operative frailty has been associated 
with a decline in the patients’ activities of daily living 
and the instrumental activities of daily living after 
colon resection[67]. Other studies have noted that frailty 
can significantly impact peri-operative outcomes. For 
example, Obeid et al[36] reported on a large group of 
patients (n = 58448) with colorectal cancer derived 
from the NSQIP database. The authors noted that the 
proportion of patients who experienced a severe Clavien 
class Ⅳ-Ⅴ complication following colorectal surgery 
increased from 5.8% to 56.3% when comparing non-
frail vs frail patients (P = 0.0001). Frailty was also 
independently associated with a longer intensive care 
unit stay and increased peri-operative mortality. In a 
different study, Neuman et al[37] reported on 12979 
patients from the SEER-Medicare database above 
the age of 80 who underwent a colorectal resection. 
Older age, male gender, frailty, and dementia were all 
associated with decreased survival at 1 year. Although 
only 4.4% of patients were considered frail, this factor 
had the strongest association with mortality with an odds 
ratio of 8.4. While the authors concluded that frailty was 
an important predictor of outcome, the study was limited 
due to the nature of the administrative data used in the 
analyses. In a different study that utilized institutional 
data, Robinson et al[68] reported on 201 subjects, many 
of whom underwent an elective colorectal surgery. Pre-
operative frailty was associated with increased post-
operative complications after colorectal surgery (frail 58% 
vs non-frail 21%); frail patients also had longer hospital 
stays and higher 30-d readmission rates. Furthermore, 
frailty has noted to be a good predictor of complications 
(AUC 0.702). Other authors have noted that an elderly 
modified Physiological and Operative Severity Score for 
the enumeration of Mortality and morbidity (E-POSSUM) 
is also a good tool for predicting mortality after major 
colorectal surgery in the elderly (AUC 0.86)[29,31].

Sarcopenia and colorectal cancer
Similar to frailty, the effect of sarcopenia on post-
surgical outcomes of patients with colorectal cancer 
has only been evaluated in a limited fashion. Robinson 
et al[68] prospectively examined 302 patients who 
underwent resection of colorectal cancer and noted that 
psoas density was a better predictor of postoperative 
complications compared with age, body mass index 
or preoperative patient comorbidities. The authors re
viewed patient computed tomography scans to measure 
psoas area, density, subcutaneous fat, visceral fat and 
total body fat. Among the parameters studied, psoas 
density was found to be the best predictor of surgical 
complications among patients undergoing colectomy for 
colon cancer. In a separate prospective study by Lieffers 
et al[39] that included 234 older patients who underwent 

colon resection, sarcopenia was strongly associated 
with delayed recovery, postoperative infections (23.7% 
sarcopenic patients vs 12.5% non sarcopenic patients, P 
= 0.025), as well as an increased risk of discharge to a 
nursing facility (14.3% sarcopenic patients vs 5.6% non 
sarcopenic patients, P = 0.024)[39]. Similarly, Reisinger 
et al[50] reported a series of 331 older patients who 
underwent colorectal cancer surgery and demonstrated 
that a combination of age related parameters such 
as frailty, sarcopenia and malnutrition were strongly 
associated with adverse outcomes. Sarcopenia alone 
was predictive of 30 d in hospital mortality (8.8% 
sarcopenic vs 0.7% nonsarcopenic patients, P = 0.001). 
Most recently, Huang et al[30] defined sarcopenia through 
a combination of monomorphometric measurements 
and physical performance and used it to define low 
postoperative outcomes. By this, the authors showed, 
that including the muscles’ functional aspect (handgrip 
strength and 6-m usual gait speed) to the definition of 
sarcopenia results in a better prediction for postoperative 
complications as compared to measurement alone.
 
HEPATO-PANCREATO-BILIARY 
MALIGNANCIES 
Surgery is commonly used to treat patients with a wide 
variety of hepato-pancreato-biliary (HBP) diseases. Many 
of these disease including liver, biliary, and pancreatic 
malignancies are more common in an aged population. 
In addition, HPB procedures tend to be complex opera
tions that can be associated with substantial possible 
morbidity. As such, accurate preoperative assessment 
of aged patients being considered for HPB surgery is of 
particular importance. 

In 1997, in one of the earlier studies to examine the 
impact of age on HPB surgery, Fong et al[69] reported on 
the outcome of 133 patients over the age of 65 years 
who underwent a hepatic resection. In this study, Fong 
et al[69] noted that age was an independent risk factor for 
increased risk of morbidity. Perhaps more importantly, 
however, the authors noted that major hepatic resection 
could be performed safely and with good functional 
outcomes among well-selected aged patients. Over the 
last several decades, multiple other investigators have 
similarly reported good outcomes in well-selected older 
patients undergoing hepatic resection[70,71]. For example, 
Reddy et al[71] reported on 856 patients who underwent 
a major hepatectomy (resection of 3 or more segments) 
and noted that increasing age was independently 
associated with postoperative mortality. In fact, each 
1-year and 10-year increase in age resulted in an odds 
ratio of mortality after major hepatic resection of 1.036 
and 1.426, respectively. In a separate study of 7764 
patients who had colorectal liver metastasis, Adam et 
al[72] noted that age was associated with outcome, but 
major resection could be performed in elderly patients 
with acceptable morbidity. The authors found higher 
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mortality and morbidity rates in older than in younger 
patients [3.8% and 32.3% in older, 1.6% and 28.7% in 
younger patients (both P < 0.001)] but did not further 
investigate frailty or sarcopenia in this cohort. Sixty-day 
postoperative mortality and morbidity were 3.8% and 
32.3%, respectively, compared with 1.6% and 28.7% in 
younger patients. Of note, 5-year survival was relatively 
comparable even among very aged patients (70-75 
years: 57.8% vs 75-80 years: 55.3% vs > 80 years: 
54.1%), suggesting that surgery may have potential 
benefit even in very well selected aged patients. 

Frailty and hepato pancreatico biliary malignancies
While age has been the topic of several investigations, 
the specific impact of frailty itself has been less well 
studied. Giovannini et al[73] suggested that a decrease 
in serum albumin may be a marker of frailty due to an 
altered albumin synthesis and the patient’s inability to 
compensate for albumin loss. Unlike frailty, while still 
limited, several papers have investigated the impact 
of sarcopenia on outcomes after liver surgery[40,43,74,75]. 
Several studies have noted an association between 
sarcopenia and both short- and long-term outcomes 
among patients undergoing hepatic surgery[40,41,43,74,75]. 
For example, Durand et al[74] studied whether muscle 
atrophy was of prognostic value among patients with 
cirrhosis undergoing surgery. The authors demonstrated 
that transversal psoas muscle thickness was significantly 
associated with mortality, independent of Model for End 
Stage Liver Disease (MELD) score. In a different study, 
Valero et al[42] examined whether sarcopenia impacted 
the risk of post-operative complications following 
resection or transplantation in patients with primary liver 
tumors. Among 96 patients, the presence of sarcopenia 
was an independent predictive factor of post-operative 
complications, but was not associated with long-term 
survival. In a study that examined only liver transplant 
recipients, Englesbe et al[43] noted that psoas area 
correlated poorly with MELD score and serum albumin. 
Central sarcopenia strongly correlated with mortality 
after liver transplantation, as 1-year survival was 49.7% 
among transplant recipients with the smallest psoas 
area vs 87.0% among transplant recipients with the 
largest psoas area. Kaido et al[32] reported a similar 
effect on a cohort of 124 living donor liver transplant 
patients in 2013. In this study the overall survival rate in 
patients with low skeletal muscle mass was significantly 
lower than in patients with normal/high skeletal muscle 
mass (P < 0.001). Other studies have similarly noted 
that morphometric age correlated with morbidity and 
mortality after liver transplantation with better discri
mination than chronological age[44,76]. Sarcopenia has 
similarly been demonstrated to be an important pro
gnostic factor for patients undergoing liver resection for 
colorectal liver metastasis. Peng et al[46] reported that 
sarcopenia was strongly associated with an increased 
risk of major complications, extended intensive care unit 
stay, and a longer overall hospital.

Sarcopenia and hepato pancreatico biliary malignancies
Similar to liver resection, frailty and sarcopenia have 
not been widely assessed in patients after pancreatic 
operations. Several studies have reported that age is a 
risk factor for increased morbidity and mortality[77-79]. For 
example, in one large study that investigated over three-
thousand patients who underwent pancreatic resection 
in the state of Texas, Riall et al[77] reported that increased 
age was an independent risk factor for mortality after 
pancreatic resection. In fact, in-hospital mortality 
increased with each increasing age group from 2.4% 
among patients < 60 years to 11.4% among patients 
> 80 years. Likewise, postoperative length of stay 
increased with each increasing age group, going from 11 
to 15 d. Of particular interest was the authors’ finding 
that the increase in mortality among older patients 
was most pronounced among those patients treated 
at a low vs high volume hospital. While these data and 
others suggest therefore that age may be associated 
with outcomes, multiple other studies have noted that 
pancreatic surgery can be performed safely in well 
selected older patients[78-80]. Dale et al[33] prospectively 
evaluated the additional value of geriatric assessment 
in a cohort of older patients undergoing a pancreatico
duodenectomy for pancreatic tumors. Among 76 older 
patients, significant unrecognized vulnerability was 
identified using the geriatric assessment. In turn, Fried’s 
exhaustion, a vulnerable elders survey score > 3, as well 
as a short physical performance battery score < 10 all 
correlated with an increased risk of severe complication 
after pancreaticoduodenectomy. As such, the authors 
concluded that geriatric assessment may help identify 
older patients at high risk for complication from pan
creatic surgery. 

Several series have similarly suggested that sarco
penia may be an important predictor of post-operative 
morbidity and mortality following pancreatic surgery[45-48]. 
For example, Joglekar et al[48] reported a relation between 
sarcopenia defined by the psoas muscle density and 
worse outcome after pancreatic resection. In a separate 
study, Peng et al[45] examined 557 patients undergoing 
resection of pancreatic adenocarcinoma and reported on 
the impact of sarcopenia on outcomes following surgery. 
Sarcopenia was associated with an increased three year 
mortality (HR = 1.63, P < 0.001) (Figure 4A). Of note, 
even after controlling for tumor-specific factors such as 
poor tumor differentiation, margin status, and lymph 
node metastasis, sarcopenia defined by TPA remained 
independently associated with risk of long-term death. 
More recently, rather than assessing sarcopenia using 
only two-dimensional imaging, the same group reported 
on the effect of three-dimensional psoas volume (TPV) on 
outcomes following pancreatic resection[47]. In this study, 
Amini et al[47] noted that more patients were identified as 
sarcopenic by TPA than TPV. Perhaps more importantly, 
while TPA-sarcopenia was not associated with a higher 
risk of postoperative complications (OR = 1.06), TPV-
sarcopenia was as strong predictor of post-operative 
morbidity (OR = 1.79). On multivariate analysis, TPV 

Wagner D et al . Sarcopenia and frailty in GI surgery



37 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

- sarcopenia remained an independent risk factor of 
postoperative complications (OR = 1.69), as well as long-
term survival (OR = 1.46) (both P < 0.05) (Figure 4B). 

CONCLUSION
As the population ages, an increasing number of older 
patients will require complex gastrointestinal surgical 
procedures. While chronologic age is an important 
element in assessing a patient’s peri-operative risk, 
physiologic age is a more important determinant of 
outcomes. Geriatric assessment tools are important 
components of the pre-operative work-up and can help 
identify patients who suffer from frailty. Such data are 
important, as frailty has repeatedly been demonstrated 
to be one of the strongest predictors of both short- 
and long-term outcome following complicated surgical 
procedures such as esophageal, gastric, colorectal, and 
HPB resections. Frailty can sometimes, however, be 
difficult to assess in an accurate and timely manner. 

As such, there has been an increasing interest in deter
mining a patient’s “morphometric age”. Sarcopenia, or 
wasting of lean muscle mass, has been noted to be an 
emerging important metric of frailty that is associated 
with peri-operative outcomes. As demonstrated by 
the data herein reviewed, screening of patients being 
considered for gastrointestinal surgery should include 
an assessment of frailty and sarcopenia to target high 
risk patients for pre-habilitation. Future studies will need 
to continue to define the optimal combination of factors 
(e.g., clinical, performance, and morphometric) to 
predict optimally a patient’s peri-operative risk. 
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Figure 4  Sarcopenia was associated with an increased three year mortality. 
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quartiles in patients undergoing pancreatic surgeries. Used with permission 
Amini et al[47], 2015.
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and its precursor lesions through routine screening. A 
number of risk-stratification strategies as well as screen
ing techniques have been suggested, and currently little 
consensus exists among national societies. Much of 
the current clinical rationale for the prevention of anal 
cancer derives from the similar tumor biology of cervical 
cancer and the successful use of routine screening to 
identify cervical cancer and its precursors early in the 
disease process. It is thought that such a strategy of 
identifying early anal intraepithelial neoplasia will reduce 
the incidence of invasive anal cancer. The low prevalence 
of anal cancer in the general population prevents the 
use of routine screening. However, routine screening 
of selected populations has been shown to be a more 
promising strategy. Potential screening modalities include 
digital anorectal exam, anal Papanicolaou testing, human 
papilloma virus co-testing, and high-resolution anoscopy. 
Additional research associating high-grade dysplasia 
treatment with anal cancer prevention as well as direct 
comparisons of screening regimens is necessary to 
develop further anal cancer screening recommendations.

Key words: Anal cancer; Secondary prevention; Anal 
Papanicolaou test; High-resolution anoscopy; Screening
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Core tip: Anal cancer is a low prevalence, highly morbid 
disease. With the success of secondary prevention 
practices for other human papilloma virus-associated 
malignancies, screening strategies may similarly decrease 
rates of anal cancer. No national guidelines formally 
support screening. This review summarizes possible 
screening modalities and what further evidence is needed 
to support routine screening for anal cancer. 
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INTRODUCTION
Anal cancer is a rare disease whose outcomes continue 
to underperform those of other malignancies. There 
are approximately 7000 cases of anal cancer in the 
United States annually[1], and the 5-year survival rate 
is 65.7%[2]. Unlike other common gastrointestinal mali
gnancies, the incidence of anal cancer is increasing at 
an average rate of 2.2% per year for the last decade. 
This increasing rate is above a historical baseline in 
the 1970s and 1980s where anal cancer incidence 
remained unchanged[2,3]. Much of this increase is due 
to the rise of new high-risk immunocompromised 
populations in the last three decades, including chronic 
human immunodeficiency virus (HIV) infected patients 
and organ transplant recipients. This review will focus 
on squamous cell carcinoma of the anus, which is 
responsible for 80% of all anal cancers[4].

Anal cancer has long been a delayed diagnosis. 
Historical studies reported a delay of more than two 
years in diagnosis in more than half of patients[5], and 
44% of patients present with disseminated disease 
at diagnosis[2]. This epidemiologic trend is even more 
troubling when one considers that early stage anal 
cancer has been shown to respond exceptionally well 
to low-morbidity chemoradiation therapy while later 
stage disease often requires highly morbid and quality 
of life-changing surgical interventions such as abdo
minoperineal resection with a permanent colostomy for 
residual primary tumor and groin dissection for inguinal 
nodal metastases.

Historically, anal cancer was sufficiently rare that po­
pulation screenings for the disease were not warranted. 
After 1997, the American Cancer Society dropped its 
recommendation for annual digital rectal examinations in 
favor of colonoscopies and sigmoidoscopies for colorectal 
cancer screening. This further contributed to a lack of 
screening for anal cancer, in an era where high-risk anal 
cancer populations were coming into existence. 

It has been recognized that certain groups are at 
substantially higher risks of anal cancer than the general 
population. The association of sexually transmitted 
infections and sexual practices with anal cancer has 
been recognized since the 1980s[6]. One of the most 
closely associated sexually transmitted infections has 
been human papilloma virus (HPV), which was found 
in 88% of anal cancer patients in a case-controlled 
cohort[7] as well as in tissue samples containing anal 
intraepithelial neoplasia, an anal cancer precursor[8]. 
Other risk factors of anal cancer identified include 
smoking[9] and organ transplantation[10].

A number of similarities exist between squamous 
cell anal cancer and cervical cancer. Both occur at 
squamocolumnar junction epithelium. The transfor
mation zones of the anal canal and the cervix are both 
characterized by high turnover epithelium that is thought 
to be particularly vulnerable to malignancy-inducing 
genetic alterations[11]. Both are HPV-associated which is 
thought to promulgate changes to cells’ DNA[12]. Immu­

nosuppression is also an increasingly important risk factor 
for both cancers likely due to the increased activity of 
HPV seen in immunocompromised tissue substrates[13-15]. 
Finally, both types of cancer also have widely divergent 
outcomes for early vs late presenting disease[16].

Unlike anal cancer, diagnoses of cervical cancer have 
been markedly reduced in the last 40 years. Between 
1975 and 2010, the incidence of cervical cancer has 
decreased by more than 50%[16]. This public health 
success story is largely attributed to the widespread 
and routine use of cervical cancer screening, primarily 
employing the cytology-based cervical Papanicolaou 
(Pap) test[17]. It is thought that a similar screening effort 
applied to anal cancer could potentially reverse the 
disturbing recent trends in disease incidence.

This review focuses on the early diagnosis of anal 
cancer and its precursor lesions through routine screen
ing. A number of risk-stratification strategies as well as 
screening techniques have been suggested (Table 1), 
and currently little consensus exists among national 
societies (Table 2). No national screening guidelines for 
anal cancer exist, and the AIDS advocacy groups that 
note the increased risk of anal cancer in the HIV-positive 
population differ in their recommended approaches[18-21]. 
We provide here a balanced examination of the current 
clinical science to guide both practitioners and policy
makers in this rapidly developing field.

ANAL CANCER AND AIN 
PATHOPHYSIOLOGY 
Although this review will not cover the cancer cell 
biology of anal cancer in detail, a general understanding 
is helpful because it influences the rationale for routine 
screening. Much of the current consensus on how anal 
dysplasia evolves is derived directly from cervical cancer 
literature. In cervical cancer, it is well recognized that 
the human papilloma virus infection is a necessary 
step in the development of cervical dysplasia and 
ultimately invasive neoplasia[22]. Anal cancer is a more 
heterogeneous set of malignancies with anal canal 
tumors that have pathology more similar to squamous 
cell cervical cancer in addition to perianal squamous 
cell carcinoma that behaves more like penile or vulvar 
cancer. Anal canal tumors’ similarity to cervical cancer 
is also shared by the high rate of HPV co-infection - 
particularly HPV 16 subtypes -  in the latter with studies 
reporting rates over 90% while perianal tumors’ HPV co-
infection rate vary from 30%-80%[23-25]. This ongoing 
close association between HPV and anal cancer has led 
to parallel frameworks of oncogenesis for both anal and 
cervical cancer. 

Like cervical cancer, anal cancer is thought to most 
frequently develop at the transformation zone between 
squamous and columnar epithelium of the anal canal. 
HPV infects squamous epithelial cells, and the interaction 
between virion gene expression and cellular growth 
regulators leads to loss of differentiation and clonal 
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proliferation[12]. These cells have a predictable pattern of 
stepwise cellular transformation that leads from normal 
squamous epithelium to low-grade dysplasia to high-
grade dysplasia to invasive cancer[12,26-28].

HPV-associated cellular transformation is charac­
terized by cyclical cellular proliferation and regression. 
An area of cellular atypia may progress to low-grade 
dysplasia before then regressing to normal tissue. The 
occurrence of cancer is when a particular transformed 
cell line breaks out of this characteristic cycling and 
linearly progresses to invasive disease[11].

The natural history of disease progression is largely 
unknown. Historical reports of the incidence of the pro­
gression from premalignant to invasive disease range 
from 2%-9%[29-32]. However, more recent series have 
reported rates as high as 13%-50% in immunocom
promised patients managed expectantly[27,33].

Several case reports point toward anal squamous cell 
cancer arising in a background of high-grade dysplasia, 
supporting the dysplasia-to-cancer sequence.  Per 
Scholefield et al[34] the estimated risk of progression 

from anal intraepithelial neoplasia (AIN) to invasive anal 
cancer is 10% in 5 years. However, this rate needs to 
be interpreted with caution as progression rates may 
vary according to such factors as eradication of disease 
by surgical therapy and the aforementioned risk factors 
that increase the risk of progression to invasive disease. 
Furthermore, Simard et al[35] showed that the incidence 
of high-grade dysplasia in men in San Francisco has been 
on the rise - increasing by 11.48% per year between 
2000 and 2009. 

The basic principle behind screening for anal dysplasia 
is the early identification of these proliferating cell lines 
that have established irreversible high-grade dysplasia 
or local invasive disease. Early stage anal cancer 
5-year survival rates exceed 80% while disseminated 
disease 5-year survival rates are 30%[2]. Clinical studies 
demonstrating a morbidity or mortality benefit from 
routine screening for anal dysplasia are currently ongoing 
(see “Future Directions”), and the success of such efforts 
for cervical cancer suggests that further consideration is 
warranted.
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Table 1  Summary characteristics of anal cancer screening modalities

DARE Anal Pap test HPV testing High resolution anoscopy

Sensitivity[56,57,61,62,101] Not studied 69%-93% Alone: 100% Current diagnostic standard
Co-testing with Pap[49]: 72%-96%

Specificity[56,57,61,62,101] Not studied 32%-59% Alone: 16% Current diagnostic standard
Resource availability N/A Ubiquitous Ubiquitous Highly selective centers
Provider availability Universal Specialty clinics Specialty clinics Highly selective centers
Learning curve Part of usual clinical training Part of usual clinical training Part of usual clinical training > 200 cases
Current consensus[52] Annually, all HIV-positive 

patients
Annually in highest-risk 

groups
Alone: No recommendation Second-line screen following 

positive Pap testCo-testing: No recommendation

DARE: Digital anorectal exam; HPV: Human papilloma virus; N/A: Not applicable; HIV: Human immunodeficiency virus; Pap: Papanicolaou.

Table 2  Professional society recommendations for anal cancer screening 

Routine screening of 
general population

Routine screening of high-
risk individuals

Assesses modalities 
for diagnosis

Specific modalities assessed

American Society of Colon and Rectal 
Surgeons[54]

No recommendation No recommendation Screening and 
surveillance

Anal Pap test, high-resolution 
anoscopy

European Society of Medical Oncology No recommendation No recommendation Surveillance only Digital anorectal exam, standard 
anoscopy, computed tomography, 

magnetic resonance imaging
European Society of Surgical Oncology
European Society for Therapeutic Radiation 
and Oncology[102]

National Comprehensive Cancer 
Network[103]

No recommendation No recommendation Surveillance only Digital anorectal exam, standard 
anoscopy

Centers for Disease Control and 
Prevention[104]

No recommendation No recommendation Screening and 
surveillance

Digital anorectal exam, HPV 
testing

New York State Department of Health[52] No recommendation All HIV infected adults Screening only Digital anorectal exam, anal Pap 
test, high resolution anoscopy

HIV Medicine Association of the Infectious 
Diseases Society of America[20]

No recommendation Men who have sex with 
men, women with a history 

of abnormal cervical Pap 
tests, and all HIV-positive 
persons with genital warts

Screening only Digital anorectal exam, HPV 
co-testing, anal Pap test, high 

resolution anoscopy

British HIV Association[21] No recommendation No recommendation Screening and 
surveillance

Digital anorectal exam, anal Pap 
test, high resolution anoscopy

HIV: Human immunodeficiency virus; HPV: Human papilloma virus; Pap: Papanicolaou.
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even suggested that such selective screening remains 
inadequate and that anal dysplasia occurs frequently 
enough in the general HIV-positive population that all 
should undergo some form of extended screening[53].

SCREENING MODALITIES FOR ANAL 
CANCER PREVENTION
Digital anorectal exam 
The digital anorectal exam (DARE) is widely considered 
to be an essential but not sufficient component of 
any anal cancer screening evaluation. Although the 
American Society of Colon and Rectal Surgeons does not 
formally recommend routine screening for anal cancer, a 
visual perianal skin exam, DARE, and anoscopy are the 
suggested initial workup for any patient with history or 
symptoms concerning for anal cancer[54]. Any abnormal 
finding necessitates biopsy. There is no evidence that 
has demonstrated a screening benefit from physical 
examination and historic surveillance studies with 
digital examination suggest low sensitivity for recurrent 
disease[55]. But the risks to the patient are minimal. The 
leading guidelines for HIV-infected adults recommend 
an annual DARE with further screening only if meeting 
certain high-risk criteria such as MSM, prior history of 
anogenital condylomas, and women with abnormal 
cervical or vulvar histology[52]. As the availability of 
enhanced low cost screening practices such as the anal 
Pap test and high-resolution anoscopy become more 
widely available the accepted adequacy of the DARE as 
a primary screening test will likely diminish.

Anal Pap test
The cervical Pap test was introduced in the 1960s to 
help identify premalignant cervical dysplasia that could 
be intervened upon. Although never demonstrated in 
a randomized clinical trial, the introduction of the Pap 
test coincided with a substantially decreased incidence 
of invasive cervical cancer[17]. The basis of the test is to 
collect a swabbed cellular sample that is then collected 
and prepared on a microscope slide for examination 
by a pathologist. A number of pathology classification 
systems have been developed with the modified 
Bethesda System classification in most contemporary 
use[12].

Anal Pap testing was more recently introduced in the 
1990s with a similar methodology and grading scheme 
as a primary screening tool for a premalignant anal 
dysplasia[56]. The technique has been well described and 
is analogous to the cervical Pap test[52]. Sensitivity and 
specificity have been shown to be similar to cervical 
cytology[57]. Using large cohort databases for retro
spective analysis, Markov modeling of the anal Pap test 
has demonstrated that its role in anal cancer prevention 
is likely both cost-effective and efficacious[58].

The test is not without its limitations. Like the cervical 
Pap test, neither cytologic test has ever been studied in a 
randomized clinical trial between cytologic screening and 

AT-RISK POPULATIONS
Compared to other cancers, anal cancer is rare and no 
support for general population screening exists. Anal 
cancer is the 26th most common cancer type in the 
United States with approximately 7000 cases a year[1]. 
Although evidence suggests that the majority of anal 
cancers are initially asymptomatic[36], such a low pre-
test probability does not make screening tests feasible 
for the general population. 

However, there are populations with disproportionate 
prevalence of anal cancer that are more conducive to 
group-wide screening. Immunosuppressed patients 
are increasingly recognized as one of the groups at 
highest risk for anal cancer[13,37]. Much of this reco
gnition has developed over the rise of the HIV/AIDS 
epidemic in the last three decades. Infection with HIV is 
associated with a 30-fold increased lifetime risk in anal 
cancer and a 4-fold increase in 5-year mortality[37,38]. 
Although sexual practices - particularly anoreceptive 
intercourse - have been previously associated with anal 
cancer, recent studies have shown that the risk of anal 
cancer in HIV-positive individuals exists independently 
of sexual practices[39,40]. The risk of anal dysplasia 
progression appears to correlate directly with degree of 
immunosuppression as measured by T cell CD4+ count 
with a cell count less than 200 cells/mm3 most closely 
associated with increased prevalence[41-43]. Surprisingly 
though increased access to highly active antiretroviral 
therapies has not eliminated the increased risk of anal 
cancer in the HIV-infected population. It is thought 
that immune system restoration does not entirely 
eliminate the increased risk of dysplastic changes and 
then antiretroviral treated patients are living longer 
thereby increasing the lifetime interval risk of disease 
incidence[44].

Similarly, other immunosuppressed populations 
share an increased incidence of anal cancer. Increased 
rates of anal cancer have been identified through 
controlled studies in kidney[45,46] and liver transplant 
recipients[47]; anogenital malignancy rates after renal 
transplant are estimated to be 30- to 100-fold higher 
than the general population[48].

Currently, no national or international society formally 
supports routine screening of at-risk populations for 
anal dysplasia. This lack of recommendation stems from 
the absence of high-quality studies that demonstrate 
improved morbidity and mortality for those participating 
in routine screening. Nevertheless, practice patterns 
by infectious disease specialists suggest that anal 
dysplasia screening of high risk individuals is becoming 
common[49-51], and influential regional societies like the 
New York State Department of Health AIDS Institute 
have begun recommending routine annual examination 
of the anus in all HIV-infected adults and cytologic 
testing in ultra high-risk HIV-positive patients such as 
men who have sex with men (MSM), those with a history 
of condylomata, and women with cervical or vulvar 
dysplasia[52]. Recent population health studies have 
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expectant management. The anal Pap test also suffers 
from a similar inter-rater unreliability of cervical cytologic 
testing which is then further complicated by varied and 
evolving classification systems[59,60]. Sensitivity and 
specificity estimates range widely from 69% to 93%, 
and 32% to 59%, respectively[56,57,61,62]. The anal Pap 
tests specificity for diagnosing the correct degree of 
dysplasia is even less accurate with Pap testing routinely 
reporting low-grade atypia for lesions that ultimately 
are found to be high-grade dysplasia[63]. Moreover, 
sensitivity decreases in the highest risk groups. False-
negative cytology results in MSM can be as high as 23% 
for HIV-negative patients, and 45% for HIV-positive 
patients[64]. Such high rates of missed pathology in high-
risk populations most needing effective anal cancer 
screening have led some to suggest that anal Pap tests 
are inadequate on their own and should be paired with a 
direct visual modality such as high-resolution anoscopy 
in order for them to be considered an appropriate 
screening test[64]. Even with these limitations, the anal 
Pap test’s low cost, technical ease and familiarity to 
many primary care physicians, and acceptable sensitivity 
have supported its role as the most practical screening 
option currently available[52,54].

HPV testing
HPV testing is typically performed as part of a Pap test. 
With modern, liquid-based Pap testing, the same swab 
sample can be used for both cytology as well as HPV 
DNA testing[65].

The necessity of HPV for cervical cancer is well 
established[66] and its relationship as a prerequisite for 
cervical dysplasia has been used as the rationale for 
routine HPV testing with abnormal Pap test results. The 
use of HPV testing as a risk stratification tool for cervical 
dysplasia has become standard practice[11,67]. Some have 
even argued that HPV testing as a first-line screening 
tool for cervical cancer prevention may be sufficient 
without the need for cytology. Multiple large trials have 
demonstrated that a single negative HPV test virtually 
eliminated the risk of death from cervical cancer[68,69]. 
The United States Food and Drug Administration approved 
an HPV primary screening test in 2014[65].

The role of HPV in anal cancer is thought to be nearly 
as important, and many studies have routinely assessed 
HPV status when screening for anal dysplasia[70-72]. In 
select high-risk populations, HPV testing has been shown 
to be an important and clinically useful screening tool in 
conjunction with anal Pap testing[73]. Descriptive studies 
also associate more rapid progression of anal dysplasia 
with high-risk subtypes of HPV[42,74,75]. However, early 
studies have not shown any benefit to anal cancer 
prevention with or without HPV testing[76]. More broadly, 
no guidelines formally recommend HPV testing alone 
or in combination with Pap testing. Availability of this 
diagnostic modality is also limited by the lack of coverage 
by most insurance plans and thereby is a limited offering 
at most healthcare institutions[77]. The increasing benefit 
of HPV testing as part of cervical cancer prevention 

practices suggests that the nature and scope of the 
use of HPV testing for anal cancer prevention will need 
reconsideration in the future. 

High resolution anoscopy 
High resolution anoscopy has been proposed as a 
screening modality that addresses the sensitivity issues 
of the other methods described above. Modeled off of 
colposcopy for cervical cancer, high resolution anoscopy 
uses a high-magnification colposcope with a transparent 
anoscope to examine the entire anal canal and perianal 
skin under close visual inspection. Five percent acetic acid 
is used to identify areas of rapid cell growth; Lugol’s solution 
is employed to improve biopsy yield and accuracy since 
higher grade dysplastic lesions initially found with acetic 
acid will not uptake Lugol’s unlike low-grade dysplasia[78]. 
Originally reported in Europe in 1989[79], the procedure 
has been practiced and comprehensively described by its 
American introducers at the University of California San 
Francisco since the early 1990s[78].

The benefits of high resolution anoscopy (HRA) 
remain unchallenged. Decision models have also de
monstrated the superiority of HRA-only screening to 
combined modalities[80]. The leading recommendations 
from the New York State Department of Health AIDS 
Institute state that HRA be considered standard of care 
for any patient with prior abnormal anal Pap test[52]. 
Its most important contribution being that it effectively 
addresses some of the limitations of anal cytology-
based screening practices[81]. A longitudinal study of 368 
asymptomatic MSM undergoing serial HRAs for a mean 
of 4.2 years found that 11% of high-grade dysplasia 
identified with HRA coincided with normal results from 
an anal Pap test[82]. In particular, high-risk groups such 
as HIV-positive MSM have lower sensitivity results from 
anal Pap testing[83]. Anal Pap testing may be useful as a 
way of alerting HRA clinicians to more closely examine 
suspicious lesions for low- vs high-grade heterogeneity 
thereby increasing biopsy yields. Some have suggested 
that HRA and anal Pap test co-testing be performed as a 
useful quality control measure for HRA[82,83].

Unfortunately, HRA’s usefulness as a screening test is 
impaired by the logistical needs of its use. Colposcopes 
are an additional piece of equipment needed for the clinic 
setting and training for HRA is important[52]. Surprisingly, 
HRA has been shown to be cost-effective though with the 
real obstacle being availability[80]. Anecdotally, the original 
group of researchers who brought HRA to the United 
States note a high degree of dexterity and technical 
prowess required to effectively visualize the entire anal 
canal and obtain reliable biopsy specimens[78]. A new 
provider logged the first 2 years of cases performed and 
found that it took approximately 200 cases before results 
demonstrated no missed high grade lesions found on 
follow-up[84]. This substantial learning curve and the lack 
of practitioners trained formally in residency or fellowship 
have led to a lack of providers able to provide HRA as 
a screening option. Hence, HRA is typically utilized as a 
second-line screening tool for abnormal Pap test or HPV 
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results[53,85].

AREAS OF UNCERTAINTY
As described above, the anal cancer prevention literature 
is rife with screening techniques resulting from rational 
considerations of cancer biology but with minimal clinical 
evidence demonstrating their efficacy. This situation 
is further worsened by the lack of clear-cut guidelines 
from any national or international society of how best to 
address this rare but devastatingly morbid malignancy. 
Some of the most important ongoing clinical questions 
to be answered are noted here.

First, one of the most critical areas of further 
research is optimizing both the screening process and 
post-screen recommendations for a positive result. Until 
the data provides further guidance on HPV testing or 
sufficient HRA-trained providers are available to staff 
screening clinics, the anal Pap smear will remain the 
standard of care for anal cancer prevention’s primary 
screening modality. What to do with a positive screening 
test is a matter of ongoing debate. Without formal 
recommendations, individual expert opinion has driven 
institutions’ screening processes. The most widely 
disseminated screening algorithm was popularized by 
researchers at the University of California San Francisco 
and is reproduced in Figure 1[29]. The authors’ institution 
uses a modified algorithm that provides HRA screening 
for all referred patients (Figure 2). The basis of both 
of these algorithms is that all high-risk patients (e.g., 
HIV with high-risk sexual history or practices, MSM) 
get screened annually with an anal Pap test; all atypical 
cytology results are referred for HRA; and AIN Ⅰ is 
followed yearly with HRA while AIN Ⅱ or Ⅲ is surgically 
removed. The diverse modalities for removal of high-
grade dysplasia and carcinoma in situ are beyond the 
scope of this review but little guiding evidence exists and 
most practice is based off of cervical cancer excisional 

biopsy techniques.
There is also increasing evidence that the stringent 

risk stratification currently being employed may be too 
restrictive. The commonly followed New York State 
Department of Health’s AIDS Institute guidelines for 
anal cancer screening stratify HIV-positive patients into 
intermediate risk vs high risk groups. The latter risk 
stratified group recommends enhanced screening with 
annual anal Pap tests for any HIV-positive patient who 
also endorses MSM behaviors, history of anogenital 
condylomata, or women with history of abnormal cervical 
or vulvar pathology[52]. Increasing evidence suggests 
that HIV-positivity alone affords one a prevalence of 
approximately 20% for at least some form of anal 
intraepithelial neoplasia[39,40,64,86,87]. Such high rates of 
atypia may be unacceptably high for a population that 
under current recommendations would only receive a 
symptoms questionnaire, perianal visual inspection, and 
digital rectal examination. The previously mentioned 
high rate of cellular turnover and immunosuppression 
also suggests that less traditionally screened groups 
such as all anoreceptive sex practitioners and transplants 
would both warrant from annual screening as well. 

Finally, one other line of inquiry that continues to 
be considered is the perception of patients who have 
to undergo these anorectal inspections annually awake 
and often with tissue samples taken. All of the evidence 
argues against this concern being a real obstacle to routine 
screening. Self-performed anal visual inspection[88], 
provider-performed digital rectal exam[89], and anal 
Pap testing[90,91] have all been explored with high-risk 
groups with favorable results. A Toronto study repeatedly 
screened patients for psychological distress at multiple 
points throughout the patient’s screening algorithm 
and found less than one-third ever felt negatively distre
ssed throughout the process[92]. Rather than emotional 
distress, the greatest patient-oriented obstacles to care 
appear to be lack of knowledge of increase anal cancer 
risk and economic barriers to screening[90,91,93].

FUTURE DIRECTIONS
While controversies remain that will continue to shape 
the management of anal cancer screening today, there 
are also a number of expected future developments 
that may drastically change how we approach anal 
cancer prevention.

An ongoing Australian study may help address the 
role of HPV testing in anal cancer screening as well as 
provide more light on an evidence-based screening plan 
that incorporates one or more of the modalities described 
in this review. The Study of the Prevention of Anal Cancer 
(SPANC) is a 3-year prospective cohort that began 
recruitment in 2010 with follow-up planned through 2018 
that will examine the overlapping roles of digital anorectal 
exam, HPV testing, anal Pap tests, and HRA[94]. Each 
participant will undergo all of these potential screening 
studies over multiple time points throughout the study, 
and it is expected that comparisons of sensitivity and 

Screen

Normal ASC-US LSIL HSIL

HRA with biopsy

AIN Ⅰ AIN Ⅱ, Ⅲ

TreatFollow with annual HRA

No lesion found

Annual Pap

Figure 1  San Francisco algorithm for anal cancer screening of high-risk 
patients. ASC-US: Atypical squamous cells of undetermined significance; 
LSIL: Low-grade squamous intraepithelial lesions; HSIL: High-grade squamous 
intraepithelial lesions; Pap: Papanicolaou; HRA: High-resolution anoscopy; AIN: 
Anal intraepithelial neoplasia (adopted from Chin Hong, Palefsky. Clin Inf Dis 
2002).
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specificity as well as the practical matters of performing 
each screen will be better understood. The study selected 
HIV-positive men over 35 years old living in the Sydney 
area with a total recruitment of over 350 participants. It 
is likely that the results of this study will provide a major 
contribution to the ongoing debate surrounding how best 
to utilize to the various anal cancer screening modalities 
at clinicians’ disposal.

The ANCHOR Study [anal cancer high-grade 
squamous intraepithelial neoplasia (HSIL) Outcomes 
Research] is an ongoing 5-year prospective randomized 
trial that has the goal of enrolling 5085 patients in the 
United States. This study aims to follow HIV-positive 
men over age 35 years with the diagnosis of HSIL 
over a 5-year period by anal Pap testing and HRA. The 
two arms of the study include a monitoring arm and a 
treatment arm for HSIL by ablation through infrared coa­
gulation, with the ultimate goal of determining whether 
active surveillance with ablative treatment of HSIL will 
ultimately decrease the incidence of anal cancer[95].

There are also promising early signs to suggest 
that anal cancer may be an even more rare disease in 
the future. The HPV vaccine was developed out of the 
longstanding consensus that HPV infection is a necessary 
precursor to cervical cancer. Since its 2006 introduction 
the HPV vaccine has already been shown to reduce 
the prevalence of HPV infection among vaccinated 
populations. Estimating the reduction in cervical cancer 
cases from the already observed reduced in HPV 
infection suggests that disseminated vaccination will 
eliminate more than half of cervical cancers each year[96]. 
The similar tumor biology of cervical cancer and anal 
cancer suggests that HPV vaccination via herd immunity 
and more recent recommendations to vaccinate men 

as well will lead to a similar reduction in HPV-associated 
anal cancer[97]. There have also been clinical trials to 
demonstrate the efficacy of the HPV vaccine at reducing 
anal HPV infection[98,99]. This supportive evidence helped 
support a change in the Centers for Disease Control 
and Prevention’s Advisory Committee on Immunization 
Practice’s recommendation to begin routine HPV vacci­
nation of all young males in addition to existing reco
mmendations for female-only vaccination[100]. If general 
population uptake of these vaccine-based prevention 
practices is as successful as the early years suggest, it 
is likely that there will be dramatic reductions in HPV-
associated cancer rates. Changes in prevalence will likely 
influence what kind of secondary prevention measures 
are appropriate for anal cancer screening later in life.

CONCLUSION
The low but rising incidence of anal cancer - particularly 
in vulnerable populations - makes it a concerning and 
difficult disease to manage with existing evidence-based 
care. Studies on its diagnosis and management are 
limited, and nearly all anal cancer guidelines avoid any 
direct recommendation regarding routine screening. The 
state of the literature suggests that further descriptive 
studies will be inadequate to advance consensus. 
Instead, large randomized clinical trials are necessary 
to demonstrate the increasing consensus among practi
tioners that anal cancer screening offers a cost-effective 
and prevalence lowering intervention in high-risk groups. 
The SPANC and ANCHOR studies will be helpful in 
determining whether routine screening through to a 
cancer diagnosis will ultimately be necessary to build the 
evidence for a population-wide recommendation. 

Initial abnormal anal Pap smear

Refer to HRA clinic

Anal Pap smear HRA

LSIL or AIN Ⅰ

Repeat HRA 6 mo

ASC-H and (HRA negative or AIN Ⅰ)

Repeat HRA 3 mo

Low-grade pathology

Refer back to PCP for 
annual anal Pap smears 

AIN Ⅱ or Ⅲ

Surgery 
Repeat HRA in operating room 
with biopsies prior to ablation

Figure 2  Johns Hopkins Hospital algorithm for anal cancer screening of high-risk patients. Pap: Papanicolaou; HRA: High-resolution anoscopy; ASC-H: 
Atypical squamous cells of undetermined significance, cannot rule-out high-grade dysplasia; AIN Ⅰ:  Anal intraepithelial neoplasia Ⅰ; PCP: Primary care physician; 
LSIL:  Low-grade squamous intraepithelial lesion; AIN Ⅱ:  Anal intraepithelial neoplasia Ⅱ; AIN Ⅲ:  Anal intraepithelial neoplasia Ⅲ.
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surgery (MIS) mainly include reductions of postoperative 
complications, length of hospital stay, and pain and 
better cosmetic results. All of these benefits could 
potentially be of great interest when dealing with the 
esophagus due to the potentially severe complications 
that can occur after conventional surgery. Moreover, 
robotic platforms are expected to reduce many of the 
difficulties encountered during advanced laparoscopic 
and thoracoscopic procedures such as anastomotic 
reconstructions, accurate lymphadenectomies, and 
vascular sutures. Almost all esophageal diseases are 
approachable in a minimally invasive way, including 
diverticula, gastro-esophageal reflux disease, achalasia, 
perforations and cancer. Nevertheless, while the limits 
of MIS for benign esophageal diseases are mainly 
technical issues and costs, oncologic outcomes remain 
the cornerstone of any procedure to cure malignancies, 
for which the long-term results are critical. Furthermore, 
many of the minimally invasive esophageal operations 
should be compared to pharmacologic interventions 
and advanced pure endoscopic procedures; such a 
comparison requires a difficult literature analysis and 
leads to some confounding results of clinical trials. This 
review aims to examine the evidence for the use of MIS 
in both malignancies and more common benign disease 
of the esophagus, with a particular emphasis on future 
developments and ongoing areas of research.

Key words: Esophageal disease; Esophageal cancer; 
Laparoscopic; Robotic; da Vinci; Heller; Reflux disease; 
Esophageal diverticula
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Core tip: Minimally invasive surgery for esophageal 
diseases is very attractive for reducing potentially 
serious complications that can occur after conventional 
surgery. However, if the oncologic long-term results 
remain the cornerstone of any procedure to treat malig
nancies, determining the outcomes of surgery for benign 
diseases requires a deep analysis of published evidence 
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Abstract
The widespread popularity of new surgical technologies 
such as laparoscopy, thoracoscopy and robotics has led 
many surgeons to treat esophageal diseases with these 
methods. The expected benefits of minimally invasive 
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and a comparison with alternative pharmaceutical or 
endoscopic treatments.
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INTRODUCTION
For many years, esophageal surgery has been reco­
gnized as very challenging for surgeons and risky for 
patients[1-3]. However, subspecialized training of sur­
geons and a case-load centralization have been shown 
to reduce both perioperative mortality and the so-
called “failure to rescue” rates after a life-threatening 
complication occurs[2,4].

This type of surgery is complicated by the deep 
location of the esophagus in the neck, the posterior 
mediastinum and the upper abdomen. Moreover, the 
esophagus crosses all of these sectors very close to 
major vascular structures, including the carotids, the 
jugular vein and the aorta, while the trachea and the 
pericardium have important connections. Furthermore, 
the absence of a formal serous layer leads to unsafe 
anastomosis with a great risk of leakage. 

All of these issues, together with the older age and 
comorbidities of many patients affected by esophageal 
cancer, could explain the disappointing outcomes 
of patients who are candidates for surgery. In this 
scenario, the adoption of the concept of a minimally 
invasive (endoscopic, thoraco-laparoscopic and robotic) 
approach could represent an attractive and valuable 
option. 

The introduction of the da Vinci® Robot system 
to surgical practice added other benefits in terms of 
feasibility of the most complex esophageal procedures, 
which were previously precluded by pure laparoscopy 
and thoracoscopy procedures. 

The proven and unquestionable advantages of 
minimally invasive surgery (MIS) are mainly repre­
sented by a reduction in pulmonary complications, 
wound infections, postoperative pain, and length of 
postoperative stay compared to open surgery. A superior 
cosmetic result is an additional benefit, especially when 
dealing with benign diseases in younger patients. 
Another recent field of research has demonstrated the 
important role of MIS in decreasing the pro-inflammatory 
and immunologic responses to surgery, which is, 
hypothetically, related to improved immediate or even 
long-term oncologic results[5,6]. 

However, many of the minimally invasive surgical 
esophageal procedures failed to reach a consistent 
level of evidence-based efficacy to enable their routine 
application[5]. The evidence-based literature is limited 
for many reasons. First, there is an intrinsic and well-
known difficulty in conducting clinical surgical research. 

Second, a relatively low incidence of esophageal dis­
eases (i.e., cancer) compared to stomach and colo-
rectal cancers limits the gain of sufficient experience 
in Western countries. Finally, the large spectrum of 
new technologies, including laparoscopy, thoracoscopy, 
robotics, hybrid procedures and endoscopy, contributes 
to unclear and confusing results in clinical trials[7].

We focused this review on minimally invasive sur­
gical procedures, including laparoscopy, thoracoscopy 
and robotics, for the treatment of the more frequent 
esophageal diseases, with an emphasis on clinical 
outcomes rather than on the technical details of each 
approach. Pure endoscopy, although recognized as the 
standard of care in some esophageal impairments and 
as important in many others, does not represent the 
core focus of article and was treated marginally.

A search of the PubMed, EMBASE and Cochrane data­
bases through March 2015 was conducted, including 
important cross-matched manual references. Rando­
mized controlled clinical trials (RCTs) and meta-analyses 
were considered a priority. Data arising from English-
written, multicenter, international studies and those with 
long-term follow-up and oncologic results were also of 
major interest. A few small studies on the feasibility of 
the newest procedure were also included.

REFLUX DISEASE AND HIATUS HERNIA
The largest number of medical consultations for eso­
phageal diseases involve symptoms related to hiatus 
hernia and gastroesophageal reflux disease (GERD). 
Fortunately, most of the affected patients are managed 
properly by a medical regiment of proton pump inhibitors 
(PPIs) and drugs targeted to dyskinesia. However, a 
subgroup of patients requires further invasive appro­
aches, including endoscopy and surgery, while a few with 
long-standing disease are at risk of developing cancer.

It is commonly accepted that laparoscopic fundo­
plication (LF) greatly improves GERD symptoms, and it is 
considered as the standard operation, although in some 
patients symptoms can recur, necessitating a return 
to PPI use[8]. Interestingly, the best surgical results are 
achieved in those patients with optimal responses to 
medical therapy, which reflects an ongoing health-policy 
and cost-efficacy problem[9-11]. Morbidly obese patients 
require peculiar integrated multidisciplinary surgical 
approaches and will not be considered further in this 
study. 

A debate that has lasted for years still exists on the 
extent of the stomach wrap (total or partial). The most 
common approaches are the classical 360° posterior 
fundoplication [laparoscopic Nissen fundoplication 
(LNF)], the 270-degree posterior fundoplication [laparos­
copic toupet fundoplication (LTF)], the 180-degree 
laparoscopic anterior fundoplication (180-degree LAF) 
and the 90-degree anterior laparoscopic anterior 
fundoplication (90-degree LAF or Dor fundoplication). 
All of these partial fundoplications have been adopted to 
avoid the post-operative negative symptoms associated 
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with LNF (mainly gas bloating syndrome and dysphagia).
Neither of the two approaches (partial vs total 

plication) has been demonstrated to be sufficiently 
superior to justify abandoning the other completely. 
A recent, updated selective review[12] concluded that 
LTF is the therapy of choice for normal-weight GERD 
patients who qualify for surgery because no better 
pharmaceutical, endoluminal or surgical alternatives 
exist to date. 

The technical option of performing a laparoscopic 
180-degree LAF should be validated compared to the 
Toupet fundoplication, while the division of the short 
gastric vessels is not recommended, nor is the use 
of a boogie or a mesh in the vast majority of patients 
undergoing surgery[11]. Interestingly, anti-reflux surgery 
is considered to be a field for expert surgeons, although 
no consensus exists on the adequate learning curve[12].

Most of the benefits of LF for patients suffering 
from GERD still persist after long-term follow-up. A 
multicenter Scottish trial[13] included more than 350 
patients randomized to medical management and 
surgery (or who expressed a preference for one arm 
over the other) who were followed for five years using 
structured questionnaires. The authors reported that 
44% of those who underwent surgery and 82% of 
those who had initial medical management were still 
taking anti-reflux medications. Differences in the 
REFLUX scores significantly favored the surgery group 
(mean difference 8.5, 95%CI: 3.9-13.1, P < 0.001, at 
five years). Postoperative complications that required 
surgical intervention occurred in 3% of patients, while 
4% had further reflux-related operations, most often 
revision of the wrap. 

Few rigorous articles have been published on the 
robotic approach to GERD and most of those compared 
it to open or laparoscopic techniques. Globally, the 
updated surgical approach to GERD has led to a hard 
scientific comparison among medical therapies, the 
endoscopic approach and surgery using an open, 
laparoscopic or robotic route. Unfortunately, these types 
of studies are very difficult (if not utopian) to design and 
conduct[7]. 

One of the largest analyses was that published by 
Owen[14], which included more than 12000 patients 
from an American national database. The group was 
retrospectively divided into those who received open 
fundoplication (OF), LF, and robot-assisted fundoplication 
(RLF). Interestingly, RLF matched favorably with OF in 
terms of morbidity (5.6% vs 11%; P < 0.05), length 
of stay (LOS) (6.1 ± 7.2 d vs 3.0 ± 3.5 d; P < 0.05), 
intensive care unit (ICU) admissions (11.5% vs 23.1%; 
P < 0.05), and cost (United States $10644 ± 6041 vs 
United States $12766 ± 13982; P < 0.05), although LF 
remained superior to RLF when considering the 30-d re-
admission rate (1.8% vs 3.6%; P < 0.05) and the cost 
(United States $7968 ± 6969 vs United States $10644 
± 6041; P < 0.05). 

A meta-analysis[15] of 221 patients from six selected 
RCTs comparing LF and RLF found similar results, with 

RLF having a longer duration of surgery, higher costs 
and similar patient outcomes.

According to the current literature, it is very hard 
to consider robotic procedures as cost-effective (as 
compared to standard laparoscopy) when dealing 
with simple routine operations, such esophago-gastric 
junction and functional surgery[16,17].

Hiatus hernia has several epidemiologic, anatomic 
and pathophysiological correlations with GERD and 
its correction is often by LF. Moreover, some patients 
suffering from hiatus hernias experience gastric volvulus 
with life threatening complications or become highly 
symptomatic, which justifies a surgical repair. However, 
the early minimally invasive approaches could lead 
to an increased incidence of recurrence compared to 
traditional open surgery[18,19]. Currently, laparoscopic 
mesh crural reinforcement and Collis gastroplasty 
in selected cases have achieved excellent functional 
results, with a recurrence rate of less than 20%[20,21].

From a comprehensive point of view, laparoscopic 
surgery for GERD and hiatal hernia is considered as a 
standard of care in most hospitals worldwide. The high 
grade of effectiveness, together with the proven lower 
mortality and morbidity, are reasons for abandoning 
open surgery on a routine basis[22,23].

ESOPHAGEAL DIVERTICULA
Esophageal diverticula are rare pathologies. The exact 
incidence is unknown because patients are often asymp­
tomatic, and diagnosis is mostly incidental. Confirmation 
is based on a barium esophagogram and a thorough 
endoscopy to exclude the presence of concomitant 
malignancies[24,25]. Many cases are acquired pulsion 
diverticula, caused by an impaired motility that results 
in higher intraluminal pressure and mucosa herniation 
through the muscular wall[25,26].

Zenker’s diverticulum (ZD) is the most common type 
in the esophagus (70%). It usually begins in the upper 
third, with an estimated prevalence of 0.01%-0.11%[26] 
and some age, geographic and gender-related differen­
ces[27]. 

The choice of treatment for ZD for many years has 
been an open surgical diverticulectomy with cricopha­
ringeal myotomy, while an endoscopic myotomy with a 
rigid or flexible endoscope is a recent emerging option 
that can be achieved with multiple techniques[28-32]. 
Current literature is mostly based on retrospective studies 
with heterogeneous results, and the gold standard 
of treatment is not yet established[33]. However, the 
endoscopic staple-assisted esophago-diverticulostomy is 
often considered the first choice of treatment[34]. 

Endoscopic repair of ZD is safe and effective, 
allowing a shorter operative time, a reduction of hospital 
stay, and a quicker resumption of oral intake[35-37]. In 
the available literature, the endoscopic repair has a 
morbidity rate of up to 4% and a mortality rate lower 
than 1%. The mean recurrence rate is approximately 6% 
(0%-22%)[38].
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should be compared[56-58].
The goal of myotomy is to improve esophageal 

emptying by dividing the esophageal and gastric muscle 
fibers that contribute to the lower esophageal sphincter 
mechanism. The original operation was developed by 
Heller[59] in 1913 and consisted of anterior and posterior 
esophageal myotomies. Because this approach resulted 
in excessive gastroesophageal reflux, it later was 
modified to involve a single myotomy, which still is the 
mainstay of surgical treatment. 

In the early 1990s, Shimi et al[60] and Pellegrini et 
al[61] were the first to describe the use of minimally 
invasive techniques for the treatment of achalasia. 
Laparoscopic HM (LHM) has been shown not only to be 
feasible but also to decrease hospital stay and costs[57]. 
The use of LHM spread rapidly, motivating a change in 
the treatment algorithm for esophageal achalasia[56]. 
The standard technique includes both myotomy and 
fundoplication, while the Dor partial anterior plasty 
has been shown to be superior to the Nissen total 
plication[62]. Most of the patients affected had consistent 
symptom relief within a few weeks of the operation, 
with clinical improvements maintained after several 
years[63].

Similar to many esophageal procedures, the surgical 
treatment of achalasia with robotic assistance has been 
studied[64]. The first study on a robotic HM (RHM) with a 
Toupet fundoplication was published by Melvin et al[65] in 
2001. Since then, several larger studies on the use of a 
RHM have been published[66-68].

Interestingly, esophageal perforations represent 
a life-threatening complication but have rarely been 
studied[69,70]; the studies that do exist have included 
immediate repairs with good outcomes. In a meta-
analysis of the efficacy of robotic abdominal surgery 
that included 3 studies relevant to RHM, the authors 
reported the risk of perforation to be lower with robotic 
assistance[71]. It should be noted, however, that the 
lower perforation rate of RHM may be subject to bias, 
as most authors compare their results with laparoscopic 
myotomy cases performed earlier in their learning 
curve.

Another retrospective multicenter trial suggested 
decreased esophageal mucosal perforations with the use 
of a robot (0% vs 16% with conventional laparoscopy; 
P < 0.05) with similar patient outcomes and equal 
operative times, after an appropriate learning curve[67]. 
Huffmann et al[72] reported a lower rate of esophageal 
perforations and better quality of life with RHM compared 
to LHM as well. 

From a robust comparative perspective, Shaligram 
et al[73] analyzed 2683 patients suffering from achalasia 
who were treated by open Heller myotomy (OM), LHM, 
or RHM. No differences in mortality, morbidity, ICU 
admission, LOS, or 30-d re-admission were observed 
in the three groups. However, the overall hospital costs 
decreased in the LHM group (United States $7441 ± 
7897 vs United States $9415 ± 5515; P = 0.0028). 
Interestingly, when comparing OM and RHM, the authors 

The traditional surgical techniques consist of a 
stapled or manual diverticulectomy for larger diverticula 
associated with a myotomy; a myotomy alone for 
small diverticula (less than 1 cm); and a myotomy with 
suspension or inversion for moderate-sized diverticula 
(1-4 cm)[39,40]. Despite proven efficacy, open surgery is 
associated with a high rate of complications (ranging 
from 3% to 19% depending on the technique), such 
as pharyngeo-cutaneous fistula, mediastinitis, larynx 
muscles paralysis, recurrence and death (1.6%)[27,41-43].

The prevalence of epiphrenic diverticula (ED) is appro­
ximately 0.015%, and patients are usually elderly men. 
ED are usually localized in the terminal esophagus and 
tend to project into the right thoracic cavity, accounting 
for less than 20% of esophageal diverticula[44-46]. The 
remaining 10% of diverticula of the esophagus are 
located in the mediastinal space.

Because of the high morbidity and mortality rates, 
treatment of ED is recommended only for selected 
patients with severe symptoms and a high risk of ab-
ingestis pneumonia, rather than being based on the 
dimension of the diverticular sac itself[44,46,47]. 

Surgical treatments of ED include diverticulectomy, 
myotomy and fundoplication (often partial) due to the 
higher recurrence rates of diverticulectomy alone[48]. 
The procedures could be achieved by a traditional 
thoracotomy, a thoracoscopy, or a laparoscopic and 
robotic-assisted transhiatal technique. The minimally 
invasive approach is generally preferred for its lower 
morbidity and mortality rates and a similar success rate 
(83%-100%)[49]. 

Fumagalli Romario et al[50] reported on 30 patients 
treated with a laparoscopic transhiatal diverticulectomy 
with only a suture leak (3%) and no recurrence after 
a median follow-up of 52 mo, while Zaninotto et 
al[45] reported on 17 laparoscopic diverticulectomies 
(associated with myotomy and anti-reflux procedures) 
and 7 that used a combined laparoscopic-thoracotomic 
approach. The latter study found 4 leakages (16.6%) 
and good functional outcomes in all patients. 

Unfortunately, most of the studies published are 
single, monocentric case studies without robust statistical 
calculations.

ACHALASIA
Achalasia is the most common primary motility disorder 
of the esophagus and, after GERD, is the second most 
common functional disorder of the esophagus requiring 
operative treatment. Most people are diagnosed between 
the ages of 25 and 60. It initially presents with a difficulty 
in swallowing that progressively becomes chronic and is 
not resolved by conventional interventions[51]. 

A number of medical and endoscopic treatments, 
including dilatation and myotomy[52-55], are available for 
achalasia with promising results, but a surgical Heller 
myotomy (HM) with fundoplication has been reco­
gnized as having excellent long-term outcomes and 
is considered as the standard to which others options 
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found significantly lower morbidity (9.08% vs 4.02%; 
P = 0.02), ICU admission rate (14.01% vs 3.36%, P 
= 0.0002), and LOS (4.42 ± 5.25 d vs 2.42 ± 2.69 d; 
P = 0.0001) in the RHM group. The authors concluded 
that the RHM group had also a slight improvement in 
perioperative outcomes compared to the LHM, at the 
price of increased costs.  

Another large review[74] of LHM vs RHM, which 
including only 6 RCTs (of low quality), also reported com­
parable outcomes and increased costs for the robotic 
technique.

The Society of American Gastrointestinal and Endo­
scopic Surgeons’ guidelines[75] state that compared with 
laparoscopy, robotic assistance for the treatment of 
esophageal achalasia decreases the rate of intraoperative 
mucosal perforations, but no clear differences in post­
operative morbidity, symptom relief, or long-term out­
comes have been confirmed to date. Further studies are 
needed to better establish the role of RHM.

ESOPHAGEAL PERFORATION
Esophageal perforation (EP) is an uncommon situation, 
although its incidence has increased over the last 20 
years. The most common cause is iatrogenic (60% of 
cases are caused by an endoscopic procedure)[76,77]. 
Otherwise, EP can occurs spontaneously after vomiting 
or in cases Boerhaave syndrome or a diseased eso­
phagus (i.e., diverticula, Barrett’s esophagus, infective 
esophagitis, cancer)[78]. Other rare causes are blunt or 
penetrating trauma to the epigastrium and ingestion of 
foreign bodies or caustics. The mortality rate is as high 
as 60%[79-81] and is mainly secondary to the onset of a 
septic shock and the presence of comorbidities[82]. 

The ideal management of EP is not yet standardized, 
and no technique has shown a real superiority over the 
others. Nevertheless, the number of patients treated 
aggressively with surgery has been lower over the last 
several years[83], while many patients (approximately 
25% of EP cases) are being managed non-operatively. 
Early total parenteral nutrition and antibiotic therapy, 
in those patients without signs of sepsis, can lead to 
a medical management success rate of more than 
80%[78].  

Endoscopic stenting, associated with or without 
a percutaneous or surgical thoracic drainage, has a 
success rate up to 90% in patients with EP due to 
benign perforations of less than 5 cm or an anastomotic 
leak with a minimal contamination if treated within 24 
h of the perforation[84-86]. Endoscopic closure of the leak 
with clips or suture is also effective[87]. 

Nevertheless, the surgical approach to EP is still 
appropriate in case of severe acute sepsis, extended 
leaks or failure of endoscopic/percutaneous treatments. 
A feeding jejunostomy is often recommended[88]. Surgi­
cal drainage of the contaminated space, debridement 
with primary repair, esophageal diversion with delayed 
repair and esophagectomy with immediate or delayed 
repair have all been used for several years, with high 

morbidity and mortality rates[78,81,88,89].
Open surgery is widely consider the standard, even 

though some case studies have reported on the feasibility 
and safety of laparoscopic[90-93]/thoracoscopic[94] primary 
repair of EP associated with or without stent placement[95] 
in hemodynamically stable patients. Again, most of the 
published studies are monocentric case studies and 
anecdotal reports with short-term follow-up.

Pleural percutaneous drainage alone may achieve 
acceptable mortality rates in appropriately selected 
patients with cervical EP[96,97], although it is usually asso­
ciated with thoracoscopy or laparoscopy for complete 
surgical debridement[98].

BENIGN AND MALIGNANT TUMORS
Both benign and malignant tumors arising in the eso­
phageal tract are candidates for a minimally invasive 
approach, although the widespread adoption of mini­
mally invasive techniques has been limited by many 
challenging technical issues. In addition, the oncologic 
outcomes remain the foundation of any procedure 
to cure malignancies, rather than the feasibility itself. 
Obviously, any laparoscopic or robotic procedure should 
follow the standards of oncologic surgery, including 
sufficient margins of resection and extended proper 
lymphadenectomy[99]. 

The need for a surgeon with advanced skills, the 
availability of instruments and the high case volume 
together have limited the use of MIS for esophageal 
neoplasms to few subspecialized centers. 

Benign lesions are rare, representing only 20% of 
all esophageal neoplasms at autopsy, with more than 
70% being leiomyoma[100]. Nevertheless, the anatomic 
location in the esophageal tract, together with the well-
known challenges of esophageal reconstructions, lead to 
potential life-threatening complications after surgery. A 
minimally invasive surgical approach would be of crucial 
interest to limit the risks of perioperative deaths and the 
length of hospital stay.

Most studies have included a limited number of 
anecdotal experiences[101-103] with excellent results from 
a thoracoscopic or laparoscopic transhiatal enucleation 
for esophageal leiomyomas. However, the optimal 
approach should be tailored for each patient according 
to the location and size of the tumor[104]. For example, 
Palanivelu et al[105], in one of the largest single-center 
studies (18 cases), reported that leiomyomas are 
frequently located in the middle and lower third of the 
esophagus. The author suggested that the proximal 
ones should be best approached by a right thoracos­
copy and the distal ones through an abdominal route. 
Nevertheless, a laparoscopic transhiatal operation is 
also feasible to manage benign lesions of the thoracic 
esophagus[106,107].

Many of the published studies include very few 
patients, and those comparing laparoscopic/thora­
coscopic procedures with open traditional approaches 
have poor statistical relevance. However, most studies 
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have reported superior results of MIS in terms of 
reductions of perioperative complications and length of 
hospital stay[108,109].

The robotic approach was also described as a 
procedure very suitable for managing benign esophageal 
masses that require careful dissection in deep, narrow 
spaces. Obviously, all these experiences were reported 
as case studies performed by skillful subspecialized 
surgeons[64,110-113].

The different interventions for esophageal benign 
diseases range from a simple enucleation achieved 
through a thoracic or an abdominal route to a formal 
Ivor-Lewis partial esophagectomy. Interestingly, Khalaileh
et al[113] reported favorable results of robotic approaches 
compared to the corresponding open or traditional laparo­
scopic/thoracoscopic operations (overall complications 
of 0%, 10% and 13%, respectively). Unfortunately, that 
retrospective review included fewer than 100 patients in 
each group, with scarce homogeneity of characteristics 
and very different approaches.

Cancer of the esophagus is relatively rare in Europe, 
North America and other developed countries, although 
it represents a major concern in Eastern Asia, Eastern 
and Southern Africa, and, generally speaking, in less 
developed regions (Figure 1). In Eastern Asia, the 
incidence is almost double than in rest of the world (more 
than 10 per 100000 per year)[114], with some differences 
in the histopathological features (adenocarcinoma 

and squamous). The oncologic outcomes are still dis­
appointing, with a 5-years survival rate of less than 
40%[115]. New adjuvant regiments have been proven 
to significantly increase the survival after curative 
surgery, with few or no detrimental perioperative com­
plications[115,116].

From a comprehensive point of view, the fundamental 
esophageal cancer cure is always resective surgery with 
regional lymphadenectomy and (neo) adjuvant chemo or 
radiochemotherapy. Conversely, many technical debates 
still exist regarding the opportunity of performing a partial 
or a total esophagectomy, with or without a transthoracic 
approach[117].

In brief, the three-field esophagectomy (McKeown 
procedure) has been the treatment of choice for eso­
phageal cancer for many years and includes abdominal, 
thoracic and cervical incisions. The two-field partial 
esophagectomy with an esophagogastric intrathoracic 
anastomosis (Ivor-Lewis procedure) has gained popularity 
in recent years due to comparable oncologic results with 
the McKeown operation and minor complications. The 
transhiatal esophagectomy, which avoids the thoracotomy 
(Orringer procedure), probably offers inferior oncologic 
outcomes[118]. 

In the recent literature, many groups of esophageal 
surgeons have reported trends in reducing the use of 
the three-field McKeown total esophagectomy in favor of 
the two-field Ivor-Lewis partial esophagectomy (except 
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Figure 1  Incidence and mortality rates of esophageal cancer worldwide[114]. 
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for cases of cancer arising in the upper third of the 
esophagus). The significant reduction of perioperative 
complications, including leaks, recurrent laryngeal nerve 
injuries, alteration of swallowing and pharyngeal transit, 
is the major benefit of the limited approach[119,120]. 

Despite the different surgical techniques proposed, 
patients are expected to have a high incidence of 
complication of up to 60%. Most are pulmonary com­
plications, with an increase in the postoperative stay, 
costs and mortality[1,3].

To improve such those disappointing figures, many 
minimally invasive approaches had been developed, 
replacing conventional operations with laparoscopy, thora­
coscopy or hybrid routes (with open surgery combined), 
with excellent results[119,121,122]. 

The minimally invasive esophagectomy (MIE) is 
expected to reduce pulmonary impairment, intrao­
perative bleeding, wound infections and, consequently, 
length of hospital stay and mortality. Increases in the 
operative time and of the base costs are the principal 
concerns[123]. 

One recent multicenter (selected hospitals with 
specific credentials) prospective phase Ⅱ trial[124] 
evaluated the feasibility of MIE in patients with high-
grade dysplasia or esophageal cancer with a rigorous 
protocol. According to the authors’ results, surgery was 
completed in 95 of the 104 patients (91.3%), with a 
30-d mortality rate of 2.1%. The major complications 
were anastomotic leak (8.6%), acute respiratory distress 
syndrome (5.7%), pneumonitis (3.8%), and atrial 
fibrillation (2.9%). The 3-year overall survival rate was 
58.4% and a locoregional recurrence occurred in only 7 
patients (6.7%).

However, the rapid worldwide use of MIS for eso­
phageal cancer has not been followed by a rigorous 
scientific analysis of results, and the issue of cost-
effectiveness is still unresolved[5,125]. Therefore, large-
scale multicenter trials are still lacking, and few studies 
have had sufficient follow-up to judge the long-term 
oncologic results.

Aside from the intrinsic difficulty in conducing sur­
gical clinical trials, the challenging learning curve and 
the numerous technical variables (including the patient’s 
position - prone vs supine or the transoral anvil intro­
duction vs the transthoracic route during an Ivor-Lewis 
esophagectomy) have jeopardized the results[126]. 

One large retrospective cohort study also confirmed 
the superiority of MIE in terms of postoperative pulmo­
nary complications (13% in the thoraco-laparoscopic 
MIE group, 38% in the thoracoscopic MIE group, and 
39% in the open group)[ 122].

Nevertheless, to date, only one prospective, multi­
center RCT that including 56 patients and compared 
open transthoracic oesophagectomy with the minimally 
invasive approach has been published[127]. The authors 
reported that 29% of patients in the open group had 
pulmonary infections in the first 2 wk compared to 
five (9%) in the minimally invasive group (P = 0.005), 
while 19 (34%) and 7 (12%) patients in the two groups 

had in-hospital pulmonary infections, respectively (P 
= 0.005)[127]. Another trial to evaluate the benefits 
of laparoscopic gastric mobilization during Ivor-Lewis 
intervention is still ongoing[128]. 

Conversely, Hanna et al[129], who selected thirty of 
the best published papers concerning MIE and open 
approaches for cancer (including only 1 RCT), found 
that in most studies a suboptimal lymphadenectomy 
was described (with the average number of nodes 
retrieved below 23 considered as the standard) and 
included a superficial description of the complications 
that occurred. However, the disease-free survival and 
the overall survival rates were similar to those achieved 
by open surgery[129]. 

In recent years, robotic-assisted MIE (RAMIE) has 
been introduced for the treatment of esophagogastric 
malignancies. The robotic platform would reduce the 
complexity of the laparoscopic-thoracoscopic maneuvers 
using endo-wrist arm technology (articulation of the 
instruments with 7 degrees of freedom). The deeper 
high-definition 3D vision, the motion scaling and the 
tremor filtration are other potential advantages of a 
robotic approach during esophageal dissection, allowing 
the execution of an extended lymphadenectomy and 
hand-sewn visceral anastomoses[130]. Another intriguing 
advantage of robotic surgery is the reduction of the 
learning curve (20 procedures in one study[131]), as 
compared to standard MIE, which increases the number 
of surgeons who can gain adequate and specific pro­
ficiency.

In the published literature, studies on all three types 
of esophageal resections (total esophagectomy, partial 
transthoracic and partial transhiatal resection) using a 
full robotic or a hybrid approach are available (Figure 2).

For example, Boone et al[132] reported on 47 robotic 
three-field total esophagectomies with a pulmonary 
morbidity of 44% and a postoperative mortality of 
6%, which were highly comparable with the results of 
historical open outcomes in terms of safety and short-
terms results. 

As in standard MIE, the robot-assisted Ivor-Lewis 
transthoracic esophageal resection has replaced the 
three-field approach in most cases[133-135]. The perio­
perative outcomes and the oncologic parameters 
reported were highly sufficient to judge the technique 
to be as safe as traditional MIE and the conventional 
open approach[133,136]. From a purely technical point of 
view, the transthoracic surgical step could be achieved 
throughout a standard supine or semi-lateral position, 
while recently some authors[137] have reported excellent 
results using the prone position (only a 6% rate of 
pulmonary complications). 

Another peculiar issue of RAMIE is represented by 
the possibility of performing a hand-sewn intrathoracic 
esophagogastric anastomosis, which is virtually impo­
ssible or very time-consuming for even very skilled 
laparoscopists due to tremor and anti-ergonomic posi­
tions. However, only two papers[138,139] have specifically
addressed the use of RAMIE with a hand-sewn intratho­
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racic anastomosis. The authors reported few leakages 
or cases of stenosis and no significant prolonging of the 
operative time.

Finally, even a transhiatal esophagectomy is feasible 
robotically, at the price of a higher complications rate 
reported in one of the very few anecdotal reports (35% 
of patients with temporary laryngeal nerve paresis and 
25% of patients with self-limiting cervical leaks)[140].

In conclusion, although the first cases of RAMIE 
were described in the early 2000s[69,141], rigorous, well-
designed, large comparative studies are still lacking, 
and none of the existing studies have demonstrated the 
tangible benefits of robotics over thoraco-laparoscopy 
or open surgery[133,142]. Interestingly, a monocentric trial 
specifically targeted to RAMIE was recently launched[143]. 

CONCLUSION
Most of the surgical operations for the treatment of benign 
and malignant esophageal diseases are suitable for a 
minimally invasive approach, with the goal of reducing 
the wide spectrum of perioperative complications. 

Thoracoscopy, laparoscopy, hybrid procedures and 
robotic assistance have been shown to favorably impact 
pulmonary morbidity and length of hospital stay in 
many recent papers. However, most of these minimally 
invasive esophageal procedures were achieved in a 
limited number of subspecialized centers worldwide and 
were performed by surgeons with significant experience 

in esophageal surgery, advanced laparoscopy and 
robotics. Interestingly, the hypothesized learning curve 
for gaining sufficient confidence was more than 30 cases 
for major operations[144,145]. 

In addition, more of the published techniques, although 
very promising in terms of outcomes and results, are 
not yet completely validated. An authors’ comprehensive 
opinion of future developments in MIS for esophageal 
disease is reported in Table 1.

Centralization of the more challenging procedures 
and rigorous scientific approaches are needed before 
conventional open surgery can be abandoned completely.

REFERENCES
1	 McCulloch P, Ward J, Tekkis PP. Mortality and morbidity in 

gastro-oesophageal cancer surgery: initial results of ASCOT 
multicentre prospective cohort study. BMJ 2003; 327: 1192-1197 
[PMID: 14630753 DOI: 10.1136/bmj.327.7425.1192]

2	 Gopaldas RR, Bhamidipati CM, Dao TK, Markley JG. Impact of 
surgeon demographics and technique on outcomes after esophageal 
resections: a nationwide study. Ann Thorac Surg 2013; 95: 1064-1069 
[PMID: 23261119 DOI: 10.1016/j.athoracsur.2012.10.038]

3	 Low DE, Bodnar A. Update on clinical impact, documentation, 
and management of complications associated with esophagectomy. 
Thorac Surg Clin 2013; 23: 535-550 [PMID: 24199703 DOI: 
10.1016/j.thorsurg.2013.07.003]

4	 Markar SR, Karthikesalingam A, Thrumurthy S, Low DE. Volume-
outcome relationship in surgery for esophageal malignancy: 
systematic review and meta-analysis 2000-2011. J Gastrointest Surg 
2012; 16: 1055-1063 [PMID: 22089950 DOI: 10.1007/s11605-011-1
731-3]

5	 Goldfarb M, Brower S, Schwaitzberg SD. Minimally invasive 
surgery and cancer: controversies part 1. Surg Endosc 2010; 24: 
304-334 [PMID: 19572178 DOI: 10.1007/s00464-009-0583-3]

6	 Sharma B, Baxter N, Grantcharov T. Outcomes after laparoscopic 
techniques in major gastrointestinal surgery. Curr Opin Crit Care 
2010; 16: 371-376 [PMID: 20613501 DOI: 10.1097/MCC.0b013e
32833b0480]

7	 Garas G, Ibrahim A, Ashrafian H, Ahmed K, Patel V, Okabayashi 
K, Skapinakis P, Darzi A, Athanasiou T. Evidence-based surgery: 
barriers, solutions, and the role of evidence synthesis. World J Surg 
2012; 36: 1723-1731 [PMID: 22535211 DOI: 10.1007/s00268-
012-1597-x]

8	 Wileman SM, McCann S, Grant AM, Krukowski ZH, Bruce J. 
Medical versus surgical management for gastro-oesophageal reflux 
disease (GORD) in adults. Cochrane Database Syst Rev 2010; (3): 
CD003243 [PMID: 20238321 DOI: 10.1002/14651858.CD003243.
pub2]

9	 Grant AM, Boachie C, Cotton SC, Faria R, Bojke L, Epstein 
DM, Ramsay CR, Corbacho B, Sculpher M, Krukowski ZH, 
Heading RC, Campbell MK. Clinical and economic evaluation 

Table 1  Recommended approaches to esophageal procedures

Type of procedure Open surgery Laparoscopic surgery Robotic Level of evidence1

Total esophagectomy (McKeown) Standard Accepted Developing LE 3
Partial esophagectomy (Ivor-Lewis) Standard Accepted Developing LE 2
Transhiatal esophagectomy (Orringer) Standard Accepted Developing LE 3
Anti-reflux surgery Abandoned Standard Developing LE 1
Heller myotomy Abandoned Standard Developing LE 1
Local excision Standard Accepted Developing LE 4
Others Standard Accepted Developing LE 4

1Oxford Centre for Evidence-Based Medicine. Levels of Evidence Working Group. "The Oxford 2011 Levels of 
Evidence". http://www.cebm.net/index.aspx?o=5653

Figure 2  da Vinci® docking during the thoracic step of a completely robotic 
esophagectomy at the Division of Oncologic Surgery and Robotics, Careggi 
Hospital. 

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



60 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

of laparoscopic surgery compared with medical management for 
gastro-oesophageal reflux disease: 5-year follow-up of multicentre 
randomised trial (the REFLUX trial). Health Technol Assess 2013; 
17: 1-167 [PMID: 23742987 DOI: 10.3310/hta17220]

10	 Katz PO, Gerson LB, Vela MF. Guidelines for the diagnosis 
and management of gastroesophageal reflux disease. Am J 
Gastroenterol 2013; 108: 308-328; quiz 329 [PMID: 23419381 
DOI: 10.1038/ajg.2012.444]

11	 Lundell L. Borderline indications and selection of gastro
esophageal reflux disease patients: ‘Is surgery better than medical 
therapy’? Dig Dis 2014; 32: 152-155 [PMID: 24603401 DOI: 
10.1159/000357182]

12	 Schijven MP, Gisbertz SS, van Berge Henegouwen MI. Laparo
scopic surgery for gastro-esophageal acid reflux disease. Best Pract 
Res Clin Gastroenterol 2014; 28: 97-109 [PMID: 24485258 DOI: 
10.1016/j.bpg.2013.11.003]

13	 Grant AM, Cotton SC, Boachie C, Ramsay CR, Krukowski ZH, 
Heading RC, Campbell MK. Minimal access surgery compared 
with medical management for gastro-oesophageal reflux disease: 
five year follow-up of a randomised controlled trial (REFLUX). 
BMJ 2013; 346: f1908 [PMID: 23599318 DOI: 10.1136/bmj.
f1908]

14	 Owen B, Simorov A, Siref A, Shostrom V, Oleynikov D. How 
does robotic anti-reflux surgery compare with traditional open 
and laparoscopic techniques: a cost and outcomes analysis. Surg 
Endosc 2014; 28: 1686-1690 [PMID: 24414455 DOI: 10.1007/
s00464-013-3372-y]

15	 Wang Z, Zheng Q, Jin Z. Meta-analysis of robot-assisted versus 
conventional laparoscopic Nissen fundoplication for gastro-
oesophageal reflux disease. ANZ J Surg 2012; 82: 112-117 [PMID: 
22510118 DOI: 10.1111/j.1445-2197.2011.05964.x]

16	 Liberman D, Trinh QD, Jeldres C, Zorn KC. Is robotic surgery 
cost-effective: yes. Curr Opin Urol 2012; 22: 61-65 [PMID: 
22037320 DOI: 10.1097/MOU.0b013e32834d543f]

17	 Salman M, Bell T, Martin J, Bhuva K, Grim R, Ahuja V. Use, cost, 
complications, and mortality of robotic versus nonrobotic general 
surgery procedures based on a nationwide database. Am Surg 2013; 
79: 553-560 [PMID: 23711262]

18	 Dallemagne B, Kohnen L, Perretta S, Weerts J, Markiewicz S, 
Jehaes C. Laparoscopic repair of paraesophageal hernia. Long-term 
follow-up reveals good clinical outcome despite high radiological 
recurrence rate. Ann Surg 2011; 253: 291-296 [PMID: 21217518 
DOI: 10.1097/SLA.0b013e3181ff44c0]

19	 Zehetner J, Demeester SR, Ayazi S, Kilday P, Augustin F, Hagen 
JA, Lipham JC, Sohn HJ, Demeester TR. Laparoscopic versus 
open repair of paraesophageal hernia: the second decade. J Am 
Coll Surg 2011; 212: 813-820 [PMID: 21435915 DOI: 10.1016/
j.jamcollsurg.2011.01.060]

20	 Zehetner J, DeMeester SR, Ayazi S, Costales JL, Augustin F, 
Oezcelik A, Lipham JC, Sohn HJ, Hagen JA, DeMeester TR. 
Long-term follow-up after anti-reflux surgery in patients with 
Barrett’s esophagus. J Gastrointest Surg 2010; 14: 1483-1491 
[PMID: 20824377 DOI: 10.1007/s11605-010-1322-8]

21	 Petersen LF, McChesney SL, Daly SC, Millikan KW, Myers JA, Luu 
MB. Permanent mesh results in long-term symptom improvement 
and patient satisfaction without increasing adverse outcomes in hiatal 
hernia repair. Am J Surg 2014; 207: 445-448; discussion 448 [PMID: 
24418182 DOI: 10.1016/j.amjsurg.2013.09.014]

22	 Molena D, Mungo B, Stem M, Feinberg RL, Lidor AO. Outcomes 
of operations for benign foregut disease in elderly patients: a 
National Surgical Quality Improvement Program database analysis. 
Surgery 2014; 156: 352-360 [PMID: 24973127 DOI: 10.1016/
j.surg.2014.04.005]

23	 Mungo B, Molena D, Stem M, Feinberg RL, Lidor AO. Thirty-
day outcomes of paraesophageal hernia repair using the NSQIP 
database: should laparoscopy be the standard of care? J Am Coll 
Surg 2014; 219: 229-236 [PMID: 24891211 DOI: 10.1016/j.jamcol
lsurg.2014.02.030]

24	 van Overbeek JJ. Pathogenesis and methods of treatment of 
Zenker’s diverticulum. Ann Otol Rhinol Laryngol 2003; 112: 

583-593 [PMID: 12903677 DOI: 10.1177/000348940311200703]
25	 Herbella FA, Patti MG. Modern pathophysiology and treatment of 

esophageal diverticula. Langenbecks Arch Surg 2012; 397: 29-35 
[PMID: 21887578 DOI: 10.1007/s00423-011-0843-2]

26	 Ferreira LE, Simmons DT, Baron TH. Zenker’s diverticula: 
pathophysiology, clinical presentation, and flexible endoscopic 
management. Dis Esophagus 2008; 21: 1-8 [PMID: 18197932 
DOI: 10.1111/j.1442-2050.2007.00795.x]

27	 Ginsberg GG, Kochman ML, Norton ID, Gostout CJ. Clinical 
Gastrointestinal Endoscopy, 2nd Ed. Saunders: Elsevier, 2012

28	 Rabenstein T, May A, Michel J, Manner H, Pech O, Gossner L, 
Ell C. Argon plasma coagulation for flexible endoscopic Zenker’s 
diverticulotomy. Endoscopy 2007; 39: 141-145 [PMID: 17327972 
DOI: 10.1055/s-2007-966164]

29	 Tang SJ, Jazrawi SF, Chen E, Tang L, Myers LL. Flexible 
endoscopic clip-assisted Zenker’s diverticulotomy: the first case 
series (with videos). Laryngoscope 2008; 118: 1199-1205 [PMID: 
18401278 DOI: 10.1097/MLG.0b013e31816e2eee]

30	 Repici A, Pagano N, Romeo F, Danese S, Arosio M, Rando G, 
Strangio G, Carlino A, Malesci A. Endoscopic flexible treatment 
of Zenker’s diverticulum: a modification of the needle-knife 
technique. Endoscopy 2010; 42: 532-535 [PMID: 20593330 DOI: 
10.1055/s-0029-1244163]

31	 Hondo FY, Maluf-Filho F, Giordano-Nappi JH, Neves CZ, 
Cecconello I, Sakai P. Endoscopic treatment of Zenker’s diverticulum 
by harmonic scalpel. Gastrointest Endosc 2011; 74: 666-671 [PMID: 
21872715 DOI: 10.1016/j.gie.2011.05.007]

32	 Verhaegen VJ, Feuth T, van den Hoogen FJ, Marres HA, Takes 
RP. Endoscopic carbon dioxide laser diverticulostomy versus 
endoscopic staple-assisted diverticulostomy to treat Zenker’s 
diverticulum. Head Neck 2011; 33: 154-159 [PMID: 20848433 
DOI: 10.1002/hed.21413]

33	 Bizzotto A, Iacopini F, Landi R, Costamagna G. Zenker’s 
diverticulum: exploring treatment options. Acta Otorhinolaryngol 
Ital 2013; 33: 219-229 [PMID: 24043908]

34	 Siddiq MA, Sood S. Current management in pharyngeal pouch 
surgery by UK otorhinolaryngologists. Ann R Coll Surg Engl 2004; 
86: 247-252 [PMID: 15239864 DOI: 10.1308/147870804524]

35	 Richtsmeier WJ. Endoscopic management of Zenker diver
ticulum: the staple-assisted approach. Am J Med 2003; 115 Suppl 
3A: 175S-178S [PMID: 12928098 DOI: 10.1016/S0002-9343(03)
00220-1]

36	 Luna RA, Collard JM. Transoral stapled diverticulotomy. Rev 
Col Bras Cir 2009; 36: 268-270 [PMID: 20076910 DOI: 10.1590/
S0100-69912009000300016]

37	 Bonavina L, Rottoli M, Bona D, Siboni S, Russo IS, Bernardi 
D. Transoral stapling for Zenker diverticulum: effect of the 
traction suture-assisted technique on long-term outcomes. Surg 
Endosc 2012; 26: 2856-2861 [PMID: 22538675 DOI: 10.1007/
s00464-012-2261-0]

38	 Wasserzug O, Zikk D, Raziel A, Cavel O, Fleece D, Szold A. 
Endoscopically stapled diverticulostomy for Zenker’s diverticulum: 
results of a multidisciplinary team approach. Surg Endosc 2010; 
24: 637-641 [PMID: 19688391 DOI: 10.1007/s00464-009-0651-8]

39	 Aly A, Devitt PG, Jamieson GG. Evolution of surgical treatment 
for pharyngeal pouch. Br J Surg 2004; 91: 657-664 [PMID: 
15164432 DOI: 10.1002/bjs.4572]

40	 Simić A, Radovanović N, Stojakov D, Bjelović M, Kotarac M, 
Sabljak P, Skrobić O, Pesko P. Surgical experience of the national 
institution in the treatment of Zenker’s diverticula. Acta Chir Iugosl 
2009; 56: 25-33 [PMID: 19504986 DOI: 10.2298/ACI0901025S]

41	 Chang CY, Payyapilli RJ, Scher RL. Endoscopic staple 
diverticulostomy for Zenker’s diverticulum: review of literature 
and experience in 159 consecutive cases. Laryngoscope 2003; 113: 
957-965 [PMID: 12782805 DOI: 10.1097/00005537-200306000-0
0009]

42	 Visosky AM, Parke RB, Donovan DT. Endoscopic management of 
Zenker’s diverticulum: factors predictive of success or failure. Ann 
Otol Rhinol Laryngol 2008; 117: 531-537 [PMID: 18700430 DOI: 
10.1177/000348940811700712]

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



61 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

43	 Mantsopoulos K, Psychogios G, Künzel J, Zenk J, Iro H, Koch 
M. Evaluation of the different transcervical approaches for Zenker 
diverticulum. Otolaryngol Head Neck Surg 2012; 146: 725-729 
[PMID: 22267490 DOI: 10.1177/0194599811435304]

44	 Del Genio A, Rossetti G, Maffetton V, Renzi A, Brusciano L, 
Limongelli P, Cuttitta D, Russo G, Del Genio G. Laparoscopic 
approach in the treatment of epiphrenic diverticula: long-term 
results. Surg Endosc 2004; 18: 741-745 [PMID: 15216856 DOI: 
10.1007/s00464-003-9044-6]

45	 Zaninotto G, Parise P, Salvador R, Costantini M, Zanatta L, Rella 
A, Ancona E. Laparoscopic repair of epiphrenic diverticulum. 
Semin Thorac Cardiovasc Surg 2012; 24: 218-222 [PMID: 
23200079 DOI: 10.1053/j.semtcvs.2012.10.009]

46	 Rossetti G, Fei L, del Genio G, Maffettone V, Brusciano L, Tolone 
S, Cimmino M, Moccia F, Terrone A, Romano G, Guerriero L, 
del Genio A. Epiphrenic diverticula mini-invasive surgery: a 
challenge for expert surgeons--personal experience and review of 
the literature. Scand J Surg 2013; 102: 129-135 [PMID: 23820690 
DOI: 10.1177/1457496913482242]

47	 Zaninotto G, Portale G, Costantini M, Merigliano S, Guirroli 
E, Rizzetto C, Rampado S, Ancona E. Long-term outcome of 
operated and unoperated epiphrenic diverticula. J Gastrointest 
Surg 2008; 12: 1485-1490 [PMID: 18622660 DOI: 10.1007/
s11605-008-0570-3]

48	 Rosati R, Fumagalli U, Bona S, Bonavina L, Peracchia A. Diver
ticulectomy, myotomy, and fundoplication through laparoscopy: 
a new option to treat epiphrenic esophageal diverticula? Ann Surg 
1998; 227: 174-178 [PMID: 9488513 DOI: 10.1097/00000658-1998
02000-00004]

49	 Rosati R, Fumagalli U, Elmore U, de Pascale S, Massaron S, 
Peracchia A. Long-term results of minimally invasive surgery 
for symptomatic epiphrenic diverticulum. Am J Surg 2011; 201: 
132-135 [PMID: 21167369 DOI: 10.1016/j.amjsurg.2010.03.016]

50	 Fumagalli Romario U, Ceolin M, Porta M, Rosati R. Laparo
scopic repair of epiphrenic diverticulum. Semin Thorac Cardiovasc 
Surg 2012; 24: 213-217 [PMID: 23200078 DOI: 10.1053/j.
semtcvs.2012.10.003]

51	 Vaezi MF, Richter JE. Diagnosis and management of achalasia. 
American College of Gastroenterology Practice Parameter 
Committee. Am J Gastroenterol 1999; 94: 3406-3412 [PMID: 
10606295 DOI: 10.1111/j.1572-0241.1999.01639.x]

52	 Boeckxstaens GE, Annese V, des Varannes SB, Chaussade 
S, Costantini M, Cuttitta A, Elizalde JI, Fumagalli U, Gaudric 
M, Rohof WO, Smout AJ, Tack J, Zwinderman AH, Zaninotto 
G, Busch OR. Pneumatic dilation versus laparoscopic Heller’
s myotomy for idiopathic achalasia. N Engl J Med 2011; 364: 
1807-1816 [PMID: 21561346 DOI: 10.1056/NEJMoa1010502]

53	 Meireles OR, Horgan S, Jacobsen GR, Katagiri T, Mathew A, 
Sedrak M, Sandler BJ, Dotai T, Savides TJ, Majid SF, Nijhawan 
S, Talamini MA. Transesophageal endoscopic myotomy (TEEM) 
for the treatment of achalasia: the United States human experience. 
Surg Endosc 2013; 27: 1803-1809 [PMID: 23525881 DOI: 
10.1007/s00464-012-2666-9]

54	 Borges AA, Lemme EM, Abrahao LJ, Madureira D, Andrade MS, 
Soldan M, Helman L. Pneumatic dilation versus laparoscopic 
Heller myotomy for the treatment of achalasia: variables related 
to a good response. Dis Esophagus 2014; 27: 18-23 [PMID: 
23551592 DOI: 10.1111/dote.12064]

55	 Leyden JE, Moss AC, MacMathuna P. Endoscopic pneumatic 
dilation versus botulinum toxin injection in the management 
of primary achalasia. Cochrane Database Syst Rev 2014; 12: 
CD005046 [PMID: 25485740 DOI: 10.1002/14651858.CD005046.
pub3]

56	 Patti MG, Fisichella PM, Perretta S, Galvani C, Gorodner MV, 
Robinson T, Way LW. Impact of minimally invasive surgery on the 
treatment of esophageal achalasia: a decade of change. J Am Coll 
Surg 2003; 196: 698-703; discussion 703-705 [PMID: 12742198 
DOI: 10.1016/S1072-7515(02)01837-9]

57	 Schuchert MJ, Luketich JD, Landreneau RJ, Kilic A, Gooding 
WE, Alvelo-Rivera M, Christie NA, Gilbert S, Pennathur A. 

Minimally-invasive esophagomyotomy in 200 consecutive 
patients: factors influencing postoperative outcomes. Ann Thorac 
Surg 2008; 85: 1729-1734 [PMID: 18442574 DOI: 10.1016/j.athor
acsur.2007.11.017]

58	 Williams VA, Peters JH. Achalasia of the esophagus: a surgical 
disease. J Am Coll Surg 2009; 208: 151-162 [PMID: 19228517 
DOI: 10.1016/j.jamcollsurg.2008.08.027]

59	 Heller E. Extramucose cardioplastic beim chronischen cardio
spasmus mit dilatation des oesophagus. Mitt Grengeb Med Chir 
1913; 27: 141-149

60	 Shimi S, Nathanson LK, Cuschieri A. Laparoscopic cardiomyo
tomy for achalasia. J R Coll Surg Edinb 1991; 36: 152-154 [PMID: 
1833541]

61	 Pellegrini C, Wetter LA, Patti M, Leichter R, Mussan G, Mori 
T, Bernstein G, Way L. Thoracoscopic esophagomyotomy. Initial 
experience with a new approach for the treatment of achalasia. Ann 
Surg 1992; 216: 291-296; discussion 296-299 [PMID: 1417178]

62	 Rebecchi F, Giaccone C, Farinella E, Campaci R, Morino M. 
Randomized controlled trial of laparoscopic Heller myotomy plus 
Dor fundoplication versus Nissen fundoplication for achalasia: 
long-term results. Ann Surg 2008; 248: 1023-1030 [PMID: 
19092347 DOI: 10.1097/SLA.0b013e318190a776]

63	 Costantini M, Zaninotto G, Guirroli E, Rizzetto C, Portale G, 
Ruol A, Nicoletti L, Ancona E. The laparoscopic Heller-Dor 
operation remains an effective treatment for esophageal achalasia 
at a minimum 6-year follow-up. Surg Endosc 2005; 19: 345-351 
[PMID: 15645326 DOI: 10.1007/s00464-004-8941-7]

64	 Hanna JM, Onaitis MW. Robotic benign esophageal procedures. 
Thorac Surg Clin 2014; 24: 223-229, vii [PMID: 24780427 DOI: 
10.1016/j.thorsurg.2014.02.004]

65	 Melvin WS, Needleman BJ, Krause KR, Wolf RK, Michler RE, 
Ellison EC. Computer-assisted robotic heller myotomy: initial case 
report. J Laparoendosc Adv Surg Tech A 2001; 11: 251-253 [PMID: 
11569517 DOI: 10.1089/109264201750539790]

66	 Melvin WS, Dundon JM, Talamini M, Horgan S. Computer-
enhanced robotic telesurgery minimizes esophageal perforation 
during Heller myotomy. Surgery 2005; 138: 553-558; discussion 
558-559 [PMID: 16269282 DOI: 10.1016/j.surg.2005.07.025]

67	 Horgan S, Galvani C, Gorodner MV, Omelanczuck P, Elli F, Moser 
F, Durand L, Caracoche M, Nefa J, Bustos S, Donahue P, Ferraina 
P. Robotic-assisted Heller myotomy versus laparoscopic Heller 
myotomy for the treatment of esophageal achalasia: multicenter 
study. J Gastrointest Surg 2005; 9: 1020-1029; discussion 
1029-1030 [PMID: 16269372 DOI: 10.1016/j.gassur.2005.06.026]

68	 Galvani C, Gorodner MV, Moser F, Baptista M, Donahue P, 
Horgan S. Laparoscopic Heller myotomy for achalasia facilitated 
by robotic assistance. Surg Endosc 2006; 20: 1105-1112 [PMID: 
16703438 DOI: 10.1007/s00464-005-0272-9]

69	 Ruurda JP, Gooszen HG, Broeders IA. Early experience in robot-
assisted laparoscopic Heller myotomy. Scand J Gastroenterol 
Suppl 2004; (241): 4-8 [PMID: 15696842 DOI: 10.1080/00855920
410010924]

70	 Undre S, Moorthy K, Munz Y, Aggarwal R, Hance J, Rockall 
T, Darzi A. Robot-assisted laparoscopic Heller cardiomyotomy: 
preliminary UK results. Dig Surg 2004; 21: 396-400 [PMID: 
15564784 DOI: 10.1159/000082316]

71	 Maeso S, Reza M, Mayol JA, Blasco JA, Guerra M, Andradas E, 
Plana MN. Efficacy of the Da Vinci surgical system in abdominal 
surgery compared with that of laparoscopy: a systematic review 
and meta-analysis. Ann Surg 2010; 252: 254-262 [PMID: 
20622659 DOI: 10.1097/SLA.0b013e3181e6239e]

72	 Huffmanm LC, Pandalai PK, Boulton BJ, James L, Starnes 
SL, Reed MF, Howington JA, Nussbaum MS. Robotic Heller 
myotomy: a safe operation with higher postoperative quality-of-life 
indices. Surgery 2007; 142: 613-618; discussion 618-620 [PMID: 
17950356 DOI: 10.1016/j.surg.2007.08.003]

73	 Shaligram A, Unnirevi J, Simorov A, Kothari VM, Oleynikov D. 
How does the robot affect outcomes? A retrospective review of 
open, laparoscopic, and robotic Heller myotomy for achalasia. Surg 
Endosc 2012; 26: 1047-1050 [PMID: 22038167 DOI: 10.1007/

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



62 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

s00464-011-1994-5]
74	 Falkenback D, Lehane CW, Lord RV. Robot-assisted oesophageal 

and gastric surgery for benign disease: antireflux operations 
and Heller’s myotomy. ANZ J Surg 2015; 85: 113-120 [PMID: 
25039924 DOI: 10.1111/ans.12731]

75	 Stefanidis D, Richardson W, Farrell TM, Kohn GP, Augenstein 
V, Fanelli RD. SAGES guidelines for the surgical treatment of 
esophageal achalasia. Surg Endosc 2012; 26: 296-311 [PMID: 
22044977 DOI: 10.1007/s00464-011-2017-2]

76	 Brinster CJ, Singhal S, Lee L, Marshall MB, Kaiser LR, 
Kucharczuk JC. Evolving options in the management of 
esophageal perforation. Ann Thorac Surg 2004; 77: 1475-1483 
[PMID: 15063302 DOI: 10.1016/j.athoracsur.2003.08.037]

77	 Hasimoto CN, Cataneo C, Eldib R, Thomazi R, Pereira RS, 
Minossi JG, Cataneo AJ. Efficacy of surgical versus conservative 
treatment in esophageal perforation: a systematic review of case 
series studies. Acta Cir Bras 2013; 28: 266-271 [PMID: 23568234 
DOI: 10.1590/S0102-86502013000400006]

78	 Chirica M, Champault A, Dray X, Sulpice L, Munoz-Bongrand N, 
Sarfati E, Cattan P. Esophageal perforations. J Visc Surg 2010; 147: 
e117-e128 [PMID: 20833121 DOI: 10.1016/j.jviscsurg.2010.08.003]

79	 Reeder LB, DeFilippi VJ, Ferguson MK. Current results of 
therapy for esophageal perforation. Am J Surg 1995; 169: 615-617 
[PMID: 7771627 DOI: 10.1016/S0002-9610(99)80232-3]

80	 Muir AD, White J, McGuigan JA, McManus KG, Graham AN. 
Treatment and outcomes of oesophageal perforation in a tertiary 
referral centre. Eur J Cardiothorac Surg 2003; 23: 799-804; 
discussion 804 [PMID: 12754036 DOI: 10.1016/S1010-7940(03)0
0050-2]

81	 Vallböhmer D, Hölscher AH, Hölscher M, Bludau M, Gutschow 
C, Stippel D, Bollschweiler E, Schröder W. Options in the 
management of esophageal perforation: analysis over a 12-year 
period. Dis Esophagus 2010; 23: 185-190 [PMID: 19863642 DOI: 
10.1111/j.1442-2050.2009.01017.x]

82	 Bhatia P, Fortin D, Inculet RI, Malthaner RA. Current concepts in 
the management of esophageal perforations: a twenty-seven year 
Canadian experience. Ann Thorac Surg 2011; 92: 209-215 [PMID: 
21718846 DOI: 10.1016/j.athoracsur.2011.03.131]

83	 Sepesi B, Raymond DP, Peters JH. Esophageal perforation: 
surgical, endoscopic and medical management strategies. Curr 
Opin Gastroenterol 2010; 26: 379-383 [PMID: 20473156 DOI: 
10.1097/MOG.0b013e32833ae2d7]

84	 Dai Y, Chopra SS, Kneif S, Hünerbein M. Management of eso
phageal anastomotic leaks, perforations, and fistulae with self-
expanding plastic stents. J Thorac Cardiovasc Surg 2011; 141: 
1213-1217 [PMID: 21167516 DOI: 10.1016/j.jtcvs.2010.07.096]

85	 Freeman RK, Ascioti AJ, Giannini T, Mahidhara RJ. Analysis 
of unsuccessful esophageal stent placements for esophageal 
perforation, fistula, or anastomotic leak. Ann Thorac Surg 2012; 
94: 959-964; discussion 964-965 [PMID: 22795060 DOI: 10.1016/
j.athoracsur.2012.05.047]

86	 Dasari BV, Neely D, Kennedy A, Spence G, Rice P, Mackle E, 
Epanomeritakis E. The role of esophageal stents in the management 
of esophageal anastomotic leaks and benign esophageal per
forations. Ann Surg 2014; 259: 852-860 [PMID: 24509201 DOI: 
10.1097/SLA.0000000000000564]

87	 Gomez-Esquival R, Raju GS. Endoscopic closure of acute 
esophageal perforations. Curr Gastroenterol Rep 2013; 15: 321 
[PMID: 23558969 DOI: 10.1007/s11894-013-0321-9]

88	 Nirula R. Esophageal perforation. Surg Clin North Am 2014; 94: 
35-41 [PMID: 24267495 DOI: 10.1016/j.suc.2013.10.003]

89	 de Aquino JL, de Camargo JG, Cecchino GN, Pereira DA, Bento 
CA, Leandro-Merhi VA. Evaluation of urgent esophagectomy 
in esophageal perforation. Arq Bras Cir Dig 2014; 27: 247-250 
[PMID: 25626932 DOI: 10.1590/S0102-67202014000400005]

90	 Landen S, El Nakadi I. Minimally invasive approach to Boerhaave’s 
syndrome: a pilot study of three cases. Surg Endosc 2002; 16: 1354-1357 
[PMID: 12023725 DOI: 10.1007/s00464-001-9185-4]

91	 Ashrafi AS, Awais O, Alvelo-Rivera M. Minimally invasive 
management of Boerhaave’s syndrome. Ann Thorac Surg 2007; 83: 

317-319 [PMID: 17184697 DOI: 10.1016/j.athoracsur.2006.05.111]
92	 Toelen C, Hendrickx L, Van Hee R. Laparoscopic treatment of 

Boerhaave’s syndrome: a case report and review of the literature. 
Acta Chir Belg 2007; 107: 402-404 [PMID: 17966533]

93	 Kimberley KL, Ganesh R, Anton CK. Laparoscopic repair of 
esophageal perforation due to Boerhaave syndrome. Surg Laparosc 
Endosc Percutan Tech 2011; 21: e203-e205 [PMID: 21857462 
DOI: 10.1097/SLE.0b013e3182245771]

94	 Cho JS, Kim YD, Kim JW, I HS, Kim MS. Thoracoscopic 
primary esophageal repair in patients with Boerhaave’s syndrome. 
Ann Thorac Surg 2011; 91: 1552-1555 [PMID: 21435633 DOI: 
10.1016/j.athoracsur.2011.01.082]

95	 Ben-David K, Behrns K, Hochwald S, Rossidis G, Caban A, 
Crippen C, Caranasos T, Hughes S, Draganov P, Forsmark C, 
Chauhan S, Wagh MS, Sarosi G. Esophageal perforation mana
gement using a multidisciplinary minimally invasive treatment 
algorithm. J Am Coll Surg 2014; 218: 768-774 [PMID: 24529810 
DOI: 10.1016/j.jamcollsurg.2013.12.033]

96	 Martinez L, Rivas S, Hernández F, Avila LF, Lassaletta L, Murcia 
J, Olivares P, Queizán A, Fernandez A, López-Santamaría M, Tovar 
JA. Aggressive conservative treatment of esophageal perforations 
in children. J Pediatr Surg 2003; 38: 685-689 [PMID: 12720170 
DOI: 10.1016/jpsu.2003.50183]

97	 Vogel SB, Rout WR, Martin TD, Abbitt PL. Esophageal perforation 
in adults: aggressive, conservative treatment lowers morbidity and 
mortality. Ann Surg 2005; 241: 1016-1021; discussion 1021-1023 
[PMID: 15912051 DOI: 10.1097/01.sla.0000164183.91898.74]

98	 Biancari F, D’Andrea V, Paone R, Di Marco C, Savino G, 
Koivukangas V, Saarnio J, Lucenteforte E. Current treatment and 
outcome of esophageal perforations in adults: systematic review 
and meta-analysis of 75 studies. World J Surg 2013; 37: 1051-1059 
[PMID: 23440483 DOI: 10.1007/s00268-013-1951-7]

99	 Bencini L, Bernini M, Farsi M. Laparoscopic approach to 
gastrointestinal malignancies: toward the future with caution. 
World J Gastroenterol 2014; 20: 1777-1789 [PMID: 24587655 
DOI: 10.3748/wjg.v20.i7.1777]

100	 Tsai SJ, Lin CC, Chang CW, Hung CY, Shieh TY, Wang HY, 
Shih SC, Chen MJ. Benign esophageal lesions: endoscopic and 
pathologic features. World J Gastroenterol 2015; 21: 1091-1098 
[PMID: 25632181 DOI: 10.3748/wjg.v21.i4.1091]

101	 Obuchi T, Sasaki A, Nitta H, Koeda K, Ikeda K, Wakabayashi 
G. Minimally invasive surgical enucleation for esophageal 
leiomyoma: report of seven cases. Dis Esophagus 2010; 23: E1-E4 
[PMID: 19207558 DOI: 10.1111/j.1442-2050.2008.00917.x]

102	 Dapri G, Himpens J, Ntounda R, Alard S, Dereeper E, Cadière 
GB. Enucleation of a leiomyoma of the mid-esophagus through a 
right thoracoscopy with the patient in prone position. Surg Endosc 
2010; 24: 215-218 [PMID: 19517189 DOI: 10.1007/s00464-009-0
514-3]

103	 Tsalis K, Antoniou N, Kalfadis S, Dimoulas A, Dagdilelis AK, 
Lazaridis C. Laparoscopic enucleation of a giant submucosal 
esophageal lipoma. Case report and literature review. Am J 
Case Rep 2013; 14: 179-183 [PMID: 23826462 DOI: 10.12659/
AJCR.883928]

104	 Zaninotto G, Portale G, Costantini M, Rizzetto C, Salvador R, 
Rampado S, Pennelli G, Ancona E. Minimally invasive enucleation 
of esophageal leiomyoma. Surg Endosc 2006; 20: 1904-1908 
[PMID: 16960671 DOI: 10.1007/s00464-005-0838-6]

105	 Palanivelu C, Rangarajan M, Madankumar MV, John SJ, 
Senthilkumar R. Minimally invasive therapy for benign tumors of 
the distal third of the esophagus--a single institute’s experience. J 
Laparoendosc Adv Surg Tech A 2008; 18: 20-26 [PMID: 18266569 
DOI: 10.1089/lap.2007.0052]

106	 Dulucq JL, Wintringer P, Mahajna A. Totally laparoscopic trans-
hiatal gastroesophagectomy for benign diseases of the esophago-
gastric junction. World J Gastroenterol 2007; 13: 285-288 [PMID: 
17226910 DOI: 10.3748/wjg.v13.i2.285]

107	 Palanivelu C, Rangarajan M, John SJ, Parthasarathi R, Senthil
kumar R. Laparoscopic transhiatal approach for benign supra-
diaphragmatic lesions of the esophagus: a replacement for 

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



63 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

thoracoscopy? Dis Esophagus 2008; 21: 176-180 [PMID: 18269655 
DOI: 10.1111/j.1442-2050.2007.00739.x]

108	 Kent M, d’Amato T, Nordman C, Schuchert M, Landreneau R, 
Alvelo-Rivera M, Luketich J. Minimally invasive resection of 
benign esophageal tumors. J Thorac Cardiovasc Surg 2007; 134: 
176-181 [PMID: 17599505 DOI: 10.1016/j.jtcvs.2006.10.082]

109	 Vallböhmer D, Hölscher AH. Laparoscopic excision of leio
myomas in the esophageal and gastric wall. Surg Technol Int 2007; 
16: 82-88 [PMID: 17429773]

110	 DeUgarte DA, Teitelbaum D, Hirschl RB, Geiger JD. Robotic 
extirpation of complex massive esophageal leiomyoma. J Lapa­
roendosc Adv Surg Tech A 2008; 18: 286-289 [PMID: 18373459 
DOI: 10.1089/lap.2007.0067]

111	 Nguyen NT, Reavis KM, El-Badawi K, Hinojosa MW, Smith BR. 
Minimally invasive surgical enucleation or esophagogastrectomy 
for benign tumor of the esophagus. Surg Innov 2008; 15: 120-125 
[PMID: 18492731 DOI: 10.1177/1553350608317353]

112	 Gullo R, Herbella FA, Patti MG. Laparoscopic excision of 
esophageal leiomyoma. Updates Surg 2012; 64: 315-318 [PMID: 
21898175 DOI: 10.1007/s13304-011-0108-1]

113	 Khalaileh A, Savetsky I, Adileh M, Elazary R, Abu-Gazala M, 
Abu Gazala S, Schlager A, Rivkind A, Mintz Y. Robotic-assisted 
enucleation of a large lower esophageal leiomyoma and review of 
literature. Int J Med Robot 2013; 9: 253-257 [PMID: 23401224 
DOI: 10.1002/rcs.1484]

114	 Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray, F. GLOBOCAN 
2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC 
CancerBase No. 11 [Internet]. [Accessed 2014 Dec 28]. Lyon, 
France: International Agency for Research on Cancer, 2013. 
Available from: URL: http://globocan.iarc.fr

115	 Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal 
carcinoma. Lancet 2013; 381: 400-412 [PMID: 23374478 DOI: 
10.1016/S0140-6736(12)60643-6]

116	 Kumagai K, Rouvelas I, Tsai JA, Mariosa D, Klevebro F, Lindblad 
M, Ye W, Lundell L, Nilsson M. Meta-analysis of postoperative 
morbidity and perioperative mortality in patients receiving 
neoadjuvant chemotherapy or chemoradiotherapy for resectable 
oesophageal and gastro-oesophageal junctional cancers. Br J Surg 
2014; 101: 321-338 [PMID: 24493117 DOI: 10.1002/bjs.9418]

117	 Pennathur A, Zhang J, Chen H, Luketich JD. The “best operation” 
for esophageal cancer? Ann Thorac Surg 2010; 89: S2163-S2167 
[PMID: 20494003 DOI: 10.1016/j.athoracsur.2010.03.068]

118	 Kutup A, Nentwich MF, Bollschweiler E, Bogoevski D, Izbicki 
JR, Hölscher AH. What should be the gold standard for the surgical 
component in the treatment of locally advanced esophageal 
cancer: transthoracic versus transhiatal esophagectomy. Ann 
Surg 2014; 260: 1016-1022 [PMID: 24950288 DOI: 10.1097/
SLA.0000000000000335]

119	 Luketich JD, Pennathur A, Awais O, Levy RM, Keeley S, 
Shende M, Christie NA, Weksler B, Landreneau RJ, Abbas G, 
Schuchert MJ, Nason KS. Outcomes after minimally invasive 
esophagectomy: review of over 1000 patients. Ann Surg 2012; 256: 
95-103 [PMID: 22668811 DOI: 10.1097/SLA.0b013e3182590603]

120	 Kassis ES, Kosinski AS, Ross P, Koppes KE, Donahue JM, 
Daniel VC. Predictors of anastomotic leak after esophagectomy: 
an analysis of the society of thoracic surgeons general thoracic 
database. Ann Thorac Surg 2013; 96: 1919-1926 [PMID: 24075499 
DOI: 10.1016/j.athoracsur.2013.07.119]

121	 Butler N, Collins S, Memon B, Memon MA. Minimally invasive 
oesophagectomy: current status and future direction. Surg 
Endosc 2011; 25: 2071-2083 [PMID: 21298548 DOI: 10.1007/
s00464-010-1511-2]

122	 Kinjo Y, Kurita N, Nakamura F, Okabe H, Tanaka E, Kataoka 
Y, Itami A, Sakai Y, Fukuhara S. Effectiveness of combined 
thoracoscopic-laparoscopic esophagectomy: comparison of 
postoperative complications and midterm oncological outcomes in 
patients with esophageal cancer. Surg Endosc 2012; 26: 381-390 
[PMID: 21898014 DOI: 10.1007/s00464-011-1883-y]

123	 Schumer E, Perry K, Melvin WS. Minimally invasive esopha

gectomy for esophageal cancer: evolution and review. Surg 
Laparosc Endosc Percutan Tech 2012; 22: 383-386 [PMID: 
23047377 DOI: 10.1097/SLE.0b013e31826295a4]

124	 Luketich JD, Pennathur A, Franchetti Y, Catalano PJ, Swanson S, 
Sugarbaker DJ, De Hoyos A, Maddaus MA, Nguyen NT, Benson 
AB, Fernando HC. Minimally invasive esophagectomy: results 
of a prospective phase II multicenter trial-the eastern cooperative 
oncology group (E2202) study. Ann Surg 2015; 261: 702-707 
[PMID: 25575253 DOI: 10.1097/SLA.0000000000000993]

125	 Uttley L, Campbell F, Rhodes M, Cantrell A, Stegenga H, Lloyd-
Jones M. Minimally invasive oesophagectomy versus open 
surgery: is there an advantage? Surg Endosc 2013; 27: 724-731 
[PMID: 23052523 DOI: 10.1007/s00464-012-2546-3]

126	 Maas KW, Biere SS, Scheepers JJ, Gisbertz SS, Turrado 
Rodriguez VT, van der Peet DL, Cuesta MA. Minimally invasive 
intrathoracic anastomosis after Ivor Lewis esophagectomy for 
cancer: a review of transoral or transthoracic use of staplers. Surg 
Endosc 2012; 26: 1795-1802 [PMID: 22294057 DOI: 10.1007/
s00464-012-2149-z]

127	 Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L, 
Rosman C, Garcia JR, Gisbertz SS, Klinkenbijl JH, Hollmann 
MW, de Lange ES, Bonjer HJ, van der Peet DL, Cuesta MA. 
Minimally invasive versus open oesophagectomy for patients 
with oesophageal cancer: a multicentre, open-label, randomised 
controlled trial. Lancet 2012; 379: 1887-1892 [PMID: 22552194 
DOI: 10.1016/S0140-6736(12)60516-9]

128	 Briez N, Piessen G, Bonnetain F, Brigand C, Carrere N, Collet D, 
Doddoli C, Flamein R, Mabrut JY, Meunier B, Msika S, Perniceni T, 
Peschaud F, Prudhomme M, Triboulet JP, Mariette C. Open versus 
laparoscopically-assisted oesophagectomy for cancer: a multicentre 
randomised controlled phase III trial - the MIRO trial. BMC Cancer 
2011; 11: 310 [PMID: 21781337 DOI: 10.1186/1471-2407-11-310]

129	 Hanna GB, Arya S, Markar SR. Variation in the standard of 
minimally invasive esophagectomy for cancer--systematic review. 
Semin Thorac Cardiovasc Surg 2012; 24: 176-187 [PMID: 
23200072 DOI: 10.1053/j.semtcvs.2012.10.004]

130	 Lehenbauer D, Kernstine KH. Robotic esophagectomy: modified 
McKeown approach. Thorac Surg Clin 2014; 24: 203-209, vii 
[PMID: 24780425 DOI: 10.1016/j.thorsurg.2014.02.002]

131	 Hernandez JM, Dimou F, Weber J, Almhanna K, Hoffe S, Shridhar 
R, Karl R, Meredith K. Defining the learning curve for robotic-
assisted esophagogastrectomy. J Gastrointest Surg 2013; 17: 
1346-1351 [PMID: 23690208]

132	 Boone J ,  Schipper ME, Moojen WA, Borel Rinkes IH, 
Cromheecke GJ, van Hillegersberg R. Robot-assisted thoracoscopic 
oesophagectomy for cancer. Br J Surg 2009; 96: 878-886 [PMID: 
19591168 DOI: 10.1002/bjs.6647]

133	 de la Fuente SG, Weber J, Hoffe SE, Shridhar R, Karl R, Meredith 
KL. Initial experience from a large referral center with robotic-
assisted Ivor Lewis esophagogastrectomy for oncologic purposes. 
Surg Endosc 2013; 27: 3339-3347 [PMID: 23549761 DOI: 
10.1007/s00464-013-2915-6]

134	 Sarkaria IS, Rizk NP, Finley DJ, Bains MS, Adusumilli PS, 
Huang J, Rusch VW. Combined thoracoscopic and laparoscopic 
robotic-assisted minimally invasive esophagectomy using a four-
arm platform: experience, technique and cautions during early 
procedure development. Eur J Cardiothorac Surg 2013; 43: 
e107-e115 [PMID: 23371971 DOI: 10.1093/ejcts/ezt013]

135	 Sarkaria IS, Rizk NP. Robotic-assisted minimally invasive 
esophagectomy: the Ivor Lewis approach. Thorac Surg Clin 2014; 24: 
211-222, vii [PMID: 24780426 DOI: 10.1016/j.thorsurg.2014.02.010]

136	 Weksler B, Sharma P, Moudgill N, Chojnacki KA, Rosato EL. 
Robot-assisted minimally invasive esophagectomy is equivalent to 
thoracoscopic minimally invasive esophagectomy. Dis Esophagus 
2012; 25: 403-409 [PMID: 21899652 DOI: 10.1111/j.1442-2050.2
011.01246.x]

137	 Puntambekar SP, Rayate N, Joshi S, Agarwal G. Robotic 
transthoracic esophagectomy in the prone position: experience 
with 32 patients with esophageal cancer. J Thorac Cardiovasc 
Surg 2011; 142: 1283-1284 [PMID: 21530982 DOI: 10.1016/j.

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



64 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

jtcvs.2011.03.028]
138	 Cerfolio RJ, Bryant AS, Hawn MT. Technical aspects and early 

results of robotic esophagectomy with chest anastomosis. J Thorac 
Cardiovasc Surg 2013; 145: 90-96 [PMID: 22910197 DOI: 
10.1016/j.jtcvs.2012.04.022]

139	 Trugeda S, Fernández-Díaz MJ, Rodríguez-Sanjuán JC, Palazuelos 
CM, Fernández-Escalante C, Gómez-Fleitas M. Initial results of 
robot-assisted Ivor-Lewis oesophagectomy with intrathoracic hand-
sewn anastomosis in the prone position. Int J Med Robot 2014; 10: 
397-403 [PMID: 24782293 DOI: 10.1002/rcs.1587]

140	 Dunn DH, Johnson EM, Morphew JA, Dilworth HP, Krueger JL, 
Banerji N. Robot-assisted transhiatal esophagectomy: a 3-year 
single-center experience. Dis Esophagus 2013; 26: 159-166 [PMID: 
22394116 DOI: 10.1111/j.1442-2050.2012.01325.x]

141	 Espat NJ, Jacobsen G, Horgan S, Donahue P. Minimally invasive 
treatment of esophageal cancer: laparoscopic staging to robotic 
esophagectomy. Cancer J 2005; 11: 10-17 [PMID: 15831219 DOI: 
10.1097/00130404-200501000-00003]

142	 Clark J, Sodergren MH, Purkayastha S, Mayer EK, James D, 
Athanasiou T, Yang GZ, Darzi A. The role of robotic assisted 
laparoscopy for oesophagogastric oncological resection; an 

appraisal of the literature. Dis Esophagus 2011; 24: 240-250 
[PMID: 21073622 DOI: 10.1111/j.1442-2050.2010.01129.x]

143	 van der Sluis PC, Ruurda JP, van der Horst S, Verhage RJ, 
Besselink MG, Prins MJ, Haverkamp L, Schippers C, Rinkes IH, 
Joore HC, Ten Kate FJ, Koffijberg H, Kroese CC, van Leeuwen 
MS, Lolkema MP, Reerink O, Schipper ME, Steenhagen E, 
Vleggaar FP, Voest EE, Siersema PD, van Hillegersberg R. Robot-
assisted minimally invasive thoraco-laparoscopic esophagectomy 
versus open transthoracic esophagectomy for resectable esophageal 
cancer, a randomized controlled trial (ROBOT trial). Trials 2012; 
13: 230 [PMID: 23199187 DOI: 10.1186/1745-6215-13-230]

144	 Guo W, Zou YB, Ma Z, Niu HJ, Jiang YG, Zhao YP, Gong 
TQ, Wang RW. One surgeon’s learning curve for video-assisted 
thoracoscopic esophagectomy for esophageal cancer with the 
patient in lateral position: how many cases are needed to reach 
competence? Surg Endosc 2013; 27: 1346-1352 [PMID: 23093242 
DOI: 10.1007/s00464-012-2614-8]

145	 Tapias LF, Morse CR. Minimally invasive Ivor Lewis eso
phagectomy: description of a learning curve. J Am Coll Surg 2014; 
218: 1130-1140 [PMID: 24698488 DOI: 10.1016/j.jamcollsurg.20
14.02.014]

P- Reviewer: Kumagai K, Zampieri N    S- Editor: Kong JX    
L- Editor: A    E- Editor: Liu SQ

Bencini L et al . Laparoscopy and robotics to treat esophageal diseases



Carlos M Nuño-Guzmán, María Eugenia Marín-Contreras, Mauricio Figueroa-Sánchez, Jorge L Corona

Carlos M Nuño-Guzmán, Department of General Surgery, 
Hospital Civil de Guadalajara “Fray Antonio Alcalde”, Guadalajara 
CP 44280, Jalisco, México

Carlos M Nuño-Guzmán, Department of General Surgery, 
Unidad Médica de Alta Especialidad, Hospital de Especialidades 
del Centro Médico Nacional de Occidente, Instituto Mexicano 
del Seguro Social, Guadalajara CP 44340, Jalisco, México

María Eugenia Marín-Contreras, Department of Gastrointestinal 
Endoscopy, Unidad Médica de Alta Especialidad, Hospital 
de Especialidades del Centro Médico Nacional de Occidente, 
Instituto Mexicano del Seguro Social, Guadalajara CP 44340, 
Jalisco, México

Mauricio Figueroa-Sánchez, Jorge L Corona, Department 
of Radiology, Hospital Civil de Guadalajara “Fray Antonio 
Alcalde”, Guadalajara CP 44280, Jalisco, México

Author contributions: Nuño-Guzmán CM and Marín-Contreras 
ME contributed to the conception and design of the paper, the 
writing of the paper and the final revision; Nuño-Guzmán CM, 
Marín-Contreras ME, Figueroa-Sánchez M and Corona JL 
contributed to the literature search, the writing of the paper and 
the final revision of the paper.

Conflict-of-interest statement: There are no disclosures.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Carlos M Nuño-Guzmán, MD, MSc, 
Department of General Surgery, Hospital Civil de Guadalajara 
“Fray Antonio Alcalde”, Calle Hospital No. 278, Sector Hidalgo, 
Guadalajara CP 44280, Jalisco, 
México. carlosnunoguzman@hotmail.com
Telephone: +52-33-39424400 
Fax: +52-33-36690229

Received: July 4, 2015  
Peer-review started: July 9, 2015
First decision: September 22, 2015
Revised: November 11, 2015 
Accepted: December 7, 2015
Article in press: December 8, 2015
Published online: January 27, 2016

Abstract
Gallstone ileus is a mechanical intestinal obstruction 
due to gallstone impaction within the gastrointestinal 
tract. Less than 1% of cases of intestinal obstruction 
are derived from this etiology. The symptoms and signs 
of gallstone ileus are mostly nonspecific. This entity 
has been observed with a higher frequency among the 
elderly, the majority of which have concomitant medical 
illness. Cardiovascular, pulmonary, and metabolic 
diseases should be considered as they may affect the 
prognosis. Surgical relief of gastrointestinal obstruction 
remains the mainstay of operative treatment. The 
current surgical procedures are: (1) simple enterolitho
tomy; (2) enterolithotomy, cholecystectomy and fistula 
closure (one-stage procedure); and (3) enterolithotomy 
with cholecystectomy performed later (two-stage 
procedure). Bowel resection is necessary in certain cases 
after enterolithotomy is performed. Large prospective 
laparoscopic and endoscopic trials are expected. 

Key words: Intestinal obstruction; Bouveret’s syndrome; 
Laparoscopic surgery; Endoscopic treatment; Gallstone 
ileus

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A review of the symptoms and signs of galls
tone ileus is presented. The findings, advantages and 
limitations of the different diagnostic modalities such 
as plain abdominal radiographs, upper gastrointestinal 
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series, ultrasound, computed tomography, magnetic 
resonance and endoscopy are reviewed. The different 
surgical options are discussed. Laparoscopic and endo
scopic procedures are widely reviewed. Current data on 
morbidity and mortality are included. 
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INTRODUCTION
Gallstone ileus is an infrequent complication of cho­
lelithiasis and is defined as a mechanical intestinal 
obstruction due to impaction of one or more gallstones 
within the gastrointestinal tract. The term “ileus” is a 
misnomer, since the obstruction is a true mechanical 
phenomenon[1]. Gallstone gastrointestinal obstruction 
would be an appropriate term.

BACKGROUND
In 1654, Thomas Bartholin[2] described a cholecysto­
intestinal fistula with a gallstone within the gastroin­
testinal tract in a necropsy study. In 1890, Courvoisier[3] 
published the first series of 131 cases of gallstone 
ileus, with a mortality rate of 44%. In 1896, Bouveret[4] 
described a syndrome of gastric outlet obstruction 
caused by an impacted gallstone in the duodenal bulb 
after its migration through a cholecysto- or choledo­
choduodenal fistula. This was the first preoperative 
diagnosis of the currently known Bouveret’s syndrome. 

EPIDEMIOLOGY
Gallstone ileus has shown a constant incidence of 30-35 
cases/1000000 admissions over a 45-year period[5]. 
This entity develops in 0.3%-0.5% of patients with 
cholelithiasis[6]. It constitutes the etiologic factor in less 
than 5% of cases of intestinal obstruction, but up to one 
quarter of nonstrangulated small bowel obstructions in 
elderly patients[7]. In a nationwide study at the United 
States from 2004 to 2009, only 0.095% of mechanical 
bowel obstruction cases were caused by a gallstone[8]. 
Gallstone ileus has been observed with a higher 
frequency among the elderly[1]. Halabi et al[8], recently 
reported an age range from 60 to 84 years in American 
patients. A Japanese literature review reported a 13-year-
old case as their youngest patient, while a Mexican series 
included a 99-year-old patient[9,10]. Accordingly to the 
predominance of female patients in gallstone disease, 
the majority of gallstone ileus patients correspond to 
the female gender, with variable percentages from 
72%-90%[11,12]. 

PATHOPHYSIOLOGY
Gallstone ileus is frequently preceded by an initial 
episode of acute cholecystitis. The inflammation in the 
gallbladder and surrounding structures leads to adhesion 
formation. The inflammation and pressure effect of 
the offending gallstone causes erosion through the 
gallbladder wall, leading to fistula formation between the 
gallbladder and the adjacent and adhered portion of the 
gastrointestinal tract, with further gallstone passage[13,14]. 
Less commonly, a gallstone may enter the duodenum 
through the common bile duct and through a dilated 
papila of Vater[15]. 

The most frequent fistula occurs between the gallb­
ladder and the duodenum, due to their proximity[11,16,17]. 
The stomach, small bowel and the transverse portion 
of the colon may also be involved[1,13,14] (Table 1). This 
process might be part of the natural history of Mirizzi 
syndrome[18]. Once the gallbladder is free of calculi, it 
may become a blind sinus tract and contract down to a 
small fibrous remnant[19]. 

In 1981, Halter et al[20] reported a case of gallstone 
ileus after endoscopic retrograde cholangiopancrea­
tography (ERCP) and endoscopic sphincteromy (ES) 
and unsuccessful gallstone extraction. Three days later, 
the patient presented abdominal pain and vomiting. At 
laparotomy, a 3.5 cm gallstone was removed from the 
jejunum. To our knowledge, 13 cases of gallstone ileus 
have been reported after ERCP and ES. This adverse 
event may occur late after the endoscopic procedure, 
and should be considered in the differential diagnosis, 
especially in cases of delayed presentation[21,22]. 

Spillage of gallstones during laparoscopic cholecys­
tectomy is not infrequent. Although most of gallstones 
lost in a previous biliary surgery and lying free in the 
abdominal cavity are silent, they can cause an intraabdo­
minal abscess and might ulcerate the intestinal wall and 
gain entrance to the bowel lumen and cause gallstone 
ileus[23-26]. 

Once within the duodenal, intestinal or gastric lumen, 
the gallstone usually proceeds distally and may pass 
spontaneously through the rectum, or it may become 
impacted and cause obstruction. Less commonly if 
the gallstone is in the stomach, proximal migration 
can occur and the gallstone may be vomited[14]. The 
size of the gallstone, the site of fistula formation and 
bowel lumen will determine whether an impaction 
will occur. The majority of gallstones smaller than 2 
to 2.5 cm may pass spontaneously through a normal 
gastrointestinal tract and will be excreted uneventfully in 
the stools[1,13,14]. Clavien et al[6] reported an obstructing 
gallstones size range from 2 to 5 cm. Nakao et al[11] 
found that impacted gallstones ranged in size from 2-10 
cm, with a mean of 4.3 cm. Gallstones larger than 5 
cm are even more likely to become impacted, although 
spontaneous passage of gallstones as large as 5 cm has 
occurred[1,14,17]. The largest gallstone causing intestinal 
obstruction measured 17.7 cm in its largest diameter 
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and was removed from the transverse colon[14]. Multiple 
stones have been reported in 3%-40% of cases[6]. 

The site of impaction can be almost in any portion 
of the gastrointestinal tract. If the gallstone enters the 
duodenum, the most common intestinal obstruction will 
be the terminal ileum and the ileocecal valve because 
of their relatively narrow lumen and potentially less 
active peristalsis. Less frequently, the gallstone may 
be impacted in the proximal ileum or in the jejunum, 
especially if the gallstone is large enough. Less common 
locations include the stomach and the duodenum 
(Bouveret’s syndrome), and the colon[1,7,13,14,17]. The size 
of the gallstone, a gallbladder inflammatory process 
compromising the duodenum and a cholecysto-duodenal 
fistula may cause a gallstone to become impacted in the 
duodenum[27] (Table 2).

The presence of diverticula, neoplasms, or intestinal 
strictures such as secondary to Crohn’s disease, 
decrease the lumen size and may cause the gallstone 
to impact at the narrowing site[1,13,19]. Gallstone ileus 
has been reported at sites of anastomosis after partial 
gastrectomy and Billroth Ⅱ reconstruction and after 
biliointestinal bypass in two cases[28,29]. 

Isquemia may develop at the site of gallstone 
impaction, due to the pressure generated against the 
bowel wall and the proximal distention. Necrosis and 
perforation followed by peritonitis may occur[13]. 

CLINICAL MANIFESTATIONS
The presentation of gallstone ileus may be preceded by 
a history of prior biliary symptoms, with rates between 
27%-80% of patients[6,7,10,12,16,30]. Acute cholecystitis 
may be present in 10%-30% of the patients at the 
time of bowel obstruction. Jaundice has been found in 
only 15% of patients or less. Biliary symptoms may be 
absent in up to one third of cases[1,6,13,17,25,31]. 

Gallstone ileus may be manifested as acute, inter­
mittent or chronic episodes of gastrointestinal obstruction. 
Nausea, vomiting, crampy abdominal pain and variable 
distension are commonly present[1,9,13,17,25,32]. The inter­
mittent nature of pain and vomiting of proximal gastro­
intestinal material, later becoming dark and feculent 
is due to the “tumbling” gallstone advancement[12,15]. 
Therefore, there may be intermittent partial or complete 

intestinal obstruction, with temporary advancement of the 
gallstone and relief of symptoms, until the gallstone either 
passes through the gastrointestinal tract or it definitively 
becomes impacted and complete intestinal obstruction 
ensues[13,17]. The character of the vomitus is dependent 
on the obstruction location. When the gallstone is in the 
stomach or upper small intestine, the vomitus is mainly 
gastric content, becoming feculent when the ileum is 
obstructed.

Particularly, Bouveret’s syndrome presents with signs 
and symptoms of gastric outlet obstruction. Nausea 
and vomiting have been reported in 86% of cases, 
while abdominal pain or discomfort is referred in 71%. 
If the gallstone is not fully obstructing the lumen, the 
presentation will be of partial obstruction. Recent weight 
loss, anorexia, early satiety and constipation may be 
referred. Bouveret’s syndrome has also been reported 
to be preceded by or manifest as upper gastrointestinal 
bleeding, secondary to duodenal erosion caused by the 
offending gallstone, with hematemesis and melena, in 
15% and 7%, respectively[17,27,33]. 

Physical examination may be nonspecific. The 
patients are often acutely ill, with signs of dehydration, 
abdominal distension and tenderness with high-pitched 
bowel sounds and obstructive jaundice. Fever, toxicity 
and physical signs of peritonitis may be noted if per­
foration of the intestinal wall takes place. The exam may 
be completely normal if no obstruction is present at the 
moment[1,13,14,27]. 

DIAGNOSIS
The symptoms and signs of gallstone ileus are mostly 
nonspecific[9,16,32]. The intermittency of symptoms 
could also interfere with a correct diagnosis, if clinical 
manifestations at the moment correspond to a partial 
obstruction or distal migration of the gallstone. The 
“tumbling phenomenon” may be the cause why the 
patient does not seek medical attention or admittance 
is postponed. Patients usually present 4 to 8 d after the 
beginning of symptoms and diagnosis is usually made 
3 to 8 d after the onset of symptoms[1,32]. Cooperman 
et al[34] found an average period of 7 d from the onset 
of symptoms until the hospitalization, and 3.7 d of hospi­
talization elapsed until surgical intervention. Periods of 
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Table 1  Frequency of biliary-enteric fistulas in patients with 
gallstone ileus

Fistula type Range (%)

Cholecystoduodenal 32.5-96.5
Cholecystogastric      0-13.3
Cholecystojejunal    0-2.5
Cholecystoileal    0-2.5
Cholecystocolic      0-10.9
Choledochoduodenal      0-13.4
Undetermined   0-65

Data expressed in percentage ranges, according to ref. [6,10,11,16,25,30,34,
36,55].

Table 2  Site of gastrointestinal obstruction in patients with 
gallstone ileus

Site Range (%)

Duodenum    0-10.5
Stomach 0-20
Jejunum 0-50
Jejunum/proximal ileum 0-50
Ileum    0-89.5
Colon   0-8.1
Undetermined  0-25

Data expressed in percentage ranges, according to ref. [6,7,10-12,16,19,25,30,
34,36,55].

Nuño-Guzmán CM et al . Gallstone ileus



68 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

biliary enteric fistula and the level of obstruction[1]. A 
secondary sign that may be useful is the identification of 
oral contrast material within the gallbladder[41]. Cappell 
et al[33], in a review of Bouveret’s syndrome, upper 
gastrointestinal series included cholecystoduodenal 
fistula or pneumobilia (45%), a filling defect or mass in 
the duodenum (44%), cholecystoduodenal fistula (38%), 
gastric outlet or pyloric obstruction (27%), distended or 
dilated stomach (27%), gallstone in duodenum (21%), 
and duodenal obstruction (12%)[33]. 

Abdominal ultrasound
When diagnosis is still doubtful, an abdominal ultra­
sound (US) will be indicated for gallbladder stones, 
fistula and impacted gallstone visualization. It may also 
confirm the presence of choledocholithiasis[1,42]. The use 
of US in combination with abdominal films to increase 
the sensitivity of diagnosis has been advocated. US is 
more sensitive at detecting pneumobilia and ectopic 
gallstones. The combination of abdominal films and US 
has increased the sensitivity of diagnosis of gallstone 
ileus to 74%[43]. The most frequent findings in Bouveret’s 
syndrome are gallstone in or near the gallbladder (53%), 
pneumobilia or cholecystoduodenal fistula (45%), galls­
tone in duodenum (25%), dilated or distended stomach 
(15%), and a contracted gallbladder (13%)[33] (Figure 2).

Computed tomography
Computed tomography (CT) is considered superior to 
plain abdominal films or US in the diagnosis of gallstone 
ileus cases, with a sensitivity of up to 93%[44]. The 
frequency of Rigler’s triad detection is higher under CT 
examination. In a retrospective study by Lassandro 
et al[45], Rigler’s triad was observed in 77.8% of cases 
by means of CT, compared to 14.8% with radiographs 
and 11.1% with US. Bowel loops dilatation was seen in 
92.6% of cases, pneumobilia in 88.9%, ectopic gallstone 
in 81.5%, air-fluid levels in 37%, and the bilio-digestive 
fistula in 14.8%. Yu et al[44] performed a prospective 
study where 165 patients with acute small bowel obstruc­
tion were evaluated for gallstone ileus, with retrospective 
identification of three diagnostic criteria: (1) small bowel 
obstruction; (2) ectopic gallstone, either rim-calcified 
or total-calcified; and (3) abnormal gallbladder with 
complete air collection, presence of air-fluid level, or 
fluid accumulation with irregular wall. Overall sensitivity, 
specificity and accuracy were 93%, 100%, and 99%, 
respectively. Rigler’s triad was detected only in 36% 
of cases. These tomographic diagnostic criteria need 
further prospective validation. Current CT scanners may 
describe the location of the fistula, offending gallstones 
and gastrointestinal obstruction with better precision, 
and helping in therapeutic decisions[46]. 

In Bouveret’s syndrome, major findings on CT scan 
are obstruction due to a gastro-duodenal mass or lesion, 
pericholecystic inflammatory changes extending into 
the duodenum, gas in the gallbladder, pneumobilia or 
cholecysto-duodenal fistula, filling defects corresponding 
to one or more gallstones, thickened gallbladder wall, 

several months of symptoms before seeking hospital 
attention has been reported[30]. A correct preoperative 
diagnosis has been reported in 30%-75% of the cases[6,12,

30,35-37]. A high index of suspicion will be helpful, particularly 
in a female elderly patient with intestinal obstruction and 
previous gallstone disease; Bouveret’s syndrome may be 
suspected in a patient with gastric outlet obstruction.

Plain abdominal radiograph
Plain abdominal radiographs are of major importance 
in establishing the diagnosis. In 1941, Rigler et al[38] 
described four radiographic signs in gallstone ileus: (1) 
partial or complete intestinal obstruction; (2) pneumo­
bilia or contrast material in the biliary tree; (3) an 
aberrant gallstone; and (4) change of the position of
such gallstone on serial films. The presence of two 
of the three first signs, has been considered patho­
gnomonic and has been found in 20%-50% of cases[1,25]. 
Although pathognomonic, reports of Rigler’s triad range 
from 0%-87%[30]. A careful inspection for pneumobilia 
should be performed, since it is present in most patients 
with gallstone ileus, but sometimes it is identified 
only in retrospective observation[25]. Pneumobilia may 
occur secondary to prior surgical or endoscopic biliary 
interventions. Therefore, the clinical presentation 
should be considered when evaluating this radiologic 
sign[1]. In 1978, Balthazar et al[39] described a fifth sign, 
which consists of two air fluid levels in the right upper 
quadrant on abdominal radiograph. The medial air fluid 
level corresponds to the duodenum and the lateral to 
the gallbladder. These authors found that this sign was 
present in 24% of patients at the time of admission. 
In Bouveret’s syndrome, a dilated stomach is expected 
to be seen on plain abdominal radiograph, due to the 
gastric outlet obstruction[40]. Cappell et al[33], in a review 
of 64 cases of Bouveret’s syndrome, found as relatively 
common findings pneumobilia (39%), calcified right 
upper quadrant mass or gallstone (38%), gastric dis­
tension (23%) and dilated bowel loops (14%) (Figure 1).

Upper gastrointestinal series
An upper gastrointestinal series may help to identify the 

Figure 1  Plain abdominal radiograph showing dilated small bowel loops 
and a high density endoluminal image suggestive of a gallstone (arrow). 
No pneumobilia is visualized.
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and a contracted gallbladder[17,27]. 
CT scan may allow detection of a rim or totally 

calcified ectopic gallstone without oral contrast admini­
stration. This may be done even with non-enhanced CT. 
Identification of a rim-calcified gallstone may be more 
difficult with contrast-enhanced CT, compared to total 
calcified gallstones. Less calcified gallstones could be 
missed[44]. Contrast-enhanced CT allows detection of 
edema and ischemia of the affected gastrointestinal tract 
site[44,47]. Given the relevance of possible bowel ischemia, 
contrast-enhanced CT is of particular importance in 
management decision making (Figure 3).

Magnetic resonance cholangiopancreatography
Magnetic resonance cholangiopancreatography (MRCP) 
may be useful in selected cases where diagnosis is 
not clear after CT. A potential drawback of CT is that 
15%-25% of gallstones appear as isoattenuating 
relative to bile or fluid. Pickhardt et al[48] described the 
use of MRCP for diagnosis of Bouveret’s syndrome 
with isoattenuating gallstones. MRCP may be useful 
in these cases, due to the possibility to delineate fluid 
from gallstones, which appear as signal voids against 
the high-signal fluid. This is also a potential advantage 
in patients unable to tolerate oral contrast material. 
If sufficient fluid is present in the cholecystoenteric 

fistula it could also be depicted. Therefore, MRCP may 
be particularly useful to confirm the gallstone ileus 
diagnosis in selected cases[40]. Magnetic resonance for 
gastrointestinal obstruction evaluation is also a potential 
diagnostic option (Figure 4).

Esophagogastroduodenoscopy
In a review of 81 cases of Bouveret’s syndrome in whom 
esophagogastroduodenoscopy (EGD) was performed, 
the gastroduodenal obstruction was revealed in all of 
them, but gallstone visualization was possible only in 56 
(69%). Among those 56 cases, such gallstones were 
observed in the duodenal bulb in 51.8%, postbulbar 
duodenum in 28.6%, pylorus or prepylorus in 17.9%, 
and in one case the location was not reported. In 31% 
of cases the gallstone was not recognized because it 
was deeply embedded within the mucosa. When the 
gallstone is not visualized, the diagnosis should be 
strongly suspected when the observed mass is hard, 
convex, smooth, nonfriable, and nonfleshy, which are 
all characteristic of a gallstone and may improve the 
sensitivity of EGD. For such cases, US and CT are the 
preferred noninvasive diagnostic tests to confirm the 
endoscopic diagnosis, delineate the gastroduodenal ana­
tomy, and demonstrate a cholecystoduodenal fistula[33] 
(Figure 5).

Figure 2  Ultrasound findings in a patient with gallstone ileus. A: Hyperechoic images without acoustic shadow in a non-dilated common bile duct, suggestive 
of air in the bile duct (arrow). Right portal vein was identified by Doppler US; B: US showing hyperechoic images without acoustic shadow in a collapsed gallbladder 
(arrow) and duodenum, suggestive of endoluminal air (short arrow). Liver parenchyma (arrowhead); C: Fluid-filled dilated proximal jejunum bowel loop (arrowhead). 
US: Ultrasound.

A B C

Figure 3  Contrast-enhanced computed tomography findings in a patient with gallstone ileus. A: Portal phase Ⅳ-contrast enhanced computed tomography 
section reveals air in the hepatic duct (arrow), anterior to a permeable right portal vein (arrowhead); B: Communication between a non-distended gallbladder (arrowhead) 
and the duodenum (arrow), where presence of air is observed. Fluid-filled dilated jejunum loops and intestinal pneumatosis are seen (short arrow); C: Endoluminal 
round-shaped calcium-density images (arrows), and dilated small bowel loops (arrowhead) with pneumatosis (short arrow).

A B C
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TREATMENT
The main therapeutic goal is relief of intestinal obs­
truction by extraction of the offending gallstone. Fluid 
and electrolyte imbalances and metabolic derangements 
due to intestinal obstruction, delayed presentation and 
pre-existing co-morbidities are common, and require 
management prior to surgical intervention[1,19,23,32]. 

There is no consensus on the indicated surgical 
procedure. The current surgical procedures are: (1) 
simple enterolithotomy; (2) enterolithotomy, chole­
cystectomy and fistula closure (one-stage procedure); 
and (3) enterolithotomy with cholecystectomy per­
formed later (two-stage procedure). Bowel resection 
is necessary in certain cases after enterolithotomy is 
performed.

Enterolithotomy has been the most commonly 
surgical procedure performed. Through an exploratory 
laparotomy, the site of gastrointestinal obstruction is 
localized. A longitudinal incision is made on the anti­
mesenteric border proximal to the site of gallstone 
impaction[5,6,23]. When possible, through gentle mani­

pulation the gallstone is brought proximally to a non-
edematous segment of bowel. Most of the times, 
this is not possible due to the grade of impaction of 
the gallstone. The enterotomy is performed over the 
gallstone and it is extracted. Careful closure of the 
enterotomy is needed to avoid narrowing of the intestinal 
lumen and a transverse closure is recommended. 
Bowel resection is sometimes necessary, particularly in 
the presence of ischemia, perforation or an underlying 
stenosis[6,23]. Manual propulsion of the gallstone through 
the ileocecal valve should be reserved for highly selected 
situations because of danger of mucosal injury and 
bowel perforation[5,6,23]. Similarly, attempts to crush 
the gallstone in situ can damage the bowel wall and 
should be avoided[23]. Multiple gallstones can generally 
be extracted through a single incision by clearing the 
gut and moving smaller gallstones towards bigger ones 
(Figure 6). In cases of sigmoid obstruction, transanal 
delivery is rarely possible. Sigmoid resection removing 
the gallstone and the underlying stenosis has been 
recommended[6]. 

The main long-standing controversy in the manage­
ment of gallstone ileus is whether biliary surgery 
should be carried out at the same time as the relief of 
obstruction of the bowel (one-stage procedure), per­
formed later (two-stage procedure) or not at all.

In 1922, Pybus successfully extracted an obstructing 
gallstone from the ileum, closed the duodenal fistula and 
drained the gallbladder after removing two additional 
gallstones from it. In 1929, Holz extracted a gallstone 
from the sigmoid and after removing a second gallstone 
that was impacted in the duodenum, he closed a 
cholecystoduodenal fistula and removed the gallbladder. 
The author recommended this procedure for patients in 
satisfactory general condition. In 1957, Welch performed 
a successful one-stage surgery in a patient who was well 
prepared after recurrent gallstone intestinal obstruction. 
The authors suggested the feasibility of the operation 
under optimal conditions. In 1965, Berliner et al[49] 
reported three cases managed in a similar manner, and 
mentioned that when the patient is adequately hydrated 
with serum electrolytes restored and the procedure 

Figure 4  Magnetic resonance cholangiopancreatography findings in a patient with gallstone ileus. A: On T2-MRI, a hyperintense image is identified in the 
gallbladder bed (arrow), with communication with the duodenal second portion (arrowhead), suggestive of a cholecystoduodenal fistula; B: MRI coronal reconstruction 
showed dilated small bowel loops with endoluminal air (black arrowheads) and a signal-void round-shaped image, suggestive of a gallstone (arrow). Gallbladder 
communication with duodenum is observed (white arrowhead). MRI: Magnetic resonance imaging.

A B

Figure 5  Esophagogastroduodenoscopy in a patient with Bouveret’s 
syndrome revealed a gallstone in the duodenal bulb and the fistulous sinus. 
Courtesy of Gabriela Quintero-Tejeda, MD, Department of Gastrointestinal 
Endoscopy, Unidad Médica de Alta Especialidad, Hospital de Especialidades 
del Centro Médico Nacional de Occidente, Instituto Mexicano del Seguro 
Social.
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does not represent a prohibitive operative risk, a 
one-stage procedure should be considered. In 1966, 
Warshaw et al[12] reported a series of 20 patients, where 
enterolithotomy was combined with cholecystectomy 
and fistula closure in two cases, with cholecystostomy 
and closure of the fistula in one, and delayed cholecy­
stectomy and closure of the fistula in two. There was no 
operative mortality. The authors recommend that the 
one-stage procedure should be considered in selected 
cases. 

Cholecystoenteric fistula closure after the extrusion 
process has been reported, but if the cystic duct is 
permanently occluded and any part of the gallbladder 
mucosa remains viable, it probably remains patent[15]. 
The risk of gallstone ileus recurrence is higher than 
previously reported. The commonly quoted recurrence 
incidence is 2%-5%, but up to 8% recurrence after 
enterolithotomy alone has been reported as well; half 
of these new onset events will present in the following 
30 d[50]. It must be considered that recurrence rates of 
17%-33% have been reported[6,51]. 

The possibility of recurrent cholecystitis and acute 
cholangitis has been highlighted[6,49]. Warshaw et al[12] 
reported recurrent symptoms or complications in 6 of 
18 patients with unrepaired cholecystoenteric fistulas 
or retained gallbladders. Acute cholangitis has been 
reported in 11% of patients with cholecystoduodenal 
fistula and 60% with cholecystocolonic fistula[6,34]. With 
a one-stage procedure, further gallstone-related events 

are prevented[12]. 
A long-term potential complication of biliary enteric 

fistula could be gallbladder cancer. Bossart et al[52] found 
a 15% incidence of gallbladder cancer in 57 patients 
undergoing surgery for such fistulas, compared to 0.8% 
among all patients having cholecystectomy. 

On the other hand, simple enterolithotomy has long 
been associated with a lower mortality[7]. As Ravikumar 
et al[53] observed, this study included patients from 70 
published series spanning 40 years, with widely differing 
lengths of follow-up and evolving surgical techniques 
during this time period. Consideration should be taken 
of the fact that the severity of each case has influence 
on the outcome of any particular surgical procedure, 
and that mortality is not an absolute consequence of 
the surgical procedure itself. In the report by Clavien et 
al[6], when patients were comparable in terms of age, 
concomitant diseases and APACHE Ⅱ score, operative 
mortality and morbidity rates were not significantly 
different. 

In 2003, Doko et al[54] reported a 30 patient series 
with morbidity of 27.3% in patients undergoing entero­
lithotomy alone and 61.1% for a one-stage procedure. 
Mortality was 9% following enterolithotomy and 10.5% 
after a one-stage procedure. American Society of 
Anesthesiologists (ASA) scores were similar between the 
two groups but operating times were significantly longer 
for the one-stage procedure. Urgent fistula repair was 
significantly associated with postoperative complications. 

Figure 6  Surgical findings in a patient with gallstone ileus. A: An impacted gallstone was found in distal jejunum. A smaller gallstone proximal to the impacted 
one is observed; B: Enterotomy over the site of the impacted gallstone; C: Intestinal wall compromise due to gallstone impaction can be observed; D: The offending 
gallstone, plus four of smaller dimensions found in proximal jejunum. An obstructing gallstone was found and extracted from the common bile duct in the same patient 
(gallstone on the right).

A B
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The authors concluded that enterolithotomy is the 
procedure of choice, with a one-stage procedure re­
served for patients with acute cholecystitis, gallbladder 
gangrene or residual gallstones[6]. 

In 2004, Tan et al[55] reported a retrospective study of 
19 patients treated by emergency surgery for gallstone 
ileus. The authors had no preference for either surgical 
procedure. Enterolithotomy alone was performed in 
7 patients and enterolithotomy with cholecystectomy 
and fistula closure in 12 patients. In the first group, 
more patients had significant co-morbidity as identified 
by poorer ASA status (6 patients were ASA Ⅲ and 
Ⅳ), poorer pre-operative status, and 4 patients were 
hypotensive in the pre-operative phase. All 12 patients 
in the one-stage procedure group were ASA Ⅰ and Ⅱ 
and none were hypotensive in the pre-operative phase. 
Operative time was significantly shorter in the entero­
lithotomy group (70 min vs 178 min). There were no 
significant differences in morbidity and there was no 
mortality in either group. 

In 2008, Riaz et al[56] reported their retrospective 
experience with 10 patients diagnosed with gallstone 
ileus. The choice of the surgical procedure was largely 
determined by the clinical condition of the patient. 
Five patients underwent enterolithotomy alone (group 
1), while the remaining 5 patients underwent chole­
cystectomy and fistula repair (group 2). In group 1, all 
patients were hypertensive and diabetic. All patients 
were hemodinamically-unstable, with metabolic acidosis 
and pre-renal azotemia. The ASA score was Ⅲ or 
above in all patients. In group 2, only 2 patients were 
hypertensive and all were hemodynamically-stable at 
presentation with an ASA score of Ⅱ. There was no 
operative mortality in both groups. 

Many patients with gallstone ileus are elderly, with 
comorbidities, in poor general condition and have a 
delayed diagnosis, leading to dehydration, shock, sepsis 
or peritonitis. Relief of gastrointestinal obstruction by 
simple enterolithotomy is the safest procedure for these 
patients[30,31]. 

At laparotomy, examination and careful palpation of 
the entire bowel, gallbladder and extrahepatic bile duct 
is recommended, in order to exclude gallstones, bile 
leakage, abscess or necrosis[1,12,19,57]. Cholecystectomy 
and fistula repair reduce the need for reintervention 
and the incidence of complications related to fistula 
persistence, including recurrent ileus, cholecystitis or 
cholangitis, but it is justified only in selected adequately 
stabilized patients in good general condition, such as 
good cardiorespiratory and metabolic reserve, who are 
able to withstand a more prolonged operation, unless 
it has been clearly demonstrated that no gallstones 
remain in the gallbladder[6,31,36,58]. 

Proponents of enterolithotomy alone argue that 
fistula closure is time consuming and technically 
demanding. Spontaneous fistula closure can occur when 
the gallbladder is gallstone-free and the cystic duct 
remains patent. Some authors have found no risk of 
cancer when fistula is not managed[1,6,8]. 

According to different authors, enterolithotomy 
alone is the best option for most patients with gallstone 
ileus. The one-stage procedure should be offered only 
to highly selected patients with absolute indications for 
biliary surgery at the time of presentation and who have 
been adequately reanimated[7,11,16,31,36,53]. 

The persistence or appearance of gallstone-related 
or gastrointestinal symptoms will prompt the need for 
evaluation. US and contrast gastrointestinal radiology 
may detect cholelithiasis and fistula persistence in 
patients who have been treated by enterolithotomy 
alone[6,12]. Demonstration of gallstones, the appearance 
of symptoms, or a persistent cholecystoenteric fistula 
indicates the need for cholecystectomy, closure of the 
fistula, and common duct exploration[12]. It has been 
emphasized that delayed cholecystectomy as a second 
procedure is clearly justified only in cases of symptom 
persistence[7,31]. The two-stage procedure with scheduled 
follow-up biliary surgery is not common. Subsequent 
cholecystectomy and fistula closure are recommended 
to be performed 4 to 6 wk later[7,16,32,55]. A mortality rate 
of 2.94% has been reported in this group of patients[8]. 

Laparoscopy
In 1993, Montgomery[59] reported 2 cases of mecha­
nical intestinal obstruction, which were diagnosed 
laparoscopically and gallstone ileus was found. In both 
cases, the affected ileum segment was brought out 
of the abdominal cavity though a small incision, and 
through enterotomy the gallstone was removed. Both 
patients were discharged and only one presented a 
wound infection, which was successfully treated. In 
1994, Franklin et al[60] reported a case of laparoscopically 
treated along with cholecystectomy and repair of a 
cholecystoduodenal fistula. 

In 2003, El-Dhuwaib et al[61] reported a case of 
gallstone ileus that underwent an emergency laparo­
scopic enterolithotomy. During follow-up, a cholecysto­
duodenal fistula and bile duct stones were detected. An 
elective laparoscopic cholecystectomy with fistula repair, 
concomitant bile duct exploration, choledocolithotomy 
and primary bile duct closure were successfully per­
formed. In 2007, Moberg et al[62] reported a series of 32 
patients with gallstone ileus operated laparoscopically 
in 19 cases with 2 conversions, and by open surgery 
in 13 cases. There was no mortality. In 2013, Yang et 
al[63] reported a case of Bouveret’s syndrome, which was 
successfully treated by laparoscopic duodenal lithotomy 
and subtotal cholecystectomy. In 2014, Watanabe et 
al[64] reported a case of gallstone ileus due to a 4 cm 
gallstone in the jejunum with presence of pneumobilia. 
Through single-incision laparoscopic surgery, entero­
lithotomy was performed. Cholecystoduodenal fistula 
closure was demonstrated 4 mo after the surgery. The 
patient had an uneventful postoperative course. 

Although experience in minimally invasive surgical 
treatment of gallstone ileus is still developing, adequate 
management in low risk patients has allowed successful 
results. Dilated and edematous bowel represents a 
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more challenging scenario. According to a recent report, 
laparoscopy is used only in 10% of surgically managed 
gallstone ileus cases, with a high conversion rate (53.03%) 
to laparotomy[8]. Early recovery and a low mortality are 
expected from laparoscopic procedures[65]. 

Endoscopy
Gallstones causing gastroduodenal or colonic obstruction 
may be amenable to endoscopic detection and in certain 
instances to endoscopic extraction. In 1976, Stempfle 
et al[66] reported a case of cholecystogastric fistula with 
passage of a gallstone to the stomach leading to massive 
hemorrhage of gastric mucosa. The gallstone was 
removed endoscopically and the imminent obstruction 
could be eliminated. Mucosal bleeding was managed 
with conservative method. Endoscopic visualization of 
radiologically detected gallstones in the duodenum has 
been reported, leading to definitive surgical treatment[67]. 

In 1981, Finn et al[68] reported a case of 73-year-
old female with gallstone ileus which was diagnosed 
endoscopically and found 2 gallstones in the duodenal 
bulb. A cholecystoduodenal fistula was also demon­
strated. Immediate surgery was performed. The role of 
colonoscopy in large bowel obstruction by a gallstone 
has been reported. In 1989, a report by Patel et al[69] 

showed the technical difficulty after multiple attempts 
for gallstone extraction and further surgical extraction, 
but diagnosis was established. In 1990, Roberts et 
al[70] reported the removal of a gallstone obstructing 
the sigmoid colon by means of colonoscopy. In 1985, 
Bedogni et al[71] reported a successful gallstone extrac­
tion in a case of pyloroduodenal obstruction. The initial 
success rate of endoscopic management was less 
than 10%[72]. After endoscopic mechanical lithotripsy 
(EML), electrohydraulic lithotripsy (EHL), extracorporeal 
shockwave lithotripsy (ESWL) and endoscopic laser 
lithotripsy (ELL) have been used alone or in combination 
for gallstone endoscopic management.

In 1991, Moriai et al[73] reported the combined use of 
EHL and EML for the treatment of a patient with two 3-cm 
gallstones in the stomach. The smaller fragments were 
removed orally. EHL of a gallstone causing gallstone 
ileus was first reported by Bourke et al[74] in 1997. In 
2007, Huebner et al[75] reported two cases managed 
with EHL alone. This method has the risk of bleeding and 
perforation due to surrounding tissue damage. In 1997, 
ESWL was reported by Dumonceau et al[76] who treated 
two patients with Bouveret’s syndrome. All fragments 
were removed orally, except for one that was left in 
the stomach of the first patient and caused recurrent 
ileus. ESWL may need repeated sessions followed by 
endoscopy. Obesity and distended bowel interposition 
may be limitations[77]. 

The use of Holmium: YAG laser lithotripsy has 
been reported. An attempt to fragment and retrieve a 
duodenal gallstone causing Bouveret’s syndrome resulted 
in small bowel obstruction secondary to a fragment. 
The patient required surgical enterolithotomy[78]. In 
2005, Goldstein et al[79] reported a case of a 94-year-

old patient with two gallstones in the duodenum, which 
could not be retrieved beyond the upper esophageal 
sphincter using a Roth net. A holmium: yttrium-
aluminum-garnet (Holmium: YAG) laser was used for 
gallstone fragmentation, with subsequent successful 
removal[79]. The main advantage of ELL is the precise 
targeting of the offending gallstone, with reduced risk of 
surrounding tissue injury[80]. 

One of the potential limitations for endoscopic 
management of a gallstone is a location out of endo­
scopic reach. In 1999, Lübbers et al[81] reported the 
case of a 91-year-old female patient who was unfit for 
surgery and after location of the gallstone in the upper 
jejunum, was managed by EML. In 2010, Heinzow et 
al[82] reported the case of an 81-year-old female patient 
who suffered from gallstone ileus of the ileum. Peroral 
single-balloon enteroscopy allowed the successful 
endoscopic removal of the obstructing gallstone. Single 
and double balloon enteroscopy constitutes a recent 
means of endoscopically directed therapy. 

A colonic location of an obstructing gallstone may be 
endoscopically managed in selected patients. In 2010, 
Zielinski et al[83] reported a case of endoscopic EHL of a 4.1 
cm gallstone in the sigmoid colon. A gallstone impacted 
at the ileocecal valve was successfully managed by Shin 
et al[84] using EHL by means of colonoscopy in a patient 
with liver cirrhosis (Child-Pugh class B). The fragments 
were retrieved with snare and forceps.

These non-operative endoscopic methods should 
be considered in elderly and high risk patients[6]. A 
potential complication of endoscopic treatment is the 
possibility of distal impaction of gallstone fragments[17].

MORBIDITY
Previously, the most common postoperative complication 
has been wound infection. In 1961, Raiford[15] observed 
a 75% global rate of wound infection. Localized peri­
tonitis, respiratory complications, phlebitis, recurrent 
obstruction due to residual gallstones and cholangitis 
were also observed. In more recent series, the global 
rate of postoperative complications has been reported 
in the range of 45%-63%[6,30,31,36,55]. Wound infection 
continues to be the most common complication, with 
rates of 27% and 42.5%, as reported by Clavien et al[6] 

and Rodríguez Hermosa et al[30] respectively. Several 
authors have reported no significant differences of post­
operative complications between those patients treated 
by enterolithotomy or enterolithotomy, cholecystectomy 
and fistula closure[6,31,36,55]. Martínez Ramos et al[36] found 
a 100% complication rate among patients requiring 
intestinal resection. Global immediate complications 
were greater when the diagnosis was made during 
the surgical procedure than when it was made prior to 
surgery. If relapsing gallstones ileus is not considered, 
less common postoperative complications have been 
wound dehiscence, cardiopulmonary and vascular 
complications, sepsis, intestinal and biliary fistulas, and 
urinary tract infections[6,31,55]. 
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Currently, the most common postoperative com­
plication is acute renal failure, which was seen in 30.45% 
of patients, followed by urinary tract infection (13.79%), 
ileus (12.42%), anastomotic leak, intraabdominal 
abscess, enteric fistula (12.27%), and wound infection 
(7.73%)[8]. 

MORTALITY
Gallstone ileus is predominantly a geriatric disease, and 
as many as 80%-90% of patients have concomitant 
medical illnesses. Hypertension, diabetes, congestive 
heart failure, chronic pulmonary disease and anemia 
are the most common comorbidities[8]. These associated 
conditions need to be considered, as they may affect 
the results of treatment[1]. 

Mortality rates were reported as high as 44% at 
the late 1800’s, while in the first half of the twentieth 
century these rates maintained between 40%-50%[3,19]. 
In the 1990’s, considerable reductions in mortality were 
observed to 15%-18%, to current rates of less than 
7%[7,8]. Specifically, simple enterolithotomy has long 
been associated with an 11.7% mortality compared to 
16.9% for the one-stage procedure (enterolithotomy 
plus cholecystectomy and fistula closure)[7]. 

As described by Kirchmayr et al[85], four main 
reasons might be responsible for the high number of 
lethal courses. First of all, gallstone ileus is a disease 
of the elderly. Second, concomitant diseases, such as 
cardiorespiratory diseases and/or diabetes mellitus 
are frequent. Third, because of uncommon symptoms 
diagnosis is difficult and a mean delay of 4 d from the 
beginning of symptoms to hospital admission is reported. 
Fourth, postoperative recovery is also hampered; age-
related complications such as pneumonia or cardiac 
failure are more frequent than surgery associated 
complications. 

In the study by Halabi et al[8] of 3268 gallstone ileus 
cases who underwent surgical management, an overall 
mortality rate of 6.67% was observed. The authors 
noted that fistula closure, performed during the initial 
procedure, was independently associated with a higher 
mortality rate than enterolithotomy alone. When bowel 
resection was indicated, it was also associated with a 
higher mortality rate than enterolithotomy alone. When 
analyzing by surgical procedures, the mortality rates 
were 4.94% for the enterolithotomy alone group, 7.25% 
for the enterolithotomy plus cholecystectomy and 
fistula closure group, 12.87% for the bowel resection 
group, and 7.46% for the bowel resection and fistula 
closure group. However, if consideration is made of the 
fact that bowel resection is not exactly an option but 
a requirement due to the bowel segment conditions 
instead, the mortality for those patients undergoing 
enterolithotomy alone or bowel resection is actually 
6.53%.

In summary, gallstone ileus or gallstone gastro­
intestinal obstruction represents less than 1% of gastro­
intestinal obstruction cases, with a higher frequency 

among the elderly. Computed tomography has proven 
to be the most accurate diagnostic modality, but 
diagnostic criteria validation is required. Surgical relief 
of obstruction is the cornerstone of treatment. Given 
the high incidence of comorbidities in these patients, 
a good judgement in selecting the surgical procedure 
is required. Enterolithotomy remains the mainstay of 
operative treatment. A one-stage cholecystectomy 
and repair of fistula is justified only in selected patients 
in good general condition and adequately stabilized 
preoperatively. Specific criteria for a one-stage procedure 
remain to be established. A two-stage surgery is an 
option for patients with persistent symptomatology after 
enterolithotomy surgery. Large prospective studies of 
laparoscopic and endoscopic-guided procedures are 
expected.

REFERENCES
1	 Abou-Saif A, Al-Kawas FH. Complications of gallstone disease: 

Mirizzi syndrome, cholecystocholedochal fistula, and gallstone 
ileus. Am J Gastroenterol 2002; 97: 249-254 [PMID: 11866258 
DOI: 10.1111/j.1572-0241.2002.05451.x]

2	 Martin F. Intestinal obstruction due to gall-stones: with report 
of three successful cases. Ann Surg 1912; 55: 725-743 [PMID: 
17862839 DOI: 10.1097/00000658-191205000-00005]

3	 Courvoisier LG. Casuistisch-statistische Beitrage zur Pathologic 
und Chirurgie der gallenwege. XII Leipzig, FCW Vogel, 1890

4	 Bouveret L. Stenose du pylore adherent a la vesicule calculeuse. 
Rev Med (Paris) 1896; 16: 1-16

5	 Kurtz RJ, Heimann TM, Beck AR, Kurtz AB. Patterns of treatment 
of gallstone ileus over a 45-year period. Am J Gastroenterol 1985; 
80: 95-98 [PMID: 3970007]

6	 Clavien PA, Richon J, Burgan S, Rohner A. Gallstone ileus. 
Br J Surg 1990; 77: 737-742 [PMID: 2200556 DOI: 10.1002/
bjs.1800770707]

7	 Reisner RM, Cohen JR. Gallstone ileus: a review of 1001 reported 
cases. Am Surg 1994; 60: 441-446 [PMID: 8198337]

8	 Halabi WJ, Kang CY, Ketana N, Lafaro KJ, Nguyen VQ, Stamos 
MJ, Imagawa DK, Demirjian AN. Surgery for gallstone ileus: a 
nationwide comparison of trends and outcomes. Ann Surg 2014; 
259: 329-335 [PMID: 23295322 DOI: 10.1097/SLA.0b013e31827
eefed]

9	 Kasahara Y, Umemura H, Shiraha S, Kuyama T, Sakata K, 
Kubota H. Gallstone ileus. Review of 112 patients in the Japanese 
literature. Am J Surg 1980; 140: 437-440 [PMID: 7425220 DOI: 
10.1016/0002-9610(80)90185-3]

10	 Mondragón Sánchez A, Berrones Stringel G, Tort Martínez A, 
Soberanes Fernández C, Domínguez Camacho L, Mondragón 
Sánchez R. [Surgical management of gallstone ileus: fourteen 
year experience]. Rev Gastroenterol Mex 2005; 70: 44-49 [PMID: 
16170962]

11	 Nakao A, Okamoto Y, Sunami M, Fujita T, Tsuji T. The oldest 
patient with gallstone ileus: report of a case and review of 176 
cases in Japan. Kurume Med J 2008; 55: 29-33 [PMID: 18981682 
DOI: 10.2739/kurumemedj.55.29]

12	 Warshaw AL, Bartlett MK. Choice of operation for gallstone 
intestinal obstruction. Ann Surg 1966; 164: 1051-1055 [PMID: 
5926241 DOI: 10.1097/00000658-196612000-00015]

13	 Fox PF. Planning the operation for cholecystoenteric fistula with 
gallstone ileus. Surg Clin North Am 1970; 50: 93-102 [PMID: 
5412582]

14	 VanLandingham SB, Broders CW. Gallstone ileus. Surg Clin 
North Am 1982; 62: 241-247 [PMID: 7071691]

15	 Raiford TS. Intestinal obstruction due to gallstones. (Gallstone 
ileus). Ann Surg 1961; 153: 830-838 [PMID: 13739168 DOI: 
10.1097/00000658-196106000-00003]

Nuño-Guzmán CM et al . Gallstone ileus



75 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

16	 Ayantunde AA, Agrawal A. Gallstone ileus: diagnosis and 
management. World J Surg 2007; 31: 1292-1297 [PMID: 17436117 
DOI: 10.1007/s00268-007-9011-9]

17	 Masannat Y, Masannat Y, Shatnawei A. Gallstone ileus: a review. 
Mt Sinai J Med 2006; 73: 1132-1134 [PMID: 17285212]

18	 Beltran MA, Csendes A. Mirizzi syndrome and gallstone ileus: an 
unusual presentation of gallstone disease. J Gastrointest Surg 2005; 
9: 686-689 [PMID: 15862264 DOI: 10.1016/j.gassur.2004.09.058]

19	 Rogers FA, Carter R. Gallstone intestinal obstruction. Calif Med 
1958; 88: 140-143 [PMID: 13500219]

20	 Halter F, Bangerter U, Gigon JP, Pusterla C. Gallstone ileus after 
endoscopic sphincterotomy. Endoscopy 1981; 13: 88-89 [PMID: 
7227334 DOI: 10.1055/s-2007-1021655]

21	 Chavalitdhamrong D, Donepudi S, Pu L, Draganov PV. Un
common and rarely reported adverse events of endoscopic retrograde 
cholangiopancreatography. Dig Endosc 2014; 26: 15-22 [PMID: 
24118211 DOI: 10.1111/den.12178]

22	 Yamauchi Y, Wakui N, Asai Y, Dan N, Takeda Y, Ueki N, Otsuka 
T, Oba N, Nisinakagawa S, Kojima T. Gallstone Ileus following 
Endoscopic Stone Extraction. Case Rep Gastrointest Med 2014; 
2014: 271571 [PMID: 25328725 DOI: 10.1155/2014/271571]

23	 Deckoff SL. Gallstone ileus; a report of 12 cases. Ann Surg 1955; 
142: 52-65 [PMID: 14388611 DOI: 10.1097/00000658-195507000
-00007]

24	 Habib E, Elhadad A. Digestive complications of gallstones lost 
during laparoscopic cholecystectomy. HPB (Oxford) 2003; 5: 
118-122 [PMID: 18332969 DOI: 10.1080/13651820310016463]

25	 Luu MB, Deziel DJ. Unusual complications of gallstones. Surg 
Clin North Am 2014; 94: 377-394 [PMID: 24679427 DOI: 
10.1016/j.suc.2014.01.002]

26	 Zehetner J, Shamiyeh A, Wayand W. Lost gallstones in laparoscopic 
cholecystectomy: all possible complications. Am J Surg 2007; 193: 
73-78 [PMID: 17188092 DOI: 10.1016/j.amjsurg.2006.05.015]

27	 Koulaouzidis A, Moschos J. Bouveret’s syndrome. Narrative 
review. Ann Hepatol 2007; 6: 89-91 [PMID: 17519830]

28	 Dias AR, Lopes RI. Biliary stone causing afferent loop syndrome 
and pancreatitis. World J Gastroenterol 2006; 12: 6229-6231 
[PMID: 17036402 DOI: 10.3748/wjg.v12.i38.6229]

29	 Micheletto G, Danelli P, Morandi A, Panizzo V, Montorsi M. 
Gallstone ileus after biliointestinal bypass: report of two cases. J 
Gastrointest Surg 2013; 17: 2162-2165 [PMID: 23897084 DOI: 
10.1007/s11605-013-2290-6]

30	 Rodríguez Hermosa JI, Codina Cazador A, Gironès Vilà J, Roig 
García J, Figa Francesch M, Acero Fernández D. [Gallstone Ileus: 
results of analysis of a series of 40 patients]. Gastroenterol Hepatol 
2001; 24: 489-494 [PMID: 11730617 DOI: 10.1016/S0210-5705(0
1)70220-8]

31	 Rodríguez-Sanjuán JC, Casado F, Fernández MJ, Morales DJ, 
Naranjo A. Cholecystectomy and fistula closure versus entero
lithotomy alone in gallstone ileus. Br J Surg 1997; 84: 634-637 
[PMID: 9171749 DOI: 10.1002/bjs.1800840514]

32	 Zaliekas J, Munson JL. Complications of gallstones: the Mirizzi 
syndrome, gallstone ileus, gallstone pancreatitis, complications 
of “lost” gallstones. Surg Clin North Am 2008; 88: 1345-1368, x 
[PMID: 18992599 DOI: 10.1016/j.suc.2008.07.011]

33	 Cappell MS, Davis M. Characterization of Bouveret’s syndrome: 
a comprehensive review of 128 cases. Am J Gastroenterol 2006; 
101: 2139-2146 [PMID: 16817848 DOI: 10.1111/j.1572-0241.200
6.00645.x]

34	 Cooperman AM, Dickson ER, ReMine WH. Changing concepts 
in the surgical treatment of gallstone ileus: a review of 15 cases 
with emphasis on diagnosis and treatment. Ann Surg 1968; 167: 
377-383 [PMID: 5644101]

35	 de Alencastro MC, Cardoso KT, Mendes CA, Boteon YL, de Car
valho RB, Fraga GP. Acute intestinal obstruction due to gallstone 
ileus. Rev Col Bras Cir 2013; 40: 275-280 [PMID: 24173476 DOI: 
10.1590/S0100-69912013000400004]

36	 Martínez Ramos D, Daroca José JM, Escrig Sos J, Paiva Coronel 
G, Alcalde Sánchez M, Salvador Sanchís JL. Gallstone ileus: 
management options and results on a series of 40 patients. Rev Esp 

Enferm Dig 2009; 101: 117-120, 121-124 [PMID: 19335047 DOI: 
10.4321/s1130-01082009000200005]

37	 Yakan S, Engin O, Tekeli T, Calik B, Deneçli AG, Coker A, 
Harman M. Gallstone ileus as an unexpected complication of 
cholelithiasis: diagnostic difficulties and treatment. Ulus Travma 
Acil Cerrahi Derg 2010; 16: 344-348 [PMID: 20849052]

38	 Rigler LG, Borman CN, Noble JF. Gallstone obstruction: 
pathogenesis and roentgen manifestations. JAMA 1941; 117: 
1753-1759 [DOI: 10.1001/jama.1941.02820470001001]

39	 Balthazar EJ, Schechter LS. Air in gallbladder: a frequent finding 
in gallstone ileus. AJR Am J Roentgenol 1978; 131: 219-222 
[PMID: 97997]

40	 Liew V, Layani L, Speakman D. Bouveret’s syndrome in Melbo
urne. ANZ J Surg 2002; 72: 161-163 [PMID: 12074073 DOI: 
10.1046/j.1445-2197.2002.02319.x]

41	 Brennan GB, Rosenberg RD, Arora S. Bouveret syndrome. 
Radiographics 2004; 24: 1171-1175 [PMID: 15256636 DOI: 
10.1148/rg.244035222]

42	 Lasson A, Lorén I, Nilsson A, Nirhov N, Nilsson P. Ultrasono
graphy in gallstone ileus: a diagnostic challenge. Eur J Surg 1995; 
161: 259-263 [PMID: 7612768]

43	 Ripollés T, Miguel-Dasit A, Errando J, Morote V, Gómez-Abril 
SA, Richart J. Gallstone ileus: increased diagnostic sensitivity by 
combining plain film and ultrasound. Abdom Imaging 2001; 26: 
401-405 [PMID: 11441553 DOI: 10.1007/s002610000190]

44	 Yu CY, Lin CC, Shyu RY, Hsieh CB, Wu HS, Tyan YS, Hwang JI, 
Liou CH, Chang WC, Chen CY. Value of CT in the diagnosis and 
management of gallstone ileus. World J Gastroenterol 2005; 11: 
2142-2147 [PMID: 15810081 DOI: 10.3748/wjg.v11.i14.2142]

45	 Lassandro F, Gagliardi N, Scuderi M, Pinto A, Gatta G, Mazzeo 
R. Gallstone ileus analysis of radiological findings in 27 patients. 
Eur J Radiol 2004; 50: 23-29 [PMID: 15093232 DOI: 10.1016/
j.ejrad.2003.11.011]

46	 Lassandro F, Romano S, Ragozzino A, Rossi G, Valente T, 
Ferrara I, Romano L, Grassi R. Role of helical CT in diagnosis of 
gallstone ileus and related conditions. AJR Am J Roentgenol 2005; 
185: 1159-1165 [PMID: 16247126 DOI: 10.2214/AJR.04.1371]

47	 Balthazar EJ. George W. Holmes Lecture. CT of small-bowel 
obstruction. AJR Am J Roentgenol 1994; 162: 255-261 [PMID: 
8310906 DOI: 10.2214/ajr.162.2.8310906]

48	 Pickhardt PJ, Friedland JA, Hruza DS, Fisher AJ. Case report. 
CT, MR cholangiopancreatography, and endoscopy findings in 
Bouveret’s syndrome. AJR Am J Roentgenol 2003; 180: 1033-1035 
[PMID: 12646450 DOI: 10.2214/ajr.180.4.1801033]

49	 Berliner SD, Burson LC. One-stage repair for cholecyst-duodenal 
fistula and gallstone ileus. Arch Surg 1965; 90: 313-316 [PMID: 
14232966 DOI: 10.1001/archsurg.1965.01320080137028]

50	 Doogue MP, Choong CK, Frizelle FA. Recurrent gallstone ileus: 
underestimated. Aust N Z J Surg 1998; 68: 755-756 [PMID: 
9814734 DOI: 10.1111/j.1445-2197.1998.tb04669.x]

51	 Kirkland KC, Croce EJ. Gallstone intestinal obstruction. A 
review of the literature and presentation of 12 cases, including 3 
recurrences. JAMA 1961; 176: 494-497 [PMID: 13756258 DOI: 
10.1001/jama.1961.03040190016005]

52	 Bossart PA, Patterson AH, Zintel HA. Carcinoma of the gallb
ladder. A report of seventy-six cases. Am J Surg 1962; 103: 
366-369 [PMID: 13871613]

53	 Ravikumar R, Williams JG. The operative management of 
gallstone ileus. Ann R Coll Surg Engl 2010; 92: 279-281 [PMID: 
20501012 DOI: 10.1308/003588410X12664192076377]

54	 Doko M, Zovak M, Kopljar M, Glavan E, Ljubicic N, Hochstädter 
H. Comparison of surgical treatments of gallstone ileus: preli
minary report. World J Surg 2003; 27: 400-404 [PMID: 12658481 
DOI: 10.1007/s00268-002-6569-0]

55	 Tan YM, Wong WK, Ooi LL. A comparison of two surgical 
strategies for the emergency treatment of gallstone ileus. Singapore 
Med J 2004; 45: 69-72 [PMID: 14985844]

56	 Riaz N, Khan MR, Tayeb M. Gallstone ileus: retrospective review 
of a single centre’s experience using two surgical procedures. 
Singapore Med J 2008; 49: 624-626 [PMID: 18756345]

Nuño-Guzmán CM et al . Gallstone ileus



76 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

57	 Fiddian RV. Gall-stone ileus. Recurrences and multiple stones. 
Postgrad Med J 1959; 35: 673-676 [PMID: 13822643]

58	 Nuño-Guzmán CM, Arróniz-Jáuregui J, Moreno-Pérez PA, 
Chávez-Solís EA, Esparza-Arias N, Hernández-González CI. 
Gallstone ileus: One-stage surgery in a patient with intermittent 
obstruction. World J Gastrointest Surg 2010; 2: 172-176 [PMID: 
21160869 DOI: 10.4240/wjgs.v2.i5.172]

59	 Montgomery A. Laparoscope-guided enterolithotomy for gallstone 
ileus. Surg Laparosc Endosc 1993; 3: 310-314 [PMID: 8269250]

60	 Franklin ME Jr, Dorman JP, Schuessler WW. Laparoscopic 
treatment of gallstone ileus: a case report and review of the 
literature. J Laparoendosc Surg 1994; 4: 265-272 [PMID: 7949386 
DOI: 10.1089/lps.1994.4.265]

61	 El-Dhuwaib Y, Ammori BJ. Staged and complete laparoscopic 
management of cholelithiasis in a patient with gallstone ileus 
and bile duct calculi. Surg Endosc 2003; 17: 988-989 [PMID: 
12632139 DOI: 10.1007/s00464-002-4275-5]

62	 Moberg AC, Montgomery A. Laparoscopically assisted or open 
enterolithotomy for gallstone ileus. Br J Surg 2007; 94: 53-57 
[PMID: 17058318 DOI: 10.1002/bjs.5537]

63	 Yang D, Wang Z, Duan ZJ, Jin S. Laparoscopic treatment of an 
upper gastrointestinal obstruction due to Bouveret’s syndrome. 
World J Gastroenterol 2013; 19: 6943-6946 [PMID: 24187475 
DOI: 10.3748/wjg.v19.i40.6943]

64	 Watanabe Y, Takemoto J, Miyatake E, Kawata J, Ohzono K, 
Suzuki H, Inoue M, Ishimitsu T, Yoshida J, Shinohara M, Nakahara 
C. Single-incision laparoscopic surgery for gallstone ileus: An 
alternative surgical procedure. Int J Surg Case Rep 2014; 5: 
365-369 [PMID: 24858981 DOI: 10.1016/j.ijscr.2014.04.024]

65	 Bircan HY, Koc B, Ozcelik U, Kemik O, Demirag A. Laparo
scopic treatment of gallstone ileus. Clin Med Insights Case Rep 
2014; 7: 75-77 [PMID: 25187746 DOI: 10.4137/CCRep.S16512]

66	 Stempfle B, Diamantopoulos G. [Spontaneous cholecysto-
gastric fistula with massive gastrointestinal bleeding. Endoscopic 
diagnosis and concrement extraction]. Fortschr Med 1976; 94: 
444-447 [PMID: 1085741]

67	 Tauris P. Gallstone ileus revealed by endoscopy. Endoscopy 1977; 
9: 104-106 [PMID: 891480 DOI: 10.1055/s-0028-1098500]

68	 Finn H, Bienia M. [Determination of gallstone ileus using 
emergency gastroscopy]. Z Gesamte Inn Med 1981; 36: 85-87 
[PMID: 7222856]

69	 Patel SA, Engel JJ, Fine MS. Role of colonoscopy in gallstone 
ileus: --a case report. Endoscopy 1989; 21: 291-292 [PMID: 
2612433 DOI: 10.1055/s-2007-1012973]

70	 Roberts SR, Chang C, Chapman T, Koontz PG, Early GL. 
Colonoscopic removal of a gallstone obstructing the sigmoid 
colon. J Tenn Med Assoc 1990; 83: 18-19 [PMID: 2294333]

71	 Bedogni G, Contini S, Meinero M, Pedrazzoli C, Piccinini GC. 
Pyloroduodenal obstruction due to a biliary stone (Bouveret’s 
syndrome) managed by endoscopic extraction. Gastrointest Endosc 
1985; 31: 36-38 [PMID: 3979766 DOI: 10.1016/S0016-5107(85)7
1965-7]

72	 Lowe AS, Stephenson S, Kay CL, May J. Duodenal obstruction 
by gallstones (Bouveret’s syndrome): a review of the literature. 
Endoscopy 2005; 37: 82-87 [PMID: 15657864 DOI: 10.1055/

s-2004-826100]
73	 Moriai T, Hasegawa T, Fuzita M, Kimura A, Tani T, Makino I. 

Successful removal of massive intragastric gallstones by endo
scopic electrohydraulic lithotripsy and mechanical lithotripsy. Am J 
Gastroenterol 1991; 86: 627-629 [PMID: 2028958]

74	 Bourke MJ, Schneider DM, Haber GB. Electrohydraulic 
lithotripsy of a gallstone causing gallstone ileus. Gastrointest 
Endosc 1997; 45: 521-523 [PMID: 9199914 DOI: 10.1016/S0016-
5107(97)70186-X]

75	 Huebner ES, DuBois S, Lee SD, Saunders MD. Successful 
endoscopic treatment of Bouveret’s syndrome with intracorporeal 
electrohydraulic lithotripsy. Gastrointest Endosc 2007; 66: 
183-184; discussion 184 [PMID: 17521642 DOI: 10.1016/j.
gie.2007.01.024]

76	 Dumonceau JM, Delhaye M, Devière J, Baize M, Cremer M. 
Endoscopic treatment of gastric outlet obstruction caused by a 
gallstone (Bouveret’s syndrome) after extracorporeal shock-wave 
lithotripsy. Endoscopy 1997; 29: 319-321 [PMID: 9255539 DOI: 
10.1055/s-2007-1004197]

77	 Gemmel C, Weickert U, Eickhoff A, Schilling D, Riemann JF. 
Successful treatment of gallstone ileus (Bouveret‘s syndrome) 
by using extracorporal shock wave lithotripsy and argon plasma 
coagulation. Gastrointest Endosc 2007; 65: 173-175 [PMID: 
17137860 DOI: 10.1016/j.gie.2006.05.025]

78	 Alsolaiman MM, Reitz C, Nawras AT, Rodgers JB, Maliakkal BJ. 
Bouveret’s syndrome complicated by distal gallstone ileus after 
laser lithotropsy using Holmium: YAG laser. BMC Gastroenterol 
2002; 2: 15 [PMID: 12086587 DOI: 10.1186/1471-230X-2-15]

79	 Goldstein EB, Savel RH, Pachter HL, Cohen J, Shamamian P. 
Successful treatment of Bouveret syndrome using holmium: YAG 
laser lithotripsy. Am Surg 2005; 71: 882-885 [PMID: 16468542]

80	 Sethi S, Kochar R, Kothari S, Thosani N, Banerjee S. Good 
Vibrations: Successful Endoscopic Electrohydraulic Lithotripsy for 
Bouveret’s Syndrome. Dig Dis Sci 2015; 60: 2264-2266 [PMID: 
25381652 DOI: 10.1007/s10620-014-3424-8]

81	 Lübbers H, Mahlke R, Lankisch PG. Gallstone ileus: endoscopic 
removal of a gallstone obstructing the upper jejunum. J Intern Med 
1999; 246: 593-597 [PMID: 10620104 DOI: 10.1046/j.1365-2796.
1999.00597.x]

82	 Heinzow HS, Meister T, Wessling J, Domschke W, Ullerich H. 
Ileal gallstone obstruction: Single-balloon enteroscopic removal. 
World J Gastrointest Endosc 2010; 2: 321-324 [PMID: 21160765 
DOI: 10.4253/wjge.v2.i9.321]

83	 Zielinski MD, Ferreira LE, Baron TH. Successful endoscopic 
treatment of colonic gallstone ileus using electrohydraulic 
lithotripsy. World J Gastroenterol 2010; 16: 1533-1536 [PMID: 
20333797 DOI: 10.3748/wjg.v16.i12.1533]

84	 Shin KH, Kim DU, Choi MG, Kim WJ, Ryu DY, Lee BE, Kim GH, 
Song GA. [A case of gallstone ileus treated with electrohydraulic 
lithotripsy guided by colonoscopy]. Korean J Gastroenterol 2011; 
57: 125-128 [PMID: 21350324 DOI: 10.4166/kjg.2011.57.2.125]

85	 Kirchmayr W, Mühlmann G, Zitt M, Bodner J, Weiss H, Klaus A. 
Gallstone ileus: rare and still controversial. ANZ J Surg 2005; 75: 
234-238 [PMID: 15839973 DOI: 10.1111/j.1445-2197.2005.03368.
x]

P- Reviewer: Mirnezami AH, Surlin V    S- Editor: Ji FF    
L- Editor: A    E- Editor: Liu SQ  

Nuño-Guzmán CM et al . Gallstone ileus



Maureen Moore, Cheguevara Afaneh, Daniel Benhuri, Caroline Antonacci, Jonathan Abelson, Rasa Zarnegar

Maureen Moore, Cheguevara Afaneh, Daniel Benhuri, 
Caroline Antonacci, Jonathan Abelson, Rasa Zarnegar, 
Department of Surgery, New York Presbyterian-Weill Cornell 
Medical Center, New York, NY 10065, United States

Author contributions: Moore M was the first author of the paper 
and performed the majority of the writing, prepared the figure; 
Afaneh C and Zarnegar R helped with research and editing; 
Benhuri D, Antonacci C and Abelson J helped with research.

Conflict-of-interest statement: No conflict of interest.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Maureen Moore, MD, Department of 
Surgery, New York Presbyterian-Weill Cornell Medical Center, 
525 East 68th Street, New York, NY 10065, 
United States. mud9014@med.cornell.edu
Telephone: +1-212-7465187 

Received: July 28, 2015 
Peer-review started: August 1, 2015
First decision: October 13, 2015
Revised: October 27, 2015 
Accepted: November 24, 2015
Article in press: November 25, 2015
Published online: January 27, 2016

Abstract
Gastroesophageal reflux disease (GERD) is a very 
common disorder with increasing prevalence. It is 
estimated that up to 20%-25% of Americans experi
ence symptoms of GERD weekly. Excessive reflux of 
acidic often with alkaline bile salt gastric and duodenal 

contents results in a multitude of symptoms for the 
patient including heartburn, regurgitation, cough, and 
dysphagia. There are also associated complications of 
GERD including erosive esophagitis, Barrett’s esophagus, 
stricture and adenocarcinoma of the esophagus. While 
first line treatments for GERD involve mainly lifestyle 
and non-surgical therapies, surgical interventions have 
proven to be effective in appropriate circumstances. 
Anti-reflux operations are aimed at creating an effective 
barrier to reflux at the gastroesophageal junction and 
thus attempt to improve physiologic and mechanical 
issues that may be involved in the pathogenesis of 
GERD. The decision for surgical intervention in the 
treatment of GERD, moreover, requires an objective 
confirmation of the diagnosis. Confirmation is achieved 
using various preoperative evaluations including: 
ambulatory pH monitoring, esophageal manometry, 
upper endoscopy (esophagogastroduodenoscopy) and 
barium swallow. Upon confirmation of the diagnosis 
and with appropriate patient criteria met, an anti-
reflux operation is a good alternative to prolonged 
medical therapy. Currently, minimally invasive gastro-
esophageal fundoplication is the gold standard for 
surgical intervention of GERD. Our review outlines the 
many factors that are involved in surgical decision-
making. We will review the prominent features that 
reflect appropriate anti-reflux surgery and present 
suggestions that are pertinent to surgical practices, 
based on evidence-based studies. 

Key words: Gastroesophageal reflux disease; Decision-
making; Fundoplication
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Core tip: Gastroesophageal reflux disease (GERD) is a 
common disorder with increasing prevalence. Excessive 
reflux of acidic gastric contents has a multitude of 
symptoms for the suffering patient including heartburn, 
regurgitation, cough, and dysphagia. Surgical interven
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tion is often necessary in those who fail medical 
therapy, are non-compliant or wish to discontinue long-
term medical therapy, have complications secondary 
to GERD, or present with extra-esophageal symptoms. 
There are various types of anti-reflux operations that are 
successful in treating GERD. Laparoscopic fundoplication 
is the gold standard for surgical treatment. Robotic 
Nissen fundoplication is also advantageous with good 
outcomes. 

Moore M, Afaneh C, Benhuri D, Antonacci C, Abelson J, 
Zarnegar R. Gastroesophageal reflux disease: A review of 
surgical decision making. World J Gastrointest Surg 2016; 8(1): 
77-83  Available from: URL: http://www.wjgnet.com/1948-9366/
full/v8/i1/77.htm  DOI: http://dx.doi.org/10.4240/wjgs.v8.i1.77

INTRODUCTION
The prevalence of gastroesophageal reflux disease 
(GERD) in the United States has appreciably increased 
in the last few decades, making it one of the most 
common chronic diseases[1]. It is estimated that up to 
20%-25% of Americans experience symptoms of GERD 
weekly[2]. Interestingly, most patients that present to 
their primary care doctor with typical GERD symptoms, 
such as heartburn and regurgitation, never undergo 
formal diagnostic evaluation and are managed with 
non-surgical therapy such as proton pump inhibitors 
(PPI) long-term[3]. In accordance with the American 
Gastroenterological Association and the American 
College of Gastroenterology, patients with symptoms 
suggestive of GERD should undergo an 8-wk empiric 
treatment regimen with a PPI[4]. Non-responders 
should undergo esophagogastroduodenoscopy (EGD) 
as well as esophageal pH monitoring if EGD reveals 
no abnormalities[4]. On the other hand, patients with 
extraesophageal symptoms are much more difficult to 
diagnose and should undergo pH monitoring sooner in 
the diagnostic algorithm[5]. Unremitting GERD can result 
in complications including esophagitis with scarring and 
stricture formation, Barrett’s esophagus and cancer, 
specifically adenocarcinoma. These types of symptoms 
may often require daily medication, which can be a 
significant adverse impact on the patients’ quality of 
life[6]. 

PATHOPHYSIOLOGY AND 
SYMPTOMATOLOGY 
In simple terms, GERD results from failure of the distal 
esophageal reflux barrier[7,8]. During normal physiologic 
swallowing, relaxation of the lower esophageal sphincter 
(LES) and crura occur which in turn allow the food bolus 
to enter the stomach. Furthermore, the LES and crura 
relax during belching to allow gas venting. If the LES 
relaxes separately from initiation of a swallow, these 

relaxations are termed transient lower esophageal relaxa
tions (TLESRs)[7,8]. It has been shown that abnormal 
TLESRs result in an enlarged cross sectional area at 
the gastro-esophageal junction resulting in increased 
reflux of gastric contents and gas. These TLESRs are 
rather important as they likely result in 90% of reflux 
episodes[7,9]. Hiatal hernias appear to increase the 
degree of reflux during TLESRs. In patients with severe 
reflux esophagitis, a hypotensive LES seems to be the 
etiology rather than abnormal TLESRs[7,10]. If the LES 
pressure is < 10 mmHg, reflux tends to occur with more 
frequency. If the LES pressure is < 4 mmHg, however, 
free reflux occurs[7,11,12]. 

The most common symptom of GERD is heartburn, 
which is said to be caused by the stimulation and 
activation of mucosal chemoreceptors in the distal eso
phagus[3]. Other typical esophageal symptoms include 
regurgitation which, in addition to heartburn, reflect 
dysfunction of the reflux barrier. Extra-esophageal sym
ptoms include cough, asthma, and chest pain. Additional 
testing, including combined impedance/pH monitoring, 
should be performed if GERD is thought to be the cause 
of any atypical symptom and/or the patient has been 
on long-term medical treatment and surgery is being 
considered[8,13,14]. 

MANAGEMENT OF GERD
Surgical vs medical management of GERD
Medical options for patients with GERD include antacids, 
histamine-receptor antagonists or PPI therapy[4]. Studies 
comparing medical management of GERD to surgical 
therapy have shown that anti-reflux operations are an 
effective alternative to medical treatments, even for 
patients with good symptom control on pharmacologic 
therapy[15]. 

Furthermore, fundoplication results show significantly 
less acidic content and increased LES pressure com
pared to medical treatment alone. Fundoplication is 
associated with a high level of patient satisfaction and 
improved quality of life in patients with chronic GERD. 
According to the guidelines written by the American 
Society for Gastrointestinal and Endoscopic Surgeons 
(SAGES), surgical procedures for GERD are curative 
in 85%-93% of cases[16]. In review of a meta-analysis 
comparing open vs laparoscopic surgery, a total of 
16.2% of the patients in the open group and 14.7% in 
the laparoscopic group used acid suppression drugs post
operatively[17]. As advancements in the field of laparo
scopy have been made, minimal invasive operations 
have been established as the gold standard in the 
surgical treatment of this condition[8]. 

Indications for anti-reflux surgery
The most frequent indication for anti-reflux operations 
symptoms refractory to pharmacological therapy[18]. It is 
critical, however, to have physiological testing showing 
pathological acid reflux exists. SAGES guidelines suggest 
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that surgical intervention may be appropriate in patients 
who have failed medical management, decide for 
surgery despite successful medical management, have 
complications of GERD such as Barrett’s esophagus 
and/or peptic stricture, have medical complications 
attributable to a large hiatal hernia, or have “atypical” 
symptoms such as asthma, hoarseness, cough, chest 
pain, dental erosions or aspiration and reflux docu
mented on 24 h pH monitoring[16]. It is important to 
note, however, that operative intervention to alleviate 
GERD should be performed after the diagnosis of GERD 
has been objectively confirmed and should only be 
considered in individuals who meet the aforementioned 
criteria. In the subset of patients who do indeed respond 
to pharmacologic therapy but are either unable or 
unwilling to take daily medication, anti-reflux surgery 
will likely prove quite beneficial. It has been estimated 
that up to 40% of patients do not respond to PPI 
therapy[4]. There have been studies showing poor 
resolution of reflux symptoms after surgery in patients 
who do not respond to acid reducing medications. An 
eleven year follow-up study reported response and 
lack of response to acid reducing medications were 
associated with 77.1% and 56.0% success rates of 
laparoscopic Nissen fundoplication (LNF) respectively[19]. 
Despite the potential of suboptimal results, failure of 
pharmacologic therapy in the treatment of GERD still 
remains an operative indication. In one study reviewing 
long-term outcomes after anti-reflux surgery, at 69 mo, 
the majority of patients maintained improvement or 
resolution of heartburn (90%), regurgitation (92%), and 
dysphagia (75%) when compared to before laparoscopic 
reflux surgery. The results were less satisfactory in 
patients with extraesophageal symptoms such as 
hoarseness (69%) and cough (69%)[20]. Few absolute 
contraindications to an anti-reflux exist except the 
presence of esophageal cancer or Barrett’s mucosa with 
untreated high-grade dysplasia. A long-term outcome 
5-year follow-up study evaluating anti-reflux surgery in 
patients with Barrett’s esophagus that included patients 
with low-grade dysplasia, short and long-segment 
Barrett’s showed reflux symptoms were absent in 67 
of 85 patients (79%) after surgery[21]. In regards to 
resolution of Barrett’s, low-grade dysplasia regressed to 
nondysplastic Barrett’s in 7 of 16 (44%), and intestinal 
metaplasia regressed to cardiac mucosa in 9 of 63 
(14%). High-grade dysplasia and adenocarcinoma were 
prevented in all 97 patients[21]. 

Preoperative considerations
Preoperative objectives should identify the proper 
patients for anti-reflux surgery after appropriately 
evaluating symptoms and diagnostic studies. Proper se
lection of patients optimizes outcomes. Initial evaluation 
must include a thorough history and physical exam. It 
is important for the surgeon to focus on the duration 
of symptoms, type of reflux symptoms and causation/
temporal relationship of symptoms. Studies have shown 
that patients with typical symptoms, in comparison to 

those with atypical symptoms, have a better response 
to fundoplication. A 10-year follow-up study reported 
85% percent of patients with typical symptoms had a 
successful outcome after LNF, compared to only 41% 
with atypical symptoms[19]. Furthermore, patients 
who experience exaggerated symptoms when supine 
rather than standing tend to have better outcomes 
after fundoplication as well. In the supine position, 
transient lower esophageal relaxation periods increase. 
Studies have shown that fundoplication reduces TLSR 
frequency by 50% and thus decrease reflux events[22,23]. 
After a detailed history and physical examination is 
performed, important preoperative studies to consider 
are: (1) Upper endoscopy (EGD): Endoscopy has a high 
specificity (95%) for diagnosing GERD as the operator 
can note visual and histopathologic changes of the 
esophageal mucosa. Moreover, the operator is able to 
take biopsies of the mucosa that are essential in ruling 
out other etiologies or complications of reflux. Biopsies 
of the mucosa are necessary to diagnose and exclude 
other non-reflux esophageal disorders such as eosinophil 
esophagitis, Helicobacter pylori, Barrett’s esophagus or 
esophageal cancer. As stated previously, if high-grade 
dysplasia or esophageal cancer is noted on endoscopy, 
the surgeon cannot perform anti-reflux surgery. If, 
however, low-grade dysplasia or intestinal metaplasia is 
noted, the surgeon should proceed with the procedure 
as studies have shown resolution and regression to 
cardiac mucosa. Despite its’ high specificity, endoscopy 
lacks sensitivity in the diagnosis of GERD as up to half 
of patients with GERD will have normal endoscopic 
findings[24]. EGD is also useful to visualize the presence 
of a hiatal hernia. If a hiatal hernia is discovered pre
operatively, the surgeon must repair the hiatal hernia 
prior to performing the wrap; (2) pH monitoring: As 
stated previously, non-responders to pharmacologic 
therapy should undergo EGD as well as esophageal pH 
monitoring. pH monitoring can be a very valuable tool 
to objectively establish a diagnosis of GERD and is the 
gold standard for pathologic acid reflux[25]. A 24-h or 
48-h intra-esophageal study can be done to evaluate 
the patient’s pH levels during daily life, and thus assess 
reflux patterns as well as determining the patients’ ability 
and frequency of clearing acid. Multiple devices are 
available for use in pH monitoring. Two specific devices 
include a 24 h transnasal catheter placement and BRAVO 
wireless esophageal pH probe monitoring, both of which 
have been proven effective to accurately diagnose 
GERD[5]. It is necessary that the patient discontinue 
his/her acid suppression medication for a minimum of 1 
wk for the pH monitoring to be accurate. If the patient is 
unable to stop the medication, referral for an impedance 
test should be done[26]. Most studies have shown an 
elevated DeMeester score indicates pathological reflux. 
Impedance testing can distinguish between acidic and 
nonacidic reflux. Impedence testing, however, is prone 
to interpretational error so it is not optimal[27]; (3) 
Esophageal manometry is used to identify dysmotility of 
the esophagus, for example, achalasia. Some surgeons 
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lend level 1 support to the use of LNF as the surgical 
procedure of choice for GERD[33]. Regardless of the type 
of fundoplication performed, the aim of the operation is 
the same: Re-create and restore the normal physiologic 
functionality of the LES, reconstruction of the hiatus 
when necessary and repair of any hiatal hernia if present. 

Partial vs total fundoplication
In the United States, in comparison to Europe, a 360° 
fundoplication is the most common anti-reflux operation 
performed. European surgeons, however, favor a partial 
fundoplication operation. Many prospective, randomized, 
controlled studies have evaluated both 360° and 270° 
fundoplication procedures and have shown similar short- 
and long-term efficacy[34,35]. Despite these findings, 
proponents of the Nissen fundoplication argue its supe
riority over the partial fundoplication. Advocates for the 
partial fundoplication argue that their patients have fewer 
symptoms of bloating and retain their ability to vomit. 
In one randomized control study, there were noted be a 
higher rate of postoperative dysphagia, flatulence, and 
bloating in total fundoplication as compared to partial 
fundoplication[36]. There were not, however, significant 
differences between the two modalities in the continuing 
postoperative incidence of heartburn, esophagitis or 
persistent acid reflux. A similar proportion of patients 
experiencing excellent long-term outcomes were seen 
in both partial and Nissen fundoplication[34,36]. Another 
study reported at 10 years, 89.5% patients who had 
undergone laparoscopic fundoplication were free of signi
ficant reflux (93.3% after Nissen, 81.8% after Toupet). 
Thus, Nissen patients did better than Toupet patients, 
although the difference was not statistically significant[34]. 

Anterior (Dor) vs Nissen fundoplication
Prospective, randomized controlled studies comparing 
120-degree anterior fundoplication vs Nissen fundopli
cation showed anterior fundoplication to be associated 
with less postoperative dysphagia, 74% in the Nissen 
group and 95% in the anterior fundoplication group 
after 24 mo follow up[36]. However, this technique was 
shown to be less effective for controlling reflux over 
time. In addition, more patients required reoperations 
for reflux control after anterior fundoplication[37]. 

Toupet vs Nissen fundoplication
There have been several randomized control studies 
comparing Toupet fundoplication to Nissen fundopli
cation. Studies have shown lower rates of post-operative 
dysphagia after a Toupet fundoplication when compared 
to results after a Nissen fundoplication - around 8.5% 
vs 13.5% respectively[38]. There were no differences, 
however, in the percentage of patients affected by 
heartburn comparing the two procedures[38]. Regarding 
the operative technique, recent findings have shown that 
the length of the wrap is important when performing 
a Toupet fundoplication. For example, a 3.0 cm Toupet 
vs 1.5 cm Toupet proved to better control reflux. The 

will determine the type of surgery necessary for the 
patient based on their manometry results (Nissen vs 
partial). However, there is overwhelming data showing 
even with poor motor function of the esophagus, a 
Nissen fundoplication provides the best results by 
effective blockade of reflux, which is most likely, the 
cause of poor dysmotility[28,29]. Our group has shown 
that compared to patients with good motor function, 
patients with poor motor function tend to have longer 
short-term dysphagia, yet at the 3-mo follow-up period, 
both groups behaved similarly; and (4) Barium swallow: 
Perhaps not useful to all surgeons, a barium swallow can 
help to better understand the anatomy of esophagus 
and stomach. A barium swallow can prove valuable in 
patients with various anatomical abnormalities such as 
a shortened esophagus or hiatal hernias. Hiatal hernias 
affect the competence of the LES, in turn, impeding the 
ability to clear acid in the esophagus. It is prudent that 
the surgeon recognizes hiatal hernias preoperatively 
as it is necessary to repair them during any anti-reflux 
operation. A barium swallow study can also determine if 
the patient has esophageal dysmolity. For example, the 
diagnosis of achalasia is supported by barium swallow 
findings including dilation of the esophagus, a narrow 
esophago-gastric junction with “bird- beak” appearance, 
aperistalsis, and poor emptying of barium[30]. 

SURGICAL TECHNIQUES USED TO 
TREAT GERD
Laparoscopic vs open technique for GERD
A laparoscopic, transabdominal approach is preferred 
for the vast majority of patients undergoing anti-reflux 
surgery. Rarely, transthoracic and open abdominal 
approaches are required and may be considered for 
patients undergoing revision of their former anti-reflux 
operations[31]. However, reoperation surgery typically 
can be performed laparoscopically. Perioperative 
morbidity was found to be significantly lower (65%) 
after laparoscopic compared with open fundoplication[32]. 
Laparoscopic fundoplication is associated with longer 
operative times but shorter hospital stays[17]. In turn, 
conversion rates to open surgery were less than 5%[17]. 
Laparoscopic fundoplication is preferred over open 
surgery because it is associated with shorter hospital 
stay, decreased pain, postoperative wound infections and 
abdominal wall hernia formation[17]. Additionally, using 
the laparoscopic approach, surgeons have the advan
tage of seeing all the hiatal structures in a magnified 
fashion. In a 10-year randomized trial comparing LNF 
to conventional Nissen fundoplication (CNF or open 
technique), it was noted that twice as many patients 
required reoperation after CNF, including a much higher 
number of incisional hernia corrections. The 10-year 
effectiveness of LNF and CNF is comparable in terms of 
improvement of GERD symptoms, PPI use, quality of 
life, and objective reflux control seen on impendance 
studies. Thus, the long-term results from this trial 
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length of the wrap in a Nissen fundoplication, however, 
did not influence reflux control, rather mild dysphagia 
rates were higher for the 3.0 cm wrap (8.8%) compared 
to the 1.5 cm wrap (21.2%) at the 12-mo follow up[39]. 
Five years after the operation, mild dysphagia rates in 
the Nissen fundoplication groups were equivocal, 9.7% 
in the 1.5 cm wrap and 7% in the 3.0 cm wrap[39]. More 
level 1 evidence with longer follow up periods is required 
to determine whether Nissen fundoplication is superior 
to Toupet fundoplication in terms of patient outcomes 
(Table 1).

Use of robotic surgery in treating GERD
The use of robotic surgery for managing GERD has 
been shown to be a viable and safe option, with similar 
outcomes when compared to laparoscopy after one year 
follow up. Robot-assisted LNF is comparable to traditional 
laparoscopy in terms of complications, mortality and 
length of hospital stay. Robotic Nissen fundoplication is 
advantageous as the surgeon has improved ergonomics, 
visualization, comfort, and autonomy. The only dis
advantages seen with robotic assisted surgeries were 
reported to have longer surgical times (131.3 min vs 
91.1 min laparoscopically), and generally higher costs 
when compared to laparoscopic surgery[40]. 

KEY OPERATIVE STEPS IN ROBOTIC 
NISSEN FUNDOPLICATION
Positioning
Supine position with arms out on arm boards. 

Incision and exposure
Veress technique is used to enter the abdominal cavity 
13 cm subxiphoid and 5 working ports are placed under 
direct visualization. A Genzyme liver retractor is placed 
to retract the left lobe of the liver superiorly and laterally. 
The patient is placed in steep reverse Trendelenburg, 
and the robot (DaVinci Xi) is docked and the working 
instruments are placed. 

Procedure
Dissection begins with the takedown of the gastrohepatic 
ligament using a vessel sealer all the way to the right 
crus that is clearly dissected off the esophagus. The 
short gastrics are then taken all the way through the 
angle of His until the left crus is clearly defined. Right 
and left crus are clearly delineated, and the esophagus is 
identified. A Penrose drain is placed around the esopha

gus and the posterior vagus after clearly identifying this 
window. Dissection is carried into the chest, allowing for 
complete reduction of the esophagus, and after which 
the hiatus is closed using V-Loc and 3-0 silk sutures. 

The fundoplication is then performed around a 
56 bougie taking a distal and proximal bite of the 
esophagus. The bougie is then removed. Posterior pexy 
is then performed to the right crus with 2 sutures. An 
anterior pexy is performed to the right and left crus. 

Penrose is removed as is the Genzyme retractor. 
The robot is undocked and the ports were removed 

under direct visualization.
The skin is approximated using fine absorbable 

sutures in a subcuticular manner.

Special situations 
GERD in morbidly obese patients and surgical 
technique: There is a direct association between 
obesity and gastroesophageal reflux. The prevalence 
of GERD is higher with people that have higher body 
mass index (BMI), and linearly increases with increased 
BMI. Some studies have shown fundoplication surgeries 
for morbidly obese patients to have a higher rate of 
failures compared to normal weight patients[19]. Other 
studies, however, have showed equivalent outcomes 
in obese and normal weight patients[41,42]. One of the 
many lifestyle alterations suggested by physicians to aid 
in the treatment of GERD is weight loss. Morbidly obese 
patients following Roux-en-Y gastric bypass (LRYGB) 
have improved reflux symptoms after losing weight[43]. 
One prospective study quoted 94% resolution of reflux 
symptoms 9-mo after patients underwent LRYGB[44]. 
Essentially, the LRYGB procedure helps the patient lose 
weight and improve reflux symptoms as well. Thus, it 
is the procedure of choice for many surgeons treating 
morbidly obese patients with GERD. 

Revisional surgery for failed anti-reflux surgery
The failure rate of fundoplication ranges from 3% to 
16%[45]. Not every patient who has failed anti-reflux 
surgery needs reoperation. It is important for the 
surgeon to determine whether a physiologic or anatomic 
failure can be ameliorated surgically. The most common 
indications for reoperation are a “slipped” fundoplication 
or herniation of the wrap into the mediastinum[45,46]. 
Laparoscopic re-operative anti-reflux surgery is a viable 
and safe option for patients. While it is effective, re-
operative surgeries have higher complication rates 
compared to primary repairs such as gastric or eso
phageal perforation[45]. The re-operation should be done 

Table 1  Comparison of advantages and disadvantages in different types of fundoplications

Advantages Disadvantages

Nissen fundoplication Very effective in controlling reflux over long periods of time Increased flatulence, bloating and dysphagia
Anterior (Dor) fundoplication Less postoperative dysphagia Recurrent symptoms over time requiring more reoperations
Toupet fundoplication Less postoperative dysphagia Surgeons need to be mindful of length of wrap as it 

determines quality of reflux control
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in the same manner as the primary fundoplication. 
Revisional surgery, compared to primary repair, requires 
longer operative times (mean duration of reoperation 
was 177.4), is correlated with higher conversion rates to 
an open approach and has higher complication rates[47]. 
Patient satisfaction after revisional surgery is generally 
high (89%) with resolution of heartburn symptoms in 
almost 80% of patients and resolution of regurgitation in 
85% of patients, 18 mo after surgery[48]. 

CONCLUSION
GERD is a very common disorder with increasing pre
valence. Excessive reflux of acidic gastric contents has a 
multitude of symptoms for the suffering patient including 
heartburn, regurgitation, cough, and dysphagia. There 
are also associated complications of GERD including 
erosive esophagitis, Barrett’s esophagus, stricture and 
adenocarcinoma. Surgical intervention is often necessary 
in those who fail medical therapy, are non-compliant 
or wish to discontinue long-term medical therapy, have 
complications secondary to GERD, or present with extra-
esophageal symptoms. There are various types of anti-
reflux operations that have been quite successful in 
treating GERD and restoring competence in an otherwise 
incompetent LES, while at the same time repairing a 
potential hiatal hernia. Laparoscopic fundoplication is 
the gold standard for surgical treatment of severe GERD 
and results in approximately 95% patient satisfaction. 
Robotic Nissen fundoplication is also very advantageous 
with good outcomes. In regards to the specific type of 
fundoplication, the Nissen fundoplication has overall 
improved outcomes when compared to partial wraps. 
Before entertaining a surgical approach, it is important 
that the surgeon take all necessary preoperative 
measures to ensure surgery is the appropriate choice for 
the patient. The surgeon must also take into consideration 
special situations such as obese patients or those that are 
in need of a revisional anti-reflux procedure. 
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Abstract
Colorectal cancer is one of the most common cancers in 
western society and malignant obstruction of the colon 
accounts for 8%-29% of all large bowel obstructions. 
Conventional treatment of these patients with malignant 
obstruction requiring urgent surgery is associated with 
a greater physiological insult on already nutritionally 
replete patients. Of late the utility of colonic stents has 
offered an option in the management of these patients 
in both the palliative and bridge to surgery setting. This 
has been the subject of many reviews which highlight 
its efficacy, particulary in reducing ostomy rates, 
allowing quicker return to oral diet, minimising extended 
post-operative recovery as well as some quality of life 
benefits. The uncertainity in managing patients with 
malignant colonic obstructions has lead to a more 
cautious use of stenting technology as community equi
poise exists. Decision making analysis has demonstrated 
that surgeons’ favored the use of stents in the palliative 
setting preferentially when compared to the curative 
setting where surgery was preferred. We aim to review 
the literature regarding the use of stent or surgery in 
colorectal obstruction, and then provide a discourse with 
regards to the approach in synthesising the data and 
applying it when deciding the appropriate application of 
stent or surgery in colorectal obstruction.

Key words: Self-expanding metallic stent; Stenting; 
Surgery; Colorectal cancer; Large bowel obstruction; 
Radiology
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morbidity. In a group of patients who are prone to 
higher rates of morbidity and mortality, this can be 
problematic and full of uncertainty. This review takes 
an approach to review the primary and secondary 
outcomes established in the literature regarding the 
use of stent or surgery in colorectal obstruction, and 
then create discourse and a structured approach in 
regards to synthesising the data and applying it when 
deciding the appropriate application of stent or surgery 
in colorectal obstruction.

Zahid A, Young CJ. How to decide on stent insertion or surgery 
in colorectal obstruction? World J Gastrointest Surg 2016; 8(1): 
84-89  Available from: URL: http://www.wjgnet.com/1948-9366/
full/v8/i1/84.htm  DOI: http://dx.doi.org/10.4240/wjgs.v8.i1.84

INTRODUCTION
Despite the accumulation of data on stent insertion, 
the choice of stent or surgery as the most appropriate 
modality in the management of colorectal obstruction 
presents a constant decision dilemma. When cure is 
possible we want that, but with minimal morbidity. In 
a group of patients who are prone to higher rates of 
morbidity and mortality, this can be problematic and full 
of uncertainty.

This review takes an approach to review the primary 
and secondary outcomes established in the literature 
regarding the use of stent or surgery in colorectal 
obstruction, and then create discourse and a structured 
approach in regards to synthesising the data and 
applying it when deciding the appropriate application of 
stent or surgery in colorectal obstruction.

Colorectal cancer is one of the most common 
cancers in western society and malignant obstruction 
of the colon accounts for 8%-29% of all large bowel 
obstructions[1]. Other causes of large bowel obstruction 
include uterine, ovarian, gastric, breast, bladder and 
kidney malignancies[2]. Conventional treatment of these 
patients with malignant obstruction requiring urgent 
surgery is associated with a greater physiological 
insult on already nutritionally replete patients. This 
is associated with mortality in 15%-34% of patients 
and morbidity in 32%-64% of patients[3]. Of late the 
utility of colonic stents has offered an option in the 
management of these patients. The first being used 
by Dohmoto et al[4] in 1991. Tejero et al[5] described 
the use of colonic stents as a “bridge to surgery” in 
1994. This has been the subject of many reviews which 
highlight its efficacy, particulary in reducing ostomy 
rates, allowing quicker return to oral diet, minimising 
extended post-operative stay and some quality of life 
(QoL) benefits[6]. Xinopoulos et al[7] demonstrated 
that self-expanding metallic stent (SEMS) placement 
represents an alternative approach to colostomy for 
patients with inoperable malignant colonic strictures. 
The uncertainity in managing patients with malignant 

colonic obstructions has lead to a more cautious use of 
stenting technology as community equipoise exists[8]. 

PATIENT AND DISEASE FACTORS
Regarding the location of obstructing colonic mali
gnancy, Fiori et al[9] in 2004 reported that 63.6% of 
obstructing malignancies occur in the rectum and 
36.3% in the rectosigmoid/sigmoid colon. Sankararajah 
et al[10] in 2005 observed 37% in the rectosigmoid, 
21% in the sigmoid colon, 16% at the splenic flexure, 
16% in the descending colon, 5% in the rectum and 
5% in the ascending colon. van Hooft et al[11] in 2008 
observed 76% obstruction in the rectosigmoid and 24% 
obstruction in the descending colon. With the majority of 
obstructing pathology being on the left side, this makes 
these lesions amenable to endoscopic intervention. 
Sankararajah et al[10] demonstrated malignant stricture 
length to be in the range of 3-7 cm meaning that all 
these lesions are within “stentable” range. Fiori et al[9] 
and van Hooft et al[11] collected data on patient ASA level 
with all patients included in their trails being ASA 1 to 3. 
The majority of the patients were in the ASA 2 category.

MORBIDITY OF SURGERY V STENT
While decision making with regards to the utility of stents 
in patients with metastatic disease may be easier for the 
treating clinician, this decision is more difficult to make 
for patients with local disease. A recent randomised 
controlled trial (RCT) by Young et al[6] reported that in 
a population of patients with incurable metastatic large 
bowel obstruction, stent use was associated with faster 
return to diet, decreased stoma rates, reduced post-
procedure stay, and some QoL benefits.

The decision with regards using a stent in patients 
with non-metastatic malignant bowel obstruction is one 
that is fraught with indecision due to the theoretical 
risk of perforation converting a once potentially curable 
disease to incurable[12,13]. However this risk needs to be 
balanced with multiple other factors, principally being 
the patients pre-existing morbidities and the need 
for emergent surgical intervention. In this day, with 
highly trained endoscopists, the more imminent risk 
of perforation is much lower in some centres than the 
reported 4%.

Efficacy
The efficacy of SEMSs as a tool in the treatment of 
malignant colonic obstruction has been demonstrated 
well over the past few years. Many randomised control 
trials have supported their use and hence should 
be considered a valid option in the treatment of this 
condition (Table 1).

The 2011 review by Sagar et al[14] reported an 
clinical relief of obstruction in the colonic stenting group 
to be approximately 0.66 d compared to 3.55 d in the 
emergency surgery group, with an overall success 
rate of 86%. In Ho’s review in 2012, the placement of 
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self expanding metallic stents took a median time of 
35 min (range, 20-80 min). Seventy percent patients 
(14/20) had been stented successfully. Following stent 
placement, they resumed a diet after approximately 
day 2 and were discharged about day 4. Six out of 
20 patients failed stenting with the main cause being 
the inability to pass the guide wire across the stenotic 
cancer (4/6 cases)[15]. This technical success was also 
noted in the review by Khot et al[16]. It may be overcome 
with the use of a pediatric nasogastroscope[17]. 

Both Tan et al[18] and Zhang et al[19] reviews demon
strated that a higher primary anastomosis rate and 
lower morbidity rate was achieved in the group receiving 
colonic stents.

In the study by Ho et al[15] stented patients were 
sent home significantly sooner than in the emergency 
surgery groups, with medial length of stays at 6 d vs 8 
d respectively (P = 0.028). Furthermore, they demon
strated significantly better outcomes for the stenting 
group that went on to have elective surgery compared 
to the group randomized to have emergency surgery[14].

A recent metaanalysis by Zhao et al[20] emphasized 
that there is limited data on the long term survival of 
patients with malignant left sided colonic obstruction 
when comparing emergency surgery with semi-elective 
use of stents. With limited data, recommendation was 
made for more studies on the topic[20]. 

BLOCKAGE
Blockage of stents principally affects patients who have 
long term stent insertion in the palliative setting. In 
the review by Khot et al[16], the overall, reobstruction 
occurred in 52 of 525 (10%) cases with only three 
patients in the “bridge to surgery” group having reobs
truction. The reasons of reobstruction in these patients 
included tumour in-growth in 32 (62%), stent migration 
in seven (13%) and faecal impaction in 13 (25%)[16]. 
These issues with obstruction of the stent can be 
managed expectantly with surveillance being tailored 
to the patient’s condition. In general, patients who are 
having the stent as a bridge to surgery would very 
rarely experience obstruction. Patients with palliative 
stent insertion who are not candidates for surgery would 
present the main group with tumor related blockage and 
this may be managed expectantly with re-stenting of the 

lesion.

STOMA RATES
A major advantage of colonic stent placement is the 
reduction of stoma formation rates[5,6,9,11,21]. This repre
sents a significant improvement in the patient outcomes 
with relation to physical recovery and overall QoL 
issues. In the meta-analysis by Cennamo et al[22], the 
permanent stoma creation rate was 38/152 (25%) in the 
stent group and 78/162 (48.1%) in the surgical group; 
the pooled analysis showed a significantly higher rate 
in the surgical group[20]. In the RCT by Young et al[6], 
none of the 19/26 patients in the stent group who were 
successfully stented required a stoma while 24/26 in the 
surgery group required a stoma to be fashioned (P < 
0.001).

PERFORATION RATES
The decision of using a stent in patients with non-
metastatic malignant bowel obstruction is one that 
is frought with indecision due to the theoretical risk 
of perforation converting a once potentially curable 
disease to incurable. However this risk needs to be 
balanced with multiple other factors, prinicipally being 
the patients pre-existing morbidities and the need for 
emergent surgical interventions. In four trials, no stent 
related perforation was noted (Young et al[6] 2015, 
Cheung et al[23] 2009; Fiori et al[9] 2004; Sankararajah 
et al[10] 2005). In two of the RCTs by Khot et al[16] 2011 
and van Hooft et al[24], a perforation rate of 4% was 
noted. Khot et al[16] states that this rate was significantly 
associated with balloon pre-dilatation. With Van Hooft’s 
study the large number of centres[24] involved in the 
study may not have allowed a standardisation in the 
technique and also local expertise may vary considering 
that some centres contributed one patient over the two 
year period. 

DEATH
In malignant obstruction of the colon, emergency 
surgery is associated with a high mortality rate of 10%-
30%, when compared to < 5% rate in elective surgery 
for colorectal cancer[25,26]. Three meta-analyses[14,18,19], 
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Table 1  Summary of the studies included in this review

Ref. Centres and aim No. of patients 
(stenting/surgery)

Stenting 
morbidity

Surgery 
morbidity

Stenting 
mortality

Surgery 
mortality

Stenting 
efficacy

Fiori et al[9] Single centre, palliation 11/11 0 1/11 (9%) 0 0 100%
Xinopoulos et al[7] Single centre, palliation 15/15 0 0 0 0   93%
van Hooft et al[11] Multicentre, palliation 11/10   11/11 (100%)   5/10 (50%) 3/11 (27%) 0   82%
Sankararajah et al[10] Single centre 9/9     2/9 (22%)     6/9 (67%)   1/9 (11%) 1/9 (11%)   78%
Cheung et al[23] Single centre, bridge to surgery 24/24 2/24 (8%) 17/24 (71%) 0 0   83%
van Hooft et al[24] Multicentre, bridge to surgery 47/51 25/47 (53%) 23/51 (41%)  9/47 (19%) 9/51 (18%)   70%
Ho et al[15] Single centre, bridge to surgery 20/19   7/20 (35%) 11/19 (35%) 0 3/19 (16%)   70%
Young et al[6] Multicentre, palliative 26/26 10/26 (38%) 14/26 (54%) 0 0   79%
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that 15/26 (58%) patients in the stent group patients 
were recorded as having an increased QoL from baseline 
to one week compared to 7/26 (27%) of the surgery 
group (P = 0.02). The surgery group had significantly 
lowered QoL compared to the stent group from baseline 
to 1 and 2 wk (P < 0.001 and P < 0.012), and from 
baseline to 12 mo (P = 0.01) in favor of the stent 
group, while both reported reduced QoL[6]. There were 
no significant differences in whether the patient had an 
increased or decreased QoL at any other time point. 

DECISIONS
The treatment of patients with senting technology is 
one that has traditionally being frought with concern 
by the treating clinician. A recent study by Suen et 
al[8] demonstrated that there would be limitations in 
conducting a future randomised controlled trial to assess 
the use of colonic stenting especially in the curative 
setting. Surgeons’ favored the use of stents in the 
palliative setting preferentially when compared to the 
curative setting where surgery was preferred (Table 2). 

In the management of physiologically poor patients 
(ASA > 3) with complete bowel obstruction, SEMS is the 
preferred initial intervention of choice. This allows the 
patient to be physiologically optimised for subsequent 
interventions and also increases the chance of a one-
stage resection. The morbidity of emergency surgery can 
be as high as 51% with an associated mortality rate of 
16%[29]. With the greatest concern of colonic perforation 
being reported at 4% in previous trials, and modern 
day trials are quoting this at 0% with increasingly 
experienced interventionalists and safe methodology[6]. 
This low rate of perforation and the benefits of stenting 
with lower stoma formation rates, lower perioperative 
morbidity and quicker recovery/return to community 
should make SEMS a valid tool in the management of 
malignant complete bowel obstruction[23].

In the fit patient with curable disease, surgery is 
more often preferred as the intervention of choice due 

did not show any advantage in terms of post- operative 
mortality between the emergency surgery and stenting 
groups. In the recent RCT by Young et al[6], similar 
mortality figures were noted in both groups, noting that 
this patient population was palliative. A review of the 
United Kingdom National Audit showed that patients 
undergoing surgery for left-sided colonic obstruction 
had an operative mortality rate of 12.9%[27]. The mor
tality rate with stenting being a lot lower at 1%, giving 
evidence that it is a safe method to decompress a 
patient as a bridge to surgery[16].

COST
The cost of stents utility needs to be weighed up against 
many factors. They may represent an expensive option in 
isolation, however overall they represent a cost-effective 
option in the treatment of malignant obstruction of the 
colon. A study from the United Kingdom demonstrated 
the cost of a palliative stent was fifty percent less than 
surgical decompression and that the expense of ‘bridge 
to surgery was reduced by twelve percent with compared 
to a two stage procedure[28]. In the review by Fiori et al[9], 
the median hospital stay was 2.6 d for stent group and 
the median hospital stay was 8.1 d for the stoma group.

Other factors such as QoL, faster return to normal 
bowel function and significantly less physiological insult 
make stenting a much more cost-effective option. Further, 
the additional costs of outpatient stoma care should also 
not be forgotten[16].

QOL
Increasing evidence has been published with regards 
to the QoL of patients undergoing stents and surgical 
intervention for the management of malignant bowel 
obstruction. In the study by van Hooft et al[24] (2011), 
primary outcome of global health status was recorded 
and no significant difference was noted between the two 
groups. More recently, Young et al[6] (2015) observed 

Table 2  Surgeons’ treatment preferences in different clinical scenarios (Suen et al [8])  

Clinical scenarios  Level of clinical certainty Evidence of community equipoise?

Surgery (%) Undecided (%) Stent (%)
1 70yo; partial obstruction; metastatic cancer; ASA score 4   8 12 80 N
2 70yo; complete obstruction; metastatic cancer; ASA 4   9   8 82 N
3 50yo; partial obstruction; metastatic cancer; ASA 4 15 10 75 N
4 50yo; complete obstruction; metastatic cancer; ASA 4 12   8 80 N
5 70yo; partial obstruction; metastatic cancer; ASA 1 51 19 30 Y
6 70yo; complete obstruction; metastatic cancer; ASA 1 40 13 47 Y
7 50yo; partial obstruction; metastatic cancer; ASA 1 60 17 23 Y
8 50yo; complete obstruction; metastatic cancer; ASA 1 51 14 35 Y
9 70yo; partial obstruction; curable cancer; ASA 4 66 15 19 Y
10 70yo; complete obstruction; curable cancer; ASA 4 41 13 46 Y
11 50yo; partial obstruction; curable cancer; ASA 4 73 10 17 N
12 50yo; complete obstruction; curable cancer; ASA 4 50 11 39 Y
13 70yo; partial obstruction; curable cancer; ASA 1 96   4   0 N
14 70yo; complete obstruction; curable cancer; ASA 1 79 12   9 N
15 50yo; partial obstruction; curable cancer; ASA 1 96   4   0 N
16 50yo; complete obstruction; curable cancer; ASA 1 87   9   4 N
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to the improved physiologic paramenters aiding in a 
better outcome and potential for one stage resection. 

Considering the myriad of clinical scenarios and 
variables, the overall judgement, stenting technology 
offers an alternate tool to the clinician in the manage
ment of large bowel obstruction, with safe and effective 
outcomes. 

The present body of evidence regarding stent in
sertion demonstrates its role, but to more clearly define 
its use in areas of uncertainty and community equipoise 
would require large multi-centre RCT’s. Such trials may 
be necessary, but will be hard to complete with the 
difficulties of recruiting patients to trials where treating 
clinicians still hold conservative views as to the merits of 
stent or surgery.
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Abstract 
Esophageal carcinoma (EC) is a highly lethal malignancy 

with a poor prognosis. One of the most important 
prognostic factors in EC is lymph node status. There
fore, lymphadenectomy has been recognized as a key 
that influences the outcome of surgical treatment for 
EC. However, the lymphatic drainage system of the 
esophagus, including an abundant lymph-capillary 
network in the lamina propria and muscularis mucosa, is 
very complex with cervical, mediastinal and celiac node 
spreading. The extent of lymphadenectomy for EC has 
always been controversial because of the very complex 
pattern of lymph node spreading. In this article, 
published literature regarding lymphatic spreading was 
reviewed and the current lymphadenectomy trends for 
EC are discussed.
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INTRODUCTION
Esophageal carcinoma (EC) is one of the most common 
cancers and an important cause of cancer-related 
deaths in the world. It is an aggressive disease with 
a poor prognosis and a rapidly increasing incidence. 
The overall 5 years survival is 10%, ranging from 15% 
to 40% after surgery. Although multimodal therapy, 
including neoadjuvant chemotherapy or chemoradio
therapy with esophagectomy, has improved the long-
term survival, surgery is also regarded as the standard 
treatment for resectable EC[1-4]. Lymph node status has 
been recognized as the most important independent 
factor that influences the prognosis of EC. The 7th edition 
of the TNM staging system showed that an increasing 
number of metastatic lymph nodes is associated with a 
poorer prognosis[5,6]. Therefore, the outcome of surgery 
depends on lymphadenectomy as well as the primary 
tumor invasion in EC.

However, the extent of lymphadenectomy in EC is 
still considerably controversial. There have been two 
primary opinions in recent years. Some agree with 
a three-field lymphadenectomy and hold that it is 
essential to achieve improved postoperative survival by 
resectioning adequate lymph nodes in the neck because 
cervical lymph node metastases have been documented 
as approximately 20% to 40%. Others argue that 
two-field lymphadenectomy is enough to dissect 
all the possible metastatic lymph nodes, including 
recurrent nerve chain lymph nodes from the superior 
mediastinum up to the neck, with less perioperative 
complications and the same outcome[7-10]. A consistent 
lymphadenectomy strategy has yet to be established. 

In this review, we hope to offer some references 
about the extent of lymphadenectomy through describ
ing the pattern of the lymphatic spreading.

the anatomical lymphatic system 
of thE esophagus
The lymphatic drainage system of the esophagus is 
very complex because of an abundant lymph-capillary 
network in the lamina propria and muscularis mucosa, 
deep to the basement membrane. In total, lymphatic 
spreading has two modes, including penetrating the 
esophageal wall transversally and shifting longitudinally 
upwards (cervical lymph glands) and downwards 
(abdominal lymph glands). However, the longitudinal 
lymphatic flow is much more abundant than the trans
verse flow[11,12]. In detail, there are three pathways 
for lymph node metastasis in EC. One is spreading 
longitudinally along the submucosal lymphatic networks 
to regional and non-regional lymph nodes; another 
passes transversely through the muscularis propria 
to regional lymph nodes; and the last penetrates 
perpendicularly through the muscularis mucosa to the 
thoracic duct and the venous system[13]. Moreover, 
some studies show the presence of lymphatic drainage 

and an anatomical correlation between the right 
recurrent laryngeal nerve nodes and cervical lymph 
nodes in EC, which suggests that tumor cells from the 
midthoracic level reach the right recurrent laryngeal 
nerve nodes through submucosal lymphatic vessels 
in the early stage. Meanwhile, it seems that lymphatic 
routes communicating with periesophageal lymph 
nodes generally originate from the intermuscular area 
of the muscularis propria and connections between the 
submucosal and intermuscular areas do not exist. Thus, 
once the primary tumor infiltrates the submucosa of the 
esophagus, the lymph node metastasis might apparently 
increase[14-16].

Pathways of esophageal 
lymphatic spreading
According to many published data, the upper media
stinal and perigastric areas are the most common areas 
for lymph node metastasis in EC. However, lymph node 
metastasis in different areas may vary with the location 
of the primary tumor[17,18].

For upper thoracic EC, tumor cells usually spread 
upwards to upper mediastinal and cervical nodes. As 
for middle thoracic EC, lymphatic flow drains primarily 
both up and down into the cervical, upper mediastinal, 
periesophageal and perigastric nodes. With regard 
to lower thoracic EC, the perigastric area is the most 
important[17,18]. Another study of endoscopic injection of 
technetium-labeled rhenium colloid into the esophageal 
wall also demonstrated that lymphatic flow of the upper 
and middle third of the esophagus drains mainly to 
the neck and upper mediastinum, with the lower third 
draining mainly into the abdomen[19]. These studies 
generally reach a consensus.

On the other hand, Akiyama et al[20] showed that 
the frequency of cervical and upper mediastinal lymph 
node metastasis, including recurrent laryngeal nerve 
chains, was 46.3% in cases of thoracic EC. Shiozaki 
et al[21] reported that the rates of cervical lymph node 
metastasis with positive recurrent laryngeal nerve 
nodes was 22.2%, 51.9% and 50.0% in upper, middle 
and lower third thoracic EC, respectively. The rate of 
the recurrent laryngeal nerve lymph node metastasis 
with positive cervical lymph nodes was 51.2%, in 
contrast to 13.9% of patients with negative cervical 
nodes[22]. Tabira et al[23] demonstrated that the 5 years 
survival was 21% with recurrent laryngeal nerve nodes 
metastasis, in contrast to 47% with negative recurrent 
nerve nodes. Therefore, it is generally accepted that 
recurrent laryngeal nerve chain nodes, especially the 
right side, should be intensively dissected in surgery for 
EC to improve survival, regardless of the location of the 
tumor[20-24].

In addition to the location, the tumor histological 
type and invasion depth may be worth considering, 
well known as influencing factors on the prognosis for
EC[25-29]. In contrast to esophageal squamous cell carcino
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ma with lymphatic spreading more widely, the lymphatic 
flow of esophageal adenocarcinoma is primarily into 
the lower posterior mediastinum, the pericardial 
region and along the lesser gastric curvature. Distant 
metastasis is rarely found[28,30]. Based on the anatomical 
lymphatic drainage system, lymph node metastasis 
in EC is usually present in the upper mediastinum 
and perigastric area, known as skip metastasis, with 
the tumor not penetrating through the submucosa. If 
the tumor reaches the muscularis propria, the rate of 
periesophageal lymph node metastasis will increase 
rapidly for the middle and lower thirds of the media
stinum[18].

Lymphadenectomy For EC
Lymph node metastasis is the most important pro
gnostic factor in EC and the number of metastatic 
nodes is closely related to survival. More and more 
studies have reported that the number of positive nodes 
independently determines survival rather than the 
area of metastatic lymph node in EC[5,31-35]. Tachimori 
et al[18] showed that the overall postoperative survival 
did not differ between the areas of metastatic lymph 
nodes. According to their multivariate analyses, the 
number of metastatic nodes was the most predictive 
factor for survival, not the area. Similarly, Zhang et al[31] 
reported that the number of metastatic lymph nodes 
was significantly associated with survival for esophageal 
squamous cell carcinoma. The 5 years survival rates of 
patients with none, one and two or more positive lymph 
nodes were 59.8%, 33.4% and 9.4%, respectively. 
Therefore, the 7th edition of the TNM staging system 
identified the number of metastatic lymph nodes for N 
stage in EC[6]. Apparently, the more lymph nodes are 
dissected, the lower the possibility of missing positive 
lymph nodes. The 7th edition also intensively requested 
that at least twelve lymph nodes should be removed for 
an accurate and reliable N classification in EC on account 
of several detailed research outcomes[36,37]. However, 
only considering the number regardless of the area of 
metastatic lymph nodes is not enough. For the same 
number of positive lymph nodes, the prognosis between 
one and more distribution areas is different[38,39].

Considering both outcome of lymphadenectomy and 
perioperative complications, the controversy about the 
extent of lymphadenectomy for EC has developed: Two 
or three-field?

The three-field lymphadenectomy was initiated in 
Japan. According to a prospective randomized trial, 
high neck recurrence rates in patients with esophageal 
squamous cell cancer were reported, suggesting that 
it was necessary to add neck dissection[40]. After that, 
it was known that lymph from the upper third of the 
esophagus mainly flows upwards to the superior medias
tinum and neck, whereas lymph from the middle and 
lower third of the esophagus flows downwards via 
the mid and inferior mediastinum to the left gastric 
and celiac nodes[41]. A nationwide study showed that 

the rate of lymph node metastasis was significantly 
increased with adding cervical dissection of three-
field lymphadenectomy (58.7% of two-field vs 72.9% 
of three-field). Moreover, not only the rate of cervical 
nodes metastasis, but also the rate of mediastinal nodes 
metastasis was evidently increased[42]. Meanwhile, 
Lerut et al[8] showed that the overall morbidity was 
58%, 5 years disease-free survival was 46.3% and 
5 years overall survival was 41.9% after three-field 
lymphadenectomy. Other research reported that the 5 
years survival rate after three-field dissection was in the 
range of 40%-50%[42,43]. However, some demonstrated 
that no survival benefit was found in patients undergoing 
cervical nodal dissection compared to esophagectomy 
with three-field vs two-field lymphadenectomy[44]. 
Several recent meta-analyses suggested a priority of 
three-field lymphadenectomy for EC, especially for 
tumors with lymph node metastasis. However, the 
incidence of complications such as anastomotic leakage 
and recurrent laryngeal nerve palsy increased following 
three-field lymphadenectomy[45,46].

CONCLUSION
Lymph node metastasis is a key factor that affects both 
surgical treatment and prognosis in patients with EC. 
Thus, reasonable lymphadenectomy becomes very 
important, offering a better treatment outcome and 
accurate staging. However, lymphatic channels within 
the esophagus are very complex, resulting in variable 
lymphatic spread and skip metastases in EC. Generally, 
upper mediastinal and perigastric areas are worth more 
consideration. Based on current studies, it seems that 
three-field lymphadenectomy for EC is being gradually 
accepted by more and more people, with more extensive 
lymphadenectomy and higher survival. However, there 
are more postoperative complications in three-field 
lymphadenectomy compared to two-field. Therefore, 
more studies have recently focused on identifying 
optimal patients for each pattern of lymphadenectomy. 
Considering complications, tumor stage and lymphatic 
spreading of the esophagus, limiting factors in the 
application of three-field lymphadenectomy, may 
be a poor physical condition, systemic disease stage 
and lower mediastinal, including the esophagogastric 
junction, carcinoma of the esophagus. Although more 
strict clinical trials are needed to compare two and 
three-field lymphadenectomy, it is essential to attempt 
to decrease surgical traumatic injury of esophagectomy 
with lymphadenectomy while ensuring the extent of 
lymph node dissection in EC.
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METHODS: A systematic review was performed using 
MEDLINE for the time period of 2008 to December 2014 
to retrieve all relevant literature. The search terms were 
“laparoscopy”, “single incision”, “single port”, “single 
site”, “SILS”, “LESS” and “colorectal cancer”. Publications 
were included if they were randomized controlled 
trials, case-matched controlled studies, or comparative 
studies, in which patients underwent single-incision 
(SILS or LESS) laparoscopic colorectal surgery. Studies 
were excluded if they were non-comparative, or not 
including surgery involving the colon or rectum. A total 
of 15 studies with 589 patients who underwent SILC for 
colorectal cancer were selected.

RESULTS: No significant differences between the 
groups were noted in terms of mortality or morbidity. 
The benefit of the SILC approach included reduction 
in conversion rate to laparotomy, but there were 
no significant differences in other short-term clinical 
outcomes between the groups. Satisfactory oncological 
surgical quality was also demonstrated for SILC for the 
treatment of colorectal cancer with a similar average 
lymph node harvest and proximal and distal resection 
margin length as multiport CLC. 

CONCLUSION: SILC can be performed safely with 
similar short-term clinical and oncological outcomes as 
multiport CLC.

Key words: Single-incision laparoscopic surgery; Single-
incision laparoscopic colectomy; Colorectal cancer
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for colorectal cancer were selected. No significant 
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Abstract 
AIM: To determine the effect of single-incision 
laparoscopic colectomy (SILC) for colorectal cancer 
on short-term clinical and oncological outcomes by 
comparison with multiport conventional laparoscopic 
colectomy (CLC). 
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short-term clinical and oncological outcomes, but there 
was a reduction in the conversion rate to laparotomy 
in the SILC group. We concluded that SILC can be 
performed safely with similar short-term clinical and 
oncological outcomes as multiport CLC.

Hirano Y, Hattori M, Douden K, Ishiyama Y, Hashizume Y. 
Single-incision laparoscopic surgery for colorectal cancer. World 
J Gastrointest Surg 2016; 8(1): 95-100  Available from: URL: 
http://www.wjgnet.com/1948-9366/full/v8/i1/95.htm  DOI: 
http://dx.doi.org/10.4240/wjgs.v8.i1.95

INTRODUCTION
Many surgeons have attempted to reduce the number 
and size of ports used in laparoscopic surgery in order 
to decrease parietal trauma and improve cosmetic 
results, and single-incision laparoscopic surgery (SILS), 
in which the laparoscopic procedures are completed 
using trocars placed in a single umbilical incision, has 
recently been developed[1]. 

Since the oncologic safety of laparoscopic colectomy 
in cancer patients has been proven in randomized 
trials[2], laparoscopic surgery has steadily become a safe 
and practical treatment option for these patients, even 
those with malignant disease of the colon and rectum. 

Single-incision laparoscopic colectomy (SILC) is a 
challenging procedure. Although it seems to be safe 
and feasible, there is insufficient clinical evidence to 
confirm this. Moreover, it is unclear whether SILC is able 
to achieve satisfactory oncologic results in colorectal 
cancer patients compared to multiport conventional 
laparoscopic colectomy (CLC). 

The aim of this systematic review is to compare the 
short-term clinical and oncological outcomes following 
SILC and multiport CLC. 

MATERIALS AND METHODS
Data search
An electronic search was performed using MEDLINE 
databases from 1966 to 2014. The search terms 
were “laparoscopy”, “single incision”, “single port”, 
“single site”, “SILS”, “LESS”, and “colorectal cancer”. 
The authors performed the electronic searches in 
December 2014. Publications were included if they were 
randomized controlled trials, case-matched controlled 
studies, or comparative studies, in which patients 
underwent single-incision (SILS or LESS) laparoscopic 
colorectal surgery. Studies were excluded if they were 
non-comparative, or not including surgery involving the 
colon or rectum. 

Articles were selected if the abstract contained data 
on patients who underwent SILC for colorectal diseases 
in the form of randomized controlled trials (RCTs) and 
other controlled or comparative studies. Conference 
abstracts were excluded. To avoid duplication of data, 

articles from the same unit or hospital were excluded. 
Reports including benign colorectal diseases or reports 
with fewer than 10 cases of SILC and review articles 
were excluded from this study. Data extracted for this 
study were taken from published reports, and authors 
were not contacted to obtain additional information. 
The flow chart of the selection process is summarized in 
Figure 1.

Results of the literature research
By using the above search strategy, a total of 162 
potentially relevant citations were found. After the 
exception of 125 duplicate citations, we excluded 
86 articles irrelevant to the surgical specialty and 26 
relevant articles by reviewing titles and abstracts. 
Fourteen publications were selected for review of the 
full text[3-17] and 11 articles including benign colorectal 
diseases were excluded from this study. There were 13 
comparative studies, including 5 case-matched ones, 
between SILC and conventional laparoscopic procedures. 
There were two RCTs in the selected literature[10,11].

RESULTS
The literature search identified one randomized contro­
lled trial and 13 cased-matched control or comparative 
studies[3-17]. In total, 1559 colorectal resections were 
included, 589 by SILC and 970 by CLC. Table 1 describes 
basic demographic data from each study, including 
patient age, male-female ratio, body mass index, and 
colorectal surgical procedure breakdown (right, left, or 
total). There were no differences in patient characteristics 
in all studies. 

The incidence of postoperative mortality was 
reported in 13 studies, 0% and 0.11% in the SILC and 
CLC groups, respectively. The incidence of postoperative 
morbidity was reported in 14 studies, 15.1% and 18.1% 
in the SILC and CLC groups, respectively. 

The average operative time was described in 14 
of the included studies. Takemasa et al[16], in their 
case-matched series, reported that operation time 
was significantly shorter in the group treated by right-
sided SILC (n = 69) than in the group treated by 
right-sided CLC (n = 69) (168 ± 32 min vs 179 ± 32 
min, respectively, P = 0.046). The average estimated 
blood loss was described in 14 studies; there were no 
significant differences in all reports.

Thirteen studies described conversion to open 
surgery, which was 0.92% in the SILC group and 
3.04% in the CLC group. An additional 13.3% of SILC 
procedures required the insertion of an additional port 
to allow completion of the operation (Table 2).

Fourteen studies reported the average length of 
hospital stay. Poon et al[11] reported that the median 
hospital stay in the SILC group was shorter than that in 
the CLC group in their study.

Poon et al[11] found that the SILC group had a 
consistently lower median pain score than the CLC 
group during the whole postoperative course, and the 

96 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

Hirano Y et al . Single-incision laparoscopic surgery for CC



difference was statistically significant on day 1 [0 (0-5) 
vs 3 (0-6), respectively, P = 0.002] and day 2 [0 (0-3) 
vs 2 (0-8), respectively, P = 0.014]. Takemasa et al[16] 
also revealed that postoperative pain was significantly 
lower with SILC than that with CLC in their case-
matched study (4.2 ± 2.7 vs 5.1 ± 3.3, respectively, P 
= 0.01). Lu et al[9], however, reported that postopera
tive pain scores were significantly higher in the SILC 
group than those in the CLC group (3.07 ± 1.14 vs 2.41 
± 0.63, respectively, P < 0.001).

Kim et al[3] showed that postoperative recovery 
was faster in the SILC group in terms of shorter time 
duration before first flatus (SILC vs CLC; 2.5 ± 1.2 d 

vs 3.2 ± 1.8 d, P = 0.004), earlier initiation of free oral 
fluids (1.8 ± 2.2 d vs 2.6 ± 1.7 d, P = 0.000) and of a 
solid diet (4.2 ± 2.9 d vs 6.5 ± 2.7 d, P = 0.000), less 
frequent usage of parenteral narcotics (2.2 ± 3.2 times 
vs 3.5 ± 4.0 times, P = 0.029), and shorter hospital 
stay (9.6 ± 9.6 d vs 15.5 ± 9.8 d, P = 0.000) (Table 3).

With regard to oncologic clearance, 14 studies 
reported average lymph node harvest. The length of 
proximal resection margin was reported in 7 studies, 
and that of distal was reported in 8 studies. The mean 
number of harvested lymph nodes and proximal and 
distal resection margins did not differ significantly 
between the two groups. Papaconstantinou et al[5] 
reported that the mean follow-ups were 13 and 21 mo 
for the SILC and CLC groups, respectively (P < 0.001), 
with 2 (8%) recurrences in each group, and no port-
site recurrences or deaths. Disease-free survival at 1 
year was 92% for both groups. Yun et al[15] reported 
that the mean follow-up periods were 24.5 mo for the 
SILC group and 26.4 mo for the CLC group (P = 0.098), 
with 6 recurrences in the SILC group (9.1%) and 3 
recurrences in the CLC group (3.2%) (P = 0.120). One 
death occurred in the CLC group. Disease-free survival 
at 24 mo did not differ significantly between the 2 
groups (89.7% vs 96.3%, P = 0.120) (Table 4). 

DISCUSSION
Natural orifice transluminal endoscopic surgery (NOTES) 
has recently been developed as a new less invasive type 
of surgery; however, NOTES is technically challenging, 
and the currently available instruments need to be 
improved. As a bridge between traditional laparoscopic 
surgery and NOTES, SILS was developed to further 
minimize the invasiveness of laparoscopic surgery by 
reducing the number of incisions required. SILS can be 
performed by refining existing technology, and it does 
not require the surgeon to learn any new skills. 
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162 studies identified from
initial search

125 duplicate records and
records excluded after
review of titles and abstracts

37 studies selected based on
abstract and title search for
full text article assessment

11 full text articles excluded as
irrelevant to surgical specialty

11 studies excluded as including
benign colorectal diseases

15 studies eligible in this review

26 full text articles reviewed

Figure 1  Flow chart of the selection process for studies included in the 
systematic review.
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Table 1  Patient demographics

Year First author Number of patients Age (yr) Gender Body mass index (kg/m2) Operative procedure
SILC CLC SILC CLC SILC CLC SILC CLC SILC CLC

Male Female Male Female Right Left Right Left
2011 Kim SJ   73 106    65   63 - - - -    22.7    25.6 20 26 28 67
2011 McNally ME   27   46    67   73 13   21 13   21 27 26 14   8 35   8
2011 Papaconstantinou HT   26   26    65   66 11   11 11   11 28 28 19   4 19   4
2012 Curro G   10   10    60   59   4     3   4     3 25 26 10   0 10   0
2012 Egi H   10   10 68.5   68   4     4   4     4    22.5    21.9 10   0 10   0
2012 Fujii S   23   23 63.9   65.2 10   13 10   13    21.6    22.9   9 14   9 14
2012 Huscher CG   16   16    70   70 - - - - - -   8   8   6 10
2012 Lu CC   27   68  60.26 64.29 16   36 16   36 - -   8 18 16 45
2012 Poon JT   25   25    67   67 14   18 14   18    23.3    23.6   8 17   9 16
2013 Kwag SJ   24   48 59.5   59   9   18   9   18    24.4 24   0 24   0 48
2013 Mynster T   18   36    70   73   8   16   8   16 24 24   7 11 14 22
2013 Pedraza R   50   50 64.6   66.3 25   27 25   27    27.2 31 33 14 33 14
2013 Yun JA   66   93    61   59 33   55 33   55      23.82      24.23 66   0 93   0
2014 Takemasa I 150 150 64.3   65.5 75   71 75   71    21.7    22.4 69 81 69 81
2014 Lim SW   44 263 63.9   63.8 28 170 28 170    23.7    23.8 11 15 15 82

Total 589 970 - -    250 463   250 463 - -   292   240   366  411

SILC: Single-incision laparoscopic colectomy; CLC: Conventional laparoscopic colectomy.
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Table 3  Other short-term clinical outcomes

First author Operative time (min) Estimated blood loss (mL) Length of hospital stay (d)

SILC CLC SILC CLC SILC CLC
Kim SJ 274 254         282        418    9.6  15.5
McNally ME 114 135 50 50 3 5
Papaconstantinou HT 144 144 57 87    3.6 5
Curro G 170 160 35 50 6 6
Egi H 192 222 48    51.5 8  10.5
Fujii S 174 179   9        109    8.2  12.7
Huscher CG 147 129         200 - 6 7
Lu CC 180 184 35 50 7 7
Poon JT 155 124 50 80 4 5
Kwag SJ 251 237         135        144    7.1    8.1
Mynster T 167 189   0 38 3 3
Pedraza R    127.9    126.7    64.4    87.2    4.5 4
Yun JA 155 174 - - 8 9
Takemasa I 172 173 32 37    8.2    8.7
Lim SW 185    139.2    82.3    70.1    8.2    8.8

SILC: Single-incision laparoscopic colectomy; CLC: Conventional laparoscopic colectomy.

Table 4  Oncological outcomes

First author Harvested LN Proximal resection margin (cm) Distal resection margin (cm)

SILC CLC SILC CLC SILC CLC
Kim SJ    29.3    23.2 33.4 17.9 17.2          13
McNally ME 15 17 - - - -
Papaconstantinou HT 18 17   9.3   9.3 10.5   9.3
Curro G 25 24 - - - -
Egi H 15    16.5 - - - -
Fujii S    19.9    23.3   8.8   8.5   9.5   7.6
Huscher CG 18 16 - -            8            6
Lu CC - - - -            7            6
Poon JT 16 20              8              8   5.5            6
Kwag SJ    19.6    20.8 11.2 11.4   7.5   9.2
Mynster T 17 20 - - - -
Pedraza R    21.4    19.2 - - - -
Yun JA 24 27 14.4            15 16.6 15.8
Takemasa I    22.2    22.4 - - - -
Lim SW    23.2    27.4 10.5 11.2 6.6   5.5

SILC: Single-incision laparoscopic colectomy; CLC: Conventional laparoscopic colectomy.

Table 2  Postoperative mortality, morbidity, conversion rate and additional port insertion rate  n  (%)

First author Mortality Morbidity Conversion to open procedure Additional port insertion 

SILC CLC SILC CLC SILC CLC SILC
Kim SJ 0 1 (1.37) 23 (31.5)    39 (36.8) 1 (1.36)   3 (2.83) -
McNally ME 0 0   5 (18.5)    16 (34.8) 0   6 (13.0)     5 (18.5)
Papaconstantinou HT - - - - 0 1 (7.7)     3 (11.5)
Curro G 0 0   2 (20.0)   1 (10) 0 0 -
Egi H 0 0 0 0 0             1 (10) -
Fujii S 0 0   3 (13.0)      5 (21.7) 0   1 (4.35) -
Huscher CG 0 0   3 (18.8)      5 (31.3) 0 0   1 (6.3)
Lu CC 0 0 2 (7.4)      3 (4.41) - - -
Poon JT 0 0   4 (16.0)   3 (12) 0 0 -
Kwag SJ 0 0   2 (8.33)      4 (8.33) 0 0     7 (29.2)
Mynster T 0 0   3 (16.7)      6 (16.7) 1 (5.56)   4 (11.1)     3 (16.7)
Pedraza R - -   7 (14.0) 4 (8) 0             1 (4)     5 (27.8)
Yun JA 0 0   6 (9.09)    14 (15.1) 1 (1.52)   5 (5.37) -
Takemasa I 0 0 18 (12.0)    25 (16.7) 2 (1.33)   5 (3.33) 12 (8.0)
Lim SW 0 0   7 (15.9)    46 (17.5) 0 0   10 (22.7)
Total 0 1 (0.11) 85 (15.1)  171 (18.1) 5 (0.89) 27 (2.99)   46 (13.0)

SILC: Single-incision laparoscopic colectomy; CLC: Conventional laparoscopic colectomy.
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SILC for colon cancer was first described by Bucher 
et al[18] and Remzi et al[19] in 2008. Although many 
authors have reported that SILC provides a better 
cosmetic result with similar perioperative results, the 
procedure remains somewhat controversial. Several 
studies of SILC were designed to include both cancerous 
and noncancerous lesions, such as adenoma, diver
ticulitis, and inflammatory disease. The aim of this 
review of 14 studies was to compare short-term clinical 
and oncological outcomes from SILC with those of CLC 
only for colorectal cancer. 

The major findings of the analysis showed no 
significant differences between the groups in terms of 
mortality or morbidity. Operative time was also similar 
between the groups. The benefits of a minimally 
invasive approach were enhanced within the SILC group 
as reflected by a reduction in estimated blood loss and 
length of hospital stay. The incidence of conversion 
to an open procedure was also significantly reduced 
in the SILC group (SILC 0.92% vs CLC 3.04%, P = 
0.016); however, 13.3% of SILC procedures required 
the insertion of an additional port to allow completion 
of the operation. The oncological safety of SILC for the 
treatment of colorectal cancer, as evidenced by similar 
average lymph node harvest as well as proximal and 
distal resection margin length, was comparable to that 
of CLC.

The patient populations for both groups were 
similar in terms of age, body mass index, and right 
vs left colorectal procedures. However, male gender 
was significantly less in the SILC group, which implies 
a degree of selection bias may have been present in 
the studies included and thus represents a significant 
confounder in the interpretation of the short-term 
outcomes presented. 

Reduction of postoperative pain is an important 
benefit associated with a minimally invasive approach to 
surgery. The transition from an open to a laparoscopic 
procedure was revolutionary and associated with large 
improvements in postoperative pain. Although Poon et 
al[11] and Takemasa et al[16] revealed reduction of pain 
scores following SILC compared to CLC in their studies, 
the evolution from a conventional multiport laparoscopic 
approach to a single-incision technique is less dramatic 
and may only result in incremental improvements in 
postoperative pain.

The oncological surgical quality of a SILC approach 
was demonstrated by a similar average lymph node 
harvest and proximal and distal resection margins 
compared to those of CLC. With regards to survival, 
Papaconstantinou et al[5] reported that the mean follow-
ups were 13 and 21 mo for the SILC and CLC groups, 
respectively, and that the recurrence rates and disease-
free survivals (DFSs) at 1 year were equivalent in both 
groups. Yun et al[15] showed that the mean follow-up 
periods were 24.5 mo for the SILC group and 26.4 mo 
for the CLC group, and that the recurrence rates and 
DFSs at 2 years did not differ significantly between the 
two groups. Comparison of long-term survival follow

ing SILC and CLC for colorectal cancer is clearly an 
important area for future research.

Despite this present review being the largest 
analysis on comparison between SILC and CLC for 
colorectal cancer to date, there are important limitations 
that must be acknowledged. Currently, only 2 RCTs 
have been published on this subject, and therefore, 
important confounding factors, including patient medical 
comorbidities, may not be evenly distributed between the 
groups, thus influencing the results generated. Further­
more, there was a wide range in surgical techniques and 
devices used that were included in the SILC group. 

In conclusion, SILC for colorectal cancer can be 
performed safely with similar short-term clinical and 
oncological surgical outcomes to multiport CLC. In the 
future, RCTs with a large number of cases are necessary 
to determine the role of SILC in long-term clinical and 
oncological outcomes.
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SILC for colorectal cancer can be performed safely with similar short-term 
clinical and oncological surgical outcomes to multiport CLC. In the future, 
randomized controlled trials with a large number of cases are necessary to 
determine the role of SILC in long-term clinical and oncological outcomes.

Peer-review
The article is very interesting and good enough, focused details are well 
described and may show a step forward in the field of minimally invasive surgery.
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Abstract
Sensitized patients tend to have longer waiting times 
on the deceased donor list and are at increased risk of 
graft loss from acute or chronic rejection compared to 
non-sensitized candidates. Desensitization protocols are 
utilized to decrease the levels of alloantibodies and to 
convert an initial positive cross-match to prospective 
donors into a negative crossmatch. These procedures 
are mostly available in the setting of living donation. Due 
to the elective nature of the procedure, desensitization 
protocols can be extended until the desire result is 
obtained prior to transplantation. We present two cases 
of successful desensitization protocol applied to living 
donor intestinal transplant candidates that converted 
to negative cross-match to their donors. We present 
two cases of intestinal transplant candidates with a 
potential living donor to whom they are sensitized. 
Both cases underwent successful transplantation after 
desensitization protocol. No evidence of humoral 
rejection has occurred in either recipient. Living donor 
intestinal transplantation in sensitized recipients against 
the prospective donors provides the ability to implement 
a desensitization protocol to convert to negative cross-
match.

Key words: Living donor; Positive crossmatch; Intestinal 
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Core tip: Intestinal transplant candidates are frequently 
sensitized and waiting longer on the list. Living donation 
of intestine has been successful and allows for time to 
immunologically prepare sensitized recipient prior to 
transplant to achieve higher degree of success.

Garcia-Roca R, Tzvetanov IG, Jeon H, Hetterman E, Oberholzer 
J, Benedetti E. Successful living donor intestinal transplantation 
in cross-match positive recipients: Initial experience. World J 
Gastrointest Surg 2016; 8(1): 101-105  Available from: URL: 
http://www.wjgnet.com/1948-9366/full/v8/i1/101.htm  DOI: 
http://dx.doi.org/10.4240/wjgs.v8.i1.101

INTRODUCTION
Allosensitization represents a common problem for 
patients awaiting small bowel transplantation. In 
this patient population, allosensitization occurs often 
consequent to multiple blood transfusions administrated 
during complex abdominal procedure, eventually leading 
to short bowel syndrome. 

The presence of donor specific antibodies to the 
human leukocyte antigens (HLA) antibodies augments 
the risk of either acute or chronic immune mediated 
graft loss[1]. In kidney transplantation, removing anti-
HLA antibodies by a combination of plasmapheresis, 
immunoglobulins (IVIG) and immunosuppression have 
been successfully applied to prevent antibody-mediated 
rejection (AMR). However, this approach can logistically 
only be applied in the context of elective living donor 
transplantation. 

Outcomes after living donor small bowel trans
plantation in experienced centers are comparable to 
those obtained with cadaver grafts[2]. The elective 
nature of living donor intestinal transplantation offers 
the opportunity for the use of desensitization protocols 
in highly sensitized patients. Herein, we present the 
first report of two successful small bowel transplants 
after desensitization protocol in recipients with a positive 
cross-match (CM) to their prospective living donors.

CASE REPORT
Case one
A 13-year-old Caucasian male was diagnosed of pseudo-
papillary tumor of the head of the pancreas with 
vascular encasing of portal vein and superior mesenteric 
artery. He underwent a Whipple procedure with vascular 
resection and reconstruction. Twelve months later, the 
patient presented with acute bowel ischemia secondary 
to superior mesenteric artery thrombosis and underwent 

nearly total enterectomy and extended right colectomy. 
The patient was placed on total parenteral nutrition (TPN) 
as he was left with less than 5 cm of intestine. Given the 
young age of the patient and the high sensitization we 
suggested living donor small bowel transplant.

The other of the patient, 36-year-old in perfect health 
without previous abdominal surgeries, volunteered as a 
potential donor for intestinal transplantation. The donor 
evaluation process was carried out according to our 
standard protocol previously reported[3]. 

Due to the multiple blood transfusions required 
during the events leading to transplantation, his Panel 
Reactive Antibodies (PRA) was 67% for class Ⅰ and 
100% for class Ⅱ. He had strong donor specific 
antibodies (DSA) at locus A × 11:01 (MFI = 7359). The 
initial CM was positive by flow cytometry technique with 
pronase treatment at + 55 channel shifts for T cell and + 
40 for B cell (negative CM less than + 17 channel shift); 
the standard cytotoxic CM was negative. The patient 
underwent seven plasma exchange treatments before 
the planned transplant procedure, each followed by IVIG 
at the dose of 100 mg/kg. The final flow cytometry CM 
remained weakly positive, with + 19 channel shifts for 
T cell and + 23 channel shift for B cell; the standard CM 
stayed negative. At the time of transplant our recipient 
was 36.7 kg (the 10th percentile in the growth chart) 
and fully dependent on total parenteral nutrition. The 
transplant event was successful; the 180 cm ileal graft 
was revascularized through anastomosis to the aorta 
and the vena cava. Proximally, the bowel graft was 
anastomosed to the stomach and distally to the residual 
colon; a loop ileostomy was created for graft monitoring.

Induction immunosuppression consisted of methyl
prednisolone taper along with of five doses of thymo
globulin (100 mg/kg) and 5 plasmapheresis treatments 
every other day followed by IVIG (125 mg/kg based 
on ideal body weight) on alternative days. He was 
closely monitored with ileoscopy and graft biopsy for 
surveillance of rejection weekly for a month, biweekly 
for another 2 mo and monthly thereafter. There was 
no evidence of rejection in any of the biopsies over two 
years follow-up. 

Two months post-transplant, his course was compli
cated by an Epstein barr virus positive post-transplant 
lymphoprolipherative disorder (PTLD) involving lymph 
nodes in both sides of the diaphragm. He was successfully 
treated with reduction of immunosuppression, antiviral 
therapy, Rituximab (375 mg/m2) weekly for total of 6 
doses and Cytoxan (600 mg/m2) every 21 d for a total of 
6 doses.

Nine months after transplant, he had successful 
ileostomy reversal and his TPN was completely dis
continued. He is currently fully supported by unrestricted 
oral diet and his most recent weight is 51.7 kg (the 
18th percentile of his peers) at 2 years follow up; he 
remains in remission from PTLD. His maintenance 
immunosuppression consists of prednisone 5 mg daily 
and low dose Tacrolimus with target levels of 4-6 ng/mL.
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Case two
A 56-year-old Caucasian female with history of sclero
derma complicated by intestinal pseudo-obstruction, 
underwent several intestinal resections and diverting 
ileostomy. Unfortunately, an injury to the superior 
mesenteric vessels occurred during one of the surgical 
procedures, resulting in near total enterectomy and 
extended right colectomy. At the time of presentation to 
our center, she was TPN-dependent for 6 mo, with high 
output tube duodenostomy; she was underweight at 
42.2 kg with a body mass index (BMI) of 17 kg/m2. 

Her daughter, a healthy 36-year-old female ABO 
compatible, with a BMI of 24 kg/m2, volunteered as a 
potential donor. The recipient was sensitized with a PRA 
class Ⅰ 80% and class Ⅱ 26%; no DSAs were identified. 
While the standard cytotoxic CM was negative, the 
flow cytometry CM was negative for T cell but positive 
for B cell with + 69 channel shifts. Desensitization was 
conducted by three plasma exchange treatments prior 
to transplant followed by IVIG, obtaining a completely 
negative flow cytometry and standard CM at the time of 
transplant. 

A donor ileal graft of 190 cm was transplanted 
successfully in the recipient with our standard technique. 
Thymoglobulin (3 mg/kg) was given intraoperative and 
followed by three more doses (1.5 mg/kg) on alternate 
days to plasmapheresis; Tacrolimus was initiated the 
day prior to procedure with rapid taper of steroids 
to 10 mg daily by post-operative day 5. Endoscopic 
surveillance at previously described intervals during the 
initial 6 mo follow up revealed no evidence of rejection. 
The patient has had successful ileostomy reversal at 
6 mo and is tolerating oral intake; she is no longer on 
supplemental TPN. 

DISCUSSION
Small bowel transplantation is an accepted treatment 
for patient with irreversible intestinal failure with life-
threatening complications of TPN. At the end of 2014, 
there were approximately 250 patients listed for bowel 
transplantation in the United States. For candidates 
wait-listed in 2010, the median time to transplant was 
14.9 mo for those younger than 18 years and only 
2.8 mo for those aged 18 years or older[4]. The United 
Network of Organ Sharing does not report separately 
the waiting time on sensitized candidates for bowel 
transplantation, but experience in kidney recipients 
suggests potentially longer waiting times[5]. Importantly, 
transplant outcomes performed on recipients receiving 
total parenteral nutrition for less than one year are 
significantly better than those on TPN of a year or 
longer[6]. 

In the current literature there are limited publications 
concerning small bowel transplantation in CM positive 
recipients. While intestinal transplantation has a higher 
rejection rate than most other solid organs (42% in the 
first year)[4], antibody mediated rejection (AMR) is not 
well characterized and understood in this set of patients. 

In other solid organs, the presence of C4d staining in 
the biopsies is indicative of AMR but this may not apply 
to intestinal transplants[7].

Recently, virtual crossmatch has been successfully 
used to facilitate allocation of intestinal grafts specifically 
in the subgroup of sensitized candidates[8]. With this 
strategy, the group at Georgetown University has achi
eved 80% successful allocation with negative cross-
match in sensitized recipients compared to 86.7% in non-
sensitized, minimizing the discard rates of suitable organs 
originating out of state. However, sensitized patients with 
elevated PRA achieving a negative CM showed a survival 
disadvantage. The 1-year graft survival was lower in 
the sensitized group at 66.7% compared to 85.2% in 
the group with low PRA[8]. Although the authors did not 
observe a statistically significant difference between 
the two groups, likely due to a small sample size, the 
discrepancy is clinically concerning. The study also did 
not comment on specific therapy to reduce the levels of 
alloantibodies. 

Experience in other solid organ transplantation such 
as kidney or heart indicates that outcomes in sensitized 
recipients are inferior to those observed in non-sensitized 
patients. Sensitized patients exhibit higher rejection rates, 
lower graft and patient survival[9]. Similarly, in intestinal 
transplantation, the risk of AMR has been reported to be 
higher in sensitized recipients and in those developing 
de-novo DSA. Diagnosis of AMR should be based on 
clinical suspicion in the presence of DSA or increased 
PRA since intestinal biopsy may not be conclusive[10,11]. 
Independent risk factors for worse outcomes in intestinal 
transplantation are: recipient PRA more than 20%, liver-
sparing grafts and absence of recipient splenectomy[12]. 
Persistence of DSA after transplantation or de-novo 
formation of DSA result in increased risk of graft loss 
due to rejection (58% and 47% respectively). The risk 
of graft loss in patients without DSA was 8% and 13% 
in those clearing DSAs after transplant. Liver containing 
grafts are immunoprotective, effectively clearing pre
formed antibodies and reducing the risk of de-novo 
formation, but the recipients with persistent DSA after 
transplantation correlated with lower graft survival 
despite the presence of the liver[13]. Additionally, the rates 
and aggressiveness of rejection are worse in isolated 
intestine vs transplant containing liver graft[14].

Contrary to these results, Kubal et al[15] recently 
reported similar 3-year survival rates in small bowel 
transplantation (67% in positive CM vs 65% in negative 
CM). The also did not found a significant difference in 
the incidence of acute rejection between liver sparing 
and liver containing grafts (30% vs 29%). Additionally, 
the use of anti-interleukin-2 antibody as part of the 
induction therapy was noted to significantly reduce the 
rate of rejection overall.

Protocols to desensitize recipients continue to evolve 
and emerging therapeutic strategies allow successful 
positive CM transplantation[16]. The application in small 
bowel transplantation is not widely reported but the use 
of Bortezomib during induction in sensitized candidates 
has been suggested[13]. Performing surveillance DSA 

103 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

Garcia-Roca R et al . Desensitization prior to positive cross-match living donor intestine transplant



104 January 27, 2016|Volume 8|Issue 1|WJGS|www.wjgnet.com

Related reports
Intestinal transplant candidates are frequently sensitized and tend to wait for 
an organ longer than non-sensitized patients. Living donation is a scheduled 
procedure allowing for desensitization protocol to be completed prior to 
transplantation. This is not available when a deceased organ is offered. 
Desensitization protocols are applied frequently for sensitized patients before 
receiving a kidney transplant from live donors. The application to prospective 
recipient of intestine is novel. 

Term explanation
Desensitization protocols can turn positive crossmatch into negative and allow 
for successful transplantation.

Experiences and lessons
This is a two cases report with limited follow up, but successful so far in both 
recipients. Post-transplant lymphoprolipherative disorder is a risk in patients 
receiving high immunosuppression as the desensitization protocol.

Peer-review
This is a manuscript that presents a valuable potential solution to the shortage 
of small bowel grafts, particularly in the setting of patients who are sensitized. 
The authors provide an interesting hypothesis for larger studies. 

REFERENCES
1	 Iyer HS, Jackson AM, Zachary AA, Montgomery RA. Trans

planting the highly sensitized patient: trials and tribulations. Curr 
Opin Nephrol Hypertens 2013; 22: 681-688 [PMID: 24076558 
DOI: 10.1097/MNH.0b013e328365b3b9]

2	 Tzvetanov IG, Oberholzer J, Benedetti E. Current status of 
living donor small bowel transplantation. Curr Opin Organ 
Transplant 2010; 15: 346-348 [PMID: 20445448 DOI: 10.1097/
MOT.0b013e3283398fa4]

3	 Testa G, Panaro F, Schena S, Holterman M, Abcarian H, Benedetti 
E. Living related small bowel transplantation: donor surgical 
technique. Ann Surg 2004; 240: 779-784 [PMID: 15492558 DOI: 
10.1097/01.sla.0000143266.59408.d7]

4	 2011 OPTN & SRTR Annual report: intestine 2011. [Cited 2014]. 
Available from: URL: http://srtr.transplant.hrsa.gov/annual_reports/2011/
pdf/04_intestine_12.pdf

5	 Bostock IC, Alberú J, Arvizu A, Hernández-Mendez EA, De-
Santiago A, González-Tableros N, López M, Castelán N, Contreras 
AG, Morales-Buenrostro LE, Gabilondo B, Vilatobá M. Probability 
of deceased donor kidney transplantation based on % PRA. Transpl 
Immunol 2013; 28: 154-158 [PMID: 23684945 DOI: 10.1016/
j.trim.2013.05.002]

6	 Abu-Elmagd KM, Costa G, Bond GJ, Soltys K, Sindhi R, Wu T, 
Koritsky DA, Schuster B, Martin L, Cruz RJ, Murase N, Zeevi A, 
Irish W, Ayyash MO, Matarese L, Humar A, Mazariegos G. Five 
hundred intestinal and multivisceral transplantations at a single 
center: major advances with new challenges. Ann Surg 2009; 250: 
567-581 [PMID: 19730240 DOI: 10.1097/sla.0b013e3181b67725]

7	 Troxell ML, Higgins JP, Kambham N. Evaluation of C4d staining 
in liver and small intestine allografts. Arch Pathol Lab Med 2006; 
130: 1489-1496 [PMID: 17090190]

8	 Hawksworth JS, Rosen-Bronson S, Island E, Girlanda R, Guerra 
JF, Valdiconza C, Kishiyama K, Christensen KD, Kozlowski S, 
Kaufman S, Little C, Shetty K, Laurin J, Satoskar R, Kallakury 
B, Fishbein TM, Matsumoto CS. Successful isolated intestinal 
transplantation in sensitized recipients with the use of virtual 
crossmatching. Am J Transplant 2012; 12 Suppl 4: S33-S42 [PMID: 
22947089 DOI: 10.1111/j.1600-6143.2012.04238.x]

9	 Lim WH, Chapman JR, Wong G. Peak panel reactive antibody, 
cancer, graft, and patient outcomes in kidney transplant recipients. 
Transplantation 2015; 99: 1043-1050 [PMID: 25539466 DOI: 
10.1097/TP.0000000000000469]

10	 de Serre NP, Canioni D, Lacaille F, Talbotec C, Dion D, Brousse N, 
Goulet O. Evaluation of c4d deposition and circulating antibody in 
small bowel transplantation. Am J Transplant 2008; 8: 1290-1296 

to identify patients at risk, especially those without a 
concomitant liver, and rapidly initiate treatment with 
a combination of plasmapheresis, IVIG may optimize 
outcomes[17,18]. The use of Bortezomib to treat resistant 
rejection was successful in one case report[19]. 

The only Desensitization protocol reported in wait list 
candidates to intestinal transplantation used escalating 
doses of IVIG according to the level of response in 
reducing the PRA level and included plasmapheresis 
or mycophenolate mofetil as the final step. The rate 
of rejection was found to be similar to non-sensitized 
recipients and the waiting time was also reduced on 
patients responding to the protocol[20]. 

Our center is experienced in living donor small bowel 
transplantation and the elective nature of the procedure 
offers several advantages, especially in the sensiti
zed candidates. We can optimize the immunological 
condition prior to transplantation with current desen
sitization protocols existing in other solid organs, mostly 
in kidney transplantation. As noted before, the risk 
antibody mediated rejection is increased in patients with 
elevated PRA, de-novo DSA formation and those with 
positive B cell CM. We realize that the CM was weak 
prior to desensitization, especially in the second case, 
and resulted in easier conversion to a negative CN. The 
one-year follow-up on both patients without rejection 
episodes are encouraging and suggest that pretransplant 
plasmapheresis may effectively prevent humoral 
rejection in sensitized intestinal transplant recipients. 
We acknowledge this is a very short follow and follow up 
DSA surveillance studies may be necessary to confirm 
the success of this protocol.

In conclusion, living donation offers the possibility to 
initiate therapy to optimize the immunological condition 
at the time of transplant, converting to a negative 
CM sensitized intestinal transplant recipients to their 
prospective donors. 

COMMENTS
Case characteristics
Two patients with short bowel syndrome treated with living donor intestine 
transplantation.

Clinical diagnosis
Both cases present highly sensitized making their chances for a deceased 
donor transplant unlikely.

Differential diagnosis
Sensitization can be from autoantibodies or atypical antibodies and not 
identified in by donor specific antibodies (DSA) studies.

Laboratory diagnosis 
Cross-match and DSA studies performed. 

Pathological diagnosis
Biopsies taken from the intestinal mucosa were normal. 

Treatment
They underwent desensitization protocol and elective intestine transplant.
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