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Chapter 1
Introduction

Kristen Donohue and Craig Rezac

This text sets out to describe the many indications for and benefits of minimally 
invasive surgery (MIS) for the GI tract. This is by no means an exhaustive reference 
but meant to serve as an informative guide to appropriate patient selection and refer-
rals. Minimally invasive surgery is often requested by patients, and we hope that this 
text serves as a reference for which patients would be candidates, what type of 
recovery and limitations to expect, as well as contraindications for minimally inva-
sive approaches. We will briefly discuss the history and evolution of minimally 
invasive techniques. The general benefits of minimally invasive approaches will be 
referenced, and we will delve into more detail within individual chapters with regard 
to specific procedure types. Finally, there are many new and exciting tools on the 
horizon, and we will touch upon the future of minimally invasive GI surgery.

 A Brief History of Minimally Invasive Surgery

Minimally invasive surgery has come a long way from its origins. Hippocrates first 
mentioned a rectal speculum circa the year 400 BC; however, modern endoscopy 
was not used for patient care until the mid-1800s [1]. The first mention of entering 
full body cavities with a light source was by Jacobaeus in 1910. He coined the term 
“laparothorakoskopie” with examinations of both the thorax and abdomen [1]. 
Minimally invasive surgery as we see it today really began to take off in the 1980s, 
and there has been tremendous growth within the field in the last 30 years.
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The first laparoscopic appendectomy was performed by German gynecologist 
Dr. Kurt Semm in 1981 [2], and the first laparoscopic cholecystectomy was reported 
in 1987 by French surgeon Dr. Philippe Mouret [3]. This technique quickly spread 
from Europe to North America. In 1992 the US National Institutes of Health con-
vened a Consensus Development Conference on Laparoscopic Cholecystectomy 
which estimated that about 80% of cholecystectomies were already being performed 
this way [4]. Today laparoscopy is used to treat innumerable intraabdominal pathol-
ogies of which appendicitis and gallstones are only the beginning.

Furthermore, robotic surgery is one of the more recent advancements in mini-
mally invasive surgical technique. The first robot-assisted procedure was done in 
orthopedics in 1983 [5]. The use of robotics spread rapidly to urology and other 
pelvic procedures. The first FDA-approved use of robotics for general surgery was 
in 1993 by Yulin Wang [5]. Over time, different robotic platforms have been devel-
oped. Remote surgery is one additional potential benefit of robotics. Jacques 
Marescaux performed a robot-assisted cholecystectomy in 2001 on a patient in 
Strasbourg, France, 4000 km away from the surgeon in New York [5]. Today robot-
ics is utilized by many different surgical subspecialties and has expanded from these 
initial uses to include thoracic and cardiac surgery and even ENT. This work will 
focus on GI surgery including hernias, gallbladder, liver, pancreas, and intestine.

 Potential Benefits of MIS

One of the greatest factors in growth for minimally invasive surgery has been patient 
interest and request. There are numerous benefits of minimally invasive surgery 
over open approaches. These include smaller incisions, less postoperative pain, less 
narcotic use, and less postoperative ileus. Additionally due to much of the above, 
patients experience faster return to daily activities including work [6].

 Relative and Absolute Contraindications

There are few absolute contraindications to minimally invasive GI surgery. Patients 
who cannot tolerate general anesthesia will not be able to undergo laparoscopic or 
robotic procedures. However, these are the exact patients that may benefit from 
advanced endoscopic interventions rather than large open surgical procedures if 
their disease process is amenable. Other contraindications include patients with 
multiple prior abdominal surgeries and significant scar tissue that prohibits sagely 
navigating the abdomen laparoscopically. Other potentially complicating factors 
include very large ventral hernias, inability to tolerate insufflation, and large liver 
obstructing the view of target anatomy.

Pregnancy, particularly first and third trimester, was traditionally viewed as rela-
tive contraindications to laparoscopy. However, the literature has more recently 

K. Donohue and C. Rezac



3

shown that laparoscopic surgery is safe during any trimester [7]. Both laparoscopic 
cholecystectomy and appendectomy have been done late in the third trimester with-
out increased risk of preterm labor or death to the fetus [8].

 Future Directions

As minimally invasive surgery continues to grow, more advanced techniques and 
technology continue to arise. There are currently multiple “single-site” platforms 
for both laparoscopy and robotics. This eliminates the need for multiple small lapa-
roscopic incisions, and allows the surgeon to operate through one slightly larger 
port, generally at the level of the umbilicus. The skin incision for these single-site 
surgeries is often not much larger than the traditional laparoscopic port site and is 
easy to hide within the umbilicus. The fascial incision is slightly larger than tradi-
tional laparoscopy or robotics, and this is associated with slightly increased inci-
sional hernia risk compared to standard laparoscopic ports.

The future of minimally invasive surgery is looking to remove surgical scars and 
incisions in the skin all together. Natural orifice transluminal endoscopic surgery 
(NOTES) is a new technique where abdominal operations can be performed by 
passing an endoscope through a natural orifice (mouth, anus). The endoscope can 
then enter the abdominal cavity by making an internal incision through the stomach, 
vagina, colon, etc. to access the abdomen with no external incisions or scars [9].
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Chapter 2
Endoscopic Interventions

Frank Senatore and Haroon Shahid

 Introduction

Endoscopy is a procedure that allows the examiner to look inside a hollow organ or 
cavity in the body. It consists of a flexible tube with a light delivery system utilizing 
a lens to transmit an image to a camera. Gastroenterologists employ the use of many 
different types of endoscopes to aid in the diagnosis and management of many 
unique conditions of the digestive tract. The endoscope is maneuvered through the 
gastrointestinal tract under direct visualization on a projected monitor. They contain 
an air delivery system to insufflate the gastrointestinal tract lumens, as well as sev-
eral channels for water and insertion of tools and devices used during endoscopy.

While a specific date is difficult to identify for the beginning of modern endos-
copy, Philipp Bozzini is credited for achieving the first attempt to visualize the 
interior body and by most is considered the father of endoscopy. The first endoscope 
was made in Mainz, Germany, in 1806, and Antonin Jean Desormeaux is recognized 
for performing the first successful operative procedure using an endoscope.

Initially shunned, the endoscope grew in prominence following the advent of 
electricity, with its first commercial use coming in 1865  in Dublin, Ireland, by 
Francis Cruise. Three years later, Adolph Kussmaul became the first person to per-
form endoscopy in the stomach of a human. As the locations for the use of an endo-
scope increased, designs for specialized endoscopes tailored to different parts of the 
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body were envisioned. In 1881, Johann von Mikulicz created the first gastroscope 
which was used to visualize the esophagus, stomach, and small intestine.

The twentieth century saw the focus shift to improving the quality and resource-
fulness of endoscopes. In 1932, the first flexible endoscope was developed. In 1957, 
the first fiberoptic endoscope was built, and the ability to steer the end of the endo-
scope came shortly thereafter. The 1960s saw the advent of automatic air insuffla-
tion, paving the way for new therapeutic devices to be invented, including thermal 
coagulation devices. By the 1970s, millions of procedures were being performed 
with endoscopes in the USA alone.

As endoscopes continued to be refined, videoscopes which were electronic endo-
scopes with a built-in video camera allowing for conversion of an image to an elec-
tric signal that could be displayed on a TV monitor were introduced. Ultrasonic 
endoscopes followed, with a transducer at their tip to allow deeper levels of tissue 
to be evaluated. Finally, in 2002, high-definition systems were devised to improve 
image quality and assist in more accurate diagnosis. Today, there are dozens of dif-
ferent endoscopes used in gastroenterology alone to aid in the diagnosis and man-
agement of digestive diseases.

Some of the most common indications for endoscopy include symptoms such as 
abdominal pain, nausea, vomiting, difficulty swallowing, weight loss, and gastroin-
testinal bleeding. Endoscopy is also indicated for many common diagnoses includ-
ing anemia, cancers of the digestive tract, malabsorption, and infections. Finally, 
there are many common therapeutic interventions for which endoscopy is indicated 
including removal of foreign bodies, control of bleeding, diagnosing and managing 
neoplasms, and feeding tube placement.

Overall, gastrointestinal endoscopy is a minimally invasive procedure associated 
with reduced risks when compared to surgery, allowing for safe implementation in 
most patient populations. The indications for endoscopy and possible diagnostic 
and management modalities continue to grow within the field. Herein, we will dis-
cuss multiple conditions and locations within the digestive tract in which different 
forms of endoscopy and endoscopic techniques are routinely performed.

 GI Bleeding

 Peptic Ulcer Disease

Bleeding from peptic ulcer disease is a common explanation for patient’s presenting 
with hematemesis, melena, and anemia. While the majority of patients with peptic 
ulcers will stop bleeding spontaneously, a cohort of patients will require endoscopic 
therapy. During upper gastrointestinal endoscopy evaluation, ulcers are classified 
based on their gross appearance to determine the need to endoscopic therapy. This 
classification, known as the Forrest classification, includes ulcers with spurting or 
oozing hemorrhage, nonbleeding visible vessels, and adherent clots. These peptic 
ulcers all require endoscopic therapy, whereas ulcers with a flat pigmented spot or 
clean base do not require endoscopic therapy.

F. Senatore and H. Shahid
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There are several types of endoscopic therapies for peptic ulcer disease. 
Consensus guidelines recommend dual therapy during endoscopic treatment, which 
always includes the injection of epinephrine. A small injection needle is inserted 
through the endoscope channel with an epinephrine-filled syringe on the opposite 
side. Then, the needle is inserted into the ulcer site, and a 1:10,000 solution of epi-
nephrine is administered. Epinephrine injection is relatively simple to deliver and 
often makes the bleeding ulcer site cleaner for the subsequent application of addi-
tional therapies. Epinephrine causes vasoconstriction of the bleeding vessel and 
allows for mechanical compression. Epinephrine injection is a safe modality but 
does carry a risk of tachycardia and arrhythmias.

Following this, thermal therapy or hemoclips are applied to the ulcer site. For pep-
tic ulcer disease bleeding, thermal therapy is used in the form of a bipolar cautery 
probe. This probe is inserted through the endoscope channel and applies a high-fre-
quency electrical current to the peptic ulcer to coagulate the surrounding tissue. The 
probe is applied with direct contact on the peptic ulcer, and firm pressure is applied for 
approximately 10 s, while the current is delivered. Based on the size of the ulcer and 
the amount of bleeding, this therapy can be applied several times. The main risk asso-
ciated with this treatment modality is perforation, although this is quite rare [1, 2].

Hemoclips, also called endoclips or hemostatic clips, are steel clips that are 
inserted through the endoscope channel with a control device on the opposite end to 
open, close, and release the clip. Tissue around the peptic ulcer is grasped on either 
side of the bleeding site, and the hemoclip is closed, compressing off the surround-
ing area of bleeding. The endoclip tightly opposes the tissue, and then it is released 
from the endoscope. Unlike thermal therapy, hemoclips do not damage the ulcer 
tissue. More than one hemoclip may need to be placed based on the size of the ulcer 
and degree of bleeding. Hemoclips may also serve a dual purpose in being a radi-
opaque marker, should endoscopic intervention be unsuccessful and surgical or 
angiographic treatment be necessary.

 Angioectasias

Angioectasias, also known as arteriovenous malformations (AVM), angiodysplasias, 
and vascular ectasias, are aberrant blood vessels that have a fern or spider veinlike 
appearance within the gastrointestinal tract. They are the most common vascular 
condition found in the gastrointestinal tract, associated with advanced age and sev-
eral genetic disorders. Angioectasias are also associated with several common medi-
cal conditions including end-stage renal disease, aortic stenosis (called Heyde’s 
syndrome), and von Willebrand disease. Angioectasias can occur anywhere in the GI 
tract but tend to more commonly occur in the small intestine. Bleeding from angio-
ectasias typically presents in the form of anemia or occult gastrointestinal bleeding.

Argon plasma coagulation (APC) is the most commonly used endoscopic 
modality to treat bleeding angioectasias. This technique employs an electrical cur-
rent in a slightly different approach. A probe is inserted through the endoscope 
channel and directed at the angioectasia but kept at a short distance from the lesion. 

2 Endoscopic Interventions
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Argon plasma is released from the probe and ionized by high-voltage discharge, 
resulting in an electrical current conducted through the argon plasma gas. This 
coagulates the lesion and surrounding tissue. It is generally considered to be a more 
superficial treatment approach than bipolar cautery, reducing the risk of perforation. 
Frequently, even if angioectasias are encountered without active hemorrhage, they 
are still treated as they can bleed in the future [3].

 Variceal Bleeding

Varices are dilated submucosal veins that result from portal hypertension. They are 
commonly found in patients with cirrhosis and most commonly occur in the esopha-
gus and stomach. Variceal hemorrhage is a severe and life-threatening form of gas-
trointestinal bleeding. Patients typically present with large volume hematemesis, 
melena, and sometimes hematochezia due to rapid transit bleeding. Frequently 
these patients are hemodynamically unstable and require emergent endoscopic 
intervention.

Endoscopic band ligation is the hallmark of treating esophageal varices. It 
involves placing small elastic bands around varices. The band ligator is placed 
around the end of the endoscope and advanced to the location of the esophageal 
varices. These dilated veins are suctioned into the band ligator device, and elastic 
bands are fired one at a time, effectively wrapping around the base of the esophageal 
varix. Once secured, the band ligates the tissue and causes necrosis. Eventually, the 
band and necrotic tissue fall off when the underlying tissue fibroses. This approach 
is not only used for patients with active variceal hemorrhage but is also used pro-
phylactically in patients with large esophageal varices [4].

In patients with variceal bleeding refractory to endoscopic band ligation, balloon 
tamponade placement can be used. The Sengstaken–Blakemore tube and Minnesota 
tube are the most common balloon tamponade tubes. They have a deflated esophageal 
and gastric balloon. The tube is advanced into the stomach; the gastric balloon is 
inflated with air and pulled up to the gastroesophageal junction. The outer portion of 
the tube is fastened to a device to maintain traction. The esophageal balloon can also 
be inflated if the bleeding persists. This is intended to be used as a temporizing mea-
sure to control variceal bleeding, until more permanent interventions can be initiated.

Sclerotherapy is an alternative for the treatment of variceal bleeding that consists 
of the injection of a sclerosant solution into varices, causing the destruction of tis-
sue. It is delivered using an injection needle that is inserted through the endoscope 
channel. Ethanolamine and sodium tetradecyl sulfate are two commonly used 
sclerosants.

Gastric varices are more difficult to control endoscopically. Cyanoacrylate glue 
injection has proven to be effective in treating gastric varices although rebleeding 
can occur in over 20% of patients. More recently, endoscopic ultrasound has been 
utilized to deploy stainless steel coils into the gastric varices for varix obliteration 
with complete obliteration of fundal varices in up to 93% of cases [5].
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 Hemorrhoidal Bleeding

Hemorrhoidal bleeding is one of the most common causes of lower gastrointestinal 
bleeding, commonly occurring in patients with constipation. While often self-limiting, 
hemorrhoids can progressively worsen causing debilitating symptoms of pain, pruritus, 
and, in chronic cases, anemia. In circumstances where conservative approaches such as 
topical treatment are ineffective, minimally invasive treatment options are available.

Rubber band ligation is a simple outpatient treatment option for patients with 
internal hemorrhoids. It is the most common procedure used to treat hemorrhoids, 
utilizing a rubber band that is applied to the base of a hemorrhoid to interrupt its 
blood supply, causing it to become ischemic and then necrotic before falling off. 
The rubber band is delivered via an anoscope, and currently there are several devices 
available to apply the rubber band. These include traditional forceps and suction 
ligators, which use different types of suction to obtain larger amounts of hemor-
rhoidal tissue within a drum, over which the rubber band is fired. It is indicated for 
patients with grade two or three internal hemorrhoids. The entire process normally 
takes less than 1 month from the procedure to the removal and healing of the hemor-
rhoid. Overall, rubber band ligation is considered to be one of the safest and most 
effective forms of hemorrhoidal treatment.

Sclerotherapy is an alternative to hemorrhoid treatment as well. It is indicated for 
patients with grade one to three internal hemorrhoids; however, it is associated with 
higher rates of recurrence than rubber band ligation. Two conditions in which 
sclerotherapy is indicated over rubber band ligation are in patients with elevated 
bleeding risks and who are immunocompromised.

Newer technology to treat hemorrhoids includes the implementation of infrared 
coagulation, monopolar cautery, bipolar diathermy, laser photocoagulation, or cryo-
surgery. These techniques all employ the principle of causing coagulation and 
necrosis within the hemorrhoids, leading to fibrosis. They are indicated for patients 
with grade one to two internal hemorrhoids.

The HET Bipolar System is a new modified anoscope used in the treatment of 
internal hemorrhoids associated with bleeding and prolapse. This system allows for 
internal hemorrhoids to be positioned within the device and treated with bipolar 
energy to ligate hemorrhoidal feeding vessels [6].

 Diverticular Bleeding

A diverticulum is a saclike protrusion of the colonic wall, normally formed from a 
weakening in the colon wall in conjunction with increased colonic pressure. It is age 
related but can be more prevalent in patients with constipation. A complication of 
diverticulosis is diverticular bleeding, which normally presents with painless hema-
tochezia. The bleeding is brisk, large volume and normally transient, as it is arterial 
bleeding within a diverticulum. Diverticular bleeding is almost always self-limiting, 
although rarely endoscopic therapy is necessary to control bleeding.

2 Endoscopic Interventions
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Both hemoclips and thermal therapy in the form of bipolar cautery can be used 
to treat an actively bleeding diverticulum. Hemoclips can be applied in one of two 
ways to treat diverticular bleeding. They are directed at the bleeding vessel within 
the diverticulum to compress the active site of hemorrhage or across the mouth of 
the diverticulum to pinch it closed. Bipolar cautery targets the bleeding vessel 
within the diverticulum but coagulates the vessel and surrounding tissue to halt the 
bleeding. Hemoclips are often considered a safer option than thermal therapy for 
treating active diverticular bleeding, as these diverticula are thin-walled, and associ-
ated with higher rates of perforation than normal colonic tissue [7]. It is also worth 
mentioning that diverticula can form throughout the small intestine as well. If bleed-
ing occurs, similar therapeutic approaches can be instituted.

 Enteroscopy

While esophagogastroduodenoscopy and colonoscopy allow for the visualization 
and aforementioned treatment implementation approaches, many pathologic disor-
ders including bleeding can occur within the small intestines. To access the small 
bowel, several endoscopes are employed.

Small bowel enteroscopy involves the use a slightly longer and wider endoscope 
(compared to esophagogastroduodenoscopy). While esophagogastroduodenoscopy 
can access up to the second portion of the duodenum, small bowel enteroscopy can 
access the third and fourth portion of the duodenum, as well as the proximal and 
mid jejunum. This enteroscope contains the same channels to accommodate the 
treatment devices used in gastrointestinal bleeding.

Single-balloon enteroscopy involves the use of an enteroscope with an overtube on 
the distal end containing a silicon balloon. This balloon can be inflated and deflated to 
aid with enteroscope advancement through the small bowel. Typically, this enteroscope 
allows for access through the distal jejunum and into the proximal ileum. Double-
balloon enteroscopy is similar to single balloon but employs two silicon balloons with 
one attached to the overtube and the other attached to the endoscope. This allows for 
access to the entire small bowel to the terminal ileum. Spiral enteroscopy uses an over-
tube that acts as a screw, which pleats the small bowel over the endoscope and can 
reach similar depths as a double-balloon enteroscopy but in a shorter duration [8].

When enteroscopes are used, the most distal site that is reached is normally 
marked with a tattoo for future reference. An injection needle is inserted through the 
enteroscope, and India ink is injected into the mucosa, staining it blue. This perma-
nent tattoo can also be used for marking areas throughout the upper and lower gas-
trointestinal tract.

 Tissue Sampling

When performing endoscopy, whether it be esophagogastroduodenoscopy, enteros-
copy, or colonoscopy, abnormalities are frequently encountered that require 
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histological examination to confirm the diagnosis. These abnormalities range from 
erythema of mucosa to polyps to malignant-appearing masses. Tissue sampling in the 
form of biopsy is the most commonly used interventional modality in endoscopy to 
allow for a tissue specimen to be examined histologically. These samples can not only 
be sent for histological examination but also for cytologic and microbiologic 
analysis.

Biopsy consists of a steel forceps with two claws opposing each other that close 
to a tight seal. It is placed through the endoscope channel, advanced to the target 
tissue, opened, and closed. The biopsy forceps is then pulled back from the tissue, 
acquiring the tissue in a pinch biopsy approach. This technique is used to sample 
mucosal lesions and is normally not effective for submucosal or deeper lesions. 
Once the specimen is obtained, the biopsy forceps are withdrawn from the endo-
scope channel, and the tissue is placed into a specimen container for analysis.

Brushing is another form of tissue acquisition that is commonly used to identify 
mucosal plaques concerning for infection or masses concerning for malignancy. A 
brush inside a sheath is inserted in the endoscope channel and advanced to the target 
tissue. The head of the brush is then moved outside of the sheath, and the tissue is 
gently brushed collecting cells and specimen. The head of the brush can then be 
withdrawn into the sheath, and the entire device removed for the specimen to be 
placed in a collection container.

Polypectomy is a maneuver in which polyps are removed from the mucosal lin-
ing of the gastrointestinal tract. The method by which polys are removed depends 
primarily on the size of the polyp. Biopsy forceps are commonly used for polyps 
less than 4 mm, as the entire polyp can be successfully resected in one maneuver. 
Larger biopsy forceps including jumbo forceps are also used in a similar manner 
and can remove polyps less than 6 mm in size.

Snare polypectomy is a technique used to resect larger polyps. It involves a metal 
snare inside a sheath that is inserted through the endoscope channel to the tissue of 
interest. The opposite end of the snare has a control to allow for opening and clos-
ing. The snare is opened around the polyp and then slowly closed until the entire 
polyp is captured within it. The polyp is then cut either by the snare itself, called 
cold snare, or cut with electrocautery, called hot snare, to resect the tissue. In gen-
eral, polyps less than 1 cm are removed with cold snare, and polyps greater than 
1 cm are removed with hot snare [9].

Endoscopic mucosal resection (EMR) is a technique used for large and/or flat 
polyps that separates the mucosal layer from the muscularis propria. An injection 
needle is inserted through the endoscope channel, and saline solution is injected into 
the mucosal layer, lifting the polyp as a fluid cushion is created beneath it. Normally 
1–4  ml or fluid is used. Sometimes other solutions are used including dextrose, 
glycerol, fructose, sodium hyaluronate, and hydroxypropyl methylcellulose. 
Recently new products have been created that include methylene blue in the solu-
tion to stain the submucosa and therefore better differentiate the tissue layers. Once 
the tissue is lifted, a hot snare is used to remove the polyp. On occasion, the polyp 
will be so large or irregular that all of it will not be able to be removed with a single 
hot snare. In that case, the hot snare is used additional times to remove the remain-
ing polyp tissue, a process called piecemeal polypectomy.
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Endoscopic submucosal dissection (ESD) is an advanced technique that uses a 
needle-knife inserted into the endoscope channel to dissect through the submucosal 
layer of tissue around a mass in the gastrointestinal tract. It is indicated for the removal 
of mucosal or submucosal masses irrespective of size and has the benefit of being 
used as a minimally invasive approach to early gastrointestinal cancers. ESD does 
carry a higher risk of bleeding and perforation but affords the ability to get an en bloc 
resection of a large polyp or early cancer. It is estimated that the recurrence rate after 
piecemeal EMR of a large polyp is about 20–30% vs about 1% with ESD. ESD usu-
ally is only offered by highly skilled endoscopists at tertiary care referral centers [10].

 Endoscopic Ultrasound with Fine Needle Aspiration (FNA)

Endoscopic ultrasound is a specialized endoscopic procedure involving an endoscope 
with an ultrasound probe, called an echoendoscope. The echoendoscope is advanced 
to many areas within the gastrointestinal tract allowing for ultrasound to be performed 
directly beside organs and masses that are adjacent to the luminal GI tract. This mini-
mally invasive technique provides detailed and extremely accurate imaging to aid in 
the diagnosis and management of many conditions. Some of the indications for endo-
scopic ultrasound include staging of masses and diagnosing of biliary abnormalities.

Endoscopic ultrasound has the unique capability of being able to guide a biopsy 
needle into lesions for sampling. Many of these lesions are too small to be charac-
terized or are located in regions that prevent percutaneous biopsy. A device with a 
biopsy needle is inserted through the echoendoscope channel and aligned with the 
end of the ultrasound probe. The biopsy needle tip is located via ultrasound and 
inserted into tissue for sampling under direct, constant visualization with ultra-
sound. The ultrasound provides the added benefit of assuring the correct structure is 
sampled and vascular structures are avoided using Doppler imaging. A fine needle 
aspiration (FNA) or fine needle biopsy (FNB) can be performed. Indications for 
endoscopic ultrasound with FNA/FNB include sampling of mucosal or submucosal 
lesions, sampling of peri-intestinal structures like masses and lymph nodes, fluid 
aspiration, and organ sampling (including liver biopsy). Overall, complication rates 
from this procedure are very low, and it is very well tolerated.

 Obstructing Lesions

 Dilation

Dilation is an approach used to treat strictures within the gastrointestinal tract. The 
most common location of gastrointestinal strictures is within the esophagus, caus-
ing patients to present with symptoms of dysphagia. Esophageal strictures are fre-
quently associated with gastroesophageal reflux disease, eosinophilic esophagitis, 
caustic ingestions, prior radiation exposure, or malignancy.
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Dilation can be accomplished in the form of mechanical or balloon dilators. 
Mechanical dilators are normally passed blindly or over a guidewire that is initially 
inserted endoscopically passed the narrowed region. One by one, plastic dilators 
each progressively larger in diameter are passed over the guidewire, subsequently 
moving through the narrowed region. Each dilation enlarges the lumen diameter 
slightly, until the narrowed region is widely patent. Balloon dilators are normally 
inserted through the endoscope channel and advanced past the strictured region. 
They are then inflated with pressurized water to a progressively larger diameter until 
the area is widely patent. Depending on how narrowed the region is, repeat dilations 
may be required at subsequent sessions, as the risk of perforation increases as the 
diameter to which a stricture is dilated increases. Dilation does not always perma-
nently treat strictures, and over time, even benign strictures frequently recur, requir-
ing repeat treatment.

 Stenting

Masses may be encountered in the gastrointestinal tract lumen that are large and 
obstructing. When found in the esophagus, small intestine, and colon, stenting may 
be used to temporarily relieve the obstruction before more definitive treatment or for 
palliative purposes. The most commonly used stents for the gastrointestinal lumen 
are self-expandable metal stents, but plastic and biodegradable stents exist.

Metal stents come in varieties of uncovered, partially covered, or fully covered 
stents. Covered stents tend to resist tumor ingrowth and have the potential to be 
removed but migrate more frequently. Uncovered stents are much less likely to 
migrate, but tumors can grow within them eventually causing repeat obstruction. 
Plastic stents are newer stents that have been developed for benign diseases in the 
gastrointestinal tract, and biodegradable stents are currently in research for benign 
conditions or as part of neoadjuvant therapy prior to definitive surgery.

A catheter and guidewire are passed through the obstructing region done under 
either endoscopic or fluoroscopic guidance. The catheter is then removed, and the 
stent is passed over the guidewire. The stent is then deployed and the guidewire is 
removed. Once the stent is deployed, it slowly expands against the obstructing tis-
sue, which anchors the stent in place. This expansion can take several days to 
become complete. Complications associated with stenting include perforation, 
bleeding, stent migration, and stent obstruction [11].

 Esophagus

 Gastroesophageal Reflux Disease (GERD)

GERD is a condition that develops when contents in the stomach are refluxed into 
the esophagus, causing common symptoms of heartburn and regurgitation [12]. 
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Endoscopic therapies in GERD have both diagnostic and therapeutic advantages. To 
confirm the diagnosis of GERD in patients with equivocal symptoms or response to 
initial treatment, a Bravo pH monitor can be used. To perform this study, an esopha-
gogastroduodenoscopy is performed, and the junction of the esophagus and stom-
ach is identified. The Bravo pH monitor is attached to the esophageal mucosa 
approximately 6 cm above the gastroesophageal junction. This device monitors the 
amount of acidity in the esophagus and communicates with an external device 
recorder over 24–48 h. The Bravo pH monitor falls off after several days and passes 
through the gastrointestinal tract.

Transoral incisionless fundoplication (TIF) is a minimally invasive treatment for 
GERD using the EsophyX (EndoGastric Solutions, Redmond, WA, USA) device. It 
is performed inside the stomach and creates a valve by folding the fundus of the 
stomach up and around the distal esophagus. This fundoplication is held in place by 
multiple fasteners that are implanted into the esophageal and stomach tissue. This 
minimally invasive procedure can also simultaneously reduce small hiatal hernias 
(less than 3 cm in size). The overall effect is limiting the reflux of stomach contents 
into the esophagus. Over a 3-year follow-up period, 90% of patients had elimination 
of regurgitation, and 71% of patients had discontinued PPI therapy [13].

 Barrett’s Esophagus

Barrett’s esophagus is a condition in which the squamous epithelium of the esopha-
gus is replaced by columnar epithelium, a process called intestinal metaplasia. This 
condition normally occurs as a consequence of chronic acid exposure and has a 
predisposition for esophageal adenocarcinoma [14]. Biopsies of the esophagus are 
routinely taken to surveil Barrett’s esophagus, and histologic diagnosis includes the 
presence or absence of dysplasia. Patients who have low- or high-grade dysplasia 
require endoscopic treatment in the form of ablative therapy to treat the abnormal 
tissue.

Radiofrequency ablation (RFA) uses radiofrequency energy to ablate Barrett’s 
mucosa. This can be performed with the BARRX 360 (Medtronic, Minneapolis, 
MN, USA) circumferential device or one of many focal devices. The circumferen-
tial device is introduced over an endoscopically placed wire. The endoscope is 
advanced alongside this device. A balloon is then inflated up against Barrett’s 
mucosa, and the radiofrequency energy is delivered. The radiofrequency energy 
generates a thermal injury to the tissue of limited thickness, essentially killing the 
dysplastic tissue so that it cannot progress to neoplasia [15]. The focal device works 
similarly but does not have a balloon. The device is attached to the end of the endo-
scope or passed through the endoscope channel. This is used for smaller areas of 
Barrett’s mucosa with dysplasia. Endoscopic spray cryotherapy is a newer tech-
nique used in treating Barrett’s mucosa. This method applies cold nitrogen or car-
bon dioxide gas via a device passed through the endoscope channel. The gas freezes 
Barrett’s mucosa for approximately 40 s, again killing the dysplastic cells to prevent 
progression to neoplasia.
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 Foreign Body Removal

Accidental foreign body or large food bolus ingestion can require endoscopic inter-
vention under individual circumstances. Emergent indications for endoscopy 
include esophageal obstruction, sharp-pointed objects in the esophagus, and disk 
batteries in the esophagus. Urgent indications for endoscopy include dull objects in 
the esophagus, food impaction without esophageal obstruction, sharp-pointed 
objects in the stomach, magnets, and any objects larger than 6 cm in size. Typically, 
patients present with symptoms of dysphagia, odynophagia, inability to manage 
secretions, and pain in the neck, chest, or epigastric region.

Esophagogastroduodenoscopy can be performed for removal of foreign bodies. 
The endoscope is inserted into the esophagus, and once the foreign body is identi-
fied, several tools can be inserted through the endoscope channel and used to man-
age the foreign body. A rat-tooth forceps can be used, which contains three long, 
thin metal claws that open widely and closely tightly around objects. Once the 
object is engaged, the entire endoscope is removed with the rat-tooth forceps on the 
end holding the object. Similarly, there are alligator forceps which contain one flat 
forceps head and one angled forceps head to grab objects. Roth nets are snares with 
a net around the metal snare. They are opened around the foreign body and slowly 
closed, trapping the foreign body within the net. They too can then be removed by 
withdrawing the endoscope. Frequently, these maneuvers are performed repeatedly 
until the entire foreign body is removed. In the case of a food impaction, the food 
bolus can be pushed into the stomach lumen.

 Achalasia

Achalasia results from failure of relaxation of the lower esophageal sphincter (LES) 
associated with failed peristalsis of the lower esophagus. The etiology of primary 
achalasia is unclear, but secondary achalasia can occur from Chagas disease, amy-
loidosis, sarcoidosis, Sjogren syndrome, and eosinophilic esophagitis. Patients 
commonly present with complaints of dysphagia and regurgitation.

The treatment of achalasia is primarily directed at correcting the failure of the 
lower esophageal sphincter. Definitive treatment used to surgical myotomy. 
Endoscopic treatments include balloon dilation of the LES and botulinum toxin 
injection at the LES. These endoscopic treatments usually provide temporary relief. 
Peroral endoscopic myotomy (POEM) is a newer minimally invasive advanced 
endoscopic technique in which a myotomy of the lower esophageal sphincter is 
performed. This procedure includes making an incision in the esophageal mucosa, 
advancing the endoscope into the submucosa, and creating a tunnel through the 
submucosa extending to the gastric cardia. The muscularis propria is then cut with a 
needle-knife around the lower esophageal sphincter, correcting the persistent con-
traction of the sphincter. The main complications of this procedure include bleeding, 
infection, perforation, pneumomediastinum, pneumothorax, pneumoperitoneum, 
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and GERD [16, 17]. POEM should only be carried out by a highly skilled therapeu-
tic endoscopist or surgeon given high risk of complications. Multiple studies have 
shown that POEM is as effective as a laparoscopic Heller’s myotomy (LHM) for 
achalasia with similar efficacy, length of hospital stay, and adverse events. Operative 
time appears to be shorter for POEM when compared to LHM.

 Stomach

 Nutrition

Failure to thrive, dysphagia, and malnutrition are common indications for place-
ment of a percutaneous endoscopic gastrostomy (PEG) tube. An endoscope is 
advanced into the stomach, and the stomach is inflated with air. External finger pres-
sure is applied, and a focal indentation of the gastric wall is seen endoscopically. 
The skin is cleansed with alcohol or povidone-iodine solution and anesthetized with 
lidocaine. A scalpel is used to make a horizontal incision in the skin, and a trocar is 
introduced into the stomach. A wire is advanced into the stomach. A snare, passed 
through the endoscope, is then used to grab the wire, and the whole endoscope is 
removed from the patient with the wire pulled out of the mouth. The PEG tube is 
secured to the wire, and the wire is pulled from the abdominal wall to pull the PEG 
tube through the mouth and into the stomach. The PEG tube bumper is pulled up 
snugly to the stomach wall. It is then cut to the appropriate length and clamped. In 
order to prevent peristomal infection, a dose of antibiotics is given prior to this pro-
cedure. A jejunal extension tube can be placed through the PEG tube and advanced 
under fluoroscopy or by endoscopy to the jejunum, when jejunal feeding and gastric 
venting are required. This is often referred to as a PEG-J tube. Percutaneous endo-
scopic jejunostomy (PEJ) tube placement, where a feeding tube is directly placed 
into the jejunum, can also be performed. This is done when jejunal feeding is 
required and/or when gastric feeding is not possible.

 Endobariatrics

Obesity is a worldwide epidemic, and new therapies are continually being devel-
oped to help patients with weight loss. Endobariatrics is a growing field of mini-
mally invasive endoscopic procedures implemented to aid patients with weight loss. 
Intragastric balloon therapy is a technique in which a soft, saline-filled balloon is 
inserted into the stomach to stimulate the sensation of satiety and reduce food con-
sumption. This procedure is indicated for patients with a body mass index (BMI) of 
30–35, for patients with a BMI 40 or greater who choose to not undergo bariatric 
surgery, or for patients with a BMI greater than 50 to be used as a bridge to bariatric 
surgery. These balloons can be kept in place for 6  months and then need to be 
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removed [18]. Endoscopic sleeve gastroplasty (ESG) is another approach to bariat-
ric therapy in which the stomach is endoscopically sutured, narrowing the lumen 
and reducing the total volume similar to a surgical sleeve gastrectomy. This is mech-
anistically restrictive to achieve weight loss. One study by Sharaiha et al. demon-
strated a 20.9% loss of total body weight at 2-year follow-up [19].

 Biliary

Endoscopic retrograde cholangiopancreatography (ERCP) is an advanced tech-
nique that incorporates both endoscopy and fluoroscopy to closely examine and 
treat conditions of the biliary tree, gallbladder, and pancreas. Major indications for 
ERCP include the diagnosis and decompression of biliary obstruction. Etiologies of 
biliary obstruction include choledocholithiasis, benign strictures, and malignant 
strictures (i.e., pancreatic malignancy or cholangiocarcinoma). In this regard, ERCP 
is not only used for diagnostic purposes but also is therapeutic for decompressing 
the pancreaticobiliary system and alleviating the obstruction to permit bile and pan-
creatic enzyme flow.

The endoscope used in ERCP is a side-viewing duodenoscope which is blindly 
inserted through the esophagus and stomach to reach the second portion of the duo-
denum to access the biliopancreatic ampulla (also known as the ampulla of Vater). 
The ampulla is the junction at which the common bile duct (CBD) and the ventral 
pancreatic duct (PD) meet. A wire is then used to cannulate either duct depending 
on the indication. After the wire is inserted, contrast dye is then injected which can 
be visualized under fluoroscopy to view either the biliary ducts (cholangiogram) or 
the pancreatic ducts (pancreatogram). This enables the endoscopist to visualize the 
abnormality and intervene with specialized accessory tools to cut, dilate, and obtain 
tissue samples or stent the affected area. ERCP is associated with a 5–7% risk of 
pancreatitis. Less common risks include bleeding, infection, or perforation.

 Choledocholithiasis

The first-line management for choledocholithiasis is ERCP with sphincterotomy 
and stone extraction. If one or more stones are identified in the CBD, stone removal 
can be performed with balloon extraction or with a stone basket. If these methods 
are unsuccessful, more advanced methods can be attempted, such as pneumatic bal-
loon dilation, mechanical lithotripsy, or laser lithotripsy [20].

This procedure begins with advancing the duodenoscope into the second portion 
of the duodenum and positioning the duodenoscope over the ampulla, the entrance 
to the CBD.  Cannulation of the ampulla is performed with a sphincterotome, a 
device that permits cannulation and passage of a guidewire. Once the guidewire is 
in the CBD, dye is injected to view the location of stones via fluoroscopy. 
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Sphincterotomy, which refers to cutting of the biliary sphincter, enlarging the open-
ing, and permitting stones to pass, is then performed. If sphincterotomy is insuffi-
cient in removing all stones or if larger stones are present, then a balloon dilator is 
inserted into the CBD to expand the duct and sweep the entire duct for additional 
stone and sludge removal. Depending on the presence or absence of additional 
stones in the CBD or gallbladder, a stent may be placed into the CBD to prevent 
recurrence or prevent cholangitis. These stents are normally plastic and remain in 
place for 2–3 months before being removed with a subsequent procedure.

 Biliary Strictures

Strictures of the pancreaticobiliary tree, both benign and malignant, can cause symp-
tomatic obstruction causing jaundice, cholangitis, or pancreatitis. Endoscopic ther-
apy includes identification of the stricture via fluoroscopy, decompression via 
sphincterotomy, and subsequent catheter dilation or balloon dilation if the stricture is 
tight. The duodenoscope is advanced to the ampulla in the second portion of the duo-
denum. The guidewire is then used to cannulate the CBD. Dye is injected and fluo-
roscopy is used to identify the stricture and likely upstream biliary ductal dilation. An 
additional device is inserted via another channel in the duodenoscope to obtain 
brushings of the stricture for histological evaluation. A plastic or metal stent is then 
advanced over the guidewire and deployed at the site of the stricture to allow bile 
flow. The stent is then removed subsequently if the stricture heals or stent exchange 
is performed in the case of persistent or malignant strictures. Metal stents are usually 
used instead of plastic stents in the setting of surgically unresectable malignancy. 
There is some data suggesting fully covered metal stents, which are removable, can 
be used in benign strictures as well, decreasing the total number of ERCPs and pos-
sible procedure-related complications to reach stricture resolution [21].

Cholangiocarcinoma is a cancer that originated from the bile duct epithelium. It 
presents oftentimes with jaundice due to biliary obstruction. Cholangiocarcinoma 
involving the liver hilum, also known as a Klatskin tumor, is oftentimes surgically 
unresectable. In these situations, photodynamic therapy (PDT) delivered via ERCP 
has been shown to prolong survival, improve biliary drainage, and improve quality 
of life. In one study survival was prolonged from 98 to 493 days [22]. Radiofrequency 
ablation (RFA) is another modality that can be offered endoscopically for patients 
with unresectable hilar cholangiocarcinoma. [23] PDT and RFA are offered at few 
highly specialized tertiary care hospitals in the United States.

 Bile Leak

A bile leak is a possible complication occurring postoperatively in gallbladder or 
biliary surgeries. Standard treatment for a bile leak is ERCP with placement of a 
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temporary bile duct stent. This procedure begins with standard technique of duode-
noscope insertion and identification of the ampulla. The guidewire is inserted 
through the ampulla into the common bile duct and passed the region of the surgical 
anastomosis. The sphincterotome is passed over the guidewire and dye is injected. 
Fluoroscopy is then used to identify the site of the leak. Sphincterotomy is per-
formed to decompress and improve outflow of bile. A temporary plastic stent is then 
advanced over the guide wire into the bile duct. The goal is for bile to flow via the 
path of least resistance, which in this case would now be into the duodenum. The 
stent is left in place until healing of the leak is completed and removed thereafter.

 Cholangioscopy and Pancreatoscopy

Cholangioscopy and pancreatoscopy are endoscopic methods for direct visualiza-
tion of the bile ducts and pancreatic duct, respectively. Common indications for this 
diagnostic and therapeutic procedure include treatment of intrahepatic biliary 
stones, identifying and better characterizing benign vs malignant biliary strictures, 
and identifying biliary tumors [24]. This procedure is always performed in conjunc-
tion with ERCP. This procedure begins with standard duodenoscope insertion to the 
second portion of the duodenum where the ampulla is situated. Cannulation of the 
CBD is performed, and a guidewire is introduced with confirmation of position in 
the CBD via fluoroscopy. The cholangioscope, which is a smaller catheter with an 
optical probe tip, is then inserted into a channel of the duodenoscope. The cholan-
gioscope is then advanced passed the duodenoscope for direct visualization of the 
bile ducts. If a stone is identified, catheter-directed electrohydraulic or laser litho-
tripsy is performed. If a stricture is identified, a special forceps can be introduced 
for obtaining biopsies. Cholangioscopy and pancreatoscopy can be utilized for 
mapping of pancreaticobiliary malignancies and can potentially alter surgical resec-
tion plans [25].

 Pancreas

 Pancreatic Cysts

Endoscopic ultrasound (EUS), either alone or with fine needle aspiration, is 
widely used in the diagnostic workup of various pancreatic cystic lesions. In 
comparison to other imaging modalities, EUS allows high-resolution imaging of 
pancreatic lesions and their characteristics. EUS has the added benefit of fine 
needle aspiration (FNA), where under real-time ultrasound guidance, a needle is 
advanced into these lesions for both diagnostic and therapeutic purposes. In this 
way, EUS-FNA can safely aspirate cystic contents and biopsy the cyst wall or 
nodules within the cyst. The aspirates obtained can be analyzed for enzymes, 

2 Endoscopic Interventions



20

cytology, tumor markers, and DNA analysis, thereby helping to distinguish 
between malignant and benign lesions [26]. Furthermore, EUS-FNA is often used 
in the perioperative period in the evaluation of malignant solid and cystic lesions 
for staging and diagnosis. EUS can delineate malignant cyst size, the presence of 
lymphadenopathy, vasculature involvement, and the presence of nearby organ 
metastasis.

Many different types of cysts are amenable to endoscopic drainage and decom-
pression with the main limiting factor being the presence of an accessible, matured 
wall. Walled-off pancreatic fluid collections normally result from pancreatitis, 
trauma, or prior surgical procedures. Endoscopic cystogastrostomy is a minimally 
invasive procedure frequently performed in unresolving, symptomatic pancreatic 
pseudocysts or in walled-off pancreatic necrosis that is amenable to drainage 
[27]. These cysts are identified by a bulge in the gastric lumen or with endoscopic 
ultrasound. Electrocautery is used to make an incision, followed by advancement 
of a guidewire into the fluid collection over which a balloon dilator is used to 
widen the tract. Finally, a temporary stent is placed, and its position is confirmed 
using endosonography or fluoroscopy. With the advent of lumen-apposing metal 
stents (LAMS), the stent can be advanced directly into the cystic cavity using 
electrocautery and then deployed under endoscopic, endosonographic, and fluo-
roscopic visualization. These cautery-enhanced LAMS drastically decrease pro-
cedure time [28].

 Chronic Pancreatitis

A common complication of chronic pancreatitis leading to recurrent hospitaliza-
tion is pain. Pain in chronic pancreatitis often stems from increased pressure in the 
main pancreatic duct (PD) from outflow obstruction. Etiologies for obstruction 
include intrapancreatic conditions such PD strictures, PD stones, sphincter steno-
sis, pancreatic cancer, or extra-pancreatic conditions such as biliary and duodenal 
obstruction. Recurrent pancreatitis leads to peripancreatic and celiac neuronal 
inflammation which manifests as chronic pain, often persisting even after the pan-
creatitis resolves. The nerve fibers that run through the pancreas join the celiac 
plexus which lies just anterior to the aorta. These nerve root ganglions can be 
accessed by EUS-FNA for treatment of this chronic pain. Celiac plexus block is a 
minimally invasive endoscopic procedure in which the celiac nerve root ganglion 
is injected with an anesthetic and steroid medication. The celiac plexus is first 
identified with the EUS endoscope by identifying the celiac axis. Then, a needle is 
advanced through the endoscope channel onto this region, and the medications are 
delivered. This normally provides immediate pain relief, although the lasting 
effects are variable and the procedure is frequently repeated. Celiac plexus neu-
rolysis is a similar procedure; however, the celiac nerve root ganglion is injected 
with an alcohol. This obliterates the nerve ending and is normally only indicated 
for unresectable pancreatic cancer given long-term complications including retro-
peritoneal fibrosis.
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 Necrotizing Pancreatitis and Endoscopic Necrosectomy

Necrotizing pancreatitis is a complication that is seen in a small percentage of 
patients with acute pancreatitis that do not clinically improve with standard medical 
management. Necrotizing pancreatitis can lead to sterile or infected walled-off 
necrosis. Endoscopic drainage and necrosectomy, the removal of the necrotic debris, 
is often indicated, especially in instances of mechanical obstruction, persistent 
abdominal symptoms, and progression to sepsis. The standard approach is to visual-
ize the necrotic collection endosonographically in relation to the adjacent stomach 
or duodenum, puncturing the collection and forming a tract with balloon dilation. 
This can also be done using the cautery-enhanced LAMS, as mentioned previously. 
The collection is then accessed with various accessory tools including snares, for-
ceps, irrigation devices, and baskets. The tissue is debrided and removed, and the 
temporary stent is left in place permitting drainage of the remaining cystic contents 
into the stomach or duodenum. Based on the size of the necrotic collection, this 
procedure may be repeated multiple times in order to completely remove all of the 
necrosis. The main benefits of this approach include the lack of incisions which 
limits wound infections and being a targeted approach to limit spread of the infec-
tion preventing a systemic inflammatory response. These translate into improved 
healing rates and better tolerability [29]. Endoscopic necrosectomy has been shown 
to reduce morbidity when compared to surgical necrosectomy.

 Conclusion

The field of endoscopy continues to grow as technology advances. Gastroenterology, 
specifically advanced endoscopy, and minimally invasive surgery will continue to 
converge as newer techniques and procedures are envisioned. This will revolution-
ize care for patients. Therapeutic endosonography and endoscopic surgery are at the 
forefront of this revolution in gastroenterology. EUS is now being used to drain 
gallbladders in patients that are not surgical candidates for cholecystectomy [28, 
30]. EUS has also been used to perform endoscopic gastrojejunostomy for patients 
with malignant gastric outlet obstruction [31]. Endoscopic full-thickness resection 
is being carried out for localized tumors of the GI tract [32]. Endoscopy will con-
tinue to evolve and progress, which will offer patients truly minimally invasive 
options for certain gastrointestinal conditions.
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Chapter 3
Benign Esophageal Disease

Keith King, Rachel E. NeMoyer, and Susannah Wise

 Introduction

Benign esophageal disease comprises many different diseases and disease pathol-
ogy including gastroesophageal reflux disease (GERD), hiatal hernia, and 
achalasia.

GERD is an all-encompassing term used to describe people who have symptoms 
of reflux disease, but do not necessarily have esophageal inflammation or esopha-
geal damage. A subset of GERD includes reflux esophagitis, which is defined as 
having histologic or endoscopic evidence of esophageal inflammation [1]. If GERD 
is left untreated, up to 30% of patients will have evidence of esophageal damage on 
endoscopy [2]. Due to the broad spectrum of symptoms and conditions described 
as reflux, no consensus exists for the definition of typical reflux disease [3]. The 
Montreal Working Group describes troublesome reflux if a person has mild symp-
toms occurring 2 or more days a week or if moderate/severe symptoms occur 
greater than 1 day per week [3]. Limitations exist when describing the prevalence 
of GERD; however, it has been stated that GERD may affect nearly two thirds of 
adults in the USA at some point in their life, which equates to a significant public 
health problem [4, 5].
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Hiatal hernias have been classified into five different subtypes (I–IV) depending 
on anatomical considerations [6].

 (a) Type I: Sliding hernias, where the GE junction moves above the diaphragm 
with the stomach remaining in its usual alignment [7, 8]

 (b) Type II: Pure paraesophageal hernias where the GE junction remains in its usual 
anatomic position, but a portion of fundus herniates through the diaphragm 
hiatus

 (c) Type III: Combination of type I and II with the GE junction and the fundus 
herniating through the diaphragmatic hiatus

 (d) Type IV: Herniation of another structure other than the stomach, such as the 
colon or omentum within the hernia sac

The majority of hiatal hernias (>95%) are type I [9]. The incidence of hiatal her-
nias increases with age, with approximately 60% of people age 50 or greater having 
a hiatal hernia [10].

Finally, achalasia is a rare motility disorder of the esophagus that is defined as 
the absence of esophageal peristalsis and incomplete relaxation of the lower esoph-
ageal sphincter (LES) when swallowing [11]. Achalasia is rare and has an incidence 
of 1.6 cases per 100,000 individuals per year, with men and women being affected 
equally [12]. The usual age of diagnosis is between ages 25 and 60 [12].

 Patient Presentation

Patients presenting with benign esophageal disease may have similar initial symp-
toms. The most common symptoms of patients presenting to the primary care doc-
tor include heartburn, dysphagia for solids and/or liquids, regurgitation, chest pain, 
cough, hoarseness, voice change, and/or weight loss [13]. To help differentiate the 
possible cause of the symptoms, a careful history is essential to determine severity, 
length of symptoms, and timing of symptoms. A physical exam is warranted to 
exclude other causes of these presenting symptoms; however, diagnosing esopha-
geal disease requires further testing for confirmation [14].

 Work-Up/Diagnosis

Currently there is no agreement as to which studies and in which order should be 
obtained for the diagnosis of GERD; however, many believe that an endoscopy 
should be one of the initial studies [15]. To assess the diagnosis of GERD, many 
studies are available that can give objective documentation of this diagnosis. Upper 
endoscopy/esophagogastroduodenoscopy (EGD) is usually an early tool to aid in 
diagnosis. On endoscopy, “mucosal breaks” may be visualized which are areas of 
erythema or slough that are clearly separate and demarcated from adjacent 
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normal- looking mucosa [16]. Biopsies should be taken from any areas with sus-
pected changes such as metaplasia or dysplasia [17]. Evaluation for Barrett’s esoph-
agus is important. Additionally, cancer needs to be excluded as a cause of 
symptoms.

If endoscopy fails to show pathological evidence of reflux, another test to diag-
nose reflux is a 24-hour esophageal ph-metry. This involves a thin-tube device to be 
inserted down a patient’s nose, terminating about 2 inches above the LES. More 
recently, pH evaluation is done using a Bravo capsule clipped endoscopically to the 
esophageal mucosa. This is a more appealing alternative to a tube coming out of the 
nose. The capsule releases on its own after a short period of time and is eliminated 
thru the GI tract [17]. Esophageal manometry is another alternative diagnostic tool 
used. This is commonly obtained prior to surgery to help identify any conditions 
that may contraindicate fundoplication; however, this study is not required and is 
usually up to surgeon discretion [18, 19]. Finally, a barium swallow may be obtained 
to further define the anatomy. This is especially useful in patients with enlarged 
hiatal hernias or a shortened esophagus [17].

To diagnose and delineate hiatal hernias, multiple diagnostic options are avail-
able. A simple first step is to obtain a plain chest radiograph. This may identify soft 
tissue densities with air-fluid levels within the chest, indicating a possible hiatal 
hernia. Specific loops of bowel may be seen within the chest and lead to a diagnosis 
of hiatal hernia [20]. Contrast studies such as a barium swallow, as discussed earlier 
in the GERD section, may help to gauge the size of the hernia and/or locate the GE 
junction related to the hiatus. These studies may also help identify a short esopha-
gus, again important in preoperative planning [21]. Real-time video swallow studies 
may also help identify transit time and bolus transport issues. Due to high risk of 
aspiration with a hiatal hernia, water-soluble contrast material, such as gastrografin 
should be avoided due to risk of aspiration pneumonitis, with barium being the pre-
ferred contrast material [22]. CT scans may be of use in the acute setting to diagnose 
complications related to hiatal and paraesophageal hernias. On CT, one may see 
air-fluid levels within the chest, and the GE junction may be noted to be cephalad to 
its normal anatomical position [23]. An EGD may be performed as well, although 
this is not always necessary for diagnosis or treatment. In the emergency setting, 
EGD may be helpful in assessing gastric viability in an acutely incarcerated hernia 
or volvulus.

Esophageal manometry may be used in conjunction with a pH probe when con-
cerned for concomitant hiatal hernia and reflux disease. In patients with a sliding 
hiatal hernia, it may be difficult to accurately place the pH probe without esopha-
geal manometry guidance. Manometry may also help locate the level of the dia-
phragmatic crura and the location of the LES [24].

Diagnosis of achalasia should be confirmed with a barium swallow/esophagram. 
A “bird’s beak” appearance or a smooth tapering of the lower esophagus leading to 
a closed LES will be seen on a positive study. Manometry can also be used to diag-
nose achalasia by showing aperistalsis and incomplete or insufficient LES relax-
ation when swallowing. Finally, patients should undergo EGD to exclude other 
causes of aperistalsis such as a tumor at the GE junction [25].

3 Benign Esophageal Disease
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 Hiatal Hernia

 Indications for Surgery

Although most hiatal hernias can be managed medically, laparoscopic hiatal hernia 
repair can benefit some patients with symptomatic hiatal hernias. For asymptomatic 
type I hernias, surgery is not recommended [26]. However, surgery may be of benefit 
to patients with type I hernias who have complications of GERD such as strictures, 
ulcers, bleeding, or pulmonary complications such as asthma, recurrent aspiration 
pneumonia, or chronic cough [27]. In these patients, GERD, not the sliding hernia, 
is the indication for surgery, and a fundoplication must be performed [28].

Symptomatic or complicated paraesophageal hernias should be surgically 
repaired as a significant proportion of this type of hiatal hernia can become incarcer-
ated or possibly result in gastric volvulus leading to gastric perforation. The timing 
of repair of paraesophageal hernias depends on the presentation. Acute gastric vol-
vulus, uncontrolled bleeding, obstruction, strangulation, perforation, or severe 
respiratory compromise secondary to mass effect of the hernia requires emergent 
repair. More commonly, paraesophageal hernias present with symptoms such as 
refractory GERD, dysphagia, early satiety, postprandial chest pain, or vomiting can 
be repaired electively [29]. Completely asymptomatic paraesophageal hernias do 
not always necessitate surgical repair. The patient’s age and comorbidities should be 
weighed with the risks of surgery in evaluating whether to proceed with repairing 
asymptomatic paraesophageal hernias.

 Operation

Hiatal hernia repair can be performed through the chest or the abdomen and can be 
approached using minimally invasive techniques or traditional open surgery. The 
morbidity of this surgery is significantly reduced when using a laparoscopic 
approach when compared to open surgery [30]. Laparoscopic surgery has been 
shown to be as effective as the open approach in reducing recurrences. With consid-
eration to the similar efficacy combined with decreased perioperative morbidity, 
laparoscopy or robotic-assisted techniques have become the preferred method for 
repairing hiatal hernias.

Surgery involves dissecting out and reducing the hernia and its contents into the 
abdomen, closing the hiatal defect, and finally performing an antireflux procedure. 
In order to prevent recurrence of the hiatal hernia, the hernia sac must be completely 
dissected from the mediastinal structures and excised if possible [31]. Next, the 
lower esophagus must be mobilized sufficiently to allow the gastroesophageal (GE) 
junction to return to the abdomen. If the esophagus cannot be adequately mobilized, 
a neo-esophagus can be created from the stomach using an esophageal lengthening 
technique known as a Collis gastroplasty [32].
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After reduction and excision of the hernia sac, the hiatal defect must be closed. 
The crura of the diaphragm are closed inferiorly and posteriorly to the esophagus 
either with a primary suture repair or with the addition of mesh reinforcement. 
Several randomized controlled studies have demonstrated that mesh reinforcement 
during hiatal hernia repair may lead to a decreased short-term recurrence rate [33–
35]. However, there is insufficient evidence regarding the long-term benefit of mesh 
reinforcement. When making the decision to use mesh, consideration must be given 
to serious mesh-related complications such as mesh erosion, esophageal stenosis, 
and the need for reoperation. Given these potential complications, using biologic 
mesh is generally preferred to using synthetic mesh.

Once the hiatal defect is closed, performing a fundoplication is beneficial in 
treating reflux and decreasing recurrence rates of the hernia. Both complete (Nissen) 
and partial fundoplications can reestablish competency of the gastroesophageal 
sphincter and are a necessary component of treating type I sliding hernias [24]. 
However, fundoplication may increase postoperative dysphagia, and thus routine 
fundoplication is not necessarily beneficial to all patients [36].

An ideal hiatal hernia repair results in the permanent retention of the stomach and 
GE junction within the abdomen. Fixing the stomach to the abdominal wall with an 
anterior gastropexy may help decrease rates of recurrence when combined with pri-
mary repair of the hiatal hernia [37]. Anterior gastropexy can be accomplished with 
either sutures or with a gastrostomy tube. The use of a gastrostomy tube may addi-
tionally facilitate postoperative care in select patients such as those with delayed 
gastric emptying. Endoscopic reduction of hiatal hernias combined with percutane-
ous endoscopic gastrostomy (PEG) tube placement without primary repair is an 
option in extremely high-risk patients. However, significantly higher recurrence 
rates are associated with this procedure, and primary repair is preferred [38].

 Postoperative Management

After minimally invasive hiatal hernia repair, patients are admitted to the hospital 
and kept on antiemetics to minimize nausea and vomiting which could potentially 
disrupt the hernia repair resulting in early recurrence. In asymptomatic patients, it is 
not necessary to perform routine postoperative contrast studies. Early postoperative 
dysphagia is common occurring in up to 50% of patients. The patient’s diet should 
be advanced slowly from clear liquids to solids. It is important to pay close attention 
to the patient’s nutritional status and caloric intake given the frequency of postop-
erative dysphagia. Although some weight loss after minimally invasive hiatal hernia 
repair is normal, weight loss in excess of 20 lbs. (9 kg) should prompt further evalu-
ation and possibly intervention for dysphagia [29].

The mortality and morbidity of elective minimally invasive hiatal hernia repair 
are relatively low with 30-day mortality rates ranging from 0.8% to 1.7% [39, 40]. 
The morbidity and mortality significantly increase in emergent hiatal hernia repair. 
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Most common complications of hiatal repair are pneumonia (4.0%), pulmonary 
embolism (3.4%), heart failure (2.6%), and postoperative leak (2.5%) [39].

One of the most important long-term complications of minimally invasive hiatal 
hernia repair is recurrence of the hernia. The rate of radiographic recurrence is gen-
erally higher than the clinical recurrence of symptoms and rarely requires reopera-
tion. Rathore et al. reported in a meta-analysis a clinical recurrence rate of 10.2% 
and a radiographic recurrence rate of 25% [41]. Reoperation for hiatal hernias is 
technically challenging and should be reserved for patients with severe recurrent 
symptoms.

 Gastroesophageal Reflux Disease (GERD)

 Indications for Surgery

Surgery for reflux is generally reserved for patients with complications of reflux or 
the inability or unwillingness to take lifelong medication. When the diagnosis of 
GERD has been confirmed, surgery should be considered in patients:

 1. With persistent symptoms despite optimal medical management
 2. With well-controlled GERD who wish for a onetime, definitive treatment
 3. Who have complications of GERD such as Barrett’s esophagus or peptic stric-

ture [42]
 4. Who have extraesophageal manifestations of GERD including:

 (a) Respiratory manifestations such as cough, wheezing, or aspiration
 (b) Ear, nose, and throat manifestations such as hoarseness, sore throat, or otitis 

media
 (c) Dental manifestations such as enamel erosion

 5. Who are unable to tolerate or afford lifetime medication

The role of surgical intervention for patients with symptoms of asthma related to 
reflux has not been clearly defined, but some studies have suggested that surgery may 
improve asthma symptoms, asthma medication use, and pulmonary function [43].

If Barrett’s esophagus is suspected when upper endoscopy is performed during 
the preoperative assesment of GERD, four quadrant biopsies are taken to confirm 
the diagnosis and assess the histological grade. Endoscopic mucosal resection 
(EMR) can be used at this time to resect areas of ulceration and nodularity to rule 
out the presence of neoplasia. If adenocarcinoma involving the submucosa and 
deeper is detected, the patient is not a candidate for antireflux surgery and should be 
referred for radiation, chemotherapy, and possible esophagectomy [28]. High-grade 
intraepithelial neoplasia (HGIN) and intramucosal carcinoma (IMC) can by treated 
with endoscopic techniques such as photodynamic therapy (PDT), EMR, and radio-
frequency ablation (RFA). When these techniques accomplish complete histologi-
cal eradication, then antireflux surgery may be considered [44]. If biopsy 
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demonstrates nonneoplastic intestinal metaplasia (IM), indefinite for neoplasia 
(IND), or low-grade intraepithelial neoplasia (LGIN), then antireflux surgery can be 
offered without prior endoscopic eradication [45].

 Operation

Multiple factors such as the degree of esophageal shortening, disturbances of esoph-
ageal motility, prior operations, and expertise in laparoscopic techniques play a role 
in deciding the optimal approach for patients undergoing antireflux surgery. When 
comparing a laparoscopic minimally invasive approach with open surgery, multiple 
randomized controlled studies have demonstrated that the laparoscopic approach is 
associated with shorter hospital stays, earlier return to work, and less complications 
in the short term. Long-term failure rates of both the laparoscopic and open 
approaches were similar. Laparoscopy, however, was associated with longer opera-
tive times and higher rates of reoperation when compared to open surgery [28].

Multiple antireflux procedures have been described in the treatment of 
GERD.  The goal of these procedures is generally to recreate a functional lower 
esophageal sphincter. The Nissen fundoplication is the most commonly performed 
antireflux surgery and results in a 90% symptomatic improvement [46]. Laparoscopic 
Nissen fundoplication is performed under general anesthesia using five small 
(5–12  mm) incisions. First, the fundus of the stomach and distal esophagus are 
completely mobilized. The short gastric vessels are only divided if further mobility 
is needed to create the wrap [47, 48]. If a hiatal hernia is encountered, it is dissected 
and reduced into the abdomen followed by narrowing of the esophageal hiatus 
through crural closure. Biologic mesh reinforcement should be considered if the 
hiatal defect is large [28]. Finally, fundoplication is performed by suturing the pos-
terior and anterior walls of the gastric fundus anteriorly together around an intrae-
sophageal dilator to create a 360° wrap.

Although laparoscopic Nissen fundoplication is the most commonly performed 
antireflux procedure, a number of alternatives and modifications exist and may be 
appropriate in various settings. A partial 270° wrap (Toupet) can be used in patients 
with severe motor abnormalities [49]. However, a tailored approach to esophageal 
motility is unwarranted as esophageal motility generally improves as symptoms of 
GERD are controlled [28]. Other antireflux options include an anterior 180° wrap 
(Dor), transthoracic partial fundoplication (Bell Mark IV), and imbricating the 
lesser curve of the stomach around the esophagus and then tethering this complex to 
the median arcuate ligament (Hill gastropexy). When compared to the traditional 
360° wrap, partial fundoplication is associated with less postoperative dysphagia, 
fewer reoperations, and a similar effectiveness in controlling symptoms of GERD 
[28]. Anterior wraps are generally associated with less postoperative dysphagia [50] 
but are less effective in reflux control [51]. In morbidly obese patients with a BMI 
greater than 35, gastric bypass should be used as the treatment of GERD because of 
the high failure rates of fundoplication in this population [52].
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 Postoperative Management

After undergoing a minimally invasive Nissen fundoplication, patients are admitted 
to the hospital and started on a liquid diet. The management of these patients in the 
postoperative period depends on the symptoms related to the size and tightness of 
the wrap. Perioperative and early postoperative dysphagia is one of the most com-
mon complications of Nissen fundoplication with rates reported as high as 76% 
[53]. However, most studies show dysphagia rates to be less than 20% at 1 year [28]. 
Generally, dysphagia is managed with dietary modification and a continued liquid 
diet. However, dysphagia that persists more than 12 weeks should prompt further 
evaluation. Approximately 6–12% of patients who undergo Nissen fundoplication 
will require endoscopic dilatation [54]. Patients with a 360° wrap may be candidates 
for conversion to a partial wrap to relieve symptoms of persistent dysphagia.

Other complications specific to minimally invasive antireflux surgery include 
gastric or esophageal perforation and pneumothorax. Severe pain, intractable eme-
sis, fever, tachycardia, or leukocytosis in the immediate postoperative period should 
prompt an evaluation for perforated viscous. The rate of gastric and esophageal per-
foration is related to the technique used and surgical experience and ranges from 0% 
to 4% with the higher rates reported in redo fundoplication [28]. Pneumothorax has 
been reported in 0–1.5% of cases and is likely related to excessive hiatal dissection.

One late postoperative complication associated with Nissen fundoplication is gas 
bloat syndrome, or the sensation of intestinal gas with the inability to belch. 
Although the etiology is not clearly understood, this syndrome may be related to 
delayed gastric emptying, aerophagia, or vagal dysfunction. Mild symptoms can be 
managed by avoiding carbonated beverages, simethicone, or metoclopramide. 
Pyloroplasty, pyloric botox, and pneumatic pyloric dilatation can be offered in 
select patients with severe persistent symptoms [55].

Antireflux surgery can be performed with minimal morbidity and mortality and 
effectively improves LES pressure and decreases acid reflux leading to high patient 
satisfaction rates and improved quality of life. Most studies report greater than 90% 
satisfaction with results after laparoscopic fundoplication. The continued use of 
acid-reducing medications after antireflux is generally reported as less than 20% 
[56]. Antireflux surgery is most effective in treating typical symptoms of GERD, 
while atypical symptoms such pulmonary symptoms, although they mostly improve, 
have a higher rate of persistence [28].

 Achalasia

 Indications for Surgery

The goal of treatment for achalasia is to improve patient’s symptoms by decreas-
ing the pressure of the LES in hopes of minimizing the functional obstruction 
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[2]. Treatment is pertinent when achalasia is suspected and diagnosed. A dilated 
esophagus with severely limited bolus transit time can occur with treatment 
delay, which can lead to perforation and/or aspiration [57]. Early diagnosis and 
prompt treatment of achalasia is essential in preventing any of the end-stage 
outcomes.

Various treatment options exist initially to treat achalasia including pharmoco-
logical interventions (oral nitrates, calcium channel blockers, or botulinum injec-
tions), pneumatic dilation, peroral endoscopic myotomy (POEM), and finally 
surgical myotomy. The choice of therapy should be based on individual character-
istics such as gender, patient preference, age, and expertise and comfort with these 
procedures. Unfortunately, the pathophysiology of achalasia is irreversible, and 
many of the treatments listed are temporary; therefore, patients require long-term 
follow-up with the likelihood of repetitive or alternative procedures and treat-
ments [58].

 Operation

A laparoscopic Heller myotomy is the gold standard, the most common opera-
tive procedure for achalasia treatment [59], and was originally described in 
1913 by Ernest Heller. Since that time, the operation itself has been modified 
several times [60]. Minimally invasive techniques are most commonly per-
formed, with an open procedure available if needed. The esophagus can be 
approached via the thorax or the abdomen [61, 62]. The surgeon must gain 
access to the stomach and distal esophagus for dissection. The distal mediasti-
nal esophagus must be mobilized to allow for sufficient length to perform the 
needed myotomy incision to divide the LES. This ensures a tension-free fundo-
plication [63].

The myotomy is performed by dividing individual gastric and esophageal muscle 
fibers in layers, first the longitudinal fibers followed by the circular fibers [2]. When 
performing the myotomy, a lighted bougie dilator usually 50 Fr or an endoscope 
may be used to help facilitate muscle dissection and division. When the myotomy is 
complete, endoscopic inspection is completed to ensure there are no mucosal inju-
ries or issues with the myotomy [63].

Frequently, when performing a Heller myotomy, reflux can occur due to the dis-
ruption of the LES; therefore, a Heller myotomy may be combined with an antire-
flux procedure (described in the GERD section) [11, 64]. When an antireflux 
procedure is indicated, a partial (Toupet or Dor) versus circumferential (Nissen) 
wrap is usually completed (described in the GERD section) [65]. A randomized 
study done including 43 patients who underwent a myotomy for achalasia found 
that adding a Dor (anterior) fundoplication had significantly fewer GERD symp-
toms (9% vs. 48%) and lower acid exposure time in the distal esophagus when 
compared to those who underwent myotomy alone [66].
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 Postoperative Management

After undergoing minimally invasive Heller myotomy with or without fundoplica-
tion, patients are admitted to the hospital after surgery and started on a liquid diet. 
Patients who underwent a minimally invasive procedure should expect to be dis-
charged in 1–2 days. Depending on surgeon preference, patients may undergo a 
swallow study (either barium or gastrografin) to assess the integrity of the esopha-
gus and ensure no mucosal injuries. Similar to the postoperative management of 
GERD, the postoperative management of achalasia is mostly dependent on the 
symptoms that relate to dysphagia that may occur in the immediate postoperative 
period. This may be due to inflammation and swelling of the wrap itself. These 
symptoms usually improve over time; however, if dysphagia becomes an issue, it 
can be managed with diet modifications and a continued liquid diet. If the dysphagia 
continues for more than 12 weeks, it requires further work-up. Some patients may 
require endoscopic dilatation or modification of their wrap [54]. Some patients may 
still develop postoperative GERD in long-term follow-up; however, it can usually 
be managed medically (H2 blockers or PPI) [67].

Another concern postoperatively is the recurrence of dysphagia, which can be 
due to an incomplete myotomy, scar fibrosis and shrinkage, narrowing of the fundo-
plication [68]. Recurrent dysphagia can be seen in about 3–10% of patients, with 
symptoms occurring 6 months or later [69]. Other complications that may occur are 
similar to the postoperative complications described in the GERD section, including 
gastric or esophageal perforation (1–7%) or pneumothorax [69]. Severe pain, intrac-
table emesis, fever, tachycardia, or leukocytosis should prompt immediate evalua-
tion for a possible perforated viscus.

The advantages of surgical myotomy include initial high success rates and lower 
rates of symptom recurrence compared to pneumatic dilation [66]. A minimally 
invasive Heller myotomy is typically associated with a fast recovery and quick 
return to daily activities, a short hospital stay (1–2 days), and a minimal postopera-
tive pain [2]. Studies have shown that 90–95% of patients continue to have improved 
symptomatology at 5 years and 80–90% at 10 years [2].

 Conclusion

Benign esophageal disease covers a broad spectrum of pathology including gastro-
intestinal reflux disease (GERD), hiatal hernia, and achalasia. These disease pro-
cesses can be managed through a variety of approaches. Medical therapy may often 
be appropriate initially in managing patients with benign esophageal disease. 
However, in symptomatic patients, surgery offers an excellent option for definitive 
therapy in appropriately selected patients. When evaluating patients with benign 
esophageal disease, it is essential to consider minimally invasive surgical options 
that may significantly improve and effectively treat their conditions. In such cases, 
appropriate surgical referrals should be made.
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Chapter 4
Malignant: Esophageal Cancers

Anthony Delliturri, Shintaro Chiba, and Igor Brichkov

 Introduction

According to data from the American Cancer Society, the estimated new cases of 
esophageal carcinoma in the United States during 2017 was 16,940 for both sexes 
with a male to female ratio of 3.7:1. In addition, the estimated number of deaths 
from esophageal carcinoma was 15,690 in both sexes with a male to female ratio of 
4.3:1 [1]. Male preponderance can be attributed to lifestyle factors such as obesity, 
diet low in fruits and vegetables, tobacco, and alcohol. Worldwide, the incidence of 
new esophageal cancers is 440,000, and new deaths are 442,000 making esophageal 
cancer ranked ninth and sixth as the most common cancer and most frequent cancer-
related cause of death, respectively [2].

Esophageal carcinoma is divided into two histological subtypes with different 
prevalence globally. Worldwide, esophageal squamous cell carcinoma is the most 
common histological type particularly in areas of Asia, Africa, and Iran. This is 
attributed to increased tobacco and alcohol consumption. On the other hand, west-
ern nations have a higher incidence of adenocarcinoma, which is attributed to the 
rising rate of obesity, gastroesophageal reflux disease (GERD), and the lower rate of 
tobacco use [3].
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Prognosis of esophageal cancer has improved over the last five decades in devel-
oped countries. In the 1960s, the 5-year survival for esophageal cancer was less than 
5%. More recently, 5-year survival has increased to approximately 20% based on 
data from the Surveillance, Epidemiology, and End Results (SEER) cancer database 
[4]. This could be attributed to improved screening techniques, earlier diagnosis, 
and therefore earlier interventions, as well as decreased incidence in risk factors 
especially tobacco and alcohol use [3]. Prognostic factors are based on tumor stage, 
histology, and comorbid conditions of the patient.

 Squamous Cell Carcinoma

The most common histologic subtype of esophageal cancer is squamous cell carci-
noma with high incidence on the African and Asian continents. The incidence 
throughout Asia is approximately 90%; however, these numbers have been decreas-
ing in other regions around the world like in Europe and North America [5].

The development of squamous cell carcinoma is initiated by exposure to either 
caustic or carcinogenic substances such as tobacco smoke and alcohol. Interestingly, 
it has been noted that tobacco and alcohol work synergistically, further increasing 
development of squamous cell carcinoma [6]. Smoking cessation programs are an 
effective way of preventing incidence of squamous cell carcinoma [7]. Other risk 
factors include consumption of hot beverages, accidental/intentional ingestion of 
sodium hydroxide/lye, and radiation therapy. Consumption of fruits and vegetables 
has been found to be protective [8].

 Adenocarcinoma

Adenocarcinoma has become the most prevalent type of esophageal carcinoma in 
western countries despite the decrease in incidence of squamous cell carcinoma 
worldwide. One theory for this includes the increasing number of obese and mor-
bidly obese individuals in developed countries. The main risk factors include 
GERD, obesity, and male sex. On the other hand, like in squamous cell carcinoma, 
the increased consumption of fruits and vegetables has been shown to be protective. 
Interestingly, H. pylori infection is protective against the development of adenocar-
cinoma. The increased use of antibiotics in society may have inadvertently caused 
an increased rate of adenocarcinoma [9].

The development of adenocarcinoma through factors such as chronic gastro-
esophageal reflux disease has been well characterized through the pathology of 
Barrett’s esophagus. Prolonged gastric acid exposure in the lower esophagus begins 
the transformation of the squamous epithelium to a columnar type of epithelium 
similar to that of intestinal mucosa (intestinal metaplasia) known as Barrett’s esoph-
aguss. Barrett’s esophagus itself is not malignant but has been previously consid-
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ered a precursor to adenocarcinoma. The incidence of malignant transformation in 
Barrett’s esophagus without dysplasia is much lower than previously thought (<1%), 
and as a result, no specific therapy is required in these patients other than periodic 
surveillance endoscopy every 3 years. The mechanism by which dysplasia develops 
within Barrett’s mucosa or which patients will develop dysplasia is unclear. Once 
low-grade dysplasia develops, it may remain low grade requiring more frequent 
endoscopic surveillance and biopsy every 3–6 months. Endoscopic ablation of the 
dysplastic esophageal mucosa may be considered at this point in lieu of frequent 
endoscopy. Once low-grade dysplasia progresses to high-grade dysplasia, therapy is 
warranted as up to 40% of high-grade dysplasia bares foci of adenocarcinoma 
within. High-grade dysplasia may quickly progress to invasive adenocarcinoma, 
and as such, vigilant endoscopic surveillance, ablation, and/or surgery may be nec-
essary [10].

 Patient Presentation

The clear majority of patients are males who present following a period of dyspha-
gia that begins with difficulty consuming solids followed by liquids [11]. This pro-
gression of dysphagia is associated with the tumor burden occluding the lumen of 
the esophagus. In most cases, this progression is over a period where the patient 
adapts by consuming smaller bites followed by only liquids. Most patients, who 
deal with the symptoms over a long period of time, present with involuntary weight 
loss further adding difficulty to the recovery following surgery to debulk the tumor.

Patients who present with an eventual diagnosis of adenocarcinoma typically 
report a long period of reflux symptoms [12]. In addition, there has been a link 
between adenocarcinoma and obesity [13]. The exact pathophysiologic mechanism 
has yet to be elucidated; however, it could be associated with the patients increased 
likelihood of developing gastroesophageal reflux disease. Other locally invasive 
symptoms include hoarseness secondary to invasion of the recurrent laryngeal nerve 
or pneumonia secondary to tracheoesophageal fistula or chronic aspiration from 
esophageal obstruction.

 Diagnosis and Staging

Prior to a diagnosis of esophageal cancer, the initial workup for suspicious symp-
toms of dysphagia in addition to history and physical should include contrast esoph-
agography. Lesions on esophagram suggestive of esophageal cancer include the 
pathognomonic “apple core” lesion. The “apple core” lesion typically occurs with 
symmetrical and circumferential growth of the tumor. Most of the time, the esopha-
gram will show an irregular asymmetrical mass [14]. Further investigation requires 
esophagogastroduodenoscopy to inspect the suspicious lesion and to obtain a tissue 
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diagnosis. During endoscopy, it is important to sample from multiple locations as to 
avoid missing the diagnosis of esophageal cancer. On endoscopic evaluation, carci-
noma could appear as solid tumors, ulcerations, friable masses, or strictures from 
circumferential growth. Endoscopic evaluation is important to establish histologic 
tissue type [15]. For patients with Barrett’s esophagus, biopsies should be obtained 
in four quadrants at every 1–2 cm of abnormal mucosa to rule out dysplasia and/or 
carcinoma. This is particularly important in long-segment Barrett’s or nodular 
dysplasia.

Following confirmation of esophageal cancer on biopsy from endoscopy, the 
next step is staging of the tumor. Staging is required in order to assess the local or 
regional extent of disease as well as the presence of distant metastasis. Endoscopic 
ultrasound is the most sensitive test for local or regional metastasis. Although opera-
tor dependent, it can assess for depth of tumor invasion as well as nodal involve-
ment. Staging laparoscopy is rarely necessary for pure esophageal cancers but may 
be worthwhile in tumors involving the gastroesophageal junction and stomach. A 
full body positron emission tomography-computed tomography (PET-CT) scan 
should be performed to rule out distant metastatic disease [16].

Staging is based on the TNM classification system from the Union of International 
Cancer Control. This staging system evaluates primary tumor pathology, regional 
lymph nodal spread, and metastases [17]. In the most recent update by the American 
Joint Committee on Cancer, adenocarcinoma and squamous cell carcinoma are 
divided into two separate classifications (Table 4.1). In addition, any tumor located 
within 5 cm of gastroesophageal junction is considered esophageal carcinoma [18]. 
Briefly, tumors limited to the esophageal mucosa are considered T1a. Tumors pen-
etrating to the submucosa are T1b. Tumors involving the esophageal muscle are T2. 
Tumors penetrating the periesophageal tissues are T3, and tumors invading neigh-
boring structures are T4. Any nodal metastasis is considered N1 (or N2–N3 based 
on the number of nodes involved), and any distant metastasis is considered M1 
(Table 4.2).

 Treatment Overview

Esophageal carcinoma is treated with either chemotherapy, radiation, surgery, 
endoscopy or a combination of all of the above. Tumors with distant metastasis are 
treated with platinum-based chemotherapy with or without radiation. In these cases, 
radiation therapy is given only as a palliative treatment modality to the primary 
tumor alone. Early-stage tumors without lymph node involvement or metastatic dis-
ease may be treated with primary curative surgical therapy or endoscopic therapy. 
Preoperative neoadjuvant chemoradiotherapy is indicated for locoregionally 
advanced tumors, large bulky tumors, tumors with T3 depth of invasion, or any 
tumors with lymph node involvement. Patients who are poor surgical candidates 
who have otherwise resectable disease are treated with definitive chemoradiation 
alone with modest results.
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 Endoscopic Treatment

Early esophageal cancer can be treated endoscopically as a primary treatment 
modality. The 2017 National Comprehensive Cancer Network (NCCN) Guidelines 
recommend primary treatment of Tis, T1a, and T1b tumors without lymphovascular 
invasion and Barrett’s esophagus with endoscopic mucosal resection (EMR), endo-
scopic submucosal dissection (ESD), or ablation [19]. EMR involves removal of the 
involved mucosa and a portion of the submucosa by raising the lesion off of the 
underlying esophageal muscle by injection and snaring the raised area using an 
electrosurgical snare. The area that can be removed by this method is limited in size, 
and larger lesions have to be removed piecemeal. This technique is also limited in 
terms of ability to assess margins of the resected lesion(s). ESD involves a precise 
removal of the mucosa and submucosa with margins by using a specialized endo-
scopic electrosurgical knife through the endoscope. This technique allows for resec-
tion of larger superficial esophageal cancers with precise margins. Entire 

Table 4.1 American Joint Committee on Cancer (AJCC). TNM classification of carcinoma of the 
esophagus and esophagogastric junction (7th ed., 2010)

Primary tumor (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasiaa

T1 Tumor invades lamina propria, muscularis mucosae, or submucosa
T1a Tumor invades lamina propria or muscularis mucosae
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, pericardium, or diaphragm
T4b Unresectable tumor invading other adjacent structures, such as aorta, vertebral body, 
trachea, etc.
Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes
Distant metastasis (M)

M0 No distant metastasis
M1 Distant metastasis

National Comprehensive Cancer Network. Esophageal cancer (Version 2.2017). https://www.
nccn.org/professionals/physician_gls/pdf/esophageal
aHigh-grade dysplasia includes all noninvasive neoplastic epithelia that was formerly called carci-
noma in situ, a diagnosis that is no longer used for columnar mucosae anywhere in the gastrointes-
tinal tract
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circumferential lesions may be resected with this technique. The limitations of the 
technique include a higher perforation risk, significantly longer procedure time, and 
limited number of endoscopists who are comfortable with this procedure.

Ablation of the esophageal mucosa may be accomplished using a radiofrequency 
(RFA) energy device introduced endoscopically which ablates mucosa to a depth of 
1 mm. Typically, a total of two treatments to a given site are performed at each treat-
ment session with 2–3 treatments required to successfully ablate all affected mucosa. 
With this technique, large portions of the esophageal mucosa may be ablated, and it 
is the only modality that has shown to reverse intestinal metaplasia. Originally 
developed for the ablation of Barrett’s esophagus without dysplasia, RFA has been 
used for Barrett’s esophagus with low-grade dysplasia, high-grade dysplasia, as 
well as invasive carcinoma with success. Due to recent evidence of low risk of 
malignant transformation in nondysplastic Barrett’s esophagus, RFA for these 
patients is no longer necessary or indicated.

In a large study, 96.3% complete remission was achieved with 0.2% tumor-
related death due to metastasis for early-stage mucosal adenocarcinoma [20]. After 
endoscopic treatment, close surveillance of these patients is necessary with possible 
repeat endoscopic treatment or surgery due to failure. Complications after endo-
scopic treatment include bleeding, perforation, and stricture formation.

 Surgical Treatment

Esophagectomy is the primary therapy for early-stage esophageal cancer T2 N0 or 
T1 tumors amenable to surgical resection [21]. For locoregionally advanced dis-
ease, esophagectomy is performed after neoadjuvant chemoradiation in order to 
achieve complete resection. Occasionally, esophagectomy is performed as a salvage 
modality for those patients who fail primary definitive chemoradiation.

Surgical options for esophageal cancer include traditional open or minimally inva-
sive approaches. Whether open or minimally invasive, there are several steps of esoph-
agectomy common to both. The principles of surgical resection of esophageal cancer 
are resection of a portion of the esophagus as well as a portion of the upper stomach. 
Typically, 10 cm of esophagus proximal to the tumor must be resected as well as 
3–4 cm distal. This is due to the likelihood of tumor spread within the extensive lym-
phatic drainage system within the esophageal submucosa. Due to the anatomic fixa-
tion of the esophagus within the thorax, segmental resection of the esophagus with 
anastomosis is not possible, and esophageal replacement with another tubular struc-
ture is necessary. The most commonly used structure is tubularized stomach. In the 
abdomen, the stomach must be mobilized, and a new esophageal replacement conduit 
must be fashioned by forming a limited diameter gastric tube. Although the non tubu-
larized stomach has been used, the bulk of a large stomach within the mediastinum 
may lead to postoperative dysphagia and cardiopulmonary compression. The choice 
of conduit is primarily the stomach, but if the stomach is not available as a conduit due 
to prior gastrectomy, the colon or jejunum can be used as an alternative. After mobiliz-
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ing the stomach and creating the gastric conduit, the esophagus must be mobilized 
through the hiatus from the abdominal incision or by thoracotomy/thoracoscopy. 
After the esophagus has been fully mobilized, the esophagus is resected, and the 
esophagogastrostomy is made in the thoracic cavity or in the neck. The amount of 
esophagus resected and the location of the anastomosis depend largely on the location 
of the tumor and also on preoperative radiation and surgeon preference. For tumors of 
the mid- and upper thoracic esophagus, a near-total esophagectomy needs to be per-
formed in order to obtain negative proximal margins. For lower esophageal or gastro-
esophageal junction tumors, a smaller portion of the esophagus requires resection, and 
the anastomosis can be created in the thorax or in the neck based on surgeon prefer-
ence. Also, a wide preoperative radiation field may require resection of a longer seg-
ment of the esophagus and mandate a cervical anastomosis rather than an intrathoracic 
one as radiation effects may complicate anastomotic healing.

There are three approaches to perform an esophagectomy which include tran-
shiatal, Ivor Lewis, and McKeown. In the transhiatal or two-field approach, the 
incision is made in the abdomen and the neck. The distal esophagus is mobilized 
from the abdomen, and the proximal esophagus is mobilized through a cervical inci-
sion with the esophagogastrostomy performed in the neck. No incisions in the tho-
rax are required in this approach as the esophagus is bluntly separated from its 
intrathoracic attachments by a hand inserted in a paraesophageal manner via the 
neck incision as well as via the hiatus through an upper midline abdominal incision. 
As this procedure is performed blindly, a surgeon experienced in esophagectomy is 
required. This technique may also be performed via a minimally invasive approach 
(i.e., laparoscopy through the hiatus and manual blunt dissection or video-assisted 
dissection through the neck incision) (Fig.  4.1). Limitations of this approach 
include difficulty in dissection of certain bulky tumors and bleeding from blind 
dissection and limited ability to assess, sample, and resect lymph nodes within the 
mediastinum. Advantages of this approach include decreased postoperative pulmo-
nary complications and pain from thoracotomy or thoracoscopy. Also for non-bulky 
tumors located in the distal esophagus or GEJ that are amenable to a laparoscopic 
transhiatal esophagectomy, this approach allows for earlier postoperative recovery 
less pain with equivalent rates of complete surgical resection and cure.

The Ivor Lewis esophagogastrectomy is also a two-field (or two-incision) 
approach. The stomach is mobilized from the abdomen, and the distal and the mid-
thoracic esophagus is dissected via right thoracotomy/thoracoscopy and esophago-
gastrostomy performed in the chest. The advantage of this approach is that the 
mediastinal lymph nodes can be dissected under direct vision unlike in the transhia-
tal approach where most of the esophageal dissection is performed blindly through 
the abdomen. For distal esophageal cancer where it is unnecessary to resect any of 
the proximal esophagus, the Ivor Lewis approach is appropriate. Experienced sur-
geons will perform this technique via a minimally invasive approach [laparoscopy 
for the abdominal portion and thoracoscopy for the intrathoracic portion (Fig. 4.2)]. 
Disadvantages of this technique include added pain and associated pulmonary com-
plications from thoracic incisions as well as risk of significant morbidity associated 
with a potential intrathoracic anastomotic complication. However, using minimally 
invasive techniques, the pulmonary and pain complications associated with thora-
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cotomy are limited. The benefits of the Ivor Lewis technique include direct visualiza-
tion during dissection of the intrathoracic esophagus and better access to mediastinal 
lymph nodes. Compared to other approaches, there is no proven oncologic-related 
approach to one technique over any other technique, but recent retrospective data 
shows increased number of lymph nodes obtained with minimally invasive esopha-
gectomy compared to open without any difference in morbidity and mortality [22].

A third less common approach to esophagectomy is the three-field (or three-inci-
sion) approach named after McKeown. The McKeown technique combines the tech-
niques, advantages, and disadvantages of both transhiatal and Ivor Lewis approaches. 
The surgeon starts the operation with the dissection of the thoracic esophagus via right 
thoracotomy allowing for direct visual access to both the esophagus and mediastinal 
lymph nodes. Then the patient is laid supine, and cervical and abdominal incisions are 
made as for a transhiatal esophagectomy (Fig. 4.3). The stomach is mobilized in the 
abdomen and proximal esophagus dissected through the cervical incision. The conduit 
is passed through the chest blindly, and esophagogastrostomy is performed in the 
neck. The potential benefit of having a cervical anastomosis is decreased morbidity of 
anastomotic leak in the neck and increased length of proximal esophagus resected 
with the added benefit of extensive intrathoracic lymphadenectomy. Additionally, 
direct visual access to the intrathoracic esophagus limits potential injuries to intratho-
racic structures associated with blind dissection as in the transhiatal approach. The 

Fig. 4.1 Incisions 
performed for a 
minimally invasive 
transhiatal 
esophagectomy
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Fig. 4.3 Incisions performed for a minimally invasive McKeown esophagectomy

Fig. 4.2 Incisions performed for a minimally invasive Ivor Lewis esophagectomy
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largest disadvantage of this technique is increased pain and pulmonary complication 
associated with thoracic incisions though this is limited if thoracic esophageal mobili-
zation is performed thoracoscopically. Mid-esophageal bulky tumors with suspected 
lymph node involvement or mid-esophageal tumors treated with neoadjuvant intratho-
racic radiation are best treated via the McKeown technique.

Open surgical approaches which include both laparotomy and thoracotomy inci-
sions result in significant postoperative morbidity. Comparing open and minimally 
invasive techniques, there was a reduction in hospital stay and total number of 
complications with laparoscopy [22–24]. A recent meta-analysis shows that overall 
complication rates were lower in the minimally invasive group, specifically pulmo-
nary complications, wound infection rates, and intraoperative blood loss, but no 
difference in overall long-term survival [22, 25]. The lower complication rate for 
minimally invasive approach may be secondary to unopened abdomen and chest. In 
recent years, robotic-assisted esophagectomy has also been performed with equiva-
lent short-term oncologic outcomes, no increased morbidity, and equivalent num-
bers of lymph nodes harvested [22]. Further investigation should be performed for 
this novel approach, and a randomized controlled trial is underway to further inves-
tigate the utility of robotics for esophagectomy [26].

Preoperatively, risks, benefits, and postoperative expectations should be dis-
cussed with the patient and caregivers. On the day of surgery, the patient should be 
nil per os overnight per anesthesia protocol at an individual institution. To control 
the pain postoperatively, possible epidural placement should be discussed with the 
anesthesia team if a thoracotomy is anticipated.

Postoperatively, the patient may require ventilator support depending on the 
length of the operation, intraoperative complication/difficulty, presence of a thora-
cotomy incision, and surgeon preference. Surgical intensive care is frequently appro-
priate for monitoring of the patients immediately perioperatively as patients require 
monitoring for pulmonary complication, bleeding, and arrhythmias. A nasogastric 
tube is routinely placed through esophagogastrostomy anastomosis to keep the gas-
tric conduit decompressed until the anastomosis is given the time to heal. Anastomosis 
in the neck or thorax depending on surgical technique used may be drained via a 
closed suction drain which is removed after anastomotic healing has taken place. We 
routinely perform an esophagram on postoperatively day 5 to rule out an anasto-
motic leak before taking out the nasogastric tube and starting a liquid diet.

If a thoracotomy/thoracoscopy is performed, a chest drain is left in place to drain 
the anastomosis in case of an anastomotic leak if the esophagogastrostomy is in the 
chest, as well as to allow for reexpansion of the lung and drainage of any pleural 
effusions. Prophylactic antibiotics would be given perioperatively, but it is not nec-
essary to continue the antibiotics postoperatively unless complicated by anasto-
motic leak, mediastinitis, surgical site infection, or pneumonia. Deep vein thrombosis 
prophylaxis with low-molecular-weight heparin and sequential compression stock-
ing should be given perioperatively to decrease incidence of deep vein thrombosis 
and subsequent pulmonary emboli [27].

4 Malignant: Esophageal Cancers



50

 Outcomes

Complications after esophagectomy include anastomotic leak, wound infection, 
pulmonary complication, recurrent laryngeal nerve injury, anastomotic stricture, 
arrhythmia, pulmonary emboli, deep vein thrombosis, and postoperative bleeding. 
Complication specific to esophagectomy will be discussed in detail.

Anastomotic leaks can present as pain, tenderness, fever, tachycardia, and leuko-
cytosis. Esophagram or computed tomography (CT) scan with oral contrast is diag-
nostic. Comparing cervical and intrathoracic anastomotic leaks, the former is 
considered to be less morbid. An anastomotic leak can be treated nonoperatively if 
it is contained or drained by closed suction drain or a chest tube. If there is no proper 
drainage, the leak must be controlled by image-guided drain placement or reopera-
tion. Endoscopic therapies for anastomotic leaks include clipping and stenting for 
patients that are not septic and hemodynamically stable. Depending on the institu-
tion, these interventions are performed by gastroenterologists or thoracic/general 
surgeons. More novel approach is an endoluminal drainage of the leak with a vac-
uum-assisted closure system, but there is very limited data for this approach, and it 
is currently under further investigation.

Anastomotic stricture is a late complication for an esophagectomy. Patient may 
complain of dysphagia, food intolerance, nausea, vomiting, and chest pain. An 
esophagram is the initial diagnostic tool, and it should be followed by endoscopy. 
Endoscopic dilation with bougienage or balloon is the primary mode of therapy for 
esophageal strictures [28]. Various injections of steroids have been attempted with 
varying benefits. Repeat dilations may be necessary for resolution of the 
symptoms.

Recurrent laryngeal nerve (RLN) injury occurs in approximately 1% of the pop-
ulation after esophagectomy [29], particularly when dissection in the neck was 
used. RLN innervates all intrinsic muscles of the larynx except for the cricothyroid, 
and damage to the nerve causes changes in voice, phonation, swallowing, and 
coughing. Fiberoptic endoscopy is diagnostic for RLN injury. If there is an injury, 
an intervention is usually deferred for 6 months to a year as there is the potential for 
RLN to regain function by nerve regeneration. Vocal cord injection is usually the 
first-line therapy. If the symptoms do not improve and are refractory to the injec-
tions, laryngoplasty, arytenoid adduction, and cricothyroid subluxation are proce-
dures to medialize the cord anatomically.

 Summary and Conclusion

Esophageal cancer continues to be associated with significant mortality worldwide. 
Esophageal carcinoma can be squamous cell carcinoma or adenocarcinoma, the lat-
ter increasing in frequency is North America and Europe. Obesity and reflux disease 
have been attributed to the cause.
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Patients with esophageal cancer frequently present with dysphagia and weight 
loss. Once suspected, esophagography and endoscopy are diagnostic. Esophageal 
cancers are staged using endoscopic ultrasonography and computed tomography to 
assess for depth of invasion, nodal disease, and distant metastatic disease.

Early-stage esophageal cancers can be treated endoscopically avoiding the need 
for other modalities, while locoregionally advanced tumors require chemotherapy 
with radiation followed by surgery. Surgery requires esophagectomy and partial 
gastrectomy with replacement of the resected esophagus with a suitable tubularized 
replacement conduit, most commonly the stomach. Three methods of performing 
esophagectomy are described including the transhiatal, Ivor Lewis, and McKeown. 
Each technique has specific advantages and disadvantages, but preference for either 
technique is largely based on surgeon preference. All techniques can be safely per-
formed in a minimally invasive fashion by experienced surgeons.
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Chapter 5
Esophageal Surgery

Navid Ajabshir, Daniela Treitl, Anthony Andreoni, and Kfir Ben-David

 Introduction

Spanning from the neck to the stomach, the esophagus is often intuitively considered 
a simple structure. It isn’t until pathology strikes; however, that its complexity is 
revealed. Surgical care involving this dynamic, tube-like vacuum may be wrought 
with complication without sufficient understanding and careful planning. 
Unfortunately, the relative paucity of global pathology precludes the medical com-
munity from having a robust, widespread knowledge of treatment modalities avail-
able to patients. This may translate to a potential relative uncertainty when an 
out-of-scope provider counsels their patients.

 Motility Disorders

The musculature of the esophagus involves an outer thick longitudinal muscle 
with an inner circular layer. The upper 6 cm of the esophagus contains striated 
muscle, and the lower two thirds containing involuntary, smooth muscles. Most 
clinically important disorders of motility involve the lower part of the esophagus. 
Patients with motility disorders may present with symptoms such as chest pain, 
dysphagia, reflux or regurgitation, dysphagia, and weight loss. Of course, these 
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are not exclusive to esophageal pathology, and a high clinical acumen must be 
employed to tease this out. High-resolution manometry with esophageal pressure 
topography has allowed for a greater level diagnostic detail than what was previ-
ously achieved via conventional manometry. Aberrancy in motility may be evi-
dent at any point throughout the esophageal tract. It is helpful to categorize such 
disorders based on the cause, which can be further subdivided into primary versus 
secondary, and location.

The most salient and well-known example of a primary motility disorder of the 
esophagus is achalasia, an entity which affects the entirety of the esophagus. Several 
types exist all of which revolve around the findings that one or more parts of the 
esophagus “fails to relax.” The etiology has yet to be elucidated, although theories 
are based on a neurogenic degeneration. Patients present with a classic triad of dys-
phagia which progresses from liquids to solids, regurgitation, and weight loss. The 
gold standard for diagnosis is manometry; however, a barium swallow esophagram 
will demonstrate the classic “bird’s beak” sign, and a motility study will fail to show 
a peristaltic wave. As the disease progresses, the esophagus becomes dilated and 
tortuous, even described as sigmoidal, propagating the dysmotility and lack of coor-
dinated peristalsis. On manometry, there are five pathognomonic findings:

 1. Hypertensive lower esophageal sphincter (LES) (>35 mmHg).
 2. LES fails to relax with deglutition.
 3. Pressure of the body of the esophagus above baseline.
 4. Mirrored contractions without peristalsis.
 5. Atonic or low-amplitude wave form.

Intervention is aimed toward palliation because while there exist ways to decrease 
muscular tone, rectifying the motility dysfunction in the body of the esophagus is 
not possible at this time. Despite severity of symptomatology, patients are encour-
aged to seek treatment, or at least some form of surveillance, as there is an increased 
risk of cancer if unchecked [1]. A similar entity known as ineffective esophageal 
motility (IEM) also affects both the body of the esophagus and the LES. It is diag-
nosed when greater than 30% of wet swallows are determined to be ineffective on 
manometry. This entity was first described in 1997 and is often associated with 
gastroesophageal reflux disease (GERD) [2].

Hypertensive lower esophageal sphincter may present similar to achalasia; how-
ever, there is effective peristalsis in the body of the esophagus, whereas with acha-
lasia this is lacking. This entity was first described in the 1960s by Code et al. and 
is now diagnosed with manometric findings of a median relaxing pressure greater 
than 15 mmHg, according to the Chicago classification [3]. Treatment is similar to 
that of achalasia, though may be more definitive.

Diffuse esophageal spasm (DES) involves mainly the body of the esophagus. It 
is more commonly found in women and often presents as chest pain or dysphagia in 
the patient with multiple other complaints or at times of increased stress and anxi-
ety. Patients should be asked whether they are experiencing regurgitation of food 
products or if symptoms worsen with cold fluids. Directed workup may include 
an  outpatient upper gastrointestinal radiograph series to visualize the classic 
 “corkscrew” esophagus or distal “bird’s beak” narrowing. Manometric findings 
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include high amplitude (>120 mmHg) or long duration (>2.5 s); however, the spon-
taneity associated with this condition may render manometry inconclusive. 
Currently, DES is more likely treated nonsurgically such as with medication (e.g., 
nitrates, calcium channel blockade, anticholinergic agents) or with endoscopy (e.g., 
pneumatic balloon dilation, botulinum toxin injection). Intractability or evidence of 
pulsion diverticula warrants surgical intervention with an esophagomyotomy, 
described later in the chapter.

Nutcracker, or Jackhammer esophagus, is due to hypertrophic musculature 
throughout the esophagus. The intense peristaltic waves are of high amplitude. The 
disease can occur at any age, and patients will present similar to how they would 
with DES except there is a lack of regurgitation. It is important to keep this in mind, 
as management is typically nonsurgical. Interestingly, the LES is normal in tone and 
generally relaxes with wet swallows.

Secondary motility disorders result from patient’s having systemic diseases such 
as collagen, vascular, or neuromuscular disorders. Examples include, but are not 
limited to, myasthenia gravis, lupus erythematosus, scleroderma, dermatomyositis 
or polymyositis, and Chagas disease.

Manometry is paramount to the diagnosis and treatment of motility disorders. 
This first came about in the 1970s and is still widely used today to hone in on func-
tional disorders manifested as dysphagia or odynophagia. Quantifying pressures at 
different times and locations along the esophagus allows for a more objective diag-
nosis. Typically, a long, narrow esophageal manometry catheter is passed via the 
nares to beyond the gastroesophageal junction. There exist a variety of catheters 
with pressure transducers in multiple configurations. At minimum, these are spaced 
5  cm apart and may be radially oriented. With the advent of high-resolution 
manometry, catheters with 36 transducers can be used to generate spatiotemporal 
video tracings.

The pressure, abdominal esophagus length, and sphincter length can be deter-
mined by passing the catheter tip beyond the LES resting pressure (high) to the 
respiratory inversion point (low and varies with respiration) and withdrawing back 
to above the LES (drop in pressure). This pull-through technique may also be used 
to assess the upper cricopharyngeal sphincter. Further maneuvers include assess-
ment of LES relaxation as well as function of the esophageal body by recording 
pressure measurements during ten wet swallows (5 mL of water) and correlating 
these with timing.

Surgical intervention for primary motility disorders typically relies on decreas-
ing hypertonicity. Surgical myotomy (Heller) is pursued when conservative mea-
sures (i.e., as nitrates, calcium channel blockers, pneumatic dilation, and botulinum 
toxin injections) have failed. A Heller myotomy consists of a single incision through 
the muscle fibers of the GE junction extending from 3 to 4 cm on the stomach to at 
least 6 cm on the esophagus or as cephalad as possible. This is routinely approached 
laparoscopically (LHM) with an example of port configuration in Fig. 5.1. In pathol-
ogy, which traverses a greater span of esophagus than the LES, approach can be 
through a left video-assisted thoracoscopic surgery. Often, an accompanying partial 
fundoplication procedure is employed to prevent expectant acid reflux following 
incision of fibers which include those of the lower esophageal sphincter. Myotomy 
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may also be completed endoscopically, known as per-oral endoscopic myotomy 
(POEM) with good long-term success rates [4]. A meta-analysis including 74 stud-
ies and 7700 patients showed higher rates of symptom (dysphagia) relief at 12 and 
24 months with POEM compared to laparoscopic Heller myotomy, yet with signifi-
cantly greater rates of clinical and pathological reflux. On average, patients were 
hospitalized 1 day greater with LHM [5].

Preoperatively, to reduce undigested food in the esophagus, patients can be on a 
liquid diet for several days. Recovery from a Heller myotomy is fairly straightfor-
ward. Patients should experience immediate relief of symptoms and are safe to 
resume diet, starting with liquids and advancing to solids. Complications include 
inadequacy, i.e., failing to fully transect the hypertrophied muscle which may be 
seen in less than 10% of patients and the dreaded complication of perforation [5]. In 
the case of the former, repeat surgery or POEM may be necessary. If the latter is 
discovered, closure and contralateral myotomy may be required.

 Diverticular Disorders

Unchecked motility disorders of the upper esophageal sphincter (UES), lower esoph-
ageal sphincter, or esophageal body can lead the formation of diverticula. With dys-
motility, elevated pressures lead to herniation of the mucosa and submucosa layers 
through the muscular layers of the esophagus. Classification can be based on the 
location such as epiphrenic (supradiaphragmantic), parabronchial (mid-esophageal), 
and the most commonly thought pharyngoesophageal (Zenker). Pulsion diverticula 
can occur anywhere throughout the esophagus and are also considered false 

Fig. 5.1 Port configuration 
for laparoscopic Heller 
myotomy
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diverticula. True diverticula with outpouchings of the muscular layer tend to result 
from inflammatory carinal lymph nodes which contract during healing, although 
they may result from motility disorders as well.

A Zenker’s diverticulum may be asymptomatic initially, then cause a sticking 
sensation, cough, excess salivation, and subsequently lead to regurgitation of foul- 
smelling undigested food particles as it progresses. Barium esophagram will read-
ily identify the diverticulum. As this occurs most commonly in the seventh decade 
of life, complications such as pneumonia or lung abscess can be fatal, and surgical 
or endoscopic treatment is warranted. Most mid and distal diverticula are asymp-
tomatic and are found incidentally. They are usually on the right side of the esopha-
gus as there exist a greater number of surrounding structures on the left. When 
identified, it is important to not only characterize with imaging i.e., esophagram or 
CT but to also diagnose a causal motility disorder with manometry which will also 
guide treatment. A diverticulum within 10 cm of the gastroesophageal junction is 
considered an epiphrenic, and endoscopy should be considered to evaluate for 
mucosal lesions.

Barium swallow radiography can assess both anatomy and motility of the esoph-
agus, though the focus here is to detect structural problems. Patients are typically 
upright to assess swallow mechanics, supine when assessing for esophageal peri-
stalsis pattern, and prone when evaluating the extent of a hiatal hernia. Filling 
defects reflect a mass or stricture, whereas pooling or spillage demonstrates a diver-
ticulum or leak, respectively. Barium may be mixed with solid foods such as bread 
or marshmallows to detect dysphagia that may not occur with liquids. Unfortunately, 
if relying only on this assessment modality, small neoplasms, mild esophagitis, and 
varices may be missed. Video or cineradiography is essential to evaluate the fine 
mechanics of the pharyngeal phase of swallowing.

Diverticular disease can be treated with open surgery or endoscopically. For 
diverticula <3 cm, the open technique provides greater symptomatic relief [6]. With 
open surgery, an incision is made through the left side of the neck, anterior to the 
sternocleidomastoid muscle. A diverticulectomy or diverticulopexy can be per-
formed, though a myotomy of the proximal and distal thyropharyngeus and crico-
pharyngeus muscles should always be performed as there is a 16% recurrence rate 
[7]. The complication of mediastinitis favors using diverticulopexy and myotomy 
for small, symptomatic diverticula. In a pexy, the lumen of the diverticulum is sus-
pended in a superior or caudal direction disallowing food particle entry. A large 
(>5  cm) diverticulum is best treated with ligation and removal of the sac. 
Endoscopically, the Dohlman procedure is performed by dividing the wall between 
the diverticulum and esophagus using a laser, bovie cautery, or an endoscopic sta-
pling device. With >3 cm diverticula, symptom relief is the same, and patients have 
the added benefit of an expedited postoperative course.

Small diverticula in the mid and distal esophagus can forego treatment. Surgery is 
warranted if larger or with symptoms, and this can be accomplished thorascopically, 
laparoscopically, or in an open fashion. As these typically lie adjacent to the thoracic 
spine, a diverticulopexy is sufficient where the sac is sutured to the vertebral fascia 
[8]. An additional myotomy extending distal to the diverticulum’s neck and onto the 
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LES is often done to relieve the true pathology. With a diverticulectomy, the sac is 
stapled across its neck, and a myotomy can be performed on the opposite side. An 
intraoperative Bougie will prevent undue narrowing of the native esophagus. 
Myotomy is advocated as this will reduce the likelihood of recurrent diverticula [9]. 
Following diverticulectomy or diverticulopexy, patients can expect to remain in the 
hospital for 2–3 days.

 Gastroesophageal Reflux Disease and Hiatal Hernia

The most frequent complaint concerning practitioners in this realm is that of 
 heartburn. According to an American Gastroenterological Association Gallup poll, 
about 50 million Americans experience nighttime heartburn once per week, and just 
under half report, current remedies do not completely relieve them of their symp-
toms [10]. All humans experience some normal physiologic reflux, more so when 
upright and awake. This may occur when swallowing, and the LES relaxes without 
an oncoming protective food bolus. Pathologic reflux may result with an ineffective 
LES, inefficient esophageal clearance, and inadequate gastric reservoir. Propulsive 
forces of the esophagus are relatively weak, being able to overcome only 5–10 
grams of weight. Anchoring of the LES is required for efficient propulsion, which 
is evidenced as reflux when the position is no longer secure.

Based on manometry, a nonfunctioning sphincter has one or more of these char-
acteristics as they fall outside the 2.5 percentile for their given measurements when 
compared to healthy volunteers [11]:

• Average LES pressure < 6 mmHg
• Average length exposed to the positive pressure environment (abdominal 

 esophagus) <1 cm
• Sphincter length < 2 cm

Unfortunately, pathologic reflux or gastroesophageal reflux disease is a chronic 
disease and is a major cause of esophagitis. Patients will complain of heartburn, 
reflux, throat pain, dysphagia, and so forth, though these symptoms may not be 
specific to GERD. Medical therapy is the mainstay of treatment, and this is often 
continued throughout a patient’s lifetime. With persistent symptoms, workup pro-
ceeds with ambulatory pH monitoring and/or esophagogastroduodenoscopy (EGD). 
When symptoms are refractory to medical therapy or a structural aberrancy is evi-
dent, surgical options are pursued as this is the only treatment that can restore the 
gastroesophageal junction.

Exposure to gastric contents can be detected with a nasogastric probe or capsule 
(BRAVO ™) that may be clipped to the lower esophageal mucosa. With the capsule, 
data is transmitted to a monitor worn on the waist, proceeds for 48 h, and is then 
passed in the stool 1–2 weeks later. These recordings are limited without a pattern 
or timing of exposure which are necessary to determine the functional deficit 
 resulting in acidic exposure. The cumulative time at pH < 4.0, frequency of epi-

N. Ajabshir et al.



59

sodes, and duration of episodes are combined into a calculated score which is refer-
enced against a normal distribution. Given this, esophageal pH monitoring carries a 
96% sensitivity and specificity and is considered the gold standard for diagnosing 
GERD [11].

There exist several endoluminal and surgical options for GERD, all of which 
work to functionally reestablish the natural gastroesophageal junction barrier. As 
there is no incision involved or need to establish pneumoperitoneum, these can be 
performed under conscious sedation rather than general anesthesia. Endoluminal 
approaches include suturing or plicating at the GE junction using one of the numer-
ous devices such as EsophyX®, EndoCinch, and the NDO full-thickness plicator. 
A systematic review of 33 studies involving seven different endoscopic procedures 
concluded there was insufficient evidence to establish their safety and efficacy, par-
ticularly in the long term [12]. The most common of these, the EsophyX, can be 
performed in 60–90 min and has a cure rate, meaning symptom reduction and dis-
continued use of PPIs of 56% [13]. Alternatively, radiofrequency energy to the 
lower esophageal sphincter producing scarring which theoretically stiffens the LES 
prevents GERD was FDA approved in 2000. Noar and colleagues showed 72% of 
patients experienced normalization of symptoms immediately and at 10-year fol-
low- up based on a validated questionnaire that assesses current satisfaction and 
overall heartburn severity [14].

Surgically, the Nissen fundoplication, a 360° wrapping of the gastric fundus 
around the esophagus to recreate the LES, was first described in the 1950s. This may 
be approached open or laparoscopically, with the latter being considered the surgical 
standard for GERD surgical treatment [15]. Several modifications of the original 
Nissen fundoplication now exist and including re-approximating the diaphragmatic 
crus or using of a biological mesh reinforcement. Reducing the extent of fundus wrap 
such as in the Toupet (posterior 180°–270°) and Dor (anterior 180°) fundoplications 
allows for treatment to be tailored to the patient’s needs. Further, without sufficient 
intra-abdominal esophagus, tubularizing the proximal stomach (Fig.  5.2) prior to 
fundoplication may be required and referred to as a Collis gastroplasty.

Most recently, there now exists an implantable device, magnetic sphincter aug-
mentation consisting of titanium magnetic band of individually linked beads that 
restores the lower esophageal sphincter function. This is commercially known as the 
LINX device (Fig. 5.3). A prospective clinical trial involving 100 patients showed 
normalization of esophageal acid exposure or a 50% or greater reduction in expo-
sure at 1 year in 64% of patients [16]. Further studies have demonstrated equivocal 
relief of symptoms to that of LNF with a decrease in being unable to belch [17, 18]. 
Current short-term results are promising, though robust long-term studies are scarce. 
In a recent clinical trial including 85 patients followed over 5 years, no device ero-
sions, migrations, malfunctions, or new safety concerns occurred, and participants 
subjectively responded with a dramatic decrease in GERD symptomatology [19].

Following open surgery, diet will commence with clear liquids and progress after 
the resumption of bowel function, which can be expected on postoperative day 3 or 
4. Patients can expect to go home on day 5. However, with the advent of  laparoscopy 
and principles of minimally invasive surgery, patients undergoing a laparoscopic 
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Nissen fundoplication or LINX procedure will typically be started on a liquid diet 
immediately after surgery and plan for discharge the following day. This surgical 
approach has dramatically changed the length of stay and patient’s return to normal 
function for those with gastroesophageal reflux disease treated surgically.

Fig. 5.2 Nissen fundoplication with Collis gastroplasty

360°

Fig. 5.3 LINX device
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 Esophageal Perforation

The esophagus may perforate due to a number of processes ranging from Boerhaave 
syndrome, trauma, tumor erosion, foreign body ingestion, or iatrogenic causes. 
A patient presenting to the emergency room will likely have chest neck or throat 
pain with findings of crepitus on exam. Oral contrast CT or barium swallow study 
is diagnostic. Mortality from perforation is upward of 30% [11], which can be 
improved through early recognition and initiation of treatment geared toward source 
control, i.e., broad-spectrum antibiotics and drainage. Management is based on sur-
geon judgment and experience as most of the literature is based on retrospective 
studies. Some base the decision to operate on extent of time of perforation and ini-
tiation of treatment, extent of pleural or mediastinal contamination, and the patient’s 
overall clinical picture with contained perforations without overwhelming sepsis 
treated conservatively or endoscopically with a stent [20, 21]. When due to stricture 
or tumor, surgical repair with definitive treatment is more appropriate [21, 22]. 
A study from the University of Pittsburgh Medical Center retrospectively assessed 
outcomes, and authors were able to devise a scoring system to help stratify patients 
based on whether or not they undergo surgery. They found patients with lower clini-
cal scores (2 or less) based on factors in Table  5.1 had worse outcomes if they 
underwent surgery [20].

Options for surgical repair, when indicated, include primary repair and drainage, 
esophageal resection, or in extreme cases, esophageal exclusion and [22]. A cervical 
esophagus injury may be contained by surrounding structures and is generally better 
tolerated. Approach is via a left cervical incision followed by primary repair and 
drainage. A thoracic injury warrants thoracotomy, right if mid or proximal esopha-
gus, left if distal. Likewise, injury in the abdomen requires celiotomy. Primary 
repair with a two-layered anastomosis is the goal, though due to the overwhelming 

Table 5.1 Clinical severity score based on Abbas, 2009

Variable Score (range 1–3)

Age >75 years 1
Tachycardia >100 beats/min 1
Leukocytosis >10,000 WBC/ml 1
Pleural effusion (on CXR or CT) 1
Fever >38.5°C 2
Noncontained leak (on CT or barium swallow) 2
Respiratory compromise (respiratory rate >30, mechanical 
ventilation)

2

Time to diagnosis >24 h 2
Cancer 3
Hypotension 3
Total potential score 18

Data from [6]
CT computed tomography, CXR chest x-ray, WBC white blood cell
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contamination, healing of tissues in that environment may not be possible and an 
esophagectomy with cervical anastomosis or diversion altogether may be required. 
In this case, a jejunal feeding tube is also indicated. Primary repair can be reinforced 
with intercostal muscle, pleural, or omental pedicled flaps as a means to provide 
reliable vascular inflow and protection to the healing tissue. It is important to be 
mindful of the etiology of the perforation during repair as this can impair healing. If 
due to stricture or tumor, these segments should be resected. If due to a motility 
disorder such as achalasia, a myotomy should be performed. Postoperative recovery 
should begin with intensive care focused on continued resuscitative efforts such as 
intravenous hydration, hemodynamic monitoring, broad-spectrum antibiotics, drain 
and wound care, and nutritional supplementation.

Foreign body ingestion can lead to perforation if not managed carefully. Timing of 
treatment is based on the object which was ingestion. Urgent resolution is indicated if 
there is near or complete obstruction (unable to swallow secretions) or if there is respi-
ratory compromise, if the object is sharp or long, or if there are high- powered magnets 
or a disk battery [23]. Observation for 12–24 h is permissible as spontaneous passage 
may occur. Endoscopy under general anesthesia is preferred if the object is lodged in 
the esophagus for more than 24 h [24]. Using long graspers or special lassoes can aid 
in retrieval. Otherwise, relaxation and lubrication can aid in gently passing the object 
into the stomach where it can be removed via gastrostomy.

 Neoplasia

When unchecked, reflux can progress to cancer. Esophageal cancer is the sixth lead-
ing cause of death worldwide. Figures 5.4 and 5.5 derived from the World Health 
Organization GLOBOCAN project demonstrate the worldwide esophageal cancer 
incidence (blue) and mortality (red) numbers per country. The vast majority of 
esophageal cancer is either squamous cell carcinoma or adenocarcinoma. The for-
mer is more so associated with tobacco, alcohol use, and the consumption of hot 
beverages, while the latter is associated with prolonged symptoms of reflux and the 
classic progression from metaplasia to dysplasia. From the American Cancer 
Society, it is estimated that in 2017 about 16,940 new esophageal cancer cases diag-
nosed (13,360 in men and 3580 in women) and about 15,690 deaths from esopha-
geal cancer (12,720 in men and 2970 in women) with the incidence of adenocarcinoma 
on the rise [25].

 Benign Disease

Many of the benign tumors of the esophagus are rare and described mainly as case 
reports in the literature. Depending on size, most of these are safely managed with 
endoscopic techniques. Granular cell tumors (GCT) are neural ectodermal in origin 
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and are most commonly found in the distal third of the esophagus and are  adequately 
diagnosed with EUS [26]. Fibrovascular polyps are soft tissue tumors and are 
found mostly in the cervical esophagus. These may present as dysphagia or even 
airway obstruction. Leiomyomas are the most common benign tumors of the 
esophagus and are mostly found in the mid to distal esophagus in the muscularis 
propria. These can be safely enucleated laparoscopically or thoracoscopically 
without removing parts of the esophagus, with a higher risk of perforation if previ-
ously biopsied [27, 28].

 Biopsy

The most common presenting symptom for esophageal cancer is dysphagia, and for 
this, patients will usually undergo barium swallow where a filling defect may be 
visualized. However, cancer may present only as a plaque, ulceration, or small nod-
ule that would not be evident on barium swallow. Symptoms of weight loss or pro-
longed reflux should prompt esophagogastroduodenoscopy (EGD) with biopsy. 
Biopsy is the only definitive means to make a diagnosis. In 1982, Graham et al. 
established that with greater than seven biopsy samples yields more than 98% of 
diagnoses [29]. The Seattle biopsy protocol developed by the American College of 
Gastroenterology is employed if Barrett’s esophagus is suspected. Here, four biop-
sies spaced 2 cm apart should be obtained with particular attention paid to the squa-
mocolumnar junction as most tumors occur within 2 cm to here (Fig. 5.6) [30].

T1
submucosal

Tis

T1
intramucosal T2 T3

N3 AORTAN2
N1

N0

T4

Fig. 5.6 Depth of tumor invasion by layer and nodal involvement

5 Esophageal Surgery



66

Once the diagnosis of dysplasia is established, the patient should complete a full 
workup to stage the disease. This begins with, CT of the chest, abdomen, and pelvis, 
and 18F-fluorodeoxyglucose positron emission tomography (FDG-PET), or inte-
grated PET-CT, to assess for metastatic disease. If confined to the esophagus and 
surrounding tissue, endoscopic ultrasound (EUS) is required to determine locore-
gional staging by gleaning layer of tissue invasion as well as providing the ability to 
sample surrounding lymph nodes. Staging is currently based on the Union for 
International Cancer Control (UICC) and the American Joint Committee on Cancer 
(AJCC) 7th edition, though the 8th edition will begin implementation January 1, 
2018. In addition to the already established clinical and pathologic staging systems, 
newly included in the 8th edition is pathologic staging specifically post-neoadjuvant 
chemotherapy. This is based on patients experiencing markedly different survivor-
ship when comparing surgery with versus without neoadjuvant chemotherapy [31].

Due to the relatively low incidence in the USA, screening is not cost-effective, 
and most esophageal cancers are discovered at later stages. Unfortunately, when a 
patient starts to experience dysphagia, their tumor may already be transmural or T3, 
with a 77% having nodal metastases [32]. In short, pathology ranging from high- 
grade dysplasia (HGD) to those confined to the muscularis mucosa (T1a) can be 
treated with less invasive endoscopic approaches. Locally advanced tumors (T3 
tumors or T2 tumors with nodal involvement) require multimodality therapy. Stage 
IV disease requires systemic or palliative therapy. Distant metastatic disease remains 
as the main cause of death in patients with esophageal cancer.

Endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD), 
and endoscopic ablation are the treatments of choice for pathology confined to the 
muscularis mucosa. In a retrospective review of 58 patients with superficial adeno-
carcinoma of the GEJ, the rates of en bloc resection and curative resection using 
ESD were 100% and 79%, respectively [33]. However, the rate of perforation after 
EMR or ESD has been reported up to 5% [34]. Another drawback is the inability for 
nodal resection. With tumors involving the deepest third of the submucosa, i.e., 
those that may be considered for ESD, 54% will involve metastases to lymph nodes 
[35]. Ablative techniques come into play for dysplastic Barrett’s esophagus or fol-
lowing endoscopic resection. In an RCT of 127 patients, complete eradication of 
low-grade and high-grade dysplasia was seen in 90.5% and 81.0%, respectively 
[36]. Alternatively, ablation may be combined with and follow EMR or ESD 
4–12 weeks after the resection site has healed [34].

 Multimodal Therapy

Surgery has been the mainstay of treatment for esophageal cancer T1b and beyond, 
though outcomes have been poor with 5-year survival estimated at 43% for local-
ized disease [37]. In light of this, pursuit of multimodal therapy has been relentless, 
and as a result, the role of surgery as a single-modality treatment has decreased. In 
2012, the CROSS group showed preoperative chemoradiotherapy improved 
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survival in patients with resectable esophageal cancer. Specifically, complete resec-
tion (R0) was achieved in 92% of patients in the chemoradiotherapy-surgery group 
versus 69% in the surgery-only group (P < 0.001). Importantly, there were no sig-
nificant differences in postoperative complications, and median overall survival was 
nearly double, 49.4  months in the chemoradiotherapy-surgery group versus 
24.0 months in the surgery-only group [38].

When considering both squamous cell carcinoma and adenocarcinoma, there is 
strong evidence demonstrating a survival benefit with neoadjuvant chemoradiother-
apy or chemotherapy over surgery alone [39]. A current Cochrane review, however, 
showed the addition of esophagectomy following chemoradiation for locally 
advanced disease did not change survival much at all, noting this was exclusive for 
squamous cell carcinoma [40]. A selective resection strategy has also been, meaning 
proceed with surgical resection only in patients with an incomplete response to 
neoadjuvant chemoradiation. This approach increased survival among patients with 
residual disease following neoadjuvant therapy who then went on to resection, com-
pared to those who did not [41].

 Preoperative

Patient selection for surgical esophagectomy is critical in reducing perioperative 
morbidity and mortality. Cardiorespiratory status and ASA classification should be 
evaluated to determine if a patient is a good operative candidate and tolerate the 
stress of this major and relatively lengthy operation.

Patients with esophageal cancer are prone to malnutrition due to dysphagia, 
decreased appetite, and side effects of neoadjuvant chemoradiation [42]. Using a 
Japanese nationwide web-based database that included over 5000 patients who 
underwent esophagectomy, Takeuchi et  al. elucidated factors such as smoking 
within 1 year before surgery, and weight loss more than 10% within 6 months before 
surgery was associated with 30-day operative mortality [43]. Further studies have 
shown active smoking and excessive alcohol consumption were linked with the 
occurrence of severe complications, and some have adopted a requirement that asks 
patients to discontinue smoking for at least 6  weeks as this has been shown to 
increase rates of pneumonia [44, 45]. Moderate or severe malnutrition is an inde-
pendent risk factor for severe morbidity prior to esophagectomy, and assessments 
using serum albumin, cholesterol, and total lymphocyte count can clue practitioners 
into a patient’s baseline nutritional status as a means to predict postoperative com-
plications [46, 47].

Strategies to mitigate this include optimization of nutritional status using oral 
dietary supplement have resulted in fewer postoperative infections, shorter hospital-
ization, and improved 6-month survival [48]. Other groups have sought placement 
of a feeding jejunostomy tube laparoscopically, prior to esophagectomy. This is 
both safe and does not interfere with definitive surgical esophageal resection [49]. 
The dictum of nothing per orem after midnight is mostly a result of a theoretically 
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increased risk of aspiration during intubation. Interestingly, when not fluid restricted 
preoperatively, patients are found to have lower gastric content volumes, and there 
is a lack of evidence suggesting a shortened fluid fast results in increased aspiration 
[50]. The findings of this Cochrane review led to advocating for preoperative carbo-
hydrate drinks to attenuate the surgical stress response and hasten discharge and the 
recommendation of a 6 h solid food fast and 2 h liquid fast [51].

 Esophagectomy Technique

Goals of surgery include complete tumor removal (R0 resection) including associ-
ated lymph nodes while remaining mindful to maximize the patient’s postoperative 
quality of life and minimize morbidity and mortality. Options for esophagectomy 
vary based on approach to tumor resection, location of anastomosis, and conduit. 
The variety of approaches include transthoracic esophagectomy (TTE) and tran-
shiatal esophagectomy (THE), and several options exist for the pursuit of these in a 
minimally invasive fashion (MIE). Of note, each involves access to at least two 
body cavities. Anastomoses can be made either in the chest or in the neck. 
Reconstruction is based on raising a gastric conduit or using a colon or jejunal inter-
position if the stomach is unavailable.

TTE, better known as the Ivor Lewis operation, was first described and popular-
ized in the 1940s. Traditionally, this approach employs two incisions, a right thora-
cotomy and laparotomy. Laparotomy allows for GE dissection and amply nodal 
harvest, meanwhile thoracotomy permits direct thoracic esophagus dissection and 
subsequent anastomosis. The McKeown modification of this approach employs a 
third, left cervical incision to create a side-to-side anastomosis in the neck. THE 
relies on a transabdominal incision for dissection and a separate cervical incision for 
the final anastomosis. Increased use of this approach is due to a rise in GEJ adeno-
carcinoma. The advantage here is avoidance of the morbidity associated with a tho-
racotomy incision as well as the devastating complication of a thoracic anastomotic 
leak and subsequent mediastinitis. An anastomotic leak in the neck is managed with 
simply opening the wound. Disadvantage with this approach includes blunt dissec-
tion of the esophagus from the distal trachea to subcarinal (5–10 cm) which reduces 
the surgeon’s ability to control bleeding structures, decreased quality of lymphade-
nectomy [8], and increased swallowing morbidity and recurrent laryngeal nerve 
injury with the cervical incision [52, 53]. Having said this,  contraindications for a 
THE include mid to upper esophageal cancers and previous thoracotomy as there 
may be disruption of the safe paraesophageal space used in the blunt dissection.

MIE uses thoracoscopy and laparoscopy to reduce the physical burden of large 
incisions without compromising the goals of the operation. A “hybrid” operation 
may involve a minimally invasive approach combined with an open incision else-
where. For example, a right thoracoscopic approach can allow for mobilization of 
the esophagus without morbidity of a thoracotomy incision, and this can be 
 combined with a laparotomy. Totally minimally invasive esophagectomy avoids any 
thoracotomy or laparotomy incision, and the anastomosis can be intrathoracic or 
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cervical. Figures 5.7 and 5.8 show an example of typical trocar placement for the 
thoracic and abdominal portions of the operation, respectively.

The minimally invasive approach has demonstrable improvements compared to 
using open incisions. The TIME trial was directly compared both in a randomized 
controlled fashion. Investigators showed a significantly decreased rate of pulmo-
nary infection with the minimally invasive approach and no difference in disease- 
free and overall survival at 3-year follow-up [54, 55]. In a study of 20 meta-analyses, 
which included 4 RCTs, authors determined there was a significant decrease in 
operative blood loss, reduction in respiratory complications, and better overall sur-
vival with MIE versus open esophagectomy [56]. Furthermore, a long-term health- 
related quality of life study demonstrated greater scores for pain and constipation 
with open surgery compared to a thoracoscopically assisted approach [57]. MIE is 
also associated with decreased median length of stay, leak rate, and wound infection 
and is safe following neoadjuvant chemoradiation [58]. When examining minimally 
invasive TTE and THE, the TTE approach results in significantly decreased serious 
(Clavien-Dindo 3, 4, or 5) complications postoperatively [59].

Fig. 5.7 Thoracic trocar 
placement
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Nodal dissection is an important consideration when distinguishing approaches as 
this serves two purposes, staging and local control. Ideally, 15–30 nodes should be 
sent with the esophageal specimen during definitive resection because the pattern of 
lymphatic spread is quite variable. A large series showed no significant difference in 
number of nodes harvested with MIE Ivor Lewis, and MIE McKeown [52]. However, 
Altorki et al. discovered recurrent laryngeal and/or deep cervical nodes occurred in 
36% of patients irrespective of cell type (adenocarcinoma 37%, squamous 34%) or 
location within the esophagus (lower third 32%, middle third 60%) [60].

Lastly, it is not uncommon for patients to be NPO status for several days to weeks 
postoperatively, depending on the surgeon’s practice. If not placed  preoperatively, 
many surgeons advocate placement of a feeding jejunostomy at the time of definitive 
resection to enhance nutritional status in patient that is more likely than not to be mal-
nourished. To contrast, Fenton et al. described a retrospective cohort of feeding jeju-
nostomy tubes placed at the time of esophageal surgery where 76.9% of patients had 
returned to oral intake before discharge (median, 7 days) [61]. Here, logistical regres-
sion analysis determined only patients with body mass index less than or equal to 
18.5 kg/m2 who were more likely to require a feeding JT at discharge.

 Postoperatively

Patients can expect to remain hospitalized for 1–2 weeks following surgery. Given 
the complexity of surgery, intensive care monitoring is routine for the first day or 
two after surgery. A nasogastric decompression with the tip beyond the anastomosis 

Fig. 5.8 Abdominal trocar 
placement
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is usually kept to low suction and remains until resumption of bowel function, 
 usually day 3–5. Decompression may decrease leak rate as well as reduce respira-
tory complications [62]. Diet may be advanced after this as early enteral feeding 
following all gastrointestinal surgery is not associated with increased anastomotic 
dehiscence and can reduce infection and length of hospitalization [63]. Some advo-
cate employing a comprehensive swallowing evaluation prior to starting oral feeds 
to reduce occult aspiration and ensuing pneumonia; this is routine in our practice 
[64]. This may also shed light on swallowing mechanics in the assessment of 
delayed gastric emptying, reflux, or dumping syndrome.

When the stomach conduit is elevated to the thorax, it is now in a negative 
pressure environment. In a cancer operation, the vagus nerve is rarely spared, 
also contributing to aberrancy in normal motility. Patients will no longer have the 
diaphragmatic contribution to prevent reflux. Resection of the fundus diminishes 
signaling factors for receptive expansion. The interplay of these changes can lead 
to delayed gastric emptying, an occurrence reported in 10–20% of patients’ post- 
esophagectomy [65–67]. Patients may have symptoms of nausea, vomiting, 
bloating, early satiety, and distension, though these are hardly specific and may 
also signal anastomotic stricture. Some advocate the use of promotility agents 
such as metoclopramide or erythromycin to start. Trials of botulism injection in 
the pylorus have also demonstrated short-term promise [68, 69]. Myotomy, pylo-
roplasty, or pyloric balloon dilatation can prevent (when done during primary 
resection) or treat symptoms [65]. Stricture may occur postoperatively present-
ing as dysphagia. Early this may result from scar contracture and usually resolves 
without intervention. If persistent, endoscopic balloon dilation can ameliorate 
symptoms yet with up to 50% recurrence and need for repeat dilation [70, 71]. 
Late stricture may signal tumor recurrence and should be pursued with endos-
copy or PET/CT.

It is also recommended that at the conclusion of surgery, a drain or chest tube be 
placed in the ipsilateral pleural space to prevent pulmonary compression and moni-
tor for hemorrhage, leak, or chylothorax. One drain is just as effective as multiple in 
accomplishing this goal, and the drain may be removed when draining 200 mL per 
day to reduce pain and length of stay [51]. Practitioners should exercise vigilant 
monitoring for anastomotic leak, especially if anastomosis is within the thoracic 
cavity. Clinically, patients may exhibit fever, new onset arrhythmias, or other signs 
of sepsis such as confusion or hypotension. Laboratory markers such as leukocyto-
sis or lactic acidosis can clue practitioners for an impending or already occurring 
leak [72]. Routine barium swallow for the detection of a leak is not necessary in all 
patients as there is low sensitivity (36%) but can be employed if a leak is suspected 
[73]. Some have advocated the use of postoperative endoscopy to evaluate the resul-
tant conduit [74].

A chylothorax may result if the thoracic duct was inadvertently injured. This is a 
rare complication seen in <4% of patients but should be expected if chest drains 
begin to exhibit a brownish or milky fluid [75]. Sampling of the fluid will demon-
strate triglyceride concentrations >110  mg/dL.  Conservative measures should be 
initiated promptly. These include initiation of a low-fat, high-protein diet with 
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 supplementation of medium-chain fatty acids, or even discontinuing oral intake and 
providing parenteral nutrition. Effective control is when chest tube drainage reduces 
to <200–300 mL per day. A marker of 10 mL/kg at day 5 can indicate whether a 
patient will require surgery [76]. If the leak persists, surgical closure of the thoracic 
duct may be warranted.

 Other Malignant Tumors

The esophagus may harbor several other primary malignancies including gastroin-
testinal stromal tumor (GIST), sarcoma, small cell carcinoma, and primary mela-
noma. The incidence of these is certainly dwarfed by that of squamous cell 
carcinoma and adenocarcinoma. GIST mostly occurs in the stomach and is very 
rarely found primarily in the esophagus (<1%) [77]. Given the rarity, controversy 
exists regarding optimal treatment. Enucleation may prohibit achievement of an R0 
resection compared to resection. If small, these may be resected with the goal being 
negative margins. Esophagectomy is recommended if greater than 9  cm [78]. 
Tyrosine kinase inhibitors (e.g., imatinib) should be added for tumors >3 cm or with 
high-risk features [79].
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Chapter 6
Gallbladder

Gian-Paul Vidal and Tomer Davidov

 Gallstone Disease

 Epidemiology

Cholelithiasis is common in the global population with an incidence that is approxi-
mately 10% for men and 18% for women [1]. In the United States, 10–20% of the 
population will have stones, potentially affecting up to 30 million people. However, 
only about 20% of those people will experience symptoms within 20  years of 
their diagnosis of cholelithiasis. The annual risk of progression to symptomatic gall-
stones causing biliary colic, cholecystitis, cholangitis, or pancreatitis is between 1% 
and 4%; therefore, prophylactic cholecystectomy is not routinely recommended.

With gallstone disease being so common, there are over 750,000 cholecystecto-
mies performed in the United States annually, with the direct and indirect cost total-
ing over six billion dollars [2]. Cholecystectomy has become the most common 
elective abdominal surgery in the United States, especially when considering the 
marked increase in the number of surgeries performed with the advent of the lapa-
roscopic cholecystectomy technique.

Although laparoscopic cholecystectomy is regarded as a relatively benign proce-
dure, it is not risk-free. One report demonstrated a postoperative complication rate 
of 0.9% and intraoperative common bile duct injuries at 0.1% [3]. Although most 
complications can be treated conservatively or with endoscopic interventions, it is 
important to know the indications for surgery to avoid overuse and the options avail-
able to treat stone disease nonoperatively, if applicable.
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 Biliary Colic

Biliary colic occurs when there is a temporary obstruction of the cystic duct by a 
gallstone or sludge. This typically occurs 1–3 h after eating with the subsequent 
release of cholecystokinin (CCK) stimulating gallbladder contraction. The stones 
are mobile and not impacted in the neck of the gallbladder, so the pain tends to 
resolve within 6 h once the obstruction has resolved. Stones that freely pass through 
the biliary tree do not cause inflammation or symptoms.

The pain in biliary colic is constant, so the term is a misnomer. It is usually local-
ized to the right upper quadrant, but some patients may experience epigastric pain. 
The pain may radiate to their right shoulder or scapula. Nausea and vomiting are 
commonly associated symptoms. Patients do not present with jaundice or signs of 
obstructive hyperbilirubinemia because the common bile duct is patent.

Laboratory testing is usually normal in terms of white blood cell count and 
hepatic function panel. Transabdominal ultrasonography of the right upper quadrant 
is the study of choice when biliary colic is suspected and can reveal gallstones, 
sludge, or polyps. The size of the stones can be measured and it can be noted if they 
are impacted in the neck of gallbladder. It can also demonstrate if there is gallblad-
der wall thickening (>3 or 4 mm), pericholecystic fluid, sonographic Murphy’s sign 
(pain in the right upper quadrant with the transducer), and the size of the common 
bile duct, which if dilated may be suspicious for a common bile duct stone if cor-
related with an elevated bilirubin and jaundice.

Treatment for symptomatic or minimally symptomatic cholelithiasis is usually 
nonoperative and includes lifestyle and dietary changes. The decision to operate 
should be based on a risk-benefit analysis. For patients who have mild symptoms, 
the risk of complications from gallstones is 1–4% a year, while those with more 
severe symptoms, the risk increases up to 7% [5]. Patients who are evaluated in the 
emergency department and present with signs and symptoms classic of biliary colic 
may safely be discharged home if their pain resolves and they can tolerate food 
without a recurrence of their pain. The workup should be negative, including normal 
vital signs, laboratory values, and imaging. On discharge, they are recommended to 
start a low-fat diet. If the patient has recurrent episodes of biliary colic despite 
dietary changes, they should be referred to a general surgeon to discuss elective 
cholecystectomy.

 Acute Cholecystitis

Acute cholecystitis occurs when obstruction of the cystic duct leads to gallbladder 
inflammation and edema with subserosal hemorrhage. Infection is possible as the 
obstruction leads to bile stasis, and although bile is considered sterile, gallstones 
can serve as a nidus for bacteria. Since most biliary infections are gram-negative 
aerobes, it is thought that bacterial seeding occurs upward from the duodenum 
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through the biliary tree. Acute cholecystitis, if left untreated, can progress to acute 
gangrenous cholecystitis. At this stage, the gallbladder may perforate leading to bile 
peritonitis. If there is a superimposed infection with gas-forming organisms, it is 
termed acute emphysematous cholecystitis.

Patients suffering from acute cholecystitis typically present with unrelenting 
right upper quadrant pain and tenderness to palpation on examination with a posi-
tive Murphy’s sign (cessation of deep inspiration while pressure is applied under the 
right costal margin). They may also present with fevers, chills, nausea, and 
vomiting.

The diagnosis of acute cholecystitis can be aided with laboratory testing and 
imaging. Patients with suspected acute cholecystitis may have a leukocytosis. 
Hyperbilirubinemia, as well as an elevation of alkaline phosphatase and transami-
nases, should raise suspicion for choledocholithiasis and even cholangitis if associ-
ated with fever and jaundice. Ultrasonography may reveal a distended gallbladder 
with wall thickening and pericholecystic fluid (Fig. 6.1a, b). A stone impacted in the 
neck of the gallbladder is commonly seen. A CT scan may show similar changes as 
the ultrasound, and it can also demonstrate emphysematous changes. A hepatic imi-
nodiacetic acid scan (HIDA) can demonstrate if the cystic duct is obstructed.

The treatment for acute cholecystitis is cholecystectomy, with the laparoscopic 
approach being the gold standard. The timing of when to operate was a topic of 
debate, but studies have shown that early laparoscopic cholecystectomy (within a 
week of symptoms) compared to delayed cholecystectomy (after nonoperative 
treatment with antibiotics and a 6-week interval) can be performed with improved 
morbidity, a decrease in length of stay, and total hospital cost, with a similar conver-
sion rate to open cholecystectomy [4]. Additionally, studies showed that a signifi-
cant number of patients treated nonoperatively would return to the emergency 
department with a recurrent episode of cholecystitis or unremitting symptoms prior 
to their scheduled interval laparoscopic cholecystectomy.

A patient with suspected acute cholecystitis should be evaluated by a general 
surgeon. If the diagnosis is made, the patient should be admitted to the surgical 

a b

Fig. 6.1 a RUQ ultrasound of a normal thin-walled gallbladder. b RUQ ultrasound showing a 
thickened, edematous gallbladder wall consistent with acute cholecystitis. (Used with permission. 
de Virgilio [8])
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service, made nothing per os, started on intravenous fluids and broad-spectrum anti-
biotics, and given parenteral pain medication and antiemetics to keep the patient 
comfortable while they await their cholecystectomy.

 Chronic Cholecystitis

Chronic cholecystitis occurs when recurrent episodes of biliary colic and partial 
cystic duct obstruction eventually lead to fibrosis of the gallbladder neck and the 
cystic duct. Patients present with similar symptoms as biliary colic, although their 
pain may occur much more frequently and may no longer be associated with food. 
They may also present with bloating, nausea, and vomiting.

Laboratory findings may be normal, and ultrasonography may reveal stones and 
gallbladder wall thickening. The treatment is cholecystectomy.

 Choledocholithiasis

Choledocholithiasis occurs when there is a stone in the common bile duct. The 
stones most commonly arise in the gallbladder (secondary stones) but, rarely, may 
arise in the bile duct itself (primary stones). Many common bile duct stones are 
silent, but when they are symptomatic, they can present along a spectrum of syn-
dromes ranging from biliary colic to acute cholangitis. Patients may present with 
elevated alkaline phosphatase and hyperbilirubinemia along the symptomatology of 
obstructive jaundice, icterus, dark colored urine, and acholic stools.

Ultrasonography may show choledocholithiasis or an abnormally dilated com-
mon bile duct. Even if stones are not visualized, a patient presenting with choleli-
thiasis, a dilated common bile duct, and an elevated bilirubin should be evaluated 
for choledocholithiasis with further imaging. Magnetic resonance cholangiopan-
creatography (MRCP) is very sensitive (>90%) and specific (~100%) for evaluating 
choledocholithiasis. Since it is less invasive than endoscopic retrograde cholangio-
pancreatography (ERCP), many physicians and gastroenterologists will start with 
MRCP prior to deciding to utilize ERCP.  Endoscopic ultrasound (EUS) is more 
accurate than MRCP for the detection of bile duct stones and does not carry the risk 
of iatrogenic pancreatitis, but it is only a diagnostic tool and is not therapeutic like 
ERCP.

ERCP is highly sensitive and specific for choledocholithiasis and can be thera-
peutic with its ability to clear out the stones. During the procedure, the gastroenter-
ologist performs a cholangiogram in order to visualize the biliary anatomy and 
detect any filling defects within the ducts, presumably stones. They may perform a 
sphincterotomy and extract the stones. A temporary stent may be left. Important 
risks of ERCP include pancreatitis, intestinal perforation, and recurrence of 
choledocholithiasis.
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Intraoperatively, a patient can undergo a laparoscopic cholangiogram to identify 
choledocholithiasis. Based on the surgeon’s experience, they may be able to extract 
the stones by either laparoscopic or open common bile duct exploration. With the 
frequent use of laparoscopic and endoscopic techniques, open duct exploration is 
less common. Another common method is for the patient to undergo a postoperative 
ERCP to remove any stones identified in the operating room.

In patients with choledocholithiasis who are managed by ERCP and sphincter-
otomy alone, almost half will have a recurrence; therefore, it is recommended that 
the patient undergoes a laparoscopic cholecystectomy during the same admission. 
However, in patients older than 70 years of age, the rate of recurrence is about 15%, 
so a cholecystectomy may be selectively offered.

After a cholecystectomy, a patient may present with choledocholithiasis. If this 
occurs within 2 years of surgery, the stones are thought to be secondary and are 
termed retained. If it occurs after 2 years, then they are recurrent primary common 
bile duct stones.

 Cholangitis

Cholangitis refers to a life-threatening ascending infection of the biliary tree caused 
by an acute biliary obstruction. There should be a high degree of suspicion in a 
patient who presents with right upper quadrant tenderness, jaundice, and fevers—
commonly known as Charcot’s triad. If left untreated, a patient can progress and 
display Reynold’s pentad, which includes hypotension and altered mental status 
suggestive of shock.

Treatment of cholangitis includes intravenous broad-spectrum antibiotics and 
fluid resuscitation and emergent decompression of the biliary tree either by percuta-
neous transhepatic cholangiography (PTC) or ERCP. It is not advised for the patient 
to undergo surgery as a first-line treatment. In some centers, it is possible to perform 
an intraoperative ERCP at the time of laparoscopic cholecystectomy, a procedure 
known as “laparoendoscopic rendezvous.”

 Gallstone Ileus

Gallstone ileus is a misnomer as it is in fact a small bowel obstruction caused by the 
erosion of a very large gallstone from the gallbladder into the duodenum creating a 
cholecystoduodenal fistula. The stone then travels through the gastrointestinal tract 
and becomes lodged in the ileocecal valve—the narrowest portion of the tract. 
Patients typically present with the signs and symptoms of a small bowel obstruction 
including abdominal pain, nausea, vomiting, and changes in bowel habits. Diagnosis 
can be made with imaging such as a CT scan showing pneumobilia and a large stone 
in the small intestine (Fig. 6.2). Since these patients tend to be older and very sick, 
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the primary goal of an operation is to relieve the obstruction by creating an enter-
otomy on the healthy bowel proximal to the stone and then milking it out. After 
ensuring there are no more stones in the small intestine, the enterotomy is closed. 
There may be very dense adhesions in the right upper quadrant, so cholecystectomy 
and fistula closure are usually postponed until the patient has improved, and the 
operation is deemed safe given a patient’s comorbidities.

 Gallstone Pancreatitis

Gallstone pancreatitis is another complication caused by cholelithiasis. Patients 
who present with pancreatitis should be treated medically. Surgical consultation 
should be requested for a planned cholecystectomy prior to discharge once the pan-
creatitis has resolved.

 Biliary Dysfunction

 Biliary Dyskinesia

Biliary dyskinesia is a motility disorder of the gallbladder. It typically presents with 
symptoms classic of calculous biliary disease, but there is no evidence of stones on 

Fig. 6.2 Gallstone ileus 
showing large stone (red 
arrow) and pneumobilia 
(yellow arrow). (Used 
with permission. Liau 
et al. [9])
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imaging. During workup, the patient should have other causes of right upper quad-
rant pain ruled out by imaging and upper endoscopy. If the workup remains negative 
and the patient’s symptoms appear highly suggestive of biliary colic, a CCK-
stimulated HIDA scan may be obtained to check for gallbladder dysfunction. If the 
scan shows an ejection fraction less than 35%, it is diagnostic for biliary dyskinesia. 
There is no effective medical treatment for dyskinesia, so laparoscopic cholecystec-
tomy is the gold standard. It has been proven to be effective for 85% of patients [5]. 
If patients continue to have symptoms postoperatively, further evaluation with a 
gastroenterologist is indicated.

 Sphincter of Oddi Dysfunction (SOD)

The sphincter of Oddi is the muscular sphincter found at the ampulla of Vater or the 
hepatopancreatic ampulla. Its primary functions are to control of the flow of biliary 
and digestive juices into the second portion of the duodenum, divert bile into the 
gallbladder, and prevent reflux of bile and intestinal content into the pancreatic duct. 
Abnormalities in the anatomy or function of the sphincter can lead to biliary pain. 
Dysfunction of the sphincter can be from abnormal spasms of the muscle or second-
ary to fibrosis of the sphincter due to trauma, pancreatitis, the passage of gallstones, 
or congenital anomalies.

Patients with SOD present with right upper quadrant or upper abdominal pain that 
is constant and lasts for at least 30 min. Patients may also present with recurrent 
episodes of pancreatitis. SOD should be suspected if a patient presents with upper 
abdominal pain, abnormal hepatopancreatic enzyme levels, and a common bile duct 
size greater than 12 mm on ultrasound. The diagnosis can be confirmed with manom-
etry if the basal sphincter pressure is greater than 40 mmHg. However, this is a highly 
sophisticated technique only available at specialized gastroenterology centers.

Treatment for SOD is endoscopic sphincterotomy, which has been effective in 
60–90% of patients [5].

 Cholecystectomy

 Laparoscopic Cholecystectomy

Since the 1990s, with the advent of laparoscopy surgery, cholecystectomies can be 
performed safely for biliary colic and for acute and chronic cholecystitis. 
Laparoscopy surgery is associated with decreased length of stay, decreased compli-
cations, and less postoperative pain. However, it has been associated with an increase 
in common bile duct injuries that may require extensive repair and reconstruction.

During the operation, the patient is placed in a supine position with both arms 
extended outward to the side. Perioperative antibiotics are administered if there is a 
concern for cholecystitis. Sequential compression devices are placed on both legs 
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unless there is a contraindication, and venous thromboembolism prophylaxis may 
be given at the surgeon’s discretion. The patient then undergoes general endotra-
cheal anesthesia and is prepped and draped in a sterile fashion. An orogastric tube 
may be inserted to decompress the stomach and improve visualization. A Foley 
catheter may be inserted.

There are a variety of methods to enter the abdomen, but the location of the inci-
sions and laparoscopic ports tends to be standard. There are four incisions in total: 
one around the umbilicus, one located subxiphoid, and two on the patient’s right 
lateral side. The periumbilical incision tends to be the largest incision at 10–12 mm, 
since this is where the specimen will be extracted. The remaining incisions are usu-
ally 5 mm. The periumbilical incision is created first in order to insert the laparo-
scope (camera) and the remaining ports under direct visual guidance.

Using graspers and blunt dissectors, the gallbladder is retracted and freed from 
peritoneal adhesions to expose the cystic duct and the cystic artery. Many surgeons 
urge achieving this critical view of safety before transecting any structures to avoid 
common bile duct injuries (Fig. 6.3). This generally entails clearing the  hepatocystic 
triangle of any fibrous tissue and visualizing only two structures directly entering 
the gallbladder—presumably the cystic duct and artery. The liver bed should be 
seen in the space between these two structures.

At times, it may be necessary to perform an intraoperative cholangiogram to delin-
eate the biliary anatomy as well as to determine whether there are any common bile 
duct stones. In order to do so, the presumed cystic duct is partially transected, and a 
catheter is inserted and secured with a clip. Contrast is injected into the duct and 
visualized using fluoroscopy. This can help the surgeon identify the cystic duct, com-
mon bile duct, and even choledocholithiasis. If there are stones present, the surgeon 
may attempt to flush them with the aid of glucagon as it relaxes the sphincter of Oddi.

If the surgeon is confident the cystic duct and cystic artery have been identified, 
then the structures are doubly clipped on the patient’s side and singly clipped on the 
specimen side before being transected with scissors. Once they are divided, the 
gallbladder is freed from the liver bed using electrocautery. The gallbladder is then 
placed in a bag and extracted through the umbilical incision along with the trocar.

Cystic duct

Cystic artery

Grasper

Fig. 6.3 The critical view 
showing the cystic duct, 
cystic artery, and the liver 
bed. (Used with 
permission. Halverson 
[10])
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The periumbilical trocar and laparoscope are reinserted. The gallbladder fossa is 
inspected for hemostasis, and the clips on the stumps of the cystic artery and cystic 
duct are confirmed to be in proper place. The field can be irrigated if there was spill-
age of bile, stones, or pus. It is always important to note the spillage of stones, 
especially if they have not been retrieved, because they carry a risk of infection and 
complications later on.  Once everything is satisfactory, the trocars are removed 
under direct visualization, and the abdomen is de-sufflated. A drain may be placed 
if there is a concern for potential bile leak. The fascia of the periumbilical incision 
is closed to prevent a port-site hernia since the defect is larger than 1 cm. The skin 
of all the incisions is usually approximated with a dissolvable subcuticular suture. 
Skin glue or a sterile gauze dressing is then applied to the incisions.

The operation can take anywhere from 30 min to 3–4 h depending on the severity 
of inflammation of the gallbladder. Patients can generally go home the same day or 
the following morning. Antibiotics postoperatively are at the discretion of the sur-
geon based on intraoperative findings, but usually 24 h of perioperative antibiotics 
is sufficient. Patients are instructed to restrict any lifting to 15–20 lbs. for 6 weeks 
to prevent an incisional hernia, especially at the umbilicus. Patients tend to return to 
work several days later. Although they do not have any dietary restrictions with the 
gallbladder removed, patients may experience loose stools or diarrhea with fatty 
meals initially, but it is self-limited. 

In cases with severe inflammation from cholecystitis, the gallbladder may not be 
removed safely, laparoscopically or open. In these circumstances, a partial chole-
cystectomy may be performed. This may proceed in two ways. One method is to 
divide the gallbladder and leave behind the posterior wall adhered to the liver bed 
(Fig. 6.4a). The remnant gallbladder wall is cauterized to prevent a bile leak, and the 
internal opening of the cystic duct is over sewn (Fig. 6.4b, c). In these cases, and 
others where there is concern for a potential bile leak, a drain is placed.

The second method is to transect the gallbladder at the level of the infundibulum 
with a stapler if it is not possible to safely dissect out and identify the cystic artery 
and cystic duct (Fig. 6.5).

 Single-Port Laparoscopic Cholecystectomy

It is possible to perform a laparoscopic cholecystectomy using a single 2 cm peri-
umbilical incision and a specialized trocar that accommodates the camera and 
instruments. Studies have shown this technique has a greater learning curve than 
traditional laparoscopy, but experienced surgeons may have decreased operative 
times compared to a standard multi-port approach. In addition, the surgeon always 
has the capability to insert additional trocars in order to aid with retraction. There is 
also an improvement in cosmesis as the patient will have a single scar. 

Single-port cholecystectomy is safe and comparable with the standard approach 
in terms of hospital length of stay; however, an increase in incisional hernias has 
been reported after single-port surgeries.
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Stones

Gallbladder

Duodenum

Liver

Hepatoduodenal
ligament

Dense
adhesins

a

b c

Fig. 6.4 a Dense adhesions impair ability to identify cystic structures and increase risk of biliary 
injuries. b The gallbladder is divided with electrocautery, leaving the posterior wall on the liver 
bed. c The remnant wall is cauterized, and the infundibulum sutured closed. (Used with permis-
sion. Halverson [10])

Stapler

a b

Fig. 6.5 a Full mobilization of the fundus of the gallbladder. b Stapled amputation of gallbladder. 
(Used with permission. Halverson [10])
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 da Vinci Robotic-Assisted Cholecystectomy

Robotic-assisted surgeries have provided surgeons with many benefits during an 
operation. They allow for a much more ergonomic, seated position, provide a three-
dimensional operative view, and  increase the surgeon’s dexterity with articulated 
instruments.

As with laparoscopy, it is possible to perform the operation using a multi-port or 
single-port approach with the robot. Robotic cholecystectomies are safe to perform 
and have the added benefit of using fluorescent imaging to perform intraoperative 
cholangiograms to visualize difficult biliary anatomy. However, robotic cholecys-
tectomies may be associated with longer operating room times in order to dock the 
machine, as well as higher hospital costs. Figure 6.6 demonstrates a typical setup 
for robotic- assisted surgery as well as the larger port for single-site operations.

 Open Cholecystectomy

Open cholecystectomy is the traditional approach to removing the gallbladder. It 
involves a large right oblique incision that runs parallel to the costal margin. 
Conversion to open cholecystectomy is most commonly performed in order to avoid 
injuring the common bile duct because of unclear biliary anatomy. Although the 
conversion rate is as low as 1% [6], all patients should be consented and prepared 
for it. Other reasons for conversion include uncontrolled bleeding, the need for 
common bile duct exploration, and suspected common bile duct injury. After an 
open procedure, most patients will stay in the hospital for a couple of days for ade-
quate pain control. They have the same weight lifting and exercising restrictions as 
the laparoscopic approach.

 Common Bile Duct Exploration

Depending on surgical expertise, common bile duct exploration may be performed 
open or laparoscopically. Nowadays, many surgeons will elect to have the patient 
undergo postoperative ERCP if there is suspicion for choledocholithiasis.

 Postcholecystectomy Considerations

Postcholecystectomy syndrome is used to describe when a patient experiences a 
recurrence of their biliary symptoms after cholecystectomy. It can occur in 10–15% 
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of patients after surgery. Patients experience abdominal pain, nausea, vomiting, dys-
pepsia, and diarrhea. One common thought is that there is an increase in the amount 
of bile that enters the intestines since the gallbladder no longer acts a reservoir. The 
diagnosis should be one of exclusion.

 Bile Leak

A bile leak can occur from an injury to the bile duct, a cystic duct stump leak, or 
from the ducts of Lushka (small accessory ducts that drain directly into the 

a

b

Fig. 6.6 a Full view of a da Vinci S HD system. b Single-Site™ final docked position. (© 2018 
Intuitive Surgical, Inc.)
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gallbladder from the liver). Patients may present with new, worsening abdominal 
pain, nausea, vomiting, a leukocytosis, and/or transaminitis.

Ultrasonography or CT imaging can show the presence of a biloma or abscess. 
The presence of an active leak can be made with a HIDA scan or an ERCP cholan-
giogram. ERCP can be therapeutic with its ability to perform a sphincterotomy and 
place a stent. This will redirect the flow of bile through the path of least resistance 
allowing the leak to heal. The biloma or abscess should then be drained percutane-
ously with the help of interventional radiologists.

Cystic stump leaks are rare, occurring after less than 1% of laparoscopic chole-
cystectomies [7]. They may occur if the clips on the cystic duct are displaced. This 
may be due to necrosis of the cystic duct stump or from back pressure of bile from 
stones in the common bile duct.

Leaks from the ducts of Lushka may also present in a similar form and are treated 
the same.

 Bile Duct Injury

If a bile duct injury is recognized intraoperatively during a laparoscopic cholecys-
tectomy, conversion to an operation is necessary in order to assess the degree of 
injury and formulate a plan. The goal is to preserve as much of the duct as possible 
and create a tension-free repair, either primarily over a T-tube or via a biliary-enteric 
reconstruction (e.g., hepaticojejunostomy, choledochojejunostomy). If the surgeon 
does not have the expertise, it is acceptable to leave a drain in order to control the 
bile leak and transfer the patient to a hepatobiliary specialist.

In patients in whom the injury is not diagnosed immediately, they may present 
with new onset pain, jaundice, elevated alkaline phosphate and bilirubin levels, and 
a bile leak. The bile leak may be in the form of a biloma or as bilious drainage from 
the incisions.

A CT scan may reveal a sterile biloma or abscess that would require percutane-
ous drainage. An ERCP or percutaneous transhepatic cholangiogram (PTC) is nec-
essary to delineate the biliary anatomy in order to guide planning for operative 
repair. During a PTC, transhepatic drainage catheters may be placed to help control 
drainage and assist in operative dissection.

 Spilled Gallstones

During laparoscopic surgery, it is not uncommon for the gallbladder to be inadver-
tently opened and for stones to be spilled. The surgeon should make an effort to 
irrigate the field and retrieve as many stones as possible. The stones can serve as a 
nidus for infection and cause complications in the long term such as abscess forma-
tion, bowel obstructions, and fistulas.
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Chapter 7
Minimally Invasive Liver Surgery

Ioannis Konstantinidis and Laleh Melstrom

 Introduction

Minimally invasive surgery is associated with faster recovery and equivalent onco-
logic outcomes compared to open surgery for resections involving a variety of 
organs, including the colon [1], esophagus [2], and stomach [3]. From the time of 
the first description of a laparoscopic nonanatomic liver resection for focal nodular 
hyperplasia in 1992 [4], its expansion has been tremendous, with 2804 cases 
reported in 2009 and more than 9000 cases reported in 2016 [5, 6]. Similar to other 
organs, minimally invasive liver surgery appears to be associated with improved 
short-term outcomes (smaller incisions, decreased blood loss, shorter hospitaliza-
tion, fewer complications) and equivalent oncologic outcomes when performed for 
cancer [5–8].

Patient selection is paramount as minimally invasive liver surgery entails unique 
challenges. For instance, it cannot be utilized in patients unable to tolerate pneumo-
peritoneum, and it is technically more challenging in the presence of extensive 
adhesions. In addition, minimally invasive approaches entail a learning curve, 
whereas major bleeding might be difficult to control and require conversion to open 
surgery. Procedure-specific risks such as gas embolism appear to be an exceedingly 
rare phenomenon [5, 6].

The introduction of robotic technology for minimally invasive liver procedures is 
an attempt to overcome some of the limitations of conventional laparoscopy. The 
benefits of robotic-assisted surgery can be visual (increased magnification, three-
dimensional view, improved depth of perception) and also ergonomic/technical 
(seven ranges of motion versus four of laparoscopy, motion scaling of the robot, 
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tremor filtration, articulating instruments), which render the robot beneficial for 
 precise surgical dissection and fine suturing, even in narrow operative fields [9]. 
These features make the robotic platform particularly attractive for liver surgery and 
advantageous for procedures such as portal lymphadenectomy, biliary reconstruc-
tion, and resection of posterior/superior liver segments [10]. A recent review of 
robotic oncologic surgery showed that robotic surgery is widely used for a variety 
of operations and for several procedures, with evidence that robotics offer short-
term benefits with comparable safety profiles and oncologic outcomes to open sur-
gery [11]. However, robotic technology is not without drawbacks. The cost is 
significantly higher, there is need for specialized training (surgeon, skilled bedside 
assistant and nurses), and some technical issues common to laparoscopy remain 
unsolved, such as the absence of haptic feedback. Thus, new technologies are being 
investigated and are expected to address some of these limitations.

 From Introduction to Adoption of Minimally  
Invasive Liver Surgery

The introduction of minimally invasive liver surgery into routine surgical practice 
created the need of a formal framework to examine its indications and the associated 
risks and benefits. There have been already two international consensus conferences 
on minimally invasive liver surgery [12, 13]. The first conference set the terminol-
ogy and an initial approach to the indications of laparoscopic liver surgery, and the 
second investigated the accumulated evidence on the use of minimally invasive liver 
surgery, including robotic surgery, for minor and major hepatic resections [12]. 
Three techniques were described during the first meeting: pure laparoscopy, where 
the entire operation is performed laparoscopically; the hand-assisted approach with 
utilization of a hand port; and the hybrid method, where the resection is performed 
through a minilaparotomy incision. The indications for minimally invasive liver 
surgery were solitary lesions of less than 5 cm in size, at the peripheral liver seg-
ments 2–6. Laparoscopic left lateral sectionectomy was considered standard prac-
tice, whereas major liver resections were appropriate only for experienced surgeons 
in advanced laparoscopy.

Correlating with these recommendations, a summary of the reported worldwide 
laparoscopic liver experience from over 2800 surgeries published during the same 
year revealed that 65% of the resections were minor (45% wedge resections or seg-
mentectomies), 16% were lobectomies, and 50% were performed for malignancy, 
with conversion rates at 4%. The majority of the liver procedures performed were 
laparoscopies (75%), 17% were hand-assisted operations, and 2% were hybrid proce-
dures, with perioperative morbidity and mortality of 11% and 0.3%, respectively [6].

Almost 6 years later, a second international conference examined the interim 
worldwide accumulated experience. Even though the level of existing evidence 
was deemed to be too weak to provide strong recommendations, minor liver resec-
tions were considered standard practice, whereas major hepatectomies were still 
considered being in an exploratory phase. No specific recommendations were 
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made for robotic surgery with the current literature, suggesting no inferior out-
comes to other techniques [13].

These trends are being reflected in recent studies. In a recent report utilizing the 
liver module of the American College of Surgeons National Surgical Quality 
Improvement Program and data from 2448 patients, laparoscopic procedures con-
sisted only 21.4% of the cases, whereas robotic surgery constituted 1.1%. The per-
centages for major hepatectomies were even lower, with 11.7% performed 
laparoscopically and 0.6% robotically [14]. A recent review of more than 9000 lapa-
roscopic liver resections showed that 65% were performed for malignancy and 
illustrated both the safety of laparoscopic liver surgery (mortality rate was very low 
0.4%) and its improved postoperative outcome for minor and major hepatectomies, 
whereas the numbers of major and complex resections are increasing but remain 
mostly limited to expert centers [5]. At the same time, in Europe, a consensus state-
ment on the use of robotics in general surgery supported that robotic assistance 
might facilitate complex biliary surgery, especially bilioenteric bypass. Moreover, 
robotic hepatectomy has comparable clinical outcomes to laparoscopic hepatec-
tomy, and the use of robotic assistance may increase the rate of minimally invasive 
major hepatic resections [15].

 Comparative Studies

Minimally invasive liver surgery has theoretical advantages over open liver surgery, 
including the magnified view and the presence of pneumoperitoneum, which 
reduces bleeding from the low-pressure hepatic veins [16]. There are no published 
randomized controlled trials comparing open to minimally invasive liver surgery or 
laparoscopic to robotic liver surgery. However, there are many ongoing trials in 
Europe on laparoscopic versus open liver surgery for colorectal cancer liver metas-
tases, such as the Netherlands, Norway, and Spain trials (ClinicalTrials.gov identi-
fiers: NCT01441856, NCT01516710, NCT02727179, respectively) and similarly in 
China and Japan on hepatocellular cancer (ClinicalTrials.gov identifiers: 
NCT01768741 and NCT00606385, respectively), which are expected to provide 
further evidence on the advantages of laparoscopic liver surgery.

Overall, the existing evidence attests to superior postoperative outcomes for min-
imally invasive over open liver surgery and to equivalent outcomes between laparo-
scopic and robotic liver surgery. Table 7.1 summarizes some important comparative 
studies. A meta-analysis of open versus laparoscopic surgery for hepatocellular can-
cer showed that the laparoscopic approach was associated with less blood loss, 
fewer complications, and shorter hospital stay with no differences in surgical mar-
gins [17]. Importantly, the long-term oncologic outcome is not compromised. A 
meta-analysis of studies on laparoscopic versus open liver resection focusing on 
long-term outcomes and analyzing separately hepatocellular cancer and colorectal 
liver metastases patients found no differences in the 1-, 3-, or 5-year survival rates 
[18]. Two recently published multi-institutional reports from Japan (Table  7.1), 
utilizing data from over 4700 patients who underwent surgery for colorectal cancer 

7 Minimally Invasive Liver Surgery



96

Ta
bl

e 
7.

1 
Se

le
ct

ed
 c

om
pa

ra
tiv

e 
st

ud
ie

s 
on

 m
in

im
al

ly
 in

va
si

ve
 li

ve
r 

re
se

ct
io

ns

C
om

pa
ri

so
n

Y
ea

r/
ty

pe
N

O
pe

ra
tiv

e 
ou

tc
om

e
O

nc
ol

og
ic

 o
ut

co
m

e
A

ut
ho

r 
co

nc
lu

si
on

s
St

ud
y

L
L

R
 v

s.
 O

L
R

M
ul

ti-
in

st
itu

tio
na

l P
SM

 
an

al
ys

is
C

R
C

L
M

:
 

 L
L

R
: 1

71
 

 O
L

R
: 3

42
H

C
C

:
 

 L
L

R
: 3

87
 

 O
L

R
: 3

87

L
L

R
:

L
L

R
:

[8
, 1

9]
 

 L
es

s 
E

B
L

 
 Sh

or
te

r 
ho

sp
ita

l s
ta

y
 

 Si
m

ila
r 

M
M

 (
le

ss
 

m
or

bi
di

ty
 in

 H
C

C
 

st
ud

y)

 
 Si

m
ila

r 
R

0
 

 R
FS

 
 D

SS

 
 L

ow
er

 b
lo

od
 lo

ss
 

 Sh
or

te
r 

ho
sp

ita
l s

ta
y

 
 E

qu
iv

al
en

t s
ur

vi
va

l
 

 L
es

s 
co

m
pl

ic
at

io
ns

 in
 H

C
C

 
po

pu
la

tio
n

L
L

R
 v

s.
 O

L
R

20
16

/m
et

a-
an

al
ys

is
29

00
L

L
R

:
L

L
R

:
[5

]
 

 L
es

s 
E

B
L

 
 Sh

or
te

r 
ho

sp
ita

l s
ta

y
 

 M
or

bi
di

ty

 
 Si

m
ila

r 
R

0
 

 M
ay

 o
ff

er
 im

pr
ov

ed
 

sh
or

t-
te

rm
 o

ut
co

m
es

R
L

R
 v

s.
 O

L
R

Si
ng

le
 in

st
itu

tio
n 

PS
M

 
an

al
ys

is
 

 R
L

R
: 1

83
 

 O
L

R
: 2

75
R

L
R

:
R

L
R

:
[3

0]
 

 L
es

s 
E

B
L

 
 Sh

or
te

r 
ho

sp
ita

l s
ta

y
 

 Si
m

ila
r 

M
M

 
 Si

m
ila

r 
R

0
 

 R
FS

 
 D

SS

 
 L

es
s 

po
st

op
er

at
iv

e 
pa

in
 a

nd
 

sh
or

te
r 

st
ay

R
L

R
 v

s.
 L

L
R

20
16

/m
et

a-
an

al
ys

is
 

 R
L

R
: 2

54
 

 L
R

L
: 5

22
 

 Si
m

ila
r 

E
B

L
 

 Si
m

ila
r 

ho
sp

ita
l s

ta
y

 
 Si

m
ila

r 
m

or
bi

di
ty

 
 Si

m
ila

r 
R

0
 

 Si
m

ila
r 

sa
fe

ty
 

 Fe
as

ib
ili

ty
 

 E
ff

ec
tiv

en
es

s

[2
0]

N
ot

es
: C

R
C

L
M

 c
ol

or
ec

ta
l c

an
ce

r l
iv

er
 m

et
as

ta
se

s,
 D

SS
 d

is
ea

se
-s

pe
ci

fic
 s

ur
vi

va
l, 

E
B

L
 e

st
im

at
ed

 b
lo

od
 lo

ss
, H

C
C

 h
ep

at
oc

el
lu

la
r c

an
ce

r, 
L

L
R

 la
pa

ro
sc

op
ic

 li
ve

r 
re

se
ct

io
n,

 M
M

 m
or

bi
di

ty
 a

nd
 m

or
ta

lit
y,

 N
A

 n
ot

 a
pp

lic
ab

le
, 

O
L

R
 o

pe
n 

liv
er

 r
es

ec
tio

n,
 P

SM
 p

ro
pe

ns
ity

 s
co

re
 m

at
ch

in
g,

 R
0 

m
ar

gi
n-

ne
ga

tiv
e 

re
se

ct
io

ns
, 

R
F

S 
re

cu
rr

en
ce

-f
re

e 
su

rv
iv

al
, R

L
R

 r
ob

ot
ic

 li
ve

r 
re

se
ct

io
n

I. Konstantinidis and L. Melstrom



97

liver metastases and hepatocellular cancer and matching open and laparoscopic 
groups with propensity score matching, confirmed the improved short-term out-
come and equivalent long-term outcome associated with laparoscopic liver resec-
tion [8, 19]. In a recent review of more than 9000 laparoscopic liver resections and 
meta-analysis, laparoscopic liver surgery was found to have an improved postopera-
tive outcome both for minor and major hepatectomies (Table 7.1).

Comparing laparoscopic to robotic liver surgery shows similar outcomes. A meta-
analysis of robotic versus laparoscopic hepatectomy showed evidence of similar 
safety and effectiveness with higher cost for the robotic hepatectomies [20] (Table 7.1). 
Tsung et al. [21] in a matched comparison of laparoscopic and robotic liver resections 
reported similar estimated blood loss, conversion rates, complications, and length of 
stay with the outcomes of robotic surgery improving with accumulated experience. A 
multi-institutional Italian study similarly found similar perioperative outcomes for 
major hepatectomies between the robotic and laparoscopic approach [22]. Wu et al. 
in a study from Taiwan found conversion to open, morbidity, and mortality rates com-
parable with greater operative time and blood loss for the robotic group [23]. The 
worldwide experienced surgery centers from the USA, Europe, and Asia concur about 
their equivalent results of laparoscopic and robotic liver surgery.

 Challenges and Future Directions

It is important to realize that minimally invasive liver surgery comes with a steep 
learning curve, and there is definitely selection bias in patients subjected to mini-
mally invasive surgery, even in matched cohorts. The presence of a learning curve is 
well described for both laparoscopic and robotic-assisted liver surgery. With accu-
mulating experience by the surgeon and health personnel, the conversion rates, oper-
ative times, and estimated blood loss decrease, and morbidity improves. The number 
of cases to achieve improved outcomes might be as high as 60 for laparoscopic major 
hepatectomy [24] and more than 50 for robotic major hepatectomy [25]. Ways to 
facilitate learning and shorten the learning curve are being investigated. For example, 
the use of the robotic dual console is a teaching tool that could help accelerate profi-
ciency [26]. In addition, various teaching curricula are currently being developed and 
tested, such as the Fundamentals of Robotic Surgery (FRS) (http://FRsurgery.org).

Equally important is to realize that minimally invasive and open liver surgery 
should not be viewed as competitive approaches. Conversion to a hybrid procedure 
may be needed when patient safety renders it, and it can maintain the benefits of 
minimally invasive liver surgery without compromising its safety.

One of the great benefits of minimally invasive surgery, especially robotic sur-
gery, is the relatively ease of incorporation of new technologies targeting better visu-
alization of anatomical structures or improved ergonomics. For example, indocyanine 
green (ICG) is a nontoxic fluorophore that appears green when stimulated by near-
infrared light. It is FDA-approved, and following IV injection, it accumulates in the 
liver and is secreted in the bile within 45–60 min. Intraoperative indocyanine green 
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fluorescence imaging (IGFI) facilitates recognition of vascular and biliary anatomy 
and can assist in identifying liver tumors as well as the boundaries of liver segments, 
aiming at increasing the surgical accuracy. Fusion IGFI can achieve tridimensional 
(3D) parenchymal demarcation clearer than the conventional demarcation technique 
[27]. A concerning ergonomical obstacle, the absence of haptic feedback is a widely 
accepted limitation of robotic surgery. New robotic surgical systems that promise to 
improve/allow/simulate haptic feedback are under development or already being 
tested in animal models and are expected to overcome this weakness and create 
conditions of less tissue damage [28].

Laparoscopic surgery continues to evolve as well. One of the major limitations 
of conventional laparoscopy is the lack of depth perception. This has been corrected 
with the introduction of 3D imaging in laparoscopic surgery. 3D visualization in 
laparoscopic liver surgery is now feasible and may be associated with a decrease in 
the operative time [29]. Minimally invasive surgery is going through its evolution 
phase, and exciting new opportunities are on the rise.
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Chapter 8
Minimally Invasive Pancreatic Surgery

Raja R. Narayan and T. Peter Kingham

 Introduction

Initial attempts at minimally invasive pancreatic operation were slow to gain trac-
tion due to lack of equipment, training, and skill [63]. Though a large incision could 
be avoided, this does not account for much of the morbidity associated with pancre-
atic surgery. Concerns were also raised that a minimally invasive approach did not 
allow surgeons to perform an oncologic resection with respect to margins achieved 
or lymph nodes retrieved. Surgical technique and training, however, have improved 
enabling equivalent oncologic resections. With improvements in postoperative sur-
veillance strategies and patient management, several benefits were realized, includ-
ing decreased operative blood loss and reduced hospital stay. As the volume of 
surgical experience grew and technology improved, a minimally invasive approach 
became more feasible for a variety of pancreatic diseases.

 Indications

Though a majority of pancreatic surgery is done for malignancy, several benign 
lesions can be resected by a minimally invasive approach.
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 Benign

 Acute Pancreatitis

While the majority of patients that develop acute pancreatitis never require an oper-
ation, sequelae such as necrosis or pseudocyst formation can result in morbidity that 
warrant intervention. Operative intervention often comes at the risk of converting a 
sterile fluid collection or necrosum into an infected space.

Pancreatic Necrosis

Delayed surgical debridement is indicated for symptomatic sterile walled-off necro-
sis (WON) or infected necrosum [50]. Previously, this was done by an open 
approach, but cost and clinical morbidity are minimized with a minimally invasive 
approach [9, 10].

A step-up approach was adopted where those with suspected or confirmed 
infected necrosum would undergo minimally invasive retroperitoneal necrosectomy 
if needed after percutaneous or endoscopic drainage [71]. In doing so, control of the 
infectious source is prioritized over debridement of all necrotic tissue. This approach 
reduced cost of care as well as the need to repeat drainage or operative 
intervention.

With improvements in both surgical technique and inpatient care enabling 
delayed operative intervention, more recent studies with national database outcomes 
have found inpatient mortality to be less than 10% [54]. Minimally invasive debride-
ment can be achieved by a variety of approaches (transperitoneal, retroperitoneal, 
peroral transmucosal, peroral transpapillary, percutaneous), methods of visualiza-
tion (laparoscopic, endoscopic, radiologic, hybrid), and interventions (drainage, 
lavage, fragmentation, debridement, excision). A combination of patient factors, 
institutional experience, and surgeon preference decides which combination of 
approach, visualization, and intervention is employed [12]. For example, laparo-
scopic transgastric necrosectomy has the advantage of often requiring only a single 
intervention to debride infected necrosum [78]. Operative intervention, however, 
risks creating an enteric fistula and predisposing to pseudoaneurysmal bleed. The 
retroperitoneal approach, as described in the step-up approach, has been deemed 
safe as well, relative to open necrosectomy [33]. Peroral procedures are limited 
because multiple sessions are necessary for complete debridement unless a com-
munication is made to debride into the enteric tract [70].

Pancreatic Pseudocyst

Surgical management of pancreatic pseudocysts mirrors that of necrosum but can 
also include laparoscopic cyst fenestration to create a conduit for drainage.

R. R. Narayan and T. P. Kingham
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 Chronic Pancreatitis

Patients with chronic pain from long-term inflammatory obstruction of the pancre-
atic duct can benefit from decompression. Surgical drainage results in complete and 
partial pain relief more frequently than endoscopic drainage [14]. Persistent symp-
toms can warrant longitudinal anterior pancreaticojejunostomy (Puestow) which 
has been described laparoscopically [38, 39] but is usually pursued once duct stent-
ing has failed to reduce pain. When chronic inflammatory calcification is localized 
at the head of the pancreas, the Frey procedure may be performed instead. 
Laparoscopic experience for this procedure remains relatively new as well [18].

 Cystic Neoplasm

With improved imaging, more cases of intraductal papillary mucinous neoplasms 
(IPMNs) are managed today with surveillance rather than surgery given the low rate 
of conversion to malignancy [59, 66, 72]. Figure 8.1 shows the different positions 
IPMNs can arise [15].

Resection is recommended for all IPMNs with solid features with a dilated pan-
creatic duct and/or concerning features on EUS-FNA. The recommended resection 
is based on the location of the IPMN along the pancreas as is done with malignant 
lesions (described below).

 Malignant

Perioperative mortality after resection of pancreatic adenocarcinoma has decreased 
significantly over time from improvements in critical care and inpatient manage-
ment [77]. Similar to IPMNs, resection for pancreatic adenocarcinoma largely 
depends on the location of the tumor along the gland. A mass at the head, neck, or 
ampulla warrants pancreaticoduodenectomy or Whipple procedure. A mass in the 
body or tail generally warrants distal pancreatectomy.

 Operations

 Diagnostic Laparoscopy

Prior to pancreatectomy, diagnostic laparoscopy is recommended for high-risk 
patients to identify metastatic lesions that may preclude complete resection [45, 55]. 
If peritoneal or liver metastases are seen, pancreatectomy is aborted, and neoadju-
vant therapy is pursued.
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 Distal Pancreatectomy

In the absence of metastases, pancreatic masses along the body or tail can be 
resected by left or distal pancreatectomy. Since its first description in 1994 [23], use 
of laparoscopic distal pancreatectomy (LDP) more than tripled over the next decade 
[67]. In comparison with open distal pancreatectomy, LDP carries the benefit of 
reduced operative blood loss and need for transfusion, earlier PO tolerance, 
decreased length of stay, and decreased rate of wound infection [41, 46]. Studies 
controlling for oncologic equivalence are still pending [34, 58].

Use of three to five ports placed clockwise around the epigastrium has been 
described for LDP as the patient is positioned in a modified right lateral decubitus 
position with reverse Trendelenburg [63]. The robotic approach, first described in 

a

b

Fig. 8.1 Position of 
IPMNs along the 
pancreatic duct. a 
Represents a side-branch 
duct IPMN. b Represents a 
main duct IPMN, IPMN 
intraductal papillary 
mucinous neoplasm. 
(Adopted from 
Casillas et al. [15])
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2003 [32], is done similarly and has a lower incidence of conversion than LDP [25, 
52]. The open approach remains the mainstay for larger tumors.

 Pancreatoduodenectomy (Whipple Procedure)

Laparoscopic pancreaticoduodenectomy (LPD) or Whipple procedure was first 
described in Canada [31]. Similar to LDP, LPD utilizes four to seven ports placed in 
a semicircle around the head of the pancreas [11]. For the operation, the patient is 
placed supine and in reverse Trendelenburg.

Several meta-analyses have compared LPD relative to the open approach not-
ing decreased operative blood loss but increased operative time [21, 42, 51, 57]. 
More recent database studies have found higher mortality from LPD relative to 
the open approach at low-volume centers [60] and raise concern for increased 
risk of postoperative pancreatic fistula (POPF) when performed for periampullary 
tumors [30].

 Pancreatic Tumor Enucleation

Ectatic pancreatic masses that are distinct from the duct may be removed by enucle-
ation. The minimally invasive approach for enucleation was described in 2011 [27]. 
Resistance to further adoption of this procedure is related to relatively higher rate of 
POPF postoperatively.

 Central Pancreatectomy

For lesions distal to the superior mesenteric vessels and away from the pancreatic 
tail, central pancreatectomy can be considered. Laparoscopic central pancreatec-
tomy was first described in 2003 [5], but more widespread use of this technique has 
been limited by the relatively high rate of POPF [36].

 Other Operative Considerations

When the operating team presents the patient to the inpatient team for sign out, 
several issues should be discussed. The duration of the operation informs how long 
the patient underwent anesthesia and therefore sympathetic depression. Some may 
require intensive care unit (ICU) monitoring and vasopressors to support their cir-
culatory system for a period of time. The volume of resuscitative fluid given 
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intraoperatively can also contribute to whether the patient requires circulatory sup-
port postoperatively or continued ventilator support. Patients with heart failure pre-
operatively will be sensitive to fluid shifts and should be monitored closely as well. 
For several of the operations discussed, the patient should be placed in the decubitus 
position to aid with minimally invasive access. Though the majority of patients do 
well with this, some with severe joint disorders and morbid obesity can have post-
operative issues that should be addressed with physical therapy and supportive care.

Finally, the surgical team will disclose if any complications or difficulties arose 
intraoperatively that may raise issues postoperatively. Red flags from the descrip-
tion of the operation include high estimated blood loss (EBL), mention of difficult 
dissection, and inadvertent solid or hollow viscus injury. Clear communication with 
the surgical team on a daily basis postoperatively is key to identifying complications 
immediately and managing them early.

 Postoperative Management

 Pain Control

A major advantage with minimally invasive pancreatectomy is decreased postopera-
tive pain and narcotic requirements [3, 48]. Alhough there is no universally accepted 
approach to pain management for patients following minimally invasive pancreatec-
tomy, a recent trial studying those undergoing open hepatopancreatobiliary opera-
tions supports the use of thoracic epidural analgesia over intravenous 
patient-controlled analgesia [2].

 Pancreatic Insufficiency

After pancreatic resection, exocrine and endocrine dyscrasias can result and must be 
managed to allow for optimal postoperative healing. Lack of enzyme secretion from 
the remnant pancreas can result in nausea, abdominal distension, and most com-
monly diarrhea. Exogenous pancreatic enzyme administration is needed with meals 
to support digestion following extensive pancreatic resection. Similarly, postpan-
createctomy patients can be rendered diabetic from complete loss of insulin secre-
tion. Early postoperative glucose monitoring is essential to determine if the patient 
will require insulin on an outpatient basis.

 Drain Management

There is currently no consensus on drain placement for minimally invasive pancre-
atectomy. Alhough this subject has been studied for the open approach, conflicting 
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findings have been reported. Following pancreaticoduodenectomy, reports have 
shown that drain placement can predispose patients to have pancreatic fistula [1], 
while others report increased postoperative complications and mortality [68]. For 
distal pancreatectomy, no significant difference has been identified even with ran-
domized controlled trials [69]. The ultimate decision to place a drain comes down 
to surgeon preference.

If a drain is placed, close daily inspection is advised to monitor for evidence of a 
bleed, bile leak, or pancreatic leak. Drains should be flushed two to three times daily with 
10 mL of water or normal saline to prevent clogging. Most drains are removed by a 
member of the operative team once they collect less than 20 mL on a daily basis and the 
patient is doing clinically well (e.g., no fever, tachycardia, or worsening abdominal pain).

Minimal output from drains placed for known intraperitoneal collections can 
indicate that the fluid has been completely evacuated or that the drain is malfunc-
tioning. If the drain is clogged, injection of tissue plasminogen activator (tPA) can 
break up loculations but risks an intraperitoneal bleed. Leakage of pus or fluid from 
around the drain can indicate it is clogged as well. If tPA is unable to unclog the 
drain, it can be replaced along a guidewire usually by an interventional radiologist. 
Conversely, ongoing high-volume output (greater than 200 mL per day) can suggest 
biliary, pancreatic, or enteric leak and should be further investigated (see below).

 Postoperative Complications

Whether minimally invasive or open, pancreatectomy carries significant risks for 
many postoperative complications such as pneumonia, urinary tract infection, sep-
ticemia, venous thromboembolism, pulmonary embolism, arrhythmia, and myocar-
dial infarction [49]. A hospitalist managing pancreatectomy patients postoperatively 
must be well-versed in the management of these issues as well as those complica-
tions specific to the procedure, as summarized in Table 8.1.

 Hemorrhage

The presentation for postoperative hemorrhage can be heterogeneous due to multi-
ple possible sources for a bleed. To determine next steps of management, it is best 
to classify postoperative hemorrhage using a standard definition (Table 8.2).

The source of postoperative bleeding is a critical determinant for management 
strategy. Location is broadly divided into intraluminal and extraluminal. Intraluminal 
sources of hemorrhage can include the anastomotic site, the interface of the pan-
creas to the anastomosing biliary or enteric tract, stress ulcers, and pseudoaneu-
rysms. Extraluminal bleeds can originate from the resection bed, suture line, and 
pseudoaneurysms as well.

The timing of a postoperative bleed also determines the invasiveness of the indi-
cated management. Early bleeding (within 24 hours of initial pancreatectomy) is 
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more likely from technical failure to achieve hemostasis intraoperatively and may 
better benefit from reoperation [74]. Late bleeding (24 hours or more after initial 
pancreatectomy) may occur from postoperative inflammation leading to an anasto-
motic ulcer, abscess, leak, or fistula [20]. Early bleeding is often from an extralumi-
nal source, while late bleeding tends to have intraluminal etiology. A patient with 
late bleeding should generally be immediately evaluated with an angiogram by 
interventional radiology.

The severity of postoperative bleeding can be described based on hemoglobin 
drop (mild if ≤3 g/dL or severe if >3 g/dL) or the amount of products transfused 
(mild if ≤3u packed red blood cells or severe if >3u packed red blood cells). A grad-
ing scheme is also available to guide therapy with severity of bleeding ranging from 
A (mild) to C (severe).

Imaging can aid in the localization of hemorrhage. Computed tomography 
(CT) with angiography is ideal for identifying if there is active extravasation from 
an arterial source. This can aid in delineating whether management needs to be sup-
portive, operative, or by percutaneous embolization. A pseudoaneurysm can also be 
the culprit of a bleed and is identified as an enhancing structure on CT that main-
tains its shape in delayed phases. More often, pseudoaneurysms are best managed 
with embolization or placement of a covered metal stent.

 Intra-abdominal Fluid Collection

A variety of collections can develop within the abdomen postoperatively. After 
every pancreatic resection, there is some fluid present, most often simple fluid. 
Imaging can be useful to inform the next step in management if a patient has symp-
toms and a fluid collection. Rim enhancement around a fluid collection can suggest 
the presence of an abscess warranting antibiotics and possible drain placement. Gas 

Table 8.2 International Study Group of Pancreatic Surgery (ISGPS) classification of 
postpancreatectomy hemorrhage

Clinical variables Grade A Grade B Grade C

Onset Early Early or late Early or late
Location Intra- or extraluminal Intra- or extraluminal Intra- or extraluminal
Clinical condition Well Well, intermediate Poor, impaired
Management Observation Transfusion

Endoscopy
Embolization
Reoperation if early

Transfer to ICU
Transfusion
Angiography
Endoscopy
Embolization
Reoperation

Adopted from Wente et al. [75]
ICU intensive care unit

8 Minimally Invasive Pancreatic Surgery
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formation within fluid can be seen in the context of infection or enteric leak. If an 
enteric leak is suspected, administration of oral contrast prior to imaging is useful 
for identifying a location for extravasation. A pancreatic or biliary leak is more chal-
lenging to identify solely on the basis of imaging.

Further delineating the source of a collection can be done with laboratory analy-
sis of drain fluid including Gram stain with culture (for abscess or enteric leak), 
measurement of amylase (pancreatic leak), or total bilirubin (bile leak).

 Pancreatic Leak and Fistula

If there is concern for pancreatic leak, drain placement, while indicated, would 
yield serous or serosanguinous fluid resembling peritoneal fluid. Instead, fluid 
amylase should be compared to serum levels. A pancreatic leak is defined as the 
presence of a fluid collection for which fluid amylase content is at least threefold 
greater than serum amylase on or after postoperative day 3 [7]. A pancreatic leak 
can occur from breakdown of a pancreatogastrostomy or pancreatojejunostomy, 
but fluid may also leak from a distal pancreatectomy stump. Over time, a POPF can 
form if a drain is in place or if a communication between the leak and the skin 
forms. POPF is the most common serious complication following pancreatectomy. 
Suspicion for POPF should be raised with any abdominal discomfort, nausea, 
tachycardia, or fever. Once identified, POPF is graded based on its severity, as 
shown in Table 8.3.

This grading system has been validated showing that patients who develop a 
Grade A POPF tend to have shorter length of stay (LOS) and fewer secondary com-
plications than more severe fistulae [56].

Table 8.3 International Study Group of Pancreatic Fistula (ISGPF) grading

Clinical variables Grade A Grade B Grade C

Condition Well Usually well Appears ill
Requires supportive therapya − ± +
Imaging findings − ± +
Drainage persists ≥3 weeksb − ± +
Signs of infection − + +
Sepsis − − +
Readmission − ± ±
Reoperation − − +
Death resulting from fistula − − +

Adopted from Bassi et al. [7]
aCan include critical care admission, receipt of antibiotics, somatostatin analogue, peripheral par-
enteral nutrition (PPN), total parenteral nutrition (TPN), or enteric nutrition
bDrain does not need to be in place to qualify

R. R. Narayan and T. P. Kingham



111

Management of POPF involves adequate drainage and limiting stimulation of the 
pancreas beginning with restriction of oral intake. If drainage persists despite this, 
the patient may require nutritional support by TPN or enteral feeding distal to the 
duodenum. As mentioned earlier, support with enteral feeding is superior to TPN 
resulting in more frequent and rapid closure of POPF [40]. TPN additionally carries 
the risk of line sepsis, metabolite derangement, cirrhosis, and enteric atrophy. There 
is also data supporting the use of long-lasting somatostatin analogues (e.g., pasire-
otide) to prevent the incidence of POPF when started preoperatively; however, more 
data is needed to support its use if initiated postoperatively [1]. Most fistulae, up to 
90%, will spontaneously close in 4 weeks [44]. Ultimate resolution of POPF is done 
on an outpatient basis.

 Biliary Leak, Stricture, or Infection

A biliary leak may be discovered earlier than pancreatic leak due to the distinct 
green color of the fluid. If still equivocal, fluid total bilirubin can be compared to 
serum levels. A fivefold increase in fluid bilirubin compared to serum is indicative 
of bile leak [24]. Intraperitoneal leakage of bile can result in fluid collections that 
may become infected or cause bile peritonitis. If not already present, drain place-
ment is indicated to control the leak. Small leaks have the potential to resolve spon-
taneously [73]. Complete bile duct transection, however, requires operative 
intervention. Persistent drainage of more than 100 mL of bile daily can result in 
metabolite derangements and dehydration. At this point, percutaneous or endo-
scopic diversion of bile away from the defect is needed to decompress the biliary 
tree and heal the site of leakage. This can be achieved by percutaneous transhepatic 
biliary drainage (PTBD) or endoscopic stenting across or excluding the defect.

Biliary stricture, in the context of pancreatic surgery, occurs at the bilioenteric 
anastomosis (hepaticojejunostomy or choledochojejunostomy). This may initially 
manifest with abdominal distension or discomfort, nausea, or jaundice. Following 
biliary dissection and instrumentation, a high level of suspicion should also exist for 
cholangitis which may present with similar symptoms including fever, right upper 
quadrant pain, jaundice, altered mental status, and eventually hypotension. The 
workup of biliary strictures should rule out cholangitis.

Balloon cholangioplasty or stent placement across a stricture should be attempted 
to reconstitute flow. If unsuccessful, an internal-external biliary drain can be placed 
to decompress the biliary tree. These drains have holes that are positioned on either 
side of the obstruction to allow bile to circumvent the stricture and drain into either 
the enteric tract or an external bag. The drain can be “capped” if the patient is clini-
cally doing well and the output is not significantly bloody to allow bile to drain 
solely into the enteric tract. Most patients with bile leaks or biliary strictures are 
discharged with at least one drain in place for continued decompression until the 
drain can be removed on an outpatient basis.

8 Minimally Invasive Pancreatic Surgery
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 Delayed Gastric Emptying

Following upper gastrointestinal surgery, functional gastroparesis can result in the 
absence of mechanical obstruction. This can manifest as nausea, vomiting, and 
abdominal distension. Delayed gastric emptying (DGE) should be confirmed by 
ruling out a mechanical small bowel obstruction or anastomotic stricture using an 
upper GI contrast series or endoscopy [76]. While the etiology of DGE remains 
elusive, it is believed that decreased motilin release from enterochromaffin cells 
contributes to its occurrence [80]. Additionally, secondary causes such as POPF or 
intraperitoneal fluid collections can predispose to its occurrence [8]. Similar to 
other postpancreatectomy complications, DGE has a formal severity classification 
system to report and analyze its incidence across institutions (Table 8.4).

Management of DGE begins with restricting diet to prevent worsening nausea or 
distension. If nausea or vomiting persists, a nasogastric tube (NGT) can be placed 
to decompress the upper GI tract. Following decompression, if motility is not 
regained, then a prokinetic agent can be administered. Erythromycin is a prokinetic 
agent which acts as a motilin receptor agonist and has been shown to decrease the 
incidence of DGE, need for NGT reinsertion, and time to tolerating PO [80]. If 
patients fail to improve with NPO, NGT, and prokinetic agents, nutritional support 
is needed. For those unable to attain regular diet by 7–10 days, starting nutritional 
support has been shown to result in regular diet tolerance earlier and reduced read-
mission rate [8]. As noted earlier, enteric nutrition should be prioritized over paren-
teral. Finally, imaging may be required to look for secondary causes of DGE. Presence 
of an intraperitoneal collection or POPF can necessitate drain placement as other 
more supportive strategies may fail to resolve DGE.

 Conclusion

Similar to open procedures, minimally invasive pancreatectomy carries the risk of 
significant postoperative morbidity. This requires close patient monitoring. 

Table 8.4 ISGPS grading of delayed gastric emptying severity

Clinical variables Grade A Grade B Grade C

Vomiting or 
distension

± + +

Duration NPO POD 7 POD 14 POD 21
NGT use ≤POD 7 or reinsertion 

> POD 3
POD 8–14 or reinsertion 
> POD 7

>POD 14 or reinsertion 
> POD 14

Prokinetic use ± + +

Adopted from Wente et al. [76]
ISGPS International Study Group of Pancreatic Surgery, NPO non per os, NGT nasogastric tube, 
POD postoperative day
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Ultimately, communication and strategizing between the surgical internist and oper-
ative team are essential for early detection and mitigation of complications before 
clinical deterioration can take hold.
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Chapter 9
Minimally Invasive Small Bowel Surgery

Jessica S. Crystal and Miral Sadaria Grandhi

 Introduction

Minimally invasive surgery has been growing in favor over the past several decades, 
and it has been proven to be safe and feasible for organs beyond just the gallbladder, 
particularly the small intestine [1]. While the laparoscopic approach has been 
accepted as the standard of care for cholecystectomy, a consensus has not been 
reached for surgery of the small intestinal tract [2]. Some of the benefits demon-
strated for laparoscopic surgery compared to open surgery include reduced postop-
erative complications (including wound infections), decreased incidence of hernias, 
improved cosmetic results, improved postoperative recovery, decreased intraopera-
tive and postoperative pain, quicker return of bowel function, shorter length of stay, 
faster return to normal activity and diet, improved social and sexual interaction, and 
decreased rate of adhesive small bowel obstruction [2–5]. These procedures are 
similar to those performed during open surgery but require the surgeon to translate 
the same principles to a confined space, often maneuvering longer instruments in 
technically challenging angles. The indications for these procedures are similar to 
the open approach, including both benign and malignant processes, and are being 
performed in elective, urgent, and even trauma settings [6, 7].
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The evolution of minimally invasive techniques for small bowel surgery started 
with the success of the laparoscopic approach to disease processes of the appendix 
and colon. The first laparoscopic appendectomy was performed by Kurt Semm in 
1983 [4]. Laparoscopic techniques were then applied to colon surgery with the first 
laparoscopic right hemicolectomy performed by Moises Jacobs in June of 1990 in 
Miami, Florida. Subsequently, the first entirely laparoscopic right hemicolectomy 
with an intracorporeal ileocolonic anastomosis was performed on July 26, 1991, by 
Joseph Uddo [8]. Further contributions included the first reported successful laparo-
scopic adhesiolysis in 1991 by Bastug et al. [9]. Over the next three decades, the 
minimally invasive approach to small bowel surgery was applied more broadly with 
the use of laparoscopy for many other benign diseases, including Crohn’s disease, 
Meckel’s diverticulum, superior mesenteric artery (SMA) syndrome, intussuscep-
tion, gallstone ileus, foreign body removal, and almost any other disease entity in 
which open surgery has been indicated [1, 10–12]. Likewise, laparoscopy has also 
been utilized safely in the management of many malignancies requiring surgical 
intervention, including gastrointestinal stromal tumors (GIST), neuroendocrine 
tumors (NET), lymphoma, lipoma, schwannoma, sarcoma, adenocarcinoma, and 
other tumors found in the small intestine as well as for the identification of meta-
static disease with diagnostic laparoscopy [1, 13–16]. Additionally, laparoscopy can 
be useful for diagnosing the etiology of abdominal pain of unknown origin [17]. 
With the advent of robotic surgery, surgeons are increasingly performing small 
intestinal surgery robotically; however, the studies examining the safety of robotic 
small bowel surgery are limited to some case series and reports [18].

 Preoperative Considerations

When anticipating a minimally invasive approach to small bowel surgery, many of 
the same principles should be adhered to as in an open case. These include a full his-
tory and physical examination, including a review of systems. Appropriate laboratory 
testing, including CBC, BMP, hepatic function panel, coagulation panel, lactate, and/
or arterial blood gas, may be useful in assessing the patient and narrowing down the 
differential diagnoses further. Imaging with x-ray, ultrasound, cross-sectional imag-
ing, and/or other studies can be useful, particularly when planning for a minimally 
invasive approach. These studies can help assess the appropriateness of approaching 
the case in a minimally invasive fashion and provide a road map for the surgeon in 
regard to the anatomy. The details of the diagnostic work-up of each of these disease 
processes are beyond the scope of this chapter and can be reviewed in other texts.

 Indications and Outcomes in Laparoscopic Small Bowel Surgery

With the increased training and comfort in advanced laparoscopic techniques among 
surgeons, the use of laparoscopy for small intestine pathology has been growing 
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[19]. To follow is a more detailed review of the progression of minimally invasive 
techniques for a variety of small bowel disorders.

 Small Bowel Obstruction

Small bowel obstruction is a disease process that is often managed non-operatively, 
but when operative intervention is required, surgeons traditionally approach this 
process with an open surgical procedure. The default to an open operation is often 
due to the concern for inadequate intra-abdominal working space to visualize the 
pathology secondary to dilated loops of small bowel as well as the concern for pos-
sible injury to dilated and friable loops of small bowel. The laparoscopic approach 
to lysis of adhesions was first described for the treatment of chronic pelvic pain and 
infertility by gynecologists in the 1970s [20]. This technique was first applied to 
small bowel obstructions by Bastug et al. in 1991 for a patient with an obstruction 
secondary to a solitary adhesive band [9]. Many subsequent studies have been con-
ducted on the successful use of minimally invasive surgery for small bowel obstruc-
tions. However, no prospective randomized trials comparing laparoscopic to open 
adhesiolysis exist to date, and certainly no consensus statement exists on the gold 
standard approach to small bowel obstruction. Despite this paucity of data, accord-
ing to a large review of the American College of Surgeons National Surgical Quality 
Improvement Program data, a trend exists nationally toward an increase in the adop-
tion of laparoscopic adhesiolysis by 1.6% per year, increasing from 17.2% in 2006 
to 28.7% in 2013 [2]. With this increasing trend, high-volume centers have shorter 
postoperative length of stay with a minimally invasive approach, even when adjusted 
for case complexity [19]. Despite the increasing trend and acceptance of minimally 
invasive adhesiolysis as a safe and feasible approach, the use of the minimally inva-
sive techniques for operative management of small bowel obstruction has been 
demonstrated to be underutilized [21].

 Crohn’s Disease

Minimally invasive surgery has also been explored in the setting of Crohn’s dis-
ease involving the small intestine. Despite the proven benefits of laparoscopy 
compared to open surgery in small and large intestinal surgery, surgeons have 
been apprehensive to apply these techniques to patients with Crohn’s disease due 
to the disease process itself. Some of these reservations stem from the concern of 
inability to identify all occult segments of diseased bowel; lack of tactile sense to 
identify proximal strictures; possibility of reduced immune response induced by 
laparoscopy, resulting in earlier recurrence; and the difficulty of operating on fri-
able, inflamed bowel and mesentery, which can possibly be complicated further 
by dense adhesions, fistulas, and abscesses. These concerns of applying mini-
mally invasive techniques to the surgical management of Crohn’s disease were 
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the premise of a Cochrane review in 2011, comparing the use of laparoscopic 
surgery to open surgery for Crohn’s disease and addressing the safety and feasi-
bility of the laparoscopic approach to this disease process. The review focused on 
the most common procedures performed for Crohn’s disease of the small bowel, 
including ileocecectomy, small bowel resection, and stricturoplasty. Two ran-
domized control trials were included in the review, demonstrating laparoscopic 
surgery to be associated with a reduced number of wound infections and decreased 
reoperation rates for non-disease-related complications, but these differences 
were not statistically significant. Furthermore, no statistically significant differ-
ence was noted in the compared outcomes between laparoscopic and open sur-
gery for Crohn’s disease. Ultimately, the authors concluded that the minimally 
invasive approach to small bowel Crohn’s disease was safe with no significant 
difference in perioperative outcomes or long-term reoperation rates, both disease 
and non-disease related [5].

 Small Bowel Tumors

Minimally invasive surgery has been proven to be comparable to open surgery by 
oncologic standards for many malignancies, including pancreas, gastric, and 
colorectal cancer. Conversely, the data comparing minimally invasive surgery to 
open surgery for neoplasms of the small intestinal tract are scarce [22–25]. 
Several studies have demonstrated laparoscopic surgery to be safe and oncologi-
cally equivalent to open surgery in the setting of small bowel GIST and small 
bowel NET, particularly when an R0 resection (microscopically and macroscop-
ically negative margins) is achieved for both malignancies and an adequate 
lymphadenectomy is achieved in the setting of small bowel NET [14, 15, 26, 27].

In the setting of small bowel NET, thorough exploration of the entire small bowel 
either laparoscopically or open from the ligament of Treitz to ileocecal valve is 
essential in ensuring no lesions are missed. Controversy still exits for the role of 
laparoscopy in small bowel NET given the often small size of the primary small 
bowel NET and the known possibility of having multiple small bowel NET. For 
smaller NET of the small intestine, endoscopy can assist in identifying the lesion and 
its location [27]. A few studies have been performed specifically examining the role 
of laparoscopy for small intestine carcinoid. The only retrospective study on the 
topic was reported by Reissman et al. in 2014, demonstrating 20 patients with mid-
gut carcinoid tumor who underwent laparoscopic resection en bloc with resection of 
the corresponding mesenteric root mass suffered no major morbidities. Two patients 
(10%) experienced minor morbidity, consisting of a wound infection and prolonged 
ileus. None of the 20 patients required conversion to an open operation. This study 
demonstrated  laparoscopic resection of midgut carcinoid tumors to be a safe, feasi-
ble, and oncologically sound surgical approach to these tumors [28]. However, addi-
tional studies are necessary prior to accepting a minimally invasive approach to 
small bowel NET as the gold standard.
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As for appendiceal carcinoids, these tumors are often resected incidentally when 
surgery is performed for presumed appendicitis or during a gynecologic procedure, 
both of which are commonly performed via a laparoscopic technique. As with pri-
mary midgut carcinoid, laparoscopic resection of appendiceal carcinoid tumor is 
not currently the gold standard; however, it is widely accepted by most surgeons 
[27]. More extensive surgery, such as a right hemicolectomy, may be necessary 
based on the size of the lesion, proximity to the base of the appendix, nodal involve-
ment, and other factors. Minimally invasive approaches to appendiceal tumors will 
be covered later in this chapter as well.

Case reports and series have also been published supporting minimally invasive 
surgical approaches to adenocarcinoma of the small bowel as well as metastatic 
lesions to the small bowel; however, further studies are necessary to better define 
this indication [15, 29, 30].

 Meckel’s Diverticulum

Meckel’s diverticulum, resulting from an obliteration defect of the omphalomesen-
teric duct, is one of the most common gastrointestinal malformations, present in 
2–4% of the population [31, 32]. Symptomatic Meckel’s diverticulum generally 
presents as a gastrointestinal bleed due to ectopic gastric mucosa in younger 
patients and more acutely in the adult population, complicated by inflammation, 
obstruction, perforation, ulceration, and hemorrhage. The treatment for Meckel’s 
diverticulum is surgical, typically consisting of a diverticulectomy, wedge resection 
of the diverticulum containing the heterotopic mucosa (usually gastric or pancre-
atic), or segmental resection of the small intestine and primary anastomosis. 
Traditionally, these procedures have been performed with a laparotomy incision; 
however, laparoscopy is being utilized more often. A meta-analysis reporting on 35 
cases by Abul Hosn et al. and several other studies and case reports have demon-
strated safety and efficacy with a laparoscopic approach to this disease process, 
even in the pediatric setting [31, 33, 34]. Nonetheless, more formal studies have not 
been conducted to form a consensus statement on the best surgical approach to 
Meckel’s diverticulum.

 Appendicitis

Over the past 15 years, laparoscopic appendectomy has been accepted as improving 
diagnostic accuracy and decreasing wound infection rates over open appendectomy. 
According to the Society of American Gastrointestinal and Endoscopic Surgeons 
(SAGES) guidelines, laparoscopic appendectomy is safe and effective for treating 
uncomplicated appendicitis and may be used as an alternative to an open appendec-
tomy. Despite longer operative times laparoscopically, several randomized control 
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studies demonstrated laparoscopic appendectomy to be associated with shorter hos-
pital stay and possibly quicker return to work, supporting laparoscopic appendec-
tomy as an alternative to open appendectomy in the SAGES guidelines. Furthermore, 
meta-analyses demonstrated open appendectomy resulted in increased pain, longer 
length of stay, and increased wound infection rate compared to laparoscopic 
appendectomy.

For patients with complicated or perforated appendicitis, no randomized con-
trolled trials have been performed comparing open appendectomy to laparoscopic 
appendectomy. However, multiple studies have verified that the laparoscopic tech-
nique is feasible and safe in the setting of perforated appendicitis. Many of the 
reports had variable complication rates between the two approaches but generally 
demonstrated a lower wound infection rate, shorter length of stay, and decreased 
morbidity and mortality for laparoscopic appendectomy compared to open appen-
dectomy [35].

 Appendiceal Neoplasms

Appendiceal neoplasms encompass a wide range of disease processes, ranging from 
benign to malignant and including leiomyomas, neuromas, lipomas, carcinoids, 
mucinous neoplasms, and adenocarcinoma. The role of surgery varies based on the 
underlying disease process and the histology of the neoplasm. While there is no 
consensus statement for the minimally invasive approach to appendiceal neoplasms, 
some retrospective studies have demonstrated a minimally invasive approach 
resulted in slightly higher rates of margin positivity but had similar 5-year survival 
rates compared to open appendectomy [36].

Appendiceal carcinoid tumors, a specific type of appendiceal neoplasm, can be 
managed with either an appendectomy or a right hemicolectomy, based on the size 
of the lesion, proximity to the base of the appendix, nodal involvement, and other 
such factors. Since many of these tumors present as presumed appendicitis, appen-
diceal carcinoid tumors are often resected with a laparoscopic appendectomy prior 
to diagnosis [37]. Many retrospective reviews, including the review by Park et al., 
demonstrate the safety and feasibility of a minimally invasive approach for appen-
diceal tumors. This is particularly notable in the setting of appendiceal mucinous 
neoplasms given the potential for mucinous spillage and increased risk of pseudo-
myxoma peritonea for a ruptured lesion [38]. As for appendiceal adenocarcinoma, 
these neoplasms typically behave as colon cancers, requiring a right hemicolectomy 
for adequate lymph node harvest to appropriately stage the tumor. In a study of 94 
patients with primary appendiceal adenocarcinoma, 12 patients (38%) were 
upstaged based upon the final pathology following a right hemicolectomy compared 
to the pathology following an appendectomy [39]. As in colon cancer, a right 
 hemicolectomy can be performed safely and effectively using a minimally inva-
sively approach.
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 Less Common Applications

Minimally invasive techniques have been applied to more complicated surgical pro-
cesses previously thought to not be amenable to this technique, such as gastrointes-
tinal bleeds [40]. At times, this technique can be aided by the use of double-balloon 
enteroscopy [41]. The minimally invasive technique has also been utilized success-
fully in identifying and removing foreign bodies, at times requiring small bowel 
resection with primary anastomosis [42, 43]. Some case reports have also been pub-
lished on the laparoscopic approach to gallstone ileus, in which a laparoscopic 
enterotomy with stone extraction is performed safely [44, 45]. Similarly, only case 
reports and a small case series consisting of three patients with intussusception were 
successfully managed with laparoscopic-assisted small bowel resection as reported 
by Siow and Mahendran [46].

 Robotic Surgery

As seen in other organs, many of the same principles used to manage and treat surgi-
cal problems afflicting the small bowel can be applied with a robotic approach to the 
same disease process. While the robot has improved optics and more precise move-
ments, it lacks the haptic feedback afforded by the laparoscopic and open approach. 
Although no consensus statement has been currently made regarding the safety, 
feasibility, and use of robotic surgery for small bowel surgery, many case reports 
and case series are emerging to suggest robotic surgery as an acceptable alternative 
to open surgery. As more and more surgeons overcome the learning curve for robotic 
surgery, studies will need to be performed more formally to assess the safety of this 
technique in small bowel surgery.

 Limitations and Contraindications of Minimally Invasive 
Surgery

While not considered contraindications, caution should be taken in the setting of 
technically challenging situations, such as prior laparotomy, obesity, and adhesions 
to name a few. The severity of disease can also contribute to a higher rate of conver-
sion from a minimally invasive approach to an open approach, including massively 
dilated loops of small bowel, enterocutaneous fistula, large inflammatory masses, 
extensive inflammation, and difficulty safely identifying the anatomy [1, 47]. Other 
relative contraindications include hypotension, septic shock, and inability to estab-
lish pneumoperitoneum. Emergency operations performed laparoscopically have 
also been associated with higher rates of conversion to an open procedure but are 
not prohibitive to a minimally invasive approach, which at times can be beneficial 
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to the patient [1, 7]. Experience can also contribute to the surgeon’s ability to com-
plete an operation in a minimally invasive fashion [48, 49].

 Postoperative Complications

While generally beneficial to the patient, a minimally invasive approach to small 
bowel surgery can have several potential complications. Complications have been 
associated with simply entering the abdomen with either a Veress needle or trocar 
insertion, including injury to major retroperitoneal vessels and/or bowel, abdomi-
nal wall hematoma, wound infection, fascial dehiscence, and herniation. In order 
to perform an operation utilizing a minimally invasive approach, pneumoperito-
neum must be achieved. However, pneumoperitoneum results in its own compli-
cations, including respiratory acidosis from the carbon dioxide used to insufflate 
the abdomen, which then gets absorbed in the body. In addition, pneumoperito-
neum results in decreased cardiac output by up to 30% secondary to decreased 
stroke volume during laparoscopic surgery. There is also an increase in systemic 
vascular resistance. Consequently, people with poor cardiac performance may 
require invasive cardiac monitoring to ensure they can tolerate insufflating the 
abdomen fully [50].

Enterotomies and serosal injuries can occur during minimally invasive surgery 
for any indication secondary to tearing the bowel during adhesiolysis; manipulating 
the bowel, especially if the bowel is particularly friable; inadequately visualizing 
the tips of the instruments; and from thermal injuries secondary to electrocautery 
[1]. If diagnosed at the time of initial operation, these injuries should be addressed 
and repaired immediately. Other complications associated with minimally invasive 
small bowel surgery are inherent to the particular procedure being performed and 
similar to the complications observed when the procedure is performed with an 
open approach, such as an anastomotic leak, bleeding, intra-abdominal abscess, 
wound infection, pulmonary embolism, pneumonia, pleural effusion, atelectasis, 
acute respiratory distress syndrome, acute coronary syndrome, myocardial infarc-
tion, deep vein thrombosis, adhesions requiring re-intervention, and incisional her-
nias to name of few [51]. The rates of complication vary depending on each of the 
aforementioned scenarios.

 Conclusions

Minimally invasive surgery is a safe, feasible, and efficacious approach to the man-
agement of surgical disease processes of the small intestine. Precluding certain situ-
ations where it is contraindicated, a minimally invasive approach to small bowel 
surgery is recommended in the hands of a skilled surgeon experienced in minimally 
invasive techniques.
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Chapter 10
Malignant: Polyps and Cancer

Alessio Pigazzi and Matthew T. Brady

 Introduction

Colon and rectal cancer together make up the second leading cause of cancer-related 
deaths in the United States in both men and women combined. The National Cancer 
Institute estimated 135,430 new cases of colon and rectal cancer were diagnosed in 
2017, accounting for 8% of all cancer diagnoses. Current estimates place the preva-
lence of colorectal cancer at 1.3 million people within the United States currently. 
Additionally there were an estimated 50,260 deaths as a result of colon and rectal 
cancer, accounting for 8.4% of all cancer-related deaths.

Survival in colon and rectal cancer is stage dependent. The tumor, node, metas-
tasis (TNM) model of staging is very useful in predicting survival outcome among 
patients being treated for colon and rectal cancer. These measures are assessed with 
a variety of modalities. Patients will also typically undergo colonoscopic evaluation 
to estimate the tumor location in conjunction with tattooing of the tumor to aid dur-
ing operative resection. For rectal cancer, assessment of tumor and nodal stage is 
performed with pelvic magnetic resonance imaging (MRI) or endorectal ultrasound 
(EUS). Computed tomography (CT) is used in both colon and rectal cancer to assess 
for distant solid tumor metastases commonly in the liver and lung.

Minimally invasive surgery is a term that encompasses numerous surgical tech-
niques including endoscopy, laparoscopy, and robotic-assisted surgery. When 
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applied to surgery of the colon and rectum for malignant disease, these techniques 
share a common goal of achieving the same oncologic results for patients as open 
surgery while offering improved postoperative recovery and patient satisfaction.

Minimally invasive approaches to surgery for colon and rectal cancer have been 
demonstrated to be safe when compared to open approaches and offer numerous 
benefits to the patient [8, 14, 15, 18]. Postoperative outcomes such as surgical site 
infection, postoperative incisional hernia rate, inpatient hospital length of stay, and 
postoperative narcotic pain medication usage have all been shown to improve when 
using a minimally invasive technique [2, 11]. It is helpful to understand what mini-
mally invasive surgery options are available for the treatment of colon and rectal 
cancer to adequately care for patients presenting with these malignant diseases. 
Additionally, knowledge of these procedures can help guide referrals for patients 
seeking specialty care.

 Minimally Invasive Approaches to Colon Cancer

The principles of surgery for colon cancer remain the same regardless of whether 
approaching the resection through an open or minimally invasive technique. These 
principles are focused on removal of the primary tumor as well as performing an 
adequate lymphadenectomy. The National Comprehensive Cancer Network has 
provided recommendations to guide these principles which include having a mini-
mum of 12 lymph nodes within the resected specimen [4]. Generally, 5 cm proximal 
and distal resection margins are recommended to help achieve the necessary lymph-
adenectomy and ensure negative margins. Additionally it is recommended to ligate 
the primary vascular pedicle of the affected colon at its origin [23]. The concept of 
a complete mesocolic excision (CME) has been adopted for its improved disease-
free survival in patients with colon cancer [5]. This technique involved high ligation 
of the vascular pedicle to the affected colon and dissection of the embryologic 
planes between the mesocolon and retroperitoneum. This approach aims to yield a 
complete lymph node excision. These planes can be very well visualized laparo-
scopically which aids in complete mesocolic excision at the time of surgery.

As stated previously, minimally invasive surgical approaches have resulted in 
similar cancer-related outcomes when compared to open resections in multiple pro-
spective randomized trials throughout the world [11, 14, 26]. When compared with 
open surgery, no differences are seen in number of lymph nodes examined or resec-
tion margins. More importantly, no differences in recurrence, disease-free survival, 
or overall survival have been noted [11]. Improved short-term patient outcomes are 
seen when a minimally invasive approach is employed. Postoperative length of stay 
is decreased in patients undergoing laparoscopic colon resection (5 vs. 6 days), as is 
parenteral narcotic pain medication usage (3 vs. 4 days) [11]. Additionally, inci-
sional hernia and postoperative adhesion formation rates are also minimized when 
compared with open technique [7]. These improvements can have lasting outcome 
in a patient’s quality of life after surgery and are important considerations in choos-
ing an operative approach.
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Minimally invasive operations for colon cancer can be done totally laparoscopi-
cally, as is the author’s preference, robotically, or with a hand-assisted laparoscopic 
surgery (HALS) technique in which a specialized gel port is used to allow the sur-
geon to place a hand in the abdomen during laparoscopy. Advocates for hand-
assisted surgery state, it offers the ability to handle tissue similar to open surgery 
while achieving similar benefits of smaller incisions and improved recovery com-
pared with open techniques. Drawbacks of HALS compared with total laparoscopic 
techniques are that incision sites are larger, postoperative bowel function recovery 
is slower, and increased length of stay, compared with total laparoscopic technique, 
has been reported [20].

The most common approaches for minimally invasive colon resections are 
described as medial-to-lateral and lateral-to-medical dissections. Each of these 
approaches aims to dissect the mesocolon in its entirety off the retroperitoneum to 
perform a CME. A medial-to-lateral dissection involves first elevating the mesoco-
lon of the colon off the retroperitoneum prior to releasing the lateral attachments of 
the colon at the white line of Toldt. This is performed by placing the mesentery of 
the colon on stretch, and identifying the vascular pedicle of interest begins this pro-
cess. Once identified, the peritoneum lying posterior to this pedicle is incised in an 
axis parallel to the vessel, and the embryologic fusion plane between the mesocolon 
and the retroperitoneum is developed. This plane is developed using a combination 
of electrocautery, sharp, and blunt dissection. In laparoscopy, the pressure of the 
abdominal insufflation causes the carbon dioxide to dissect into the avascular plane 
between the mesocolon and retroperitoneum, aiding in the dissection. During this 
dissection it is critical to ensure the retroperitoneal structures such as the ureters, 
gonadal vessels, and duodenum remain posterior to the plane of dissection as they 
can easily be elevated with the colon if care is not taken. The lateral-to-medial 
approach more mirrors the open technique. In this approach the lateral attachments 
to the colon at the white line of Toldt are incised, and the colon is elevated off the 
retroperitoneum medially. In this technique the colon is typically freed from its 
retroperitoneal attachments prior to ligation or division of the vascular pedicle.

The approach and technique used is largely dependent on both surgeon and 
patient factors. Surgeon’s training experience, expertise, and preference, as well as 
patient factors, typically dictate which technique is employed.

 Minimally Invasive Approaches to Rectal Cancer

Despite similarities in pathogenesis, the surgical management of rectal cancer has 
distinct features which differentiate it from colon cancer. The preoperative determi-
nation of both the T and N stage of the rectal cancer, as well as its distance from the 
anorectal sphincter complex, is imperative for the proper care of these patients given 
the availability of neoadjuvant chemoradiation in appropriate cases. Minimally 
invasive surgical approaches to rectal tumors include transanal endoscopic surgery 
(TES), laparoscopic- and robotic-assisted low anterior resection (LAR), and laparo-
scopic- and robotic-assisted abdominoperineal resection (APR). The decision of 
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which surgical approach to use when caring for a patient with rectal cancer is depen-
dent on both tumor-related and patient factors. The choice of surgery needs to bal-
ance the likelihood of a curative resection with the patient’s ability to tolerate the 
operation, the feasibility of sphincter preservation, and postoperative alteration of 
bowel function.

 Transanal Endoscopic Surgery

Rectal polyps which are unresectable, as well as T1 cancers of the rectum, can be 
resected using a transanal approach. The NCCN guidelines provide recommenda-
tions for physical characteristics of a rectal tumor that make it appropriate for a 
transanal excision which include a mobile, nonfixed, T1 tumor, less than 3 cm in 
dimension and within 8 cm of the anal verge [12]. These parameters likely reflect 
the appropriateness for an excision based on accessibility of the lesions. Modern 
minimally invasive transanal techniques have made the resection of higher and 
larger lesions feasible by allowing closure of the remaining defect in the rectal wall 
using absorbable sutures. With this technique even full-thickness rectal wall exci-
sions of the proximal rectum that enter the peritoneal cavity can be successfully 
closed with low morbidity [13].

Transanal endoscopic surgery (TES) has its origin in the 1980s when the plat-
form of transanal endoscopic microsurgery (TEM) was developed [10]. This plat-
form involved a rectoscope with a sealed faceplate of multi-access ports which 
permitted surgeons to work with laparoscopic instruments while insufflating the 
rectum with carbon dioxide to create a working space. The unit had high upfront 
costs as well as a steep learning curve and as such adoption was limited though has 
grown more recently. In 2010, transanal minimally invasive surgery (TAMIS) was 
described. This technique is very similar to TEM, but instead of a dedicated recto-
scope, it uses a nonrigid port designed for single-incision laparoscopic surgery [3]. 
This allows surgeons to perform TES and achieve similar outcomes to TEM but 
with decreased upfront costs associated with TEM [1, 3]. Overall these techniques 
are quite similar in their use of a multi-access port and rectal insufflation with car-
bon dioxide to maintain a working space (Fig. 10.1).

TES is very useful for rectal polyps that cannot be excised in their entirety 
through traditional endoscopic techniques. TES allows for both mucosal and full-
thickness excisions and can allow for improved T staging by providing the patholo-
gist with a full-thickness biopsy unlike what can be provided with a piecemeal 
resection through a flexible endoscope [28]. The ability to obtain full-thickness 
excision can help guide decisions to pursue more aggressive surgical approaches in 
including low anterior resection (LAR) or abdominoperineal resection (APR). 
Compared with conventional transanal excision, TES offers improved quality of 
excisions with less fragmented specimens (1–6% vs. 24–35%), decreased incidence 
of positive margins (10–12% vs. 29–50%), and decreased rates of local recurrence 
(5–6% vs. 27–29%)[19, 21, 22].
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Historically, transanal excision (TAE) of rectal tumors has been associated with 
increased rates of local recurrence compared with proctectomy. A 2015 meta-anal-
ysis comparing TAE to proctectomy for resection of T1 N0 rectal adenocarcinoma 
demonstrated this as well, though a subgroup analysis revealed no difference in local 
recurrence rates for patients who had undergone TES and proctectomy, showing 
benefit for the minimally invasive technique over TAE. Considering the decrease in 
mortality, postoperative complications, and likelihood of stoma creation associated 
with transanal excision when compared with proctectomy, the authors in this study 
favored TES for T1 N0 rectal cancer.

 Laparoscopic and Robotic Approaches to Rectal Cancer

Low anterior resections of the rectum are performed for patients with rectal cancer 
in whom an oncologic resection can be performed while preserving the anorectal 
sphincter complex. NCCN guidelines recommend a 4–5 cm distal margin for rectal 
cancer to ensure an adequate mesorectal excision, though for low tumors which are 
<5 cm from the anal verge NCCN guidelines state a 1–2 cm margin may be accept-
able [12]. In addition to resection margins, the performance of a total mesorectal 
excision (TME) is imperative for the treatment of rectal cancer. The goal of TME is 
both removal of the rectal cancer as well as the complete excision of the rectal 
lymph nodes contained within the thin fascial sheath, the fascia propria, of the 

a b

Fig. 10.1 Transanal Endoscopic Surgery unit produced Karl Storz, Germany. The unit consists of 
a rigid rectoscope (a) which have multiple lengths depending on the distance of the lesion from the 
anal verge. The unit has a sealed faceplate (b) to maintain insufflation within the rectum. 
Laparoscopic instruments and an endoscopic camera is inserted to perform the transanal 
resection
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mesorectum. This technique, first described in 1982, is the gold standard in surgical 
treatment of rectal cancer [12, 16]. The accomplishment of these goals is made dif-
ficult by the anatomic constraints of the pelvis. Operative exposure within the pelvis 
can be technically challenging. The bony confines and pelvic geometry, especially 
in men, can make operative exposure difficult. This can prove to be even more dif-
ficult with bulky rectal tumors and radiation changes to the tissue where a large 
tissue volume is occupying a small space. Adding to the challenge, critical struc-
tures such as the autonomic nerves that control bladder and sexual function, the 
presacral venous plexus, ureters, iliac vessels, the seminal vesicles, and prostate in 
men and vaginal wall in women all lie intimately close to the planes of dissection. 
As described earlier in this chapter, laparoscopic and robotic approaches to rectal 
cancer have been shown to be safe when compared to an open operation [9, 14, 18].

The use of minimally invasive approaches to pelvic surgery can allow for 
improved visualization for the operative team in these small confines. This visual-
ization helps identify critical structures in the dissection including the autonomic 
pelvic nerves which control urinary and sexual function. The RObotic versus 
LAparoscopic Resection for Rectal Cancer (ROLARR) trial is a randomized trial 
that examined the compared effectiveness of these two techniques. Laparoscopic 
TME had been quoted to have a 16% conversion rate to open [9]. Robotic TME is 
thought to reduce this conversion rate. Interestingly the ROLARR trial did not show 
a difference in conversion rate to open surgery between robotic and laparoscopic 
techniques, 8.1% vs. 12.2% p = 0.16, in the unadjusted rates. Also, there were no 
differences in secondary endpoints including rates of circumferential margin posi-
tivity, intraoperative complications, postoperative complications, 30-day mortality, 
or urinary or sexual dysfunction. Multiregression analysis did reveal that there was 
less conversion to open in the robotic group in men, obese patients, and planned low 
anterior resections as opposed to planned abdominoperineal resections. These sub-
groups may suggest that more challenging pelvic anatomy may see a benefit from 
robotic approach. [17].

TME has been shown to decrease rates of postoperative urinary and sexual dys-
function, likely as a result of improved visualization of the autonomic nerves as the 
course into the pelvis [24, 27]. Robotic TME has also been shown to have a 
decreased intraoperative blood loss when compared with open TME [6]. Additionally, 
the use of a robotic approach can decrease surgeon fatigue during low pelvic dissec-
tion [25].
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Chapter 11
Benign: Volvulus and Diverticulitis

Michelle Y. Chen and Vincent Obias

 Volvulus

 Introduction

When a loop of intestine twists upon itself and its mesentery, a volvulus occurs, 
leading to bowel obstruction. Volvulus is currently the third most common cause of 
large bowel obstruction in the world [1]. If twisting of the mesentery compromises 
the blood supply to the bowel, ischemic bowel can also develop. Volvulus most fre-
quently occurs in middle-aged and elderly men. Risk factors include patients born 
with intestinal malrotation or Hirschsprung disease (these patients often experience 
volvulus early in life), pregnancy, enlarged colon, and abdominal adhesions, such as 
those secondary to abdominal surgery [2]. Patients who are immobilized, including 
those who are institutionalized or bedbound, are also at an increased risk [3].

The mechanism causing volvulus involves a distended, heavy segment of bowel 
that becomes susceptible to torsion around its mesentery. This can be due to chronic 
constipation or a high-fiber diet [2]. A high-fiber diet leads to colon elongation, a 
predisposing factor to colonic torsion [1]. A study by Akinkuotu et al. also found 
correlations between anatomic variations and the risk of developing volvulus  – 
patients with longer and wider mesosigmoid colons are more predisposed to devel-
oping sigmoid volvulus than those with shorter and narrower mesosigmoids [4]. 
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In the sigmoid colon, repeated episodes of volvulus can result in shortening of the 
mesentery and formation of adhesions that fix the colon into a twisted position [2].

Symptoms of volvulus include bloody stools, fever, pain, and symptoms of 
bowel obstruction such as vomiting, constipation, and obstipation. In the sigmoid 
colon, constipation is a more prominent symptom, while patients with cecal volvu-
lus will predominantly experience small bowel obstruction symptoms (such as vom-
iting) [2].

 Types of Volvulus

In adults between the ages of 30 and 70, the most commonly affected site is the 
sigmoid colon [3]. The second most common site is the cecum, which also involves 
the terminal ileum and proximal right colon [1]. In order for a cecal volvulus to 
occur, the cecum must be mobile to permit twisting or folding of the bowel [5]. 
There are two types of cecal volvulus depending on the mechanism of formation. 
The first type occurs with axial rotation of bowel around the mesentery of the termi-
nal ileum, cecum, and proximal right colon, usually in a clockwise direction. The 
second type, known as a cecal bascule, results from the anterosuperior folding of the 
cecum. There is no actual rotation of bowel with a cecal bascule; therefore, it is less 
likely to lead to vascular compromise and bowel ischemia. Cecal bascule is also less 
common than a rotational volvulus and more often occurs in young females [1]. 
Figure 11.1 shows the abdominal radiograph of a patient with a cecal bascule.

Since both the inflow and the outflow of the affected segment are obstructed, a 
volvulus is said to be a closed-loop obstruction [3]. This can lead to ischemic bowel, 
where the segment of the bowel becomes necrotic and acidotic, ultimately leading 
to bowel wall death. This is a surgical emergency, requiring prompt untwisting of 
the affected portion of the bowel and restoration of vascular supply [2].

 Diagnosis and Evaluation

Upon evaluation, patients with volvulus appear acutely ill and will report some, if 
not all, of the symptoms listed above [2]. Additionally, in patients with cecal volvu-
lus, there may be a history of “mobile cecum syndrome,” where the patient will 
report experiencing symptoms intermittently, as the volvulus spontaneously resolves 
and recurs [1]. On physical exam, in addition to abdominal tenderness and signifi-
cant abdominal distension, patients may display peritoneal signs and bleeding per 
rectum [2]. Other signs of intestinal obstruction are also often present, including 
abdominal tympany and high-pitched bowel sounds. On digital rectum exam, one 
would find an empty rectum. In some cases, patients can also experience respiratory 
distress secondary to colonic distension limiting diaphragmatic movement during 
respiration [3].
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Volvulus is typically diagnosed with imaging, including plain abdominal radio-
graphs, computed tomography (CT), or a gastrointestinal (GI) series. Radiographs 
alone can be used to diagnose and confirm suspected volvulus [1]. The “coffee 
bean” sign showing a distended closed loop of colon filled with air, as depicted by 
Fig. 11.2, is pathognomonic. Barium enema can also be used for evaluation, show-
ing a “bird’s beak” at the site where the bowels have twisted [3]. A barium enema 
can increase the diagnostic accuracy of a radiograph up to 100% [1]. It can also be 
therapeutic. Barium should be substituted with gastrografin, however, when there is 
suspicion of bowel perforation. A CT scan is recommended to confirm the diagnosis 
and to rule out other causes of bowel obstruction, such as carcinoma or polyps [3]. 
CT usually shows a “whirl” appearance of the mesentery and a distended loop of 
bowel with air-fluid levels, surrounded by strands of fat and soft tissue [1]. On CT, 
it is also important to look for free air that would indicate a bowel perforation [3].

 Approaches to Treatment

The initial treatment for sigmoid volvulus involves nonsurgical decompression and 
detorsion. Seventy to eighty percent of cases of sigmoid volvulus can be success-
fully decompressed; however, it is less effective in cecal volvulus. Decompression 
and detorsion can be accomplished with a barium enema, flexible sigmoidoscopy, 

Fig. 11.1 Abdominal 
radiograph of a cecal 
bascule
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colonoscopy, or rigid proctoscopy [1]. Upon endoscopic visualization, if the bowel 
mucosa looks normal and healthy, a rectal tube is placed for decompression of the 
bowels [3]. Successful decompression is indicated by the passing of gas and stool 
[1]. A study conducted by Iida et al. examined endoscopic detorsion in 30 cases of 
sigmoid volvulus at a single center. The success rate was found to be 62%. Forty-six 
percent of patients experienced recurrence, and thirty-eight percent of patients 
required emergency surgery. The factors found to predict successful endoscopic 
detorsion were the absence of abdominal tenderness, the use of laxatives, and a 
positive open abdominal surgery history. Although this was a small study, its results 
are consistent with those of previous reports studying endoscopic detorsion. In gen-
eral, studies have found the success rate of endoscopic detorsion to range from 55% 
to 90%; however, given that the rate of recurrence ranges from 35% to 85%, detor-
sion and decompression are rarely the definitive treatment and is only used as a 
temporizing measure. Surgery is recommended as the ultimate treatment option, 
after a patient is medically stabilized, to prevent recurrence [7].

After decompression, the patient should be medically treated to correct any elec-
trolyte, renal, pulmonary, and/or cardiac abnormalities. Once the patient is deemed 
to be medically stable, elective surgical treatment should be pursued as there is a 
high rate of recurrence. The recommended time between decompression and sur-
gery is between 48 and 72 h, as this allows for interventions to optimize the patient’s 
health and reduce surgical risk [3]. This will also permit patients to undergo ade-

Fig. 11.2 Coffee bean 
sign. (From Scharl and 
Biedermann [6])
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quate bowel preparation for surgery. Before patients are taken to the operating 
room, a colonoscopy should be performed to rule out malignancy and other patholo-
gies. However, patients who are acutely septic or febrile, those with leukocytosis, 
signs of peritonitis, or gangrenous or ischemic bowel visualized upon endoscopy, 
should undergo immediate colectomy and exploration. These patients should be 
prepared for surgery with resuscitation, broad-spectrum antibiotics, and nothing-
by-mouth protocol. No further diagnostic tests or imaging should be performed. 
Colonoscopy is not recommended for patients with cecal volvulus; these patients 
should go directly to surgery [1].

In patients undergoing surgical exploration, a midline incision is performed. The 
volvulus is identified and the bowel is assessed for viability. If the surgeon determines 
that the bowel is healthy enough to be salvaged and the patient’s overall physiologic 
status allows for it, the bowel is reduced, and a rectal or cecostomy tube is placed to 
prevent recurrence. Otherwise, the affected bowel segment should be resected [1]. 
Elective surgeries after successful decompression are commonly performed through 
minimally invasive techniques. These include laparoscopy and robotic surgery.

With a colectomy, patients can either receive a primary anastomosis or an end 
colostomy. A primary anastomosis is performed in most elective cases; however, the 
final decision is dependent on patient factors, including each patient’s nutritional 
status, comorbidities, and hemodynamic status as well as the adequacy of the blood 
supply to the bowels, the presence of peritonitis, and the amount of tension exhib-
ited on the bowel by the volvulus. If it is determined that the patient is not a candi-
date for a primary anastomosis, a Hartmann procedure is performed, creating an end 
colostomy [1].

In cases of cecal volvulus with normal bowels, a cecopexy can be performed, 
where the cecum is returned to its original position and sutured into place [2]. This 
eliminates the prerequisite of a mobile cecum for volvulus to occur. In patients who 
receive a cecopexy, however, there is a 28% recurrence rate [5]. Most surgeons 
would do a right hemicolectomy if the patient is stable to reduce recurrence rates. If 
the bowel is necrotic, a cecopexy is avoided, and a right hemicolectomy with an 
ileostomy or colostomy is performed to remove the affected segment of bowel and 
to eliminate the possibility of recurrence [2].

 Complications

Volvulus can be complicated by bowel gangrene and necrosis, bowel perforation 
with peritonitis, and recurrence [2]. The presence of bowel gangrene has been 
shown to be a prognostic factor. While the average mortality of volvulus is approxi-
mately 10%, patients with bowel necrosis experience a mortality of up to 80% [5]. 
Mortality and morbidity is also high in cases of delayed diagnosis and treatment [2]. 
Emergent surgical treatment is associated with significant morbidity and mortality, 
including gangrenous bowel. In patients who only undergo detorsion without surgi-
cal resection of the bowel, there is a high risk of recurrence (up to 18%) [5].

11 Benign: Volvulus and Diverticulitis



142

 Diverticulitis

 Introduction

Diverticulosis is the presence of outpouchings of the colonic wall, known as diver-
ticula, without inflammation or infection. The majority of diverticula are false, 
involving only the mucosa and muscularis mucosa, and occur in the sigmoid 
colon. Diverticula are thought to result from high intraluminal pressure secondary 
to a lack of dietary fiber, causing high wall tension as stool is propulsed through 
the colon. The high intraluminal pressure on the colonic wall causes weakening of 
the bowel wall resulting in pulsion diverticula as the mucosa herniates through the 
muscularis [8]. Diverticulosis is remarkably prevalent in the United States, affect-
ing approximately 5–10% of people over age 45 and 80% of those over age 85. It 
is also the most common cause of lower GI bleeding [9]. Risk factors for diver-
ticulosis include factors that contribute to increased intraluminal pressure, includ-
ing chronic constipation, low fiber intake, increasing age, obesity, and lack of 
physical activity. Genetic susceptibility also contributes, as monozygotic twins 
have been shown to be twice as likely to develop diverticulosis compared to dizy-
gotic twins [9].

Diverticulitis refers to the inflammation and infection of diverticula [8]. It results 
from obstruction of diverticula by a fecalith, leading to diverticular microperfora-
tion resulting in colonic wall swelling or macroperforation resulting in involvement 
of pericolic tissues [9]. It occurs in 10–25% of patients with diverticulosis. It can be 
categorized as uncomplicated and complicated, which differ in presentation, diag-
nostic findings, and treatment [8].

 Diagnosis and Evaluation

Patients with uncomplicated diverticulitis most commonly present with acute-onset 
lower abdominal pain, often in the left lower quadrant (the sigmoid colon is most 
commonly affected), fever, anorexia, constipation, and/or diarrhea. Initial labora-
tory tests include a complete blood count as leukocytosis is common feature of 
diverticulitis. A basic metabolic panel should be obtained to evaluate for any elec-
trolyte abnormalities, especially in patients with decreased oral intake and renal 
dysfunction. Other tests often obtained include a urinalysis to rule out urinary tract 
infections, a beta-hCG in women of childbearing age to exclude pregnancy, and a 
fecal occult blood test to evaluate for GI bleeding [9].

Complicated diverticulitis refers to diverticulitis with abscess formation, >4 cm 
phlegmon, stricture, perforation, large bowel obstruction (LBO), peritonitis, or fis-
tula formation, including coloenteric, colovesical, and colovaginal fistulas [8]. 
Clinical presentation varies depending on the complication, ranging from sepsis 
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secondary to peritonitis to emesis, bloating, and constipation or obstipation due to 
an LBO.  Complicated diverticulitis is staged by the Hinchey classification. The 
Hinchey classification system describes the severity of complicated diverticulitis 
and is useful in determining approaches to treatment [8].

Hinchey I: with a local (paracolonic) abscess
Hinchey II: with a pelvic or retroperitoneal abscess
Hinchey III: with purulent peritonitis
Hinchey IV: with fecal peritonitis

Imaging studies are not necessary in patients with mild diverticulitis, but they are 
often obtained in the diagnostic and evaluation process. When diverticular perfora-
tion is suspected, an abdominal radiograph is helpful by showing free air. CT is the 
most commonly used imaging modality and the modality of choice for diagnosing 
diverticulitis, staging the severity of the episode, and visualizing any complications 
[10]. It is also helpful for ruling out other conditions with similar presentations, 
including malignancy, ischemic colitis, and other causes of GI tract inflammation, 
such as inflammatory bowel disease. The most sensitive CT findings for diverticuli-
tis are thickening of the colonic wall and pericolic fat stranding. CT is also useful in 
evaluating for diverticulitis complications, including abscesses, phlegmon, LBO, 
and fistulas. The major disadvantage of CT is exposure to ionizing radiation. 
Alternative imaging modalities should, therefore, be considered in patients who 
wish to avoid radiation, especially pregnant women. Other imaging studies often 
used are ultrasonography and magnetic resonance imaging (MRI); however, each of 
these comes with their own disadvantages. Ultrasonography is inferior to CT in 
evaluating for free air and the extent of large abscesses. The accuracy of the study is 
also variable based on operator technique as well as patient factors, such as body 
habitus  – overweight and obese patients with overlying gas in the abdomen can 
obscure potential findings. Additionally, ultrasound can be painful in a setting where 
the patient already has abdominal pain from diverticulitis. While MRI is excellent 
in evaluating soft tissue, it is a much lengthier test than CT and is, therefore, unsuit-
able for critically ill patients, emergency cases, and patients with severe claustro-
phobia. It is also a poor choice for patients with instrumentation such as pacemakers 
and metallic implants [10].

Colonoscopy is not recommended during an acute episode of diverticulitis as it 
is associated with a risk of bowel perforation. However, all patients are recom-
mended to undergo a colonoscopy postoperatively (see “Follow-Up and 
Postoperative Considerations” for further discussion on this topic).

 Nonoperative Management: Antibiotics

Uncomplicated diverticulitis is often treated on an outpatient basis with a 7–10 day 
course of oral broad-spectrum antibiotics, a clear liquid diet, and a follow-up in 
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2–3 days. Antibiotics should be chosen for the coverage of Gram-negative rods and 
anaerobes, the most common organisms found in the GI tract. Common antibiotics 
used for outpatient treatment of uncomplicated diverticulitis include trimethoprim-
sulfamethoxazole or ciprofloxacin or levofloxacin with metronidazole. Table 11.1, 
adapted from Iida et al., provides the antibiotic regimens for treating acute diver-
ticulitis, depending on the setting (inpatient versus outpatient) and severity of dis-
ease. Patients with more severe symptoms, such as signs of peritonitis or inability 
to tolerate oral intake, can be admitted to the hospital for intravenous (IV) antibiot-
ics, IV fluid resuscitation, and bowel rest. Although antibiotics are a part of the 
treatment, studies have suggested that they may have limited use in acute uncom-
plicated diverticulitis and play a minimum role in preventing recurrence, prevent-
ing complications, or accelerating recovery [10]. Most patients experience 
improvement of symptoms within 48–72 h, and 50–70% have no further episodes 
of diverticulitis [8].

Table 11.1 Recommended antibiotic regimens for acute diverticulitis

Setting Primary antibiotic regimen Alternative regimens

Outpatient: mild, 
uncomplicated

Antibiotics not recommended

Outpatient: 
worsening

Trimethoprim/sulfamethoxazole 
DS 160/800 mg PO q12 h

Amoxicillin/clavulanate ER 
1000/62.5 mg, two tablets PO q12 h

OR OR
Ciprofloxacin 750 mg PO q12 h or 
levofloxacin 750 mg PO q24 h 
PLUS metronidazole 500 mg PO 
q6 h

Moxifloxacin 400 mg PO q24 h

Inpatient: 
mild-mod

Piperacillin/tazobactam 3.375 g IV 
q6 h OR 4.5 g IV q8 h

Ciprofloxacin 400 mg IV q12 h or 
levofloxacin 750 mg IV q24 h PLUS 
metronidazole 500 mg IV q6 h or 1 g 
IV q12 h

OR OR
Ticarcillin/clavulanate 3.1 g IV q6 
h

Tigecycline 100 mg IV first dose, then 
50 mg IV q12 h

OR OR
Ertapenem 1 g IV q24 h Moxifloxacin 400 mg IV 1 24 h
OR
Moxifloxacin 400 mg IV q24 h

Inpatient: severe Imipenem/cilastatin 500 mg IV q6 
h

Ampicillin 2 g IV q6 h PLUS 
metronidazole 500 mg IV q6 h PLUS 
ciprofloxacin 400 mg IV q12 h or 
levofloxacin 750 mg IV q24 h

OR OR
Meropenem 1 g IV q8 h Ampicillin 2 g IV q6 h PLUS 

metronidazole 500 mg IV q6 h PLUS 
amikacin, gentamicin, or tobramycin

OR
Doripenem 500 mg IV q8 h

M. Y. Chen and V. Obias



145

 Nonoperative Management: Image-Guided Percutaneous 
Abscess Drainage

In patients who do not improve or worsen despite treatment, complications such as 
abscess formation should be considered; these patients should be hospitalized and 
further investigated with additional imaging. Patients who are more likely to fail 
outpatient treatment are those who were initially found to have free fluid on 
CT. Diverticulitis complicated by abscess requires treatment as there is a risk of 
perforation, particularly in patients who are immunosuppressed and those taking 
NSAIDs, corticosteroids, or chronic opioids [10].

While some small abscesses (<3  cm) can be treated with antibiotics, patients 
who do not improve with antibiotics should be considered for other interventions. 
Although intra-abdominal abscesses are traditionally treated with operative drain-
age, image-guided percutaneous abscess drainage (IGPAD) is now the treatment of 
choice as it is a minimally invasive procedure with a high rate of success and can 
often be performed on an outpatient basis. Ultrasonography and CT are the most 
commonly used modalities for IGPAD, with CT-guided abscess drainage success-
fully treating 70–90% of intra-abdominal abscesses [11].

Prior to the procedure, the patient’s imaging and laboratory parameters should 
be thoroughly reviewed. Laboratory tests obtained include serum coagulation 
parameters and serum hemoglobin levels, despite the procedure having only a 
moderate risk of bleeding. Dr. Hearns Charles of the NYU Langone Medical Center 
Section of Vascular and Interventional Radiology recommends discontinuing 
 thienopyridines, such as clopidogrel, 5 days prior to the procedure, although aspi-
rin can be continued. Low-molecular-weight heparin should also be withheld, 
depending on half-life – Charles recommends holding for 2–4 half-lives prior to 
the procedure [11].

Since IGPAD is considered a dirty procedure, antibiotic prophylaxis is recom-
mended by the Society of Interventional Radiology. Although there is no consensus 
on a first-line antibiotic, broad-spectrum antibiotics are recommended as abscesses 
are generally polymicrobial. The antibiotic chosen should cover skin flora (Gram-
positive bacteria) and typical intra-abscess organisms (Gram negatives). It should 
be administered intravenously at least 1 h prior to the procedure, and the regimen 
should be continued after the procedure [11].

The imaging modality selected for guidance is dependent on numerous factors. 
Conventional fluoroscopy by itself is a poor choice as it does not provide enough 
detail, so it is largely limited to drainage of large superficial abscesses. It is, how-
ever, often used as an adjunct to ultrasound- or CT-guided drainage. After suc-
cessfully obtaining needle access using ultrasound or CT, serial dilatation and 
accurate catheter placement are often achieved through fluoroscopy guidance. 
Ultrasonography and fluoroscopy drainage is, in general, considered the most 
dynamic method as it allows for real-time visualization of needle advancement in 
multiple planes as well as direct visualization of placement of the dilator and 
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catheter. Ultrasonography, however, is limited by intra-abscess air that can obscure 
visualization of the abscess. In these cases, CT is a superior method [11].

There are two techniques of IGPAD that can be employed, depending on the 
location and size of the abscess – the trocar technique and the Seldinger technique. 
The trocar technique is usually used for large and superficial collections and the 
Seldinger technique for high-risk, small, deep, and difficult to access abscesses.

Trocar Technique A small gauge needle is initially inserted, and the contents of 
the abscess are aspirated to verify correct needle placement. A catheter, stiffening 
cannula, and sharp stylet, in a coaxial combination, are then advanced into the col-
lection, parallel to the initial needle.

Seldinger Technique A 21- or 22-gauge needle is used for initial access into the 
abscess cavity. A 0.018-in wire conversion to 0.035- or 0.038-in wire is then used 
with a Cope, Neff, or AccuStick coaxial catheter introduction system.

Although the trocar technique is correlated with more patient pain, it is faster and 
is associated with less abscess leakage than that associated with the serial access 
tract dilatation used in the Seldinger technique [11].

Regardless of the imaging modality or technique used, for accurate needle 
and catheter placement, it is critical to measure the distance from skin to the 
entry point of the abscess cavity for the initial length of the needle access. 
Operator feeling is also critical in detecting ease of wire, dilator, and catheter 
advancement. Each device should travel freely into the abscess without resis-
tance and concurrent significant patient pain. The wire should advance into the 
abscess and assume the shape of the cavity. Once needle access is placed into the 
abscess, a specimen should be collected before injecting any contrast material. 
However, one should avoid  aspirating the entirety of the contents before advance-
ment of the drainage catheter, as collapse of the cavity can prevent proper cath-
eter placement [11].

The viscosity of the abscess contents, in rare cases, can prevent successful 
aspiration. In these cases, a wire test can be employed to determine if the contents 
are drainable. If the guidewire is able to pass into the cavity, the cavity is consid-
ered, at least partially; fluid and successful aspiration should be achievable through 
the introduction of a dilator or drainage catheter. If the abscess contents are 
deemed to be undrainable, tissue plasminogen activator (tPA) can be used to facil-
itate drainage [11].

Potential complications of IGPAD include bleeding, hematoma, peritonitis, 
pseudoaneurysm formation, and sepsis. To minimize the risk of complications asso-
ciated with IGPAD, Dr. Charles recommends the following:

 1. Use the safest, most direct, and shortest percutaneous route.
 2. Avoid intervening organs or vital anatomical structures.
 3. Avoid contamination of sterile areas.
 4. Aim for placing the drainage catheter in the most dependent portion of the cavity.
 5. Use an angled approach. [11]
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 Other Complications and Nonoperative Management

In addition to abscess formation, LBO is another complication of acute diverticuli-
tis, occurring in 67% of patients. Complete obstruction develops in 10% of patients. 
Patients with incomplete obstruction are treated with and respond to fluid resuscita-
tion and nasogastric suction. Gastrografin enemas can be used to assess if a true 
LBO has occurred. Patients who do not respond to nonoperative management 
require surgery [8].

Fistulas develop in 5% of patients with complicated diverticulitis, with colovesi-
cal fistulas being the most common [8]. It is important to rule out other causes of 
fistula formation, including carcinoma of the colon and adjacent organs, such as the 
bladder, Crohn’s disease, injury resulting from pervious radiation, and trauma [9]. 
CT is most useful in diagnosing a colovesical fistula and in visualizing any masses 
or abscesses associated with the fistula and in ruling out the other causes of fistula 
formation. Contrast enemas and small bowel studies can help define the fistula tract. 
Patients with fistulas should undergo resection of the affected segment [8].

Diverticular bleeding occurs due to the erosion of an arteriole adjacent to the 
diverticulum and can result in hemorrhage. Bleeding resolves spontaneously in 80% 
of patients, and management focuses on resuscitation and localization of the bleed. 
Colonoscopy can be used to identify the bleed and treat it with an injection of epi-
nephrine or with cautery [8]. Mesenteric angiography can also be used both as a 
diagnostic tool as well as a therapeutic intervention. It can identify the site of bleed-
ing, and vasopressin can be instilled through to catheter at the bleeding site. 
Vasopressin has been shown to successfully stop over 80% of diverticular bleeds; 
however, over half of these cases will re-bleed. It is, therefore, used as a temporizing 
measure to allow for resuscitation and subsequent colon resection. Another tempo-
rizing measure commonly used is transcatheter embolization with coils. It is effec-
tive in stopping acute bleeds but is associated with a risk of bowel ischemia and 
infarction [9]. In rare cases of persistent or recurring hemorrhage despite nonopera-
tive or temporizing management, the patient may require a segmental colectomy 
[8].

 Operative Management

Fifteen to thirty percent of hospitalized patients ultimately require surgery during 
the admission, whether it is laparoscopic, open, or robotic colectomies, drainage, or 
washouts [10]. The decision to perform surgery depends on a number of factors, 
including the severity of the patient’s disease, the frequency of recurrences, the 
degree of impairment on the patient’s life, and patient factors, including comorbidi-
ties and medications [12]. Emergency surgery may be required if an abscess is 
unable to be drained percutaneously, if the patient’s clinical status fails to improve 
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or worsens, or if the patient has peritonitis. Studies have also shown that laparo-
scopic lavage and drainage without bowel resection may also be effective; however, 
this approach is not yet recommended for most cases as it requires additional pro-
spective trials [8]. Emergent colectomy is known to be associated with significant 
morbidity, including pneumonia, respiratory failure, myocardial infection, as well 
as increased mortality in the elderly [10].

 Emergency Surgery

The goal of emergency treatment is to stabilize the patient. This may include conser-
vative treatment or abscess drainage, abdominal lavage, and/or sigmoid colon resec-
tion. Emergency surgery is required for patients with multi-quadrant peritonitis, 
Hinchey stage III or IV disease, or bowel perforation. Patients usually appear acutely 
ill or toxic and should be immediately treated with fluid resuscitation, antibiotics, 
and operative management. Historically, Hartmann’s procedure with creation of an 
end colostomy is the operation of choice. However, given that this procedure usually 
requires a second operation to reverse the stoma and anastamose the descending 
colon to the rectum, many are considering primary resection and anastomosis with 
or without stoma as an alternative. Additionally, studies have found an improved 
quality of life after primary anastomosis. The decision on which procedure to use 
depends on the patient’s risk profile. In patients with multiple comorbidities, severe 
sepsis, or prolonged feculent peritonitis, Hartmann’s procedure is preferred. 
Otherwise, in relatively healthy patients, it is reasonable to consider a primary anas-
tomosis with or without a diverting proximal stoma. In many cases, a sigmoidec-
tomy is avoided altogether, and a lavage and drainage is done instead. One study 
successfully treated 95.7% of patients with laparoscopic lavage and drainage alone. 
Laparoscopic surgery is preferred over the open approach when emergently treating 
for Hinchey stage III and IV acute complicated diverticulitis [13].

 Elective Sigmoidectomy

A sigmoidectomy with primary anastomosis is the elective procedure of choice for 
diverticulitis. It is optimally performed 6–8 weeks after an episode of acute diver-
ticulitis, during the inflammation-free period. Studies have found that surgeries 
done during this period lead to better results than those done during the “early elec-
tive” period, with lower rates of anastomotic leaks, wound infections, and laparo-
scopic cases necessitating conversion to open surgery [12]. Surgery is generally 
recommended after the first episode of complicated diverticulitis, as there is a high 
risk of recurrent disease [13]. This is especially true for younger patients (age 50 or 
younger), as the risk of complications increase with each recurrence; however, 
recent guidelines no longer recommend earlier resection in younger patients [14]. 
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Traditionally, an elective sigmoidectomy was also indicated after two episodes of 
uncomplicated diverticulitis; however, some studies suggest that surgery should be 
delayed until after the third or fourth episode to reduce the overall number of surger-
ies a patient may receive without increasing the risk of complications, such as diver-
ticular perforation [15]. Additionally, the number of episodes may not even be 
associated with the risk of complications. As a result, today, the number of episodes 
alone does not indicate the need for surgery [12]. According to the American Society 
of Colon and Rectal Surgery, “the number of attacks of uncomplicated diverticulitis 
is not necessarily an overriding factor in defining the appropriateness of surgery” 
[15]. The most cost-effective approach has been found to be pursuing surgery after 
the third episode of acute uncomplicated diverticulitis requiring hospitalization; 
however, the decision should be individualized based on patient factors including 
patient preference, comorbidities, and lifestyle [10]. It is important to consider each 
individual patient’s risk factors, as those with increased risk of recurrence or com-
plications, such as patients who are immunosuppressed, may benefit more from 
early elective surgery [12].

There is an increased incidence of diverticulitis in immunosuppressed patients 
compared to the general population (1% vs. 0.02%). These patients also tend to 
experience much more severe disease, as immunosuppression and steroid intake are 
known risk factors for perforation. As a result, emergency surgery is performed in 
80–90% of these patients experiencing their first episode of diverticulitis. In patients 
who were diagnosed with diverticulosis before the onset of immunosuppression, 
16% of them developed diverticulitis while immunosuppressed. This has led to sug-
gestions of performing elective surgery in these patients before they develop diver-
ticulitis. Brandl et al. studied 227 patients who were treated for diverticulitis in an 
inpatient setting, 15 of whom were immunocompromised (on immunosuppressive 
medications or post-solid organ transplantation). The study found a higher rate of 
complicated diverticulitis and subsequent emergency surgeries, longer ICU stays, 
longer hospitalizations, and higher hospital mortality in immunosuppressed patients. 
The study was limited by the small number of subjects examined and by the retro-
spective design; therefore, it is difficult to draw general recommendations on treat-
ing diverticulitis in immunosuppressed patients. However, given the high rates of 
diverticulitis complications in immunosuppressed patients, diverticulosis itself may 
be an indication for elective surgery – the goal in these patients is to prevent diver-
ticulitis before it ever occurs [16].

 Colectomy

Surgical treatment of diverticulitis is often curative and has a recurrence rate of less 
than 5% [15]. The principle of surgery for treating diverticulitis is complete removal 
of all the inflamed or affected segments of the bowel, most commonly the sigmoid 
colon. The resection should distally extend to the rectum, even if the sigmoid is not 
affected, as there is a high rate of recurrence if part of the sigmoid is retained. 
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Removing all diverticula in the remaining colon, however, is not necessary since the 
number of diverticula does not correlate with risk of recurrence or progression [12]. 
Nevertheless, it is important to avoid including any diverticula into the stapled 
colorectal anastomosis. The anastomosis should be made between the descending 
colon and the upper rectum. Some surgeons prefer to preserve the inferior mesen-
teric artery as it may minimize the risk of anastomotic leak and sexual dysfunction 
secondary to nerve injury [15]. The surgery can be done open or minimally 
invasively.

Laparoscopic surgery has largely replaced the open approach for the elective 
treatment of diverticulitis. Compared to the open approach, laparoscopic sigmoid-
ectomy is associated with shorter hospitalization, more rapid return of bowel func-
tion, decreased morbidity, and lower costs [12]. It is also associated with less blood 
loss [17]. Additionally, there is significant reduction in major complications, includ-
ing intra-abdominal abscesses, anastomotic leaks, pulmonary embolism, and myo-
cardial infarction [15]. Laparoscopic surgery has been found to have lower mortality 
during hospitalization compared to open surgery [10]. Laparoscopic sigmoidecto-
mies are performed using 4–5 ports, depending on whether there is need to mobilize 
the splenic flexure. Through these ports, the sigmoid colon is dissected medially to 
laterally, and the mesentery up to the descending colon is mobilized [17]. The bowel 
is then resected using a surgical stapler, and the specimen is delivered through one 
of the port incisions. A primary colorectal anastomosis is usually performed; how-
ever, some patients may require the creation of an end colostomy.

Another minimally invasive approach is a robotic colectomy. Bhama et al. con-
ducted a study in 2016 to compare the outcomes of colorectal procedures done lapa-
roscopically versus robotically. Compared to the laparoscopic approach, the robotic 
method was found to have lower rates of conversion to open procedures for pelvic 
cases (up to 10% versus up to 34% in laparoscopic cases). Some analyses have also 
shown decreased length of hospital stay in patients who undergo robotic proce-
dures, both abdominal and pelvic. Although operative times were longer for robotic 
procedures, there were no differences in postoperative complications observed 
between the two groups of patients. Additionally, operative times were found to 
depend on surgeon experience and improve with increased experience [18]. A study 
by D’Annibale et al. also found no difference in actual operative time between their 
laparoscopic and robotic groups; rather the robotic cases had longer preparation 
times [19].

Robotic cases are most commonly performed with multiple incisions, allowing 
for flexibility and space for the maneuver of instruments; however, they can be done 
with a single incision as well. In patients who are appropriate candidates, single-
incision colectomy allows for effective resection of the bowel with improved cos-
mesis compared to multiple incision cases. Ideal candidates for single-incision 
robotic colectomies are patients with a body mass index (BMI) less than 25 and, in 
cases of colonic tumors, patients with small tumors (stages T1–3). Patients with 
higher BMIs are at increased risk of complications postoperatively [20].

With colectomies, one must decide between a primary anastomosis and perform-
ing a Hartmann procedure with the creation of an end colostomy. Although a pri-
mary anastomosis is typically the procedure of choice, the decision is dependent on 
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the patient’s severity of disease. For Hinchey stages I and II, where the patient has 
only small localized abscesses, a primary anastomosis is usually performed. For 
larger abscesses or patients with peritonitis, a colectomy with end colostomy and 
Hartmann’s pouch would be more appropriate. In these patients, a Hartmann take-
down with colostomy closure and secondary colorectal anastomosis may be pur-
sued later [8]. This typically occurs around 3 months after the initial surgery [9].

 Complications

In a systematic review and meta-analysis by Haas et al., the overall postoperative 
mortality rate for diverticulitis is 3.05%. In patients who underwent emergent sur-
gery, the mortality was 10.64%, while patients who received elective surgery had a 
mortality of 0.5%. Laparoscopy was also associated with a lower mortality at 0.75% 
compared to the 4.69% rate of the open approach. In patients who received a pri-
mary anastomosis, the mortality was 1.96%. The Hartmann’s procedure with an end 
colostomy was found to have a mortality of 14.18%. Patients who had more severe 
disease also experienced higher mortality – those with Hinchey classes I and II were 
found to have a mortality of 2.05% compared to 7.87% in those with Hinchey 
classes III and IV.  Overall, there is a 32.64% postoperative complication rate. 
Postoperative complications include intra-abdominal abscesses (3.59%), bleeding 
(2.13%), anastomotic leak (3.99%), wound infection (6.78%), wound dehiscence 
(2.16%), pneumonia (3.7%), urinary tract infections (3.12%), pulmonary embolism 
(0.83%), and myocardial infarction (1.4%). Patients who underwent emergency sur-
gery experienced a greater rate of complications at 53.6% than those who received 
elective surgery (22.52%), and patients who received laparoscopic surgery saw 
fewer complications than those who underwent open surgery (22.48% vs. 41.26%). 
Additionally, resection with a primary anastomosis resulted in a 27.62% complica-
tion rate as opposed to 40.55% seen with the Hartmann’s procedure [21].

In patients who undergo robotic surgery, there are unique complications that are 
not seen in open or laparoscopic cases. A problem commonly discussed is the lack 
of tactile sensation available to the surgeon in robotic cases and the possibility of 
causing organ injury. However, this problem can be mitigated by careful observa-
tion of the instruments during the operation as well as the improvements that have 
been made in robotic technology, allowing for three-dimensional views and “visual 
haptic sense” that permits the surgeon to visualize how much pressure is being 
applied to the tissue [19].

 Follow-Up and Postoperative Considerations

Given that locally perforated colon carcinoma presents similarly to diverticulitis, all 
patients should undergo a colonoscopy 6 weeks after recovery, regardless if they 
were treated nonoperatively or if they underwent surgery [10].
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Diverticulitis has a recurrence rate of 9–36% in patients treated nonoperatively, 
with patients aged 50 and older experiencing lower risk of recurrence than younger 
patients. To prevent recurrence, there are many lifestyle changes that patients can 
make, including increased fiber intake and/or use of fiber supplements, regular 
physical activity, weight loss, and smoking cessation. Some studies have also dem-
onstrated that mesalamine, Lactobacillus casei, and rifaximin, in addition to fiber, 
can help prevent recurrence, contribute to symptom relief, and lower the risk of 
complications [10].
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Chapter 12
Minimally Invasive Hernia Surgery

Karl A. LeBlanc and Zinda Z. LeBlanc

 Introduction

Minimally invasive surgery (MIS) methods have been used in operative procedures 
for many decades. Until the late 1980s, there had been little adoption into the gen-
eral surgery operations but wide adoption in the gynecologic procedures. While a 
few general surgeons used laparoscopy for diagnostic procedures and liver biopsy, 
there were little perceived opportunities in this area. The performance of the first 
laparoscopic cholecystectomy in 1987 changed the mindset of the surgical world. 
This led to a rapid adoption of this minimally invasive tool and a rapid response 
from industry to facilitate the instrumentation necessary to advance these methods.

Minimally invasive hernia surgery was a logical operation to the average general 
surgeon. The first inguinal hernia was actually performed by Dr. Fletcher as early as 
1976, but the first report was by Ralph Ger in 1982 [1]. The first laparoscopic inci-
sional hernia repair was performed in 1991 and reported in 1993 by this author [2]. 
Currently these procedures are now performed routinely across the globe, but its 
usage varies significantly from country to country. The number of inguinal repairs 
performed is 10–60% in developed countries. In contrast, the incisional hernia 
repair rate is 5–35%. An even smaller number of robot-assisted repairs of each of 
these problems are presently done. The USA leads in the number of surgeons that 
utilize the robot for hernia repair.
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The selection of a minimally invasive approach will be determined by the ability 
of the general surgeon to perform the procedure. Frequently (and not unexpectedly) 
if that surgeon does not have the skill set to perform them, then this will not be 
offered as an option to the patient. It must not be overlooked, however, that there are 
concerns that will be patient and/or facility specific. Many patients are not candi-
dates for minimally invasive techniques, or the facility does not support the techni-
cal requirements of these procedures. Consequently, the use of MIS hernia repair 
will be determined by a multitude of factors.

This chapter will develop the advantages and disadvantages of these MIS options. 
Patient selection and preoperative and postoperative expectations will be discussed 
with particular attention to the knowledge beneficial to the treating internal medi-
cine physician. The reader is referred to the numerous hardcopy or online materials 
and videos that are available if further information is desired.

 Preoperative Issues

Generally speaking, if the patient can undergo a general anesthetic, he or she can be 
considered for a MIS hernia repair. While the inguinal hernia repair has been per-
formed under epidural anesthesia, this is very seldom considered as an option as 
these patients must be placed in a steep Trendelenburg position, which can compro-
mise the respiratory status of the patient, and necessary relaxation during surgery 
may not be reliably achieved. Very large inguinal hernias are particularly difficult in 
the MIS method as the reduction of hernia contents may be problematic or impos-
sible due to long-standing adhesions of bowel to the hernia sac itself. In many cases, 
the use of MIS in the obese or morbidly obese patient is preferred due to the lower 
risk of the development of venous thrombosis and a significantly lower incidence of 
wound infection. There are opinions that patients with high BMI should lose weight 
to achieve a BMI < 50 prior to surgery to decrease risk and improve outcomes most 
especially for ventral and incisional hernias [3]. In all cases, it is recommended if 
the patient stops smoking at least 4 weeks prior to the operation to minimize the 
chronic cough of smokers, to decrease the risk of wound infection, and to allow for 
proper healing to occur.

The preoperative workup of an inguinal hernia patient will be minimal for the 
individual with few medical problems. Usually a complete blood count, compre-
hensive metabolic panel, and an electrocardiogram (if over 50 years old) will suf-
fice. For those higher-risk patients, any metabolic derangements should be controlled 
to the best extent possible. Anticoagulants must be stopped in enough time to negate 
their effects. Despite appropriate cessation of these agents, these patients are still at 
higher risk of postoperative bleeding, which will sometimes make the MIS choice a 
less attractive option. If the patient cannot stop these agents (e.g., a fresh cardiac 
artery stent), the MIS repair has a very high risk of significant postoperative hemor-
rhage. Most surgeons will opt for an open repair in these situations.
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Most small- to medium-sized ventral and incisional hernias can be repaired 
with the MIS method. The size would vary according to other issues such as the 
comorbidities of the patient. While some hernias may externally appear to be 
massive, the actual fascial defect to be repaired may be much smaller. Although 
the actual dimensions that can be approached this way will vary from surgeon 
to surgeon, a rough estimate of fascial defect size will be less than 6–8 cm in 
transverse dimension. A “gray area” of size is from 6 to 10 cm, but nearly all 
defects larger than 10 cm will be approached by an open method rather than a 
MIS technique.

Considerations of the MIS repair for ventral and incisional hernias differ from 
those of the inguinal hernias. These patients are often at higher risk due to more 
frequent presence of common ailments that need to be addressed or corrected pre-
operatively. In particular, smoking cessation of 1 month is often felt to be so impor-
tant as to delay elective surgery if the patient does not stop. This is often verified by 
either blood or breathe tests. The patients with these types of hernia need good 
venous return and should not have significant heart failure during the procedure. 
The required abdominal insufflation may delay venous return and affect cardiac 
function. Preoperative cardiac evaluation is often required in patients suspected of 
such an issue.

Diabetes mellitus must be controlled. Ideally, the hemoglobin A1c should be no 
more than eight, but closer to normal is preferred. Tissue healing is impaired if these 
levels are higher than the accepted range. On the day of surgery, it is accepted prac-
tice to check the glucose level in the preoperative holding area. If this level is 
exceedingly high such as 300 or more, the surgery will often be cancelled or at least 
delayed until this can be treated. A concern of an untreated infection that is signaled 
by this high glucose level can also dictate further therapy.

Of course, optimization of all medical conditions is preferred for all surgical 
procedures that are considered elective. Patients with significant lung disease may 
not be candidates for MIS surgery, but often these patients fare better with these 
approaches rather than the open surgical option. If there is significant right heart 
failure, the use of the intra-abdominal insufflation pressures could adversely affect 
venous return. Unless the patient has an active exacerbation of problems such as 
sarcoidosis or lupus, control of these processes will allow the procedure to 
proceed.

The use of corticosteroids before and after these operations is not considered 
ideal. If these cannot be stopped, then preoperative boost doses of these drugs will 
be administered on the day of surgery and afterwards as deemed necessary. Steroids 
impede healing. All MIS hernia repairs rely on the use of a prosthetic mesh of some 
type. Tissue ingrowth into these materials will vary depending upon the product 
selected. Patients not on steroids will have enough tissue penetration in these prod-
ucts by 6 weeks in most cases as to allow normal activities. The surgeon will have 
to determine if this postoperative time should be extended to 90 days or more based 
upon such factors such as hernia type, mesh size, mesh type, or method of mesh 
fixation.
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 Prosthetic Implants Used in Hernioplasty

This chapter is not meant to be an exhaustive compilation of the numerous materials 
that are available for the repair of hernias. The purpose of a mesh is to support the 
weakened tissue that has allowed the development of a defect in the fascia. The 
addition of a mesh rather than suture alone lowers the recurrence rates of incisional 
hernia by half [4, 5]. It would seem that a very basic understanding of the uses and 
other considerations of these materials that are used in the repair of MIS hernias 
should be known by nonsurgeons. In most cases, the meshes that can be used in the 
laparoscopic methods can also be used in the open methods. However, many prod-
ucts have been developed that are specifically designed for use in the MIS tech-
nique. This is especially true for inguinal hernia repair. A broad segregation of these 
products can be into absorbable, nonabsorbable, synthetic, or non-synthetic materi-
als. If more information is desired, the reader is referred to the actual manufacturer, 
the Internet, or recently published material [6]. The products discussed below are 
examples of such materials, and their inclusion in this chapter serves as examples of 
such products and represents neither an exhaustive list nor an endorsement of the 
product.

Absorbable synthetic products are used in circumstances where the implantation 
of a permanent material is ill advised. Such situations occur when an active infec-
tion exists at the area of the hernia itself. Alternatively, these can be used as a tem-
porary repair in such cases where the patient may require multiple returns to the 
operating room such as in trauma. Older products are Vicryl (Ethicon, Inc., 
Somerville, NJ, USA) and Dexon (Medtronic, Minneapolis, MN, USA) meshes. 
The more recent materials that are most often used in the USA are Bio-A (W. L. 
Gore & Associates, Elkhart, DE) and Phasix (CR Bard, Providence, RI, USA). 
There is some evidence that the former product can result in a permanent repair [7]. 
Ongoing research indicates that these materials may be appropriate for the perma-
nent repair of fascial defects, but more studies are needed to verify this claim.

Biologic products are also not a permanent material but differ in the absorbable 
meshes in that all of them are produced from a once-living organism. These are 
obtained from bovine, porcine, or cadaveric sources. Generally the dermis of the 
animal is harvested and processed to produce a flat sheet of white material to be 
used in the repair of tissue defects. Other sources of tissue are the small intestine or 
stomach. The concept is that these meshes will act as a scaffold for collagen deposi-
tion and will ultimately be replaced by native collagen of the patient. Although these 
are most often placed during open surgery, they are sometimes used in laparoscopic 
applications. Strattice RTM (Acelity, San Antonio, TX, USA) is a porcine dermal 
product that is commonly used. XenMatrix AB (Davol, Inc., Warwick, RI, USA) is 
a unique porcine dermal product that contains minocycline and rifampin as antimi-
crobial agents. The rifampin imparts an orange color (Fig. 12.1).

Recent product developments have resulted in the production of products that are 
a combination of synthetic absorbable and permanent materials. The materials cur-
rently available are OviTex (TELA Bio, Malvern, PA, USA), Synecor (W. L. Gore 
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& Associates, Elkhart, DE, USA), and Zenapro (Cook Medical, Bloomington, IL, 
USA). The absorbable portion acts as a scaffold to increase collagen deposition. 
The permanent material lies between the layers of the absorbable product and 
remains to act as the traditional mesh repair (Fig. 12.2). OviTex and Zenapro use 
ovine gastric submucosa and porcine small intestinal submucosa, respectively, 
while the Synecor uses Bio-A/polyglycolic acid/trimethylene carbonate as the non-
permanent material.

There is a large selection of permanent sheets of mesh that can be used in the 
repair of hernias. In general, a “nonprotected” mesh is used for inguinal hernia repair. 
This “nonprotected” term refers to the fact that there is no coating on the product to 
prevent ingrowth of tissue. A “protected” mesh is one that is coated on one side to 
restrict or separate tissue penetration. These are most commonly used in the repair of 
ventral and incisional hernias when the mesh is placed in the intraperitoneal position. 
The base structure of all of these products is polypropylene,  polyester, or polytetra-
fluoroethylene. These can be manufactured into several different weaves, shapes, or 
types. The coatings on the protected meshes are made of a multitude of different 

Fig. 12.1 XenMatrix AB

Fig. 12.2 Synecor
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products that will absorb within 2–4  weeks in most cases (Figs.  12.3 and 12.4). 
Examples of these “protected” materials are Ventralight ST (Davol, Inc., Warwick, 
RI, USA) and Symbotex (Medtronic, Minneapolis, MN, USA). Other products are 
manufactured with coatings that do not absorb at all and remain on the base product 
or are part of the base product (Figs. 12.5 and 12.6). Examples of these are DualMesh 
PLUS (W. L. Gore &Associates, Elkhart, DE, USA) and DynaMesh IPOM (FEG 
Textiltechnik mbH, Aachen, Germany). The former product has the antimicrobial 
agent silver (which imparts the brown color) and chlorhexidine.

The MIS repair of inguinal repair has resulted in the development of products of 
many different shapes, sizes, and types. Recurrences can occur if the product is 
sized too small, so most of these are approximately 10 cm × 15 cm. The 3D Max 
(Davol, Inc., Warwick, RI, USA) has a shape designed to conform to the convexity 
of the inguinal floor (Fig. 12.7). The letter “M” and the arrow are placed to denote 
the medial placement of the mesh. The Lap ProGrip Anatomic (Medtronic, 

Fig. 12.3 Ventralight ST

Fig. 12.4 Symbotex
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Minneapolis, MN, USA) mesh has an apron to cover the posterior aspect of the 
inguinal floor (Fig. 12.8). Additionally, it has “microgrips” that function like Velcro 
to obviate the need for suture fixation of the material.

 Inguinal Hernia Surgery

Patient selection, as with all surgical procedures, should be individualized as noted 
above. If the patient has had multiple prior abdominal surgeries, the MIS approach 

Fig. 12.5 DualMesh 
PLUS

Fig. 12.6 DynaMesh IPOM

Fig. 12.7 3D Max
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can be difficult or contraindicated if there are multiple and dense adhesions. The 
surgeon could elect to perform a diagnostic laparoscopic examination of the patient 
prior to making the final decision to proceed with the laparoscopic approach. Prior 
prostatectomy or laparoscopic inguinal hernia repair are relative contraindications, 
but this can still be performed in many cases. The incidence of chronic postopera-
tive pain is lower with the MIS approach compared to the open techniques [8].

It is considered best if there is a discussion of the possibility of a future prosta-
tectomy with patients that are at risk of the development of this problem. Although 
a prostatectomy can still be performed after laparoscopic inguinal hernia repair, it 
can be challenging to the urologist if they are not familiar with the postoperative 
anatomy. Other pelvic surgery (e.g., vascular surgery) can also be affected but not 
nearly as much as the prostatectomy. This does not contraindicate the procedure, 
however.

In this operation, the patient is placed supine on the operating table and given 
general endotracheal anesthesia in most cases [1, 9, 10]. The use of a nasogastric 
tube and urinary drainage catheter will be based upon the decision of the surgeon. 
The latter is frequently used if the procedure is to be more difficult than the usual 
case. After this has been done, the trocars will be introduced and the operative field 
inspected. The patient will be placed in the Trendelenburg position at that point.

There are basically two different approaches to the MIS repair. The older proce-
dure is the transabdominal preperitoneal approach (TAPP). This requires the entry 
into the abdominal cavity by the operating trocars. The other approach is the totally 
extraperitoneal (TEP). In this method, the abdominal cavity is not entered, but the 
dissection of the extraperitoneal tissue is the same for both methods. The other sig-
nificant difference between these approaches is that the peritoneum must be cut 
away from the abdominal wall in the TAPP but is not in the TEP. In both, three tro-
cars are used. These will be placed either across the abdomen transversely or in the 
midline (Fig. 12.9). As noted in the diaphragm, the robotic locations are above the 

Fig. 12.8 Lap ProGrip 
Anatomic
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umbilicus compared to the level of the umbilicus for the laparoscopic approach. This 
is required due to the fact that the robotic arms need to be further from the operative 
area. Additionally, the robotic approach is the TAPP and not the TEP currently.

After gaining access to the operative area, the steps of the operation are identical. 
The preperitoneal tissue must be separated to expose the inguinal floor. This can be 
challenging for some surgeons, as the anatomy is quite different than the open 
approach. The goal is the exposure of the entire myopectineal orifice. This orifice is 
the anatomic area through which all inguinal and femoral hernias occur. It is 
bounded by Cooper’s ligament (periosteum of the pubic bone) and rectus sheath 
medially, the psoas muscle laterally, and the fibers of the internal oblique and trans-
versus abdominis anteriorly. The iliopubic tract crosses this orifice (Fig. 12.10).

If this is a unilateral hernia, the dissection will be limited to the one side but will 
extend to both sides if bilateral. The exposure of the area is considered complete if 
the midline is crossed at the symphysis pubis and the dissection allows placement 
of the selected mesh material (Fig. 12.11). The prosthetic will be placed onto this 
area and sewn or tacked into place. The suture and tacks that are selected can be 
either permanent or absorbable. The common tack is “corkscrew”-like and is made 
of titanium and visible on radiographs (Fig. 12.12). These are shown as the two on 
the right of the photo. These as well as the FasTouch (Via Surgical, Tel Aviv, Israel) 
on the left are permanent products. The other devices in the photo are absorbable. 
There are many other types of devices available for fixation of mesh that are not 
shown in the figure. The use of fixation devices (which is required) has been noted 
to result in an increased incidence of chronic postoperative pain [11, 12].

UmbilicusCamera port

Costal 
Margin

Iliac 
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Fig. 12.9 Typical trocar 
locations for laparo-
scopic inguinal hernia 
repair. Red and brown 
circles indicate 
laparoscopic locations. 
Blue circles indicate 
robot-assisted laparo-
scopic locations
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If the TEP method has been chosen, there is no need for closure of the perito-
neum, as this has not been violated. The trocars will be removed and the tissues 
sutured together. If the TAPP has been chosen, after mesh fixation, the peritoneum 
must be closed. This can be sutured or closed with one of the fixation devices. After 
this has been done, the trocars are removed and tissues closed. These procedures are 
considered outpatient surgery, so the patient will be recovered in the postanesthesia 
unit and then sent home.

During all laparoscopic procedures, the abdomen is insufflated with carbon diox-
ide to provide working room within the abdominal cavity to perform the intended 
procedure. The patient will absorb this within the first 24 h in nearly all cases. If there 
is residual CO2 within the abdomen, it will elevate under the right diaphragm resulting 
in referred pain in the right shoulder. This will resolve quickly but until this occurs, the 
patient can experience significant pain. Assumption of the supine position will cause 
the CO2 to move to the anterior abdominal wall and relieve the shoulder pain.

Most herniologists allow the patient to perform all duties and activities of daily 
living as the postoperative pain allows. In general, the patient will experience only 
a few days of pain. It will be at the trocar sites and usually above the area of the 
hernia. As noted below, the use of fixation devices will influence the degree and 
length of time this is experienced. Extreme labor requirements and/or patient safety 
will influence the exact recommendation by the surgeon.

The patient will experience the persistence of a bulge or firm area at the site of 
the hernia that is repaired. This will occur because the tissues have been distended 
by the hernia itself and will occasionally result in the development of a postopera-
tive seroma. This will resolve in a few weeks to a few months depending on the size 
and long-standing nature of the hernia preoperatively. The patient needs reassurance 
that this is a normal phenomenon. Even more extreme and disconcerting to the 
patient is the frequent occurrence of severe ecchymosis. This usually is the result of 
the fact that the expected hemorrhage during the operation is not removed from the 
patient. This blood will gravitate to the dependent portions of the patient’s anatomy. 
This can result in large areas of bruising including the penis and scrotum. These 
patients must also be reassured that this is not an unexpected outcome and will 
resolve just like any other site of ecchymosis.

As noted earlier, one of the most common long-term complications related to 
inguinal hernia repair is that of chronic pain. In fact, this is more common than the 

FasTouch SecureStrap OptiFix ReliaTack ProTack Capsure

Fig. 12.12 Track comparison
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rate of recurrence. Predictors of chronic pain postoperatively are shown in Table 12.1 
[13]. As noted, the open repair is a risk factor. What is also known is that if the 
patient has pain preoperatively, there is a 16X greater chance that there will be 
chronic pain postoperatively than if no preoperative pain existed. There is no appar-
ent difference in the occurrence of chronic pain between the TAPP and TEP unless 
there are more than ten tacks used [14]. If >10 are used, there is a statistically sig-
nificant increase of chronic pain. In that paper, there was no difference in recurrence 
rates between the approaches (TEP 0.42% vs. TAPP 1.34%).

The patient with this problem should be referred to the operating surgeon. 
Occasionally referral to pain management will be required, but many other options 
exist to treat these problems. Nonsteroidal agents, gabapentin, physical therapy, and 
dry needling can all be used to treat this problem. If this all fails, the patient should be 
referred to a surgeon familiar with this problem if the operating surgeon has exhausted 
his or her options. The last option will be excision of the mesh and  fixation devices, 
but even this does not resolve the pain in all cases [15]. Included in that operation will 
be a neurectomy of the three involved nerves. These nerves are sensory only and no 
motor functions will be affected. Few patients will even experience permanent numb-
ness due to the multiple courses and interconnections of the nerves in this area.

Despite the best efforts of the surgeon, failure of the repair does occur. There are 
many technical factors that can predispose to recurrence. In general, if such a prob-
lem occurs, this will become evident within 1 year of the surgery. These factors 
include poor dissection of the operative area, improper sizing of the mesh, inade-
quate fixation, curling of the mesh, etc. These issues will seldom be able to be 
identified. Other patient factors include poor tissue healing due to deficient or defec-
tive collagen, smoking, mesh shrinkage, steroid usage, aging, etc. The operations to 
repair a recurrence will be selected by the surgeon. Generally, if the laparoscopic 
repair was performed, many surgeons would elect to operate via the open method. 
This will allow the surgery to occur in non-scarred tissues away from the iliac ves-
sels where the mesh was placed during the initial procedure. However, the use of the 
MIS approach is not always absolutely contraindicated in such a situation.

 Ventral and Incisional Hernia Surgery

The MIS approach to these hernias is grown slowly over the years since the first 
procedure was performed. This is in large part to the limitations of the laparoscopic 
instrumentation initially. Subsequently, this “new” technique required a learning 

Table 12.1 Predictors of chronic groin pain Young age
Female gender
Direct hernia
Lichtenstein or plug (open) repair
Bilateral repair
Postoperative complications
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curve that older surgeons were not willing to undertake. Currently, this procedure is 
taught to residents and is used following their training. There are fellowships in MIS 
surgery as well. As discussed previously, if a patient can tolerate a general anes-
thetic, this can be an option. There is a particular outcome benefit to this approach 
in the obese patient [16]. Recent data confirms that there is a shorter operative time, 
lower length of hospital stay, and overall lower institutional costs associated with 
laparoscopic repair compared to the open repair of incisional hernias [17].

Preoperatively if there is question of the location and size of the hernia(s), a CT 
scan is appropriate. It is sometimes impossible to identify the borders of the hernia 
in an obese patient. The location of the hernia will significantly influence the loca-
tion of trocars to perform the operation. This CT scan, unfortunately, will not aid in 
the identification of any adhesions that may be present within the abdomen. It can 
identify the contents of the hernia effectively. It is most helpful to use both oral 
(especially) and intravenous contrast to do this examination. Additionally, this scan 
should include both the abdomen and pelvis, as this is necessary to evaluate the 
entire contents of the abdomen. Not uncommonly, a hernia that was unsuspected 
will also be identified. This could be repaired concomitantly to the presenting fascial 
defect. Other preoperative considerations were discussed earlier in this chapter.

Large fascial defects that have more of the abdominal contents in the hernia than 
inside the abdomen are not candidates for this method. Areas of very thin skin with 
or without skin breakdown or a prior split thickness skin graft directly over intestine 
should not be selected either. These areas of skin are likely to necrose if the bowel 
is removed from the skin because it may draw blood supply from the intestine. 
Ascites is a relative contraindication, but portal venous hypertension is considered 
a contraindication. Interestingly, a small individual with a moderate- to large-sized 
defect may not be a good candidate due to the required size of mesh needed to prop-
erly repair the hernia. This will make the procedure difficult due to the lateral place-
ment might imped the use of the lateral trocar locations.

While the typical uncomplicated laparoscopic inguinal hernia may take 
45–90 min, these procedures can take 3–4 h to complete. This will be influenced by 
the severity of any adhesions that are present from prior operations, the presence 
and location of any prior mesh material, and the size of the patient. Nearly all of 
these patients will require both a nasogastric tube and urinary drainage catheter 
unless the hernia to be repaired is relatively small. Central venous and/or arterial 
monitoring lines are generally not necessary in the operating room.

Patient positioning in the surgical suite will vary according to the location of the 
hernia, the size of the patient, and whether or not a robot will be used. The arms are 
preferably tucked to allow access to the entire abdominal surface, but this cannot be 
done in large individuals. The use of Trendelenburg or reverse Trendelenburg posi-
tions will frequently be required as well. The surgeons and assistants will stand on 
either side of the patient for the laparoscopic method. For lateral hernias such as a 
flank hernia, the patient may have to be placed on a roll to maintain a slight or full 
lateral decubitus position.

There is a large variation of trocar sizes and positions that will be used by the 
surgeon. The items discussed above, too, will influence these options. In general, 
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four trocars will be used. These can be positioned with two on both sides of the 
abdomen or three on one side with another on the opposite location (Fig. 12.13a, b). 
Four trocars will suffice in most patients; however, the surgeon may find it advanta-
geous to place additional trocars to facilitate the performance of a safe and effective 
operation. The robotic approach will access the patient from only one side where all 
trocars are placed on the side opposite the robot itself.

The most risky and challenging portion of these procedures is the actual adhe-
siolysis to expose the hernia(s). There are many different methods with this to carry 
out this portion of the procedure. Of greatest concern is the potential of an injury to 
the intestine, which has a mortality rate of 6–9% in a series of patients but it is as 
high as 40% if unrecognized [18, 19]. Surgical options to lyse these adhesions 
include the use of electrocautery, ultrasonic dissection, or bipolar dissection. Many 
surgeons elect to use no energy source at all to lessen the risk of intestinal injury. If 
there is a significant amount of adhesiolysis, the patient can experience a prolonged 
ileus that frequently requires a nasogastric tube for a few days postoperatively to 
decompress the stomach.

Once the lysis of adhesions has been accomplished, the fascial defect(s) will be 
measured. This measurement will dictate the size of the mesh selected. The distance 
covered past the edges of the defect determines the size of mesh needed. This is 
called mesh overlap. In most cases, the preferred overlap of the fascial defect will 
be 5 cm or more. This has been shown to lower the rate of recurrence [20]. In other 
words, if the defect is 5 cm × 5 cm, the selected mesh will be 15 cm × 15 cm to 
provide 5  cm overlap in all directions. Other considerations have recently been 
described to aid in the sizing of mesh overlap [21, 22].

A relatively recent development has been the closure of the fascial defect prior to 
mesh placement. The increased use of the surgical robot has brought this to the 

Costal
Margin

Iliac
Crest

Costal
Margin

Iliac
Crest

a b

Fig. 12.13 (a, b) Trocar positions for laparoscopic incisional hernia repair. The blue oval repre-
sents the midline hernia. The red circles represent trocar sites
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forefront, as it is much easier to accomplish this using this technology. This can also 
be accomplished with the traditional MIS methods albeit with more difficulty. The 
perceived benefit to closure is the potential to decrease recurrence rates and seroma 
rates and improve ingrowth into the mesh material [23]. If this is selected, the 
patients can experience more pain in the midline (or where the hernia exists) than if 
it is not closed. This is still a controversial subject.

The prosthetic material will be placed and fixed to the anterior abdominal wall by 
a variety of methods. One of the many fixation devices can be used (described earlier 
in the chapter) with or without the use of transfascial sutures. Transfascial sutures 
are actually placed trans-abdominally rather than through the inner layer of fascia. 
They are placed via a skin incision through all of the layers of the abdominal wall 
using a “suture passing” instrument. Various numbers of them will be used from a 
minimum of four to ten or more depending on the decision of the surgeon, the size 
of the hernia, and/or mesh. These can result in pain at these sites for months or lon-
ger. Occasionally they must be removed due to chronic pain. In the typical robot-
assisted surgery, the mesh is sewn directly onto the fascia of the innermost layer, the 
transversus abdominis fascia, and muscle. These patients may experience more pain 
initially, but it usually does not persist as long as with the transfascial suture.

The length of stay in the hospital will vary depending on the comorbidities of the 
patient, the difficulty with adhesiolysis, postoperative pain, and the perceived risk of 
enterotomy. Intuitively, the smaller hernias will allow for an earlier discharge than 
the large hernias with incarcerated contents and significant adhesions. An early indi-
cator of an intestinal injury is an increased amount of abdominal pain, significant 
free intra-abdominal air, an increased white blood cell count or band count, and 
tachycardia. If these conditions exist, a need for further workup is indicated, or the 
patient can be returned to the operating room for a diagnostic laparoscopy.

Recovery from this procedure differs significantly from patient to patient. Many 
factors will impact the length of time needed, many of which are not related to the 
operation itself and beyond the control of the physicians. The exact method of repair 
will impact this to some extent. Most patients will be allowed to increase their activ-
ity level as the pain allows. Although there is still need of more data, it appears the 
robotically assisted repair allows for a slightly shorter recovery.

A very common occurrence is the development of a postoperative seroma at the 
site of the hernia itself. This is more likely if the peritoneal sac of the hernia is not 
removed. It generally is never removed due to the risk of postoperative hemorrhage 
at the site. If the fascial defect is not closed, this is also more frequently seen. In 
most instances, simple observation will suffice, as the majority will resolve in a few 
weeks or months. The use of an abdominal binder postoperatively seems to aid in 
the resolution of the fluid collection. Infrequently these are a cosmetic issue that 
does not resolve, and interventional radiology can place a drain into the seroma to 
treat it. One must accept the risk of an infection if this is undertaken. Rarely, if this 
persists, the patient must be taken to the operating room for surgical excision of the 
seroma and the persistent capsule that surrounds it.

The issues noted for inguinal hernias increase the risk of recurrence, but these fac-
tors are an even greater consideration in the incisional and ventral hernias. The rate of 
recurrence for the laparoscopic repair varies from 0% to 11% in most series. The more 
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experience that the surgeon possesses, the lower the rate. In the event of a suspected 
recurrence, a CT scan should be done. It should be noted that most mesh materials are 
not visible on a CT scan [24]. If a recurrence is verified, the patient can undergo 
another attempt of the MIS repair, or the open repair may be the better approach. There 
are many options for the open repair such as a traditional repair or one that involves 
the “component separation” in which the fascial layers are divided to allow for re-
approximation of the midline. These methods are beyond the scope of this chapter.

 Robotic Hernia Surgery

The surgical robot has been available for many years and is especially well known 
in the gynecologic and urologic specialties. A common misconception is that the 
robot is a true new method of surgery. In fact, the robot is merely a different method 
of the control of the laparoscopic instrumentation used by the surgeon. As noted 
earlier, the surgeon stands at the bedside of the operating table during laparoscopic 
surgery. The robot is controlled by the surgeon who sits at a console at some dis-
tance from the operating table. In both options, the ultimate control of the operation 
remains with the surgeon. There is no computer that operates the robot other than 
that which allows the surgeon to control the computer that supports the robot.

The Intuitive Surgical (Sunnyvale, CA, USA) robot was approved for hernia repair 
in 2014. This has allowed the robotic surgeons to repair hernias with the benefits of 
the degrees of freedom of the instrumentation that is not available with traditional 
laparoscopic instruments. Additionally, the optics with the robot is three rather than 
two-dimensional. Data is still needed, but it appears that this represents an improve-
ment in surgical technique [25]. It is anticipated that in the next year or two, other 
surgical robots will be available to the surgeon. While each may provide differing 
operative advantages, the overall concept to repair hernias will likely be unaffected.

Cost increases due to the robot are often cited as a reason to not implement its 
use for any operation. It is true that disregard of the utilization of instruments will 
increase costs. Most surgeons, however, are quite aware that frugal use of them will 
help prevent cost concerns. Aside from the capital outlay, the business decision to 
purchase a surgical robot should be reflective of the benefits that result from its use. 
There is still a huge amount of discussion amongst surgeons on this topic. I truly 
believe that the costs can be lower than traditional open surgery due to the decrease 
in the length of stay in the hospital. The long-term outcomes that we are currently 
witnessing justify its use. More data will confirm this in the future.

 Miscellaneous Considerations

There are a few other concerns that should be mentioned in the context of this chap-
ter. For instance, the selection of the mesh material may not be at the sole discretion 

K. A. LeBlanc and Z. Z. LeBlanc



171

of the surgeon. Currently, many hospital systems use large purchasing groups to buy 
supplies at reduced costs. This often impacts the availability of the products that 
surgeons are allowed access in the operating room. This will greatly impact the 
types and brands of laparoscopic equipment and most importantly the types and 
sizes of mesh materials that can be selected. Depending on the location within any 
country, the mesh available may or may not be the one that the surgeon desires. This 
can affect outcomes to some degree.

In any operating room, the necessary personnel will influence the flow and pace 
of all operations. This is especially important in the MIS arena and is even more 
acute with the surgical robot. The use of the advanced instrumentation requires 
trouble shooting by the nurses related to the computers, insufflators, electrocautery, 
and other devices that are required by the surgeon. Highly skilled personnel are 
critical to the success of these procedures. Additionally, the knowledge of the vari-
ety of mesh products and even the location of them within the confines of the surgi-
cal suites necessitates highly skilled nurses. These people are often overlooked in 
the MIS area, but they remain critical components of the operations.

 Conclusion

Minimally invasive surgery in the field of hernia repair is gaining in its influence in 
the general surgery field. The robotic repair has greatly increased the adoption of 
this technology for these operations. It is not infrequent that patients are requesting 
these methods. The internist should maintain a general knowledge of the MIS 
approach to hernia repair to understand and advice patients. This chapter represents 
an introduction to this option in the repair of hernias.
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