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Foreword

Every surgeon who operates has complications. The surgeon who says he 
never has a complication, does not operate. It is a matter of the law of aver-
ages. Virtually every surgical procedure that is performed has a certain inci-
dence of complications. It can be as low as 1 %, after an inguinal hernia 
repair, or as high as 45 or 50 % after a pancreaticoduodenectomy. If enough 
of a surgical procedure is performed, a complication will result. Every expe-
rienced surgeon is aware of the statement “good judgment comes from expe-
rience, and experience comes from bad judgment.” As the busy surgeon gains 
experience, he or she will make mistakes that will add to their experience, 
and result in better judgment the next time that situation is encountered.

It has been shown for many complex operative procedures in recent years 
that larger volume leads to better outcomes. Part of the reason is that larger 
volume leads to more complications, which leads to more experience, which 
leads to better results. The high-volume surgeon gains better knowledge of 
the anatomy of the procedure, understands the complications that can occur, 
and learns to intervene earlier, all of which lead to better management.

The list of authors in this text entitled Gastrointestinal Surgery: Man-
agement of Complex Perioperative Complications reads like a who’s who 
in surgery. The fact that these superb, experienced surgeons are willing to 
participate in this text demonstrates that these high-volume surgeons realize 
that complications are inevitable, and that their high volume has lead them to 
manage these complications earlier. In turn, the authors are able to provide 
many excellent suggestions on how to intervene to manage them. It is a text-
book that I predict will be imminently successful, and one that every surgeon 
who performs complex gastrointestinal surgeries should have in their posses-
sion. I commend the authors/editors on putting together this outstanding text.

John L. Cameron, MD
The Alfred Blalock Distinguished Service Professor
The Department of Surgery
The Johns Hopkins Medical Institutions
Baltimore, Maryland
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Preface

It’s fine to celebrates success but it is more important to heed the lessons of failure.

—Bill Gates

Surgery is a wonderful profession that allows us the privilege to care for pa-
tients. As surgeons we constantly strive for technical excellence in the hopes 
of achieving flawless results, an uneventful postoperative course, and overall 
exceptional healthcare outcomes. While often associated with the celebration 
of many “successes,” surgery also is a humbling profession punctuated by 
intermittent failures. Although postoperative morbidity represents one type 
of “failure,” complications can be viewed as an opportunity to learn, grow, 
and identify means to improve the treatment of future patients. While some 
surgeons may be inclined to avoid discussing their complications, those who 
choose to talk, teach, and discuss their experiences, share an enormous gift. 
These surgeons help the clinical community find better ways to care for pa-
tients—whether it be through prevention, detection, or treatment of difficult 
clinical problems.

This book aims to equip clinicians who perform complex gastrointestinal 
surgery with the knowledge and tools to identify, manage, and hopefully avoid 
some of the more difficult and challenging perioperative clinical scenarios. 
Topics include a broad spectrum of complex gastrointestinal surgery, includ-
ing upper gastrointestinal (GI), hepatopancreaticobiliary, and colorectal pro-
cedures. The book benefits from a wide range of leading surgical experts who 
have contributed their clinical knowledge. These “masters of surgery” not 
only discuss the literature on the management of complications following 
complex gastrointestinal surgery, but perhaps more importantly, provide their 
vast personal experience on how to navigate difficult intra- and postoperative 
clinical situations. We hope to have captured the collective “lessons learned” 
from these experts in their respective fields.

Ultimately, it is our hope that the knowledge found in this book will pro-
vide all busy GI surgeons with practical and relevant information regarding 
how to better avoid, recognize, and treat complications. It is only in sharing 
our failures that we can better ensure the success of future patients.

Timothy M. Pawlik, MD, MPH, PhD Johns Hopkins Hospital
Shishir K. Maithel, MD Emory University Medical Center
Nipun B. Merchant, MD University of Miami Medical Center
Gastrointestinal Surgery
Management of Complex Perioperative Complications
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1Tracheo-Esophageal Fistula

Douglas J. Mathisen and Ashok Muniappan

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_1,
© Springer Science+Business Media New York 2015

D. J. Mathisen () · A. Muniappan
Department of Surgery, Division of Thoracic Surgery, 
Massachusetts General Hospital, 55 Fruit Street,  
Blake 1570, Boston, MA 02180, USA
e-mail: dmathisen@partners.org

A. Muniappan
e-mail: amuniappan@partners.org

Overview

A benign acquired tracheoesophageal fistula 
(TEF) most commonly develops after prolonged 
intubation, esophageal surgery, or laryngeal sur-
gery [1]. The complication may not be immedi-
ately apparent, and a delay in diagnosis is asso-
ciated with significant morbidity and the risk of 
mortality. Given the relatively low incidence of 
this complication, most surgeons have little or no 
experience managing TEF, which makes choos-
ing amongst the disparate therapies difficult. In 
recent decades, definitive management of TEF 
has been described, which requires surgical divi-
sion of the fistula, repair of the airway and esoph-
ageal defects, and not infrequently resection and 
reconstruction of the airway [2, 3]. The primary 
goals of management are elimination of airway 
soilage by esophageal contents, restoration of 
swallowing and oral alimentation, and freedom 
from airway appliances such as a tracheostomy.

Etiology

Postintubation tracheoesophageal fistula (PITEF) 
develops as a consequence of pressure induced 
ischemic necrosis of the membranous wall of the 
trachea and the adjacent esophagus. Historical-
ly, high-pressure and low-volume endotracheal 
cuffs frequently caused tracheal stenosis and oc-
casionally TEF. Although modern low-pressure 
high-volume cuffs are less prone to causing such 
injury, over-inflation of a cuff and prolonged 
intubation occasionally induces a TEF. An over-
inflated cuff pressing against an indwelling naso-
gastric tube also predisposes to the fistula de-
velopment. In the most contemporary reports on 
surgical management of TEF, PITEF accounts for 
40–70 % of patients [1, 4].

TEF is a relatively rare complication follow-
ing esophagectomy. While the exact incidence of 
postesophagectomy TEF (PETEF) is unknown, 
several reports (Table 1.1) focusing on this com-
plication found its incidence to be between 0.1 
and 3 % [5–11]. PETEF arises exclusively after 
esophageal reconstruction in the posterior me-
diastinum, and may occur with either a cervical 
or intra-thoracic anastomosis. The pathogenesis 
of PETEF is variable, but most commonly is re-
lated to anastomotic leakage leading to erosion 
into the trachea or bronchus. Traumatic disrup-
tion or ischemia due to devascularization of the 
tracheobronchial tree during esophagectomy, 
which occurs in about 1 % of cases, may also 
predispose to TEF [7]. An aggressive and radical 
lymphadenectomy as well as prior radiotherapy 
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contribute to airway ischemia [8]. While gastric 
conduit ischemia and necrosis most commonly 
leads to mediastinal sepsis, it may also promote 
formation of a TEF. A late presentation of PETEF 
may be due to an ulcer in the gastric conduit or 
staple line erosion into the airway, and may occur 
decades after esophagectomy [12, 13].

Clinical Presentation

There are a number of signs and symptoms of 
TEF which are related to the size, location, and 
stage of the TEF. Early and small fistulas may 
simply present with cough after oral ingestion, 
also known as Ono’s sign. Persistent airway soil-
age typically leads to pneumonia, and signs of 
sepsis and respiratory insufficiency follow. In 
PETEF developing after an anastomotic leak, 
there may be accompanying mediastinal sepsis, 
and patients are usually critically ill with multi-
organ dysfunction.

If a TEF develops in a mechanically ventilated 
patient, there is usually a sudden increase in air-
way secretions, which represents contamination 
with saliva or gastric contents. It may be difficult 
to maintain a seal with the endotracheal tube’s 
cuff, and in extreme cases, ventilation may be-
come impossible if the tip of the tube migrates 
into the fistula. Positive pressure ventilation may 
lead to air leakage into the esophagus or gastric 
conduit and leads to abdominal distention or air 
escaping the pharynx.

Diagnosis

A chest x-ray may find a dilated esophagus or 
gastric conduit secondary to air leakage through 
the TEF. Computed tomography (CT) delineates 
the fistula with good detail in large or giant TEFs, 
which are defined as a fistula involving the entire 
width of the membranous wall. The CT may also 
identify anastomotic or conduit disruption after 
esophagectomy and also accurately reveals me-
diastinal and pleural collections.

Contrast esophagography has a role in mild-
er presentations of TEF, when patients are able 
to participate in a swallow study. Water soluble 
contrast agents are strictly avoided as they can 
severely exacerbate pulmonary injury. Barium is 
typically used, and contrast outlining the trachea 
or bronchus is seen. An experienced radiologist 
is able to localize the level of fistula with respect 
to the airway and the esophagus (or neo-esoph-
agus).

Endoscopic inspection of the tracheobronchial 
tree and esophagus further elucidate the location 
and nature of the fistula. While a small fistula may 
be difficult to appreciate in the folded mucosa of 
the esophagus or gastric conduit at esophagos-
copy, it is usually apparent at bronchoscopy. In 
mechanically ventilated patients, the orotracheal 
or tracheostomy tube may need to be withdrawn 
to reveal the fistula. Esophagoscopy is useful to 
assess the integrity of an esophagogastric anasto-
mosis and viability of a gastric conduit in patients 
with PETEF.

Table 1.1  Incidence of postesophagectomy tracheoesophageal fistula
Author (reference) Country Incidence Percentage
Iannettoni [6] USA 1/856 0.12
Bartels [7] Germany 4/501 0.80
Buskens [5] Netherlands 1/383 0.26
Maruyama [8] Japan 2/305 0.66
Yasuda [9] Japan 9/603 1.49
Schweigert [10] Germany 7/222 3.15
Kuwabara [11] Japan 9/475 1.89

Total 33/3345 0.99
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Management

Effective management of TEF requires a combi-
nation of conservative, endoscopic, and operative 
measures. The therapies chosen are predicated on 
the patient’s presentation and condition.

Conservative Management

When a patient presents early after a small TEF 
develops, the only complaint may be a cough 
with oral ingestion. Even before the diagnosis is 
confirmed, the patient is made strict nil per os. 
The patient is instructed to stay upright at all 
times, which minimizes reflux and ensures drain-
age of the gastric conduit in patients presenting 
after esophagectomy. When there are signs of 
tracheobronchitis or early pneumonia there is a 
low threshold to start empiric antibiotic therapy.

A more severe presentation of TEF is the pa-
tient with advanced pneumonia and frank respi-
ratory failure. Mechanical ventilation is unavoid-
able in this situation. It is important to position 
endotracheal tubes with the cuff inflated beyond 
the location of the tracheal fistula, if possible. 
Bronchoscopic guidance of ortracheal and tra-
cheostomy tubes is invaluable in these circum-
stances. Imprecise positioning can lead to exacer-
bation of the fistula, if the balloon is inflated ad-
jacent to or within the fistula. When initially in-
tubating the patient with a TEF, it is best to guide 
the tracheal tube over a bronchoscope, in order to 
avoid intubation of the fistula, a life-threatening 
event if it is not recognized immediately.

Even with the cuff positioned and inflated be-
yond the TEF, airway contamination is possible. 
Appropriate measures to decompress the stomach 
or gastric conduit are indicated to prevent ongo-
ing soilage across the fistula. An aggressive pul-
monary toilet with bronchoscopy and appropriate 
antibiotic therapy are the mainstays of treating 
pneumonia after the development of TEF. Wean-
ing from positive pressure ventilation remains a 
priority and greatly facilitates the medical and 
surgical management of patients with TEF, as em-
phasized in the section on operative techniques.

Especially in the mechanically ventilated pa-
tient with a TEF, there is early consideration of 
jejunostomy tube placement to provide adequate 
enteral nutrition. A gastrostomy may also be con-
sidered to prevent reflux of gastric contents into 
the TEF.

There are a few reports of spontaneous clo-
sure of TEF with conservative management 
alone [14]. Only early and the tiniest of fistulas 
are expected to heal without operative manage-
ment. These patients presumably had fistula 
tracts that had not already epithelialized, and 
ongoing drainage across the fistula was mini-
mal. The fistula tracts that spontaneously close 
are usually long and likely lead into pulmonary 
parenchyma rather than the trachea or main-stem 
bronchus. Such patients are not ill, and a trial of 
conservative management is reasonable, as long 
as patients are closely observed for deterioration. 
In the vast majority of patients presenting with 
clinically significant TEFs, conservative man-
agement is expected to fail in the long-term.

Endoscopic Management

An increasing experience with esophageal and 
airway stents has led to their application in the 
management of anastomotic leaks and TEF. 
Exclusion of the fistula by covered stents may 
partially or completely control exchange of air 
and fluid across the fistula. There are isolated 
reports of acquired TEFs resolving after stenting 
[10]. As with the patients that had TEFs resolve 
with conservative management alone, stents are 
likely associated with fistula closure only when 
the TEF is extremely small and the tract is still 
not epithelialized, which is most commonly not 
the case. More typical of expected outcomes are 
the experiences of Blackmon et al., who placed 
stents to control the TEF in four patients with two 
patients succumbing to their TEF related medi-
cal problems and two reported to have control of 
the fistula without evidence of healing [15]. Even 
more concerning are the outcomes of Eleftheria-
dis et al., who used stents in 12 patients with TEF, 
observed nine deaths, and had 3 patients who 
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went on to definitive operative management, as 
the TEF persisted after the stent placement [16].

Esophageal stents may actually potentiate the 
TEF-associated pathology. In one report, giant 
TEFs were induced by esophageal stents placed 
for a benign stricture or esophageal perforation 
[17]. The radial force of self-expanding esopha-
geal stents has the potential to enlarge the TEF 
or exclude abscesses that would normally drain 
back into the esophagus. Another concern is that 
stenting does not address mediastinal sepsis that 
may accompany anastomotic disruptions or gas-
tric conduit necrosis. Persistent mediastinal con-
tamination and inflammation not only leads to 
TEF, but may also result in aortoesophageal fis-
tula, which is almost uniformly fatal. One report, 
in which a silicone airway stent controlled a 
PETEF, describes a patient who eventually suc-
cumbed to hemorrhage that appeared suspicious 
for aortogastric fistula [18]. A further concern 
with airway stenting is that it induces inflamma-
tion and granulation. This may extend the length 
of airway injury, which complicates or precludes 
definitive operative repair. A technical difficulty 
with esophageal stent deployment for the PETEF 
is that there is only a limited esophageal length 
to accommodate the stent after a cervical anas-
tomosis. Additionally, the anastomosis, conduit, 
and esophagus are relatively capacious relative 
to the stent’s diameter, and stent migration and 
poor sealing of the fistula are common.

There is very little role for esophageal or air-
way stenting to control the benign TEF. Conser-
vative measures such as careful positioning of 
an endotracheal tube’s cuff, gastric decompres-
sion, and jejunal feeding are sufficient to allow 
a patient to recover from complications of a TEF 
prior to operative repair. Moreover, in patients 
with evidence of conduit necrosis and significant 
mediastinal or pleural contamination after an 
esophagectomy, stenting is absolutely contrain-
dicated, and is expected to fail quite quickly. In 
contradistinction, esophageal stenting is the stan-
dard of care for the management of malignant 
TEF, and is quite effective in controlling the TEF 
during the short life-expectancy of such patients 
[19].

An alternative endoscopic strategy that is 
sometimes promoted is fistula control with glue 
or endoscopically applied clips. This strategy is 
most effective in pediatric cases of benign TEF, 
where fistulas are typically pinpoint and there 
is minimal associated pathology in the esopha-
gus, airway, and mediastinum. Fistula closure is 
achieved by deepithelializing the fistula tract and 
sealing the defect with glue or clips [20]. Effi-
cacy in adult cases of TEF is anecdotal and there 
is no reliable data to suggest that there is a role 
for endoscopically applied clips or glue in the 
management of acquired TEF, such as those that 
occur postesophagectomy.

Operative Management

Operative repair of an acquired TEF is indicated 
in all patients with a reasonable life expectancy. 
This includes patients who have undergone com-
plete resection of esophageal cancer and develop 
PETEF. The patient is weaned from mechanical 
ventilation, as tracheal repairs should ideally not 
be exposed to positive pressure ventilation. Ag-
gressive pulmonary toilet, appropriate antibiotic 
therapy, and reliable enteral nutrition are essen-
tial for the patient’s recovery. This may require 
tracheostomy and feeding tube placement if the 
patient does not quickly improve after presenta-
tion. The operative techniques are selected based 
upon the location and size of the TEF as well as 
the associated pathology (e.g., conduit necrosis).

Postesophagectomy TEF

PETEF occurs primarily after an anastomotic 
leak or gastric conduit necrosis. Patients are 
quite ill from pulmonary, mediastinal, and pleu-
ral contamination. Early operative intervention 
is typically necessary in these patients. Fistulas 
are predominantly located in the distal half of 
the trachea or proximal main-stem bronchus, but 
may be located more proximally if the anastomo-
sis was constructed close to the cricopharyngeus. 
Preoperative endoscopy localizes the TEF and 
guides the surgeon as to whether the fistula may 
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be approached with a low cervical collar incision 
or by thoracotomy. Endoscopy also establishes 
whether or not the conduit is ischemic. Flexible 
and rigid bronchoscopy determine whether there 
is any tracheal stenosis and to measure the dis-
tance of the fistula from the larynx and carina.

When conduit necrosis or major anastomotic 
dehiscence results in a TEF several days after an 
esophagectomy, and patients are critically ill, the 
appropriate operation is trans-thoracic takedown 
of the anastomosis. Nonviable stomach is re-
sected, and the remainder is returned to the abdo-
men. The tracheal or bronchial defect is repaired 
primarily with interrupted vicryl suture, which 
minimizes airway granulation. The defect is but-
tressed with robust vascularized tissue, such as an 
intercostal muscle flap. The proximal esophagus 
is used to construct an esophagostomy, preserv-
ing as much esophagus as possible to facilitate 
future reconstruction. Thorough irrigation and 
drainage of the mediastinum and pleura, includ-
ing decortication of the lung, is essential.

A TEF that occurs months to years after an 
esophagectomy is quite different in terms of pre-
sentation and pathology. There is minimal or no 
mediastinal inflammation and contamination. 
The conduit is viable and the anastomosis may be 
completely healed and intact. A more measured 
approach to operative repair may be taken and the 
patient’s condition is optimized with simple con-
servative measures. It is important to determine 
whether or not there is tracheal stenosis in addi-
tion to the TEF, as this will dictate whether or not 
a simple fistula division is all that is required or if 
a tracheal resection and reconstruction is neces-
sary to address a significant stricture. All but the 
lowest supracarinal TEFs may be approached via 
a low cervical collar incision (Fig. 1.1). In TEF 
patients with a small fistula and normal trachea, 
the fistula is approached from the side, through 
the cervical incision (Fig. 1.2). The recurrent 
nerve on the side the fistula is approached from 
is at great risk, and care should be taken to avoid 
retractor injury or inadvertent division. Once the 
fistula is isolated and divided, the trachea is re-
paired with interrupted absorbable vicryl sutures. 
The esophageal or gastric conduit defect is re-
paired with a two-layered closure whenever pos-
sible. The inner layer is an interrupted inverted 

silk closure. A second outer layer is constructed 
with interrupted silk sutures approximating 
esophageal muscle or gastric serosa. A pedicled 
strap muscle is sutured in place to buttress and 
isolate the esophageal and tracheal suture lines, 
which otherwise would lie next to each other and 
predispose to fistula recurrence. When there is a 
relatively large defect in the membranous wall of 
the trachea and there is a concern of airway nar-
rowing with primary repair, a small amount of 
esophageal wall may be left behind on the tra-
cheal aspect of the fistula to augment the amount 
of tissue available to reconstruct the membranous 
wall. There is little concern about narrowing the 
lumen of the esophagus with this maneuver, as 
long as the residual lumen easily accommodates 
a nasogastric tube. Patients are extubated in the 
operating room whenever possible. A contrast 
esophagogram is performed after 7 days to en-
sure healing before starting oral alimentation.

Postintubation TEF

Postintubation TEF also exhibit circumferential 
tracheal damage and stenosis induced by cuff 
injury or granulation and scar from the trache-
otomy. Operative repair requires not just division 
and repair of the TEF, but also resection and re-
construction of the diseased segment of the tra-
chea. While the airway reconstruction adds to 
the complexity of the operation, the fistula repair 
is actually facilitated by the airway resection, 
which allows direct approach and repair of the 
fistula, as opposed to the approach from the side.

The operation is performed through a low cer-
vical collar incision (Fig. 1.1). The diseased seg-
ment of the trachea is circumferentially dissected, 
taking care to dissect close to the airway to avoid 
injury to the recurrent nerves. Division of the air-
way requires cross-field ventilation of the distal 
airway and is performed with close collaboration 
of the anesthesiologist (Fig. 1.3a). The diseased 
airway is resected, taking care not to remove tra-
chea before determining that a tension-free repair 
is feasible. The esophageal defect is closed over 
a nasogastric tube using a two-layer closure as 
described above (Fig. 1.3b). The tracheal recon-
struction is performed using an interrupted vicryl 
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suture technique (Fig. 1.3d), using the principles 
we have described previously [2].

Separation of the tracheal and esophageal su-
ture lines is accomplished with a pedicled strap 
muscle (Fig. 1.3c). The anterior aspect of the tra-
cheal anastomosis is also covered with another 
strap muscle or thyroid isthmus. Prolonged me-
chanical ventilation is avoided after a tracheal 
anastomosis, and patients are normally extubated 
in the operating room. If a tracheostomy is neces-
sary, it is placed at least two rings caudal to the 
anastomosis. In some instances, the length of 
tracheal stenosis exceeds the limits of how much 
trachea may be safely resected. In these cases, the 
division and repair of the fistula is still warrant-

ed, and the remaining airway stenosis is managed 
with a T-tube placed through a tracheotomy.

Bronchoesophageal Fistula

Most reports describing the management of TEF 
lump together fistulas to the trachea and the 
mainstem bronchus. There are, however, some 
differences between TEF and bronchoesophageal 
fistulas (BEF) that should be highlighted. BEFs 
are typically smaller than true TEFs, and small 
fistulas may be easily missed at esophagoscopy 
or bronchoscopy. A high index of suspicion and 
an expert contrast esophagogram are often nec-

Fig. 1.1  Surgical approach for tracheoesophageal fistula 
( TEF). A low-collar incision permits access to all but the 
lowest TEFs. Occasionally, a vertical midline extension 

to the sternal angle enhances access to the mediastinal tra-
chea, necessary for the repair of lower TEFs. (With per-
mission from [2] © Elsevier)
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essary to establish the diagnosis. As with TEF, 
BEF are best managed by surgical division of the 
fistula and repair of the airway and esophageal 
defects. A right thoracotomy is the primary inci-
sion used to approach fistulas to either the proxi-
mal right or left main-stem bronchus. Resection 
of the bronchus or lung is almost never necessary, 
and the goal should be to preserve all functioning 
pulmonary tissue. The intercostal muscle flap is 
the most robust and versatile tissue for buttress-
ing the esophageal and bronchial repairs.

Prevention of Tracheoesophageal 
Fistula

It is remarkable that there is about a 30-fold differ-
ence in the incidence of PETEF (0.1–3 %) in sev-
eral large series of esophagectomies (Table 1.1). 
While there are certainly patient variables such 
as preoperative chemoradiotherapy and malnutri-
tion that contribute to the development of TEF, 
there are also just as certainly operative variables 
as well. It is easy to see that minimizing the rate 
of postesophagectomy anastomotic leaks should 
also minimize the risk of the TEF development. 
The author is troubled by the tolerance of anasto-
motic leak rates greater than 5 %, when it is fea-
sible to virtually eliminate the incidence of anas-

Fig. 1.2  a Lateral approach of a small tracheoesophageal 
fistula ( TEF) without tracheal stenosis. b Primary repair of 
esophageal and tracheal membranous wall defects without 
tracheal resection. (With permission from [2] © Elsevier)

 

Fig. 1.3  Surgical management of postintubation tracheo-
esophageal fistula ( TEF). a Exposure of TEF after the 
division of the trachea distal to fistula. Distal trachea is 
intubated for cross-field ventilation. b Two-layer closure 
of esophageal defect. The first layer is an inverted inter-
rupted suture closure, and the second layer is a simple 

interrupted layer to bring the muscle together. c Strap-
muscle reinforcement of the esophageal repair, which 
buttresses the closure and separates it from the tracheal 
anastomotic suture line. d Primary reconstruction of tra-
chea with an interrupted anastomotic suture technique. 
(With permission from [2] © Elsevier)
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tomotic leaks [21, 22]. Attention to anastomotic 
technique and consideration of buttressing anas-
tomoses with omentum or muscle may mitigate 
anastomotic leaks and reduce the risk of TEF.

Aggressive nodal dissection and traumatic in-
jury to the airway also predispose to the TEF for-
mation after an esophagectomy. The incidence of 
airway injury during a transhiatal esophagectomy 
is as high as 1 %, although it is certainly much 
lower at centers who practice this technique ex-
tensively [6]. If the surgeon cannot safely per-
form a transhiatal dissection in every instance, 
the patient is better served by a technique that 
incorporates transthoracic or video assisted tho-
racic surgery (VATS) techniques that allow safe 
dissection of the esophagus from the airway.

Delayed TEFs after esophagectomy may arise 
many years after the original operation. They typ-
ically arise due to perforated ulcers in the gastric 
conduit, or erosion of the staple line used to con-
struct the gastric conduit. While the development 
of an ulcer is unlikely to be preventable, staple 
line erosion can be mitigated by over-sewing the 
staple lines. This step is often omitted in mini-
mally invasive esophagectomy, as it is relatively 
inconvenient to perform and extends the opera-
tive time. In patients undergoing esophagectomy 
for benign disease or early stage esophageal can-
cer and for whom life-expectancy is long, over-
sewing the gastric staple line is advisable.

Outcomes

Development of PETEF is associated with sig-
nificant risk of mortality, in the range of 20–30 % 
in most published series [9]. Patients may suc-
cumb either to respiratory failure or multiorgan 
dysfunction. The greatest risk of mortality is in 
patients with PETEF and gastric conduit necro-
sis. Patients with chronic or subacute TEFs do 
much better and aggressive treatment is warrant-
ed to ensure complete recovery in the majority 
of patients.

Conservative nonoperative management of 
PETEFs is reported to be successful in scattered 
reports. When described, the fistulas are usually 
pinpoint in size and patients are otherwise well. 

Conservative management is normally aban-
doned when the fistula fails to close in 4–6 weeks 
[5]. Conservative management alone is insuffi-
cient for most patients with PETEF.

Endoscopic management of PETEF is also re-
ported to succeed in scattered reports. One such 
report claimed successful closure of PETEF in 
four patients undergoing stent placement [10]. 
A closer examination of their results reveals that 
two patients died with the stent left in place. The 
two other patients who had successful healing of 
the TEF had esophageal stents placed for anas-
tomotic leaks, and the size and location of the 
fistula was not precisely defined. Of the seven 
patients with PETEF, only two survived. We are 
of the opinion that stents and endoscopic applica-
tion of glue and clips only delay definitive treat-
ment. Moreover, we are wary of stent induced 
complications such as pressure induced necrosis 
of the airway and gastric conduit as well as pos-
sible aorto-enteric fistula.

The most reliable approach to the manage-
ment of TEF is operative, using the principles 
outlined above. A cervical approach, and occa-
sionally a cervico-mediastinal approach where 
a partial upper sternotomy is also performed, is 
suitable for 90 % of operative repairs of TEF, in 
our experience [1]. About three-fourths of our 
patients required tracheal resection and recon-
struction, while the remainder simply underwent 
membranous wall repair after fistula division. All 
four PETEF patients underwent primary repair 
without tracheal resection in our series. Patients 
undergoing surgical management of TEFs have 
mortality rates of about 3 %. Successful closure 
of the fistula is expected in approximately 90 % 
of patients, and the majority of patients resume 
oral alimentation and breathe without a tracheal 
appliance.

Conclusion

Although the incidence of PETEF is relatively 
low, the significant morbidity and mortality as-
sociated with this condition dictate that this com-
plication is avoided by minimizing the risk of 
anastomotic leaks and taking care to preserve the 
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vasculature of the airway and the gastric conduit. 
If a TEF occurs, there is a step-wise and ordered 
approach to the management that encompasses 
conservative, endoscopic, and operative mea-
sures. An individualized approach to TEF man-
agement that takes into consideration the size and 
location of the TEF as well as the condition of 
the gastric conduit will ensure the best outcomes.

Five Key Points to Avoid 
Complications

1. Minimize airway ischemia by preserving 
bronchial vasculature during nodal dissection.

2. Avoid prolonged nasogastric tube placement 
in the setting of an inflated tracheal cuff.

3. Avoid inadvertent tracheobronchial trauma 
when mobilizing esophagus.

4. Ensure gastric conduit is well perfused prior 
to anastomosis.

5. Consider buttressing anastomosis routinely 
or when there is a concern about anastomotic 
healing. Consider over-sewing gastric staple-
line.

Five Key Points to Diagnose  
or Manage Complications Intra  
or Postoperatively

1. Diagnosis of small TEFs requires a high index 
of suspicion as well as radiographic and endo-
scopic examination to confirm.

2. Bronchoscopic guided placement of endotra-
cheal or tracheostomy tubes is critical in pa-
tients requiring mechanical ventilation.

3. Wean patients from mechanical ventilation 
prior to operative repair of TEF.

4. Avoid routine stenting of the esophagus or air-
way for management of PETEF.

5. Separate tracheal and esophageal suture lines 
with pedicled muscle, after the division of the 
TEF.
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Introduction

Esophageal stricture is a common issue faced 
by clinicians who care for patients with foregut 
disorders. Generally, strictures can be effectively 
managed using endoscopic techniques such as di-
lation. Improved control of the primary patholo-
gy, in most cases gastroesophageal reflux disease 
(GERD), is also typically effective in limiting 
recurrence of a stricture after therapy. However, 
while many strictures are effectively managed 
with simple dilatation, a minority remain refrac-
tory to treatment, posing a particularly difficult 
challenge to both the patient and the physician. 
We define such a “refractory” esophageal stric-
ture if one or more of the following criteria are 
met: (1) failure to achieve an adequate luminal 
diameter to allow intake of solid food without 
dysphagia despite up to four repeat dilatations 
at 2-week intervals or (2) stricture which re-
quires surgical intervention at any point. While 
such strictures can be challenging to manage, a 
thoughtful and systematic approach can allow the 

restoration of good swallowing function for the 
patient.

Etiology of Esophageal Strictures

Esophageal strictures form as the result of in-
jury to the esophageal wall with the subsequent 
development of scar tissue and secondary tissue 
contraction. The vast majority of the time, stric-
ture formation is associated with long-standing 
GERD and may be seen in combination with a 
primary motor disorder of the esophagus. How-
ever, approximately 20–30 % of cases are unre-
lated to GERD. These strictures may be associat-
ed with surgical anastomoses (such as following 
esophagectomy), scar formation after antireflux 
surgery, caustic ingestion, prior radiation treat-
ment, or malignancy.

Typical esophageal strictures are character-
ized by a cicatricial, anatomic narrowing of the 
esophagus, which we define as either simple or 
complex strictures. Simple strictures are short 
(< 2 cm) and focal, straight, and can be traversed 
with an adult endoscope prior to dilatation. In 
contrast, complex strictures are long (> 2 cm), ir-
regular, angulated or difficult to traverse with an 
endoscope [1].
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Treatment

There are a variety of nonsurgical and surgical 
treatment options for esophageal strictures. The 
choice of approach depends upon the etiology 
and complexity of the stricture and the response 
to prior treatment. First-line therapy for esopha-
geal strictures is endoscopic dilation, with se-
rial intervention often required. More aggressive 
surgical therapy is typically reserved for those 
patients who fail an endoscopic management 
strategy.

Treatment of Benign Esophageal 
Strictures

With the exception of congenital strictures, the 
pathogenesis of all benign esophageal strictures 
is transmural cellular injury; the inflammation 
that ensues leads to collagen deposition and fibro-
sis and ultimately causes a cicatricial narrowing 
of the lumen. Consequently, treatment strategies 
for benign strictures are designed to (1) establish 
patency of the esophageal lumen, (2) disrupt and 
displace the fibrotic tissue of strictures to restore 
a satisfactory diameter of the lumen, (3) mini-
mize or prevent reorganization of the fibrotic tis-
sue (and hence recurrence of) the stricture, and 
(4) minimize or prevent ongoing cellular injury.

Nonsurgical Options

Endoscopic Dilatation
Esophageal dilation has been performed for 
nearly 400 years. It was first described in the 
seventeenth century when a sponge was affixed 
to a piece of carved whalebone and used to dilate 
a patient with achalasia [2]. Alexis Boyer per-
formed the first bougienage (as it is performed 
today) in 1801 to dilate an upper esophageal 
stricture [3]. Since then, a number of materi-
als have been utilized to construct bougies. The 
word “bougie” is derived from a town in Algeria 
(Boujiyah) that was a medieval center for wax 
candle trade; the original bougies were made of 
wax and cloth [3].

There are two broad categories of dilators: 
bougie dilators (i.e., Maloney, Savory-Gilliard®, 
and American Dilation System® dilators) and bal-
loon dilators. Bougie and balloon dilators have 
slightly different mechanisms of action. Bougie 
dilators exert both longitudinal and radial force. 
In contrast, balloon dilators exert only radial 
force. Based on data from randomized controlled 
trials, there is no proven difference between ei-
ther system with regard to safety and efficacy [4, 
5]. Consequently, the choice of dilator is usually 
simply based on the endoscopist’s preference, 
though there are certain situations where one di-
lator system may be preferable [6].

In general, we prefer to dilate strictures using 
Savory dilators over a guidewire under real-time 
fluoroscopic guidance. However, this approach 
does not work well for complex, distal, angulat-
ed strictures (e.g., a complex distal anastomotic 
stricture after colonic interposition) due to the in-
ability to pass the relatively rigid tip of a bougie 
dilator beyond such strictures. In these situations, 
balloon dilators are a better option since they 
can be guided and deployed across an angulated 
strictured segment. Before classifying a stricture 
as “refractory,” it is important to assure that it 
was properly treated.

In general, our goal is to dilate esophageal 
strictures to a level that allows patients to toler-
ate a regular diet without dysphagia. As a gen-
eral, safe guide to dilating strictures, the “rule 
of threes” is useful to minimize the risk of per-
foration. The rule states that once moderate re-
sistance is encountered when passing serial di-
lators at three French intervals, no more than 
three serial dilatations should be performed in 
a single session (beginning with the dilator that 
was associated with moderate resistance). We 
also perform regular interval repeat endoscopies 
when performing multiple repeat dilatations in a 
single setting to assure that it is safe to proceed 
with further dilatation. A superficial or moderate 
thickness mucosal tear (due to disruption of fi-
brosis) is indicative of an “adequate” dilatation 
and serves as our stopping point. A low threshold 
should be adopted to obtain a postprocedure 
barium esophagram prior to discharge if a full 
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thickness tear cannot be ruled out on completion 
endoscopy.

Patients with tight strictures who have near-
complete obliteration of their esophageal lumen 
should be approached cautiously. These strictures 
can function as a one-way valve. Consequently, 
if excessive endoscopic insufflation is used, mas-
sive gastric distension can ensue and, in extreme 
circumstances, may result in gastric necrosis. For 
such strictures, we recommend cautious endo-
scopic insufflation and passing a guidewire under 
both endoscopic and real-time fluoroscopic guid-
ance prior to antegrade dilatation.

For patients who continue to have dysphagia 
after dilation, we perform a repeat endoscopy 
and dilation in 2 weeks to allow the mucosal tear 
sufficient time to heal yet reintervene before the 
stricture can fully reorganize. Some patients (es-
pecially those with anastomotic or caustic stric-
tures) require an aggressive schedule of multiple 
repeat dilatations at 2-week intervals.

Stricture recurrence is common. The likeli-
hood needing a single recurrence is 40–80 % [7–
10]. For patients who have a single recurrence, 
up to 90 % develop another recurrence [9]. For 
motivated, select patients who require frequent 
dilatations, self-dilatation is well-tolerated, effec-
tive strategy [11, 12]. Alternatively, for strictures 
that fail to respond to simple bougie or balloon 
dilatation, adjunctive endoscopic measures may 
be considered.

Steroid Injection
Because benign esophageal strictures result from 
the production of fibrous tissue and collagen de-
position, endoscopic intralesional injection of 
steroids has been utilized as an adjunct to dilata-
tion for refractory strictures. The mechanism of 
action of intralesional steroids in the reduction of 
fibrosis is poorly understood but may involve in-
hibition of fibrogenic cytokines (i.e., IL-1, TNFα 
and TGF-β), reduction in procollagen and fibro-
nectin synthesis, and reduction in the synthesis 
of collagenase inhibitors (i.e., α2-macroglobin) 
[1, 13].

There are a number of small observational 
studies that suggest a possible benefit for treat-
ing refractory benign esophageal strictures from 

various causes. These studies demonstrated an 
improvement in dysphagia [14, 15], an increase 
in the symptom-free interval between dilatations 
[16, 17], an increase in the maximal diameter 
achieved on subsequent dilatations [17, 18], and 
a decrease in the need for subsequent dilatations 
[14].

There is little randomized data on the use of 
intralesional steroid injection. One randomized 
trial compared steroid injection (0.5 cc/quadrant 
of triamcinolone [40 mg/cc]) plus balloon dilata-
tion ( n = 15) versus sham injection and balloon 
dilatation ( n = 15) for patients with peptic stric-
tures who continued to have at least weekly dys-
phagia. For patients who underwent steroid injec-
tion, there was a statistically significant reduction 
( p = 0.02) in the need for repeat dilatation (13 %) 
as compared with the control group (60 %). There 
was also a significant increase ( p = 0.01) in the 
interval between dilatation [19]. Another (small-
er) randomized trial reported similar results [20].

Esophageal Stenting
Esophageal stents maintain patency of the 
esophageal lumen by exerting radial force on 
the stricture. Due to the risk of granulation tissue 
in-growth and over-growth and the resultant risk 
of obstruction and difficulty removing the stent, 
we do not use self-expanding metal stents. Self-
expanding plastic stents, however, are a potential 
option for middle and distal esophageal stric-
tures. One systematic review pooled the results 
for 130 patients (from 10 studies) with benign 
esophageal strictures that were treated with self-
expanding metal stents. Dilatation-free remission 
was achieved in 52 % of patients [21]. That study 
also highlighted one of the major limitations of 
plastic stents—high migration rates (approxi-
mately 25 %) [21]. Consequently, reintervention 
for stent migration is common. Migration into 
stomach is easily managed (by stent removal and 
[if needed] replacement); migration into the duo-
denum can be dangerous. Given the limitations 
of metal and plastic stents, biodegradable stents 
are an interesting development [22]. However, 
further investigation is needed to define their role 
in the treatment of benign esophageal strictures.
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Self-expanding plastic stents are a tempo-
rary treatment strategy. If used, repeat endos-
copy should be performed at 2-week intervals to 
assess the need ongoing stenting. If still needed, 
the stent should be removed (preferably through 
an overtube) and replaced. We primarily use self-
expanding plastic stents for patients with benign 
middle and distal esophageal strictures that sus-
tain a perforation during dilatation. For refractory 
strictures near the cricopharyngeus, we prefer 
silicone salivary bypass (Montgomery) stents 
due to the risk of proximal migration, globus sen-
sation, and tracheal compression (and resultant 
risk of airway compromise or tracheoesophageal 
fistula) from the radial expansile forces associ-
ated with self-expanding plastic stents [23, 24]. 
Covered, flexible stents that exert a low degree of 
radial force (e.g., Ultraflex stents) are an alterna-
tive to Montgomery stents.

Rendez-Vous Procedure
Some patients develop complete loss of the pa-
tency of the esophageal lumen from a variety of 
benign and malignant disorders. Standard ante-
grade dilatation can be dangerous in such patients. 
For these patients, combined antegrade and retro-
grade dilatation (a “rendez-vous procedure”) is a 
safe, useful technique that restores patency of the 
lumen in 80–100 % of patients [25–30].

We perform the procedure under general anes-
thesia. A standard adult (9.8 mm) flexible endo-
scope is advanced antegrade down the esophagus 
under direct vision to the level of the obstruction. 
If a gastrostomy tube was previously placed, 
the gastrostomy tube is removed and a pediatric 
(5.5 mm) flexible endoscope is advanced retro-
grade up the esophagus to the distal aspect of the 
occlusion. Alternatively, if a gastrostomy tube is 
not in place, we perform a mini-laparotomy and 
place one. The orientation of the lumen is deter-
mined using a combination of endoscopy and 
fluoroscopy. Next, the lumen is punctured retro-
grade using a guidewire, brought out through the 
mouth, and used for antegrade dilation.

Incisional Therapy
As an alternative to repeat dilatations, some en-
doscopists have explored the use of incisional 

therapy. These techniques use electrocautery 
with [31] or without dilatation [32], electrocau-
tery combined with argon plasma beam coagu-
lation [33], needle-knife techniques [34], or en-
doscopic scissors [35]. However, based on data 
from a randomized trial, there is no significant 
difference in the success rate of incisional ther-
apy as compared with Savary bougienage [36]. 
Consequently, we prefer dilatation to incisional 
therapy.

Surgical Options

Antireflux Surgery for Peptic Strictures
First-line treatment for peptic strictures is esoph-
ageal dilatation and use of proton pump inhibitors 
(PPIs). However, a significant number of patients 
with peptic strictures fail conservative (first-
line) treatment of peptic strictures, evidenced 
by failure of their esophagitis to heal, inability 
to achieve symptom relief (or development of 
worsening symptoms), and the need for repeat 
dilatations. In fact, 30–40 % of patients with pep-
tic strictures need repeat dilatations within a year 
of their initial dilatation [37–39]. Peptic strictures 
are a complication of GERD. For GERD patients 
who fail maximal medical therapy, laparoscopic 
antireflux surgery is a time-proven, safe, and ef-
fective treatment with low associated morbidity 
and mortality [40, 41]. Consequently, for patients 
with peptic strictures who are otherwise appro-
priate surgical candidates and who fail a trial 
of dilatation and PPI therapy, antireflux surgery 
should be offered.

To date, there are no randomized trials com-
paring maximal medial therapy with laparoscopic 
antireflux surgery. One retrospective study com-
pared a group of 42 patients treated with antire-
flux surgery with a control group of 78 patients 
treated medically (with H2 blockers and bougie-
nage) over a 3-year period and found that patients 
treated surgically required fewer dilatations [42]. 
Furthermore, there are single institutional series 
that have demonstrated that laparoscopic anti-
reflux surgery is safe and effective in appropri-
ately selected patients with peptic strictures that 
have failed to respond to conservative therapy. It 
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results in improvement in both dysphagia scores 
and quality-of-life measures while reducing the 
need for dilatations [43, 44].

Special consideration needs to be given to pa-
tients with peptic strictures who undergo esopha-
gectomy. Peptic strictures are the result of trans-
mural inflammation which can cause esophageal 
dysmotility (in approximately 20 % of patients) 
and the resultant need for a partial fundoplication 
[43]. Transmural inflammation can also cause 
esophageal foreshortening. If inadequate intraab-
dominal esophagus is present at the completion 
of the lower mediastinal dissection, a Collis gas-
troplasty should be performed.

Esophagectomy
Some patients with benign esophageal strictures 
from failed prior fundoplications [45, 46], use of 
synthetic mesh to repair a hiatal hernia [47], and 
corrosive injuries that fail to respond to dilata-
tion [48–50] are best served by esophagectomy, 
which can be performed with a morality rate 
under 1 % [51]. We prefer to use a tubularized 
gastric conduit for esophageal replacement, and 
use a colonic conduit when the stomach is not 
usable.

As an alternative to esophagectomy, some 
investigators have described the esophagoplasty 
with myocutaneous flaps [52], a vascularized 
colonic patch [53], and extracellular matrix scaf-
folds [54]. However, patch esophagoplasty is 
prone to anastomotic leak, graft necrosis, and 
donor site complications. Consequently, we pre-
fer standard esophagectomy and reconstruction 
techniques.

Finally, some have advocated bypass (rather 
than esophagectomy) for corrosive esophageal 
injuries due to a perceived increased risk of 
bleeding, tracheobronchial injury, and recur-
rent laryngeal nerve injury secondary to dense 
periesophageal adhesions [55]. However, based 
on retrospective studies, there is no significant 
difference in morbidity or mortality between by-
pass and esophagectomy [48, 56]. Furthermore, 
there is a 3–13 % chance of developing cancer 
within the bypassed esophagus (which is not ac-
cessible for routine endoscopic examination) [55, 
56]. Consequently, we do not perform an esopha-
geal bypass.

Malignant Esophageal Strictures

Endoscopic Treatment

Dilatation
Though it may require repeat intervention, simple 
dilatation is an effective method to treat dyspha-
gia secondary to malignant esophageal strictures, 
especially when external beam radiation therapy 
with or without chemotherapy is planned.

Stent Placement
Esophageal stent placement provides rapid re-
lief of dysphagia and is the most commonly 
used modality to palliate dsyphagia secondary 
to malignant esophageal strictures. A variety of 
esophageal stents are available, which differ in 
their design, length, diameter and flexibility as 
well as the amount of radial force they exert. We 
do not use uncovered metal stents due to the risk 
of tumor and granulation tissue in-growth, which 
results in a partial obstruction and recurrent dys-
phagia. Most of the available self-expanding 
metal stents in the United States are made of ni-
tinol and are available in partially covered (i.e., 
Ultraflex stent [Boston Scientific, Natick, MA]) 
and fully covered designs (i.e., Alimaxx-E stent 
[Merit Medical Systems, South Jordan, UT] and 
Niti-S stent [TaeWoong Medical, Seoul, Korea]). 
Some stents are available in both partially and 
fully covered designs (i.e., Wallflex stent [Bos-
ton Scientific] and Evolution stent [Cook Medi-
cal, Bloomington, IN]).

A limitation of partially covered self-ex-
panding metal stents is recurrent dysphagia (in 
approximately 30 % of patients) due to stent 
migration, tumor in-growth, granulation tissue 
in-growth, or food impaction [57]. Fully cov-
ered stents are more resistant to tumor or granu-
lation tissue in-growth (and hence are easier to 
remove) but are more prone to stent migration. 
Both partial and fully covered stents are equally 
effective. There is no evidence in the literature 
to suggest that one particular stent offers optimal 
outcomes.

As an alternative to covered metal stents, the 
Polyflex stent (Boston Scientific, Natick, MA) is 
a fully covered plastic stent that is made of sili-
cone and is encapsulated with a polyester mono-
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filament braid. Given its success in the treatment 
of benign strictures, its role in the treatment of 
malignant strictures has been explored. As com-
pared with self-expanding metal stents, it pro-
vides comparable relief of dysphagia. However, 
it is associated with a higher rate of complications 
(migration, hemorrhage, and tumor over growth) 
[58]. In our study, we noted a 63 % migration rate 
of Polyflex stents [59].

Stenting across the gastroesophageal junction 
(GEJ) poses a particular problem—reflux. Con-
sequently, all patients with GEJ stents should be 
placed on proton pump inhibitors. With the rising 
incidence of esophageal adenocarcinoma, malig-
nant strictures in the distal esophagus and GEJ 
and their attendant stent-related complications 
will likely continue to increase [22]. To minimize 
reflux, stents with an antireflux valve have been 
developed and have produced mixed results in 
the literature [60, 61].

Laser Therapy
Neodymium yttrium-aluminum-garnet (Nd:YAG) 
laser is best suited for exophytic tumors that are 
less than 6 cm and located in the mid-esophagus. 
Nd:YAG lasers should not be used for circumfer-
ential tumors because it can cause stricture forma-
tion. Multiple treatments (at 4–6-week intervals) 
are usually required to achieve palliation [62]

Photodynamic therapy (PDT) involves admin-
istering light (at a 620 or 630 nm wavelength) 
endoscopically to patients who are given a pho-
tosensitizer (e.g., Photofrin [Axcan Pharma, 
Quebec, Canada]) 48 h before treatment. It has 
5–6 mm of tissue penetration. In our series of 215 
patients, PDT was 85 % effective in improving 
dysphagia and 93 % effective in controlling 
bleeding [63]. It is also effective at treating tumor 
in-growth of previously placed stents [64].

As compared with self-expanding metal stents, 
laser therapy provides similar improvement in 
dysphagia. However, laser therapy is expensive, 
requires repeat intervention, is not widely avail-
able, and has higher rates of perforation, fistula 
formation, and stricturing [65]. PDT is also asso-
ciated with photosensitivity for 4–6 weeks.

Brachytherapy
Brachytherapy is a safe and effective treatment 
option that involves the administration of a radia-
tion source (e.g., Iridium-192) down the esopha-
gus over a guidewire. The highest rates of pal-
liation are achieved when 7.5–20 Gy is adminis-
tered in 1–3 fractions [62, 66]. As compared with 
stent placement, brachytherapy provides slower 
(but longer lasting) relief of dysphagia, has a 
lower complication rate, and results in improved 
quality of life [67]. Brachytherapy is best suited 
for patients who do not require immediate relief 
of dysphagia and will survive long enough to 
benefit from it (> 3 months) [68].

Chemotherapy and Radiation Therapy

As compared to esophageal stents and other en-
doluminal therapies, there is no evidence that 
chemotherapy and radiation therapy (alone or in 
combination) provides better palliation of dys-
phagia [65]. As such, patients with dysphagia 
secondary to a malignant esophageal stricture 
who are undergoing chemotherapy and/or radia-
tion therapy should also be treated with endolu-
minal therapy (i.e., dilatation or stent placement).

Surgical Treatment

Esophagectomy (as part of a multimodal ap-
proach) is the treatment of choice for localized 
esophageal cancer. Consequently, esophagecto-
my is a treatment option for malignant strictures 
in medically fit patients with localized disease if 
an R0 resection can be achieved with an accept-
able risk of morbidity and mortality.

The 5-year survival rate for patients with stage 
IV esophageal cancer is less than 5 % [69]. Given 
the success of endoscopic palliation and the mor-
bidity, mortality, and negative immediate impact 
on quality-of-life, esophagectomy (or bypass) is 
rarely indicated for palliation of malignant dys-
phagia. In select patients, esophagectomy is an 
option for those patients who fail endoscopic pal-
liation of dysphagia, bleeding, or tracheoesopha-
geal fistulas [62].
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Conclusion

The management of esophageal stricture poses a 
significant clinical challenge. First-line therapy 
involves careful endoscopic characterization of 
the lesion and a trial of therapeutic bougienage 
in nearly all cases. More aggressive interventions 
should be reserved for patients who do not re-
spond to dilatation or the presence of malignancy 
or other primary motility disorders of the esopha-
gus (i.e., achalasia) which may respond well to 
primary surgical therapy. Novel techniques such 
as submucosal steroid injection for benign le-
sions or intraluminal photodynamic therapy or 
Nd-Yag laser debridement for malignancy should 
be reserved for use in selected patients by prac-
titioners with specific experience with the tech-
niques. Self-expanding metal stents may afford 
excellent palliation for malignant stricture, but 
may have issues related to migration and erosion 
and frequent surveillance may be needed. Fur-
ther, a commensurate increase in reflux should be 
anticipated when stents are used in the palliation 
of foregut strictures.

Surgical management of refractory stricture 
is the treatment of choice in the setting of a lo-
calized esophageal cancer for which a complete 
resection is felt to be feasible. For patients with 
advanced malignancy, endoscopic palliation may 
provide a reasonable option with limited morbid-
ity. An aggressive surgical approach may also be 
warranted in situations where the stricture is the 
result of an anatomic abnormality created as a 
result of prior antireflux surgery. Careful opera-
tive planning and intraoperative evaluation are 
crucial. For all lesions, a thorough understanding 
of the underlying pathology is paramount in de-
termining the appropriate treatment course.

Key Points for Avoiding Postsurgical 
Esophageal Strictures

1. For patients who undergo an esophageal anas-
tomosis:
a. Construct an appropriately sized, tension-

free anastomosis

b. Minimize risk factors for esophageal anas-
tomotic strictures (e.g., ischemia and anas-
tomotic leak)

2. For patients who undergo fundoplication and 
repair of a hiatal hernia:
a. Avoid iatrogenic constriction (constructing 

a tight wrap and closing the hiatus tightly)
b. Avoid use of a synthetic mesh to close the 

hiatus
3. Use proton pump inhibitors for patients at risk 

for ongoing mucosal injury

Key Points for Managing Esophageal 
Strictures

1. Endoscopic dilatation is the first-line treat-
ment of esophageal strictures. Surgery should 
be reserved for failure of maximal nonopera-
tive therapy.

2. Serial dilatations at 1–2-week intervals may 
be needed to maximize the potential of dilata-
tion and to achieve a satisfactory outcome

3. Stenting is a temporary treatment option, es-
pecially for benign strictures.

4. For patients with complete loss of the patency 
of the esophageal lumen, a rendez-vous proce-
dure is an excellent option

5. Always have a backup plan if the first choice 
of treatment fails or results in a complication.

Acknowledgments The authors thank Kathryn E. 
Lovas for her assistance in preparing this chapter.

References

1. Lew RJ, Kochman ML. A review of endoscopic 
methods of esophageal dilation. J Clin Gastroenterol. 
2002;35(2):117–26.

2. Willis T. Pharmaceutice Rationalis Sive Diatribe de 
Medicamentorum Operationibus in Human Corpore. 
London: Hagae Comitis; 1674.

3. Hurt R. Benign stricture of the esophagus. The history 
of cardiothoracic surgery from early times. New York: 
Parthenon Publishing Company; 1996.

4. Scolapio JS, Pasha TM, Gostout CJ, et al. A random-
ized prospective study comparing rigid to balloon 
dilators for benign esophageal strictures and rings. 
Gastrointest Endosc. 1999;50(1):13–7.



20 S. S. Groth et al.

 5. Saeed ZA, Winchester CB, Ferro PS, Michaletz PA, 
Schwartz JT, Graham DY. Prospective randomized 
comparison of polyvinyl bougies and through-the-
scope balloons for dilation of peptic strictures of the 
esophagus. Gastrointest Endosc. 1995;41(3):189–95.

 6. Ferguson DD. Evaluation and management of 
benign esophageal strictures. Dis Esophagus. 
2005;18(6):359–64.

 7. Lanza FL, Graham DY. Bougienage is effective ther-
apy for most benign esophageal strictures. JAMA. 
1978;240(9):844–7.

 8. Ogilvie AL, Ferguson R, Atkinson M. Outlook with 
conservative treatment of peptic oesophageal stric-
ture. Gut. 1980;21(1):23–5.

 9. Glick ME. Clinical course of esophageal stric-
ture managed by bougienage. Dig Dis Sci. 
1982;27(10):884–8.

10. Patterson DJ, Graham DY, Smith JL, et al. Natural 
history of benign esophageal stricture treated by dila-
tation. Gastroenterology. 1983;85(2):346–50.

11. Davis SJ, Zhao L, Chang AC, Orringer MB. Refrac-
tory cervical esophagogastric anastomotic strictures: 
management and outcomes. J Thorac Cardiovasc 
Surg. 2011 ;141(2):444–8.

12. Dzeletovic I, Fleischer DE, Crowell MD, et al. Self-
dilation as a treatment for resistant, benign esopha-
geal strictures. Dig Dis Sci. 2013;58(11):3218–23.

13. Kovacs EJ, DiPietro LA. Fibrogenic cytokines 
and connective tissue production. FASEB J. 
1994;8(11):854–61.

14. Kochhar R, Makharia GK. Usefulness of intralesional 
triamcinolone in treatment of benign esophageal 
strictures. Gastrointest Endosc. 2002;56(6):829–34.

15. Orive-Calzada A, Bernal-Martinez A, Navajas-
Laboa M, et al. Efficacy of intralesional corticoste-
roid injection in endoscopic treatment of esophageal 
strictures. Surg Laparosc Endosc Percutan Tech. 
2012;22(6):518–22.

16. Zein NN, Greseth JM, Perrault J. Endoscopic intra-
lesional steroid injections in the management of 
refractory esophageal strictures. Gastrointest Endosc. 
1995;41(6):596–8.

17. Lee M, Kubik CM, Polhamus CD, Brady CE, 3rd, 
Kadakia SC. Preliminary experience with endo-
scopic intralesional steroid injection therapy for 
refractory upper gastrointestinal strictures. Gastroin-
test Endosc. 1995;41(6):598–601.

18. Kochhar R, Ray JD, Sriram PV, Kumar S, Singh K. 
Intralesional steroids augment the effects of endo-
scopic dilation in corrosive esophageal strictures. 
Gastrointest Endosc. 1999;49(4 Pt 1):509–13.

19. Ramage JI, Jr, Rumalla A, Baron TH, et al. A pro-
spective, randomized, double-blind, placebo-con-
trolled trial of endoscopic steroid injection therapy 
for recalcitrant esophageal peptic strictures. Am J 
Gastroenterol. 2005;100(11):2419–25.

20. Altintas E, Kacar S, Tunc B, et al. Intralesional ste-
roid injection in benign esophageal strictures resis-
tant to bougie dilation. J Gastroenterol Hepatol. 
2004;19(12):1388–91.

21. Repici A, Hassan C, Sharma P, Conio M, Siersema P. 
Systematic review: the role of self-expanding plas-
tic stents for benign oesophageal strictures. Aliment 
Pharmacol Ther. 2010;31(12):1268–75.

22. Repici A, Vleggaar FP, Hassan C, et al. Efficacy 
and safety of biodegradable stents for refractory 
benign esophageal strictures: the BEST (Biodegrad-
able Esophageal Stent) study. Gastrointest Endosc. 
2010;72(5):927–34.

23. Macdonald S, Edwards RD, Moss JG. Patient toler-
ance of cervical esophageal metallic stents. J Vasc 
Interv Radiol. 2000;11(7):891–8.

24. Choi EK, Song HY, Kim JW, et al. Covered metal-
lic stent placement in the management of cervi-
cal esophageal strictures. J Vasc Interv Radiol. 
2007;18(7):888–95.

25. Bueno R, Swanson SJ, Jaklitsch MT, Lukanich JM, 
Mentzer SJ, Sugarbaker DJ. Combined antegrade 
and retrograde dilation: a new endoscopic technique 
in the management of complex esophageal obstruc-
tion. Gastrointest Endosc. 2001;54(3):368–72.

26. Baumgart DC, Veltzke-Schlieker W, Wiedenmann B, 
Hintze RE. Successful recanalization of a completely 
obliterated esophageal stricture by using an endo-
scopic rendezvous maneuver. Gastrointest Endosc. 
2005;61(3):473–5.

27. Lew RJ, Shah JN, Chalian A, Weber RS, Williams 
NN, Kochman ML. Technique of endoscopic ret-
rograde puncture and dilatation of total esophageal 
stenosis in patients with radiation-induced strictures. 
Head Neck. 2004;26(2):179–83.

28. Maple JT, Petersen BT, Baron TH, Kasperbauer 
JL, Wong Kee Song LM, Larson MV. Endoscopic 
management of radiation-induced complete upper 
esophageal obstruction with an antegrade-retro-
grade rendezvous technique. Gastrointest Endosc. 
2006;64(5):822–8.

29. Langerman A, Stenson KM, Ferguson MK. Retro-
grade endoscopic-assisted esophageal dilation. J 
Gastrointest Surg. 2010;14(7):1186–9.

30. Dellon ES, Cullen NR, Madanick RD, et al. Out-
comes of a combined antegrade and retrograde 
approach for dilatation of radiation-induced esopha-
geal strictures (with video). Gastrointest Endosc. 
2010;71(7):1122–9.

31. Hagiwara A, Togawa T, Yamasaki J, Shirasu M, 
Sakakura C, Yamagishi H. Endoscopic incision and 
balloon dilatation for cicatricial anastomotic stric-
tures. Hepatogastroenterology. 1999;46(26):997–9.

32. Simmons DT, Baron TH. Electroincision of refrac-
tory esophagogastric anastomotic strictures. Dis 
Esophagus. 2006;19(5):410–4.

33. Schubert D, Kuhn R, Lippert H, Pross M. Endoscopic 
treatment of benign gastrointestinal anastomotic stric-
tures using argon plasma coagulation in combination 
with diathermy. Surg Endosc. 2003;17(10):1579–82.

34. Hordijk ML, Siersema PD, Tilanus HW, Kuipers EJ. 
Electrocautery therapy for refractory anastomotic 
strictures of the esophagus. Gastrointest Endosc. 
2006;63(1):157–63.



212 Esophageal Strictures Refractory to Endoscopic Dilatation

35. Beilstein MC, Kochman ML. Endoscopic incision of 
a refractory esophageal stricture: novel management 
with an endoscopic scissors. Gastrointest Endosc. 
2005;61(4):623–5.

36. Hordijk ML, van Hooft JE, Hansen BE, Fockens P, 
Kuipers EJ. A randomized comparison of electro-
cautery incision with Savary bougienage for relief of 
anastomotic gastroesophageal strictures. Gastrointest 
Endosc. 2009;70(5):849–55.

37. Smith PM, Kerr GD, Cockel R, et al. A compari-
son of omeprazole and ranitidine in the preven-
tion of recurrence of benign esophageal stricture. 
Restore Investigator Group. Gastroenterology. 
1994;107(5):1312–18.

38. Marks RD, Richter JE. Peptic strictures of the esoph-
agus. Am J Gastroenterol. 1993;88(8):1160–73.

39. Saeed ZA, Ramirez FC, Hepps KS, et al. An objec-
tive end point for dilation improves outcome of 
peptic esophageal strictures: a prospective random-
ized trial. Gastrointest Endosc. 1997;45(5):354–9.

40. Broeders JA, Roks DJ, Ahmed Ali U, Draaisma WA, 
Smout AJ, Hazebroek EJ. Laparoscopic anterior 
versus posterior fundoplication for gastroesopha-
geal reflux disease: systematic review and meta-
analysis of randomized clinical trials. Ann Surg. 
2011;254(1):39–47.

41. Morgenthal CB, Shane MD, Stival A, et al. The dura-
bility of laparoscopic Nissen fundoplication: 11-year 
outcomes. J Gastrointest Surg. 2007;11(6):693–700.

42. Watson A. Reflux stricture of the oesophagus. Br J 
Surg. 1987;74(6):443–8.

43. Klingler PJ, Hinder RA, Cina RA, et al. Laparo-
scopic antireflux surgery for the treatment of esopha-
geal strictures refractory to medical therapy. Am J 
Gastroenterol. 1999;94(3):632–6.

44. Spivak H, Farrell TM, Trus TL, Branum GD, War-
ring JP, Hunter JG. Laparoscopic fundoplication for 
dysphagia and peptic esophageal stricture. J Gastro-
intest Surg. 1998;2(6):555–60.

45. Shen KR, Harrison-Phipps KM, Cassivi SD, et al. 
Esophagectomy after anti-reflux surgery. J Thorac 
Cardiovasc Surg. 2010;139(4):969–75.

46. Madenci AL, Reames BN, Chang AC, Lin J, Orringer 
MB, Reddy RM. Factors associated with rapid pro-
gression to esophagectomy for benign disease. J Am 
Coll Surg. 2013;217(5):889–95.

47. Stadlhuber RJ, Sherif AE, Mittal SK, et al. Mesh 
complications after prosthetic reinforcement of 
hiatal closure: a 28-case series. Surg Endosc. 
2009;23(6):1219–26.

48. Javed A, Pal S, Dash NR, Sahni P, Chattopadhyay 
TK. Outcome following surgical management of 
corrosive strictures of the esophagus. Ann Surg. 
2011;254(1):62–6.

49. Knezevic JD, Radovanovic NS, Simic AP, et al. 
Colon interposition in the treatment of esophageal 
caustic strictures: 40 years of experience. Dis Esoph-
agus. 2007;20(6):530–4.

50. Zhou JH, Jiang YG, Wang RW, et al. Management 
of corrosive esophageal burns in 149 cases. J Thorac 
Cardiovasc Surg. 2005;130(2):449–55.

51. Luketich JD, Pennathur A, Awais O, et al. Outcomes 
after minimally invasive esophagectomy: review of 
over 1000 patients. Ann Surg. 2012;256(1):95–103.

52. Noland SS, Ingraham JM, Lee GK. The sternoclei-
domastoid myocutaneous “patch esophagoplasty” 
for cervical esophageal stricture. Microsurgery. 
2011;31(4):318–22.

53. Raboei EH, Luoma R. Colon patch esophagoplasty: 
an alternative to total esophagus replacement? Eur J 
Pediatr Surg. 2008;18(4):230–2.

54. Nieponice A, Ciotola FF, Nachman F, et al. Patch 
esophagoplasty: esophageal reconstruction using bio-
logic scaffolds. Ann Thorac Surg. 2014;97(1):283–8.

55. Gerzic ZB, Knezevic JB, Milicevic MN, Jovanovic 
BK. Esophagocoloplasty in the management of 
postcorrosive strictures of the esophagus. Ann Surg. 
1990;211(3):329–36.

56. Kim YT, Sung SW, Kim JH. Is it necessary to resect 
the diseased esophagus in performing reconstruction 
for corrosive esophageal stricture? Eur J Cardiotho-
rac Surg. 2001;20(1):1–6.

57. Homs MY, Steyerberg EW, Kuipers EJ, et al. 
Causes and treatment of recurrent dysphagia after 
self-expanding metal stent placement for pal-
liation of esophageal carcinoma. Endoscopy. 
2004;36(10):880–6.

58. Conio M, Repici A, Battaglia G, et al. A randomized 
prospective comparison of self-expandable plastic 
stents and partially covered self-expandable metal 
stents in the palliation of malignant esophageal dys-
phagia. Am J Gastroenterol. 2007;102(12):2667–77.

59. Pennathur A, Chang AC, McGrath KM, et al. Poly-
flex expandable stents in the treatment of esopha-
geal disease: initial experience. Ann Thorac Surg. 
2008;85(6):1968–72; discussion 1973.

60. Laasch HU, Marriott A, Wilbraham L, Tunnah S, 
England RE, Martin DF. Effectiveness of open versus 
antireflux stents for palliation of distal esophageal 
carcinoma and prevention of symptomatic gastro-
esophageal reflux. Radiology. 2002;225(2):359–65.

61. Homs MY, Wahab PJ, Kuipers EJ, et al. Esophageal 
stents with antireflux valve for tumors of the distal 
esophagus and gastric cardia: a randomized trial. 
Gastrointest Endosc. 2004;60(5):695–702.

62. Qureshi I, Shende M, Luketich JD. Surgical pallia-
tion for Barrett’s esophagus cancer. Surg Oncol Clin 
N Am. 2009;18(3):547–60.

63. Litle VR, Luketich JD, Christie NA, et al. Photody-
namic therapy as palliation for esophageal cancer: 
experience in 215 patients. Ann Thorac Surg. 
2003;76(5):1687–92; discussion 1692–1683.

64. Scheider DM, Siemens M, Cirocco M, et al. Photo-
dynamic therapy for the treatment of tumor ingrowth 
in expandable esophageal stents. Endoscopy. 
1997;29(4):271–4.



22 S. S. Groth et al.

65. Sreedharan A, Harris K, Crellin A, Forman 
D, Everett SM. Interventions for dysphagia in 
oesophageal cancer. Cochrane Database Syst Rev. 
2009(4):CD005048.

66. Sur RK, Levin CV, Donde B, Sharma V, Miszczyk L, 
Nag S. Prospective randomized trial of HDR brachy-
therapy as a sole modality in palliation of advanced 
esophageal carcinoma—an International Atomic 
Energy Agency study. Int J Radiat Oncol Biol Phys. 
2002;53(1):127–33.

67. Siersema PD. Treatment options for esophageal 
strictures. Nat Clin Pract Gastroenterol Hepatol. 
2008;5(3):142–52.

68. Homs MY, Steyerberg EW, Eijkenboom WM, et al. 
Single-dose brachytherapy versus metal stent place-
ment for the palliation of dysphagia from oesopha-
geal cancer: multicentre randomised trial. Lancet. 
2004;364(9444):1497–504.

69. Howlader N, Noone AM, Krapcho M, Garshell J, 
Neyman N, Altekruse SF, Kosary CL, Yu M, Ruhl J, 
Tatalovich Z, Cho H, Mariotto A, Lewis DR, Chen 
HS, Feuer EJ, Cronin KA, editors. SEER Cancer 
Statistics Review, 1975–2010, National Cancer 
Institute. Bethesda, MD, http://seer.cancer.gov/
csr/1975_2010/, based on November 2012 SEER 
data submission, posted to the SEER web site, April 
2013.



23

3Esophageal Anastomotic Leak

Onkar V. Khullar and Seth D. Force

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_3, 
© Springer Science+Business Media New York 2015

S. D. Force () · O. V. Khullar
Division of Cardiothoracic Surgery,  
Emory University Hospital, Atlanta, GA, USA
e-mail: sforce@emory.edu

Introduction

As the incidence of esophageal cancer continues 
to rise, increasing numbers of esophagectomies 
will be performed. Esophagectomy, with or with-
out neoadjuvant therapy, continues to provide the 
best possibility for cure for early stage cancer. 
Despite improvements in surgical technique and 
perioperative care, morbidity after esophagecto-
my continues to be common [1, 2]. Anastomotic 
leak, in particular, remains a major source of 
morbidity and mortality after esophagectomy and 
continues to be one of the most feared complica-
tions. Early identification and treatment remain 
paramount in order to avoid long-term complica-
tions and death.

Regardless of surgical approach for resec-
tion including minimally invasive techniques, 
leak rates remain a common topic of surgical 
research. Several large case series and database 
analyses have been published looking at a va-
riety of anastomotic techniques, reporting leak 
rates ranging from 5 to 20 % (Table 3.1). Unfor-
tunately, complications from anastomotic leaks 
can be considerable with mortality rates ranging 
from 30 to 40 % [3, 4]. Perioperative outcomes, 
length of stay, long-term morbidity, and anasto-
motic strictures have all been shown to be worse 
after conduit leak [5]. Leak rates and the resul-
tant severity of illness vary based on the source 

of the neoesophageal conduit and location of the 
anastomosis. Stomach, colon, and jejunum are 
the most commonly used conduits with anasto-
moses either in the neck or in the chest. The most 
frequently used conduit is the stomach given its 
extensive blood supply, anatomic convenience, 
relatively short distance to the anastomotic site, 
and the need for only a single anastomosis. Re-
gardless of the choice of conduit, possible sites 
of leak include the proximal and (in the case of 
colon and jejunum) distal anastomoses, staple 
lines along the conduit (in the case of tubularized 
stomach), and necrosis/ischemia of the conduit 
itself. Treatment of a leak is perhaps best man-
aged by avoiding one. Therefore, any discussion 
of leaks must begin with discussion of risk fac-
tors for their development.

Risk Factors for Anastomotic Leak

Risk factors for leaks are best considered when 
divided into technical and patient specific causes. 
Technical risk factors are perhaps the most easily 
modified and harken back to the basic tenets of 
any surgical anastomosis—minimizing tension 
while maintaining perfusion. First and foremost is 
careful preparation of the neoesophageal conduit 
and avoidance of conduit ischemia. Prevalence 
of conduit ischemia may be as high as 10 % [6]. 
Meticulous surgical technique in preservation of 
vascular supply of the conduit is vital to prevent 
conduit ischemia, and a major risk factor for leak 
is reflected in the surgical maxim “Pink in the 
belly, pink in the neck or chest.” Therefore, main-
taining adequate arterial blood supply through 
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preservation, in the case of gastric conduits, of 
the right gastroepiploic, and if possible the right 
gastric artery, is of paramount importance. To ac-
complish this, the greater omentum is separated 
from the stomach beginning high on the greater 
curve where the right gastroepiploic terminates. 
The omentum should then be divided proximally 
to the left crus, dividing the short gastric vessels. 
Distally, the omentum should be separated care-
fully while palpating the gastroepiploic artery to 
ensure it is not inadvertently injured.

Of equal importance, though often less em-
phasized, is preservation of venous drainage 
through careful dissection and preservation of 
the pars flaccida. The gastrohepatic ligament 
should be divided at its filmy attachments up to-
ward the hiatus. The left gastric vein is identi-
fied and divided close to its origin, as is the left 
gastric artery. All adjacent lymph nodes and ve-
nous drainage along the lesser curve should be 
swept toward the stomach. Once ready to divide 
the stomach, the lesser curve should be divided at 
the level of the second vascular arcade, thereby 

preserving some of the venous drainage. The 
stomach should continue to be divided toward 
the gastric fundus while progressively stretch-
ing the stomach cephalad and straightening the 
gastric tube. Upon completion of the conduit, the 
stomach should be carefully inspected while still 
in the abdomen to ensure that it remains pink and 
perfused and to confirm a palpable pulse in the 
right gastroepiploic artery.

Key points in regard to minimizing tension on 
the anastomosis include adequate mobilization 
and careful tubularization of the stomach in order 
to create a conduit of sufficient length. Kocheriz-
ing the duodenum and division of any adhesions 
to the pancreas in the lesser sac will allow for a 
complete mobilization of the stomach. Addition-
ally, division of the left gastric and short gastric 
arteries will further increase intraabdominal mo-
bilization and length. Finally, tubularizing the 
stomach along the greater curvature will help 
create a straight conduit of sufficient length to 
reach the anastomosis while allowing for ad-
equate drainage of the conduit. A conduit which 

Table 3.1  Selected published esophageal anastomotic leak rates
Authors Publication year Surgical approach N Leak rate(%)
Cervical anastomosis
Heitmiller et al. [17] 1999 a 262 0.8
Swanson et al. [42] 2001 Three field 342 8
Walther et al. [12] 2003 Three field 41 2.4
Luketich et al. [43] 2003 MIE 222 11.7
Orringer et al. [44] 2007 Transhiatal 944 9
Klink et al. [45] 2012 Transhiatal 36 31
Kassis et al. [5] 2013 Transhiatal 1050 11.6

Three field 519 14.3
MIE 168 10.1

Price et al. [46] 2013 a 163 21
Intrathoracicanastomosis
Visbal et al. [47] 2001 Ivor-Lewis 220 0.9
Walther et al. [12] 2003 Ivor-Lewis 42 0
Crestanello et al. [4] 2005 Ivor-Lewis 761 6.3
Ott et al. [48] 2009 Ivor-Lewis 240 8.3
Klink et al. [45] 2012 Ivor-Lewis 36 11
Kassis et al. [5] 2013 Ivor-Lewis 1174 9.3

Thoracoabdominal 105 5.7
MIE 280 10.7

Price et al. [46] 2013 b 269 5.9
MIE minimally invasive esophagectomy
a Includes both transhiatal and three-field approaches
b Includes Ivor-Lewis, MIE, and thoracoabdominal approaches
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is too wide will not have enough length and will 
not empty well predisposing to a leak. However, 
a narrow conduit (3 cm in width) is predisposed 
to increased ischemia at the gastric tip, likely due 
to the removal of collateral blood supply. Previ-
ous studies have shown the ideal conduit width to 
be 4–5 cm both in open and minimally invasive 
esophagectomy [7–9].

In the rare case in which stomach is unavail-
able, most commonly due to prior gastric sur-
gery, colon or jejunum can be used as possible 
conduits. While both of these methods provide 
possible alternatives to stomach, they carry the 
disadvantages of two additional anastomoses and 
the risk of an intraabdominal leak. Use of colon 
interposition, while uncommon, has been studied 
in several retrospective series with equivalent, 
if not slightly lower, leak rates when compared 
with the stomach [6, 10]. Both right and left 
colon with inclusion of the transverse colon can 
be used, though our preference is the left as it 
provides a better size match to the esophagus. 
Use of the colon often necessitates a preoperative 
colonoscopy to rule out colonic pathology and 
a CT angiogram to evaluate the colonic vessels, 
including the patency of the marginal artery. The 
blood supply to the left colon conduit will depend 
on the ascending branches of the left and middle 
colic arteries with a patent intervening marginal 
artery. Pulsation in all colonic arteries should be 
confirmed at the time of laparotomy. Mobiliza-
tion of the peritoneal reflection from the splenic 
flexure down to the rectosigmoid junction is 
necessary in order to minimize tension. A 1- to 
2-cm rim of mesocolon on the conduit should be 
maintained in order to preserve collateral blood 
supply.

Jejunum, on the other hand, lacks the risk of 
diverticular or malignant disease progression. 
Short segment jejunal interposition can be com-
pleted with relative ease when only a segment 
of distal esophagus needs reconstruction. When 
longer reconstruction is required, the use of a 
super-charged jejunum is necessary for added 
length though it requires the greater complexity 
of two microvascular anastomoses in addition to 
three enteric anastomoses. Recent data from the 

MD Anderson Cancer Center reported a leak rate 
of 32 % when utilizing this method [11].

Technical approaches to the esophageal-con-
duit anastomosis beyond the choice of conduit 
have been extensively studied as a possible risk 
factor of leak. Both the location and method of 
anastomosis have been looked at with prospec-
tive and retrospective studies. As previously 
mentioned, possible anastomotic locations are 
intrathoracic, as with Ivor-Lewis and thoracoab-
dominal esophagectomy, and cervical, as with 
transhiatal and McKeown three-hole esophagec-
tomy techniques. A selection of studies reporting 
anastomotic leaks is shown in Table 3.1. Four 
randomized controlled trials have been con-
ducted examining cervical vs. thoracic location 
[12–15]. A meta-analyses conducted by Markar 
et al. examining these studies ultimately conclud-
ed that leaks were significantly more common 
in the cervical group (13.64 %) than in the tho-
racic group (2.96 %) [16]. There continues to be 
a considerable variability in reported leak rates, 
however, with two studies reporting cervical leak 
rates less than 3 % [12, 17]. Given the additional 
length of conduit necessary to reach the neck, it is 
reasonable to assume that this increased leak rate 
is a result of increased tension and perhaps com-
promised blood flow at the conduit tip and pos-
sible decreased venous outflow due to conduit 
compression by the thoracic outlet. Nevertheless, 
it should be remembered that intrathoracic anas-
tomotic leaks can be associated with consider-
able mortality and pulmonary complications, as 
opposed to a cervical anastomotic leak, which 
typically will present as a local wound infection 
requiring drainage only.

There has been considerable debate and study 
over the use of hand-sewn vs. partially stapled 
vs. circular-stapled anastomosis and their associ-
ated leak and stricture rates. Several prospective, 
randomized studies have been completed exam-
ining this with mixed results. Two separate meta-
analyses analyzing 12 randomized, controlled 
studies have concluded no difference in leak rates 
between these methods (though stricturing does 
appear to be more common with the use of cir-
cular stapling) [16, 18]. Our practice, regardless 
of intrathoracic or cervical location, is to use a 
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modified Collard technique, creating a partially 
stapled anastomosis where the posterior wall is 
created with a linear cutting stapler, and the an-
terior hood is closed using a single- or two-layer 
hand-sewn technique.

The other major technical factor often cited as 
a risk factor for anastomotic leaks has been the 
use of neoadjuvant chemoradiation therapy. It is 
logical to think anastomotic leak may be more 
common in this group as a result of radiation 
changes to the neoesophageal conduit, remaining 
native esophagus, and operative field. Converse-
ly, the landmark CROSS trial, a randomized trial 
comparing patients undergoing esophagectomy 
with or without neoadjuvant chemoradiotherapy, 
found no significant difference in rates of anas-
tomotic leakage [19]. A meta-analysis published 
in 2014 including 23 studies found no difference 
in rates of postoperative morbidity, including 
leakage rates [20]. Finally, several studies have 
examined the volume–outcome relationship for 
esophagectomy and have shown reduced post-
operative mortality at high-volume centers [21]. 
However, very little work has been done exam-
ining the relationship between volume and post-
operative complications, including anastomotic 
leaks, and will need further study.

In addition to these technical considerations, 
several patient-specific characteristics have been 
identified as risk factors for both anastomotic 
leak as well as overall morbidity after esopha-
gectomy and are shown in Table 3.2. A multi-in-
stitutional Veterans Administration study identi-
fied the most important risk factors for morbidity 
after esophagectomy to be COPD, diminished 
functional health, advanced age, albumin less 

than 3.5 g/dL, alkaline phosphatase greater than 
125 U/L, creatinine greater than 1.2 mg/dL, and 
prothrombin time of greater than 12 s [22]. Per-
haps the most important risk factors for break-
down of the anastomoses are those that have a 
direct effect on tissue healing, namely diabetes, 
malnutrition, and steroid use. The use of epidural 
anesthesia has been found to be associated with 
decreased leak rates in one retrospective study 
[23], and several other studies have suggested 
diminished blood flow in the anastomotic end of 
a gastric tube after the administration of thoracic 
epidural bupivacaine [24, 25]. These seemingly 
dichotomous findings will need to be further ex-
amined in future studies before any definitive 
conclusion can be made.

Presentation and Identification  
of a Leak

Clinical presentation of anastomotic leaks can be 
quite variable and can range from asymptomatic 
to severe sepsis. The severity of presentation is 
largely secondary to the size and location of the 
leak. Urschel et al. proposed a frequently cited 
four-category classification in 1995: clinically 
silent leak, early fulminant leak, clinically appar-
ent thoracic leak, and clinically apparent cervical 
leak [26]. This classification system provides a 
convenient framework to discuss the presentation 
and identification of post-esophagectomy anasto-
motic leaks.

Clinically silent leaks are those found on im-
aging studies alone. Routine gastrograffin/bari-
um esophagram is often pursued one week after 
esophagectomy by many surgeons, ourselves in-
cluded. These imaging studies will occasionally 
show extraluminal extravasation of contrast ma-
terial into a contained collection (Fig. 3.1). Other 
methods of detection include careful physical ex-
amination, chest radiograph showing new right 
pleural effusions in transthoracic esophagectomy, 
and CT scan. These leaks are typically the result 
of a small defect in the anastomosis itself. As a 
result, patients with clinically silent leaks will 
often remain asymptomatic, or only have subtle 
clinical findings missed at first glance, such as 

Table 3.2   Risk factors for anastomotic leak
Technical factors Patient-specific 

characteristics
1. Cervical anastomosis 1. Age
2. Tension 2. Diabetes mellitus
3. Excessive intraoperative 

blood loss
3. Steroid use

4. Prolonged operation 4. Congestive heart failure
5. Compromised blood  

supply/venous drainage
5. Hypertension

6. Renal insufficiency
7. Poor nutritional status
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low-grade fevers and mild tachycardia. Left un-
treated, these leaks will continue to progress and 
can lead to significant morbidity. Esophageal 
surgeons must therefore maintain a high index of 
suspicion in order to not miss these often imper-
ceptible findings.

Early fulminant leaks are the most life-threat-
ening manifestations of anastomotic leaks. They 
are typically the result of complete or near-com-
plete necrosis of the neoesophagus, usually due 
to compromised arterial blood supply or venous 
drainage. Careful preparation of the gastric con-
duit is of paramount importance in order to avoid 
this dread complication. These patients will 
typically present in profound vasodilatory shock 
within 48–72 h of esophagectomy. Prompt recog-
nition, resuscitation, and operative intervention 
are required in order to avoid significant morbid-
ity and/or death.

Clinically apparent thoracic leaks in patients 
undergoing Ivor-Lewis esophagectomy can be a 
source of significant morbidity. Presentation can 
vary considerably. Possible signs include chang-
es in character or quantity of chest tube drain-
age, new pleural effusions or pneumonias, wors-
ening chest pain, fever, tachycardia, new onset 
atrial fibrillation, and worsening leukocytosis. 
Any change in clinical status must therefore be 

assumed to be the result of an anastomotic leak 
until proven otherwise. Late leaks may present as 
a fistula to the trachea or right main stem bron-
chus with recurrent pneumonias and aspiration 
of gastric contents (Fig. 3.2). Lastly, clinically 
apparent cervical leak after transhiatial or three-
hole esophagectomy will typically present with 
low grade fevers, new-onset atrial fibrillation, 
neck erythema and cellulitis, severe halitosis, and 
possibly purulent drainage. Prompt recognition 
on physical exam is again of utmost importance.

Regardless of classification, identification of 
an anastomotic leak requires a high index of sus-
picion in order to recognize the subtle early clini-
cal findings mentioned previously. Several imag-
ing studies can help confirm the diagnosis of a 
leak. The most commonly used study is a contrast 
esophagram with gastrograffin followed by bar-
ium in order to improve sensitivity (Fig. 3.1a ). 
Unfortunately, the sensitivity of contrast swallow 
studies for routine identification of a leak has 
been reported as low as 45− 80 %, and as many 
as 40 % of leaks may be missed [27, 28]. For this 
reason, many centers no longer obtain routine 
esophagrams. Our practice continues to be ob-
taining an esophagram on the seventh postopera-
tive day to evaluate gastric emptying as well as to 
evaluate for anastomotic leakage. CT scans may 

Fig.3.1  Commonly used imaging studies to evaluate for 
an anastomotic leak include contrast esophagram (a) and 
CT scans (b). Esophagrams may show contrast extravasa-
tion freely into the chest or into a contained leak ( arrow). 

CT scans may have a number of findings including wors-
ening pleural effusions, esophageal thickening ( arrow-
head), or possible contrast extravasation
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reveal any number of findings consistent with a 
leak such as a new pleural effusion, esophageal 
thickening, or possible contrast extravasation 
(Fig. 3.1b ). As a result, however, the specificity 
of these findings for a leak is significantly lower 
than esophagram. Nevertheless, one study has 
shown that the addition of a CT scan to a contrast 
swallow can increase sensitivity and negative 
predictive value for the identification of a leak 
to 100 % [28]. Other useful imaging tests include 
upper endoscopy, which allows for direct visual-
ization of the degree of mucosal involvement and 
quantification of amount of healthy conduit re-
maining (Fig. 3.3). Additionally, it has the added 
advantage of allowing for possible therapeutic 

interventions such as stenting and dilation as will 
be discussed later in this chapter.

Prevention and Management  
of Anastomotic Leaks

As previously mentioned, the ideal management 
of a leak is to prevent one from occurring at all 
through careful planning, patient selection, and 
technical care. A technical discussion regarding 
the creation of a gastric conduit is beyond the 
scope of this chapter, as is further detailed discus-
sion of colon and jejunal interposition. Keys to 
any anastomosis are the basic surgical principles 

Fig.3.3  Esophagoscopy may reveal mucosal irregulari-
ties, visualization of the anastomotic dehiscence ( arrow), 
and/or mucosal ischemia (a) Endoscopic stent placement 

is becoming an appealing less invasive treatment for anas-
tomotic leaks (b)

 

Fig.3.2  Chronic leaks can fistulize to adjacent organs including the tracheobronchial tree as seen here on esophagram 
( black arrow) (a) and CT scan ( white arrow) (b)
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of adequate blood supply and lack of tension. As 
previously mentioned, preservation of the right 
gastroepiploic artery and venous drainage along 
the lesser curve during the creation of the gas-
tric tube is paramount. Preservation of the right 
gastric artery is ideal, if possible, as long as this 
does not compromise length and the ability to 
create a “tension-free” anastomosis. Maintaining 
the integrity of these vessels is critical as place-
ment of the anastomosis occurs at the gastric tip, 
the site of least vascular supply and thus greatest 
ischemia.

Pre-esophagectomy ischemic preconditioning 
of the conduit, a procedure in which the arterial 
blood supply to the stomach (excluding the right 
gastroepiploic artery) is ligated either surgically 
or angiographically several days prior to esopha-
geal resection, has been the focus of much recent 
research. Theoretically, exposure of the gastric 
tip to ischemic conditions prior to the creation 
of the anastomosis would avoid acute ischemia 
and improve blood flow at the time of surgery, 
thereby decreasing leak rates. While some stud-
ies have suggested decreased morbidity with this 
technique, no significant improvement in leak 
rates have been identified [29–31]. To date, a 
single prospective study has been completed re-
garding this question. Patients underwent laparo-
scopic ischemic conditioning followed by mini-
mally invasive esophagectomy, and found no im-
provement in perfusion of the gastric conduit trip 
[31]. Further, the concept of intentionally creat-
ing ischemia of the conduit has been met with 
much resistance among surgeons and has failed 
to gain steam.

Unfortunately, despite all attempts at preven-
tion, anastomotic leaks will still occasionally 
occur. Appropriate management of an anasto-
motic leak is dependent upon the severity of the 
clinical presentation. Clinically silent leaks can 
often be treated nonoperatively with antibiotics 
(if located intrathoracic), cessation of oral intake 
with enteral nutritional support via feeding jeju-
nostomy placed at the time of the index opera-
tion, and adequate drainage, either via opening 
of the neck incision with cervical anastomoses 
or percutaneous chest tube drainage for intratho-
racic anastomoses. Such patients will typically 

recover without long-term morbidity other than 
increased likelihood of developing an anastomot-
ic stricture [2–4].

On the other end of the spectrum, early fulmi-
nant leaks require prompt recognition and surgi-
cal intervention in order to prevent overwhelm-
ing sepsis and death. Leaks of this nature require 
urgent operative reexploration with resection of 
the necrotic conduit. If caught early and the re-
maining proximal esophagus is healthy, recon-
struction with colon or jejunal interposition can 
be attempted. If the operative field is significant-
ly inflamed or infected, a substernal approach for 
the new conduit may be attempted. If the patient 
exhibits signs of severe sepsis, if the proximal 
esophagus is not healthy enough to reconstruct, 
or if the patient is too unstable for reconstruction, 
the only option remaining is proximal esophageal 
diversion with a cervical esophagostomy and 
placement of enteral feeding access. Recurrent, 
chronic leaks may as a last resort require proxi-
mal diversion as well. In this setting, it may often 
seem easier to avoid resection of the necrotic 
conduit at the time of initial reoperation and “live 
to fight another day.” Unfortunately, later conduit 
resection at the time of reconstruction is typi-
cally met with considerable difficulty secondary 
to dense adhesions, making an already difficult 
operation significantly worse. Furthermore, leav-
ing the necrotic conduit in situ creates an ongoing 
source for infection and worsening inflammatory 
response. In our experience, it is advantageous in 
the long run to resect the necrotic neoesophagus 
at the time of esophageal diversion.

Cervical leaks, while more common than in-
trathoracic leaks, are in many ways more easily 
managed than intrathoracic leaks. Patients with 
mild systemic symptoms and or evidence of 
early local wound infections can be treated with 
opening of the neck incision, enteral nutritional 
support, and, if cellulitis of the incision is pres-
ent, antibiotics. More severe symptoms may oc-
casionally require wound washout. Typically, 
with local wound care and adequate nutrition, the 
wound will form granulation tissue and the leak 
will heal over time without long-term morbidity. 
Occasionally, progression of symptoms requires 
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debridement and revision of the anastomosis. If 
this does occur, buttressing of the anastomosis 
with available muscle, most commonly the ster-
nocleidomastoid, can be used to reinforce the 
closure. Rarely does ongoing, chronic leakage 
require resection of the conduit.

Morbidity after intrathoracic anastomotic 
leak is more common and can have considerably 
more consequences than cervical leaks. Luckily, 
the incidence of intrathoracic leaks is quite low 
(Table 3.1), and recent analysis of the Society 
of Thoracic Surgeons (STS) database has shown 
no difference in mortality rate between cervical 
and intrathoracic leaks [5]. Drainage of enteral 
contents into the right pleural space can result in 
significant systemic symptoms. Aside from the 
immediate institution of antibiotics and cessation 
of oral intake, patients will typically require wide 
drainage of the pleural space. For stable patients 
with small, contained leaks, this can often be ac-
complished percutaneously with resolution of the 
leak within a few weeks [4, 32]. Any unstable pa-
tient, or a patient not improving with chest tube 
drainage, should be expeditiously returned to the 
operating room.

At the very least, surgical therapy should con-
sist of wide pleural drainage and debridement of 
any devitalized tissue. The origin of the leak in 
this situation can be either the anastomosis or 
the gastric staple line. Therefore, both should be 
carefully inspected. If the anastomosis appears 
well perfused and viable, debridement with pri-
mary suture repair can be attempted. In this set-
ting, small to moderate anastomotic dehiscences 
can be reinforced with viable muscle, such as 
intercostal, serratus, latissimus, or myocutane-
ous pectoralis major muscle flaps. Commonly 
used options include intercostal muscle flaps and 
omentum. These have the advantage of providing 
complete tissue coverage of the anastomosis with 
healthy muscle that maintains excellent viabil-
ity and vascular supply. Omentoplasty has been 
shown to reduce incidence of anastomotic leak 
when used to reinforce the anastomosis at time 
of initial esophagectomy and is excellent option 
to reinforce a revised anastomosis [33]. Unfortu-
nately, little to no omentum is typically left at the 

time of reexploration after tubularization of the 
gastric conduit. Finally, a complete disruption of 
the anastomosis requires resection of the conduit 
back to healthy, viable tissue. If there is mini-
mal leakage of enteric contents into the thoracic 
cavity along with healthy tissue available in the 
conduit and proximal esophagus with adequate 
length, a new anastomosis can be fashioned. 
However, care must be taken not to violate the 
two foremost principles of surgical enteric anas-
tomoses: adequate blood supply and no tension. 
If there is any doubt in regard to this, cervical 
esophageal diversion with subsequently recon-
struction, potentially with a substernal conduit, 
should be considered.

The final step in the management of an anas-
tomotic leak involves early esophageal dilation 
in order to prevent stricturing and promote easy 
flow of oral contents through the neoesophagus. 
Strictures occur significantly more frequently 
after anastomotic leak, with one study showing 
an odds ratio of 3.8 for the development of a 
stricture after leak, and often require serial dila-
tions [6]. Several case series have reported that 
anywhere from zero to 82 % of strictures were 
preceded by an anastomotic leak [34]. STS data-
base analysis has shown postoperative dilation is 
required 7.7 % of the time after anastomotic leak 
[5]. Early dilation will help to prevent chronic 
difficulties with reflux and dysphagia and should 
be a routine part of leak management.

Future Directions

As experience with self-expanding esophageal 
stents grows, this modality is being more fre-
quently used for the treatment of contained leaks 
in conjunction with percutaneous drainage and 
antibiotics (Fig. 3.3b). A recently published re-
view from Dasari et al. pooled data from 24 case 
series ranging in size from 3 to 25 patients [35]. 
The authors reported a technical success rate of 
over 90 % and clinical success rate of 81 %. Ben-
efits of stenting may include decreased postop-
erative morbidity, length of stay, and cost. How-
ever, stenting often requires multiple reinterven-
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tions as stent migration is a common problem 
given the nonstrictured lumen, with Dasari et al. 
reporting an overall migration rate of 20 % and 
reintervention rates of 17 % for endoscopic ther-
apy and 10 % for surgical therapies. Other risks 
include the unlikely possibilities of further anas-
tomotic dehiscence due to the stent and stent-re-
lated bleeding. Additionally, long-term stricture 
rates and dysphagia remains to be seen as long-
term results are lacking, and further prospective 
analysis is still required. If a stent is used, we rec-
ommend removal 3–4 weeks after placement in 
order to minimize these potential complications.

Recent advances in endoscopic therapies also 
include clip placement and endoscopic vacuum-
assisted closure, in which a VAC sponge is in-
serted into the necrotic cavity under endoscopic 
visualization. The vacuum tube is brought out 
through the nose and connected to 125 mmHg 
continuous suction. The sponge is then changed 
twice weekly until the cavity was closed. The 
largest published case series of this technique in-
cluded 39 patients found an 84 % closure rate and 
9 % stricture rate [36]. Obvious concerns with 
this technique, though, include multiple endosco-
pies to replace the sponge as well as the need for 
persistent nasogastric vacuum tubing. Addition-
ally, it is unclear how large of a defect can be 
closed using this technique.

The use of endoscopic clips (both through the 
scope and over the scope) and suturing devices 
have been reported in several case series to be 
possible [37]. It should be noted that the majority 
of these were in patients with spontaneous perfo-
rations, though a few reports included esophageal 
anastomotic leakage. These methods are fast and 
relatively safe. However, they are limited in re-
gards to the size of fistula or perforation which 
can be closed given the size of the clip. Addition-
ally, if the clip were to fail and fall off, the conse-
quences could potentially be significant. Litera-
ture with regard to these techniques is currently 
limited to small case series, and further study, 
especially in regard to their use for closure of 
anastomotic perforations, is needed before they 
can be routinely recommended.

Finally, a relatively new concept with regard 
to leak prevention is the use of spectroscopy 
and near-infrared angiography to evaluate tis-
sue perfusion at the conduit tip. A few small case 
series have identified a larger degree of conduit 
ischemia in patients who developed anastomotic 
complications [38–41]. The sensitivity of this 
method in predicting leakage, however, remains 
to be seen. Furthermore, how to interpret such 
data remains to be seen. Should tissue with “in-
adequate” perfusion be resected in order to anas-
tomose tissue with better blood supply, or will 
the resultant shorter conduit have increased ten-
sion, thereby increasing possibility of leakage? 
These questions will need further clarification 
with larger, prospective studies.

Conclusion

Since the inception of esophagectomy, anas-
tomotic leak has been the most feared possible 
complication. While leak rates have decreased 
over time, esophageal leak remains relatively 
common when compared with rates of enteric 
anastomotic leaks elsewhere in the body. Careful 
handling and preservation of the gastric conduit 
is the most important modifiable risk factor for 
the development of an anastomotic leak. Early 
recognition requires a high index of suspicion 
and vigilance, as leaks can often be missed. Man-
agement typically requires either drainage or re-
vision of the anastomosis, and rarely is conduit 
resection required outside of a fulminant leak. 
Careful attention to risk factors for leaks can 
minimize their occurrence. Finally, when iden-
tified early and appropriately managed, cata-
strophic outcomes can be minimized.

Key Points on Avoiding  
an Esophageal Anastomotic Leak

1. Carefully maintain arterial blood supply of the 
gastric conduit through the right gastroepiplo-
ic artery.
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2. Preserve as much of the venous drainage along 
the lesser curvature of the conduit as possible.

3. Leak rates may be higher with cervical anas-
tomotic leaks, however morbidity is typically 
considerably less.

4. Minimize anastomotic tension through ade-
quate mobilization of the conduit and its blood 
supply (i.e., Kocher maneuver of the duode-
num and dividing the left and short gastric ar-
teries in the case of a gastric conduit).

5. Creating a conduit of ideal width (4–5 cm) to 
allow for easy emptying while not compro-
mising collateral blood flow.

Key Points on Diagnosis  
and Managing an Esophageal 
Anastomotic Leak

1. Maintain a high index of suspicion.
2. Contrast esophagram will show most leaks, 

but is not 100 % sensitive.
3. Early drainage is key.
4. Early resuscitation and operative intervention 

is necessary with fulminant leaks.
5. Small, clinically silent leaks can be managed 

with nonoperative interventions including 
drainage, cessation of oral intake, enteral nu-
tritional support via feeding jejunostomy, and 
variably antibiotics.

References

1. Parekh K, Iannettoni MD. Complications of esopha-
geal resection and reconstruction. Semin Thorac Car-
diovasc Surg. 2007;19:79–88.

2. Mitchell JD. Anastomotic leak after esophagectomy. 
Thorac Surg Clin. 2006;16:1–9.

3. Alanezi K, Urschel JD. Mortality secondary to esoph-
ageal anastomotic leak. Ann Thorac Cardiovasc Surg. 
2004;10:71–5.

4. Crestanello JA, Deschamps C, Cassivi SD, Nich-
ols FC, Allen MS, Schleck C, Pairolero PC. Selec-
tive management of intrathoracic anastomotic leak 
after esophagectomy. J Thorac Cardiovasc Surg. 
2005;129:254–60.

5. Kassis ES, Kosinski AS, Ross P Jr, Koppes KE, Dona-
hue JM, Daniel VC. Predictors of anastomotic leak 
after esophagectomy: an analysis of the society of tho-
racic surgeons general thoracic database. Ann Thorac 
Surg. 2013;96(6):1919–26.

 6. Briel JW, Tamhankar AP, Hagen JA. Prevalence 
and risk factors for ischemia, leak, and stricture of 
esophageal anastomosis: gastric pull-up versus co-
lon interposition. J Am Coll Surg. 2004;198:536–41.

 7. Pierie JP, de Graaf PW, van Vroonhoven TJ, Obertop 
H. The vascularization of a gastric tube as a substi-
tute for the esophagus is affected by its diameter. Dis 
Esophagus. 1998;11(4):231–5.

 8. Heitmiller RF. Impact of gastric tube diameter on 
upper mediastinal anatomy after transhiatal esopha-
gectomy. Dis Esophagus. 2000;13(4):288–92.

 9. Zhang J, Wang R, Liu S, Luketich JD, Chen S, Chen 
H, Schuchert MJ. Refinement of minimally invasive 
esophagectomy techniques after 15 years of experi-
ence. J Gastrointest Surg. 2012;16(9):1768–74.

10. Marks JL, Hofstetter WL. Esophageal reconstruc-
tion with alternative conduits. Surg Clin N Am. 
2012;92:1287–97.

11. Blackmon SH, Correa AM, Skoracki R, Chevray 
PM, Kim MP, Mehran RJ, Rice DC, Roth JA, Swish-
er SG, Vaporciyan AA, Yu P, Walsh GL, Hofstetter 
WL. Supercharged pedicled jejunal interposition for 
esophageal replacement: a 10-year experience. Ann 
Thorac Surg.2012;94(4):1104–11.

12. Walther B, Johansson J, Johnsson F, Von Holstein 
CS, Zilling T. Cervical or thoracic anastomosis after 
esophageal resection and gastric tube reconstruc-
tion: a prospective randomized trial comparing su-
tured neck anastomosis with stapled intrathoracic 
anastomosis. Ann Surg. 2003;238(6):803–12.

13. Okuyama M, Motoyama S, Suzuki H, Saito R, 
Maruyama K, Ogawa J. Hand-sewn cervical anasto-
mosis versus stapled intrathoracic anastomosis after 
esophagectomy for middle or lower thoracic esoph-
ageal cancer: a prospective, randomized controlled 
study. Surg Today. 2007;37(11):947–52.

14. Chasseray VM, Kiroff GK, Buard JL, Launois 
B. Cervical or thoracic anastomosis for esopha-
gectomy for carcinoma. Surg Gynecol Obstet. 
1989;169(1):55–62.

15. Ribet M, Debrueres B, Lecomte-Houcke M. Resec-
tion for advanced cancer of the thoracic esophagus: 
cervical or thoracic anastomosis? Late results of a 
prospective randomized study. J Thorac Cardiovasc 
Surg. 1992;103(4):784–9.

16. Markar SR, Arya S, Karthikesalingam A, Hanna GB. 
Technical factors that affect anastomotic integrity 
following esophagectomy: systematic review and 
meta-analysis. Ann Surg Oncol. 2013;20(13):4274–
81.

17. Heitmiller RF, Fischer A, Liddicoat JR. Cervi-
cal esophagogastric anastomosis: results follow-
ing esophagectomy for carcinoma. Dis Esophagus. 
1999;12(4):264–9.

18. Honda M, Kuriyama A, Noma H, Nunobe S, Furuka-
wa TA. Hand-sewn versus mechanical esophagogas-
tric anastomosis after esophagectomy: a systematic 
review and meta-analysis. Ann Surg. 2013;257(2): 
238–48.



333 Esophageal Anastomotic Leak

19. Van Hagen P, Hulshof MC, van Lanschot JJ, et al. 
Preoperative chemoradiotherapy for esophageal 
or junctional cancer. N Engl J Med. 2012;366: 
2074–84.

20. Kumagai K, Rouvelas I, Tsai JA, Mariosa D, Kleve-
bro F, Lindblad M, Ye W, Lundell L, Nilsson M. Me-
ta-analysis of postoperative morbidity and periop-
erative mortality in patients receiving neoadjuvant 
chemotherapy or chemoradiotherapy for resectable 
oesophageal and gastro-oesophageal junctional can-
cers. Br J Surg. 2014;101(4):321–38.

21. Markar SR, Karthikesalingam A, Thrumurthy S, 
Low DE. Volume-outcome relationship in surgery 
for esophageal malignancy: systematic review and 
meta-analysis 2000–2011. J Gastrointest Surg. 
2012;16(5):1055–63.

22. Rentz J, Bull D, Harpole D, Bailey S, Neumayer 
L, Pappas T, Krasnicka B, Henderson W, Daley J, 
Khuri S. Transthoracic versus transhiatal esophagec-
tomy: a prospective study of 945 patients. J Thorac 
Cardiovasc Surg. 2003;125(5):1114–20.

23. Michelet P, D’Journo XB, Roch A, Papazian L, 
Ragni J, Thomas P, Auffray JP. Perioperative risk 
factors for anastomotic leakage after esophagecto-
my: influence of thoracic epidural analgesia. Chest. 
2005;128(5):3461–6.

24. Pathak D, Pennefather SH, Russell GN, Al Rawi O, 
Dave IC, Gilby S, Page RD. Phenylephrine infusion 
improves blood flow to the stomach during oesopha-
gectomy in the presence of a thoracic epidural anal-
gesia. Eur J Cardiothorac Surg. 2013;44(1):130–3.

25. Al-Rawi OY, Pennefather SH, Page RD, Dave I, 
Russell GN. The effect of thoracic epidural bupiva-
caine and an intravenous adrenaline infusion on gas-
tric tube blood flow during esophagectomy. Anesth 
Analg. 2008;106(3):884–7.

26. Urschel JD. Esophagogastrostomy anastomotic 
leaks complicating esophagectomy: a review. Am J 
Surg. 1995;169(6):634–40.

27. Cools-Lartigue J, Andalib A, Abo-Alsaud A, Gow-
ing S, Nguyen M, Mulder D, Ferri L. Routine 
contrast esophagram has minimal impact on the 
postoperative management of patients undergoing 
esophagectomy for esophageal cancer. Ann Surg 
Oncol. 2014. doi:10.1245/s10434-014-3654.1.

28. Lantos JE, Levine MS, Rubesin SE, Lau CT, To-
rigian DA. Comparison between esophagography 
and chest computed tomography for evaluation of 
leaks after esophagectomy and gastric pull-through. 
J Thorac Imaging. 2013;28(2):121–8.

29. Yetasook AK, Leung D, Howington JA, Talamonti 
MS, Zhao J, Carbray JM, Ujiki MB. Laparoscopic 
ischemic conditioning of the stomach prior to esoph-
agectomy. Dis Esophagus. 2013;26(5):479–86.

30. Schröder W, Hölscher AH, Bludau M, Vallböh-
mer D, Bollschweiler E, Gutschow C. Ivor-Lewis 
esophagectomy with and without laparoscopic 
conditioning of the gastric conduit. World J Surg. 
2010;34(4):738–43.

31. Veeramootoo D, Shore AC, Wajed SA. Random-
ized controlled trial of laparoscopic gastric ischemic 
conditioning prior to minimally invasive esophagec-
tomy, the LOGIC trial. Surg Endosc. 2012;26(7): 
1822–9.

32. Lee DH, Kim HR, Kim SR, Kim YH, Kim DK, Park 
SI. Comparison of clinical outcomes after conserva-
tive and surgical treatment of isolated anastomotic 
leaks after esophagectomy for esophageal cancer. 
Dis Esophagus. 2013;26(6):609–15.

33. Sepesi B, Swisher SG, Walsh GL, Correa A, Mehran 
RJ, Rice D, Roth J, Vaporciyan A, Hofstetter WL. 
Omental reinforcement of the thoracic esophago-
gastric anastomosis: an analysis of leak and rein-
tervention rates in patients undergoing planned and 
salvage esophagectomy. J Thorac Cardiovasc Surg. 
2012;144(5):1146–50.

34. Rice TW. Anastomotic stricture complicating esoph-
agectomy. Thorac Surg Clin. 2006;16(1):63–73.

35. Dasari BVM, Neely D, Kennedy A, Spence G, Rice 
P, Mackle E, Epanomeritakis E. The role of esopha-
geal stents in the management of esophageal anas-
tomotic leaks and benign esophageal perforations. 
Ann Surg. 2014;259:852–60.

36. Brangewitz M, Voigtlander T, Helfritz FA, Lankisch 
TO, Winkler M, Klempnauer J, Manns MP, Schnei-
der AS, Wedemeyer J. Endoscopic closure of esoph-
ageal intrathoracic leaks: stent versus endoscopic 
vacuum-assisted closure, a retrospective analysis. 
Endoscopy. 2013;45:433–8.

37. Gomez-Esquivel R, Raju GS. Endoscopic closure of 
acute esophageal perforations. Curr Gastroenterol 
Rep. 2013;15(5):321.

38. Pham TH, Perry KA, Enestvedt CK, Gareau D, 
Dolan JP, Sheppard BC, Jacques SL, Hunter JG. 
Decreased conduit perfusion measured by spectros-
copy is associated with anastomotic complications. 
Ann Thorac Surg. 2011;91(2):380–5.

39. Shimada Y, Okumura T, Nagata T, Sawada S, Matsui 
K, Hori R, Yoshioka I, Yoshida T, Osada R, Tsukada 
K. Usefulness of blood supply visualization by indo-
cyanine green fluorescence for reconstruction dur-
ing esophagectomy. Esophagus. 2011;8(4):259–66.

40. Murawa D, Hünerbein M, Spychała A, Nowaczyk 
P, Połom K, Murawa P. Indocyanine green angiog-
raphy for evaluation of gastric conduit perfusion 
during esophagectomy—first experience. Acta Chir 
Belg. 2012;112(4):275–80.

41. Kumagai Y, Ishiguro T, Haga N, Kuwabara K, 
Kawano T, Ishida H. Hemodynamics of the recon-
structed gastric tube during esophagectomy: assess-
ment of outcomes with indocyanine green fluores-
cence. World J Surg. 2014;38(1):138–43.

42. Swanson SJ, Batirel HF, Bueno R, Jaklitsch MT, 
Lukanich JM, Allred E, Mentzer SJ, Sugarbaker DJ. 
Transthoracic esophagectomy with radical mediasti-
nal and abdominal lymph node dissection and cervi-
cal esophagogastrostomy for esophageal carcinoma. 
Ann Thorac Surg. 2001;72(6):1918–25.



34 O. V. Khullar and S. D. Force

43. Luketich JD, Alvelo-Rivera M, Buenaventura PO. 
Minimally invasive esophagectomy: outcomes in 
222 patients. Ann Surg. 2003;238(4):486–94.

44. Orringer MB, Marshall B, Chang AC, Lee J, Pickens 
A, Lau CL. Two thousand transhiatal esophagecto-
mies: changing trends, lessons learned. Ann Surg. 
2007;246(3):363–72.

45. Klink CD, Binnebosel M, Otto J, Boehm G, von 
Trotha KT, Hilgers RD, Conze J, Neumann UP, 
Jansen M. Intrathoracic versus cervical anastomo-
sis after resection of esophageal cancer: a matched 
pair analysis of 72 patients in a single center study. 
World J Surg Oncol. 2012;10:159.

46. Price TN, Nichols FC, Harmsen WS, Allen MS, 
Cassivi SD, Wigle DA, Shen KR, Deschamps C. 

A comprehensive review of anastomotic tech-
nique in 432 esophagectomies. Ann Thorac 
Surg.2013;95(4):1154–60.

47. Visbal AL, Allen MS, Miller DL, Deschamps C, 
Trastek VF, Pairolero PC. Ivor Lewis esophagec-
tomy for esophageal cancer. Ann Thorac Surg. 
2001;71:1803–8.

48. Ott K, Bader FG, Lordick F, Feith M, Bartels H, 
Siewert JR. Surgical factors influence the outcome 
after Ivor Lewis esophagectomy with intrathoracic 
anastomosis for adenocarcinoma of the esophagogas-
tric junction: a consecutive series of 240 patients at 
an experienced center. Ann Surg Oncol. 2009;16(4): 
1017–25.



35

4Transhiatal Esophagectomy—
Intraoperative Disasters

Mark B. Orringer

M. B. Orringer ()
Section of Thoracic Surgery, University of Michigan 
Medical Center, Ann Arbor, MI, USA
e-mail: morrin@med.umich.edu

Introduction

In the mid-1970s, transhiatal esophagectomy 
(THE) without thoracotomy and the cervical 
esophagogastric anastomosis (CEGA) was redis-
covered [1]. Prior to that time, the operation was 
seldom used, primarily in patients undergoing a 
laryngopharyngectomy for carcinoma and esoph-
ageal replacement with stomach [2, 3]. THE cir-
cumvented the leading complications associated 
with a traditional transthoracic esophageal resec-
tion and intrathoracic esophagogastric anastomo-
sis—(1) respiratory insufficiency associated with 
a combined thoracoabdominal operation and (2) 
mediastinitis from an intrathoracic esophageal 
anastomotic leak. Detractors of the operation 
argued that the “blind” mediastinal dissection 
would inevitably result in uncontrollable hemor-
rhage, and inability to do as complete a mediasti-
nal lymph node dissection as with the traditional 
open approach made it an unacceptable operation 
from an oncologic standpoint. With now more 
than 30 years of experience with THE, these latter 
concerns have not been realized, and numerous 
reports in the surgical literature have documented 
the relative safety and efficacy of this approach 
and with survival comparable to that achieved 
with transthoracic esophagectomy for carcinoma 
[4–8]. As a result, the author regards THE and 

CEGA as the approach of choice in patients re-
quiring esophageal resection and reconstruction 
for both benign and malignant diseases [9].

As is the case with every major operation, 
a successful outcome is strongly influenced by 
careful patient selection and a highly organized 
and consistent intraoperative approach. Intraop-
erative “disasters,” primarily hemorrhage and 
airway tears, associated with THE are fortunately 
rare and are often retrospectively predictable by 
assessing the appropriateness of patient selection 
for the operation. In our report of 2007 THEs, the 
operation was possible in 98 % of those in whom 
it was undertaken [9]. However, there were four 
(0.19 %) intraoperative deaths from uncontrol-
lable hemorrhage occurring during transhiatal 
mobilization of the esophagus from the posterior 
mediastinum. Inordinate intraoperative bleeding 
(> 4000 ml) occurred in 8 additional patients: 4 
intramediastinal due to either a torn azygos vein 
(3) or large prevertebral collateral vein (1); 3 in-
traabdominal due to portal hypertension from 
cirrhosis (2) or splenic vein injury (1); and 1 
from a right ventricular laceration during chest 
tube insertion. What was popularized 30 years 
ago as a “blunt esophagectomy” has become 
much more of a controlled mediastinal dissection 
through the hiatus, clamping vascular esophageal 
attachments with 13ʺ long right-angle clamps, 
and dividing and ligating them through the hia-
tus. Thus, the average intraoperative blood loss 
has fallen from a median of 510 ml in those op-
erated upon between 1976 and 1998 to 300 ml 
in those operated upon between 1998 and 2006 
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(p < 0.0001) (Table 4.1). Overall, a thoracotomy 
was performed to control mediastinal bleed-
ing during the esophagectomy in nine patients 
(< 1 %) and was successful in five.

Both massive intraoperative bleeding and a 
tracheal tear complicate < 1 % of all THEs. Nei-
ther of these events is commonly mentioned in 
review articles on the operation. Because these 
are such relatively uncommon occurrences, a 
periodic intraoperative “fire drill”—“walking 
through” the steps of controlling untoward me-
diastinal bleeding or an airway tear encountered 
during a THE, including indications for a thora-
cotomy and selection of the appropriate side—
may prove lifesaving if these “disasters” occur.

Indications and Contraindications 
to THE

The surgeon considering a THE must be keenly 
aware of clinical “red flags” that may portend 
major intraoperative hemorrhage or injury to the 
adjacent airway. In the majority of patients re-
quiring an esophageal resection and reconstruc-
tion, THE and a CEGA are applicable. In the last 
reported series of 2007 THEs by the author and 
his associates, there were 1525 (76 %) operations 
for carcinoma and 482 (24 %) for benign dis-
ease (Table 4.2) [9]. In patients with achalasia, 
the common indications for esophageal resec-
tion were a failed prior esophagomyotomy, often 
with a subsequent reflux stricture, and a tortuous 
megaesophagus (> 6 m) [10]. Technical features 
unique to achalasia and increasing the likelihood 
of bleeding during a THE include (1) adherence 
of the myotomized segment to the descending 
thoracic aorta; deviation of the megaesophagus 

into the right chest; (2) larger than usual aortic 
esophageal arteries; and (3) a wider than usual 
cervical esophagus, which is more difficult to 
mobilize and encircle. While the need for an 
esophagectomy for a reflux stricture has been 
dramatically reduced by the advent of proton 
pump inhibitors (PPIs), the number of failed 
laparoscopic antireflux operations is increas-
ing, many after multiple procedures, or with peri-
hiatal mesh, often with erosion into the esopha-
gus. In the author’s experience, the likelihood of 
achieving long-term reflux control and/or relief 
of dysphagia after two or more prior antireflux 
operations is so low that esophageal resection 
and reconstruction are the “best” alternative if a 
reoperation is advised. However, the decision to 
resect the esophagus for benign disease should 
not be made lightly. Complaints of occasional 
reflux or intermittent dysphagia associated with 
a recurrent hiatal hernia, for example, may be 
less problematic in the long run than an esopha-
geal anastomotic stricture or chronic dumping 
syndrome which may follow an esophagectomy. 
With mesh erosion into the esophagus, there is 
little option other than an esophageal resection. 
The distal periesophageal and esophagogastric 
junction inflammatory reaction associated with 
a mesh erosion may be extensive and result in 
bleeding as the inflammatory mass is mobilized 
away from the adjacent aorta. Parenthetically, 
although the mesh erosion is at the esophago-
gastric junction, a THE and CEGA is a better 
option than a limited distal esophagectomy and 
low intrathoracic esophagogastric anastomo-
sis, particularly in an infected field due to local 
sepsis from the erosion. This latter operation in-
sures lifelong gastroesophageal reflux and should 
never be done for benign disease. The author has 

Table 4.1  Intraoperative blood loss with transhiatal esophagetcomya (2007 patients). (Reproduced with permission 
from [14] © Wolters Kluwer 2005)

Group I (1976−1998) Group II (1998–2006)
No. Range (cc) Mean (cc) No. Range (cc) Mean (cc)

Benign  276 100–4000 795 203 50–2000 366
Carcinoma  778  35–3700 635 739 15–3100 368
Total 1054  35–4000 677 942 15–3100 368 (p ≤ 0.0001)

a Excludes 4 intraoperative deaths, 3 from Group I and 1 from Group II, 2 with benign disease and 2 with carci-
noma, and 8 surviving patients, 6 in Group I and 2 in Group II, who experienced inordinate intraoperative blood loss 
( > 4000 cc.)
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recently learned of such a patient who developed 
a low esophagogastric anastomotic leak follow-
ing a limited transabdominal resection for mesh 
erosion, survived this, and presented more than 2 
years later with an aorto-esophageal fistula at the 
site of the prior anastomotic leak—an extremely 
rare cause of late major hemorrhage associated 
with an intrathoracic esophageal anastomosis. 
This was controlled with an endovascular aortic 
stent.

While in the current experience of the author 
and his associates with more than 3000 THEs, 
this operation has been possible in 98 % of those 
requiring an esophagectomy, and the safe surgeon 
must recognize that there are contraindications 
to proceeding with the procedure. Patients with 
upper and mid-third esophageal cancers invading 
the adjacent airway (proven with bronchoscopy 
and biopsy, which should always be performed 
as a part of the preoperative evaluation) are not 

candidates for a THE. When an esophageal tumor 
is located in the mid-esophagus in proximity to 
the carina and main bronchi, at approximately 
25 cm from the upper incisor teeth at esopha-
goscopy, a more difficult transhiatal esophageal 
mobilization than with a distal carcinoma is usu-
ally encountered, and the risk of an airway tear is 
increased. Those with histologically documented 
stage IV disease (distant metastasis) are similarly 
not candidates for resection; this includes the pa-
tient found to have “just” a 1-cm liver metastasis 
at the time of abdominal exploration. Systemic 
disease cannot be cured with local therapy (i.e., 
surgery). Without question, the single most im-
portant contraindication to proceeding with a 
THE is the surgeon’s assessment of esophageal 
mobility on palpation through the hiatus. Fixa-
tion of the esophagus or its contained tumor to 
adjacent mediastinal structures can result in an 
untoward bleeding from a torn aorta or azygos 

Table 4.2  Indications for transhiatal esophagectomy (2007 patients). (Reproduced with permission from [14]  Wolt-
ers Kluwer 2005)

Number (%)
Patients Group I-1063 pts Group II-944 pts Total-2007

1976–1998 1998–2006 1976–2006
Benign conditions 278 (26 %) 204 (22 %) 482 (24 %)
Neuromotor dysfunction 92 (33 %) 47 (23 %) 139 (29 %)
Achalasia 69 44 113
Spasm/dysmotility 21 3 24
Scleroderma 2 0 2
Stricture 74 (27 %) 21 (10 %) 95 (20 %)
Gastroesophageal reflux 40 7 47
Caustic ingestion 18 6 24
Radiation 4 2 6
Other 12 6 18
Barrett’s mucosa with high-grade dysplasia 53 (19 %) 90 (44 %) 143 (30 %)
Recurrent gastroesophageal reflux 21 (8 %) 6 (3 %) 27 (6 %)
Recurrent hiatus hernia 14 (5 %) 14 (7 %) 28 (6 %)
Acute perforation 15 (5 %) 9 (5 %) 24 (5 %)
Acute caustic injury 5 (2 %) 1 (1 %) 6 (1 %)
Other 4 (1 %) 16 (8 %) 20 (4 %)
Carcinoma of the intrathoracic esophagus
Site 785 (74 %) 740 (78 %) 1525 (76 %)
Upper third 35 (4 %) 16 (2 %) 51 (3 %)
Middle third 164 (21 %) 63 (9 %) 227 (15 %)
Lower third and/or cardiaa 586 (75 %) 661 (89 %) 1247 (82 %)

a Includes pathologic gastric carcinomas involving the cardia and lower esophagus
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vein or a tracheal tear during an attempted THE. 
Surgical judgment is critical in such situations. 
Prior radiation therapy does not preclude a THE, 
but the technical difficulty of mobilizing the 
esophagus may be greatly increased.

Preoperative Risk Factors for Bleeding 
with a THE

While it may seem obvious, a careful history to 
rule out bleeding tendencies or a family history 
of clotting disorders should always be obtained. 
The patient population requiring an esophagec-
tomy is often older, and a number of conditions 
more common in this group result in the need for 
anticoagulation and platelet inhibitors, which 
may result in untoward bleeding with a THE un-
less carefully monitored and discontinued for 
an appropriate time before surgery. Three of the 
most frequent indications for anticoagulation 
among these patients are chronic atrial fibrilla-
tion, coronary artery stents, and prior thrombo-
embolic disease, particularly that in association 
with neoadjuvant chemotherapy and radiation 
therapy for esophageal carcinoma [11–13].

A history of prior esophageal surgery, par-
ticularly an esophagomyotomy, which may result 
in the exposed esophageal submucosa adher-
ing to the adjacent descending thoracic aorta, 
may portend a more difficult esophagectomy; 
especially with reoperations, bleeding from the 
spleen may occur during the upper abdominal 
gastric mobilization as left upper quadrant adhe-
sions are divided. It has long been my practice 
in these operations to confront the gastric fundus 
mobilization and division of the high short gas-
tric vessels as soon as possible after opening the 
abdomen while the surgical team is at its freshest 
and inadvertent splenic injury due to less likely 
retraction. As the dissection is carried superi-
orly through the diaphragmatic hiatus and the 
esophageal mobilization commenced, especially 
in those who have had a prior esophagomyotomy, 
narrow Deaver retractors should be placed into 
the hiatus and sharp dissection of the esophagus 
from the aorta under direct vision carried out. 
Blunt dissection of the esophagus adherent to the 

aorta may have dire consequences. In the patient 
with a megaesophagus of achalasia, deviation of 
the “sigmoid” esophagus into the right chest is 
common, and not only dissecting into the right 
chest but also beneath the azygos vein may be 
hazardous.

The presence of mediastinal calcification 
due to old granulatous disease on the preopera-
tive chest radiograph and CT scan, particularly 
in the subcarinal region, may be the harbinger of 
potential bleeding during the transhiatal esopha-
geal mobilization in this area. While such calci-
fication per se does not preclude a THE, if the 
surgeon encounters increased difficulty mobiliz-
ing the subcarinal esophagus, there must be a low 
tolerance to convert to an open thoracotomy and 
free the esophagus from the mediastinum under 
direct vision.

Portal hypertension is a relative contra-
indication to esophagectomy and has been re-
sponsible twice for rare massive intraoperative 
abdominal bleeding in our patients. The author 
regards the presence of ascites from liver disease 
as an absolute contraindication to esophagecto-
my. Even if untoward bleeding does not occur, 
venous congestion of the mobilized stomach due 
to portal hypertension may have devastating con-
sequences if an esophagogastric anastomosis is 
attempted.

Finally, it has been the personal observation 
of the author that obese, “soft,” often elderly 
women have experienced the preponderance of 
intraoperative massive bleeding during a THE, 
perhaps being more prone to an azygos vein tear 
because of general tissue laxity. Such a body hab-
itus or tissue strength does not preclude a THE, 
but should alert the surgeon to the need to pro-
ceed cautiously.

General Considerations

The patient is positioned supine, the neck ex-
tended by placing a small rolled sheet under 
the scapulae, and the head turned to the right 
and supported on a soft head ring. The opera-
tive field is wide and includes the skin of the 
neck, chest, and abdomen from the angle of the 
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mandible superiorly to the pubis inferiorly and 
anteriorly to both mid-axillary lines. There must 
be adequate room to place a chest tube low in 
the anterior axillary lines as indicated. Two suc-
tion lines with Yankauer suckers are routine, one 
near the patient’s head and the other at the lower 
end of the table. After the abdominal phase of the 
operation and before beginning the transhiatal 
esophageal mobilization, the Yankauer sucker 
at the head of the table is removed and replaced 
with a longer 28 Fr Argyle Saratoga sump cath-
eter. This catheter is inserted into the posterior 
mediastinum through the cervical wound after 
each phase of the esophageal mobilization (pos-
terior, anterior, and lateral) and the mediastinum 
inspected through the hiatus to establish that ex-
cessive bleeding is not occurring. As a general 
rule, the operation commences with mobilization 
of the stomach through the upper midline abdom-
inal incision. Exposure and division of the high 
short gastric vessels are carried out first, when 
the operative team is fresh, and untoward traction 
on the left upper quadrant retractor with resultant 
injury to the spleen is less likely to occur. Splenic 
injury necessitating a splenectomy has occurred 
in approximately 4 % of our THE patients, espe-
cially in those who have had prior fundoplica-
tions that must be taken down if the stomach is 
going to serve as an esophageal replacement and 
reach to the neck for a construction of a CEGA. 
The need for a splenectomy for control of bleed-
ing is uncommon, but when required, especial-
ly in a “re-do” abdomen, care must be taken to 
preserve the integrity of the right gastroepiploic 
artery, the primary blood supply of the gastric 
esophageal substitute. In patients undergoing 
a THE for a distal esophageal Barrett’s adeno-
carcinoma occurring in association with a large 
paraesophageal hiatal hernia, care must be taken 
to deliver the greater curvature of the stomach 
out of the hiatus before commencing division of 
what appears to be the high short gastric vessels. 
It is easy in such patients to mistakenly divide the 
right gastroepiploic artery erroneously felt to be a 
short gastric vessel.

Anesthetic Considerations

An epidural catheter for postoperative analgesia, 
a standard endotracheal tube, and a Foley catheter 
are routinely used. As indicated above, the patient 
is positioned supine. Two large bore peripheral 
intravenous lines and a radial artery catheter for 
continuous monitoring of the blood pressure are 
placed and well secured, and the arms are padded 
and placed at the sides. Although the anesthetist 
may feel uncomfortable about not having direct 
access to the IVs intraoperatively, this position-
ing gives the surgeon and his assistant optimal 
access to the neck, chest, and abdomen from both 
sides of the table. To avoid prolonged hypoten-
sion from cardiac displacement, the surgeon and 
the anesthesiologist both watch the monitored 
blood pressure together while the surgeon’s hand 
is in the posterior mediastinum performing the 
transhiatal esophageal mobilization. Intraopera-
tive monitoring of urinary output is important in 
these patients with impaired swallowing, many 
of whom have had preoperative bowel prep, as 
hypotension due to low intravascular volume is 
common.

During performance of the transhiatal esopha-
geal mobilization, constant communication be-
tween the surgeon and the anesthetist is crucial. 
As the hand is advanced upward into the medi-
astinum through the diaphragmatic hiatus, both 
the surgeon and the anesthetist must monitor the 
radial artery blood pressure in order to minimize 
untoward hypotension associated with displace-
ment of the heart by the surgeon’s hand. If the 
surgeon’s hand is kept well posteriorly against 
the spine, hypotension from anterior displace-
ment of the heart is less. After 5–10 s of hypoten-
sion in the patient who is not hypovolemic, the 
blood pressure should quickly return to the nor-
mal range within seconds of removing the hand 
from the mediastinum. This is NOT the time for 
the anesthesiologist to be correcting hypotension 
with pressor agents. Persistent hypotension 
after the surgeon’s hand is withdrawn from the 
mediastinum signals either the need for volume 
replacement or unrecognized mediastinal hemor-
rhage, not the need for pressors.
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Conduct of the Operation

It cannot be overemphasized that THE is not a 
random wrenching of the esophagus from the 
posterior mediastinum. The operation has com-
ponent parts that have been well described else-
where [14] and will only be briefly mentioned 
here:
1. the abdominal phase: exploration, assessment 

of the suitability of the stomach as an esoph-
ageal replacement, gastric mobilization, a 
Kocher maneuver, pyloromyotmy, and inser-
tion of a feeding jejunostomy tube;

2. the cervical phase: mobilizing and encircling 
the cervical esophagus, blunt dissection of the 
upper thoracic esophagus in the superior me-
diastinum;

3. the mediastinal dissection of the esophagus 
(to be discussed further below);

4. preparation of the gastric conduit, transposi-
tion through the posterior mediastinum, and 
abdominal wound closure;

5. the cervical esophagogastric anastomosis.
Considerations about potential major intraop-
erative bleeding or airway injury are related to 
the mediastinal dissection of the esophagus. The 
dissection begins in the abdomen through the 
diaphragmatic hiatus as the surgeon palpates 
the esophagus to assess its mobility. Fixation to 
the spine, descending thoracic aorta, or the air-
way is a “red flag” that a persistent attempt at 
resecting the esophagus transhiatally may end in 
disaster. In the typical case, however, the surgeon 
inserts one hand through the diaphragmatic hia-
tus posterior to the esophagus. This hand is ad-
vanced superiorly along the prevertebral fascia, 
constantly against the spine to minimize anterior 
displacement of the heart and untoward hypo-
tension (Fig. 4.1). Simultaneously, the encircled 
cervical esophagus is retracted anteriorly as a 
“sponge-on-a-stick” is advanced through the cer-
vical incision and down into the superior medi-
astinum dissecting the esophagus free from the 
prevertebral fascia. Eventually the stick sponge 
being advanced downward into the mediastinum 
from “above” meets the fingers inserted through 
the hiatus from “below,” and the first phase of 
the posterior mediastinal “tunnel” is created 

(Fig. 4.2). The 28 French Argyle Saratoga sump 
catheter is inserted through the cervical incision 
into the mediastinum along the spine, is used to 
evacuate blood and assess for unusual bleeding, 
and is then removed. The posterior dissection 
of the esophagus is generally through relatively 
avascular tissue planes.

Anterior dissection of the esophagus through 
the hiatus is a mirror image of the posterior dis-
section. The esophagogastric junction is retracted 
inferiorly by gentle downward traction on the 
mobilized stomach. The surgeon’s hand is placed 
against the anterior surface of the esophagus 
palm downward and is advanced superiorly into 
the mediastinum, gently dissecting the esophagus 
from the posterior pericardium and then the ca-
rina (Fig. 4.3). In the neck, the cervical esopha-
gus is retracted superiorly and laterally as two 
fingers dissect progressively downward along 
the anterior surface of the esophagus, mobilizing 
it away from the posterior membranous trachea 
(Fig. 4.4). The force of the dissection, no matter 

Fig. 4.1  The transhiatal esophageal mobilization begins 
posteriorly, the surgeon’s hand inserted through the hiatus 
with the volar aspect of the fingers sweeping the esopha-
gus away from the prevertebral fascia and a similar pos-
terior dissection of the upper thoracic esophagus through 
the cervical incision. (Reproduced with permission from 
[9] © Elsevier)

 



414 Transhiatal Esophagectomy—Intraoperative Disasters

how gentle, most be directed posteriorly to avoid 
a tear of the airway. When the fingers inserted 
through the cervical wound meet those inserted 
through the hiatus, the “anterior tunnel” is com-
plete, and the Saratoga sump catheter is again in-
serted to monitor for untoward bleeding and then 
removed. Lateral periesophageal attachments are 
divided between long (13ʺ) right-angle clamps 
inserted through the hiatus and ligated, minimiz-
ing the “blunt” dissection.

With the anterior and posterior esophageal at-
tachments now divided, the cervical esophagus 
is progressively elevated out of the neck wound 
as the lateral attachments of the upper thoracic 
esophagus are swept away by blunt dissec-
tion (Fig. 4.5). This results in an approximately 
5–8 cm length of circumferentially mobilized 
upper thoracic esophagus. The hand-inserted 
palm downward through the diaphragmatic hia-
tus is advanced upward along the anterior surface 

of the esophagus until the circumferentially 
mobilized upper thoracic esophagus is identi-
fied by palpation (Fig. 4.6). The esophagus is 
“trapped” against the spine by the fingers, and 
with a progressive downward “raking” motion, 
the remaining lateral esophageal attachments 
and vagal branches are gently avulsed (Fig. 4.7). 
Larger vagal branches can be delivered down-
ward until visible through the hiatus and divided 
using a long right-angle clamp and electrocautery 
(Fig. 4.7 inset). With mobilization of the thoracic 
esophagus now completed, the cervical esopha-
gus is elevated several centimeters out of the 
neck wound, the cervical esophagus divided with 
a stapler (Fig. 4.8), and the esophagus drawn 
downward and out of the mediastinum by gentle 
traction on the stomach.

While it is tempting at this point to “admire” 
the resected esophagus and for all present at the 
table to palpate a tumor if present, this should 
be resisted. As soon as the esophagus is out of 
the posterior mediastinum, a Deaver retractor is 

Fig. 4.3  Anterior dissection of the esophagus is per-
formed as a “mirror image,” this time with the volar as-
pects of the finger against the anterior esophageal wall. 
The posterior membranous trachea is vulnerable to injury 
as the esophagus is mobilized away from the airway from 
“below” and “above.” (Reproduced with permission from 
[9] © Elsevier)

 

Fig. 4.2  A “half-sponge-on-a-stick” is advanced down-
ward through the cervical incision along the prevertebral 
fascia until it can be palpated by the fingers inserted from 
“below” through the hiatus, thereby establishing the first 
portion of the posterior mediastinal tunnel. (Reproduced 
with permission from [9] © Elsevier)
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inserted into the hiatus and an inspection made 
for unusual bleeding and entry into one or both 
pleural cavities (requiring chest tube placement). 
Routinely, one or two large abdominal lapa-
rotomy pads are packed through the hiatus into 
the mediastinum with long forceps, and while 
protecting the recurrent laryngeal nerve in the 
cervical wound, two narrow thoracic packs are 
advanced downward into the superior medias-
tinum against the packs placed from below. All 
packs placed into the mediastinum through either 
the abdominal or thoracic incisions are “tagged” 
with a hemostat to avoid inadvertent intraopera-
tive loss and an incorrect count at the end of the 
case. Once the mediastinum has been packed 
to allow both pressure and natural hemostatic 
mechanisms to control any oozing that might be 
present, and any required chest tubes have been 
inserted in the appropriate anterior axillary lines 
and connected to drainage, attention can then 

be turned to removing the esophagus and upper 
stomach and fashioning the gastric conduit.

Bleeding Scenarios During THE

In the rare situation in which sudden unex-
plained, prolonged severe hypotension occurs 
during with the esophageal mobilization, even 
after the surgeon removes his/her hand from the 
posterior mediastinum, unrecognized bleeding 
must be suspected. If there is no sign of exces-
sive bleeding from the hiatus or the cervical in-
cision, bilateral 28 French chest tubes should be 
placed quickly low in the anterior axillary lines, 
advanced to the apices, connected to suction, and 
an assessment made for internal bleeding into 
a chest cavity by evaluating chest tube output. 
Intravascular volume replacement is achieved 
through two large bore peripheral IVs placed 
routinely in these operations. If on retraction of 

Fig. 4.5  After establishing the anterior and posterior 
esophageal “tunnels,” the additional mobility of the esoph-
agus allows it to be elevated out of the cervical wound for 
several centimeters by one finger “hooked” beneath it as 
the index finger of the opposite hand sweeps the lateral 
esophageal attachments aside. The upper thoracic esopha-
gus is thus entirely circumferentially mobilized and is re-
leased back down into the upper mediastinum for the next 
phase of the esophageal mobilization. (Reproduced with 
permission from [9] © Elsevier)

 

Fig. 4.4  The attachments between the trachea and esoph-
agus are generally flimsy and avascular. As the dissection 
proceeds, the fingers must exert their force posteriorly, 
away from the membranous trachea, to avoid a tear. (Re-
produced with permission from [9] © Elsevier)
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the hiatus and inspection of the mediastinum, it 
is determined that appreciable “high” mediastinal 
bleeding is occurring and draining into the chest 
through an opening in the pleura (generally on the 
right and from a torn azygos vein), the posterior 
mediastinum should be packed quickly through 
the hiatus with two large laparotomy packs from 
“below” and two narrow thoracic packs placed 
behind the esophagus through the cervical wound 
(Fig. 4.9) (The recurrent laryngeal nerve in the 
tracheoesophageal groove is protected with the 
fingers as the packing is carried out.) (Fig. 4.9 
inset). The abdomen is quickly closed with 4–5 

through and through No. 2 sutures and the inci-
sion covered with an adhesive surgical drape 
(Fig. 4.10 inset). Similarly, the cervical wound is 
quickly closed with a running nylon suture and 
covered with an adhesive surgical drape. The pa-
tient is turned to the left side, positioned and pad-
ded for a right posterolateral thoracotomy. The 
chest is entered through a fifth intercostal space 
incision and the bleeding site identified and con-
trolled (usually by ligating and suture-ligating the 
torn azygos vein). Exposure may be facilitated by 
palpating the carina and having the anesthesiolo-
gist advance the endotracheal tube as it is guided 
into the left mainstem bronchus by the surgeon’s 
fingers. Single lung ventilation of the left lung 
can then be instituted. If the esophagus has not 
been removed yet, the esophageal mobilization 
is completed. The patient is then turned supine 
once again, positioned as before, and the esopha-
geal replacement with the stomach completed 

Fig. 4.7  Lateral esophageal attachments and smaller 
vagal fibers are avulsed by a downward “raking” motion 
of the fingers that are kept against the spine. Inset—More 
substantial vagal fibers can be pulled downward until vis-
ible through the retracted hiatus and divided using a long 
right-angle clamp and electrocautery. (Reproduced with 
permission from [9] © Elsevier)

 

Fig. 4.6  The hand inserted through the diaphragmatic 
hiatus is advanced superiorly behind the trachea until 
the segment of completely circumferentially mobilized 
upper thoracic esophagus can be identified by palpation 
and “trapped” against the spine between the index and 
middle fingers. (Reproduced with permission from [9] © 
Elsevier)
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as originally planned by bringing the stomach 
through the posterior mediastinum and carrying 
out the CEGA.

A more common “bleeding scenario” occurs 
when after dividing the cervical esophagus with 
the stapler and delivering the mobilized esopha-
gus out of the mediastinum, dark venous blood is 
seen flowing from the hiatus and often from the 
cervical wound as well. Exposure of the posteri-
or mediastinum for control of bleeding is always 
easier when the esophagus has been removed. 
If it has not been, and major venous bleeding is 
identified during performance of the esophagec-
tomy, for example, flowing out of the cervical 
incision, if possible, quick blunt division of the 
few relatively small remaining periesophageal at-
tachments allows removal of the esophagus and 
better visualization through the hiatus. Once the 
esophagus has been removed, the 28 Fr. Argyle 
Saratoga sump catheter at the head of the table is 
quickly inserted into the cervical wound and ad-

vanced into the posterior mediastinum to evacu-
ate blood. In the abdomen, as described above, a 
narrow Deaver retractor is inserted into the hiatus, 
and the posterior mediastinum is packed tightly 
with two large laparotomy packs, which are ad-
vanced well superiorly to the level of the carina 
with the help of a long Russian forceps. The sump 
catheter is removed from the neck wound, and 
the superior mediastinum is packed tightly with 
two narrow thoracic packs continually protecting 
the recurrent laryngeal nerve by placing a finger 
across the tracheoesophageal groove as the packs 
are advanced into the wound (Fig. 4.9). While 
hemodynamic stability is assessed by the anes-
thesiologist and intravenous fluids are adminis-
tered to assure an adequate intravascular volume, 
bilateral chest tubes are placed low in the ante-
rior axillary lines, advanced to the apices of the 
chest, and connected to under water seal suction 
drainage (Fig. 4.10). The output from each side is 
assessed. If the bleeding seems to be controlled, 
the anesthesiologist is given time to administer 
more IV fluids and blood as indicated. With a 
normal blood pressure, and after waiting 5 min 
for natural hemostatic mechanisms to come into 
play, the cervical thoracic packs are slowly and 
sequentially removed from the superior medias-
tinum and the wound assessed for bleeding. If no 
blood wells up from the superior mediastinum 
and out of the cervical wound, attention is redi-
rected to the abdomen. The abdominal packs are 
slowly and sequentially removed from the pos-
terior mediastinum through the diaphragmatic 
hiatus, and the Deaver retractor is inserted into 
the hiatus to facilitate exposure. With the sump 
suction catheter inserted into the superior me-
diastinum through the cervical wound, the low 
and mid-posterior mediastinum is inspected for 
the source of bleeding, aided by a standard Yon-
kaur suction to “spot suck.” Statistically, a tear 
of the azygos vein during THE is the most likely 
source of dark major venous bleeding from the 
mediastinum, and at times after suctioning clot-
ted blood from the mediastinum, the thrombosed 
end of the completely divided azygos vein may 
be seen. A large hemoclip may be placed across 
the end of the divided vein through the diaphrag-
matic hiatus in those cases where visualization 

Fig. 4.8  Once the thoracic esophagus has been complete-
ly mobilized, several centimeters are elevated into the 
cervical wound and the esophagus divided obliquely (not 
transversely) from front to back so that the anterior tip is 
longer than the posterior. The esophagus is then delivered 
downward and out of the mediastinum by gentle traction 
on the stomach. (Reproduced with permission from [9] 
© Elsevier)

 



454 Transhiatal Esophagectomy—Intraoperative Disasters

through the hiatus is possible. If no bleeding site 
can be seen while looking up into the mediasti-
num through the hiatus, the cervical wound has 
no bleeding, and the chest tube output is minimal, 
the mediastinum should be repacked as above 
(two large laparotomy packs from below through 
the hiatus, and two narrow thoracic packs from 
above through the cervical wound while protect-
ing the recurrent laryngeal nerve). The esophagus 
is separated from the stomach using progressive 
applications of the GIA stapler 5–6 cm distal to 
the esophagogastric junction and preparing the 
gastric conduit for esophageal replacement. The 

specimen is removed from the field, and after 
oversewing the gastric staple suture line, atten-
tion is redirected to the mediastinum where an-
other 10–15 min have passed allowing for further 
natural hemostasis. The mediastinal packs are 
slowly removed and the mediastinum inspected. 
If the field is “dry,” the stomach is transposed 
through the hiatus into the posterior mediastinum 
and the tip delivered into the cervical wound for 
construction of the CEGA. On the other hand, if 
after removing the packs from the mediastinum, 
excessive dark venous bleeding from “high up” 
and to the right of the midline is encountered, 

Fig. 4.9  If posterior mediastinal bleeding is documented, 
in order to tamponade the bleeding, two large laparotomy 
packs are quickly advanced upward through the retracted 
hiatus into the mediastinum using long Russian forceps, 
and two narrow “thoracic” packs are advanced downward 

into the mediastinum through the cervical incision ( inset). 
The recurrent laryngeal nerve in the tracheoesophageal 
grove is protected by a finger held across it to prevent di-
rect contact between the forceps and the nerve as packing 
of the superior mediastinum is performed
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an azygos vein tear is virtually a certainty. The 
mediastinum is quickly repacked from below 
through the hiatus and above through the cervi-
cal wound as described above, the abdominal and 
cervical wounds quickly closed and covered with 
adhesive plastic surgical drapes, and the patient 
turned to the left side for a fifth intercostal space 
right posterolateral thoracotomy.

The third and even more frightening scenario 
involves bright red arterial bleeding from the 
hiatus either during performance of the transhia-
tal dissection or immediately after the esophagus 
has been removed from the mediastinum. With 
arterial bleeding, there may not be time to com-
plete the esophagectomy before the bleeding 
must be addressed. The Argyle Saratoga sump 
catheter is quickly inserted into the posterior me-
diastinum through the cervical wound to evacu-
ate blood and facilitate exposure. Exposure of the 
posterior mediastinum is achieved with a Deaver 
retractor placed into the hiatus and “spot suc-
tion” with the Yankauer suction from the lower 

end of the table. If the bleeding site is identified 
as being from an aortic esophageal artery, it 
is clamped through the hiatus with a long right-
angle clamp and ligated. The mediastinum is then 
carefully packed as above and inspected again 
after an additional 5 min have passed. If there 
is no further bleeding, the operation proceeds as 
planned. It cannot be overemphasized that when 
performing a THE in a patient who has under-
gone a prior esophagomyotomy, the exposed 
esophageal submucosa may be fused to the adja-
cent descending thoracic aorta. An ill-advised at-
tempt at blunt dissection between the esophagus 
and aorta may end in a disastrous aortic tear. In 
most cases, the esophagomyotomy involves the 
distal esophagus, and if a transthoracic approach 
to the aorta is required for repair, a left postero-
lateral thoracotomy in the sixth intercostal space 
is the preferred approach to the low descending 
aorta. This should be done if mediastinal packing 
temporarily controls the bleeding, which resumes 
when the packing is removed. The mediastinum 

Fig. 4.10  When bleeding within the posterior medias-
tinum is documented, the priority is tamponade. This is 
achieved with two large laparotomy packs pushed high 
into the posterior mediastinum through the hiatus and two 
narrow “thoracic” packs inserted into the superior medias-
tinum through the cervical incision. Bilateral chest tubes 
are placed to ensure that ongoing bleeding into either 
chest is not occurring. After 5–10 min of control of the 
bleeding with this pressure, during which time intravascu-

lar volume can be replaced and fashioning of the gastric 
conduit carried out, if a “second look” into the medias-
tinum indicates persistent bleeding, the mediastinum is 
repacked, the abdominal incision is closed quickly with 
three or four through-and-through heavy sutures ( inset), 
the cervical wound similarly closed quickly, both inci-
sions covered with adherent plastic surgical drapes, and 
the patient turned and positioned for a posterolateral tho-
racotomy
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should be packed again, the abdominal and cer-
vical wounds closed quickly as described above, 
and the patient turned to the right side. The groin 
should be prepped and draped into the field to 
allow access to the femoral vessels in the event of 
the need for aortic cross-clamping and institution 
of aortofemoral bypass to repair the injury. If the 
surgeon is unfamiliar with techniques of aortic 
bypass, support from cardiac surgery colleagues 
should be requested immediately. Massive bleed-
ing from the mid or upper thoracic aorta is not 
likely to be controllable through the hiatus, and 
an urgent repositioning of the patient and a left 
posterolateral thoracotomy through the fifth in-
tercostal space may be attempted for control/re-
pair. This is the worst-case scenario of bleeding 
associated with a THE, and salvage of the patient 
before fatal exsanguination occurs is unlikely.

Tracheal Tear

It has been emphasized repeatedly that in per-
forming the transhiatal esophageal mobilization 
from the level of the carina and superiorly, the 
fingers must be kept as posteriorly as is possible 
to minimize the risk of injury to the posterior 
membranous trachea. One of the worst experi-
ences in the performance of a THE is the sudden 
rush of cool air over the fingers in the posterior 
mediastinum. The anesthesiologist will gener-
ally then “sound the alarm” that he is “losing 
air” from his anesthetic circuit. There can be 
little doubt that a posterior membranous airway 
tear has occurred. This is not a time for bron-
choscopy. The anesthesiologist should be told 
to quickly untape the endotracheal tube so that it 
is completely mobile. At the same time, the sur-
geon’s hand is quickly inserted through the hia-
tus anterior to the esophagus with the palm and 
volar aspects of the fingers facing forward. As 
the subcarinal area is approached and the hand 
slowly advanced superiorly behind the trachea, 
the posterior membranous trachea is carefully 
palpated to define the site of the tear and con-
trol the air leak with gentle pressure (Fig. 4.11a). 
The injury is usually distal to the endotracheal 
tube balloon. The anesthesiologist is told to de-
flate the endotracheal tube balloon and advance 

the tube further into the airway as the surgeon 
guides the tube into the left mainstem bronchus 
(Fig. 4.11b). This may require several passes but 
eventually coordination of occlusion of the right 
mainstem orifice by pinching it and simultane-
ous advancement of the tube will result in a suc-
cessful left-sided intubation. When the end of the 
tube is felt several centimeters beyond the carina 
down the left mainstem bronchus, the balloon 
cuff is gently inflated, and single lung ventilation 
of the left lung instituted. The anesthetist should 
secure the tube in place. Adequate oxygenation 
is confirmed. With the air leak controlled, there 
are several options for management of the airway 
tear.

If the airway tear appears to be relatively 
small, the transhiatal esophageal mobilization 
can be completed, the stomach brought through 
the posterior mediastinum, and the CEGA con-
structed. The cervical wound is closed over a ¼ʺ 
Penrose drain placed into the superior medias-
tinum to permit egress of any escaping air. The 
patient is awakened from general anesthesia as 
soon as possible and extubated to eliminate posi-
tive airway pressure. It has been reported that 
some tracheal tears “seal off” against the wall of 
the adjacent intrathoracic stomach and do not re-
quire suturing. However, this is such a rare com-
plication of THE that no one has reliable experi-
ence as to which tears may be managed expec-
tantly as above. The author is most comfortable 
addressing the problem directly before the pa-
tient is awakened. Posterior membranous tears 
of the lower trachea and carinal area involving 
the mainstem bronchi are repaired through a right 
posterolateral thoracotomy in the fifth intercos-
tal space. After initiating single lung ventilation, 
securing the airway, and documenting satisfac-
tory oxygenation and hemodynamics, the abdo-
men is temporarily closed with interrupted heavy 
through and through sutures as described above 
in the section on major intraoperative bleeding, 
the neck wound is closed, and both incisions cov-
ered with adhesive plastic drapes. The patient is 
turned to the left side, and the right thoracotomy 
performed. The mediastinal pleura is opened at 
the level of the azygos vein, which is divided 
and suture-ligated. The carina rests immediately 
under the azygos vein. This exposure provides 



48 M. B. Orringer

access to the entire intrathoracic posterior mem-
branous trachea, the carina, the right bronchus, 
and the first several centimeters of the left main-
stem bronchus. If the esophagectomy has not 
been completed, it is done so now. The membra-
nous tracheal tear is repaired with interrupted 4- 0 
polydioxanone (PDS) sutures. The endotracheal 
tube is left undisturbed with its tip in the left 
mainstem bronchus and not withdrawn into the 
trachea where positive airway pressure may dis-
rupt the tracheal repair. The patient is then turned 
supine once again, positioned as before, the ad-
hesive surgical drapes removed, and the abdomi-
nal and cervical wounds reopened. Gastric trans-
position through the posterior mediastinum and 
construction of the CEGA are performed. The su-
perior mediastinum is drained with a ¼ʺ Penrose 
drain brought out through the cervical incision. 
The patient is extubated, preferably in the operat-
ing room, to avoid injury to the airway suture line 
by an indwelling endotracheal tube.

A third alternative approach is the use of a 
partial upper sternal split to gain access to the 
posterior trachea for repair of the injury. From 
experience with mediastinoscopy for the evalua-
tion of mediastinal lymphadenopathy in patients 
with lung cancer, it is known that the carina can 
generally be reached through a suprasternal inci-
sion. It is reasonable, therefore, to attempt repair 
of a posterior membranous tracheal tear above 
the carina through a partial sternotomy. Once the 
endotracheal tube has been guided down the left 
mainstem bronchus and the airway is secure, the 
standard oblique left anterior cervical incision 
paralleling the anterior border of the sternoclei-
domastoid muscle used for a THE is extended 
downward in the midline over the upper ster-
num, just across the sternomanubrial junction 
(Fig. 4.12). A partial upper sternal split is then 
carried out. If the esophagus has been extracted, 
visualization of the posterior membranous tra-

Fig. 4.11  a Identification of the site of the posterior 
membranous tracheal tear and temporary control of the air 
leak is achieved with the volar aspect of the middle finger 
inserted through the diaphragmatic hiatus. b As the orifice 
of the right mainstem bronchus is partially occluded by 

pinching it, the anesthesiologist simultaneously advances 
the endotracheal tube into the left mainstem bronchus so 
that single lung ventilation of the left lung can be insti-
tuted and maintained until the airway injury is repaired
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chea is generally feasible. The tracheal tear is re-
paired with interrupted 4- 0 PDS suture, and the 
esophageal replacement with stomach completed 
without the need to reposition the patient. If the 
tracheal tear cannot be adequately visualized 
through this approach, the cervical/partial ster-
notomy and abdominal incisions are temporar-
ily closed as described above, and the patient is 

turned to the left side for a transthoracic tracheal 
repair through the right chest as described.

Among 3200 patients who have undergone a 
THE at the University of Michigan since 1976, 
there have been eight (0.25 %) tracheobronchial 
tears, four repaired through a right thoracotomy 
and four through a partial sternal split. All healed 
without added postoperative morbidity.

Fig. 4.12  A tear of the posterior membranous trachea 
recognized after transhiatal mobilization and removal of 
the esophagus may be managed by extending the oblique 
anterior left cervical incision downward in the midline 
over the manubrium across the sternomanubrial junction. 

A partial sternotomy is performed, and after insertion of a 
small sternal retractor, access to the posterior membranous 
trachea to the level of the carina allows direct suturing of 
the tracheal wound and avoids the need for a thoracotomy. 
(Reproduced with permission from [9] © Elsevier)
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Summary

Disastrous intraoperative events—major medias-
tinal bleeding and tracheal tears—occur in < 1 % 
of patients undergoing a THE. Their successful 
management requires a well thought-out protocol 
and knowledge of the best approach to the site of 
the injury. Because of their relative infrequency, 
facility in management is seldom achieved by re-
petitive direct treatment. It is therefore prudent 
that surgeons undertaking a THE periodically 
“rehearse” with their operative team the approach 
to intraoperative bleeding or an airway tear 
occurring during the procedure, so that efficient 
and effective treatment can be undertaken when 
these disasters are encountered. Recognition of 
telltale risk factors such as a mid-third esopha-
geal carcinoma or stricture, mediastinal calcifi-
cation on CT scan, a prior esophagomyotomy, a 
prior esophageal perforation, or an obese, “soft” 
body habitus may alert the surgeon to the possi-
bility of major intraoperative technical problems 
and hopefully their avoidance.

Key Points: Avoiding Catastrophic 
Complications—Mediastinal 
Bleeding and Airway Injury—During 
Transhiatal Esophagectomy

1. Be especially vigilant in patients with a histo-
ry of prior esophageal surgery, particularly 
a thoracic esophagomyotomy or megaesopha-
gus of achalasia.

2. In those with a prior thoracic esophagomy-
otomy, dissect the esophagus away from the 
descending aorta sharply and under direct vi-
sion through the hiatus, not bluntly.

3. Mediastinal lymph node calcifications on 
preoperative CT scans may portend a more 
difficult mediastinal esophageal dissection, 
particularly in the subcarinal region.

4. Perform the blunt mediastinal esophageal dis-
section with the volar aspects of the fingers 
against the esophagus.

5. When dissecting the esophagus away from the 
trachea working through the hiatus and the 

cervical incision, push toward the esophagus 
and NOT the posterior membranous trachea.

Key Points: Diagnosing and Managing 
Catastrophic Complications—
Mediastinal Bleeding and Airway 
Injury—During Transhiatal 
Esophagectomy

1. Dark venous blood issuing through the hiatus 
from the high mediastinum during a THE is 
most often due to a torn azygos vein.

2. Bright red blood issuing through the hia-
tus during dissection of the distal half of the 
esophagus is most often due to a bleeding 
thoracic aortic vessel or an aortic injury.

3. During the transhiatal esophageal mobiliza-
tion, feeling a sudden rush of air at the same 
time that the anesthesiologist reports loss of 
air in his/her circuit is indicative of a posterior 
membranous tracheal tear.

4. If excessive mediastinal bleeding through the 
hiatus occurs, the mediastinum should be 
packed immediately with two large abdomi-
nal packs through the hiatus from “below” and 
two narrower “thoracic packs” placed through 
the cervical incision from “above” (while pro-
tecting the left recurrent laryngeal nerve), al-
lowing volume replacement and stabilization 
of the patient.

5. If an intraoperative tracheal tear occurs, the 
anesthesiologist should advance the endo-
tracheal tube—guided by the surgeon’s hand 
through the hiatus—into the left mainstem 
bronchus so that single lung ventilation with 
the endotracheal balloon distal to the tear can 
be established.
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Introduction

A post-esophagectomy chylothorax is an uncom-
mon complication with associated high morbidi-
ty and mortality if improperly managed. It occurs 
in approximately 3 % of patients and is usually 
noted by the occurrence of a pleural effusion or 
the drainage of white fluid from the chest tubes 
following the postoperative initiation of enteral 
feeds. Immediate medical and interventional 
measures are necessary to prevent significant nu-
tritional and fluid losses. Selection of the most 
appropriate method for management is based on 
the severity of the chyle leak and the condition of 
the patient.

Historical Review

Gasparo Aselli is credited with the discovery of 
the lymphatic system, and Vesalius named the 
thoracic duct vena alba thoracis because of the 
milky white character of chyle in the 16th cen-
tury [1]. Mascagni was the first to describe the 
thoracic duct in detail in 1787 [2]. A report by 
Bargebuhr described a series of 40 patients with 
nontraumatic chylothorax, all related to neo-
plasms of the abdomen and thorax [3].

Though the first reference to a traumatic chy-
lothorax was made by Langelot in 1663, Quinke 
is credited with the first description of one in 
1875 [4]. Zesas wrote a review in 1912 of 24 
patients with traumatic chylothorax, of which 12 
died [5]. In the 19th century, descriptions of re-
pair of thoracic duct injuries began to appear. In 
1922, Lee concluded that injuries should be re-
paired if possible and ligated otherwise, follow-
ing his own experimental work with ligation and 
review of the literature [6]. The significance of 
this report lies in its challenge to the idea that tho-
racic duct drainage was essential to life. The turn-
ing point in the treatment of chylothorax came in 
1948 when Lampson and associates successfully 
treated a chylous fistula by ligating the thoracic 
duct in the chest [7]. At the time of this report, the 
mortality from nontraumatic and traumatic chy-
lothorax was 100 and 50 %, respectively [8]. In 
the subsequent decade, mortality dropped to less 
than 10 % and currently is well below 5 % [9].
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Basic Science

Embryology

The lymphatic system begins to develop in the 
5th week of gestation. Lymphatic sacs were de-
scribed by Sabin in 1916 as originating from the 
endothelium of adjacent veins [10]. She noted six 
lymphatic spaces; paired jugular sacs, paired iliac 
sacs, a single retroperitoneal sac, and the cisterna 
chyli (Fig. 5.1 ). The lymphatic sacs then become 
buds that follow planes of least resistance and 
progress toward the periphery.

The thoracic duct is formed from downward 
growth of the jugular sacs and upward growth of 
the cisterna chyli [11]. In the embryo, the tho-
racic duct exists as bilateral symmetrical plexus 
of lymphatic vessels. The communicating vessels 
enlarge and fuse, eventually leading to oblitera-
tion of the upper third of the right duct and the 
lower two-third of the left duct leaving the adult 
thoracic duct. The plexus of lymphatic drainage 
results in multiple connections between the tho-
racic duct and adjacent veins, including the azy-
gos and intercostals, and allows chyle to reach 
the blood stream after duct ligation.

Anatomy

The anatomy of the thoracic duct is known for its 
variability. The cisterna chyli originates in the ab-
domen from the union of two lumbar lymphatic 
and one intestinal trunk (Fig. 5.2 ). The standard 

Fig. 5.2  Adult anatomy of the thoracic duct. (Reprinted 
with permission from [48])

 

Fig. 5.1  Embryologic development of the lymphatic system. (Reprinted with permission from [48])
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position of the cisterna chyli is adjacent to the 
vertebral column and to the right of the aorta at 
the level of L2, but it can be found from T10 to 
L3. The thoracic duct ascends from the cisterna 
chyli in the posterior mediastinum through the 
aortic hiatus. The aortic hiatus resides at the level 
of T10. Moving cephalad, the duct lies along the 
anterior surface of the vertebral column, posterior 
to the esophagus, between the aorta and the azy-
gos vein and anterior to the right intercostal arter-
ies. This anatomic region is emphasized because 
this is the optimal location for duct ligation in the 
chest [12]. The thoracic duct typically crosses be-
hind the aorta to the left at T5–T7 and continues 
its ascent behind the aortic arch and to the left 
of the esophagus until it reaches the level of the 
left subclavian artery posteriorly. The change in 
laterality of the duct position explains the devel-
opment of a right-sided chylothorax if the duct is 
injured below T5 and a left-sided chylothorax if 
the duct is injured above T5. Collateral drainage 
into the azygos, intercostal, and lumbar veins oc-
curs 40–60 % of the time.

The course of the duct continues cephalad 
until approximately 3 cm above the level of the 
clavicle when it traverses laterally. The duct is 

then positioned anterior to the vertebral artery 
and vein, innominate vein, and phrenic nerve and 
medial to the anterior scalene muscle. The duct 
terminates by joining the venous drainage system 
near the confluence of the left subclavian and 
left internal jugular veins, but has also been re-
ported to drain into the left innominate vein, left 
or right internal jugular or the left vertebral vein 
(Fig. 5.3 ) [13–15].

The duct is known to have unidirectional 
valves of variable number and location. A valve 
is always present, however, at the junction of the 
thoracic duct and the venous supply to protect 
against the reflux of blood into the lymphatic 
system [16].

Other small lymphatic pathways exist. A small 
and short right thoracic duct drains lymph from 
the right head, neck, arm and chest wall via the 
jugular trunk. A bronchomediastinal trunk drains 
lymph from the right lung, heart, and left lung. 
And an additional trunk drains lymph from the 
dome of the liver, right chest wall, and right dia-
phragm via the right internal mammary trunk.

Variations in anatomy include lymphatic duct 
doubling, left-sided course, right-sided course, 
bilateral termination, or azygos vein termination. 

Fig. 5.3  Adult anatomy of the thoracic duct, relationship to mediastinal structures. (Reprinted with permission from 
[48])
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In addition, in the neck, the duct can run poste-
riorly to the vertebral and subclavian veins [17].

Physiology

Chyle consists of lymph (comparable to blood 
plasma) and emulsified fats (free fatty acids). It 
is formed within the small intestine during diges-
tion of fatty foods. Long-chain fatty acid mol-
ecules diffuse into the low-pressure wall of the 
intestinal villi. They form micelles and are reas-
sembled into triglycerides. The triglycerides are 
coated with cholesterol and protein to form chy-
lomicrons that then enter lacteals before flow-
ing into the larger lymphatic vessels. The higher 
pressure in intestinal veins allows only smaller 
products of digestion, such as short- and medi-
um-chain triglycerides (MCT), amino acids and 
sugars, to diffuse directly into the blood stream, 
the portal system. Fat is absorbed into intestinal 
lymphatics and transported into venous blood 
flow in less than an hour.

Lymph flow in the thoracic duct comes from 
the liver, intestines, and extremities, with the 
liver and intestines contributing 95 %. Many fac-
tors influence the volume of lymph flow through 
the thoracic duct. Basal rate of flow is estimated 
to be 0.95 ml/min or 1.38 ml/kg body weight/
hour. Flow rates can increase with oral intake and 
abdominal massage up to 3.9 ml/min [18].

Composition of Chyle

The concentration of fat, protein, and lympho-
cytes within chyle is variable depending on the 
timing, type, and amount of food ingested. Dur-
ing the period of fasting, ductal lymph fluid is 
clear. The milky white color occurs from the ab-
sorption of chylomicrons following fat ingestion. 
Chyle is considered bacteriostatic and causes a 
very little pleural reaction due to its alkaline pH 
(Table 5.1).

Lipids As noted, the main component of chyle 
consists of emulsified fats, or free fatty acids. 
The concentration of fat in chyle is directly 

related to ingested quantity and composition of 
fat and can range from 14 to 210 mmol/L. Up to 
60 % of ingested fat, consisting mostly of long-
chain triglycerides (12 or more carbon atoms in 
size), is absorbed into the lymphatic channels. 
Small-chain triglycerides, considered less than 6 
carbon atoms in size, are absorbed directly into 
the portal venous system. MCT (6–12 carbon 
atoms in size) are also absorbed passively into 
the portal system, though only 30–40 % of MCTs 
are directly absorbed.

Protein Chyle is a transporter of extravascular 
protein back to the vascular space. Total protein 
concentration in chyle is generally half that of 
protein concentration in the plasma, ranging from 
21 to 59 g/L [18]. In large chyle leaks, significant 
protein losses can occur.

Electrolytes The electrolyte content of lymph 
in the thoracic duct is the same as that of plasma. 
Fat-soluble vitamin concentrations in chyle are 
proportional to the amount ingested. Pancreatic 
lipase, amylase, and deoxyribonuclease can also 
flow into the lymph system and are subsequently 
transported to the blood stream by way of the 
thoracic duct.

Lymphocytes Lymphocytes contribute the 
main cellular element of thoracic duct lymph. 
Ninety percent are T-lymphocytes. Lymphocytes 
are in constant to and fro circulation from lymph 

Table 5.1  Composition of chyle. (Adapted from [47])
Component Amount (per 100 ml)
Total fat 0.4–5.0 g
Cholesterol 65–220 mg
Protein 2.2–5.9 g
Albumin 1.2 − 4.1 g
Globulin 1.1–3.6 g
Fibrogen 16–24 g
Antithrombin 25 % of plasma concentration
Prothrombin 25 % of plasma concentration
Fibrinogen 25 % of plasma concentration
Sugar 48–200 g
Electrolytes Similar to plasma
Cellular elements
Lymphocytes 400 − 6800/L
Erythrocytes 50–600/L
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nodes to the bloodstream. Prolonged drainage of 
lymph due to a thoracic duct injury can signifi-
cantly deplete lymphocytes with resultant immu-
nosuppression.

Chylothorax

Etiology/Cause

Chylothorax occurs when lymphatic fluid accu-
mulates within the pleural space. Though a chy-
lothorax can occur spontaneously, it is usually 
related to an injury to the thoracic duct or one 
of its branches. Other causes include occlusion 
of the lymphatic system from venous thrombosis, 
neoplastic infiltration, or radiation. The causes 
are listed in Table 5.2.

Post-esophagectomy Chylothorax

Thoracic operations most commonly associ-
ated with chylothorax include aortic procedures 

(incidence of 0.2–0.5 %), pulmonary resection 
with lymphadenectomy (incidence of 0.42–
2.3 %.), and esophagectomy. The incidence of 
chylothorax after esophagectomy ranges from 
0.5 to 10.5 %, irrespective of the approach to re-
section [19–22]. A meta-analysis completed by 
Rindani and colleagues evaluated 44 reports in-
volving 5483 patients with an incidence of chylo-
thorax of 2.8 % [23]. Patients who had a transtho-
racic esophagectomy (2675) and those who had 
a transhiatal esophagectomy (2808) developed 
chylothoraces with an incidence of 2.1 and 3.4 %, 
respectively. In a report by Dugue of 850 patients 
undergoing Ivor-Lewis esophagectomy, the inci-
dence of chylothorax was 2.7 % [24]. Orringer 
reported < 1 % incidence for 1085 patients who 
underwent a transhiatal esophagectomy [25]. 
Merigliano reported 1787 esophagectomies with 
an incidence of chylothorax of 1.1 % [26]. Of the 
1787 patients evaluated, 1237 patients underwent 
a transthoracic approach and 464 patients had a 
transhiatal approach with chylothorax incidence 
of 1 and 1.3 %, respectively. Minimally inva-
sive esophagectomy (MIE) has reported rates of 
chylothorax similar to those of open approaches. 
Shen reported 344 MIEs with a chylothorax inci-
dence of 2.9 % [27]. A postoperative chyle leak 
is also more likely to occur in direct relationship 
with the aggressiveness of a mediastinal lymph 
node dissection [28].

Diagnosis

Clinical Features

Clinical features related to chylothorax often 
present in a delayed fashion because postopera-
tive patients frequently have a limited dietary in-
take. As oral or enteral intake occurs, lipids are 
absorbed through the intestinal tract and into the 
lymphatic system that travels through the region 
of the resected esophagus. If thoracic duct chan-
nels have been disrupted and are not ligated, 
the pleural cavity will gradually fill with chyle. 
Clinical complaints are related to compression 
of the lung by the chylous effusion and include 
dyspnea, cough, and fatigue. If pleural drainage 

Table 5.2    Causes of chylothorax. (Adapted from [47])
Congenital anomalies
Trauma
Birth trauma
Blunt trauma
Penetrating trauma
Surgical trauma
Cervical lymph node dissection
Thoracic
Ligation of patent ductus arteriosus
Coarctation repair
Esophagectomy
Thoracic aortic aneurysm repair
Resection of mediastinal tumor
Pulmonary resection
Sympathectomy
Abdominal
Abdominal lymph node dissection
Neoplasms
Lymphoma, breast cancer, lung cancer
Miscellaneous
Subclavian vein thrombosis
Radiation
Tuberculosis
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tubes are present, a milky effluent will occur. 
The quantity of accumulated or drained fluid de-
pends upon the degree of thoracic duct injury and 
amount of enteral intake. High-volume drainage 
(> 1–2 L/day) can occur with losses of fluid, elec-
trolytes, and lymphocyte reserves.

Fluid Studies

After thoracentesis or catheter drainage of the 
suspected effusion, the diagnosis of chylothorax 
is supported by nonclotting, milky-colored fluid. 
Chyle can resemble pus, but it is odorless, and no 
bacteria are seen on Gram stain. Clear fluid does 
not rule out chylothorax, particularly in patients 
on limited diets. The rate of daily fluid accumula-
tion, alone, is a key piece of data. A higher-than-
usual volume of serous drainage (700–1200 ml/
day) is characteristic of a thoracic duct injury and 
chylothorax. In such circumstances, a complete 
blood count of the fluid with differential that 
shows lymphocytes > 90 % is diagnostic.

Biochemical and microscopic examination of 
the pleural fluid is important. Diagnostic find-
ings include triglyceride level > 110 mg/dL and/
or a concentration greater than plasma triglyc-
eride level. Pleural fluid triglyceride concentra-
tions, however, can be less than 110 mg/dl in 
15 % of patients with a chylothorax. Therefore, 
lipoprotein analysis can be performed as another 
diagnostic tool. A microscopic examination that 
shows chylomicrons is also diagnostic of a chy-
lothorax and can be used as a confirmatory test if 
the triglyceride levels are equivocal. On micros-
copy, fat globules will clear with alkali or ether 
and will stain with Sudan III.

Imaging

Chest radiography and computed tomography 
will often show a unilateral pleural effusion in 
an undrained chest cavity. Other findings can 
include bilateral effusions, a widened mediasti-
num, and a pericardial effusion. Though uncom-
monly performed and usually unnecessary, lym-
phangiography can show the site of injury [29]. 

This procedure involves injection of 10 mL of 
ethiodized oil into the lymphatic vessels in the 
dorsum of the foot. Coupled with lymphangiog-
raphy, post-procedure computed tomography of 
the chest can be highly accurate in localizing a 
chyle leak [30].

Treatment

The best treatment of chylothorax is prevention. 
Attention to the anatomy of the thoracic duct 
and its variability is required to avoid injury to 
the structure and its tributaries. Because of the 
proximity of the thoracic duct to the esophagus 
and aorta, intrathoracic aortic and esophageal 
procedures carry a particular risk for duct in-
jury. The judicious use of tying and clipping of 
the lymphatic, periaortic, and periesophageal 
tissues during dissection minimizes the risk of 
chylothorax occurrence. The duct and lymphatic 
channels are not often visualized at the time of 
surgery because flow through the duct system is 
minimal as a result of a patient’s nil per os (NPO) 
status prior to surgery. If the duct must be visual-
ized during an operation, for inspection or repair, 
30 cc’s of fluid that is rich in fat (milk or olive 
oil) can be given orally or through a nasogastric 
tube 1 h prior to anticipated exposure of the duct. 
Another method to prevent postoperative chyle 
leakage is ligation of the thoracic duct at the level 
of the aortic hiatus. Guo and colleagues reported 
a group of 135 minimally invasive esophagecto-
mies for cancer [31]. Of the 65 patients who had 
prophylactic thoracic duct ligation, one patient 
developed a chylothorax, whereas 7 chylothora-
ces occurred in 65 patients who did not have li-
gation of their ducts. No complications occurred 
from duct ligation.

Patients who have received preoperative 
therapy (radiation or chemoradiotherapy) and 
who develop a chylothorax after resection of a 
malignancy, such as esophageal cancer, are less 
likely to respond to conservative measures. The 
lymphatic collaterals seldom heal spontaneously 
because radiation therapy to the periesophageal 
tissues damages the adjacent lymphatic network 
and reduces their healing capacity.
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Management is determined by the amount of 
chyle drainage. The objectives of treatment are to 
drain and minimize chyle production, which, in 
turn, allows time for the establishment of rerout-
ing of chyle flow within lymphatic collaterals and 
fusion of the pleural surfaces (pleurosymphysis), 
which obstructs the free flow of chyle into the 
pleural space. Patients who respond promptly 
to conservative measures within 48 h are likely 
to seal their leak. If high-output drainage occurs 
over 1–2 L/d, patients can quickly become nutri-
tionally and immunologically depleted. Morbid-
ity and mortality are known to increase if such 
quantities of drainage continue beyond 5–7 days, 
and these patients are unlikely to respond to con-
servative therapy. If the patient is able to toler-
ate a second operation, surgical exploration with 
duct ligation is indicated [20, 21, 28].

Conservative Management

Conservative management is considered first-
line therapy for most cases of postsurgical chylo-
thorax and includes drainage of the pleural space 
to establish complete re-expansion of the lung, 
nutritional support, and medication to reduce the 
flow of chyle.

Drainage of the pleural space is effectively 
achieved with tube thoracostomy. Additionally, 
it assists with lung re-expansion and daily mea-
surement of chyle flow. Thoracentesis can be ef-
fective, but often needs to be repeated to achieve 
adequate drainage and full lung expansion.

Nutritional support is a key component to 
management. If patients have less than 500 cc/d 
of chyle flow, usually they can continue oral in-
take. But the diet is modified to minimize the 
consumption of long-chain triglycerides that in-
crease chyle flow. A high-protein, low-fat diet 
with oral or nasogastric tube feeding of MCT 
can be used. Restriction of long-chain triglycer-
ides avoids the breakdown of the compound into 
monoglycerides and free fatty acids that are car-
ried as chylomicrons into the lacteals and then 
into the thoracic duct. MCTs are commercially 
available in liquid or capsule form for use as a 
nutritional supplement three to four times per 

day. Common adverse effects are nausea, occa-
sional vomiting, abdominal pain, and diarrhea.

To achieve the most optimal outcome with 
conservative management, complete fasting and 
total parenteral nutrition (TPN) must be used 
[30]. Complete bowel rest is the best method to 
minimize chyle production. Even water taken by 
mouth can increase the flow of chyle by 20 % 
[18]. Fasting has been shown to be associated 
with success rates as high as 80 % [32, 33] com-
pared with use of a modified enteral diet where 
successes have been reported to be as low as 
23 % [21, 34–36].

Somatostatin and its analog octreotide have 
also been shown to decrease the flow of chyle 
in cases of postoperative chylothorax [37–39]. 
These agents act by inhibiting gastrointestinal 
and endocrine function, which, in turn, decreases 
foregut secretions [40]. Dosing of octreotide is 
100–500 μg subcutaneously three times per day 
[41]. When used in conjunction with a strict di-
etary regimen, somatostatin typically reduces 
chyle drainage within 48 h. Daily monitoring of 
output is important to ensure continued dissipa-
tion, and resolution can be seen within a 2-week 
period. Side effects are typically minor and in-
clude flushing, nausea, diarrhea, abdominal dis-
tension, and hyperglycemia.

Percutaneous catheterization and emboliza-
tion of the thoracic duct has shown success in 
limited series. For patients who are refractory to 
previously mentioned management techniques, 
who are debilitated, and who are poor operative 
candidates, embolization should be considered. 
The procedure involves pedal lymphangiogra-
phy and transabdominal accession of the cisterna 
chyli. The technique has low associated morbid-
ity, but can be constrained by variations and size 
of the lymphatic channels. Success has been re-
ported to range from 45 to 70 % [42, 43].

If patients with high-output drainage (> 1 L/d) 
do not promptly improve within 48 h from the 
initiation of conservative management, surgical 
intervention should be considered [28]. Shah and 
colleagues reported significant failure of conser-
vative management if patients continued to have 
chest tube output over 11 cc/kg/d after beginning 
the treatment [44]. Dugue and colleagues used 
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an output of chyle based upon body-weight ratio 
as an indicator of conservative treatment success 
and suggested that an output of less than 10 cc/
kg/d at day 5 of conservative treatment is justi-
fication to continue conservative management 
[24]. Merigliano and colleagues recommended 
early duct ligation to avoid complications related 
to nutritional and immunologic depletion caused 
by delayed surgical intervention [26]. As a gen-
eral guideline, if drainage remains unabated more 
than 500 cc/d for 5–7 days following the initia-
tion of treatment, surgical intervention should be 
considered.

Most cases of chylothorax that resolve with 
conservative management will do so within 2 
weeks of the implementation of treatment. Dur-
ing this time of bowel rest and TPN, thoracos-
tomy tube output must be closely monitored to 
ensure progressive dissipation of the drainage. 
Ideally, drainage should be less than 100 cc/d be-
fore allowing oral intake. Particular attention is 
given to the quantity and quality of drainage as 
oral intake is re-instituted. If drainage character 
and volume do not increase with oral intake, the 
pleural drainage tubes can be removed.

If drainage subsides but does not completely 
resolve, chemical pleurodesis can be performed 
to enhance the process. Though a number of 
chemical agents have been used, the most com-
mon sclerosants include talc and doxycycline. 
Success of this procedure is challenged by high-
output chylous leaks and should only be per-
formed in patients with complete evacuation of 
fluid, with full lung expansion, and with less than 
300–500 cc/d of drainage.

Surgical Management

The timing of surgical intervention is influenced 
by the rate of chyle drainage, the response to con-
servative therapy, and the risk for further surgery. 
A key consideration is the condition of the patient 
since the risk of a thoracotomy to correct a chyle 
leak can be associated with a mortality rate over 
20 % [24, 45].

The objectives of surgical intervention are to 
evacuate all fluid from the pleural cavity, to fully 

re-expand the lung, and to control of the lymph 
leak. These can be achieved with pleuroperitone-
al shunting, direct ligation of the thoracic duct at 
the level of the leak, mass ligation of the thoracic 
duct below the level of the leak, pleurectomy, and 
pleurodesis.

Pleuroperitoneal shunts have been success-
fully used for management of patients with re-
fractory chylothoraces and are options for man-
agement of difficult patients who have exhausted 
other treatments or who are too ill to underdo 
more major surgery. The shunts can usually be 
placed easily and with little risk. They, however, 
require regular pumping by the patient or family 
members to be effective for long term [46].

The most definitive management of a post-
esophagectomy chylothorax involves exploration 
of the chest cavity by thoracotomy or thoracosco-
py. Patients with a unilateral chylothorax can be 
managed with an ipsilateral thoracic procedure 
because the duct and the site of leakage usually 
can be accessed from the side of the effusion. For 
patients with bilateral chylothoraces, however, 
the entire thoracic duct region must be visualized 
and is optimally exposed where it resides in the 
lower aspect of the right pleural cavity.

The thoracic duct and adjacent accessory lym-
phatic channels are typically located in the supra-
diaphragmatic position within the recess between 
the spine, aorta, and esophageal bed. The duct 
is indiscreet and blends with the soft tissues in 
this region. To facilitate intraoperative identifica-
tion of the lymphatic pathways, fat in the form 
of cream or olive oil is administered by a naso-
gastric tube. The material is absorbed through the 
bowel wall into the lacteals within an hour after 
administration. The lymphatic channels become 
engorged with chyle, and the site of injury can be 
visualized by the leakage of milky fluid.

Closure of a chyle leak is performed either 
by direct occlusion or by mass ligation of the 
thoracic duct and adjacent lymphatic pathways 
below the level of the area of injury or leakage. 
Direct closure is performed using clips or pled-
getted suture ligatures applied to the injured site. 
Mass ligation involves passing a ligature com-
pletely around all tissues located between the 
aorta, spine, esophageal bed, and pericardium 
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(Fig. 5.4 ). The hemiazygous or azygous vein can 
be included within the ligature that is positioned 
near the level of the aortic hiatus to ensure oc-
clusion of the duct well below the site of injury. 
Double ligation is prudent to ensure complete 
isolation and occlusion. Some surgeons advocate 
ligation of the duct above the site of injury, but 
this is typically unnecessary. The same technique 
of supradiaphragmatic direct or mass ligation is 
also used if thoracic duct injury is noted or sus-
pected at the time of the initial esophageal opera-
tion. Immediate and complete cessation of leak-
age should happen and is an assurance of a satis-
factory result that occurs in over 95 % of patients.

Following closure of the leak, fibrin glue can 
be applied to the region to enhance its sealing. 
A mechanical pleurodesis is also performed to 
enhance pleurosymphysis. Pleural tubes are posi-
tioned to monitor subsequent lymph drainage and 
to optimize complete lung expansion. The results 
with ligation of the thoracic duct are excellent 
with 90–100 % resolution of the leak. In unusual 

cases where lymph drainage continues following 
ligation, aberrant pathways may be present. In 
such circumstances, lymphangiography is help-
ful to better define the lymphatic anatomy and to 
enhance the surgical outcome.

Summary

The keys to successful management of a post-
esophagectomy chyle leak are early recognition 
and prompt intervention to correct the problem 
(Fig. 5.5 algorithm). Conservative management 
can result in the resolution of the leak if the quan-
tity of drainage declines promptly within the first 
48 h of treatment and continues to drop to less 
than 100 cc/d by the end of day 7–10 of treat-
ment. Surgeons should have a low threshold for 
recognizing when conservative management 
fails and when surgical intervention is indicated. 
When correction of a chyle leak occurs without 
delay, overall recovery is enhanced and further 
morbidity is avoided.

Fig. 5.4  Mass ligation of the thoracic duct through a 
right thoracotomy incision. A right angle clamp is placed 
around the lymphatic tissues at the level of the diaphragm. 

All tissues between the aorta, spine, esophageal bed, and 
azygous vein are incorporated. The azygous vein can also 
be included with the ligation
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Key Points on Avoiding an Esophageal 
Anastomotic Leak

1. Chylothorax is an important but infrequent 
cause of pleural effusion.

2. The most common causes of chylothorax are 
iatrogenic and neoplastic.

3. Diagnosis is made by the analysis of the pleu-
ral fluid.

4. Prompt treatment is indicated to avoid pleural 
and nutritional complications.

Key Points on Diagnosis and 
Managing an Esophageal 
Anastomotic Leak

1. If the injury is identified intraoperatively, the 
thoracic duct should be ligated proximal to the 
injury.

2. If injury is identified postoperatively, initial 
conservative treatment consists of manage-
ment of the pleural effusion, nothing per os 
(NPO) status, and TPN.

3. If conservative management fails, operative 
intervention is indicated and requires proximal 
ligation of the thoracic duct by thoracotomy.
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Introduction

Vocal cord paralysis (VCP) can have a great im-
pact on the quality of life. Change in voice qual-
ity and loudness can affect even the nonprofes-
sional voice user. At times VCP can also be life 
threatening—airway obstruction due to bilateral 
paralysis with the urgent need for a tracheostomy 
or recurrent aspiration pneumonia from inability 
to fully protect the airway.

The etiology of unilateral VCP can be separat-
ed into a few main categories. Nonlaryngeal ma-
lignancy and iatrogenic (surgical trauma) account 
for about 50 % of all causes of vocal cord immo-
bility followed by an idiopathic etiology, nonsur-
gical trauma, and intubation-related etiologies. 
Common nonlaryngeal malignancies such as lung 
cancer with spread of disease into the aortopul-
monary window, thyroid, esophageal, and skull 
base lesions are frequently found when working 
up unilateral vocal cord dysfunction. Nonlaryn-
geal malignancy is commonly cited as the most 
common cause of unilateral VCP; however, iat-
rogenic nerve injury is likely the most common 
cause for otolaryngology referral [1]. Common 

iatrogenic surgical procedures causing unilateral 
vocal cord paresis include anterior cervical spine 
procedures, Ivor-Lewis esophagectomies, gas-
tric pull-up, thyroidectomy, thymectomy, neck 
dissection, carotid endarterectomy, mediastinos-
copy, and cardiothoracic surgery (CABG, pulmo-
nary lobar resection). Endotracheal intubation, 
prolonged nasogastric tube placement, and even 
esophageal stethoscope placement have been im-
plicated in vocal cord dysfunction [1]. Bilateral 
paralysis is overwhelmingly due to iatrogenic 
injury (82 %) and is mainly seen after total thy-
roidectomy.

This chapter will focus on unilateral and bilat-
eral adult VCP in the setting of esophagectomy.

Vocal Fold Dysfunction

The incidence of recurrent laryngeal nerve 
(RLN) injury after esophagectomy has been re-
ported to be anywhere between 2 and 20 % [2]. 
It is more often associated with cervical anasto-
moses and three-field LN dissection, especially 
when removal of bulky proximal tumors or ex-
tensive lymph node dissection is required [2]. 
There are three possible mechanisms for injury 
to the nerve: traction, dissection, and transection. 
Frequently, injuries from retraction of the RLN, 
inadvertently clamping the nerve, or stripping the 
nerve of its blood supply can occur, causing the 
patient symptoms, albeit more likely of a tran-
sient nature. Injury to the RLN during esopha-
gectomy is more common on the left side due to 
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the mediastinal direction of the nerve as it cours-
es around the arch of the aorta.

Differentiating the paralyzed cord from the 
cord that is paretic after surgery can be diffi-
cult. This is especially true when the nerve was 
not directly visualized and preserved at the time 
of surgery. When RLN injury does occur, it in-
creases the incidence of perioperative pulmonary 
complications. Pneumonia in this setting is com-
mon, most likely due to aspiration, not only of 
food and liquids at meals but aspiration of saliva, 
as the patient no longer has a competent glottis 
and cannot fully close the airway to clear secre-
tions [2].

While up to 40 % of patients with vocal fold 
dysfunction in the immediate postoperative set-
ting will resolve their symptoms, the other 60 % 
will have persistent dysfunction [2]. Patients 
with persistent VCP, who complained of severe 
hoarseness at 1 year postoperatively from inabil-
ity to close the glottis during exertion, showed 
debilitation in performance status and pulmonary 
function at 3 years post-op [3]. Even in those who 
do not complain of hoarseness and dysphonia, ap-
proximately one-half of them have a decrease in 
phonation time [4]. Up to 20 % of all esophagec-
tomy patients will report severe hoarseness due 
to permanent recurrent nerve paralysis, result-
ing in poor quantity of food intake at 24 months 
postoperatively, restricted daily activity, and dif-
ficulty in talking at 60 months or more after the 
operation [5]. Persistent RLN paralysis continues 
to deteriorate the patient’s quality of life until it 
is adequately treated. In the setting of RLN sac-
rifice or iatrogenic injury, early treatment of the 
paralyzed cord should be undertaken.

Symptoms of Unilateral Vocal Cord 
Dysfunction

The symptoms of unilateral vocal cord dysfunc-
tion are related to lateral displacement (abduc-
tion) of the vocal cord causing glottic insuf-
ficiency as the cords no longer meet in midline 
during adduction. The most commonly reported 
symptom is a change in the patient’s voice, usu-
ally hoarseness, though it can vary from vocal 

fatigue and decreased volume to complete apho-
nia. A breathy weak voice results from air escape 
during phonation due to the lateralized cord. The 
voice can also sound “wet” when secretions are 
retained in the pyriform sinus due to the inability 
to create a forceful cough. Swallowing difficul-
ties are also seen along with a weak and ineffec-
tive cough. When the superior laryngeal nerve is 
also involved or injured, the patient will also lose 
sensation in the ipsilateral larynx, making the 
risk for aspiration higher. Injury to the superior 
laryngeal nerve is most common in high skull 
base lesions or surgery when the proximal vagal 
nerve is injured but can occasionally occur dur-
ing esophagectomy and other procedures in the 
superior neck. With time, most patients compen-
sate and will obtain a stronger voice, although 
it will not return to what the patient reports as 
their “normal” preoperative voice. The larynx at-
tempts to compensate by supraglottic hyperfunc-
tion; where structures of the supraglottic larynx 
(false vocal cords or arytenoids) constrict to op-
pose each other. The supraglottic larynx can also 
constrict in the anterior to posterior direction 
with the epiglottis folding back and meeting the 
arytenoids cartilages to close the larynx. This hy-
perfunction attempts to mimic the closure of the 
true vocal cords.

Another common complaint from patients 
with VCP is reporting the feeling of being short 
of air or breath. This is mainly reported during 
conversation and is due to ineffective glottis clo-
sure, resulting in air leak and inability to project 
the voice. In an attempt to compensate, patients 
will strain the laryngeal musculature causing 
vocal fatigue. This lack of valsalva mechanism, 
which requires a closed glottis, makes exertional 
activity difficult (lifting, pushing, and straining).

Symptoms of Bilateral Vocal Cord 
Dysfunction

The clinical presentation of bilateral vocal cord 
dysfunction is different from unilateral dysfunc-
tion. The main complaint with bilateral dysfunc-
tion is shortness of air or stridor, with patients 
developing biphasic stridor immediately on ex-
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tubation or within several hours. These patients 
often have a normal voice. Usually the cords are 
fixed in a paramedian position with just a 1–3-
mm gap [1]. Patients can many times compen-
sate and maintain adequate oxygen saturations 
remarkably well especially at rest. However, if a 
patient is struggling and working hard (may see 
retractions) to pull air through the narrowed glot-
tis, they can quickly decompensate and require 
intervention. In this setting, the oxygen satura-
tion is not a good representation of the patient’s 
overall condition and many times is a late marker 
of decompensation.

Evaluation of the Vocal Cords

Evaluation of the vocal cords and larynx after 
esophagectomy should be undertaken on postop-
erative day 1, in the setting of a hoarse patient 
or one in whom the nerves were put at risk or 
knowingly sacrificed. Appropriate evaluation of 
the vocal cords to rule out dysfunction requires 
fiberoptic laryngoscopy; this can be done by a 
trained person, at the bedside. While visualizing 
the vocal cords, it is useful to have the patient 
perform an eee-sniff maneuver, where the patient 
alternates between phonating an “e” sound and 
sniffing vigorously. This causes the vocal cords 
to adduct and abduct maximally and is a good 
way to test for paresis [1]. Some residual adduc-
tion may be seen due to bilateral innervations of 
the interarytenoid muscle. Another useful tech-
nique is to measure the patient’s maximal phona-
tion time. This is done by having the patient take 
a deep breath and phonate the “ee” vowel sound 
for as long as possible. Normal maximal phona-
tion time is at least 25 s. With vocal cord paresis 
or paralysis, this is usually reduced to less than 
10 s [1]. Underlying chronic obstructive pulmo-
nary disease (COPD) and asthma can influence 
this and must be taken into account.

When viewing the larynx through the fiber-
optic laryngoscope, the examiner should also 
evaluate for tracheobronchitis, laryngeal edema 
from intubation irritation, and arytenoid dislo-
cation. All of these can cause hoarseness in the 
postoperative setting that is unrelated to RLN 

injury. Laryngeal edema and tracheobronchitis 
are common causes of hoarseness in the recent-
ly intubated patient due to the contact irritation 
from the endotracheal tube, especially in patients 
with a history of reflux, tobacco exposure, and 
chronic cough—patients with chronic irritation 
of the larynx. It can cause dysphagia and aspira-
tion when severe, especially in the compromised 
and susceptible patient. Laryngeal edema is self-
limiting and should resolve with time; however, 
a short course of steroids can be given to hasten 
recovery in the appropriate patient. Antibiotics 
are rarely indicated except in the setting of com-
plicated tracheobronchitis that is believed to be 
secondarily infected. Arytenoid dislocation is a 
controversial topic with most parties believing it 
is a rare entity. Arytenoid dislocation is mainly 
seen as a result of traumatic intubation and can be 
the etiology of the voice dysfunction. To evaluate 
for arytenoid dislocation, the professional looks 
for a difference in vocal fold level or height and 
the absence of the jostle sign. The jostle sign is a 
brief lateral movement of the arytenoid cartilage 
on the immobile side during glottis closure that is 
caused by contact from the mobile arytenoid. The 
evaluation for arytenoid dislocation is best done 
with videostroboscopy in a clinic setting.

When the vocal cord is not functioning 
postoperatively, at times it is difficult to know 
whether the nerve has been cut accidently or is 
nonfunctioning due to trauma and stretch, as pa-
ralysis and paresis present the same. A laryngeal 
electromyography (EMG) in this setting can pro-
vide prognostic information. A denervated nerve 
will show fibrillation potentials, absent or de-
creased motor unit potentials, and positive waves 
while normal or polyphasic waves are seen dur-
ing reinnervation of the vocal cord and predict 
recovery for most patients [8]. Knowing whether 
the cord is paralyzed permanently is important 
in the counseling of the patient as well as offer-
ing therapeutic interventions. An abnormal EMG 
can also help differentiate from cricoarytenoid 
dislocation, which should have a normal EMG. 
However, the best way to test for cricoarytenoid 
dislocation is observation and palpation of the 
posterior glottis during direct laryngoscopy in the 
operating room.
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Whether or not the vocal cord is paralysed or 
just paretic, a good course of action is to involve 
the speech pathologist to evaluate swallowing in 
order to avoid silent aspiration. A modified bari-
um swallow is warranted in all patients. Identify-
ing aspiration will decrease the risk of respiratory 
complications from 18 to 11 % [2]. Occasionally, 
aspiration can be treated with specialized ma-
neuvers that can create a safe swallow, such as 
the supraglottic swallow (patients are instructed 
to tightly hold their breath while swallowing, 
then to cough immediately after the swallow and 
before resuming breathing) or turning the head 
to the affected side during the swallow to help 
approximate the vocal cords during swallowing. 
The speech therapist can teach these maneuvers 
and evaluate their effectiveness during their eval-
uation.

Treatment of Unilateral Vocal Cord 
Dysfunction

Treatment of patients with vocal cord dysfunc-
tion should be tailored to the individual. It is ac-
ceptable to observe a patient with a weak voice 
who is not found to be aspirating. However, 
those who are aspirating or are not tolerating the 
deficit from the nonfunctioning vocal cord are 
candidates for intervention, either temporary or 
permanent, based on the surgeon’s knowledge of 
the status of the nerve. In all patients, referral to 
a speech or voice therapist for voice strengthen-
ing, breath support, swallowing exercises, proper 

vocal use, and psychological support is appropri-
ate. Best results are obtained when the patient 
sees the speech therapist prior to intervention as 
well as after surgical intervention.

Injection Augmentation

The injection of material into the vocal cord is an 
excellent method of improving vocal cord func-
tion for weeks to months. With numerous prod-
ucts in the market currently (see Table 6.1 ), there 
are several options in material whose duration of 
action is variable and treatment can be individu-
ally tailored to the patient’s needs. Teflon is rare-
ly used anymore due to its propensity to migrate 
and form granulomas. Newer synthetic agents 
have many times replaced teflon, fat (due to its 
inconsistent reabsorption), and bovine collagen 
(due to proposed need for allergy testing). Injec-
tions are an excellent option to improve voice and 
dysphagia while awaiting return of vocal cord 
function, usually up to 6 months. Longer last-
ing injections can also be considered in the set-
ting where the RLN was known to be sacrificed. 
RadiesseTM Voice Gel for temporary injections 
(does not contain calcium hydroxylapatite) and 
RadiesseTM Voice for long-term injections have 
become popular at our institution due to the ease 
of preparation and injection and consistent long-
term results. Vocal fold injections can be consid-
ered routinely in patients with a glottis gap up to 
3 mm, after which the gap is difficult to fully cor-
rect [6]. These procedures do not interfere with 

Table 6.1   Products for vocal cord injections
Material Length of effect Comments
GelfoamTMa 4–6 weeks Long track record, short duration
ZyplastTMa (Bovine collagen) 4–6 months Allergy testing required
CymetraTM (Micronized 
allodermTM)

2–4 months No allergy, longer prep time, expensive, unpredictable 
reabsorbtion

Fat 2 + years Autologous, forgiving, donor site morbidity, unpredictable 
length

Fascia 3 months Effects last up to 1 year
TeflonTMa Permanent Long lasting, granuloma formation, migration, VF stiffness
RadiesseTM voice (Ca 
hydroxylapatite)

2 + years possibly 
permanent

Long lasting

RadiesseTM voice gel 1–2 months Temporary
a Rarely used anymore
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spontaneous recovery, and the injection can be 
repeated as needed. Vocal cord injection will not 
compromise future laryngeal framework surgery 
if required [6, 7].

Multiple techniques have been described 
for vocal cord injections. The intended injec-
tion location is in the paraglottic space or to the 
medial or lateral aspect of the thyroarytenoid 
muscle, depending on the material used. Place-
ment of the injection lateral to the vocal process 
will allow the process to rotate medially [8, 9]. 
Care to avoid a superficial injection into Reinke’s 
space is paramount as a superficial injection can 
impair or cause loss of the vibratory function of 
the vocal fold, with worsening of voice. In the 
correctly selected patient, an in the office awake 
injection (transcutaneous or per-oral approach) 
has equal results as to those that are placed in the 
operating room under general anesthesia via di-
rect laryngoscopy with telescopic or microscopic 
guidance [8]. Cummings and colleagues reported 
an 85  and 88 % subjective improvement of dys-
phagia and aspiration after hydroxylapatite medi-
alization thyroplasty [7].

Framework Surgery for Unilateral Vocal 
Cord Dysfunction

Framework surgery for unilateral vocal fold dys-
function is a standard treatment for long-term 
VCP in the nonradiated neck, with medialization 
laryngoplasty (type 1 thyroplasty) and arytenoid 
adduction being the most widely performed pro-
cedures. Any framework surgery must be careful-
ly considered in the radiated neck as chondrora-
dionecrosis is a devastating though rare compli-
cation. Many times, long-lasting injections, even 
when needing to be repeated, are a safer option 
than framework surgery in this special popula-
tion.

Medialization laryngoplasty is a long-term so-
lution that medializes the paralyzed vocal cord to 
allow contact during vocalization with the con-
tralateral cord. The procedure can be and usually 
is done under local anesthesia. A window is cre-
ated in the thyroid cartilage preserving the inner 
perichondrium, and an implant (preformed or 

carved by the surgeon) is placed in the middle 
third of the vocal cord. Placement can be tailored 
specifically for each patient based on where the 
cord has lateralized and where the greatest glot-
tis gap is located. Voice quality can be measured 
intraoperatively since the procedure is done 
under local anesthesia and adjustments in place-
ment and size of the implant can be done while 
the patient is in the operating room. Due to the 
trauma and placement of a foreign body, a good 
voice on the operating room table can and will 
become rough and breathy due to edema in the 
subsequent days. It is recommended the patient 
be observed overnight in the hospital in case of 
significant airway edema and three doses of IV 
steroids be given. While medialization laryngo-
plasty is expected to be a permanent solution to 
medialize the vocal cord, the procedure can be 
reversed and the implant removed or adjusted as 
needed.

Arytenoid adduction can be an added proce-
dure for selected cases, mainly those with a large 
posterior gap and vocal processes that do not 
contact during phonation. Arytenoid adduction is 
done by suturing the muscular process of the im-
mobile arytenoid to the anterior cricoid cartilage. 
This lowers the position of the vocal process, 
medializes and stabilizes the vocal process, and 
rotates the arytenoid cartilage [1]. In the properly 
selected patient, arytenoid adduction is an impor-
tant adjunct.

Treatment of Bilateral Vocal Paralysis

The initial management and concern in bilateral 
vocal paralysis is securing the airway. In a patient 
with stridor and who is in distress, intubation is 
the best method of securing the airway while a 
more definitive plan can be discussed and agreed 
upon. Reintubation with the administration of 
steroids can be done for 48–72 h with a subse-
quent trial of re-extubation versus tracheostomy. 
A temporary tracheostomy can be undertaken in a 
controlled situation if cord function is not thought 
to return within the next several days. Perma-
nent tracheostomy while an excellent means of 
securing the airway is many times unacceptable 
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to the patient since there are alternative options 
available. Long-term surgical options to improve 
airway can be undertaken, however, they come at 
the price of voice and swallowing. Any opening 
or widening of the airway to create better flow 
will allow greater air escape during phonation. It 
can also compromise swallowing and lead to as-
piration pneumonia in the susceptible patient as 
the vocal cords will not fully adduct.

Laser transverse cordectomy is the most com-
monly used procedure to widen the airway. A 
laser is used to transect the true vocal fold ante-
rior to the vocal process, and the incision is ex-
tended laterally to involve the false vocal fold. 
This detaches the thyroarytenoid muscle from 
the arytenoid and allows the thyroarytenoid to 
contract anteriorly, which will create a posterior 
space. This can be repeated on the contralateral 
vocal cord as well if needed. Unilateral cordecto-
my will enlarge the airway a couple millimeters; 
however, patients see a reduction in their short-
ness of breath and most have an acceptable voice 
[10, 11].

The other routinely used procedure is a laser 
arytenoidectomy, where the entire arytenoid 
is removed along with a small wedge from the 
posterior vocal fold. This is usually modified 
and either the posterior or lateral aspect of the 
arytenoid is left in place. The results of this tech-
nique have been reported to be comparable to the 
transverse cordotomy and may possibly cause 
less vocal dysfunction due to less disruption of 
the membranous vocal fold.

While these procedures can allow for decan-
nulation, they still only provide a marginal air-
way and have a worse voice quality than can 
be obtained with a tracheostomy. Tracheostomy 
would remain the best option for acute airway 
distress in the setting of bilateral VCP.

These patients are best managed in a team 
environment with the consultant’s role being 
to maintain the airway, perform a full work-up, 
avoid aspiration, and continue with long-term 
follow-up. Long-term follow-up is important as 
those who were compensating and not aspirating 
without intervention may subsequently require 
future intervention as the vocal cord ages and 

undergoes normal age related changes (bowing). 
Repeat injections or augmentation to framework 
surgery may also be required in the setting of the 
aging larynx.

Key Summary Points

1. Symptoms of vocal cord dysfunction are pri-
marily related to voice changes, air move-
ment, and aspiration. Voice changes include 
changes in phonation and “breathy” voice.

2. Unilateral vocal cord injury must be differen-
tiated from bilateral injury. While unilateral 
injury causes voice changes and increased 
risk for aspiration, bilateral injury can cause 
stridor and can be an airway emergency.

3. Treatment for unilateral injury includes 
observation, temporary medialization pro-
cedures, and more definitive surgical recon-
struction.

4. Treatment for bilateral injury includes initially 
securing the airway. Permanent tracheostomy 
or surgical intervention may be needed for 
those patients in whom spontaneous recovery 
does not occur.
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Introduction

Reflux-induced esophagitis is a condition char-
acterized by inflammation of the esophageal 
squamous epithelium, caused by persistent and 
prolonged gastroduodenal reflux. The damage to 
the mucosa can progress to the point of becoming 
extremely debilitating, causing pain, esophageal 
dysfunction, and an overall diminished quality of 
life. Moreover, it may lead to severe complica-
tions, such as ulcers, bleeding, strictures, meta-
plasia, and epithelial dysplasia, which can even-
tually evolve to esophageal adenocarcinoma.

Pathophysiology

Reflux-induced esophagitis is caused by gastro-
esophageal reflux disease (GERD), a chronic 
condition in which the esophagus is pathologi-

cally exposed to gastric contents, such as acid 
and pepsin, and to alkaline reflux of duodenal 
origin, composed of bile salts and pancreatic se-
cretions [1].

GERD is extremely common in the west-
ern world, where it is estimated to affect about 
10–20 % of the population, especially over-
weight, middle age, white males, whereas it is 
less prevalent in Asia [2]. It represents one of 
the most widespread outpatients’ diseases in the 
USA and has become a serious burden for the 
health care system, and it is likely to increase in 
the near future due to rising obesity and bad eat-
ing habits [3].

Physiologically, several defensive mecha-
nisms protect the esophagus from reflux, with 
the lower esophageal sphincter (LES) being the 
most important. This contributes to the creation 
of a high-pressure zone between the stomach and 
the esophagus and, together with the intrinsic 
esophageal, cardial musculature, and the crural 
diaphragm, prevents the upward transit of lower 
digestive contents in the esophageal lumen.

GERD develops as a consequence of the over-
coming of the aforementioned barriers, through 
different mechanisms [4], such as
• Incompetence of the LES;
• Transient lower esophageal sphincter release 

(TLESR), mediated by vagal reflexes trig-
gered by gastric distension;

• Peristaltic dysfunction;
• Ineffective esophageal acid clearance;
• Weak esophageal contractions;
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• Delayed gastric emptying, which shows an 
increased risk in patients with diabetes and 
scleroderma [5];

• Increased intra-abdominal pressure;
• Decreased production of saliva, which has the 

capability of buffering the acid.
Specific conditions such as hiatal hernia and 
obesity [4] can predispose to the development of 
GERD as well as several habits such as smok-
ing, alcohol, and caffeine use, medications that 
decrease the LES tone (Ca2+channel blockers, 
anticholinergics, beta-agonists including inhal-
ers, narcotics, nitrates, theophylline, opioids, 
neuroleptics, benzodiazepines, tricyclic antide-
pressants), and hormones such as estrogen and 
progesterone [6].

Erosive esophagitis is present in only one-
third of patients with GERD symptoms [7], and 
the frequency and severity of reflux episodes 
poorly predict its occurrence [8,9].

In the past, chemical damage was thought to 
be the cause of esophageal erosion, but recent 
data suggest that it is an inflammatory-mediat-
ed process that triggers esophagitis. Cytokines 
released in response to acid reflux may attract 
immune cells, which are ultimately responsible 
for the mucosal damage. This hypothesis would 
explain the high interindividual variability in re-
sponse to acid reflux and shed light on different 
healing patterns, leading to normal esophageal 
mucosa in some patients, whereas inducing a 
metaplastic process in others. Individual immune 
response and signaling pathways, which deter-
mine cell proliferation and differentiation, may 
play a role: It has been hypothesized that acid 
and bile salts could selectively modulate the ex-
pression of certain intestinal transcription factors 
(i.e., CDX2) in esophageal cells, thus triggering 
the metaplastic evolution. A complex molecular 
integration, beyond the mere chemical damage, 
would contribute to explain why not only the cor-

rosive acidic reflux, but also the apparently less 
harmful alkaline reflux is capable of triggering an 
esophageal inflammatory response [10].

The inflammatory response could also affect 
the overall esophageal function, causing dys-
motility [11], which might account for the ten-
dency of esophagitis to self-exacerbate through 
a vicious feedback. In fact, impaired motility 
affects the ability of the esophagus to clear the 
refluxed acid content, leading to worsening of 
esophagitis.

Classification

Esophagitis is classified according to Los Ange-
les criteria [12], introduced in 1994 (Table 7.1).

Grades A and B are the most common and, 
compared to C and D, have an increased re-
sponse to proton pump inhibitors (PPIs) (as high 
as 90 %). On the other hand, the most severe 
grades only heal in 50 % of the cases [13], have a 
higher tendency to relapse when medications are 
withdrawn, and have a fourfold increased risk at 
2 years of developing Barrett’s esophagus (BE), 
with respect to A and B grades [14,15].

There is only a weak correlation between de-
gree of damage, esophagitis grade, and symp-
toms severity; however, there seems to be a link 
between erosive esophagitis and contact time 
with acidic juice.

 Symptoms

Typical symptoms of GERD are heartburn and 
regurgitation. Other common symptoms are dys-
phagia, epigastric pain, bloating, belching, and 
nausea.

Symptoms are typically worsened by heavy 
meals, after the ingestion of certain foods, espe-

Table 7.1  Los Angeles classification of esophagitis
A One (or more) mucosal break< 5 mm that does not extend between the peaks of two mucosal folds
B One (or more) mucosal break> 5 mm long without continuity between the peaks of two mucosal folds
C One (or more) mucosal break continuous between the peaks of two or more mucosal folds but involving 

less than 75 % of the circumference
D Mucosal breaks involving at least 75 % of the esophageal circumference
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cially fatty ones, coffee, tea, spices, and acidic 
foods such as tomatoes and citrus fruits. They are 
often present at night when lying down, because 
this position impairs upper digestive clearance. 
For this reason, nocturnal reflux is usually as-
sociated with increased complications, severe 
esophagitis, and intestinal metaplasia (BE) [16].

Extra-esophageal, or atypical, symptoms such 
as chest pain, chronic cough, laryngitis, asthma, 
and hoarseness can also be present and muddy the 
clinical picture of GERD; respiratory symptoms 
are due both to the reflux itself and to the bron-
chospasm induced by vagal stimulation. Their 
response to PPIs and antireflux surgery (ARS) is 
not as satisfactory as that of typical symptoms.

Only one-third of patients with erosive esoph-
agitis have symptoms [7], and some people with 
a rich constellation of symptoms do not show 
esophagitis (nonerosive reflux disease—NERD). 
There is a strong correlation between longstand-
ing esophageal reflux disease and adenocar-
cinoma, and the risk is associated with disease 
severity, frequency, and duration [17]. As a con-
sequence, an endoscopy should always be per-
formed in the case of alarm symptoms such as 
weight loss, dysphagia, gastrointestinal blood 
loss, anemia, chest pain, and epigastric mass on 
palpation [18,19].

It is paramount to perform a differential diag-
nosis, in order to exclude conditions with over-
lapping symptoms, such as cardiac disease, gall-
bladder diseases, gastrointestinal tumors, peptic 
ulcers, eosinophilic esophagitis, infections, func-
tional heartburn, and benign esophageal disor-
ders such as achalasia, distal esophageal spasm, 
nutcracker esophagus, and diverticula.

Mortality in esophagitis is linked to its com-
plication, mostly to adenocarcinoma. It is other-
wise infrequent, having been reported in the year 
2000 to be as low as 0.46/100,000 [20]. The most 
frequent causes of mortality, besides neoplastic 
degeneration, are hemorrhage (38 %), ulcer per-
foration or esophageal rupture (29 %), aspiration 
pneumonia (19 %), and complications of ARS 
(11 %) [20].

Diagnosis

The goal of diagnostic tests is to assess the fol-
lowing:
• the presence and degree of esophagitis;
• the underlying cause of reflux esophagitis; 

and
• the presence of complications.
The gold standard for detection of esophagitis is 
endoscopy. Patients presenting with typical re-
flux symptoms are commonly given an empiric 
course of PPIs; endoscopy is performed in those 
who fail or have an unsatisfying response to med-
ical treatment. Upper endoscopy shows esophagi-
tis only in 1/3 of patients with GERD symptoms 
[7] and is even less frequent after treatment with 
PPIs [21]. It is important to study the anatomy 
of the gastroesophageal junction (GEJ) (presence 
of hiatal hernia or diverticula), to rule out com-
plications and to obtain esophageal and gastric 
biopsies to exclude the presence of concurrent 
diseases (i.e.,Helicobacter pylori infection or 
eosinophilic esophagitis). Moreover, endoscopic 
ultrasound (EUS) is at times useful to assess the 
degree of esophageal wall involvement.

Twenty-four hours pH monitoring is the 
only technique capable of objectively detecting 
the presence of acidic reflux. It is helpful in case 
of symptoms with a negative endoscopy. More-
over, it should always be performed before ARS, 
both as a definitive confirmation test and as a 
predictor of surgical outcomes.

Impedance monitoring allows detection of 
both acidic and alkaline reflux, adding sensitivity 
to pH monitoring. It is particularly useful when 
performed in patients on PPI therapy, in which 
reflux becomes mostly nonacidic [22].

Esophageal manometry is used to evaluate 
LES function and esophageal peristalsis and to 
rule out the presence of esophageal motility dis-
orders.

Barium esophagram is not helpful for the 
detection of esophagitis itself, but it rather re-
veals severe complications such as strictures and 
Schatzki’s rings and gives information on esoph-
ageal anatomy. It can also indicate the presence 
of a hiatal hernia, or other pathologic disease pro-
cesses (e.g., neoplasms).
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Bilitec consists of a fiber optic system for 
duodeno-gastroesophageal monitoring. It allows 
detecting duodenal reflux concomitantly in dif-
ferent sites of the upper GI, and it can be coupled 
with pH monitoring. It has been noticed that 
patients with concomitant gastric and duodenal 
reflux have a worse mucosal injury and higher 
severity of complications, compared to patients 
who present only one of the two components. 
Furthermore, patients with BE have a higher ex-
posure to duodenal juice [23,24,25] than those 
who do not have metaplasia.

Treatment

There are three main treatment options for re-
flux-induced esophagitis: medical therapy, endo-
scopic treatment, and surgery. However, a multi-
disciplinary approach is often useful to address 
erosive esophagitis.

The therapeutic role and effectiveness of life-
style modifications are controversial; however, 
these are often among the first advices given to 
patients after the diagnosis of GERD. The gen-
eral recommendations are to avoid foods that 
stimulate LES relaxation such as tea, coffee, 
peppermint, chocolate, alcoholic beverages, and 
irritant foods such as citrus fruits and tomatoes. 
Moreover, it can be useful eating several hours 
before lying down, sleeping with the head lifted 
by 20 cm to favor esophageal clearance, and quit-
ting smoking. Weight loss in overweight patients 
has been shown to improve symptoms even in 
refractory cases [26], likely by decreasing intra-
abdominal pressure.

Medical therapy is the first line of treatment 
[27], with PPIs being the most effective group 
of medications [28]. PPIs should be prescribed 
to all patients with moderate to severe symp-
toms, or with a confirmed diagnosis of erosive 
esophagitis. PPIs are the most common class of 
medications prescribed in the USA [29]; they 
are very effective in healing esophagitis and 
improving its symptoms, and they are the most 
useful drugs in maintaining erosive esophagitis 
in remission. They should be initially prescribed 
at their minimum effective dose [30], and dose 

adjustment should be considered after evalua-
tion of patient’s response. After 1–2 months of 
therapy, erosive esophagitis is healed in 84–95 % 
of patients; however, symptoms resolve only in 
75–85 % [4]. PPIs block the hydrogen–potassium 
ATPase (H+/K+ATPase) by covalently binding 
it on to the apical surface of the parietal gastric 
cells. PPIs do not decrease the amount of reflux, 
but they only make the gastric content less harm-
ful by modifying the acidic and nonacidic con-
tent: acid decreases from 45 to 3 %, while the 
nonacidic fraction increases form 55–97 % [31]. 
As a consequence, the reflux still occurs, but it 
is not acidic, with a pH commonly raised above 
4. Although duodenal reflux is not affected by 
PPIs, and some authors suggested that their use 
might increase its damaging potential [32]: bile 
acids are inactivated when surrounded by acidic 
environment, but after PPI therapy, the pH raises 
above 4 and bile salts are converted to their ion-
ized form, which are able to cross epithelial cell 
membrane and cause intracellular damage.

PPIs have also reduced efficiency in treat-
ing extra-esophageal symptoms [33], which are 
commonly caused by the presence of reflux more 
than its quality.

Patients with esophagitis often require a life-
long therapy since medications do not address 
the disease’s etiology; in fact, about 80 % of 
patients will have recurrence of esophagitis ap-
proximately 1 year after the discontinuation of 
therapy [33].

Side effects of PPIs occur in about 1–5 % of 
patients and consist mostly of diarrhea, headache, 
constipation, abdominal pain, nausea, and rash 
[29]; when severely affecting the patients, they 
are managed by switching to a different medica-
tion, since a considerable degree of subjective 
variability exists, even though most of the side ef-
fects are class dependent. PPIs are generally safe, 
but concerns have been raised during prolonged 
use. The continuous suppression of gastric acid 
causes hypo- or achlorhydria, which might affect 
some nutrients’ absorption such as iron, vitamin 
B12, magnesium, calcium, and proteins [4]. Hy-
pochlorhydria also decreases the acidic natural 
defense against bacteria, increasing the odds of 
overgrowth; an increased risk for Clostridium 
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difficile, Salmonella, and Campylobacter-related 
diarrhea has been reported [34]. Increased inci-
dence of community-acquired pneumonia (CAP) 
has also been associated with PPI use [35].

Histamine2-receptor antagonists (H2RA) 
were also prescribed in the past, but several tri-
als have established the superiority of PPIs over 
H2RA both in symptoms control and in esopha-
geal healing, due to their capability of blocking 
the final step of acid secretion.

Surgery. Elective ARS can offer a definitive 
cure for esophagitis in selected patients, since it 
reestablishes a competent LES and allows for 
repair of concurrent hiatal hernias. Surgery has 
been shown to have the best outcome in patients 
with typical symptoms, objectively proven re-
flux, and good response to medical therapy [36]. 
The most common indications for ARS are de-
pendence upon medical therapy, intolerance or 
noncompliance to therapy, and life-lasting treat-
ment for young patients. ARS eliminates both 
acidic and biliary reflux in > 90 % of patients with 
BE [37], and the effect on alkaline reflux repre-
sents a major advantage of ARS over medical 
therapy. Randomized data have shown no differ-
ence in remission rate between maintenance PPI 
treatment and laparoscopic Nissen fundoplica-
tion at 5-year follow-up. The same study showed 
that while acid regurgitation was more prevalent 
in the PPI group, side effects of fundoplication, 
such as dysphagia, bloating, and flatulence, were 
more represented in the surgical group [38].

ARS has been reported to be more successful 
than medical therapy in stopping the progression 
to BE and adenocarcinoma [39]. Moreover, some 
studies have shown a higher likelihood of regres-
sion of Barrett’s metaplasia and dysplasia after 
ARS [40,41].

The most used surgical procedure is the Nis-
sen fundoplication, introduced in 1956, which 
consists of confectioning a 360° gastric wrap 
around the esophagus. Floppy Nissen is a modi-
fication of the original technique, which allows 
reducing dysphagia and gas bloat syndrome that 
occurred in as many as 40 % of the patients with 
the traditional Nissen procedure. Floppy Nissen 
involves creation of a 2–3-cm-long gastric wrap 
around a bougie dilator (52–56 Fr).

In patients with severe motility disorders or 
suboptimal esophageal peristalsis, a partial fun-
doplication is generally performed in order to 
lower the risk of postoperative dysphagia. Partial 
posterior fundoplication (270° Toupet) has been 
introduced in the 1960s as an alternative to the 
Nissen fundoplication. In the short term, Toupet 
had good results in terms of reflux control, and it 
has been shown to decrease postsurgical dyspha-
gia and bloating with respect to Nissen [4]. How-
ever, some studies report that it is less effective 
than total fundoplication, with a recurrence rate 
of reflux as high as 50 % after 5 years [42,43].

ARS is mostly performed laparoscopically, 
since minimally invasive techniques grant sig-
nificant advantages over open ARS, in terms of 
decreased pain, faster recovery, shorter length of 
hospital stay, and low morbidity and mortality.

Surgical complications occur in less than 5 % 
of patients and mostly consist of bleeding and 
damage to the surrounding structures (spleen, 
esophagus, stomach, and vagus nerve). Postsur-
gical course is typically characterized by feeling 
of fullness and mild swallowing difficulties, es-
pecially with solid foods, but most patients return 
to normal after 6 weeks [44].

Nissen fundoplication has been reported to re-
solve reflux symptoms in up to 95 % of patients. 
Its most common long-term complication is dys-
phagia, occurring with a frequency ranging from 
3 to 25 %, depending on the published series, and 
eventually leading to reoperation in up to 15 % 
of patients. Less frequently patients complain of 
early satiety, bloating, and flatulence.

ARS has been reported to heal esophagitis in 
up to 87 % of patients [45], with symptoms im-
provement in 95 %. Recurrence of esophagitis 
after fundoplication ranges from 5 to 15 % [46] 
and can lead to reoperation in about 6 % of pa-
tients [47]. Recurrence of esophagitis is usually 
associated with a failed surgical procedure.

Surgical costs are justified by long-term suc-
cess, savings on prolonged medical therapy, over-
all better control of disease, and increased health-
related quality of life (HRQoL) when compared 
to PPIs [48,49]. Importantly, according to some 
authors, ARS is superior to medical therapy in 
limiting the progression of low-grade dysplasia 
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(LGD) to high-grade dysplasia (HGD) or cancer 
[50], and it leads to regression from LGD to BE 
in 93.8 % versus only 63.2 % with medical ther-
apy [50]. This statistically relevant difference is 
probably due to the ability of surgery of limiting 
not only the acidic reflux, but also the biliopan-
creatic one.

New minimally invasive approaches for ARS 
include placement of a magnetic device around 
the GEJ to help maintaining LES continence 
or implantation of an electrical stimulator con-
nected to electrodes in the LES that stimulates 
contractions. The LINX Reflux system used for 
sphincter augmentation through the employment 
of titanium beads showed encouraging results 
for uncomplicated GERD, reducing acid expo-
sure with fewer side effects than ARS [51]. Even 
though these novel techniques have good poten-
tial, further studies are required to confirm their 
efficacy.

Finally, it should not be forgotten that although 
ARS lowers the risk of progression to cancer, it 
does not eliminate the risk of neoplastic progres-
sion in patients with BE, especially if there is 
recurrence of GERD. Endoscopic surveillance 
after surgery is recommended for patients with 
BE (Fig. 7.1).

Endoscopic techniques are relatively new 
approaches appealing for high-risk patients. 
These techniques include transoral incisionless 
fundoplication, suturing devices that create a 
gastroesophageal valve from inside the stomach, 
transmural fasteners, staplers, and radiofrequen-
cy devices used to induce muscular hypertrophy 
at the level of LES and gastric cardia. The ef-

ficacy of the latter approach may be due to in-
creased wall thickness, LES pressure, decreased 
TLESR, decreased tissue compliance, acid sensi-
tivity, and exposure [52]. However, according to 
some authors, endoscopic techniques are inferior 
to surgery in terms of decreased esophageal acid 
exposure, healing of esophagitis, and symptoms 
resolution [4].

Complications

Complications of esophagitis are strongly related 
to its chronicity, since continuous exposure to 
gastroduodenal reflux can progressively aggra-
vate the disease.

Ulcers (Fig. 7.2): Erosive esophagitis can 
lead to ulcerations; these may be responsible for 
significant morbidities such as severe upper GI 
hemorrhages, strictures (12.5 %), and esophageal 
perforations (3.4 %) [53]. Chronic blood loss 
from active esophageal ulcers may cause iron de-
ficiency anemia. Ulcerations are diagnosed with 
endoscopy, and a biopsy is always indicated to 
rule out malignancy. Ulcers in reflux esophagitis 
tend to be recurrent; therefore, appropriate ther-
apy must be targeted to neutralize the underlying 
acid reflux and allow tissue healing.

Esophageal shortening and narrowing 
occur as a result of repeated, prolonged injury: 
Acidic reflux causes inflammation, edema, and 

Fig. 7.2  Endoscopic view of grade C esophagitis with 
ulcerations

 

Fig. 7.1  Laparoscopic view of floppy Nissen fundoplica-
tion
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in the longrun destruction of muscolaris muco-
sae, leading to the formation of strictures at the 
level of the circular muscle; eventually, when 
fibrosis of the outer longitudinal muscle occurs 
because of transmural inflammation, the esopha-
gus shortens. Esophageal shortening may also 
be found in patients with a failed antireflux pro-
cedure or with a mixed hiatal hernia that causes 
the upward migration of the GEJ [54]. 2 –4 % of 
patients undergoing antireflux procedures have a 
short esophagus [55].

Short esophagus is addressed surgically, most 
commonly using a Collis gastroplasty as an 
esophageal lengthening procedure. This can be 
completed laparoscopically, and an antireflux 
procedure is routinely added.

Strictures (Fig. 7.3) are the result of chronic 
inflammation and of repeated cycles of ulceration 
and healing, with subsequent fibrous tissue and 
collagen deposition, scar formation, and retrac-
tion. The process starts with a reversible phase 
characterized by edema and muscular spasm and 
then evolves to the formation of erosions. Loca-
tion in distal esophagus, at the squamocolumnar 
junction, is a hallmark of peptic strictures, which 
are also usually shorter than 1 cm. Strictures 
observed more proximally are unlikely due to 
reflux. Peptic strictures can be found in 7–23 % 
of patients with untreated GERD with severe 

erosive esophagitis, mostly in the elderly, and 
in 25–44 % of patients who concomitantly have 
BE [56]. Their incidence has decreased steeply 
in parallel to the diffusion of PPIs. Factors pre-
disposing to the development of peptic strictures 
include prolonged reflux, hypotensive LES, 
dysfunctional motility, hiatal hernia, bile reflux, 
and advanced age [53]. Symptoms are relatively 
nonspecific and influenced by stricture severity: 
dysphagia is the most frequent and can be accom-
panied by typical GERD symptoms. Food stasis 
causes halitosis and is also responsible for further 
mucosal damage and aspiration pneumonia.

Strictures can be divided into simple and com-
plicated (Table 7.2) [57].

Alternatively, strictures can be classified into 
three subtypes (mild, moderate, and severe), 
according to the parameters such as diameter, 
length, and difficulty in dilating the stricture 
[58]; this distinction aims to help choosing the 
most appropriate treatment for every subgroup.

Diagnostic workup for peptic strictures must 
include endoscopy to perform biopsies and rule 
out malignancies. Esophagram (Fig. 7.3) is very 
helpful in visualizing the esophageal narrowing 
and proves particularly valuable in severe stric-
tures, when the endoscope cannot pass through. 
Therapy’s aim is to improve dysphagia, and 
avoid obstruction and recurrence.

Medical therapy plays a poor role once the 
stricture is already established; however, PPIs 
are fundamental to heal the concomitant esopha-
gitis and prevent disease progression. Dilation is 
the primary therapy [59] and should be the first 
operative step: It can be attempted with the endo-
scope itself when the strictures are mild, but it is 
usually performed through bougies (Savary-Gil-
liard or Maloney) or balloon-type dilators, with 
or without guidewire assistance. Complex stric-
tures often require guidewire and fluoroscopy for 
safe placement of the dilators. Self-dilation can 
seldom be offered to carefully selected patients 
[37].

Dilation is generally safe; however, the po-
tential risk of hemorrhage and perforation rang-
es between 0.1 and 0.4 % [59]. The occurrence 
of procedural complications can be reduced by 
performing the dilation progressively through 

Fig. 7.3  Barium esophagram showing esophageal stric-
ture
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multiple sessions and avoiding dilating more than 
3 mm each time [37]. Dilation should be associ-
ated with either acid suppression medical therapy 
or ARS to enhance success [60]. However, even 
with aggressive therapy, only 60–70 % of patients 
have complete resolution of symptoms, and mul-
tiple repeated dilations are often required [59]. To 
date, no randomized controlled trials have com-
pared ARS versus medical management and se-
rial bougienage; however, a retrospective study 
suggested that optimal reflux control with ARS 
results in decreased need for repeated dilation 
and better symptomatic outcome [61].

If satisfying dilation is not achieved after mul-
tiple sessions, strictures are deemed refractory, 
and the use of endoprosthesis (metal or plastic 
stent) should be considered [4]. Esophageal stent-
ing and local steroid injections can be an auxil-
iary therapeutic option for refractory or recurrent 
strictures; the latter in particular has the capacity 
of inhibiting the inflammatory response, limiting 
collagen deposition [62]. Combining these two 
treatments with acid suppression therapy suc-
cessfully reduces both the need for dilations and 
the time between sessions [37]. Presence of hiatal 
hernia, ineffective acidic therapy (low dose, poor 
compliance), or alkaline reflux may predispose to 
disease recurrence.

Rarely, esophagectomy is indicated for re-
current or refractory strictures with underlying 
intractable esophagitis and a severely damaged 
esophagus [58]. Most commonly, an esophagec-
tomy is necessary with gastroplasty or colonic/
jejunum interposition [63].

Schatzki’s Rings are circular narrowed areas 
constituted by esophageal and gastric mucosa 
with fibrous and connective tissues, which are 
usually observed at the GEJ. They have a similar 
etiology to peptic strictures, and they also lead to 
dysphagia causing food impaction in the esopha-
geal lumen. If this event occurs abruptly, endo-
scopic food extraction is indicated; the procedure 
is safer when performed with an endoscope cov-

ered by an overtube, in order to avoid aspiration 
in the bronchial tree. Conversely, pushing food in 
the stomach is not advisable as it may lead to per-
foration. Schatzki’s rings are diagnosed through 
barium swallow and endoscopy. The therapy of 
choice is bougie dilation associated with PPIs 
that are administered after dilation, which dra-
matically reduce esophageal rings’ incidence and 
recurrence.

Respiratory complications may arise in pa-
tients with esophagitis, mainly as a consequence 
of long-standing GERD. Aspiration of acid and 
alkaline reflux can acutely cause chemical pneu-
monia; chronic acid exposure may lead to asthma 
and permanent lung damage such as fibrosis and 
bronchiectasis. Both medical therapy and sur-
gery are less successful in patients with respira-
tory symptoms than typical symptoms. However, 
surgery offers the advantage of eliminating non-
acid reflux episodes as well and therefore may be 
more appropriate in these types of patients.

Barrett’s esophagus (Fig. 7.4). About 10 % 
of the patients with erosive esophagitis [6] show 
an intestinal type of metaplasia called BE, in 
which patches of columnar epithelium with 
typical intestinal goblet cells replace the nor-
mal stratified squamous esophageal epithelium 
in the distal esophagus. Affected patients have 

Fig. 7.4  Endoscopic view of Barrett’s esophagus

 

Table 7.2     Types of esophageal strictures [57]
Simple Symmetrical, focal, concentric, with an esophageal luminal diameter of > 12 mm allowing the 

endoscope passage
Complicated Long (> 2 cm) irregular, narrowing the luminal diameter to less than 12 mm
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a higher acid exposure than those with erosive 
and nonerosive esophagitis without BE [64]. The 
metaplastic transformation occurs as an adaptive 
response to injury exerted by reflux on the physi-
ologic esophageal lining. High-grade esophagitis 
has a high damaging potential, and its healing 
through metaplastic columnar epithelium makes 
the esophagus more resistant to reflux injury, but 
at the same time, may trigger significant dysplas-
tic changes: LGD, pre-invasive HGD, and ad-
enocarcinoma. BE is a pre-cancerous condition 
and needs to be identified and surveilled to allow 
for prompt intervention in case of degeneration. 
Risks for BE are longstanding disease, erosive 
esophagitis, advanced age, male gender, obesity, 
smoking, hiatal hernia [37], and peptic strictures 
(triplicate the risk).

Identifying patients with BE on the basis of 
symptoms only is impossible, and this weak clin-
ical correlation hampers BE’s early diagnosis and 
monitoring.

The true prevalence of BE is not known, but 
this condition is estimated to affect 1.6 % of the 
general population, with rising incidence: an 
alarming 159 % increase from 1993 to 2005 has 
in fact been observed [37]. BE is detected in 3 % 
of patients who have had GERD for less than 1 
year and in more than 20 % of those who had 
symptoms for 10 years [65].

Male to female ratio for BE is 3:1, and the av-
erage patients’ age is 55 years. BE does not cause 
symptoms per se, but it carries a substantial risk 
of progression to adenocarcinoma each year.

The gold standard for diagnosis is endoscopy 
with biopsy. Since severe erosive esophagitis can 
impair detection of BE, aggressive PPI therapy 
should be administered in patients with known 
esophagitis in order to heal the esophageal mu-
cosa and maximize the diagnostic potential of 
endoscopy [66]. It is advisable to perform an en-
doscopy to screen for BE in all patients with a 
long history of disease (5–10 years) [67] or when 
patients with GERD are > 50 years of age. If the 
endoscopy is positive, guidelines advise for an 
endoscopic surveillance program at specific in-
tervals according to their histological pattern 
[30]:

• Every 3–5 years if there is no evidence of dys-
plasia;

• Every 6 months for LGD;
• Every 3 months for HGD in patients not 

receiving endoscopic or surgical therapy.
If BE is nondysplastic, it has a 0.25 − 0.4 % risk 
of progression to carcinoma each year, which 
rises to 0.6 − 5 % in BE with LGD [68, 69].

Both the American Gastroenterologic Asso-
ciation and the British Society of Gastroenter-
ology acknowledge endoscopic radiofrequency 
ablation (RFA) as the first line of treatment for 
patients with HGD, but no data sustain its use in 
BE with LGD and without dysplasia [70]. Com-
plete eradication of metaplasia has been reported 
to be persistent after 3 years in 91 % of patients 
with intestinal metaplasia, in 96 % of patients 
with HGD, and in 100 % of those with LGD [70]. 
The most worrisome consequence of BE ablation 
is the persistence of disease within the submuco-
sa covered by normal neosquamous epithelium: 
the so-called “buried glands” phenomenon. This 
event is rare but potentially dangerous since it is 
difficult to monitor these glands for possible de-
generation and there are reported cases of cancer 
that arise underneath a normal squamous mucosa.

Endoscopic mucosal resection (EMR) is a 
valid technique to better assess the presence of 
cancer within an irregular esophageal mucosa 
(Fig. 7.5) or even underneath a normal epithe-
lium. With EMR, several centimeters of muco-
sal and submucosal layers can be removed, thus 
allowing for precise staging of the lesion and 

Fig. 7.5   Endoscopic view of early-stage esophageal can-
cer arising in Barrett’s mucosa
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possible complete resection if no breach to the 
deep layers of esophagus has occurred.

EMR is usually indicated for focal lesions, but 
it can be associated with RFA for treatment of 
broader BE areas, with an eradication rate of dys-
plasia and cancer ranging from 85 to 100 %. Ad-
ditionally to being a valid option, this procedure 
guarantees a better life quality, and less morbid-
ity and mortality compared to esophagectomy.

When endoscopic therapy fails, in case of long 
segments of BE with multifocal cancer, or when 
the patient is noncompliant with the need for a 
demanding endoscopic surveillance program, 
esophagectomy should be considered.

Esophageal adenocarcinoma (Fig. 7.6) is the 
most dreadful evolution of severe reflux disease. 
Its incidence is rapidly increasing in the western 
world, especially in white males, after the age of 
50. The poor prognosis of this disease underlines 
the importance of individuating and starting en-
doscopic surveillance in patients at risk. Patients 
with BE have an overall 0.5 % yearly progres-
sion rate to esophageal adenocarcinoma [71], but 
there is a 7 % yearly incidence in patients with 
HGD [72].

No endoscopic screening is required for the 
general population, but endoscopy should be 
considered for patients with multiple risk factors, 
such as age > 50, male gender, obesity, Caucasian 
race, chronic GERD, and hiatal hernia [68,73]. 
Early detection of cancer decreases mortality and 
increases options for treatment. The mainstay of 
therapies for locally advanced esophageal adeno-

carcinoma is neo-adjuvant therapy followed by 
esophagectomy. Endoscopic mucosal and sub-
mucosal resection, possibly combined with RFA, 
should be considered for early stages with good 
prognosis [74].

Conclusion

Severe reflux esophagitis is a disease character-
ized by a broad-spectrum presentation. It can be 
kept under control with several therapeutic strat-
egies, but if not properly addressed, it may prog-
ress to severe complications.

Five Key Points on How to Avoid 
Complications

• Do not overlook symptomatology; always 
consider reflux esophagitis in the differential 
diagnosis of upper GI manifestation, espe-
cially in patients with long history of GERD.

• Once the disease is diagnosed, esophagitis 
should be graded according to the Los Ange-
les criteria and risk factors assessed; when 
necessary, the patients should be monitored.

• Administer appropriate and targeted medical 
therapy and check for its efficacy and patients’ 
compliance.

• Appropriately select patients who are ideal 
candidates for surgery and target the surgical 
technique according to their characteristics.

• If the patient is a surgical candidate, consider 
surgery early in the disease process before the 
development of complications.

Five Key Points on Diagnosing and/
or Managing the Complications Either 
Intraoperatively or Postoperatively

• The best diagnostic technique to diagnose 
complications is endoscopy associated with 
biopsy to evaluate the presence of metaplasia 
or dysplasia.

• EMR is the best tool for staging early esopha-
geal cancer.

Fig. 7.6   Endoscopic view of advanced esophageal can-
cer
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• Consider adding a fundoplication for refrac-
tory endoscopic treatment of GERD compli-
cations.

• Intraoperative assessment for the presence of 
short esophagus is key for the success of ARS.

• Esophagectomy is a good option for the “unsal-
vageable” esophagus and offers patients’ good 
long-term quality of life.
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Colon as an Alternative Conduit

The stomach is the preferred conduit for esopha-
geal replacement in majority of the cases for its 
reliable blood supply, low intraluminal bacterial 
burden, and the need for only a single anastomo-
sis. Occasionally, the stomach is not available be-
cause of previous abdominal or gastric surgery or 
involvement with tumor [1–5]. The esophageal 
surgeon should be equipped with the knowledge 
and skills to use alternative conduits for recon-
struction. Most surgeons will then utilize the 
colon as a second option for an alternative con-
duit. The left colon in particular has an advantage 
over the right colon in that its lumen is smaller 
and more closely approximates that of the esoph-
agus. The vascular anatomy on the left is more 
consistent than on the right; however, involve-
ment by atherosclerotic disease of the inferior 
mesenteric artery is more common than in any 
other mesenteric vessel. Preoperative evaluation 
is crucial in all cases where colon is anticipated 
as a conduit. Complete surgical history including 
knowledge of prior abdominal surgery that may 
have interrupted either the arterial blood supply 
or venous drainage of the colon that may render a 
segment of the colon unusable is important. The 
inferior mesenteric vein drains into the splenic 
vein, and prior severe pancreatitis or other causes 

of splenic vein thrombosis may render the left 
colon unusable as a conduit because of inferior 
mesenteric vein thrombosis. Colonscopy and CT 
angiography are performed in the preoperative 
evaluation to rule out colonic disease or vascu-
lar anomalies including neoplasia, stricture, or 
extensive diverticulosis. Mechanical and antibi-
otic bowel preparations are administered prior to 
surgery.

A midline laparotomy is performed, and the 
abdomen is explored for metastatic disease. The 
peritoneal attachments of the left colon to the 
retroperitoneum are divided along the white line 
of Toldt. We use an umbilical tape from the pro-
posed proximal line of transection of the esopha-
gus through the proposed route of placement of 
the conduit to the point of proposed anastomo-
sis to the stomach. The umbilical tape length is 
used to estimate the conduit length that is needed 
and can then be used to measure an appropriate 
length of colon.

The vessels supplying the left colon are visu-
alized by transillumination and the middle colic 
artery is test clamped. A palpable pulse should 
still be present in the marginal artery. If there is 
any question, a Doppler probe is used to assess 
the quality of the pulse, a clamp is then left in 
place, and the conduit inspected for adequate per-
fusion. Once the conduit is deemed of satisfac-
tory quality, we proceed with the esophagectomy. 
The left colon is then prepared. The omentum is 
separated from the left colon and splenic flexure 
that is to be used as a conduit. The middle colic 
artery is divided, and the mesentery is divided 
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as close as possible to the root, away from the 
marginal artery of Drummond. The colon is re-
anastomosed with a single interrupted 3.0 silk 
anastomosis and the mesenteric defect is closed. 
The proximal anastomosis is then constructed; 
this allows better determination of conduit length 
and ensures that the conduit will sit properly 
in the neck. The proximal end of the conduit is 
retrieved into the neck by use of an endoscopic 
camera bag attached to suction tubing. We pre-
fer the posterior mediastinal (in situ) route as this 
is the shortest route between the stomach and 
esophagus (Fig. 8.1 ). The surgeon should be pre-
pared to accept that in some cases the posterior 
mediastinal route is unavailable because of prior 
infection and prior gastric conduit leak with sub-
sequent scarring. In these cases, the substernal 
is preferred. If a substernal approach is used, we 
resect the manubrium or a portion of the manu-
brium to prevent obstruction, prevent angulation, 
and to allow adequate space for the colon. The 
proximal anastomosis is typically constructed 
with a single- or two-layer hand-sewn anastomo-
sis of the end of the esophagus to the side of the 
antimesenteric taenia. The anastomosis is con-
structed over a nasogastric tube with its tip posi-
tioned in the center of the stomach. The conduit 
should be monitored for arterial insufficiency or 
venous engorgement. We then complete the gas-

trocolic anastomosis with a large EEA stapler or 
in a side-to-side functional end-to-end stapled 
manner. Finally the conduit is sutured to the crus 
to prevent migration of the colon into the chest 
or herniation of abdominal viscera into the chest.

In cases where the left colon is involved with 
extensive diverticular disease or atherosclerotic 
occlusion of the inferior mesenteric artery, and 
splenic vein thrombosis with thrombosis of the 
inferior mesenteric vein, it is unusable as a con-
duit. The right colon is an acceptable conduit and 
is used as an alternative conduit that will reach 
the esophagus in the neck.

The right colon is inspected and its retroperi-
toneal attachments are dissected and lysed. The 
mesentery of the right colon is transilluminated 
and the ileocolic, right colic, marginal, and mid-
dle colic arteries identified. Clamps are placed on 
the ileocolic and right colic arteries, and the right 
colon is inspected for adequate perfusion through 
the marginal artery. The right colon is then har-
vested, leaving the marginal artery intact. An ap-
pendectomy is performed. Appropriate lengths of 
right colon are divided with a GIA 75-mm stapler, 
and the colocolonic anastomosis is performed in 
a single layered interrupted fashion. The proxi-
mal end is drawn up into the neck carefully to 
prevent trauma or injury to the harvested colon. 
The proximal anastomosis is then completed cre-

Fig. 8.1  We prefer the posterior mediastinal (in situ) route as this is the shortest route between the stomach and esopha-
gus
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ated via a single-layer end of esophagus to the 
side of the colon along the taenia. Finally we con-
struct the cologastric anastomosis with either an 
EEA staplers or a side-to-side stapled technique.

Jejunum as an Alternative Conduit

Replacement of the esophagus with jejunum is 
indicated when the stomach is not suitable be-
cause of prior surgery or involvement with dis-
ease. Jejunum is then used to replace a portion of 
the esophagus as a free graft, pedicled graft, or 
Roux-en-Y replacement Fig. 8.2.  Replacement 
of a distal esophageal peptic stricture should be 
performed with colon or jejunum in preference 
to stomach. Interposition of an isoperistaltic seg-
ment of intestine is preferable to gastric pull-up, 
which has a very high incidence of recurrent se-
vere reflux. Roux-en-Y jejunal replacement may 
be used to replace the stomach and distal esoph-
agus after total gastrectomy including distal 
esophagectomy. Free jejunal graft is indicated in 
limited reconstruction of the cervical esophagus. 
However, total esophageal replacement cannot be 
accomplished with jejunum alone as the length is 
insufficient to reach the neck. Important detailed 
history to exclude patients with disease of the 
small bowel due to inflammatory bowel disease 

or previous surgery is crucial in the preoperative 
preparation. Mechanical bowel preparation is 
not necessary for jejunal interposition; however, 
if the jejunum is found to be unacceptable as a 
conduit or if the blood supply to the jejunum is 
inadvertently damaged during harvest, rendering 
it unusable as a conduit, the colon should be read-
ily available and prepared for reconstruction.

After total gastrectomy and distal esophageal 
resection, Roux-en-Y replacement may be used 
for reconstruction. Main indications include 
proximal gastric tumors or esophageal resection 
into the upper chest. With meticulous prepara-
tion, Roux-en-Y configuration will reach the 
neck, but this is variable; however, it will not re-
liably reach the cervical esophagus. When it is 
used after total gastrectomy, jejunum is divided 
approximately 30 cm beyond the ligament of 
Treitz. The jejunum is elevated outside the abdo-
men, and the vascular arcade is transilluminated. 
The proposed point of division is identified, and 
the line of division of the mesentery is identi-
fied along with the proposed division of sev-
eral vessels of the mesentery, which will allow 
transposition of the jejunum up into the chest. 
The feeding vessel is identified and preserved. 
The serosal surface of the mesentery is scored, 
and the vessels to be transected are momentarily 
clamped and the conduit observed for few min-

Fig. 8.2    Jejunum is then used to replace a portion of the esophagus as a free graft, pedicled graft, or Roux-en-Y 
replacement
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utes for evidence of ischemia or congestion. A 
window in the transverse mesocolon is created 
to the left of the middle colic vessels for the jeju-
num and its mesentery to pass through. In cases 
of total gastrectomy, the proximal anastomosis 
is to distal esophagus in the upper abdomen. If 
distal esophagectomy is performed as for tumors 
of the cardia that extend to the gastroesophageal 
junction, the abdominal incision must be brought 
across the costal margin into the left sixth or sev-
enth interspace.

A stapled or hand-sewn technique is used 
for the esophagojejunal anastomosis. We prefer 
a 33-mm EEA stapler. A pursestring suture is 
placed in the distal esophagus, and the shaft of 
the EEA stapler is introduced through the stapled 
end of the proximal jejunum. After removal of 
the EEA stapler, the jejunal end is closed with 
a TA 60-mm stapler. To prevent herniation of 
abdominal contents into the chest and minimize 
tension on the esophagojejunal anastomosis, the 
jejunum is tacked to the hiatus at several points 
with interrupted silk sutures. The defect in the 
colonic mesentery should be closed to prevent 
an internal hernia. The distal anastomosis can be 
hand sewn or performed by a side-to-side func-
tional end-to-end stapled technique.

Pedicled Jejunal Interposition

This is best performed via a left thoracoabdomi-
nal incision along the left seventh interspace 
across the costal margin and the rectus muscle. 
The jejunum is transilluminated, and an appro-
priate length of jejunum is selected from a point 
20 cm distal to the ligament of Treitz. A single 
large vessel is used as a feeding vessel for the 
conduit (Fig. 8.2 ). The jejunum is transected 
proximally and distally with a GIA stapler, and 
the mesentery is divided on each side. The re-
maining jejunum is reconnected by a side-to-side 
functional end-to-end standard stapled technique. 
The pedicled jejunum is tunneled through the 
mesocolon and brought into the left chest. The 
proximal anastomosis is then constructed in a 
similar fashion to the Roux-en-Y esophagojeju-
nal anastomosis. The jejunogastric anastomosis 

is then hand sewn in two layers with interrupted 
3.0 silk sutures.

Free Jejunal Interposition

In certain circumstances, a free jejunal graft may 
reach portions of the upper esophagus that ped-
icled grafts may not. There is a significant risk 
of life-threatening graft ischemia and necrosis. 
In addition, two anastomoses are required, in-
creasing the morbidity risk of anastomotic leaks. 
A short segment of jejunum is harvested and a 
left cervical incision is made. The esophagus 
and carotid and jugular vessels are isolated. The 
jejunal vessels are dissected and isoplated and 
sharply divided. The artery and vein are flushed 
with heparinized saline. The proximal hand-sewn 
anastomosis is constructed first, an operating mi-
croscope and fine 9 -0 or 10 - 0 suture are used 
to anastomose the jejunal vessels to the carotid 
and jugular vessels, and the distal anastomosis 
is then constructed. Finally the graft is covered 
with a meshed split-thickness skin graft to allow 
monitoring of graft viability in the postoperative 
period.

Summary

Various possible operative techniques for esoph-
ageal conduit replacement exist to treat patients 
with esophageal carcinoma in whom the stomach 
will not reach the neck due to disease or malig-
nancy. The skilled esophageal surgeon should be 
a master of the anatomy of the neck, chest, and 
abdomen and prepared to use all routes and meth-
ods available. We have described our methods for 
alternative reconstruction in this chapter. The ref-
erences below are included for further reading.

Key Points

1. The colon and jejunum are alternate conduits 
for the case where the stomach will not reach.

2. When using the colon, the left colon is pre-
ferred over the right, partly due to a better size 
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match with the esophagus. The posterior me-
diastinal route is preferred over the substernal 
route.

3. Careful assessment and preservation of the 
vascular supply, especially the marginal ar-
tery, to the colon must be performed when 
considering a colonic conduit.

4. A jejunal conduit can be used as a free graft 
or a pedicled graft. The vascular supply must 
be carefully assessed and preserved as well, 
similar to when using a colonic conduit.
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Introduction

The right gastroepiploic artery (RGEA) has 
played an important role clinically for the gen-
eral and cardiothoracic surgeon for many years. 
While this vessel was frequently used in previous 
years for revascularization in cardiac surgery, its 
current significance stems primarily from its role 
as the principal blood supply to the gastric con-
duit in an esophagectomy. Consequently, careful 
dissection and preservation of this artery is para-
mount in ensuring adequate blood supply for ali-
mentary reconstruction. This chapter is a review 
of the importance of technique and meticulous 
dissection of this vessel. Furthermore, we will 
describe important considerations in anticipating 
and avoiding injury to this artery, management 
options when an injury to RGEA is identified, 
and procedures to augment blood flow to the 
tenuous gastric conduit.

Anatomy of the RGEA

The RGEA most often arises as a terminal branch 
of the gastroduodenal artery which itself is a 
branch of the common hepatic artery (Fig. 9.1 ). 
This vessel traverses from the patient’s right to 
left along the greater curvature of the stomach 
and is encased within the greater omentum. Be-
cause the left gastric, short gastric, and left gas-
troepiploic arteries (LGEA) are ligated during a 
standard esophagectomy, the blood supply to the 
stomach relies primarily on the RGEA with some 
contribution from branches of the right gastric 
artery.

The gastric fundus is the region most distant 
from its arterial inflow and venous drainage and 
thus particularly susceptible to ischemia. Blood 
flow to the fundus was initially thought to rely 
on the RGEA communicating directly with the 
LGEA. However, studies on this topic differ and 
have suggested that a direct RGEA anastomo-
sis with the LGEA only occurs approximately 
23–70 % of the time [1–5]. In a cadaver study 
by Liebermann-Meffert et al., the authors found 
that the RGEA contributed approximately 60 % 
of the total blood supply to the gastric tube with 
the remaining portion distributed among collater-
als from the LGEA (20 %) as well as a smaller, 
submucosal network of collaterals (20 %). Of 
note, they also reported that direct communica-
tion between the RGEA and LGEA is minute and 
that while the right gastric artery is often pre-
served in esophagectomy, its contribution to the 
vascularity of the gastric tube is negligible [6]. 
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These findings underscore the importance of the 
RGEA in the success of the gastric conduit dur-
ing esophagectomy.

Vascular Considerations in 
Esophagectomy

Studies have demonstrated that use of a gastric 
conduit, as opposed to jejunal or colonic, for 
esophageal replacement following esophagecto-
my is associated with similar, if not lower, rates 
of ischemia. However, this highly morbid com-
plication still occurs with use of stomach, with 
estimates ranging from 0.5% to 10.4% of cases 
[7–9]. Research has shown that mobilization of 
the gastric fundus during esophagectomy is as-
sociated with a greater than 50 % decrease in gas-
tric tissue oxygen tension and that this resulting 
degree of oxygenation is correlated with subse-
quent success of the esophagogastric anastomo-
sis [10, 11]. Consequently, while some loss of 
tissue perfusion and oxygenation is unavoidable 
during this surgery, optimizing conditions for 
blood flow is critical for a successful anastomo-
sis and good postoperative outcomes. These stud-
ies highlight the importance of careful, gentle 
manipulation and handling of the whole gastric 
conduit throughout the entirety of the operation 
to minimize local trauma, vascular torsion/kink-

ing, or conduit tension or compression. From a 
physiologic perspective, it is also important to 
avoid worsening perioperative splanchnic hypo-
perfusion by minimizing the use of vasopressors 
and alpha agonists. Communication with the an-
esthesia team intraoperatively and critical care 
team postoperatively regarding the significance 
of avoiding these medications is key to maximiz-
ing oxygen tension in the newly mobilized gas-
tric conduit.

Preoperative Evaluation of the RGEA

A detailed past medical and surgical history is 
critically important prior to esophagectomy. 
Known aorto-iliac occlusive disease or peripher-
al vascular disease, as well as any prior vascular 
intervention whether transabdominal or cathe-
ter-based, should raise concern for adequacy of 
gastric conduit perfusion after mobilization. An 
associated history of diabetes, given its known 
impact on both macro and microvascular disease, 
may also warrant a more focused evaluation. A 
dedicated computed tomography (CT) scan of 
the chest, abdomen, and pelvis is often part of the 
preoperative evaluation of the esophageal cancer 
patient. In addition to reviewing the tumor and 
nodal morphology and ruling out metastases, the 
surgeon should also evaluate the visceral aorta 

Fig. 9.1  Anatomy of the right gastroepiploic artery
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inferior to the pylorus and traverses along the 
greater curvature, its relationship with the LGEA 
is subject to change as described above [1]. As 
such, to avoid accidental injury, it is advanta-
geous to locate and establish the RGEA’s ana-
tomic relationship and path early upon entering 
the abdomen prior to proceeding further in the 
course of the operation. This is especially true 
during any abdominal reoperation as adhesions 
may distort or obscure the precise anatomy of the 
omentum, transverse colon, and greater curvature 
of the stomach.

During the preparation of the gastric conduit, 
the greater omentum is separated from the greater 
curvature of the stomach. At this point in the op-
eration, the surgeon should be extremely mindful 
of the previously identified course of the RGEA. 
Accidental injury, or excessive manipulation, of 
this vessel during dissection of the omentum can 
cause irreparable vascular compromise and sub-
sequently result in an inability to use the stom-
ach as a conduit for esophageal replacement [15]. 
Consequently, it is recommended that a minimum 
of 2.0 cm clearance be given between the RGEA 
and the omentum to be divided to avoid acciden-
tal mechanical or thermal injury (Fig. 9.2 ) [16]. 
Additionally, particular attention should be given 
when the dissection approaches the pylorus as 
the RGEA courses deep and posterior to the duo-
denal bulb to its origin from the gastroduodenal 
artery. The gastrocolic ligament and omentum 
are often fused with the transverse mesocolon in 
this location. Careful separation of these planes 

for extensive calcification. In the setting of the 
aforementioned comorbid conditions, evaluation 
of celiac and mesenteric arterial integrity may be 
achieved through modalities such as CT or mag-
netic resonance (MR) angiography or aortogra-
phy.

Currently, patients who have a planned esoph-
agectomy, do not routinely undergo any form of 
preoperative screening to ensure an appropriate 
diameter or size of the RGEA. Evidence from 
cardiac surgery has shown that preoperative 
evaluation of this vessel in the form of transab-
dominal ultrasound or multidetector CT is fea-
sible and may be worthwhile in operative plan-
ning for coronary artery bypass revascularization 
[12, 13]. For example, in a study by Minakawa 
et al., the authors used preoperative sonography 
to evaluate the RGEA and identify patients with 
a threshold artery diameter of 2 mm for subse-
quent revascularization. All individuals that met 
this criterion preoperatively were found intraop-
eratively to have arteries sizeable enough for sub-
sequent anastomosis. Furthermore, comparison 
of preoperative ultrasound measurements with 
postoperative angiography of this vessel was 
highly correlated and confirmed acceptability of 
this screening approach. Unfortunately, data re-
garding the use of preoperative evaluation of the 
RGEA in esophagectomy are lacking. However, 
in patients who may have a history of foregut sur-
gery, previous exploratory laparotomy, prior car-
diac surgery with an unknown graft, or aberrant 
or incomplete anatomic visualization on routine 
preoperative imaging, the use of either of these 
modalities with special attention to the RGEA 
may prove useful in operative planning.

Preparation and Mobilization of the 
Gastric Conduit

Given the infrequency with which dedicated im-
aging of the RGEA is obtained preoperatively, 
it is important that soon after entering the peri-
toneal cavity and establishing exposure that the 
RGEA is identified. There is tremendous known 
variability in the celiac and hepatic arterial sys-
tem and thus the location and path of the RGEA 
[14].  While this vessel reliably originates just Fig. 9.2  Greater curvature dissection
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is required to avoid traction injury to the RGEA 
or its accompanying veins. This dissection also 
promotes easier passage of the conduit cephalad 
while decreasing subsequent anastomotic tension.

Esophagectomy with the use of a gastric con-
duit involves a delicate balance of obtaining ap-
propriate reach of the conduit while preserving 
vascularity to the esophagogastric anastomosis. 
Ensuring an appropriate length of conduit is key 
not only for achieving a tension-free anastomo-
sis but also for minimizing reflux in the patient 
postoperatively [15]. Transferring of the conduit 
cephalad into the chest or neck is a critical step in 
the course of the operation. During this time, it is 
important to avoid excessive stretch, torqueing, 
or twisting that may result in stenosis, dissection, 
or a traction injury to the RGEA. Maintaining 
collinear movement of the conduit with its vascu-
lar pedicle will help to safeguard against inappro-
priate twisting or rotation during mobilization.

Additionally, after the tubularized stomach 
has been relocated to the chest, the surgeon 
should inspect the conduit to ensure that there is 
no excessive compression at the diaphragmatic 
hiatus. In recognition of this, we routinely open 
the hiatus anteriorly to the pericardial reflection, 
ligating the crossing phrenic veins. Omitting 
these safeguarding steps may result in significant 
vascular compromise to the conduit with identi-
fication after it is too late. Arterial compromise 
typically presents early postoperatively with 
acidosis and evidence of a systemic inflamma-
tory response syndrome (SIRS) due to conduit 
necrosis. Venous compression is more insidious 
with full thickness necrosis often delayed until 
postoperative days 5–7.

Techniques for Improving Tissue 
Oxygenation

Tension-Free Anastomosis

Achieving appropriate length of the gastric con-
duit can often be an issue, especially for cervical 
anastomoses. The stretch placed on the stomach 
when attempting to reach the cervical esopha-
gus may result in compromised blood flow, 

particularly in the relatively oxygen-deprived 
fundic region of the stomach. A generous Kocher 
maneuver and careful separation of the gastro-
colic ligament from the transverse mesocolon aid 
in facilitating appropriate length.

Additionally, novel techniques have been de-
scribed to address this issue of tension on the 
conduit and to allow for sufficient reach [17]. For 
example, noting the relative redundancy of the 
greater curvature in comparison with the strained 
lesser curvature, some authors have advocated 
for the use of a lengthening procedure termed 
“angleplasty.” In this technique, the point of ten-
sion at the angle of the lesser curvature is divided 
transversely through the seromuscular layer for a 
distance of 4 cm exposing the submucosa. This 
is followed by a longitudinal incision for ap-
proximately 4 cm through the gastric wall with 
subsequent closure of the incision using vertical 
seromuscular Lembert sutures [18]. By length-
ening the gastric tube, this procedure may allow 
for a tension-free anastomosis and as a result im-
proved arterial flow and reduced venous conges-
tion in the proximal portion of the stomach.

Finally, as long as a cancer-free esophageal 
resection margin can be achieved, another sim-
ple technical maneuver to reduce tension when 
conduit length is limited is to change the level 
of the planned anastomosis from cervical to in-
trathoracic. Multiple studies have consistently 
demonstrated lower anastomotic leak rates for 
intrathoracic reconstructions [19, 20]. Thus, al-
though an unanticipated change in the operative 
plan is not ideal, it is often preferable to a dubi-
ous anastomosis.

During any esophagectomy, but particularly in 
the context of a tenuous RGEA, creating a ten-
sion-free anastomosis is critical to a successful 
patient outcome. Use of a generous Kocher ma-
neuver, “angleplasty,” and alterations to the anas-
tomotic level are techniques the surgeon may em-
ploy to mitigate this concern as best as possible.

 “Supercharging”

The territory most vulnerable to ischemia in the 
gastric conduit is the proximal portion of the 
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stomach in the area of the fundus. This is primar-
ily attributed to the unfortunate fact that after 
mobilization and transposition of the stomach 
into the chest or cervical region, this portion of 
the conduit is farthest away from its nutrient ar-
terial inflow and venous drainage. This area is 
also where the esophagogastric anastomosis oc-
curs. Thus, a potentially ill-fated situation occurs, 
whereby the area most susceptible to ischemia is 
also the region most in need of a robust blood 
supply for healing.

With this in mind, a technique that has re-
ceived considerable attention for patients requir-
ing esophagectomy is “supercharging.” The use 
of this method was first reported in 1947 and 
has increasingly been reported in the literature 
[15, 21]. “Supercharging” involves creating ad-
ditional microvascular anastomoses to increase 
blood flow to the gastric conduit or, in some 
cases, the pedicled jejunal or colonic substitutes. 
While some surgeons may routinely use this pro-
cedure, more often it is selectively implemented 
to augment blood flow. In this context, the use of 
“supercharging” may prove invaluable as a sal-
vage technique, particularly in the case of a tenu-
ous conduit or compromised RGEA. The value 
of this procedure lies in its potential to not only 
increase arterial flow but also enhance venous 
drainage from the conduit. The latter is often a 
concern following esophagectomy, in particular 
when there is marked gastric distention at either 
the thoracic inlet or the diaphragmatic hiatus, or 
when the conduit is on tension or has a particu-
larly long cephalad reach.

“Supercharging” has been described for many 
kinds of esophageal reconstructions including the 
use of gastric, jejunal, and colonic conduits. In a 
series reported by Sekido et al., 82 reconstruc-
tions of all types were performed with use of “su-
percharging” selectively in situations where the 
conduit appeared ischemic or had areas of poor 
perfusion. They most commonly used the superi-
or thyroid artery in the neck and the internal tho-
racic artery in the chest as the recipient arteries. 
Venous drainage was achieved with use of the in-
ternal or external jugular veins in the neck or the 
internal thoracic vein in the chest. In the case of 
gastric conduits, the graft artery was the RGEA 

and the graft vein was a transferred gastroepi-
ploic vein. The majority of patients had both an 
arterial and venous anastomosis performed. Of 
the 82 reconstructions, only two had leaks, none 
requiring reoperation, and only two patients had 
conduit necrosis with one requiring reoperation 
[22]. Of note, thrombosis in the anastomosis did 
occur in three patients intraoperatively, and in 
each case, redoing the anastomosis was success-
ful.

In another series, nine patients had “super-
charging” performed and seven of these involved 
a gastric conduit. In preparing the stomach, the 
LGEA was ligated proximally, close to its origin 
from the splenic artery. Subsequently, the LGEA 
was anastomosed to the transverse cervical artery 
in an end-to-end fashion using 9 -0 nylon. Intra-
operative blood flow measurements were taken 
at the fundus of the stomach and, in each case, 
flow increased after this microvascular anasto-
mosis. None of the nine patients experienced a 
leak postoperatively [23].

In a study by Murakami and colleagues, they 
evaluated “supercharging” for use in total esoph-
agectomy with pharyngogastrostomy. In this se-
ries of 11 patients, none experienced a leak or 
conduit necrosis postoperatively. Additionally, 
they found that performing only a venous anas-
tomosis increased mean blood flow to the gastric 
fundus by 19 % using laser Doppler flowmetry, 
whereas performing both an arterial and venous 
anastomosis resulted in a 43 % increase in flow 
to this same region [24]. In a subsequent study, 
the authors found that performing a microvascu-
lar anastomosis procedure in subtotal esophagec-
tomy was associated with a significantly lower 
likelihood of postoperative leak compared to a 
control group which did not have any microvas-
cular anastomoses [25].

While the target and choice of recipient and 
graft vessels vary considerably in different de-
scriptions of “supercharging,” the basic tenets 
of augmenting blood flow to an area of relative 
ischemia remain consistent. Although these stud-
ies were all associated with increased operative 
times, serious consideration should be given to 
performing additional microvascular anasto-
moses in the presence of a questionably viable 
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RGEA. If an injury to the RGEA is sustained in-
traoperatively, or excessive stretch of this vessel 
is a concern, the use of “supercharging” as an ad-
junct may salvage use of the gastric conduit. It is 
worth noting that no studies have systematically 
looked at use of this technique in the context of a 
damaged or injured RGEA. Nevertheless, aware-
ness and consideration of “supercharging” may 
prove timely when an injury does occur and few 
other options are available to supplement blood 
flow to the conduit.

Venous Drainage

The importance of alleviating stagnant venous 
drainage, as done in “supercharging, ” has been 
addressed by other means as well. One example 
of this is by transient bloodletting from the short 
gastric vein. In one study, the authors found that 
30 min of bloodletting after creation of the gas-
tric tube resulted in a significant increase in tissue 
blood flow at the esophagogastric anastomosis 
shortly afterwards. Flow remained elevated from 
baseline after bloodletting ceased although this 
was not significant [26]. Nonetheless, in a patient 
with a compromised RGEA, it is necessary to at-
tenuate venous congestion as much as possible 
and allow for appropriate inflow to the proximal 
region of the stomach. Transient venous blood-
letting, while technically cumbersome, may help 
in achieving this and should be considered a tool 
in the surgeon’s armamentarium during esopha-
gectomy.

Conclusion

Esophageal reconstruction with use of the gas-
tric conduit has become an established method 
of preserving alimentary continuity following 
esophagectomy. Although the risk of esophageal 
leak or necrosis is not insignificant following 
this surgery, techniques may be employed to im-
prove postoperative success. These techniques 
center primarily upon preserving and augment-
ing the bloody supply the RGEA provides to the 

gastric tube. A detailed medical and surgical his-
tory with consideration of dedicated preopera-
tive vascular imaging in high-risk patients is a 
necessary first step. Intraoperatively, early iden-
tification of this vessel with meticulous dissec-
tion is required to ensure that this vessel is kept 
intact. Transposition of the gastric conduit to 
the chest or neck should be done carefully with 
particular attention given to avoiding excessive 
twisting of this vessel and creating a tension-free 
reach. Finally, the surgeon should consider the 
use of novel procedures such as “angleplasty” 
or “supercharging” if there is persistent concern 
for a tenuous blood supply. With deliberate use 
of the steps outlined in this chapter, the likeli-
hood of an injury to the RGEA is minimized and 
the resulting success of the operation optimized 
postoperatively.

Five Key Points: Avoiding Injury to the 
Right Gastroepiploic Artery

1. After gaining exposure, identify the right gas-
troepiploic artery early in the course of the op-
eration and determine if any aberrant anatomy 
is present.

2. Ensure a buffer zone of at least 2.0 cm from 
the visible, palpable, or “dopplerable” right 
gastroepiploic artery when separating the 
greater omentum from the greater curvature 
of the stomach.

3. Ensure careful separation of the gastrocolic 
ligament, omentum, and transverse mesoco-
lon as you approach the pylorus during the 
greater curvature dissection to avoid a proxi-
mal pedicle injury.

4. Delicate care should be taken when mobiliz-
ing or repositioning the gastric conduit into 
the chest or neck to prevent excessive longitu-
dinal tension, kinking, or torsion on the right 
gastroepiploic arcade.

5. After mobilization, evaluate the right gastro-
epiploic artery at the diaphragmatic hiatus to 
assess for excessive impingement that may re-
sult in vascular compromise.
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Five Key Points: Diagnosing and/or 
Managing the Complication Intraop-
eratively or Postoperatively

1. If concerned about vascular compromise, 
make liberal use of the Doppler to evaluate 
the pedicle and fundic region of the stomach 
to assess appropriate blood flow.

2. Consider additional intraoperative techniques 
in the conduit with a tenuous, but viable, right 
gastroepiploic arterial supply such as “angle-
plasty” to relieve tension or “supercharging” 
to improve inflow and/or venous drainage.

3. Consider revising the operative plan to allow a 
shorter conduit if oncologically feasible, e.g., 
an intrathoracic versus cervical anastomosis.

4. Consider converting to a pedicled jejunal or 
colonic interposition graft if irreparable dam-
age has been done to the right gastroepiploic 
artery.

5. Avoid perioperative alpha agonists and vaso-
pressors that may decrease splanchnic outflow 
in the setting of an already tenuous right gas-
troepiploic artery.
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Gastric Esophageal Replacement 
Conduit

The stomach has supplanted the colon and the 
small intestine as the esophageal replacement 
conduit of choice. The stomach has a constant 
blood supply, which includes the right and left 
gastroepiploic arteries and veins, the left and 
right gastric artery and veins, and the short gas-
tric vessels. The stomach is easily be mobilized 
by dividing the gastro-colic, gastro-hepatic, and 
gastro-splenic ligaments (See Fig. 10.1). The 
stomach can easily be used to replace the esopha-
gus for both transthoracic esophagectomy and 
transhiatal esophagectomy. The stomach can be 
constructed into a tubular conduit and an esopha-
gogastric anastomosis can be performed in the 
upper thorax, which is typically done as part of 
an Ivor Lewis esophagectomy. The esophago-
gastric anastomosis should be performed at the 
level of the azygous vein or higher. The stomach 
can also be transposed into the neck for a cervical 
esophagogastric anastomosis as described in the 
transhiatal esophagectomy. There are four major 
factors to consider when mobilizing the gastric 
conduit, which have significant ramifications for 
gastric conduit ischemia or necrosis [1].

1. The right gastroepiploic artery is the main 
arterial blood supply to the gastric conduit and 
should be preserved in every case. The gas-
toepiploic vein is equally important and any 
direct manipulation of the gastroepiploic vas-
cular arcade should be avoided. The adequacy 
of arterial blood flow within the artery can be 
tested with a Doppler probe intraoperatively 
if there are concerns about an injury to the 
arcade.

2. The intraoperative surgical margins on the 
gastric conduit should be assessed prior to 
the esophagogastric anastomosis. This can be 
a particular challenge for large GE (gastroin-
testinal junction) junction tumors that extend 
into the gastric fundus. The gastric conduit 
should not be narrower than 4 cm in diameter.

3. The gastric fundus should be maintained in 
order to provide adequate length of the gastric 
conduit. This principle becomes very impor-
tant when the esophagogastric anastomosis 
needs to be performed in the cervical neck, 
where adequate length of the gastric conduit is 
essential to avoid tension on the anastomosis.

4. The shape and diameter of the conduit is an 
important consideration in terms of gastric 
emptying. The conduit should ideally be 
4–5 cm in diameter. Large and patulous gas-
tric conduits may not empty well, which re-
sults in delayed gastric emptying. Large and 
dilated gastric conduits may result in venous 
congestion and may possibly contribute to 
conduit ischemia.
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The preservation of the right gastroepiploic 
ateriovenous arcade is sufficient to sustain the 
gastric conduit after mobilization [2]. The left 
and right gastric artery arcades can be routinely 
divided without increased risk for ischemia be-
cause approximately 60 % of the blood supply 
comes from the right gastroepiploic arteriove-
nous arcade [3]. The ideal width of the gastric 
conduit should be 4–5 cm in diameter. The gas-
tric conduit is created by dividing the mobilized 
stomach along the lesser curvature with a linear 
endo-mechanical stapler (See Fig. 10.2). Gastric 
conduits that are too narrow can result in gastric 
tip necrosis due to the poor collateral circulation 
in the submucosa of the gastric fundus [4]. The 
gastric conduit is typically passed through the 
esophageal hiatus and the intrathoracic anasto-
mosis is performed at the level of the azygous 
vein. The esophageal hiatus should be widened 
enough to avoid compression of the esophageal 
conduit and subsequent venous stasis.

The incidence of gastric conduit ischemia 
and necrosis depends largely on the technique 
that was used to mobilize the stomach. The oc-
currence of an anastomotic leak and/or stricture 
is largely related to the incidence of ischemia of 

the gastric conduit. The incidence of anastomot-
ic complications varies in the reported studies 
with a range of 0–24 % [5–8]. Kassis et al. re-
cently reported an overall anastomotic leak rate 
of 12.3 % for cervical anastomoses and 9.3 % 
for intrathoracic anastomosis in a large series of 
7595 esophageal resections from the Society of 
Thoracic Surgeons (STS) database [9]. Orringer 
et al. reported a large series of 1085 transhiatal 
esphagectomies, which reported an anastomotic 
leak rate of 13 % and a gastric conduit necrosis 
rate of 2.6 % [10]. The higher rate of gastric con-
duit ischemia/necrosis encountered with the cer-
vical esophagogastric anastomosis is thought to 
be related to the possible compression from the 
mediastinum and/or the thoracic inlet. The over-
all incidence of gastric conduit necrosis ranges 
from 0.5 to 10.4 % [10–15]. The reported series 
are summarized in Table 10.1.

The predisposing factors for gastric conduit 
necrosis include direct injury to the gastroepiploic 
ateriovenous arcade, external compression of the 
gastric conduit, low perioperative blood pressure, 
and excessive manipulation of the gastric con-
duit. The risk of gastric conduit necrosis can be 
minimized with meticulous operative technique 

Fig. 10.2  The gastric conduit is created by dividing the 
stomach along the greater curvature with a linear endo-
mechanical stapler. A tubular gastric conduit is created, 
which should measure 4–5 cm in diameter for maximal 
conduit perfusion and functional emptying

 

Fig. 10.1  The gastro-colic ligament is divided with a li-
gasure device along the greater curvature of the stomach. 
The right gastroepiploic arteriovenous arcade should be 
preserved during the dissection. Injury to the gastroepi-
ploic arteriovenous arcade would result in immediate gas-
tric conduit ischemia
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for mobilization of the stomach and creation of 
the gastric tube. The gastroepiploic arcade should 
be identified intraoperatively with gentle palpa-
tion or by Doppler probing. The localization of 
the primary blood supply to the gastric conduit 
should minimize the risk of direct injury. In addi-
tion, the author recommends checking for twist-
ing of the gastric conduit prior to the anastomosis 
and ensuring that the esophageal hiatus is not 
compressing the gastric conduit.

Diagnosis of Gastric Conduit Ischemia

The early recognition and diagnosis of gastric 
conduit necrosis is critical to minimizing the risk 
of perioperative mortality. The clinical signs and 
symptoms of gastric conduit necrosis depend 
on the degree of ischemia and the extent of the 
esophagogastric leak. Patients often develop 
tachycardia, leukocytosis, metabolic acidosis, 
and altered mental status. The patients can poten-
tially develop florid sepsis and respiratory failure 
requiring intensive care unit (ICU) admission, 
mechanical ventilation, and vasopressor support. 
The contrast esophagogram should demonstrate 
extravasation of the contrast consistent with an 
anastomotic leak (See Fig. 10.3a, b). An upper 
endoscopy can be performed with minimal insuf-
flation to assess the esophagogastric anastomosis 
and the mucosa of the gastric conduit can be eval-
uated for ischemia or frank necrosis. A computed 
tomography (CT) scan of the thorax can also be 
obtained to evaluate for the evidence of an anas-
tomotic leak, such as pneumomediastinum, pleu-
ral effusion, or disruption of the esophagogastric 
anastomosis. For patients with cervical anasto-

moses, the neck incision can be opened directly 
to inspect for drainage from the anastomosis and 
assess the fundus for ischemia or necrosis.

The appropriate management and treatment 
of gastric conduit ischemia/necrosis is crucial 
to the survival of the patient. In cases in which 
the ischemia is mild and the manifestation is an 
anastomotic leak that is contained, the patients 
can be managed with bowel rest, intravenous 
antibiotics, and drainage. In patients with anas-
tomotic leaks and associated mediastinitis and 
empyema, a reoperation is necessary to drain any 
purulent fluid and to debride the mediastinum 
and the intrathoracic cavity. The disrupted area of 
the esophagogastric anastomosis can be repaired 
primarily if the gastric conduit has adequate ar-
teriovenous perfusion. The necrotic material of 
the edges of the esophagus and gastric conduit 
should be debrided before embarking on the pri-
mary repair. The author prefers to use interrupted 
nonabsorbable suture to re-approximate the anas-
tomosis. A pleural flap or intercostal muscle flap 
can be used to cover the repaired anastomosis. In 
certain cases, the gastric conduit will be found to 
be severely ischemic, and there is a tissue necro-
sis present. In this situation, the gastric conduit 
cannot be preserved and an esophageal diversion 
should be performed. The gastric conduit should 
be dissected down to the esophageal hiatus and 
divided with a linear stapler. The staple-line 
should be over-sewn to minimize the risk of a bile 
leak into the thorax. The esophageal anastomosis 
is also resected and a cervical esophagostomy 
is fashioned below the level of the left clavicle. 
This location is better for the placement of an os-
tomy bag and for the concealment of the ostomy 
under clothing. The placement of a functioning 

Table 10.1  Esophagectomy series reporting the incidence of esophageal conduit necrosis
Series # Patients Mortality (%) Anastomosis leak (%) Conduit ischemia (%)
Orringer [10] 1085  4 13  2.6
Peracchia [11]  242  0.8  5.8  1.2
Davis [12]  959 10.6  3.9  0.5
Shuchert [13]  222  1.4 –  3.2
Briel [14]  230  3.5 14.3 10.4
Moorehead [15]  760  3.8 –  1.0
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jejunostomy tube is essential for adequate en-
teral nutrition and hydration during the period of 
esophageal diversion. After the patient has recov-
ered from the operation, a staged reconstruction 
can be planned for 3–6 months after esophageal 
diversion. The author prefers to utilize the su-
percharged pedicled jejunal interposition tech-
nique for reconstruction of the gastrointestinal 
tract [16]. During this procedure, a Roux-en-y 
limb of jejunum is harvested and passed through 
a substernal tunnel. The left clavicle head and 
hemi-manubrium are resected to provide space 
for the jejunal limb and avoid compression. The 
ateriovenous pedicle of the jejunal limb is then 
anastomosed to the left internal mammary vein 
and artery to provide “super-charged” perfusion. 
A two layer hand-sewn esophago-jejunostomy is 
performed to restore gastrointestinal continuity. 
Blackmon et al. reported a series of 60 patients 
who underwent super-charged pedicled jeju-
nal interposition for esophageal replacement in 
which 83 % of the patients were able to achieve a 
return to a regular diet [16].

There have been a number of techniques that 
were proposed for the prevention of gastric tube 
ischemia/necrosis. Urschel hypothesized that 
ischemic conditioning of the gastric fundus could 
be achieved by dividing the left gastric arteriove-
nous pedicle prior to a planned esophagectomy 
[17]. Patients would undergo a staging laparos-
copy 1–4 weeks prior to the esophagectomy. The 
left gastric pedicle would be divided at the time 
of laparoscopy to “pre-condition” the gastric 
fundus for ischemia. This concept has not been 
proven to be effective in preventing gastric con-
duit necrosis. Similarly, Sekido et al. reported the 
results of performing microsvascular augmenta-
tion for the gastric conduits that appeared isch-
emic immediately after the gastric mobilization 
[18]. Two patients underwent a venous—venous 
anastomosis and one patient underwent an arte-
rial augmentation with improved gastric conduit 
outcome.

Fig. 10.3  a A contrast esophagogram demonstrates con-
trast extravasation consistent with an esophagogastric 
anastomotic leak. b A contrast esophagogram demon-
strates contrast collecting in the mediastinum consistent 
with a large anastomotic leak
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 Summary

The occurrence of gastric conduit ischemia/ne-
crosis after esophagectomy remains the most 
challenging postoperative complication to man-
age. The incidence of this complication is rela-
tively low; however, the impact on perioperative 
mortality is significant when the gastric conduit 
necrosis occurs. In the postoperative period, sur-
geons should be attuned to recognizing the early 
clinical signs of conduit necrosis, such as new 
onset tachycardia, respiratory failure, or mental 
status changes. The diagnosis can be determined 
with contrast esophagography and/or direct in-
spection of the gastric mucosa with endoscopy. 
In cases of frank gastric conduit necrosis, a take-
down of the esophagogastric anastomosis and 
resection of the ischemic gastric conduit is in-
dicated. The esophageal diversion procedure is 
completed by creating a cervical esophagostomy. 
Patients can be reconstructed with either a jeju-
nal interposition graft or a colonic interposition 
graft after 3–6 month recovery period. The best 
strategy to minimize the risk of the gastric con-
duit necrosis is prevention. Meticulous dissection 
of gastric conduit and preservation of the right 
gastroepiploic arteriovenous arcade will help en-
sure excellent conduit function and healing. In 
addition, careful patient selection is important to 
avoid postoperative cardiopulmonary dysfunc-
tion that directly impacts the vascular perfusion 
to the gastric conduit during the postoperative 
period. Clearly, more research needs to be con-
ducted to better predict which patients are at high 
risk for the gastric conduit ischemia/necrosis and 
to improve intraoperative assessment of the gas-
tric conduit perfusion.

Key Points for Avoiding Gastric 
Conduit Necrosis

• Avoid direct injury to the gastroepiploic 
ateriovenous arcade.

• Ensure that there is no external compression 
of the gastric conduit as it passes through the 
esophageal hiatus.

• The diameter of the gastric conduit should be 
4–5 cm.

• Preserve the gastric fundus for maximal gas-
tric conduit length.

• Avoid perioperative hypotension and hypox-
emia to minimize decreased arteriovenous 
perfusion to the gastric conduit.

Key Points for Managing Gastric 
Conduit Necrosis Postoperatively

• Recognize the early signs of conduit necrosis, 
such as tachycardia, hypotension, leukocyto-
sis, respiratory dysfunction, and altered men-
tal status.

• Patients with gastric conduit necrosis and 
anastomotic dehiscence require an esophageal 
diversion with formation of an esophagos-
tomy.

• A functional jejunostomy tube is essential for 
nutritional support and hydration after esoph-
ageal diversion.

• A supercharged jejunal interposition or colon 
interposition can be used for esophageal 
reconstruction after the esophageal diversion.

• Ischemic preconditioning or vascular aug-
mentation have limited evidence of efficacy 
in the prevention of gastric conduit necrosis.
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Introduction

Adequate nutrition in patients undergoing treat-
ment for esophageal pathology is crucial. Dys-
phagia and odynophagia may lead to malnutrition 
at presentation. Treatment, whether chemoradia-
tion or surgery, may also lead to impaired abil-
ity to take adequate nutrition. While this is typi-
cally temporally limited, at times it may be more 
chronic. Malnutrition increases the risk of post-
operative complications in patients undergoing 
surgery for esophageal cancer [1–4]. Intensive 
nutritional support has been found to improve 
outcomes of esophagectomy, particularly in pa-
tients who undergo neoadjuvant chemoradiation 
[5]. Weight gain is improved and the incidence of 
severe postoperative complications is decreased 
in patients in whom nutrition is optimized. A 
randomized trial of nutritional supplementation 
noted that patients who received preoperative 
supplementation and patients who received both 
preoperative plus postoperative supplementation 
with a formula enriched with arginine, omega-3 

fatty acids, and RNA revealed similar levels of 
significant improvement when compared with a 
control group with no supplemental nutrition [6].

However, in some patients, oral intake is 
not sufficient to realize these benefits, and tube 
feeding must be used to supplement or replace 
food by mouth. In cases where this might be 
thought to be transient, a nasally placed enteric 
tube may suffice. However, for longer-term use, 
a feeding tube that accesses the bowel directly 
may be preferable, especially with a high rate 
of dislodgement of a nasally-placed tube [7]. At 
esophagectomy, the standard practice is to place 
a feeding tube to allow more rapid resumption 
of enteric nutrition if a pre-esophagectomy tube 
had not already been placed. Recent studies have 
questioned whether this routine practice is neces-
sary, noting that a benefit with regard to length 
of stay, infectious complications, or anastomotic 
leak has not been definitively demonstrated [8]. 
Nevertheless, given the minimal additional time 
needed to place feeding jejunostomy tubes, and 
the hedge against future issues such as anasto-
motic stricture or delayed gastric conduit emp-
tying leading to poor oral intake, most surgeons 
still believe in this practice. Dependence on tube 
feeding outside of the initial postoperative period 
(> 3 weeks) has been reported in over 10 % of pa-
tients undergoing esophagectomy [9].

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_11,
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Technique for Placement

Open Surgical Jejunostomy Tubes

The history of the development of jejunal access 
spans over 150 years with Bush in 1858 who cre-
ated a jejunostomy for feeding in a patient with 
unresectable gastric cancer [10]. The use of a 
tube placed directly into the jejunum for feed-
ing dates back to 1878 and Surmay de Havre. 
Further surgical technical modification is most 
notable for Witzel’s description in 1891 of the 
imbrication of bowel longitudinally over the tube 
[11]. In 1973, Delany described the technique of 
needle catheter jejunostomy, utilizing a thinner 
catheter and a subserosal tunnel [12]. With the 
advent of percutaneous endoscopic gastrostomy, 
technical modifications were soon made to allow 
both transgastric jejunal tube placement and di-
rect percutaneous endoscopic jejunostomy tube 
placement [13–15]. As laparoscopy became es-
tablished in the early 1990s, this technique was 
adopted for jejunostomy tube placement [16–19]. 
Radiologists have since developed a technique 
for direct percutaneous access of the jejunum 
without endoscopic guidance [20].

A standard surgical jejunostomy tube may 
be accomplished via three different techniques: 
Stamm jejunostomy, Witzel jejunostomy, or 
needle catheter jejunostomy [11]. The location 
for placement is similar in all cases, usually be-
tween 20 and 30 cm from the ligament of Treitz. 
Orientation of the jejunum is assured so that the 
tube will eventually pass in an antegrade direc-
tion so as to avoid the reflux of tube feeds into 
the stomach or esophagus. Latex or silicone rub-
ber catheters have been used for these feeding 
tubes, with sizes ranging from 8 to 18 Fr, gener-
ally. A Witzel jejunostomy is created by placing 
a purse-string suture in partial-thickness fashion 
on the antimesenteric aspect of the jejunum. An 
enterotomy is created in the middle of the purse 
string, and the tube is directed into the lumen, 
and the suture is tied without occluding the tube 
lumen, but snugly enough to avoid leakage. A 

“Witzel tunnel” is then created by imbricating 
the seromuscular jejunal wall over the tube with 
interrupted sutures. This is done retrograde from 
the initial enterotomy over a distance of 3–4 cm. 
The tube is externalized through the abdominal 
wall and the jejunum is tacked to the peritoneum 
broadly to avoid volvulus. The jejunostomy tube 
is also secured to the skin with an additional su-
ture or commercially available wafer-style tube 
holder. Additional modifications of the technique 
include the use of Foley catheters with the bal-
loon inflated or T-tubes, both of which allow the 
bowel to be pulled flush against the peritoneum 
by slight traction on the tube, similar to the tech-
nique utilized for percutaneous endoscopic gas-
trostomy tubes.

The needle catheter jejunostomy is classically 
performed by passing a 14G needle in an subse-
rosal fashion for ~ 5 cm before entering the jeju-
nal lumen [21]. A 16G catheter is then threaded 
through the needle and passed distally within the 
lumen of the bowel for 25 cm. Similarly to the 
Witzel jejunostomy, the external site of tube entry 
into the antimesenteric jejunum is then tacked to 
the peritoneum, and the tube is then externalized 
through the abdominal wall and secured.

The Stamm jejunostomy utilizes two concen-
tric purse-string sutures to seal the jejunal an-
timesenteric entry site around the tube. No tunnel 
is created.

Laparoscopic Jejunostomy Tubes

Laparoscopic jejunostomy tube placement may 
be accomplished via similar technique to open 
surgery [16–19]. Commercially available kits 
may be utilized to assist in the passing of the 
catheter through the abdominal wall (peel-away 
sheaths) or to facilitate tacking of the jejunum to 
the peritoneum (T-shape fasteners), though stan-
dard suturing and instrumentation allow the same 
solutions to be achieved [22]. The laparoscopic 
working ports are in the right mid- and upper ab-
domen, with an umbilical port being used for the 
camera.
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Complications

Overall, the complication rates for feeding jeju-
nostomy placed at the time of elective surgery 
have been reported to be as high as 45 % [9, 23–
27]. However, significant complications appear 
to be a much more event. In a large series of over 
1100 patients undergoing needle catheter jeju-
nostomy at the completion of esophagectomy, the 
rate of complication leading to repeat laparotomy 
was only 1.1 % [25].

Bowel Necrosis

Diarrhea, nausea, crampy abdominal pain, and 
distention, accompanied by high nasogastric 
tube outputs, may occur in about 40 % of pa-
tients fed by jejunostomy[28]. However, despite 
these common potentially alarming signs and 
symptoms, small bowel necrosis is thought only 
to occur in between 0.14 and 3.5 % of patients 
[29]. The diagnosis does carry a very high rate of 
mortality [30]. The true etiology of small bowel 
necrosis in the setting of jejunal tube feeding is 

not entirely clear, but it does occur in a patchy 
distribution similar to necrotizing enterocolitis 
found in neonates, and segments of bowel which 
are not exposed to the flow of tube feeds appear 
to be spared [31].

If suspicion for this complication exists, com-
puted tomography may suggest bowel ischemia 
or perforation, but a surgical re-exploration is 
often the incisive and timely way to diagnose and 
then remediate the problem. Bowel resection, 
bowel rest, and resiting or removal of the tube all 
may be necessary.

Pneumatosis intestinalis also, has been report-
ed in patients with jejunostomy tubes [32, 33]. 
(Fig. 11.1) However, not all pneumatosis intes-
tinalis is necessarily a sign of necrosis or other 
significant morbidity, especially when inciden-
tally detected radiographically. In the absence 
of bloody diarrhea, acute abdomen, obstruction, 
portal venous gas, or other signs and symptoms 
of bowel ischemia, it may be possible to sim-
ply observe patients with pneumatosis closely 
[34–37]. Data regarding the mechanism of for-
mation of benign pneumatosis in patients with 
jejunostomy tubes are scant. It is theorized that 

Fig. 11.1  Benign pneumatosis intestinalis around a jeju-
nostomy tube. a and b Abdominal CT scan (soft tissue 
and lung windows); arrow points to loop of jejunum with 

pneumatosis (jejunostomy tube in that bowel loop is not 
visualized on these images). c and d Five days later the 
degree of pneumatosis has decreased considerably
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a mechanical breach in the mucosa from the tube 
coupled with increased intraluminal gas/pressure 
from fermentation, ileus, or hypoosmolar feeds is 
responsible for the air [38, 39].

Bowel Obstruction

While ileus may result from any intraabdomi-
nal operation, bowel obstruction is a complica-
tion that may require more aggressive interven-
tion or reoperation. The entry site of the feeding 
tube into the bowel lumen is a potential site of 
obstruction. A Witzel jejunostomy that gathers 
up too much seromuscular tunnel will result in 
decreased cross-sectional area at that site. Tube 
feeding may be tolerated, as the tip of the tube 
is distal to the site of bowel narrowing, but the 
patient may have vomiting, conduit distention, 
or increased nasogastric tube output as the bowel 
transit upstream of the Witzel tunnel is impeded. 
A recent report on 153 patients who underwent a 
Witzel jejunostomy tube noted a 7 % incidence 
of bowel obstruction [40]. However, this publica-
tion suffers from a lack of definition of obstruc-
tion, and no mention was made of whether these 
patients necessitated intervention beyond bowel 
rest for this condition. In addition, it is unclear 
what the duration of follow-up is. Far more prev-
alent in the literature are reports that detail mini-
mal or no episodes of bowel obstruction in the 
short-term, which reflects avoidance of technical 

error during the placement of the feeding tube [9, 
41, 42].

Volvulus around the jejunostomy tube or 
through an internal hernia has been described 
as etiologies of bowel obstruction [43, 44] 
(Fig. 11.2). Despite the single-tacking site of per-
cutaneous endoscopic jejunostomy or direct per-
cutaneous jejunostomy tubes placed with fluoro-
scopic or ultrasound guidance, the reporting of 
volvulus with those techniques is still quite rare 
[45–47]. Other obstructive events include ob-
struction from the catheter balloon, which may 
be obviated by choice of tube or avoidance of 
balloon over-inflation [48]. Intussusception at 
the site of direct percutaneous endoscopic jeju-
nostomy tubes has been described by multiple 
groups [49–51]. Despite the usual technique of 
multiple tacking sites with a Witzel jejunostomy 
tube, it has been described with that technique as 
well [52].

In cases of obstruction, an exploratory lapa-
rotomy or laparoscopy may be employed. A par-
tial obstruction may be observed at times. Edema 
at the Witzel tunnel may reduce in time with 
conservative measures and allow free passage 
of enteric contents. If there is a balloon catheter 
responsible for the obstruction, this may be diag-
nosed with contrast studies or simple examina-
tion of the tube and balloon apparatus and reme-
diated by balloon deflation.

Fig. 11.2  Small bowel obstruction secondary to internal 
herniation and volvulus around jejunostomy tube site. a 
Abdominal CT depicting dilated loops of small bowel 
( white arrow) as well as a decompressed loop of small 

bowel tacking along the previous jejunostomy tube site 
( black arrow). b Decompressed small bowel in the right 
lower quadrant; dilated loop of small bowel in the left 
lower quadrant
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Tube Dysfunction

Overall rates of tube dysfunction have been re-
ported as high as 45 % in a mixed series of gas-
trostomy and jejunostomy tubes. These compli-
cations—clogging, knotting of the tube [53], dis-
lodgement, or breakage of the connectors—may 
be considered minor; however, they may lead 
to the interruption of nutrition delivery or addi-
tional invasive procedures. Clogging of the tube 
is a very common problem, reported in 0.5–6 % 
of prospectively collected series of patients un-
dergoing a Witzel jejunostomy tube at the time 
of esophagectomy or gastric surgery [41, 54]. 
Needle catheter jejunostomy has been reported 
to have similar propensity for clogging as Witzel 
jejunostomy [55]. Best practices for feeding tube 
maintenance include adherence to a flushing reg-
imen and avoidance of introducing any solid ma-
terial into the tube (e.g., crushed pills). In addi-
tion, checking of residuals via a jejunostomy tube 
is not recommended, both due to technical limita-
tions and inaccuracy of the measurement and due 
to concerns that this might hasten clogging. Meat 
tenderizer, pancreatic enzymes, and soda have all 
been utilized to help dissolve the inspissated tube 
feed substance from clogged jejunostomy tubes 
[56]. Of these agents, pancreatic enzyme appears 
to have the greatest efficacy in resolving the ob-
struction, with 96 % restoration of tube patency in 
one series [57]. Some researchers have suggested 
that a pancreatic enzyme “lock” similar to a hep-
arin lock for vascular catheters may be utilized 
as prophylaxis against inspissated tube feeds ob-
structing the feeding tube [58]. The mechanical 
remedy for a clogged tube is steady or oscillating 
pressure via a syringe filled with saline or water. 
Reconstitution of patency has also been achieved 
with a vascular embolectomy catheter [59]. Of 
note, in the series quoted above with a 6 % inci-
dence of tube obstruction, all feeding tubes were 
able to be recanalized with local measures, with-
out need for replacement of the tube [41].

Similar to any externalized tube or drain, je-
junostomy tubes are subject to dislodgement. 
While this data point may be under-reported in 

the largely retrospective reviews of jejunostomy 
tube complication (as simple replacement of the 
tube may occur without any documentation), a 
prospective trial of nasoduodenal tubes versus je-
junostomy tubes reported a 6 % incidence of tube 
dislodgement [7]. Dislodgement of jejunostomy 
tubes that required a reoperation to address the 
problem occurred in 1.2 % of patients in another 
series [54]. In one particularly notable case re-
port, a patient with a jejunostomy tube that had 
been placed for enteral access in the setting of 
unresectable gastric cancer presented with “dis-
appearance of the tube and abdominal pain” and 
was found to have the entirety of the tube within 
the bowel [60]. Peristalsis eventually allowed the 
tube to pass per rectum without any surgical in-
tervention.

For chronically indwelling surgically placed 
tubes, the tract may not close completely for 
2–3 days, though the optimal timing for direct 
replacement of a jejunostomy tube is as soon as 
possible after it falls out. If there is an undue re-
sistance in passing a lubricated tube of the same 
size as that which was dislodged, the procedure 
should be aborted. A contrast study via the tube 
should confirm a correct placement prior to use.

If a surgical tract is no longer directly accessi-
ble, ultrasound or fluoroscopy may facilitate tube 
replacement at the site of the previously tacked 
jejunum. In one series, successful jejunostomy 
tube replacement at the site of a previous surgical 
jejunostomy was achieved in 26 of 28 attempts 
(92 %) [61]. While the mean time from surgical 
jejunostomy tube removal to direct percutaneous 
placement averaged 278 days, the range included 
sites as early as 3 days from removal. Some sur-
geons will mark the tube entry site into the bowel 
with metallic clips to facilitate direct fluoroscop-
ic-assisted percutaneous access if necessary [62]. 
However, as a caveat, metal clips may not always 
correspond to the exact site of accessible bowel 
over time [63].

To help mitigate accidental tube dislodge-
ment, the device or sutures used to secure the 
tube to the abdominal skin should be inspected 
routinely and replaced as necessary.
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Infectious Complications

In a prospective trial, leakage around a feeding 
tube was detected in 4 %, though only one patient 
of 79 ended up needing a re-laparotomy for com-
plication [7]. (Fig. 11.3) Often, a small amount of 
succus entericus may stain the dressing around 
the jejunostomy tube. When this occurs in no-
table amounts, local measures may be employed 
to keep the skin from becoming excoriated. Vigi-
lance for signs of superficial or deeper infection 
must be maintained.

Infection at the tube entry site occurred in 
0.5 % of patients in a series of over 400 patients 
undergoing a Witzel jejunostomy tube [54]. In 
Han-Geurts’s report of a randomized trial of nee-
dle catheter jejunostomy versus nasoduodenal 
tubes, the rate of site infection was 16 % [7]. With 
direct percutaneous endoscopic jejunostomy 
tubes, a 6 % site infection rate has been reported, 
with all of these being treated successfully with 
antibiotics alone [45]. In this same series, a single 
patient (0.6 % incidence) did suffer an abdominal 
wall abscess in the setting of peri-tube leakage; 
this required operative debridement. Occasion-
ally, with minor cellulitis and no significant ab-
scess collection, opening the tract more widely 
around the tube and passing a wick into the space 
may help. Occasionally, the leakage associated 
with the infection is too persistent and re-siting or 
upsizing of the tube may be necessary. Necrotiz-
ing fasciitis is a rare sequela of a tube infection, 

but has been described in percutaneous and surgi-
cal jejunostomy tubes alike [64, 65].

 Aspiration

The rate of aspiration events with jejunostomy 
tube feeding is a controversial subject. Many 
groups believe that there is a decreased rate of 
aspiration with jejunostomy tubes as compared 
with gastrostomy tube feeding [66, 67]. In the 
early experience with percutaneous endoscopic 
jejunostomy tubes, a very high aspiration rate 
(67 %) was reported [68]. However, more mature 
results from the same group were more promis-
ing, with the mean number of aspiration pneu-
monia events per month decreasing from 3.39 
to 0.42 after the placement of the percutaneous 
jejunostomy tube [69].

In a counter-argument, one group reported no 
difference in the rate of aspiration pneumonia 
with surgically placed gastrostomy and jejunos-
tomy tubes [70]. Moreover, a prospective ran-
domized trial of nasally placed gastric or jejunal 
tubes demonstrated no difference in the aspira-
tion rate [71]. Jejunal tube feed infusion itself 
was detected to induce gastroesophageal reflux, 
even in the absence of gastric distention [72].

The key point around the issues of aspiration 
is to individualize the treatment to the patient. For 
example, some patient populations (e.g., elderly 
stroke patients) laparoscopic enteral access may 
not obliterate the risks of aspiration and pneumo-
nia, and their overall mortality rate may be quite 
high [73]. The same might be taken into account 
in the elderly aspirating population, where jeju-
nostomy feeding in and of itself does not protect 
against aspiration pneumonia in patients known 
to aspirate [74].

Conclusion

Jejunostomy tube feeding remains an important 
adjunct to major esophageal surgery. While it 
may not be necessary to perform a jejunostomy 
tube in every case as nutritional support may 
be able to proceed uneventfully by mouth, the 

Fig. 11.3  Abdominal wall abscess secondary to leaking 
of succus entericus and tube feeds around jejunostomy 
tube. Arrow points to jejunostomy tube
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reasonably low rate of complication and the ease 
of discontinuation of the tube argue that prophy-
lactic placement is a valid strategy. Complica-
tions of jejunostomy tubes may be reduced with 
careful attention to the technical details of surgi-
cal placement. In addition, early signs of compli-
cation must be followed closely so that salvage 
might occur should a highly morbid process 
begin to unfold.

Key Points

1. Jejunostomy tubes are often placed at the 
time of esophagectomy and/or gastrectomy in 
order to optimize nutritional status. Their util-
ity is debated.

2. Jejunostomy tubes can be placed surgically 
with three different techniques: Stamm, Wit-
zel, or needle-catheter. Endoscopic and percu-
taneous techniques can be utilized on a selec-
tive basis as well.

3. Complications after jejunostomy tube place-
ment include bowel necrosis and perforation, 
obstruction, volvulus, tube-feeding intoler-
ance, infection, aspiration, and tube dysfunc-
tion. Careful attention to the technical details 
of tube placement and tube choice are needed 
to minimize these complications.

4. Technical pearls include avoiding obstruction 
of the bowel lumen with either too large of a 
tube size or over-zealous imbrication while 
performing a Witzel technique. Broad-based 
fixation of the bowel to the abdominal wall 
should be employed to avoid obstruction and 
volvulus.
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Gastroparesis

Etiology

Postoperative gastroparesis is most often asso-
ciated with upper abdominal surgery but may 
develop after lower abdominal surgery as well. 
In the early postoperative period following pan-
creaticoduodenectomy, gastroparesis has been 
reported in up to 50 % of patients [1, 2]. In this 
context, the syndrome of upper gastrointestinal 
tract dysfunction (i.e., nausea and vomiting) has 
been termed delayed gastric emptying (DGE). In 
many cases, this heralds the evolution of a pan-
creatic fistula or other infectious complication. 
There is also some suggestion that operative fac-
tors contribute to this problem. Some but not all 
series have suggested a higher incidence of DGE 
after a pylorus-preserving operation (PPPD) 
compared to pancreaticoduodenectomy with an-
trectomy [3]. Likewise, retrocolic compared to 

antecolic duodenojejunostomy following PPPD 
has been associated with an increased incidence 
of DGE [1].

More persistent gastroparesis following pan-
creaticoduodenectomy occurs in upwards of 5 % 
of patients. A similar rate of gastroparesis has 
been reported after gastric resection. Patients 
with risk factors for underlying gastric dysmotil-
ity (e.g., diabetes mellitus) are at increased risk 
[2]. Although the era of frequent surgery for 
peptic ulcer disease has passed, that experience 
provided substantial insight into the etiology of 
gastroparesis after gastric resection. Not surpris-
ingly, antrectomy with truncal vagotomy was as-
sociated with an increased incidence of postop-
erative gastroparesis, compared to highly selec-
tive vagotomy, implicating gastric denervation 
as an important contributing factor [4, 5]. Roux-
en-y reconstruction was also variably linked to 
a greater incidence of gastroparesis than either 
Billroth I or Bilroth II reconstruction pointing to 
an additional contribution of disruption of intes-
tinal innervation.

Clinical Presentation and Evaluation

Postoperative nausea and vomiting in the pres-
ence of lower gastrointestinal tract function often 
herald gastric dysmotility. The aforementioned 
concept of DGE has been variably defined in the 
literature and this inconsistency has complicated 
the interpretation of studies on the subject [6]. In 
an often referenced 1993 trial of erythromycin 
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after pancreaticoduodenectomy, Yeo and associ-
ates defined DGE as either (1) nasogastric tube 
requirement for 10 or more days plus one of the 
following: (a) emesis after nasogastric tube re-
moval, (b) postoperative use of prokinetic agents 
after postoperative day 10, (c) reinsertion of a na-
sogastric tube, or (d) failure to progress with diet; 
or (2) nasogastric tube requirement fewer than 
10 days plus two of (a) through (d) above [7]. 
The 10-day cutoff for nasogastric tube require-
ment has been adopted in some, but certainly not 
all subsequent studies.

In practice, DGE or postoperative gastropa-
resis are often diagnoses of exclusion. Anasto-
motic leak (particularly an evolving pancreatic 
fistula after pancreatoduodenectomy) may pres-
ent with proximal ileus and be accompanied by 
leukocytosis, tachycardia, or turbid output from a 
postoperative drain. Mechanical obstruction can 
likewise be difficult to differentiate from gastro-
paresis on clinical grounds alone. A CT scan with 
enteric contrast is often an appropriate first im-
aging modality and can identify undrained fluid 
collections, extraluminal air, or transition points 
between enhanced and collapsed viscera. A dy-
namic upper GI contrast study may be more sen-
sitive in identifying partial mechanical obstruc-
tion. The experienced gastrointestinal radiologist 
will often identify delayed transit time as contrast 
traverses the stomach and proximal bowel. The 
use of barium for these studies may further en-
hance sensitivity but should be reserved for those 
cases in which the index of suspicion for an en-
teric leak or high-grade mechanical obstruction 
is low, as barium extravasation into the perito-
neal cavity or retained barium can be problem-
atic in these settings, respectively. Furthermore, 
retained barium can limit interpretation of subse-
quent CT scans.

Gastric emptying scintigraphy provides per-
haps the most nuanced assessment of gastric 
emptying; however, the role of this study in eval-
uating the postoperative patient remains poorly 
defined and standardized definitions of normal 
scintigraphic findings after gastric resection re-
main elusive. In general, there is delay in the 
emptying of solids and accelerated emptying of 
liquids after partial gastrectomy [8]. After Roux-

en-y reconstruction, there is often retention of 
solids in both gastric remnant and the Roux limb 
[9]. Scintigraphy does allow assessment of re-
gional emptying of the fundic and antral regions 
and can be helpful in explaining dyspeptic symp-
toms, particularly when global gastric emptying 
values are normal [10]. For example, nausea, 
early satiety, and abdominal distention have been 
associated with proximal gastric retention; in 
contrast, vomiting is more often associated with 
delayed distal GE.

Management

In the early postoperative period, gastroparesis 
often necessitates prolonged NG tube decom-
pression. Early dysmotility often improves with 
time, and a deliberate management approach is 
justified. Correction of hyperglycemia, electro-
lyte abnormalities, and the reduction of narcotic 
use are recommended. While waiting for recov-
ery, nutritional support is requisite, in the form 
of either enteral feeding (if the patient has a je-
junostomy feeding tube) or parenteral nutrition. 
Depending on the severity of symptoms and the 
scope of the initial operation, placement of a je-
junostomy feeding tube or a decompressive gas-
trostomy tube may expedite recovery.

The use of promotility agents is sometimes 
helpful and fairly safe although convincing evi-
dence of efficacy in the postoperative setting is 
lacking. Macrolide antibiotics (e.g., erythromy-
cin) agonize the motilin receptor. In patients with 
diabetes mellitus and delayed gastric empty-
ing, intravenous administration of erythromycin 
200 mg before a test meal has been shown to nor-
malize gastric emptying of liquids and solids [11]. 
The clinical efficacy of oral erythromycin, how-
ever, has not been consistently demonstrated. In a 
randomized placebo controlled trial, intravenous 
erythromycin after pancreaticoduodenectomy 
did not significantly reduce delayed gastric emp-
tying as defined by the authors; though, fewer pa-
tients required reinsertion of a nasogastric tube or 
retained liquids by scintigraphy in the treatment 
group [7]. Even in those patients who do appear 
to respond favorably, a tolerance phenomenon is 
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frequently observed and drug interactions with 
agents that are metabolized by CYP3A4 further 
limit utility.

Metoclopramide is a dopamine-2 (D2) an-
tagonist with apparent efficacy in a subset of 
patients with gastroparesis. Sedative effects can 
limit utility and extrapyramidal side effects, 
though not as frequent as with older antipsychot-
ic drugs (e.g., haloperidol and chlorpromazine), 
can be irreversible. A majority of cases of tardive 
dyskinesia occur with longer-term use, and limit-
ing metoclopramide use to less than 3 months is 
prudent.

Pyloroplasty when applicable has also been 
proposed, and botulinum toxin injections may 
transiently improve gastric emptying in a sub-
set of patients. In the majority of postsurgical 
patients who have undergone either gastric or 
pancreatic resection, these approaches are not 
relevant. Historically, completion or subtotal 
gastrectomy was offered to patients with refrac-
tory gastroparesis. A number of reports from 
single institutions support the efficacy of such 
an approach [12, 13]. Importantly, these should 
represent options of last resort considered only 
after exhausting all more conservative measures. 
In most cases, enteral access with a jejunostomy 
feeding tube with or without a decompressive 
gastrostomy and dietary modification affords 
prompter improvement in the quality of life 
than does near-total gastrectomy. Placement of 
a percutaneous endoscopic gastrostomy (PEG) 
tube with jejunostomy tube extension represents 
a useful alternative to traditional enteral access 
procedures in selected patients requiring gastric 
decompression and distal enteral access for nu-
trition support.

More recent experiences with gastric electri-
cal stimulation (GES) suggest an alternative ther-
apeutic option. Initial studies in dogs demonstrat-
ed increased peristaltic pressure waves and the 
gastric emptying rate with electrical stimulation 
[14]. A series of small trials using implantable 
electronic devices in patients with diabetic gas-
troparesis followed. Recently, patients with re-
fractory postsurgical gastroparesis were reported 
to achieve symptomatic improvement with GES 
[15, 16]. Interestingly, the stimulation impulses 

used (5 mA, duration 330 ms) are too weak to 
excite gastric smooth muscles (hence the term 
“gastric pacemaker” is a misnomer). Moreover, 
objective measurements of gastric emptying have 
not consistently demonstrated effect [17].

Bile Reflux

Etiology

Pancreaticobiliary reflux into the stomach is obli-
gate after resection or ablation of the pylorus (e.g., 
pyloroplasty or Billroth I) or loop reconstruction 
to a gastric remnant (e.g., gastrojejunostomy or 
Billroth II). Only a subset of patients, however, 
develop bile reflux gastritis or esophagitis as a 
result. Billroth II reconstruction to a small gas-
tric pouch may anticipate particularly severe bile 
esophagitis and should be avoided (Fig. 12.1). 
Resection of greater than 60 % of the distal stom-
ach should be reconstructed with a Roux-en-Y 
gastrojejunostomy to prevent this complication. 
The syndrome of bile reflux has also been rec-
ognized after cholecystectomy. In this setting, it 
has been attributed to loss of gallbladder reser-
voir function and continuous passage of biliary 

Fig. 12.1  Enlarged hyperemic folds in gastric remnant, 
after Billroth II reconstruction. (Image courtesy of Greg-
ory Ginsberg, MD)
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secretions, more of which reflux into the stom-
ach than would otherwise be the case (Fig. 12.2). 
Delayed gastric emptying or gastric stasis may 
be contributory in many cases as well, and the 
denervating procedures of the past era of peptic 
ulcer disease surgery (i.e., truncal vagotomy) 
yielded an experience that informs the current 
understanding of this clinical syndrome. In the 
presence of gastric stasis, exposure of gastric 
mucosa to duodenal fluids is increased. A higher 
gastric pH may allow bacterial overgrowth and 
subsequent conversion of bile salts to unconju-
gated bile acids, which are particularly noxious 
to the gastric mucosa. Pathological changes in 
the gastric mucosa develop over time and include 
foveolar hyperplasia, glandular cystic degenera-
tion, edema of the lamina propria, and vasocon-
gestion of the mucosal capillaries [18].

Clinical Presentation and Evaluation

The occasional patient complains of profound re-
flux pain in the early postoperative period. More 
often, symptoms evolve a year or more after the 
index operation. A symptom complex of nausea, 
pain, and bilious emesis is characteristic but, by 
no means, specific to bile reflux. As with gastro-
paresis, other more common etiologies must be 
excluded. Cross-sectional imaging or dynamic 
upper gastrointestinal contrast studies are useful 

for excluding mechanical obstruction. The for-
mer can rule out fluid collections as well, more 
relevant in the early postoperative period. Upper 
endoscopy may identify marginal ulceration or 
mucosal irritation. Scintigraphy (bile reflux scan 
or HIDA scan) may be useful, particularly in de-
termining a role for remedial surgery. An abnor-
mal study is not that informative. A normal study, 
however, anticipates a poor response to surgical 
management.

Management

A variety of pharmacologic agents have been 
utilized in the treatment of bile reflux; none are 
consistently effective. Sucralfate may buffer the 
stomach or gastric remnant and provide symp-
tomatic relief and is often a good first choice. 
Cholestyramine has been advocated but is prob-
ably of little utility [19]. Promotility agents (e.g., 
metaclopromide) may have a role, particularly if 
a contribution of gastroparesis is suspected. Per-
sistent symptoms over months despite pharmaco-
logic intervention in the face of an abnormal bile 
reflux scan point to a role for remedial surgery.

In the patient with severe symptoms, objective 
signs of bile reflux (e.g., endoscopic evidence of 
gastritis, scintigraphy confirming duodenal re-
flux into the stomach) surgery can be considered. 
A variety of operative approaches can be utilized 
for the remediation of bile reflex. The most com-
monly chosen and most familiar is Roux-en Y 
gastrojejunostomy; however, Braun entero-enter-
ostomy and the Henley procedure (antiperistal-
tic jejunal interposition) are reasonable alterna-
tives (Fig. 12.3). If Roux-en Y reconstruction is 
selected, a limb in excess of 40 cm (some have 
advocated > 60 cm) should be constructed to 
maximize isolation of the stomach from duode-
nal secretions. Longer limbs (> 80 cm) should be 
avoided to decrease the risk of malabsorption and 
Roux stasis. Assuming careful patient selection, a 
high rate of success can be expected.

The major disadvantage of Roux-en Y re-
construction is an incidence of “Roux stasis 
syndrome,” generally attributed to small bowel 
denervation and diminished prograde peristalsis 

Fig. 12.2  Erosive alkaline reflux esophagitis. (Image 
courtesy of Gregory Ginsberg, MD)
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in the Roux limb. Bacterial overgrowth, diarrhea, 
jejunal ulceration, and impaired protein digestion 
may result. Abdominal pain and vomiting are 
typical symptoms and there is often overlap with 
gastroparesis, as this syndrome is observed with 
greater frequency in patients with larger gastric 
remnants. These concerns may necessitate com-
pletion antrectomy or even subtotal gastrectomy, 
and truncal vagotomy at the time of remediation 
in the appropriate clinical setting.

While bilious emesis is mitigated by Roux-en 
Y reconstruction, a number of larger published 
experiences suggested recurrent symptoms in ap-
proximately 30 % of patients long term [20]. This 
substantial rate of long-term morbidity justifies 
consideration of other remedial approaches. Per-
haps the simplest of these is creation of a Braun 
enteroenterostomy. This is most applicable in 
the setting of prior Billroth II construction and 
is achieved by side-to-side anastomosis of the af-

Fig. 12.3  Isoperistaltic jejunal loop interposition. (Henley procedure)
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ferent limb to the jejunum at least 40 cm distal 
to the gastrojejunostomy. Diminution of duo-
denal fluid into the stomach or gastric remnant 
can be achieved with the application of a staple 
line across the afferent limb just proximal to the 
gastrojejunostomy. Use of a thoracoabdominal 
(TA) stapler facilitates the creation of a partition 
without transection, and may, therefore, preserve 
prograde peristalsis through the small bowel. 
Importantly, this partition is temporary in most 
cases (recanalization is a likelihood over time). 
For this reason, this so-called uncut Roux may 
not be the best option in a younger patient for 
whom effective long-term remediation is neces-
sary (Fig. 12.4).

Interposition of an isoperistaltic segment of 
small bowel between the gastric remnant and du-
odenum was advocated by Henley in the 1950s 
for the management of dumping syndrome. The 
Henley procedure has been used with reported 
success for the treatment of Bile reflux. In the 

setting of prior Billroth II reconstruction, the af-
ferent limb just proximal to the gastrojejunosto-
my is divided. The jejunum is divided 20–45 cm 
distal to the anastomosis at a point that allows for 
convenient anastomosis to the proximal duode-
num. Jejuno-duodenstomy and downstream jeju-
nojejunostomy are performed to restore continu-
ity. This configuration has been associated with 
effective amelioration of biliopancreatic reflux 
on scintigraphic examination [21] and may result 
in less of the long-term morbidity associated with 
Roux reconstruction.

Conclusion

Gastroparesis and bile reflux after foregut sur-
gery remain distinct clinical challenges. Both 
diagnoses require exclusion of other correctable 
surgical complications, particularly mechanical 
obstruction or undrained infection. Scintigraphic 
studies can be used to confirm either diagnosis. 
Even when the diagnosis has been secured, a trial 
of conservative management is almost always in 
order during which time attention to nutritional 
status, correction of metabolic disturbances, and 
reduction of narcotic exposure are critical. Phar-
macologic therapies are associated with only 
modest benefit, but may be helpful in selected 
cases and are relatively safe. In the setting of 
persistent severe refractory symptoms, remedi-
al surgery should be considered. In the case of 
gastroparesis, distal enteral feeding access with 
gastric decompression may be an appropriate 
intermediate step before subtotal gastrectomy. A 
role for gastric electrical stimulation is evolving. 
A variety of remedial operations for bile reflux 
have been used with moderate success including 
conversion to Roux-en Y reconstruction, Braun 
enteroenterostomy, and Henley jejunal interposi-
tion.

Key Points (Prevention)

1. Although definitive data are lacking, antecolic 
reconstruction after pylorus-preserving pan-
creaticoduodenectomy may be associated 

Fig. 12.4  “Uncut Roux” reconstruction
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with a lower rate of delayed gastric emptying 
compared to retrocolic reconstruction.

2. Gastric and intestinal denervation may con-
tribute to the incidence of gastroparesis after 
gastric resection favoring Billroth II over 
Roux-en Y in appropriate circumstances.

3. Correction of hyperglycemia and electrolyte 
abnormalities and the reduction of narcotic 
use are self-recommending after abdominal 
surgery and may decrease the incidence of 
postoperative gastrointestinal dysmotility.

4. Loop reconstruction to a small gastric pouch 
may anticipate particularly severe bile esoph-
agitis and should be avoided.

Key Points (Management)

1. Initial priorities in the management of postop-
erative gastroparesis include decompression 
and treatment of postsurgical infection.

2. Bile reflux is most often a late complication 
and must be distinguished from mechanical 
obstruction.

3. Nutritional repletion is critical in the initial 
management of gastroparesis or bile reflux. 
When appropriate, surgical or percutaneous 
enteral access should be obtained early.

4. Remedial surgery for gastroparesis or bile re-
flux should be reserved for refractory cases 
after exclusion of reversible etiologies, nutri-
tional repletion, and confirmatory scintigraph-
ic studies.
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Introduction

Although gastric surgery for ulcer disease has 
decreased, gastric cancer surgery and bariatric 
surgery are still frequently performed world-
wide. Accordingly, the number of patients suf-
fering from dumping syndrome has increased. 
In particular, in Korea and Japan, early gastric 
cancer (EGC) comprises up to 60–70 % of gastric 
cancer; therefore, the life expectancy of patients 
with gastric cancer is quite high. Surgeons, there-
fore, must better understand dumping syndrome 
and be familiar with its management. Previously, 
there was a greater focus on finding a radical 
cure rather than on improving quality of life to 
increase the survival rate for gastric cancer; in 
contrast, concerns regarding the development 
of postgastrectomy syndromes such as dumping 
syndrome or reflux disease are now increasing.

Dumping syndrome is one of the most com-
mon complications after gastric surgery. Ap-
proximately 25–50 % of patients develop some 
manifestation of dumping syndrome. Among 

them, 5–10 % have clinically significant symp-
toms, and 1–2 % are debilitated by them. [1] 
Mallory et al.[2] reported that the incidence of 
dumping syndrome after gastric bypass was as 
high as 75 % in the early postoperative period, 
and most symptoms disappeared 15–18 months 
after surgery. However, many patients exhibit 
symptoms throughout life. Dumping syndrome 
has also been reported after Nissen fundoplica-
tion in children and adults [3–5], and in pedi-
atric and adult patients receiving gastrostomy 
feeding with a persistent vegetative state [6, 7]. 
In recent years, bariatric surgery has become the 
principal cause of postoperative dumping syn-
drome [8].

The symptoms of early and late dumping syn-
drome are believed to have distinct underlying 
pathophysiologies (Fig. 13.1). Early dumping, 
typically starting 20–30 min after a meal, usu-
ally causes both vasomotor and gastrointestinal 
complaints such as sweating, palpitation, weak-
ness and faintness, abdominal bloating, cramp-
ing, and profound diarrhea. These symptoms, in 
severe cases, can occur during meals, but usually 
happen after meals. Although these symptoms 
can occur after any type of gastrointestinal sur-
gery, Billroth-II reconstruction after gastrecto-
my is the leading cause of dumping syndrome. 
The probability of occurrence increases when 
a greater amount of stomach is resected. Early 
dumping appears to be caused by the excessive 
secretion of gastrointestinal hormones after the 
rapid flow of a hypertonic diet into the small in-
testine, which shifts intravascular fluid into the 
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small intestine [9]. It causes the abrupt expansion 
of the small bowel, which causes increased fre-
quency and amplitude of bowel contractility. Up 
to 25 % of the blood circulation can be utilized in 
this process.

Late dumping, often occurring 2–3 h postpran-
dially, involves mainly vasomotor complaints 
characterized by perspiration, palpitation, mental 
confusion, and sometimes syncope. Rapid deliv-
ery of a meal to the small intestine leads to an ini-
tial higher concentration of carbohydrates in the 
proximal small bowel, followed by rapid absorp-
tion of glucose into the blood. This is countered 
by the excessive release of insulin, the so-called 
“hyperinsulinemic response,” responsible for 
the subsequent reactive hypoglycemia [10]. The 
majority of patients exhibit early dumping, ap-
proximately 25 % of them exhibit late dumping, 
and only a minority of patients have symptoms 
of both [11].

Diagnosis

Dumping syndrome is diagnosed based on a 
group of symptoms in patients who have under-
gone gastric surgery, or by the dumping provoca-
tion test. In 1970, Sigstad [12] proposed a scor-
ing system based on the occurrence of different 
symptoms of dumping syndrome, to calculate a 
diagnostic index (Table 13.1). A diagnostic index 
> 7 is suggestive of dumping syndrome. This 
system is simple to use, but its disadvantage is 
that it is difficult to distinguish other postpran-
dial symptoms from dumping. The score index 
is helpful in clinical practice to assess response 
to therapy.

A provocative test for assessing dumping 
syndrome can be used to confirm clinical sus-
picions. This test is a modification of the oral 
glucose tolerance test (OGTT) and involves the 
ingestion of 50 or 75 g glucose in solution after 
an overnight fast. Immediately before and up to 

Fig. 13.1    Pathophysiology of dumping syndrome
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180 min after ingestion of this solution, the blood 
glucose concentration, hematocrit, pulse rate, 
and blood pressure are measured at 30 min inter-
vals. The provocative test is considered positive 
if late (120–180 min) hypoglycemia occurs, or if 
an early (30 min) increase in hematocrit of more 
than 3 % occurs. The best predictor of dumping 
syndrome seems to be a rise in pulse rate of more 
than 10 bpm (beat per min) after 30 min [13]. 
Assessments of the speed of gastric emptying 
might show that this process occurs rapidly in 
patients with dumping syndrome—especially for 
liquid nutrients—but this test does not seem to 
have good diagnostic sensitivity or specificity, 
probably because rapid emptying occurs early 
after meal ingestion, a phase that is not analyzed 
closely or separately in most protocols that test 
gastric emptying [10, 13, 14].

Prevention

Prevention, rather than treatment, is recommend-
ed for dumping syndrome. The introduction of 
proton pump inhibitors and Helicobacter pylori 
eradication decrease the need for elective sur-
gery in peptic ulcer disease. In addition, highly 
selective gastric vagotomy, which causes mini-
mal disturbance of the gastric emptying mecha-
nism, results in a lower incidence of dumping 

syndrome [15]. If more extensive surgery is nec-
essary, a Roux-en-Y gastrojejunostomy (RYGJ) 
is preferable because of its decreased rate of 
dumping, when compared with pyloroplasty or 
loop gastrojejunostomy [16–18].

The choice of reconstructional method after 
distal gastrectomy is still controversial. The use 
of the Billroth I procedure after distal gastrec-
tomy is preferred in Japan, whereas Billroth II 
is more common in Korea because it facilitates 
wider dissection and less anastomotic tension. 
There are some advantages in Billroth I com-
pared to Billroth II, as follows: a more natu-
ral route for food passage, potentially less op-
erative time due to one anastomosis, no risk of 
duodenal stump leakage, and less incidence of 
postoperative weight loss, anemia, and dump-
ing syndrome. The disadvantage of Billroth I, 
however, is that the dissection area can be lim-
ited in order to facilitate a tension-free anas-
tomosis. Therefore, the Billroth I procedure is 
commonly used for benign disease or distally 
located EGC in Korea. However, Kim et al. 
[19] compared results from 122 gastric carci-
noma patients undergoing Billroth I and Bill-
roth II gastrectomy. They evaluated postgas-
trectomy syndrome with a survey of abdominal 
symptoms, and dumping syndrome was mea-
sured using the Sigstad dumping score. Accord-
ing to their results, the occurrence of abdominal 

Table 13.1  Sigstad score. Weighting factors allocated to the symptoms and signs of dumping syndrome
Sigstad score

Preshock, shock 5
Almost fainting, syncope, loss of consciousness 4
Desire to lie or sit down 3
Breathlessness, dyspnea 3
Weakness, exhaustion 3
Sleepiness, drowsiness, yawning, apathy, falling asleep 3
Palpitation 3
Restlessness 2
Dizziness 2
Headache 1
Feeling of warmth, sweating, pallor, clammy skin 1
Nausea 1
Fullness in the abdomen, meteorism 1
Borborygmus 1
Eructation − 1
Vomiting − 4
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symptoms and dumping syndrome was lower in 
the Billroth I group than in the Billroth II group. 
Furthermore, pylorus-preserving gastrectomy 
(PPG) is a kind of reduced-gastric operation 
that preserves the distal portion (1.5 cm) of the 
gastric antrum and reduces postoperative com-
plications such as dumping syndrome and re-
flux esophagitis [20]. However, a limitation of 
this operation is that complete lymph node (LN) 
dissection of the suprapyloric LN is undesirable 
for the preservation of the pyloric branch of the 
vagus nerve. Nowadays, some reports state that 
this procedure may be applicable in EGC con-
fined to the mucosa and located at the gastric 
mid-body [21].

According to a recent Japanese large-scale in-
vestigation into dumping syndrome after gastrec-
tomy for gastric cancer, [22] many more patients 
suffer from early dumping syndrome (67.6 %) 
than from late dumping syndrome (38.4 %) after 
gastrectomy. This study revealed that patients 
suffering from at least one symptom of early 
dumping syndrome were significantly more like-
ly to also experience symptoms of late dumping 
syndrome. The study also demonstrated that two 
clinical factors, the surgical procedures used and 
the amount of weight loss, were significantly as-
sociated with the occurrence of both early and 
late dumping syndromes. Consistent with pre-
vious reports, [23, 24] patients who underwent 
PPG showed the lowest incidence of dumping 
syndrome. In addition, patients who underwent 
PG (proximal gastrectomy with jejunal interpo-
sition) showed the second highest incidence of 
early dumping syndrome. Patients who under-
went RYGJ showed a lower incidence of dump-
ing syndrome symptoms relative to Billroth I pa-
tients. Taken together, RYGJ or Billroth I is less 
associated with dumping syndrome after distal 
gastrectomy than Billroth II.

Management of Dumping Syndrome

The first step in treating dumping syndrome is the 
introduction of dietary modification. If this ap-
proach is insufficient, medical therapy and, in some 
cases, surgery might be considered (Fig. 13.2).

 Diet

The resolution of dumping symptoms is achieved 
in most cases by dietary modification, in particu-
lar by the reduction of carbohydrate intake, and 
lifestyle adjustment.

Dietary measures include advising patients 
to consume smaller amounts at one time by di-
viding the recommended daily energy intake be-
tween six meals. Dietary prohibitions are very 
important. Fluid intake during meals should be 
restricted. Drinking liquids should be avoided for 
at least one half-hour after a meal. Complex car-
bohydrates (e.g., unsweetened cereals, pasta, po-
tatoes, fresh fruit, and vegetables) are preferred. 
All rapidly absorbable carbohydrates (e.g., all 

Fig.13.2  Proposed treatment algorithm for dumping syn-
drome
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sweet or sweetened foods) should be eliminated 
from the diet to prevent late dumping symptoms. 
Protein (e.g., meat, fish, chicken, eggs) and fat 
intake should be increased to meet daily caloric 
needs because of the restricted intake of carbohy-
drates. Many patients modify their diet according 
to their personal experiences with food tolerance.

Most individuals with relatively mild symp-
toms will respond to dietary changes. For pa-
tients with severe vasomotor symptoms (post-
prandial hypotension), lying supine for 30 min 
after meals may minimize the chance of syncope 
by delaying gastric emptying and improving ve-
nous return. Supplementation of dietary fibers 
(bran, methylcellulose) with meals has been 
proven effective in the treatment of hypoglyce-
mic episodes. Increasing the viscosity of food, 
which slows down gastric emptying, is another 
approach to improve dumping symptoms. Fif-
teen grams of guar gum or 5 g of pectin with each 
meal has been tested with good results, especially 
in the pediatric population [25, 26]. However, the 
palatability and tolerability of these supplements 
is poor. Moreover, these substances are usually 
not readily available as pharmaceutical products 
at sufficiently high doses.

 Pharmacologic Therapy

In approximately 3–5 % of patients, severe 
dumping will continue despite dietary modifica-
tions. This results in marked weight loss, fear of 
eating and outdoor activities, or even an inability 
to maintain full-time employment. Drug therapy 
plays an important role in patients who failed di-
etary changes.

 Acarbose

Acarbose is an α-glucosidase inhibitor that inter-
feres with carbohydrate absorption in the small 
intestine. It is a generic drug sold in Europe and 
Asia as Glucobay (Bayer AG), in North Amer-
ica as Precose (Bayer Pharmaceuticals), and 
in Canada as Prandase (Bayer AG). Acarbose 

significantly blunts the postprandial rise of glu-
cose and insulin by delaying carbohydrate di-
gestion. Because of the reversible nature of the 
inhibitor–enzyme interaction, the conversion of 
complex carbohydrates (starch and sucrose) to 
monosaccharides is delayed rather than com-
pletely blocked. This mechanism is responsible 
for the effectiveness of acarbose in late dump-
ing. The positive effects of acarbose have been 
documented after a test meal in a few studies 
(Table 13.2). In a double-blinded study of nine 
patients after gastric surgery, acarbose given at a 
dose of 50 mg following a normal carbohydrate-
rich meal has been shown to reduce the symp-
toms of postprandial hypoglycemia, especially in 
combination with pectin [27]. A higher dose of 
acarbose (100 mg) has not been found to have 
any beneficial effect.

This treatment approach, however, affects 
only the symptoms of late dumping, owing to the 
mode of action of acarbose. In addition, acarbose 
treatment often results in bloating, flatulence, 
and diarrhea, as the unabsorbed carbohydrates 
undergo bacterial fermentation in the small intes-
tine; despite the decrease in these symptoms with 
time, these adverse effects might hamper treat-
ment compliance.

Somatostatin Analogs

Somatostatin and its analog octreotide (Sand-
ostatin®) [28] cause decreases in several GI 
peptides (insulin, glucagon, VIP, GIP, neuro-
tensin, etc.) that usually increase after meals. 
In addition, these compounds directly decrease 
gastric emptying and bowel motility, leading to 
decreased nutritional absorption and blood flow 
in the bowel [29]. As such, these analogs show 
a broad range of activity against the full spec-
trum of symptoms of dumping syndrome. Both 
fast-acting and delayed-release somatostatin ana-
logs have been used in the treatment of dumping 
syndrome. Fast-acting or long-acting repeatable 
(LAR) formulations of octreotide are the agents 
that have been most commonly studied [14, 28, 
30–35].
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Studies of the Fast-Acting Somatostatin 
Analog Octreotide
The results of several short-term studies of 
subcutaneously administered octreotide have 
shown efficacy in improving symptoms, im-
proving glycemia, and slowing gastric emptying 
(Table 13.3) [30–33]. However, the need for 3–4 
daily injections is potentially a major limitation 
for the long-term application of fast-acting soma-
tostatin analogs. Three studies have evaluated the 
long-term use of subcutaneously administered 
octreotide in the treatment of dumping syndrome. 
Geer et al. found that long-term octreotide ther-
apy (15 months on average) provided sustained 
symptom control [32]. Out of ten patients, eight 
received three daily injections of 100 μg octreo-
tide, which resulted in good symptom control; 
seven individuals were able to resume work. 
Similarly, Vecht et al. evaluated the long-term 
effect of three daily doses of 25–200 μg octreo-
tide in 20 patients with a mean follow-up of 
37 months [36]. All patients had an initial posi-
tive response; at 3 months, 80 % continued this 
positive response. After 10 years, however, 11 
of the 20 patients had discontinued therapy for 
a variety of reasons, including a lack of effect 
at 3 months ( n  = 4), diarrhea ( n  = 4), painful in-
jections ( n  = 1), reversible alopecia ( n  = 1), and 
weight loss ( n  = 1). Similar data were obtained 
in a larger group of patients, in whom long-term 

effects seemed less favorable than short-term 
effects, although 41 % of the cohort continued 
octreotide therapy after the follow-up period of 
93 ± 15 months [34].

Studies of Long-Acting Octreotide LAR
Slow-release preparations of somatostatin ana-
logs, which require only monthly intramuscular 
injections, are an attractive alternative to multiple 
daily injections of fast-acting formulations. Two 
studies have investigated the efficacy of a slow-
release preparation of octreotide in dumping 
syndrome. Penning et al. compared the efficacy 
of monthly octreotide LAR (10 mg) to subcuta-
neous octreotide and found both formulations to 
be effective at improving symptoms [35]. The 
long-acting form seemed superior at increasing 
body weight and improving quality of life. The 
10 mg dose is only available in a limited number 
of countries; the 20 mg dose is the usual standard 
dose for LAR octreotide.

A multicenter study in Belgium confirmed 
the efficacy of monthly LAR octreotide (20 mg) 
in the treatment of dumping syndrome that was 
refractory to dietary measures and acarbose 
treatment [14]. The study compared the control 
of symptoms and underlying pathophysiologi-
cal mechanisms after 3 days of subcutaneous 
treatment with octreotide (50 μg, 3 times daily) 
with 3 months of treatment with octreotide LAR 

Table13.2   Summary of studies that evaluated the effect of acarbose in dumping syndrome
Study No. of patients Treatment Result
McLoughlin et al. (1979) 10 Acarbose 100 mg; single admin-

istration before OGTT
Improved symptoms and glycemia dur-
ing OGTT; reduced rise in plasma lev-
els of GIP and insulin

Gerard et al. (1983) 24 Acarbose 100 mg; single admin-
istration before OGTT

Improved glycemia during OGTT; 
reduced increase in plasma insulin 
level; inhibition of glucose-induced 
glucagon suppression

Lyons et al. (1985) 13 Acarbose 50 mg; single admin-
istration before standard 
breakfast

Significant attenuation of hyperglyce-
mia; reduced rise in plasma levels of 
GIP, enteroglucagon, and insulin; no 
influence on plasma levels of VIP and 
somatostatin; no significant effect on 
symptoms

Hasegawa et al. (1998) 6 Acarbose 50–100 mg; 3 times 
daily before meals for a month

Attenuation of glucose fluctuations and 
improvement of dumping symptoms 
(uncontrolled)

GIP glucose-dependent insulinotropic polypeptide (also known as gastric inhibitory polypeptide), OGTT oral glucose 
tolerance test, VIP vasoactive intestinal peptide
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at 20 mg. Both the fast-acting and long-acting 
formulations had a favorable effect on dumping 
symptoms, glycemia, and pulse rate during pro-
vocative testing for dumping. The fast-acting 
form showed greater efficacy than the long-act-
ing form in improving hypoglycemia. However, 

treatment with the long-acting formulation was 
associated with a significant improvement in 
patients’ quality of life and was markedly pre-
ferred by recipients over the fast-acting prepara-
tion [14].

Study No. of patients Treatment Result
Hopman et al. (1988) 12 Octreotide 50 mg vs. placebo 

before OGTT
Improved dumping symptoms and 
suppression of postprandial rise in 
pulse rate; reduced peak insulin and 
increased nadir glycemia; slowing of 
gastrointestinal transit

Primrose and Johnson[28] 10 Octreotide 50 mg vs. 100 mg vs. 
placebo before OGTT

Reduced early dumping and abol-
ished late dumping symptoms; sup-
pression of early dumping-associated 
changes in hematocrit and pulse rate; 
inhibition of hypoglycemia

Tuiassay et al. (1989) 10 Octreotide 50 mg vs. placebo 
before OGTT

Suppression of rise in pulse rate 
and hematocrit; suppression of rise 
in plasma levels of VIP; inhibi-
tion of postprandial hypoglycemia; 
inhibition of rise in plasma levels of 
insulin and GIP

Geer et al. [32] 10 Octreotide 100 mg vs. placebo 
before a dumping-provocative 
meal

Prevention of development of dump-
ing symptoms and diarrhea; preven-
tion of late hypoglycemia and of 
the rise in plasma levels of glucose, 
glucagon, pancreatic polypeptide, 
neurotensin and insulin; delayed gas-
tric emptying and intestinal transit

Richards et al. [33] 6 Octreotide 100 mg vs. placebo 
before a dumping-provocative 
meal

Prevention of dumping symptoms; 
induction of migrating motor com-
plex phase III in the small intestine; 
decreased postprandial intestinal 
motor activity

Gray et al. (1991) 9 Octreotide 100 mg vs. placebo 
before a dumping-provocative 
meal

Suppression of rise in pulse rate; 
inhibition of insulin release; preven-
tion of hypoglycemia; inhibition of 
dumping symptoms

Hasler et al. (1996) 8 Octerotide 50 mg vs. placebo 
before OGTT

Suppression of rise in pulse rate; 
inhibition of dumping symptoms 
and diarrhea; no influence on change 
in hematocrit; inhibition of insulin 
release; prevention of hypoglycemia; 
no influence on gastric emptying rate

Arts et al. [14] 30 Octreotide 50 mg before OGTT Suppression of rise in pulse rate and 
hematocrit; inhibition of postprandial 
hypoglycemia; inhibition of rise in 
plasma levels of insulin; improve-
ment of early and late dumping 
symptoms

GIP glucose-dependent insulinotropic polypeptide (also known as gastric inhibitory polypeptide), OGTT oral glucose 
tolerance test, VIP vasoactive intestinal peptide

Table13.3   Summary of studies that evaluated the effect of octreotide in dumping syndrome
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Adverse Effects of Somatostatin Analogs
The main adverse events related to the use of so-
matostatin analogs are pain at the site of injec-
tion, gallstone formation, and the occurrence of 
steatorrhea. The latter symptom is usually mild, 
and the long-term use of somatostatin analogs is 
usually associated with weight gain of approxi-
mately 1 % in spite of the occurrence of steator-
rhea. Gallstone formation is not an uncommon 
complication of the long-term use of somatosta-
tin analogs and should be taken into account 
when considering treatment options for dump-
ing syndrome [37, 38]. Another disadvantage of 
somatostatin analogs is their considerable cost. 
For this and the aforementioned reasons, treat-
ment with somatostatin analogs is not the first-
line treatment option for patients with dumping 
syndrome. However, dumping syndrome is asso-
ciated with significant impairment of quality of 
life, and the improvement in this parameter with 
somatostatin analogs is impressive. The develop-
ment of an oral or nasal formulation should fur-
ther improve the application of octreotide in the 
treatment of dumping syndrome [14, 32].

Surgical Treatment

Conservative management is always preferred 
because most patients will exhibit improvement 
in dumping over time, and surgery may not be 
curative. Postgastrectomy syndromes often abate 
with time. Therefore, medical, dietary, and be-
havioral therapy should be given at least a 1-year 
trial. If these nonoperative measures fail, correc-
tive surgery may be considered.

Conversion of Billroth II to Billroth I 
Anastomosis
This procedure restores the physiological deliv-
ery of the meal to the duodenum without creating 
the risk of gastric outlet obstruction. Woodward 
et al. reported an improvement in dumping syn-
drome in 75 % of patients [39]. The procedure 
has a low rate of complications and is relatively 
simple.

Roux-en-Y Conversion
A conversion to a Roux-en-Y gastrojejunostomy 
is preferred as a remedial operation [40]. RYGJ 
is useful in patients with dumping because it 
slows down gastric emptying and the transit of 
chyme through the Roux limb. The mechanisms 
responsible for the effectiveness of this surgery 
in dumping are not well known. However, the in-
terruption of the migration motor complex and 
diminished jejunal contractions may play a major 
role. Favorable outcomes have been reported 
after this operation in 85–90 % of patients with 
Billroth I and II gastrectomy [16, 17]. Vogel et al. 
[18] reported excellent results in 19 of 22 patients 
with this operation. This procedure is easier to 
perform and has fewer long-term complications 
(e.g., Roux stasis syndrome) [41].

Overall, surgery has a limited role in the treat-
ment of dumping. Selection of the appropriate 
surgical procedure is very important. In terms of 
remedial operations for patients following py-
loroplasty, pyloric reconstruction should be the 
initial corrective operation. Roux-en-Y recon-
struction appears to be the most effective option 
for patients with Billroth I and Billroth II gas-
trectomies. For those patients who already have 
a Roux-en-Y reconstruction, an antiperistaltic 
jejunal segment can be interposed.

Continuous Enteral Feeding
A final approach to the treatment of patients with 
refractory dumping syndrome is the creation of 
a feeding jejunostomy, through which a contin-
uous background flow of nutrients can be pro-
vided. This is a rather invasive intervention, with 
a major effect on daily life, but it appears to be 
effective in avoiding symptoms that are triggered 
by meal ingestion [42].

Conclusion

Dumping syndrome is a common complication 
after gastric surgery. Clinically significant dump-
ing can result in serious distress and considerable 
morbidity in patients. The diagnosis of dumping 
syndrome is based on clinical presentation, and if 
needed, it can be confirmed by a provocation test 
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with oral glucose. With regard to gastric surgery, 
Billroth I or R-Y gastrojejunostomy after distal 
gastrectomy is better than Billroth II for the pre-
vention of dumping syndrome. The majority of 
patients respond to dietary modifications. Thera-
py with octreotide is an effective alternative prior 
to considering surgical correction. Close atten-
tion must be given to the patient’s nutritional sta-
tus. If medical therapy fails to provide symptom 
relief, surgical revision should be offered, with 
the understanding that even this intervention may 
not be successful.

Key Points

1. Dumping syndrome is a common complica-
tion of esophageal and gastric (including bar-
iatric) surgery.

2. Symptoms include early (gastrointestinal and 
vasomotor) and late (hypoglycemia) symp-
toms.

3. Diagnosis is based on a suggestive symptom 
pattern in patients with the appropriate surgi-
cal history; a modified oral glucose tolerance 
test might help to establish the diagnosis.

4. To prevent dumping syndrome, Billoth I or 
R-Y gastrojejunostomy after distal gastrec-
tomy is preferred over Billroth II.

5. Initial therapy should focus on dietary mea-
sures.

6. In patients who have not responded to initial 
therapy (slow-release), somatostatin analogs 
are the treatment of choice.

7. In patients with treatment-refractory dumping 
syndrome, surgical reintervention or continu-
ous enteral feeding can be considered, but the 
outcomes of such approaches are variable.
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Introduction

Afferent loop syndrome (ALS) is a constellation 
of signs and symptoms caused by mechanical ob-
struction of the afferent loop following surgical 
construction of a double-barrel gastrojejunosto-
my (Fig. 14.1a). The afferent loop consists of the 
segment of duodenum and/or proximal jejunum 
upstream of a double-barrel gastrojejunostomy 
anastomosis. Accumulation of enteric secretions 
in the obstructed afferent loop causes increased 
intraluminal pressure leading to symptoms of ab-
dominal pain and distension. ALS can be classi-
fied into acute and chronic forms. Acute ALS is 
due to complete obstruction of the afferent loop, 
usually occurring within 1 week after surgery. 
Chronic ALS is due to partial obstruction of the 
afferent loop, usually occurring several months 
or years after surgery. McNealy first described 
acute ALS as a cause of early postoperative duo-
denal stump leak in 1942 [1]. In 1948, Lake first 
described chronic ALS as obstruction of free pas-
sage of duodenal contents across the anastomo-
sis leading to “afferent loop stasis” [2]. In 1950, 

Roux coined the terms “afferent loop syndrome” 
when describing the condition in partially 
gastrectomized patients [3]. Because the symp-
toms associated with ALS are nonspecific, these 
conditions can be difficult to diagnose. However, 
if unrecognized, ALS can lead to significant mor-
bidity and mortality and consequently requires a 
high index of suspicion and prompt treatment.

Epidemiology

In 1955, Jordan initially reported an incidence 
of 0.3 % of afferent loop syndrome complicat-
ing partial gastrectomies [4]. Historically, ALS 
was associated with gastrectomy with Billroth II 
reconstruction, with an incidence of up to 20 % 
[5]. At that time, many of these operations were 
performed for peptic ulcer disease. However, 
given the precipitous decline in elective opera-
tions for complications of ulcer disease, [6],, the 
contemporary incidence of ALS is unclear. More 
recently, Aoki retrospectively reviewed the cases 
of 1908 patients who underwent open distal gas-
trectomy between 1999 and 2008. He found that 
0.2 % of these patients developed ALS. Pannala 
reported that the incidence of ALS in a cohort of 
186 pancreatic cancer patients after pancreatico-
duodenectomy was as high as 13 % [7]. Kim ret-
rospectively reviewed a surgical database of 396 
patients who underwent laparoscopic distal gas-
trectomy with Billroth II reconstruction between 
2004 and 2011 and found an incidence of ALS of 
1.01 % [8]. Therefore, the estimated current inci-
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dence is between 0.2  and 13 %, with a guestimate 
incidence of 1–2 %. Mortality from ALS is 
typically the result of a delay in diagnosis leading 

to bowel necrosis and perforation. This occurs 
because typically the surgeon is not considering 
ALS in the differential diagnosis. The mortality 
rate reported before the development of CT or ul-
trasound was as high as 30–60 % [9].

Etiology

The likelihood of developing ALS is influenced 
by both surgical technique and postoperative 
complications. The syndrome generally occurs 
when the afferent limb is longer than 30–40 cm 
and has been anastomosed to the gastric remnant 
in an antecolic fashion [10]. A variety of fac-
tors can contribute to the development of ALS, 
including kinking and angulation of the afferent 
limb, internal herniation behind the efferent limb, 
stenosis of the gastrojejunal anastomosis, redun-
dant twisting of the afferent limb with resultant 
volvulus, or adhesions involving the afferent 
limb. ALS can also result from a failure to close 
mesocolic defects following construction of ret-
rocolic gastrojejunostomy.

Several conditions following gastrojejunos-
tomy can lead to ALS. Presentations of ALS 
with enterolith tend to be rare and late onset [11]. 
Several case reports have documented cases of 
chronic ALS related to large duodenal stones as 
late as 24 years postsurgery [12, 13]. Hui et al. 
reported a case of a 10-year presentation of ALS 
postgastric surgery with a large duodenal phyto-
bezoar [14]. Other postoperative causes of ALS 
following gastrojejunostomy include scarring 
due to anastomotic ulcers [15], internal hernia 
[16], and intestinal volvulus [17]. Cancer recur-
rence near the site of anastomosis causing ALS, 
often termed malignant ALS, has been reported 
frequently in patients with pancreatic cancer with 
widespread carcinomatosis resulting in twisting 
or obstruction of the afferent limb [18].

Pathophysiology

Complete or partial obstruction of the afferent 
limb as a technical issue at the time of surgery 
causes acute ALS and potentially chronic ALS. 

Fig. 14.1  Afferent loop obstruction in a 62-year-old 
man after Roux-en-Y gastroenterotomy. a Axial plane of 
MDCT shows a dilated fluid-filled afferent loop ( arrow) 
located at the mid-abdomen and crossing between the 
aorta and superior mesenteric artery. b Coronal plane of 
MDCT reveals the configuration of the afferent loop to 
be of a “C” character. c Keyboard sign ( arrows) is also 
clearly demonstrated. Focal bowel thickening at the anas-
tomotic region is present, suggesting local recurrence. En-
doscopic biopsy confirmed the MDCT diagnosis of local 
recurrence. (With permission from [28] © Copyright: 
Yonsei University College of Medicine 2011; Creative 
Commons Public License: http://creativecommons.org/
licenses/by-nc/3.0/legalcode. Used without modification)
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Complete or partial obstruction along the jejunal 
portion of the efferent loop results in entry of 
gastric chyme into the afferent loop, triggering 
the release of enteric hormones. Accumulation of 
bile, water, pancreatic secretions, and bicarbon-
ate in the afferent loop causes abdominal disten-
sion and increased intraluminal pressure. Post-
operative ascending cholangitis [19], obstructive 
jaundice [20], and pancreatitis [21] may ensue. 
Bile acid malabsorption may occur due to bacte-
rial overgrowth and result in accompanying iron-
deficiency anemia, megaloblastic anemia due to 
B12 deficiency, bleeding due to vitamin K defi-
ciency, and Wernicke syndrome due to deficits in 
vitamin B1 [22]. Intestinal stasis resulting in bac-
terial overgrowth and steatorrhea, vitamin B12, 
folic acid, and iron deficiency is often termed 
“blind loop syndrome.”

Clinical History

Patients with acute ALS frequently present with 
sudden onset right upper quadrant abdominal 
pain, nausea, and nonbilious vomiting. Acute 
ALS is considered a surgical emergency and typ-
ically occurs in the early postoperative period but 
has also been reported to occur 30 years after sur-
gery. The risk of intestinal perforation/infarction 
and disruption of the duodenal stump necessi-
tates prompt decompression of the afferent loop.

Patients with chronic ALS typically experi-
ence postprandial epigastric pain and abdominal 
distension lasting from several minutes to an 
hour. Bilious projectile vomiting is a common 
manifestation of chronic ALS and provides rapid 
symptom relief. Intestinal stasis during chronic 
ALS can be complicated by diarrhea and steator-
rhea. Subsequent bacteria-mediated deconjuga-
tion of bile salts can result in vitamin B12 de-
ficiency and/or iron-deficiency anemia. Patients 
often stop eating to avoid postprandial pain and 
may experience severe weight loss.

Physical Findings

The most common physical finding in ALS is 
epigastric/right upper quadrant abdominal ten-
derness. Approximately one-third of patients 
with acute ALS have a palpable right upper quad-
rant abdominal mass. Patients may present with 
obstructive jaundice or abdominal pain radiating 
to the back or flank indicative of pancreatitis. 
If bowel perforation has occurred, patients may 
present with a rigid abdomen and guarding in-
dicative of peritonitis.

Differential Diagnosis

Because the physical findings associated with 
ALS are nonspecific, there are a number of other 
etiologies that must be considered. Among the 
differential diagnosis for ALS are abdominal ab-
scess, hernia, acute mesenteric ischemia, anemia, 
bacterial overgrowth syndrome, bile duct stric-
tures, bile reflux gastritis, biliary colic, bowel 
obstruction, carcinoma of the ampulla of Vater, 
choledochal cysts, choledocholithiasis, gastric 
outlet obstruction, gastric sarcoma, gastric ulcer, 
volvulus, gastritis, intestinal perforation, mesen-
teric thrombosis, mesenteric cyst, omental tor-
sion, pancreatic pseudocyst, and tumors (gastric, 
bile duct, small intestine, mesenteric). Given the 
broad differential diagnosis, a detailed surgical 
history and high clinical suspicion are imperative 
to making an accurate diagnosis.

Diagnosis

Laboratory studies may aid in the diagnosis of 
ALS; however, a confirmatory diagnosis neces-
sitates imaging studies. Increased intraluminal 
pressure accompanying ALS may be transmitted 
to the biliary tract and cause ascending cholan-
gitis, obstructive jaundice, or pancreatitis [23, 
24]. A check for elevated levels of alkaline phos-
phatase, alanine/aspartate aminotransferases, 
amylase, lipase, and serum bilirubin may aid the 
diagnostician in this regard. Given the possible 
presence of anemias related to ALS (vitamin B12 
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deficiency, iron deficiency), a check for hemo-
globin, hematocrit, mean corpuscular volume, 
cell size, iron content, and WBC count may also 
aid in the diagnosis of chronic ALS. In suspected 
ALS patients, a serum electrolyte panel should 
also be obtained to check for possible hypona-
tremia, hypokalemia, hypochloremia, and meta-
bolic alkalosis due to vomiting and diarrhea that 
may accompany ALS. Finally, a carbon 14 xy-
lose breath test may detect bacterial overgrowth 
due to intestinal stasis related to ALS.

Noninvasive Imaging Studies

Abdominal CT is considered the radiographic 
study of choice in the diagnosis of ALS [25]. CT 
scanning can directly visualize the obstructed 
intestinal segment. Other structures such as the 
pancreas and biliary tree that may be impacted 
by the obstruction can also be examined. ALS 
typically presents as a fluid-filled tubular struc-
ture crossing the abdominal midline between the 
aorta and super mesenteric artery, and the radio-
graphic appearance was first described in 1980 
by Kuwabara et al. [26]. CT scanning has also 
proven useful in predicting the pathology under-
lying ALS. Kim et al. found that CT scanning 
helped correctly predict internal herniation, adhe-
sions, and recurrent gastric cancer as the underly-
ing etiology for ALS in all 18 patients examined 
[27]. Juan assessed the multidetector computed 
tomography (MDCT) findings of ALS in a retro-
spective study of 1100 patients who underwent 
gastroenterostomy reconstruction between 2004 
and 2008. Of the 2 % of patients diagnosed with 
ALS, 100 % had a fluid-filled C-shaped afferent 
loop and 98 % had valvulae conniventes project-
ing into the lumen (keyboard sign) on MDCT 
(Fig. 14.1) [28].

In patients with ALS, abdominal ultrasound 
may reveal a fluid-filled mass in the right upper 
quadrant or a peripancreatic cystic mass. Derchi 
et al. identified the distended afferent limb as a 
fluid-filled structure in four patients with ALS 
caused by tumor recurrence at or near a Billroth 
II gastrojejunostomy [29]. Lee et al. reported 
similar findings in a study of seven ALS patients, 

observing the obstructed afferent limb as a dilat-
ed, fluid-filled structure crossing the midline in 
the upper abdomen [30].

In patients in whom ultrasound and endosco-
py are nondiagnostic, hepatobiliary scintigraphy 
may prove useful in diagnosing chronic ALS. 
Sivelli et al. used technetium-99 m hepatoami-
nodiacetic acid scanning in 50 patients and found 
that hepatobiliary scanning is useful in diagnos-
ing ALS [31]. Despite other studies showing suc-
cess using mebrofenin and hepatoaminodiace-
tic acid scanning [17, 32], scintigraphic studies 
should be reserved for cases where abdominal 
CT and ultrasound are nondiagnostic.

Invasive studies such as esophagogastroduo-
denoscopy allow for direct visualization of the 
gastrojejunostomy and detection of possible 
modes of obstruction (i.e., volvulus, herniation, 
ulceration, etc.). In addition to identifying pos-
sible masses in the region of the gastrojejunosto-
my, esophagogastroduodenoscopy can be helpful 
in distinguishing between alkaline reflux gastritis 
and ALS [10].

Treatment

Medical Treatment

Acute ALS requires immediate diagnosis and 
corrective surgery. Indeed, the major pitfall as-
sociated with ALS is a delay in diagnosis due to 
risk of intestinal perforation and sepsis [33]. Pa-
tients with chronic ALS may develop malnutri-
tion or anemia [22, 34], and may derive benefit 
from nutritional therapy or transfusion prior to 
surgery.

 Endoscopic/Interventional Radiology

Although surgical conversions have been the 
treatment of choice, percutaneous tube drainage 
or stent placement has been performed as a pal-
liative treatment for patients who cannot tolerate 
a surgical procedure. Metallic stents have been 
used for the relief of afferent loop syndrome due 
to number of etiologies [35–37]. In a 77-year-
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old patient with afferent loop obstruction due 
to recurrent cancer, a double-pigtail catheter 
placed beyond the ampulla of Vater resolved 
symptoms [36]. Two cases of refractory ALS 
were successfully treated by transhepatic biliary 
catheterization coupled with transcholecystic 
cholangiography, both showed clinical improve-
ment with no complications [37]. More recently, 
Lee et al. described the successful endoscopic 
treatment of near-complete obstruction of the ef-
ferent loop with insertion of a double-pigtail stent 
(Fig. 14.2a–e) [38]. A study by Morita and col-
leagues indicated that percutaneous transhepatic 
catheter drainage for obstructed afferent loop 
may be risky due to the development of septic 
shock [39]. In such cases, the authors suggested 
an additional drainage catheter of the bile duct 
might be needed when biliary stasis is present.

Han retrospectively analyzed the clinical ef-
fectiveness of placement of dual stents in 13 con-
secutive patients who underwent operations for 
gastric cancer, cholangiocarcioma, or pancreatic 
adenocarcinoma and subsequently developed af-
ferent loop syndrome due to disease progression. 
Twelve of the 13 patients experienced normaliza-
tion of their abnormal biliary laboratory findings 
and decompression of the dilated bowel loop fol-
lowing dual stent placement [40].

Kim et al. found that percutaneous tube en-
terostomy is an effective palliative treatment in 
ALS presenting as obstructive jaundice [41]. Ra-
diographically guided interventional techniques 
with metallic stents have been used to effectively 
palliate ALS caused by a number of different eti-
ologies. Successful palliation of biliary obstruc-
tion was achieved using transhepatic metallic 
stents across duodenal and biliary strictures for 
the treatment of malignant ALS caused by in-
operable carcinoma of the head of the pancreas 
[35]. Percutaneous transhepatic metallic stent 
insertion for malignant afferent loop obstruction 
following pancreaticoduodenectomy for carcino-
ma of the ampulla of Vater is an option [42]. Per-
cutaneous transhepatic insertion of metal stents 
was also successfully used to treat ALS due to 
distal gastrectomy [36]. A study by Song et al. 
looked at the use of metallic stents in 39 patients 
with recurrent cancer after gastrojejunostomy 

and found that placement of expandable metallic 
stents was successful in 90 % of patients, but did 
require accurate knowledge of surgical procedure 
and tumor recurrence pattern for effective stent 
placement [43].

Fig. 14.2  Endoscopic finding revealed a narrowed and 
swollen entrance of the efferent loop (a). Gastrografin 
study showed nearly complete obstruction of the efferent 
loop (b). Endoscopic stent procedure was performed that 
double-pigtail stent was inserted through efferent loop 
stenosis and over the guide wire using double-channel en-
doscope under endoscopic view (c). Follow-up gastrogra-
fin and endoscopic study showed free flow of contrast and 
recovery of narrowed, swollen orifice of the efferent loop 
(d, e). (With permission from [38]  Baishideng Publishing 
Group Co., Limited)
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 Surgical Intervention

Surgical treatment of chronic ALS, unlike acute 
ALS, is an elective procedure. Surgical interven-
tions ranging from simple operations to major 
resections have been used to effectively treat 
afferent loop obstruction. In some cases, suture 
fixation to reduce angulations and kinks have 
been reported to successfully alleviate afferent 
loop obstruction [44]. In a study of 79 patients in 
1951, Capper and Butler recommended suspen-
sion of the afferent jejunal loop to the posterior 
peritoneum and hepatic omentum to promote 
drainage of the efferent loop [45].

The most widely used procedure for the sur-
gical correction of ALS involves deconstruction 
of the Billroth II gastrojejunostomy followed by 
restoration of gastrointestinal continuity with a 
Roux-en-Y gastrojejunostomy (Fig. 14.3a–c).

Theodor Billroth performed the first gastro-
duodenostomy in 1881 following partial gastrec-
tomy on a patient with carcinoma of the stomach 
[46]. A Bilroth I gastroduodenostomy creates 
an anastomosis between duodenum and stom-
ach. However, the use of this procedure should 
be avoided in patients with duodenal scarring 
or previous subtotal gastrectomy due to the risk 
of excessive tension on the anastomosis. Gas-
troduodenostomy itself can cause ALS, among 
other postgastrectomy syndromes, and for this 
reason the technique of Roux-en-Y anastomosis 
was developed by Wolfer in 1883. Cesar Roux 
of Lausanne later popularized the procedure in 
1887 [47].

The Roux-en-Y gastrojejunostomy involves 
dividing the jejunum distal to the ligament of Tre-
itz and anastomosis of the stomach to the proxi-
mal portion of the distal jejunal segment. The 
distal proximal jejunal segment is anastomosed 
to the distal end of the Roux limb [47]. Possible 
complications of the Roux-en-Y gastroejeju-
nostomy include proximal blind loop, duodenal 
stump blowout, and bile reflux gastritis [48]. 
A variant of this operation, termed the “uncut” 
Roux-en-Y gastroejejunostomy, involves occlu-
sion via stapling rather than complete division of 
the jejunum and is intended to avoid Roux stasis 
syndrome [49]. However, risk of staple line de-
hiscence stands in the way of widespread adop-
tion of this procedure.

Alternatively, resection of the redundant seg-
ment of the afferent jejunal loop, entero-anasto-
mosis (Fig. 14.3c), or revision of the gastrojeju-
nostomy may be performed. Entero-anastomoses 
between afferent and efferent loops are compli-
cated by possible marginal ulceration and should 
be avoided unless vagotomy or gastric resection 
is performed.

Summary

Although ALS is a rare complication following 
gastric surgery, early diagnosis and treatment 
of the obstruction are critical given the risk of 
bowel perforation and subsequent sepsis. In the 
case of chronic manifestations of the syndrome, 
proper treatment is dependent upon a thorough 

Fig. 14.3  Afferent loop syndrome ( ALS) is caused by 
mechanical obstruction of the afferent loop of a double-
barrel gastrojejunostomy (a). ALS may be surgically cor-
rected by deconstructing the Billroth II gastrojejunostomy 

and restoring gastrointestinal continuity with a Roux-en-Y 
gastrojejunostomy (b). Alternatively, entero-anastomosis 
between the afferent and efferent loops may be performed 
to bypass the obstruction (c)
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understanding of patient-specific etiology, anato-
my, and associated complications.

Key Points for Avoiding

1. Avoid Billroth II gastrojejunostomy whenever 
possible

2. Make an afferent limb shorter than 30–40 cm
3. Avoid an antecolic anastomosis to the gastric 

remnant
4. Close mesocolic defects following gastrojeju-

nostomy
5. Early diagnosis is critical to avoiding intesti-

nal perforation and sepsis

Key Points for Diagnosing/Managing

1. Physical exam and laboratory findings are 
generally nonspecific

2. Abdominal CT is the noninvasive imaging 
study of choice in the diagnosis

3. Upper endoscopy allows for direct visualiza-
tion of the anastomosis and obstruction

4. Surgical correction of the mechanical obstruc-
tion is the most common management

5. Percutaneous drainage or endoscopic stent 
placement may also be performed in patients 
who cannot tolerate an operation.
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Introduction

In 1885, Billroth and von Hacker performed the 
first gastrojejunostomy reconstruction after par-
tial gastrectomy in a patient with a pyloric cancer 
[1]. The procedure, now known as the Billroth II, 
was one of the crucial innovations in the late nine-
teenth century that ushered in a new era of gastric 
surgery. While many patients did well following 
gastric resection, surgeons also began to realize 
the devastating complications that could occur. In 
particular, the Billroth II requires closure of the 
proximal end of the duodenum, which creates po-
tential for leakage, or “blowout,” from this stump.

Today, duodenal stump blowout remains one 
of the most feared complications of a Billroth 
II or Roux-en-Y reconstruction after gastric re-
section, as spillage of enteric contents from the 
duodenal staple line can lead to overwhelming 

sepsis and death. Stump blowout can also lead to 
duodenal fistulas that cause significant morbidity 
and are difficult to manage [2]. The incidence of 
duodenal stump blowout is reported to be 1–6 % 
after gastric surgery, with an associated mortal-
ity rate of 3–5 % [3, 4]. Factors associated with 
it include inflamed or scarred duodenal tissue in 
the setting of an ulcer, which makes duodenal 
closure difficult, and distal obstruction of an af-
ferent limb, which exerts excess pressure on the 
duodenal staple line [5].

Even in the modern era, there exists contro-
versy over how to best prevent and treat this dev-
astating complication, as much of the literature 
describing this complication comprises of studies 
from the 1950s to 1990s. During this period, gas-
tric cancer was the most common cancer world-
wide, and gastric and duodenal resections were 
still commonly being performed for peptic ulcer 
disease. Since the discovery of effective medical 
management of peptic ulcers and the declining 
incidence of gastric cancer, the number of gas-
trectomies has decreased [6, 7]. Nevertheless, 
prevention and management of stump blowout 
remains a clinically important consideration for 
the general surgeon and surgical oncologist per-
forming gastrointestinal (GI) surgery.

Clinical Presentation of Blowout

Duodenal stump blowout typically presents be-
tween postoperative days 3 and 10. There have 
been case reports describing blowout occurring as 
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early as postoperative day 1, but this is extreme-
ly rare and should raise suspicion of a technical 
failure during duodenal closure, such as stapler 
malfunction [8]. Early diagnosis of a duodenal 
stump blowout is essential to reducing the asso-
ciated morbidity and mortality, as these patients 
often require emergent reoperation. Fortunately, 
the clinical diagnosis is usually difficult to miss 
so long as there is adequate clinical suspicion, as 
the onset of symptoms is typically sudden, se-
vere, and appropriately termed a “blowout.”

Classically, patients who are initially doing 
well postoperatively acutely develop fever, 
tachycardia, and marked right upper quadrant 
abdominal pain. There may also be peritoneal 
signs on abdominal examination. Patients can 
progress rapidly to hemodynamic instability and 
septic shock from overwhelming intraabdominal 
infection in a matter of hours from initial onset of 
symptoms. Laboratory studies often reveal leu-
kocytosis, and involvement of the adjacent pan-
creas in the inflammatory reaction may cause el-
evations in amylase and lipase as well [9]. Com-
puted tomography (CT) imaging may reveal a 
subphrenic or subhepatic fluid collection sugges-
tive of abscess formation. Other clues to the diag-
nosis of stump blowout can be found by observ-
ing surgical drain output. Abdominal drains left 
in the resection bed may begin outputting bilious 
fluid leaking from the duodenal stump. In some 
cases, the erosive duodenal content can damage 
adjacent mesenteric vessels to cause hemorrhage, 
which manifests as sanguineous drain output.

Mechanisms Contributing to Blowout

Breakdown and rupture of the duodenal stump is 
usually the result of numerous factors working in 
concert and leading to potentially catastrophic re-
sults. While a multitude of specific causes likely 
exist, these factors include broadly the following: 
staple line failure, distal obstruction, malnutri-
tion, and the “difficult duodenum” or an underly-
ing duodenal problem that makes closure more 
tenuous and complex.

Staple Line Failure

Staple line failure, or more generally, technical 
failure of the duodenal stump closure, consti-
tutes probably the most basic and obvious cause 
of stump blowout. Prior to the widespread use 
of standardized surgical stapling devices, hand-
sewn two-layered closure without tension was 
the technique of choice [10]. With the introduc-
tion of surgical staplers, hand-sewn closure of 
the duodenal stump has lost popularity, but the 
underlying mechanisms of failure remain un-
changed; namely, ischemia and/or incomplete 
closure. With a hand-sewn closure, the most 
common technical error is not incomplete clo-
sure with resultant leakage, but rather overag-
gressive use of suture, which results in ischemia 
at the line of closure. The ischemic tissue at the 
site of aggressive suturing can eventually ne-
crose, with catastrophic results. Starting in the 
1970s and 1980s, surgical staplers began to re-
place sutured techniques for closing the duodenal 
stump. While providing a simple, efficient, and 
watertight closure, staples were not a panacea for 
stump blowout. When using a surgical stapler de-
vice, improper selection of staple size and failure 
to appreciate tissue thickness and edema can lead 
to excessive compression at the staple line simi-
lar to sewn closures, with subsequent ischemic 
breakdown. Furthermore, flawed stapler tech-
nique and aggressive dissection and devascular-
ization can contribute to inadequate closure and 
increase the risk of staple line failure.

Distal Obstruction

Managing the intraluminal pressure in the duo-
denal stump has gained renewed attention as an 
important factor in reducing the risk of stump 
blowout. Distal obstruction, regardless of etiol-
ogy, will eventually lead to high enough stump 
pressures to disrupt even the most secure and 
technically sound closure. While much work has 
been done studying intact gastrointestinal tract 
both anatomically and functionally, scant litera-
ture has focused on the behavior of the surgically 
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modified upper GI tract following distal gastrec-
tomy. Recent advances in measurement tech-
niques and computer simulation, however, have 
allowed for more rigorous and detailed investi-
gations into the underlying mechanical stresses 
involved with stump blowout.

While it seems fairly obvious that higher 
intraluminal pressures in the duodenal stump 
would lead to higher likelihood of leakage and 
blowout, why such elevated pressures develop 
remains less clear. Recent work using computer-
ized manometry and mathematical models has 
demonstrated that the length of the afferent duo-
denal section associated with the duodenal stump 
has important implications for pressure distribu-
tion, food mixing, and appropriate transport [11]. 
Longer duodenal sections, while reducing the 
risk of retrograde food mixing in the direction 
of the stump, also led to higher stump pressures, 
with maximal pressure at the point of duodenal 
closure. Because of this, the position of gastro-
jejunal anastomosis should be chosen such that 
the afferent segment is long enough to minimize 
reflux and patient symptoms, but short enough to 
reduce the risk of stump blowout.

In addition to the nuances of afferent duodenal 
section length, another more general cause of el-
evated intraluminal pressure at the stump is non-
specific distal obstruction. Postoperative ileus 
and early postoperative obstruction case both 
lead to more proximal elevations in intraluminal 
pressure and dilatation, increasing the risk of cat-
astrophic blowout. Management and prevention 
of this situation, by careful consideration of post-
operative patient symptoms, thoughtful clinical 
examinations, and appropriate use of nasogastric 
decompression when indicated can help prevent 
and/or alleviate this pressure buildup.

Malnutrition

The importance of perioperative nutrition is often 
neglected, both in practice and in the literature. 
While a full discussion of the topic is clearly be-
yond the scope of this chapter, nutrition plays a 
key role in duodenal healing and prevention of 
stump blowout. Numerous growth factors and 

hormones, including insulinlike growth factor, 
TGF-beta, VEGF, fibroblast growth factor, epi-
dermal growth factor, and PDGF are essential in 
the progression of anastomotic healing [12]. Mal-
nutrition, by way of inadequate substrate avail-
ability and decoupling of this tightly controlled 
axis of growth hormone regulation, can impede 
wound healing and contribute to stump break-
down and blowout.

In cases of elective gastric resection and du-
odenal stump creation, it is imperative that the 
patient’s nutritional status be assessed both by 
physical examination and biochemically prior to 
surgery. When substantial preoperative malnutri-
tion exists, a delay in surgery, even of the order of 
days to weeks, should be considered to allow for 
nutritional optimization either enterally or paren-
terally. This is particularly important in cases of 
gastric resection, where the resulting duodenal 
bypass can worsen malnutrition postoperatively.

The Difficult Duodenum

The “difficult duodenum,” or the classical de-
scription of situations where underlying duode-
nal pathology makes proper closure particularly 
tedious and difficult, requires thoughtful con-
sideration and distinctive approaches. In cases 
where the duodenum is inflamed, scarred from 
chronic ulcer disease, or otherwise abnormal, the 
risk of subsequent complications is considerable. 
While advances in acid-reducing medical therapy 
for ulcer disease have made cases of the difficult 
duodenum substantially less common than in the 
past, such situations continue to arise, and in such 
circumstances, the risk of duodenal stump blow-
out remains.

Techniques for Reducing the Risk 
of Blowout

Management of the Difficult Duodenum

Techniques for managing the difficult duode-
num have been described since the first half of 
the twentieth century, but little data exist on the 
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modern state of duodenal closure. While advanc-
es in surgical technology and perioperative man-
agement have been remarkable since then, the 
basic approaches first described by Nissen and 
Bancroft have remained largely unchanged over 
the decades. These closure techniques, along with 
the relatively more recent tube duodenostomy, 
remain essential tools in the general surgeon’s ar-
mamentarium when attempting to prevent stump 
blowout following particularly difficult duodenal 
closures.

General Principles of Closure

In the setting of chronic duodenal ulcer disease, 
dissection of the difficult duodenum should be 
carefully carried beyond the site of ulceration in 
the duodenal wall. When a primary gastroduode-
nostomy following distal gastrectomy is not an 
appropriate option in these situations, the duo-
denum must be closed, either by stapling if cir-
cumstances will allow or by two-layered suture 
closure in more difficult situations. When such 
an approach is necessary, the anterior and pos-
terior walls of the duodenum should be closed 
with full-thickness 3-0 silk sutures with attempts 
to incorporate a portion of the mucosa. A second 
layer of interrupted Lembert sutures should then 
be placed to secure the closure.

Nissen Technique

Nissen’s closure is best suited in situations 
where a large ulcer has eroded through the entire 
posterior wall of the duodenum, and the ulcer 
is not formally resected (see Fig. 15.1). In such 
situations where the closed duodenum must be 
sewn to the ulcer bed itself, the anterior duodenal 
wall should be approximated to the posterior wall 
with full-thickness bites at the margin of the ulcer 
bed in order to exclude the crater. Following this, 
two additional layers of sutures should be used to 
then approximate the anterior wall onto the ulcer 
bed itself (see Fig. 15.2). In order to ensure a 
tension-free closure, a Kocher maneuver is often 
performed prior to creation of the additional 

suture lines. If, following repair, concern exists 
regarding the integrity of the closure, or if the 
stump cannot be completely approximated using 
this strategy, alternative closure techniques or 
tube duodenostomy must be employed.

Bancroft Technique

Bancroft’s closure, first described in 1932, begins 
with a submuscular dissection starting in the dis-
tal antrum and progressing toward the duodenum 
[13]. The stomach is then divided, and dissection 
is carried down around the circumference of the 
antrum distally. Once the antral mucosa and sub-
mucosa have been dissected in their entirety to 
the duodenal junction, a frozen section confirms 
the presence of duodenal mucosa and this is then 
closed. Following mucosal approximation, the 
excess antral muscle tissue is trimmed and clo-
sure is completed with a running nonabsorbable 
suture line (see Fig. 15.3). While Bancroft’s clo-
sure can be a useful strategy in the management 
of a difficult duodenum during distal gastrecto-
my, this approach must be planned for early in 
the operation. As the technique relies on viable 
tissue around the distal antrum, the right gastric 
and gastroepiploic arteries, which are typically 
ligated at the beginning of the dissection, must 
instead be preserved.

Tube Duodenostomy and Drainage

Drainage of the duodenal stump by way of cath-
eterization has long been championed as a po-
tential means of reducing the risk of blowout, 
albeit with some controversy. As early as the 
late 1880s, both Billroth and von Langenbuch 
had reported on the use of indwelling duodenal 
catheters for the purpose of postoperative feed-
ing. Not until more than 20 years later, however, 
did Neumann describe catheter duodenostomy 
for stump decompression [14]. In the 1950s, tube 
duodenostomy was revisited by Welch, and by 
the 1970s had gained traction as an acceptable 
and established approach in managing the diffi-
cult duodenum [15–17].
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Early experiences using tube duodenostomy 
were plagued with reports of leakage and no im-
provement in patient outcomes, and the technique 
was initially met with skepticism. Over time, 
results improved, but the technique was none-
theless slow to gain considerable popularity. To 
this day, there remains considerable controversy 
regarding whether tube duodenostomy is an ap-
propriate and helpful procedure, and we advocate 
for selective use based on surgeon preference and 
individual circumstances.

While lateral T-tube catheter drainage of the 
duodenal stump has been described and used 
with success [10], contemporary approaches to 
tube duodenostomy typically involve introduc-
tion of a Foley, Pezzer, or straight catheter via 

the stump of the duodenum to approximately 
5 cm (see Fig. 15.4) [18]. The open end of the 
duodenum is then gently secured in place around 
the tube using a pursestring 3-0 absorbable su-
ture, taking care to slightly invaginate the suture 
into the lumen of the duodenum (see Fig. 15.5). 
The seal around the catheter should then be tested 
by injecting 30–60 ml of sterile saline into the 
duodenum via the tube and observing for leaks. 
Once an adequate seal has been established, an 
omental pedicle is brought into place at the point 
of tube entry and secured in place. The distal end 
of the tube is then brought through the abdominal 
wall, minimizing the length of the intraabdomi-
nal portion of the tube.

Fig.15.1  Initial dissection required for Nissen’s closure. (Source: [13]. Reprinted with permission from Elsevier. © 
Elsevier 1991)
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Management of Stump Blowout

The management of a patient with a duodenal 
stump leak is one of the most challenging clini-
cal scenarios faced by gastrointestinal surgeons. 
Historically, duodenal stump leak has been char-
acterized by significant morbidity and mortality. 
While this has improved over time, even in the 
current era this condition can be associated with 
substantial mortality. Successful management of 
duodenal stump leak requires a comprehensive 
approach that incorporates optimal medical man-
agement, judicious employment of percutaneous 
radiologic procedures, and sound clinical deci-
sion-making regarding the need for reoperation, 
timing, and surgical approach.

Medical Management

Optimizing medical therapy greatly enhances the 
likelihood of successful treatment of duodenal 
stump leak. A thorough evaluation of the patient’s 
clinical condition is a critical first step. Clinicians 
must recognize that these patients may decom-
pensate rapidly, and patients who display signs 
of hemodynamic instability or sepsis should be 
transferred to an intensive care setting. Appro-
priate intravenous access should be ensured. Pa-
tients will frequently require central line place-
ment for the administration of vasoactive agents, 
monitoring of central venous pressure, and ad-
ministration of total parenteral nutrition (TPN). 
Adjuncts such as arterial line placement may also 
be necessary for close hemodynamic monitor-
ing. Along with these basic steps to resuscitate 

Fig.15.2  Technique of Nissen’s closure for the difficult duodenum. (Source: [13]. Reprinted with permission from 
Elsevier. © Elsevier 1991)
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the patient and restore euvolemia, the initiation 
of broad-spectrum antibiotics is required. Initial 
antibiotic selection is generally broad spectrum 
and includes coverage of Gram-negative and an-
aerobic organisms. Antifungal coverage may be 
necessary in patients who display signs of sepsis 
in the context of previous treatment with a pro-
longed course of antibiotics.

Another important consideration for success-
ful management is optimization of nutritional 
status. Patients with duodenal stump leak are 
commonly malnourished and require additional 
caloric intake secondary to the considerable 
physiologic stress associated with this condi-
tion. Due to the compromised state of the upper 

gastrointestinal tract, oral feeding is generally not 
possible. If enteral access is available in the form 
of a feeding jejunostomy tube, enteral nutrition 
is preferred, but this is commonly not the case. 
Thus, for most patients, initiation of TPN is com-
mon to provide adequate nutrition in this setting. 
Nutritional parameters including prealbumin, 
transferrin, and albumin should be monitored at 
least weekly, and adjustments to TPN administra-
tion made accordingly.

Other adjunctive medical therapies are also 
commonly administered in patients with duo-
denal stump leak. Gastrointestinal prophylaxis 
with proton pump inhibitors or histamine block-
ers may combat stress gastritis. Additionally, 

Fig.15.3  Bancroft’s closure. (Source: [13]. Reprinted with permission from Elsevier. © Elsevier 1991)
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Fig.15.4  Modification of a standard Pezzer-type catheter 
for use in tube duodenostomy: a Original appearance of 
the tube. b Final appearance before inserting into the duo-
denum. c Appearance of the tube while removing. Note 

less traumatic effect of the tube to the duodenal stump. 
(Source: [18]. Reprinted with permission from Springer. 
© Springer Science and Business Media 2007)

 

Fig.15.5  a Tube duodenostomy through the duodenal 
stump. b The duodenal stump with Pezzer drain in it has 
been protected by surrounding omentum. (Source: [18]. 

Reprinted with permission from Springer. © Springer Sci-
ence and Business Media 2007)
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administration of the somatostatin analogue oc-
treotide may be employed in an effort to reduce 
the volume of effluent from the duodenal stump 
and promote fistula closure.

Percutaneous Radiologic Techniques

With significant advances in imaging technology 
and greater sophistication of image-guided per-
cutaneous techniques in the current era, radiolog-
ic intervention has become the mainstay of ther-
apy for duodenal stump leak. The first require-
ment of successful management is establishing 
control of abdominal sepsis. This can frequently 
be achieved by percutaneous drainage of intraab-
dominal fluid collections with catheter placement 
to allow ongoing evacuation of fluid. The goal of 
this intervention is to completely drain intraab-
dominal fluid and convert the duodenal leak into 
a stable duodenal fistula. This may require an 
aggressive approach with placement of multiple 
catheters and frequent trips to radiology suite for 
catheter repositioning and upsizing to gain opti-
mal control of intraabdominal fluid.

After initial control of abdominal sepsis and 
successful establishment of a duodenal fistula, 
treatment strategies shift to interventions with the 
goal of achieving closure of the duodenal fistula. 
A common technique employed to decrease fis-
tula output is biliary diversion by percutaneous 
transhepatic biliary drainage. The goal of this pro-
cedure is to divert the majority of bile flow away 
from the duodenum and thus significantly reduce 
the volume of effluent from the duodenal stump. 
In a small study by Zarzour and colleagues, per-
cutaneous biliary drainage significantly reduce 
fistula volume from a mean value to 775 ml to 
less than 50 ml and lead to fistula closure in five 
of six patients [19]. Some centers have expanded 
on this technique by adding placement of a bili-
ary occlusion balloon in addition to percutaneous 
biliary drainage in order to completely divert all 
bile flow [20].

Another percutaneous strategy for managing 
duodenal stump leak is percutaneous placement 
of tube duodenostomy. In a recent report, Oh 
and colleagues describe a staged approach for 
establishing tube duodenostomy using a Foley 

catheter [21]. In the initial phase of this tech-
nique, a percutaneous pigtail catheter is placed 
to drain duodenal stump effluent and establish a 
fistulous tract. After establishment of a fistulous 
tract, the Foley catheter is then advanced through 
the tract directly into the duodenum and con-
firmed via fluoroscopy.

The Decision to Operate and Surgical 
Approach

Decision-making regarding the need for reopera-
tion and timing of such intervention in patients 
with duodenal stump leak is complex and requires 
mature surgical judgment. In the first 2–4 weeks 
following the index procedure, there is a great 
degree of inflammation in the dissection field, 
making reoperative surgery difficult and poten-
tially hazardous. In light of these considerations, 
many surgeons prefer an initial trial of percutane-
ous management as described above to temporize 
the situation, control abdominal sepsis, and allow 
patient stabilization.

However, in settings where sophisticated in-
terventional radiology support is not available, 
or if patients fail to respond to these measures, 
surgical intervention will be necessary. There are 
a variety of surgical approaches that have been 
employed in the management of duodenal stump 
leak. Considerable judgment is required to select 
the appropriate intervention at the optimal time. 
A clear goal for reoperation should be established 
(controlling abdominal sepsis, providing drain-
age, definitive closure, etc.). Factors that impact 
this decision include patient stability, nutritional 
status, and the volume and duration of duodenal 
stump leak.

The most commonly employed operative 
technique for managing duodenal stump leak is 
placement of a duodenostomy tube. The benefit 
of this strategy is that it reliably controls duo-
denal leakage and promotes the formation of a 
stable fistulous tract, yet is a smaller-scale pro-
cedure and better tolerated by patients who are 
physiologically compromised. The duodenos-
tomy tube can be placed though the defect in the 
staple line at the end of the duodenal stump, or 
alternatively through intact duodenal wall a few 
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centimeters downstream of the staple line [18]. 
This procedure is commonly combined with the 
placement of large-bore surgical drains to estab-
lish control of abdominal sepsis.

Larger-scale operations are generally reserved 
for the nonhealing chronic duodenal fistula. 
These operations are generally best performed 
in the semielective setting, after patients have 
been medically stabilized and nutritionally opti-
mized. Preoperative studies to rule out common 
reasons for persistence of duodenal fistula should 
be performed. In particular, small bowel follow-
through should be performed to rule out down-
stream obstruction. One approach for definitive 
closure is performance of a roux-en-Y duodeno-
jejunostomy, in which a roux limb is connected 
to the duodenal stump to provide drainage. As 
previously stated, reoperative surgery after duo-
denal stump leak can be highly challenging given 
the significant inflammatory changes in the field 
of dissection. Meticulous technique in dissec-
tion and adhesiolysis is required to prevent the 
occurrence of inadvertent enterotomies or dam-
age to the biliary system and pancreas. Another 
definitive procedure for chronic duodenal fistula 
is pancreaticoduodenectomy, in which the entire 
duodenum and head of the pancreas is resected 
with reconstruction consisting of pancreaticoje-
junostomy, choledochojejunostomy, and gastro-
jejunstomy.

Summary of Management

The management of duodenal stump leak is chal-
lenging and requires a comprehensive approach. 
Key steps in management include stabilization 
of the patient, optimization of medical status and 
nutrition, and selection of percutaneous strate-
gies to control abdominal sepsis and promote 
fistula closure. Reoperation should be reserved 
for the failure of these strategies and may require 
roux-en-Y duodenojejunostomy or pancreatico-
duodenectomy.

Ramifications of Blowout

The substantial morbidity and mortality associ-
ated with duodenal stump blowout have been 
known for decades, with literature describing the 
risks and natural history of this feared complica-
tion dating back to the 1950s and 1960s. Namely, 
while blowout in that era was fairly uncommon, 
with an incidence of only 1.5–3.5 % following 
Billroth II resection, subsequent mortality was 
striking at 50–80 % [22–24]. Put another way, 
duodenal stump blowout was estimated to ac-
count for roughly half of all deaths following 
Billroth II gastric resection in that era [25].

Unquestionably, perioperative management 
and surgical technique have evolved and im-
proved over the past half century. In the decades 
since those early descriptions, the mortality as-
sociated with stump blowout has been estimated 
to be more on the order of less than 10 %, with 
recent studies even suggesting that this can be 
reduced even further [2–4, 13, 26]. Much of this 
improvement in patient outcomes can likely be 
attributed to advances in critical care, a better 
understanding of the importance of perioperative 
nutrition, accumulating experience in the duode-
nal trauma literature, and the evolution of image-
guided interventions.

Furthermore, a decline in the incidence of gas-
tric cancer and the remarkable changes over the 
past few decades in the treatment of peptic ulcer 
disease, shifting first to vagotomy and drainage 
and more recently away from surgery altogether, 
has markedly changed the landscape of gastric 
resections. A once rare complication of a com-
mon operation has become a rare complication of 
an uncommon operation. Despite this, duodenal 
stump blowout will continue to be a disastrous 
potential complication following gastric resec-
tion. The resulting morbidity associated with 
fistula formation or abdominal sepsis can have 
substantial effects on length of hospitalization, 
reinterventions, and overall patient quality of life.
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Conclusions

Duodenal stump blowout, while much less com-
mon than in previous decades due to a marked 
reduction in the number of gastrectomies per-
formed, continues to be one of the most dreaded 
complications following gastric resection. While 
mortality following stump blowout has improved 
substantially since the dismal rates of the 1950s, 
taking steps to prevent this devastating complica-
tion remains a contemporary concern. In situa-
tions where stump blowout nonetheless occurs, 
rapid diagnosis and intervention are essential in 
minimizing associated morbidity for the patient.

Key Points: Avoiding Duodenal Stump 
Blowout

1. The position of the gastrojejunal anastomosis 
should be chosen such that the afferent seg-
ment is long enough to minimize reflux and 
patient symptoms, but short enough to reduce 
the risk of stump blowout.

2. Management and prevention of postoperative 
ileus and obstruction can help prevent proxi-
mal elevations in intraluminal pressure and 
subsequent stump blowout.

3. In cases of elective gastric resection and duo-
denal stump creation, it is imperative that the 
patient’s nutritional status be assessed both by 
physical exam and biochemically prior to sur-
gery.

4. The “difficult duodenum,” or cases where the 
duodenum is inflamed, scarred from chronic 
ulcer disease, or otherwise abnormal, requires 
thoughtful consideration and distinctive ap-
proaches, including Nissen’s and Bancroft’s 
closures.

5. Tube duodenostomy can reduce the risk of 
blowout in appropriate situations, based on 
surgeon preference and individual circum-
stances.

Key Points: Diagnosing and Managing 
Stump Blowout

1. In the appropriate postoperative setting, acute 
development of fever, tachycardia, marked 
right upper quadrant abdominal pain, and he-
modynamic instability should be considered 
duodenal stump blowout until proven other-
wise.

2. Computed tomography (CT) imaging is the 
preferred diagnostic study in cases of uncer-
tainty and may reveal a subphrenic or subhe-
patic fluid collection suggestive of abscess 
formation.

3. Optimizing medical therapy with fluid resus-
citation, antibiotics, and nutritional support 
greatly enhances the likelihood of successful 
treatment of duodenal stump leak.

4. With significant advances in imaging technol-
ogy and greater sophistication of image-guid-
ed percutaneous techniques in the current era, 
radiologic intervention has become the main-
stay of therapy for duodenal stump leak.

5. Surgical reoperation should be reserved for 
the failure of more conservative strategies and 
may require roux-en-Y duodenojejunostomy 
or pancreaticoduodenectomy.
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Introduction

Anastomotic leakage after gastric resection is a 
feared complication. Unfortunately, it is not a 
rare one, although the reported incidence differs 
substantially depending on country of surgery, 
experience of the surgical team, and type of re-
section. Leakage invariably leads to prolonged 
hospital stay, and it dramatically increases the 
risk of dying. Infectious complications after 
gastrectomy also increase the risk of cancer 
recurrence [1].

The clinically most important leakages are 
seen at the esophagojejunal or the gastrojejunal 
anastomosis. Management of these follows the 
same principles and these will be discussed here. 
Leakage from the duodenal stump is a separate 
and even more dangerous condition, which will 
be discussed separately.

Incidence

The incidence of anastomotic leakage is prob-
ably underestimated. Patients in clinical studies 
are usually healthier and are being followed more 
critically than nonstudy patients and anastomotic 
leakage is expected to be seen less often. On the 

other hand, prospective series with high inci-
dence rates of leakage are more likely to be sub-
ject to publication bias. There are not many data 
from nationwide, nonclinical surveys, although 
prospective registration and national clinical au-
dits are being developed in many countries [2].

There are two large, prospective studies with 
detailed surgical information. Anastomotic leak-
age occurred in 7 % of the patients entered in the 
Dutch D1–D2 study (1988–1990), 5 % after D1 
dissection and 9 % after D2 dissection [3]. In the 
British Medical Research Council (MRC) study 
of D1 and D2 dissection, anastomotic leaks were 
reported in 6 % after D1 surgery and 13 % after 
D2 surgery [4]. In that same time period, anas-
tomotic leaks were seen in 5 % of the patients 
operated in the National Cancer Center Hos-
pital in Tokyo [3]. Hospital mortality was seen 
in 6.6 % in the Dutch study and in 10 % in the 
British study [3, 4]. Most of the patients that died 
after surgery suffered from complicated intraab-
dominal abscesses and the majority of these were 
caused by anastomotic leakage.

A recent (2012) comparison of risk factors 
after gastrectomy showed that mortality rates 
in the Netherlands, Britain, Sweden, and Den-
mark were 6.9, 5.9, 3.5 and 4.3 %, respectively 
[5]. Although details of the hospital courses of 
these patients were not provided, we may assume 
that anastomotic leakage was the leading cause 
of hospital mortality. It seems that the incidence 
has not decreased much in the past decades. Even 
the introduction of laparoscopic surgery has not 
reduced leakage rates. After laparoscopic total 
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gastrectomy, complications occurred in 22 % of 
the patients, and 24 % (6 %) of these were anasto-
motic leaks [6]. It appears that even in the hands 
of experienced surgeons and with the help of 
modern minimally invasive approaches and sta-
pling techniques, anastomotic leakage is still a 
frequently seen complication. It is not expected 
that with the increasing age and comorbidities 
of the average gastric cancer patient, this will 
change in the near future.

Prospective Factors

Anastomotic leakage is usually an early postoper-
ative event, occurring during the first 7 days after 
surgery. Directly after surgery, the anastomosis 
is weaker than the intact surrounding tissues and 
its strength solely depends on the sutures. This 
weakness is related to the inflammation tak-
ing place as a normal step in wound healing. As 
soon as proliferation and collagen accumulation 
starts, the strength of the anastomosis increases, 
and after 7 days matrix deposition and collagen 
accumulation restore the initial strength. Even in 
the absence of known risk factors as diabetes and 
immunosuppressive medication, this healing pro-
cess may be impaired by a variety of other fac-
tors, although many of these do not stand out as 
independent prospective factors. Most series on 
risk factors of anastomotic leak focus on clinical 
and surgical data, rarely on postoperative medi-
cation. Older age, longer operation time, and the 
amount of blood loss are generally accepted risk 
factors for anastomotic leakage [7]. Given the 
impact on inflammation, it is not surprising that 
common medication as nonsteroidal antiinflam-
matory drugs (NSAIDs) may impair the healing 
of an anastomosis as well [8].

Because of the weakness of the anastomosis in 
the early postoperative phase, many methods for 
reinforcement have been tried, but neither dou-
ble-layer manual suturing nor stapling devices 
with three rows of staples reduce the leakage rate. 
Sealants (fibrin glue or fibrin-coated patches) are 
increasingly used to reinforce the anastomosis in 
the early healing phase. In experimental studies, 
however, they also do not prevent anastomotic 

leakage but they actually may increase the risk of 
developing ileus [9]. Results of large prospective 
studies on this subject are still awaited.

Detection

Anastomotic leakage may be difficult to detect. In 
most centers, patients will have a standard X-ray 
on days 5–7, using gastrograffin or a comparable 
water-soluble contrast agent. The likelihood of 
detecting a nonclinically apparent leak is low 
however, and pseudoleaks may occur [10]. Treat-
ment of these “subclinical” leakages is conserva-
tive, with cessation of oral intake and intravenous 
(IV) infusion. Antibiotics are only required if 
blood cultures become positive, but at that time, 
the patient has usually become symptomatic.

“Clinical” leakage is associated with typical 
signs of infection (fever, increasing C-reactive 
protein (CRP), leukocytosis) and abdominal 
pain, although leakage of an esophagojejunosto-
my may cause pulmonary symptoms (shortness 
of breath, tachycardia, pleural effusion) rather 
than abdominal pain. In this situation, multislice 
computed tomography (CT) scan with oral and 
IV contrast is more sensitive to detect anasto-
motic leakage than a contrast swallow study. En-
doscopic confirmation may be useful for cases 
where radiological studies are inconclusive and 
especially if endoscopic treatment is considered. 
Due to the often poor condition of the patient 
with a leak and the lack of experience to conduct 
endoscopy in this setting, this step is often post-
poned wrongfully.

Clinical signs of anastomotic leakage vary. 
Fever and leukocytosis from days 3 to 5 are 
suggestive, but CRP > 150 on day 3 may be a 
more sensitive parameter than leukocytosis [11]. 
Tachycardia or newly developed atrial fibrillation 
also suggests an emerging infection, and exclud-
ing underlying anastomotic leakage is essential, 
even in the absence of other signs of infection. 
Abdominal pain or tenderness may be absent in 
the early phase, because the anastomosis is usu-
ally covered by the liver and the omentum. In any 
case, leakage with clinical signs is an abdominal 
emergency and swift management is required.
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Differential Diagnosis

Using only clinical parameters and physical ex-
amination, it may be difficult to differentiate 
between an abdominal source and a pulmonary 
source of infection after gastrectomy. With the 
widespread use of CT scanning, the site of infec-
tion (above or below the diaphragm) is nowadays 
rarely misdiagnosed. There are, however, many 
intraabdominal sources for an infection. Espe-
cially after total gastrectomy, with clearance of 
lymph nodes alongside the pancreas, there are 
at least three anastomoses at risk for leakage, 
pancreatitis may occur, and even leakage from 
a feeding jejunostomy site or accidental small 
intestinal injury may be the source of infection. 
In most cases, CT scan will accurately detect the 
cause of the infection and guide further treat-
ment. Diagnostic laparoscopy is rarely needed 
apart for the treatment of an anastomotic leak 
after minimally invasive gastrectomy.

General Management

As soon as an abdominal infection is suspected, 
swift action is required to prevent a fulminant 
peritonitis. The infection should be managed 
generally with antibiotics and hemodynamic sup-
port. Furthermore, adequate calorie intake should 
be guaranteed.

Use of antibiotics depends on the local antibi-
otic guidelines. In our hospital, perioperative an-
tibiotic use is limited to the time of surgery. The 
most common pathogens in foregut surgery are 
enteric Gram-negative bacilli and Gram-positive 
cocci, but anaerobes may be present as well, es-
pecially in case of obstruction or tumor invasion 
of the colon. We use cephazolin and metronida-
zol prophylaxis 15–30 min prior to incision, and 
this is stopped after surgery. If a postoperative in-
fection emerges, blood cultures or cultures from 
a drained abscess guide further antibiotic treat-
ment.

Patients with a severe peritonitis require in-
tensive care support, but in case of a develop-
ing infection, this is not necessary. By using an 

emergency scoring system with a cutoff value for 
intensive care support (MEWS, modified early 
warning system), hemodynamic support, and 
oxygen can usually be provided to the ward.

In abdominal emergencies, enteral feeding 
is associated with less infectious complications 
and possibly less mortality than parenteral feed-
ing [12]. We use a percutaneous jejunostomy for 
early postoperative feeding after total gastrec-
tomy and esophagectomy in all our patients. Al-
ternatively, a nasojejunal tube may be inserted at 
endoscopy. Parenteral feeding should be reserved 
for those patients were enteral options fail.

External Drainage

Although anastomotic leaks invariably cause 
prolonged hospital stay and increase the risk 
of mortality, the associated morbidity has been 
diminished substantially because of improved 
ways of imaging leaks and the increased avail-
ability of interventional radiologists. CT imag-
ing can accurately detect leaks or abscesses, 
and interventional radiologists can drain almost 
any intraabdominal abscess without the need for 
general anesthesia. As a consequence, many sur-
geons have little experience with open drainage 
procedures. Unfortunately, leakage of an esoph-
agojejunostomy or a subsequent subphrenic ab-
scess is often difficult to drain percutaneously 
because of interposition of the liver or pleura. In 
such cases, surgical drainage is still mandatory. 
The gastrojejunal or the esophagojejunal anasto-
mosis is easily reached through the upper midline 
incision, because they after situated just beneath 
the liver edge. After inspection of the anastomo-
sis and nettoyage, a drain can be placed accurate-
ly. Since a subhepatic abscess is rarely seen if the 
falciform hepatic ligament is intact, we prefer to 
place the drain through the left subphrenic space.

Surgical drainage of a subphrenic abscess or 
leakage is more difficult and often requires resec-
tion of the left 12th rib and opening of the perire-
nal fatty layer.
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Treatment of the Leakage Site

Although abscess drainage may be sufficient 
treatment in cases where communication with 
the gastrointestinal tract is minimal, in most pa-
tients, this creates an enterocutaneous fistula and 
the leakage of enteric fluid should be stopped as 
well. After gastric surgery, leakage of saliva and 
gastric juice can usually be prevented by naso-
gastric or nasoesophageal drainage. Only in rare 
cases cervical esophageal diversion is needed.

Attempts to repair the leakage site during 
surgery are usually ineffective and may actually 
increase the risk of postoperative complications. 
Small leaks do not require repair, and large leaks 
are often caused by ischemia. In these patients, 
complete resection of the anastomosis and cre-
ation of a new conduit should be postponed until 
later.

There is increasing expertise with endoscopic 
treatment of upper gastrointestinal (GI) leak-
age. Endoscopic clips, fibrin glues, and stents 
are used frequently, and often successfully [13, 
14]. There are, however, no comparative studies 
of conservative or endoscopic management of 
esophagojejunal leakage, and there are no clear 
recommendations for either treatment [15]. Stent 
placement in a hemodynamically unstable patient 
may be difficult, although there seems to be no 
additional perforation risk [16]. Smaller leaks are 
usually covered easily, but these leaks probably 
heal with conservative measures as well. In case 
of a large leak, the stent may not cover all leak-
age, although additional stent-in-stent procedures 
have been described. There seems to be no dif-
ference between self-expanding wall stents and 
plastic stents, and the choice for these depends 
on local availability and expertise [15]. Stent dis-
location is a rare but threatening event, and stents 
need to be removed after 4–6 weeks in order to 
prevent ischemia and necrosis.

In cases where leakage is confirmed by CT, 
we will always evaluate the endoscopic options. 
Small leaks (arbitrarily less than 2 cm) are usu-
ally treated conservatively with nasogastric suc-
tion, but for larger leaks without signs of ischemia 
stent placement is first choice. Fibrin glue and 

endoscopic clips are only used in patients where 
conservative management was unsuccessful.

Duodenal Stump Leakage

Blowout of the duodenal stump after total gas-
trectomy is a serious complication. Bile leakage 
into the peritoneum causes ascites because of a 
chemical peritonitis. If bacterial contamination is 
present, this will soon develop into an infectious 
peritonitis with severe sepsis. Furthermore, bile 
will activate pancreatic trypsin, which is even 
more irritating to the peritoneum. Apart from 
leukocytosis, elevated bilirubin with mildly el-
evated alkaline phosphotase is a prominent labo-
ratory finding. Ascites and the infiltration of the 
duodenal stump will be recognized on CT, and 
as soon as duodenal stump leakage is diagnosed, 
general treatment of peritonitis with broad spec-
trum antibiotics and fluid replacement would be 
started. Because of the irritation of the perito-
neum, percutaneous drainage alone is often not 
sufficient to treat the peritonitis. Furthermore, 
drainage of the leakage site alone will result in 
a long-lasting enterocutaneous fistula. Surgical 
irrigation and drainage should be considered in 
all patients that fail to improve after initial per-
cutaneous drainage. During surgery, the aboral 
jejunojejunal anastomosis can be checked for 
stenosis, since that might be the reason for the 
blowout of the duodenal stump. Decompression 
of the duodenum can be achieved by a retrogade 
drain from the jejunum into the duodenal stump, 
fixed with Witzel’s sutures for easy removal after 
4–6 weeks. Together with a drain at the failed 
stump, this will result in a much quicker healing 
process.

Summary

Treatment of an anastomotic leakage after gas-
trectomy requires swift action with antibiotics 
and hemodynamic support. Detection of the leak-
age site by multislice CT is reliable, and it guides 
immediate percutaneous drainage. Surgical 
drainage is only needed if radiological drainage 
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is declined due to interposition of other organs. 
Small leaks may be managed with nasogastric 
drainage. For larger leaks, temporary endoscopic 

stent placement is a viable option. A treatment al-
gorithm is shown in Fig. 16.1.

Fig.16.1  Treatment algorithm
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Five Key Points to Avoid Anastomotic 
Leakage

• Optimize pre- and postoperative calorie intake.
• Correct co-morbidities.
• Make a tension-free anastomosis with vital 

tissue.
• If the anastomosis is not perfect, redo.
• Avoid postoperative NSAIDs.

Five Key Points to Diagnose and 
Manage Leakage

• If signs of abdominal infection are seen post-
operatively, start general treatment with anti-
biotics and hemodynamic support and order 
CT scan with the possibility to drain any leak-
age or abscess.

• Percutaneous drainage is preferable if techni-
cally feasible.

• Duodenal stump leakage requires surgical 
drainage, abdominal irrigation, and decom-
pression of the duodenum.

• Small anastomotic leaks can be managed with 
percutaneous drainage and nasoesophageal 
decompression.

• Large anastomotic leaks may require endo-
scopic stent placement.
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Introduction

With advances in hepatobiliary surgery and peri-
operative care, the number of patients undergo-
ing major or extended hepatectomy is increasing. 
In patients for whom these procedures are being 
considered, the risk of postoperative hepatic in-
sufficiency (PHI) should be carefully assessed. 
PHI is closely associated with a small future liver 
remnant (FLR) and the quality of the underly-
ing liver. Consequences of PHI include nonob-
structive jaundice, ascites, coagulopathy, and in-
creased susceptibility to complications. Patients 
with PHI are at high risk of death from liver fail-
ure and require prolonged hospitalization. There-
fore, assessment of the risk of PHI and preven-
tion of PHI are critical for safe performance of 
major or extended hepatic resection.

Definition of PHI

At present, there is no standardized definition 
of postoperative severe liver dysfunction. The 
International Study Group of Liver Surgery de-
fined posthepatectomy liver failure as “a post-
operative acquired deterioration in the ability of 
the liver to maintain its synthetic, excretory and 
detoxifying functions, which are characterized 
by an increased international normalized ratio 
and concomitant hyperbilirubinemia on or after 
postoperative day 5” (Table 17.1) [1]. However, 
these criteria are complex, partly subjective, and 
difficult to quantify.

In addition, PHI should sensitively predict 
postoperative mortality from liver failure. There-
fore, the definition of PHI should not include 
clinical outcomes or ongoing treatment. Among 
the various definitions of PHI reported in the 
previous studies, the so-called 50–50 criteria [2] 
(prothrombin time < 50 % and serum bilirubin 
level > 50 μmol/L on postoperative day 5) and 
our definition of PHI [3] (peak postoperative 
total bilirubin level  > 7 mg/dL) are simple and 
promising objective criteria based on studies in-
cluding large numbers of patients.

In a multiinstitutional study of 1059 patients 
without cirrhosis, receiver operating character-
istics curve analyses revealed that a peak total 
bilirubin level of greater than 7 mg/dL was the 
most sensitive predictor of death from liver fail-
ure, with an area under the curve of 0.982 (95 % 
CI, 0.964–0.999) and a cutoff value of 7.0 mg/dL 
(sensitivity, 93.3 %; specificity, 94.3 %; accuracy, 
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94.3 %) (Table 17.2) [3]. In this study, peak total 
bilirubin level predicted postoperative morbidity 
(both any morbidity and major morbidity), liver-
related mortality, and death from any cause, inde-
pendent of transfusion status.

Risk Factors for PHI

Reported risk factors for PHI or liver failure are 
summarized in Table 17.3.

Among the surgery-related factors, small FLR 
volume is the most important and modifiable fac-
tor for patients undergoing extended resection. 
A strong correlation between small FLR volume 
and increased risk of PHI is widely recognized, 
and various FLR volume criteria have been used 
to select patients who are at high risk of PHI. The 

poorer the quality of the underlying hepatic pa-
renchyma, the larger the FLR required; therefore, 
the minimum FLR volume required should be 
determined according to the status of the under-
lying liver.

At The University of Texas MD Anderson 
Cancer Center, we calculate the estimated total 
liver volume (TLV) using a formula that relies 
on the linear correlation between the TLV and 
body surface area (BSA): TLV (cm3) = − 794.41 
+ 1267.28 × BSA (m2) [4]. The standardized FLR 
(sFLR) is then calculated as the ratio of the FLR 
volume to the estimated TLV. In a large cohort 
study seeking optimal cutoff values for mini-
mum sFLR required, it was estimated that for 
patients with normal underlying liver, sFLR of at 
least 20 % is needed to avoid PHI or death from 
liver failure [5], while for patients who received 

Table 17.1  International Study Group of Liver Surgery grading criteria for posthepatectomy liver failure. (Reprinted 
with permission from [1] Elsevier 2010)

Grade A Grade B Grade C
Specific treatment Not required Fresh frozen plasma Transfer to intensive care unit

Albumin Circulatory support (vasoac-
tive drugs)

Daily diuretics Hemodialysis
Noninvasive ventilation Intubation and mechanical 

ventilation
Transfer to intermediate care 
unit or intensive care unit

Extracorporeal liver support
Rescue hepatectomy/liver 
transplantation

Hepatic function Adequate coagulation (INR 
< 1.5)

Inadequate coagulation (INR 
≥ 1.5, < 2.0)

Inadequate coagulation (INR 
≥ 2.0)

No neurological symptoms Beginning of neurologic 
symptoms (i.e., somnolence, 
confusion)

Severe neurologic symp-
toms/hepatic encephalopathy

Renal function Adequate urine output 
(≥ 0.5 mL/kg/h), BUN 
< 150 mg/dL, no symptoms 
of uremia

Inadequate urine out-
put (≤ 0.5 mL/kg/h), 
BUN < 150 mg/dL, no symp-
toms of uremia

Renal dysfunction not man-
ageable with diuretics, BUN 
≥ 150 mg/dL, symptoms of 
uremia

Pulmonary function Arterial oxygen satura-
tion > 90 %. May have oxy-
gen supply via nasal cannula 
or oxygen mask

Arterial oxygen satura-
tion < 90 % despite oxygen 
supply via nasal cannula or 
oxygen mask

Severe refractory hypoxemia 
(arterial oxygen saturation 
≤ 85 % with high fraction of 
inspired oxygen

Additional evaluation Not required Abdominal ultrasonogra-
phy/CT, chest radiography, 
sputum, blood, urine culture, 
brain CT

Abdominal ultrasonogra-
phy/CT, chest radiography, 
sputum, blood, urine culture, 
brain CT, intracranial pres-
sure monitoring device

BUN blood urea nitrogen, CT computed tomography, INR international normalized ratio
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extensive chemotherapy (≥ 3 months) before 
surgery, sFLR should be at least 30 % [6]. For 
patients with liver cirrhosis, it was reported that 
sFLR should be 40 % or more [7]. Current clini-
cal evidence regarding the sFLR required is sum-
marized in Fig. 17.1.

Another risk factor for PHI is chemotherapy-
associated liver damage. Currently, the most 
common indication for hepatectomy is colorec-
tal liver metastases. Because of advances in 

effective chemotherapy, the vast majority of pa-
tients with colorectal liver metastases are treated 
with perioperative systemic therapy in combina-
tion with surgery. Specific associations between 
chemotherapy regimens and types of liver injury 
have been reported. Sinusoidal injury has been 
associated with oxaliplatin [8, 9], and steatohepa-
titis has been linked to irinotecan, particularly in 
patients with high body mass index [10]. In par-
ticular, steatohepatitis after major hepatectomy 

Table 17.2   Diagnostic characteristics of various criteria for predicting liver failure-related death. (Reprinted with 
permission [3] © Elsevier 2007)

Characteristic Postoperative peak 
serum bilirubin level 
> 7.0 mg/dL

Postoperative peak 
INR > 2.0

Postoperative peak 
serum bilirubin level 
> 7.0 mg/dL and postop-
erative peak INR > 2.0

Prothrombin time 
< 50 % and serum bili-
rubin level > 50 μmol/L 
on postoperative day 5 
(“50–50 criteria”)

Sensitivity, n (%) 28/30 (93.3) 23/30 (76.7) 22/30 (73.3) 14/28 (50.0)
Specificity, n (%) 963/1021 (94.3) 828/1010 (82.0) 982/1005 (97.7) 964/997 (96.6)
Positive predic-
tive value ( n)

0.326 (28/86) 0.112 (23/205) 0.489 (22/45) 0.292 (14/48)

Negative predic-
tive value ( n)

0.998 (963/965) 0.992 (828/835) 0.992 (982/990) 0.986 (964/978)

Positive likeli-
hood ratio

17.2 4.34 32.6 15.3

Negative likeli-
hood ratio

0.07 0.28 0.27 0.498

INR international normalized ratio

Table 17.3   Risk factors for postoperative hepatic insufficiency. (Reprinted with permission from [31] © John Wiley 
and Sons)
Surgery related
  Small future liver remnant volume
  Excessive intraoperative blood loss
  Prolonged operating time
Patient related
  Preexisting liver disease
    Cirrhosis
    Steatosis
    Cholestasis
    Chemotherapy-associated liver damage
  Male gender
  Advanced age (65 years or older)
  Comorbid conditions
  Malnutrition
Others
  Hepatic parenchymal congestion
  Ischemia–reperfusion injury
  Infection
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has been correlated with high mortality rates 
[10]. Chemotherapy-associated liver injuries 
cannot be accurately predicted, but two factors 
are known to correlate with increased likelihood 
of chemotherapy-associated complications: lon-
ger duration of preoperative chemotherapy and 
shorter time interval between the cessation of 
chemotherapy and surgery. In patients who re-
ceived chemotherapy for more than 3 months 
[6], the possibility of hepatic injury should be 
entertained, and in-depth histopathologic review 
of the nontumorous liver, volumetry, and laparos-
copy should all be considered.

Prevention of PHI

Systematic Volumetry of the “Fully 
Functioning” Part of the Liver

Volumetry of the liver is essential to assess the 
risk of PHI. A previous anatomic study revealed 
that the left lateral bisegments account for only 
16 % of the total liver volume (Fig. 17.2) [11]. 
Thus, routine volumetry using an adequate 

method is recommended, especially in patients 
undergoing extended right hepatectomy. FLR 
volume should be defined as the absolute vol-
ume of the “fully functioning” part of the liver, 
in other words, the part of the liver that will have 
adequate inflow and outflow after hepatectomy. 
When a hepatic vein draining a specific part of 
the liver is deprived, the corresponding part of 
the liver will be congested and will atrophy be-
cause of loss of its normal function [12, 13]. A 
recent study using indocyanine fluorescent tech-
nique revealed that portal uptake function in the 
venoocclusive part of the liver is approximately 
40 % of that in the nonocclusive part of the liver 
[14]. However, precise estimation of the volume 
of the area to be congested is difficult without 
the use of three-dimensional liver simulation 
techniques (Fig. 17.3) [15, 16]. Therefore, on 
volumetry for patients undergoing extended right 
hepatectomy in which the middle hepatic vein 
will be deprived, segment IV should not be in-
cluded in the FLR volume because most of seg-
ment IV will be congested and lose its normal 
function after deprivation of the middle hepatic 
vein even when part of segment IV is preserved.

Fig. 17.1  Minimal standardized future liver remnant 
(sFLR) required to prevent postoperative hepatic insuf-
ficiency. (With permission from: a [5]©Wolters Kluwer 

2009; b [29] ©Springer Science and Business Media; c 
[32] ©Wolters Kluwer; d [7] ©John Wiley and Sons 1997)
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Fig. 17.3  Venous congestion after deprivation of drain-
age vein during hepatectomy. After extended left hepa-
tectomy including the middle hepatic vein, a large part 
of the right hemiliver is congested (a) as predicted on a 
preoperative three-dimensional simulation (b). Normal 
liver function cannot be expected in the congested part 

of the liver. Venous reconstruction should be considered 
when the volume of remaining full-functioning liver is in-
sufficient. MHV drainage area of the middle hepatic vein, 
RHV drainage area of the right hepatic vein, V8 drainage 
area of the intermediate vein for segment VIII
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(Adapted with permission from [11] ©Elsevier 2004)
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Portal Vein Embolization

Portal vein embolization (PVE) is a safe, mini-
mally invasive procedure in which the portal 
branches of the side of the liver to be resected 
are embolized, leading to atrophy of the side of 
the liver to be resected and compensatory hyper-
trophy of the FLR [17− 19]. PVE should be con-
sidered if pretreatment measurement of the FLR 
(Fig. 17.1) shows insufficient FLR volume.

Several studies have demonstrated the efficacy 
of PVE in terms of hepatic functional shift from 
the embolized liver to the FLR and reduction of 
surgical risk. First, dynamic functional shift from 
the embolized liver to the FLR after PVE was 
confirmed by three studies using indocyanine 
green excretion rate [20], technetium Tc- 99m 
galactosyl human serum albumin scintigraphy 
[21], and bile clearance [22]. These three studies 
indicated that PVE produced a clear functional 
shift from the embolized liver to the nonembo-
lized FLR with a concomitant increase in FLR 
volume. In addition, another study showed that 
when patients achieved sufficient growth of the 
FLR to meet the minimum criteria for FLR vol-
ume, operative risk was significantly reduced 
compared to the risk in patients who did not 
meet the minimum criteria for FLR volume after 
PVE [5]. To maximize regeneration of the FLR 
after PVE, optimal selection of embolic materi-
als [23] and concurrent embolization of segment 

IV portal vein [24, 25] have been recommended. 
Our previous work comparing right PVE with 
and without segment IV embolization revealed a 
significantly greater increase in volume in seg-
ments II + III with segment IV embolization (me-
dian increase, 26 vs. 54 %; p = 0.021) (Fig. 17.4).

Post-PVE sFLR is a sensitive predictor of 
PHI. In addition, Ribero et al. reported that de-
gree of hypertrophy in the sFLR after PVE is 
significantly associated with surgical outcomes 
[26]. Degree of hypertrophy greater than 5 % 
after PVE along with sFLR greater than 20 % 
predicted good postoperative outcomes with high 
specificity and sensitivity in patients with normal 
liver function. Our group has recently found that 
kinetic growth rate, defined as the degree of hy-
pertrophy at initial volume assessment divided 
by the number of weeks elapsed between PVE 
and initial volume assessment, further predicted 
the risk of PHI. Kinetic growth rate greater than 
2.0 % per week is strongly associated with a low 
risk of postoperative morbidity and mortality ir-
respective of the sFLR (Fig. 17.5) [27].

Recently, a European group reported safety 
and efficacy data for a short-interval, two-stage 
liver surgery technique consisting of an initial 
open right portal vein ligation with in situ split-
ting of the liver parenchyma followed by re-
exploration for right trisectionectomy, termed 
“associating liver partition and portal vein liga-
tion for staged hepatectomy” or “ALPPS” [28]. 

 

Pre-PVE FLR (Seg 1-3)
10% vs. Total Liver Volume

S2/3

S1

Post-PVE FLR (Seg 1-3)
33% vs. Total Liver Volume

S1

S2/3

Right + Seg 4 PVE 

Fig. 17.4  Regeneration of the future liver remnant ( FLR) after right + segment IV portal vein embolization ( PVE). 
Seg segment, S segment
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The combination of portal vein ligation and in 
situ splitting of the liver to prevent crossportal 
circulation between the lobes of the liver was 
believed to lead to profound hypertrophy of the 
FLR. However, preliminary data suggested that 
this new procedure was associated with a high 

incidence of major morbidity (40 %) and in-
patient mortality (12 %). The true efficacy of 
ALPPS in the prevention of PHI remains contro-
versial, and this procedure should be considered 
investigational at this time.

Fig. 17.5  Examples of the clinical utility of kinetic 
growth rate (KGR). All patients had standardized future 
liver remnant ( sFLR)  ≥ 30 % and degree of hypertrophy 
(DH)  ≥ 7.5 % (suggested eligibility criteria for resection); 
however, KGR was a more accurate predictor of outcome. 
A/B: Findings in a 60-year-old man. a On the basis of the 
initial computed tomography (CT) scan, sFLR was esti-
mated at 9 %. b Final CT 35 days after right portal vein 
embolization (PVE) extended to segment IV indicated an 
sFLR of 33 %, DH of 24 %, and KGR of 4.8 % per week. 
The patient had an uneventful postoperative course. C/D: 
Findings in a 37-year-old woman. c On the basis of the 

initial CT scan, sFLR was estimated at 15 %. d Final CT 
35 days after right PVE extended to segment IV indicated 
an sFLR of 30 %, DH of 15 %, and KGR of 3.0 % per 
week. The patient had an uneventful postoperative course. 
E/F: Findings in a 43-year-old man. e On the basis of the 
initial CT scan, sFLR was estimated at 23 %. f Final CT 
70 days after right PVE extended to segment IV (required 
additional waiting time to attain adequate remnant vol-
ume) indicated an sFLR of 31 %, DH of 8 %, and KGR 
of 0.3 % per week (determined after the first CT 28 days 
after PVE). The patient died of postoperative liver failure. 
(Source: Reprinted with permission [27] ©Elsevier 2013)
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Limiting the Duration of Preoperative 
Chemotherapy

Longer duration of chemotherapy has been cor-
related with higher risk of liver damage, as men-
tioned previously [6]. We previously showed 
that prolonged chemotherapy did not improve 
the response rate but did increase the risk of PHI 
among patients with colorectal liver metastases 
[8]. In a recent study investigating the relation-
ship between duration of chemotherapy and the 
incidence of PHI according to FLR volume, we 
have shown that short-duration modern chemo-
therapy (up to 3 months or six cycles) with or 
without biologic agents does not increase the risk 
of PHI even in patients with marginal sFLR (i.e., 
20−30 %), whereas when the patient has a his-
tory of prolonged chemotherapy prior to surgery, 
sFLR should be at least 30 % [29]. Therefore, the 
duration of preoperative chemotherapy should be 
minimized among patients with potentially re-
sectable colorectal liver metastases.

Treatment of PHI

Because clinical manifestations and severity of 
PHI or liver failure vary considerably from pa-
tient to patient, treatment for PHI or liver fail-
ure should be individualized according to the 
patient’s degree of functional disturbance with 
respect to circulation, renal function, pulmonary 
function, coagulation, and mental status influ-
enced by hyperammonemia. Plasma exchange 
with or without continuous hemodiafiltration is 
the only effective therapy for patients suffering 
from severe liver failure, though whether this 
therapy improves survival has not been estab-
lished [30]. For selected patients, rescue liver 
transplantation is another option. However, co-
morbid conditions and underlying malignant dis-
ease (even if it is resected) frequently preclude 
rescue liver transplantation. In addition, given 
the chronic shortage of liver donors, it is not ethi-
cal to perform extensive hepatectomy in a patient 
with a high risk of PHI or liver failure and assume 
that rescue liver transplantation will be an option 
if serious complications occur. Preoperative risk 

assessment and prevention of PHI are paramount 
in the current extensive surgical approach to hep-
atobiliary malignancies.

Conclusion

The risk of postoperative mortality due to liver 
failure is inversely associated with the qual-
ity of the underlying liver parenchyma and the 
volume of the FLR. The risk of PHI, which is 
a strong predictor of liver-related death, should 
be assessed by routine systematic volumetry in 
patients for whom major hepatectomy is being 
considered. If pretreatment measurement of the 
FLR shows insufficient FLR volume, adequate 
preoperative management including PVE should 
be added to avoid preventable morbidity or mor-
tality after extensive hepatobiliary surgery.

Key Points

1. Postoperative serum peak bilirubin level of 
greater than 7.0 mg/dL is a simple and reliable 
definition of PHI, predicting morbidity and 
death from liver failure with high sensitivity 
and specificity.

2. FLR volume is a strong predictor of PHI and 
death from liver failure. The minimum FLR 
volume required should be determined ac-
cording to the quality of the underlying liver 
parenchyma.

3. PVE is a safe and minimally invasive proce-
dure that results in hypertrophy of the FLR 
and decreases the risk of PHI. PVE should be 
considered for patients with insufficient FLR 
volume.

4. Prolonged preoperative chemotherapy 
( > 3 months) is associated with increased risk 
of PHI. The possibility of liver damage should 
be carefully considered in patients with a 
history of prolonged chemotherapy prior to 
surgery. Biopsy of the nontumorous liver pa-
renchyma should be considered in selected 
patients.

5. Because of the limited availability of effec-
tive treatment for severe liver dysfunction, 
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prevention of PHI using systematic volumetry 
and adequate preoperative management is 
paramount in the surgical approach to hepato-
biliary malignancies.
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Introduction

The potential for a biliary leak and fistula exists 
whenever procedures are performed on the bili-
ary tract. These procedures include a wide range 
of operations that may be performed by the gen-
eral or hepatopancreaticobiliary surgeon. Lapa-
roscopic cholecystectomies to more complex 
procedures such as liver and bile duct resections 
and pancreaticoduodenectomy all have an associ-
ated risk of biliary leakage. A persistent biliary 
leak can be a significant source of postoperative 
morbidity, has been associated with increased 
mortality, and in the setting of malignancy may 
affect survival. Thus, an understanding of the risk 
factors, diagnosis, prevention, and management 
of biliary leaks is relevant for any surgeon under-
taking procedures of the biliary tract.

Definitions

Biliary Leak and Grading System

Multiple definitions of a postoperative biliary 
leak exist in the literature. Most definitions of 
biliary leak require a measured volume of bil-
ious output, typically ranging from 20 to 50 mL/
day, or a concentration of bilirubin, ranging from 
5 to 20 mg/dL, in the drain effluent [1]. Drain-
age from a biloma (contained) or bile peritoni-
tis (uncontained) is also consistent with a biliary 
leak. Because of the lack of a uniform definition 
for biliary leak in the literature, the Internation-
al Study Group of Liver Surgery (ISGLS) pro-
posed a formal definition and grading system in 
2011 [1]. The ISGLS defines a biliary leak as a 
bilirubin concentration in the drain fluid at least 
three-times the serum bilirubin concentration on 
or after postoperative day 3. This classification 
scheme is applicable to radiologic or operative 
procedures for bilomas or bile peritonitis as well. 
Drain volume was not included because the pres-
ence of ascites and lymphatic leaks confounds ac-
curate measurement. However, most authors sug-
gest a volume of output greater than 100–200 cc/
day as sufficient to warrant intervention [2].

The ISGLS also proposed a grading system to 
stratify the severity of the biliary leak. Grade A 
biliary leaks do not affect clinical management 
(Table 18.1). Grade B biliary leaks require active 
therapeutic intervention either radiographically 
or endoscopically, and Grade C biliary leaks re-
quire operative intervention. Biliary leaks may 
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resolve or persist. Uncontained or persistent bili-
ary leaks that require additional intervention to 
control are labeled Grade B or C. A precise defi-
nition for persistent bile leak has not been estab-
lished. However, the ISGLS classified a biliary 
leak that persists for  > 1 week as Grade B. Given 
its relatively recent publication, the proposed 
definitions and grading system of a biliary leak 
have not been validated widely.

Controlled and Uncontrolled Biliary 
Leaks

A controlled biliary leak occurs when there is 
no communication with an intraperitoneal col-
lection. In contrast, an uncontrolled biliary leak 
communicates with an intraperitoneal collection 
or flows freely throughout the peritoneal cavity. 
An uncontrolled biliary leak generally requires 
further drainage or manipulation of extant drains 
to establish control and prevent secondary infec-
tion.

Source

The source of the biliary leak can either arise 
from an incomplete division or disrupted side 
branch of the involved duct that is contiguous or 
communicates with that duct distally or a com-
plete division of the involved duct that becomes 
discontiguous and does not communicate with 
that duct distally. The former sources are likely 
to resolve without operative intervention while 
the latter typically require such intervention. Dis-
contiguous ductal injuries from an entire liver 
segment or more that lack communication with 
the central biliary tree are also termed excluded 

or orphan leaks [3]. These biliary leaks generally 
persist because the parenchyma harboring that 
duct maintains its vascularity. A classic example 
of this biliary leak would be a divided right seg-
mental or sectional biliary duct after laparoscopic 
cholecystectomy. Regardless, the source of the 
biliary leak has implications on its diagnosis and 
management.

Risk Factors and Prevention

Risk factors and prevention of biliary leaks from 
the extrahepatic biliary system during laparo-
scopic cholecystectomy and bilioenteric anas-
tomoses will be followed by discussion of bile 
leaks following hepatic resection.

Biliary leaks after laparoscopic cholecystecto-
my is estimated at 0.3–0.5 % [4]. Given the large 
number of cholecystectomies performed annu-
ally, this operation is associated most commonly 
with biliary leaks. The cystic duct stump, ducts 
of Luschka, other ducts in the gallbladder fossa, 
and major extrahepatic bile ducts comprise the 
potential sites of biliary leakage. The cystic duct 
stump represents the most common site of leak 
and reported risk factors include emergency sur-
gery, incomplete or disrupted closure of the cys-
tic duct, width and degree of inflammation of the 
cystic duct, and presence of common bile duct 
stones [5, 6]. The risk factors for biliary leaks 
related to major bile duct injury and classifica-
tion of biliary injury following cholecystectomy 
have been reported previously and a complete 
discussion is beyond the scope of this chapter 
[7]. Commonly cited factors include operator 
inexperience and technical errors, inflammation, 
and most importantly anatomic misidentification 
of the extrahepatic bile duct.

Table 18.1  ISGLS biliary leak grading system
Grade Change in clinical management
A No or minimal
B Radiographic or endoscopic intervention or Grade A for  

> 1 week
C Operative intervention

Biliary leak defined as bilirubin concentration 3 × serum bilirubin on or after postoperative day 3 or if procedure per-
formed to manage leak
ISGLS International Study Group of Livery Surgery
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Prevention

To prevent cystic duct stump leaks, one must en-
sure the cystic duct stump is appropriately identi-
fied and secured. A variety of methods of secur-
ing the cystic duct stump have been described. 
These include use of titanium clips, locking clips, 
harmonic scalpel, suture ligature, and endovascu-
lar stapling devices. There is no evidence-based 
data to suggest that any one method is vastly 
superior. The technique used should ensure that 
the clip or device is securely fastened, will not 
be dislodged, and should span the entire cystic 
duct. The cystic duct wall must be vascularized 
and free of significant inflammation. For a wide 
cystic duct, additional clips, ligature, or an endo-
vascular stapler may be used after confirming the 
anatomy. Cautery injury proximal to the site of 
ligation should be avoided by careful dissection 
and use of cautery. Gentle traction should be used 
to avoid avulsion of the cystic duct from the com-
mon hepatic duct. Leakage from ducts of Lusch-
ka or from the fossa is likely related to dissec-
tion into the liver parenchyma. Efforts to stay in 
the correct plane and ligation of accessory ducts 
entering the gallbladder from the fossa should 
decrease peripheral biliary leaks. Preventing bili-
ary leaks from major bile duct injuries requires 
correct identification of the anatomy. The critical 
view of safety in which the cystic duct and cystic 
artery are isolated and the cystic plate is exposed 
has been shown to decrease the rate of major 
biliary injuries [8]. The role of routine cholan-
giography to prevent injury is controversial [9]. 
Clearly cholangiography can define anatomy and 
unsuspected injury intraoperatively. Selective in-
traoperative cholangiography based on operative 
conditions and lack of anatomic clarity is utilized 
most frequently but such use does not address 
misidentification errors.

Risk Factors for Bile Leaks After 
Extrahepatic Bilioenteric Anastomosis

Excluding the transplant population, few stud-
ies have investigated risk factors for biliary 
leaks after bilioenteric anastomoses. Biliary 

reconstruction to the small bowel is undertaken 
through Roux-en-Y hepaticojejunostomy or he-
patico- or choledochoduodenostomy. Typically, 
Roux-en-Y hepaticojejunostomy is favored be-
cause anastomotic leaks actually represent a pure 
biliary fistula as reflux of enteric content through 
the fistula is rare with appropriate length of 
construction of the Roux limb. In contrast, bili-
ary anastomoses to the duodenum are not pure 
biliary fistulae because gastroduodenal contents 
are constantly exposed to the fistula site and 
comprise part of the effluent. The volume and 
contents of the effluent from these biliary leaks 
likely contribute to their severity. Roux-en-Y he-
paticojejunostomy is the most versatile biliary 
reconstruction method. It can be used in any op-
eration after transection of the extrahepatic bile 
duct. In a review of 519 hepaticojejunostomies 
performed for a wide range of indications includ-
ing pancreatic cancer, chronic pancreatitis, chol-
angiocarcinoma, and transplantation, bile leaks 
occurred in 5.6 % of patients [10]. Independent 
risk factors for leakage were preoperative radio-
chemotherapy, preoperative low cholinesterase 
levels, simultaneous liver resection, and reopera-
tion after liver transplant. Another high-volume 
center reported hepaticojejunostomy leak rates of 
2.2 % after pancreaticoduodenectomy [11]. The 
only risk factor identified was a low preoperative 
albumin.

Hepatico- or choledochoduodenostomy either 
in an end-to-side or side-to-side fashion can be 
used in the setting of biliary calculus, strictures, 
bile duct cysts, and malignancy. Concerns about 
choledochoduodenostomy include sump syn-
drome and potential for duodenal fistula in the 
event of anastomotic leak. Sump syndrome can 
occur with side-to-side choledochoduodenosto-
my with the accumulation of debris in the distal 
blind end of the bile duct. One recent retrospec-
tive study demonstrated fewer anastomotic com-
plications when the duodenum was used for bili-
ary reconstruction [12] and no difference in fre-
quency of biliary fistulae following end-to-side 
choledochoduodenostomy (8 %) when compared 
with Roux-en-Y jejunal reconstruction (16 %). It 
should be noted, however, that Roux-en-Y was 
used more frequently when the reconstruction 
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was above the confluence. In another retrospec-
tive review from India, 270 patients underwent 
side-to-side choledochoduodenostomy with a 
biliary leak documented in 2 % of patients [13]. 
Sump syndrome was not observed in any of these 
patients, the majority of whom underwent preop-
erative endoscopic retrograde cholangiography 
(ERC) and papillotomy. While retrospective, 
these studies suggest the frequency of biliary 
leaks may be comparable to Roux-en-Y recon-
struction with low incidence of sump syndrome.

Choledochocholedochostomy is primarily 
used in the setting of orthotopic liver transplan-
tation (OLT), but has also been described in the 
repair of bile duct injuries. In general, end-to-end 
choledochocholedochostomy has not been fa-
vored for repair of iatrogenic bile duct injuries 
given concern for subsequent stricture formation 
[14]). Limited data exist to support this technique 
outside of transplant. One retrospective study 
comparing Roux-Y hepaticojejunostomy with 
end-to-end reconstruction in 94 patients demon-
strated similar rates of biliary leaks and bilomas 
(10 and 7 % respectively) [15]. End–end recon-
struction was used with ducts greater than 4 mm 
in diameter in the absence of inflammation. With 
a mean long-term follow-up of 62 months, no 
significant difference in strictures was identified.

In contrast to bile duct injuries, choledocho-
choledochostomy is commonly used in ortho-
topic liver transplantation. A recent systematic 
review of over 11,000 orthotopic liver transplants 
documented biliary leaks in 8 % of cases [16]. 
The use of T-tubes to reduce biliary complica-
tions remains an area of debate. Numerous pro-
spective randomized trials have been performed 
to address this issue with conflicting results [17]. 
Many centers have abandoned routine use of T-
tubes given the evidence from several prospec-
tive randomized trials indicating the anastomoses 
can be performed with similar or lower rates of 
strictures and biliary leaks. Indeed, in the sys-
tematic review by Akamatsu et al., 82 % of over 
6000 deceased donor liver transplantations with 
duct-to-duct anastomoses were performed with-
out a T-tube. In contrast, many centers continue 
to use splinting stents for biliary reconstruction 
during live donor liver transplantation, and use of 

a transcystic stent for biliary reconstruction dur-
ing OLT has also been described [18].

Prevention

Specific criteria for optimal construction of bil-
ioenteric anastomoses are sparse and techniques 
vary widely. Primary recommendations for pre-
vention of biliary leaks after bilioenteric anasto-
moses are (1) well-vascularized bile duct, (2) ab-
sence of cholangitis and inflammation of the bile 
duct, (3) tension-free anastomosis, (4) well-vas-
cularized duodenum or jejunum, and (5) atrau-
matic suture placement. For dilated bile ducts, a 
single running layer of absorbable monofilament 
suture is effective and efficient. For nondilated 
ducts or for complex biliary anastomoses involv-
ing multiple ducts, interrupted absorbable sutures 
are used. If multiple duct orifices are present, 
adjacent ducts can be joined with interrupted 
absorbable sutures to reduce the number of bil-
ioenteric anastomoses. Biliary stenting to bridge 
the bilioenteric anastomosis has not been shown 
to reduce biliary leaks after biliary reconstruc-
tion. Stents, however, may be indicated to bridge 
anastomoses after R1–2 resection to ensure bili-
ary access for subsequent intraluminal therapy or 
dilatation.

Risk Factors for Bile Leak After Liver 
Resection

Risk factors for biliary leak after hepatic resec-
tion have been confounded by the lack of uni-
form definition of biliary leak in the literature. 
Several recent studies have retrospectively inves-
tigated the incidence and risk factors for biliary 
leaks. In a review of 2628 consecutive resections, 
preoperative jaundice, portal vein embolization, 
liver resection for biliary tumors, repeat hepatec-
tomy, extended hepatectomy, caudate resection, 
two-staged resection, en bloc diaphragm resec-
tion, bile duct resection and reconstruction, lon-
ger operative duration, greater estimated blood 
loss (EBL), larger tumors, portal lymph node dis-
section, and intraoperative transfusion were risk 
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factors for biliary leak on univariable analysis 
[19]. Of these factors, repeat hepatectomy, bile 
duct resection, intraoperative transfusion, en bloc 
diaphragm resection and extended hepatectomy 
were found to be independent predictors for bili-
ary leak on multivariable analysis. It is unclear 
whether factors such as increased blood loss or 
intraoperative transfusion are simply surrogates 
for increased operative complexity or directly af-
fect biliary leaks.

In another study of 505 consecutive liver re-
sections without bile duct resection, biliary leaks 
were identified in 6.7 % of patients. Multivari-
able analysis identified repeat hepatectomy, a 
large cut surface area, and intraoperative blood 
loss as independent predictors for biliary leaks 
[20]. In 610 patients undergoing liver resection 
without bile duct resection, peripheral cholangio-
carcinoma, left hepatectomy including segment 
1, transection plane outside of the main portal 
scissure, and hepatectomies including the cau-
date or segment four were independent predic-
tors of biliary leakage. On multivariable analysis, 
peripheral cholangiocarcinoma and resection of 
segment 4 were risk factors for bile leaks. Use of 
fibrin glue and cirrhosis were found to decrease 
the incidence of leaks [21].

Collectively, these studies suggest that com-
plex liver resections involving the caudate, ex-
tended hepatectomy, and increased blood loss 
increase the risk for biliary leak and may warrant 
additional methods to assess for biliostasis intra-
operatively.

Prevention of Biliary Leaks After 
Hepatectomy

Apart from intraoperative blood loss and transfu-
sion, most identified risk factors are not modi-
fiable. Techniques used to reduce intraoperative 
blood loss and transfusion requirements include 
use of intermittent inflow occlusion, low cen-
tral venous pressure, and meticulous hemostatic 
technique. A variety of parenchymal transection 
techniques have been described. These include 
the clamp crush, Cavitron ultrasonic surgical 
aspirator (CUSA-Tyco Healthcare, Mansfield, 

MA), water-jet dissection, stapling devices, and 
energy devices, e.g., Ligasure (Valleylab, Tyco 
Healthcare, Boulder, CO, USA), Harmonic 
scalpel (Ethicon Endosurgery, Cincinnati, OH, 
USA), TissueLink (Salient Surgical Technolo-
gies, Portsmouth, NH). No parenchymal transec-
tion method has been shown superior in reducing 
the rate of biliary leaks. One randomized control 
trial assessing the impact of parenchymal transec-
tion technique in 120 patients who were allocated 
to either clamp crushing or Ligasure showed no 
difference in biliary leak between groups [22]. A 
retrospective analysis of 141 patients undergoing 
hepatic resection without bilioenteric anastomo-
sis compared clamp crushing, stapling, and Tis-
suelink with no difference in the rate of biliary 
leakage [23]. Among 300 patients undergoing 
stapler hepatectomy, the incidence of biliary leak 
was 8 % and was claimed to be comparable to 
other parenchymal transection techniques [24]. 
For open or laparoscopic hepatectomy, identifi-
cation and stapling transection of lobar, sectional, 
or segmental biliary duct provide secure closure. 
Minor or intrasegmental biliary ducts are secured 
with clips or suture ligature. Transection methods 
should avoid trauma to the hilar ducts that can 
predispose to late leaks. Laparoscopic hepatic 
resections utilize the Harmonic scalpel and endo-
vascular staplers. The former technology likely 
fuses small ductules; however, conflicting data 
exist on the incidence of biliary leaks ranging 
from 24 to 1 % [25, 26].

Intraoperative Tests for Bile Leaks

A variety of methods have been used to detect 
biliary leaks intraoperatively. A simple method to 
assess for biliary leaks is to place a white surgical 
sponge on the cut surface to detect bile staining. 
Identified sites of bile leakage are oversewn with 
suture. However, this method is dependent upon 
bile flow. Evacuation of bile from the biliary 
ducts intraoperatively may lead to falsely nega-
tive findings. Other intraoperative biliary leak 
tests utilize perfusion of the ducts. These meth-
ods include the injection of saline, methylene 
blue, or indocyanine green retrograde through the 
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cystic duct [27]. The efficacy of these intraopera-
tive tests remains unclear. One randomized trial 
of 103 consecutive patients undergoing hepatic 
resection without biliary enteric anastomosis 
showed no difference in bile leaks when isotonic 
saline was injected through the cystic duct [28]. 
Another report indicated decreased incidence of 
bile leaks with indocyanine green and fluores-
cent cholangiography in 102 randomized patients 
[29]. Finally, a recent report of 223 patients, half 
of which underwent an intraoperative air leak test 
by introduction of air through a transcystic chol-
angiogram catheter, demonstrated a reduction in 
biliary leaks from 10 to 1.9 % [19]. Further vali-
dation of various techniques and comparative tri-
als will be required to confirm optimal.

Postoperative Drains

The role of postoperative drains after hepatic re-
section remains controversial. Proponents claim 
that drains are infrequently the source of mor-
bidity and, if appropriately positioned and of ap-
propriate type, control biliary leaks. Conversely, 
opponents claim drains are unnecessary given 
the low frequency of biliary leaks and can cause 
morbidity, specifically surgical site infection, bil-
iary erosion, and leak or inadequate biliary leak 
control if present. Many centers place drains pro-
phylactically at the parenchymal transection site. 
Some evidence suggests that routine placement 
of drains is unnecessary and may be associated 
with increased infection [30, 31]. In the larg-
est series, an audit of over 1000 liver resections 
failed to demonstrate increased morbidity in the 
80 % of patients who were not drained. Intraop-
erative drains were placed if patients underwent 
a simultaneous thoracotomy, an uncontrolled bile 
leak was encountered, bilioenteric anastomosis 
was performed, or if the field was infected. A 
metaanalysis did not demonstrate a statistically 
significant difference in rate of biliary fistula, 
reoperation, intraabdominal collections requir-
ing aspiration or drainage, with or without an 
operatively placed drain [32]. Minor liver resec-
tions are drained rarely. Biliary reconstruction 

combined with major hepatectomy, and major 
resections leaving a large cut surface are drained.

Diagnosis

The diagnosis of a biliary leak is generally 
straightforward if an operative drain was placed 
and it communicates with the site of bile leak-
age. In general, inspection of the effluent is con-
firmatory of a biliary leak. If diagnostic uncer-
tainty exists, analysis of bilirubin concentration 
is performed. If a drain was not placed or does 
not communicate with the site of leakage, pa-
tients may present with signs of systemic inflam-
matory response (fever, tachycardia, tachypnea, 
leukocytosis), localized abdominal pain, expres-
sion of bilious fluid from the incision, or more 
subtle findings such as delayed gastric emptying 
or ileus. Suspicion for a biliary leak should be 
raised in the setting of an unexplained leukocy-
tosis or increase in bilirubin in the postoperative 
period. In this setting, an ultrasound or contrast-
enhanced computed tomography (CT) scan may 
demonstrate the presence of perihepatic fluid 
collections. Image-guided drain placement with 
bilious output is generally diagnostic of a biliary 
leak.

Investigations

A number of imaging modalities are used to 
evaluate biliary leaks. These include abdominal 
ultrasonography (US), CT scan, fistulogram/si-
nogram, magnetic resonance cholangiography 
(MRC), ERC, and percutaneous hepatic cholan-
giography (PTC). Hepatobiliary iminodiacetic 
acid (HIDA) scans, though used, rarely provide 
useful anatomic information.

Ultrasonography or CT Scan
When a biliary leak is suspected, abdominal ul-
trasonography or crosssectional imaging is rec-
ommended. Initially, a noninvasive imaging mo-
dality is used to detect an undrained collection 
and may provide clues to the origin of the leak 
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(Fig. 18.1). Identification of biliary dilatation and 
assessment for concomitant vascular injury are 
also important.

Fistulogram
If bile is present in the drain, a fistulogram can 
reveal the source of the bile leak. Injection of 
contrast through the drain and subsequent opaci-
fication of the communicating area of the biliary 
tract allows definition of anatomy and guides 
subsequent management (Fig. 18.1c). Fistulogra-
phy also allows assessment of the adjacent area 
or collection and whether or not biliary obstruc-
tion distal to the site of leakage exists.

MRC, ERC, and PTC
MRC is a noninvasive method of assessing the 
biliary tract. It can clearly display the anatomy 
and is useful for identifying strictures, biliary 
dilation, and isolated segments (Fig. 18.2). Po-
tential limitations include obscured images sec-
ondary to surgical clips, cost, motion artifact, 
claustrophobia, and lack of interventional capa-
bility. ERC is a direct cholangiographic method 

that has the advantage of clearly displaying the 
anatomy, identifies leaks from the central ducts, 
and is potentially therapeutic. Disadvantages in-
clude post-ERC pancreatitis, inability to access 
the biliary system with altered postoperative 
anatomy (e.g., Roux-en-Y), inability to identify 
leaks disconnected from the main biliary tree or 
after complete bile duct transection and infection. 
A biliary leak demonstrating an otherwise normal 
biliary tree by ERC is diagnostic of an excluded 
segment. PTC has similar advantages to ERC in 
that it can be used both as a diagnostic and thera-
peutic tool. It is particularly valuable when the 
site of biliary leak does not communicate with 
the central bile duct and therefore inaccessible by 
ERC (Fig. 18.3). It is not our preferred initial in-
vestigation because of its invasive nature.

HIDA
The injection of Tc99-labeled HIDA, which is 
secreted into the biliary tract has been used to 
diagnose biliary leaks. The appearance of the la-
beled dye outside of the biliary or gastrointestinal 
tract is diagnostic. However, the limitation of the 

Fig. 18.1  a CT abdomen demonstrates perihepatic fluid collection after right hepatectomy. b CT-guided percutaneous 
drain placement of biloma. c Sinogram demonstrates opacification of a cavity communicating with the biliary tree

 

Fig. 18.2  Magnetic resonance cholangiography. a Moderate dilation of the right posterior sectoral ducts after left hepa-
tectomy. b Rotation demonstrates separation of the right posterior duct from common hepatic duct
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study is that it is often difficult to determine the 
site of leakage. Also, unlike ERC or PTC it lacks 
therapeutic capability.

Management

The underlying principles for the management 
of a biliary leak are to achieve source control 
with adequate drainage, determine the anatomy 
of the leak to guide further treatment, and assess 
for distal obstruction. Many biliary leaks resolve 
with conservative measures. However, few stud-
ies identify risk factors for failure of conserva-
tive management. In one retrospective review of 
over 500 patients undergoing hepatic resections 
without bilioenteric anastomosis, 76 % of biliary 
leaks resolved with conservative management in 
a median time of 15 days [33]. On multivariable 
analysis, drainage of greater than 100 mL/day 
on day 10 was the only independent predictor of 
failure of conservative management. Depending 
on the location of the leak endoscopic, interven-
tional radiology or operative techniques may be 
required for resolution.

Medical Management
Patients with biliary leaks and associated signs 
of infection require antibiotics covering Gram-
negative and anaerobic organisms. Sepsis must 
be controlled prior to cholangiography and ductal 

intervention. The use of octreotide for the treat-
ment of biliary fistula has been described in a 
limited number of patients [34]. It may decrease 
the volume of bile secreted, but whether fistula 
closure is promoted remains unclear. Most sur-
geons consider octreotide as an adjunct for the 
treatment of biliary fistula given the effective-
ness of endoscopic, interventional, and operative 
approaches. In addition to treatment of infection, 
ensuring adequate nutrition, replacement of fat-
soluble vitamins, and correction of electrolyte 
abnormalities are important components of the 
medical management of biliary fistula [2].

Endoscopic Management
ERC can identify the site of the biliary leak 
and concurrently direct therapeutic stenting of 
the biliary tree. Examples of therapy include 
sphincterotomy, indwelling biliary stent place-
ment with or without sphincterotomy, and inser-
tion of a nasobiliary tube. The principle behind 
endoscopic drainage is to decrease intraductal 
pressure to allow preferential flow into the small 
bowel rather than from the leak. The ability to 
bridge the actual site of biliary injury is another 
advantage. ERC is highly effective for postcho-
lecystectomy bile leaks with reported efficacy of 
up to 100 % [35] as well as for bile leaks follow-
ing hepatic resection for polycystic disease [36]. 
Nasobiliary drains avoid the need for a repeat 
ERC for stent removal but can be uncomfortable 

Fig. 18.3  a Endoscopic retrograde cholangiography—demonstrates right anterior and left ductal systems. b Percutane-
ous transhepatic cholangiography—demonstrates right posterior ductal system
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for the patient and can become displaced. We 
have limited experience with nasobiliary drains 
although similar outcomes to internal stents have 
been reported [37].

Interventional Radiology
Interventional radiology techniques have an im-
portant role in the management of biliary leaks. 
They include the ability to obtain source control 
with drainage of a biloma or abscess, dilate-as-
sociated biliary strictures using a percutaneous 
transhepatic approach, and to divert bile flow 
from the site of leakage to promote healing. In 
one study of 381 patients undergoing hepatic re-
section with or without hepaticojejunostomy, all 
biliary leaks associated with bilioenteric anasto-
moses were successfully managed by a percuta-
neous approach [38]. In another study of biliary 
leaks at the hepaticojejunostomy following pan-
creaticoduodenectomy, all leaks were managed 
nonoperatively with the most severe leaks man-
aged with percutaneous biliary drains [11]. PTC 
can be challenging particularly when the biliary 
system is not dilated. However, PTC may be the 
only nonoperative way to achieve biliary drain-
age and evaluate the anatomy if the bile duct does 
not communicate with the central biliary system.

Combined Endoscopic and Interventional 
Radiology Approaches—Rendezvous 
Procedures
In some cases, endoscopic and percutaneous 
approaches alone are unable to provide ad-
equate drainage or restore bilioenteric conti-
nuity. Rendezvous procedures utilize a com-
bined endoscopic and interventional radiology 

approach (Fig. 18.4). PTC is used to cannulate the 
biliary tract in an antegrade fashion to allow the 
endoscopist to successfully complete the ERC. 
Rendezvous procedures have been described for 
the management of complex biliary leaks post 
hepatic resection as well as complete transec-
tion of the common bile duct [39, 40]. Whether 
these combined approaches will gain wider use 
and reduce the need for reoperation remains to 
be determined.

Operative Management
Indications for operative exploration in the 

setting of biliary leaks or fistula include (1) in-
ability to achieve adequate source control by 
endoscopic or percutaneous approaches, (2) gen-
eralized peritonitis, (3) biliary leaks associated 
with complete division of the common hepatic 
duct or common bile duct, and (4) biliary leaks 
from an excluded segment.

Typically definitive repair is delayed until the 
effects of contamination and inflammation sec-
ondary to the biliary leak have subsided. Unless 
sepsis is uncontrolled by nonoperative means, 
early operation is contraindicated. In the setting 
of postcholecystectomy biliary injury, some au-
thors have recommended a delay in definitive 
repair beyond 6 weeks if repair cannot be per-
formed within 72 h of the injury [41]. For com-
plete transection of the bile duct, our preferred 
method is the construction of a 40 cm Roux-en-Y 
hepaticojejunostomy using the Hepp–Couinaud 
approach. This makes use of the long extra-
hepatic course of the left hepatic duct and has 
been highly successful in the management of 
iatrogenic biliary tract injury [42]. In the case 

 

Fig. 18.4  Rendezvous procedure. a PTC performed due 
to difficult ERC. Large cystic duct stump leak with pigtail 
percutaneous drain in gallbladder fossa. b Persistent leak 

despite PTC. c Successful ERC using PTC to guide endo-
biliary prosthesisOperative Management
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of segmental bile duct injuries, a hepaticojeju-
nostomy is constructed in an end to side, duct 
to mucosa fashion. In rare cases where it is not 
possible to perform a duct to mucosa anastomo-
sis, a mucosal patch with transhepatic drain may 
be considered, although some reports indicate 
complications including separation of the jejunal 
limb and obstruction of adjacent secondary bili-
ary radicles by the mucosal patch [43].

Thoracobiliary Fistula

Thoracobiliary fistulae include biliopleural and 
bronchobiliary fistula, which are abnormal com-
munications between the biliary tract and pleura 
or bronchus, respectively. They are uncommon 
complications of hepatobiliary procedures but 
have been described after formation of subphren-
ic abscesses in the setting of biliary obstruction, 
radiofrequency ablation, and transarterial che-
moembolization. These fistulae almost always 
require a mechanical breach of the adjacent 
diaphragm by either intervention or operation. 
Congenital, traumatic, and thoracobiliary fistulae 
related to hydatid disease will not be discussed.

Diagnosis

The presence of bilirubin in pleural fluid is pa-
thognomic of a biliopleural fistula. Broncho-
biliary fistula may present as bilioptysis, and the 
presence of bile stained fluid in a sputum sample 
supports the diagnosis. Patients may also present 
with bronchiolitis or bronchopneumonia second-
ary to the presence of bile in the airway. Once 
the diagnosis is suspected, CT scan, MRC, ERC, 
HIDA scan, and bronchoscopy have been used to 
confirm the diagnosis and determine the anatomy 
of the fistula [44].

Treatment

Given the low incidence of thoracobiliary fistu-
la, there is no clear consensus on the treatment. 

However, the underlying principles of manage-
ment are similar to management of biliary leaks 
in the abdominal cavity. It is important to prevent 
respiratory complications with adequate drainage 
of the pleural space with a chest tube or percuta-
neous drain, along with decompression of the bil-
iary tract with ERC. Most reports favor a surgical 
approach to thoracobiliary fistula [45]. Thoracic 
procedures include decortication for biliopleural 
fistula and resection of the involved area of lung 
in the case of bronchobiliary fistula. Concomitant 
decompression of the biliary system by ERC is 
generally recommended. Placement of a pedicled 
tissue flap at the site of the fistula has been de-
scribed with satisfactory outcomes [44]. Mini-
mally invasive therapies including percutaneous 
thoracostomy tubes combined with endoscopic 
decompression have been proposed as definitive 
management [46]. Other case reports exist with 
use of octreotide alone or in conjunction with en-
doscopic biliary drainage with either resolution 
or reduction in symptoms [45]. The durability of 
nonoperative approaches remains unclear.

Five Key Points to Avoid 
Complications

1. Ensure biliary anatomy is correctly identified 
and perform intraoperative cholangiography 
if uncertain.

2. Assess for bile leaks intraoperatively—bile 
leak tests may be used as an adjunct.

3. No one method of parenchymal transection 
technique has been shown to eliminate bile 
leaks.

4. Postoperative drain placement in selected pa-
tients.

5. Referral to hepatobiliary specialist when bili-
ary injury is identified.

Five Key Points to Diagnosis or 
Manage Complications

1. Define the anatomy of the leak using MRC, 
ERC, or PTC.
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2. Establish a controlled biliary fistula with in-
traoperative drain, ultrasound, or CT-guided 
drain placement.

3. Ensure absence of distal obstruction and di-
late strictures.

4. Employ a multidisciplinary approach includ-
ing interventional radiology, therapeutic en-
doscopy, and surgery to diagnose and manage 
bile leaks.

5. Rarely operate when leak is contiguous with 
biliary tree. Reoperation is common if leak is 
discontiguous with biliary tree after infection 
and inflammation are controlled.
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Introduction

Although biliary complications occur in only 
10 % of liver resections, they are a major source 
of morbidity and account for one-third of post-
operative mortality [1]. Though multiple stud-
ies have studied postoperative biliary leak after 
liver resection, only a few small studies have 
attempted to define bile duct injury during liver 
resection as a separate entity [2]. Contralateral 
bile duct injury, defined as injury leading to a 
leak from or the occlusion of the biliary drain-
age of the remnant liver, is a life-threatening 
complication and leads to multiple intervention-
al and endoscopic procedures and even surgical 
reintervention. Sometimes, devascularization 
injury to the biliary drainage of the remnant 
does not present as leak or occlusion in immedi-
ate postoperative period but rather remotely as 
a stricture. In the current chapter, the etiology, 
presentation, prevention strategy, and treatment 
modalities for the biliary injury of the remnant 
will be described.

Etiology and Risk Factors

Anatomical Variations

Typically, the right anterior and posterior sectoral 
ducts join to form the right hepatic duct (RHD), 
which in turn joins with the left hepatic duct 
(LHD) to form the common bile duct (Fig. 19.1a). 
However, this typical anatomy is present only 
little more than half the time and over 40 % of 
the patients have variant biliary anatomy [3–6]. 
These anatomical variations can predispose to 
biliary injury during liver resection. In about 
10–12 % of cases, the right anterior and posterior 
sectoral duct do not join together to form RHD 
but instead join LHD at same point forming a 
triple confluence or trifurcation (Fig. 19.1b) [3, 
4, 6]. The anatomic variation which puts the bili-
ary drainage of the remnant at risk the most is 
when the right sectoral ducts, either posterior or 
anterior, drain into LHD instead of joining with 
its counterpart to form RHD. In up to 19 % of the 
cases, the right posterior sectoral duct joins the 
LHD and is at risk during left-sided resection [3, 
4, 6] (Fig. 19.1c). Thus, an unwary operator may 
come across the right posterior duct as it crosses 
the transection plane in left hepatectomy. This 
leads to an even graver situation in extended left 
hepatectomy when right posterior duct, the only 
outflow of the remnant, is in plane of transection 
and at risk. Less commonly, the right anterior 
duct can drain into LHD (Fig. 19.1d). Further-
more, both right anterior and posterior sectoral 
ducts can drain directly into the common hepatic 
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duct (CHD). Preoperative knowledge of the pa-
tient’s biliary anatomy, with respect to presence 
of these anatomical variations, is critical to pre-
serve an intact remnant outflow.

Difficult Surgical Resection  
and Reoperation

Reoperative surgery is a perfect setup for biliary 
injury as scarred hilum as well as extensive adhe-
sions make identification of segmental anatomy 
difficult. In addition, excessive blood loss, which 
is considered a risk factor for biliary injury [2, 7], 
can make the procedure even more challenging 
by impairing visualization and by making proper 
identification of hilar structures difficult.

Type of Liver Resection

Left-sided resection is typically associated with 
higher risk of biliary complications including 
large duct injuries [1, 2, 8]. There are two poten-
tial explanations for this phenomenon. Firstly, as 
mentioned, there is increased incidence of variant 
anatomy in the right ductal system. Secondly, the 
outflow of the right liver has a short extrahepatic 
course and in an attempt to get margin on the left 
duct, the operator may encroach on the remnant 
right ductal system.

Aggressive Dissection  
and Devascularization of Bile Ducts

Another situation where the contralateral outflow 
is in peril is when the tumor is encroaching upon 
the hilum (Fig. 19.1e). In such patients in an ef-
fort to get enough clearance from the tumor, the 
operator can encroach and injure the contralateral 
duct. The contralateral duct is at even increased 
risk when a stapler is used to divide the bile duct 
in the presence of large hilar tumor as a bulky sta-
pler can impair vision and needs more clearance 
from tumor as compared to division and suture 
closure. Also, preoperative endoscopic and inter-
ventional procedures including stent placement 
leads to intense inflammation and can make the 
hilar dissection difficult. In such cases, aggres-
sive circumferential dissection of the hilar ducts 
in an attempt to get control can lead to devas-
cularization and predispose to postoperative bile 
leak or late stricture formation.

Initial Investigations  
and Management

Initial Investigations

Patients with injury to the biliary outflow of the 
remnant will typically present with biliary leak, 
biliary obstruction, or a combination of the two. 

Fig. 19.1  Variation in biliary anatomy and aggressive 
hilar dissection in patients with large tumors close to 
hilum are risk factors for biliary injuries. a Variation in 
biliary anatomy of the right biliary system is more com-
mon than that in left side. Normal anatomy where the 
right anterior ( RA) and posterior ( RP) sectoral combine 
to form right hepatic duct which then joins the left hepatic 
duct to form common hepatic duct ( CHD) is seen only in 
60 % of the patients. b In about 12 % of patients, right an-
terior and posterior sectoral ducts do not join to form right 

hepatic duct but in fact join left hepatic duct at the same 
point to form a trifurcation. c In a fifth of all patients, the 
right posterior sectoral duct crosses the midline to join 
the left-sided duct. The right anterior sectoral duct joins 
the left hepatic duct to form the CHD. d In a minority 
of patients, the right anterior instead of posterior sectoral 
duct crosses midline to drain into left hepatic duct. e MRI 
shows a large tumor encroaching on the hilum. Such large 
tumors place the contralateral outflow at risk
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Postoperative fever and rising white count may 
point to the presence of a collection necessitating 
a computed tomography (CT) scan (Fig. 19.2a). 
CT scan with contrast, besides demonstrating a 

collection, may demonstrate biliary dilatation 
suggesting a component of distal obstruction 
(Fig. 19.2a). Rising bilirubin, which does not 
plateau or which settles at much higher level than 
expected for the size of remnant, suggests a pos-
sibility of biliary injury and obstruction and may 
prompt an ultrasound or CT scan with contrast. 
Derangement of alanine transferase/aspartate 
transferase (ALT/AST) is very common after 
hepatectomy and is generally not helpful. Alka-

line phosphatase will also be elevated in case of 
biliary obstruction.

Stabilization and Operative Planning

In patients with biliary injury leading to leak or 
obstruction, the stabilization of the patient by 
control of sepsis and relief of any obstruction is 
the priority (Fig. 19.2b). When an intraabdomi-
nal collection is observed on CT scan in setting 
of fever and rising white count, percutaneous 
drainage should be performed under ultrasound 
or CT guidance (Fig. 19.2b). Most bilomas are 

Fig. 19.2  Presentation and management of contralat-
eral bile duct injury during hepatectomy. a Abdominal 
CT scan of a patient who suffered injury to left hepatic 
duct following right hepatectomy. CT scan demonstrates 
a large fluid collection ( asterisk) which turned out to be 
a bilioma when drained percutaneously. CT scan also 

demonstrates left intrahepatic biliary system dilatation 
( arrowhead). b Contrast study through percutaneously 
placed drain opacifies the left biliary system and shows 
an abrupt cutoff at the hilum. c Schematic depicting the 
management of contralateral outflow injury
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due to leak of bile from the cut surface of the 
remnant rather than from major bile duct injury. 
The ongoing output from percutaneously placed 
drain suggests the presence of biliary fistula. 
Any evidence of biliary obstruction (intrahepatic 
biliary radical dilatation on imaging or elevated 
bilirubin which does not show a trend toward 
normalization), should prompt decompression 
of biliary system. The decompression is best 
achieved by percutaneous transhepatic route, 
though it may rarely be possible through en-
doscopic retrograde cholangiopancreatography 
(ERCP; see below).

Once the patient is stabilized and the collec-
tion is adequately drained, more information is 
needed to guide further management. The site of 
injury to the biliary system, severity of injury, ad-
equacy of drainage, and the presence or absence 
of distal obstruction need to be ascertained. A 
good quality follow-up liver protocol CT scan can 
suggest the presence of any undrained collections 
and information about associated vascular injury. 
Contrast study through the drain can suggest the 
site of large bile duct injury (if it shows commu-
nication with biliary system) and also evaluate 
for presence of distal obstruction (if contrast does 
not drain into the intestines) (Fig. 19.2b). Further 
management depends on the presence or absence 
of distal obstruction.

No Evidence of Distal Obstruction  
with Fistula
If no distal obstruction is suspected (contrast 
study through the percutaneous drain drains 
freely into the biliary system and then into the 
duodenum and there is no intrahepatic biliary 
radical (IHBR) dilatation), then an ERCP and 
sphincterotomy can decompress the biliary sys-
tem and provide radiologic evaluation of distal 
biliary system and site of leak (Fig. 19.2b). In 
such cases, prolonged conservative management 
with nutrition, correction of electrolyte and fluid 
deficits due to fistula losses, replacement of fat 
soluble vitamins, and treatments of infection is 
in order. Many fistulas with no distal obstruction 
will heal with conservative management and en-
doscopic stenting.

Evidence of Distal Obstruction  
with Fistula
If distal obstruction is suspected on the drain 
study or on CT scan then ERCP is rarely of 
utility. In such circumstances, the goal is to ad-
equately drain the biliary system to prevent ad-
verse consequences of biliary obstruction (in-
adequate remnant hypertrophy, cirrhosis, and 
portal hypertension). The biliary system may 
already be adequately decompressed through 
the fistula. However, if any suggestion of inad-
equate decompression is present, e.g., dilated 
IHBR on CT scan or ultrasound (US) or elevated 
bilirubin, then adequate drainage of the biliary 
system with percutaneous transhepatic approach 
is in order (Fig. 19.2b). Once all the collections 
are drained and the biliary system is adequately 
decompressed, conservative management should 
be instituted and the surgeon should wait for 
4–6 weeks to let the inflammation settle down 
before attempting operative correction.

Evidence of Distal Obstruction  
but no Fistula
In patients who present with stricture without any 
fistula, the foremost priority is to decompress 
the biliary system. A liver protocol CT scan or 
US done to evaluate for the etiology of elevated 
bilirubin will demonstrate dilated intrahepatic 
biliary radicals. Drainage in these patients is 
best achieved through percutaneous transhepatic 
method (Fig. 19.2b). Drainage catheter also helps 
in identification of ductal structures intraopera-
tively at the time of operative repair, by palpa-
tion.

Detailed information about the ductal anat-
omy is critical in planning operative repair of 
the biliary stricture. This detail can be provided 
by cholangiography performed through the per-
cutaneously placed drainage tube (Fig. 19.2c) 
or through magnetic resonance cholangio-
pancreatography (MRCP). MRCP not only 
 provides striking  images and detailed anatomic 
 information but can also help in evaluation of 
liver parenchyma as well as relationship of ducts 
with vascular structures (Fig. 19.2b).
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Definitive Management

Anatomy Relevant to Operative Repair 
of Biliary Outflow of Remnant

In contrast to the biliary anatomy of the right 
hemiliver, the left biliary system anatomy is 
relatively consistent. Also, fortuitously, the left 
hepatic duct has a long extrahepatic course as 
it runs along the undersurface of segment IVb. 
In this transverse course, the left hepatic duct is 
 accompanied by left portal vein and this portal 
diad (notice the absence of left hepatic artery, 
normal or variant) is ensheathed in the perito-
neal reflection of the gastrohepatic ligament 
(Fig. 19.3a). Thus, the left duct can be exposed 

at the base of segment IVb by dividing the reflec-
tion of Glisson’s capsule onto the gastrohepatic 
ligament, a maneuver called “lowering the hilar 
plate” (Fig. 19.3b). Left hepatic artery joins the 
“portal diad” at the base of the umbilical fissure. 
As the left hepatic duct runs in the umbilical fis-
sure, it receives biliary ducts from segments II, 
III, and IV. Often, the left duct in the umbilical 
fissure is covered by a bridge of hepatic tissue 
that crosses from the left lateral section to the 
base of segment IV, and these need to be divided 
to gain access to the biliary and vascular struc-
tures in the umbilical fissure.

Fig. 19.3  Essentials of anatomy and anatomical altera-
tions for biliary reconstruction. a Normal anatomy of 
biliary system. The right hepatic duct has a short extra-
hepatic course. On the other hand, the left hepatic duct 
has a long extrahepatic course and runs transversely at the 
base of segment IV before entering the umbilical fissure. 
In the umbilical fissure, the left hepatic duct gives rise 
to segment IVa and IVb ducts on the right and segment 
II and III ducts on the left. b Schematic demonstrating 
the lowering of hilar plate. Left portal pedicle runs trans-
versely between quadrate lobe ( Q) and caudate lobe ( CL). 

Division of the reflection of Glisson’s capsule onto the 
gastrohepatic ligament in the plane shown by the arrow 
lowers the hilar plate and exposes the left hepatic duct 
which is situated deeper to the portal vein. c Schematic 
demonstrating how hypertrophy of the left liver after right 
hepatectomy displaces the hilum posteriorly and laterally 
and also changes the normal orientation of structures in 
the hilum. d CT scan in a patient postright hepatectomy 
depicting how posterolateral displacement of the hepatic 
hilum due to left liver hypertrophy may lead to difficulty 
in access to the portal structure and may require the use of 
thoracoabdominal incision
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Operative Repair

Operative repair of outflow injuries (stricture 
or fistula) to the remnant liver after major hepa-
tectomy is not an easy undertaking. It is a dif-
ficult task being performed in a nonideal setting. 
Postoperative adhesions and inflammation due 
to biliary leak makes the access to a healthy 
piece of duct for hepaticoenterostomy challeng-
ing. Furthermore, regeneration alters the normal 
anatomic configuration of the portal structures 
[9] and the access to the hepatic hilum is often 
limited and critically dependent on the nature of 
prior resection. As the liver regenerates and the 
remnant expands to fill the space created by liver 
resection, an unavoidable distortion of the hepa-
to-duodenal ligament and hilar structure follows 
[9, 10]. After a right hepatectomy, regeneration 
and hypertrophy of left lobe leads to postero-
lateral and upward displacement of the hepatic 
hilum. This may lead to difficulty in access to 
the portal structure and may require the use of 
thoracoabdominal incision (Fig. 19.3c and d). 
On the other hand, compensatory hypertrophy of 
right lobe after left hepatectomy leads to rotation 
of the portal triad towards midline. Furthermore, 
caudate hypertrophy would lead to anterior dis-
placement of the hepato-duodenal ligament. This 
puts hepatic hilum at a very superficial location 
in harm’s way to an unwary operator. Thus, bile 
duct repair after previous hepatic resection in-
volves safe definition and isolation of a healthy 
bile duct for anastomosis and construction of a 
well-vascularized hepaticoenterostomy.

Given these changes in configuration of por-
tal structure, as soon as we enter the abdomen, 
we identify important landmarks that help in safe 
conduct of the operation. After previous right 
hepatectomy, we identify following structures. 
(1) Remnant of the ligamentum teres is then fol-
lowed to the base of umbilical fissure to define 
the location of left hepatic artery. This is the 
constant location of left hepatic artery, whether 
it arises from common hepatic artery or from 
left gastric artery in its variant configuration. 
(2) Lesser omentum is opened early in the opera-
tion to identify the caudate lobe. Once identified, 
a finger can be passed in front of the caudate to-

wards the foramen of Winslow to define the loca-
tion of portal vein. (3) Inferior vena cava (IVC) 
is identified next by performing a Kocher ma-
neuver and mobilizing duodenum off IVC. Early 
identification of IVC helps in dissection of liver 
off vena cava and isolation of the hepatoduode-
nal ligament for the application of Pringle ma-
neuver. In patients with prior left hepatectomy, 
as mentioned before, the operator should be wary 
of the unpredictably anterior location of the por-
tal vasculature. We typically mobilize the liver 
and perform the Kocher maneuver, thus identi-
fying the IVC which can then followed caudally 
to identify the portal vein from the right. Once 
the liver is mobilized, cephalad retraction of the 
undersurface of liver along the base of segment 
IVb enhances optimal visualization of the hilar 
structures. After the identification of the critical 
structures, the attention can be focused on man-
aging the bile duct pathology.

The tenets of operative repair of biliary injuries 
are as follows: (1) identification of healthy bile 
duct mucosa proximal to the site of obstruction, 
(2) preparation of a segment of alimentary tract 
(generally in the form of roux limb), and (3) cre-
ating a direct anastomosis between biliary and 
jejunal mucosa. Detailed evaluation of preopera-
tive imaging studies to comprehend the lay of the 
land in terms of location of vascular anatomy and 
determining the site of anastomosis as well as ju-
dicious use of preoperative biliary stents is criti-
cal to the success of this endeavor. If an injury is 
discovered during the initial liver resection itself, 
small injuries can be closed with interrupted 4-0 
vicryl or other fine absorbable suture. In case of 
large defects or loss of tissue, a hepatoenteros-
tomy is imperative.

Repair of Injury to Right Liver Outflow

In patients with injury to right hepatic duct dur-
ing conduct of a left hepatectomy, anastomosis 
to the right hepatic ducts is necessary. Lowering 
what is left of the hilar plate may demonstrate 
the junction of right hepatic duct with the stump 
of left hepatic duct forming the common hepatic 
duct. If a stapler was used to divide the left hepat-
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ic duct in previous operation, then location of sta-
ples may help identify the left duct stump which 
can be traced to the hepatic duct confluence. If 
the extrahepatic course of the right hepatic duct 
is not sufficient then exposure of the confluence 
of the right anterior and posterior sectoral ducts 
to form the right duct and anastomosis with one 
of the sectoral ducts, usually the anterior, is a 
fallback plan. For this, a triangular piece of liver 
tissue between the base of the gallbladder fossa 
and the caudate process, which overlies the con-
fluence of the right anterior and posterior sectoral 
ducts to form the right hepatic duct, is removed 
(Fig. 19.4a and b). This tends to be a little bloody 
and patience is paramount. Once exposed, a duc-
totomy is made in the anterior sectoral duct and 
carried onto the stump of right hepatic duct and 
a wide anastomosis fashioned between the right 
duct and the Roux limb of jejunum. If the con-
fluence of the right anterior and posterior ducts 
is destroyed, then this anastomosis would not 
drain the right posterior sector and a separate 
anastomosis to the right posterior duct needs to 
be carried out.

Repair of Injury to Left Liver Outflow

In patients with left duct injury after a right 
hepatectomy, anastomosis to the left hepatic 
duct in its transverse location at the base of seg-
ment IVb is the preferred method of biliary by-
pass. Hypertrophy of left liver generally places 
the hilum posteriorly and laterally and a good 
access, which is critical to the success of this 
procedure, generally requires a right lateral tho-
racic extension of the incision. Anterocephalad 
traction on the falciform ligament and elevation 
and retraction of segment IVb with the help of 
a curved retractor expose the transverse course 
of left hepatic duct. Opening the bridge of liver 
tissue between segment IVb and II allows ac-
cess to the base of the left portal pedicle. By 
dissecting between Glisson’s capsule and the 
peritoneum encasing the portal triad at the base 
of segment IV, the hilar plate is lowered. At this 
location, the portal vein is more superficial to 
bile duct. Deepening the plane of dissection 
moves the portal structures away from the front 
of bile duct. If a good length of left duct can be 
exposed, it is incised longitudinally and a side-
to-side single-layer interrupted mucosa to mu-
cosa anastomosis is carried out between the duct 
and the Roux limb.

Fig. 19.4  Approach to the right sectoral ducts for bypass. 
a If the extrahepatic course of the right hepatic duct is 
strictured then anastomosis with one of the sectoral ducts, 
usually the anterior, is required. For this, a triangular piece 
of liver tissue between the base of the gallbladder fossa 
and the caudate process, which overlies the confluence of 
the right anterior and posterior sectoral ducts to form the 
right hepatic duct, is removed. b Once exposed, a duc-
totomy is made in the anterior sectoral duct and can be 

carried onto the stump of right hepatic duct and a wide 
anastomosis between the right duct and the Roux limb of 
jejunum can be fashioned. c Exposure of the segment III 
duct for bypass can be achieved by dividing the liver tis-
sue between segment IV and left lateral segment. Liver 
is split just to the left of the falciform ligament, and the 
tissue is divided superiorly until the segment III duct is 
reached. Duct is opened longitudinally, and anastomosis 
with Roux limb constructed
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If the transverse portion of the left duct is not 
suitable for drainage, a segment III bypass can be 
performed. For this, ligament teres is retracted 
caudally and to patient’s right. The peritoneum 
of its upper surface on the left side is divided, 
and the tissue between the ligamentum teres and 
segment III is divided between ligatures. This ex-
poses the segment III duct. Sometimes, a wedge 
of tissue over the duct needs to be resected to ex-
pose the duct properly; this also broadens the area 
where the Roux limb can sit (Fig. 19.4c and d).

Prevention of Contralateral Bile Duct 
Injury

Attention to Variation in Biliary

Detailed evaluation of preoperative imaging can 
alert the surgeon to variation in biliary anatomy. 
As more than a third of patients are expected to 
have variant biliary anatomy, the abnormal anat-
omy should be actively sought for. In cases with 
variant anatomy, the plane of transection can be 
modified to protect the contralateral bile duct.

Intrahepatic Control of Biliary Radicals

Biliary radicals can be controlled extrahepati-
cally or intrahepatically. In the extrahepatic 
method, the bile duct is dissected and divided 
extrahepatically. This method is associated with 
higher risk of biliary injury, especially on right 
side where the anatomic variations of the sectoral 
duct drainage are common. We prefer intrahepat-
ic transection of biliary radicals when possible. 
Portal vein and the hepatic artery may be divided 
extrahepatically, thus demarcating the liver. The 
bile duct is not divided extrahepatically and bili-
ary radicals encountered in the plane of transec-
tion are divided. We find this technique safer as 
the division of biliary radicals is being performed 
away from the contralateral outflow. However, 
intrahepatic ligation of biliary radicals may not 
be feasible for hilar cholangiocarcinoma as well 
as tumors that are close to the hilum. In left-sided 

resections, we find extrahepatic ligation of bile 
duct at the base of umbilical fissure equally safe 
due to long extrahepatic course of left pedicle.

Tumor Close to the Hilum

If the tumor is close to the hilum and the contra-
lateral outflow is at risk, we avoid using stapler 
for biliary division. In such cases, the bile duct 
is sharply divided with a knife and specimen re-
moved. This protects the contralateral bile duct 
and provides a little extra length for anastomosis 
if a hepaticoenterostomy is needed.

Outcomes

Given the low incidence of posthepatectomy 
contralateral bile duct injury, data on long-term 
outcomes after repair of such injuries are lacking. 
However, some inferences can be gleaned from 
outcome data of benign postcholecystectomy 
biliary stricture repair. Data on outcomes of he-
patico-jejunostomy to right-sided bile duct sys-
tem are limited. However, it appears that in ex-
perienced hands, good long-term outcomes and 
low rate of restricture can be achieved. In a small 
series of 23 patients with a limited follow up of 
median 3 years (8 months–7 years), no restructur-
ing was reported [11]. Similarly, in experienced 
hands, biliary bypass to the transverse segment of 
left hepatic duct seems to be durable as well. The 
group from Mayo has reported excellent short-
term outcomes with biliary–enteric anastomosis 
to extrahepatic transverse segment of left hepatic 
duct [12]. Likewise, in a study from Poland 
[13], at a median follow-up of 59 months (range 
6–102 months), a low restricture rate of 6 % was 
observed after reconstruction of complex high 
biliary stricture using this approach. Data sug-
gest that timing of repair may also affect out-
comes with repairs conducted in the intermediate 
period (> 72 h but < 6 weeks) were significantly 
associated with more strictures [14]. However, 
it is important to execute the repair in a timely 
fashion and to take steps to protect liver func-
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tion and prevent obstruction-induced cirrhosis 
and portal hypertension, as mortality with these 
procedures is markedly influenced by preopera-
tive liver function and the presence or absence of 
portal hypertension [15].

Five Key Points to Avoid Contralateral 
Bile Duct Injury

1. Preoperative image should be evaluated criti-
cally to alert the surgeon to patient-specific 
variation in biliary anatomy.

2. In patients with variant anatomy of the biliary 
ductal system, the plane of transection should 
be modified to protect the contralateral bile 
duct.

3. When feasible, the bile duct should be con-
trolled intrahepatically, as this allows bile 
duct division away from the contralateral out-
flow.

4. In left-sided resections, the bile duct should be 
ligated at the base of umbilical fissure away 
from outflow of right side.

5. If the tumor is close to the hilum and the con-
tralateral outflow is at risk, avoiding the use of 
a stapler for biliary division can help protect 
the contralateral bile duct from injury.

Five Key Points to Diagnose and Treat 
Contralateral Bile Duct Injury

1. In case of contralateral bile duct injury, con-
trol of sepsis with adequate drainage of any 
intraabdominal collection, antibiotics, and re-
lief of obstruction are the priorities.

2. Biliary system of the remnant should be ad-
equately drained to prevent adverse conse-
quences of biliary obstruction. Drainage is 
typically obtained through percutaneous tran-
shepatic route.

3. MRCP and drain study through percutaneous-
ly placed transhepatic catheter help define the 
anatomy and facilitate preoperative planning.

4. Due to remnant hypertrophy, the normal ana-
tomic configuration of the portal structures is 

altered, and the access to the hepatic hilum is 
often limited and critically dependent on the 
nature of prior resection.

5. The tenets of operative repair of biliary in-
juries are as follows: (1) identification of 
healthy bile duct mucosa proximal to the site 
of obstruction, (2) preparation of a segment 
of alimentary tract (generally in the form of 
Roux limb), and (3) creating a direct anasto-
mosis between biliary and jejunal mucosa.
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 Introduction

Historically, progress in liver surgery was hin-
dered by absence of surface landmarks, incom-
plete understanding of the well-defined internal 
anatomy, and the lack of ability to control bleed-
ing from the liver tissue and associated vessels. 
For many years, major hepatic resection was 
complicated by large volume blood losses and 
its attendant mortality and morbidity. Only with 
a better understanding of liver’s segmental anat-
omy, coupled with refinement in operative tech-
nique and advancements in intra- and peri-op-
erative management, has liver surgery emerged 
as a safe and effective therapeutic option. Even 
with current progress and increased exposure to 
hepatic surgery in surgical training, expertise in 
major liver surgery requires focused training and 
is largely limited to specialized centers.

 Hemorrhage During Liver Surgery

  Magnitude of Problem

Risk of hemorrhage remains a major concern 
during liver resection. In a review of major liver 
resections, excluding wedge resections, per-
formed between 1991 and 1997 at Memorial 
Sloan-Kettering Cancer Center [1], mean blood 
loss was 848 ± 972 ml and ranged from 40 to 
9000 ml. Over 13 % of patients experienced in-
tra-operative blood loss of more than a quarter of 
their estimated blood volume [1]. Even in a more 
contemporary series of major hepatectomies, 
median blood loss of 700 with an inter-quartile 
range of 400–1050 is reported [2]. Excessive 
bleeding has been shown to correlate with post-
operative morbidity. 30–47 % of patients are re-
ported to receive allogenic blood components 
during or within 24 h of major hepatectomy [1, 
2]. Allogenic blood transfusion in itself is not a 
benign intervention. Despite markedly increased 
safety of national blood supply, transmission of 
various viral and bacterial pathogens is a persis-
tent concern [3]. Furthermore, immunomodula-
tory effects of blood transfusion may lead to in-
creased predisposition to infection and reduction 
in cancer disease-free survival [4, 5]. Though 
hemorrhage can occur during liver transection, 
as well as from and during control of hilar ves-
sels, injury to hepatic vein and retro-hepatic vena 
cava is the most common cause of major intraop-
erative hemorrhage. Precise knowledge of liver 
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anatomy is the key to successful and safe hepatic 
resection.

 Hepatic Vascular Anatomy

Despite lack of any corresponding surface land-
mark, liver has an intricate, intrinsic, functional, 
and segmental anatomy. Liver is divided into four 
sectors and eight segments. Each segment is sup-
plied by an independent portal pedicle containing 
triad of branch of hepatic artery, portal vein (PV), 
and bile duct. The sectors are separated by portal 
scissura which are defined by location of hepatic 
veins. Thus, the intrahepatic vascular anatomy 
forms the basis of segmental anatomy of the liver.
a. Hepatic Venous Anatomy: The liver has 

three major veins, which drain from the poste-
rior surface directly into the IVC. These veins 
divide the liver into four scissura, sectors, or 
sections. The right vein runs in the right scis-
sura and divides the right liver into anterior 
and posterior sector. It has a short extrahepatic 
course of about 1 cm. The left hepatic vein 
runs in the left scissura and form the division 
between segment 2 and 3. The middle hepatic 
vein runs in the portal scissura and forms the 
division between left and right liver. Gener-
ally, the left and the middle hepatic veins join 
intrahepatically and enter the retro-hepatic 
IVC as a single vessel. Multiple small hepatic 
veins drain directly from the posterior sector 
of right liver and the caudate lobe into the 
IVC. These veins appear small but should be 
divided carefully between ligatures or clips as 
they can cause troublesome bleeding imped-
ing vision. The umbilical fissure, the only sur-
face marking of significance, contains the left 
portal pedicle but no hepatic vein.

b. Hepatic arterial Anatomy: Hepatic artery 
flow provides oxygenated flow to the liver and 
constitutes 25 % of total blood supply, the re-
maining 75 % being supplied by portal venous 
flow. Anatomical variations are very common 
in hepatic arterial anatomy, and the common 
description of hepatic arterial anatomy is pres-
ent only 60 % of the time. In this description, 
the common hepatic artery, which arises from 

celiac trunk and forms proper hepatic artery 
after giving rise to the gastroduodenal artery, 
divides at the hilum to give rise to right and 
left hepatic artery. The right hepatic artery 
courses between common hepatic duct and 
PV to supply right liver. The left hepatic ar-
tery joins the left PV and bile duct at the base 
of umbilical fissure to supply segments 2, 3, 
and 4. About 40 % of patients have variant he-
patic anatomy. A replaced or accessory right 
hepatic artery arises from the superior mesen-
teric artery (SMA) near its origin and course 
posteriorly or through the head of the pancreas 
and is present ~ 20 % of the time. A replaced 
or accessory left hepatic artery arises from the 
left gastric artery and courses transversely to-
wards the base of the umbilical fissure in the 
lesser omentum 12–15 % of the time.

c. Hepatic Portal Venous Anatomy: The supe-
rior mesenteric vein (SMV) and splenic vein 
join behind the neck of the pancreas to form 
PV which runs in the free edge of hepato-duo-
denal ligament en route to liver. This location 
of PV makes the Pringle maneuver feasible. 
At the hilum, the PV divides into right PV, 
which has a short extrahepatic course, and left 
PV, which has along extrahepatic course of 
3–4 cm (Fig. 20. 1a). The right PV, after enter-
ing the liver substance, divides into anterior 
and posterior sectoral branches (Fig. 20.1a). 
These sectoral branches can sometimes arise 
directly from the main PV extrahepatically. 
The left PV runs transversely along the base 
of segment 4b before turning anteriorly and 
caudally in the umbilical fissure where it gives 
branches to the segment 2 and 3 and recur-
rent branches to segment 4 (Fig. 20.1a). The 
hepatic portal venous anatomy has much less 
anatomical variation when compared with 
hepatic arterial or biliary anatomy. The most 
common variations include portal trifurca-
tion (~ 12–20 %), where the right anterior, 
right posterior, and left portal branches share 
a common origin (Fig. 20.1b), and the right 
posterior PV branch arising as a direct branch 
of main PV (~ 9 %) (Fig. 20.1c–e) [6–8]. In the 
latter situation, the left PV and right anterior 
PV share a common trunk (Fig. 20.1c–e).
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Fig. 20.1  Standard and variant portal venous anatomy. a 
In standard portal venous anatomy, superior mesenteric 
vein ( SMV) and splenic vein ( SV) join behind the neck 
of the pancreas to form portal vein ( PV). At the hilum, 
the PV divides into right portal vein ( RPV) and left portal 
vein ( LPV). RPV after entering the liver substance divides 
into right posterior sectoral ( RPS) and right anterior sec-
toral ( RAS) branches. The LPV runs transversely along 
the base of segment 4b before turning anteriorly and cau-
dally in the umbilical fissure where it gives branches to 
the segments II, III, Iva, and IVb, much less anatomical 

variation when compared with hepatic arterial or biliary 
anatomy. b The most common variations include portal 
trifurcation (~ 12–20 %), where RPS, RAS, and LPV share 
a common origin ( arrow). c Second most common vari-
ant is where RPS branch arises as a direct branch of PV 
(~ 9 %). In the latter situation, the LPV and right anterior 
PV share a common trunk ( bracket). d CT scan of a pa-
tient with the separate origin of RPS from PV. e Intraop-
erative image of the same patient. Notice that RAS shares 
a common origin with LPV
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 Prevention of Major Hemorrhage 
During Hepatic Resection

As mentioned before, a thorough understanding 
of the liver anatomy and detailed review of cross-
sectional imaging to ascertain patient-specific 
anatomical variation are fundamental for safe 
liver resection. Over the past few decades, im-
provements in operative technique and advances 
in intraoperative and postoperative management 
have contributed to significant reduction in the 
risk of major intraoperative hemorrhage [9]. 
Techniques aimed at reducing blood loss during 
hepatic resection are discussed below.

 Techniques Aimed at Reducing Blood 
Loss During Hepatic Surgery
One of the most important techniques shown 
to reduce blood loss during hepatic surgery is 
the use of low central venous pressure. Before 
the description of this technique, expansion of 
intravascular volume was a commonplace to 
provide a buffer for potential hemorrhage and 
hemodynamic instability. The resulting increase 
in central pressure is transmitted to the entire 
hepatic venous system; the major and accesso-
ry hepatic veins become distended and difficult 
to control, and there is increased back bleeding 
from hepatic veins during parenchymal transec-
tion. This is especially important as injury to the 
hepatic vein during parenchymal transection or 
at their junction with the vena cava is the most 
common cause of life-threatening intraoperative 
hemorrhage. With the low central venous pres-
sure (CVP) approach, the CVP is maintained 
below 5 mmHg. Maintenance fluid at a low rate 
and hypotensive effects of the anesthetics helps 
in achieving the low CVP. Intermittent fluid 
bolus may be employed to maintain a goal urine 
output of 25 ml/h and systolic blood pressure 
greater than 90 mmHg. Maintenance of low CVP 
precludes vena caval distension, thus facilitating 
retro-hepatic dissection as well as dissection of 
major hepatic veins. It also reduces the bleed-
ing during transaction of hepatic parenchyma. In 
case of inadvertent venous injury, the low CVP 
approach facilitates control of the injury. The 
risk of air embolism is minimized by perform-

ing the dissection in slight trendelenburg posi-
tion, although this may not be necessary. The low 
CVP approach has been shown to reduce both the 
blood loss and transfusion requirements when 
compared to standard management [1]. Further-
more, the low CVP approach is associated with 
low rate of renal dysfunction when compared to 
total hepatic vascular exclusion.

 Deliberate Dissection and Exposure 
of Retro-Hepatic Vena Cava and Major 
Hepatic Veins
We perform extensive hepatic mobilization with 
exposure of major hepatic veins before embark-
ing on major hepatic resection. This provides the 
necessary exposure to accomplish major hepatic 
resection safely as well as facilitates control of 
veins in case of difficult intraoperative bleeding. 
The extrahepatic exposure and control of vein 
is prudent even when intrahepatic exposure and 
control of veins during parenchymal transaction 
are planned. The isolation and control of hepatic 
veins is especially critical when performing re-
section for central tumors which are close to he-
patic vein-inferior vena cava (IVC) confluence as 
it enables adequate tumor clearance with reliable 
control of hemorrhage.

For right and extended right hepatectomy, 
control of the right hepatic vein should be 
achieved extrahepatically, in most cases, after the 
vena caval dissection has been completed. Com-
plete division of the falciform ligament exposes 
the suprahepatic IVC and the right hepatic vein. 
Right triangular ligament is divided next to com-
pletely expose the bare area of the liver on the 
right. Next, the short retro-hepatic veins drain-
ing directly from the caudate lobe into the IVC 
are divided, progressing from the inferior aspect 
toward the hepatic veins (Fig. 20.2a). Complete 
exposure of the retrohepatic vena cava as well as 
the right hepatic vein requires division of vena 
caval ligament, which often contains of fibrous 
tissue but may consist of liver tissue. Care must 
be taken to avoid injury to the right hepatic vein 
or lateral wall of the IVC (see below). Division 
of vena caval ligament can generally be achieved 
using a vascular load of Endo GIA stapler. Next 
the tunnel between the right hepatic vein and 
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IVC is gently developed and the right hepatic 
vein is encircled and controlled with vessel loop 
(Fig. 20.2b). No undue force should be used for 
any of these steps.

For the left and extended left hepatectomy, 
exposure of left and middle hepatic veins should 
be achieved. The left lateral sector is mobi-
lized by division of the left triangular ligament 
(Fig. 20.2c). As the left triangular ligament is 
opened and this dissection is carried out medially, 
the left side of the upper part of the IVC and the 
left hepatic vein become visible. This dissec-

tion is carried to the right to expose the middle 
hepatic vein. It should be noted that, in most pa-
tients, the left and middle hepatic veins drain into 
the vena cava as a common trunk. Next, the liga-
mentum venosum is divided to achieve adequate 
exposure (Fig. 20.2d). The left lateral sector of 
the liver is turned upward and to the right, and 
the gastrohepatic ligament is fully divided; the 
ligamentum venosum, which runs in the groove 
between the left lateral sector and caudate lobe, 
is divided near its entry into the left hepatic vein. 
With careful dissection along the right side of the 

Fig. 20.2  Extensive mobilization of the liver provides 
access to hepatic veins and retro-hepatic IVC, which facil-
itates the liver resection and facilitates control of hepatic 
veins in case of intra-operative hemorrhage. a Division 
of the retro-hepatic veins draining directly into the IVC 
exposes the IVC. b A tunnel is developed between the IVC 

and right hepatic veins. If needed, right hepatic vein can 
be controlled with clamps. c For left-sided resections, left 
triangular ligament is divided and the left lobe is retracted 
medially. d Division of ligamentum venosum exposes the 
tunnel between left/middle hepatic vein and IVC
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middle hepatic vein and from the left, where the 
ligamentum venosum attaches to the left hepat-
ic vein, the tunnel between the left and middle 
hepatic veins and the IVC can be developed, al-
lowing circumferential dissection and control of 
the left/medial hepatic veins. Care must be taken 
during this dissection in order to avoid injury to 
the hepatic veins (see below).

Rarely, for superiorly located tumors involv-
ing the outflow vessels near their insertion into the 
vena cava, control of supra- and infrahepatic IVC 
should be obtained preemptively (Fig. 20.3a). 

For infrahepatic control, an umbilical tape can 
be passed around the IVC below the liver but 
above the right renal vein (Fig. 20.3b). To control 
the suprahepatic IVC, division of falciform liga-
ment and bilateral triangular ligament provides 
adequate exposure and the suprahepatic IVC can 
be dissected out and encircled (Fig. 20.3b). If 
difficulty is encountered in controlling the supra-
hepatic IVC from the abdomen, as may happen 
in cases of large superiorly located tumors, the 
incision should be extended into the right chest 
or vertically as median sternotomy. In such cases, 

Fig. 20.3  : Preemptive control of supra- and infra-hepat-
ic IVC should be obtained for posteriorly located large 
tumors. a Representative CT scan demonstrating a large 
hepatic tumor abutting the IVC. b Control of supra- and 
infra-hepatic IVC was obtained prior to proceeding with 

liver resection. c and d In case of massive intra-operative 
hemorrhage, if access to supra-diaphragmatic IVC is 
needed, xiphoid is resected, plane between diaphragm and 
pericardium is developed, and the diaphragm is divided 
from the xiphoid down to the IVC
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persisting from the abdomen can be dangerous. 
Once in the mediastinum, the pericardium can 
be opened to get supradiaphragmatic control of 
IVC.

Though we generally recommend extensive 
mobilization of liver with control of hepatic 
veins early in the operation, in certain situations 
this may not be feasible and modification of ap-
proach is necessary. This is specifically the case 
for large right-sided tumors that extend into the 
retroperitoneum and/or extensively involve the 
right hemi-diaphragm. In the presence of such 
large tumors, the mobilization of the right liver 
for exposure of the right hepatic vein and lateral 
vena cava is difficult, and attempts to do so carry 
a high risk of tumor disruption and significant 
bleeding. In such cases, anterior approach or 
hanging maneuver may be employed. In the an-
terior approach [10], hilar vessels are controlled 
and the liver parenchyma is transected from the 
anterior surface of the liver working posteriorly 
until the anterior surface of the right hepatic vein 
and IVC are encountered. The hanging maneuver 
[11] is a modification of anterior approach where 
lifting the liver with a tape passed between the 
anterior surface of IVC and the liver parenchyma 
helps to guide the resection and to control the 
bleeding in the depths of transection plane.

 Hepatic Inflow Control
Hepatic inflow control by Pringle maneuver, 
which interrupts the arterial and portal venous in-
flow to the liver, is typically employed during he-
patic resection. The lesser sac is entered by open-
ing the lesser omentum at the level of pars fla-
cida, finger, or blunt dissector is passed through 
the foramen of Winslow and the hepato-duodenal 
ligament containing the PV and proper hepatic 
artery is encircled with a vessel loop or umbilical 
tape. When preoperative imaging or intraopera-
tive examination demonstrates an accessory or 
replaced left hepatic artery, its occlusion is need-
ed to provide complete hepatic inflow control. 
The Pringle maneuver reduces inflow blood loss 
during hepatic resection and is generally well 
tolerated and does not require special anesthetic 
management. The major concern with hepatic in-

flow clamping is the ischemic injury to the hepat-
ic remnant. This is of heightened relevance when 
the resection is being performed in liver with un-
derlying cirrhosis, chemotherapy-associated ste-
ato-hepatitis, or when remnant volume is border-
line. With prolonged, continuous portal venous 
occlusion, there is concern for splanchnic con-
gestion with attendant consequences like bowel 
edema, threatened bowel anastomosis, difficult 
abdominal closure, increased risk of abdominal 
compartment syndrome, and even pancreatitis. 
However, these are uncommon events and can 
be addressed with intermittent inflow occlusion 
with intervals of reperfusion, which reduces he-
patic ischemia as well as splanchnic congestion. 
We employ 10–15 min of clamping interspersed 
with 5 min of reperfusion. During the periods of 
unclamping, bleeding from the transected surface 
can be controlled with argon beam coagulator, 
clips, and/or suture ligatures. Up to 60 min of cu-
mulative pedicle clamping time is well tolerated 
even with diseased liver [12].

Control of the hepatic arterial and portal ve-
nous blood supply to the portion of liver to be 
removed can be obtained by extrahepatic dissec-
tion or by intra-hepatic control of pedicles. This 
selectively interrupts the arterial and portal ve-
nous inflow to the liver to be resected and pro-
vides clear demarcation of the limits of resection. 
For the extrahepatic approach, we usually control 
the hepatic artery and PV but do not control the 
biliary outflow extrahepatically unless needed for 
tumor clearance. For right-sided resections, the 
right hepatic artery and PV need to be divided. To 
prevent inadvertent damage to the contralateral 
vascular inflow and troublesome bleeding, it is 
critical to be aware of patient’s anatomy, as up 
to 20 % of patients have variant right hepatic ar-
tery and nearly 20 % will have variant right por-
tal venous anatomy. While controlling the right 
PV, special care should be taken to identify the 
posterior branch to caudate process and divide 
it in a controlled fashion to prevent troublesome 
bleeding. Extrahepatic control of inflow vessels 
for left-sided resection is relatively straightfor-
ward and carried out at the base of umbilical fis-
sure.
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Alternatively, the vascular pedicles can be 
controlled intra-hepatically and has the advantage 
of being rapid and unlikely to cause injury to the 
vascular inflow and biliary drainage of the con-
tralateral liver. This approach is most useful for 
right-sided tumors located away from the hilum, 
which allow the use of this technique without 
compromising tumor clearance. The method re-
lies on intrahepatic definition and control of the 
vascular pedicles. The intrahepatic pedicles are 
exposed after appropriate hepatotomies, dissect-
ed, encircled, and clamped. It is important to li-
gate the most caudal retro-hepatic veins draining 
from the caudate process and inferior part of the 
liver to the vena cava before attempting pedicular 
ligation. Failure to do so can result in hemorrhage 
during dissection of pedicles. Also, before divid-
ing the pedicle, the integrity of vascular flow to 
the contralateral liver should be confirmed by en-
suring good color of the remnant as well as by 
demonstrating the flow in the contralateral PV by 
intra-operative ultrasound.

 Vascular Isolation
This technique is described for completeness, 
as it is rarely required, even during the removal 
of large tumor close to or involving the hepatic 
veins or IVC. As compared to inflow control with 
a Pringle maneuver, hepatic vascular exclusion 
combines inflow control with outflow occlusion, 
with or without interruption of caval flow and 
has more profound hemodynamic consequences. 
The advantage potential advantage of vascular 
exclusion is that the resection is performed in a 
relatively bloodless field; however, after flow is 
restored, there is often significant bleeding that 
requires control. Additionally, hepatic vascular 
exclusion is associated with 40–50 % decrease 
in cardiac index, 50 % increase in heart rate, 
10 % decrease in mean arterial pressure, and sig-
nificant increase in systemic vascular resistance. 
Hepatic vascular exclusion also requires pro-
longed continuous inflow clamping and is not 
well tolerated by diseased liver. Combination of 
inflow control with low anesthetic central venous 

pressure-aided resection has largely obviated the 
need for total hepatic exclusion.

 Acute Normovolemic Hemodilution 
(ANH)
Acute normovolemic hemodilution (ANH) is not 
intended to reduce the blood loss during hepatic 
resection but is actually aimed at blood conserva-
tion, thus reducing the consequence of resulting 
blood transfusion including risk of transmitting 
infections as well as immunosuppression. ANH 
involves the removal of whole blood from a pa-
tient immediately before a liver resection that is 
likely to be associated with significant blood loss. 
After blood removal, euvolemia is restored with 
crystalloid infusion. Crystalloid infusion reduces 
the hematocrit, and thus, the blood lost during the 
procedure has lower hematocrit. After the com-
pletion of the procedure, or if needed during the 
procedure, the harvested blood with higher he-
matocrit than the blood lost during the procedure 
is transfused back into the patient. For hemodilu-
tion to be effective and feasible, the patient must 
have adequate starting hemoglobin, sufficient 
blood volume must be removed, and surgical 
blood volume should fall within a certain range. 
ANH has been shown to reduce the requirement 
for allogenic blood transfusion by about 50 % 
[13]. Despite concerns that ANH combined with 
significant blood loss during surgery can be po-
tentially hazardous, multiple studies have dem-
onstrated safety of this approach [14]. One of the 
major issues is the identification of patients who 
may benefit from the use of ANH. With improve-
ment in surgical technique and better understand-
ing of liver anatomy, the blood loss and the need 
for transfusion during and after liver surgery 
have decreased [9] and up to 75 % of patients 
undergoing major hepatectomy (> 3 segments re-
sected) may not need allogenic blood transfusion 
[9]. Thus, selective application of ANH by iden-
tifying patients who have > 50 % likelihood to re-
ceive transfusion based on validated transfusion 
prediction model [15, 16] is both effective and 
resource conserving.
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 Management of Intra-Operating 
Bleeding During Liver Resection

When faced with more than usual bleeding dur-
ing hepatectomy, inflow occlusion should be 
performed with a Pringle maneuver and then 
maintenance of low CVP should be confirmed. 
This can be ascertained by anesthesiologist mea-
suring it through central monitoring; however, 
with experience, this can be estimated by look-
ing at collapsibility, pulsations, and turgidity of 
the IVC. If necessary, the CVP can be lowered 
pharmacologically using venodilators (e.g., ni-
troglycerine). If the bleeding is from transected 
liver surface or from bottom of the hepatotomy, it 
should be located and controlled with a figure of 
eight stitches with 3-0 or 4-0 vicryl or suture liga-
ture. Major pedicle or hepatic vein encountered 
in the line of transection can be controlled with 
vascular load of GIA stapler.

Bleeding from major hepatic veins or from the 
retro-hepatic IVC is a much more challenging 
and a potentially lethal problem. With low CVP, 
initial control can be obtained with pressure while 
exposure is optimized and the surgical and anes-
thesia teams prepare for the possibility of major 
blood loss. It must be emphasized that small in-
juries in these often difficult-to-access structures 
can turn quickly into much bigger problems if 
not managed appropriately. Small tears in hepatic 
vein or IVC can be controlled with one or two 
interrupted sutures, while larger lacerations may 
require a running suture. If there is a laceration 
in the IVC, before any attempt at controlling it, 
a stitch should be placed at its superior most as-
pect. This prevents the cephalad extension of the 
tear into the chest and thus prevents the aggra-
vation of the problem. If the injury is in the ac-
cessible infra- or retrohepatic IVC, then pressure 
on either side of the tear, using sponge sticks or 
similar instruments, stops the bleeding and al-
lows sutures to be placed more precisely. When 
injury to the hepatic veins or vena cava proves 
difficult to control with sutures, an alternative 
is to achieve control with direct pressure, using 
sponges or laparotomy pads and then to proceed 
with transection of the liver parenchyma, as 
planned. This strategy allows better exposure of 

the injured vessel, which can then be controlled 
definitively with a vascular stapler or sutures.

In case of ongoing catastrophic bleeding from 
major hepatic veins, the low CVP strategy will 
need to give way to large volume resuscitation 
with blood products. If usual efforts to control 
the bleeding are not successful, then infra-he-
patic and supra-hepatic IVC control may be re-
quired sometimes through a median sternotomy 
or by splitting the diaphragm. For access to the 
supra-diaphragmatic IVC, diaphragm can be cir-
cumferentially dissected around the IVC which 
then provides access to supra-diaphragmatic IVC 
[17]. Alternatively, the xiphoid is resected and 
diaphragm below the xiphoid is incised. Then 
plane between diaphragm and pericardium is de-
veloped bluntly and the diaphragm is incised all 
the way from the xiphoid to the IVC, providing 
access to supra-diaphragmatic IVC (Fig. 20.3c 
and d) [18]. IVC clamping may lead to marked 
decrease in preload with drop in cardiac output 
and arterial pressure and may require volume 
expansion. A final alternative is to pack the ab-
domen with laparotomy pads, similar to hemor-
rhage control after major trauma, in order to stop 
the bleeding and transferring the patient to the 
ICU for resuscitation, correction of coagulopa-
thy and hypothermia, and return to the operating 
room in 2–3 days. For peri-hepatic packing, the 
right costal margin is elevated, and the pads are 
strategically placed over and around the bleeding 
site. Additional pads should be placed between 
the liver, diaphragm, and the anterior chest wall. 
Pads are also placed under the liver in the Mor-
rison’s pouch. These packs essentially compress 
the liver from top and bottom and thus control 
bleeding from most venous sources.

 Massive Hemorrhage During Pancreatic 
Surgery
The mortality and morbidity observed with pan-
creatic operations have decreased markedly over 
the past few decades. Early series in 1960s re-
ported a mortality of up to 25 %, which in more 
contemporary times have decreased markedly to 
as low as 1–2 % mortality at large-volume cen-
ters. Massive intraoperative hemorrhage during 
pancreatic surgery is an uncommon event, 
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especially when performed at high-volume cen-
ters [19]. Pancreas sits in the retro-peritoneum 
cradled in a nest of major blood vessels. Hence, 
a detailed understanding of the vascular anatomy 
and potential areas of pitfalls is critical to per-
form safe pancreatic resection.

 Pancreatic Anatomy

The pancreas is divided into four regions: head, 
neck, body, and tail. The head of the pancreas is 
surrounded by the C-loop of the duodenum. Just 
behind the neck is the IVC, the right renal ar-
tery, and both renal veins. The neck of the pan-
creas lies over the confluence of SMV, PV, and 
splenic vein. The SMV projects from the lower 
border of the pancreas and PV from the upper. 
Behind the pancreatic neck, there are no anterior 
branches of PV, which makes creation of retro-
pancreatic tunnel anterior to the PV feasible. 
Another important branch with respect to pan-
creaticoduodenectomy is the first jejunal branch 
of SMV. This tributary can course either anterior 
or posteriorly to the SMA and may be carefully 
ligated to adequately expose the SMA for clear 
resection margin. The location and course of 
this branch can be determined preoperatively on 
cross-sectional imaging. The uncinate process 
of the pancreas wraps around the SMV and is in 
close broad contact with the SMA. This forms 
the most important surgical margin in resection 
of pancreatic cancer; the inferior pancreatico-
duodenal artery is encountered in the course the 
uncinate resection.

 Bleeding During 
Pancreaticoduodenectomy

Given the proximity of pancreas to major blood 
vessels, a potential for major hemorrhage exists 
during almost every step in pancreatic resections. 
Overall, SMV, PV, and SMV-PV confluence 
behind pancreatic neck is the major source of 
any troublesome hemorrhage during pancreatic 
surgery. Potential pitfalls during various steps 

during pancreaticoduodenectomy and methods 
to avoid them are described below.
1. Kocherization of Duodenum: The pancre-

atic head lies over the anterior surface of IVC, 
renal veins, and renal artery. Although uncom-
mon, these major vessels can be inadvertently 
injured during this step. Also, the gonadal 
vein on the right side drains into the anterior 
surface of the IVC and is at risk for avulsion/
injury during this dissection, causing trouble-
some bleeding. Knowledge of the relationship 
of these large caliber vessels with head of the 
pancreas and dissection in the correct avascu-
lar plain should help avoid this complication. 
In case of injury to the IVC or renal vessels, 
the bleeding initially should be controlled 
by pressure and ensuring adequate exposure 
with completion of Kocher maneuver and any 
additional necessary steps. Two sponge sticks 
placed on either side of the site of injury can 
help control bleeding, which can then be care-
fully localized and controlled by figure of 
eight 3-0 or 4-0 Prolene depending on the size 
of the vessel.

2. Exposure of SMV in the infra-pancreatic 
location. In the early steps of pancreatico-
duodenectomy, the SMV is identified in the 
infra-pancreatic location. Extensive Kocher 
maneuver identifies the root of small bowel 
mesentery crossing anterior to the third por-
tion of duodenum and provides access to the 
lateral aspect of SMV. Division of the greater 
omentum provides access to the lesser sac. As 
this division is carried to the right, it exposes 
the junction of right gastro-epiploic vein with 
the middle colic vein to form the gastrocolic 
trunk which then drains into the SMV. This 
conglomeration of delicate veins impedes ac-
cess to the front wall of SMV. Injury or avul-
sion of these veins during dissection of SMV 
can cause significant bleeding and hinders 
visualization. Further, unplanned and ill-ad-
vised efforts to control the bleeding can make 
the injury worse or compromise mesenteric 
venous drainage. The hemorrhage should be 
controlled by gentle pressure while exposure 
is optimized. Precise identification of the 
source of bleeding, which generally is from 
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an avulsed vein branch, is the key and should 
be controlled with interrupted fine suture. 
Prevention revolves around gentle dissection 
and control of individual vein tributaries. If 
difficulty is encountered or the exposure is 
limited in this area due to tumor infiltration or 
aberrant anatomy, then SMV should be better 
defined by broadly opening the lesser sac and 
dividing the peritoneum on the lower border 
of pancreas before ligating the venous tribu-
taries. Dividing the gastro-epiploic vein at its 
origin will improve exposure of the SMV. If 
there is tumor involvement of the SMV at this 
level, then distal control will be required; care 
must be taken to avoid injury to venous tribu-
taries in this area.

3. Circumferential dissection and division of 
CBD. The two pitfalls possible during circum-
ferential dissection and division of CBD are 
injury to PV, which is situated behind CBD, 
and if present injury to replaced or accessory 
right hepatic artery. Preoperative stenting of 
CBD may lead to intense inflammation in the 
space between CBD and PV and can make 
this dissection difficult. Identification of PV 
in the supra-pancreatic location by division of 
GDA and displacement of common hepatic 
artery toward the left will help expose and 
protect the PV. The CBD should be dissected 
from both medial and lateral aspects, staying 
close to the CBD wall. Undue force should be 
avoided. The presence of a replaced or acces-
sory right hepatic artery should be evident by 
review of preoperative cross-sectional imag-
ing as well as by intra-operative palpation of a 
pulse posterior-lateral to the CBD. To prevent 
injury, the replaced/accessory right hepatic 
artery should be carefully dissected off the 
CBD in its complete length. In case of inad-
vertent injury, the bleeding should initially 
be controlled by pressure, localized and then 
PV repaired with monofilament suture. Proper 
exposure may require division of CBD. An in-
jured accessory hepatic artery can be tied off 
but replaced right hepatic artery should be re-
paired with a monofilament suture.

4. Retro-pancreatic dissection of PV. Dis-
section of the retro-pancreatic portion of the 

PV is another area where vascular injury can 
be a source of troublesome bleeding. The 
dissection of retro-pancreatic PV should be at-
tempted only once both infra-pancreatic SMV 
and supra-pancreatic PV are clearly identi-
fied and dissected (Fig. 20.4a). Removal of 
the hepatic artery lymph node and division of 
gastroduodenal artery will help in clear iden-
tification of the supra-pancreatic PV. After 
the SMV is identified at the lower border of 
the pancreas and the PV is identified above 
the superior border of the pancreas, the next 
step is creation of retro-pancreatic tunnel. The 
lower border of pancreas is gently lifted with 
the help of a vein retractor or another blunt in-
strument, and retro-pancreatic PV is separated 
from the pancreatic neck by gentle blunt dis-
section. The key is to always stay on the ante-
rior surface of PV. As mentioned before, there 
are no branches on the anterior surface, while 
there are multiple branches that enter on either 
lateral aspect. Also, it is important to realize 
that the PV, from its origin behind the pancre-
atic head, runs obliquely, toward the patient’s 
right shoulder. Hence, it is critical to keep the 
supra-pancreatic PV in sight while developing 
this tunnel to guide the direction of dissection. 
No undue force should be applied and patient 
gentle strokes should be used. If any resistance 
is felt, then the dissection should be attempted 
from supra-pancreatic PV downwards.

  If an injury occurs to the retro-pancreatic 
portion of SMV/PV, then the area should be 
packed and gentle pressure applied. The an-
esthesia team should be made aware of ex-
pected blood loss and should be given time 
to gain adequate access and blood products 
should be called for. Once adequately pre-
pared, an attempt should be made to identify 
the injury by gently lifting the lower border of 
the pancreas. If the injury is substantial and 
inaccessible, behind the mid-portion of pan-
creatic neck, then the area should be packed, 
and consideration should be given to carefully 
dividing the pancreas to achieve better expo-
sure; however, this maneuver may exacerbate 
the injury, and caution is advised. The bleed-
ing can be controlled by compressing the vein 
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with manual pressure from behind the pan-
creatic head. If needed, infra-pancreatic SMV 
and the supra-pancreatic PV can be encircled 
and controlled as they are well exposed at this 
point. If, despite control of infra-pancreatic 
SMV and supra-pancreatic PV, there is ongo-
ing bleeding, then the splenic vein may have 
to be controlled. This can be achieved by en-
circling the body of the pancreas along with 
the splenic vein with a Rummel tourniquet.

5. Dissection of the pancreatic head and unci-
nate process off the PV. Division of the pan-
creatic neck exposes the lateral branches of 
SMV and PV to the head and uncinate process 
of pancreas. These branches are carefully dis-
sected and controlled with suture ligature. In 
case of inadvertent injury and bleeding from 
these vessels, lifting the head of the pancreas 
and vein by placing a hand behind the head 
of the pancreas and duodenum controls the 
bleeding and allows localization of the site 
of bleeding. Bleeding can then be controlled 
with a monofilament suture. If the tumor is 
adherent to the vein, then an early decision 

should be made to resect and repair the vein. 
Continued attempt at dissecting the vein away 
from the tumor will lead to injury to the vein 
and will result in positive margin. When PV 
reconstruction is required, it is critical to com-
plete all dissection, including dissection of 
uncinate process off the SMA, so that the re-
section of the vein is the last step (Fig. 20.4b). 
To dissect the uncinate process off the SMA, 
the specimen is retracted medially by the op-
erator on the left side of the patient and with 
slow deliberate dissection uncinate process is 
dissected off the SMA. Extensive dissection 
of PV and division of the splenic vein can usu-
ally provide enough length to carry out PV re-
construction without vein graft.

6. Dissection of the uncinate process off the 
SMA. In the final steps of pancreaticoduode-
nectomy, the uncinate process is dissected off 
the right lateral aspect of the SMA. Branches 
from the SMA, particularly the inferior pan-
creaticoduodenal artery, course through soft 
tissue to the uncinate process and must be 
controlled. Undue traction should be avoided 

Fig. 20.4  Preventing injury to the retro-pancreatic portal 
vein during pancreaticoduodenectomy. a Prior to develop-
ment of retro-pancreatic tunnel, supra-pancreatic portal 
vein and infra-pancreatic SMV should be well exposed. 
This facilitates proximal and distal control if there is an 
injury in retro-pancreatic location with major intra-opera-
tive hemorrhage. b When portal vein is involved with the 

tumor then portal vein resection/reconstruction should be 
left as the last step in the procedure. Even the posterior 
dissection of the uncinate process off the SMA should be 
carried out before resection and reconstruction of portal 
vein. Once this is accomplished, the extent of involve-
ment of portal vein can be assessed and either side wall or 
segment of portal vein resected/reconstructed
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at this step to prevent avulsion of these 
branches and more ominously the injury to 
the wall of SMA. If bleeding is encountered 
blind placement of clamps, cautery or energy 
devices should be avoided as accidental in-
jury of SMA may occur with disastrous con-
sequences. For minor arterial bleeding, lifting 
the specimen and the artery by placing a hand 
behind the head of the pancreas and duode-
num may provide sufficient control to allow 
repair with monofilament suture. Proximal 
and distal control will be necessary to control 
and repair major injuries to the SMA.

7. Mesenteric dissection. Another potential 
problem area is the division of mesentery 
of distal duodenum and proximal jejunum. 
This generally is not a source of major intra-
operative bleeding but can lead to bleeding 
in immediate postoperative period. The ves-
sels should be controlled either with energy 
devices or with sutures and divided edge of 
mesentery should be carefully examined for 
any bleeding before closing.

8. Distal Pancreatectomy in Presence of 
Splenic Vein Occlusion/Thrombosis. Dis-
tal pancreatectomy is not commonly associ-
ated with major hemorrhage, but there are 
exceptions. First, in patients with tumors of 
the body or tail with splenic vein occlusion, 
extensive venous collateralization may occur, 
with risk of excessive bleeding. In this situa-
tion, control of the splenic artery on the supe-
rior border of the pancreas should be achieved 
early in the course of the dissection. This 
maneuver reduces splenic blood flow and de-
compresses the collaterals thus minimizing 
the bleeding. Second, tumors in the proximal 
pancreatic body may involve porto-splenic 
confluence, requiring a more extensive dis-
section of the portal and superior mesenteric 
veins, which is usually pursued after division 
of the splenic artery and the pancreatic neck. 
Proximal and distal control of the portal and 
superior mesenteric veins is required if the 
splenic vein is to be divided at its insertion; it 
must be remembered, however, that bleeding 
from lateral and posterior venous branches is 

not controlled with this maneuver and must be 
individually dividing. Finally, large tumors in 
the pancreatic body may extend posteriorly, 
putting the SMA and left renal vessels at po-
tential risk for injury, and caution should be 
taken in these situations.

 Summary

Hepato-pancreaticobiliary procedures are among 
the most complex abdominal operations, requir-
ing extensive experience and specialized train-
ing. Successful hepatic and pancreatic resection 
requires detailed knowledge of anatomy, poten-
tial pitfalls, and awareness of strategies to cir-
cumvent difficult intra-operative situations. With 
comprehensive knowledge, adequate experience, 
meticulous technique, and sound judgment, these 
procedures can be performed with low morbidity 
and mortality.

5  Key Points to Avoid Complications

1. Comprehensive knowledge of vascular anato-
my of the liver and pancreas is paramount for 
safe resection.

2. Deliberate dissection and exposure of hepatic 
veins and retro-hepatic vena cava facilitate 
control of bleeding in case of hepatic vein in-
jury.

3. Maintenance of low central venous pressure 
during hepatic resection reduces blood loss 
and facilitates dissection of the hepatic veins 
and retro-hepatic vena cava and control of he-
patic veins in case of bleeding.

4. Supra-pancreatic PV and infra-pancreatic 
SMV should be well exposed before attempt-
ing dissection of the retro-pancreatic PV. This 
helps in proximal and distal control in case of 
bleeding from the retro-pancreatic PV.

5. An early, deliberate decision to resect and re-
pair the SMV/PV, when involved by tumor, 
prevents positive margin as well as injury and 
uncontrolled bleeding from PV.
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5  Key Points to Manage 
Complications

1. In case of intra-operative hemorrhage during 
liver resection, inflow control, if not already 
underway, should be obtained with Pringle 
maneuver. If present, separate control of an 
accessory/replaced left hepatic artery should 
also be obtained.

2. In the presence of low CVP, bleeding from he-
patic veins or retro-hepatic veins can generally 
be controlled by pressure followed by suture 
control. Rarely, in the face of massive hepatic 
venous blood loss and hemodynamic instabil-
ity, placement of abdominal packs is the only 
means of achieving temporary control.

3. Control of catastrophic bleeding from hepatic 
veins or retro-hepatic vena cava may require 
increased exposure, by carrying the incision 
into the right chest, by incising diaphragm or 
with a median sternotomy and control of the 
infra- and supra-hepatic vena cava.

4. In case of bleeding from the retro-pancreatic 
PV, division of pancreas provides good expo-
sure to the injury and allows for suture con-
trol. Proximal and distal control and control of 
splenic vein may need to be obtained.

5. Bleeding from the lateral branches of SMV 
and PV can be controlled by placing a hand 
behind the head of the pancreas and duode-
num and applying pressure, thereby allowing 
localization and suture control.
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Introduction

Hepatic arterial branches serve as important 
anatomic landmarks in surgery of the liver, 
pancreas, and biliary tree. Their close proxim-
ity to the common bile duct (CBD) and portal 
vein (PV), as well as anatomic variations in 
20–50 % of patients [1, 2], make them suscep-
tible to inadvertent injury during hepatopan-
creatobiliary (HPB) surgery. Hence, a thorough 
understanding of normal and variant anatomy, 
clinical scenarios permitting sacrifice or dictat-
ing preservation of hepatic arterial branches, 
and techniques to anticipate, prevent, and safe-
ly navigate intraoperative injury are essential 
components of the armamentarium of every 
HPB surgeon.

Normal Anatomy of the Hepatic 
Arterial Vasculature

The celiac trunk, arising off the aorta below the 
aortic hiatus of the diaphragm, provides blood 
supply to the liver and upper abdominal viscera. 

After a short course, it trifurcates into the splenic 
artery, left gastric artery (LGA), and common he-
patic artery (CHA) (Fig. 21.1). The CHA curves 
to the right along the superior border of the pan-
creas and gives off the gastroduodenal artery 
(GDA) as it crosses anterior to the PV. The GDA 
runs inferiorly, giving rise to superior pancre-
aticoduodenal arteries (SPDA) that anastomose 
to branches of the inferior pancreaticoduodenal 
artery (IPDA) from the superior mesenteric ar-
tery (SMA). This collateral circulation between 
the SPDA and IPDA contributes to a rich arterial 
plexus supplying the head of the pancreas and 
duodenum and allows for preservation of flow to 
upper abdominal viscera in the setting of patho-
logic decreased flow through the celiac trunk. 
Distal to the GDA origin, the CHA becomes the 
proper hepatic artery (PHA), courses superiorly, 
and bifurcates into the right hepatic artery (RHA) 
and left hepatic artery (LHA). The PHA gives 
off a smaller right gastric artery (RGA) from its 
anterior surface that supplies the lesser curvature 
of the distal stomach. The origin of the RGA is 
variable, occasionally arising from the CHA, 
RHA, or LHA. The LHA gives rise to a middle 
hepatic artery (MHA) supplying segment IV of 
the liver, smaller branches to the caudate lobe, 
and a separate branch feeding segments II and III 
of the liver. The MHA occasionally arises from 
the proximal RHA. The arterial branches to the 
left liver then join the left PV and left hepatic 
duct in the umbilical fissure invaginating Glis-
son’s capsule and forming the left inflow pedicle. 
Shortly after its origin, the RHA gives off a cystic 
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artery supplying the gallbladder and continues to 
supply segments V, VI, VII, VIII, and the caudate 
process [3]. In 80 % of patients, the RHA runs 
posterior to the common hepatic duct before en-
tering the substance of the right liver along with 
the right portal and biliary branches as the right 
portal pedicle. The RHA commonly branches 
into posterior and anterior sectoral vessels, which 
can often be dissected extrahepatically. Overall, 
the hepatic arteries supply 25 % of blood flow to 
the liver and 50 % of the liver’s oxygen content, 
while the remainder is derived from the PV [4]. 
The blood supply to the CBD arises from the 
RHA and the retroduodenal branches of the GDA 
(Fig. 21.1). The most important vessels lie at the 
3 o’clock and 9 o’clock locations. Approximately 
40 % of the blood supply runs downward from 
branches of the RHA [3, 5].

Variant Anatomy of the Hepatic 
Arterial Vasculature

Anatomic variations of the hepatic arterial vas-
culature are common, and a thorough knowledge 
of these anomalies is essential to preventing 

injury. Although Haller first published his trea-
tise on variant hepatic arterial anatomy in 1756, a 
systematic analysis of hepatic arterial variations 
was not undertaken until 1966 when Michels 
described 10 anatomic variants based on 200 
cadaveric dissections [6]. Following Michels, 
Hiatt and colleagues classified hepatic arterial 
variations into six types (Fig. 21.2) based on 
1000 patients who underwent liver harvest for 
transplantation [7]. Numerous other groups have 
since reported on variant hepatic arterial vascula-
ture, based on cadaveric dissections, liver harvest 
for transplantation, and angiographic evidence 
(Table 21.1) [8–11]. A hepatic arterial branch is 
termed replaced when it does not arise off the 
PHA but supplies a hemi-liver. A hepatic arterial 
branch is termed accessory when it supplies part 
of a hemi-liver in addition to an arterial branch 
off the PHA. The most common variations are 
a replaced RHA (RRHA) arising from the SMA 
(3–15 %), replaced LHA (RLHA) arising off the 
LGA (2–10 %), normal anatomy with an accesso-
ry LHA (ALHA) off the LGA (≤ 10 %), and nor-
mal anatomy with an accessory RHA (ARHA) 
off the SMA (≤ 7 %) (Table 21.1) [6, 9–16].

Fig. 21.1  Normal arterial anatomy of upper abdomi-
nal viscera. RH right hepatic artery, MH middle hepatic 
artery, LH left hepatic artery, PV portal vein, RGA right 
gastric artery, GDA gastroduodenal artery, SPDA superior 
pancreaticoduodenal artery, Post PDA poster branch of 
the superior pancreaticoduodenal artery, Ant PDA anterior 
branch of the superior pancreaticoduodenal artery, GEA 

gastoepiploic artery, IPDA inferior pancreaticoduodenal 
artery, SMV superior mesenteric vein, SMA superior mes-
enteric artery, MCV middle colic vein, MCA middle colic 
artery, SA splenic artery, DP dorsal pancreatic artery, LGA 
left gastric artery, HA hepatic artery (proper hepatic ar-
tery). (With permission from [82] © Springer 2012)
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Replaced and Accessory Right Hepatic 
Arteries

Aberrant RHA anatomy is the most common and 
surgically relevant variant. Both a RRHA and 
ARHA arise from the SMA, travel posterior to 
the pancreatic head, and enter the hepatoduode-
nal ligament posterolateral to the CBD. Although 
many anatomic courses including through the 
pancreatic parenchyma have been reported, in-
cluding through the pancreatic parenchyma [1], 
a dissectable groove usually exists between these 
vessels and the pancreas (Table 21.1, Fig. 21.2).

Replaced and Accessory Left Hepatic 
Arteries
Replaced and accessory LHAs arise from the 
LGA, run in the substance of the lesser omentum 
anterior to the caudate lobe, and join the left PV 
and left hepatic duct on the left side of the base 
of the umbilical fissure (Table 21.1, Fig. 21.2).

Replaced Common Hepatic Artery

A replaced CHA (RCHA), referred to as the hep-
atomesenteric trunk, most commonly arises from 
the SMA posterior to the pancreatic head [17], but 
also can run through the pancreatic parenchyma 

Fig. 21.2  Hiatt’s classification of hepatic arterial varia-
tions. Dotted lines indicate that the variant artery may be 
accessory (if branch shown by dotted line is present) or 
replaced (if absent). Type I: normal anatomy; Type II: re-
placed or accessory left hepatic artery; Type III: replaced 
or accessory right hepatic artery; Type IV: replaced or 

accessory right hepatic artery + replaced or accessory left 
hepatic artery; Type V: Common hepatic artery from the 
superior mesenteric artery; Type VI: Common hepatic ar-
tery from the aorta (not shown). (With permission from 
[7] © Lippincott Williams and Wilkins 1994)
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(Table 21.1, Fig. 21.2) [18–20]. Rare variants in-
clude RCHA off the LGA, or off the aorta [17].

Celiac Artery Stenosis

Although not an anatomic variant, celiac artery 
stenosis (CAS) is an important vascular abnor-
mality in HPB surgery. Blood supply through the 
celiac trunk is impaired, leading to retrograde 
flow from the SMA through the pancreaticoduo-
denal arcades, dorsal pancreatic artery, and arc of 
Buhler (an embryonic communication between 
the celiac and SMA observed in 2 % of popula-
tion) [21]. In patients with CAS, retrograde flow 
through the GDA is the primary source of arterial 
blood to the liver and commonly manifests as an 

unusually large GDA or pancreatic collateral ves-
sel. The incidence of CAS ranges from 10 to 25 % 
of the population [21]. The pathophysiology may 
be divided into the following three categories:
• Extrinsic compression: It is commonly due 

to the median arcuate ligament, an enlarged 
celiac ganglion, or fibroinflammatory tissue. 
The median arcuate ligament joins the left and 
right diaphragmatic crura, contacting the aorta 
cephalad to the celiac trunk. However, it can 
pass anterior to the celiac artery in up to 25 % 
of individuals. Extrinsic compression is the 
most common cause of CAS in Asian popula-
tions (55 %) [21, 22].

• Intrinsic stenosis: Intrinsic stenosis is second-
ary to atherosclerotic disease and is the most 
frequent cause of CAS in Western countries 
[21, 23].

• Other etiologies: These include neoplastic 
invasion, pancreatitis, acute or chronic dissec-
tion, or intimal disruption [21].

 Preoperative Radiographic 
Assessment

Careful radiographic assessment allows for the 
identification and anticipation of anatomic and 
pathologic factors such as variant anatomy or 
malignant vascular invasion that may increase 
susceptibility to injury, necessitate ligation, or 
require reconstruction. For preoperative evalua-
tion prior to pancreas resections, the best imaging 
modality is a pancreas protocol CT scan, which 
includes contrast-enhanced thin-cut arterial and 
venous phase imaging through the pancreas [24]. 
Although direct angiography remains the gold 
standard for assessing vascular anatomy and is 
the only modality that identifies directional flow, 
it is rarely used as arterial phase CT angiography, 
with or without angiographic reconstruction has 
a reported accuracy of 98 % for detecting arte-
rial anatomic variations [25, 26], and has the ad-
vantage of delineating the relationship of arteries 
to adjacent organs or tumor [27]. The advent of 
multidetector-row CT scanners has further en-
hanced pancreatic imaging, enabling prediction 
of visceral vessel involvement and resectabil-

Table 21.1  Variant hepatic arterial anatomy [6, 9–16]
Arterial anatomy Frequency (%)
Proper hepatic artery branching into 
right and left hepatic arteries

52–80

Replaced arteries
Left hepatic artery from left gastric 
artery

2–10

Right hepatic artery from superior 
mesenteric artery

3–15

Left hepatic artery from left gastric, 
right hepatic from superior mesen-
teric artery

< 3

Common hepatic artery from superior 
mesenteric artery

1–5

Common hepatic artery from left 
gastric artery

< 1

Common hepatic artery from the 
aorta

< 1

Accessory arteries
Left hepatic artery from left gastric 
artery

≤ 10

Right hepatic artery from superior 
mesenteric artery

≤ 7

Left hepatic artery from left gastric, 
right hepatic from superior mesen-
teric artery

< 1

Replaced and accessory arteries
Replaced right hepatic artery (from 
superior mesenteric artery), accessory 
left hepatic artery (from left gastric 
artery)

< 2 %

Replaced left hepatic artery (from 
left gastric artery), accessory right 
hepatic artery (from superior mesen-
teric artery)

< 2 %



221

ity in 80–90 % of pancreas resections [28]. MRI 
typically includes arterial and portal phase im-
aging and is comparable with CT in predicting 
vascular invasion and local tumor extension. It 
is particularly useful when patients are intolerant 
to intravenous contrast agents and when greater 
soft-tissue contrast or visualization of the pancre-
atic duct and biliary tree is desired, such as while 
evaluating cystic pancreatic neoplasms [29]. Ar-
terial reconstruction is also possible with MR im-
aging (MR angiography). Endoscopic ultrasound 
(EUS), an operator-dependent modality, has not 
been shown to be superior to CT in determining 
arterial involvement [30]. We do not routinely use 
EUS to assess resectability or vascular anatomy.

For radiographic evaluation prior to liver re-
section, CT scans using a triphasic protocol (non-
contrast, arterial, and portal venous phase) are 
helpful in assessing hepatic parenchymal disor-
ders such as steatosis, cirrhosis, lobar/segmental 
atrophy, as well as normal and variant hepatic 
anatomy. CT angiography can also be used and 
is a valuable tool in facilitating surgical planning 
and avoiding iatrogenic injury [31]. MRI/MRCP 
is considered by many to be superior to CT in as-
sessing the liver and biliary tree and can be com-
bined with MR arteriography to simultaneously 
assess vascular structures [29].

Preoperative Considerations

Preoperative management focuses on recogniz-
ing clinical scenarios where hepatic artery injury 
and subsequent arterial compromise can lead to 
liver and biliary ischemia/necrosis. The hepatic 
arteries contribute to 25 % of hepatic blood flow 
and 50 % of oxygen delivery [4]. Ligation of he-
patic arterial branches was historically a feared 
complication due to the consequent risk of liver 
necrosis and death. These beliefs were based on 
very early experiences with hepatic arterial liga-
tion—in 1933, Graham and Cannell reported a 
mortality rate of approximately 60 % in a review 
of 28 cases where the CHA, PHA, RHA, or LHA 
was ligated [32]. Mortality in that era, however, 
was heavily influenced by deficiencies in peri-
operative care, including anesthetic techniques, 

antibiotics, and transfusion medicine. In 1964, 
Starzl and colleagues observed in four patients 
that ligation of the CHA, PHA, RHA, and LHA 
in patients with normal liver function only re-
sulted in mild transaminitis and not death [33]. 
They went on to examine all reports of hepatic 
artery branch ligation in patients without cirrho-
sis or hepatic artery aneurysms between 1933 
and 1964. They concluded that ligation of any he-
patic arterial branch (CHA, PHA, RHA, or LHA) 
in patients with normal liver function results in 
mild transient transaminitis and rarely leads to 
liver necrosis and death. Flow through the PV 
and arterial collaterals was sufficient to maintain 
hepatic oxygenation, provided factors increasing 
hepatic oxygen demand or decreasing PV blood 
flow (shock, jaundice) were absent. These semi-
nal early observations established the safety of 
hepatic arterial branch ligation and served as the 
basis for later investigations into its mechanisms 
and therapeutic potential.

Following these data demonstrating its safe-
ty, Plengvanit demonstrated that ligation of the 
CHA, RHA, or LHA resulted in collateral forma-
tion commonly through the right inferior phrenic 
and subcostal arteries in addition to multiple other 
collateral sources, which was evident angiograph-
ically as early as 1 week after ligation [34]. Mays 
and Wheeler made similar observations, demon-
strating collateral circulation could develop as 
early as 10 h after ligation of the RHA or LHA 
[35]. With these data and advances in periopera-
tive care of the surgical patient, hepatic artery 
ligation was used to control hemorrhage in the 
setting of liver trauma [36, 37] and also as ther-
apy for metastatic disease to the liver [38]. Liga-
tion of the PHA was accompanied by a transient 
increase in transaminases, alkaline phosphatase, 
and bilirubin, confirming the earlier observations 
by Brittain and Starzl [33, 39]. We employ these 
principles of hepatic arterial branch ligation rou-
tinely in HPB surgery, particularly during place-
ment of hepatic arterial pumps for regional che-
motherapy [40, 41]. We have noted through dye 
injection perfusion tests performed while placing 
hepatic artery pumps that cross-perfusion after li-
gation of arterial branches occurs within minutes. 
These principles have also been utilized for tu-
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mors of the body/tail of the pancreas involving 
the celiac axis, where en-bloc resection of the ce-
liac and CHA is performed (Appleby procedure) 
after confirming adequate collateral flow through 
the GDA [42, 43]. In summary, with respect to 
the risk of clinically significant liver ischemia/
necrosis, ligation of hepatic arterial branch(es) 
is safe in patients with normal liver function, no 
jaundice, and hemodynamic stability, provided a 
single remaining hepatic arterial branch is pat-
ent (Table 21.2). Ligation of the CHA or PHA in 
patients with normal liver function, no jaundice, 
and hemodynamic stability has also been shown 
to be safe; however, avoiding injury is prefer-
able and reconstruction of an injured CHA/PHA 
is reasonable. In the setting of liver dysfunction 
or jaundice, hepatic reliance on arterial supply 
for oxygenation is increased, possibly due to 
increased metabolic demand of hepatocytes and 
greater susceptibility to hypoxia and decreased 
intrahepatic portal flow due to local compression 
from dilated bile ducts [44–46]. Ligation of any 
hepatic arterial branch in these settings should be 
avoided as it may worsen liver dysfunction and 
precipitate liver failure.

A second concern with ligation of a hepatic 
arterial branch, primarily the RHA/RRHA, is the 
effect on the biliary tree. Isolated ligation of the 
RHA/RRHA has not been shown to increase the 
risk of biliary stricture formation or biliary anas-
tomotic dehiscence, likely due to arterial cross-
perfusion at the hilar plate from the LHA, and in-
tact blood supply from the GDA [47]. However, 
interruption of both components of biliary blood 
supply (RHA and GDA) in the setting of a biliary 

reconstruction is associated with a risk of anasto-
motic dehiscence and stricture formation [48, 49].

Preoperative interventions are therefore di-
rected toward clinical situations that may violate 
principles of hepatic artery preservation, thereby 
increasing the risk of liver and biliary compli-
cations (Table 21.2). Three preoperative tech-
niques have been described to minimize the risk 
of liver ischemia when a hepatic artery branch is 
at risk for injury. The first and most commonly 
used technique is preoperative biliary drainage 
in jaundiced patients. Although demonstrated to 
increase overall perioperative complications for 
pancreas resections [50, 51], preoperative biliary 
drainage improves liver function and likely re-
lieves pressure on the portal system from the bile 
ducts, thereby minimizing the risk of postopera-
tive liver ischemia [52]. We recommend preoper-
ative biliary drainage in patients with obstructive 
jaundice when a hepatic arterial branch is at risk 
for injury or clearly requires ligation or recon-
struction (and hence risks thrombosis) during sur-
gery (Fig. 21.3). A second technique that has been 
described but is less commonly used is emboli-
zation of the arterial branch to be sacrificed, to 
preoperatively promote development of collater-
al flow to the corresponding hepatic segment(s), 
thereby minimizing postoperative ischemia [53]. 
We have only occasionally used this technique 
in our practice. A third preoperative technique 
to minimize liver ischemia, used in patients with 
CAS and expected GDA ligation at surgery, is ce-
liac artery stent placement (Fig. 21.3). Stenting 
of the celiac artery has been reported to decrease 
the risk of biliary/pancreatic anastomotic disrup-
tion and liver ischemia [54–57], with 80–95 % 

Table 21.2  General principles of hepatic artery preservation
No jaundice or liver dysfunction
Ligation of the CHA and PHA has been shown to be safe; however, attempts at reconstruction are reasonable
Ligation of a hepatic arterial branch(es) is generally safe with one patent hepatic arterial branch
Ligation of all hepatic arterial branches is generally not advised although historical data have shown it to be safe
Jaundice or liver dysfunction
Ligation of any hepatic arterial branch is not advised due to the risk of hepatic ischemia/necrosis
Biliary anastomosis
Ligation of either RHA/RRHA or GDA alone is safe
Ligation of both RHA/RRHA and GDA is not advised due to the risk of anastomotic dehiscence or stricture
CHA common hepatic artery, PHA proper hepatic artery, RHA right hepatic artery, RRHA replaced right hepatic artery, 
GDA gastroduodenal artery



223

success rates [21, 58, 59]. Anticoagulation to 
prevent stent thrombosis and an adequate waiting 
period to allow for collateral development are im-
portant considerations prior to staged resection. 
If stenting is not possible, surgical bypass, either 
at the time of or prior to planned resection, is the 
only option.

Preoperative considerations to minimize the 
risk of biliary ischemia are relevant in patients 
with a RRHA and GDA that will be ligated or are 
at risk for injury or thrombosis. In this setting, 
embolization of the RRHA to allow for collateral 
flow to develop to the bile duct prior to resection 
and anastomosis has been reported (Fig. 21.3) 
[60]. However, we rarely use this technique as 
the RRHA can often be preserved without margin 
compromise, or can be reconstructed [61, 62].

Intraoperative Considerations

Meticulous dissection with complete exposure 
and identification of structures prior to division 
is essential to prevent inadvertent hepatic artery 
injury. The CHA can be identified by its relation-

ship to the hepatic artery lymph node (HALN), 
located at the superior border of the pancreas, 
medial to structures in the HD ligament. The 
HALN abuts the superior wall of the CHA, just 
proximal to the GDA origin and careful removal 
exposes the CHA near the GDA origin. The CHA 
can be mistaken for the RHA, the LHA, or even 
the splenic artery and inadvertently ligated, un-
derscoring the need for complete exposure and 
identification as well as test clamping prior to 
division of any structure. Injury to the CHA and 
PHA can be difficult to successfully suture repair 
primarily, although this has been described [63]. 
Reconstruction options include primary anasto-
mosis, transposition of native arteries (splenic ar-
tery, right gastroepiploic artery, GDA) [64–68], 
or interposition grafts with autologous tissue 
such as the gonadal vein [69]. Vascular recon-
struction of the hepatic artery is technically chal-
lenging and not commonly performed by HPB 
surgeons; hence, assistance from a vascular or 
transplant surgeon can be helpful and sought out 
if necessary.

Specific Intraoperative Considerations

Pancreaticoduodenectomy (PD)

Replaced/Accessory Right Hepatic Artery
A RRHA/ARHA is in close proximity to the bile 
duct and head of the pancreas (and therefore 
close to tumors in the head of the pancreas) in the 
posterolateral space of the hepatoduodenal liga-
ment and is therefore at risk for injury during a 
PD. If the patient is jaundiced, preoperative bili-
ary drainage is indicated (Fig. 21.3). Meticulous 
dissection during mobilization of the CBD, duo-
denum, and pancreatic head commonly allows 
preservation of a RRHA/ARHA, without com-
promise of margin status or outcomes [61, 62]. 
Altering the operative approach has also been 
described as a technique to minimize the risk of 
injury. The most common approach to a PD is 
through an anterior approach, dissecting the head 
and uncinate process off the PV, followed by dis-
section along the SMA. Although this may still 
be safely feasible, a posterior or “artery first” 

Fig. 21.3  Preoperative vascular considerations in hepa-
tobiliary and pancreatic resections. RHA right hepatic 
artery, RRHA replaced right hepatic artery, CAS celiac 
artery stenosis, GDA gastroduodenal artery
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approach should be considered when a RRHA/
ARHA is noted. A posterior approach allows for 
early assessment of resectability, SMA identifi-
cation, and proximal control [70–74]. If intraop-
erative injury or involvement by tumor necessi-
tates ligation of a RRHA, reconstruction is rec-
ommended to prevent bilio-enteric anastomotic 
and hepatic ischemia as the GDA is commonly 
ligated in a PD. Reconstruction of an ARHA is 
advised in jaundiced patients to prevent liver ne-
crosis, as discussed earlier (Table 21.2). Injury 
to the RRHA/ARHA can be repaired by primary 
anastomosis, venous or prosthetic interposition, 
or reconstruction using a ligated GDA stump [65, 
75–77].

Replaced Common Hepatic Artery
A RCHA is a rare anatomic variant and of great-
est significance during a PD. If identified on pre-
operative workup, a posterior approach is help-
ful, whereby the SMA and the RCHA takeoff is 
identified first and GDA ligation is delayed until 
the RCHA is clearly identified and noted to be 
free of tumor. The anatomic course of a RCHA 
is important in choosing the best operative strat-
egy. If it courses through the pancreas, it can be 
preserved by dividing the pancreas lateral to it—
this approach however may compromise margin 
status. If it has an anastomotic connection to the 
LGA or another accessory artery, ligation with-
out compromise of arterial supply to the liver 
and extrahepatic biliary tree has been reported. 
Finally, if it is involved and must be sacrificed, 
reconstruction is indicated and has been de-
scribed using autologous vascular grafts such as 
the GDA or saphenous vein [78].

Celiac Artery Stenosis
CAS is of significance in a PD if the liver is de-
pendent on retrograde GDA flow for arterial sup-
ply. If test clamp of the GDA leads to loss of a 
pulse in the porta hepatis, four options exist.
• Examination of the celiac axis for extrinsic 

compression
 Division of external compression due to 

median arcuate ligament, fibrous tissue, or an 
enlarged celiac ganglion can be effective at 
immediately restoring arterial flow.

• Preservation of GDA
 GDA-preserving PD has been described and is 

technically demanding, however feasible [79]. 
It may be a less attractive option for patients 
with malignant tumors due to an incomplete 
nodal clearance and may be more appropriate 
for benign or small tumors.

• Revascularization
 Revascularization can be achieved through 

either bypass or arterial reimplantation. 
Bypass can be performed using autologous 
vein or PTFE between the aorta and the 
hepatic artery, middle colic artery to the GDA 
stump, and venous bypass between the splenic 
artery and iliac artery [21]. Arterial reimplan-
tation can be achieved through reimplantation 
of the celiac trunk into the aorta, or the splenic 
artery into the SMA [21].

• Postpone procedure
 Postponing the resection allows for celiac 

stent placement or elective revascularization 
followed by a delayed attempt at resection.

Hemi-hepatectomy
Preservation of arterial supply to the remnant 
liver during a hemi-hepatectomy is crucial to 
prevent liver ischemia to the regenerating future 
liver remnant. As a general principle, we advo-
cate complete arterial dissection and visualiza-
tion of both right and left hepatic arteries, test 
clamping of the ipsilateral artery to be ligated, 
and confirmation of a contralateral pulse prior to 
dividing any structures in the porta.

Right Hepatectomy For a right hepatectomy, 
the RHA is most easily ligated to the right of the 
common hepatic duct to protect the LHA from 
inadvertent injury. Preservation can be con-
firmed by palpating a pulse at the base of the 
umbilical fissure after temporary occlusion of the 
RHA. Division of the RHA distal to the common 
hepatic duct also allows for medial traction of the 
proximal stump, which is useful in exposure of 
the right PV. Injury to the LHA is rarely a con-
cern during division of a RRHA/ARHA.

Left Hepatectomy During a left hepatectomy, 
the LHA can occasionally be mistaken for the 



225

GDA if it has an initial inferior course. The PHA 
can also be mistaken for the LHA if the division 
into a RHA and LHA occurs distally in the porta 
hepatis. The safest technique to ensure selective 
ligation of the LHA is to perform a test clamp of 
the artery and ensure a contralateral pulse prior 
to division. A RLHA/ALHA is easily visualized 
in the gastrohepatic ligament, and contralateral 
arterial injury is not a concern as it is divided.

Hilar Tumors Tumors in the hepatic hilum can 
present unique surgical problems as they may 
invade vascular structures entering the liver. 
Hilar cholangiocarcinomas that extend along the 
left hepatic duct can present particular difficulty 
as they require a left hepatectomy to obtain a 
complete resection, while they can simultane-
ously invade the RHA given the usual proximity 
of the RHA to the posterior aspect of the common 
hepatic duct. Both preoperative and intraopera-
tive techniques have been described to address 
this, including preoperative embolization of the 
PHA [53, 80], and reconstruction of the RHA 
using the gastroepiploic artery, GDA, LHA, and 
vein grafts [75, 81].

Conclusions

The close relationship of hepatic arterial branch-
es to structures in the porta hepatis and their 
frequent anatomic variations, compounded with 
the presence of tumors that often exhibit a tro-
pism toward vasculature, render branches of the 
hepatic artery particularly susceptible to injury 
during HPB surgery. Fortunately, much experi-
ence has been gained to aid our understanding of 
the anatomic and clinical factors that predispose 
the liver and biliary tree to complications follow-
ing ligation of hepatic arterial branches. A thor-
ough understanding of these clinical principles, 
comprehensive knowledge of normal and variant 
anatomy, careful preoperative radiologic evalu-
ation, and meticulous intraoperative technique 
will allow surgeons to safely navigate potentially 
fatal clinical scenarios and minimize complica-
tions following complex hepatobiliary and pan-
creatic resections.

Key Points: Preoperative Interventions

1. Evaluate normal and variant hepatic arterial 
anatomy using CT with arterial phase imaging 
and/or CT angiography.

2. Perform preoperative biliary drainage in jaun-
diced patients with significant risk of injury, 
ligation, or thrombosis of any hepatic arterial 
branch.

3. In a hemi-hepatectomy, consider preoperative 
embolization of the arterial supply to the rem-
nant liver if it is at substantial risk of ligation, 
injury, or thrombosis.

4. Consider stent or arterial bypass in patients 
with hemodynamically significant atheroscle-
rotic stenosis of the celiac artery and expect-
ed operative ligation of the gastroduodenal 
artery.

5. Consider preoperative embolization of the 
right hepatic artery in patients requiring bili-
ary reconstruction with significant risk of loss 
of both the right hepatic artery and the gastro-
duodenal artery.

6. In situations where preservation of a hepatic 
artery branch(es) is critical, make necessary 
preparations for possible operative recon-
struction such as availability of appropriate 
grafts or surgical consultations.

Key Points: Intraoperative Principles

1. Without jaundice, injury to a hepatic arterial 
branch(es) can generally be treated with li-
gation, provided a single patent hepatic arte-
rial branch remains. Injuries to the common 
and proper hepatic arteries have been safely 
treated with ligation, although reconstruction 
is reasonable.

2. With jaundice, injury to any hepatic arterial 
branch requires repair given the risk of hepat-
ic necrosis and life-threatening complications 
with occlusion.

3. With a biliary-enteric anastomosis, ligation 
of either the right hepatic artery or the gastro-
duodenal artery is safe. Ligation of both is not 
advised given the risk of anastomotic compli-
cations.
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4. Loss of a pulse in the porta hepatis with gas-
troduodenal artery clamping indicates celiac 
artery stenosis. Division of the gastroduodenal 
artery will hence risk significant hepatic/bili-
ary ischemia and biliary-enteric anastomotic 
complications. Dividing sources of extrinsic 
compression and immediate or delayed opera-
tive revascularization should be considered.

5. During extrahepatic arterial ligation in a he-
mi-hepatectomy, test clamp and confirm a 
pulse to the contralateral liver remnant, and/or 
expose both hepatic arterial branches before 
ligation to avoid inadvertent injury to the con-
tralateral arterial supply.
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Etiology

Recent advances in surgical technique and peri-
operative management, as well as more careful 
patient selection and better understanding of liver 
anatomy and physiology, have significantly im-
proved mortality rates to less than 3–5 % after 
liver and pancreas surgery. However, the overall 
morbidity rate after hepatic resection remains 
high, ranging from 15 to 45 %, and up to 80 % 
in prospectively collected series evaluating pan-
creaticoduodenectomy (PD) [1–12]. The inci-
dence of postoperative hepatic infection has been 
reported to vary between 2.6 and 8.6 % in more 
recent large studies [1–12]. In pancreas surgery, 
the risk occurs following PD but not distal pan-
createctomy, which is likely due to the most well-
recognized contributing factor—the presence of 
a biliary-enteric anastomosis [8].

The negative impact of postoperative com-
plications on long-term oncological outcome 

has been reported after partial hepatectomy for 
colorectal metastases and hepatocellular carci-
noma with postoperative sepsis being an inde-
pendent predictor influencing disease free and 
overall survival [3, 4, 13–15]. The mechanism 
behind which postoperative sepsis negatively af-
fects long-term outcomes in oncologic surgery is 
not completely understood, but has been linked 
to negative effects of the systemic inflammatory 
response on the immune system. In addition to 
the adverse effect of postoperative infectious 
complications on long-term outcomes after liver 
and pancreas surgery, the morbidity of infectious 
complications also results in increased hospital 
stay, resource utilization with subsequent higher 
costs of inpatient stay, and mortality. Therefore, 
early recognition and aggressive treatment of in-
fectious complications are of pivotal importance 
to reduce postoperative complications and im-
prove oncologic outcomes.

Perioperative blood loss and blood transfusion 
have been associated with systemic side effects 
and negative impacts on postoperative outcome, 
with blood loss remaining one of the main pre-
dictors of morbidity and mortality after liver and 
pancreas resection [14–19]. Blood product trans-
fusion has been assumed to have a deleterious ef-
fect on the immune system by suppressive effects 
on host immunity via a reduction in natural killer 
cell function, decreased cytotoxic T-cell function, 
increased numbers of suppressor T cells, and 
decreased function of macrophages and mono-
cytes. Some of these effects may be mitigated 
by the use of leukocyte depleted allogenic blood 
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transfusions; however, larger studies are required 
to confirm this assumption [20]. The correlation 
between blood loss and blood transfusion and 
postoperative infection has been demonstrated in 
multiple studies involving hepatic resections for 
colorectal metastases, hepatocellular carcinoma, 
and cholangiocarcinoma [3–6, 8, 11, 21]. Metic-
ulous surgical technique and advances in hemo-
static approaches for liver and pancreas resection 
have led to a significant decrease in perioperative 
blood loss and the need for blood transfusion in 
patients. Despite this, a number of factors con-
tribute to poor postoperative outcomes following 
liver and pancreas surgery.

The presence of bile leakage is associated 
with postoperative infectious complications [5, 
8–10, 12]. The incidence of bile leakage ranges 
in the literature from approximately 4.0 to 17 %, 
with common etiologies consisting of inadequate 
control from the parenchymal transection mar-
gin, leakage at a bile duct-intestinal anastomosis, 
or injury of the remnant bile duct [10, 22–24]. 
Biliary stricture plays a significant role in devel-
opment of postoperative hepatic abscess, particu-
larly in patients who have had a biliary stent and 
thus have contaminated bile. In a recent series 
evaluating hepatic abscess after PD, both the 
need for reoperation, the majority of whom re-
quired revision of their choledochojejunostomy, 
and the presence of a biliary fistula contributed to 
the risk of hepatic abscess [8]. There was no ef-
fect on long-term survival, although the numbers 
were small. If suspicion for bile leak remains 
elevated, imaging techniques such as hepatic 
scintigraphy and magnetic resonance imaging 
(MRI) with hepatocyte-specific contrast agents 
or more invasive techniques such as endoscopic 
retrograde cholangiopancreatography can be 
employed.

Significant steatosis (> 30 %) has also been as-
sociated with a threefold increase in overall post-
operative complications following hepatectomy, 
with a twofold increase in patients with < 30 % 
steatosis undergoing more extensive resections 
involving greater than three segments compared 
to patients without steatosis [25]. Nonalcoholic 
fatty liver disease may affect up to 30 % of the 
Western adult population with its prevalence 

mirroring that of obesity and the metabolic 
syndrome which is also expected to increase in 
non-Western countries due to globalization of 
the Western diet [26]. Imaging techniques, spe-
cifically MRI, are being developed to quantify 
fat composition of the liver, which would allow 
hepatobiliary surgeons to have an informed dis-
cussion with patients with significant steatosis 
about the risks of major hepatic surgery.

Vascular injury plays a strong role in the de-
velopment of postoperative hepatic abscess. A 
poorly perfused liver remnant and/or ischemia 
to the biliary anastomosis will increase the risk 
of hepatic abscess, particularly in the setting of 
contaminated bile and/or biliary stricture. Thus, 
meticulous technique is essential. Other factors 
have been associated with postoperative infec-
tious complications, such as serum albumin level, 
presence of multiple medical comorbidities, lon-
ger operative times, and increasing complexity 
of hepatic resection. Preoperative biliary drain-
age in patients with hyperbilirubinemia second-
ary to obstruction has also been associated with 
increased postoperative infectious complications 
due to bacterial contamination.

Diagnosis

Technological advances have significantly en-
hanced the role of radiology in the detection, 
characterization, and management of postop-
erative changes in the liver. All cross-sectional 
imaging techniques allow for a high rate of de-
tection of postoperative fluid collections, and in 
addition, image-guided percutaneous drainage 
procedures have greatly improved the clinical 
treatment of patients with postoperative infec-
tions throughout the abdomen and pelvis.

Computed Tomography

Due to its ready availability with high spatial and 
contrast resolution, computed tomography (CT) 
is the best approach for imaging patients who are 
stable enough to be transported to the radiology 
department. Intravenous contrast is preferred to 
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evaluate for any complications in the periopera-
tive period as well as to assess the enhancement 
characteristics of postoperative fluid collections 
in order to improve detection of infected collec-
tions rather than postoperative fluid. The use of 
intravenous contrast and multiphasic imaging 
also allows for the assessment of patency of the 
hepatic vasculature. However, iodinated contrast 
agents must be used cautiously or not at all in 
the setting of acute or chronic renal failure and in 
patients with an iodinated contrast allergy, unless 
they are appropriately pretreated. Oral contrast is 
not mandatory but if tolerated will likely be of 
benefit in aiding the detection of bowel pathology 
or to distinguish postoperative fluid collections 
from adjacent loops of bowel. On CT examina-
tion, abscesses generally are hypoattenuating on 
both contrast-enhanced and noncontrast exami-
nations with attenuation values between 0 and 
45 Hounsfield units, and are most commonly di-
rectly adjacent to the resection bed. Infected col-
lections typically demonstrate a rim of contrast 
enhancement and will usually result in adjacent 
inflammatory changes in the peritoneal cavity or 
retroperitoneal fat. The presence of gas within a 
collection either as an air-fluid level or bubbles 
of gas can be a specific sign for postoperative in-
fection, however is not commonly present. High-
er attenuation collections in the postoperative 
bed may represent hematoma or the residual of 
hemostatic material used intraoperatively. Post-
operative intrahepatic abscesses are also hypoat-
tenuating and are generally well-defined masses, 
which may be unilocular with smooth margins 
or complex with internal septations and irregu-
lar contours [27]. The presence of gas within a 
collection either as an air-fluid level or bubbles 
of gas can be a specific sign for postoperative 
infection, although it is not commonly present. 
Higher attenuation collections in the postopera-
tive bed may represent hematoma or residual he-
mostatic material used intraoperatively. The use 
of oxidized regenerated cellulose (Surgicel) can 
be identified in the surgical bed up to 1 month 
after placement. During placement, air likely 
gets trapped with blood within the interstices of 
the oxidized cellulose sponge and produces focal 

linear or curvilinear gas collections which can be 
confused for postoperative infections [28].

Ultrasound

Ultrasonography (US) is an imaging modality, 
which can be performed at the bedside in patients 
not stable enough to travel to the radiology de-
partment for other modes of cross-sectional im-
aging. US is, however, limited by the fact that 
certain anatomic areas are difficult to visualize 
and can be affected by patient body habitus, 
wounds, surgical drains, and overlying bowel gas 
in the setting of postoperative ileus. Ultrasound is 
also subject to operator variability and has been 
shown to be inferior to CT in evaluating postop-
erative patients with sepsis [29]. At the time of 
US, large perihepatic fluid collections can dem-
onstrate an appearance ranging from hypoechoic 
to hyperechoic, with varying degrees of internal 
echoes and debris. Gas in postoperative fluid 
collections causes acoustic shadowing or rever-
beration artifacts. Small intrahepatic abscesses 
often appear as discrete hypoechoic nodules or 
ill-defined areas of distorted hepatic echogenec-
ity [27]. Surgical hemostatic packing or omental 
flaps may appear as echogenic masses in the op-
erative bed and may demonstrate reverberation 
artifact, which can be suggestive of infection 
[30]. The patency of the hepatic vasculature can 
also be assessed at the time of US with the addi-
tion of color and pulsed Doppler evaluation when 
waveform and velocity analysis is included.

Magnetic Resonance Imaging

The role of MRI in evaluation of the early post-
operative patient who is displaying signs of po-
tential sepsis may be limited due to patient fac-
tors; however, with its multiplanar multisequence 
capability and the use of hepatobiliary-specific 
contrast agents, MRI is being used more often for 
imaging of the postoperative patient. Postopera-
tive fluid collections can have variable T1 and T2 
signal intensity based on the protein content in 
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the collection. Abscesses commonly demonstrate 
inhomogeneous areas of low T1 signal intensity 
with intermediate to high T2 signal intensity. 
After the administration of gadolinium contrast, 
an infected fluid collection will often display pe-
ripheral rim enhancement. Intrahepatic abscesses 
may also demonstrate some mild perilesional 
edema, which manifests as intermediate to high 
signal intensity on T2-weighted images. Air 
within a collection will demonstrate a signal void 
on all acquired sequences and may be difficult 
to differentiate from calcifications; however, the 
shape and location of the signal void should allow 
the correct diagnosis. Diffusion-weighted imag-
ing also has been shown to be helpful in distin-
guishing infected fluid collections from cystic or 
necrotic tumors and noninfected fluid collections 
with abscesses typically showing restricted dif-
fusion [31]. Also, in the postoperative setting, if 
there is concern for bile leak or bile duct injury, 
the use of hepatocyte-specific contrast agents can 
add functional information to that obtained using 
conventional T2-weighted imaging and may be 
particularly useful in identifying the site of a bile 
leak, or identifying an area of biliary stricture 
which may be contributing to the hepatic abscess 
[32]. Multiphasic MRI protocols also are ideally 
suited to evaluate the patency of the hepatic vas-
culature, which may be a complicating factor in 
the development of abscess formation. Surgicel 
demonstrates marked low signal intensity on T2-
weighted images and is easy to distinguish on 
MRI from a postoperative fluid collection [33].

Treatment

Once the diagnosis of postoperative hepatic in-
fection is suspected on the basis of clinical find-
ings and supportive imaging results, prompt 
treatment is of paramount importance, as delay 
in initiation of treatment may adversely affect 
patient outcomes [2]. Administration of broad-
spectrum antibiotics should not be delayed and 
aggressive source control should be pursued. The 
choice of antibiotic regimen should cover the 
more common pathogens associated with postop-
erative hepatic infection such as Gram-negative 

enteric and Gram-positive cocci organisms [2, 
34–37]. The choice of antibiotic regimen and du-
ration of therapy is guided by culture results and 
sensitivities as well as clinical factors such as im-
provement in symptoms, decreased leukocytosis, 
and duration of drainage if a catheter is placed.

Minimally invasive image-guided percutane-
ous treatments such as needle aspiration and cath-
eter drainage have supplanted surgical therapy for 
the treatment of pyogenic liver abscesses, with 
resultant significant decreases in hospital stay, 
overall cost, and morbidity. Thus, percutaneous 
therapy is now considered first-line treatment in 
the setting of postoperative hepatic infections [38, 
39]. Repeat laparotomy still plays a critical role 
for the treatment of recalcitrant infections which 
are failing more conservative percutaneous treat-
ment strategies, but this is exceedingly rare in the 
context of modern era interventional radiologic 
techniques and contemporary broad-spectrum 
antibiotics. Abscesses less than 3 cm in size can 
usually be treated successfully with parenteral an-
tibiotics alone; however, aspiration plays a criti-
cal role in establishing the diagnosis of infection 
in postoperative fluid collections and specific mi-
crobial identification in order to direct antibiotic 
therapy [40] (See Fig. 22.1). Image-guided nee-
dle aspiration by either US or CT has been shown 
to be highly effective for simple abscesses less 
than 5 cm in size [38, 41, 42]. Multiple aspiration 
sessions may be required for complete success. 
Image-guided percutaneous catheter drainage is 
preferred for abscesses larger than 5 cm in size, 
complex abscesses, or those in direct continuity 
with bile ducts or bowel [38, 39, 42, 43].

Prior to minimally invasive image-guided 
therapies, assessment should include evalua-
tion of coagulation parameters with a target INR 
< 1.5, aPTT of less than 1.5x control, and platelet 
count > 50,000/µL with correction of these pa-
rameters on a case by case basis [44]. Ultrasound 
or CT guidance can be used for aspiration or 
catheter drainage based on operator preference. 
When choosing a puncture path, the least amount 
of hepatic parenchyma should be traversed, and 
care should be taken to avoid damaging adja-
cent organs or traversing the pleura due to the 
risk of empyema (See Fig. 22.2). Ultrasound is 
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the preferred imaging modality in most cases 
due to real-time guidance, multiplanar imaging, 
portability, visualization, and avoidance of major 
blood vessels and pleura/lung, and lack of ioniz-
ing radiation. Ultrasound-guided procedures can 
be performed via a subcostal or intercostal ap-
proach. A subcostal approach is generally favored 
over an intercostal puncture due to a lower risk 
of pneumothorax, empyema, or intercostal artery 
injury. Sonographically guided interventions can 
be performed using either a free-hand technique 
(which provides for greater freedom in needle 
placement), or with an attached biopsy guide 
which provides greater accuracy. Local anesthet-
ic should be liberally applied from the skin entry 
site down through the subcutaneous fat and peri-
toneum directly adjacent to the fluid collection. 
If possible, the needle should be placed during 

a breath hold to reduce the risk of capsule lac-
eration and to facilitate needle entry at the site of 
local anesthetic administration. Visualization of 
any adjacent large vascular structures can also be 
assessed with Doppler US prior to needle place-
ment. CT guidance may be beneficial in scenarios 
where sonographic visualization is limited by ei-
ther appearance of the collection on US, adjacent 
wound complications necessitating a different 
trajectory, and also to confirm appropriate needle 
placement utilizing US guidance (See Fig. 22.3). 
Most interventional CT units are capable of CT 
fluoroscopy and gantry angle adjustment which 
aid in procedural planning. Needle aspiration 
is usually performed with an 18-gauge needle 
and samples should be appropriately sent for 
microbiologic analysis. During attempted needle 
aspiration, if the fluid is too viscous for adequate 

Fig. 22.1  A 50-year-old female presenting with biopsy-
proven recurrent epitheliod hemangioendothelioma 
6 years post living-related liver transplantation measur-
ing 3.8 × 2.9 cm (a) underwent an uneventful nonanatomic 
wedge resection of the lesion with adequate margins. The 
patient presented to the hospital on postoperative day 
12 with worsening right upper quadrant pain, subjec-
tive fevers, and chills. A CT examination demonstrated 
a 7.8 × 4.6 cm hypoattenuating fluid collection in the re-
section bed with a few small foci of scattered gas with-
out significant rim enhancement (b). The patient’s white 

blood cell count was not elevated at 8.8 K/uL; however, 
due to her immunosuppression and presenting symptoms 
there was concern for postoperative infection. The patient 
was initiated on broad-spectrum antibiotics and the fluid 
collection was subsequently aspirated under US guidance 
where it demonstrated a complex appearance with pre-
dominantly hypoechoic appearing fluid with echogenic 
debris (c). The collection was completely aspirated with 
removal of approximately 60 mL of dark bilious appear-
ing fluid (d). The Gram stain and culture were negative 
and the patient did not require any further management
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Fig. 22.2  A 68-year-old female with history of cirrhosis 
secondary to NASH and alcoholism, Child Pugh class A, 
insulin-dependent diabetes mellitus, and coronary artery 
disease who presented with a 5.6 cm arterially enhanc-
ing exhophytic mass in segment 6 of the liver with portal 
venous washout consistent with hepatocellular carcinoma 
(a). The patient underwent an uneventful nonanatomic 
wedge resection, which revealed a well-differentiated 
HCC without vascular invasion. Her postoperative course 
was remarkable for postoperative bleeding which was 
managed with transfusion of two units of packed red 
blood cells and she was discharged on postoperative 
day number 8. She presented with increasing right upper 
quadrant pain approximately 8 weeks after surgery and 
laboratory evaluation revealed a normal white blood cell 
count. A CT of the abdomen and pelvis demonstrated a 
10.8 × 3.5 cm rim enhancing hypoattenuating fluid collec-
tion with an air-fluid level along the right lateral liver (b). 
CT guidance was utilized for an intercostal approach into 
the collection and a 10 Fr locking loop drainage catheter 

was placed with aspiration of 60 mL of purulent fluid, 
which grew Enterobacter cloacae and Escherichia coli 
(c). She was discharged on appropriate antibiotic therapy, 
however, presented to the hospital 2.5 weeks after percu-
taneous drainage catheter placement with altered mental 
status. A CT examination demonstrated near-complete 
resolution of the abscess cavity; however, the drainage 
catheter was noted to cross the pleura and there was a new 
pleural effusion with enhancement (d). A diagnostic tho-
racentesis was performed with aspiration of 260 mL of 
serosanguinous fluid, which grew methicillin-resistant 
staphylococcus aureus (images not shown). The patient’s 
antibiotic regimen was adjusted accordingly and an ab-
scessogram was performed demonstrating no significant 
residual collection or evidence of biliary or bowel fistula 
and the catheter was removed (e). A follow-up CT exami-
nation 6 weeks status post drainage catheter removal dem-
onstrates no residual pleural fluid and a small amount of 
residual inflammatory changes in the abscess cavity with 
no evidence of residual or recurrent disease (f)
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drainage or is frankly purulent, a catheter can be 
placed in the same setting utilizing the Seldinger 
technique. Catheter drainage may also be per-
formed utilizing the trocar technique and a multi-
side hole, locking catheter of various sizes can be 
placed. Abscess drainage catheter monitoring and 
care is of critical importance to ensure adequate 
drainage. Abscess catheters are usually flushed 
up to three times daily with sterile normal saline 
to prevent clogging. The output from the catheter 
should be recorded on a daily or per shift basis, 
and the presence of high outputs is suggestive of 
a fistula to the cavity. Clinical parameters such 
as drain output, hemodynamic status, leukocyte 
count, and culture results should be followed on 
a daily basis in the early postprocedure period to 
evaluate the patient’s clinical progress. Catheters 
can be placed to either suction or gravity drain-
age. Passive drainage may minimize catheter oc-
clusion secondary to aspirated debris within the 
abscess cavity; however, active drainage (suc-
tion) may result in more rapid evacuation of the 
abscess with opposition of the abscess cavity 
wall. Patients who do not respond clinically to 
percutaneous drainage catheter placement should 
be further evaluated with cross-sectional imaging, 
preferably CT, to assess the adequacy of catheter 
placement and/or the development of new po-
tential sites of infection. In the event of catheter 
malfunction or inadequate drainage of the col-
lection, the drainage catheter can be exchanged 
over a wire for larger bore catheters; however, 
in some cases of significant loculation or debris, 
more than one catheter may be required for ad-
equate percutaneous management. Another op-
tion to aid in the success of percutaneous abscess 
drainage is the administration of thrombolytic 
agents through the abscess drainage catheter. If 
follow-up imaging demonstrates a persistent ab-
scess cavity despite optimal drain placement and 
sizing, tissue-type plasminogen activator (tPA) 
can be instilled into the cavity to promote further 
drainage. Common practice is to dilute 4–6 mg of 
tPA in 25 mL of sterile 0.9 % normal saline and 
infuse through the catheter and allow it to dwell 
for 30 min–1 h. Afterward, the drainage catheter 
is replaced to passive or active drainage, and the 
outputs from the catheter are monitored closely. 

This technique can be performed from once per 
day up to three times per day as long as it is effec-
tive. Thrombolytic therapy in abscess cavities can 
be effective due to the presence of a fibrin matrix 
within the cavity which when administered can 
result in breakdown of loculations and reduction 
of the viscosity of the fluid within the collection. 
Thrombolytic therapy has proved to be a safe and 
effective therapy even in the postoperative period 
with minimal to no risk of bleeding [45]. Drain-
age is usually continued until the patient demon-
strates clinical improvement and drainage output 
is less than 10–20 mL/day [46]. The length of 
time required for successful percutaneous cath-
eter drainage is highly variable and dependent on 
multiple patient and infection site factors. A fluo-
roscopic abscessogram can be performed prior 
to catheter removal to assess the residual size of 
the cavity and the presence of fistulization to the 
bowel or biliary system if indicated.

Success rates for image-guided needle aspira-
tion of simple pyogenic liver abscesses less than 
5 cm in size approach 100 % with minimal com-
plications [38, 41, 42]. Catheter drainage success 
rates have varied significantly in the literature 
from 66 to 100 % likely secondary to abscess and 
patient factors. Higher failure rates have been 
associated with the presence of advanced malig-
nancy, particularly necrotic infected tumors, and 
the presence of fistulization to an obstructed bili-
ary system [39, 43]. Aggressive management of 
biliary obstruction/injury in the setting of postop-
erative abscess formation is of critical importance 
to ensure resolution. The risk of complications is 
minimal with complications such as pneumotho-
rax, empyema, intraperitoneal hemorrhage, and 
mild pain being the most frequently reported.

Five Key Points on How to Avoid 
Complications

1. Assure well-perfused liver remnant following 
hepatectomy

2. Assure liver remnant has adequate biliary 
drainage following hepatectomy

3. Assure biliary-intestinal anastomoses are well 
perfused
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4. Assure biliary-intestinal anastomoses are 
widely patent at the time of surgery

5. Limit biliary stents as much as possible

Five Separate Key Points  
on Diagnosing and/or Managing  
the Complication

1. Obtain contrasted CT or MRI for unexplained 
postoperative fever

2. Utilize interventional radiologic drainage 
whenever it is technically feasible

3. Utilize broad-spectrum antibiotics once diag-
nosed

4. Utilize surgical approach only for refractory 
cases

5. Multidisciplinary team input is critical
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Introduction

For patients requiring bilioenteric anastomosis, 
Roux-en-Y hepaticojejunostomy (HJ) remains 
the procedure of choice in the vast majority of 
the cases. Several complications may occur fol-
lowing the creation of HJ. These include anasto-
motic strictures, stone formation, reflux of gas-
trointestinal content into the biliary tree, obstruc-
tion of the Roux-en-Y anastomosis [1], and both 
de novo [2] and recurrent malignant disease [3]. 
HJ anastomotic stricture, which is defined as the 
narrowing of the anastomosis leading to biliary 
obstruction and retention, accounts for more than 
50 % of these complications. Indeed, state-of-
the-art hepaticojejunostomy requires precise cre-
ation of a (1) tension-free, (2) widely patent (3) 
mucosa-to-mucosa anastomoses using (4) well-
vascularized bile ducts that (5) drain all parts of 
the liver. The lack of one or several of these con-
ditions dramatically jeopardizes the quality of the 
anastomosis and puts the patient at risk of stric-
ture development. HJ anastomotic strictures may 
cause recurrent cholangitis with life-threatening 
risks and, after several years, may also evolve 
toward biliary cirrhosis, hepatic failure, or even 
death. However, both diagnosis and treatment 

of HJ stricture may be difficult. While surgical 
repair was the treatment of choice several years 
ago, there has been growing interest in more con-
servative approaches with the development of 
balloon dilatation and stricture stenting. Hence, 
modern management of these strictures is often 
multimodal, requiring repeated therapeutic ses-
sions and combined approaches.

Diagnosis

Clinical and Biological Presentation

HJ stricture progressively leads to retention of 
contaminated bile. In this setting, any mild el-
evation of g-GT (gamma-glutamyl transferase) 
and trasnsaminase level and also transitory fever 
should highlight the possibility of a nascent anas-
tomotic stricture. Once the stricture occurs, pre-
senting symptoms are dominated by cholangitis 
in 80 % of the cases, with isolated jaundice oc-
curring in only 15 % of the cases [1]. However, 
these symptoms are not specific and may be re-
lated to other causes of HJ malfunction, including 
intrahepatic stone formation without HJ stenosis, 
stenosis of the Roux-en-Y anastomosis, or the so-
called sump syndrome, which is defined as the 
reflux of gastrointestinal content into the biliary 
tree because of inadequate length of the Roux-en-
Y loop [4]. Likewise, in patients operated on for 
malignant disease, surgeons should also system-
atically rule out the possibility of loco-regional 
disease recurrence [3]. Finally, in transplanted 
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patients, impairment of liver functional tests or 
symptoms such as jaundice or cholangitis may 
account for non-anastomotic biliary strictures, 
graft rejection, viral infections, arterial complica-
tions, and recurrent primary disease. In this set-
ting, diagnosis of HJ strictures should therefore 
be retained only after complete workup ruling 
out other complications has been performed.

Morphological Evaluation

Even though ultrasound (US) examination and 
computed tomography (CT) have no place in 
the direct visualization of anastomotic strictures, 
they should be routinely performed in the man-
agement of these patients. Indeed, both US and 
CT scan may be of value in the evaluation of 
nonspecific indirect signs of strictures and may 
allow for the assessment of differential diagnoses 
and stricture-related complications. Historically, 
diagnosis was achieved using percutaneous tran-
shepatic cholangiography (PTC) (Fig. 23.1a), 
which may also allow for direct visualization of 
the strictures using cholangioscopy [5]. How-
ever, since this invasive procedure is associated 
with both risk of vascular injury in approxi-
mately 2 % of the cases [6] and septic complica-
tions, it should now be restricted to therapeutic 
purposes or rare situations of inconclusive mag-
netic resonance (MR) cholangiography. Indeed, 

MR cholangiography has become the standard 
morphological examination in the assessment of 
HJ stenosis and allows direct visualization of the 
strictures with a sensitivity reaching more than 
90 % (Fig. 23.1b) [1]. Other anecdotal diagnostic 
modalities include endoscopic retrograde cholan-
giography, which has been reported to be feasible 
in 58–93 % of HJ patients [7–9], or percutaneous 
transjejunal endoscopy, which may be facilitated 
in patients with prior subcutaneous fixation of 
the Roux-en-Y loop [10, 11], but has been also 
successfully reported using US-guided puncture 
of non-fixed loops in experienced hands [12, 13].

Incidence and Risk Factors According 
to the Clinical Context

Since creation of HJ may be required in various 
surgical situations, both incidence and risk fac-
tors of HJ strictures widely vary according to the 
clinical context (Table 23.1).

Iatrogenic Bile Duct Injury

Since the description of the Hepp and Couinaud 
biliary-enteric anastomosis using the extrahe-
patic left hepatic duct [14], HJ has remained the 
standard procedure in the surgical management 
of most postcholecystectomy bile duct injuries. 

Fig. 23.1  Hepaticojejunostomy stenosis following early 
repair of a bile duct injury during laparoscopic cholecys-
tectomy in a 27-year-old women. This patient was suc-

cessfully managed using repeated sessions of percutane-
ous dilatation. a Percutaneous cholangiography. b Mag-
netic cholangiography
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In this setting, HJ anastomotic strictures never-
theless occur in 5–22 % [15–19] of the patients. 
The absence of bile duct dilatation has long been 
incriminated as the most prominent risk factor 
for the development of HJ stricture following 
bile duct injury repair [16], leading some authors 
to either postpone the intervention until bile duct 
dilatation was obtained or to routinely use trans-
anastomotic stents on non-dilated bile ducts [20]. 
However, several studies have highlighted that 
early repair achieved similar results as delayed 
biliary reconstruction provided that the proce-
dure was performed by a specialist hepatobiliary 
surgeon [21]. This clearly emphasizes the need 
for early diagnosis and referral to a specialized 
HPB unit. Other risk factors for the development 
of HJ stricture include the presence of biliary 
peritonitis at repair [22] and postoperative com-
plications following the repair, especially biliary 
leakage [16], which both intuitively increase the 
risk of postoperative inflammatory stenosis. Fi-
nally, the impact of an associated right hepatic 
arterial injury in the occurrence of anastomotic 
stricture is still a matter of ongoing debate [15, 
21, 22], with several arguments suggesting a role 
of arterial injury in favoring ischemia and retrac-
tion of the bile ducts and others supporting a 
rapid revascularization through the anastomosis. 

In our experience, routine CT scan with vascular 
reconstruction is always performed to preopera-
tively assess the arterial vascularization. Simi-
larly, we believe that both operative evaluation of 
the biliary vascularization and confection of high 
anastomoses may help to prevent postoperative 
strictures. Finally, we consider that the existence 
of an associated vascular injury should probably 
lead to considering early repair with the utmost 
caution.

Liver Transplantation (LT)

In deceased donor liver transplantation (LT), HJ 
is more and more restricted to a limited number 
of situations including large disparity in size be-
tween the recipient’s bile duct and the donor’s 
bile duct, liver retransplantation, LT for primary 
sclerosing cholangitis, and biliary atresia. In these 
situations, the incidence of HJ strictures ranges 
from 2 %, in the case of liver retransplantation 
[23], to 21 % in patients with PSC [24]. In this 
latter setting, it has been recently suggested that 
duct-to-duct anastomosis (DDA) provided better 
long-term functional results than HJ [24] without 
increasing the risk of disease recurrence [25, 26], 
supporting that it should be probably preferred 

Table 23.1  Incidence and risk factors of hepaticojejunostomy strictures according to the clinical situation
Indication for HJ Incidence of 

strictures (%)
Risk factors

Bile duct injury 5–22 Sepsis during repair
Absence of bile duct dilatation
Postoperative biliary leakage

Liver transplantation (LT)
Deceased donor 2–21 Primary sclerosing cholangitis
Living donor 6–22 Graft related factors:

Steatosis, Prolonged cold ischemia time, donor age > 50 years
Technical factors:
Biliary anatomical variation, small ducts, no microsurgical repair
Postoperative complications:
Biliary leakage, arterial thrombosis, CMV infection

Pancreatic head resection 2.6 –
Choledochal cyst excision
Children 0–6 Type Iva cysts
Adults 5–24 Short duration of symptoms

Large-sized cysts
Age > 10 years
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over HJ. In living donor LT, no randomized study 
has yet documented the superiority of DDA over 
HJ. Hence, HJ is still performed in 20–40 % of 
the cases [27, 28]. In this latter setting, biliary 
anastomotic strictures represent the Achilles heel 
of these procedures with reported rates ranging 
from 6 to 22 % [29, 30]. The occurrence of HJ 
strictures may be the consequence of: (1) im-
paired graft quality as evidenced by increased 
rates of HJ strictures with significant steatotic 
grafts [31, 32] with prolonged cold ischemia time 
[33] or grafts from donors aged > 50 years [30]; 
(2) technical factors including biliary anatomical 
variations [31] requiring > 1 biliary anastomosis 
[30] and small donor right or left bile ducts; [31]; 
and (3) postoperative complications, mainly bili-
ary leakage [30, 34], hepatic artery thrombosis 
[35], CMV infection [35], and acute cellular re-
jection [33]. Obviously, prevention of HJ stric-
tures in patients undergoing LDLT may essen-
tially be achieved by improving the selection of 
the grafts with the systematic use of preoperative 
donor liver biopsy but also with refinements in 
surgical technique. In this latter setting, Lin et al. 
have emphasized the value of routine microsurgi-
cal biliary reconstruction in decreasing the num-
ber of anastomotic strictures regardless of both 
types and number of ducts [27].

Pancreatic Head Resection

Biliary complications following pancreatic head 
resection are often neglected and overlooked 
by those involving the pancreatic anastomosis. 
Hence, only one study has to date specifically 
examined the incidence of biliary strictures after 
pancreaticoduodenectomy (PD) [3]. In this large 
single-center study analyzing 1595 patients un-
dergoing PD over 8 years, 42 (2.6 %) patients ex-
perienced HJ stricture and median time for stric-
ture occurrence was 13 (median: 1-98) months. 
No significant risk factor for the development of 
strictures was observed with only marginal in-
fluence of preoperative biliary drainage and no 
impact of either common bile duct size or post-
operative biliary leakage. Interestingly, the rates 
of strictures were also strictly similar in patients 

operated on for benign and malignant disease. In 
this latter context, less than 10 % of the patients 
were found to have recurrent neoplastic disease 
involving the bilioenteric anastomosis. Of these, 
none were operated on for pancreatic or ampul-
lary carcinoma supporting that development of 
a biliary stricture in these patients is usually be-
nign. However, all patients with malignant anas-
tomotic strictures carried a diagnosis of cholan-
giocarcinoma. This result, which is in line with 
the reported 16 % rate of tumor recurrence at the 
proximal stump in patients operated on for extra-
hepatic cholangiocarcinoma [36], suggests that 
anastomotic tumor recurrence should be system-
atically ruled out in this subset of patients.

Choledochal Cyst

In the long-term follow-up of patients undergo-
ing choledochal cyst excision, the development 
of postoperative HJ anastomotic stricture widely 
varies according to the age of the patient at the 
time of surgery. Indeed, the rates of HJ stric-
tures range from virtually 0 to 6 % in children 
[37, 38] when the anastomosis is performed on 
the hepatic hilum, while it may reach up to 24 % 
in adults [39]. This finding is probably related to 
the fact that inflammation of the cyst wall is mild 
in children under 10 years of age and more se-
vere in older children and adults, likely resulting 
from severe histological damage to the common 
hepatic duct used for a bilioenteric anastomosis 
[40]. Other risk factors for the development of HJ 
after choledochal cyst excision include shorter 
duration of symptoms [39], increased size of the 
cyst [39], and type IVa cysts [40] where inflam-
mation is associated with histological damage of 
the common hepatic duct after HJ and may lead 
to severe scaring at the bilioenteric anastomosis 
[40]. Altogether, these results suggest that the 
balance between the risks of malignant transfor-
mation and the risks of invalidating symptoms 
following HJ stricture, especially in adults with 
type IVa cysts, should lead to cautious consid-
eration of surgery on a case-by-case basis rather 
than on a systematic operative approach basis. In 
this situation, definition of a subgroup of patients 
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at low risk of malignant transformation would 
probably allow avoiding unnecessary procedures 
at extremely high risk of postoperative complica-
tions.

Therapeutic Options

In patients with HJ strictures, a multimodal and 
gradual management with repeated treatment 
sessions and a combination of several approach-
es is often required (Fig. 23.2). Treatment op-
tions, which include conservative management 
with endoscopic, percutaneous transhepatic, or 
transjejunal balloon dilatation and surgery from 
revisionary HJ to LT, depend on the clinical situ-
ation and the existence of associated complica-
tions. In this setting, the Terblanche classification 
[41], which was designed for the assessment of 
biliary repair following bile duct injury, strati-
fies the functional results of HJ into IV grades 
(Table 23.2) and may be of value in the analy-

sis of the efficacy of the management of these 
strictures.

Conservative Management

Choice of the Approach
The percutaneous approach remains the approach 
of choice with reported therapeutic success rates 
reaching 90–100 % [42, 43]. In this setting, a 
multistep strategy is generally undertaken. The 
first step usually consists in transhepatic chol-
angiography and external catheter drainage. A 
single-puncture technique is used whenever di-
rect insertion of a thin wire offers a suitable ap-
proach to the biliary system. Otherwise, a com-
mon double-puncture technique is performed. 
Percutaneous transhepatic tracts are created to 
ensure complete drainage of all excluded ter-
ritories. Once the bilioenteric stricture has been 
passed, insertion of one or several external cath-

Fig. 23.2  Proposed management of patients with he-
paticojejunostomy strictures. In patients with isolated HJ 
strictures, first-line treatment should be as much conser-
vative as possible. Surgery should remain a second-line 

treatment after failure of well-conducted conservative 
management or in rare cases of associated Roux-en-Y 
malfunction
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eters allows drainage of the entire biliary tree 
above the stricture. When present, small biliary 
tract stones might be removed using irrigation 
with saline solution or may be pushed forward 
through the bilioenteric anastomosis [5]. On the 
other hand, large stones might be removed after 
percutaneous electrohydraulic lithotripsy under 
cholangioscopic guidance [5, 42]. The second 
step is usually performed between 3 and 7 days 
later. An angioplasty balloon catheter is inserted 
across the stenosis and inflated gradually. There-
after, stenting is achieved using an internal–ex-
ternal biliary drainage or wall-stent placement. 
Control cholangiography with catheter exchange 
and complementary dilatations are performed 
every 6 weeks. When no residual stenosis is ob-
served on at least two consecutive sessions, the 
catheter is removed and the patient is followed 
regularly to detect any recurrent stricture.

Recently, several teams have reported their 
results using endoscopic retrograde balloon dila-
tation. This approach, which may facilitate both 
multiple stent placement [7, 9] and use of litho-
tripsy, however, currently only provides success 
rates of 70 % cases using single-balloon entero-
scope [7]. Even though endoscopy may be facili-
tated with the use of short-limb Roux-en-Y [44] 
reconstruction or positioning of the Roux-en-Y 
loop on the duodenum, it should be restricted to 
experienced centers in the setting of therapeutic 
evaluation. The percutaneous transjejunal ap-
proach represents a valuable alternative to the 
endoscopic approach with satisfactory long-term 
results but is also restricted to very few experi-
enced centers [12, 13]. Finally, the “rendez-vous” 
technique, which combines both endoscopic and 
percutaneous approaches, may be useful in com-
plex situations. However, in a setting of HJ stric-
ture, this strategy remains clearly marginal with 
only limited reported experience [45, 46].

To Stent or Not to Stent?
The rationale of using metallic wall-stent would 
be to allow limiting the number of procedures 
and decrease hospital stays [47]. However, de-
spite initial promising results and high primary 
technical success rates [48, 49], long-term results 
of benign biliary stricture treatments by metallic 
stents have been tempered by high rates of late 
re-occlusion [50]. On the other hand, retrievable 
covered stent seems to be a good alternative to 
shorten treatment duration compared to interpo-
sition of an internal–external catheter. However, 
the risk of branching bile duct occlusion limits 
its use in the setting of living donor LT recipients 
owing to high frequency of complex biliary anas-
tomotic strictures.

Periprocedural Management
Preanesthetic consultation and routine blood tests 
including a coagulation profile are systematically 
required. Similarly, the vast majority of the pa-
tients have contaminated bile, and it is mandatory 
to systematically start antibiotherapy prophylaxis 
before the procedure in order to prevent the oc-
currence of severe septic complications during 
manipulation of the bile ducts. Antibiotics are 
generally continued for at least 2–5 days follow-
ing the procedure. Since most of the patients will 
require several therapeutic sessions, it is impor-
tant to adapt the antibiotics to the microbiologi-
cal findings of previous interventions. After the 
procedure, occurrence of blood in the drainages 
should lead to immediate elimination of vascular 
complications such as active hemorrhage, hema-
toma, or pseudo-aneurism on CT scan. Similarly, 
in patients with external drainage, tubes should 
be flushed daily with 5–10 ml of saline to ensure 
adequate bile outflow and bile loss should be rig-
orously compensated. If occlusion is suspected 
in the absence of bile outflow, proper fixation of 

Table 23.2  Classification of the functional results of hepaticojejunostomies. (Derived from Telbranche et al. [41])
Grade I. No biliary symptoms
Grade II. Transitory symptoms, currently no symptoms
Grade III. Clearly related symptoms requiring medical therapy
Grade IV. Recurrent stricture requiring correction or related death
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the drainage should be verified and tubes may 
be flushed with 5–10 ml of saline. In the persist-
ing absence of bile outflow, radiological assess-
ment of the drainage with standard X-ray, CT 
scan, or percutaneous cholangiography should be 
undertaken. Finally, when the internal–external 
drainage has been placed, occurrence of moder-
ate fever or mild elevation of hepatic enzymes 
is common after first occlusion of the external 
part of the drain and should lead to its reopening. 
After a few days, a new attempt might be under-
taken. In case of recurring symptoms, control of 
catheter placement should be undertaken.

Surgery

Revisionary Surgery
Revisional surgery should be considered only 
after well-conducted conservative management 
has failed or in rare situations of Roux-en-Y-loop-
associated malfunction. These procedures, which 
are performed in a context of chronic sepsis and 
after a long history of percutaneous maneuvers, 
are hampered by the fact that biliary strictures are 
often found at a higher level than during the first 
attempt. Altogether, redo-HJs represent a real 
therapeutic challenge, which requires expertise 
in both liver and biliary surgery [51]. Operative 
identification of the anatomy and/or abnormali-
ties may be difficult and requires systematic use 
of intraoperative cholangiography. When pres-
ent, preoperative transhepatic cholangiography 
followed by transhepatic biliary drainage should 
be left in place before surgery as it may be useful 
in localizing the bile duct after removal of the HJ 
and dissecting the hilar plate to expose the pri-
mary biliary confluence. Finally, when the biliary 
confluence is not identifiable, a hepatotomy be-
tween segments 5 and 4 through of the bed of the 
gallbladder may be used to access the secondary 
right biliary confluence [51].

Liver Resection
Partial liver resection using left and right ante-
rior or right hepatectomy has been proposed in 

patients with HJ stricture and anticipated com-
plete biliary confluence destruction in order to 
perform a single-biliary anastomosis [52, 53]. 
Obviously, this situation mainly involves patients 
who initially underwent HJ for high and com-
plex biliary lesions with frequently associated 
vascular injury. In a context of long-lasting bili-
ary obstruction, partial liver resection also allows 
removal of atrophic liver parenchyma at high risk 
of secondary complication because of vascular or 
septic lesions. In our experience, this strategy 
was adopted for patients initially referred for LT 
in 20 % of the cases and was feasible in the vast 
majority of our patients with success rates reach-
ing 70 % after a median follow-up of 8 years. 
Even though we did not experience any postoper-
ative mortality, 61 % of our patients experienced 
severe postoperative complications. This result is 
likely to be related to the fact that most of these 
patients with a long history of biliary obstruction 
often present with underlying parenchymal in-
jury including severe (F3-F4) fibrosis in 50 % of 
the cases. In this setting, we advise a systematic 
use of both preoperative biliary drainage of the 
future liver remnant and portal vein embolization 
of the resected lobe to increase the tolerance of 
these challenging procedures.

Liver Transplantation (LT)
LT is only indicated in patients with irreversible 
parenchymal damage due to secondary biliary 
cirrhosis and chronic liver failure. In patients 
primarily operated for benign disease, this situa-
tion represents a debatable option, which should 
be only considered after failure of all therapeutic 
strategies and should remain exceptional. In liver 
transplant recipients, this also raises the question 
of performing a highly risky procedure in a con-
text of chronic sepsis, which is traditionally con-
sidered a contraindication to LT. In this setting, 
while obtaining bile sterilization and control of 
the sepsis during the pretransplant period is ad-
visable, a certain degree of sepsis could probably 
be accepted in order not to delay the procedure 
to a point where it is not reasonably feasible 
anymore.
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Key Points: How to Avoid HJ Stricture

1. For patients with bile duct injury following 
cholecystectomy, referral to another surgeon/
specialty is mandatory to minimize further 
dramatic complications.

2. Repair of bile duct injury should only be at-
tempted in the absence of ongoing sepsis re-
gardless of the delay.

3. In patients undergoing LT for primary scleros-
ing cholangitis, duct–duct biliary anastomosis 
provides better functional long-term outcomes 
without increasing the risk of disease recur-
rence and should be preferred over HJ.

4. In living donor LT, optimal selection of the 
grafts and microsurgical HJ construction de-
crease the rate of postoperative anastomotic 
HJ strictures.

5. For patients operated on for choledochal cysts, 
definition of a subgroup of adult patients with 
type IVa cysts at low risk of malignant trans-
formation could avoid unnecessary and highly 
risked hepaticojejunostomies.

Key Points: Diagnostic and 
Management

1. As much as 50 % of late-HJ-related complica-
tions are not anastomotic strictures and should 
be meticulously ruled out.

2. In patients primarily operated for malignancy, 
HJ anastomotic stricture is usually and re-
quires a curative approach.

3. Percutaneous transhepatic biliary dilatation 
with or without stent placement is currently 
the approach of choice in the management of 
HJ strictures with high success rates.

4. The existence of a Roux-en-Y loop does not 
represent an absolute contraindication to the 
endoscopic approach.

5. Surgery should remain a second-line treat-
ment since the vast majority of strictures can 
be managed conservatively with percutaneous 
or endoscopic dilatation.
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The weakest point of pancreatoduodenectomy 
(PD) is the anastomosis between the pancreas 
and the jejunum or stomach. These anastomo-
ses commonly fail in the immediate postopera-
tive period and result in complications such as 
intraabdominal abscess and fistula. Even today, 
such events are responsible for a considerable 
proportion of complication burden following 
PD [1]. Pancreatico-jejunostomy (PJ) and pan-
creatico-gastrostomy (PG) may also fail chroni-
cally by becoming stenotic. The purpose of this 
chapter is to describe current understanding of 
the incidence, pathogenesis, and management of 
postoperative anastomotic stenosis and hopefully 
bring some order to the terminology and classifi-
cation in order to guide the reader through the lit-
erature on the subject. As will be shown, the abil-
ity to treat symptomatic strictures by minimally 
invasive endoscopic is improving as a result of 
the introduction of new ingenious ways to enter 
the pancreatic duct and advances in endoscopic 
instrumentation. An overview of endoscopic 

techniques and their results occupies a major sec-
tion of the chapter, but does not intend to provide 
a detailed manual of instruction in these methods.

Defining Pancreatico-Jejunostomy Strictures 
(PJS) and Pancreatico-Jejunostomy Strictures 
(PGS) by Symptoms, Morphology  
and Function

PJS and PGS have been classified symptomatical-
ly, morphologically, and functionally. Patients may 
have no symptoms, suffer mainly from exocrine 
insufficiency manifested by diarrhea/steatorrhea 
without pain or with readily manageable degrees 
of pain, or complain of severe, often intractable 
pain. The last is often associated with evidence of 
pancreatitis and is also usually accompanied by 
steatorrhea. Many more patients have exocrine in-
sufficiency due to strictures than have a degree of 
pain requiring anastomotic revision. Thus, from the 
clinical perspective these strictures may be placed 
in three groups: (1) asymptomatic, (2) symptomatic 
causing exocrine insufficiency, and (3) symptomat-
ic causing severe pain (and exocrine insufficiency).

Attempts to classify the degree of stricture 
morphologically have been recently attempted. 
This has been made possible almost entirely by 
the introduction of dynamic MRI using secretin 
by Takahera et al. in 1996 (Fig. 24.1) [2]. Anas-
tomoses have been classified as patent, partially 
obstructed, and completely obstructed based on 
the degree to which fluid enters the intestine. 
Some sub-categorization of the extent of stenosis 
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has been attempted [3, 4] but the evaluations are 
descriptive rather than quantitative and depend 
mostly on the degree of distension of the jejunum 
in response to secretin. There is no consensus 
method of grading degree of stenosis.

Strictures may also be classified potentially 
by their functional effect on pancreatic exocrine 
function. While there are many tests that have 
been used to accomplish this, fecal elastase-1 
concentration seems to be most useful in doing 
so [4, 5].

Exocrine Function of the Pancreas After 
Pancreato-Jejunostomy or Pancreato-
Gastrostomy

Many patients who have PD develop pancreatic 
exocrine insufficiency and require pancreatic en-
zyme replacement. The principal putative causes 
are obstruction of at the pancreatic anastomosis to 
the jejunum or stomach, the resection of functional 
pancreatic parenchyma, and underlying diseases 
of the exocrine pancreas such as chronic pancre-
atitis or atrophy secondary to malignant obstruc-
tion. Until recently, there has been little work in 
sorting out these causes. As noted above, the use 
of dynamic MRP to evaluate patency of pancreatic 
anastomoses to jejunum or stomach and fecal elas-
tase-1 concentration to measure exocrine function 
have furthered our understanding.

Sho et al. studied 34 post-PD patients who 
had pancreatojejunostomy with secretin MRP 
[3]. Secretion into the jejunal loop after secretin 

stimulation was graded as poor, moderate, or good 
(Grades 1–3 respectively) by two radiologists. 
Distention of the jejunal loop in the good secretors 
was obvious. Patency of the anastomosis could 
also be seen directly. About one-third of patients 
were in each group. Symptoms such as diarrhea 
and pain were present only in 1 of 11 patients in the 
“good” group, but 10/24 of the patients in the other 
groups had symptoms. This study established the 
potential usefulness of secretin MRP in evaluat-
ing post-PD symptoms and demonstrated some 
correlation between the diarrhea/steatorrhea and 
partial or complete obstruction at the anastomosis. 
Obviously the ability to differentiate between ste-
nosis at the pancreatico-jejunostomy anastomotic 
(PJA) and parenchymal hypofunction as the cause 
of symptoms would be useful in directing therapy.

Pessaux et al. combined secretin MRP and 
fecal elastase measurements in 19 patients who 
had had PD with pancreatogastrostomy [4]. Fecal 
elastase-1 was reduced in almost all patients pos-
sibly because of inactivation by gastric acid. Six 
of 19 patients had significant stenosis or obstruc-
tion at the PG and these had the lowest fecal 
elastase-1 levels. It is unclear whether any of the 
patients were symptomatic as a result of loss of 
exocrine function.

Nordback et al. investigated exocrine function 
in 26 patients who had pancreatic head resection 
including a few Beger procedures [5]. The anas-
tomotic technique was a two layer invaginating 
anastomosis with the inner layer picking up duct 
wall. Patients were evaluated by dynamic MRP 
using secretin, 3–76 months postoperatively. 

Fig. 24.1  Secretin-stimulated MRI. a Normal result 
showing normal diameter duct with free flow into jejunum 
( arrows) indicating no obstruction at the pancreatico-
jejunostomy anastomotic ( PJA). (With permission from  

[3] © Elsevier). b Abnormal result with distended duct 
and no flow into jejunum indicating obstruction at the 
PJA. (With permission from [4] © Elsevier)
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Pancreatic function was evaluated by measure-
ment of fecal elastase-1 concentration. More 
than 90 % of patients had severe exocrine insuffi-
ciency as assessed by fecal elastase-1 concentra-
tion. 66 % had moderate or severe diarrhea. The 
severity of diarrhea was associated only with a 
hard pancreas (usually associated with chronic 
pancreatitis or pancreatic cancer) on multivari-
ate analysis. 16 patients could have the anasto-
mosis evaluated by dynamic MRP and these split 
almost evenly between total obstruction, partial 
obstruction, and patent anastomosis. The last had 
the highest fecal elastase-1 levels recorded. Not 
surprisingly, anastomosis to smaller ducts was 
associated with a higher incidence of obstruc-
tion. The authors conclude that pancreatic insuf-
ficiency under these circumstances is due to a 
combination of stenosis at the anastomosis and 
loss of functional parenchyma.

In summary, three studies in a limited number 
of patients using secretin MRP have described 
stenosis at the PJA or PGA in some patients. In 
two of these studies, pancreatic exocrine insuf-
ficiency was more prominent in the patients with 
greater degrees of stenosis and in two of the stud-
ies symptoms were also related. However, even 
patients with patency of the anastomosis usually 
have some degree of pancreatic insufficiency 
after PD that seems attributable to loss of paren-
chymal function. Variations in outcome of such 
studies are probably attributable to the underly-
ing diagnosis, the time after PD that patients are 
studied, and whether symptomatic or asymptom-
atic patients are selected. Nonetheless, this seems 
to be a potentially fruitful area for future research 
particularly as endoscopic treatment of PJ stric-
tures is improving and while stenosis of the PG 
or PJ is usually only one factor in exocrine insuf-
ficiency, it is potentially correctable.

Management of Intractable Pain Due 
to PJA or PGS Stenosis in Surgical Case 
Series

Several papers have described a small number of 
patients treated in some cases by operative means.

Reid-Lombardo et al. from the Mayo Clinic 
followed 122 patients who had PD for benign 

disease [6]. Selecting patients with benign dis-
ease allowed for long follow-up of the group and 
eliminated the possibility that symptoms were 
due to recurrence of cancer. Four required treat-
ment for severe pain accompanied by exocrine 
insufficiency, and in one case pancreatitis accom-
panied by a pseudocyst for an incidence of 3 % 
and a cumulative probability rate over 5 years of 
4.6 %. Three of the four patients presented in the 
1st year after PD. Only one had had a PJA leak 
after PD. 40 % of the patients had PD for chronic 
pancreatitis and only one of these developed a 
stricture at the PJA. Two patients were treated 
surgically and two endoscopically. Pain was re-
lieved in all four, as was steatorrhea in the three 
in whom it was present preoperatively.

Morgan et al. from the Medical University of 
South Carolina, in the largest case series on this 
subject, reported on 27/237 (11 %) patients who 
had revisional surgery for stricture at the PJA 
after PD for benign disease [7]. Their case series 
is notable for the very high percentage of patients 
who had PD for chronic pancreatitis—70 % of 
237 patients. Also, 89 % of the 27 PJA strictures 
were in the patients with chronic pancreatitis. 
The predominance of patients with chronic pan-
creatitis is different from the reports of Reid-
Lombardo et al. [6] and Demirgian et al. [8] (see 
below). The patients presented with intractable 
pain and pancreatitis at a mean of 12 months after 
PJ. Secretin MRP detected a stricture at the PJA 
in 18 patients. Nine other patients with normal 
imaging were diagnosed on the clinical grounds 
of pain and recurrent pancreatitis. Three patients 
had attempted treatment by ERP and all failed. 
All 27 had surgical revision of the anastomosis in 
most cases using the original jejunostomy limb. 
The pancreatic duct was opened on the anterior 
surface of a variable distance and reanastomosed 
to jejunum. There were no postoperative deaths 
but four patients died in long-term follow-up of 
causes not directly related to the revisional sur-
gery. More concerning is that only 6 of the re-
maining 23 patients reported good relief of pain 
and two of these still used narcotic analgesics fre-
quently. Also two of the patients with a good re-
sult were in the group of nine patients diagnosed 
only on the basis of symptoms (personal commu-
nication from first author).
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Demirjian et al. described seven patients who de-
veloped PJS out of 357 PDs performed over 8 years 
[8]. 60 % of patients had PD for malignancy and 
14 % for chronic pancreatitis. The incidence was 
1.4 % in PDs done in their institution. Diagnosis 
was also by secretin MRP. Unlike the report from 
the Mayo Clinic, 6/7 patients had had a pancreatic 
fistula. On the other hand, there did not seem to be 
correlation to duct size or gland texture at the time 
of the PD. Only 2/49 cases (4 %) had had PD for 
chronic pancreatitis. Average time to presentation 
was more than 3 years. Endoscopic correction was 
attempted but failed in every case. Reconstruction 
was attempted in all. Four had reconstruction of the 
PJ after re-resection of the anastomosis and two 
had a lateral pancreatojejunostomy. In one case, 
the procedure was abandoned because of operative 
difficulty. In mean follow-up of about 2 years, 4/7 
remained pain free of pain.

In summary, only a small number of case se-
ries regarding the surgical management of intrac-
table pain due to stenosis at the PJA are avail-
able for review. The series are not particularly 
comparable as they differ in the type of patient 
studied (benign disease, mainly chronic pancre-
atitis and all patients having PD). Reoperation to 
correct stenosis at the PJA is technically difficult. 
It seems that it is less likely to be successful when 
it is performed in patients who have had PJA for 
the treatment of chronic pancreatitis. It is likely 
to be supplanted as first-line therapy by evolving 
endoscopic techniques (see below).

 Pancreatico-Jejunostomy vs Pancreatico-
Gastrectomy and Anastomotic Stricture
There have been a number of studies compar-
ing these methods of anastomosis including 
some randomized trials, but most including the 
randomized trials have focused on the early re-
sults rather than comparisons of late outcomes 
such as strictures at the PJA vs PGA. Tomimaru 
et al. studied 42 patients 2 years after pancre-
atoduodenectomy, 28 who had had PGS and 14 
who had had PJS [9]. They noted that pancreatic 
duct diameter tended to increase more and that 
pancreatic atrophy was more severe after PGS 
[9]. Schmidt et al. studied QOL after PGS and 
PJS at a mean time of 6.4 years after surgery in 
about 100 patients [10]. In the PG group, there 

was an increase in steatorrhea as well as intol-
erance to certain foods. There was no difference 
in need for enzyme replacement or in onset of 
diabetes, and global QOL was also not different 
in the two groups. Ishikawa et al. studied glucose 
tolerance in 51 patients over a 7-year period. The 
patients were about equally divided between PJS 
and PGS. The decline in glucose tolerance after 
PG was not associated with type of pancreatic 
anastomosis. Konishi performed a prospective 
randomized trial of PGS vs PJS and followed 
the patients for 2 years [11]. They found no dif-
ference in change of pancreatic duct diameter or 
glucose tolerance but the study population was 
made up of only 25 patients. These results ad-
dress the problem of stricture only tangentially 
but they suggest that there probably is not an ad-
vantage of one type of anastomosis over the other 
in retention of pancreatic exocrine function. The 
data regarding pancreatic endocrine function are 
probably more reflective of remaining parenchy-
ma than anastomotic stricture.

Endoscopic Techniques  
for Management of PJA Strictures

Endoscopic retrograde pancreatography (ERP) 
has been the traditional endoscopic approach 
for treatment of symptomatic post pancreato-
duodenectomy PJA strictures. It has had limited 
technical success. More recently, however, mul-
tiple additional novel techniques involving direct 
transgastric puncture of the pancreatic duct under 
endoscopic ultrasonography (EUS) guidance 
have been described with much better technical 
and clinical success. In this section, we describe 
the various endoscopic techniques to treat symp-
tomatic PJA stenoses, the obstacles involved, and 
the technical and clinical results.

Endoscopic Retrograde Pancreatogra-
phy (ERP)

The traditional ERP approach involves accessing 
the pancreatojejunostomy anastomosis (PJA) ret-
rograde through the afferent loop of the gastroen-
terostomy. There are several challenges involved 
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in performing ERP through the afferent loop for 
treatment of PJA stenosis, which limit technical 
success.

First, successfully advancing the endoscope 
to the PJA is challenging. The afferent limb is 
often difficult to engage with the side-viewing 
duodenoscope. Also, the afferent limb may be 
of variable length (depending on surgeon prefer-
ence and location of jejunal loop in relation to 
the transverse mesocolon), sometimes making it 
impossible to reach the PJA with a standard duo-
denoscope (124 cm long). In these situations, for-
ward-viewing instruments are required, typically 
either a pediatric or adult colonoscope (168 cm 
long) or enteroscope (234 cm long) with or with-
out a balloon overtube. Using a forward-viewing 
instrument poses several difficulties. First, these 
instruments lack an elevator, that is, a metal lever 
at the distal tip of the working channel that pro-
vides an extra degree of motion to instruments 
exiting the tip of the scope. Second, the longer 
working channel length of colonoscopes and en-
teroscopes compared to duodenoscopes limits 
the number and type of instruments, which can 
be utilized during the procedure. Third, pediatric 
colonoscopes and enteroscopes have smaller di-
ameter working channels, which limits the cali-
ber of stents that can be used.

The second major difficulty encountered is 
that a stenotic PJA can be difficult to visualize 
(Fig. 24.2). The PJA is usually 15–20 cm beyond 

the usually well-visualized choledochojejunosto-
my and can be located at the stump of the afferent 
limb or, more commonly, approximately 5 cm 
proximal to the stump. Visualization of the anas-
tomosis also depends on whether it is an end-to-
end or end-to-side anastomosis, the latter being 
usually more difficult to visualize. When the 
PJA cannot be visualized, there are ways to help 
localize it. One method is to administer intrave-
nous secretin and observe for a gush or trickle 
of pancreatic juice. However, another challenge 
is transparency of pancreatic juice. Visualization 
of the juice can be enhanced by spraying the mu-
cosa with a dye, such as methylene blue.

Once the PJA is identified, a variety of cath-
eters and wires may be utilized to achieve deep 
cannulation of the pancreatic duct. Usually, due to 
the pinhole size of the PJA, the smallest available 
3-4-5 F taper tip catheter loaded with an 0.021ʺ 
caliber wire is used. Once the PJA is carefully 
engaged with the catheter, contrast is injected and 
retrograde opacification of the pancreatic duct is 
observed fluoroscopically. The wire is then ad-
vanced deeply into the pancreatic duct. Another 
approach is to attempt passage of a wire through 
the anastomosis prior to injection of contrast. 
Following wire placement deep into the pancre-
atic duct (Fig. 24.3), passage or balloon dilation 
of the PJA is performed. Cautery is avoided to 
reduce the risk of perforation at the PJA. Follow-
ing dilation, a plastic stent is placed (Fig. 24.4). 
There are multiple different stent types of vary-
ing lengths, diameters, and shape (straight ver-
sus pigtail). Generally, stents are removed in 
6 weeks, and the need for repeat dilation or stent-
ing is assessed at that time (Fig. 24.5). However, 
the optimal duration of stenting is not well estab-
lished and not evidence based.

Technical Clinical Results for ERP
Given the limitations described above, technical 
success rates of ERP for treating PJA strictures 
are low. Farrell et al. described their techni-
cal success with ERCP in 29 patients who were 
postpancreatoduodenectomy [12]. The afferent 
limb was successfully intubated in 92 % of cases. 
Among these patients, ten had pain attributed to a 
stenotic PJA. Within this group, successful iden-
tification of the PJA was achieved in five patients 

Fig. 24.2  Close-up endoscopic view of a stenotic pan-
creatojejunal anastomosis ( box). This was located behind 
a fold. The estimated diameter is 1 mm. (Courtesy of Su-
sana Gonzalez, MD)
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(50 %), three of which had PJA stenosis and un-
derwent stenting with palliation of pain. Chahal 
et al. reported their experience in 51 patients with 

pancreatoduodenectomy anatomy [13]. Among 
the 37 patients in this series undergoing ERCP 
for pancreatic indications, technical success was 
achieved in only three (8 %). Technical success 
in both series was much higher for biliary indica-
tions at approximately 80 %. Long-term clinical 
outcomes regarding palliation of pain and inci-
dence of restenosis were not provided.

Little data exist regarding the appropriate du-
ration of stenting to achieve durable patency of 
the PJA. Anecdotally, most experts will leave 
the initial stent in for a maximum of 6 weeks (to 
avoid stent induced changes in the pancreatic 
duct) and reassess for persistence of PJA stenosis 
at the time of stent removal. If the stricture per-
sists, retreatment with balloon dilation and stent-
ing continues every 6 weeks until resolution.

 EUS-Guided Access and Drainage

EUS has evolved from a purely diagnostic pro-
cedure to one with increasingly more therapeu-
tic applications. The development of curvilinear 
echoendoscopes allowed for ultrasound visu-
alization of instruments passed through the tip. 
The initial application was EUS-guided fine-nee-
dle aspiration. Increasingly more EUS-guided 
therapeutic procedures are being developed for 
various pancreatobiliary and luminal indications. 
EUS-guided pancreatography was first described 
in 1995 by Harada et al. [14].

Fig. 24.5  Widely patent pancreatojejunostomy following 
stent placement. (Courtesy of Susana Gonzalez, MD)

 

Fig. 24.4  A transanastomotic 5 F plastic stent has been 
placed into the pancreatic duct ( double arrow). The intra-
luminal portion of the stent has a pigtail to prevent migra-
tion into the pancreatic duct ( arrow). (Courtesy of Susana 
Gonzalez, MD)

 

Fig. 24.3  Retrograde pancreatogram reveals a mildly 
dilated and irregular main pancreatic duct and a stenotic 
PJA ( arrow). A guidewire is then inserted through the 
stenotic PJA into the pancreatic duct over which balloon 
dilation and stent placement can be performed. (Courtesy 
of Susana Gonzalez, MD)
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In this section, we describe several procedures 
that involve EUS-guided access and drainage to 
treat symptomatic PJA stenosis. The close prox-
imity of the pancreas to the posterior wall of the 
stomach facilitates EUS-guided drainage. All 
variations of these procedures depend on access-
ing the main pancreatic duct by direct puncture 
through the posterior wall of the stomach under 
EUS guidance. All EUS-guided techniques also 
require fluoroscopic imaging. EUS-guided pro-
cedures can be performed when traditional ERP 
fails or as the initial procedure with better techni-
cal success than traditional ERP.

 EUS-Guided Rendezvous
During EUS-guided rendezvous, the pancre-
atic duct is punctured. Contrast is then injected 
through the needle to opacify the pancreatic duct 
visualized fluoroscopically (Fig. 24.6) [15]. A 
guidewire (usually 0.035ʺ or 0.025ʺ) is then ad-
vanced through the needle and into the pancre-
atic duct. Attempts are then made to advance 
the guidewire antegrade through the PJA, and 
successful completion of the rendezvous proce-
dure depends on being able to pass a guidewire 
through the stenotic PJA. The echoendoscope is 
removed, while leaving the wire in place. An en-
doscope is then advanced alongside the wire into 
the afferent loop of the gastroenterostomy to the 
site of the PJA. The wire is then grasped with a 
forceps or snare and pulled through the channel 
of the scope. A passage or balloon dilator is ad-
vanced over the guidewire to dilate the PJA fol-
lowed by placement of a temporary plastic stent 
(Fig. 24.7) [15].

Pancreatic Antegrade Needle Knife 
(PANK) Technique
A modification of the rendezvous procedure is the 
pancreatic antegrade needle knife (PANK) tech-
nique. The PANK procedure is one option when 
the wire cannot be passed antegrade through 
the PJA. To perform the PANK procedure, it is 
necessary to have demonstrated access to the PJ 
anastomosis through the afferent loop for rea-
sons of safety and also to ensure feasibility to ef-
fect stent change. The initial steps of the PANK 
procedure are the same as for the rendezvous 

procedure. In this situation, a needle knife cath-
eter is advanced over a guidewire into the MPD 
until it reaches the PJA, identified by proximity 
of the catheter tip to the air-filled jejunum or in-
dentation of the air-filled jejunum is demonstrat-
ed when pushing the catheter under fluoroscopic 
visualization (Fig. 24.8) [16]. When the catheter 
is in contact with the anastomosis, the needle is 
advanced from the tip of the catheter and blended 
cautery is used while the catheter is pushed ante-
grade across the anastomosis. The guidewire is 
then advanced deeply into the jejunum while the 

Fig. 24.6  EUS-guided transgastric puncture (a) and sub-
sequent opacification of a dilated main pancreatic duct 
(b). Contrast does not flow antegrade through the PJA, in-
dicative of a high-grade stricture. (With permission from 
[15] © Moseby)
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needle knife catheter is withdrawn. Once the wire 
has been successfully advanced into the jejunum, 
a gastropancreatojejunal stent is placed (Fig. 24.9). 
Initially, the stent is not fully internalized into the 
pancreatic duct to avoid a pancreatic duct leak since 
the catheter produces a larger defect in the pancre-
atic duct than a needle. Approximately 4–6 weeks 
later, the stent is removed and replaced with a trans-
anastomotic pancreatic duct stent at ERP.

EUS-Guided Pancreatogastrostomy
EUS-guided pancreatogastrostomy results in 
placement of a stent between the MPD and 
stomach, resulting in pancreatic drainage into 
the stomach. This is performed in a similar way 
as the other techniques. This is an alternative to 
EUS-guided rendezvous or is an option when 
the guidewire cannot be passed antegrade across 
the PJA (Fig. 24.9). If stent migration occurs, 
the pancreatogastric fistula might remain patent. 
However, if stenosis of the fistula occurs, a repeat 
procedure may be necessary.

Technical and Clinical Results for EUS-
Guided Procedures
To date, there have been eight case series of 
EUS-guided pancreatic duct access and drainage 
procedures (each with more than five patients) 
with a total of 177 patients reported in the world 
literature [17–24]. There have been numerous 
case reports of EUS-guided drainage procedures 
[25]. Fujii et al. published the largest case series 
to date of EUS-guided pancreatic duct drainage 
in 45 patients with postoperative anatomy [23]. 
The series included both rendezvous technique 
and direct MPD drainage. Twenty-five patients 
in this series had undergone prior pancreatoduo-
denectomy. The indication for MPD drainage 
in the majority of these patients was recurrent 
acute pancreatitis or abdominal pain associated 
with a PJA stricture and a dilated main pancre-
atic duct. EUS-guided drainage was performed 
in 21/25 patients following failed ERP and was 
the initial procedure of choice in the remainder. 
EUS-guided MPD drainage was successful in 17 

Fig. 24.7  EUS-guided rendezvous procedure. a Success-
ful antegrade passage of a guidewire through the stenotic 
PJA and coiled within the jejunum. b Leaving the wire in 
place, a scope is advanced to the PJA. The wire is then 

grasped with a forceps and pulled through the scope. c 
Fluoroscopic and d endoscopic visualization of a trans-
anastomotic pancreatic duct stent placed in retrograde 
fashion. (With permission from [15] © Moseby)
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patients (76 %). Major adverse events, including 
stent migration, pancreatic duct leak, and abscess 
requiring drainage, occurred in 5.8 % patients.

Itoi et al. described successful rendezvous 
procedure using a single balloon overtube in two 
patients who had undergone prior unsuccessful 
ERP due to inability to reach the PJA with a colo-
noscope [15].

Kikuyama et al. reported a series of 14 pa-
tients who had undergone pancreatoduodenec-

tomy (eight with PJA) who required endoscopic 
intervention for recurrent acute pancreatitis or 
pancreatic duct fistula [26]. All patients initially 
underwent attempted ERP, which was successful 
in two of the eight patients (25 %) with PJA. Of 
the six patients with failed ERP, three underwent 
successful EUS-guided rendezvous and three un-
derwent ultrasound-guided percutaneous pancre-
atic duct stent placement.

Ergun et al. described their experience with 
EUS-guided direct pancreatic duct drainage in 20 
patients, 10 of whom were postpancreatoduode-
nectomy [27]. The major indication for pancreatic 
duct drainage was pain in the setting of a dilated 

Fig. 24.9  a Fluoroscopic view of pancreatogastrostomy 
stent ( arrowhead) spanning the stomach ( *) and pancre-
atic duct ( arrow); b endoscopic image of stent traversing 
the gastric wall. (Courtesy Vladimir Kushnir, MD)

 

Fig. 24.8  PANK procedure. a Single arrow demonstrates 
the needle knife catheter tip advanced antegrade through 
the stenotic PJA and double arrow demonstrates guide-
wire looped within the air-filled jejunum. b Fluoroscopic 
image of gastropancreatojejunal stent; c jejunal and d gas-
tric endoscopic views of the stent. (Modified with permis-
sion from [16] © Moseby)
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duct. All ten patients underwent attempted pan-
creatogastrostomy, and technical success was 
achieved in 90 %. Long-term relief of pain (me-
dian follow-up 36 months) was achieved in eight 
patients.

Regarding the PANK technique, Ryou et al. 
described three patients postpancreatoduodenec-
tomy who developed pain in the setting of PJA 
stenosis [16]. There was radiologic evidence of 
main pancreatic duct dilation. Secretin-enhanced 
MRCP in two failed to show further dilation of 
the pancreatic duct and there was absence of flow 
into the jejunum suggesting diminished exocrine 
function. The rendezvous technique had been at-
tempted and had failed in all three. The PANK 
technique succeeded in cannulating the PJ anas-
tomosis in all three with short-term relief of pain. 
One patient who also required removal of a pan-
creatic duct stone developed mild pancreatitis. 
All three had a 60 % reduction in pancreatic duct 
diameter at follow-up MRCP done after 8 months 
on average. All remained stent free at 2-year fol-
low-up and two remained pain free. The third pa-
tient described episodic epigastric pain. None of 
the three have had pancreatitis or required further 
procedures or hospital admission.

In summary, endoscopic treatments for post-
pancreatoduodenectomy PJA strictures are in 
evolution. Exciting advancements in EUS-guid-
ed techniques for drainage of the main pancre-
atic duct have increased technical success, now 
approximately 75 %. It also appears that there is 
good long-term palliation of symptoms based on 
available case series. In an editorial on this paper, 
Giovannini states “it is very difficult to define 
today the place of EUS-guided pancreatic duct 
drainage; in our experience, the best indication 
is anastomotic stenosis after pancreatoduodenec-
tomy procedure for benign pancreatic lesions” 
[28]. However, there are several questions that 
remain. One is regarding the optimal interval for 
stent exchange, size and number of stents, and 
total stenting duration. Another involves the in-
dication for the procedure given the risks and 
benefits involved. The most obvious indication 
is pancreatic type pain associated with imag-
ing demonstrating a dilated MPD to the level of 
the PJA. Pain without significant MPD dilation, 

exocrine insufficiency, and asymptomatic MPD 
dilation are marginal indications. Additionally, 
though endoscopic intervention is much less 
invasive than surgery, there has been no com-
parative study looking at outcomes between en-
doscopic and surgical therapy for symptomatic 
post-PD PJA strictures.

Jejunal Stenosis Mimicking PJA 
Stenosis

It is well known that development of a stenosis 
of the jejunum between the PJA and the gastro-
enterostomy may result in abdominal pain and el-
evation of pancreatic enzymes [29]. Usually the 
stricture is due to recurrence of pancreatic carci-
noma involving that portion of the jejunum. The 
fact that the problem is not due to a PJA stricture 
is rarely in doubt because the narrowing is also 
beyond the hepaticojejunostomy, with resulting 
bile duct dilation and abnormal liver function 
tests. This type of obstruction is usually treated 
with enteric stent and access is often transhepatic 
and retrograde through the hepaticojejunostomy. 
Theoretically the stricture could lie between 
the PJA and the hepaticojejunostomy and occur 
without bile duct dilation and abnormal liver 
function tests. More than 20 years ago, Howard 
reported two patients who had recurrent bouts of 
pancreatitis without jaundice due to this type of 
stenosis [30]. The problem was corrected surgi-
cally in both cases.

 Conclusions

This is an area with a paucity of studies. Stric-
tures at the PJA or PGA occur frequently but are 
often asymptomatic. When they are symptom-
atic, they present predominantly as pancreatic 
exocrine insufficiency, but may sometimes pres-
ent with intractable pain. Objective diagnosis has 
been aided by the introduction of dynamic MRI 
using secretin and to a lesser extent fecal elas-
tase-1 measurement. Ideally, diagnostic measures 
should accurately measure the degree of steator-
rhea and the anatomic extent of the stricture. This 
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would allow the clinician to determine the sever-
ity of the problem and the extent to which the 
stricture contributes.

Surgical reconstruction of PJA and PGS for 
intractable pain has been successful but these 
operations are quite difficult. Endoscopic results 
were initially not impressive but have recently 
evolved due to the advent of EUS-guided trans-
gastric access to the pancreatic duct. Currently 
it may be stated that surgical correction of stric-
tures should be reserved for cases in which endo-
scopic attempts have failed. Also, as endoscopic 
techniques improve in terms of success and de-
crease in morbidity there may be a role for their 
use in milder forms of the problem such as ste-
atorrhea without severe pain. This might reduce 
or eliminate lifelong need for pancreatic enzyme 
replacement. Of course, the benefit of such strat-
egies will have to be tested in appropriate trials.

Key Points

1. Stricture at the pancreatojejunostomy or pan-
creatogastrostomy after pancreatoduodenec-
tomy is fairly common.

2. Stricture at the pancreatojejunostomy or pan-
creatogastrostomy frequently contributes to 
pancreatic exocrine insufficiency.

3. Stricture at the pancreatojejunostomy or pan-
creatogastrostomy sometimes is associated 
with the debilitating attacks of pancreatic pain 
and pancreatitis.

4. Diagnosis is best achieved by secretin-stimu-
lated MR pancreatography.

5. Fecal elastatse-1 measurements can evaluate 
pancreatic exocrine insufficiency.

6. Surgical reconstruction has been used for re-
current severe pain but the procedure is dif-
ficult and results are mixed.

7. Endoscopic treatments of PJA strictures have 
advanced rapidly in the recent past and are 
now the first-line therapy.
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Introduction

Acute postoperative portal-mesenteric and splenic 
venous thrombosis (PMS-VT) is an uncommon, 
potentially lethal, and often overlooked condi-
tion reported after several open and laparoscopic 
HPB procedures. It is defined as the presence of 
a thrombus in the portal vein/superior mesenteric 
vein, and/or in the splenic vein [1]. The thrombosis 
may extend proximally to the left or right hepatic 
branches, distally to the superior mesenteric vein 
branches, or both. Acute PMS-VT develops within 
30 days from the index operation, without evidence 
of chronic portal hypertension or of porto-portal 
collaterals on imaging studies. It includes a wide 
spectrum of clinical presentations ranging from 
incidental findings in an asymptomatic patient to 
life-threatening bowel infarction, and accounts for 
5–15 % of all mesenteric ischemic events [2]. The 
low incidence of acute PMS-VT may depend on 
the absence of symptoms, and on the fact that in 
many institutions, routine cross-sectional imaging 

is not performed postoperatively in patients devoid 
of clinical concern. Thus, PMS-VT is most often 
found when chronic changes have occurred. 
These include portal hypertension, splenomega-
ly, and formation of esophageal varices with pos-
sible bleeding [3, 4].

In HPB surgery, the procedures that have been 
shown to be associated with postoperative PMS-
VT include liver transplantation, hepatectomy, 
pancreaticoduodenectomy, and distal pancreatec-
tomy [5–10]. Potentially, any other intervention 
can lead to PMS-VT, including central pancre-
atectomy, autologous islet cell transplantation, 
percutaneous, and intraoperative RFTA [11, 12]. 
PMS-VT has been also reported after various lap-
aroscopic operations without injury to the portal 
venous system [13]. The dissemination of the use 
of laparoscopic surgery, and the greater availabil-
ity of modern diagnostic imaging methods, have 
likely contributed to and increased awareness 
and observation of this possible complication.

In general, most medical literature that con-
cerns splanchnic venous thrombosis relates either 
to chronic superior mesenteric vein/portal vein 
thrombosis (as in hepatic cirrhosis or chronic pan-
creatitis), or to acute thrombosis in the setting of 
hypercoagulable states or hematologic diseases. 
Reports of acute PMS-VT are scattered, and gen-
erally they are composed of either case reports or 
very small series of patients with heterogeneous 
pathologic conditions. This chapter outlines the 
current evidence on the pathophysiology, the di-
agnosis, and the different treatment strategies of 
acute PMS-VT after major HPB procedures.



262 G. Malleo et al.

Pathophysiology

The development of venous thrombi is a multi-
factorial process, and a combination of systemic 
and loco-regional prothombogenic factors may 
be causative in PMS-VT. Systemic predispos-
ing factors include inherited thrombophilia (e.g., 
antithrombin III deficiency, protein C and S de-
ficiencies, factor V Leiden deficiency, G20210A 
prothrombin mutation, and hyperhomocystein-
emia), and various acquired prothrombotic states 
(including sepsis, pregnancy, oral contraceptive 
use, myeloproliferative disorders, and others) 
[14, 15]. Local predisposing factors to PMS-VT 
include abdominal malignant neoplasm, abdomi-
nal inflammatory diseases (e.g., pancreatitis, ap-
pendicitis, diverticulitis, and inflammatory bowel 
disease), and factors that create stasis of the portal 
blood flow, such as previous portal thrombosis 
[16]. The surgical maneuvers that might increase 
the risk of PMS-VT include intraoperative vessel 
manipulation, ligation of major portal tributaries 
(such as the splenic vein during distal pancreatec-
tomy), venous resections (either with venorraphy 
or with venous resection), and inadvertent trauma 
to the portal venous system [8–10, 17].

The clamping of the hepatoduodenal ligament 
(Pringle maneuver), which is very often required 
in patients undergoing hepatectomy, can result in 
portal vein endothelial injury, and the duration of 
the Pringle maneuver is a significant risk factor 
for PPV thrombosis [9]. Furthermore, a correla-
tion between a small volume of the liver remnant 
and an increased von Willebrand factor/disinte-
grin ratio and metalloproteinase with thrombo-
spondin type 1 motif (ADAMTS13) has been 
recently reported. These disturbances may thus 
enhance thrombogenesis [18]. Acute PMS-VT 
is a particularly serious event after liver trans-
plantation, because the subsequent liver ischemia 
may result in extensive parenchymal necrosis 
and graft failure, requiring re-transplantation. It 
has been shown that portal vein thrombosis af-
fects only approximately 3 % of liver transplan-
tations and that liver ischemia or infarction may 
result from portal vein abnormalities or from 
non-physiological reestablishment of portal flow 
(cavoportal hemitrasposition, renoportal anasto-
moses, mesoportal jump graft) [7].

Portal vein-superior mesenteric vein resections 
are now performed more commonly during pan-
creaticoduodenectomy, which extends the indica-
tions for resection in patients with carcinoma of 
the pancreatic head and venous involvement. The 
incidence of PMS-VT after pancreaticoduode-
nectomy with venous resection seems to be high, 
ranging from 2 to 17 % in the immediate postop-
erative period. The higher percentage of PMS-VT 
was observed in patients who underwent venous 
resection with interposition graft. In particular, a 
PTFE interposition graft was associated with an 
incidence of thrombosis up to 33 % [8]. These 
data suggest that mesenteric venous thrombosis 
is a substantial problem after SMV-PV resection, 
with the potential for serious consequences.

Apart from intraoperative vein manipulation, 
postoperative collections in the resection bed 
due leaks (e.g., pancreatic or biliary) may con-
tribute to an inflammation of the vein wall, with 
subsequent partial to complete thrombosis. This 
concept has been well described by Yoon et al. 
in spleen-preserving distal pancreatectomy. In 
patients with postoperative collections, the pa-
tency of the splenic vein tended to decrease over 
time, with the risk of splenic vein occlusion, left-
sided portal hypertension, and perigastric varices. 
Splenic perfusion did not seem to be affected [17]. 
In a recent paper by Kang et al., the overall inci-
dence of PMS-VT after minimally invasive distal 
pancreatectomy was 38 %, with a significantly 
greater incidence in patients undergoing associat-
ed splenectomy who developed clinically relevant 
postoperative pancreatic fistula (79 %) [19].

Loco-regional factors particular to laparoscop-
ic procedures may contribute to the development 
of PMS-VT. In animal and human studies, insuf-
flation of the abdomen and increased intraab-
dominal pressure led to decreased mesenteric and 
portal venous flow via direct pressure-induced 
compression [13]. Most studies found a dose-
dependent relationship between insufflation pres-
sures and venous stasis. Insufflation with carbon 
dioxide has been shown to cause a more substan-
tial decrease in venous flow than insufflation with 
other inert gases [20]. Transperitoneal diffusion 
of carbon dioxide into the circulation can cause 
hypercapnia, which in turn has been implicated 
in decreasing splanchnic blood flow related to 
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mesenteric vasoconstriction [21]. Another possi-
ble explanation is that a prolonged reverse Tren-
delenburg position (such as may be necessary for 
various laparoscopic procedures) may exacerbate 
laparoscopy-associated portal venous stasis, as 
observed in experimental models [22]. In addi-
tion, intraoperative surgical manipulation may 
damage the splanchnic endothelium and lead to 
local thrombus formation that may then propa-
gate throughout the portal venous system.

Diagnosis: Clinical Manifestations  
and Blood Tests

Clinical symptoms of acute PMS-VT are mostly 
unspecific and variable, which makes an accurate 
clinical diagnosis difficult. The wide spectrum 
of clinical presentations ranges from inciden-
tal findings to life-threatening bowel infarction. 
Patients may be initially seen with non-specific 
abdominal pain (90 % of patients), nausea (54 %), 
vomiting (77 %), or diarrhea (36 %) [23]; other 
findings may include anorexia, colicky pain, or 
low-grade fever [1–3]. When ischemia develops, 
clinical signs are similar to those observed in 
postoperative pancreatitis or hemorrhage, name-
ly peritoneal signs, hypotension, tachycardia, and 
oliguria, that requires an inordinate volume of 
intravenous fluid to maintain an adequate mean 
arterial blood pressure and hourly urine output 
[24]. These physiologic disturbances are caused 
by the massive gut fluid sequestration that occurs 
in the edematous bowel as a consequence of mes-
enteric venous obstruction. Ascites is an uncom-
mon and transient presenting sign, indicating that 
collateral circulation has not yet developed. Oth-
erwise, the presence of ascites denotes chronic 
liver dysfunction [4].

Laboratory values might not be useful, be-
cause liver function tests might be normal. 
Yoshiya et al. demonstrated that patients with 
portal vein thrombosis after hepatectomy had a 
significantly lower serum albumin level, higher 
serum total bilirubin level, and higher PT-INR 
than patients without thrombosis. There were 
no significant differences between patients with 
and without portal vein thrombosis regarding the 
aspartate aminotransferase level or alanine ami-

notransferase level [9]. Sharp increases in liver 
function tests should raise the suspicion of the po-
tential for PMS-VT, especially when taken in the 
context of other signs and symptoms. Decreased 
white blood cell and platelet count may also be 
present when associated with hypersplenism, but 
an increased white blood cell count in the pres-
ence of metabolic acidosis, increased abdominal 
pain, and hemodynamic instability should war-
rant further diagnostic imaging as the potential for 
bowel ischemia is great [1–3, 9]. Serum lactate is 
unspecific and a late parameter and is therefore 
not reliable as a marker for bowel ischemia [24].

Diagnosis: Imaging Tests

Several imaging modalities have been employed 
to establish the diagnosis of postoperative PMS-
VT. Ultrasonography with color Doppler is able 
to visualize the thrombus and the local venous 
flow, but it is extremely user-dependent, and may 
be limited by the body habitus or by the overlying 
bowel gas. Furthermore, an acute thrombus may 
not be visualized correctly because of its non-
echogenic nature. However, the fact that ultraso-
nography is non-invasive and inexpensive makes 
it a valuable screening tool [25]. The sensitivity 
and specificity for color Doppler to detect portal 
thrombosis range from 89 to 93 % and 92 to 99 %, 
respectively [26]. Contrast-enhanced computed 
tomography (CT) of the abdomen (Fig. 25.1), es-
pecially when coupled with thin cuts through the 

Fig. 25.1  Contrast-enhanced computed tomography ( CT) 
of the abdomen, especially when coupled with thin cuts 
through the porta hepatis, has a high sensitivity (90 %) and 
specificity (99 %), as well as a more accurate delineation 
of the portal vein anatomy that contains thrombus
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porta hepatis, has a high sensitivity (90 %) and spec-
ificity (99 %), as well as a more accurate delineation 
of the portal vein anatomy that contains thrombus 
[26]. In particular, contrast-enhanced CT scan is 
useful in case of uncertain findings of Doppler ul-
trasound or for better visualization of the extent of 
remnant thrombotic material in mesenteric and por-
tal veins. A single study showed that it is reasonable 
to screen patients with CT scan on postoperative 
day 7 (after major HPB procedures) because those 
with PMS-VT did not have symptoms indicating 
mesenteric ischemia at that time [9]. Magnetic res-
onance angiography (MRA), although costly and 
time-consuming, can provide exquisite detail of the 
portal anatomy, including flow direction and dis-
turbances. In regard to acute PMS-VT, MRA is not 
usually required, but is instead more useful in the 
chronic state of thrombosis, that is seen in patients 
with liver failure who may be considered for liver 
transplantation [6]. Historically, the gold standard 
for the diagnosis of PMS-VT has been portal ve-
nography. Not only this examination allows diagno-
sis, but also treatment of the thrombus, although it is 
more invasive and associated with significant com-
plications. In a small series, portal venography was 
correlated had a sensitivity of 100 % and specificity 
of 90 % [26]. After the diagnosis, follow-up can be 
performed daily with Doppler ultrasound (if techni-
cally feasible) to assess perfusion of the portal vein 
during in-hospital stay.

Treatment

The goal of the treatment of acute PMS-VT is the 
permanent recanalization of the portal vein/su-
perior mesenteric vein and their large branches, 
with sufficient transhepatic blood flow to prevent 
development of portal venous collaterals and 
portal hypertension. Treatment of PMS-VT is 
dictated by the acuity of the clinical picture and 
by the associated complications.

Anticoagulation

Patients with documented PMS-VT need to be 
treated with intravenous or subcutaneous hepa-

rin to prevent propagation of the thrombus. First, 
even in the early postoperative period, the risks 
of clot propagation or complete superior mes-
enteric vein/portal vein occlusion far outweighs 
the risk of bleeding. Second, based on findings 
from observational studies, spontaneous recana-
lization of the portal vein is uncommon, and cav-
ernous transformation develops in most patients 
without treatment [27]. However, randomized 
trials comparing patients under anticoagulation 
with patients without anticoagulation are lack-
ing. Nonetheless, anticoagulant therapy has be-
come standard of care for the treatment of acute 
PMS-VT. Both the American Association for the 
Study of Liver Diseases guidelines and Ameri-
can College of Chest Physicians Evidence-based 
Clinical Practice Guidelines recommend treat-
ment with anticoagulants [28, 29]. Interestingly, 
the recanalization rates under anticoagulation 
differ between studies. In the one prospective 
multicenter trial with > 100 patients enrolled, an-
ticoagulation resulted in a recanalization rate of 
the main portal vein and its left or right branch 
of 39 % [30]. Obstruction of the portal vein per-
sisted in the rest of the patients, and portal cav-
ernoma already had developed in 40 % of the pa-
tients by the end of follow-up, which put them at 
risk for permanent portal hypertension. In a study 
by Plessier et al. [31], anticoagulation treatment 
was less effectivwwe in inducing recanalization 
of complete PVT than in preventing extension of 
thrombosis to or from the portal vein. It seems 
that the thrombus burden also has an effect on 
response to anticoagulation therapy and should 
be taken into account when selecting patients for 
anticoagulation alone in the treatment of acute 
PMS-VT. In particular, complete recanalization 
was achieved more frequently in cases where the 
thrombosis involved only the portal vein or the 
superior mesenteric vein, rather than in patients 
with more extensive involvement of the portal 
venous system [32]. At the authors’ institution, 
unfractionated heparin is initially given IV with 
target-activated partial thromboplastin time be-
tween 1.5 and 2.5. Oral anticoagulant therapy 
with warfarin for 3–6 months should follow, tar-
geting a prothrombin time–international normal-
ized ratio (PT-INR) between 2 and 3.
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The incidence of PMS-VT may be influenced 
by the lack of clear recommendation regarding 
anticoagulation following “high-risk” surgery 
procedures (i.e., major venous reconstruction, 
extended hepatic resection, pancreaticoduode-
nectomy). In particular, some surgeons delay or 
completely withhold routine venous thrombo-
embolism prophylaxis following major hepatec-
tomy, because it is believed that these patients 
are at risk for postoperative liver insufficiency, 
leading to the concern they are already antico-
agulated. This belief is often supported by the 
resulting laboratory derangements in measur-
able liver function, including elevations in the 
prothombin time/international normalized ratio 
(PT/INR) and partial thromboplastin time (PTT), 
as well as occasional thrombocytopenia. Be-
cause of that, many surgeons carefully observe 
patients with portal vein thrombosis following 
hepatectomy and initiate anticoagulation therapy 
only when the thrombus extended to the superior 
mesenteric vein or reduced portal venous flow. 
In contrast with this practice, Ejaz et al. showed 
that despite having alterations in platelets, PT/
INR, and PTT, patients with liver insufficiency 
actually often have significant increased risk for 
venous thrombosis, leading to the routine use of 
thromboprophylaxis in these patients [33].

Interventional Techniques

Because anticoagulation only leads to a recanali-
zation of the PMS-VT in nearly 40 % of patients, 
alternative and more aggressive treatment strat-
egies are used by some centers. During the last 
decade, several treatment modalities have been 
used, including percutaneous transhepatic throm-
bolysis, mechanical thrombectomy, and percu-
taneous transhepatic balloon angioplasty and/or 
stent placement without thrombolysis or throm-
bectomy. Advancements in interventional radio-
logic techniques have made it possible to admin-
ister thrombolytic agents in the proximity of the 
clot. Local infusion of thrombolytic agents (uro-
kinase 15,000–30,000 IU/h or recombinant tissue 
plasminogen activator 1.8 mg/h, for 4–5 days.) 
has been reported to achieve recanalization in 

60 %, up to 100 %, of patients [34–36]. The effect 
of thrombolysis can be visualized with angiog-
raphies via the catheter on a regular basis or, if 
clinically indicated, until the catheter is removed. 
Removal is conducted under fluoroscopy. How-
ever, positioning a radiologic catheter adjacent to 
clot might be technically problematic (especially 
in patients with complete intra- and extrahepatic 
thrombosis), and thrombolysis might be prohibi-
tively hazardous in the early postoperative period 
after major HPB procedures, due to the risk of 
major bleeding [36]. Most clinicians therefore 
consider pharmacologic thrombolysis as therapy 
reserved for patients with severe disease with 
propagation of thrombus or without improve-
ment of symptoms. Furthermore, catheter-direct-
ed thrombolytic therapy may fail, especially in 
the setting of acute thrombus superimposed on 
chronic thrombus [35, 36]. To avoid the draw-
backs of thrombolysis, several investigators have 
successfully treated the cases of postoperative 
PMS-VT by mechanical percutaneous throm-
bectomy [37]. Venous thrombectomy is gener-
ally considered to be less successful than arterial 
thrombectomy because of difficulties in remov-
ing adherent clot from the thin, delicate vein 
wall. In the acute setting, however, percutaneous 
venous thrombectomy may be technically easier, 
because the clot has not yet become adherent to 
the vein wall [38].

By debulking the thrombus burden, mechani-
cal percutaneous thrombectomy may reduce 
the duration and the total dose of thrombolytic 
agents, thereby reducing the bleeding risk for 
the patient. However, thrombectomy has po-
tential risks of embolism, intimal trauma, and 
re-thrombosis [39]. Balloon angioplasty and/or 
stent placement for treating postoperative PMS-
VT has several advantages. The procedure can 
restore the patency of the portal vein-superior 
mesenteric vein (if there is no thrombosis in the 
intrahepatic portal vein) without the need for 
prolonged thrombolysis, reducing the bleeding 
risk in this group of postoperative patients [40]. 
When balloon angioplasty and/or stent placement 
without thrombolysis or thrombectomy are used 
to treat thrombotic vessels, there is a risk that the 
thrombus will prolapse through the stent mesh, 
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causing re-occlusion or distal embolism. Balloon 
angioplasty or stent placement also has several 
potential limitations. First, there is a risk of su-
ture dehiscence during balloon angioplasty if the 
patient has thrombosis in the early postoperative 
period and has undergone venorraphy during the 
surgical treatment. The use of a balloon catheter 
with a smaller diameter relative to that of the pat-
ent portal vein or superior mesenteric vein and 
careful under-inflation of a balloon catheter rela-
tive to the diameter of the deployed stent may 
prevent this complication. Second, the long-term 
patency rate is not excellent, although these re-
sults are limited to small case series [40–42].

Surgery

Surgical exploration must be undertaken when 
clinical, biochemical, and radiologic signs of 
bowel infarction are detected, in order to eradi-
cate the source of septic shock. The first report of 
a successful portal vein/superior mesenteric vein 
thrombectomy for acute PMS-VT was provided 
in 1968 by Mergenthaler and Harris [43]. How-
ever, surgeons have been historically hesitant to 
embrace this approach. The surgical principles 
are simple: the superior mesenteric vein can be 
accessed at the inferior border of the pancreas, 
whereas the portal vein is accessed and con-
trolled dissecting the hepatoduodenal ligament. 
Once the involved vessel has been isolated and 
taped proximally and distally to the thrombosis 
site, a venotomy is performed, and thrombotic 
material is mechanically removed with forceps 
and a surgical suction device [24]. Recently, 
a combined surgical/interventional approach 
has been described. After conventional surgical 
thrombectomy, a guiding sheath is inserted into 
the superior mesenteric vein or in the portal vein 
via the venotomy, and radiologic interventional 
mechanical thrombectomy is performed. An im-
portant advantage of the combined approach is 
the possibility to remove thrombi in both direc-
tions (antegrade and retrograde) and in formerly 
inaccessible areas as the intrahepatic portal vein 
branches. To keep the portal vein patent after suc-
cessful thrombectomy, it seems to be essential to 

have sufficient blood inflow from the mesenteric 
and splenic veins and downstream into the liver 
parenchyma [24].

Conclusion

The ability to diagnose and, therefore, to treat 
PMS-VT is of paramount importance in order to 
prevent the catastrophic case of mesenteric isch-
emia resulting from this complication. Aware-
ness of the potential for PMS-VT thrombosis will 
allow for early detection and immediate antico-
agulation. Overall, prognostic factors for recana-
lization are needed and have to be validated to 
define the best possible therapy in the individual 
patient. It must be assessed which patients should 
be treated more aggressively to achieve patency 
of the portal vein and which patients have good 
chances for recanalization by mere anticoagula-
tion treatment. According to the current knowl-
edge, the treatment of PMS-VT should be de-
termined by the individual clinical situation of 
the patient, the pathophysiology involved, and 
the available expertise. It is important to search 
for the causes of PMS-VT after the treatment. 
In many patients, coagulation disorders can be 
found that impact on the additional postoperative 
or postinterventional course. Specialists in hema-
tology should therefore be involved in the care of 
these patients. For extensive interventional and 
surgical procedures, experienced interventional 
radiologists and surgeons with hepato-pancre-
atic-biliary and vascular expertise are definitely 
necessary.

Key Points for Diagnosis

1. Clinical symptoms of acute PMS-VT are mostly 
non-specific and variable and clinical presenta-
tions range from incidental findings in an asymp-
tomatic patient to life-threatening complications.

2. Due to the absence of symptoms in many pa-
tients, PMS-VT is often found when chronic 
changes including portal hypertension, sple-
nomegaly, and formation of esophageal vari-
ces with possible bleeding have occurred.
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3. Ultrasonography with color Doppler is a valu-
able screening tool to visualize the thrombus 
and the local venous flow, but it is user-depen-
dent and may be limwited by the body habitus 
or by the overlying bowel gas.

4. Contrast-enhanced CT of the abdomen is 
highly sensitive and specific and provides a 
better visualization of the extent of PMS-VT 
and an accurate delineation of the portal vein 
anatomy that contains thrombus.

5. Portal venography allows for diagnosis and 
also treatment of the thrombus, although it 
is more invasive and associated with risks of 
bleeding in the early postoperative period.

Key Points for Treatment

1. Treatment of PMS-VT should be determined 
by the individual clinical situation of the pa-
tient, the pathophysiology involved, and the 
available expertise.

2. The goal of the treatment of acute PMS-VT 
is the permanent recanalization of the portal 
vein/superior mesenteric vein and their large 
branches, with sufficient transhepatic blood 
flow to prevent the development of portal ve-
nous collaterals and portal hypertension, and 
is dictated by the acuity of the clinical picture 
and by the associated complications.

3. Patients with documented PMS-VT need to 
be treated with intravenous or subcutaneous 
heparin in order to prevent propagation of the 
thrombus as the risks of clot propagation or 
complete superior mesenteric vein/portal vein 
occlusion far outweighs the risk of bleeding.

4. Advancements in interventional radiologic 
techniques have made it possible to admin-
ister thrombolytic agents in the proximity of 
the clot or balloon angioplasty and/or stent 
placement. However, these interventions can 
pose increased risks of major bleeding in the 
postoperative period, suture dehiscence, poor 
long-term patency, and re-occlusion or distal 
embolism and therefore are generally reserved 
for patients with severe disease with propaga-
tion of thrombus or without improvement of 
symptoms.

5. Surgical exploration is undertaken when 
clinical, biochemical, and radiologic signs of 
bowel infarction are detected.
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Introduction

The mortality rate after pancreaticoduodenec-
tomy (PD) has decreased markedly over the last 
several decades. However, the morbidity rate has 
not decreased to the same extent; complications 
continue to occur in 30–40 % of patients who un-
dergo pancreatectomy (PD or distal pancreatec-
tomy) [1, 2]. Postpancreatectomy hemorrhage 
(PPH) is one of the major causes of morbidity 
and can result in mortality after PD or distal pan-
createctomy [3, 4]. In particular, late PPH is as-
sociated with a high mortality rate because the 
diagnosis may not be apparent, the patient may 
no longer be an inpatient and the hemorrhage 
may present as abrupt, massive bleeding [5, 6].

PPH occurs between 1 and 8 % of all pan-
creatic resections and accounts for 11–38 % of 
overall mortality [3, 7–9]. This wide variation is 
caused by different definitions used by authors in 
the reporting of results. The International Study 
Group of Pancreatic Surgery has clinically grad-
ed PPH based on onset, location, and severity 

[10]. Generally, PPH can be divided into early 
and late postoperative bleeding. Early PPH is 
that which occurs within 24 h of surgery. It often 
is caused by technical failure to achieve appro-
priate hemostasis during the index operation or 
an underlying perioperative coagulopathy. Late 
PPH occurs more than 24 h after the operation, 
and usually after 7–10 postoperative days. Late 
PPH typically results from complications of the 
operation and becomes clinically apparent sever-
al days or even weeks after surgery. For example, 
late PPH may occur following the diagnosis of 
an intra-abdominal abscess, erosion of a peripan-
creatic vessel secondary to a pancreatic fistula or 
an intra-abdominal drain, ulceration at the site of 
an anastomosis, or in association with an arterial 
pseudoaneurysm. Late PPH or delayed bleeding 
is one of the most feared postoperative complica-
tions because it is often not accurately diagnosed 
and therefore not treated effectively. Late PPH 
under these circumstances is associated with a 
high mortality rate because of the already poor 
condition of the patient [11].

PPH may originate from arterial or venous 
vessels, suture lines, areas of resection (pancre-
atic stump, retroperitoneum), gastric/duodenal 
ulcer or diffuse gastritis, eroded and ruptured 
pseudoaneurysms, or hemobilia from previously 
placed endobiliary stents [10] (Table 26.1). Vas-
cular structures that may be the source of PPH 
include the stump of the gastroduodenal artery 
(GDA; most common and well known cause 
of late PPH), splenic artery, branches of the su-
perior mesenteric artery (SMA) (e.g., inferior 
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pancreaticoduodenal artery especially in the set-
ting of a clinically significant pancreatic anasto-
motic leak), the splenic vein stump, or, rarely, an 
intrapancreatic artery. In addition, PPH can be 
grouped into intraluminal and extraluminal; in-
traluminal PPH manifests itself as hematemesis, 
bleeding from the nasogastric tube, or melena, 
and extraluminal PPH is characterized by bleed-
ing from intra-abdominal drains, an abdominal 
wound, or intra-abdominal hemorrhage. True ex-
traluminal bleeding has an extraluminal source. 
False extraluminal bleeding is a manifestation of 
primary intraluminal bleeding that becomes ex-
traluminal owing to coexisting anastomotic dis-
ruption [12–14].

Early PPH (within 24 h after surgery) is most 
commonly the result of technical failure to prop-
erly secure the inferior pancreaticoduodenal ar-
teries (IPDAs). One can also see bleeding at any 
of the three anastomotic suture lines (following 
PD) and rarely a GDA stump hemorrhage due to 
failure to properly secure this vessel. If the SMA 
dissection is performed sharply with direct iden-
tification and ligation of the IPDAs at their origin 
from the SMA, this complication can largely be 
avoided. Intra-abdominal hemorrhage from poor-
ly secured IPDAs would present as early postop-
erative intra-abdominal hemorrhage and would 
require immediate reoperation. Bleeding from 
the post-PD reconstruction (pancreatic, biliary, 

or gastric anastomosis) is very uncommon, and 
the anastomosis of greatest risk is the pancreati-
cojejunostomy if an invagination anastomosis is 
performed. With this type of anastomosis, the cut 
surface of the pancreas is open to the inside of 
the jejunum and small vessels which are partially 
cauterized may retract at the time of pancreatic 
transection only to bleed when the patient is in 
the recovery room or during the first postopera-
tive night. Hemorrhage from the biliary anasto-
mosis should not occur, and bleeding from the 
gastrojejunostomy is also very uncommon in the 
absence of a technical error. Marginal ulceration 
at the gastrojejunostomy, if it were to occur, pres-
ents months or years after the date of surgery. 
Yekebas et al. presented an analysis of 1669 con-
secutive pancreatic resections and in their experi-
ence, early PPH was due to 3 causes: (1) tech-
nical failures in terms of inadequate hemostasis 
in the operative field always associated with ex-
traluminal PPH (IPDAs being the most common 
involved vessels); (2) suture line of gastroenteric 
or one of the enteroenteric anastomoses leading 
uniformly to intraluminal PPH on the first or sec-
ond postoperative day; and (3) resection cavity 
or transection surface of the pancreas resulting 
in PPH originating from the pancreatico-enteric 
anastomosis [15].

Late PPH may occur from a gastrointestinal 
source but more commonly originates from an 

Table 26.1  Location, onset, diagnosis, and management of postpancreatectomy hemorrhage (PPH)
Location Onset Diagnosis/management
Vessel
Gastroduodenal artery stump Usually late Angiography and embolization/stent
Hepatic artery Late Angiography and embolization
Inferior pancreaticoduodenal artery Early Reoperation following PD
Inferior pancreaticoduodenal artery Late Angiography and embolization/stent as this usually 

presents as a pseudoaneurysm
Splenic vein stump Early Reoperation following distal pancreatectomy
Splenic artery stump Late Angiography and embolization following distal 

pancreatectomy
Intrapancreatic arteries (smaller 
un-named)

Early or late Early—reoperation
Late—angiography and embolization

Anastomoses
Hepaticojejunostomy Early Reoperation
Pancreaticojejunostomy Early Reoperation
Gastrojejunostomy Early or Late Endoscopy or reoperation

Early refers to the first 24–48 h after surgery; late most commonly refers to after the first postoperative week
PD pancreatodudenectomy
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intra-abdominal site often associated with intra-
abdominal infection or abscess formation due to 
leakage of an anastomosis (most commonly the 
pancreaticojejunostomy). Intra-abdominal infec-
tion is thought to be the major cause of late PPH 
due to erosion into ligated vessels, most notably 
the GDA. Bleeding from a disrupted anastomotic 
suture line can also be caused by intra-abdominal 
infection and can mimic bleeding from major 
vessels [7, 8, 16]. Finally, some patients may 
present with bleeding from the wound after a 
wound infection but significant hemorrhage from 
this etiology is uncommon.

The core difference between the etiology of 
early and late PPH is the association of late PPH 
with pancreatic fistula and intra-abdominal in-
fection. This finding is consistent throughout the 
surgical literature which notes an elevated risk 
of late PPH in patients with pancreatic fistula 
as well as a near 100 % prevalence of pancreatic 
fistula in patients who exhibit late arterial bleed-
ing [16, 17]. Surgical reports are consistent in 
describing a sequence of events at the beginning 
of which pancreatic fistula causes erosions, pseu-
doaneurysms, and other vascular irregularities, 
which eventually result in clinically significant 
hemorrhage. Clearly, the majority of postopera-
tive pancreatic fistulas do not result in late PPH 
and the cause of PPH within the population of 
patients who have a pancreatic leak is likely mul-
tifactorial. Extended lymphadenectomy or the 
need for concomitant adjacent organ resection 
(resulting in a large retroperitoneal space), soft 
texture of the pancreatic remnant in the setting 
of a complete anastomotic disruption, or insuffi-
cient drainage of pancreatic fistula (failure to ob-
tain source control) may be the cofactors increas-
ing the risk of fistula-induced vascular injury and 
PPH [16–18].

Possible pathophysiologic explanations for 
pancreatic anastomotic leak-associated late PPH 
include enzymatic digestion of the blood vessel 
wall by trypsin, elastase, and other pancreatic 
exocrine enzymes, intra-abdominal infection/ab-
scess with direct involvement of the vessel wall, 
and/or vascular injury at the time of operation that 
leads to pseudoaneurysm formation [3]. Most re-

ports and anecdotal clinical observations favor 
the theory of local sepsis resulting from pancre-
atic fistula as the main cause of late PPH. Local 
sepsis may erode the vascular wall and adjacent 
bowel. This mechanism of injury may result in 
acute arterial bleeding with or without arterial 
pseudoaneurysm formation, which typically oc-
curs days to weeks after the operation [19]. There 
is minimal data regarding the impact of newer 
energy devices, especially when using them for 
ligating the IPDAs arising from the SMA; how-
ever, anecdotal experiences with such situations 
have generated reason for caution. Many of us 
have managed PPH in patients where the use of 
such energy devices close to arterial structures 
has been implicated in the etiology of late PPH.

Skeletonization of the hepatic artery and SMA 
which is performed with PD, and similar dissec-
tion of the celiac artery and splenic artery stump 
associated with distal pancreatectomy make these 
vessels vulnerable to pseudoaneurysm formation 
due to local sepsis arising from the pancreatic 
fistula, anastomotic leakage, or intra-abdominal 
abscess [20]. In a series reported by Lee et al., of 
27 patients with PPH, 26 had an antecedent pan-
creatic fistula, as shown by drain amylase level 
and computed tomography (CT) findings. This 
report confirms the association between late PPH 
and pancreatic fistula. The onset of the infectious 
complication ranged from 7 to 13 days but the 
hemorrhage developed after postoperative day 
28 in 9 patients. The high frequency of late-onset 
(after 4 weeks from the date of operation) hemor-
rhage in this study led the authors to conclude 
that PPH can occur more than 4 weeks postop-
eratively, particularly in patients with pancreatic 
fistula and/or a complicated initial postoperative 
course [21].

Prevention of Late PPH

The Falciform Ligament

When opening the abdomen, we carefully pre-
serve the falciform ligament (obliterated umbili-
cal vein) for later use as coverage of the GDA 
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stump, vascular anastomoses, or other peripan-
creatic vessels [22]. A pedicled falciform liga-
ment is easily and rapidly obtained during a mid-
line abdominal incision. After incising the linea 
alba, the preperitoneal fat is dissected laterally (to 
the left) when incising the peritoneum. The fal-
ciform ligament is mobilized by dividing it near 
the umbilicus and incising its anterior peritoneal 
reflections along the posterior rectus sheath. An 
additional length is obtained by continuing the 
anterior incision cephalad to the anterior surface 
of the liver. The pedicled falciform ligament is 
completed by taking down the attachments of 
the liver until just the obliterated umbilical vein 
remains attached. Note that the pedicled falci-
form ligament (Fig. 26.1) normally reaches the 
space between the pancreaticojejunostomy and 
the major vessels exposed during resection. After 
completion of the pancreatectomy, the pedicled 
falciform ligament is spread widely anterior to 
the common/proper hepatic artery with special 
attention to coverage of the GDA stump. A ro-
bust flap usually also covers the superior mesen-
teric vein (SMV), portal vein (PV), and splenic 
vein confluence effectively separating the vessels 
from the afferent jejunal limb (Fig. 26.2). When a 
distal pancreatectomy is performed, the pedicled 
falciform ligament can be fixed with 4-0 prolene 
sutures to the remnant pancreas thereby rein-
forcing the pancreatic closure. This procedure 
enables the complete separation of these vessels 

from the pancreas in the event that a pancreatic 
fistula and associated abscess were to develop.

The Portal Dissection

The portal dissection is initiated by removing the 
lymph node that lies directly anterior to the com-
mon hepatic artery (CHA) proximal to the right 
gastric artery and GDA. This facilitates exposure 
of the CHA proximal and distal to the GDA. The 
right gastric artery is ligated and divided fol-
lowed by the GDA. Dissection of the hepatic ar-
tery should be performed with gentle, sharp dis-
section, especially in patients who have received 
prior chemotherapy or chemoradiation and in 
those with extensive peritumoral inflammation 
from a previous laparotomy or stent-related pan-
creatitis. Blunt dissection at the GDA origin can 
result in intimal dissection of the hepatic artery. 
Division of the GDA allows mobilization of the 
hepatic artery and exposure of the anterior sur-
face of the PV directly posterior to the inferior 
border of the CHA. The PV should always be 

Fig. 26.2  Intraoperative photograph of completed pan-
creaticoduodenectomy. The falciform ligament pedicle 
flap ( white arrows) completely covers the common he-
patic artery and GDA stump from any possible PJ leak. 
HJ hepaticojejunostomy, PJ pancreaticojejunostomy, 
SMV superior mesenteric vein, SV splenic vein

 

Fig. 26.1  Intraoperative photograph of preserved falci-
form ligament pedicle flap. Debakey forceps are retract-
ing the liver. White arrows point to the falciform flap
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exposed in this way before dividing the common 
hepatic duct. Care during this critical step in the 
performance of PD can minimize trauma to the 
hepatic artery and allow for a secure closure of 
the GDA stump [22].

GDA Ligation

Occasionally, ligation of the GDA is complicated 
by close proximity of the pancreatic tumor. If the 
tumor extends to within a few millimeters of the 
GDA, our technique is to obtain proximal and 
distal control of the hepatic artery and then divide 
the GDA flush at its origin. The resulting arteri-
otomy can be closed primarily with interrupted 
6-0 prolene sutures. If 2 mms of GDA origin is 
available, we often use a small vascular pledget, 
as the hepatic artery can be quite fragile in this lo-
cation; if the arteriotomy is flush with the CHA, a 
pledget cannot be used. When the tumor extends 
to the GDA origin, we divide the GDA prior to 
any form of ligation of the distal GDA on the 
specimen side. The GDA on the specimen side 
is suture ligated with 4-0 Prolene after it is di-
vided; control of back-bleeding from this vessel 
is easily accomplished with simple hand pressure 
if a complete Kocher maneuver was performed 
earlier in the operation. This maneuver decreases 
trauma and handling of the GDA and decreases 
chances of intimal dissection of the hepatic artery 
[22]. When adequate length of GDA allows for 
a simple ligation, we usually use a 0-silk tie on 
the hepatic artery side with a 4-0 Prolene suture 
on the specimen side (so as to avoid unnecessary 
mobilization which is often needed to place a tie 
distally on the specimen side).

Reinforcing the Pancreatic Transection 
Site (Distal Pancreatectomy)

When performing a distal or subtotal pancreatec-
tomy, the remnant pancreas can lead to a poten-
tial pancreatic fistula and subsequent PPH from 
a splenic artery pseudoaneurysm. We routinely 
divide the pancreas and perform the pancreatic 
closure either with Gore-Tex reinforced staples 

or with pledgeted sutures. The limitation to using 
the stapler is in proximal neck/body tumors 
where there is limited room (due to the proximity 
of the intrapancreatic bile duct) for achieving an 
adequate margin. In addition, as one moves to the 
patient’s right of the pancreatic neck (and enters 
the region of the pancreatic head), the pancreas 
becomes too thick for a staple line. In this scenar-
io, after confirming a negative margin, we iden-
tify the pancreatic duct and close it directly with 
a horizontal mattress suture. We then close the 
remaining pancreas with additional horizontal 
mattress sutures with a pledget on both the pos-
terior and anterior surfaces (Fig. 26.3). The first 
such pledgeted suture is placed at the site of the 
pancreatic duct so that the duct closure is covered 
by the location of the pledget. Both a stapled clo-
sure and a suture closure with pledgets are done 
to minimize the risk of pancreatic fistula, which 
can increase the risk of PPH.

Diagnosis of Late PPH

Symptoms/Signs

The occurrence of a sentinel bleed is a key sign 
and symptom of late PPH [8, 16]. Sentinel bleed-
ing refers to isolated bleeding, usually from the 
gastrointestinal tract or an abdominal drain/drain 

Fig. 26.3  Intraoperative photograph of a completed dis-
tal pancreatectomy. Arrowheads point to the cut margin 
of the pancreas closed with pledgeted sutures. CHA com-
mon hepatic artery, SMA superior mesenteric artery, SMV 
superior mesenteric vein
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site. It implies the presence of a structural vas-
cular defect and requires immediate evaluation 
[23]. Sentinel hemorrhage, as mentioned previ-
ously, is often associated with local sepsis and an 
anastomotic leak; it is uncommon to see late PPH 
in a patient who has had a completely uneventful 
postoperative course [24]. Patients who develop 
a sentinel bleed, as defined as a low volume of 
hemorrhage in a patient who is hemodynamically 
stable at the time of the event, are at high risk 
of developing massive hemorrhage and should 
undergo diagnostic and therapeutic intervention 
as soon as possible [7, 8, 16]. The second epi-
sode of bleeding may follow in minutes or hours 
and is often severe, being accompanied by hemo-
dynamic instability and a high risk of mortality. 
Vigilance is critically important, as up to 90 % of 
patients who experience PPH have been through 
a turbulent postoperative period characterized by 
some form of intra-abdominal infection. Those 
patients who have had conservative management 
or radiological interventions for intra-abdominal 
fluid collections are at particularly high risk, and 
therefore, a sentinel hemorrhage in this setting 
warrants immediate attention [7, 16].

Imaging for Late PPH

Management of the exsanguinating patient with 
late PPH is unlikely to be successful and there-
in lies the rationale for immediate action in the 
setting of a sentinel bleed. A patient presenting 
with a sentinel bleed should undergo immediate 
angiography. If the diagnosis of a sentinel bleed 
is less clear, for example, the blood in the drain 
may have been associated with accidental trac-
tion on the drain, or the issue of a possible mela-
notic stool is in question, then CT imaging prior 
to angiography is quite reasonable. Ultrasound 
imaging may depict a false aneurysm but has no 
role in the investigation of acute bleeding. CT an-
giography may reveal the cause, site, and nature 
of bleeding if contrast extravasation is seen or 
a pseudo-aneurysm is visualized. A triple-phase 
examination (unenhanced, arterial, and venous 
phases) is performed with iodinated contrast 
material. Images are reviewed with multiplanar 

reformatting, which contributes to the diagno-
sis and aids in the planning of endovascular or 
surgical intervention. Unenhanced scans depict 
collections and high attenuation from beam-hard-
ening and streak artifacts that can mimic bleed-
ing. The arterial phase may reveal active contrast 
extravasation from the arterial anatomy. The ve-
nous phase may show contrast pooling and other 
complications that can follow a Whipple proce-
dure [25, 26].

If CT imaging does not yield a focus for the 
bleeding and the patient becomes unstable or an 
unequivocal sentinel bleed were to occur, the pa-
tient should move directly to selective angiogra-
phy without delay. Caution should be taken in in-
terpreting the results of angiography if a bleeding 
site is not seen, as a negative examination does 
not rule out a late PPH. The intermittent nature 
of the bleeding can hamper detection by angiog-
raphy even in patients with severe stigmata of 
bleeding. The importance of angiography can-
not be overstated: first, embolization can be per-
formed if the bleeding site is located and second, 
the alternative treatment to consist of reopera-
tion is unlikely to be successful [27]. Emergent 
reoperative laparotomy in an effort to expose 
the GDA stump in an unstable patient stands a 
very low likelihood of being successful even if 
performed by a very experienced surgeon. The 
main (and perhaps only) hope for a good patient 
outcome rests in the interventional radiology 
suite, not the operating room. If the site of bleed-
ing is uncertain, angiography of the celiac axis 
and SMA should be performed. Active contrast 
extravasation and pseudoaneurysms can be man-
aged therapeutically when the diagnosis is made. 
Spasm and irregularity of a vessel are indirect 
signs of a source of bleeding. If extravasation 
from the expected sites is not seen, selective/su-
perselective angiography can be performed [27].

Management of PPH

Early PPH

Management of early PPH should consist of re-
suscitation and in general, emergent return to 



27726 Postpancreatectomy Hemorrhage: Early and Late

the operating room for laparotomy. Very rarely, 
gastrointestinal hemorrhage early in the postop-
erative period can be managed endoscopically. 
Therapeutic endoscopy may permit the success-
ful management of a bleeding point in the gastro-
jejunostomy, which would be the only indication 
for endoscopy early in the postoperative setting. 
However, the pancreaticojejunostomy would be 
more likely to be the source of hemorrhage rather 
than the gastrojejunostomy. Patients with intra-
abdominal bleeding, whether evident from a sur-
gically placed drain or due to progressive expan-
sion of the abdomen on examination, require re-
operation, and a delay should not occur [12–14].

Late PPH

Patients with late PPH should undergo emergent 
selective angiography and if the source is found, 
embolization of the bleeding vessel should be 
performed. Embolization is successful in up to 
80 % of patients although this complication is 
uncommon and reports are largely anecdotal or 
consist of small series from large referral insti-
tutions. As noted previously, the key to prevent-
ing mortality is rapid recognition and prompt 
management. Postoperative gastrointestinal or 
drain tract bleeding should prompt immediate 
evaluation with arteriography. Gastrointestinal 
or drain tract bleeding represents a true medical 
emergency as the only patients likely to survive 
are those in whom the diagnosis is made imme-
diately. Although individual surgeon experience 
with this complication is largely anecdotal, stent-
ing of the hepatic artery or the more conventional 
embolization of the hepatic artery may both be 
successful. In the setting of a normal bilirubin, 
the liver will usually tolerate hepatic artery em-
bolization when it is performed a few weeks after 
the hepaticojejunostomy. Multisystem organ 
failure and death usually result from the infec-
tious complications and the excessive blood loss 
which may accompany/often accompanies this 
complication [22].

Embolization sacrifices distal blood flow but 
is the only alternative for areas where anatomy is 
complex and vessels are small [27]. The embol-

ic materials used are coils, glue, thrombin, and 
absorbable gelatin sponge. Coils are commonly 
used and suitable when there is a single feeding 
vessel which can be sacrificed. It is essential to 
embolize both the inflow and outflow vessels or 
bleeding may recur. Balloon occlusion can be 
used for protection of distal circulation but tis-
sue infarction is more likely than with coils. Stent 
grafting preserves distal perfusion, such as that 
to the liver and spleen, but can be impossible in 
tortuous and small vessels. Intentional dissection 
is an option if the bleeding site cannot be reached 
selectively for embolization [28, 29].

Pseudoaneurysms that persist after emboliza-
tion can be managed with percutaneous injection 
of thrombin under ultrasound or CT guidance 
[16, 29]. The GDA stump is the most common 
cause of active extravasation or pseudoaneurysm 
formation. A bleeding source in the common or 
proper hepatic arteries can also occur as the result 
of a pancreatic leak. Covered stents are useful 
and have the added benefit of preserving distal 
perfusion. Celiac axis erosion is uncommon, and 
endovascular stent grafting is an option for man-
agement although this procedure may involve 
sacrificing either the hepatic or the splenic artery. 
An alternative is to embolize the whole vessel to 
ensure that there is no back filling from the celiac 
axis branches [30].

Splenic artery pseudoaneurysm is uncommon 
and when it occurs, is once again usually second-
ary to a pancreatic leak or intraoperative infec-
tion. Management depends on the site of extrava-
sation and the tortuosity of the splenic artery. A 
covered stent can be used in straight arteries; in 
tortuous vessels, embolization is required. Proxi-
mal lesions can be embolized with preservation 
of splenic perfusion via the short gastric arteries 
as the left gastric artery is preserved and remains 
the main source of gastric perfusion. Emboliza-
tion of distal lesions increases the risk of splenic 
infarction.

IPDA pseudoaneurysms are rarely seen after 
the Whipple procedure but when they occur, they 
are the result of a local infection (pancreatic leak) 
or abscess formation adjacent to the SMA. If 
bleeding is present, the problem can be managed 
with embolization or stenting.
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Hemobilia due to a hepatic artery pseudoaneu-
rysm with involvement of the residual common 
bile/hepatic duct in the inflammatory process can 
manifest itself as false extraluminal bleeding. 
The hepatic artery can be managed with embo-
lization [29–31].

Conclusion

Complication rates for pancreatectomy still per-
sist due to the large magnitude of the operation 
which is usually performed in patients of ad-
vanced age with associated comorbidities. PPH 
is one of the major causes of morbidity and mor-
tality after PD. PPH can be divided into early and 
late postoperative bleeding. Early PPH is that 
which occurs within 24 h of surgery. It often is 
caused by technical failure of appropriate hemo-
stasis during the index operation (failure to per-
form the SMA dissection correctly and to iden-
tify and ligate the IPDAs) or by an underlying 
perioperative coagulopathy. Late PPH occurs 
more than 24 h after the operation and typically 
one or more weeks from the date of surgery. Late 
PPH is associated with more common complica-
tions of the operation, most notably a leak from 
the pancreaticojejunostomy. Local sepsis from 
a pancreatic fluid collection or intra-abdominal 
abscess may erode the vascular wall adjacent to 
a loop of bowel leading to PPH. Prevention of 
PPH depends both on careful dissection of the 
portahepatis and the hepatic artery/GDA and on 
creation of a pedicled falciform ligament flap to 
protect the vessels from possible pancreatic fis-
tula and fluid collections. For patients who re-
ceive a distal pancreatectomy, reinforcement of 
the pancreas transection site with Gore-Tex or 
pledgeted sutures can also be followed with fal-
ciform ligament flap coverage. The occurrence of 
a sentinel bleed is a key sign which often occurs 
before the onset of late PPH. Patients who de-
velop a sentinel bleed, especially those who have 
had a complicated/septic postoperative period 
have a high risk of developing imminent massive 
hemorrhage and should undergo immediate diag-
nostic and therapeutic angiography.

Management of early PPH depends on wheth-
er the bleeding is located intraluminally or ex-
traluminally. Interventional endoscopy is occa-
sionally indicated when intraluminal PPH is sus-
pected to originate from the gastrojejunostomy; 
reoperation is usually the treatment of choice 
for early PPH and in all cases where the blood is 
intra-abdominal (extraluminal). In the case of a 
late PPH usually associated with pancreatic fis-
tula formation, angiography is the intervention of 
choice and should be performed without delay. If 
the source cannot be found at the first attempt at 
angiography, re-angiography may be performed 
within 6–24 h. The best solution to the problem 
of late PPH is prevention—a carefully performed 
operation and use of vascularized tissue to sepa-
rate the hepatic artery from the afferent jejunal 
limb to include careful coverage of the GDA 
stump.

Key Points to Avoid Complications

1. Preserve the falciform ligament (obliterated 
umbilical vein) for use as coverage of the 
GDA stump, vascular anastomoses, or the 
splenic artery stump (in the case of a distal 
pancreatectomy).

2. When a distal pancreatectomy is performed, 
the falciform ligament can be sutured to the 
remnant pancreas allowing for complete sepa-
ration of the adjacent vessels from the pancre-
as in the event of a pancreatic fistula.

3. Dissection of the hepatic artery should be per-
formed with gentle, sharp dissection. Blunt 
dissection, especially at the GDA origin, can 
result in intimal dissection of the hepatic ar-
tery.

4. If the tumor extends to within a few millime-
ters of the GDA origin, our technique is to ob-
tain proximal and distal control of the hepatic 
artery and then divide the GDA flush at its ori-
gin.

5. We routinely reinforce our remnant pancreatic 
transection with stapled Seamguard (Gore, 
Newark, DE) or pledgeted sutures.



27926 Postpancreatectomy Hemorrhage: Early and Late

Key Points to Diagnose/Manage

1. The occurrence of a sentinel bleed is a key 
sign, which often signals the onset of a sig-
nificant PPH.

2. A patient presenting with an obvious senti-
nel bleed (acute blood loss of gastrointestinal 
(hematemesis or melena) or drain-site origin) 
should undergo immediate angiography in 
search of a pseudoaneurysm.

3. If the presence or absence of a sentinel bleed is 
not obvious (trace amount of blood at a drain 
site or a drop in hemoglobin in the absence of 
hematemesis or melena), a contrast-enhanced 
CT scan is indicated.

4. Patients who are found to have extraluminal 
PPH (most commonly the GDA stump) should 
undergo embolization or stent placement.

5. Splenic artery pseudoaneurysms are uncom-
mon and most often secondary to a pancreatic 
leak or intraoperative trauma.
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Introduction

Modern series of pancreaticoduodenectomy 
(PD) operations consistently report mortality of 
well under 5 % and morbidity of 30–50 % in se-
lected high-volume centers [1]. These outcomes 
are possible as a result of advances in surgical 
technique as well as in the perioperative care of 
patients who are more complex and have greater 
comorbidity than patients undergoing PD in prior 
eras. Patient selection and preparation are essen-
tial in order to maximize the potential for good 
outcomes. Wolfgang et al. have examined pre-
dictors of mortality following PD in over 1500 
cases. They found that age, male sex, preopera-
tive albumin, tumor size, and total pancreatecto-
my predicted 30-day mortality [2]. Of these fac-
tors, preoperative nutrition is the only modifiable 
risk factor.

Preoperative malnutrition and micronutrient 
deficiency may be severe in patients with pan-
creatic or periampullary malignancy, particularly 

in the setting of biliary obstruction, which may 
lead to significant deficiencies in fat-soluble 
vitamins A, D, E, and K. Careful assessment of 
preoperative weight loss, difficulties with ali-
mentation (i.e., anorexia, early satiety, gastric 
outlet obstruction, and steatorrhea), and dura-
tion of jaundice aid in identifying patients with 
significant malnutrition who are at risk for major 
perioperative complications. Preoperative bili-
ary decompression is often a consideration and 
should be generally avoided if definitive opera-
tion is planned within 7–10 days [3]. For patients 
in whom operation will be delayed, endoscopic 
biliary stenting with a plastic stent or short metal 
stent is currently the preferred modality for bili-
ary decompression [4]. Finally, cardiopulmonary 
risk stratification and management of medical 
comorbidities is essential.

Arguably the single most important aspect of 
successful PD is performing the pancreatic–en-
teric anastomosis. Pancreatic leak is the major 
component of morbidity and mortality in every 
series and is often referred to as the “Achilles 
heel” of PD. The definitions and classification 
of postoperative pancreatic fistula/anastomotic 
leakage has been established by an international 
consensus conference as an abnormal commu-
nication between the pancreatic ductal epithe-
lium and another epithelial surface containing 
pancreas-derived, enzyme-rich fluid. The clinical 
criterion is output via an operatively placed drain 
(or a subsequently placed, percutaneous drain) of 
any measurable volume of fluid on or after post-
operative day 3, with an amylase content greater 
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than three times the upper normal serum value 
[5]. By definition anastomotic leakage requiring 
re-operation is classified as grade C and is the 
topic of discussion for this chapter (Table 27.1).

Given the fragile nature of the pancreatic 
anastomosis and its propensity to leak, many 
variations have been described with various ad-
vantages and disadvantages touted for each. De-
spite numerous studies comparing the type and 
style of anastomosis (pancreaticojejunostomy 
vs. pancreaticogastrostomy, [6–9] duct-to-mu-
cosa vs. invagination technique, [10] pancreatic 
duct stent vs. no stent [11–13], the choice for 
management of the distal pancreatic remnant is 
still largely a matter of surgeon preference and 
comfort. The authors prefer a modified Blumgart 
two-layer pancreaticojejunostomy with an outer 
layer of 2-0 silk horizontal mattress sutures and 
an inner duct-to-mucosa layer of 5-0 polydioxa-
none (PDS) performed end-to-side. However, 
in an experienced pancreaticobiliary surgeon’s 
hands, several approaches may have similar out-
comes.

Anastomosis begins by dissecting 2–3 cm 
of the pancreatic stump from surrounding tis-
sues (Fig. 27.1a–c). The jejunal limb is brought 
through the duodenal hiatus or another retro-
colic window is made in the transverse colon 
mesentery and positioned to allow creation of 
a tension-free end-to-side anastomosis. Inter-
rupted horizontal mattress sutures of 2-0 silk are 
placed using transpancreatic bites of pancreas 

and seromuscular bites of jejunum (Fig. 27.1a). 
The needles are left on these sutures and used for 
the anterior seromuscular buttressing layer later. 
Care must be taken not to suture the pancreatic 
duct; thus, a temporary 5F or 7F Hobbs ERCP 
stent (Hobbs Medical, Stafford Springs, CT) is 
placed in the duct to help prevent inadvertent 
occlusion. Three sutures are required for the 
posterior row: one superior, one straddling the 
pancreatic duct, and one inferiorly. The middle 
stitch is placed while moving the stent in the duct 
to assure the knot is not tied too tight. Next, a 
2–3 mm enterotomy is made in the jejunum, and 
the inner suture line is constructed with inter-
rupted 5-0 PDS. Beginning at the superior aspect 
of the gland, the suture line incorporates the pan-
creatic duct and full-thickness jejunum. Depend-
ing on the size of the duct, it is usually possible 
to place three to five sutures in a duct-to-mucosa 
fashion in the anterior and posterior rows, each. 
After the posterior suture line is complete, it is 
tied down and the Hobbs stent is inserted into 
the pancreatic duct with the curved end inserted 
into the jejunum (Fig. 27.1b). The anterior suture 
line is formed. Finally, the anterior row of 3-0 
silk mattress sutures are placed using seromus-
cular bites of jejunum secured to the capsule of 
the pancreas. In tying the sutures, take extreme 
care to avoid pulling the sutures through the tis-
sue when attempting to imbricate the jejunum 
over the anastomosis, particularly when the pan-
creas is soft (Fig. 27.1c). A #19 round channel 

Table 27.1  International study group on pancreatic fistula ( ISGPF) classification. (Modified from [5])
ISGPF parameters for postoperative pancreatic fistula grading
Grade A B C
Clinical condition Well Often well Ill-appearing/bad
Specific treatmenta No Yes/no Yes
US/CT (if obtained) Negative Negative/positive Positive
Persistent drainage (after 3 weeks)b No Usually yes Yes
Re-operation No No Yes
Death related to POPF No No Possibly yes
Signs of infection No Yes Yes
Sepsis No No Yes
Re-admission No Yes/no Yes/no
US ultrasound, CT computed tomography, POPF postoperative pancreatic fistula. ISGPF International Study Group 
on Pancreatic Fistula definition
a Partial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analogue, and/or minimal 
invasive drainage
b With or without a drain in situ;
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drain is placed in the region of the anastomosis 
to help detect leakage and manage smaller leaks 
in the postoperative period. Although not classi-
cally described in the literature, in the opinion of 
the authors, attention should also be paid to the 
placement of the biliary anastomosis with respect 
to the pancreatic anastomosis. Whenever pos-
sible, at least 10–15 cm should be left between 
the two anastomoses to prevent reflux of biliary 
fluid into the pancreatic anastomosis. Although 
little clinical evidence exists to support this prac-
tice, it is an important anecdotal observation that 
may decrease the incidence of massive pancre-
atic anastomotic disruption.

There exists some debate on the use of closed 
suction drains following PD. Drainage of the 
pancreatic anastomosis may be associated with 
greater likelihood of pancreatic fistula, and some 
have advocated abandoning the use of drains 
routinely following PD [14, 15]. It is the opinion 
of the authors that drains should be placed fol-
lowing most, if not all PD and clinical trials sup-
port this. A recent randomized multicenter trial 
comparing routine placement of operative drains 
to no drains following PD provides level-one 
evidence that routine use of closed suction drains 
should be standard of care. In this study, all-cause 
mortality was higher in the no drain group and 
there was an increased number and mean severity 
of complications when operative drains were not 
placed. There was no increase in the incidence of 
pancreatic fistula between the two groups [16]. 
It is likely that the excess mortality seen in the 
no drain group reflects the consequences of und-
rained pancreatic fluid in the small number of pa-
tients who develop significant compromise to the 
integrity of the pancreaticojejunostomy, resulting 

in the development of multisystem organ failure 
(MSOF) and death.

Despite compelling data supporting the rou-
tine use of drains, an emerging consensus also 
suggests that they represent a double-edged 
sword and can lead to an increased incidence of 
pancreatic fistula when left in situ for a prolonged 
period of time. Prospective data indicate that am-
ylase activity of drain effluent less than 5000 U/L 
predicts a low likelihood of clinically significant 
pancreatic fistula [17]. In these patients with 
a low risk of pancreatic fistula, drains may be 
safely removed early in the postoperative period 
without relying on standard metrics of drainage 
character or volume. A prospective randomized 
study investigating early removal of operative 
closed suction drains in patients with postopera-
tive day 1 drain that amylase values of less than 
5000 U/L found significantly fewer complica-
tions, including pancreatic fistulae in the early 
removal group (postoperative day (POD) 3 vs. ≥ 
POD 5) [18]. Several caveats should be noted in 
this study including the fact that the authors did 
not use closed suction drains and subjects were 
only randomized if they showed “no adverse 
clinical metrics.”

It is the author’s opinion that closed suction 
drains are important in the early postoperative 
period to assist in management of major disrup-
tions of the pancreatic anastomosis. However, 
persistent application of negative pressure can 
clearly lead to persistence of a “nuisance” low-
grade fistula. Since 2008, we have adopted a 
modified “Verona” protocol: One or two #19 
channeled closed suction drains are placed near 
the pancreatic anastomosis and drain amylase ac-
tivity is measured on POD 3. For patients who 

Fig. 27.1  a Completed posterior row of 3-0 silk stitches. b Posterior row of 5-0 PDS duct-to-mucosa stitches and pan-
creatic duct stent in place. c Completed pancreaticojejunostomy
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are clinically improving and have drain amylase 
activity of less than two to three times the serum 
amylase on POD 4, the drain(s) is/are removed. 
In our experience, this approach has resulted in 
a very low rate of uncontrolled pancreatic leaks 
while also minimizing clinically insignificant 
“nuisance” low-grade fistulae.

Major anastomotic disruptions typically pres-
ent early in the postoperative course (POD 3–5) 
though they may occur later, as in the case of an 
operative drain that has eroded tissues, thus cre-
ating an anastomotic dehiscence. Often, the first 
recognized indications of a major disruption of 
the pancreatic anastomosis will be deteriorating 
clinical indices such as tachycardia, hypoten-
sion, fever, and oliguria. Delayed return of bowel 
function and/or delayed gastric emptying is also 
common, though nonspecific findings. Leukocy-
tosis/leucopenia, electrolyte abnormalities (i.e., 
acidemia, hypokalemia), thrombocytopenia/
thrombocytosis, coagulopathy, and anemia are 
frequent laboratory findings. In cases of grade 
C fistula, patients may meet criteria for systemic 
inflammatory response syndrome (SIRS)/sepsis 
and many experience some degree of MSOF in-
volving cardiac, respiratory, renal, hepatic, and 
other organ systems.

Management of major pancreatic anastomotic 
disruption should progress in a logical, stepwise 
fashion (Fig. 27.2). The two primary clinical 
goals in the early setting of a massive pancre-
atic anastomotic failure are goal-directed resus-
citation to maintain end-organ perfusion and 
establishment of a controlled pancreatic fistula. 
Intravenous fluids (either crystalloid or blood, 
as indicated) to maintain euvolemia and correct 
acidosis should be administered. Adequate vas-
cular access including central venous catheter(s), 
arterial catheter, and/or pulmonary artery cath-
eter may be indicated.

In attempting to diagnose and characterize 
pancreatic fistulae, computed tomography (CT) 
scans of the abdomen have limited ability to as-
sess the integrity of the pancreatic anastomosis 
and are only used to assess for the presence of un-
drained pancreatic fluid collections (Fig. 27.3). 
Patients are often acutely ill, and the decision 
of whether and when to transport to the radiol-

ogy department should be carefully considered. 
Given that most patients with significant SIRS 
have disruptions in regional blood flow to the 
kidney and are at significant risk of contrast-
induced nephropathy, intravenous (IV) contrast 
should rarely be used.

An attempt at nonoperative management is 
warranted and is successful in a vast majority of 
instances in the experience of the authors. For sit-
uations where a surgical drain was not placed, the 
patient demonstrates clinical SIRS, and a major 
pancreatic anastomotic disruption is suspected, 
an attempt at image-guided percutaneous drain-
age is worthwhile in all but the most unstable pa-
tients. Most patients will demonstrate significant 
and rapid clinical improvement with successful 
establishment of a controlled fistula via a percu-
taneous drain. In patients with existing surgically 
placed drains, a noncontrast CT scan can be con-
sidered to rule out displacement of the drain and/
or presence of undrained collections.

Once drainage is accomplished, the character 
of the drain fluid should be noted: Classically, 
thin, cloudy, gray “dishwater” fluid is observed 
in situations of major disruptions. It is important 
to note that drain fluid from major pancreaticoje-
junostomy disruptions is often bilious. Bile may 
leak retrograde from the hepaticojejunostomy 
through a disruption in the pancreaticojejunos-
tomy if it is not draining antegrade through the 
efferent jejunal limb. Considering that the he-
paticojejunostomy is a more structurally robust 
anastomosis, bilious drainage can be considered 
the more likely result of a leaking pancreaticoje-
junostomy than vice versa. As was noted above 
in the section on constructing a pancreaticojeju-
nostomy, this bile reflux may be more significant 
when there is insufficient length between the he-
paticojejunostomy and pancreaticojejunostomy 
and, in the opinion of the authors, contributes to 
development of severe pancreatic fistulae.

Bloody drainage is a particularly ominous sign 
as this may indicate hemorrhage from a ruptured 
pseudoaneurysm of the gastroduodenal artery or 
other visceral arterial branches exposed during 
the course of dissection. Most cases of pseudoa-
neurysm rupture appear later in the course of a 
significant pancreatic leak, often 2–3 days after 
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recognition of the leak when the patient has re-
covered from the initial insult. As with pancreatic 
fistula, an international study group classification 
of postpancreatectomy bleeding has been estab-
lished (Table 27.2, 27.3) [19].

Empiric broad-spectrum antibiotics are often 
indicated and should cover Gram-negative 
( Escherichia coli, Klebsiella pneumoniae, En-

terobacter), enteric Gram-positive ( Enterococ-
cus), and possibly fungal ( Candida) organisms. 
Bile cultures obtained at the time of index opera-
tion have been advocated as helpful in this sce-
nario, particularly if preoperative biliary stenting 
was performed.

The decision to re-operate is based on the pres-
ence of refractory and progressively  worsening 

Fig. 27.2  Diagnostic/therapeutic algorithm for pancreati-
cojejunostomy dehiscence. Single asterisk drain output: 
bilious, “cloudy/dishwater”, bloody; double asterisk clini-
cal indices: tachycardia, fever, leukocytosis, abdominal 

pain; PD pancreaticoduodenectomy, PF pancreatic fis-
tula, SIRS systemic inflammatory response syndrome, 
MSOF multisystem organ failure
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SIRS in the presence of apparently adequate 
drainage. It should be stressed that re-operation 
for major pancreatic anastomotic disruptions is 

and should be an extremely rare event. As noted 
above, an overwhelming majority of these situ-
ations can be managed with nonoperative per-
cutaneous drainage and aggressive critical care 
management (Fig. 27.2).

Once the abdomen is opened, retractors are 
placed, and exploration of the abdomen is com-
menced, the pancreatic, biliary, and enteric su-
ture lines are inspected. Evacuation of pancreatic 
ascites/fluid collection(s) should be performed 
along with copious irrigation of the peritoneal 
cavity. As most of these re-explorations occur in 
the early postoperative period, there are rarely 
intense adhesions. Great care should be taken not 
to disrupt the fragile hepaticojejunostomy and 
gastrojejunostomy during exploration. Once the 
disruption of the pancreatic anastomosis is iden-
tified, the relative condition of the pancreatic tis-
sues and bowel is taken into consideration when 
determining the next step. Several interventions 
can be considered and the pros and cons of each 
are carefully weighed with the patient’s condi-
tion (Table 27.4). Most often there is a marked 
inflammatory response to pancreatic leakage 

Table 27.2   International Study Group on Pancreatic Surgery ( ISGPS) definition of postpancreatectomy hemorrhage. 
(Adapted from [19])
Definition of postpancreatectomy hemorrhage (PPH)
Time of onset
Early hemorrhage (≤ 24 h after the end of the index operation)
Late hemorrhage (> 24 h after the end of the index operation)
Location
Intraluminal (intraenteric, e.g., anastomotic suture line at stomach or duodenum, or pancreatic surface at anastomo-

sis, stress ulcer, pseudoaneurysm)
Extraluminal (extraenteric, bleeding into the abdominal cavity, e.g., from arterial or venous vessels, diffuse bleeding 

from resection area, anastomosis suture lines, pseudoaneurysm)
Severity of hemorrhage
Mild
Small or medium volume blood loss (from drains, nasogastric tube, or on ultrasonography, decrease in hemoglobin 

concentration < 3 g/dL)
Mild clinical impairment of the patient, no therapeutic consequence, or at most the need for noninvasive treatment 

with volume resuscitation or blood transfusions (2–3 units packed cells within 24 h of end of operation or 1–3 
units if later than 24 h after operation)

No need for re-operation or interventional angiographic embolization; endoscopic treatment of anastomotic bleeding 
may occur provided the other conditions apply

Severe
Large volume blood loss (drop of hemoglobin level by ≥ 3 g/dL)
Clinically significant impairment (e.g., tachycardia, hypotension, oliguria, hypovolemic shock), need for blood trans-

fusion (> 3 units of packed cells)
Need for invasive treatment (interventional angiographic embolization, or relaparotomy)

Fig. 27.3  Computed tomography scan showing pancre-
aticojejunostomy leak. a - pancreatic remnant, b - peripan-
creatic fluid collection, c - pancreatic duct stent
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causing edema, hyperemia, and friability of the 
tissues. For this reason, simple suture repair of 
the leaking anastomosis is doomed to failure and 
should almost never be considered.

One option in a clinically stable patient with 
completely viable pancreas is to convert a pan-
creaticojejunostomy to pancreaticogastrostomy. 
We feel this option must be considered with great 
caution given there is a substantial likelihood of 
this second anastomosis leaking. In the instance 
of a re-operation where debridement of the pan-
creatic neck and jejunal limb is required to obtain 
healthy tissues, there will usually be insufficient 
bowel length to create a tension-free anastomosis 
between the pancreatic remnant and efferent je-
junal limb. An intact biliary anastomosis should 
not be reconstructed in order to gain more jeju-
nal length in this setting. Therefore, due to the 
mobility of the stomach and its proximity to the 
pancreatic stump, a pancreaticogastrostomy may 

be constructed. The anastomosis is performed to 
the posterior wall of the stomach in two layers 
as described by Yeo et al. [7] Briefly, the distal 
2–3 cm of pancreatic remnant is dissected and a 
2–3 cm gastrotomy is made. An outer layer of 3-0 
silk and inner layer of 3-0 or 4-0 PDS is used 
with the inner layer incorporating pancreatic duct 
and mucosa where feasible. Alternatively, the 
anastomosis may be performed in a single layer 
[20]. The excess jejunal limb upstream of the 
biliary anastomosis is brought to the skin as an 
ostomy, oversewn, or resected depending on tis-
sue viability, length of remnant, and/or condition 
of the patient. A feeding jejunostomy should be 
placed as well. Salvage pancreaticogastrostomy 
was found to be associated with less postopera-
tive diabetes (25 vs. 100 %), one grade B pancre-
atic fistula managed nonoperatively (25 %), and 
no mortality when compared retrospectively with 
completion pancreatectomy [21]. Randomized 

Table 27.3   International Study Group on Pancreatic Surgery ( ISGPS) classification of postpancreatectomy 
hemorrhage. (Adapted from [19])
Classification of PPH: clinical condition, diagnostic, and therapeutic consequences
Grade Time of onset, location, 

severity, and clinical impact 
of bleeding

Clinical condition Diagnostic 
consequence

Therapeutic consequence

A Early, intra- or extraluminal, 
mild

Well Observation, blood 
count, US and, if 
necessary CT

None

B Early, intra- or extraluminal, 
severe
or
Late, intra- or extraluminal, 
milda

Often well/interme-
diate, very rarely 
life-threatening

Observation, blood 
count, US, CT, angi-
ography, endoscopyb

Transfusion of fluid/
blood, ICU, therapeutic 
endoscopyb, emboliza-
tion, relaparotomy for 
early PPH

C Late, intra- or extraluminal, 
severe

Severely impaired, 
life-threatening

Angiography, CT, 
endoscopyb

Localization of bleeding, 
angiography, emboliza-
tion, (endoscopyb) or 
relaparotomy, ICU

US ultrasound, CT computed tomography, ICU intensive care unit, PPH post-pancreatectomy hemorrhage
a Late, intra- or extraluminal, mild bleeding may not be immediately life-threatening to patient but may be a warning 
sign for later severe hemorrhage (“sentinel bleed”) and is therefore grade B
b Endoscopy should be performed when signs of intraluminal bleeding are present (melena, hematemesis, or blood loss 
via nasogastric tube)

Table 27.4   Options for surgical management of major pancreatic anastomotic disruptions
Options for surgical management of major pancreatic anastomotic disruptions
Conversion of pancreaticojejunostomy to pancreaticogastrostomy
Wide local drainage with or without pancreatic duct ligation
Wirsungostomy or “bridge stent”
Completion pancreatectomy
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controlled data are lacking (and likely impossible 
to obtain due to the rarity of this complication); 
however, this approach appears to be a safe op-
erative strategy in selected patients.

When a disruption of the anastomosis that is 
not amenable to reconstruction is discovered at 
the time of re-exploration or there is a marked in-
flammatory response, more definitive measures 
must be taken to obtain a controlled fistula. In 
situations where the anastomosis appears to be 
largely intact, consideration can be given to es-
tablishing better evacuation and irrigation of the 
pancreatic fluid with larger closed suction drains 
or irrigating catheters (i.e., Axiom). One may also 
place a pedicled omental or falciform flap over 
the visceral vessels to prevent pseudoaneurysm 
formation though clinical evidence to support 
this is based on anecdotal/observational data. At 
the very least, there seems to be little downside to 
this approach, warranting its consideration [22]. 
Another possible approach is to deconstruct the 
pancreatic anastomosis and ligate the main pan-
creatic duct. Neither wide drainage alone nor li-
gation of the pancreatic duct is preferred due to 
the unavoidable adverse consequences of ongo-
ing pancreatic leakage (sepsis, electrolyte dis-
turbances, loss of exocrine function, nutritional 
deficiency, ongoing major pancreatic fistula) or 
pancreatic duct ligation (acute pancreatitis and 
long-term pancreatic atrophy with complete 
loss of exocrine and endocrine function). How-
ever, if the patient is in extremis at the time of 
re-operation, a “damage control” approach may 
be warranted in order to limit operative time with 
an open abdomen and its attendant physiologic 
consequences (hypothermia, fluid losses, coagu-
lopathy, etc.).

A variation of local drainage of the pancreatic 
bed that can avoid the undesirable consequences 
of pancreatic duct ligation or completion pancre-
atectomy (see below) is Wirsungostomy. Drain-
age of the pancreatic duct can be performed expe-
ditiously in patients with significant physiologic 
derangement without concern for breakdown of 
a second, high-risk pancreatic anastomosis. After 
dismantling the dehiscent pancreatic anastomosis 
and debridement of the distal pancreatic stump as 
necessary, a 6–10F silastic tube with end and side 

holes is inserted into the main pancreatic duct 
and exteriorized through the right flank. A pan-
creaticojejunostomy is then performed later once 
the fistula is controlled, infected fluid is drained, 
sepsis is resolved, and the patient has recovered 
completely from operation (mean 130 days after 
re-operation in one study) [23]. This is usually 
done with a Roux-en-Y limb of jejunum to the 
fistula tract rather than directly to the pancreatic 
duct itself. Mortality was 17 % and the function 
of the pancreatic remnant was preserved in 75 % 
of patients (though no biochemical/objective 
measures of exocrine or endocrine function were 
made) [23]. Alternatively, a “bridge stent” using 
a similar silastic tube sutured in place to the jeju-
num and pancreatic stump may be used to bridge 
the gap resulting from pancreaticojejunostomy 
dehiscence. This technique diverts pancreatic 
fluid away from the peritoneum and preserves 
the pancreatic remnant, avoiding pancreatic en-
docrine and exocrine dysfunction or loss [24].

The most definitive operation to correct dis-
ruption of the pancreatic anastomosis is comple-
tion pancreatectomy [25]. This is usually per-
formed in conjunction with splenectomy though 
the spleen may be preserved [26]. Certainly, 
completion pancreatectomy is required when the 
pancreatic remnant is found to be nonviable at 
the time of re-operation, which can be observed 
in rare cases of postpancreatectomy pancreatitis. 
Clearly, ischemic or necrotic bowel should be 
resected to viable tissue. If the initial pancreatic 
reconstruction was with a pancreaticogastros-
tomy, the gastrotomy can be oversewn in one or 
two layers. Sump drainage of the stomach with 
a nasogastric tube is generally indicated follow-
ing repair. Finally, tube jejunostomy should be 
performed for postoperative nutritional support. 
Careful attention to postoperative glycemic con-
trol is paramount for these critically ill patients. 
Loss of both insulin and glucagon secretion pre-
cipitates wild swings in blood glucose that may 
be difficult to manage, particularly in the setting 
of sepsis. Consultation with an endocrinologist 
may be warranted for acute management as well 
as to establish long-term follow-up care.

Outcomes following completion pancre-
atectomy for major pancreatic duct disruption 



28927 Major Disruptions of Pancreaticojejunostomy

 following PD are generally poor, as might be 
expected [26]. Undoubtedly, this is in large part 
due to the emergent nature of operation in a pro-
foundly ill patient, often with serious underlying 
comorbidity (i.e., pancreatic malignancy, malnu-
trition, other).

As was described following Wirsungostomy, 
relaparotomy to establish a pancreatic-enteric 
anastomosis in patients managed with long-term 
catheter drainage of a persistent pancreatic fistula 
may be performed months later [27]. In the au-
thor’s personal experience, at least 6 months are 
necessary to allow resolution of the inflamma-
tory changes, restitution of nutrition, and matura-
tion of the fistula track. As is the case in patients 
with major pancreatic duct disruption following 
acute pancreatitis, it is often not feasible, nor de-
sirable, to dissect out the pancreatic parenchyma 
in order to fashion an anastomosis to the bowel. 
The preferred approach in these situations is to 
create an anastomosis of the fibrotic drain tract to 
a Roux-en-Y limb of jejunum [28, 29]. The jeju-
nal–fistula tract anastomosis should be made as 
close as possible to the pancreatic parenchyma to 
prevent closure of the fistula tract. Anastomosis 
should not be made to a matured pseudocyst wall 
or abscess cavity as this is associated with surgi-
cal failure and recurrent fistula [30]. Technique 
for fistula–enteric anastomosis is quite variable: 
The authors approach it much the same way as 
a conventional pancreatic anastomosis. An outer 
layer of interrupted seromuscular jejunum with 
2-0 silk to the fibrotic tissues surrounding the 
drain tract followed by a duct to drain tract layer 
with 4-0 PDS. It may be advisable to leave a 
drain in the fistula tract and create a Witzel tube 
jejunostomy through the Roux limb to the ab-
dominal wall, particularly if the drain tract was 
not robust [24].

Generally patients will require a period of 
care in the intensive care unit for further resus-
citation and management of ongoing sepsis, 
hemodynamic monitoring, and MSOF. Empiric 
antibiotics begun preoperatively should be con-
tinued until culture data allow for narrowing of 
antimicrobial coverage. Ongoing “prophylactic” 
antibiotics should not be utilized without some 

objective data indicating the presence of infec-
tion (positive culture, ongoing fevers, continued 
SIRS without alternative explanation, etc.). Op-
erative drains are maintained on closed suction 
drainage or continuous irrigation (Axiom type) 
as appropriate.

Nutritional support should be instituted as 
soon as possible. Protein catabolism in the post-
operative period can be severe and some degree 
of hyperalimentation may be necessary to main-
tain nutritional balance. Caloric needs should be 
calculated and titrated based on nitrogen balance 
and nutritional indices such as prealbumin, al-
bumin, ferritin, and body weight. Initially, total 
parenteral nutrition (TPN) is likely to be required 
until postoperative ileus has resolved, vasopres-
sors are weaned, and gut perfusion allows enteral 
alimentation. As soon as is feasible, enteral nu-
trition, preferably via jejunostomy tube placed 
at the time of re-operation or nasojejunal tube, 
should begin. For patients with ongoing pancre-
atic fistula following re-operation, a randomized 
controlled trial of enteral versus parenteral nutri-
tion showed increased rates of fistula closure at 
30 days in patients maintained on enteral nutri-
tion [31]. Additionally, for critically ill patients, 
there are fewer infectious complications and a 
trend toward improved survival in patients treat-
ed with enteral nutrition [32]. Nasogastric tube 
(NGT) feeding is suboptimal as an enteral feed-
ing route due to risks of aspiration, long-term 
NGT complications (dislodgement, aspiration, 
sinusitis, erosion of nasal mucosa), and the high 
incidence of delayed gastric emptying (DGE) as-
sociated with pancreatic fistula following PD. 
When the patient is able to begin oral alimenta-
tion, this should be initiated keeping in mind that 
nutritional supplementation with tube feedings 
may be required for some time as oral intake is 
increased. This can often be accomplished by 
continuous nocturnal jejunostomy feeds.

An important consideration in patients who 
are tolerating oral alimentation is pancreatic en-
zyme supplementation. For patients undergoing 
completion pancreatectomy, pancreatic exocrine 
function is absent and enzyme supplementation 
is mandatory. The same is true for patients with 
significant postoperative fistulas as the diversion 
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of pancreatic fluid creates an essentially apancre-
atic state in terms of exocrine function. For the 
remainder of patients, enzyme supplementation 
is initiated based on symptomatic postprandial 
diarrhea/steatorrhea and should be treated with 
pancrealipase 60,000 U with meals and may be 
titrated upward for continued symptoms. Gener-
ally, smaller, more frequent meals (5–6/day) are 
better tolerated and should be recommended. We 
do not check fecal elastase or fecal fat levels rou-
tinely as these values are difficult to interpret and 
do not predict the need for enzyme supplementa-
tion in postpancreatectomy patients.

Somatostatin analogues may be helpful to de-
crease the volume of drainage from recurrent/per-
sistent pancreatic fistulae though data are lacking 
on their efficacy in promoting complete healing 
or spontaneous closure [33]. The authors employ 
somatostatin as a three-times daily (TID) sub-
cutaneous injection of 150 mcg in patients with 
high-output pancreatic fistulas with associated 
electrolyte abnormalities and/or skin excoriation. 
The TID regimen can be converted to a depot 
dose of 20–30 mg intramuscular monthly. The 
effect of therapy is assessed by volume of output 
after 3 days, and if there has not been a ≥ 50 % de-
crease in fistula output, therapy is discontinued. 
Otherwise, therapy is continued indefinitely until 
spontaneous fistula closure or definitive therapy 
to close the fistula is successful.

Occasionally, major pancreaticojejunostomy 
disruptions will manifest as a pancreatic–cuta-
neous fistula rather than through well-controlled 
drain tracks. In these situations, skin excoria-
tion and breakdown can be severe and difficult 
to manage, particularly when combined with an 
open-wound and high-output fistula drainage. CT 
scan of the abdomen should be performed to look 
for undrained intra-abdominal fluid collection(s) 
and, if found, these should be drained percutane-
ously. We find vacuum-assisted/negative pressure 
wound dressings are particularly helpful as they 
collect wound drainage and prevent skin damage 
while facilitating wound granulation. Grossly in-
fected wounds should be debrided prior to plac-
ing VAC dressings and careful examination for 
fascial dehiscence performed. In cases where 
fascial dehiscence is noted and bowel is visible 
below, care must be taken not to apply the VAC 

sponge directly to the bowel as negative pressure 
may precipitate an enteric fistula.

Conclusion

Major pancreaticojejunostomy disruption is a 
dreaded complication of PD that has signifi-
cant attendant morbidity and mortality. Despite 
the seriousness of the complication, there are 
multiple options for management. We advocate 
a thoughtful, deliberate approach that utilizes 
non-operative techniques such as image-guided 
percutaneous drain placement first and re-op-
eration only for recalcitrant leaks or the sick-
est patients. Utilizing this management strategy 
maximizes the chances for a successful outcome 
following a major operative complication.

Key Points: How to Avoid 
Complications

1. Patient selection
2. Duct-to-mucosa anastomosis
3. Tension-free, well-vascularized anastomosis
4. Use of closed suction drains
5. Early removal of closed suction drains when 

appropriate

Key Points: Diagnosis/Management

1. Clinical parameters
2. Imaging
3. Resuscitation
4. Operation
5. Postoperative management
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Introduction

In 1898, Halsted performed the first local exci-
sion of a carcinoma of the ampulla of Vater [1]. 
The pancreatic resection of periampullary tu-
mors was popularized in a 1935 classic paper by 
Whipple et al. [2]. Their two-stage pancreato-
duodenectomy consisted of posterior gastroen-
etrostomy, ligation, and division of the common 
bile duct and cholecystogastrostomy in the first 
stage, followed by resection of the duodenum 
and pancreatic head in the second stage. The pan-
creatic stump was closed with sutures, without 
a pancreaticoenteric anastomosis. Whipple later 
described the procedure performed in a single 
stage in 1940. The reconstruction was modified 
in 1942 to include pancreaticojejunostomy, due 
to the high rate of pancreatic fistula after the clo-
sure of the pancreatic stump [3]. This may repre-
sent the first modification of a surgical procedure 
to prevent pancreatic fistula.

By the mid-1990s, improvements in anes-
thesia, perioperative management, and the re-
gionalization of care had decreased the surgical 
mortality in most major centers to less than 5 % 
for both pancreaticoduodenectomy and distal 
pancreatectomy [4, 5]. Unfortunately, the post-
operative morbidity remains high and still ap-
proaches 50 % even in large series [5, 6, 7]. The 
key determinant of outcome after pancreato-
duodenectomy remains the pancreaticoenteric 
anastomosis. Although many pancreatic fistula 
are self-limited problems that resolve over time, 
sepsis and hemorrhage, due to a pancreatic leak 
can be associated with mortality of 20–40 % and 
result in prolonged hospitalization and increased 
hospital costs [8]. Therefore, the management of 
pancreatic fistula after a major operation requires 
an evidence-based multidisciplinary approach 
to “rescue” many patients from life-threatening 
complications. Finally, in the cases with per-
sistent fistulas, defined as fistulas present for 
greater than 6 weeks, definitive treatment may be 
necessary.

Definition of Pancreatic Fistula

In general, a pancreatic fistula is defined as leak-
age of enzyme-containing fluid from the pancre-
atic parenchyma or duct regardless of origin and 
cause. Pancreatic parenchymal or ductal disrup-
tions may be iatrogenic or due to progression of 
disease. Iatrogenic pancreatic fistulas usually re-
sult from operative trauma, resection of a portion 
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of the pancreas, or from the complications of 
endoscopic interventions usually during endo-
scopic retrograde cholangiopancreatography 
(ERCP). Noniatrogenic fistulas typically result 
from either acute or chronic pancreatitis, caused 
most frequently by cholelithiasis or alcohol. A 
pancreatic fistula can drain either internally or 
externally. An internal pancreatic fistula is usu-
ally seen in patients with a history of pancreatitis, 
where leakage is not controlled by the inflam-
matory response. Such fistulas may manifest as 
pancreatic ascites or a pancreaticopleural fistula. 
An external pancreatic fistula or pancreaticocu-
taneous fistula usually occurs after percutaneous 
drainage of a pancreatic fluid collection/pseudo-
cyst, following pancreatic debridement, or after 
a pancreatic resection usually via an operatively 
placed drain. With regard to the postoperative 
pancreatic fistula, the leakage from the pancre-
atic anastomosis or the stump is usually observed 
in the early days after a resection.

In the past, authors have described pancreatic 
fistula using nonstandardized definitions. Inher-
ent to the problem of defining pancreatic fistula 
was that complications from leakage of pancre-
atic fluid present in multiple ways and can carry 
multiple diagnoses including peripancreatic col-
lection or intra-abdominal abscess. Documenta-
tion, that the fluid is rich in amylase, will define 
the complication as a pancreatic leak and once 
drained externally, is by definition a pancreatic 
fistula.

Until 2005, 26 different definitions of post-
operative fistula were used, resulting in a variety 
of confusing scoring systems with limited clini-
cal value. Furthermore, the reported incidences 
of fistula of 2–50 % in different studies were 
not comparable, making a scientific approach 
to address this problem difficult. In 2005, the 
International Study Group on Pancreatic Fistula 
(ISGPF) consensus paper defined a postoperative 
pancreatic fistula as the existence of any fluid 
output via an intraoperatively placed or postop-
eratively inserted drain on or after postoperative 
day 3 with an amylase content greater than three 
times the upper normal serum value [9]. After 
the diagnosis of fistula has been established from 
this simple laboratory finding, it should be fur-
ther classified regarding the clinical condition, 
specific therapeutic measures, the duration of 
treatment, consecutive complications, and the 
outcome of the patient (Table 28.1). According 
to ISGPF stratification of pancreatic fistulas, 
grade A (low grade) resolves spontaneously and 
needs no intervention; grade B (medium grade) 
requires change in management or adjustment of 
the clinical pathway, but patients are not severely 
ill. Grade C fistula (high grade) is a refractory 
postoperative pancreatic fistula that requires a 
major change in the clinical management and 
aggressive clinical intervention and is associated 
with systematic illness and sepsis.

With this three-category system, a standard-
ized definition was established, which was wide-
ly accepted, validated, and used worldwide by 

Table 28.1  ISGPF grading system of postoperative pancreatic fistula. (Adapted from [44])
Criteria Grade A fistula Grade B fistula Grade C fistula
Clinical conditions Well Often well Ill-appearing/bad
Specific treatment No Yes/no Yes
Ultrasound/CT scan Negative Negative/positive Positive
Persistent drainage (> 3 weeks) No Usually yes Yes
Signs of infection No Yes Yes
Sepsis No No Yes
Reoperation No No Yes
Readmission No Yes/no Yes/no
Death related to fistula No No Yes
Drain output of any measurable volume of fluid on or after postoperative day 3 with an amylase content greater than 
three times the serum amylase activity
ISGPF  International Study Group On Pancreatic Fistula, CT computed tomography
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all major study groups for the categorization of 
patient data. Pratt et al. prospectively analyzed 
postoperative complications in 176 patients after 
pancreaticoduodenectomy [10]. In this study, 
there were 53/176 patients (30 %) confirmed fis-
tula—26 (15 %) type A, 21 (12 %) type B, and 6 
(3 %) type C. Patients with grade A fistula had 
shorter hospital stays and less secondary com-
plications than patients with grade B and C fis-
tula. Compared to patients with grade B fistula, 
patients with grade C fistula had a longer hospi-
tal stay, a higher frequency of intensive care unit 
(ICU) admissions, and more blood transfusions. 
This study served to validate the ISGPF classifi-
cation scheme in demonstrating minimal clinical 
impact of type A fistulas, while showing more 
complications and costs in patients with type B 
and C fistula.

Procedure-Specific Incidence and Risk 
Factors for Pancreatic Fistula

The occurrence of a pancreatic fistula is highly 
dependent on the type of surgical procedure per-
formed and the underlying pancreatic pathology. 
Soft pancreatic tissue texture without pre-exist-
ing fibrosis is regarded as a risk factor for fistula 
development in all pancreatic procedures.

Pancreaticoduodenectomy
Pancreaticoduodenectomy is the treatment of 
choice for patients with resectable carcinoma of 
the pancreatic head and periampullary region. In 
recent years, the mortality rate of pancreaticodu-
odenectomy has declined to < 5 %. However, the 
overall morbidity remains at approximately 50 % 
with the pancreatic fistula occurring in 5–40 % of 
patients [6, 7]. In an attempt to understand pan-
creatic fistula after pancreaticoduodenectomy, 
several risk factors have been identified. These 
include patient risk factors (age, sex, bilirubin 
level, and comorbid conditions), pancreas risk 
factors (pancreatic texture, pancreatic duct size, 
underlying patient pathology and blood supply 
to the pancreatic remnant) and operative risk 
factors (operative time, blood loss, anastomotic 
techniques, and stent usage). Evaluation of these 

risk factors led to the generally accepted theory 
that a fibrotic pancreatic remnant facilitates the 
pancreaticoenteric anastomosis, whereas, a soft 
pancreatic remnant frequently results in a higher 
pancreatic fistula rate.

Recently, a single 10-point fistula risk score 
(FRS) was developed, for the prediction of 
critically relevant postoperative pancreatic fis-
tula (CR-POPF) after pancreaticoduodenectomy 
using risk factors from the ISGPF classification 
[11]. Based on an extensive analysis of pre- and 
intra-operative variables, four distinct factors 
were discovered: pancreatic duct size smaller 
than 3 mm; soft pancreatic parenchyma; ampul-
lary, duodenal, cystic, or islet cell pathology; and 
excessive intraoperative blood loss (Table 28.2). 
An aggregate of 0–10 points subsequently deter-
mines a patient’s fistula risk profile. Patients with 
0 points have a negligible risk to develop a bio-
chemical fistula or CR-POPF. Patients with 1–2 
points have low-risk (14 %) of developing any 
fistula with less than one-third developing CR-
POPF. Patients who accumulate between 3 and 
6 points are in intermediate risk and 25 % can be 
expected to develop pancreatic fistulas, which 
are twice as likely to be clinically relevant. Fi-
nally, patients who acquire 7 or more points are 
considered high risk, because the incidence of 
CR-POPF approaches 90 %. This FRS has been 
internally and externally validated by a multi-
institutional study that confirmed that the FRS 
was a strong prognostic tool for predicting the 
development of CR-POPF after pancreaticoduo-
denectomy [12].

Distal Pancretectomy
Distal pancreatectomy is performed for all kinds 
of pancreatic pathologies, including chronic in-
flammation and benign and malignant tumors. 
Pancreatic fistulas are merely leakage of pan-
creatic fluid from the cut margin of the pancre-
atic remnant. The average reported pancreatic 
fistula rates following distal pancreatectomy are 
approximately 20–25 % ranging from 0 to 40 % 
with approximately 97 % of these being type A 
or type B fistulas [13, 14, 15]. Many different 
factors like surgical stump management, spleen 
preservation, tissue texture, or extent of surgical 
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procedure can have an impact on fistula devel-
opment and have been investigated in numerous 
studies. The technique of stump closure after 
distal pancreatectomy remains the subject of an 
ongoing debate. All approaches including fibrin 
glue, sealants, patches, stapler closure, electro-
cautery, and suture have been tested in numerous 
studies. In an analysis by Ferrone et al. of 462 
patients, fistula rates were 19–31 % considering 
all approaches without significant advantages for 
any method [14]. The recently completed DIS-
PACT trial included 352 patients that were ran-
domly assigned to a stapler or hand-sewn closure 
of the pancreatic remnant. Both groups showed 
identical fistula rates of 30 and 36 % on postop-
erative day 7 and 30, respectively [15].

The role of splenic preservation on fistula 
development is also controversial. An analysis 
of 211 patients by Shoup et al. showed that sple-
nectomy was associated with a higher risk for 
clinically-relevant fistula [16]. In contrast to this 
publication, the two large series by Kleeff et al. 
including 302 patients and by Lillemoe et al. with 
235 patients, failed to confirm splenectomy as an 
independent risk factor for fistula development 
[17, 18].

In recent years, laparoscopic distal pancreatec-
tomy for benign as well as malignant disorders 
has gained acceptance. In a multicenter study 
of 96 laparoscopic distal pancreatectomies, the 

overall fistula rate was 17 % [19]. In contrast, a 
meta-analysis published in 2009 which included 
28 studies, found an overall fistula rate of 29 % 
[20]. When compared to the open approaches in a 
multicenter study of 142 laparoscopic versus 200 
open resections, a rather high fistula rate (26 % 
laparoscopic vs. 32 % open) was reported [21]. 
Currently, there is no evidence supporting the 
laparoscopic procedure over the open procedure 
with regard to postoperative fistula development.

Duodenum-Preserving Pancreatic 
Head Resection/Lateral 
Pancreaticojejunostomy
Duodenum-preserving pancreatic head resection 
(DPPHR) and lateral pancreaticojejunostomy 
(Puestow procedure) are the procedures used 
in the surgical treatment of chronic pancreati-
tis. These patients usually show a fibrotic tissue 
texture which facilitates surgical tissue handling 
and is associated with a reduced risk for anasto-
motic leak. Although all of these procedures re-
quire anastomotic suture line of extensive length, 
the fistula rates are low ranging from 0 to  6 % 
[22]. There are no clear advantages with regard 
to fistula development for any of the common 
DPPHR modifications (Frey or Beger) or the 
Puestow procedure which supports the fact that 
fistula development is mainly dependent on the 
fibrotic pancreatic texture, not on the surgical 

Table 28.2   Fistula risk score for prediction of clinically relevant pancreatic fistula after pancreaticoduodenectomy. 
(Adapted from [11])
Risk factor Parameter Pointsa

Pathology Pancreatic adenocarcinomaor pancreatitis 0
Ampullary, duodenal,cystic, islet cell 1

Gland texture Firm 0
Soft 2

Intraoperative blood loss, mL ≤ 400 0
401–700 1
701–1000 2
> 1000 3

Pancreatic duct diameter, mm ≥ 5 0
4 1
3 2
2 3
≤ 1 4

a Total 0–10 points. 0 points (negligible risk); 1–2 points (low risk); 3–6 points (intermediate risk); 7–10 points (high 
risk) to develop clinically relevant postoperative pancreatic fistula
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technique or the extent of resected tissue in these 
procedures.

Pancreatic Pseudocyst Drainage/
Pancreatic Necrosectomy
Acute necrotizing pancreatitis is the most severe 
and potentially life-threatening form of acute 
pancreatitis. As many cases involve infection of 
the necrotic tissue, almost all will require percu-
taneous drainage of peripancreatic fluid collec-
tions or a surgical procedure for the debridement 
of necrosis (necrosectomy) (Fig. 28.1a, b). In 
acute necrotizing pancreatitis, the pancreatic duct 
often disrupted by the necrosis, results in creation 
of a pseudocyst or either a sterile or an infected 
collection consisting of pancreatic juice and ne-
crotic tissue. Any procedures to address these 
fluid collections by external drainage will result 
in an external pancreatic fistula.

Howard et al. have classified external pan-
creatic fistulas anatomically into end and side 
fistulas. Side fistulas can be further classified as 
postoperative and inflammatory [23]. End exter-
nal pancreatic fistulas are leaks from the pancre-
atic duct which have no continuity with the gas-
trointestinal tract. The most common anatomic 
configuration in these is the “disconnected duct 
syndrome” due to necrosis of the midpancreatic 
body along with the ductal epithelium, with no 
communication between the external pancre-
atic fistula and the proximal pancreatic duct. 
The distal remnant of the pancreas is an isolated 
pancreatic segment draining only via the fistula. 

All such end fistulas will require either internal 
drainage or resection in order to close.

A pancreatic fistula following percutaneous 
drainage of a pseudocyst occurs approximately 
15 % of the time [23]. Persistent drainage is often 
the result of an obstructing stricture within the 
main pancreatic duct, causing the pressure with-
in the duct to be abnormally high. Patients with 
pancreatic necrosis secondary to acute pancreati-
tis often present with pancreatic duct disruption. 
At the time of the initial surgery, the goal is to de-
bride all necrotic tissue and perform wide drain-
age. Most duct disruptions go on to seal with time 
and drainage, however 10–56 % continue to have 
persistent drainage that may require more defini-
tive management [24].

Other Pancreatic Resections
Middle segmental pancreatic resections are 
tissue-sparing procedures usually employed for 
benign pancreatic neoplasms. Current literature 
reporting results from nearly 300 patients, reports 
fistula rates between 10 and 40 % with most se-
ries having rates higher than 25 % [25, 26]. This 
high rate is explained by the existence of two cut 
pancreatic surfaces, which are either closed by an 
anastomosis or by duct/parenchyma closure com-
parable to distal resections.

Tumor enucleations of the pancreas represent 
another type of resection with a rather high re-
ported fistula incidence. In a 61-patient study by 
Crippa et al. fistula incidence was 23 %, while 
smaller series report fistula rates of approximately 

Fig. 28.1  a Patient with infected pancreatic necrosis. b Same patient after operative debridement and drainage of 
pancreatic necrosis
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40 % [27, 28]. Despite these rather high overall 
fistula rates, associated complications are low in 
all studies. Grade C fistulas range between 0 and 
4 %, showing that enucleation-associated fistula 
are rare and treated by drainage without further 
specific therapy.

The pancreatic fistula after operative trauma 
is usually isolated to the tail of the pancreas fol-
lowing splenectomy, left nephrectomy/adrenal-
ectomy, and mobilization of the splenic flexure 
during colectomies. Reported fistula rates range 
from 0 to  2 % after these operations [27].

Prevention of Pancreatic Fistula

Given the frequency of pancreatic fistulas fol-
lowing pancreatic resection, extensive research 
has been employed to prevent the occurrence of 
pancreatic fistula. The strategies include pharma-
cologic manipulation, modifications and refine-
ments in surgical technique regarding pancre-
atic anastomosis, pancreatic anastomotic stents, 
and perianastomotic drainage post pancreatic 
resection.

Octreotide, a synthetic somatostatin analogue 
inhibits pancreatic exocrine secretion. The use 
of octreotide and its analogues to prevent post-
operative fistula is an approach which has been 
used since the 1990s [29, 30]. Despite 20 years of 
clinical use and evaluation in numerous studies, 
a recent Cochrane meta-analysis concluded that 
evidence is still lacking to give clear guidelines 
[31]. While early randomized controlled trials 
(RCTs) favored the use of octreotide and showed 
a 50 % reduction of fistula rates, these findings 
were not confirmed in later studies [30, 32, 33]. 
From these results, it was concluded and sup-
ported by the Cochrane review that routine use of 
octreotide was not indicated, but should be used 
in a risk-dependent manner in a presumed “criti-
cal” anastomoses due to soft pancreatic tissue 
texture. Although the overall fistula rates have 
been reduced, somatostatin analogues failed to 
reduce the incidence of clinically relevant (grade 
B/C) fistula or re-operation rates and mortality. 
Finally, postoperative octreotide administration 
for postoperative fistula has failed to show any 

improvement in the rate of fistula closure [34]. 
Despite the lack of effect on fistula closure rate, 
the octreotide may help lower fistula output and 
make fistula control easier. Recently, a single-
center, randomized, double-blind trial was pub-
lished showing pasireotide, a new somatostatin 
analogue, decreased the rate of clinically sig-
nificant postoperative pancreatic fistula, leak, or 
abscess [35]. While the initial results are promis-
ing, further studies need to be conducted to prove 
whether pasireotide is beneficial.

Modifications in surgical technique to pre-
vent pancreatic fistula have been evaluated for 
decades with conflicting results. Following a 
pancreaticoduodenectomy, there has been an 
ongoing debate of whether a pancreaticogas-
trostomy or pancreaticojejunostomy has a lower 
postoperative fistula rate. Within each of these 
techniques, several different technical modifica-
tions, including single or double layer sutures, 
invagination and purse-string sutures have been 
compared with regard to the surgical complica-
tions and especially postoperative fistula fre-
quency. Unfortunately, there have been no level 
1 evidence-supported techniques that have been 
universally adopted. Following distal pancre-
atectomy, there are numerous studies comparing 
sutures, staplers, patches, fibrin glue, and seal-
ants to handle the distal stump of the pancreatic 
remnant that have been reported [13, 14], and no 
convincing evidence exists to support the superi-
ority of any one technique.

The placement of pancreatic duct stents and 
the potential role in prevention of postoperative 
pancreatic fistula has been investigated for both 
right and left pancreatic resections. The principle 
of internal drainage of the pancreatic duct follow-
ing pancreaticoduodenectomy to achieve a diver-
sion of the pancreatic secretion from the suture 
site has been hypothesized; however, the stent 
may also cause problems via irritation of the duct 
and the suture lines as well as the obstruction 
or migration. In available studies, the outcome 
shows a great deal of variability. Earlier studies 
demonstrated a beneficial effect of anastomotic 
stenting in lowering the postoperative pancreatic 
fistula rate [36, 37]. A randomized trial by Poon 
et al. among 120 patients, which used long stents 
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across the pancreaticjejunostomy anastomosis 
and drained externally, showed that the stented 
group had a significantly lower pancreatic fistula 
rate compared to the nonstented group (6.7 vs. 
20 %, respectively) [37]. Despite these encour-
aging results, the technique has not been univer-
sally adopted. In contrast, the largest randomized 
study, published in 2006 by Winter et al., which 
used short internalized stents (6 cm long plastic 
pediatric feeding tube) included 234 patients who 
underwent pancreaticoduodenectomy with stent 
( n = 115) or without stent ( n = 119) placement 
into the pancreatic duct [38]. Winter showed an 
overall fistula rate of 7.6 % (no stent) vs. 11.3 % 
(stent), concluding no benefit for stenting of the 
pancreatic duct. The most recent study, published 
in 2012 by Sachs et al. where 59/444 patients 
had an intraoperatively pancreaticojejunal stent 
placed actually had greater rates of critically 
relevant postoperative pancreatic fistula, major 
complications, greater length of stay, and total 
costs [39].

There are very few studies analyzing the ef-
fect of preoperative or intraoperative stents in 
the distal pancreatectomy setting. In a 23-patient 
collective, Fischer et al. described a prophylac-
tic intraoperative transampullary stent placement 
as an open surgical procedure that resulted in a 
significant reduction in postoperative pancre-
atic fistula rates [40]. However, Okamoto et al. 
observed a stent-related morbidity of 57 %, in-
cluding pancreatitis and stent obstruction [41]. 
Reider et al. had no postoperative pancreatic fis-
tula in stented patients; however, in this study a 
sphincterotomy was performed in addition to the 
placement of preoperative stents prior to distal 
pancreatectomy [42].

The routine use of intraperitoneal drains fol-
lowing elective pancreatic surgery remains an 
area of debate regarding whether drains prevent 
or exacerbate pancreatic fistulas. The first ran-
domized trial to investigate the impact of intra-
peritoneal drain use reported by Conlon et al. 
randomized 179 patients following pancreatico-
duodenectomy and distal pancreatectomy to in-
traperitoneal drain placement or surgery without 
drains [43]. This study demonstrated that patients 
in the drainage group were more likely to have 

an intra-abdominal abscess, collection, or fis-
tula compared to patients without drains. More 
recently, Bassi et al. randomized patients who 
were at low risk for leak based on drain amylase 
level < 5000 U/L on postoperative day 1 to early 
drain removal (postoperative day 3) or late drain 
removal (≥ postoperative day 5) [44]. The trial 
reported a significant reduction in pancreatic fis-
tulas (using the ISGPF definition) in early drain 
removal group versus the late drain removal 
group 1.8–26.3 %. While these studies show 
that drains may not be necessary, most surgeons 
routinely still use postoperative drains and have 
not changed their clinical practice. Recently, a 
randomized multicenter trial was conducted to 
further evaluate the necessity of drains after pan-
creaticoduodenectomy [45]. There were no dif-
ferences between the drain and no-drain cohorts 
in demographics, comorbidities, pathology, pan-
creatic duct size, pancreas texture, or operative 
technique. Pancreaticoduodenectomy without 
intraperitoneal drainage was associated with an 
increase in the number of patients with complica-
tions, number of complications per patient, and 
the severity of complications. The no-drain co-
hort also had a higher incidence of gastroparesis, 
intra-abdominal fluid collection, intra-abdominal 
abscess, and severe diarrhea. Furthermore, pa-
tients in the no-drain group more often required 
postoperative percutaneous drains and had a pro-
longed hospital stay. The Data Safety Monitor-
ing Board stopped the study early because of the 
increased mortality from 3 to 12 % in the patients 
undergoing pancreaticoduodenectomy without 
intraperitoneal drainage. Thus, most surgeons 
feel that this level 1 evidence provides strong 
support for routine drainage following pancre-
aticoduodenectomy. This same study continues 
to determine the necessity of drains for patients 
after distal pancreatectomy.

Complications of Pancreatic Fistula

Multiple studies have demonstrated that patients 
with pancreatic leak have a significant increase 
in secondary complications compared to pa-
tients without leak [8, 46]. Commonly observed 
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complications are mainly caused by undrained 
infected pancreatic fluid collections. Pancreatic 
fluid is an enzymatically active and aggressive 
substance that may cause erosion of the sur-
rounding tissue, organs, and blood vessels. This 
can lead into leakage from other adjacent anas-
tomoses or bowel (particularly in patients with 
pancreatic necrosis) causing a biliary, gastric, or 
enteric leak.

Postoperative hemorrhage associated with a 
pancreatic leak is one for the most dreaded com-
plications following major pancreatic resections. 
The pancreatic enzymes in combination with in-
fection can cause erosion of the gastroduodenal 
artery or splenic artery stump or from an arterial 
pseudoaneurysm resulting in significant bleeding 
requiring immediate therapy. This complication 
usually occurs after the first week after the sur-
gery and in most cases with what appears to be 
adequate drainage of the pancreatic leak. Man-
agement is guided by the patient’s clinical sta-
tus and hemodynamic stability. In general, most 
patients should be approached via angiographic 
embolization or arterial stenting to provide the 
best outcomes [47]. Patients who are hemody-
namically unstable may require operative re-
exploration and packing and then angiographic 
control. A high index of suspicion should be 
maintained because postoperative hemorrhage is 
associated with significant risk.

The occurrence of pancreatic fluid collections 
due to a pancreatic leak is also a potential cause 
of ongoing abdominal sepsis that can lead to gen-
eralized systematic organ failure. Percutaneous 
drainage of the fluid collections by interventional 
radiology and broad spectrum antibiotic therapy 
are as important as supportive ICU therapy in 
these patients.

An important aspect of the pancreatic fistula 
complications is the economic impact from the 
prolonged treatment. The longer duration of hos-
pital stay is an important factor that increases 
treatment costs. The average hospital stay in un-
complicated resections is usually 6–8 days, but 
can increase to 25–40 days in cases of fistula 
development, especially with type B or C fistu-
la [46]. The associated treatment costs in these 
patients are 4–5 times higher than in patients 

without fistulas, highlights the socio-economic 
dimension of the health care system [8].

Management of Pancreatic Fistula

Regardless of the cause or the location of the pan-
creatic fistula, the steps required for treatment of 
a clinically relevant pancreatic fistula are similar. 
First, stabilization of patients and medical opti-
mization are the crucial steps. Drainage of collec-
tions and insuring operatively placed drains are 
adequately controlling the fistula output to con-
trol sepsis that is mandatory. In cases with sepsis 
or high output fistulas, the patient is made “nil 
per os” (NPO) and parenteral nutrition is consid-
ered necessary. Only then should the nature of 
pancreatic duct injury be investigated and defini-
tive management of the fistula be addressed.

Initial Management
The type of initial management needed for pa-
tients depends on the type of classified fistula and 
severity of symptoms. A clinically uncomplicat-
ed postoperative Grade A fistula can usually be 
managed by drainage alone, via intraoperatively 
placed drains which are still in situ and kept as 
long as necessary. Usually within 2–4 weeks, 
one sees spontaneous closure of the fistula. Fis-
tula output volume and inflammatory parameters 
including white blood cell (WBC) should be 
monitored to avoid unrecognized fluid collec-
tions causing infectious complications despite 
continuing drainage.

In patients without drains or if drains have 
already been removed, patients with a pancre-
atic leak will display symptoms of pain, fever, 
nausea/vomiting, and other signs of sepsis. Ini-
tial management of patients with symptomatic 
(Grade B or C) pancreatic fistula requires con-
trol of the pancreatic secretions. A control can be 
accomplished with percutaneous drains placed 
under computed tomography (CT) or ultrasound 
guidance (Fig. 28.2a, b). Broad spectrum antibi-
otics are administered to treat the likely infected 
fluid and to avoid ongoing abdominal sepsis. 
Using this method, fistulas often resolve within 
a 2–6 week period.
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Further management after control of the col-
lection and antibiotics include getting the patient 
medically optimized. Patients with pancreatic 
fistula are at risk for having significant nutri-
tional and electrolyte imbalances, especially sig-
nificant loss of sodium and bicarbonate caused 
by pancreatic exocrine secretions. Patients with 
pancreatic fistulas often have significant nausea, 
anorexia, and the inability to tolerate oral intake. 
Furthermore, since most pancreatic fistulas occur 
in the postoperative period, some degree of mal-
nutrition is usually present. Thus, depending on 
the severity of the pancreatic fistula, patients will 
require total parenteral nutrition (TPN) in an ef-
fort to overcome their catabolic state. The TPN 
provides the benefit of minimizing protein loss 
while decreasing pancreatic secretions from the 
lack of pancreatic stimulation; however, the risks 
include potential line sepsis, electrolyte and glu-
cose abnormalities, and cholestatic injury to the 
liver. Enteral feeding should be initiated as early 
as possible because of simpler administration, 
cost-effectiveness, and the ability to maintain 
mucosal barrier function. Ideally, the tube feeds 
should be delivered in a postpyloric location via a 
nasojejunal feeding tube. However, studies show 
no benefit of postpyloric feeding over gastric 
feeding or even oral intake if tolerated by the pa-
tient [48, 49].

In contrast, grade C fistulas require more ag-
gressive therapies. The most life-threatening of 
this uncontrolled fistula is erosional bleeding 
from enzymatic digestion of nearby vascular 

structures. Bleeding often begins with a “sen-
tinel bleed” which is self-limited and not asso-
ciated with hemodynamic changes. However, 
some patients may present with massive bleed-
ing acutely without any warning event. The com-
mon algorithm is a contrast-enhanced CT scan 
to visualize the site of bleeding and associated 
collections, followed by arterial angiography of 
the visceral segment. This treatment is successful 
in stopping the bleeding in 80 % of patients [47]. 
An operative intervention should be considered 
when bleeding control cannot be achieved inter-
ventionally or when further complications seem 
to be likely. Most times, the evacuation of clot 
and packing may be all that can be accomplished, 
although an effort should be made to ligate the 
bleeding vessel if visualized. In such cases, after 
gaining stability, embolization may still be the 
optimal management of the arterial disruption. 
The need for completion pancreatectomy is a 
very rare event after a pancreaticoduodenectomy 
for bleeding complications [50].

Grade C fistula where there are multiple un-
drained fluid collections that cannot be accessed 
by interventional procedures and have extensive 
intra-abdominal sepsis, should also be consid-
ered for operative intervention. These patients 
should have extensive lavage of the abdominal 
cavity and wide drainage of the anastomoses to 
achieve best control for the critically ill patient. 
An emergency resection or completion pancre-
atectomy after a pancreaticoduodenectomy may 
be beneficial if there is minimal remnant and 

Fig. 28.2  a Large fluid collection present on postoperative day 7 after open distal pancreatectomy. b Same patient after 
the fluid collection has been drained percutaneously by interventional radiology (Grade B fistula)
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extensive enzymatic digestion that cannot be 
widely drained. In most cases, completion pan-
createctomy which is used as a salvage procedure 
is associated with higher perioperative mortality 
greater than 50 % and results in the severe mor-
bidity of brittle diabetes [51]. Resection of the 
pancreatic head to control complicated fistula 
after distal pancreatectomy is not necessary, as 
these fistula can usually always be managed non-
operatively.

Delineation of Pancreatic Duct
After the initial steps to drain collections, con-
trol sepsis, and address nutrition, patience is ap-
propriate as many fistulas will close spontane-
ously. If a fistula persists, the location and extent 
of pancreatic duct injury should be identified. 
Identification of the ductal disruption will help 
dictate the need for further intervention including 
surgical management. The first diagnostic study 
usually is a CT scan to assess for and drain any 
fluid collections and possible evaluation of a di-
lated obstructed pancreatic duct (Fig. 28.3). To 
further evaluate the pancreatic duct, a magnetic 
resonance cholangiopancreatography (MRCP) is 
a valuable noninvasive tool. MRCP can delineate 
the sites of ductal disruption and identify other 
findings, such as pancreatic stones or ductal stric-
tures. The standard MRCP can be combined with 
a secretin stimulation MRCP, which is useful in 
the diagnosis of chronic pancreatitis by stimulat-

ing the pancreas to produce exocrine secretions 
while performing the imaging. Another nonin-
vasive technique to define the pancreatic ductal 
pathology is injection of an existing drain which 
should visualize the pancreatic duct at the site of 
leakage (Fig. 28.4).

ERCP has the benefit of visualizing the pan-
creatic duct while at the same time providing 
potentially therapeutic interventions, including 
sphincterotomy, stenting, and nasobiliary drain-
age; however, ERCP does require conscious 
sedation and carries the risk of duodenal perfo-
ration and/or pancreatitis. Endoscopic studies 
after pancreaticoduodenectomy can be techni-
cally very difficult. Thus, the main indication for 
ERCP would be after distal pancreatectomy or in 
fistulas after pancreatitis.

In cases of fistulas after pancreatitis, the cri-
teria for the diagnosis of disconnected duct syn-
drome include: ERCP evidence of main pancre-
atic duct cutoff or discontinuity with the inability 
of accessing or cannulating the upstream pancre-
atic duct; CT scan evidence of viable pancreatic 
tissue upstream from the pancreatic duct cutoff or 
discontinuity and a nonhealing pancreatic fistula, 
pseudocyst, or fluid collection despite a course 
of conservative medical management [52]. Other 
authors suggest criteria should include necrosis 

Fig. 28.4  Fistulogram through the drain showing con-
nection to downstream pancreatic duct draining into duo-
denum

 

Fig. 28.3  Patient with persistent pancreatic fistula that 
shows upstream viable pancreas and a dilated pancreatic 
duct
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of at least 2 cm of pancreas, viable pancreatic 
tissue upstream from the site of the necrosis and 
extravasation of contrast material injected into 
the main pancreatic duct at pancreatography [53].

Definitive Treatment of Pancreatic 
Fistula

After the anatomy of the pancreatic duct and the 
location of the injury have been identified, de-
finitive management of a long standing persistent 
pancreatic fistula can then be considered. Studies 
show that 70–82 % of pancreatic fistula will close 
spontaneously without the need for operative in-
tervention [54]. Simply making patients NPO 
and reducing pancreatic stimulation will result 
in resolution of the pancreatic fistula. However, 
long-standing persistent pancreatic fistula that 
last longer than 6 weeks will require further in-
tervention.

Patients that are medically stable who have a 
persistent pancreatic fistula with output less than 
100 cc a day and no intra-abdominal collection 
can have slow drain removal. This process begins 
with removing suction from the drain bulb, fol-
lowed by downsizing of the drainage catheter via 
interventional radiology. Slow incremental with-
drawal of the drain should be performed while 
monitoring drain output.

Recently, fibrin glue has been used to oblit-
erate the fistula tract. This technique involves 
injection of fibrin glue either under radiographic 
guidance or through a previously placed drain-
age tract. Studies of this technique are limited, 
but in small case series, it has been shown to be 
successful treatment option for patients with low-
output pancreatic fistulas [55].

The use of ERCP in the evaluation and defini-
tive treatment of a persistent pancreatic fistula 
after distal pancreatectomy should be considered. 
In patients with a persistent pancreatic fistula de-
spite adequate drainage and medical optimiza-
tion, an ERCP with sphincterotomy or stenting 
can be performed to promote fistula closure. 
Closure rates as high as 82 % have been reported 

[56]. In general, endoscopic transpapillary stent-
ing is considered helpful in the management of 
external pancreatic fistulas and side fistulas. Sim-
ilarly, endoscopic drainage can be useful in the 
management of internal pancreatic fistulas caus-
ing pancreatic ascites. In necrotizing pancreatitis 
patients who have a pancreatic duct disruption, 
an endoscopic stent to bridge the disruption has a 
success rate of more than 50 % [57]. However, a 
recent multicenter series for patients with necro-
tizing pancreatitis comparing endoscopic trans-
papillary stenting versus conservative treatment 
failed to show a significant improvement in the 
fistula closure rate (84 vs. 75 %) or in time to clo-
sure (71 vs120 days) [58]. Despite these results, 
an endoscopic stenting should be considered for 
long-term persistent pancreatic fistulas and at-
tempted where favorable anatomy is present.

Recent studies have investigated the role of 
endoscopic therapies for management of the 
disconnected duct syndrome, but with limited 
results. However, other studies have found that 
patients may temporarily improve with endo-
scopic therapy, but will still often go on to re-
quire surgical intervention. In patients who may 
not be considered surgical candidates or who re-
fuse surgery, a rendezvous technique using endo-
scopic ultrasound guided access to the distal duct 
and standard ERCP may be employed to bridge 
the gap.

Operative Management of Pancreatic 
Fistula

The operative management of pancreatic fistulas 
remains an important component of their treat-
ment, but is generally reserved in patients where 
conservative or endoscopic procedures have 
failed. Surgery may prove necessary in patients 
who are unable to have endoscopic or interven-
tional therapies secondary to postsurgical anat-
omy or who have an inability to cannulate the 
pancreatic duct, a significant ductal stricture, or 
a very large defect. The type of surgical interven-
tion proposed for patients varies on the location 
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of ductal injuries, the severity of fistula, and the 
underlying pathology.

The most common indication for surgi-
cal intervention is in patients with complicated 
pancreatitis who have a persistent pancreatic fis-
tula after percutaneous drainage of a pancreatic 
pseudocyst, operative debridement of acute pan-
creatic necrosis, a disconnected duct syndrome, 
or recurrent manifestations of chronic pancre-
atitis of the distal gland. Patients who present 
with a large pancreatic duct (7 mm or greater) 
are generally managed with duct decompression, 
usually via a lateral pancreaticojejunostomy. If 
pancreatic pseudocyst is present, this area should 
be incorporated into the anastomosis with a cyst 
gastrostomy or cyst jejunostomy. In some clini-
cal situations, the pseudocyst can be success-
fully managed with endoscopic drainage into 
the stomach or duodenum [59]. Patients with a 
pancreatic duct injury isolated to the body or tail 
of the pancreas are often best served by a distal 
pancreatectomy, resecting only the area of the 
pancreas beyond the disruption.

Definitive surgical management is dependent 
on the location of the ductal injury. If the ductal 
disruption is near the neck of the pancreas, then 
these patients are best served by prolonged exter-
nal drainage of the fistula until a fibrous fistula 
can develop. The waiting time between drainage 

placement and surgery encountered in the litera-
ture is usually 3–6 months [60, 61]. At this time, 
a fistula-enterostomy can be performed using a 
Roux-en-Y jejunal limb (Fig. 28.5). The success 
rate of surgical drainage has been reported to be 
as high as 82–100 % in certain series, with mini-
mal complications [62, 63]. However, long-term 
failure may occur because of obliteration of the 
fistula tract over time. The recurrence rate after 
fistulojejunostomy is reported to be around 35 % 
and is usually manifested by a pseudocyst forma-
tion or the development of diabetes mellitus, as 
an indicator of a poorly drained pancreatic rem-
nant [64]. However, fistulojejunostomy to the 
site of duct disruption is the operative treatment 
for persistent pancreatic ascites.

Another surgical option for a disconnected 
duct at the neck of the gland is distal pancreatec-
tomy. However, this option sacrifices a signifi-
cant amount of otherwise functional pancreatic 
parenchyma. A study by Murage et al. showed 
equal short- and long-term results when evaluat-
ing internal drainage versus distal pancreatecto-
my for the disconnected left pancreatic remnant. 
A pancreatic remnant > 6 cm favored an internal 
drainage while the strongest indicator for distal 
pancreatectomy was a small pancreatic remnant 
and splenic vein thrombosis [62]. However, long-
term outcomes of pancreatic function were not 
evaluated.

Conclusion

Pancreatic fistula is a significant complication 
that can occur after all types of pancreatic sur-
gery. The incidence varies from 2 to 50 % de-
pending on the type of procedure. A definition 
of postoperative pancreatic fistula has been stan-
dardized according to the ISGPF with regard to 
clinical symptoms and associated complications. 
The management of pancreatic fistula can be 
difficult and necessitates a multidisciplinary ap-
proach. Basic principles of fistula control/patient 
stabilization, delineation of ductal anatomy, and 
definitive therapy remain of paramount impor-
tance.

Fig. 28.5  Diagram of Roux-en-Y fistulojejunostomy
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Key Points to Avoid Complications

1. High risk conditions such as pancreatic tex-
ture, central pancreatic necrosis, and proce-
dures such as tumor enucleation, central pan-
createctomy and distal pancreatectomy must 
be identified and appropriate measures taken 
to prevent and minimize the complications of 
pancreatic fistula.

2. Although a number of operative and other 
measures have been subjected to randomized 
clinical trials to identify approaches to de-
crease the incidence of fistula after pancreatic 
resection of both the head and body/tail of the 
pancreas, an experienced surgeon with me-
ticulous operative technique is likely the most 
important in prevention.

3. Carefully placed perioperative drains and ap-
propriate postoperative drain management is 
the key in minimizing the incidence and com-
plications of pancreatic fistula.

4. Internal rather than external drainage of pan-
creatic pseudocysts.

Key Points: Diagnosing and/or 
Managing Complications Either  
Intra- or Postoperatively

1. All pancreatic fistulas should be defined by 
the definitions provided by theISGPF.

2. Early CT scan to assess for and guide drainage 
of any fluid collections.

3. Control of pancreatic secretions, broad-spec-
trum antibiotics for signs of sepsis, and medi-
cal optimization of patient with parenteral nu-
trition.

4. Patience and close observation plus providing 
reassurance and counseling to patient that a 
majority of fistulas will close spontaneously. 
In Type A fistulas, do not intervene or delay 
hospital discharge.

5. Delineation of pancreatic duct first by nonin-
vasive techniques like CT scan, MRCP, and/or 
drain fistulogram.

6. Depending on reconstructed anatomy, ERCP 
may be useful for diagnostic as well therapeu-

tic interventions including sphincterotomy, 
stenting, and nasobiliary drainage.

7. Surgical intervention should only be consid-
ered when all conservative and endoscopic 
procedures have failed. A significant period 
of time should be allowed before operative 
drainage especially following drainage in pa-
tients with pancreatic necrosis.
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Introduction

Significant morbidity following pancreatic re-
section is common with reported rates of overall 
complications ranging between 40 and 60 %. The 
most common complications following pancre-
atectomy include postoperative pancreatic fistula 
and wound infection. In addition, delayed gastric 
emptying occurs in up to 25 % of patients under-
going pancreaticoduodenectomy. These compli-
cations impede recovery, prolong hospitalization, 
and increase the risk of readmission [1]—but are 
seldom life-threatening. In contrast, some of the 
less frequent complications are associated with a 
greater risk of mortality. This is the case for certain 
forms of postoperative chyle leak in which the ac-
companying malnutrition and immunosuppression 
significantly reduce the rate of long-term survival 
[2]. This chapter focuses on the management of a 
chyle leak following pancreatic resection and in-
cludes a discussion of the general physiology and 
anatomy of the abdominal lymphatic system as it 
relates to pancreatic surgery, the composition of 
chyle, a review of the literature that specifically 
studies chyle leak following pancreatic resection, 
and an algorithm for the management of chyle 
leak following pancreatectomy.

Background

Chyle leak is not unique to pancreatic resec-
tion and is also observed in other operations in 
which an extensive retroperitoneal dissection is 
performed. The operations in which chyle leak 
is commonly reported include abdominal aortic 
aneurysm repair, resection of large retroperito-
neal tumors, extensive retroperitoneal lymph 
node dissection, and liver transplantation [3–6]. 
The rate of chyle leak following pancreatectomy 
varies greatly [2, 6–13]. For example, the larg-
est series on this topic reported a rate of 1.3 % in 
a cohort of 3532 patients undergoing pancreatic 
resection. At the other end of the reported range, 
Hilal et al. [7] published a 16.3 % rate of chyle 
leak in 245 patients undergoing pancreatectomy. 
The variation in published rates may result from 
differences in surgical technique, such as the ex-
tent of retroperitoneal dissection, and with differ-
ences in management, such as early postopera-
tive initiation of enteral feeding.

Several factors appear to be related to postop-
erative chyle leakage following pancreatectomy. 
These include factors resulting in a more exten-
sive or difficult dissection such as peripancreatic 
fibrosis from pancreatitis [6] or neoadjuvant ra-
diation, major vascular resection and reconstruc-
tion [2], and early enteral feeding [7, 8, 12]. Spe-
cifically, in the series from Johns Hopkins when 
matching for tumor size, tumor type, and resection 
type, the number of harvested lymph nodes and 
concomitant vascular resection were both signifi-
cant predictors of increased risk of chyle leak [2]. 
Similarly, Hilal et al. [7] reported that both exten-
sive lymphadenectomy and postoperative portal/
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mesenteric vein thrombosis were risk factors. It is 
interesting that this series reported the highest rate 
of postoperative chyle leaks in the literature and 
the general practice of this group is to initiate early 
enteral feeding using a semi-elemental tube feed 
on postoperative day 1. The possibility that early 
enteral feeding may promote chyle leak following 
pancreatectomy is supported by work from Kubo-
ki et al. [8], who reported that the early initiation 
of enteral nutrition is an independent risk factor 
for chyle leak. In addition, this group also reported 
manipulation of the para-aortic area as a risk fac-
tor. It is difficult to know if early enteral feeding 
actually promotes chyle leaks or simply uncovers 
low-level chyle leaks that otherwise would have 
gone undetected had a diet been started later in the 
postoperative course.

The term “chyle leak” is a general term that 
includes two distinct entities each with a unique 
natural history. These include a contained chyle 
leak and chylous ascites. These two types of 
chyle leaks are very different in regard to man-
agement and outcome. A contained chyle leak is 
a walled-off collection that communicates with 
disrupted visceral lymphatics, whereas chylous 
ascites is a diffuse free-flowing chyle leak. The 
latter has a much higher impact on survival since 
it results in more significant immunosuppression, 
malnutrition, and fluid/electrolyte imbalances. 
Moreover, the risk for abdominal infection and 
fascial dehiscence is higher with chylous ascites. 
The increased mortality with chylous ascites fol-
lowing pancreatectomy has been reported [2]. 
In a large series of pancreatectomies, the overall 
survival for patients developing chylous ascites 
was 19 % at 3 years compared to 53.4 % for those 
with a contained chyle leak.

Anatomy and Physiology of Visceral 
Lymphatics

In order to better understand the etiology and the 
management of chyle leaks following pancreatec-
tomy, it is important to understand the function 
and anatomy of the abdominal lymphatic system. 
The following section reviews information that 

is pertinent to this topic. The lymphatic system 
functions as a tissue drainage network and also 
plays a role in immune function. Essentially 
every tissue in the body has lymphatic drain-
age. Lymph fluid is produced at the level of the 
capillaries where the intravascular hydrostatic 
pressure is higher than that of the surrounding 
interstitial compartment resulting in the outflow 
of fluid into this space. The electrolyte composi-
tion of lymph fluid is similar to that of plasma 
[14] (Table 29.1). In addition, there is a colloid 
component of lymphatic fluid which consists of 
protein at a relatively low concentration and a 
cellular component consisting of immune cells. 
A breach of the interstitial space by trauma, in-
fection, or malignancy can result in further inter-
stitial fluid components within the lymph fluid 
such as cellular debris, cancer cells, and bacteria. 
This fluid is taken up by passive diffusion into 
the thin-walled porous lymphatic capillaries that 
lack a continuous basement membrane. Small 
lymphatic capillaries coalesce into larger ves-
sels that contain one-way valves. The action of 
muscular contraction, respiratory pressure varia-
tion, and gravity result in the flow of lymphatic 
fluid into successively larger and more centrally 
located vessels. Anatomic regions of lymphatic 
drainage are channeled through lymph node ba-
sins that “filter” the lymphatic fluid by means of 
immune cell function. The importance of lymph 
drainage is more evident in conditions leading to 
lymph flow obstruction such as axillary or groin 
lymph node dissection or parasitic infestation that 
may result in lymphedema or even “elephantitis”.

Table 29.1  Biochemical characteristics of chyle. (Adapted  
from [14])
Component Concentration
Calories 200 kcal/L
Lipids 5–30 g/L
Protein 20–30 g/L
Lymphocytes 400–6800/mm
Sodium 104–108 mmol/L
Potassium 3.8–5.0 mmol/L
Chloride 85–130 mmol/L
Calcium 3.4–6.0 mmol
Phosphate 0.8–4.2 mmol/L
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In addition to the general role of lymphatics 
for immune function and interstitial fluid bal-
ance, the abdominal lymphatic system is nec-
essary for normal fat absorption. The process 
of fat absorption begins with the breakdown of 
triglycerides into monoglycerides and fatty acids 
within the gut. This is mainly through the action 
of pancreatic lipase and is facilitated by the for-
mation of micelles consisting of bile salts, mono-
glycerides, and fatty acids. Micelles are absorbed 
within the intestinal villi where triglycerides are 
enzymatically reformed. Triglycerides consisting 
of long-chain fatty acids (> 12 carbons) combine 
with cholesterol and specific proteins to form 
chylomicrons. The small intestine has a rich lym-
phatic network with specialized terminal branch-
es known as lacteals that are necessary for the 
uptake of chylomicrons. Once within the lym-
phatic system, this fluid is known as chyle and 
ultimately enters the systemic circulation through 
the thoracic duct.

Lymph drainage from all structures below 
the diaphragm, as well as the left upper extrem-
ity and left chest enters the thoracic duct via 
the cysterna chyli and returns to the circulatory 
system at the level of the left subclavian vein. 
This includes the lymphatic system of the gut. 
Lymphatic drainage of the right chest and upper 
extremity drains into the right subclavian vein. 
Lymphatic drainage of the abdominal visceral 
connects to systemic lymphatic drainage at the 
level of the cysterna chyli. The cysterna chyli is 
a roughly 5-cm sack-like dilatation of the lym-
phatic system located deep within the retroperi-
toneum at the level of the first and second lumbar 
vertebrae. The structure is located to the right of 
the aorta, deep within the interval between the 
aorta and the inferior vena cava. The function of 
the cysterna chyli is unclear, but it has been sug-
gested that it functions as a bellows that drives 
lymph flow via the abdominal pressure changes 
that occur with normal respiration. The cysterna 
chyli receives systemic lymphatic drainage from 
the lower body, lumbar drainage beds, and the 
visceral drainage beds including the liver. Lym-
phatic drainage from the intestine and portions 
of the head of the pancreas course along the su-
perior mesenteric artery through the base of the 

mesentery and join the cysterna chyli near the 
junction of the superior mesenteric artery (SMA) 
with the aorta. The liver, portal, and remainder of 
the pancreatic lymphatic flow follow the course 
of the celiac axis distribution retrograde to its 
junction with the aorta. The exact location of the 
disruption of the lymphatic system resulting in 
chyle leak following pancreatic resection is un-
known. However, based on this understanding 
of lymphatic anatomy and chyle flow, one can 
speculate on the potential areas of disruption of 
these vessels and the resulting chyle leak. These 
areas include dissection of the hepatoduodenal 
ligament, the base of the mesentery at the mid 
portion of the SMA, the soft tissue surrounding 
the celiac trunk, and retroperitoneal space in the 
interval between the inferior vena cava and the 
right side of the aorta.

The volume of chyle flow ranges from 2 to 
4 L/day and varies depending on numerous fac-
tors including the composition of the diet [14]. 
The majority of lymph flow through the thoracic 
duct is from visceral sources. It is estimated that 
25–50 % of all flow from through the thoracic 
duct originates from the liver. The majority of the 
remainder comes from the other viscera (chyle) 
while the minority of lymph through the thoracic 
duct is from the lower extremities. Approximate-
ly 70 % of chyle consists of dietary fat mainly in 
the form of triglycerides. The concentration of 
fat varies and ranges from 5 to 30 g/L and has 
an energy value of approximately 200 kcal/L 
(Table 29.1). The volume of lymphatic drainage 
from the abdominal viscera is evident in patho-
logical conditions such as chylous ascites result-
ing from cirrhosis, pancreatitis, or malignancy in 
which liters of chyle can be produced each day.

Diagnosis of a Chyle Leak

The diagnosis of a chyle leak is often straight-
forward and can be determined at the bedside 
based on the appearance of the drain output in 
the correct clinical context. The typical presenta-
tion of a chyle leak is the transition of clear peri-
toneal drainage to a milky white color following 
the institution of a regular diet. Of course, this is 
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often the same time period when the much more 
common postoperative pancreatic fistula is also 
diagnosed. Usually, a simple visual inspection of 
the drain output is able to differentiate between 
the two types of leaks. Whereas a postoperative 
pancreatic fistula is often a cloudy tan fluid with 
fibrinoid debris, a pure chyle leak is most often 
homogenous and pure white. In order to confirm a 
chyle leak, the drain fluid should be analyzed for 
triglycerides and a level of 110 mg/dL is neces-
sary to make the diagnosis. In addition, drain am-
ylase should also be evaluated since, on occasion, 
a pancreatic fistula may coexist with a chyle leak.

Once the diagnosis of a chyle leak is made, 
the next determination should be to classify the 
leak as either a contained leak or as free-flowing 
ascites. If this is not apparent based on a physi-
cal exam demonstrating ascites, an imaging study 
may be required.

Management of a Chyle Leak

The majority of chyle leaks will resolve spon-
taneously with conservative treatment which 
includes management of fluid, electrolytes, nu-
trition, and chyle drainage. However, a small 
percentage of chyle leaks will be refractory to 
this type of treatment and will require a more 
direct intervention to correct the problem. The 
general goal in the management of a chyle leak 
is to control the output and optimize the fluid 
and nutrition until the leak closes. The best way 
to accomplish this goal is to tailor management 
based on further descriptive classification of the 
leak. First, a determination should be made as to 
whether or not the patient has a contained chyle 
leak or chylous ascites. As mentioned previously, 
this may be evident based on physical exam or 
may require an imaging study to demonstrate ab-
dominal ascites. Second, the chyle leak should 
be classified as either high or low output based 
on the drain volume. Drain volume of less than 
200 cc/day constitutes a low-output leak. The de-
termination of these features will be helpful in 
guiding the route of nutrition, need for fluid and 
electrolyte repletion and the prognosis. The natu-
ral history of a contained chyle leak is very dif-
ferent than that of chylous ascites [2]. A contained 

chyle leak is easily controlled with drains, has a 
better chance of closure, and an improved overall 
outcome compared to chylous ascites. The deter-
mination of high-volume leak is also important 
since this will most often require more intensive 
nutritional support.

The Contained Chyle Leak

The initial management of a contained chyle leak 
differs based on whether it is a low- or high-vol-
ume leak. A patient with a leak of less than 200 cc/
day should simply undergo a change in diet from 
regular to a “nonfat” or medium chain fatty acid 
diet. After 12–24 h of this diet, an assessment 
should be made of the drain output volume and 
character. Most patients with a low-volume con-
tained leak will have a reduction in output and a 
change to clear fluid with this maneuver. If there 
is no change in the drain output over this time, 
the patient should be made nil per os (NPO) and 
given intravenous nutritional support. A patient 
with a chyle leak greater than 200 cc/day should 
be made NPO placed on total parenteral nutrition 
(TPN), and be administered octreotide since it is 
unlikely to seal expeditiously unless the volume 
is reduced. As with a low-volume leak, the suc-
cess of the intervention is determined by a drop 
in the volume of the drain output and a change 
from milky to clear. In either case, once the drain 
output clears and the volume drops below 100 cc/
day, steps should be taken toward drain removal.

Care must be taken in the process of drain re-
moval so as not to convert a controlled leak into 
chylous ascites. The best way to avoid this prob-
lem is to always restart a regular diet prior to drain 
removal in order to “test” that the leak is truly 
sealed. In addition, the proper timing and method 
of drain removal are important. This is particu-
larly true for drains that have been in place for 
longer than a week. In this situation, reimaging 
should be performed to assess the size of the col-
lection and the location of the drain with respect 
to the fluid cavity. This is best accomplished by 
a contrast-enhanced computed tomography (CT) 
scan. A drain sinogram often provides additional 
useful information about the size of the fluid cavity, 
length of drain tract, and the relationship of the drain 



31329 Management of Chyle Leaks Following Pancreatic Resection

to the collection. Leaks are more likely to close if the 
cavity is small and the tract is relatively long.

A judgment should be made as to when to give 
a trial of per os (PO) intake following the initial 
treatment and reimaging. There are no defined 
rules but, in general, a trial is warranted if the 
drain output remains low and non-milky for sev-
eral days. Once these criteria are met, the patient 
should be placed on a regular diet. This should 
have little impact on the drain output if the leak is 
sealed and the drain can then be removed safely. 
If the patient fails the challenge, then a nonfat/
medium-chain fatty acid diet or TPN should be 
restarted. If the output modestly increases or 
turns slightly milky with a regular diet, the drain 
can still be removed if the tract is long and the 
collection is small. In this case, the drain is re-
moved by a process called “cracking” in which 
the drain is pulled out a few centimeters each 
day until the output abruptly drops or the drain 
is removed. If at any time the output drops below 
10 cc, an imaging study is performed to assess 
for a clogged drain suggested by an increase in 
collection size. The drain is removed if no collec-
tion is present or flossed if the collection is still 
present or increased in size.

Those patients who have a high-volume chyle 
leak that does not decrease upon removing oral 
intake and instituting octreotide should be main-
tained on TPN without a trial of a diet. A careful 
assessment of volume of the drain output should 
be made and accounted for in the caloric, fluid, 
and electrolyte replacement in the parenteral re-
placement. It is important to supplement fat-sol-
uble vitamins in the intravenous nutrition. More-
over, appropriate assessment of electrolytes, al-
bumin and prealbumin should be made to guide 
the management of the TPN. The patient should 
be maintained on this therapy until the volume 
of drain output drops below 100 cc/day and the 
patient is managed as described above.

Chylous Ascites

Patients found to have chylous ascites pose a dif-
ficult problem. The volume of drainage is often 
extensive, measuring up to several liters a day. 

This results in significant loss of fluid, electro-
lytes, and calories. In the short term, drainage 
of the ascites maybe necessary to relieve the in-
creased abdominal pressure associated with high 
volume of output characterized by this compli-
cation. Moreover, chylous ascites can interfere 
with wound healing and can cause a fascial de-
hiscence as chyle flows through the path of least 
resistance. The poor wound healing is exacerbat-
ing by malnutrition resulting from deranged fat 
metabolism. The treatment of chylous ascites 
begins by making the patient NPO, initiating 
TPN, and administering octreotide. These mea-
sures will often result in reducing the triglyceride 
content of the output turning it clear and limiting 
caloric losses. The reduction in volume is often 
more variable. The patient should be prepared 
for a protracted course and, although some cases 
of chylous ascites seal within a few weeks, more 
often it will take up to a few months. Therefore, 
once the patient is initially stabilized with regard 
to fluid, nutrition, and wound healing, they are 
often transitioned to home-care or a rehabilita-
tion facility for the long-term management of 
the leak. Care should be taken to adjust the TPN 
based on frequent laboratory draws to compen-
sate for the fluid and nutrient losses. Moreover, 
these patients are susceptible to pneumonia, uri-
nary tract, and abdominal infections.

The effect of the ascites with regard to in-
creased abdominal pressure, pain, and respiratory 
compromise can be managed through either the 
placement of one or more percutaneous drains or 
intermittent therapeutic paracentesis. The disad-
vantage of paracentesis is the need for frequent 
procedures and the abrupt shifts in third space 
fluid. On the other hand, percutaneous drains are 
associated with less repeat procedures but carry 
a higher risk of abdominal infections. In most 
cases of chyle leak following pancreatectomy, 
drains are already in place from the operation or 
percutaneous drains are replaced to divert flow 
from the healing wound.

Initially, the drain or paracentesis output 
from patients with chylous ascites can be liters 
per day. Once the volume of output falls to less 
than 200 cc/day, a CT scan should be performed 
to assess the extent of residual ascites. If there 
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is minimal residual fluid collections in the set-
ting of low drain output, the patient is challenged 
with a regular diet. The best-case scenario is that 
the drain volume and character do not change. If 
the volume remains less than 50 cc/day and the 
triglyceride in the drain fluid is low on a regular 
diet, the drains are removed. If the drain output 
is greater than 50 cc but less than 200 cc/day, the 
drains are removed by “cracking” as described 
above.

Management of Refractory Chyle 
Leaks

The majority of contained chyle leaks will re-
solve within 4 weeks with proper diet and drain 
management. In patients who fail this treatment, 
several more aggressive options exist and have 
been employed with varying degrees of success. 
These include attempting sealing of the leaking 
vessel through the use of glue or coils and surgi-
cal closure. In addition, management of the asci-
tes can be attempted through the placement of a 
peritoneovenous shunt.

There are several percutaneous methods that 
are used to gain access to the lymphatic system 
in order to perform diagnostic lymphoscintig-
raphy and embolization of leaking vessels [15]. 
The most commonly employed method is to gain 
access to the lymphatic system in the web spaces 
between the toes. This requires significant skill 
and is often painful for the patient. Recently a 
method has been described in which ultrasound 
is used to access the lymphatics through an intra-
nodal route in the groin [16]. Regardless of the 
route, once the lymphatic system is cannulated 
an assessment is made using radio-opaque con-
trast in order to identify the site of leakage. If a 
definitive source of leakage is found an attempt 
at embolizing the vessel is made with n-butyl 
cyanoacrylate (NBCA) glue, microspheres, or 
microcoils. The success of the procedure is often 
known within a few days and is demonstrated by 
an abrupt change in drain volume and character. 
It should be noted that the procedure is often suc-
cessful when the site of the leak is identified—
but quite often this is not possible and the tech-

nique fails. Therefore, the rate of successes of this 
procedure is higher if the level of injury is at the 
level of the cysterna chyli or thoracic duct, which 
is common in thoracic surgery, aortic surgery, 
or radial nephrectomy. This site of injury is less 
common in pancreatectomy in which the chyle 
leak has the potential to develop from the divided 
tissue at the base of the mesentery or hepatoduo-
denal ligament. These vessels are now discon-
nected from the main lymphatic trunk and are not 
accessible by lymphoscintigraphy since they are 
leaking from the “distal” end of the disruption.

In patients who fail percutaneous emboli-
zation and continue to have a significant chyle 
leak that interferes with their recovery, surgical 
intervention should be considered as a last resort. 
There are two possible intents of operating for a 
chyle leak. The first is to identify the source of 
leakage and over sew the damaged vessel. If this 
is not possible, the second is to manage the leak 
by placing a peritoneovenous shunt. The decision 
to proceed to surgery should not be taken light-
ly. One must consider that there is a significant 
chance that the operation will not be successful. 
At operation it can be extremely difficult to iden-
tify a localized source of the chyle leak even if it 
was found on preoperative lymphoscintigraphy. 
Moreover, it is likely that the operative field will 
be difficult and marked by a thick inflammatory 
rind around collections and drains, dense postop-
erative adhesions, and poor healing due to inad-
equate nutrition. Prior to operation it is helpful 
to understand where the potential locations of 
chyle leakage may occur and this includes the 
dissected area of the retroperitoneum at the level 
of the cysterna chyli, the cut edge of the mesen-
tery near the mid portion of the SMA and, less 
likely, the hepatoduodenal ligament. If preopera-
tive imaging studies do not localize the area of 
the leak, feeding the patient a high-fat diet such 
as cream may assist in identifying the source of 
leakage at operation. This maneuver is classi-
cally described as having the patient drink cream 
2–4 h prior to surgery, but in my experience this 
results in a patient with an abdomen filled with 
white chyle emanating from all surfaces. What I 
have found to be more helpful is to maintain the 
patient NPO until the abdomen is entered and the 
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potential sources of leakage are exposed. At that 
time cream is instilled through an nasogastric 
tube (NGT) placed postpyloric and the suspect 
regions are evaluated for leakage. One must be 
patient using this variation of the cream method 
since it may take up to 30 min to notice a change 
in the appearance of the chyle from clear to white. 
Moreover, one must be prepared that the site of 
leakage may not be identified. In these cases, the 
plan should change from closing the leak to man-
aging the nutritional, fluid, and immune aspects 
of chylous ascites.

For this goal, placement of a peritoneovenous 
shunt can be performed at the same operation 
[10]. Prior to doing so, the following issues must 
be considered. First, in a patient who underwent 
a resection for malignancy the potential for dis-
semination of peritoneal disease exists. There is 
no direct evidence that can guide our decision 
regarding this point, but in a patient with severe 
immune and nutritional deficits, the risk-to-ben-
efit ratio of a shunt seems reasonable. Second, 
a peritoneovenous shunt has a limited lifespan 
and is prone to obstruction due to debris and in-
fection. A shunt should not be considered if the 
bowel was entered at exploration. Following the 
placement of a peritoneovenous shunt the patient 
should be monitored in the intensive care unit 
since the abrupt shift in fluid from the third space 
to the intravascular compartment may result in 
congestive heart failure even in fit individuals. 
This will resolve with diuretic and judicious 
fluid management. No data exist regarding the 
outcome of placing peritoneovenous for postop-
erative chyle leaks but anecdotally this has been 
successful in some cases in our practice.

Conclusion

A chyle leak is an uncommon but a potentially 
life-threating complication following pancreatic 
resection. A contained chyle leak will often close 
with conservative management and has little im-
pact on long-term survival, while chylous ascites 
are less likely to close and is associated with a re-
duction in long-term survival. Risk factors for de-
veloping a chyle leak following pancreatectomy 
include extended lymph node or retroperitoneal 

dissection, vascular resection and reconstruction, 
and early enteral feeding.

Key Points in Managing a Chyle Leak

1. Differentiate between chylous ascites and 
contained chyle leak.

2. Classify as high- or low-output leak.
3. Remove long-chain fatty acids from the diet 

by either a nonfat diet or medium-chain fatty 
acid diet of TPN.

4. Octreotide should be used to reduce the vol-
ume of high-output leaks.

5. Drains must me managed carefully to avoid 
converting a contained chyle leak to chylous 
ascites.

6. Surgical intervention should be reserved as a 
last resort.
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Overview

Postoperative pancreatic fistula (POPF) is a 
feared complication following distal pancreatec-
tomy that contributes significantly to patient mor-
bidity and mortality. While the majority of POPF 
can be managed conservatively, the presence of 
pancreatic fistula is a risk factor for the devel-
opment of intra-abdominal sepsis and post-pan-
createctomy hemorrhage, which individually can 
be life threatening. Estimates of the incidence of 
pancreatic fistula following distal pancreatecto-
my range widely. Some centers report rates under 
10 %, while others report POPF in close to 50 % 
of patients undergoing distal pancreatectomy. To 
some extent, this variation may be secondary to 
the method used to diagnose POPF. Uncontrolled 
pancreatic fistula, while less common, is the most 
dangerous and can evolve into other complica-
tions, such as pancreatic pseudocyst and abscess. 
The incidence of pseudocyst as a complication of 
distal pancreatectomy is between 1 and 2 %. In 
one series of patients who underwent distal pan-
createctomy for trauma, 2 of 72, or about 2.7 %, 
developed pancreatic pseudocyst postoperatively 
[1].

Numerous investigations, analyses, and clini-
cal trials devoted to identifying risk factors for 

POPF have been reported and have guided strate-
gies for its management and prevention. A short 
list of risk factors for the development of POPF 
includes pancreatic texture, pathology, duct size, 
age, intraoperative blood loss, and others [2]. A 
number of technical factors have also been inves-
tigated. Few of these, however, have been dem-
onstrated to have an effect on the overall inci-
dence of POPF, understandably to the frustration 
of surgeons and their patients [3]. This chapter 
considers proposed interventions for the reduc-
tion of POPF that have been evaluated in the 
preoperative, intraoperative, and postoperative 
settings.

Diagnosis

The consensus classification scheme devised by 
the International Study Group on Pancreatic Fis-
tula (ISGPF) in 2005 divides pancreatic fistula 
into three grades. In general terms, POPF is de-
fined as leakage of pancreatic secretions from the 
pancreatic parenchyma or a disrupted pancreatic 
duct stump or anastomosis. The leak may result 
in the formation of a pseudocyst, may be drained 
externally via a surgical drain, or may communi-
cate with another epithelialized surface [4]. How-
ever, it is important to note that if there is high 
drain output, even a high-output pancreatic fis-
tula may have no obvious abnormality on cross-
sectional imaging. Clinically, the diagnosis of 
POPF may be heralded by a variety of symptoms 
and consequently should be considered in nearly 
all cases wherein a patient’s clinical course devi-
ates from what is expected. Drain character may 
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become cloudy and grayish, which is character-
istic of POPF. Amylase levels collected from the 
drain or collection on or after postoperative day 
#3 must be three times the upper limit of normal 
to define a leak according to the ISGPF classi-
fication. Patients with pancreatic fistula have a 
spectrum of presentation, from patients that ap-
pear well and are unlikely to have significant 
sequelae from the POPF (grade A), to patients 
that appear ill, with signs of sepsis and risk of 
death, and a high likelihood of reintervention and 
persistent drainage (grade C). Grade B falls be-
tween these extremes and, in general, are patients 
with signs of infection, with persistent drainage, 
who typically require admission and inpatient 
management, but who typically do not require 
interventional procedures and who do not appear 
septic [4]. Since its publication, the ISGPF clas-
sification scheme has been validated as a useful 
clinical tool, as well as a predictor of increased 
hospital costs, particularly in a cohort of patients 
undergoing pancreaticoduodenectomy [5].

Even this scheme, however, is not without 
limitations. Perhaps most importantly, one large 
series identified a latent presentation of pancre-
atic fistula occurring in 3.2 % of patients under-
going distal pancreatectomy. In these patients, 
initial drain output was notable for normal or 
minimally elevated amylase levels that did not 
meet biochemical criteria for pancreatic fistula 
by ISGPF definitions. Subsequently, all these 
patients had the diagnosis of pancreatic fistula 
confirmed by clinical or radiographic investiga-
tion. Patients with latent fistula were more likely 
to have superimposed infection versus clinically 
evident fistula [6].

Although drain amylase measurement has 
been the standard since the ISGPF consensus 
statement, recent investigations have suggested 
that drain lipase may be equally effective at de-
tecting fistulas and possibly superior in terms of 
sensitivity and specificity in detecting clinically 
relevant fistulas [7].

Another limitation arises from the broad clas-
sification of pancreatic fistula from all operations 
within the ISGPF system. Recent work has sug-
gested that there was little difference in clinical 
impact between grade B and C pancreatic fistula 

among patients undergoing distal pancreatecto-
my, as well as only marginally increased hospital 
costs, versus robust increases in hospital costs 
between patients who had grade B and C fistula 
following pancreaticoduodenectomy [8].

Prevention

Identifying Risk Factors

For pancreaticoduodenectomy, a fistula risk 
score has been recently developed that has been 
shown to be highly predictive of POPF. This 
score assigns points based on gland texture, 
gland pathology, duct diameter, and intraopera-
tive blood loss. In general, high blood loss, soft 
gland texture, and smaller duct diameter confer 
increased risk of POPF, whereas pancreatic ad-
enocarcinoma and pancreatitis as the indication 
for pancreaticoduodenectomy confer protection 
for the development of pancreatic fistula ver-
sus other diagnoses. Also of note, higher fistula 
risk scores correlated with greater incidence of 
clinically relevant (ISGPF grade B or C) fistula 
[9]. The adaptation of this risk score to patients 
undergoing distal pancreatectomy is yet to be 
validated; however, at least one published study 
indicates that this scoring system may have limi-
tations in the setting of distal pancreatectomy. In 
that study, risk factors for pancreatic fistula after 
stapled gland transection in patients undergoing 
distal pancreatectomy were examined, and in a 
multivariate analysis, only the presence of diabe-
tes and the use of a 4.1-mm staple cartridge were 
associated with increased risk of pancreatic fis-
tula formation [10].

Some retrospective data have supported the 
conclusions drawn with regard to risk for pancre-
atic fistula after pancreaticoduodenectomy in the 
setting of distal pancreatectomy. A retrospective 
case-matched analysis looked at histopathologic 
features of patients with fistula and matched pa-
tient controls and found that gland fat content, 
smaller main duct size, and the lack of stigmata 
of chronic pancreatitis or interlobular fibrosis 
were correlated with increased risk of POPF. 
This study included 9 patients who underwent 
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pancreaticoduodenectomy as well as 16 patients 
who underwent distal pancreatectomy. A score 
was created using these and other characteristics, 
which had 92 % sensitivity and 84 % specificity 
for the postoperative development of pancreatic 
fistula [11].

Role of Octreotide

The somatostatin analog octreotide has been the 
subject of numerous investigations in pancreatic 
surgery and specifically in the prevention of the 
formation of pancreatic fistula following pan-
creaticoduodenectomy or distal pancreatectomy. 
The biologic plausibility of the effectiveness of 
octreotide is significant; by decreasing pancre-
atic secretions, pressure gradients across the pan-
creatic ductal anastomosis or closure would be 
decreased, thereby resulting in decreased fistula 
rates. Alternatively, where a fistula has already 
formed, octreotide might have the potential to 
convert a high-output fistula into a low-output 
fistula, decreasing the likelihood of complica-
tions and increasing the chances of a spontane-
ous closure. However, most studies to date have 
failed to definitively identify a role for octreotide 
in pancreatic surgery. Furthermore, the biologic 
rationale, while emotionally appealing, may not 
stand up to scientific scrutiny; a 2013 single-
institution trial measured the effect of octreotide 
in patients who underwent a pancreaticoduode-
nectomy by directly measuring exocrine output 
using intraductal pancreatic catheters and failed 
to demonstrate any significant difference be-
tween octreotide and placebo in the volume of 
pancreatic exocrine secretion [12].

Recently, a multicenter randomized controlled 
trial was undertaken to answer the question of 
whether octreotide administration was of ben-
efit in pancreatic surgery. Enrolling 230 patients 
with slightly more than half-randomized to the 
octreotide group, the study failed to demonstrate 
any overall benefit in octreotide administration. 
While a subgroup analysis suggested some ben-
efit for patients with small duct diameters, the 
study overall was significantly weakened by a 
significant increase in the incidence of intraduct-

al fibrin sealant administration in the octreotide 
group [13].

Role of Pancreatic Stenting

Stenting of the main pancreatic duct at the am-
pulla has been investigated as a method to pre-
vent postoperative fistula formation after distal 
pancreatectomy. This again has a clear anatomic 
rationale, as decompression of the pancreatic tree 
via drainage across the ampulla would have the 
effect of decreasing pressure against the pancre-
atic stump, thereby reducing the likelihood of 
leakage from the resection margin. Retrospective 
data from several centers initially demonstrated 
some success with the technique. One small se-
ries published in 2008 noted a 20 % incidence of 
mild pancreatitis but no instances of pancreatic 
leak among ten patients who underwent distal 
pancreatectomy with prior endoscopic placement 
of transampullary stent [14]. A second retrospec-
tive series involved the intraoperative placement 
of transampullary stents. In this series, the sur-
geons identified the transected duct at the resec-
tion margin of the distal pancreatectomy and 
subsequently advanced a pediatric feeding tube 
into the duodenum. The transected end of the 
duct was then ligated. The authors were able to 
demonstrate an association of intraoperative stent 
placement with decreased pancreatic fistula rates 
as well as decreased overall length of stay [15].

However, in 2012, a randomized prospective 
trial was performed in which patients were as-
signed either to distal pancreatectomy alone or 
to distal pancreatectomy with prior transpapillary 
stent placement. That trial failed to show a bene-
fit of preoperative stenting of the pancreatic duct 
and in fact demonstrated a trend toward a signifi-
cantly increased rate of pancreatic fistula among 
patients with preoperative stent placement [16]. 
An example that highlights the significant diffi-
culty in obtaining robust best practice standards 
in this area comes from a similar controversy in 
pancreaticoduodenectomy. Although the opera-
tions are significantly different, prior retrospec-
tive examination of patients undergoing pan-
creaticoduodenectomy with intraoperative stent 
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placement demonstrated no benefit for the pre-
vention of POPF [17]. However, a randomized 
trial performed around the same time actually 
demonstrated a benefit to intraoperative pancre-
atic stenting [18].

Dissection and Management  
of the Pancreatic Stump

The management of the pancreatic stump cre-
ated during a distal pancreatectomy has also 
been the subject of some controversy. Histori-
cally, techniques of transection of the pancreatic 
stump included sharp division and oversewing 
of the transected surface. With the advent of sta-
plers, controversy has arisen with regard to their 
use in transection of the pancreatic body. Some 
authors initially suggested that hand-sewn clo-
sures had lower rates of fistula, whereas others 
demonstrated superior results with stapler use 
[19]. Recently, a multivariate analysis identified 
increased thickness of the pancreatic body as a 
risk factor for failure with stapled transections. 
Additionally, use of a double-row (as opposed to 
a triple-row) stapler load was associated with in-
creased risk of fistula [20].

Anatomic techniques have also been widely 
investigated. A recently published randomized 
controlled trial compared stump reinforcement 
with fibrin glue and a falciform patch to no rein-
forcement among patients undergoing distal pan-
createctomy with stapled or hand-sutured stump 
closure techniques, and found identical rates of 
pancreatic fistula among the two groups [21].

Another group of techniques described in the 
literature include the creation of anastomoses be-
tween the pancreatic stump and either the bowel 
or the stomach. One prospective case series de-
scribed 21 patients undergoing distal pancreatec-
tomy with the creation of pancreaticogastrosto-
my, and the authors were able to report a 0 % rate 
of grade B or C pancreatic fistula [22]. Another 
group in a retrospective review demonstrated a 
statistically significant elimination in the num-
ber of pancreatic fistula when a roux-en-Y limb 
was brought up to provide distal drainage to the 
transected pancreatic stump after distal pancre-

atectomy [23]. Indeed, numerous studies have re-
ported somewhat favorable results with creation 
of an anastomosis at the distal pancreatic stump 
[24]. A large series by Kleef et al. [25] examined 
302 patients undergoing distal pancreatectomy 
with an overall fistula rate of 12 %. Data were 
gathered prospectively, and four main techniques 
of pancreatic stump management were described: 
(1) pancreaticojejunostomy; (2) seromuscular 
patch; (3) suture of the duct with polydioxanone 
(PDS) stitch followed by parenchymal closure 
with PDS suture, with or without collagen patch; 
(4) closure with a stapler, primarily with a vas-
cular load. In this series, a stapled anastomosis 
was associated with a higher rate of fistula for-
mation. As this was a retrospective, single-center 
review, certain subgroup analyses such as a strict 
comparison of patient characteristics between 
the various closure techniques were not reported 
[25]. Additionally, the use of nonvascular stapler 
loads, which the authors suggest were occasion-
ally used, may be quite significant. One single-
center study suggested that the rate of pancreatic 
fistula was much lower when a vascular (2.5 mm) 
cartridge was utilized instead of a standard car-
tridge or a hand-sewn technique [26]. More re-
cently, a large multicenter trial was conducted to 
answer the question of whether a stapled or hand-
sewn technique prevented POPF. The DISPACT 
trial randomized patients into a stapled or hand-
sewn closure of the pancreatic stump. The prima-
ry endpoints included combined mortality and/or 
the detection of pancreatic fistula prior to post-
operative day #7. Secondary endpoints included 
detection of pancreatic fistula up until postopera-
tive day #30. No difference in fistula rates was 
described between the two groups. Additionally, 
outcomes among a range of clinical factors were 
similar. A post hoc analysis was conducted within 
the trial to determine the factors associated with 
the development of pancreatic fistula and did not 
reveal any factor to be causative in a multivariate 
analysis [27].

Ligation of the main pancreatic duct, where 
technically feasible, has been reported to dra-
matically reduce the incidence of pancreatic duct 
leak in some studies, with conflicting reports in 
others. The main limitation of data addressing 



32130 Preventing Pancreatic Fistula Following Distal Pancreatectomy

this technical point is that it is limited to single-
institution retrospective studies. Some authors 
have been able to demonstrate a reduction in the 
rate of pancreatic fistula from greater than 30 % 
to less than 10 % and that the performance of duct 
ligation was a significant negative predictor of 
pancreatic fistula by multivariate analysis [28]. 
Notably, in that study, which included an overall 
pancreatic leak rate of approximately 20 %, other 
factors including pancreatic pathology, hand-
sewn or stapled closure, octreotide use, blood 
transfusion, and operating time, among other 
factors, were all demonstrated to be unrelated to 
the postoperative development of pancreatic leak 
in a multivariate analysis. A recent retrospective 
review of 704 patients undergoing distal pancre-
atectomy at a single institution was not able to 
detect a significant effect of duct ligation on the 
prevention of pancreatic leak, and in fact detect-
ed a trend toward increased clinically significant 
leak rate when duct ligation was performed. Of 
note, however, duct ligation was employed se-
lectively at this institution, and thus may have 
been reserved for those cases with large duct 
diameters or other intraoperative findings that 
raised concern for increased likelihood of duct  
leak [3].

There has been new interest in managing the 
transected pancreatic stump by reinforcing the 
stump with a mesh closure. Early retrospective 
data from single centers suggested that use of 
an absorbable mesh to reinforce the staple line 
of the transected pancreas reduced the rate of 
stump leak [29]. This method has been investi-
gated with a randomized, single-blinded clinical 
trial with a total enrollment of 100 patients. Rein-
forcement of the distal pancreatectomy resection 
margin with mesh reduced the rate of clinically 
significant (ISGPF B and C) pancreatic fistula 
from 20 % to less than 2 % [30]. One potential 
disadvantage of this technique relates to expense, 
as the placement of a mesh significantly increas-
es the cost of operation. However, a recent cost 
analysis suggested that patients who received 
mesh placement during distal pancreatectomy 
had overall lower hospital charges and decreased 
length of stay versus patients who underwent dis-
tal pancreatectomy without mesh placement [31].

Minimally Invasive Versus  
Open Techniques

Despite advances in laparoscopic and robotic 
approaches, the vast majority of distal pancre-
atectomies continue to be performed via an open 
approach. Recent retrospective data have demon-
strated that minimally invasive distal pancreatec-
tomy is associated with decreased blood loss and 
shorter hospital stays than open pancreatectomy 
[32]. A large recent study utilizing the Nation-
wide Inpatient Sample database suggested, first, 
that the minimally invasive approach is becom-
ing more widely utilized, increasing from 2.4 to 
7.3 % over a study period from 1998 to 2009. 
Second, that study reported that the minimally 
invasive approach was associated with decreased 
length of stay as well as decreased incidence of 
infectious complications, bleeding complica-
tions, and blood transfusions [33]. This popula-
tion-based study echoes conclusions drawn by a 
large multi-institutional study performed several 
years previously. Drawing on a combined pa-
tient sample of 667 patients, with 24 % initially 
attempted laparoscopically, the authors were 
able to demonstrate lower overall complication 
rate, decreased blood loss, and shorter hospital 
stays among patients undergoing laparoscopic 
approach via a multivariate analysis. Notably, 
there was no significant difference in the pancre-
atic leak rate between the open and laparoscopic 
approaches, although there was a nonsignificant 
trend favoring the laparoscopic approach [34].

More recently, the robotic approach has gen-
erated significant interest as a technique for per-
forming distal pancreatectomy. Retrospective 
analysis has suggested that the robotic approach 
is well suited for pancreatectomy. Fistula rates, 
however, remain a concern. A retrospective re-
view of patients undergoing robotic pancreatic 
operations included 83 patients who underwent 
distal pancreatectomy. About 27 % were identi-
fied as having a ISPGF type A pancreatic leak; 
12 and 4.8 % were identified as having a grade 
B or C leak, respectively [35]. At our own insti-
tution, we have increasingly come to utilize the 
robotic approach as the operation of choice for 
elective distal pancreatectomy. Early data based 
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on retrospective analyses have demonstrated no 
difference between the robotic approach and the 
laparoscopic approach with regard to the devel-
opment of pancreatic fistula. The robotic ap-
proach, however, was associated with lower rates 
of conversion to open in comparison with the 
laparoscopic approach as well as shorter opera-
tive times. Additionally, oncologic outcome in-
cluding nodal harvest and R0 resection were im-
proved with the robotic approach. No significant 
difference in outcome with regard to pancreatic 
fistula has been demonstrated between the robot-
ic and the laparoscopic approach [36].

Drain Placement and Management

Drain placement after pancreatectomy has been a 
subject of controversy for several years. At least 
one randomized trial demonstrated no benefit to 
drain placement after pancreatic resection; that 
trial, however, included both pancreaticoduode-
nectomy and distal pancreatectomy [37]. More 
recently, retrospective data in patients undergo-
ing distal pancreatectomy demonstrated that 50 % 
of patients who developed pancreatic fistula were 
given that diagnosis after the drain had been re-
moved. Put another way, that data suggested that 
the presence of a drain was only useful for the 
detection of pancreatic fistula in 50 % of patients 
[38]. Other retrospective analyses have failed to 
demonstrate a benefit to peritoneal drainage after 
distal pancreatectomy [39]. However, our specif-
ic practice has remained to leave a drain in place 
anterior to the stapled transection margin. In our 
experience, placement of a drain has the potential 
to control intra-abdominal fluid collections that 
form as a result of pancreatic stump leak, and we 
choose to drain nearly all cases of distal pancre-
atectomy. Our approach to management of op-
erative intraperitoneal drains is to monitor daily 
output and remove drains when drain output is 
less than 50cc per day, the character of the efflu-
ent is serous, and the patient appears clinically 
well and is tolerating enteral feeding [6]. Though 
admittedly a practice preference, we have seen 
very few complications related to the actual drain 
itself.

Management of Complications  
of Pancreatic Leak

Mostly, any deviation from the expected clini-
cal course in a patient who has undergone distal 
pancreatectomy should prompt consideration of a 
pancreatic leak. Pancreatic leaks may present in a 
latent fashion, or be clinically evident early after 
resection. If a drain has been left in place, ret-
rospective data suggest that features of the drain 
prior to its removal should not be reassuring with 
regard to the subsequent consideration of pan-
creatic fistula when a patient presents postopera-
tively with fever and abdominal pain. The pre-
ceding data in this chapter underscore the wide 
variety of strategies that have been employed to 
prevent pancreatic exocrine complications after 
distal pancreatectomy and the very limited suc-
cess that any single strategy has enjoyed. Indeed, 
a recent survey of hepatopancreatobiliary sur-
geons worldwide demonstrated that there is little 
consensus on the management of patients with 
POPF [40].

One area where there is significant consensus 
is the use of enteral nutrition. A recent single-in-
stitution randomized controlled trial demonstrat-
ed that the use of enteral, rather than parenteral, 
nutrition in patients with POPF was associated 
with a significantly higher rate of fistula closure 
and success of conservative management. A sig-
nificant caveat to the interpretation of these data 
is that it includes all patients with postsurgical 
pancreatic fistula, and only a minority of patients 
in this study had undergone distal pancreatec-
tomy [41]. Nonetheless, our approach in general 
has been to feed enterally wherever possible.

In comparison with pancreaticoduodenec-
tomy, collections that form after distal pancre-
atectomy are less likely to present with super-
infection, but more likely to require prolonged 
drainage. Additionally, patients with postopera-
tive collections after distal pancreatectomy were 
more likely to present in a latent fashion after 
discharge [42].

Ductal disruption after distal pancreatectomy 
can lead to a variety of complications, each of 
which has different specific management strat-
egies. In general, we manage patients using the 
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ISPGF criteria. Patients with grade A or B leaks 
are managed conservatively, with grade B pa-
tients often requiring inpatient management with 
observation, hydration, and antibiotics.

Rarely, we have come across patients that 
have developed complications such as pancreatic 
pseudocyst following distal pancreatectomy. Our 
essential approach to managing these patients in-
volves four steps. The first principle is resuscita-
tion toward goal-directed endpoints and adequate 
infection control pending further management. 
The second is adequate anatomic information, 
particularly with regard to main pancreatic duct 
disruption and ongoing fistulous formation, with 
endoscopic intervention where necessary. The 
third is optimization of the patient to undergo 
prolonged conservative management, including 
careful attention to nutritional status, ongoing 
antibiotics if indicated, judicious management of 
electrolyte abnormalities, and overall attention to 
physical and psychological well-being. Fourth, 
when intervention is necessary, a strategy of de-
liberate reintervention is preferred.

Goal-Directed Resuscitation  
and Infection Control

The patient presenting with latent pancreatic leak 
or pseudocyst frequently will present with com-
plaints of abdominal pain, fever, nausea, or vom-
iting. In more dramatic cases, full-blown signs 
of sepsis or even shock may be present. Initially, 
we manage these patients as we would any other 
postoperative intra-abdominal complication. Re-
suscitation with crystalloid proceeds expeditious-
ly with a goal of maintaining adequate tissue per-
fusion. Hence, urine output is followed closely, 
with placement of a Foley catheter if there is any 
uncertainty as to whether adequate urine output 
can be recorded. Full laboratory studies, urinaly-
sis, and blood cultures are obtained, and initial 
imaging studies including a contrast abdominal 
computed tomography scan are obtained. After 
blood cultures are drawn, antibiotic therapy is 
administered empirically. Individual patient-spe-
cific data on history of resistant organisms and 
institution-specific resistance patterns are con-

sidered. Often the combination of vancomycin 
and a carbapenem is selected for adequate pen-
etration into a potential pseudocyst cavity. Signs 
of severe infection, such as necrotizing features 
or evidence of gas-forming bacteria within the 
fluid collection, typically require prompt drain-
age, either surgically or through radiographic 
means. Prompt initiation of vasopressor support 
and observation in a monitored bed are pursued 
as clinically indicated.

Further Definition of Anatomy  
and Source Control

The next key decision point involves defining the 
anatomic basis of the patient’s complication and 
offering targeted interventions where appropri-
ate. Where CT imaging has not provided suffi-
cient data, Magnetic resonance cholangiopancre-
atography (MRCP) may be pursued at this point, 
which has the significant advantage of imaging 
of pancreatic ductal disruption. In most cases, 
we prefer obtaining an MRCP prior to consid-
ering endoscopic intervention. However, where 
evidence of ongoing ductal leak is evident, en-
doscopic retrograde cholangiopancreatography 
with sphincterotomy and stent placement is pur-
sued in order to decompress the pancreatic ductal 
system. Lastly, if the clinical status warrants per-
cutaneous intervention, IR-guided drain place-
ment may be considered. Our primary consider-
ation in this regard is the clinical status of the pa-
tient and the appearance of concerning features, 
such as gas within the pseudocyst collection.

Optimizing Patient Clinical Status  
for Ongoing Conservative Management

Postoperative complications such as pancreatic 
fistula or pseudocyst are significant, physically 
and emotionally challenging complications for 
patients to endure. Scrupulous attention to the 
maintenance of the patients’ well-being as they 
suffer the ordeal of prolonged hospitalization or 
external drainage is mandatory. Careful attention 
to ongoing fluid losses and electrolyte abnor-
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malities can minimize physiologic stress. Addi-
tionally, it is not likely that patients can maintain 
adequate caloric intake in the face of the psycho-
logical stress as well as the physical discomfort 
attendant on such a complication. Consequently, 
we initiate supplemental enteral nutrition quick-
ly, with the recognition that supplemental feeding 
via a Dobhoff tube can place its own burden on 
the patient. Parenteral nutrition is avoided wher-
ever possible. Antibiotics are typically continued 
for several weeks in the absence of definitive 
source control. Careful coordination of resourc-
es is necessary if patients are to continue these 
treatments on an outpatient basis, whether at a 
rehabilitation hospital or at home. Intraperitoneal 
drains, whether present from the initial operation 
or placed under radiologic guidance, are main-
tained until output has ceased or until further sur-
gical intervention is pursued.

Deliberate Reintervention  
When Clinically Indicated

Our final approach involves reintervention when 
clinically indicated, preferably with minimally 
invasive approaches whenever necessary. The 
majority of patients with this complication will 
resolve with conservative management. How-
ever, when a persistent pseudocyst has formed 
and is causing ongoing abdominal symptoms, 
surgical and occasionally endoscopic procedures 
such as cyst gastrostomy or cyst jejunostomy are 
considered (when a nonresolving mature pseudo-
cyst exists). Another useful operation is internal 
drainage of a mature fistula tract to the jejunum, 
avoiding the temptation to dissect to the actual 
origin location of the leak. Typically operative 
planning requires repeat MRCP in order to define 
whether ongoing ductal disruption is present. Re-
peat ERCP with stent exchange is considered on 
a case-by-case basis.

Summary

Left pancreatectomy is an attractive operation for 
patients with distal pancreatic disease. Nonethe-
less, despite significant investigation in this area, 
high rates of POPF are reported across multiple 
centers. Few technical modalities have been con-
clusively shown to prevent this complication. Re-
cent studies indicating a role for mesh reinforce-
ment of the staple line are encouraging, but will 
require further external validation. We anticipate 
continued growth in minimally invasive and ro-
botic approaches. The adaptation of technical 
modalities to the minimally invasive approach 
may yield further improvements in preventing 
the complication of pancreatic stump leak. The 
management of the complication of pancreatic 
leak with or without formation of pseudocyst 
requires careful multidisciplinary strategies. The 
role of the surgeon in caring for the patient with a 
postoperative pancreatic leak is critical to a suc-
cessful outcome and a healthy patient.

Key Points on Avoiding Complications

1. Consider gland texture, duct diameter, and 
gland thickness when transecting pancreatic 
body. Use triple-row stapler when technically 
feasible.

2. Consider mesh placement to reinforce staple 
line.

3. Octreotide administered perioperatively has 
never been demonstrated to provide benefit, 
but is utilized by a number of centers given its 
low cost and relative ease of administration.

4. Minimally invasive distal pancreatectomy has 
not been demonstrated to be superior to open 
pancreatectomy in terms of overall fistula 
rates, but is associated with decreased blood 
loss and shorter overall hospital stay.

5. When performed, enteric anastomoses to the 
distal pancreatic transection margin are asso-
ciated with low rates of fistula formation, but 
are infrequently utilized.
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Key Points on Diagnosis/ 
Management of Complications

1. Consider pancreatic leak in the differential di-
agnosis of any patient who undergoes distal 
pancreatectomy and experiences a significant 
deviation from the postoperative course.

2. No more than 50 % of pancreatic leaks are 
likely to be detected on the basis of intraperi-
toneal drains, and axial imaging may reveal 
no anatomic abnormality in the setting of high 
drain output.

3. Enteral nutrition is preferred wherever pos-
sible and is associated with increased rates of 
spontaneous fistula closure.

4. Endoscopic and surgical techniques may be 
considered for patients who develop persistent 
fistula or complications such as pseudocyst.

5. When a pseudocyst develops, consider all 
multidisciplinary approaches, as surgical rein-
tervention can often be avoided.
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Introduction

Colorectal operations involve two phases: resec-
tion of target pathology and then reestablishment 
of gastrointestinal continuity. When intra-abdom-
inal continuity cannot be fully established, sto-
mas are constructed. In either scenario, surgeons 
may face a stressful situation in which the small 
bowel or colon “just does not reach,” either to the 
distal end for an anastomosis, or to the skin, to 
construct a stoma. This chapter will describe the 
techniques and operative pearls on making dif-
ficult reconstructions possible.

We can classify most colorectal operations by 
their levels of resection and matching reconstruc-
tion (Table 31.1). Most reconstruction problems 
occur after very distal rectal resections. For ex-
ample, a low anterior resection almost always 
requires, at the very least, mobilization of the 
descending colon from the retroperitoneum and 
splenic flexure for a tension-free colorectal anas-
tomosis. A right colectomy, on the other hand, 
does not require extensive mobilization of the 
ileum or transverse colon to create the ileo-trans-
verse anastomosis because the mesentery at both 
ends is not retroperitoneal.

Perhaps the most critical point when dealing 
with the bowel that “does not reach” lies with 
preemptive planning. For any colorectal opera-
tion that will require reestablishment of gastro-
intestinal continuity, the surgeon should have a 
preoperative plan of what needs to be done for 
reconstruction after the specimen is resected. 
Patients should therefore be positioned to en-
able splenic flexure mobilization, for example, 
along with having the necessary equipment for 
mobilization maneuvers no matter the approach 
(open, hand-assisted laparoscopy, or purely lapa-
roscopic). These strategies should be conveyed to 
both the patient and the surgical team so that any 
unexpected surprises can be mitigated.

Anatomic Constraints

The primary concern in difficult bowel recon-
struction is a tenuous and unsafe anastomosis. 
Multiple studies have demonstrated both “local” 
and “systemic” factors that contribute to poor 
anastomotic healing [1–4]. During an operation, 
the surgeon has immediate control of the local 
factors and a tension-free anastomosis with ad-
equate blood supply is the most critical techni-
cal point that needs to be achieved to decrease 
the risk of anastomotic leak. Successful mobi-
lization of the small bowel and colon to create 
tension-free anastomoses or stomas requires a 
clear understanding of their anatomic attach-
ments. These attachments include (1) embryonic 
fusion planes, (2) peri-organ “ligaments,” and (3) 
vascular pedicles that can be ligated to maximize 
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mobility while preserving necessary blood sup-
ply (Fig. 31.1).

The small bowel is tethered to the posterior 
abdomen in an obliquely arranged mesentery that 
runs diagonally from the ligament of Treitz in the 

left upper quadrant to the right lower quadrant. 
The small bowel mesentery is usually very mo-
bile with retroperitoneal fixation only at the liga-
ment of Treitz and near the terminal ileum as it 
joins the retroperitoneal cecum and right colon. 
The right colon mesentery posteriorly abuts the 
right kidney, right ureter, and duodenum. After 
turning at the hepatic flexure, the transverse 
colon emerges from the retroperitoneum and its 
mesocolon is usually mobile before fixation into 
the splenic flexure. At this juncture, the left colon 
becomes retroperitoneal and its mesentery poste-
riorly abuts the left kidney. The splenic flexure 
is additionally fixated by the greater omentum 
and several peri-organ “ligaments” (splenocolic, 
renocolic, pancreatocolic, and phrenocolic liga-
ments). The sigmoid colon is nonperitonealized 
and usually held by a few lateral attachments as 
its mesentery courses over the left ureter and go-
nadal vessels. As the tenia disappears, the rectum 
begins intraperitoneally at the sacral promontory 
before traveling under the peritoneal reflection 
with its mesorectum to the pelvic floor and ano-
rectal junction.

While mobilizing the small bowel and colon 
from the retroperitoneum and peri-organ attach-

Table 31.1  Classic colorectal operations and recon-
struction techniques

Reconstruction
Segmental resection
Proximal

Small bowel resection Enteroenterostomy
Ileocecectomy Ileo-ascending colostomy
Right colectomy Ileo-transverse colostomy
middle

Right extended colectomy Ileo-transverse colostomy
Transverse colectomy Colocolostomy
Left extended colectomy Colocolostomy
distal

Left colectomy Colocolostomy
Sigmoidectomy Colorectostomy
Low anterior resection Colorectostomy
Proctectomy Coloanal anastomosis
Nonsegmental resection
Subtotal colectomy Ileo-sigmoid colostomy
Total abdominal colectomy Ileorectostomy
Total proctocolectomy Ileo-anal anastomosis

Fig. 31.1  Anatomic constraints within the abdomen. 
Highlighted are the embryonic fusion planes (a), peri-
organ ligaments (b), and vascular pedicles that are the 
targets of primary and secondary mobilization techniques 
(c). SMA superior mesenteric artery, IMA inferior mes-

enteric artery, IMV inferior mesenteric vein, IC ileocolic 
artery, RC right colic artery, MC middle colic artery, LC 
left colic artery, SA sigmoid arteries, LCV left colic vein. 
© Mayo Clinic
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ments such as the spleen and omentum is often 
sufficient to provide needed reach, these “first-
line” maneuvers simply free, but preserve em-
bryonic planes. Secondary and more advanced 
maneuvers exploit the vascular tethers within 
the mesentery. These vessels include the superior 
mesenteric artery (SMA) and its branches (the il-
eocolic, right colic, and middle colic artery), the 
inferior mesenteric artery (IMA) and its branches 
(the left colic, sigmoid, and superior rectal ar-
tery), and the inferior mesenteric vein (IMV). 
Thoughtful and directed transection of these ves-
sels while relying on collateral blood flow can 
provide significantly more reach while maintain-
ing a tension-free anastomosis with adequate 
blood supply.

Diagnosing the Problem

Surgical trainees are taught that a successful 
anastomosis is one that is tension-free and well-
vascularized. But is there a way to quantify how 
much tension is allowable for an anastomosis to 
be safe? Is there a way to quantify if adequate 
blood supply is reaching an anastomosis? These 
are critical questions that are always asked dur-
ing mortality and morbidity conferences when 
presenting an anastomotic leak case, but un-
fortunately our ability to answer these ques-
tions with objective data is limited. On the 
contrary, we often rely on past experience and 
make clinical judgments when making these  
decisions.

Probably the simplest way to ask if an anasto-
mosis is under tension is to lay the proximal and 
distal bowel ends in the field without any pulling 
or pushing. If the ends overlap each other by at 
least 5 cm, one can presume that there will be 

minimal to no tension on the anastomosis. When 
we need to pull inferiorly on the proximal end, or 
superiorly on the distal end, there will be prob-
lems and further mobilization needs to be per-
formed. Similarly, during ileal-pouch anal anas-
tomoses (IPAA), we use the inferior edge of the 
pubis symphysis as a rough estimate of adequate 
length if the apex of the pouch can reach it with-
out tension.

Blood supply can be initially assessed with 
the gross appearance of the proximal and distal 
ends of the bowel. Completely ischemic tissue 
will have an obvious black-blue, discolored ap-
pearance, but this assessment is easiest at the 
extreme end of ischemia. In reality, bowel ends 
could be bruised, or “dusky,” and a clinical judg-
ment needs to be made on its viability. In these 
cases, we observe whether there was bleeding at 
the anastomotic line during transection or use the 
Doppler to assess for blood flow. While some-
what rudimentary, we find these methods useful 
in those moments of doubt. Future diagnostic 
tests may include using intraoperative indo-
cyanine green (ICG) angiography, which shows 
promise in distinguishing anastomotic ends with 
poor perfusion [5].

Specific Techniques: Making It Reach

When presented with the bowel that cannot reach, 
mobilization should begin in a sequential and 
logical fashion that uses defined technical princi-
ples to remove anatomic constraints (Table 31.2). 
Primary maneuvers include (1) mobilizing em-
bryonic planes and (2) dividing peri-organ “liga-
ments” or attachments. Secondary maneuvers 
include directed ligation of vascular pedicles that 
restrict the mobility of the corresponding proxi-

Table 31.2  Mobilization techniques for difficult reconstructions
Maneuvers Goals of maneuver Examples
Primary Separation of embryonic fusion planes Cattell and Mattox maneuvers

Division of peri-organ “ligaments” Splenic flexure mobilization
Secondary Ligation of vascular pedicles Ligating the ileocolic artery during IPAA

Preservation of collateral blood supply Preserving the middle colic artery to supply ileal pouch
Tertiary Extended resection to mobile proximal bowel Completion colectomy

Stoma construction End ileostomy or colostomy
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mal bowel. Often, these vascular ligations are 
already part of the oncologic resection. Tertiary 
maneuvers include more extended bowel resec-
tions to reach a mobile proximal portion of bowel 
versus the construction of a stoma if no tension-
free option is possible. To illustrate these prin-
ciples, we describe several challenging operative 
situations in which multiple strategies may be 
necessary to achieve intestinal continuity.

Colorectal and Coloanal Anastomosis

Primary reconstruction of the distal gastrointesti-
nal tract after resection of the left colon, sigmoid, 
and/or rectum requires a colorectal or coloanal 
anastomosis. The construction of a tension-free 
anastomosis requires significant mobilization for 
the proximal bowel to reach into the pelvis and 
can be performed using open or minimally inva-
sive techniques.

Primary maneuvers separate the left colon 
from its retroperitoneal and peri-organ attach-

ments. This maneuver can be done using a 
lateral-to-medial or medial-to-lateral approach 
(Fig. 31.2). Either approach is effective and de-
pends on the surgeon’s experience, training, and 
comfort level. The medial-to-lateral approach 
immediately identifies and ligates vascular ped-
icles such as the IMA and IMV before dissecting 
“underneath” the retromesenteric plane to the lat-
eral line of Toldt and splenic flexure. The lateral-
to-medial approach is more classically taught and 
equally effective, and both techniques have been 
thoroughly described before [6–8]. As such, we 
will go over general principles and add our spe-
cific commentary and operative pearls.

Lateral-to-Medial Approach

For a lateral-to-medial approach, we first open 
the line of Toldt at the pelvic brim to enter the 
retromesenteric space (Fig. 31.2). With firm 
counter-traction on the colon medially, the white, 
wispy, and avascular fibers marking the embry-

Fig. 31.2  Overview of primary and secondary maneu-
vers for colorectal and coloanal anastomoses. a Lateral-
to-medial dissection proceeds with ( 1) mobilizing the 
line of Toldt and splenic flexure, ( 2) high ligation of the 
inferior mesenteric artery ( IMA), and ( 3) high ligation of 
the inferior mesenteric vein ( IMV) to provide maximum 
bowel length for a colorectal or coloanal anastomosis. 
A medial-to-lateral dissection proceeds in another order 

with ( 2) high ligation of the IMA, ( 3) high ligation of 
the IMV, and finally ( 1) mobilization of the retroperito-
neal embryonic plane. b Critical retroperitoneal structures 
that can be identified during mobilization of the left colon 
are illustrated including the left iliac artery ( I), left ureter 
( Ur), and left gonadal vessels ( GV). Splenic flexure mo-
bilization involves ligating the splenocolic, phrenicocolic, 
and pancreaticolic ligaments. © Mayo Clinic
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onic, retromesenteric fusion plane can be visual-
ized and dissected bluntly, sharply, or with elec-
trocautery. The retroperitoneum, gonadal vessels, 
and left ureter remain undisturbed posteriorly and 
the dissection is continued superiorly toward the 
splenic flexure. One of the teaching points during 
this maneuver is to keep closer to the colon edge 
and to avoid laterality once the line of Toldt is 
incised. If the latter is done, then the dissection 
will actually come around the retroperitoneum 
rather than the colon mesentery, and the left kid-
ney will be elevated. The colon mesentery will 
often maintain a sheer glistening layer of parietal 
peritoneum that can be used to distinguish from 
the underlying fat of the retroperitoneum.

As the surgeon works superiorly, the left kid-
ney will be encountered posteriorly with its over-
lying Gerota’s fascia. The kidney should remain 
undisturbed, and any bleeding suggests that the 
wrong plane has been entered. With firm medial 
and inferior traction on the colon, the splenic 
flexure can be approached laterally while staying 
close to the colon to avoid “wandering off” into 
the more lateral retroperitoneum and sometimes 
thick omental attachments. Tension lines should 
be demonstrated and sharply cut, cauterized, or 
divided with energy devices. The goal is to enter 
the lesser sac which would signify the surgeon 
coming “around the bend” of the splenic flex-
ure. Often there is abundant omentum that will 
need to be dissected free from the distal trans-
verse colon and its epiploica. If there is difficulty 
freeing the splenic flexure with a lateral, coun-
terclockwise approach, then the surgeon should 
switch to a medial, clockwise approach by flip-
ping the omentum superiorly and detaching the 
inferior omental leaflet from the mid-transverse 
colon to enter the lesser sac. Once the lesser sac 
is entered, then the surgeon can approach the 
splenic flexure medially to join the lateral dissec-
tion.

Mobilizing the splenic flexure is an impor-
tant first step in distal reconstructions such as 
colorectal or coloanal anastomoses. Cadaveric 
studies have shown that an additional 10–28 cm 
of colonic length can be gained with mobilization 
of the splenic flexure and distal transverse colon 
[9, 10]. Some surgeons advocate splenic flexure 

mobilization at the very beginning of the opera-
tion to avoid any future debate at the end of a long 
resection, while others advocate selective use of 
the technique on an as-needed basis depending 
on colon redundancy [9]. It is our routine prac-
tice to mobilize the splenic flexure preceding an 
anticipated mid-rectal to coloanal anastomoses.

If the proximal colon cannot reach the dis-
tal rectum or anus for a tension-free anastomo-
sis after splenic flexure mobilization, then sec-
ondary mobilization techniques are employed 
(Fig. 31.3). These maneuvers involve ligating the 
vascular pedicles on the left colon/rectal mesen-
tery including the IMA and the IMV. During on-
cologic resections, these vessels are usually taken 
anyways as part of the specimen, but in benign 
indications such as diverticular disease, these 
vessels may have been preserved.

Ligation of the IMA and IMV provides sig-
nificant additional length to the left colon for 
distal anastomoses (Fig. 31.3). Cadaveric stud-
ies have shown that after primary mobilization of 
the left colon and splenic flexure, “high ligation” 
of the IMA 1 cm from the aorta and “high liga-
tion” of the IMV superior to its junction with the 
left colic vein (usually at the inferior border of 
the pancreas) provide up to 19.1 ± 3.8 cm of ad-
ditional colon length [11]. In contrast, “low liga-
tion” of the both the IMA and IMV at the level of 
the left colic artery releases only 8.8 ± 2.9 cm of 
colon length. Ligation of the remaining left colic 
artery then provides an additional 8.2 ± 2.7 cm of 
length for a 17 ± 3.1 cm total mean gain in colon 
length. Ligation of the vascular pedicles at these 
locations can thus provide significant mobility 
for low pelvic anastomoses with the caveat that 
blood supply to the remaining colon relies on col-
lateral supply from the middle colic and marginal 
arteries.

Medial-to-Lateral Approach
The medial-to-lateral approach, often used dur-
ing laparoscopic approaches, begins with identi-
fication of the IMA as the sigmoid colon is held 
under ventral and lateral tension (Fig. 31.2). The 
IMA appears as a bow string in the fold of the 
sigmoid mesocolon. The peritoneum at the base 
of the mesentery is scored above and parallel to 



334 D. I. Chu and E. J. Dozois

the aorta beginning at the sacral promontory. An 
avascular plane should be found that stays above 
the aorta/hypogastric nerves and under the IMA/
superior rectal artery as it courses into the pelvis. 
This plane is carried superiorly to the base of the 
“bow string” as the IMA takes off from the aorta. 
Both sides of the base of the IMA are developed, 
and the IMA can be then be divided using suture, 
clips, staplers, or with energy devices.

While the left colon mesentery is held under 
tension, the retromesenteric plane is bluntly de-
veloped from the medial side. The left ureter and 
gonadal vessels are left posteriorly in the retro-
peritoneum. As this plane is dissected, the IMV 
should become identifiable as it courses supe-
riorly before slipping under the pancreas. If the 
retromesenteric plan is correctly developed, the 
IMV will be elevated off the retroperitoneum. 
Both sides of the IMV can then be opened and 
the vessel ligated at the inferior border of the 
pancreas and superior to its junction with the 
left colic vein. At this point, the surgeon contin-
ues dissecting laterally underneath the left colon 
mesentery until the lateral border is reached. 
This approach continues up to the splenic flex-
ure and at any time, the surgeon may also choose 

to work from a lateral approach by incising the 
lateral attachments to connect with the medial 
approach after the IMA and IMV have been  
ligated.

The end result of a medial-to-lateral approach 
is the same as a lateral-to-medial one, and the 
same primary and secondary mobilization tech-
niques are utilized to maximize the bowel length 
necessary for a colorectal or coloanal anastomo-
sis. The anastomotic technique will not be dis-
cussed in detail in this chapter, but can be per-
formed with hand-sewn or stapled techniques. It 
should be noted that stapled techniques require 
additional bowel length as the proximal and dis-
tal ends need to be “purse-stringed” or closed 
over the stapling device head/spike and anvil. 
Hand-sewn techniques utilize the edge of the 
bowel ends and thus can preserve some bowel 
length in those difficult reconstructions.

Ileal-Pouch Anal Anastomosis (IPAA)

Surgeons who perform IPAA know that a tension-
free pouch anal anastomosis is a challenge due to 
the anatomic constraints of the ileal mesentery, 

Fig. 31.3  Increasing colon length with primary and sec-
ondary maneuvers. a Primary maneuvers such as splenic 
flexure mobilization provide additional reach for the prox-
imal colon, but maximal reach is restricted by the inferior 
mesentery artery ( IMA). b After high ligation of the IMA, 
the colon is further restricted by the inferior mesenteric 

vein ( IMV). Transection of the IMV must be performed 
proximal to the confluence of the left colic vein ( LCV).  
c Ligation of the IMV proximal to the LCV provides max-
imum colon reach to the pelvis for tension-free colorectal 
or coloanal anastomoses. © Mayo Clinic
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which is anchored by the SMA. To determine 
if a tension-free anastomosis will be possible, a 
somewhat crude estimate for adequate length is 
to see if the base of the pouch reaches the inferior 
portion of the symphysis pubis without tension. 
It is important to emphasize that there can be a 
2–4-cm difference between the superior and in-
ferior border of the pubis. Cadaveric studies by 
Smith et al. estimate that the total length from the 
SMA origin to the dentate line is 34.5 cm (range, 
28–36 cm) but only 31.2 cm (range, 28–33 cm) to 
the inferior border of the pubis [12]. Thus, there 
is a gap of 3.3 cm that needs to be accounted for 
when constructing an IPAA. Interestingly, Smith 
et al. observed that if the base of the pouch can 
reach 6 cm below the pubis, then the pouch will 
reach to the dentate line 100 % of the time without 
tension. If the pouch reaches to 2 or 4 cm below 
the symphysis, then the pouch will reach without 
tension 33 and 55 % of the time, respectively. In 
our experience, pouches often do not reach eas-
ily and additional mobilization techniques are 
always required.

As described previously, primary maneuvers 
mobilize the embryonic fusion planes. The first 
step in creating more reach, therefore, is to mobi-
lize the small bowel mesentery off the retroperi-
toneum to its mesenteric root as the SMA emerg-
es from the inferior border of the pancreas and 
duodenum (Fig. 31.4). Further mobilization of 
the SMA over the head of the pancreas can yield 
2–3 cm of additional length. Horizontal stepwise 
scoring of the peritoneum and avascular portions 
of the small bowel mesentery can provide upward 
of 2–3 cm of additional mesenteric length for an 
ileal pouch [13–15]. Typically, at least three to 
six relaxing incisions are made. This simple ma-
neuver is particularly useful for mesenteries fore-
shortened by peritoneal fibrosis and/or adhesions 
from prior operations (Fig. 31.4c).

Secondary maneuvers, which can provide 
significant additional length, involve ligation of 
the ileocolic artery [16], distal SMA [17] or, less 
commonly, individual ileal mesenteric vessels 
[18]. There is still debate on which vessel should 
be ligated to provide the greatest gain in length, 
but the average additional gain ranges from 4 
to 7 cm in any of the three techniques with no 

observed differences in morbidity [15]. The first 
pedicle we prefer to ligate is the proximal ileoco-
lic artery (Fig. 31.4d). In thin patients, this blood 
vessel can be directly visualized by splaying out 
the mesentery under the bright, overhead lights. 
In the obese patient with mesenteric fat, these 
vessels are much harder, if not impossible, to vi-
sualize and palpation or Doppler devices may be 
needed to verify collateral circulation.

In one cadaver study, ligation of the ileoco-
lic artery provided an additional 3 cm of pouch 
reach as compared to 6.5 cm in additional reach 
with ligation of the distal SMA (inferior to the 
takeoff of the ileocolic artery) [16, 17]. In rare 
cases, the distal SMA, not the ileocolic artery, 
creates the most amount of tension when the 
mesentery is pulled caudally to the pelvis. In this 
circumstance, if appropriate collateral circulation 
exists from the ileocolic artery, the distal SMA 
can be ligated. If there is concern about collateral 
blood supply, trans-illumination of the mesentery 
should be done and a bulldog vascular clamp can 
be used to temporarily occlude the distal SMA. 
If adequate collaterals exist, no signs of ischemia 
will be seen in the distal ileum.

Proponents of “first-line” ligation of the 
SMA, with preservation of the ileocolic artery, 
suggest employing this technique when a sig-
nificant discrepancy in pouch reach is assessed at 
the beginning of the case [15]. In general, and as 
confirmed by cadaveric studies [19], significant-
ly increased mesenteric length can be achieved 
with ligation of the distal SMA. The benefit of 
length, however, is tempered by the risk of ligat-
ing the major inflow to the distal small bowel. 
No study has demonstrated increased morbidity 
with distal SMA ligation, but these studies are all 
small, retrospective, and limited by selection bias 
[17, 20], and we would caution surgeons when 
using this particular vascular technique.

When a severely shortened ileal mesentery is 
noted at the time of initial exploration, another 
advanced secondary technique can be considered. 
If this approach is to be used, it must be consid-
ered while the colectomy is being done because 
it requires preservation of the middle colic, right 
colic, ileocolic, and intervening marginal artery 
(Fig. 31.5). Upon completion of the colectomy, 
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the distal ileum, at approximately 8 cm from 
the transected ileum, is pulled caudally toward 
the pubis putting tension on the ileal mesentery. 
A series of sequential vessel ligations are then 
performed until adequate length is reached. The 
first vessel to be ligated is the right colic artery 

followed by the ileocolic artery if more length 
is needed. If tension is still a concern, the distal 
SMA can be ligated to generate maximum length. 
These series of ligations can be safely performed 
because of the preserved retrograde collateral 
circulation from the middle colic and right colon 

Fig. 31.4  Ileal-pouch anal anastomosis ( IPAA) recon-
struction. a Primary maneuvers mobilize the small bowel 
mesentery off the retroperitoneum to its mesenteric root 
as the superior mesenteric artery ( SMA) emerges from the 
inferior border of the pancreas and duodenum. IC ileoco-
lic artery, RC right colic artery, MC middle colic artery. 
b Critical retroperitoneal structures that can be identified 
during mobilization of the small bowel mesentery include 
the aorta ( Ao), right ureter ( Ur), right gonadal vessels 

( GV), and duodenum ( D). c After resection of the colon, 
the terminal ileum is prepared by exposing the root of the 
SMA and then scoring the peritoneum stepwise over the 
path of the SMA under tension, which provides additional 
length for the ileal pouch. d and e Ligation of the IC, with 
preservation of the distal SMA, is a secondary maneuver 
that provides significantly more reach for the ileal pouch. 
© Mayo Clinic
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marginal artery to the ileal pouch (Fig. 31.5). An 
additional reach of 11.2 cm has been estimated in 
cadaveric studies with this technique [21]. The 
authors have experience using this technique in 
three cases, all of which did well and achieved a 
successful tension-free anastomosis.

Whether or not an IPAA is hand-sewn or sta-
pled significantly impacts how much length of 
ileal mesentery will be needed to perform a ten-
sion-free anastomosis. Because a stapled anasto-
mosis joins the pouch to a rectal cuff at the level 
of the pelvic floor, there is approximately 2–4 cm 
less reach required as compared to a hand-sewn 
anastomosis to the dentate line. In addition, we 
routinely orient the J-pouch so that its mesentery 
lies posteriorly within the hollow of the pelvis, 
which has been reported to provide an additional 
0.5–1 cm of reach [15]. Finally, in our practice, 
we always construct a J-pouch. Cadaveric stud-
ies have shown that a pouch configured in an 
“S-shape” reaches 2 cm or further than a J-pouch 
[16]. However, due to poor functional results 
observed in some S-pouches, we only consider 
this approach if the J-pouch cannot reach despite 
employing all the above mobilization maneuvers.

 Stomas that Do Not Reach

The same principles for mobilizing small bowel 
and colon for distal anastomoses apply to mo-
bilizing sufficient mesentery for construction 
of tension-free, well-vascularized stomas. The 
construction of an end colostomy during a Hart-
mann procedure, for example, may require both 
primary and secondary mobilization techniques. 
This strategy is especially relevant in obese pa-
tients that have a stoma sited in the left upper 
quadrant of the abdomen. In these situations, we 
begin with primary maneuvers by incising the 
line of Toldt along the left colon and freeing its 
mesentery from the retroperitoneum. The splenic 
flexure is then mobilized. If the proximal colon 
still does not reach the stoma site, secondary mo-
bilization techniques are employed including li-
gation of the IMA and IMV. The collateral circu-
lation to the stoma is the marginal artery supplied 
by the middle colic artery.

For the difficult end ileostomy that does not 
reach the skin, we begin with primary maneuvers 
by mobilizing the small bowel mesentery from 
the retroperitoneum to the ligament of Treitz, 

Fig. 31.5  Advanced ileal-pouch anal anastomosis ( IPAA) 
reconstruction. a Overview strategy showing the correct 
line of transection during the colectomy to preserve the 
critical mesenteric vessels including the superior mesen-
teric artery ( SMA), ileocolic artery ( IC), right colic artery 
( RC), and middle colic artery ( MC). b Ligation of the RC 

and IC preserves blood flow from the preserved MC via 
the right marginal arteries and provides additional length 
in pouch reach. c and d Ligation of the distal SMA pro-
vides the final and most significant gain in length for the 
construction of a tension-free IPAA with critical blood 
supply from the MC. © Mayo Clinic
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similar to IPAA reconstruction. Careful stepwise 
scoring of the peritoneum on the mesentery can 
provide additional length when the end ileostomy 
is held under tension. There may also be circum-
stances when the fixed, cut edge of the mesentery 
creates more tension than the mesentery of the 
bowel 4–6 cm proximal to the cut edge, and con-
struction of an end-loop ileostomy, rather than 
an end ileostomy, makes the better tension-free 
stoma. In the unusual circumstance that primary 
maneuvers or the end-loop conversion fail to pro-
vide enough mesenteric length, then secondary 
maneuvers, including ligation of vascular pedi-
cles such as the ileocolic artery, can be performed 
after ensuring adequate collateral circulation to 
the distal bowel edge.

Bailout Maneuvers—It Just  
Does Not Reach

There will be very rare situations when the small 
bowel or colon will not reach the distal bowel for 
an anastomosis despite all the above primary and 

secondary maneuvers. At this juncture, there are 
a few remaining tertiary, or bailout, maneuvers 
within the surgeon’s armamentarium.

In the rare situation when primary and second-
ary maneuvers fail to deliver enough colon length 
for a low colorectal or coloanal reconstruction, a 
technique called the Deloyers procedure involves 
additional resection to the proximal transverse 
colon and then counterclockwise rotation of the 
remaining right colon, around the axis of the 
SMA, to construct a tension-free anastomosis 
(Fig. 31.6a, b) [22]. Besides requiring complete 
mobilization of the right colon, this maneuver 
also requires ligation of the middle colic artery, 
but good clinical outcomes have been reported 
[23]. Blood to the remaining colon flows from 
the SMA through the right colic, ileocolic artery, 
and marginal artery arcades. Alternatively, there 
have also been case reports of orienting the re-
maining right colon behind the ileal mesentery to 
construct a retroileal colorectal anastomosis after 
left colectomy (Fig. 31.6c) [24, 25].

If the above maneuvers are not possible, a 
completion colectomy to the terminal ileum 

Fig. 31.6  Tertiary or Bailout Maneuvers. a Resection of 
colon to the proximal transverse colon and ligation of the 
middle colic artery prepares for two maneuvers that allow 
for a tension-free, low anastomosis. SMA superior mes-
enteric artery, IC ileocolic artery, RC right colic artery, 
MC middle colic artery. b Deloyers procedure. Counter-

clockwise rotation of the remaining right colon around the 
axis of the SMA may allow for a tension-free low pelvic 
anastomosis. c Retroileal reconstruction. Tunneling the 
remaining right colon through the ileal mesentery may 
allow for a tension-free low pelvic anastomosis. © Mayo 
Clinic
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might be justified depending on the indication 
for the operation. The terminal ileum can then be 
used for a distal anastomosis (ileorectostomy or 
IPAA). In every situation, if a safe anastomosis 
is in serious doubt, the surgeon should consider 
construction of a stoma to establish a dependable 
gastrointestinal outlet.

Conclusions

Reestablishment of gastrointestinal continuity is 
a technically challenging but rewarding part of 
abdominal surgery. Undoubtedly, surgeons will 
encounter situations when the bowel does not 
easily reach for an anastomosis, but if these situ-
ations are approached in a deliberate fashion, the 
techniques illustrated in this chapter can be used 
to allow construction of a safe anastomosis or 
stoma in almost all circumstances.

Key Points on How to Avoid  
the Complication

1. A detailed understanding of embryologic 
planes and gastrointestinal vascular anatomy 
is essential to be technically proficient in em-
ploying advanced anastomotic techniques.

2. If a patient has had prior bowel surgery, opera-
tive notes should be obtained to clearly define 
the patient’s current anatomy and remaining 
blood supply as it may impact intraoperative 
decisions in advanced reconstruction options.

3. If the patient has had a previous bowel resec-
tion in which key vessels were ligated that 
may be necessary for a second resection and 
reconstruction, alternative strategies will have 
to be considered. An angiogram in some cir-
cumstances may be necessary to clarify a pa-
tient’s gastrointestinal vascular anatomy.

4. During colorectal or coloanal anastomoses, 
the proximal bowel end should easily reach 
the distal end without any pulling or tension. 
If a tension-free configuration is not achieved, 
there is high risk for anastomotic complica-
tions and further mobilization needs to be per-
formed.

5. During IPAA, use the inferior edge of the 
pubis symphysis as a rough estimate of ade-
quate length if the apex of the pouch can reach 
it without tension.

Key Points on Diagnosing/ 
Managing the Complication

1. Intraoperative techniques to assess blood sup-
ply, such as mesenteric trans- illumination and 
handheld Doppler probes, can facilitate deci-
sion making regarding safe vascular ligation 
and adequate perfusion to an anastomosis.

2. Primary maneuvers to provide additional 
bowel length should be employed first and in-
clude mobilizing embryonic planes and divid-
ing peri-organ “ligaments” or attachments.

3. Secondary maneuvers include directed liga-
tion of vascular pedicles that restrict the mo-
bility of the corresponding proximal bowel. 
Often, these vascular ligations are already part 
of the oncologic resection.

4. Tertiary mobilization techniques should only 
be considered in those rare circumstances 
when primary and secondary maneuvers fail.

5. Externalizing the bowel as a stoma is bet-
ter than leaving a high-risk anastomosis that 
could lead to significant intra-abdominal sep-
sis and death.
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Introduction

Anastomotic leakage is a major postoperative 
complication that can occur following a low an-
terior resection in 2–12 % of cases [1, 2]. The 
reported incidence varies according to the clini-
cian’s definition of leakage. Although there is no 
single acknowledged definition for anastomotic 
leakage, several terms such as anastomotic fail-
ure, defect, or dehiscence have been used to de-
scribe the complication that is characterized by 
peritonitis, fecal drainage from wound or drain, 
and systemic symptoms associated with infec-
tion. The International Study Group of Rectal 
Cancer has proposed three clinical scenarios to 
characterize anastomotic leakage: (1) a com-
munication between the intra- and extraluminal 
compartments owing to a defect at the anastomo-
sis between the colon and rectum or the colon and 
anus, (2) a leakage originating from the suture or 
staple line of a neorectal reservoir (e.g., J-pouch 
or transverse coloplasty), and (3) a pelvic abscess 
in the proximity of the anastomosis [3].

The severity of the anastomotic leak dictates 
the management approach and the degree of ur-
gency as well as the risk to the patient. Clearly, in 
severe cases, mortality may reach up to 12 % [4], 
and it can account for nearly one-third of post-

operative deaths following colorectal surgery 
[5]. In addition, due to associated stricturing at 
the anastomosis, as well as lack of compliance of 
bowel in the vicinity of the anastomosis, function 
is often impaired following an anastomotic leak 
[6]. Finally, the associated chronic inflammation 
that may persist at the site of a localized anasto-
motic leak/fistula track may be associated with 
worse oncologic outcomes [7].

Prevention

The prevention of an anastomotic leak following 
a low anterior resection consists of several strate-
gies. Most importantly, it is imperative to adhere 
to basic principles of optimal surgical technique. 
The anastomosis needs to have a good blood 
supply, be tension free with full sacralization in 
the pelvis, and be properly oriented. In order to 
assure adequate bowel length for a tension-free 
anastomosis using diverticula-free, supple colon, 
a splenic flexure mobilization may be required. 
The intraoperative air insufflation test via a sig-
moidoscope is used to detect an air leak after 
anastomosis; if an air leak is detected, then that 
would be an indication for performing a diverting 
proximal protecting loop ileostomy, which would 
help diminish the severity of an anastomotic leak 
should one occur. Although some recommend 
a side-to-end or colonic pouch anastomosis to 
minimize the risk of anastomotic leakage [8], 
anastomosis type has not been associated with 
risk of anastomotic leakage nor necessity to cre-
ate a stoma [9]. Recent meta-analysis of four ran-
domized controlled trials demonstrated that there 
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was a significantly lower number of clinically 
symptomatic leaks and fewer reoperations in the 
group of patients with a defunctioning stoma and 
recommended the usage of a proximal protecting 
stoma following surgery for a low rectal cancer 
[10]. However, there are a number of potential 
problems associated with creation of a stoma 
including reduced patient satisfaction and self-
image, quality of life, stoma-related morbidity, 
bowel obstruction, need for a second hospitaliza-
tion and reoperation for stoma closure, as well 
as the possibility of ending up with a permanent 
stoma. Therefore, a protective stoma should be 
used selectively.

Many factors are associated with the risk of 
leakage, including patient factors such as male 
gender, obesity, hypoalbuminemia, malnutri-
tion, anemia, weight loss, use of alcohol, and a 
history of heavy smoking (more than 40 pack-
years); tumor factors include distal location re-
quiring a low anastomosis, while treatment fac-
tors include usage of preoperative radiotherapy, 
adverse intraoperative events, and long operative 
time [11–15].

The widespread introduction of preoperative 
chemoradiation therapy in the multimodality 
management of locally advanced rectal cancer 
and the introduction of minimal access surgical 
techniques have raised concerns over the impact 
that these would each have on anastomotic leak 
rates. Although a national cohort study in Nor-
way reported that patients receiving preoperative 
radiotherapy showed a higher rate of anastomotic 
leakage [16], recent randomized trials have failed 
to confirm this observation [17, 18]. In terms of 
laparoscopy, the reported leakage rates of the lap-
aroscopic approach appear similar to those of an 
open approach as demonstrated by the CLASICC 
trial (open 7 % versus laparoscopic 8 %) [19].

Currently, most surgeons use a mechanical 
bowel preparation before rectal surgery. Although 
recent meta-analysis demonstrates no statisti-
cally significant decrease in the rate of leakage 
when using a mechanical bowel preparation [20, 
21], a recent randomized trial suggested a benefit 
[22]. In our practice, we continue to use a full 
(mechanical as well as oral and IV antibiotics) 
bowel preparation for all rectal cancer resections.

In general, with some exceptions, we tend to 
perform a diverting loop ileostomy in patients 
with a low-lying anastomosis (within 5 cm of the 
anal verge or within 1 cm above the upper part 
of the anorectal ring), elderly patients, patients 
receiving preoperative chemoradiation, malnour-
ished patients, patients on steroids, diabetic pa-
tients, and postmenopausal females with an anas-
tomosis juxtaposed to a thin rectovaginal septum. 
An absolute indication for proximal diversion is a 
patient in whom air bubbles are noted to emanate 
from the staple line under a fluid-filled pelvis fol-
lowing air insufflation via a sigmoidoscope.

Diagnosis and Management

Diagnosis

Anastomotic leakage following a low anterior re-
section usually becomes clinically evident by the 
fifth to seventh postoperative day. Patients may 
present in a variety of ways. Some develop the 
classical signs of peritonitis such as abdominal 
pain, tachycardia, high fever, hypotension, low 
urine output along with foul odor, fecal-like dis-
charge from drain or incision, and a rigid abdo-
men. In these cases, clinical findings alone are 
sufficient to diagnose leakage, and radiologic 
studies are more confirmatory and are likely to 
show obvious leakage of contrast material. How-
ever, the majority of patients with an  anastomotic 
leak present in a more insidious fashion with 
nonspecific signs such as a mild fever, ileus, and 
failure to thrive. These nonspecific signs may be 
overlooked and may delay establishing a diag-
nosis of an anastomotic leak. In fact, it has been 
shown that approximately 12–30 % of all anasto-
motic leaks are diagnosed more than 30 days after 
surgery [23, 24]. This underscores the importance 
of maintaining a high index of clinical suspicion 
during the immediate postoperative period as well 
as postdischarge period in order to detect an anas-
tomotic leak and treat it in a timely fashion.

The clinical signs or symptoms depend greatly 
on a number of factors including the severity of 
leakage, the degree of contamination (peritoneal 
versus walled-off, localized), the timing of the 
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leakage (early versus late), and whether a proxi-
mal diverting stoma had been created at the time 
of the initial operation. There are several imaging 
modalities that help to secure a diagnosis of anas-
tomotic leakage. The most commonly used are a 
Gastrografin enema and/or a CT of the abdomen 
and pelvis with and without oral and IV contrast 
and rectal contrast, when possible.

The usage of rectal contrast during a CT scan 
facilitates the detection of a small leak while IV 
and oral contrast are useful in detecting a walled-
off abscess/pocket adjacent that perhaps no longer 
communicates with the anastomotic defect. For 
the patients with an insidious presentation, CT 
can be quite effective at detecting intra-abdominal 
and pelvic abscesses with sensitivity and accuracy 
over 90 %. Gastrografin enema, while helpful for 
detecting and delineating the trajectory and pos-
sibly the extent of anastomotic leakage, is limited 
in detecting a walled-off, noncommunicating yet, 
drainable abscess. Digital rectal examination and 
sigmoidoscopic evaluation may be useful while 
under anesthesia but should not be relied upon to 
rule out an anastomotic separation in the awake 
patient since edematous mucosa and patient dis-
comfort limit a thorough examination.

Management

The management of a patient with an anastomot-
ic leak following a low anterior resection for rec-
tal cancer can be challenging and requires care-
ful consideration of numerous factors, thought-
ful judgment, and deliberate interventions in a 
timely manner. The first determination to make is 
whether the patient needs to go to the operating 
room immediately or can wait. Once that is es-
tablished and broad-spectrum IV antibiotics and 
hydration are begun, the next question is what 
type of intervention is required and is the patient 
stable to go to the operating room or needs ag-
gressive resuscitation first. If the patient is stable 
enough to be evaluated, imaging as described 
above should ensue. If time and patient stabil-
ity allow, an enterostomal nurse should mark the 
patient in all four quadrants for possible stoma 
placement based upon intraoperative findings.

Anastomotic leaks can be categorized into 
three types (Fig. 32.1) Type I is one associated 
with generalized peritonitis or sepsis. Type II is 
one associated with a CT image of a localized 
pelvic abscess around anastomosis. Type III is 
one associated with drainage of foul odor fluid 
or fecal contents from skin, urine, or vagina via 
fistula. In a stable patient with a well-drained fis-
tula, conservative management may be consid-
ered. A fistulogram may be helpful in evaluating 
the location and severity of fistula and determine 
the necessity of exploration.

Type I: Generalized Peritonitis
Approximately 40–45 % of all anastomotic leaks 
present in this fashion. Patients complain of severe 
abdominal pain and have a high fever, tachycar-
dia, marked leukocytosis, and signs of generalized 
peritonitis such as rebound abdominal tenderness 
and/or rigidity. In these cases, imaging is not re-
quired to make a diagnosis of an anastomotic leak. 
Initial efforts should focus on broad-spectrum 
 antibiotics and aggressive fluid resuscitation.

With the patient in a modified Lloyd-Davies 
position, an examination under anesthesia will 
allow for an assessment of the anastomosis, as 
well as access to the rectum in the event that rec-
tal washout is indicated after abdominal–pelvic 
exploration. The operative exploration aims to 
identify the site and extent of leakage, contain 
further leakage, and aggressively lavage the en-
tire abdominal/pelvic cavity. In cases where the 
anastomotic disruption and contamination are 
minimal, pelvic drainage and a proximal divert-
ing stoma may be all that is required. Depend-
ing on the long-term plans, a temporary loop 
ileostomy is a quick option, but the possibility 
of high output and associated dehydration needs 
to be taken into consideration in the context of 
the patient’s age and overall comorbidities. In 
cases where dehydration is of concern and/or a 
permanent proximal diversion is envisioned, a 
left upper quadrant, end-loop (Prasad–Abcarian) 
colostomy is an option that prevents further con-
tamination, yet affords passage of mucus from 
the efferent limb should a distal obstruction from 
a stricture at the anastomosis develop. If the colon 
is full of feces and therefore a source of further 
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ongoing contamination, a proximal end or end-
loop colostomy with distal limb rectal washout is 
indicated. When creating an end-loop colostomy, 
great care must be exercised to avoid damage to 
the marginal artery, which perfuses the afferent 
limb of the anastomosis, and may be the only 
source of perfusion in cases where the left colic 
artery is sacrificed during the initial resection. In 
cases where a large anastomotic disruption and 
contamination have occurred, a redo low anterior 
resection is not a viable option, and these cases 
are best managed by bringing the afferent limb 
out as an end colostomy and attempting to su-
ture/staple shut the efferent limb; one should then 
create a Hartmann’s pouch and assure adequate 
drainage of the pelvis with drains.

Type II: Localized Pelvic Abscess
About 30–40 % of patients with an  anastomotic 
leak present with vague abdominal pain,  prolonged 
ileus, mild fever, leukocytosis, and  abdominal 
 distension associated with ileus and localized peri-
toneal signs. Such patients  warrant an abdominal 

pelvic CT scan with oral, IV, and rectal contrast, 
when possible. When no extravasation of contrast 
is noted, it is sometimes difficult to distinguish 
between an anastomotic leak and a postoperative 
abscess. If the abscess is of reasonable size and 
walled off, it should be drained percutaneously 
under radiologic guidance. Success rates for CT-
guided placement of a percutaneous drainage 
catheter are about 80 % [25]. Following successful 
drainage, some patients go on to develop a chron-
ic enterocutaneous fistula or sinus, which can be 
managed conservatively. Although most of these 
patients do not usually require a reexploration, 
some fail this conservative approach and develop 
symptoms late after discharge from the hospital. 
Long-term close follow-up is therefore warranted.

Type III: Fistula
A fistula may be a long-term sequelae in up-
ward of 25–30 % of anastomotic leaks following 
a low anterior resection. A thorough evaluation 
includes a careful physical examination as well 
as optimal contrast imaging with a CT scan and 

Fig. 32.1  Postoperative diagnostic and therapeutic algorithm. PCD percutaneous drainage
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fistulogram in order to delineate a fistula track 
and rule out distal obstruction. Endoscopy may 
be helpful in evaluating the orifices of a fistula. 
If the fistula is well drained and the overall nutri-
tional condition of the patients is adequate, a con-
servative approach including optimal skin care 
with a stoma appliance, low suction device, with 
or without antibiotics, and somatostatin are often 
sufficient to control the fistula. In cases with a 
persistent, poorly drained, or intolerable fistula, 
a surgical approach should be considered. Local 
therapy with fibrin glue or plugs is rarely effec-
tive in this setting. Surgical options include cre-
ation of proximal diverting stoma versus primary 
closure of a rectovaginal fistula via a transanal 
approach with an advancement flap and tempo-
rary stoma or redo low anterior resection.

Long-Term Outcome

In addition to the immediate impact on postoper-
ative morbidity and mortality, anastomotic leak-
age also impacts long-term functional outcome 
and possibly even long-term prognosis of the 
rectal cancer patient.

Need for a Permanent Stoma

Following an anastomotic leak, some patients 
may be left with a permanent stoma because the 
leakage and associated contamination may re-
sult in such profound fibrosis and scarring of the 
pelvis and residual rectum so as to prohibit a re-
resection and creation of a supple and functional 
primary colorectal or coloanal anastomosis. In 
addition, because of fear of further complica-
tions, the surgeon and patient alike may choose to 
not pursue further major surgery. In these cases, 
the patient is left with either the initially created 
protecting proximal stoma or the stoma created 
during the reoperation following the anastomotic 
leak. In these situations, a reoperation may nev-
ertheless be required in order to convert an ileos-
tomy into a colostomy resulting in fewer evacua-
tions and less volume loss. The reported rates for 

the need of a permanent stoma in these circum-
stances are 2.9 ~ 19 % [26–29].

Stenosis or Stricture

The rate of clinically significant stenosis or stric-
turing of a colorectal anastomosis ranges from 3 to 
30 %, depending on the criteria employed. The most 
common cause of anastomotic stenosis/stricture is 
anastomotic leakage [30, 31]. Management, which 
depends on the severity of the stenosis,  includes 
simple dilatation (digital or Hagar),  balloon dila-
tation (radiologic or endoscopic), proximal divert-
ing stoma, Hartmann procedure with/or without 
resection of stricture site, and redo low anterior 
resection. Because local recurrence is the second 
most common cause of anastomotic  stricture after 
sphincter-preserving surgery for rectal cancer, a bi-
opsy of the stricture should be obtained whenever 
feasible in order to exclude cancer.

Anorectal Dysfunction and Quality 
of Life

Following a sphincter-preserving low anterior re-
section, anorectal dysfunction in the form of fecal 
incontinence, evacuation problems, and cluster-
ing of bowel movements is frequently noted [32]. 
Anastomotic leakage has been identified as a pre-
dictive factor of anorectal dysfunction. Although 
there are few reports addressing bowel function 
and quality of life after an anastomotic leak of a 
low anterior resection (Table 32.1) [6, 33, 34], it 
is generally agreed upon that long-term function 
is impaired in patients with anastomotic leakage.

Local Recurrence

Great controversy exists on whether anastomotic 
leakage following a rectal cancer resection is a 
prognostic factor for local recurrence and/or 
survival (Table 32.2) [16, 35–42]. Conflicting 
results may be due to varied definitions of anas-
tomotic leaks, patient selection,  heterogeneity 
of cases (colon and rectal cancer versus rectal 
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 cancer, alone), and variability in the management 
of the anastomotic leak.

Key Points on How to Avoid 
the Complication

1. Following basic principles of good anastomo-
sis is the most important to reduce leakage.

2. Bowel preparation prior to surgery and pelvic 
drainage are advisable to reduce symptomatic 
leakage.

3. The height of anastomosis from anal verge is 
significantly associated with the anastomotic 
leakage.

4. Selective use of diverting stoma in patients 
with high risk is highly advisable to reduce 
symptomatic leakage.

5. Surgeon should consider the possibility of 
permanent stoma while doing sphincter-pre-
serving surgery.

Key Points on Diagnosing 
and Managing

1. Prompt diagnosis and appropriate manage-
ment could lower mortality following leakage.

2. CT scanning for diagnosis is highly accurate, 
and CT-guided drainage of abscess has high 
treatment success rates.

3. The patients with anastomotic leakage could 
be categorized according to their presentation 
and severity of leakage.

4. Anastomotic leakage is the most common 
cause for anorectal dysfunction and anasto-
motic stricture.

5. Anastomotic leakage leads to anorectal dys-
function and might be associated with increas-
ing local recurrence.
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Introduction

While the incidence of colon cancer is declining 
in the USA, approximately 40 % of colon cancers 
identified are discovered at the regional stage, 
when colonic resection is the first-line therapy 
[1]. This, coupled with the increase of inflamma-
tory bowel disease (IBD) globally [2], gives rise 
to a large number of colon and rectal operations 
in the USA each year. However, despite improve-
ment in operative techniques, the achievement 
of event-free healing following intestinal anas-
tomoses remains a challenge. Anastomotic stric-
ture complications compromise approximately 
3–30 % of all colocolonic, colorectal, and colo-
anal anastomoses, with the wide range dependent 
on the definition of anastomotic stricture utilized. 
An anastomotic stricture may be defined as any 
chronic narrowing or obstruction to the flow of 
intestinal contents, resulting in clinical signs or 
symptoms of either complete or partial obstruc-
tion, following surgical resection. Given the sub-
jective definition, in an attempt to objectively 
define a stricture, Fasth et al. defined a colorec-
tal anastomotic (CRA) stricture as the inability 

to pass a 12-mm sigmoidoscope through a rec-
tal anastomosis [3]. If not treated appropriately, 
these strictures may lead to poor function with 
urgency, frequent bowel movements, inconti-
nence, and ultimately a permanent stoma [3]. We 
review the risk factors, prevention, and diagno-
sis of CRA strictures, as well as discuss the in-
dividual treatments for colocolonic anastomotic 
(CCA), colorectal anastomotic (CRA), and colo-
anal anastomotic (CAA) strictures.

Etiology of Anastomotic Stricture

Many causal agents have been linked to the de-
velopment of anastomotic strictures; however, 
three frequent causes of CRA strictures include 
anastomotic leaks/inflammation, ischemia, and 
anastomoses created under tension (Table 33.1) 
[4].

Anastomotic leaks instigate inflammation and 
pelvic sepsis, which leads to fibrosis, with a stric-
ture being the end result [5]. An increased risk for 
stricture formation exists for anastomoses created 
after resection for an inflammatory process, such 
as diverticulitis and IBD, because inflammation 
itself is a risk factor for stenosis [6]. Other inde-
pendent risk factors associated with anastomotic 
leaks include anastomoses <10 cm from the anal 
verge, ligation of the inferior mesenteric artery 
distal to the left colic artery (“low” ligation), 
male sex, intraoperative complications, and gen-
eral patient comorbidities. In fact, both diabetes 
and atherosclerosis have been identified in small 
studies as significant risk factors for impaired 
local blood flow and thus anastomotic leaks [7].
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A correlation has been found between CRA 
strictures and failure to mobilize the splenic flex-
ure and “low” ligation of the inferior mesenteric 
artery and vein [8]. In order to provide complete 
splenic flexure mobilization to allow maximum 
reach for CRA and CAAs, and a tension-free 
anastomosis, the inferior mesenteric vein should 
be ligated proximally at the inferior border of the 
pancreas (Fig. 33.1) [9]. Hiranyakas et al. found 
that 90 % of patients with CRA strictures had a 
nonmobilized splenic flexure and intact inferior 
mesenteric vessels; these data support the neces-
sity to fully mobilize the left colon and splenic 
flexure [8].

Adequate blood flow at the anastomotic site is 
also imperative to prevent anastomotic strictures 
[5]. If the terminal end of the bowel has ques-
tionable blood flow, it should be resected until 
acceptable flow is present. Clinical indicators im-
plying adequate blood flow may be assessed with 
evaluation of the color of the mucosa, bleeding 
at cut bowel edges, and palpable pulses within 
the vasculature. Doppler and fluorescence imag-
ing are other modalities that can aid in the assess-
ment of blood flow at the anastomosis. It has been 
demonstrated that the transverse and descending 
colon have increased measured oxygen tension, 
whereas oxygen tension is diminished in the cir-
cumstances when the sigmoid is utilized for the 
anastomosis. Thus, the sigmoid is a suboptimal 
choice for routine anastomosis [10].

The best method of creating the anastomosis 
(stapled versus hand-sewn) continues to be a de-
bated topic. While stapling allows for a reduc-
tion in operative time, ease of use, and decreased 
blood loss, some small studies illustrate higher 
rates of complications with stapled anastomoses 
[6]. Higher levels of collagen deposition and in-
flammation in the stapled anastomosis correlate 
with a higher stricture rate [6]. Reports of in-
creased stricture rates in low stapled anastomo-
ses with fecal diversion suggest that stapled anas-
tomoses may “require” the dilation effect from 
the passage of stool [4]. Some clinicians also 
believe that they have more control of the shape 
and caliber of the anastomosis when the anasto-
mosis is performed hand-sewn, thereby decreas-
ing the risk of anastomotic stricture. Of note, a 
2012 Cochrane meta-analysis review noted that 
stapled and hand-sewn anastomosis were equiva-
lent in all categories except stricture formation 
[11]. The frequency of stricture was significantly 

Table 33.1  Factors influencing anastomotic integrity
Surgeon factors Patient factors Disease factors
Intestinal blood supply Body mass index (BMI) Inflammatory bowel disease (IBD)
Tension at anastomotic site Anesthesia severity assessment (ASA) Metastatic carcinoma
Perioperative hypoxia Age Radiation therapy
Perioperative resuscitation Smoking status Damage control surgery
Intraoperative blood loss Nutritional status Emergent surgery/peritonitis
Operative times Alcohol use Steroids

Fig. 33.1  In order to provide complete splenic flex-
ure mobilization to allow maximum reach for CRA and 
CAAs, and a tension-free anastomosis, the inferior mes-
enteric vein should be ligated proximally at the inferior 
border of the pancreas
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higher with stapling than hand-sewn technique 
( p < 0.05) (Table 33.2).

Factors predictive of anastomotic stricture 
include patient age, obesity, smoking status, and 
relevant comorbidities including diabetes [12]. 
Obese patients undergoing ileo-anal pouch anas-
tomosis were found to have an increased rate 
of overall complications (80 versus 64 %) com-
pared to nonobese patients, with stricture being a 
specific increased complication (27 versus 6 %)  
[13].

Presentation and Diagnosis

Anastomotic strictures typically present 2–12 
months after surgery [4] with symptoms such as 
constipation or watery diarrhea, pain, cramps, 
fractionated evacuation, abdominal distention, 
leakage, or feelings of incomplete evacuation [6]. 
In cases where the indication for the initial resec-
tion was malignancy, it is essential that local re-
currence of the cancer be ruled out. Initial studies 
performed should include carcinoembryonic an-
tigen (CEA level), hypaque enema, contrast CT 
for colon primary or MRI for rectal primary, and 
a positron emission tomography (PET) scan in 
the setting of patient with an elevated CEA. Ul-
timately, a colonoscopy with biopsy is mandated 
[4]. A stricture that is not responsive to repeated 

dilation requires repeat biopsy and a high level of 
clinical suspicion [14].

Strictures are more common when the anas-
tomosis is distal, with rectal strictures being the 
most frequent [3, 8]. It is crucial to eliminate 
technical risk factors (rotation, ischemia) as well 
as tension (especially operations that require an 
anastomosis within 15 cm of the anal verge). 
Patients with a diverting stoma created at the 
initial resection may develop a soft stricture or 
even heal the lumen closed. A digital exam 4–6 
weeks postoperatively or prior to closure of the 
diverting stoma relieve those strictures, which 
are often much softer and easier to dilate early in 
the postoperative course [4]. Similarly, patients 
with a low rectal anastomosis require a digi-
tal examination in addition to a hypaque enema 
prior to diverting ileostomy closure (Fig. 33.2). 
If a tight, firm stricture is present, intraoperative 
dilation with Hegar dilators may be performed 
in conjunction with loop ileostomy closure. It is 
occasionally necessary to place a flexible scope 
through the distal limb of the loop stoma to guide 
placement of a guide wire, using Seldinger tech-
nique, through the center of the strictured anasto-
mosis. This guide wire can then be used to guide 
a dilator through the stricture. The light of the 
scope from proximal to the anastomosis targets 
the center of the anastomosis when viewed from 
the distal aspect of the anastomosis.

Table 33.2   Cochrane review: stapled versus hand-sewn methods for colorectal anastomosis surgery
Stapler Hand-sewn

Study/year Strictured Total Strictured Total p value
Infraperitoneal anastomosis
Fingergut [26] 8 50 2 52
Subtotal 8 50 2 52 0.04
Supraperitoneal anastomosis
Fingergut [26] 4 82 2 72
Sarker [27] 0 30 0 30
Subtotal 4 112 2 102 0.5
Colorectal anastomosis
Elhadad [28] 10 122 1 133
Gonzalez 1987 8 55 3 55
Kracht [29] 10 137 1 131
Thiede [30] 0 24 1 23
Subtotal 28 338 6 342 0.000089
Total 40 500 10 496 0.000012
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Nonoperative Treatment

Balloon Dilation  
and Endoscopic Options

It is often possible to treat the early stricture in 
the office with a long cotton-tipped sigmoidos-
copy swab passed through the rigid proctoscope. 
Up to three swabs can be passed through the cen-
tral gap in the stricture. The swabs are then pulled 
through the stricture as a group, with gentle trac-
tion, while the ends are held to the same level 
at the outer end of the proctoscope. This stretch 
effect then allows the 23-mm diameter scope to 
be passed through the stricture to fully fracture 
the scar.

In most circumstances, endoscopic balloon 
dilation remains the first-line therapeutic modal-
ity for the treatment of benign colorectal stric-
tures. The success of endoscopic dilation lies in 
its simplicity and immediate efficacy in up to 
80 % of cases [15]. However, patients often re-
quire sequential dilations with larger balloons 
over two to three endoscopic sessions to achieve 
long-term success [15]. Recurrence after bal-
loon dilatation can range from 30 to 88 % [16]. 
Recurrence of the stricture is often the result of 

tighter strictures being inadequately or inappro-
priately dilated [17]. Of note, most data on the 
efficacy of balloon dilation report only on subjec-
tive symptom relief [16]. While symptom relief 
is important, quantifiable data such as stricture 
size can provide more objective data as to the 
success of balloon dilation. Kim et al. reported 
a defined protocol for balloon dilation consisting 
of single and double balloon dilation, with im-
provement in 74 % of patients after 1 month and 
complete improvement in 86 % of patients after 5 
years. Only 5 % required repeat dilation with an 
average increase in the stricture diameter of 50 % 
[16]. With this technique, fluoroscopic guidance 
is used and the patient is awake and not anesthe-
tized. A 20-mm balloon catheter is passed over a 
guide wire and filled by hand pressure until the 
waist on the balloon disappears. The pressure 
is maintained for 1 min. If no blood or pain is 
present, a second 10-mm balloon catheter is in-
serted adjacent to the existing balloon and both 
are inflated simultaneously. This protocol report-
edly reduced recurrence rates to 7 % at 1 year, 
and 10 % at 5, 7, and 10 years. As mentioned 
prior, dilation can also be performed digitally, 
with flexible bougies or metal dilators (Hegar, 
Eder-Peustow); however, it is important to keep 
in mind that balloon dilation has the advan-
tage of producing controlled incremental radial  
pressure.

Indications for endoscopic balloon dilation 
include a narrow lumen (<10 mm) and a short 
segment stricture (<4 cm) [18]. Balloon dila-
tion is not appropriate when numerous strictures 
or complete obstruction exist, when there is an 
associated fistula within the stricture, inflamma-
tion around the stricture, recent surgery, or a tight 
angulation [18]. Stenoses that are long or appear 
late and are caused by ischemia will develop sur-
rounding nonexpandable fibrotic tissue and a 
rigid colon and are unlikely to respond to balloon 
dilation [19].

When dilation fails or is contraindicated, other 
treatments should be considered. With CRA and 
CAA strictures, alternative treatment options 
include laser strictureplasty, urethroscope re-
section, endoscopic retrograde cholangiopan-
creatography (ERCP) papillotomy knife, and 

Fig. 33.2  Patients with a low rectal anastomosis require a 
digital examination in addition to a hypaque enema prior 
to diverting ileostomy closure
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resection and re-stapling with a circular stapling 
instrument.

Stents

Self-expandable metal stents (SEMS) have also 
been used to treat strictures that are more proxi-
mal, such as CCA and CRAs. In small studies, 
SEMS have proven to have a 70–90 % success 
rate [12, 20]. However, migration after place-
ment remains a concerning complication with 
SEMS. A possible solution to migration could be 
the use of biodegradable stents, similar to those 
utilized for esophageal strictures. However, with 
only a few published case reports on biodegrad-
able stent placements, more research is needed in 
this area [21]. The idea of radial strictureplasty 
with any of the above modalities, followed by 
placement of an expanding fully covered stent, 
has merit. The stent returns the luminal diameter 
to an acceptable size and the covered internal 
conduit prevents leak.

Operative Treatment

Reoperative Surgery

In those patients in whom endoscopic treatment 
of the anastomotic stricture has failed, reopera-
tive surgery should be considered. Approximate-
ly 30 % of symptomatic anastomotic strictures 
are severe enough to require surgical correction 
[5].

Anastomotic strictures have been reported to 
be the most frequent indication for reoperative 
colorectal surgery and represent 40–50 % of re-
operations. This exceeds the rate of reoperation 
for anastomotic leak, fistula, chronic pelvic sep-
sis, and cancer recurrence [3, 19].

Anastomotic revision is a surgical challenge 
with long operative times, intraoperative techni-
cal difficulties, and increased morbidity. Anasto-
motic revision remains, however, the most valu-
able option to provide a symptom-free quality 
of life and avoidance of a permanent stoma for 
some patients. Indications for surgical interven-

tion include strictures that meet contraindications 
for dilation (long, fresh, ischemic), strictures re-
fractory to multiple dilation or endoscopic tech-
niques, and patients who continue to require a 
stoma for other reasons [3]. Strict adherence to 
selection criteria should be practiced with prefer-
ence to patients having acceptable comorbidities, 
given the increased morbidity associated with this 
reoperative surgery if the anastomosis is within 
the pelvis [3, 5]. The Association Française de 
Chirurgie (AFC) score identifies four factors to 
predict accurately postoperative mortality and 
morbidity for patients treated for cancer or diver-
ticulitis: age > 70, poor nutrition, neurologic co-
morbidities, and emergency surgery [22]. In two 
of the three landmark papers reviewing reopera-
tive surgery success, only patients with 0–1 risk 
factors (mortality risk <1 %) were considered, 
with a resulting 70–88 % of patients possessing 
a functional anastomosis after 28–37 months 
follow-up period [19]. For reoperations, specifi-
cally for anastomotic strictures, the success rate 
was even higher at 100 % [5]. Successful results 
within these three studies were measured as less 
than four bowel movements a day, normal conti-
nence, and reduction in urgency, fragmentation, 
and constipation. Lefevre et al. identified three 
risk factors for increased likelihood of compli-
cations postoperatively: male gender, first pro-
cedure consisting of coloanal anastomosis, and 
reoperation requiring a coloanal anastomosis [3].

The time necessary for a trial of first-line 
treatments such as endoscopic techniques and 
balloon dilation is often quite long [2]. In fact, 
most series report an average time between the 
initial surgery and reoperation of 14–41 months 
[3, 5, 19]. Once surgery is undertaken, long in-
traoperative times can be expected due to the 
usual history of previous laparotomies coupled 
with hostile pelvic conditions (chronic inflamma-
tion and fibrosis) [3, 19]. Adhesiolysis and small 
bowel resection are usually required and add to 
the intraoperative time. In addition, other organs 
are at risk and bladder injury is one of the more 
common complications reported, with an overall 
operative morbidity ranging from 26 to 55 % [3, 
19]. Postoperatively, wound infection and hernia-
tion are common causes of morbidity.
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Anastomotic Revision and Diverting 
Stomas

Colorectal and coloanal anastomoses are consid-
ered “high risk” when compared to higher intraper-
itoneal anastomoses [5]. These low anastomoses 
have a significant risk in the early postoperative 
period for both leak and pelvic abscess [3]. Many 
patients with rectal cancer may have received pre-
operative chemotherapy and radiation prior to the 
initial operation. In the majority of patients who 
receive a low pelvic anastomoses, a temporary 
diverting stoma is constructed at the initial proce-
dure [23]. An anastomosis free of tension remains 
crucial to minimize leakage complications and is 
accomplished by adhering to standard procedure: 
splenic flexure mobilization, high ligation of the 
IMA, and sigmoid resection. Reconstruction after 
revising a strictured colorectal or coloanal anasto-
mosis is technically difficult [5]. Although some 
favor a colonic pouch for function, Genser et al. 
and Schlegel et al. both favored straight anasto-
moses in hostile pelvic conditions. The shortened 
length of the remaining colon, the narrowing of 
the pelvis secondary to sepsis and fibrosis, and the 
fear of leakage from the extra staple line of the 
pouch all support the straight anastomosis [19]. 
A well-vascularized anastomosis is also impera-
tive to the success of the procedure, and when in 
doubt, additional colonic resection should be per-
formed to provide a healthy colon with adequate 
blood supply [19].

New Technology

Reaction against the presence of a foreign body, 
such as metal staples or sutures, will instigate an 
inflammatory response, resulting in fibrosis and 
stenosis. A nickel–titanium alloy compression 
ring has been recently described for the use of 
constructing an anastomosis without the use of 
staples or sutures. The memory shaped alloy is 
a reversible, temperature-dependent device that 
transitions from rigid to malleable when cooled 
to 0 °C and back to rigid when it is applied to 
the bowel. When warmed, it slowly returns to 
its hard closed shape compressing the intestinal 
edges and applying uniform pressure to cause 

controlled ischemia and necrosis. At approxi-
mately 1–2 weeks, the device is expelled from the 
body. In a small preliminary study of 20 patients, 
90 % were found to be stricture-free at 3- and 
6-month follow-up [24]. In addition, the 2-week 
postoperative histopathology revealed minimal 
inflammation with uniform healing process [24]. 
While promising, the data are only from a very 
small study with very short follow-up time and 
has not been reproduced; thus further studies are 
warranted. Animal studies using a porcine model 
showed a more organized, near-normal intesti-
nal wall structure with less inflammation at the 
anastomosis after a compression ring anastomo-
sis. The compression may provide a more physi-
ologic result with fewer strictures [25].

Conclusion

Anastomotic strictures continue to be a complica-
tion in colorectal surgery. There are many known 
perioperative risk factors that can be optimized, 
as well as operative techniques that can be uti-
lized for the prevention of anastomotic stricture 
formation. Understanding patient comorbidities 
and risk factors prior to surgery may allow for the 
correction of some parameters including smok-
ing cessation and improving nutritional status. 
The resulting minimization of risk factors yields 
improved healing rates. Recognizing the risk of 
low anastomoses and practicing excellent tech-
nique, to construct a well-vascularized, tension-
free anastomosis, will minimize the risk of stric-
ture formation.

Preoperative anastomotic dilation at the time 
of closure of the diverting loop ileostomy is valu-
able for treating a soft stricture associated with a 
non-used primary anastomosis. Treatment of an 
established anastomotic stricture includes bal-
loon dilation, self-expanding metal stents, radial 
strictureplasty by laser, electrocautery, urethro-
scope, and combination techniques (Fig. 33.3). 
Finally, reoperative surgery may be required, in 
which a tension-free and well-vascularized anas-
tomosis is constructed with adherence to “best” 
practice to reduce strictures. Future technology 
and innovations including the memory shaped 
alloy ring may eventually provide relief to the 
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anastomotic stricture complication; however, fur-
ther study is warranted in this regard.

To Avoid Anastomotic Strictures  
in Colorectal Resections

1. Recognize anastomoses constructed at < 15 cm 
above the anal verge have the highest risk.

2. Primary anastomosis should be tension free 
and well vascularized.

3. Early postoperative dilation prior to stoma 
closure may alleviate future strictures.

4. Controllable patient risk factors such as smok-
ing, alcohol intake, nutritional status, and BMI 
should be managed prior to surgery when  
possible.

5. New technology such as the memory shaped 
alloy requires more study and remains on the 
forefront of newest available resources.

Five Points on Diagnosing  
and Managing Anastomotic Strictures

1. Symptoms:
a. Constipation or watery diarrhea
b. Pain and/or cramps
c. Fractionated evacuation and/or feelings of 

incomplete evacuation
d. Abdominal distention
e. Leakage

2. Diagnosis:
a. Colonoscopy and/or fluoroscopy

Fig. 33.3  Treatment of an established anastomotic stricture includes balloon dilation, self-expanding metal stents, 
radial strictureplasty by laser, electrocautery, urethroscope, and combination techniques
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3. Evaluate:
a. Do not treat unless symptomatic
b. Exclude malignancy
c. Define length and configuration of stric-

ture
d. Evaluate primary anastomosis prior to clo-

sure of diverting stoma
4. Manage:

a. Dilate
b. Repeat up to 3–4 times if unsuccessful
c. Stent, laser, EEA, urethroscope are all 

options prior to reoperative surgery
d. Reoperative surgery

5. Keys to a successful reoperative surgery
a. Select patients with few to no comorbidi-

ties
b. Create a tension-free anastomosis
c. Anastomosis must be well vascularized

References

1. American Cancer Society. Colorectal facts & figs. 
2011–2013. Behavioral risk factor surveillance system 
public use data tapes 2006 and 2008. National Center 
for chronic disease prevention and health promotion, 
centers for disease control and prevention.

2. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris 
M, Chernoff G, Benchimol E, Panaccione R, Ghosh S, 
Barkema HW, Kaplan GG. Increasing incidence and 
prevalence of the inflammatory bowel diseases with 
time, based on systematic review. Gastroenterology. 
2012;142:46–54.

3. Lefèvre JH, Bretagnol F, Maggiori L, Ferron M, Alves 
A, Panis Y. Redo surgery for failed colorectal or colo-
anal anastomosis: a valuable surgical challenge. Sur-
gery. 2011;149(1):65–71.

4. Dietz DW, Bailey HR. Postoperative complications. 
In: Wolff BG, Fleshman JW, Beck DE, Pemberton JH, 
Wexner SD, Editors. The ASCRS textbook of colon 
and rectal surgery. New York: Springer; 2007. p. 144.

5. Schlegel RD, Dehni N, Parc R, Caplin S, Tiret E. 
Results of reoperations in colorectal anastomotic stric-
tures. Dis Colon Rectum. 2001;44(10):1464–8.

6. Polese L, Vecchiato M, Frigo AC, Sarzo G, Cadrobbi 
R, Rizzato R, Bressan A, Merigliano S. Risk factors 
for colorectal anastomotic stenoses and their impact 
on quality of life: what are the lessons to learn? 
Colorectal Dis. 2012;14(3):e124–8

7. Vignali A, Fazio VW, Lavery IC, Milsom JW, Church 
JM, Hull TL, Strong SA, Oakley JR. Factors asso-
ciated with the occurrence of leaks in stapled rectal 
anastomoses: a review of 1014 patients. J Am Coll 
Surg. 1997;185(2):105–13.

 8. Hiranyakas A, Da Silva G, Denoya P, Shawki S, 
Wexner SD. Colorectal anastomotic stricture: is it 
associated with inadequate colonic mobilization? 
Tech Coloproctol. 2013;17(4):371–5.

 9. Trencheva K, Morrissey KP, Wells M, Mancuso 
CA, Lee SW, Sonoda T, Michelassi F, Charlson 
ME, Milsom JW. Identifying important predictors 
for anastomotic leak after colon and rectal resec-
tion: prospective study on 616 patients. Ann Surg. 
2013;257(1):108–13.

10. Hall NR, Finan PJ, Stephenson BM, Lowndes RH, 
Young HL. High tie of the inferior mesenteric artery 
in distal colorectal resections—a safe vascular pro-
cedure. Int J Colorectal Dis. 1995;10(1):29–32.

11. Neutzling CB, Lustosa SA, Proenca IM, da Silva 
EM, Matos D. Stapled versus handsewn meth-
ods for colorectal anastomosis surgery. Co-
chrane Database Syst Rev. 2012;2:CD003144. 
doi:10.1002/14651858.CD003144.pub2.

12. Davis B, Rivadeneira DE. Complications of colorec-
tal anastomoses leaks, strictures, and bleeding. Surg 
Clin North Am. 2013;93(1):61–87.

13. Klos CL, Safar B, Jamal N, Hunt SR, Wise PE, Birn-
baum EH, Fleshman JW, Mutch MG, Dharmarajan 
S. Obesity increases risk for pouch-related compli-
cations following restorative proctocolectomy with 
Ileal pouch-anal anastomosis (IPAA). J Gastrointest 
Surg. 2014;18(3):573–9.

14. Shackelford RT. Low anterior resection. In: Zuidema 
GD, editor. Shackelford’s surgery of the alimentary 
tract. Vol. IV. Colon. Philadelphia: W. B. Saunders 
Co.; 1996. p. 241.

15. Kwon YH, Jeon SW, Lee YK. Endoscopic manage-
ment of refractory benign colorectal strictures. Clin 
Endosc. 2013;46(5):472–5.

16. Kim PH, Song HY, Park JH, Kim JH, Na HK, Lee 
YJ. Safe and effective treatment of colorectal anasto-
motic stricture using a well-defined balloon dilation 
protocol. J Vasc Interv Radiol. 2012;23(5):675–80.

17. Virgilio C, Cosentino S, Favara C, Russo V, Russo 
A. Endoscopic treatment of postoperative colonic 
strictures using an achalasia dilator: short-term and 
long-term results. Endoscopy. 1995;27:219–22.

18. Lemberg, B, Vargo JJ. Balloon dilation of colonic 
strictures. Am J Gastroenterol. 2007;102:2123–25.

19. Genser L, Manceau G, Karoui M, Breton S, Brevart 
C, Rousseau G, Vaillant JC, Hannoun L. Postopera-
tive and long-term outcomes after redo surgery for 
failed colorectal or coloanal anastomosis: retrospec-
tive analysis of 50 patients and review of the litera-
ture. Dis Colon Rectum. 2013;56(6):747–55.

20. Lamazza A, Fiori E, De Masi E, Scoglio D, Ster-
petti AV, Lezoche E. Self-expanding metal stents 
for treatment of anastomotic complications after 
colorectal resection. Endoscopy. 2013;45(6):493–5.

21. Toth E, Nielsen J, Nemeth A, Wurm Johansson G, 
Syk I, Mangell P, Almqvist P, Thorlacius H. Treat-
ment of a benign colorectal anastomotic stricture with 
a biodegradable stent. Endoscopy. 2011;43(Suppl. 
2) UCTN:E252–3. doi:10.1055/s-0030-1256511.



35933 Management of Anastomotic Stricture

22. Alves A, Panis Y, Mantion G, Kwiatkoswki F, Slim 
K, Association Française de Chirurgie. Postop-
erative mortality and morbidity in French patients 
undergoing colorectal surgery: results of a prospec-
tive multicenter study in 1049 patients. Ann Surg. 
2007;246:91–6.

23. Matthiessen P, Hallbook I, Rutegard J, Simert G, 
Sjodahl R. Defunctioning stoma reduces symptom-
atic anastomotic leakage after low anterior resection 
of the rectum for cancer: a randomized multicenter 
trial. Ann Surg. 2007;246:207–14.

24. Grassi N, Cipolla C, Bottino A, Graceffa G, Mon-
tana L, Privitera C, Grassi R, Latteri MA. Valid-
ity of shape memory NiTi colon ring BioDynamix 
ColonRing™ (or NiTi CAR 27™) to prevent anas-
tomotic colorectal strictures. Preliminary results. G 
Chir. 2012;33(5):194–8.

25. Berho M, Fleshman J, Wexner S, Botero-Anug A, 
Pelled, D. Histopathological advantages of com-
pression ring anastomosis healing as compared to 

stapled anastomosis in a porcine model: a blinded 
comparative study. Accepted for publication. Dis 
Colon Rectum. 2014;57(4):506–13.

26. Fingerhut A, Hay JM, Elhadad A, Lacaine F, Fla-
mant Y. Supraperitoneal colorectal anastomosis: 
hand-sewn versus circular staples—a controlled 
clinical trial. French associations for surgical re-
search. Surgery. 1995;118(3):479–85.

27. Sarker SK, Chaudhry R, Sinha VK. A comparison 
of stapled vs handsewn anastomosis in anterior 
resection for carcinoma rectum. Indian J Cancer. 
1994;31(2):133–7.

28. Elhadad A. Colorectal anastomosis: manual or me-
chanical? A controlled multicenter study. Chirurgie. 
1990;116(4–5):425–8.

29. Kracht M. The best anastomoses after colonic resec-
tion. Ann Chir. 1991;45(4):295–8.

30. Thiede A, Schubert G, Poser HL, Jostarndt L. Tech-
nic of rectum anastomoses in rectum resection. A 
controlled study: instrumental suture versus hand 
suture. Chirurg. 1984;55(5):326–35.



361

34Intraoperative Ureteral Injury

W. Shannon Orr, Louis L. Pisters  
and Miguel A. Rodriguez-Bigas

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_34, 
© Springer Science+Business Media New York 2015

M. A. Rodriguez-Bigas () · W. S. Orr
Department of Surgical Oncology, UT MD Anderson 
Cancer Center, 1515 Holcombe Blvd., Unit 1484, 
Houston, TX 77030, USA
e-mail: mrodbig@mdanderson.org

L. L. Pisters
Department of Urology, UT MD Anderson Cancer 
Center, Houston, TX, USA
e-mail: lpisters@mdanderson.org

W. S. Orr
e-mail: wsorr@mdanderson.org

Introduction

In locally advanced colorectal cancer, tumor ex-
tension into adjacent structures has been reported 
to occur in 5–10 % [1]. The primary neoplasm 
most commonly arises from either the sigmoid 
colon or the rectum. Extended resections are 
often required to achieve resection margins clear 
of tumor [2]. The surgical approach to these ad-
vanced tumors is often determined by the extent 
of the urinary tract involvement [1, 2].

Iatrogenic injury to the urinary tract during 
pelvic and retroperitoneum operations occurs 
most commonly to the ureters followed by in-
juries to the bladder and urethra. The incidence 
of ureteric injury during colorectal surgery has 
ranged from 0.2 to 4.5 % [3–6]. In colorectal 
surgery, abdominoperineal resection and low an-
terior resections are most commonly associated 
with iatrogenic ureteric injury [4]. The majority 
of these injuries, 70–85 %, are unrecognized at 
the initial operation [7, 8].

Ureteral injuries are classified based on the 
mechanism of injury, namely laceration, ligation, 

devascularization, and thermal energy [4, 5, 9]. 
Devascularization and thermal injuries may not 
be apparent at the time of initial operation. De-
vascularization injuries may present as ureteral 
stricture months after the initial operation. These 
injuries occur more common after radiation ther-
apy or previous vascular surgery. Thermal inju-
ries typically present early in the postoperative 
period as a fistula. Knowledge of the anatomy 
and early identification of the ureter are critical 
steps in avoiding these injuries. The consequenc-
es of ureteral injury can be serious and early rec-
ognition is essential to minimize morbidity.

Role of Preoperative Stenting

Prophylactic ureter stenting can help identify the 
ureters and aid in the identification of ureteral 
injuries, but does not prevent the injuries. Some 
surgeons advocate for the routine use of ureteral 
stents, while many surgeons use a selective ap-
proach for patients at increased risk of ureteral 
injury [4, 5]. Surgeon’s selective use of ureteral 
stents reflects the factors that are thought to in-
crease the risk of iatrogenic injury [4, 5, 7–9] 
(Table 34.1).

In a study of 120 ureteral catheterizations in 
patients undergoing colorectal procedures for 
either primary or recurrent cancer, Kyzer et al. 
reported prophylactic ureteral catheterizations in 
65 % of the patients [8]. Based on their experi-
ence, these authors concluded that prophylactic 
ureteral stents were beneficial in identifying the 
ureter in patients with large rectal or rectosigmoid 
cancers and in patients where the ureter may be 
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involved by the tumor on preoperative imaging. 
Bothwell et al. reviewed 561 consecutive patients 
who underwent sigmoidectomy or rectosigmoid-
ectomy [9]. Ninety-two patients underwent pro-
phylactic ureteral stent placement, which was 
bilateral in 80 patients. There were two ureteral 
injuries each, in patients who underwent stent 
placement and in those who did not. In the former 
group, there was a surgical injury and an injury 
related to stent insertion. In the latter group, there 
were two surgical injuries. The authors concluded 
that the complications related to ureteral catheter 
insertion are not insignificant, but prophylactic 
ureteral stents may assist in recognizing transmu-
ral injuries.

Incidence of Ureteric Injury and Early 
Identification of Injury

Delayed recognition of ureter injuries is associ-
ated with significant morbidity [3, 6]. The tim-
ing of the diagnosis of ureteral injuries correlates 
with morbidity and long-term results. Following 
111 abdominoperineal resections, Andersson 
and Bergdahi reported five ureter injuries [3]. In 
two patients, the injuries were recognized and 
repaired intraoperatively with good long-term 
results. In the other three patients, the injuries 
were recognized postoperatively. One patient 
underwent delayed repair and died from perito-
nitis. The other two patients suffered acute renal 
failure, with one patient subsequently undergo-
ing nephrectomy and the other patient having a 
nonfunctioning kidney based on intravenous uro-
gram. In a 20-year experience of ureteral injuries 
in surgical patients, Selzman and Spirnak reported 
that injuries detected postoperatively were more 

complicated and required more complex repairs 
compared to injuries detected intraoperatively 
[6]. In their study, an average of 1.6 procedures 
were required to repair ureteral injuries detected 
postoperatively compared to 1.2 procedures for 
injuries detected intraoperatively, ( p < 0.0006). 
Five nephrectomies had to be performed, four 
of which were for injuries discovered postopera-
tively. Immediate repair of a ureteral injury leads 
to less morbidity than delayed repair.

Placement of Ureteral Stents

Ureteral stents are placed by the urologist after 
induction of anesthesia and before the abdomi-
nal procedure begins. There are multiple designs 
of ureteral stent, which are aimed at improving 
patient comfort, reducing urinary tract infection, 
and stent handling. Prophylactic ureteral stents 
are primarily composed of silicone allowing the 
stent to be flexible, elastic, and inert, which al-
lows them to be very well tolerated by patients. 
The length of the stent depends upon the patient’s 
height. In an average adult, the typical stent is 
24–26-cm long. Stent diameters range from 4 
to 7 French (Fr). In cases in which the ureteral 
stents are used for intraoperative identification 
of the ureter with planned removal at the end 
of the case, 5 Fr open-ended ureteral stents are 
commonly used and can be internalized into the 
lumen of the urethral catheter draining the blad-
der. If prolonged ureteral drainage for a period of 
weeks to months is needed, then double-J type 
ureteral stents either 6 or 7 Fr are placed. Since 
the double-J stents are entirely internal (and 
therefore invisible to the patients), it is important 
that patients are not lost to follow-up and that the 
stents are removed or exchanged at the desired 
time interval. Patients who are lost to follow-
up can develop a stone-encrusted ureteral stent, 
which may damage renal function and be diffi-
cult to retrieve.

Several studies have reported on the time as-
sociated with the placement of prophylactic ure-
teral stents. Operative times are increased by a 
mean of 10–23 additional minutes with a range 
of 5–55 min [8, 10–13]. Pokala et al. randomized 

Table 34.1  Factors associated with iatrogenic ureteral 
injury
Bulky tumors
Recurrent disease
Previous radiation therapy
Previous pelvic surgery
Previous urologic surgery
Reoperative surgery
Obesity
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24 patients undergoing reoperative complicated 
colorectal surgery into sequential (before starting 
the procedure) or simultaneous (intraoperative) 
ureteral stent placement [12]. The authors dem-
onstrated that simultaneous insertion of ureteral 
stents reduced the duration time to incision and to 
peritoneal entry ( p = 0.0001) without an increase 
in morbidity. They concluded that simultaneous 
approach may allow for a more selective use of 
ureteral stents based on intraoperative findings.

Due to the lack of tactile feedback in lapa-
roscopy, lighted stents were developed to aid in 
ureteral identification through light visualiza-
tion. With the increasing number of colorectal 
procedures being done laparoscopically or ro-
botically, the use of prophylactic lighted ureter-
al stent placement has increased. Senagore and 
Lutchtefeld reported a series of 49 consecutive 
laparoscopic-assisted colectomies comparing 
patients who had lighted stents [14] and those 
without stents [13, 15]. Ureters were identified 
in the retroperitoneum without any dissection 
by light visualization in 20 of 24 (83 %) patients 
who underwent lighted stent placement. The re-
maining patients in this group and all the patients 
in the group without stents had ureters visualized 
by standard retroperitoneal dissection. In the pa-
tients with lighted stents in which the ureter was 
not identified, two catheters had migrated into 
the bladder and two patients had thick retroperi-
toneal fibrosis impairing light transmission. The 
authors concluded that lighted catheters made 
identification of the ureter easier in potentially 
difficult cases. In a similar series, Chahin et al. 
retrospectively reviewed 66 patients that had 
lighted prophylactic ureteral stents placed for 
laparoscopic colectomy [10]. In this series, one 
(1.5 %) patient suffered a ureteric injury, which 
was identified on postoperative day 2 and was 
managed conservatively with replacement of the 
ureteral stent. In this study, the most common 
complication was self-limiting hematuria, which 
occurred in 98.4 % of patients. The average du-
ration of hematuria was 2.5 days for unilateral 
stenting and 3.3 days for bilateral stenting.

The overall cost associated with the place-
ment of prophylactic ureteral stents ranges from 
$ 1500 to $ 3500 [9, 10]. The cost of placement 

of ureteral stents may be offset by the potential 
benefit for avoiding a ureteral injury and its mor-
bidity in high-risk patients.

Detection of Ureter Injury

Prevention of iatrogenic ureteral injury is based 
on knowing the anatomy of the ureter. The pa-
tient’s preoperative CT scan should be carefully 
assessed to determine the anatomic relationship 
of the colon or rectal cancer with the adjacent 
urinary tract, especially the course of the ureter if 
the tumor is bulky. Approximately 1–2 % of the 
population will have ureteral duplication, which 
can be partial or complete, and can be detected on 
the CT scan. Although there are several anatomic 
patterns of ureteral duplication, it is common for 
the ureters to be totally separate in the upper and 
mid-ureteral levels and then run side by side in a 
common sheath at the level of the lower ureter. 
Horseshoe or pelvic kidneys will also have an 
altered orientation of the renal pelvis and ureter 
[16].

During mobilization of the descending colon, 
the ureter will adhere to the peritoneum rather 
than maintaining its normal position along the 
psoas muscle. The most likely points where ure-
teral injuries occur are at the time of ligation of 
the inferior mesenteric vessels, at the level of the 
sacral promontory where they cross over the iliac 
artery, and during transection of the lateral rec-
tal attachments [4, 5, 17]. Before transection of 
the colonic mesentery, visualization of the ure-
ter is critical. Visualization of the ureter can be 
aided by observing its peristaltic activity, which 
can be demonstrated best by squeezing the ureter 
briefly with Debakey-type forceps. A key ana-
tomic landmark for ureteral identification in the 
pelvis is the obliterated umbilical artery, which is 
the first large anterior branch of the internal iliac 
artery. The ureter is always medial to the obliter-
ated umbilical artery.

There should be a high index of suspicion and 
a low threshold for imaging or direct ureteric ex-
ploration when there is concern for an intraopera-
tive ureteric injury. The first step in the evalua-
tion of a suspected injury is visual inspection of 
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the ureter to assess its integrity and the nature 
and severity of the injury. In some cases, extrava-
sation of urine can be seen from a defect in the 
ureter after a laceration or transection has oc-
curred. If there is no obvious defect in the ureter, 
the diagnosis of a suspected ureter injury can be 
confirmed with the use of intravenous dye injec-
tion (methylene blue or indigo carmine). Five 
milliliters of methylene blue or indigo carmine is 
given intravenously over 5 min. After 5–10 min, 
the dye will begin to be excreted by the kidneys. 
Extravasation of blue dye is a reliable sign of ure-
teral injury and will allow for identification of the 
site of injury. Cystoscopy can be used to assess 
urine efflux from the ureteral orifices. Ureteral 
catheterization can be employed at the time of 
cystoscopy, but may not detect partial transection 
or thermal injury.

In the postoperative period, one must have a 
high index of suspicion for an injury to the uri-
nary tract since early signs and symptoms may 
be subtle. Urinary tract injuries that are not iden-
tified intraoperatively are most likely present 
within the first 2 weeks after surgery [4]. Dur-
ing this time after surgery, signs and symptoms 
such as leakage of urine from abdominal incision 
or rectum, high drain output, unilateral or bilat-
eral flank pain, hematuria, oliguria, anuria, ileus, 
and fever should raise suspicion for ureter injury 
[3, 18, 19]. Physical examination and laboratory 
studies are valuable in identifying other compli-
cations associated with ureteral injury and help 
determining which diagnostic studies are needed. 
Physical examination should assess hemody-
namic stability, urine output, signs of peritonitis, 
ascites, and the integrity of incisions. Laboratory 
evaluation should consist of serum electrolytes, 
blood urea nitrogen (BUN), and creatinine (Cr) 
[5, 20]. Bilateral ureteral obstruction will result 
in acute renal failure, while unilateral obstruction 
will result in a transient increase in Cr while the 
other kidney compensates. If physical examina-
tion demonstrates evidence of ascites or if there 
is high drain output, then biochemical analysis 
of the peritoneal fluid by paracentesis or send-
ing fluid from intraperitoneal drains can be per-
formed. The BUN and Cr of the peritoneal fluid 
are compared to the patient’s serum levels. If the 

values of serum and ascites are similar, there is 
no urinary ascites. If the BUN and Cr are normal 
in the serum but elevated in the ascites fluid, this 
confirms a urinary tract injury that needs further 
evaluation. The creatinine level of the peritoneal 
fluid will help determine the magnitude of the 
urine leak. A high-volume urine leak is often as-
sociated with a drain creatinine above 30 mg/dl. 
A small-volume urine leak will have a drain cre-
atinine level that is lower and closer to the serum 
level.

Once a ureteral injury is suspected, an ultra-
sound can be performed to assess for hydrone-
phrosis or to exclude retroperitoneal fluid col-
lections. Following the ultrasound, a computed 
tomography with IV contrast or cystoscopy with 
retrograde intravenous pyelography should be 
performed. Retrograde pyelogram can give the 
precise location of the injury, and a stent could 
be deployed in cases of ureteral injury without 
obstruction.

Management of Ureter Injury

Intraoperative recognition of ureteral injuries 
occurs only in 15–30 % of patients undergoing 
open operation [7, 8]. If the ureteral injury is 
recognized intraoperatively, it should be repaired 
during the same operation. Prior to initiating the 
repair, if it has not been previously done, one 
should assess the baseline renal function and pre-
operative imaging of the urinary tract to ensure 
there are two functioning kidneys. The patient’s 
prior cancer treatment including the previous ra-
diation exposure, extent of radiation field, prior 
chemotherapy, and history of targeted therapy 
should be reviewed. A thorough surgical history 
should include any history of ureteral, bladder, 
prostate, or kidney surgery, which might prevent 
ureter mobilization or an elongation procedure. 
The surgeon should review the patient’s medi-
cal history with special attention to a history of 
chronic kidney failure, renal stones, or hyperten-
sion.

Once the extent and location of the injury is 
delineated, several general principles apply for 
repair. At the site of injury, the ureter should be 
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debrided to healthy tissue with a good blood sup-
ply to ensure healing. There should be minimal 
grasping of the ureter with forceps. Stay sutures 
can be placed on the ureter to help provide expo-
sure and move the ureter. A watertight tension-
free spatulated anastomosis should be performed 
with fine absorbable sutures, which will decrease 
the risk of stricture and stone formation. The 
specific repair is based on the location and the 
extent of the injury [21, 22] (Table 34.2). Renal 
and bladder mobilization is extremely useful in 
reducing the gap of ureteral loss. The perineph-
ric tissues (Gerota’s fascia) and the bladder itself 
can be on moderate tension with fixation, but any 
ureteral anastomosis must be tension free or it 
will stricture.

Minor contusions and thermal injuries of the 
ureter can be managed with stent placement and 
drainage. The ureter should be inspected to en-
sure adequate blood supply as minor injuries may 
stricture or break down. If the ureter is inadver-
tently ligated, the suture should be removed and 
the ureter examined for viability. If the ureter is 
viable, then the injury can be managed with stent 
placement and drainage. If there is a question 
of ureter viability, the injured portion should be 
debrided and an ureteroureterostomy should be 
performed.

Partial transection of the ureter can be repaired 
by primary repair if the ureter is viable. In order 
not to stricture the ureter, the injury is closed by 
converting a longitudinal transection into a trans-
verse transection (Heineke–Mikulicz). The ureter 
is stented and the repair is drained.

Proximal Third Injuries

The proximal one-third of the ureter extends from 
the ureteropelvic junction to the upper border of 
the sacroiliac joints. Injuries in the proximal third 
of the ureters account for 2 % of all ureteral inju-
ries [6]. The length and location of the damaged 
segment of ureter determines how the injury will 
be repaired. The optimal repair is a direct uretero-
ureterostomy for an injury in this location, pro-
vided that the length of ureteral loss is less than 
5 cm (ideally only 2–3 cm). If sufficient length 
cannot be obtained by mobilization of the ureter, 
additional ureteral length can be obtained by mo-
bilization of the kidney. Full mobilization of the 
left kidney can achieve an additional 3–4 cm with 
fixation to the psoas tendon or retroperitoneum 
(nephropexy). Full mobilization of the right kid-
ney will only achieve an additional length of 
1–2 cm due to the shorter right renal vein. An 
interrupted spatulated anastomosis with 5-0 ab-
sorbable suture is performed over a stent when 
sufficient length of ureter has been obtained. If 
the anastomosis is on tension, it will stricture. If 
after mobilization of the kidney sufficient ureter-
al length cannot be obtained to perform a direct 
ureteroureterostomy, then one might consider a 
transureteroureterostomy (TUU) with full mo-
bilization of both the donor (index) kidney and 
the donor ureter and mobilization of the recipient 
kidney and ureter. It is important in a complex 
TUU to bring the lower poles of both kidneys 
together (but suturing Gerota’s fascia from the 
lower pole of each kidney together to create an 
iatrogenic “horseshoe kidney”). One must be 
sure not to devascularize the recipient ureter dur-
ing mobilization. An omental pedicle flap can be 
placed around the repair to separate it from the 
aorta as the TUU anastomosis in these cases is 
close to the aorta. If a complex TUU is not pos-
sible, then one must consider other options such 
as intestinal interposition graft, autotransplan-
tation, or a nephrectomy [22, 23]. The ileum is 
typically used for an intestinal interposition graft. 
The ureteral segments are mobilized and the ure-
teral–ileal anastomosis is performed in an end-
to-side fashion using absorbable suture, much in 
the same way that an ileal conduit is constructed 

Table 34.2   Suggested management options for ureteral 
injuries at different locations
Upper ureter injury
Direct ureteroureterostomy
Transureteroureterostomy
Ileal ureter
Autotransplantation
Middle ureter injury
Direct ureteroureterostomy
Transureteroureterostomy
Boari flap
Lower ureter injury
Reimplantation
Psoas hitch
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after cystectomy. The ileal segment should be 
minimized as much as possible to reduce the risk 
of electrolyte reabsorption. The psoas hitch or 
nephropexy can be performed as an adjunct to 
ileal ureter. Contraindications to ileal interposi-
tion repair include Crohn’s disease, radiation en-
teritis, and serum creatinine greater than 2.0 mg/
dl [6, 22].

Autotransplantation and ultimately nephrec-
tomy are alternatives to be considered after mul-
tiple attempts at repair of the ureteral injury have 
failed. Autotransplantation, which involves mov-
ing the injured ureter and ipsilateral kidney to 
an ectopic site, in the pelvis, is considered when 
the contralateral kidney is absent or poorly func-
tioning. When performing the nephrectomy por-
tion of the autotransplantation, maximal length 
of renal artery and vein should be harvested for 
anastomoses to the iliac artery and vein. The ure-
ter is then anastomosed directly to the bladder. 
A nephrectomy is the last option after multiple 
attempts at repair have failed. It can be consid-
ered as an option when there is extensive upper 
ureteral injury and a normal contralateral kidney 
is present.

Middle Third Ureteral Injuries

Approximately 7 % of all ureteral injuries occur 
in the middle third of the ureter. For short-seg-

ment injuries, the preferred method of repair is 
ureteroureterostomy [6]. If the injured segment 
is too extensive to perform, a tension-free anas-
tomosis, a TUU or a ureteroneocystostomy with 
either a psoas hitch or a Boari flap can be per-
formed. A TUU should be considered when the 
patient has severe bladder scarring or congenital 
small bladder, or if they have undergone a pros-
tatectomy or partial cystectomy, which would 
prevent a bladder elongation procedure. A TUU 
involves mobilizing the donor ureter and tun-
neling it cephalad to the inferior mesenteric ar-
tery to the recipient ureter. The recipient ureter 
is mobilized medially toward the donor ureter 
being careful to maintain blood flow and avoid 
devascularization of the recipient ureter. Stay 
sutures are placed on both recipient ureter and 
donor ureter, and a 1.5-cm incision is made on 
the anteromedial side of the recipient ureter. The 
anastomosis is performed tension free, and the 
medial sutures (donor side) should all be placed 
before tying them. Having a stent in the recipi-
ent ureter greatly facilitates making the incision 
in the recipient ureter (Fig. 34.1). TUU is rela-
tively contraindicated in patients with a diseased 
contralateral kidney or ureter, nephrolithiasis, 
history of radiation, chronic infections, or retro-
peritoneal fibrosis. An absolute contraindication 
to a TUU is a urothelial cancer. TUU is simple, 
fast, and highly effective and has no impact on 
bladder function [24]. One theoretical drawback 

Fig. 34.1  Sixty-eight-year-old man with large volume 
anastomotic recurrence of sigmoid cancer treated with 
neoadjuvant chemoradiation followed by en bloc resec-
tion of sigmoid colon, upper rectum, and mid-left ureter, 
reconstructed with a left to right TUU and rectal anas-
tomosis with temporary ileostomy. In the postoperative 

period, he develops a distal right ureteral stricture (a). 
The stricture is repaired by a reimplantation with bladder 
hitch to the sacral promontory at the time of ileostomy 
takedown (b and c). Note how the recipient right ureter is 
mobilized medially
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to TUU is that in many cases, the recipient kid-
ney and ureter are normal and are placed at slight 
risk. However, Pisters et al. have shown that the 
risk of recipient kidney loss in TUU is extremely 
small and that TUU should be considered due to 
its simplicity [24]. Postoperatively, a single stent 
up the donor or recipient ureter will provide ad-
equate drainage. It is not necessary to stent both 
sides of the TUU.

A Boari flap is an effective method for com-
plex injuries to the mid-ureter. Full mobilization 
of the bladder allows for a tension-free anasto-
mosis [5, 6, 22]. The bladder should be distended 
with saline, and a spiral rectangular flap is cre-
ated on the anterior surface of the bladder and af-
fixed to the psoas tendon. It is critical to preserve 
the blood supply to the flap, which is from the 
superior vesical artery. The base of the flap must 
be at least 4-cm wide to maintain viability. The 
ureter is tunneled through the proximal portion of 
the flap, and a neo-orifice is created in the flap. 
The ureter is widely spatulated, and a mucosa-
to-mucosa anastomosis is created over a ureteral 
stent. The bladder flap is tubularized and closed 
in a one- or two-layer fashion. A Boari flap is 
contraindicated in patients with small bladder ca-
pacity. Functional bladder capacity can be signif-
icantly reduced by a Boari flap, which can result 
in bothersome and occasionally disabling postop-
erative voiding dysfunction. Another drawback 
to the Boari flap is that it can be difficult to assess 
whether the bladder flap will reach the ureter if 
the injury is high. It may be simpler to consider 
aggressive bladder mobilization with psoas hitch, 
and if the bladder does not reach the ureter with a 
psoas hitch, then perform a TUU.

Lower Third Ureteral Injuries

Approximately 90 % of ureteral injuries occur at 
the distal one-third of the ureter [6]. Injuries in 
this area can be repaired by ureteral reimplanta-
tion with or without psoas hitch [5, 6, 22]. Distal 
injuries are often difficult to repair primarily and 
a ureteral reimplantation (ureteroneocystostomy) 
is preferred. If the ureter is to be reimplanted, it is 
reattached in a medial and superior position to its 

original insertion. A 2–3-cm submucosal tunnel 
is fashioned. This potentially creates a flap valve 
preventing reflux. The ureter is then anastomosed 
to the bladder mucosa. When a tension-free ure-
teral reimplantation cannot be performed, a psoas 
hitch is used to eliminate tension. The bladder is 
mobilized on both the ipsilateral and contralat-
eral sides to the injury. The contralateral supe-
rior vesical pedicle can be ligated to provide and 
ensure a tension-free anastomosis. A transverse 
cystotomy is made on the anterior surface of the 
bladder to help facilitate placement. The bladder 
is then secured to the psoas tendon using nonab-
sorbable sutures (Fig. 34.2). Care must be taken 
to avoid entrapment of the genitofemoral nerve. 
The ureter is then tunneled through the wall of 
the detrusor and a spatulated mucosa-to-mucosa 
anastomosis is performed. The posterior sutures 
are placed first and tied and then a ureteral stent 
is placed, followed by placement of all the an-
terior sutures prior to tying them. The anterior 
cystotomy is closed in a vertical fashion in two 
layers. In some cases, the bladder may be secured 
to other fixed structures, such as the sacrum, to 
facilitate a tension-free anastomosis.

A primary ureteroureterostomy should not be 
considered for repair of a lower ureteral injury, 
as the success rate of reimplantation of the ureter 
into the bladder is superior to the success rate of 
ureteroureterostomy. This may be due to the risk 
of devascularization of the lower ureter resulting 
in a higher rate of structure with ureteroureteros-
tomy. Also, the lower ureter is very difficult to 
mobilize for tension-free anastomosis without 
devascularization (blood supply comes off of the 
internal iliac artery).

Delayed Ureteral Transection  
or Ligation

The timing of the repair of a delayed-recognized 
ureter transection and a ureteral ligation is contro-
versial [6, 14, 17, 18, 21, 22, 25]. Some authors 
advocate that these injuries should be repaired as 
soon as they are recognized, while other authors 
recommend an immediate attempt at placement 
of a double-J ureteral stent with delayed repair. 
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Authors that recommend immediate repair have 
shown that these injuries can be repaired with 
complication rates as low as those where the in-
juries were recognized immediately. However, 
other studies have shown an increase in the com-
plication rate of the ureteral repair from 10 to 
40 % due to the delay in diagnosis.

Authors that advocate an immediate attempt 
at placement of a double-J stent have reported a 
success rate of 73 % without the need for open 
surgical repair. However, stents are only success-
fully deployed in 20–50 % of patients. Failure of 
stent placement is typically due to complete ob-
struction or too long of a gap between the proxi-
mal and distal end of the ureter. Once a stent has 
been placed, an image-guided drain should be 
placed near the site of injury. The time required 
for stenting also varies between authors. Selzman 
and Spirnak recommended stent placement for at 
least 6 weeks [6]. Cormio et al. were successful 
at treating late ureteral complications with a ure-
teral stent for 3 months [15].

If a retrograde stent cannot be placed, a neph-
rostomy tube is placed and an attempt of stent 

placement is done via an antegrade approach. If a 
stent is not able to be placed through the antero-
grade approach, the nephrostomy tube is left and 
another attempt is made in 7 days. If the ureter 
cannot be stented, then an attempt via an open 
repair is performed in 6 weeks. An open repair 
is required after stent placement if patients have 
persistent leak or stricture.

Management Post Repair

A Foley catheter, internal double-J stent, and 
closed suction drains are placed at the time of 
the repair operation. The closed-suction drains 
are monitored for an anastomotic urine leak. Bio-
chemical analysis can be sent from the drain out-
put to determine whether there is a urine leak. A 
CT cystogram is obtained on postoperative days 
5–7. If no leak is observed on the cystogram, the 
Foley catheter and closed-suction drains are re-
moved. The cystogram is repeated in 4–6 weeks 
post repair to confirm there is no anastomotic 
stricture. The internal stents are removed if no 

Fig. 34.2  Ureteral reimplantation to the bladder with 
psoas hitch. In a, the ureter is spatulated and the bladder 
hitch stitch is seen on the left. b demonstrates the stay 
sutures are placed on the ureter and bladder. The posterior 
aspect of the anastomosis has been completed with inter-

rupted 5-0 absorbable suture. c demonstrates the ureteral 
stent has been placed and secured to the urethral Foley 
catheter. In d, the anterior aspect of the anastomosis is 
completed with interrupted 5-0 absorbable suture
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anastomotic leak is demonstrated. A urinary leak 
occurs in approximately 10–24 % of ureteroure-
terostomy repairs. Most early postoperative leaks 
can be managed with continued closed-suction 
drainage.

Outcomes

Recognition and treatment of ureteric injuries at 
the time of surgery are associated with less mor-
bidity compared to those in whom the diagnosis 
was delayed. In patients with prompt diagnosis 
of ureteric injury, Al-Awadi et al. demonstrated 
a 94 % successful resolution of ureteric injuries 
[18]. The success rate for a ureteroureterostomy 
is 90 %. Between 10 and 24 % of early repairs 
develop a urine leak, which is managed with 
the drain placed intraoperatively [18]. A ureteral 
stricture develops in approximately 10 % of ure-
teroureterostomy repairs. Ureteral strictures are 
late complications and can be managed endo-
scopically with balloon dilation. If endoscopic 
management is unsuccessful, then open repair 
is required. Ileal replacement of the ureter has a 
reported success rate of 83–100 % [26]. Armatys 
et al. reported a 3 % anastomotic stricture and 6 % 
fistula rate after ileal replacement [26]. Ileal re-
placement of the ureter can result in hyperchlore-
mic metabolic acidosis, which can be treated by 
sodium bicarbonate. Pisters et al. demonstrated 
that the overall success rate of a TUU, measured 
in terms of patent anastomosis and bilateral func-
tioning kidneys, is greater than 95 % [24].

Psoas hitch and Boari flap have also been 
shown to be highly successful. Long-term suc-
cess rates have been reported from 95 to 100 % 
[5, 6, 18, 22]. Ureteral reflux typically does not 
lead to long-term complications. Obstruction at 
the reimplantation site has been reported in ap-
proximately 5−10 %, which is typically managed 
with endoscopic dilation [5, 6, 18, 22].

Key Points to Avoiding Injury

1. Knowledge of the ureter anatomy is essential 
to avoid injury.

2. Preoperative imaging should be reviewed to 
determine the anatomy of the ureter and the 
possibility of the ureter being involved by 
tumor.

3. Prophylatic ureteral stents should be placed in 
high-risk patients.

4. The ureter should be identified with meticu-
lous dissection early in the procedure.

5. Visualization of the ureter must be performed 
before transection of colonic mesentery.

Key Points to Diagnosis  
and Manage the Complication

1. Lower ureteral injuries are the most common 
injuries and should be managed with ureteral 
reimplantation to the bladder. Avoid primary 
ureteroureterostomy for lower ureteral injures.

2. If an injury is suspected intraoperatively, in-
digo carmine can be given intravenously and 
the ureter observed for extravasation of dye.

3. If an injury is detected intraoperatively, the 
ureter should be debrided to healthy tissue and 
a spatulated tension-free anastomosis should 
be performed if possible. The type of repair 
depends on the site and type of injury.

4. If an injury is suspected postoperatively, the 
BUN and Cr of an intra-abdominal fluid col-
lection or drain fluid can be compared to the 
patient’s serum level.

5. A retrograde pyelogram can give the precise 
location of injury, and a stent could be de-
ployed over the injury.
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Introduction

Colorectal surgery frequently involves pelvic dis-
section for both benign and malignant conditions. 
While the ureter is more commonly injured dur-
ing pelvic surgery, the urethra is not immune [1]. 
The most common urethral injury in colorectal 
surgery is secondary to traumatic Foley catheter 
placement. We herein discuss prostatic urethral 
injuries, specifically offering tips on preven-
tion, methods of detection, and management of 
injuries.

Anatomy

An important factor to help reduce the risk of 
prostatic urethral injuries is a thorough under-
standing of its anatomy. The urethra can be ana-
tomically divided into an anterior and posterior 
portion, separated by the genitourinary perineal 
membrane.

The anterior urethra, also known as the 
spongy or cavernous urethra, consists of the bul-
bous portion and pendulous, or penile, portion. 
The bulbous portion starts at the genitourinary 
perineal membrane and extends to the penoscro-
tal junction where the pendulous portion begins 

and extends to the external meatus. Figure 35.1 
illustrates this anatomy.

The posterior urethra is composed of the pros-
tatic urethra and the membranous, or intermedi-
ate, portion of the urethra. The prostatic urethra is 
the first portion of the urethra leading to the inter-
mediate portion which is enclosed by the sphinc-
ter urethrae muscle. While the membranous por-
tion of the posterior urethra is most commonly 
injured secondary to pelvic fractures, the prostat-
ic segment of the posterior urethra is susceptible 
to iatrogenic injury [2]. The majority of prostatic 
urethral injuries are secondary to prostatic resec-
tions such as transurethral prostatic resections 
(TURP) or radical prostatectomies. Figure 35.2 
demonstrates the close relation between the pros-
tatic urethra and rectum, which makes it suscep-
tible to iatrogenic injury during pelvic surgery. 
The discussion within this chapter is limited to 
injuries of the prostatic urethra which can occur 
during colorectal surgeries.

Incidence

Colorectal operations at risk for injuring the ure-
thra include proctectomies and abdominoperi-
neal resections. Such injuries may occur during 
dissection for either benign or malignant condi-
tions. This fact is not surprising considering that 
the anterior portion of the lower rectum is inti-
mately associated with the posterior border of the 
prostate.
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Types of Prostatic Urethral Injury

During pelvic surgery and dissection of the rec-
tum, the prostatic urethra is prone to two different 
types of injury. Transection of the urethra during 
sharp dissection may lead to immediate urine 
leakage although transection with an energy de-
vice may temporarily occlude the lumen result-
ing in a delayed leak. Pelvic dissection with elec-

trocautery may lead to ischemia of the urethra 
followed either by a stricture or a delayed leak.

Prevention

The key to preventing a prostatic urethral injury, or 
any urinary injury for that matter, is to be vigilant 
about the risk. This risk is increased in patients 

Fig. 35.1  The anterior and posterior portions of the urethra are depicted
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with bulky anterior rectal tumors, a history of 
radiation, and/or history of a prostatectomy, all 
of which may obliterate the rectoprostatic space. 
The inflammation and scar tissue in the former 
setting make it difficult to visualize and dissect in 
the plane immediately anterior to the rectopros-
tatic, or Denonvillier’s fascia. The large inflamed 
rectum in patients with proctitis and following 
an anastomotic leak also increases the risk of  
injury.

One technique to facilitate awareness of the 
location of the urethra is the placement of a large 
diameter Foley catheter. Alternatively, urethral 
sounds may be more easily palpated intraop-
eratively secondary to their rigidity. The wider 
diameter catheter can help the surgeon palpate 
the prostatic urethra especially when nearing it. 
However, it is important to not have an over-
whelming sense of security with this technique 
as it may still be difficult to identify the loca-
tion of the urethra in cases of previous radiation 
and/or prostatectomy. When reoperating on pa-
tients following a pelvic anastomotic leak or for 
a recurrent rectal carcinoma, special vigilance is  
needed.

Detection

Should the surgeon encounter the unfortunate 
situation of having injured the prostatic urethra, 
the ideal time for detecting the injury is during 
surgery. Early recognition may allow for syn-
chronous repair and may potentially allow for a 
better repair without having to subsequently re-
enter the pelvis.

Some surgeons advocate the routine use of in-
digo carmine or methylene blue during colorectal 
surgeries in which the urinary system is at risk. 
Therefore, if the surgeon is concerned about the 
prostatic urethra, such as in cases where bulky 
tumors or radiation have eliminated the normal 
planes, the anesthesiologist can administer 10 mL 
of indigo carmine or methylene blue intravenous-
ly with or without furosemide to expedite diure-
sis. Another intraoperative method for detecting 
injuries is to inject 10–20 ml of methylene blue 
via an angiocatheter placed in the urethra adja-
cent to the Foley catheter [1]. Again, any visual-
ized extravasation of methylene blue would indi-
cate injury to the urinary tract.

The surgeon may also encounter delayed rec-
ognition of urethral injury. Postoperative signs of 
urinary injury may include a rise in blood urea 
nitrogen (BUN) and creatinine levels secondary 
to urinary absorption from the peritoneal cav-
ity and an increase in drain output, particularly 
if serous in quality. If an injury is suspected, the 
drain output can be sent to the laboratory for a 
creatinine level. A drain creatinine level in excess 
of the serum creatinine level indicates a urinary 
leak. A renal ultrasound may indicate dilata-
tion of the more proximal urinary system or a 
distended bladder if the urethra is strictured. A 
computed tomography scan of the abdomen and 
pelvis with intravenous contrast may also be used 
to detect urinary injuries; however, the contrast 
must have reached the site of injury for extrava-
sation to occur and will not indicate the specific 
site of injury.

A retrograde urethrogram can also be used to 
visualize urethral injuries, either intraoperatively 
or postoperatively. Rosenstein and Alsikafi have 

Fig. 35.2  Demonstration of the anatomy of the urethra 
in relation to the rectum. The straight arrow points to the 
rectum. The wavy arrow points to the prostatic urethra
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provided a detailed description the technical 
aspects of performing a retrograde urethrogram 
[3]. The patient is first positioned supine on the 
table, and then the left pelvis is elevated 30–45° 
from the table. The right thigh is bent at a right 
angle to the hip while the left leg is kept straight. 
A 14 French Foley catheter is then inserted into 
the tip of the penis and the Foley balloon dis-
tended with 2 ml of water; 30 ml of water-soluble 
contrast is then injected and a radiograph expo-
sure taken at least near the end of the injection if 
not throughout the injection. This technique will 
allow appropriate visualization of the entire ure-
thra and any leaks or strictures.

Management

A prostatic urethral injury detected at any time 
should lead to a urology consultation if available 
and primary repair at the initial operation. It is 
important to keep in mind that most data regard-
ing the management and outcome of prostatic 
urethral injuries are based on traumatic urethral 
disruptions.

Intraoperative detection of a prostatic ure-
thral injury will potentially allow for a primary 
repair if able to be performed in a tension-free 
manner [1]. The two ends of the urethra should 
be spatulated in such a repair to try to obviate 
subsequent anastomotic stricture. In patients who 
have undergone pelvic radiation, it may be pru-
dent to reinforce the repair with omentum, a local 
tissue flap, and/or a biologic mesh [1]. In cases 
of significant loss of urethra, urethral reconstruc-
tion has been described using a pedicled gracilis 
flap [4]. During intraoperative repair of the ure-
thra, if there is difficulty in identifying the more 
 proximal urethra after a complete transection, a 
urethral sound may be placed through either a 
suprapubic location or by creating an anterior 
cystotomy.

Prostatic urethral injuries that are detected 
postoperatively are more difficult to manage. Un-
less a patient is within the first few postoperative 
days, there will likely be significant adhesions 
in the pelvis making any immediate surgical ap-
proach more difficult. Experience with traumatic 

posterior urethral injuries indicates that primary 
urethral realignment results in lower rates of 
fibrotic defects compared to primary bladder 
drainage with plans for delayed urethroplasty; 
however, the erectile dysfunction and urinary in-
continence rates were higher [5–7]. Other authors 
have reported lower rates of erectile dysfunction 
and urinary incontinence following surgical re-
alignment [8–10]. Primary urethral realignment 
can be performed either surgically, transab-
dominal or transperineal, or endoscopically. A 
urethral stricture, either from cautery injury or 
following initial management of the injury with 
primary urethral realignment, may be amenable 
to bulboprostatic anastomotic urethroplasty via 
either an abdominoperineal or transperineal ap-
proach [11–13]. It is important to keep in mind 
that some degree of the complications described 
with the various techniques may be related to the 
traumatic mechanism of injury.

The key to managing any urinary injury is to 
allow adequate drainage of the urinary system. A 
bladder catheter should be kept in place across 
the urethral injury postoperatively to keep the 
bladder decompressed. Some authors also advo-
cate placing a suprapubic catheter in addition to 
the bladder catheter to ensure appropriate drain-
age should one mechanism fail. If, however, the 
urethral injury is postoperatively detected, a su-
prapubic catheter should be placed for drainage.

Additionally, drains placed adjacent to any of 
the above-discussed repairs will enable detection 
of urinary extravasation and, more importantly, 
help ensure adequate drainage should a urine leak 
or a fistula develop.

Delayed Rectourethral Fistula

A delayed urethral injury may also present as a 
rectourethral fistula. These patients may pres-
ent with pneumaturia, fecaluria, urine draining 
through the rectum, or recurrent urinary tract 
infections. Different modes of treatment exist in 
the treatment of delayed iatrogenic rectourethral 
fistulas including transperineal, transanal, trans-
sphincteric, and transabdominal approaches [14].
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Transperineal repairs usually involve clo-
sure of the rectum and/or closure of the urethral 
opening. These outcomes are improved by inter-
posing muscle between the rectal and urethral 
repairs, especially if the pelvis was previously 
irradiated. The gracilis muscle and dartos mus-
cle interposition flaps are well described in the 
treatment of rectourethral fistulas [15–18]. The 
preference of the authors is to perform gracilis in-
terposition flaps for pelvic fistula disease specifi-
cally using the transperineal approach because it 
provides great access to the fistula, brings a large 
piece of viable muscle to help buttress the fistula 
repair, and minimally affects the donor extremity 
with mild numbness being the main side effect 
[16, 19–21]. The gracilis muscle is a large muscle 
dependent on one main neurovascular bundle at 
its origin, which makes it versatile. All patients 
should undergo fecal diversion either prior to 
or occasionally at the time of graciloplasty. The 
creation of an ileostomy or colostomy should fa-
cilitate healing by reducing fecal contamination. 
Maintenance of an indwelling Foley catheter and 
occasionally also a suprapubic catheter through-
out the duration of treatment is mandatory. The 
objective is to prevent both urine and stool from 
entering the area of the repair.

The technical aspects of performing a gracilo-
plasty have been well described [19]. The gracilis 
muscle is harvested from the patient in the Lloyd-
Davies position. A 3–4-cm incision is first made 
in the distal medial thigh, staying posterior to the 
saphenous vein. Dissection is carried down onto 
the gracilis muscle after which its tendon is en-
circled with either a red rubber catheter or a pen-
rose drain. A second small incision is then made 
on the proximal thigh about four fingerbreadths 
distal to the pubic tubercle where the gracilis 
muscle is again identified and encircled. The sur-
geon then bluntly dissects through the space su-
perficial to the gracilis muscle to create a tunnel 
connecting both incisions. The gracilis tendon 
is then divided from behind the medial condyle 
after which a laparoscopic energy device is used 
to circumferentially mobilize the muscle up to its 
neurovascular bundle 10 cm from the pubic tu-
bercle. Throughout this procedure, it is important 
for the anesthesia team to avoid any paralytics 
so that the location of the neurovascular pedicle 

can be confirmed by stimulating the nerve. A 
tunnel is then created from the upper thigh inci-
sion to the site of the planned perineal incision. 
The thigh incisions are closed over a drain. The 
patient is then routinely repositioned into the 
prone jackknife position to optimize exposure. A 
5-cm circumanal perineal incision is then made 
through the perineal body and carried proximally 
at least 2 cm above the fistula in healthy tissue. 
The edges of the fistula tract are then resected. 
While the rectal defect is always closed with an 
advancement flap, the urethral defect is almost 
always left open depending on the fistula size 
and on the condition of the surrounding tissues; 
very small urethral defects surrounded by healthy 
pliable tissue may occasionally be primarily re-
paired. A series of bilateral 2.0 prolene sutures 
are placed from the apex to the distal aspect of 
the dissected space, after which the sutures are 
passed through the gracilis muscle, interposing 
it between the rectum and urethra (Figs. 35.3, 
35.4 and 35.5). A closed suction drain is also left 
under the perineal incision. Later, the patient is 
placed in an adduction splint prior to reversal of 
general anesthesia. 

Postoperatively, the patient is on bed rest with 
an adductor splint for 3 days, intravenous antibi-
otics for 3 days after which oral antibiotics are 
started, and a bladder catheter for 6–8 weeks. 
Successful fistula closure is verified 6 weeks 
following surgery with a water-soluble contrast 
enema, a retrograde urethrogram, cystoscopy, 

Fig. 35.3  The patient is in the prone jackknife position. 
The gracilis muscle is grasped and about to be pulled into 
the perineal incision
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and examination under anesthesia. Stoma clo-
sure is generally performed 12 weeks after the 
surgery, at which time the Foley catheter is also 
removed.

We reviewed our results with gracilis interpo-
sition flaps for rectourethral, rectovaginal, and 
pouch-vaginal fistulas [16]. Our results included 
53 patients from 1995 to 2007 including 36 males 
with a rectourethral fistula and 17 females, 15 of 
whom had a rectovaginal fistula. Thirty of the 36 
males had undergone treatment for prostate car-
cinoma. Five males required a second gracilis in-
terposition flap for the following reasons: failure 
after an initial gracilis flap, intraoperative muscle 
necrosis, perineal sepsis requiring debridement, 
and persistent fistula. Only one of those males 
had a persistent fistula after two gracilis flaps; 
however, he eventually healed his fistula after a 
transanal rectal advancement flap. There were 
23 complications in 17 patients: perineal wound 
infection, urethral stricture, prolonged perineal 
wound drainage, fever, urinary retention, urinary 
tract infection, perineal bleeding, penile cellulitis, 
deep venous thrombosis, thigh hematoma, thigh 
pain/numbness, and fecal incontinence following 
stoma reversal. Thus, our success rates were 78 % 
after initial graciloplasty and 97 % after secondary 
procedures. Table 35.1 includes a review of the 
success rates with graciloplasty in treating recto-
urethral fistulas.

Transanal techniques involve a full-thickness 
rectal advancement flap beyond the area of the 
fistula with simultaneous ligation of the fistula 
tract. Visualization for more proximal rectoure-
thral fistulas has been augmented with the avail-
ability of transanal endoscopic surgery (TES). 
Transanal endoscopic surgery includes transanal 
endoscopic microsurgery (TEM) during which a 
large rigid anoscope is placed in the anus with 
subsequent insufflation of the rectum to allow 
visualization. Other variations of TES include 
placing a single-incision laparoscopic gel port 
into the anus with subsequent insufflation. The 
TES platforms present much improved visualiza-
tion than standard transanal surgery. Full-thick-
ness rectal advancement flaps with ligation of the 
fistula have been reported using TEM [22, 23]. 
A urethral stent may also be placed to span the 
fistula opening without primary closure of the 
urethral end with success [22].

A transsphincteric approach most commonly 
involves a posterior, or York-Mason, incision ex-
tending from the anal verge to the coccyx with 
division of the sphincter muscles as well as the 
posterior rectal wall [24–28]. The fistula tracts 
may then be either excised or ligated. This proce-
dure has the risk of rectocutaneous or anocutane-
ous fistula and fecal incontinence and may not be 
the best option in patients at risk for poor wound 
healing.

Fig. 35.5  The gracilis muscle being interposed between 
the rectum and urethra. (With permission from:Zmora 
et al. [15] © by Lippincott Williams & Wilkins)

 

Fig. 35.4  The gracilis muscle after being pulled through 
the perineal incision. (With permission from Zmora et al. 
[15] © by Lippincott Williams & Wilkins)
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A transabdominal approach will allow re-
pair of a rectourethral fistula if a proctectomy 
or prostatectomy is attempted [29, 30]. Open 
or laparoscopic approaches may be undertaken. 
Most transabdominal approaches described in the 
literature refer to radiotherapy-induced rectoure-
thral fistulas rather than postoperative iatrogenic 
rectourethral fistulas.

This brief description of rectourethral fistula 
repairs sheds light to the numerous techniques 
that exist. It is important to individualize treat-
ment options depending on the patient’s comor-
bidities, expectations, and quality of life, in addi-
tion to the anatomic details of the fistula.

Conclusion

Prostatic urethral injury is a major risk of pelvic 
colorectal surgery, especially when involving 
reoperative surgery, irradiated tissue, bulky tu-
mors, and obese males. Avoiding urethral injury 
requires a high awareness of the risk as well as 
prophylactic measures to try to reduce the risk. 
Such techniques include the use of a large ure-
thral catheter or sound to palpate the urethra. 
Suspicion for injury can be intraoperatively 
tested with retrograde instillation of indigo car-
mine, methylene blue, and/or a retrograde ure-
throgram. Furthermore, retrograde urethography 

remains important both during and after surgery 
to diagnose the injury. In the unfortunate event 
of a prostatic urethral injury, a urology consult 
is highly recommended at the time of diagnosis 
for optimal management. A delayed rectourethral 
fistula may be treated by either a transperineal 
approach with a gracilis or dartos interposition 
flap or a transanal approach with a full-thickness 
rectal advancement flap.

Key Points on Avoiding Complications

1. Always be aware of the possibility of urinary 
injuries.

2. Be especially vigilant in cases of bulky tumors 
or history of pelvic irradiation.

3. Use a large Foley catheter to palpate the ure-
thra.

4. Insert a urethral sound to palpate the urethra.
5. If concerned about a urinary injury, check 

prior to leaving the operating room.

Key Points on Diagnosing/Managing 
Prostatic Urethral Injuries

1. Inject methylene blue or indigo carmine either 
intravenously or retrograde through the ure-
thra to check for a urethral injury.

Table 35.1  Review of gracilis interposition for repair of rectourethral fistula
Study Year Patients with 

gracilis interposi-
tion for RUF, n

Irradiated 
patients,n (%)

Success rate 
after initial 
gracilis inter-
position (%)

Final success rate 
(either repeat graci-
lis interposition or 
other fistula repair) 
(%)

Samalavicius et al. [31] 2012 1  1 (100) 100 100
Netsch et al. [32] 2011 1  0 (0) 100 100
Samplaski et al. [33] 2011 13  7 (54) 92 100
Gonzalez-Contreras [34] 2011 1  1(100) 100 100
Vanni et al. [35] 2010 68 36 (53) 87 100
Ulrich et al. [36] 2009 26 14 (54) > 94a > 94a

Gupta et al. [37] 2008 15  0 (0) 100 100
Wexner et al. [16] 2008 36 18 (50) 78 97
Rabau et al. [38] 2006 4  0 (0)  75–100a  75–100a

Bukowski et al. [39] 1995 1  0 (0) 0 100
RUF rectourethral fistula
a Exact success rate could not be determined. These papers evaluated both rectourethral and rectovaginal fistulas, but 
it is unclear to which group the persistent fistula(s) belong.
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2. If a urethral injury is diagnosed intraopera-
tively, aim to repair the injury at the initial 
surgery.

3. Obtain a urology consult at time of diagnosing 
a urinary injury.

4. Retrograde urethrography will best diagnose a 
urethral injury either intraoperatively or post-
operatively.

5. With any urinary injury, the urine should be 
diverted with either a Foley catheter or a su-
prapubic catheter until the injury has healed.
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Introduction

We have witnessed the evolution of the stapler 
technology in the field of colorectal surgery 
within the last three decades. Improvements in 
technical innovations have allowed the surgeons 
to be able to create easier and safer stapled ul-
tralow colorectal (CRA), coloanal (CAA) and 
ileal-pouch anal anastomosis (IPAA). However, 
our innovative spirit of pushing the limits of low 
pelvic anastomosis on behalf of our patients has 
inevitably brought some complications with it. 
Vaginal injury during stapled anastomosis is a 
rare, but devastating complication which can re-
sult in severe consequences if it is not recognized 
and appropriately addressed at the time of sur-
gery. The most common reasons for this compli-
cation are patient related factors such as narrow 
pelvis or reoperative pelvic surgery and more 
importantly lack of familiarity or respect for the 
pelvic anatomy and dissection by surgeons. In 
this chapter, we will share our experience on how 
to avoid vaginal injury, and when it happens how 
to fix this humbling and difficult complication.

How to Avoid Vaginal Injury

Anatomically, vaginal injury during stapled anas-
tomosis can be classified as high level that in-
volves the proximal two-third and low level that 
involves the distal one-third of the vagina. The 
most common reason for high level vaginal in-
jury is unintentional incorporation of the vagina 
into the stapled CRA or CAA due to inadequate 
dissection/mobilization of the rectovaginal sep-
tum. Therefore, it is important to dissect at least 
2 cm or so in the rectovaginal septum below the 
level of the planned anastomosis.

During ultra-low stapled CRA, CAA or IPAA, 
the lower third of the vagina can iatrogenically 
be injured. A stapled ultra-low CRA/CAA or 
IPAA can be constructed using either a double- 
or a single-stapled technique. When technically 
feasible, double-stapled anastomosis is the pre-
ferred technique in our practice. When a stapled 
anastomosis is intended, we mark the level of 
the planned anastomosis by performing a digital 
rectal examination with the proximal interpha-
langeal joint resting at the anal verge and the tip 
of the digit corresponding to the anorectal ring. 
This maneuver, as shown in Fig. 36.1, helps us 
to identify where to place the linear stapler de-
vice for double-stapled anastomosis or purse-
string sutures for single-stapled anastomosis. 
Also, bimanual examination (one finger placed 
in the anal canal and the other in the abdomen) 
can guide and orient us to the tumor location and 
the corresponding distal line of transection in pa-
tients undergoing ultra-low stapled CRA/CAA 
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for rectal neoplasia. The double-stapled tech-
nique obviates the frustration of inserting purse-
string sutures in the anorectum deep in the pelvis. 
The disparity of the size of the bowel lumen is 
also avoided. Double-stapled anastomosis is then 
performed using a stapler, which removes an ad-
ditional 1 cm of the distal ring. This 1 cm of distal 
ring is the area of concern, where the vaginal wall 
can accidentally get incorporated into the staple 
line. For this reason, after inserting the circular 
stapler into the anorectal stump, it is important to 
advance the shaft of the stapler in a way that the 
trocar traverses posterior to the staple line. This 
can be facilitated by putting the index finger into 
the anorectal staple line area from the abdominal 
side and guiding the trocar just posterior to the 
staple line on the anorectal stump (Fig. 36.2).

Another maneuver to avoid vaginal injury 
is the retraction of the vagina anteriorly with 
lighted deep pelvic retractors. This helps prevent 
the redundant posterior vaginal wall from being 
accidentally incorporated within the staple line 

Fig. 36.2  In the double-stapled anastomosis, the trocar 
of the stapler should traverse just posterior to the staple 
line. This can be facilitated by putting the index finger 
from the abdominal side and guiding the trocar posterior 

to the staple line. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2014. All 
rights reserved)

 

Fig. 36.1  Demonstration of the digital rectal examina-
tion. The tip of the finger corresponds to the anorectal 
ring where the linear stapler is placed for double-stapled 
anastomosis or purse-string sutured applied for single-sta-
pled anastomosis. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2014. All 
rights reserved)
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(Fig. 36.3). In addition to these, vaginal bougies 
and/or obturators inserted via the perineal ap-
proach can delineate the anatomy, facilitate pel-
vic dissection and to avoid this complication in 
reoperative pelvic surgery.

How to Fix Vaginal Injury

Most of the time, a high-level vaginal injury is 
related to the inadequate anterior mobilization 
of the rectum. Normally, rectal mobilization re-
quires a minimum of 2 cm anterior dissection 
below the level of planned anastomosis. Once 
this complication happens, the surgeon should 
take a pause and get a proper assistance. To fix 
the problem, complete exposure of the operative 
area should first be obtained even if this requires 

a conversion of a laparoscopic case to a full lapa-
rotomy. It would not be wise to tackle the area 
of injury first even though it seems tempting for 
the surgeon. The surgeon needs to strategize the 
operative plan. In this case, the vaginal injury 
has occurred due to inadequate rectal mobiliza-
tion. Therefore, it is critical to fully mobilize 
the rectum and further separate the rectovaginal 
septum lower than the level of injury. In order to 
accomplish this, the rectum should first be fur-
ther mobilized posteriorly and laterally and then 
the dissection should be continued to the anterior 
side below the level of injury (Fig. 36.4). Only 
then it is proper to disconnect the anastomosis, 
where the vaginal injury has occurred. Attempt-
ing to disconnect the anastomosis prematurely 
without full posterolateral and anterior rectal 
mobilization lower than the area of injury can 
further complicate the situation. This technique 
minimizes the risk of further injury and/or en-
larging vaginal defect by identifying the proper 
tissue planes. Furthermore, it may also enable 

Fig. 36.4  A high-level vaginal injury due to inadequate 
mobilization of the rectum. In this circumstance, before 
disconnecting the anastomosis, the rectum should be fully 
mobilized posteriorly, laterally, and then anteriorly below 
the level of injury. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2014. All 
rights reserved)

 

Fig. 36.3  Incorporation of the redundant posterior 
vaginal wall within the staple line during double-stapled 
anastomosis (this complication can be prevented by ante-
rior retraction of the vagina with deep pelvic retractors). 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2014. All rights reserved)
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the surgeon to do a second attempt of a dou-
ble-stapled anastomosis. If a second attempt of 
double-stapled anastomosis is not a possibility, 
then a single-stapled anastomosis remains a very 
good option as seen in Fig. 36.5. For this, after 
identifying the vagina and separating it off the 
anastomosis, a small proctotomy is made at the 
anterior wall and stay sutures are placed. Start-
ing from the anterior wall, a purse-string suture 
is applied circumstantially around the anorectal 
stump by hand and tied down over the trocar, and 
then the gastrointestinal continuity is established 
by creating a single-stapled anastomosis. If the 
omentum is present, omental pedicle flap can be 
used to patch the vaginal site following its pri-
mary repair.

In the presence of low-level vaginal injury, 
however, the problem should be addressed with 
a perineal approach since it can be extremely dif-
ficult to handle the problem from the abdominal 
side. In the perineal approach, the anal verge is 
everted with radially placed sutures at four quad-
rants as a first step to facilitate exposure. Then, a 
small- or a medium-sized lighted anal retractor 
is placed into the anal canal, the anastomosis is 

taken down and separated from the vagina. Un-
less clinically indicated, there is no need to do a 
mucosectomy since this may further complicate 
the problem with reach issues and tension on the 
anastomosis itself. After the completion of the 
transperineal repair of the posterior vaginal wall, 
we suggest performing a hand-sewn ultra-low 
CAA or IPAA to the anal transitional zone.

Although it is important to repair this disas-
trous complication, it is also necessary for a sur-
geon to be able to recognize it at the time of the 
original surgery. For this reason, examination of 
the doughnuts for its intactness after the comple-
tion of anastomosis is very important. This also 
needs to be complimented by checking the integ-
rity of anastomosis with air insufflation test. If 
there is any concern that the vagina is incorporat-
ed into the staple line, we strongly suggest taking 
down and re-doing the anastomosis as explained 
above. This complication is better avoided, and 
if it occurs, fixed at the time of original surgery 
rather than at a later date.

If the vaginal injury is not recognized at 
the time of original surgery and it presents it-
self within the postoperative 7–10 days, our 

Fig. 36.5  For a single-stapled anastomosis, after the cre-
ation of a small proctotomy at the anterior rectal wall and 
placement of stay sutures, a purse-string is applied to the 

anorectal stump and tied down over the trocar. (Reprinted 
with permission, Cleveland Clinic Center for Medical Art 
& Photography © 2014. All rights reserved)
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recommendation is to take the patient back to the 
operating room. We suggest repairing the vaginal 
injury and creating a proximal diverting ileosto-
my if it was not previously performed. However, 
if the complication presents after 10–14 days, 
we suggest creating a diverting ileostomy alone 
since any attempt to repair this complication in 
the presence of severe adhesions and inflamma-
tion would be futile and may potentially cause the 
patient to end up with a permanent stoma. There-
fore, after a clear, transparent, and fair commu-
nication with the patient, surgical repair of this 
pathology can be performed 6 months after the 
initial operation.

Sometimes it requires certain surgical dexter-
ity and skills to handle this complication. This 
may be the case either at the time of initial sur-
gery or in delayed presentations. It is more than 
acceptable in these circumstances to receive 
more subspecialized help if it is available. If not, 
it would be wise to retreat and refer the patient 
for a more definitive repair 6 months after the 
initial laparotomy. Our teaching in our institution 
is to know when to retreat which is a sign of ma-
turity and is not a sign of weakness!

In summary, vaginal injury during stapled 
anastomosis is a rare and potentially a devastat-
ing complication if it is not recognized and ad-
dressed properly. This can happen to any surgeon 
in their career. The aforementioned techniques 
and tips may avoid this pathology and help sur-
geons repair it appropriately when it occurs.

Key Points on How to Avoid Vaginal 
Injury

1. Adequate dissection of the rectovaginal sep-
tum below the level of planned anastomosis

2. Advancement of the stapler in the anorectum 
under the guidance of the index finger

3. Extrusion of the trocar of the circular stapler 
posterior to the staple line

4. Anterior retraction of the vagina with lighted 
deep pelvic retractors during anastomosis

5. Use of vaginal bougies or obturators to delin-
eate the anatomy and dissection in reoperative 
surgery

Key Points on How to Diagnose 
and Manage Vaginal Injury

1. Examination of the doughnuts for intactness 
and/or checking the integrity of anastomosis

2. Complete exposure of the operative area and 
circumferential mobilization of the rectum 
below the level of injury

3. Redo double-stapled anastomosis (if not pos-
sible, creation of a single-stapled anastomo-
sis)

4. Transperineal repair of the vagina and hand-
sewn ultra-low anastomosis in the presence of 
low-level injury

5. Tailoring surgical repair according to the time 
of its clinical presentation
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Introduction

A rectovaginal fistula (RVF) is defined as an ab-
normal epithelial-lined connection between the 
rectum and vagina. It represents a debilitating 
condition for patients and a challenge for sur-
geons. Successful management of RVFs must 
take into account a variety of variables includ-
ing the etiology, size, location of the fistula, and 
patient’s comorbidities. RVFs are caused by a 
variety of conditions, including obstetric injury, 
cryptoglandular infection, inflammatory bowel 
disease, rectal or vaginal surgery, radiation, neo-
plasia, or trauma [1].

Patients with RVFs typically present with 
complaints of passage of flatus or feces from the 
vagina. Recurrent urinary tract infections and 
vaginitis with malodorous vaginal discharge may 
also be the presenting complaint.

RVFs most commonly communicate with the 
posterior vaginal wall. Classification of the fistula 
helps to determine the appropriate therapy. Based 
on the size, fistulas less than 2.5 cm in diameter 
are considered small; those greater than 2.5 cm 
are described as large. In addition, fistulas can be 
classified as low, middle, or high on the basis of 
their location. Fistulas that are in close proximity 
to the posterior vaginal fourchette are considered 

low. High fistulas are in proximity to the cervix, 
and those that occur in between the cervix and 
fourchette are considered middle RVFs. The fis-
tulas that develop distal to the dentate line are re-
ferred as anovaginal fistulas (Fig. 37.1).

Examination under anesthesia is critical to 
locate the fistula, assess the quality of surround-
ing tissue and the presence of associated pathol-
ogy, with high fistulas being the most difficult to 
diagnose. A palpable depression in the anterior 
midline of the rectum, or a visible pit like defect 
could be the only appreciable sign if the fistula is 
small. These changes may be palpable or visible 
on anoscopy. On vaginal examination, the darker 
mucosa in the fistula track may be apparent, con-
trasting with the light vaginal mucosa [2]. There 
may be visible stool or signs of vaginitis. Probing 
the tract is very painful and should only be done 
under anesthesia to avoid creating false tracts. An 
assessment of anal sphincter integrity and func-
tion will assist in surgical planning. This may 
be attainable with a good history and physical 
examination; however, some women may have 
difficulty in distinguishing incontinence from 
fistulous drainage. Incontinence may be caused 
by the fistula, an underlying disease state, or anal 
sphincter defect. Determining the cause of incon-
tinence is important prior to operative interven-
tion for a RVF [3, 4]. Supplemental studies may 
be necessary to confirm the presence of a fistula 
or to determine the extent of underlying disease.

Endorectal and transvaginal ultrasounds may 
be used to identify a low fistula tract [5, 6]. Al-
ternatively, a vaginal tampon can be inserted 
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followed by instillation of a methylene blue 
enema. The tampon is removed after retaining 
the enema for 15–20 min. If there is no stain-
ing, the diagnosis of RVFs is highly unlikely. 
More proximal fistulas are best diagnosed with 
vaginography, a barium enema or computed 
tomography(CT)-scan with rectal contrast. An 
endoscopy is necessary if inflammatory bowel 
disease is suspected. Biopsies under anesthesia 
are useful in patients with history of prior radia-
tion to rule out malignancy. Manometry may be 
used to determine functional sphincter defects in 
the absence of an anatomic defect. Patients with 
fistulas arising as a result of an obstetrical in-
jury should be routinely evaluated for anatomic 
sphincter defects. Rectal surgery has often been 
associated with RVFs. Iatrogenic fistulas are re-
ported in up to 10 % of low rectal anastomoses 
[7, 8]. A risk factor appears to be the use of dou-
ble stapling technique [7, 9, 10]. The use of pre- 
or postoperative external beam radiation plays a 
role in fistula development and impairs healing 
[11].

A spontaneous healing is very rare with the 
exception of Crohn’s disease (CD) more recently 
with the use of anti-tumor necrosis factor (TNF) 

therapy, and surgical treatment is usually indi-
cated due to the impact on the quality of life. The 
choice of the surgical approach is controversial 
and the results of surgical approaches are highly 
variable. Furthermore, the majority of published 
data on RVF pertains to CD [12–16].

The surgical approaches available are numer-
ous, and they vary based on the etiology, loca-
tion, size, quality of the surrounding tissue, and 
previous attempted repairs. Surgical approaches 
can be classified as either local or transabdomi-
nal. Local repairs are most useful for low to 
middle RVFs and include transanal, transvaginal, 
and perineal approaches. Abdominal operations 
are usually reserved for high RVFs and may in-
corporate laparoscopy. The use of healthy muscle 
or vascularized tissue for transposition is often 
recommended.

General Principles

Timing is an important part of the surgical de-
cision-making process. In the face of infection 
or inflammation, it is critical to allow resolution 
prior to repair. Antibiotic therapy, anti-TNF, or 
immunosuppressive medications (in case of CD) 
play an important role in surgical optimization. 
While a recommended period of 3–6 months 
on medical therapy has been suggested, surgery 
should proceed only when surrounding tissues 
appear reasonably healthy. The use of fecal di-
version in preparation to definitive repair or as 
an adjunct to the repair is also highly controver-
sial and often reserved for recurrent cases after 
failed surgical treatment, in the presence of CD 
or after radiation. Preoperatively, the patient un-
dergoes mechanical bowel preparation and re-
ceives antibiotics. Procedures may be performed 
under local anesthetic with sedation, but spinal or 
general anesthesia is typically preferred. Patients 
are positioned based on the approach: i.e., for a 
vaginal approach the patient is placed in a lithot-
omy position versus prone jackknife position for 
a transanal approach with exposure facilitated by 
taping the buttocks or using a Lone Star retrac-
tor. The anal canal and vagina are prepared with 
povidone-iodine solution and a urinary catheter 

Fig. 37.1  Rectovaginal fistula sites. a Low, b mid, 
c high.   (Modified   from:   http://en.wikipedia.org/wiki/
File:Rectovestibular_fistula_in_females.jpg by adding 
arrows, letters, and a legend. Under creative commons at-
tribution 2.0 generic license, we are free to modify it:This 
is an open access article distributed under the terms of the 
creative commons attribution license (http://creativecom-
mons.org/licenses/by/2.0), which permits unrestricted 
use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited)
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is placed. Patients who require abdominal proce-
dures are placed in the lithotomy position.

Local Repair

Mucosal Advancement Flap Repair

Advancement flaps are the most popular trans-
anal procedure among colorectal surgeons. Many 
variations exist; however, the general principle 
remains the same: excision and closure of the 

rectal portion of the fistula and coverage with a 
vascularized mucosal flap on the high-pressure 
side of the fistula. The tract is identified by pal-
pation and probing. The fistula tract is debrided 
and excised. A flap is created that includes mu-
cosa, submucosa, and muscle placed over re-ap-
proximated rectovaginal septum (RVS). The flap 
base should be at least 2–3 times the width of the 
apex to ensure adequate vascular supply. The flap 
mobilization should continue 4–5 cm cephalad to 
the fistula defect. These principles ensure a ten-
sionless suture line (Figs. 37.2 and 37.3). Success 

Fig. 37.2  Mucosal advancement flap technique. a A flap 
is created that includes mucosa, submucosa, and muscu-
lar layer; b curettage and closure of the internal opening; 

c the distal part of the flap including the rectal opening is 
excited; d the flap is advanced to close the defect without 
tension. (Courtesy of Dr. Daniele Scoglio)
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rates vary from 41 to 96 % (Table 37.1) [3, 17–
22]. This wide discrepancy may be explained by 
differences in technique as well as patient selec-
tion. Complications are minor and infectious/
ischemic in nature. In patients reporting associ-
ated incontinence, which is usually secondary to 
injury to the sphincter mechanism, a sphinctero-
plasty can be concurrently performed; thus, both 
correcting the underlying sphincter defect and 
interposing vascularized muscle in the RVS and 
perineum.

Endorectal Advancement Flap 
with Muscular Plication (Anterior 
Levatorplasty)
A similar approach is the advancement flap 
with plication of the muscular layer. An anterior 
transverse incision is made distal to the internal 
opening extending to the submucosa, and a U-
shaped flap consisting of mucosa and submu-
cosa is prepared. The dissection is carried out 
in a cephalad direction until the entire flap can 

be easily advanced distally. The distal part of 
the flap, including the internal opening, is then 
excised. The remaining track is curetted and the 
internal opening is closed with a figure-of-eight 
stitch using a reabsorbable suture (3.0 Vicryl). A 
transverse plication of the muscular layer, inter-
nal anal sphincter and/or rectal muscular layer 
depending on the height of the fistula is made 
using an absorbable running suture. Finally, the 
mucosal–submucosal flap is advanced to cover 
the muscular plication and closed without ten-
sion with interrupted absorbable. This approach 
can be used to treat RVFs without an anal sphinc-
ter defect. The goal is to create a second layer 
of well-vascularized tissue, incorporating healthy 
tissue under the flap. With this technique, de Pa-
rades et al. [23] reported a success rate of 65 %.

Transanal Sleeve Advancement Flap
This technique was described for the first time by 
Hull and Fazio in 1997 [24] to treat anovaginal 
fistula in patients with mild Crohn’s proctitis. It 
is an invasive procedure that involves mobiliza-
tion and resection of the distal rectum. Re-anas-
tomosis, usually via a transanal manual suture, is 
performed following the removal of the fistula-
bearing area. The procedure is primarily used in 
patients with significant rectal-wall defects due 
to chronic inflammatory bowel disease or fol-
lowing radiation therapy. In their study, Hull and 
Fazio performed five sleeve advancement flaps. 
Three of the five patients had stomas for fecal 
diversion. Two stomas were closed without re-
currence and the third patient had a recurrence, 
then a repeat sleeve advancement flap before a 
successful stoma closure. Of the two patients 
without fecal diversion, one went on to have a 
total proctocolectomy.

Fig. 37.3  Mucosal advancement flap; intraoperative pic-
ture.The well-vascularized broad-based flap covers the 
anal opening of the rectovaginal fistula

 

Author Year Patients# Success (%)
Wise [17] 1991 34 96
Kodner [18] 1993 71 88
Ozuner [19] 1996 52 65
Tsang [3] 1998 27 41
Sonoda [20] 2002 37 43
Mizrahi [21] 2002 32 56
Ellis [22] 2007 39 59

Table 37.1   Various suc-
cess rates of rectovaginal 
fistula repair from selected 
series
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Transvaginal Repair
Transvaginal (TV) approach is suitable for small 
low RVF. The vaginal mucosa is incised around 
the fistula ostium, and the fistula is closed with 
sutures imbricating the soft tissue towards the 
anorectum. The vaginal mucosa is then re-ap-
proximated. Rahman et al. [25] described their 
results in 39 patients undergoing TV repair for 
low RVF and reported a 100 % success rate with 
this approach. This is a particularly appealing ap-
proach in patients with CD as dissection in the 
diseased rectum can be avoided. Bauer et al. [26] 
reported their results for 13 patients with CD who 
underwent repair of RVF by a TV approach. All 
patients had a diverting intestinal stoma either as 
part of the initial step in the staged management 
of intractable perianal disease or concurrent with 
the repair of the RVF. Each of the patients had 
low or middle septal fistulas. Fistulas were eradi-
cated in 12 of the 13 women and did not recur 
during the follow-up period, which averaged 
50 months (9–68 months).

Fistulotomy
The use of fistulotomy to treat RVFs is associated 
with a prohibitive rate of fecal incontinence and 
is mentioned only to discourage its application.

Ligation of Intersphincteric Fistula Tract
A recently popularized surgical treatment for fis-
tula in ano has been adapted to treat RVF. The 
ligation of intersphincteric fistula tract (LIFT) 
involves dissection in a bloodless plane between 
the internal and external anal sphincters beyond 
the fistula tract. The tract is then ligated and 
closed on both the rectal and perianal side. The 
intersphincteric dissection is then closed at the 
skin. High success rates after LIFT treatment 
of fistula in ano are encouraging (60–94 %) [27, 
28], but experience with LIFT treatment of RVF 
is still limited.

Biological Agents: Fibrin Glue and Fistula 
Plug
Although there have been various reports of 
successful outcomes in treating anorectal fis-
tulas with biological agents such as fibrin glue 
[29] and fistula plug [30], the literature is lim-

ited to small series. In one small study, four of 
five patients with RVFs treated with fibrin glue 
were healed [31]. In different series of reports by 
Loungnarath et al. [32] ,there was one successful 
outcome in three patients treated with fibrin glue 
for RVF. A commonly used type of bioprosthetic 
fistula plug is made from porcine intestinal sub-
mucosa. It is placed through the RVF tract and 
it is trimmed at both the rectal and vaginal ends 
when it exceeds the length of the fistula. The 
plug is then secured with absorbable sutures in a 
figure-of-eight fashion on the rectal side and the 
vaginal side is left open for drainage. Experience 
with this technique in patients with RVFs is lim-
ited [33]. Trials that compare rectal mucosal flap 
advancement to bioprosthetic plug placement for 
the treatment of fistula in ano are ongoing [34]. 
Smaller studies show that bioprosthetic plugs are 
more successful in the treatment of simple ano-
rectal fistulas compared with the complicated 
ones [35]. Recent modifications to the biopros-
thetic to accommodate anatomic features of a 
RVF may make this approach more successful 
[36]; however, additional experience is needed 
to determine the efficacy of bioprosthetics in the 
use of RVF treatment.

Miscellaneous
The use of autologous stem cells to treat RVFs 
[37], as well as circular stapler, which has only 
been published in one case report, are other 
two options to treat RVFs [38]. Furthermore 
D’Ambrosio et al. [39] reported the first case se-
ries for the treatment of RVFs by transanal en-
doscopic microsurgery and Lamazza et al. [40] 
suggested the use of endoscopic-covered stent to 
treat patients with RVFs and fecal diversion.

Tissue Transfer Procedures

The purpose of tissue transfer procedures in pa-
tients with RVFs is to provide healthy, tension 
free, well-vascularized tissue to support the re-
pair. A multitude of tissue transfers are described 
including the gracilis, rectus, gluteus, and bul-
bocavernosus muscles [41–45]. We describe the 
two most widely used techniques.
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Gracilis Muscle Interposition Flap
The gracilis muscle is mobilized based on the 
proximal major pedicle of the medial femo-
ral circumflex artery after ligation of the distal 
non-dominant vascular pedicle. A subcutaneous 
tunnel is created between the thigh incision and 
the perineum, and the distal end of the muscle is 
tunneled under the skin to the perineal wound. 
The gracilis is interposed between the rectum and 
vagina without tension after the fistula is closed. 
The proximal end of the muscle is tunneled be-
tween the rectum and vagina and tacked 3 cm 
above the suture lines of both the rectal and vagi-
nal defects and down to the opening of the peri-
neal wound. Meticulous hemostasis is achieved. 
The thigh and perineal wounds are closed pri-
marily after placing drains. The gracilis muscle 
is an excellent option,because it is a functionally 
rudimentary muscle, and thus expendable with-
out noticeable functional deficits. Furthermore, 
it is easily mobilized with adequate length, and 
has a dominant vascular pedicle proximally that 
is convenient for perineal transposition allowing 
transfer of the distal end to the upper RVS with-
out tension on its vascular pedicle. Several stud-
ies have shown high success rates as when the 
gracilis is used to close RVFs [41, 46, 47].

Zmoraet al. [41] reported their experience with 
gracilis muscle interposition. The authors includ-
ed five patients with a RVF and one patient with 
a pouch-vaginal fistula who underwent this re-
pair with favorable results. All patients had fecal 
diversion as a step preliminary to or concurrent 
with fistula repair. Five of the six repairs healed 
completely after the reversal of the fecal diver-
sion. One patient with severe crohn’sproctitis 
failed and had a persistent RVF.

Martius Flap
The principles of repair involve transposing a 
pedicle graft harvested from the labia majora 
through a subcutaneous tunnel [48]. The graft 
overlies the rectal closure and separates the rectal 
and vaginal walls, filling in the dead space and 
stimulating tissue growth and healing. Patients 
with uncontrolled perineal sepsis or severe fecal 
soiling should undergo fecal diversion. Repair of 
the fistula should not be attempted until perineal 

sepsis and inflammation resolves. A vertical inci-
sion is made in the perineum or in the posterior 
vaginal wall (Fig. 37.4) and is carried out to the 
inferior margin of the fistula. Local anesthetic is 
injected into the RVS for hemostasis and tissue 
dissection. The posterior vaginal wall is sharply 
mobilized from the rectum. Wide mobilization 
of the rectum and vagina is necessary so that a 
multilayer closure can be performed, and re-
approximation of the tissue surfaces can occur 
without any tension. Local anesthetic is injected 
into the labia majora. A vertical incision is made 
in the labia majora to expose the bulbocaverno-
sus fat pad. The borders of dissection include the 
labial crural fold laterally, the labia minora and 
the bulbocavernosus muscle medially, and the 
Colles’ fascia covering the urogenital diaphragm 
posteriorly. A flap harvest is accomplished in a 
lateral to medial fashion. For RVF repair, the 
blood supply to the graft is based on the poste-
rior vessels, which includes the perineal branch 
of the pudendal artery. The entire thickness of the 
fibro adipose flap is included in a small Penrose 
drain. Gentle downward traction is applied to aid 
in the dissection. The graft is transected superi-
orly. The operator should not divide the pedicle 
graft until it has been determined that adequate 
length has been developed. A hemostat is then 
used to transfer the fibro adipose pad from the 
harvest site, through the tunnel, to the level of the 
fistula repair. It’s very important not to twist the 
graft, and to ensure that it is properly oriented. 
The fistula tract is excised. The vaginal wall is 
re-approximated with reabsorbable sutures. This 
should be a tension free repair. The rectal edges 
are also freshened up and the rectal mucosa is ap-
proximated with absorbable sutures. The flap sits 
between the rectum and the vagina. The sphincter 
muscles are re-approximated. The flap is gently 
sutured into position. Hemostasis is obtained, the 
wound is irrigated, and the perineal skin is then 
closed. A small drain is left to keep the wound 
open. The labial skin is closed in two layers with 
absorbable sutures. A Penrose drain is left at the 
inferior border of the incision for drainage. Suc-
cess rates range from 60 to 100 % [44, 45, 49–52].

Kin et al. [48] reported a series of five patients 
with a mean age of 48.4 years (range 32–64). 
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Etiologies of the fistulas were: obstetric, iatro-
genic (after hysterectomy), CD, cryptoglandu-
lar, and idiopathic. The patients had undergone 
a mean of 2.6 (range 1–5) prior repairs. Of the 
total of 13 prior attempted repairs, eight were ad-
vancement flaps, two were episio-proctotomies, 
two were fistula plugs, and one was an interposi-
tion mesh graft. Three of the five had diverting 
ileostomies prior to the Martius flap procedure; 
one underwent diverting ileostomy at the time 
of the Martius flap procedure. The time from the 
first symptoms to the first attempted repair was 
a mean of 14.4 months (range 2–31 months). All 
repairs involved either sphincteroplasty or peri-
neoplasty in addition to the flap repair. Mean 
follow-up was 25.6 months (range 3–44). There 
were no cases of wound complications, recur-

rence, or functional complications such as dys-
pareunia. Three of the four patients who had 
undergone diverting ileostomy have undergone 
ileostomy reversal. Patients often have associ-
ated asymptomatic sphincter defects that should 
be repaired at the time of fistula repair.

White et al. [44] performed 14 Martius pro-
cedures on 12 patients with radiation-induced 
RVFs. Eleven patients had successful closure 
of their fistulas with this procedure, and no op-
erative complications occurred. Aartsen and Sin-
dram [45] reported results in 20 patients with 
radiation-induced RVF. In this study, nine proce-
dures were done without and 14 procedures with 
a Martius flap. After a mean follow-up of around 
10 years, the success rate of fistula repair was 5 
of 9 (55 %) and 13 of 14 (93 %), respectively.

Fig. 37.4  Martius flap technique. a Curved incision of 
the posterior vaginal wall and suture of the fistula; vertical 
incision in the labia majora to expose the bulbocavernosus 
fat pad, b exposition of the fibro-adipose pad, c the pad is 

transferred from the harvest site, through the tunnel, to the 
level of the fistula repair, d final suture of the vaginal wall 
and the labia majora. (Courtesy of Dr. Daniele Scoglio)
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Abdominal Procedure

High RVFs are usually approached through an 
abdominal procedure. There are several ap-
proaches, and this type of repair depends on the 
location, etiology, and quality of the affected tis-
sues. If the tissues surrounding the rectum and 
vagina are minimally affected, dissection of the 
RVS with simple closure of each fistula open-
ing in several layers can be performed. The co-
loanal sleeve anastomosis procedure, described 
by Parks et al. [53], involves the dissection of 
the rectum below the fistula site with the mobi-
lization of descending and sigmoid colon with a 
coloanal anastomosis in the setting of a muco-
sectomy. The need for a mucosectomy is negated 
with the advent of the double-stapled approach. 
Nowacki [54] reported functionally good results 
in 18 of 23 patients undergoing the procedure for 
radiation-induced RVFs. In addition, Cooke and 
Wellsted [55] reported a 93 % success rate in 55 
patients. Another approach to dealing with the 
radiation-induced RVF is the patch anastomosis 
reported by Bricker and Johnston [56]. First de-
scribed in five patients, the technique essentially 
relies on the proximal part of the colon as a vas-
cular pedicle graft, used as a patch to close the 
rectal defect and to provide circumference to re-
lieve any associated stricture. Supplying the area 
with a sound, vascular sigmoid pedicle graft, im-
proves the tissue vitality locally; it restores rec-
tal function to a near normal pre-radiation level 
and preserves the previously intact sphincter 
muscles. Steichen et al. [57] reported the repair 
using stapling devices with good results. The use 
of laparoscopic approaches has been reported 
only in a few case reports [58–60]. Schwenk et 
al. [58] reported on a case in which laparoscopic 
resection of a high RVF with primary intracor-
poreal anastomosis and an omental flap was per-
formed with a good outcome. Kumaran et al. [60] 
reported on a successful repair of a high RVF per-
formed laparoscopically. However, further stud-
ies involving larger numbers are needed to state 
conclusively that laparoscopic approaches are 
safe and feasible.

Transperineal Omental Flap
With the transperineal omental flap, the greater 
omentum is first mobilized, beginning at the he-
patic flexure and extending to the oral third of the 
greater curvature of the stomach maintaining the 
arterial arcade so that the omentum arterial sup-
ply is preserved. The second step is the transab-
dominal mobilization of the rectum and vagina. 
If a simultaneous deep anterior rectal resection 
is planned, the mobilization of the rectum is per-
formed circularly in the typical manner. At the 
level of the anterior peritoneal reflection, an inci-
sion is made and the rectovaginal space is opened 
up. Ventral displacement of the vagina with a 
vaginal manipulator may be helpful in facilitat-
ing the dissection in the correct plane. An exces-
sive tension may lead to larger defects and should 
be avoided. Then debridement of the fistula tracts 
is performed. The wound edges are approximated 
by interrupted absorbable sutures. When a rectal 
resection is indicated, the level of the resection is 
determined by the underlying pathology as well 
as the location of the fistula. It is important to 
avoid overlapping suture/staple lines that signifi-
cantly increase the risk of recurrence.

A transrectal and/or transvaginalomental flap 
reconstruction is then performed during the peri-
anal part of operation. A horizontal perineal skin 
incision is performed directly above the sphinc-
ter. Further dissection results in the opening of 
the rectovaginal space from the perineal access as 
well. The mobilized greater omentum is carefully 
delivered in the space through the defect. Prop-
er flap orientation is critical to assure excellent 
vascularization of the flap. The omentum is then 
secured to the subcutaneous tissue within the 
neoperineum. Schloericke et al. [61] from Ger-
many have described for the first time this tech-
nique and have reported a success rate of 100 % 
at a median follow-up of 22 months in a group 
of nine patients affected by low- or mid- RVFs. 
Eight of the nine patients received were diverted. 
Minor complications were observed in two pa-
tients such as prolonged postoperative ileus and 
pulmonary complication. Delayed wound heal-
ing, urinary retention, and fecal impaction were 
not observed. Major complications included an 
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anastomotic leak after low anterior resection that 
was treated conservatively and a persistent fistula 
repaired by a combined plug placement and mu-
cosal advancement flap.

Perioperative Management

Wound Management and Perioperative 
Complications
Complications following RVF surgery are gen-
erally similar to those following other anal pro-
cedures [62]. Primarily repair of RVFs is associ-
ated with a risk of local infection and subsequent 
suture dehiscence resulting in persistence/recur-
rence of the fistula. Relevant postoperative com-
plications include dyspareunia resulting from 
vaginal stenosis due to scar formation [63]. It has 
been reported in up to 25 % of sexually active pa-
tients [41, 64].

Postoperative Dietary Manipulation
Dietary postoperative management after com-
plex RVF repair is the subject of ongoing con-
troversy. It is the general belief that avoiding 
the passage of stool through a fresh wound may 
benefit the healing process. This particularly ap-
plies to cases, where a sphincter repair has been 
performed. No definitive data on this topic are 
currently available. The same is true for the role 
of perioperative and/or postoperative antibiotic 
use [29].

Fecal Diversion
While a diverting ostomy is rarely required in 
the context of anal fistula surgery [65], the rate 
is much higher in RVFs, although no definitive 
studies are currently available. Fecal diversion 
is beneficial in the presence of fecal soiling and 
active inflammation. A stoma may already be in 
place for the treatment of the primary pathology. 
The social, physical, and psychological burden 
on the patient resulting from local inflammation 
and the amount of fecal discharge through the va-
gina is an important consideration.

Conclusion

Various surgical procedures have been described 
with variable results. Initially and most com-
monly, the RVFs are approached through the 
perineum. The transperineal approach allows 
simultaneous anal sphincter reconstruction. The 
use of a mucosal advancement flap repair is ap-
propriate for simple RVFs. Its success rate de-
pends on the etiology of the fistula, with better 
results in patients with obstetrical injuries than in 
patients with inflammatory bowel disease or ra-
diation induced fistulas. Higher failure rates have 
been reported in patients who have undergone 
two or more previous repairs. Closure can also be 
achieved through the interposition of autologous 
tissue (Martius flap, gracilis muscle) or biomate-
rials. An autologous tissue is predominantly used 
in complex or recurrent fistulas. In high fistulas, 
abdominal approaches are more commonly used.

Key Points to Avoid Complications

1. Timing of surgery. Operating on a patient with 
active inflammation and undrained sepsis will 
invariably lead to intraoperative bleeding and 
postop infection resulting in failure of the re-
pair.

2. Mechanical bowel prep. Adequate intraop-
erative visualization is mandatory to properly 
dissectin the right plane and achieve hemosta-
sis.

3. Proper position on the operating table. If ap-
proaching the patient from the rectal-site-
prone jackknife position is critical, likewise 
if approaching through the vagina, the patient 
should be in lithotomy position.

4. Meticulous hemostasis during the dissection 
and when leaving the operating room. He-
matomas will invariably lead to failure of the 
flap.

5. Consulting with the appropriate specialists to 
assist you in the procedure (i.e.,gynecology, 
plastic surgery, reconstructive urology, etc.).
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Key Points on Diagnosis and/or 
Managing Complications

1. Increasing pain following the surgery should 
prompt an examination under anesthesia with 
the drainage of the hematoma and/or sepsis.

2. Pelvic magnetic resonance imaging (MRI) 
will aid in diagnosing a problem, but it should 
be considered only complementary to surgical 
intervention.

3. Consider fecal diversion to limit sepsis and 
further disruption of the repair.

4. In the presence of postoperative perianal sep-
sis, a broad-spectrum antibiotics should be 
considered.

5. In the presence of septic postoperative com-
plication, adequate debridement, management 
of associated comorbidities (i.e.,Crohn’s dis-
ease), nutritional support, and consideration 
for fecal diversion are all effective strategies 
to optimize timing of further surgery for a de-
finitive repair.
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Introduction

Presacral or pelvic bleeding is a rare but poten-
tially catastrophic intraoperative surgical emer-
gency, which may be encountered during rectal 
dissection. It is characterised by high-volume 
bleeding, which is difficult to control with con-
ventional means and can lead rapidly to hypovo-
laemic shock and death. The reported incidence 
varies from 4.6  to  9.4 % in open surgery, and it 
is likely that the incidence is equivalent during 
laparoscopic and robotic resection [1, 2]. Even 
in high-volume institutions, this incidence may 
equate to an individual surgeon dealing with 
significant pelvic bleeding as infrequently as 
once every year. The uncommon nature of this 
problem, however, makes it imperative that all 
surgeons who operate in the pelvis, particularly 
those who may not do so regularly, understand 
the basis, significance and prompt management 
of this problem and formulate an individualised 
plan in line with personal preference and avail-
ability of necessary aids within their institution 
(Fig. 38.1).

Anatomy

The vascular anatomy of the pelvis is variable. 
Cadaveric studies have demonstrated inconsis-
tent anatomical variations even when studying 
relatively small samples [3]. Significant bleed-
ing, however, occurs from either the presacral 
venous plexus or the basivertebral veins. The 
two are linked and provide a connection between 
the inferior vena cava and the vertebral venous 
system. Vascular injury results in pronounced 
bleeding since the veins are part of an avalvular 
system. The veins are intrinsically friable due to 
their low-pressure, high-capacitance character-
istics. Moreover, since patients are often in the 
modified Lloyd-Davis position for access to the 
pelvis, the distal presacral veins that are most 
vulnerable to injury lie in the lowest position and 
may have 2–3 times higher hydrostatic pressure 
than the inferior vena cava [4]. During in vitro 
experiments, the rate of bleeding from a vein 
2–4 mm in diameter has been shown to be over 
1 l/min [4].

The presacral venous plexus is formed by the 
middle sacral, lateral sacral and communicating 
veins and is the distal continuation of the anterior 
branches of the external vertebral venous plexus. 
The basivertebral veins penetrate sacral foramina 
from S3 to S5 and penetrate through the spongiosa 
of the sacral bone via a series of canals acting as 
a venous sinus [4]. The intrasacral canal venous 
plexus can be considered to be a terminal part of 
the vertebral venous system, thereby explaining 
the massive bleeding seen upon injury. Since the 

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_38,
© Springer Science+Business Media New York 2015



400 S. Srinivasa and A. G. Hill

adventitia of the veins is blended to sacral peri-
osteum at the foraminal opening, when the veins 
are lacerated during dissection, they retract into 
the sacral foramen. The basivertebral veins end 
in the presacral venous plexus anteriorly.

Patterns of Injury

As mentioned above, the key anatomical struc-
tures that contribute to significant bleeding lie 
posteriorly in the pelvis. Thus, a breach in the 
presacral fascia increases the risk of injury to ve-
nous structures with consequent bleeding. There-
fore, although anterior rectal mobilisation can be 
more technically challenging, the risk of bleeding 
is greatest during posterior rectal dissection.

An oncologically sound operation requires 
dissection between the fascia propria of the rec-
tum and the presacral fascia to ensure a total 
mesorectal excision (TME) [5]. However, this 
can be difficult for a number of reasons. It can 

be difficult to visualise the correct anatomical 
plane in patients who have had preoperative ra-
diation or previous pelvic surgery with second-
ary adhesions. Recurrent or advanced malig-
nancy can pose similar problems. Obese patients 
or those with a narrow pelvis can pose difficul-
ties in achieving optimal access. Moreover, for 
surgeons beginning to perform laparoscopic or 
robotic TME, the learning curve may also lead 
to inaccuracies in dissection. A higher rate of 
intraoperative bleeding has been demonstrated 
in the context of laparoscopic colonic resection, 
and previous reports have also suggested that 
surgeon’s inexperience may contribute to an in-
creased risk of pelvic bleeding [2, 6].

Qinyao et al. have demonstrated the patterns 
of injury encountered during rectal dissection [4]. 
This includes the now largely abandoned practice 
of blunt mobilisation of the rectum posteriorly. 
Other reasons include laceration of the presacral 
fascia or clamping bleeding vessels on the pre-
sacral fascia and avulsing them with or without 
periosteum. The authors make a specific distinc-
tion between injury to the presacral venous plex-
us or to basivertebral veins [4].

It is important to acknowledge that increas-
ing surgical intervention for advanced or locally 
recurrent pelvic malignancies has led to more 
radical and en bloc, non-anatomical resections. 
These operations are of longer duration and are 
characterised by greater blood loss in general and 
resections including sacrectomy, or pelvic side-
wall dissections may involve high-volume, brisk 
bleeding due to non-traditional patterns of injury 
[7]. Nonetheless, the principles of management 
remain the same.

Management

The likelihood of encountering significant pelvic 
bleeding is highest in a patient with numerous 
unfavourable characteristics (obese, narrow pel-
vis, advanced malignancy). Thus, the operation 
is likely to be difficult to begin with, and it is 
likely that by the time bleeding is encountered, 
the surgeon may already be physically tired and 

Fig. 38.1  Algorithm for management of presacral bleed-
ing. PSV presacral veins, BVV basivertebral veins, APC 
argon plasma coagulation. Note that the techniques used 
for BVV bleeding can also be used for PSV bleeding
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stressed. The literature has consistently demon-
strated that checklists improve outcomes in a 
stressful situation [8]. As such, it is important to 
have a structured plan.

Prior to engaging in specific technical ma-
noeuvres described below, the situation first 
needs to be acknowledged. Troublesome bleed-
ing in the pelvis is a constant hindrance but does 
not impede progress nor compromise the pa-
tient. Significant bleeding, however, should be 
verbally acknowledged. This is important since 
all members in operating room may not be able 
to see the operation or may not be aware of the 
gravity of the situation. It is possible that the fel-
low or resident either performing or assisting in 
the operation may not have encountered signifi-
cant pelvic haemorrhage before [9]. It will thus 
be necessary for the surgeon to take over the 
operation and organise the assistants in the most 
useful position (e.g. opposite the surgeon or in 
between the patient’s legs) as per their seniority. 
An escalation in hierarchy should also be con-
ducted with other members of staff in theatre. 
The most senior nurse should take over as the 
scrub nurse if not already involved, and multiple 
unscrubbed nurses should be available as a num-
ber of uncommonly used tools may need to be 
acquired expediently. Similarly, the anaesthesi-
ologist should be informed directly.

Role of the Anaesthesiologist

Once the anaesthesiologist has been informed, 
acute circulatory support can be considered to 
have been delegated. Though the practical role of 
the surgeon is to control the bleeding, it is im-
portant to be familiar with the strategies at the 
disposal of the anaesthesiologist.

The focus of the anaesthesiologist will include 
initial measures including ensuring optimal in-
travenous access and volume resuscitation. This 
may lead to more intensive monitoring for the 
acute period and also in anticipation of the likely 
necessity of admission to the high dependency 
unit or intensive care unit.

Volume replacement may include activation 
of the massive transfusion protocol or component 
blood replacement in line with institutional prac-
tice. Serial thromboelastograph measurements 
may also be important to guide blood product 
replacement alongside advice from a haematolo-
gist [10].

Tranexamic acid may also help limit the mag-
nitude of bleeding. Recent evidence suggests that 
tranexamic acid reduces bleeding in gastrointes-
tinal surgery with no increase in the incidence of 
thromboembolic events [11]. Anecdotal experi-
ence also suggests that use during pelvic exen-
teration decreases surgical ‘ooze’.

Role of the Surgeon

Once the operating team has been suitably organ-
ised, the pelvis should be packed. At this time, 
more help should be obtained from a colleague if 
possible. The importance of an experienced first 
assistant and the potential advantage of a hitherto 
uninvolved person cannot be overstated.

The injury now needs to be localised and il-
lumination and proper exposure is crucial espe-
cially since a hallmark of this type of bleeding is 
gushing blood form the pelvic floor with a near-
undetectable bleeding point. A practical solution 
to obtain optimal illumination is that the operat-
ing surgeon should utilise a headlight. Exposure 
can also be facilitated by expedient removal of 
the specimen whilst the area remains tampon-
aded with packs. If the bleeding point cannot be 
reliably detected, pressure should be maintained 
for 15–20 min. The temptation to re-examine the 
area ahead of this interval should be resisted, and 
the time should be used to formulate a plan and 
obtain necessary equipment. The pressure ef-
fects of packing may also be complemented with 
commercially available fibrin-based haemostatic 
agents [12]. A combination of haemostatic ma-
trices (e.g. FloSeal, Baxter, USA) and absorb-
able haemostatic products (e.g. Surgicel Fibrillar, 
Ethicon, USA) may be used.

It is important to determine whether the bleed-
ing has resulted from an injury to the presacral 
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venous plexus or to a basovertebral vein. If the 
bleeding point can be controlled by compressing 
the surrounding veins, there has been an injury to 
the presacral veins. If the bleeding is abated only 
by direct compression, it is from an injury to a 
fine or large-calibre basivertebral vein.

Injury to the presacral venous plexus can often 
be successfully managed with suture ligation en-
suring that it is performed over intact presacral 
fascia and the bites are deep enough to contain 
presacral veins but also surrounding deep con-
nective tissue so that the stitches hold traction 
[13].

Injury to the basivertebral veins can be man-
aged with thumbtacks over the sacral foramen 
or by breaking the sacral foramen with a blunt-
ended instrument [4]. A number of authors have 
reported the successful use of thumbtacks to stop 
presacral bleeding [14, 15]. It is inexpensive and 
technically straightforward unless the bleeding 
arises from veins near S3 or S4 as the curvature 
of the distal sacrum can make access difficult. 
Thumbtack displacement and chronic pain have 
been reported though these are secondary issues 
when confronted with life-threatening bleeding 
[16, 17].

Lou et al. have also described “welding” an 
epiploic appendix to the bleeding point with cau-
tery whilst Saurabh et al. have reported success-
ful management of bleeding with the use of argon 
plasma coagulation [2, 18]. Both techniques have 
been reported in the context of open surgery but 
could be applicable to minimal-access surgery. 
Rectus muscle tamponade has also been de-
scribed as a strategy and is broadly similar to the 
use of the epiploic appendix though the former 
has been reported to lead to subsequent necrosis 
and abscess development [19].

Other strategies that have been successfully 
used include the application of bone wax, Tef-
lon pledgets, expandable breast implant sizers or 
saline bags and haemostatic agents [16, 17, 20, 
21]. Ligation of the internal iliac veins is usually 
futile since this will obstruct blood flow in the 
pelvic venous plexus, obturator veins and gluteal 
veins. As a result, blood flow will be redirected to 

the injured veins via the lateral or anterior sacral 
veins.

A number of strategies have been described 
in the literature. However, practical application 
of these techniques in an individual situation is 
limited by the surgeon’s familiarity and comfort 
and availability of required tools within the in-
stitution. The listed strategies cannot be exhaus-
tively worked through due to the rapidity of the 
bleeding. Rather, it is up to the individual to de-
cide upon a few which he/she can employ in a 
systematic manner.

If the bleeding cannot be controlled despite all 
attempts, the pelvis should be packed and the op-
eration abandoned. The patient should be trans-
ferred to the intensive care unit with a planned re-
look laparotomy when the patient has stabilised. 
Assistance from interventional radiologists may 
also be helpful for angioembolising any vessel 
showing extravasation of contrast though this is 
unlikely to be helpful due to the bidirectional na-
ture of flow and redundant pathways contributing 
to bleeding.

Minimal-Access Surgery

Many of the techniques described above can be 
utilised during laparoscopic or robotic resection. 
The initial differences upon encountering signifi-
cant presacral bleeding relate to the view, which 
may in fact be superior to open surgery, and iden-
tification of the bleeding point (Fig. 38.2). Port 
placement may preclude direct pressure over 
the sacrum, and extra ports should be inserted 
as appropriate to maintain direct pressure in an 
ergonomic fashion. Since the view during laparo-
scopic or robotic surgery may be highly magni-
fied, the bleeding may appear even more volumi-
nous. The other disadvantage is that it may not 
be possible to remove the operative specimen as 
quickly as during open surgery.

The specific strategies used successfully in 
the literature include argon plasma coagulation in 
a ‘point and shoot’ manner [18]. Germanos et al. 
have described the use of haemostatic agents to 
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control presacral bleeding [16]. Although their 
case reports are in the context of open surgery, 
a similar strategy of using haemostatic matrixes 
and fibrin-based haemostatic gauze may be ap-
plicable and technically straightforward in mini-
mal-access surgery.

Suture ligation may also be used but will only 
be useful if the bleeding arises from the presacral 
venous plexus. It also requires advanced laparo-
scopic skills, and its applicability may be limited 
by unfavourable, non-ergonomic working angles 
with conventional port placement.

A simple algorithm reported in the literature 
involves a trial of local compression with gauze 
or an absorbable haemostat followed by attempt-
ed sealing of the bleeding point with either an 
omentum or an epiploic appendix. The graft is 
obtained using bipolar diathermy and then held 
in place with grasping forceps with monopolar 
diathermy to seal it in place. The third stage of 
the authors’ algorithm was to use a bovine peri-
cardial graft and attach it to the source of bleed-
ing with endoscopic tacking devices [22].

Strategies used in minimal-access surgery are 
broadly similar to those used in open surgery, 
and the principles have been partially derived 
from liver bleeding during laparoscopic chole-
cystectomy. Although presacral bleeding can be 
safely managed laparoscopically or robotically, 
prolonged periods of time should not be spent 

attempting to control the bleeding without con-
verting to open surgery.

The Postoperative Period

The patient should remain in a monitored envi-
ronment, and their ongoing fluid and blood re-
quirements should be managed to prevent the le-
thal triad of hypothermia, coagulopathy and aci-
dosis. Patients may benefit from ongoing doses 
of tranexamic acid and antibiotics (though there 
is no evidence for this). Anticoagulation with 
heparin or equivalent should be withheld. The 
family should be informed.

Lastly, given the rarity of the event, a debrief-
ing session should be held for all members in-
volved. This is particularly valuable for junior 
members of staff. The benefit of an even an in-
formal debriefing session is to discuss prevention 
and management in detail whilst also potentially 
resulting in system improvements as necessary.

Summary

Presacral bleeding is a rare but clinically sig-
nificant event in open- or minimal-access pelvic 
surgery. It usually results from injury to either 
the presacral venous plexus or the basivertebral 

Fig. 38.2  Presacral bleeding. MSV middle sacral vein, 
IIV internal iliac vein, LSV lateral sacral vein, BVV ba-
sivertebral vein, PSVP presacral venous plexus, IVVS in-

tervertebral venous system. (Reproduced with permission 
from [13] © Springer 2013)
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veins. Conventional means to stop bleeding are 
usually unsuccessful. The management of this 
problem requires the active participation of the 
whole operating theatre team. Successful tech-
nical strategies involve localising the bleeding 
point, identifying whether the bleeding has arisen 
from the presacral venous plexus or basivertebral 
veins and employing appropriate strategies in 
a systematic manner in line with the surgeon’s 
preference and availability of necessary tools 
within the institution.

Key Points

1. Correct identification of the TME plane, espe-
cially posteriorly

2. Pack the pelvis and identify source of bleed-
ing

3. Inform operating room staff and get additional 
help if possible

4. Differentiate between injury to the presacral 
venous plexus and basivertebral veins

5. Follow a structured plan based on injury 
type—suture ligation/haemostatic agents/
thumbtacks etc.
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Introduction

Malignancies of the anorectum, vagina, and other 
soft tissues in anogenital region are the most com-
mon reason for perineal resection.  Commonly 
employed procedures include the  traditional ab-
dominoperineal resection (APR),  intersphincteric 
resection, pelvic exenteration, and low anterior 
resection (LAR). Although there is a trend to-
ward more sphincter preserving surgery for rectal 
cancer, traditional APR is still used in 15–25 % of 
patients with rectal cancer [1].

The perineum is one of the more difficult sites 
in the human body to reconstruct after surgical 
obliteration due to the significant volume of dead 
space, close proximity of multiple organs, high 
bacterial counts, and the subjection to direct pres-
sure in both the sitting and recumbent positions. 
Cancer patients receiving tumor extirpation in 

this anatomic location often have undergone neo-
adjuvant chemotherapy and/or radiotherapy to 
downstage their disease, which further impacts 
wound healing. As a result, wound complications 
are frequently encountered in these patients, with 
rates ranging from 40 to 65 % (Fig. 39.1) [1–4].

Primary closure of large perineal defects can 
be associated with unacceptable wound-healing 
complications ranging as high as 65 % [2–4]. 
Other common surgical complications include 
hematoma, seroma, abdominal and/or perineal 
hernia, fistulization, and nonhealing wounds [1]. 
Such complications can lengthen hospital stays, 
decrease mobility, prolong time to adjuvant ther-
apy, and increase patient morbidity.

In an attempt to mitigate the occurrence of 
such complications, many plastic and reconstruc-
tive surgeons advocate the use of a pedicled, 
vascularized soft-tissue flap coverage to close 
large perineal defects [3, 4]. Utilizing a vascu-
larized, soft-tissue flap will assist in obliterat-
ing dead space and this has shown to improve 
wound-healing outcomes by decreasing inci-
sional tension while increasing vascular sup-
ply, oxygenation, and delivery of cytokines and 
growth factors. In the current chapter, we aim to 
provide a comprehensive overview of the various 
reconstructive options for perineal defects to ed-
ucate the reader on how to prevent as well as treat 
perineal wounds in an effort to maximize patient 
outcomes in these challenging cases.
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for LifeCell Corporation. Branchburg, NJ.
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Preoperative Evaluation

The physiologic status of the patient must be con-
sidered and balanced with the overall reconstruc-
tive plan. The long-term prognosis of the patient 
must also be taken into account as well. Recon-
struction to improve quality of life should be con-
sidered even in a palliative scenario. If possible, 
an accurate assessment of the wound or planned 
surgical site should be performed in the preopera-
tive setting and may be facilitated by an examina-
tion under anesthesia.

Medical Comorbidities

A thorough review of the patient’s past medical 
history should be performed to risk-stratify each 
patient using conditions that increase the relative 
risk of infection and/or wound-healing problems. 
Smoking has been shown to affect microcircu-
latory blood flow and soft-tissue healing and 
should be discontinued a minimum of 4 weeks 
prior to surgical intervention if possible [5]. Pa-
tients undergoing major reconstructive efforts re-
quire optimization of nutritional parameters prior 
to intervention [6–8]. If enteral feeding is not 
possible preoperatively, postoperative enteral or 
parenteral nutrition should be administered with 
protein supplementation.

Radiation Therapy

Radiation therapy induces tissue injury through 
changes in the microcirculation of the defect 
and its surrounding areas, leading to decreased 
perfusion and impaired wound healing [4]. The 
reconstructive surgeon should be cognizant of 
the timing, dosage, and location of any prior or 
planned radiation and not limit debridement of 
radiated tissue. Additionally, the surgeon should 
utilize tissue outside the field of radiation for flap 
reconstruction.

Chemotherapy

Neoadjuvant chemotherapy can significantly 
impair wound healing and should be consid-
ered when selecting reconstructive options. The 
plastic and reconstructive surgeon should work 
closely with the medical oncology team to deter-
mine if and when the patient will require adju-
vant chemotherapy, as wound-healing complica-
tions can potentially delay onset to therapy.

Imaging

Preoperative evaluation with imaging modali-
ties such as computed tomography (CT) and/or 
magnetic resonance imaging (MRI) could be ob-
tained to evaluate the integrity of the surround-
ing soft tissue and vascular anatomy. While these 
adjuncts are not essential, they can assist the sur-
geon in surgical planning.

Timing of Reconstruction

The timing of perineal reconstruction is most 
often dictated by the status of the tumor and sur-
gical margins. Certain factors such as advanced 
age, multiple comorbidities, or the need for loco-
regional control with adjuvant radiotherapy must 
also be considered in the timing. Primary recon-
struction carries a significantly decreased rate of 

Fig. 39.1  Large perineal defect demonstrating vast dead 
space and exposed viscera
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wound-healing complications and is preferred to 
delayed reconstruction in defects located in other 
areas of the body [9, 10]. Delayed reconstruction, 
while not optimal, is occasionally unavoidable 
for defects with extensive soft-tissue deficits or 
patient instability. If a patient requires delayed 
reconstruction, a negative pressure closure de-
vice is the preferred temporizing measure until 
definitive reconstruction can be performed at a 
later time.

Classification of Defect

Acquired perineal defects should be classified 
according to what structures are missing and/or 
compromised. This will allow the reconstructive 
surgeon to employ the correct reconstructive mo-
dality in an effort to replace damaged tissue with 
tissue that is most similar to that which is miss-
ing. The classification of perineal defects is listed 
in Table 39.1.

The size of the defect and types of missing tis-
sue should be assessed for viability. Potential flap 
donor sites should be evaluated for adequate rota-
tional length. If there is a potential for microvas-
cular free tissue transfer, recipient donor vessels 
should be evaluated for patency. If these vessels 
are unavailable or greater length is required, ar-
teriovenous loop can be created if needed. How-
ever, most perineal defects can be reconstructed 
with the use of local flaps typically from the ab-
dominal wall, thigh, or buttock region.

Reconstructive Surgical Tenants

The core principles underlying reconstructive 
algorithms used by plastic and reconstructive 
surgeons are to progress from simple to more 
complex reconstructions on the basis of the spe-
cific wound requirements. The goal for each re-
construction is to provide a tension-free closure 
that obliterates all dead space which replaces the 
defect with tissue that is most similar to what is 
missing. The adage is “like with like.”

Local tissue flaps enable surgeons to recon-
struct soft-tissue defects with similar tissue from 
an adjacent location. Axial pattern flaps are based 
on named blood vessels and are the mainstay of 
perineal reconstruction. Axial pattern flaps can be 
fasciocutaneous (deep muscle fascia with overly-
ing skin), myocutaneous (muscle with skin), and 
myofasciocutaneous (muscle with deep fascia 
and overlying skin), which will enable recon-
structive surgeons to repair defects with tissue 
that is similar to the resected tissue.

Microvascular free tissue transfer involves 
harvesting a tissue construct and its named blood 
supply from a distant region of the body and 
placing it into a defect using microvascular anas-
tomosis between the flap’s donor vessels and the 
patient’s recipient vessels. Most cases are per-
formed under magnification provided by a surgi-
cal microscope. The decision to use a particular 
flap is based on the requirements for replacing 
missing skin, adipose tissue, fascia, and muscle. 
The primary advantage of microvascular free 

Table 39.1  Classification of perineal defects by anatomic location
Anatomic structure(s) involved Missing tissue components
Vaginal vault S, MS, ST
Vulvoperineal surface MS, ST
Scrotum S, ST
Penis S, MS, ST
Perineum and pelvic support musculature S, ST (extensive)
Sacrum/pelvic rim S, ST, +/− osseous involvement
S skin, MS mucosal surface, ST soft tissue
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tissue transfer is that tissue of a quality similar to 
that of the resected tissue can be moved from a 
remote part of the body, thereby enabling optimal 
aesthetic and functional outcomes. This also al-
lows irradiated or infected tissue to be removed 
and replaced with soft, pliable, and vascularized 
tissue from a different part of the body, outside 
of the field of injury. Drawbacks of free tissue 
transfer are related to donor site morbidity and 
the potential for longer operative times.

Adjuncts to Flap Surgery

Negative Pressure Wound Therapy

Negative pressure-assisted closure can provide 
for temporary coverage in soft-tissue perineal de-
fects when definitive reconstruction is either de-
layed or not required. When utilized appropriate-
ly, this device can promote neo-vascularization, 
decrease edema, and increase local granulation 
tissue as well as providing contractile force at 
wound edges [11]. This modality is often used to 
prepare the wound bed for definitive reconstruc-
tion with soft-tissue flaps in a delayed fashion if 
immediate surgical intervention is not possible. 
Additionally, it can also be used to promote heal-
ing by secondary intention in partial-thickness 
defects.

Tissue Expansion

Tissue expansion is a process in which an inflat-
able prosthetic implant with a silicone shell is 
used to expand local and regional tissues so that 
they can eventually be advanced into the wound 
in a delayed fashion. The inflatable implant is in-
serted at the time of tumor extirpation or during 
a second procedure. At subsequent office visits, 
saline is injected through an integrated or remote 
port to gradually expand the implant. Once the 
tissue has been sufficiently expanded, it can be 
advanced into the defect in a second surgical pro-
cedure. Because tissue expansion takes time, the 
method is not feasible for immediate perineal re-
construction that requires immediate coverage of 

hollow viscous or neurovascular structures. Risks 
of tissue expansion include infection, extrusion, 
and rupture of the implant [12]. Additionally, the 
sequential expansion of the prosthesis can be un-
comfortable to the patient and requires multiple 
office visits to obtain satisfactory expansion.

Biologic Tissue Matrices

Commercially available biologic tissue matri-
ces (BTMs) currently come from five different 
sources: human dermis, porcine dermis, porcine 
small intestinal submucosa, bovine dermis, and 
bovine pericardium [13]. BTMs claim to induce 
early revascularization capacity in an effort to 
provide soft-tissue coverage and resist infection. 
For perineal reconstruction, BTMs can be used in 
a multitude of capacities including the creation of 
pelvic diaphragms to prevent visceral herniation 
into low perineal defects. Additionally, BTMs 
can be used to reinforce abdominal site donor 
defects in an effort to decrease bulge and hernia 
formation in the face or prior irradiation or con-
current ostomy placement.

Characterization of Axial Pattern 
Flaps (Table 39.2)

Rectus Abdominis Muscle

The pedicled vertical rectus abdominis (VRAM) 
flap is a versatile flap based on the deep inferior 
epigastric system. The flap can be harvested as 
a muscle-only, myocutaneous flap, or perforator 
flap with a large skin paddle. All but the largest 
of myocutaneous flaps can still allow for primary 
closure of the donor site. However, as previously 
mentioned, synthetic or BTM reinforcement may 
be required to prevent subsequent complications. 
The flap has a robust vascularity and abundant 
soft-tissue bulk that can be used to obliterate the 
vast amounts of dead space seen with large APR 
defects [14–17]. Butler et al. demonstrated that 
despite the overall complication rate not being 
significantly different between primary closure 
and VRAM flap reconstruction, patients who 
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underwent VRAM reconstruction experienced 
significantly lower incidences of perineal ab-
scesses (9 vs. 37 %) and major wound dehiscence 
(9 vs. 30 %) (Fig. 39.2) [17].

Advantages of the VRAM are seen in the abil-
ity to provide robust, vascularized tissue into the 
defect that is outside of the field of radiation. The 
large, vertical skin paddle is particularly useful 
when reconstructing the contour of the posterior 
vaginal wall. Alternatively, this flap can be tubed 
to create a neovagina if the entire vaginal vault 
has been obliterated. In many cases, the donor 
site is already exposed during tumor extirpation 

negating the need for a second incision and donor 
site (Fig. 39.3).

Disadvantages of this flap are inherently re-
lated to the anatomic location of the donor site. 
If the patient is not undergoing a concurrent mid-
line laparotomy, flap harvest obligates the patient 
to undergo an anterior approach, which can lead 
to herniation, bulge formation, wound-healing 
complications, and/or injury to the surrounding 
viscera. Furthermore, this flap should not be har-
vested at the site of planned ostomy placement 
to allow the new stoma to be anchored into the 
rectus abdominis muscle. Finally, the vascularity 
of the VRAM is questionable in the presence of 
prior ostomy placement through the rectus ab-
dominis muscle and should be avoided if at all 
possible.

Gracilis Muscle Flap

The pedicled gracilis muscle flap is a versatile 
flap based on the medial circumflex femoral ar-
tery in the proximal thigh. The flap can be har-
vested as a muscle-only or a myocutaneous flap 
with a small skin paddle. The flap has minimal 
donor site morbidity and can be harvested bilat-
erally if additional soft-tissue bulk is required.

Advantages of the gracilis flap include a rela-
tive ease of dissection with minimal donor site 
morbidity. The ample pedicle length coupled 
with a relatively linear muscle design allows for 
the flap to be tailored fitting a variety of defects. 
It is particularly useful for obliterating fistulous 
tracts between the rectum and vagina or urethra 
with an excellent success record [18, 19].

Disadvantages of the gracilis muscle flap are 
related to flap size and dimension. Often times, 
even when harvested bilaterally, the gracilis flap 

Table 39.2  Commonly employed pedicled flap options for perineal reconstruction
Flap name Blood supply Area of use
Rectus abdominis Inferior epigastric artery Total perineal reconstruction/poste-

rior vaginal wall
Gracilis Medial circumflex femoral artery Smaller perineal defects
Gluteus maximus Superior gluteal artery Posterior/inferior perineal defects
Pudendal Posterior labial artery Vaginal vault defects
Anteriolateral thigh Descending branch of lateral circumflex femoral artery Total perineal reconstruction

Fig. 39.2  Surface anatomy of VRAM (vertical rectus ab-
dominis) flap displaying arterial pedicle
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is not large enough to obliterate very large peri-
neal defects. Furthermore, the distal tip of the 
myofasciocutaneous flap can be rather bulky 
with questionable venous return leading to ve-
nous congestion and wound-healing problems.

Gluteus Maximus Muscle

The gluteus maximus muscle is typically harvest-
ed as a muscle-only flap, but can be harvested as 
a myocutaneous flap if needed. The flap is based 
on the superior gluteal artery and has a short axis 
for rotation, rendering it useful only for defects 
posterior perineum [20, 21]. The superior half of 
the muscle is less useful for perineal reconstruc-
tion, but may provide durable coverage for sacral 
defects. The inferior half of the muscle is able 
to provide coverage for the ipsilateral ischium as 
well as extending down to the posterior most as-
pect of the perineum [22].

The gluteus maximus flap provides a robust, 
relatively large amount of vascularized muscle 
and fascia. The donor site of the flap can be 
closed with relative ease using a V to Y advance-
ment closure. Because the flap has such a large 
muscle component, the gluteus maximus is prone 
to denervation atrophy. Additionally, the proxim-
ity to the sciatic nerve can provide for a potential 
source of morbidity during dissection. Finally, 

the flap is less useful for anterior defects as the 
arc of rotation is insufficient to reach areas of the 
anterior perineum.

Pudendal Flap

The pudendal flap, also known as the Singapore 
flap, is a local fasciocutaneous flap that is based 
on the posterior labial vessels of the proximal, 
inner thigh. The flap can be harvested as a sen-
sate flap based on the posterior labial branch of 
the pudendal nerve, making it an ideal solution 
for vaginal vault reconstruction. These flaps can 
be harvested unilaterally or bilaterally and are 
able to provide thin, sensate, fasciocutaneous 
coverage of smaller defects of the anterior and 
lateral vaginal walls [23, 24].

Advantages of the pudendal flap are revealed 
in the flap’s thin, sensate flap design. Additional-
ly, the inner thigh provides a well-tolerated donor 
site with minimal morbidity. This flap does not 
provide vascularized muscle, and therefore, there 
is little mobility restriction seen postoperatively. 
Disadvantages are seen in the fact that this is a 
smaller flap that is not well suited to provide cov-
erage for larger perineal defects. Additionally, 
this flap is in close proximity to the perineum and 
may be compromised in the setting of neoadju-
vant radiotherapy.

Fig. 39.3  VRAM (vertical 
rectus abdominis) coverage 
of perineal defect
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Anteriolateral Thigh Flap

The anteriolateral thigh (ALT) flap has tradition-
ally been described as a free flap rather than a 
pedicled flap and has been used to reconstruct a 
wide variety of defects in the pelvis, perineum, 
and lower abdomen [25]. The flap is harvested as 
a fasciocutaneous flap based on the descending 
branch of the lateral circumflex femoral artery. 
In addition to a relative ease of dissection, the 
flap can provide vast amounts of skin and fascia 
while allowing for minimal donor site morbidity 
(Fig. 39.4) [25, 26].

Advantages of the ALT flap include a reliable 
dissection which can provide an abundance of 
vascularized skin and fascia. The flap has a reli-
able vascular pedicle with a wide arc of rotation. 
If additional soft-tissue bulk is required for dead 
space obliteration, the ALT can be harvested as 

a myofasciocutaneous flap with vastus lateralis 
(Fig. 39.5).

Disadvantages of the ALT flap are best visu-
alized with corpulent patients where increasing 
the amount of adipose tissue and fascia can limit 
mobilization into the perineum. Furthermore, 
the larger flaps, which are required for vast dead 
space obliteration, can be prone to venous con-
gestion and wound-healing difficulties.

Postoperative Care

Ambulation

In an effort to mitigate the thrombotic effects of 
surgery as well as potentially offload pressure 
on the wound closure and flap, ambulation is 
recommended on the first postoperative day. If 
medical and/or surgical comorbidities preclude 

Fig. 39.4  Surface anatomy 
of ALT (anteriolateral 
thigh) flap displaying arte-
rial pedicle

 

Fig. 39.5  ALT (anteriolat-
eral thigh) flap for perineal 
reconstruction
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 mobilization, the patient should be turned every 
2 h to decease the incidence of ischemic ulcer 
creation as well as to offload incisional pressure. 
In our practice, a combination of early ambula-
tion as well as instructing the patient to resist sit-
ting in a chair is used for a minimum of 2 weeks 
postoperatively. Using this strategy, prolonged 
pressure on the incision is avoided and the po-
tential for subsequent flap necrosis is mitigated.

Drain Management

When closing wounds over an area of tumor ex-
tirpation, a vast amount of dead space is invari-
ably created. It is critical for the reconstructive 
surgeon to mitigate this dead space with a com-
bination of vascularized soft tissue and closed-
suction drains. The placement of closed-suction 
drains will assist in the elimination of seroma and 
hematoma formation and should be left in place 
until each drain produces less than 30 ml of exu-
date per day over a span of 3 consecutive days. 
These drains should be removed in sequence, 
rather than simultaneously.

Complications

Complications rates in patients requiring soft-
tissue coverage of viscera and/or require adju-
vant therapy are devastating to the patient and 
the surgical teams. The most commonly encoun-
tered complications include seroma, hematoma, 
wound infection, and flap failure. In patients 
where soft-tissue fluid collections are suspected, 
imaging studies such as CT or MRI are indicated 
to evaluate the location and extent of the suspect-
ed collection. If there is any indication of infec-
tion, culture directed, broad-spectrum antibiotics 
should be started and sharp debridement of all 
necrotic tissue should be performed.

Flap failure, either partial or complete, can 
occur for a myriad of reasons and should gen-
erate an operative evaluation of the flap to in-
terrogate the potential for reversible problems. 
Small wounds can generally be managed conser-
vatively with dressing changes and/or negative 

 pressure wound therapy. Larger wounds, which 
may dictate prolonged wound care regimens, 
should be evaluated in the operating room, and 
sharp debridement with additional flap closure 
may be indicated.

Aggressive management with debridement of 
devitalized tissue, wound care, and culture-spe-
cific antibiotics will typically allow all wounds 
to heal secondarily following flap reconstruction. 
Perineal wounds closed primarily in the setting 
of prior radiotherapy have a much higher rate of 
complications leading to persistent drainage and 
potential fistula formation. These sequelae are 
mitigated through careful analysis of the wound 
bed and appropriate reconstructive techniques.

Summary

Perineal reconstruction with pedicled fasciocuta-
neous or myofasciocutaneous flaps can be per-
formed safely, with acceptable complication rates 
in the presence of contamination, compromised 
soft-tissue vascularity, and radiotherapy. For op-
timal results multidisciplinary teams should work 
in concert to properly evaluate the patient and 
discuss ideal treatment scenarios.

Key Points: Preventing Complications

1. Communication between the plastic and re-
constructive surgery, surgical oncology, and 
medical oncology teams is of the upmost im-
portance when planning surgery. Adequate 
communication allows for the surgical teams 
to provide full disclosure to the patient with 
regard to potential donor site morbidity. Ad-
ditionally, this allows for proper preoperative 
imaging and evaluation of potential flap donor 
sites to reconstruct the perineum.

2. When closing wounds over the perineal area, 
it is critical to identify structures that must be 
covered with vascularized tissue. Local mus-
cle flaps based on axial pattern blood supplies 
are optimal to obliterate dead space and cover 
hollow viscous organs within the surgical 
field.
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3. Attempting closure of large perineal wounds 
in a primary fashion without a muscle flaps 
will led to higher rates of wound dehiscence, 
seroma, and infection. The surgeon should 
obliterate all associated dead space in the sur-
gical wound with both vascularized tissue and 
closed-suction drains. Preventing hematoma 
and seroma formation is an important compo-
nent to the success of any wound closure.

4. When reconstructing soft-tissue defects of the 
perineum, it is critical to maintain a wound 
bed free of devitalized tissue. Scar tissue and 
devitalized adipose and muscle fascia will act 
as a nidus for infection and should be removed 
with sharp debridement.

5. Patients and surgical teams should be advised 
to offload all pressure onto the wound closure 
site. Aggressive, early ambulation should be 
initiated to prevent ischemic pressure necrosis 
of the closure.

Key Points: Managing Complications

1. Early, postoperative venous congestion of 
soft-tissue flaps should prompt the surgical 
team to evaluate the reconstruction in the op-
erating room for any potentially reversible 
causes of ischemia to prevent total or subtotal 
flap loss.

2. Signs or symptoms of infection around the 
reconstructed area should be visualized radio-
graphically to evaluate for the presence of he-
matoma, seroma, or abscess so that the appro-
priate management may be performed within 
a timely fashion.

3. If possible, enteral or parenteral nutritional 
supplementation should begin in the periop-
erative setting with protein supplementation 
to ensure adequate wound-healing potential.

4. Small areas of incisional dehiscence are not un-
common in larger reconstructions and should be 
managed conservatively with dressing changes 
and/or negative pressure wound therapy.

5. Large areas of wound dehiscence should 
prompt operative evaluation to evaluate the 
integrity of the flap and the potential need for 
revisionary procedures.
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 Background

Decades before advances in antisepsis, perioper-
ative care, and surgical technique made the com-
bined abdominal/perineal excision of the rectum 
possible, the extraperitoneal portion of the rectum 
was accessed by simple diagnostic and therapeu-
tic interventions. Removal of the entire rectum 
and mesorectum, first without and later with 
preservation of the sphincters, soon became the 
optimal treatment for patients with distal rectal 
cancer. However, these operations have always 
been associated with significant morbidity and 
long-lasting functional sequelae. Local treatment 
of cancer of the extraperitoneal portion began to 
gain popularity in the 1950s, as an alternative to 
complete removal of the rectum in patients with 
early-stage tumors, or those considered unsuit-
able for a major operation.

For years, the local excision of rectal tumors 
was performed through a posterior parasacral inci-
sion popularized by Kraske in the nineteenth cen-
tury, by the transsphincteric approach described 
by York-Mason, or transanally as described by 
Parks. The parasacral and transsphincteric ap-
proaches provide relatively good exposure of the 
distal rectum, particularly of the anterior wall. 

However, they are associated with significant 
morbidity, in particular rectocutaneous fistulae 
(in the parasacral approach), sphincter dysfunc-
tion, and anal incontinence (in the transsphinc-
teric approach). The transanal approach, while 
safer than the parasacral or transsphincteric, is a 
technically challenging procedure and allows ac-
cess only to tumors located in the distal rectum.

The first transanal endoscopic platform, 
known as transanal endoscopic microsurgery 
(TEM), was introduced in the 1980s by Gerhard 
Buess. Its purpose was to facilitate local exci-
sion (LE) and extend the indications for LE to 
tumors located in the mid- and even the upper 
rectum. Commercialized by The Wolf Corpora-
tion (Richard Wolf Medical Instruments Corp., 
Vernon Hills, IL), the TEM platform includes 
a number of large bore-operating proctoscopes, 
a specifically designed insufflation system and 
instruments, and binocular optics that provide 
tridimensional visualization. The equipment is 
complex and expensive and is available at only 
a limited number of institutions. The Storz Com-
pany (KARL STORZ GmbH & Co., Tuttlingen, 
Germany) later developed a simplified transanal 
endoscopic operation (TEO) platform, which 
also uses large bore-operating proctoscopes but 
takes advantage of the insufflation, instrumen-
tation, and optics of conventional laparoscopy. 
This platform, while less expensive than TEM, 
utilizes less sophisticated instrumentation and 
does not provide tridimensional visualization. 
In recent years, surgeons have adopted the ac-
cess device used in single-port laparoscopy for 
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transanal minimally invasive surgery (TAMIS). 
Similar to TEO, TAMIS utilizes conventional 
laparoscopic insufflation, instrumentation, and 
optics. A number of groups are now using the da 
Vinci® Surgical System, a robotic platform (In-
tuitive Surgical, Inc.®, Sunnyvale, CA), to en-
hance visualization and precision during TAMIS.

A number of studies have demonstrated the 
advantages of LE compared to conventional rec-
tal cancer surgery: faster recovery; lower mor-
bidity; minimal bowel, urinary, and sexual dys-
function; and, in many patients, avoidance of a 
stoma. However, LE—at least when performed 
using the conventional transanal approach—pro-
vides inferior oncologic results compared to radi-
cal surgery for stage I rectal cancer [1–4]. Local 
recurrence is higher for patients with T1 and 
T2 tumors treated with LE; for patients with T2 
tumors, long-term survival is lower compared to 
TME. The combination of adjuvant or neoadju-
vant chemoradiation with LE for T2 tumors may 
improve the results compared to LE alone, but 
these approaches are still under investigation [5–
9]. A number of reports indicate that LE of rectal 
cancer performed with TEM, TEO, and TAMIS 
is associated with a lower risk of local recurrence 
compared to TAE [10–12]. However, most stud-
ies comparing different techniques are small, ret-
rospective case series using historical controls.

In spite of the uncertain oncological results, the fact 
is that the proportion of early-stage rectal cancers treat-
ed by LE continues to increase worldwide. As the in-
dications for these procedures expand, and as their use 
in patients who have undergone neoadjuvant radiation 
increases, knowledge about diagnosis and management 
of the associated complications is of high importance.

Complications of TEM and TAMIS

The proportion of patients developing complica-
tions after TEM, TEO, and TAMIS is low, com-
pared to radical surgery. The types of complica-
tions are similar to those observed after TAE; 
however, complications related to penetration 
into the peritoneal cavity are more common after 

TEM, TEO, or TAMIS, as these techniques allow 
local excision of tumors located in the intraperi-
toneal portion of the rectum. The reported overall 
complication rate ranges from 6 to 20 % [10, 13–
15]. These estimates come mostly from the TEM 
literature, as there are still relatively few series 
reporting outcomes after TAMIS. The compli-
cation rate appears to be higher in patients who 
have undergone neoadjuvant chemoradiation 
therapy (CRT) [16]. In a study by Marks and col-
leagues in 2008, the wound dehiscence rate was 
significantly higher in radiated versus non-radiat-
ed patients (25.6 % vs. 0) [17]. Though a majority 
responded to conservative management, 1 of the 
11 patients required a diverting colostomy.

The most frequently reported complications 
are fever, urinary retention, rectal bleeding, sep-
sis, suture line dehiscence, rectovaginal fistula, 
penetration into the peritoneal cavity, rectal pain, 
temporary incontinence, and anorectal stenosis 
[1–39]. In nearly all of the studies, urinary reten-
tion and bleeding were the most common com-
plications.

Pelvic abscess and sepsis are relatively un-
common complications of TEM and TAMIS. 
However, their occurrence may necessitate reop-
eration including temporary or permanent diver-
sion. Severe pain requiring readmission has been 
attributed to these complications. In instances 
where TME is necessary after LE, pelvic sepsis 
and the resulting inflammation may further com-
plicate dissection. Tables 40.1 and 40.2 summa-
rize the literature on surgical complications after 
TEM or TAMIS.

 Postoperative Fever

A high temperature in the immediate postop-
erative period is common. However, in most 
patients this is temporary and is not necessar-
ily followed by the development of other septic 
complications. The cause of early postoperative 
fever is unknown, but may be related to transient 
bacterial translocation immediately after the 
procedure.
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Wound Dehiscence

The need for closure of the rectal wound during 
LE in the extraperitoneal portion of the rectum is 
controversial. The potential advantages of wound 
closure include securing hemostasis and reduc-
ing fecal contamination. The chief disadvantage 
is the potential creation of a dead space that may 
become a perfect environment for the develop-
ment of septic complications. The enhanced vi-
sualization and new instrumentation provided 
by TEMS, TEO, and TAMIS platforms facilitate 
suturing and knot-tying or clipping. As a conse-
quence, rectal wounds are almost always closed 
watertight after TEM or TAMIS excision. The 
closure can be done as a running suture, which is 

facilitated by clips instead of knot-tying, or with 
interrupted sutures (Fig. 40.1).

The reported rate of wound dehiscence ranges 
from 0 to 15 % and can lead to complications such 
as stenosis and fistula [16, 18, 19]. The true rate 
of wound dehiscence is probably higher because 
only symptomatic patients undergo rectal exami-
nation in the early postoperative period. Wounds 
located closer to the dentate line, particularly in 
patients who have received neoadjuvant chemo-
radiation, are more likely to dehisce [7, 17]. 
Table 40.3 describes the treatment for wound de-
hiscences in each of the major TEM and TAMIS 
studies discussed above. In the study by Perez et 
al., 9 of 11 readmissions within 30 days of TEM 
excision were due to severe pain secondary to 
wound dehiscence [16]. Furthermore, all patients 

Table 40.1  Select TEM (transanal endoscopic microsurgery) studies
Kumar 
[24]

Perez 
[16]

Lezoche 
[15]

Bignell 
[20]

Tsai 
[28]

Allaix 
[25]

Bach 
[18]

Guerrieri 
[8]

Buess 
[14]

Patients ( n) 325 36 135 262 269 300 424 588 326
Indication:( cancer, 
benign, both)

Both Both Cancer Both Both Both Cancer Both Both

Complications ( %) 10.5 44 10.4 13 21 7.7 14.9 11.4 16
Mortality ( %) 0.3 0 0 0.8 0 0 1.4 0 0
Septic complications ( n) 10 20 10 8 26 11 18 54 NR
Dehiscence 0 17 9 0 3 5 0 36 3
Abscess/pelvic sepsis 2 – 1 7 – – 5 – –
Peritoneal entry 9 – – – 20 13 9 16 –
Missed peritoneal entry 1 1 – 1 – 1 1 – –
Fistula 1 2 – 0 – 5 2 2 2
Fever UO – – – – 2 – – – –

Table 40.2   Select TAMIS (transanal minimally invasive surgery) studies
Albert [10] Lee [36] Bridoux [37] Barendse [38] Lim [39]

Patients ( n) 50 25 14 11a 16
Indication: ( cancer, benign, both) Both Both Both Both Both
Complications ( %) 8 4 21 7.7 0
Mortality ( %) 0 0 0 0 0
Septic complications ( n) 1 0 1 0 0
Dehiscence – – – – –
Abscess – – – – –
Peritoneal entry 1 – 0 – –
Missed peritoneal entry – – – – –
Fever UO – – 1 – –

a 2 converted to TEM (transanal endoscopic microsurgery), 2 had concurrent TMEs (total mesorectal excisions)
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with late complications had been diagnosed with 
early wound dehiscence. Lezoche et al. described 
partially dehisced suture lines in 9 of 135 patients 
(6.7 %), all of which were resolved with antibi-
otic enemas and “occasionally by fasting and 
parenteral nutrition” [15].

Rectal Pain

Persistent anal and rectal pain is a common com-
plaint, particularly in patients with low rectal can-
cer treated with chemoradiation. In the ACOSOG 
Z6041 trial investigating the treatment of T2N0 
rectal cancer with preoperative chemoradiation 

and LE, 8 % of patients complained of grade 
3 anal pain [7]. This has been attributed to the 
dehiscence of a wound close to the anal canal, 
which, in contrast to the rectal wall, has rich so-
matic pain innervations. The pain often persists 
for several weeks until the dehisced wound heals 
[16]. A diverting temporary ostomy should be 
considered in patients with very low rectal tu-
mors who have undergone radiation. A diverting 
temporary ostomy should be considered even in 
those who have not had radiation, depending on 
the size of the lesion and the amount of tension 
expected after closure. Some surgeons have also 
adopted the routine use of antibiotics for an ex-
tended period following excision of very distal 
tumors [20].

Peritoneal Perforation

Peritoneal perforation during TEM, TEO, and 
TAMIS occurs at a median rate of 4.8 %, although 
this ranges from 0 to 32 % in the literature [21]. 
During excision of anterior tumors, this rate may 
be even higher, especially in those located above 
9 cm, where entry into the peritoneum should be 
expected [19, 22]. The consequences range from 
postoperative pain or distention to intraabdominal 
sepsis. On a practical note, peritoneal perforation 
compromises adequate visualization by evacu-
ating the necessary pneumorectum for TEM, 
TAMIS, and TEO procedures. The most feared 
complication is peritonitis caused by the seed-
ing of the abdominal cavity with rectal luminal 

Table 40.3  Outcomes after wound dehiscence/failure of closure
Kumar [24] Perez [16] Lezoche [15] Tsai [28] Allaix [25] Guerrieri [26]

# Cases 1 17 9 4 5 36
Management
Non-operative 0 16 9 2 0 35
Operative 1 1 0 2a 2 1
Transanal – – – – NR 1
Abdominal 1 1 – 2 NR –
Ostomy 1 1 – – NR –
Radical resection – – – – NR –

NR not reported
a Both patients had peritoneal entry, which was repaired during the primary surgery

Fig. 40.1  Rectal wounds are almost always closed wa-
tertight after TEM or TAMIS excision. The closure can 
be done as a running suture, which is facilitated by clips 
instead of knot-tying, or with interrupted sutures
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content. There, were early concerns regarding the 
possibility of disseminating cancer cells into the 
peritoneal cavity after peritoneal perforation. As 
outcomes after TEM, TAMIS, and TEO continue 
to be studied, there is currently no evidence that 
peritoneal perforation compromises oncologic 
outcome [21]. In a multinational study specifi-
cally examining the effect of peritoneal perfora-
tion on outcomes in 888 patients, Baatrup et al. 
demonstrated no increase in long-term oncologic 
failure [23].

Entry into the peritoneal cavity is typically 
recognized during surgery by sudden loss of, or 
difficulty maintaining, pneumorectum. The over-
all risk of peritonitis is low, provided that the 
perforation is recognized intraoperatively and the 
peritoneal defect and rectal wound are securely 
closed. This can typically be accomplished trans-
anally, though a transabdominal repair, either 
open or laparoscopic, may be necessary if the 
peritoneal or rectal wound closure is suboptimal.

So-called “missed” perforations may present 
in the postoperative period with increasing pain, 

pneumoperitoneum, or in some cases, evidence 
of intraabdominal sepsis. Both conservative 
treatment and surgical approaches are described 
in the literature. When reoperation is necessary, 
either transanal repair or transabdominal wash-
out can be attempted. The decision to divert is 
made on a case-by-case basis and depends on the 
patient’s clinical status, the timing of presenta-
tion, and the degree of contamination of the peri-
toneal cavity. It is likely that “missed” perfora-
tions requiring reoperation are also more likely 
to require proximal diversion, compared to those 
recognized intraoperatively due to the increased 
peritoneal contamination. Table 40.4 describes 
the sequelae and treatment of patients with peri-
toneal perforation.

The possibility of a peritoneal penetration 
emphasizes the importance of mechanical bowel 
preparation and the use of prophylactic anti-
biotics in patients undergoing TEM, TEO, or 
TAMIS—particularly for tumor located in the 
mid- and upper rectum. Patients with peritoneal 

Table 40.4  Outcomes after peritoneal entry
Kumar 
[24]

Perez 
[16]

Bignell 
[20]

Tsai 
[28]

Allaix 
[25]

Bach 
[18]

Guerrieri 
[26]

Albert 
[10]

# Cases 10 1 1 20a 13 9 16 1
Diagnosis NR
Intraoperative 9 0 0 20 9 16 1
Missed 1 1 1 0 0 0 0
Intraoperative management NR
Conversion 0 – – 0 1 1 0
Transanal repair 9 – – 20 6 14 1
Radical surgery 0 – – 0 1 1 0
Ostomy 0 – – 0 0 2b 0 0
Postoperative management NR NR NR
Transanal repair 9 0 – – –
Radical surgery 0 0 – – –
Ostomy 0 0 – 0 – –
Conservative 1 1 – – –
Mortality 0 0 1 0 0 0 0 0

NR not reported
a Also listed in wound dehiscence
b Intraoperative or postoperative identification not specified
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perforations should be admitted to the hospital 
for observation.

Pelvic Phlegmon and Abscess

Clinically apparent pelvic sepsis or abscesses 
are relatively uncommon after TEM, TEO, and 
TAMIS, with rates below 1 % reported in most 
series (Tables 40.2 and 40.3). This is significantly 
lower than the rate of wound dehiscence. Consider-
ing the high bacterial load present even in the me-
chanically prepared bowel, it is surprising how few 
dehiscences progress to frank sepsis or abscess.

Pelvic sepsis is characterized by persistent 
fever, malaise, rectal or pelvic pain, anal dis-
charge, and urinary retention. The white count 
is typically elevated, and the abscesses can be 
visualized on imaging studies such as CT scan 
(Fig. 40.2). Inspection of the rectum often reveals 
a partially dehisced wound with purulent drain-
age. Most patients respond to antibiotic therapy, 
but some may require drainage through the rec-
tum, which is achieved by enlarging the opening 
of the suture line. In general, percutaneous drain-
age is not recommended because it may result in 
an extrasphincteric fistula-in-ano. Special atten-
tion should be paid to abscesses located anterior-
ly in female patients as these may drain spontane-
ously through the vagina, resulting in rectovagi-
nal fistulae. Some patients with more advanced 
sepsis may require temporary diversion. A study 
by Bignell in 2009 revealed seven cases (2.7 %) 
of pelvic sepsis and abscess after TEM excision 
following neoadjuvant CRT. Five of these seven 
patients (71.4 %) required a temporary diverting 
stoma, while two improved with conservative 

therapy [20]. As is the case in wound dehiscence, 
Bignell provided evidence that pelvic sepsis and 
abscess are more likely to occur in LE of lesions 
located within 2 cm of the dentate line.

Fistula

The rarest of septic complications after TEM and 
TAMIS is fistula formation, with a rate of less 
than 0.5 % reported in most studies [14, 16, 18, 
24–26]. In the studies described above, 11 recto-
vaginal fistulae, 1 rectovesical fistula, and 1 rec-
toseminal vesicle fistula were reported. In gener-
al, these were treated surgically, with the excep-
tion of a fistula from the rectum to the seminal 
vesicle, which resolved with antibiotics alone.

It is important to recognize that, with the in-
creasing use of TEM and TAMIS for more ad-
vanced disease, we may see more fistula forma-
tion associated with operating on the irradiated 
rectum. Fistulae after rectal surgery are the result 
of a combination of factors. Wound dehiscence 
and infection are known instigators. In our expe-
rience, unrecognized electrocautery injuries can 
also act as culprits. In a female patient, it is im-
portant to recognize the thin septum between the 
anterior rectum and the vagina, as this can be eas-
ily violated with Bovie or ultrasonic dissection. If 
malignancy is not suspected, mucosectomy may 
be preferable to full-thickness excision [25].

While clinical presentation of a fistula is often 
delayed, it is important to keep some contributing 
factors in mind. Wound dehiscence, wound infec-
tion, and radiation all contribute to fistula forma-
tion. As is true in wound dehiscence and abscess, 
if a thermal injury is recognized intraoperatively, 
both diversion and a prolonged course of antibi-
otics should be considered for appropriately se-
lected high-risk patients.

Bleeding

The rate of rectal hemorrhage after TEM, TAMIS, 
and TEO is 1–10 % in most studies [7, 13, 18, 20, 
25, 27]. Rates of significant bleeding, requiring ei-
ther transfusion or reintervention, range from 1.7 
to 2.7 % [13, 20, 28]. Bleeding can occur in the 

Fig. 40.2  CT scan showing pelvic abscess
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immediate postoperative period, or it may have 
a delayed presentation; at least one study reports 
rectal hemorrhage up to 2 weeks after surgery [28].

Management of postoperative hemorrhage de-
pends on the clinical presentation. Minor bleed-
ing in a clinically stable patient can be observed, 
with blood transfusions as necessary. Major 
hemorrhage or hemorrhage presenting in the late 
postoperative period should prompt examination 
under anesthesia, as it may be associated with 
wound dehiscence. When possible, placement of 
additional sutures or reinforcement of the wound 
will control bleeding. The application of elec-
trocautery or energy devices such as Ligasure to 
bleeding points, along with rectal packing, is also 
successful in some cases.

Achieving optimal hemostasis intraoperative-
ly is the key to preventing these complications. 
Watertight wound closure may prevent hemor-
rhage. Though this is still debated in the litera-
ture, multiple studies report episodes of postop-
erative hemorrhage significant enough to require 
operative management, during which the finding 
was a wound dehiscence [13, 20, 29]. Several 
authors have also advocated use of the harmonic 
scalpel instead of electrocautery for improved 
hemostasis. This technique has the added benefit 
of better visualization because it is free of the 
smoke associated with electrocautery [20, 30].

Incontinence

Fecal incontinence and anorectal dysfunction 
after TEM and TAMIS have been a serious con-
cern since the introduction of these techniques. 
Early reports of decreased function after TEM 
raised logical concerns, because the TEM plat-
form is 40 mm in diameter and may be used 
for a prolonged period in resecting larger, more 
proximal tumors [31]. Numerous studies have 
investigated the impact of TEM on functional, 
anatomical, and physiological outcomes [28, 32]. 
Parameters such as postoperative sphincter de-
fects can be diagnosed by endorectal ultrasound, 
while changes in resting and squeeze pressure, 
and rectal pudendal nerve terminal latency 
potentials, can be assessed by physiological stud-

ies [33, 34]. These investigations have identified 
two risk factors for decreased anorectal function 
after TEM: long operative times (> 2 h) and pre-
existing anorectal dysfunction. Despite the mea-
sured incidence of sphincter defects (29 %) and 
decreased resting pressure postoperatively, long-
term fecal continence was not affected in these 
patients. Tsai and colleagues reported on their 
experience with 269 patients undergoing TEM, 
demonstrating a 4.1 % rate of fecal continence 
deterioration after surgery. However, nearly 82 % 
returned to baseline within 4–8 months. At least 
two studies have examined patient-reported fecal 
incontinence using the validated Fecal Inconti-
nence Severity Index and the Fecal Quality of 
Life questionnaires [32, 35]. Neither study found 
that TEM had any impact on quality of life or 
fecal continence, as assessed at 6 weeks and up 
to 2 years after surgery.

Conclusion

Complications after TEM and TAMIS are fre-
quent and typically easy to treat. Septic complica-
tions, though rare, can lead to long-term sequelae 
and decreased quality of life. When these occur, 
the benefit of LE over TME for stage I rectal 
cancer is significantly impacted. Clear pitfalls re-
lated to the rectal anatomy exist, and these should 
be avoided. Cautious use of electrocautery, care-
ful assessment of wound closure, and intraopera-
tive recognition of peritoneal perforation are all 
important factors in minimizing complications.

Key Points: Avoiding a Complication

1. All patients should receive preoperative bowel 
preparation. This greatly facilitates visualiza-
tion and potentially minimizes contamination, 
if the peritoneum is accidentally entered dur-
ing surgery.

2. The peritoneum should be closed if acciden-
tally opened.

3. The defect in the rectal wall should be closed 
when feasible.
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4. Hemostasis is of paramount concern in these 
patients, given the proximity of the operative 
field to important vascular structures posteri-
orly and laterally, and the inability to visualize 
these directly after the defect is closed.

5. Avoid creating a large presacral cavity after 
closure of the rectal wall, as this may become 
a space for fluid accumulation or abscess for-
mation.

6. Recognition of the thin rectovaginal septum 
and urethra anteriorly necessitates cautious 
use of electrocautery.

Key Points: Managing/Diagnosing 
Septic Complications

1. Loss of appropriate insufflation of the rectum 
indicates possible entry into the peritoneal 
cavity.

2. Maintain a high suspicion for wound dehis-
cence, given how common this is. Prompt 
treatment often requires an examination under 
anesthesia and antibiotic therapy.

3. In the rare setting of prolonged symptoms as-
sociated with wound dehiscence or non-heal-
ing, proximal diversion may be necessary.

4. For low rectal tumors within 2 cm of the den-
tate line—especially in patients who have 
undergone neoadjuvant chemoradiation—
consideration should be given to routine post-
operative antibiotics. In select patients, a tem-
porary diverting ostomy may be necessary.
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Overview

Stomas are created for a number of emergent 
and elective gastrointestinal disease processes 
including colorectal cancer, fecal incontinence, 
constipation, diverticulitis, bowel obstruction, 
bowel ischemia, inflammatory bowel disease, 
and anal fistula. This chapter will provide an 
overview of parastomal hernias and explore the 
diagnosis, management, and prevention of this 
difficult clinical entity.

Definition and Classification

A parastomal hernia (PH) can be defined as a 
protrusion in the vicinity of a stoma or as the ab-
normal protrusion of abdominal cavity contents 
through the abdominal wall defect resulting from 
colostomy, ileostomy, or ileal conduit creation 
[1, 2]. This chapter will focus on PHs relating to 
colostomies and ileostomies. A number of clas-
sification systems for PH have been proposed 
based on clinical, radiographic, or intraoperative 
findings but none have been accepted universally 
(Table 41.1) [3–6]. The classification systems 
have been criticized for including types that do 
not fulfill the definition of a hernia and for not in-
cluding the presence of a concomitant incisional 
hernia. More recently, the European Hernia Soci-
ety met to review the existing classification sys-
tems and expanded upon the definitions proposed 
by Gil and Szczepkowski to include a size cutoff 
of 5 centimeters (cm), but this new system has 
not yet been validated clinically [2].

Incidence

The incidence of PH has a broad range of 0–80 % 
and can vary based on the definition used, the 
method of diagnosis, and the surgical approach 
at time of stoma creation [7–9]. Cingi et al. noted 
an incidence of 52 % on physical exam, which in-
creased to 78 % with the addition of computed to-
mography (CT) scan [10]. The incidence for end 
and loop colostomies are 4–48.1 % and 0–38 %, 
respectively, and are 1.8–28.3 % and 0–6.2 % 
for end and loop ileostomies, respectively [11]. 
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Laparoscopic stomas with less than 1-year fol-
low-up had a PH incidence of 0–6.7 %, and the 
incidence was 6.7–12 % for trephine stomas with 
1-year follow-up [12]. The incidence reported 
from retrospective studies likely only captures 
those patients with symptomatic PHs, thus un-
derestimating the true incidence. One series 
detected an 18 % rate of asymptomatic PH [5]. 
Most PHs develop within the first 2 years after 
stoma creation with one series reporting develop-
ment within 8 months of surgery [5, 13].

Pathophysiology

The true pathogenesis of hernia formation is not 
understood but there has been speculation relating 
to loss of tensile strength due to alterations in the 
type of collagen production. Junge et al. studied 
the ratio of type I to type III collagen in explanted 
meshes from inguinal and incisional hernias and 
found a significantly lower ratio in those meshes 
explanted for recurrence as compared to those 
explanted for chronic pain or infection [14]. A 

Table 41.1  Classification of parastomal hernias
Author year Classification basis Types Clinical validation
Rubin [3] Intraoperative findings I: true PH

Ia: interstitial No
Ib: subcutaneous
II: intrastomal hernia
III: subcutaneous prolapse
IV: pseudohernia

Devlin [4] Intraoperative findings I: interstitial hernia Yes
II: subcutaneous hernia
III: intrastomal hernia
IV: peristomal hernia (stoma prolapse)

Moreno-Matias [5] CT findings 0: peritoneum follows the wall of the 
bowel forming the stoma, with no 
formation of a sac

Yes

Ia: bowel forming the colostomy with a 
sac < 5 cm

Ib: bowel forming the colostomy with a 
sac > 5 cm

II: sac containing omentum
III: intestinal loop other than bowel form-

ing the stoma
Gil and Szczepkowski [6] Physical exam I: isolated small PH Yes

II: small PH with cIH (without significant 
abdominal wall deformity)

III: isolated large PH (with significant 
abdominal wall deformity)

IV: large PH with cIH (with significant 
abdominal wall deformity

Smietanski [2] Intraoperative findings I: PH < 5 cm without cIH No
II: PH 5 cm with cIH
III: PH > 5 cm without cIH
IV: PH > 5 cm with cIH
P: primary PH
R: recurrent PH

PH parastomal hernia, cIH concomitant incisional hernia
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similar lower ratio of type I to type III procolla-
gen mRNA was seen in skin fibroblasts of hernia 
patients as compared to control groups [15]. Type 
I collagen is characteristically found in mature 
scar or fascia whereas type III collagen represents 
a less mechanically stable form found in the early 
phases of wound healing [16]. It has been hypoth-
esized that alterations in collagen synthesis due to 
mutations within regulatory elements could be re-
sponsible for the “hernia disease phenotype” [17].

Risk Factors

Given the above hypothesis on collagen abnor-
malities, the presence of other hernias is a known 
risk factor for PH development [18, 19]. Increas-
ing patient age, with some studies citing age > 60 
years, is also a risk factor [18–23]. Female sex 
has also been shown to increase the risk of PH de-
velopment [22, 23]. Conceivably, stoma aperture 
size, if created too large, can lead to PH formation 
[20, 23]. Comorbidities including obesity, chronic 
obstructive pulmonary disease, hypertension, and 
ascites were independent risk factors for PH de-
velopment [12, 22]. PH prevalence more than 
doubled in one cohort study comparing those pa-
tients with a body mass index (BMI) ≥ 30 versus 
< 30 and was also higher in another study when 
patients’ waist circumference exceeded 100 cm 
[24, 25]. On the other hand, another study showed 
no significant risk between PH development and 
BMI or waist circumference [23]. Stomas are 
often created in patients with inflammatory bowel 
disease, and there has been a higher risk of PH 
noted in patients with Crohn’s disease versus 
ulcerative colitis [26]. Risk factors for surgical 
site infections and wound dehiscence in general 
include smoking, diabetes mellitus, cardiovas-
cular or pulmonary comorbidities, amount of 
blood loss, and type of surgery performed with 
the highest odds ratio (OR) for colorectal surgery 
[27]. The type of stoma created can also impact 
the rate of PH development with the highest rates 
occurring in colostomies compared to ileostomies 
with loop ileostomies having the lowest rates of 
PH [11, 28].

Complications

Complications associated with PH can be mild or 
severe ranging from abdominal discomfort to in-
testinal perforation requiring emergent laparoto-
my [10]. Approximately 30 % of patients require 
repeat surgical intervention for PH related to 
bleeding, difficulty with appliance fit, fecal leak-
age, obstruction, and/or strangulation [29, 30]. 
Accordingly, recommended indications for repair 
include ileus, incarceration, or problems with ap-
pliance fit [31]. There have also been rare case 
reports of incarcerated stomach and gall bladder 
within PHs [32–35].

Prevention

Preoperative Considerations

Preoperative risk factor modification to reduce 
the likelihood of PH can be a challenge. The ma-
jority of patient characteristics associated with 
increased risk of PH including sex, age, presence 
of other hernias, or certain comorbidities are non-
modifiable. Tobacco cessation can be encouraged 
and efforts can be made to lose weight or opti-
mize diabetes control preoperatively; however, 
these strategies cannot be employed for emergent 
procedures warranting ostomy creation.

Operative Considerations

In an early study, there was a significantly lower 
rate of PH when the stoma was brought out 
through the rectus abdominus muscle versus 
lateral to it [36], but more recent studies have 
concluded that stoma site, fascial fixation, or 
closure of the lateral space have no effect on PH 
formation [10, 12, 18, 19, 37]. A meta-analysis 
of 1071 colostomy patients showed a lower rate 
of PH with extraperitoneal colostomy creation 
compared to intraperitoneal colostomy [38]. The 
main interest in PH prevention is investigating the 
role of prosthetic mesh. The use of prophylactic 
mesh to prevent PH was reported as early as 1986 
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by Bayer et al. who had no PHs over a 4-year 
follow-up period in 43 patients who underwent 
placement of Marlex mesh (Phillips Petroleum 
Company, Bartlesville, OK) during colostomy 
creation [39]. Following Bayer’s success, there 
have since been many observational studies that 
have evaluated the efficacy and safety of prophy-
lactic mesh placement. Figel et al. demonstrated 
no mesh complications and no PH recurrences 
in 16 patients who underwent placement of a 
bioprosthetic mesh with a median follow-up of 
38 months [40]. Gogenur et al. demonstrated no 
infectious complications, an 8 % rate of minor 
complications, and an 8 % rate of PH recurrence 
in 25 patients who had polypropylene mesh 
placed in the onlay position with a median fol-
low-up of 12 months [41]. A small series of intra-
peritoneal onlay of polyvinylidene mesh during 
laparoscopic abdominoperineal resection (APR) 
showed no mesh-related complications, infec-
tions, or PH recurrence at a mean follow-up of 
6 months [42]. A study by Nagy et al. evaluated 
the polypropylene hernia system large device in 
14 cases after APR with sigmoid colostomy and 
noted no PH recurrence in the first postoperative 
year [43]. Marimuthu et al. studied a polypropyl-
ene monofilament mesh with a circle cut in it for 
the stoma placed preperitoneally without stitches 
in 18 patients and found no PH at a mean follow-
up of 16–17 months. One patient required revi-
sion for stoma necrosis on postoperative day one 
and subsequently developed a wound infection, 
but no other complications were noted [44]. A 
prospective study of preperitoneal polypropylene 
mesh placed in 42 patients with a mean follow-
up of 31 months demonstrated a PH incidence of 
9.52 % (4/42) [45]. Cost-effectiveness of mesh 
prophylaxis has also been studied by Lee et al. 
who looked at mesh prophylaxis in 60-year-olds 
who underwent APR with end colostomy for rec-
tal cancer and found mesh prophylaxis to be less 
costly and more effective compared to no mesh 
for those patients with stage I–III rectal cancer 
[46]. A multicenter randomized control trial 
(RCT) by Hauters et al. evaluated 20 patients 
who underwent laparoscopic and open APR and 
had an intraperitoneal onlay mesh placed. One 
patient presented with mild stoma stenosis and 

one patient (5 %) had a stoma bulge that was 
confirmed as a PH on CT scan [47]. Another 
RCT found decreased presence of radiographic 
PH in patients who had a lightweight intraperi-
toneal/onlay mesh placed during laparoscopic 
APR compared to those without mesh (50 ver-
sus 93.8 %, p = 0.008) [48]. The three RCTs by 
Hammond, Janes, and Serra-Aracil have been the 
most cited papers on the topic of PH prevention. 
In 2008, Hammond et al. published a RCT of 20 
patients undergoing defunctioning stomas with a 
porcine-derived collagen implant placed in the 
sublay position in 10 of the patients. With a me-
dian 6.5-month follow-up, there were no PHs in 
the mesh group compared to 30 % (3/10) in the 
nonmesh group, and there were no complications 
[49]. Janes et al. evaluated 54 patients undergoing 
permanent colostomy creation (27 patients with a 
conventional stoma and 27 with placement of a 
sublay large-pore light weight polypropylene and 
polyglactin mesh) and found a lower rate of PH 
4.8 % (1/21) in the mesh group compared to 50 % 
(13/26) in the nonmesh group at 12-month fol-
low-up. There were no infectious complications 
[50]. A 5-year follow-up study again revealed 
a lower rate of PH in the mesh group at 13.3 % 
(2/15) versus 81 % (17/21) in the nonmesh group 
( p < 0.001) [9]. The RCT by Serra-Aracil evaluat-
ed 54 patients undergoing end colostomy for dis-
tal rectal cancer and utilized a sublay lightweight 
mesh in 27 patients. At a median 29-month fol-
low-up, there were fewer PHs in the mesh group 
at 14.8 % (4/27) compared with 40.7 % (11/27) in 
the nonmesh group ( p = 0.03), and the morbidity 
between the two groups was similar [51]. In 2012, 
Sajid et al. and Shabbir et al. performed system-
atic reviews of the RCT literature. Sajid et al. an-
alyzed the three RCTs by Janes, Hammond, and 
Serra-Aracil encompassing 128 patients who un-
derwent colorectal resections with stoma creation 
(64 patients in the mesh group versus 64 patients 
in the nonmesh group), and found an OR of 1.0 
(95 % confidence interval [CI] 0.36–3.2, p = 1.0) 
for developing postoperative complications and 
an OR of 0.11 (95 % CI 0.05–0.27, p < 0.00001) 
for developing a PH with the use of mesh [52]. 
Shabbir et al. reviewed 27 RCTs and excluded 
all but the same three RCTs as the Sajid paper. 
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This review demonstrated an incidence of PH 
of 12.5 % (8/64) in the mesh group compared to 
53 % (34/64) in the control group ( p < 0.0001). 
There were no differences in mesh-related com-
plications between the two groups [53]. A similar 
systematic review that included the same three 
RCTs but also three prospective observational 
studies and one retrospective study also found 
a lower rate of PH in the mesh group at 7.82 % 
(14/179) versus 55 % (32/58) in the nonmesh 
group with similar morbidity during a follow-up 
period ranging 1–83 months [54]. All three sys-
tematic reviews concluded that the use of pro-
phylactic mesh at the time of stoma creation can 
reduce the incidence of PH. A multicenter RCT 
in the Netherlands known as the PREVENT trial 
is currently underway and is evaluating whether 
prophylactic lightweight monofilament polypro-
pylene mesh in a preperitoneal, retromuscular 
position reduces the incidence of PH formation 
in patients undergoing elective formation of per-
manent end colostomies via an open procedure. 
Follow-up is scheduled for 3 weeks,; 3 months; 
1, 2, and 5 years postoperatively [55].

Diagnosis

History and Physical Exam

In a series by Moreno-Matias, 27 of the 33 patients 
(85 %) with clinically detectable PHs had associated 
symptoms including pain on exertion, interference with 
irrigation devices, or detachment of the appliance with 
changes in position [5]. A study of the French federation 
of ostomy patients found 76 % patients suffered symp-
toms related to PH including pain, difficulty with appli-
ance fit or leakage [21]. Physical exam can show bulging 
with a Valsalva maneuver or palpation of a fascial defect 
[10], but one study demonstrated low interobserver re-
liability in diagnosing PH based on patient history and 
clinical examination [56]. Median length of time be-
tween the formation of the stoma and the diagnosis of 
the PH was 44 months (0–331 months) in one study [57].

Imaging

Imaging can be used as an adjunct to clinical 
exam in diagnosing PH and, as previously men-
tioned, may increase the rate of PH detection [5, 
10, 23]. However, some PH may not be detected 
by CT scan [5, 56]. Janes et al. recommended 
performing CT scans in the prone position and 
demonstrated good correlation between clini-
cal and radiographic diagnoses when doing so 
[58]. Contrast can be administered via the stoma 
to better delineate the anatomy and patency of 
the bowel. Intrastomal ultrasonography utiliz-
ing a 9 MHz probe with rectal setting and ren-
der mode enabled the real-time identification 
of fascia, bowel, rectus muscle, and mesh and 
had the added benefit of evaluating the patient 
in the upright and supine positions [59]. As with 
all ultrasound, diagnostic utility is dependent on 
availability, operator experience, and equipment 
quality. Magnetic resonance imaging is rarely 
needed for PH diagnosis but can be considered in 
the case of diagnostic uncertainty or in the pres-
ence of contraindications to ionizing radiation 
and should include the diffusion-weighted imag-
ing sequence [60].

Management

Nonoperative Management

Nonoperative management may be attempted 
pending the patient’s level of discomfort or the 
severity of the PH complications. Expert con-
sultation with a stoma nurse, if available, can 
be helpful. A flexible appliance can mold to 
uneven contours of the skin, and aperture size 
should leave no more than a 2–3 mm rim around 
the stoma [61, 62]. Protective skin sealants may 
improve appliance adhesion and stoma belts 
may improve appliance security [63]. Similarly, 
abdominal binders may relieve the discomfort 
caused by the PH [63].
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Operative Management

Open Approach

The various approaches to open PH repair include 
primary fascial repair, stoma reversal, stoma re-
location, or repair utilizing a mesh material. 
Stoma reversal is not an option in every clinical 
situation. Primary fascial repair after hernia sac 
reduction results in recurrence rates of 46–100 % 
[3, 64–67]. Local fascial repair has the theoreti-
cal benefit of minimizing morbidity by avoiding 
a laparotomy but overall complication rates asso-
ciated with this repair have been reported at 50 % 
[3]. A 2012 systematic review by Hansson et al. 
deemed fascial repair outdated due to an overall 
morbidity rate of 22.6, 11.8 % surgical site infec-
tion and 69.4 % rate of recurrent PH [68]. Stoma 
relocation can result in recurrent PH in 0–76.2 % 
of patients [3, 64–66, 69–71]. Stoma relocation 
can carry the added risk of a laparotomy and thus 
create three potential sites for hernia formation; 
however, in one series, 76 % of stoma relocation 
cases were successfully accomplished without a 
laparotomy [64]. Incisional hernia development 
at the site of the prior stoma can occur in as many 
as 50 % [60]. Overall complication rate for stoma 
relocation was 88 % [3].

Given the high recurrence and complication 
rates for the above approaches, the use of pros-
thetic mesh material has gained in popularity. 
The mesh can be placed in a number of ana-
tomical locations including onlay, inlay, sublay 
and intraperitoneal. In the onlay technique, the 
mesh is placed extraperitoneal, on the top of the 
musculofascial layer. A recent systematic re-
view demonstrated an overall morbidity rate of 
12.7%, 1.9 % surgical site infection, 2.6 % mesh 
infection, 8.2 % rate of other complications, and 
an 18.6 % recurrent PH rate with the onlay tech-
nique [68]. The inlay method of placing the mesh 
within the fascial defect and suturing it to the 
fascial edges has been abandoned. In the sublay 
technique, the mesh is placed in a retromuscu-
lar or preperitoneal space either via an incision 
around the stoma, to the side of the stoma, or via 
a vertical incision that can enable mesh coverage 
of the midline anterior abdominal wall. A wound 

infection rate of 4.8 %, no mesh infections or 
other complications, and a 6.9 % recurrent PH 
rate have been reported with the sublay tech-
nique [68]. Sugarbaker was the first to introduce 
an intraperitoneal mesh repair in 1985 describ-
ing a technique of securing the mesh circumfer-
entially around the entire fascial defect with the 
exception of lateral to the stoma allowing for the 
creation of a flap valve [72]. This technique was 
100 % successful in his series of seven PHs with 
a 4–7-year follow-up period [72]. A retrospec-
tive review of 20 paracolostomy hernia repairs 
using the open Sugarbaker technique resulted in 
5 % wound infection and 15 % recurrence rate 
[73]. An alternative intraperitoneal technique is 
the keyhole method in which a small hole corre-
sponding to the size of the stoma is cut out of the 
mesh to enable the stoma to pass through while 
still covering the entirety of the fascial defect as 
described in van Sprundel’s study [74]. A review 
of this study and three others resulted in an over-
all morbidity rate of 22 %, wound infection rate 
of 2.2 %, and a recurrent PH rate of 9.4 % [68]. 
There have been a number of studies evaluating 
the outcomes of each of the techniques; however, 
most studies consist of a very small case series of 
patients. Table 41.2 shows the outcomes for those 
studies with greater than or equal to ten patients.

Laparoscopic Approach
Laparoscopy has the added benefit of limiting the 
potential sites for new hernia formation. Similar 
to open intraperitoneal repairs, a modified Sug-
arbaker and the keyhole technique can be uti-
lized laparoscopically in addition to a combina-
tion of the two methods known as the sandwich 
technique. The sandwich technique utilizes two 
pieces of mesh; the first in a fashion similar to 
the keyhole technique with an additional piece 
of mesh covering the first piece of mesh and the 
remaining abdominal wall [75]. The 2012 Hans-
son review evaluated 11 laparoscopic PH repair 
studies which demonstrated a 3.6 % conversion 
to open, 4.1 % iatrogenic bowel injury, over-
all morbidity of 17.2 %, 3.3 % wound infection, 
2.7 % mesh infection, and 11.6 % recurrence rate 
for the Sugarbaker technique versus 34.6 % re-
currence for the keyhole technique versus 2.1 % 
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recurrence for the sandwich technique, although 
the latter was based solely on one series of 47 
patients [68]. The Sugarbaker technique resulted 
in a significantly lower PH recurrence rate com-
pared to the keyhole technique (OR 2.3, 95 % CI 
1.2–4.6, p = 0.016) [68]. Table 41.3 shows the 
outcomes of laparoscopic PH repair studies with 
greater than ten patients.
It is our preference to perform the laparoscopic 
modified Sugarbaker technique for PH and recur-
rent PH repairs. A first-generation cephalosporin 
is given within 1 h of the incision. Laparoscop-
ic monitors are positioned on both sides of the 
patient. After induction of general anesthesia, 
the patient is placed in the supine position with 
both arms tucked and a Foley catheter is placed 
into the bladder, if needed. An additional Foley 
catheter is placed into the ostomy to allow for 
easy identification of the correct loop of intes-
tine, which can be helpful in the case of dense 
adhesions. The abdomen, stoma, and additional 
Foley catheter are prepped and then covered by 
an Ioban drape (3M Company, St. Paul, MN). A 
Veress needle placed subcostally in the left upper 
quadrant in the midclavicular line is utilized to 
gain access to the peritoneal cavity. Once ad-
equate pneumoperitoneum is obtained (15 mm 
Hg of carbon dioxide), a 5-mm Optiview port is 
used to enter the peritoneal cavity laterally, on the 
side opposite of the stoma. Two additional 5-mm 
trocars are placed in the lateral position near 
the Optiview port. External manipulation of the 
Foley catheter in the ostomy can help to identify 
the loop of bowel ending in the ostomy and can 
guide lysis of adhesions accordingly (Fig. 41.1). 
Once adhesiolysis is complete, the hernia con-
tents, with the exception of the stoma, can be 
reduced. Now the entire abdominal wall and the 
hernia defect, including any coexisting ventral or 
incisional hernia defects, can be visualized and 
measured. Spinal needles are used to mark the 
extent of the defect at the superior, inferior, and 
lateral most aspects. A laparoscopic ruler is then 
inserted to measure the extent of the defect from 
superior to inferior spinal needles for length and 
from lateral to lateral spinal needles for width. 
The defect is also measured and marked on the 
patient’s abdominal skin to assist with centering 

the prosthesis later in the procedure (Fig. 41.2). 
The size of mesh is selected based on the defect 
measurements and allowing for a 5-cm over-
lap beyond all fascial edges. The mesh is then 
trimmed to the appropriate size. We, like the ma-
jority of studies in Table 41.3, utilize expanded 
polytetrafluoroethylene (ePTFE, Gore DUAL-
MESH; W.L. Gore, Flagstaff, AZ). The textured 
surface of the mesh is marked to identify the su-
perior and inferior portions of the mesh. A single 
Gore-Tex transfascial suture (CV-0) is placed 
at the edge of the mesh on the three of the four 
sides that are not associated with the stoma. Two 
Gore-Tex transfascial sutures are placed on the 
fourth side on either side of where the stoma will 
lay creating a mesh flap valve. A 5-mm trocar is 
then placed in the lateral abdomen on the ipsilat-
eral side of the stoma. A 12-mm trocar is placed 
through the hernia defect where it will later be 
covered by the mesh repair to prevent the risk of 
trocar site hernia. The two marked edges of the 
mesh are rolled tightly toward one another, and 
an additional mark is made on the rolled mesh for 
orienting purposes. A grasper is placed through 
the ipsilateral trocar and is brought out through 
the 12-mm trocar where it grasps the mesh help-
ing to guide it into the abdomen (Fig. 41.3). The 
mesh is unrolled utilizing two graspers and ori-
ented according to the earlier markings. The open 
jaws of an atraumatic bowel grasper are used to 
measure a 5-cm overlap from the edge of each 
of the fascial defects and these areas are marked 
with new spinal needles. A suture passer is used 
to pass the transfascial sutures through the sites 
marked by the new spinal needles while being 
careful to avoid the stoma as it traverses the edge 
of the mesh (Fig. 41.4). The mesh flap valve is 
crafted such that the stoma crosses the lateral or 
inferior edge. The transfascial sutures are secured 
with hemostats rather than tied until the most 
ideal mesh coverage and placement has been 
achieved. A laparoscopic tacker is used to secure 
the mesh in place circumferentially with the ex-
ception of around the stoma (Fig. 41.4). Addition-
al Gore-Tex transfascial sutures are placed with 
a suture passer every 4–5 cm around the mesh. 
The transfascial sutures are tied with their knots 
in the subcutaneous tissues, and the skin is freed 



43541 Parastomal Hernia

Ta
bl

e 
41

.3
  O

ut
co

m
es

 o
f l

ap
ar

os
co

pi
c 

pa
ra

st
om

al
 h

er
ni

a 
re

pa
irs

 w
ith

 g
re

at
er

 th
an

 te
n 

pa
tie

nt
s

St
ud

y
Ty

pe
 o

f r
ep

ai
r a

nd
 m

es
h

N
o 

of
 re

pa
irs

C
on

ve
rs

io
n 

(%
)

R
ec

ur
re

nc
e 

(%
)

C
om

pl
ic

at
io

ns
 

ex
cl

ud
in

g 
re

cu
r-

re
nc

e 
(%

)

In
fe

ct
io

n 
(%

)
M

ed
ia

n 
fo

llo
w

-
up

 (r
an

ge
)

Le
B

la
nc

 e
t a

l. 
[9

1]
Su

ga
rb

ak
er

/ K
ey

ho
le

 e
PT

FE
12

0
8.

3
33

0
20

a  (
3–

39
)

B
er

ge
r a

nd
 B

ie
nt

zl
e 

[7
5]

Su
ga

rb
ak

er
/ S

an
dw

ic
h 

eP
TF

E 
 

an
d 

po
ly

vi
ny

lid
en

e 
flu

or
id

e
66

1.
5

12
10

.6
4.

5
24

 (3
–7

2)

M
an

ci
ni

 e
t a

l. 
[7

7]
Su

ga
rb

ak
er

 e
PT

FE
25

0
4

12
8

19
 (2

–3
8)

M
cL

em
or

e 
et

 a
l. 

[9
2]

Su
ga

rb
ak

er
/ K

ey
ho

le
 e

PT
FE

19
–

10
.5

63
11

20
a

C
ra

ft 
et

 a
l. 

[9
3]

Su
ga

rb
ak

er
/ K

ey
ho

le
 e

PT
FE

21
 (i

nc
l. 

9 
IC

)
0

4.
8

48
14

14
 (1

–3
6)

B
er

ge
r a

nd
 B

ie
nt

zl
e 

[9
4]

Sa
nd

w
ic

h 
po

ly
vi

ny
lid

en
e 

flu
or

id
e

47
 (+

 29
7 

IH
)

0
2

–
1.

2 
(e

nt
ire

 3
44

 p
t 

co
ho

rt)
20

H
an

ss
on

 e
t a

l. 
[9

5,
 9

6]
K

ey
ho

le
 e

PT
FE

54
14

.5
37

14
.4

3.
6

36
 (1

2–
72

)
Pa

st
or

 e
t a

l. 
[9

7]
Su

ga
rb

ak
er

/ K
ey

ho
le

 P
TF

E
12

8.
3

33
.3

33
.3

25
13

.9
Li

u 
et

 a
l. 

[9
8]

C
K

 p
ar

as
to

m
al

 p
at

ch
24

25
4.

2
33

0
27

a  (
6–

39
)

W
ar

a 
an

d 
A

nd
er

se
n 

[7
8]

K
ey

ho
le

 P
ol

yp
ro

py
le

ne
 a

nd
 P

TF
E

72
4

3
22

4.
2

36
 (6

–1
32

)

M
iz

ra
hi

 e
t a

l. 
[7

6]
K

ey
ho

le
 B

ar
d 

C
K

 p
ar

as
to

m
al

  
he

rn
ia

 p
at

ch
 p

ol
yp

ro
py

le
ne

  
an

d 
eP

TF
E

29
 (i

nc
l. 

1 
IC

)
6.

9
46

.4
17

.2
3.

4
30

 (1
2–

53
)

eP
TF

E 
ex

pa
nd

ed
 p

ol
yt

et
ra

flu
or

oe
th

yl
en

e,
 in

cl
. i

nc
lu

di
ng

, I
C

 il
ea

l c
on

du
it,

 IH
 in

ci
si

on
al

 h
er

ni
a,

 p
ts

 p
at

ie
nt

sa  D
en

ot
es

 m
ea

n 
fo

llo
w

-u
p



436 E. M. Garvey and K. L. Harold

from the knot with a hemostat. The trocar sites 
are closed with 4-0 monocryl suture and the stab 
incisions from the suture passer are closed with 
skin adhesive. Final repair is shown in Fig. 41.5.

Postoperative Complications

The overall complication rate for PH repair has 
been reported as high as 65 % [57]. Complications 

Fig. 41.3  A grasper is placed into the trocar on the ipsilateral side of the stoma and brought through the 12-mm port 
( left) to guide the mesh into the abdomen ( right)

 

Fig. 41.2  A laparoscopic ruler is used to measure the hernia defect size ( left) as delineated by externally placed spinal 
needles ( right)

 

Fig. 41.1  Foley catheter balloon ( white arrow) placed in the ostomy helps to localize the correct loop of intestine, 
especially during adhesiolysis
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include infectious (wound infection, mesh in-
fection, abscess, urinary tract infection), stoma 
complications (necrosis, stenosis, obstruction, 
bleeding), intraoperative (enterotomy either rec-
ognized or unrecognized), general postoperative 
complications (ileus, cardiopulmonary), recur-
rence, and death. Logistic regression analysis 
from the 2012 Hansson systemic review dem-
onstrated a significantly increased risk of recur-
rence and wound infection for primary suture 
repair compared to the other techniques. Inter-
estingly, primary suture repair aside, the other 
open techniques did not differ compared to the 
laparoscopic approach with respect to mesh in-
fection, overall postoperative morbidity, or recur-
rence. Mortality rates range from 3 to 7 % and are 
higher in emergent compared to elective cases [7, 
57, 75–78].

Management of Recurrent Parastomal 
Hernias
Repair of recurrent PHs poses the same chal-
lenges as initial PH repair, and the data for 
recurrent repairs are limited. In Sugarbaker’s 
original description, six of the seven PHs in 
his series were recurrent PHs, and he reported 
100 % success rate [72]. In another study; how-
ever, fascial repair failed in all cases, stoma 
relocation failed in 71 %, and fascial repair 
with prosthetic material failed in 33 % [3]. We 
approach recurrent PH much the same as for 
initial PH with a laparoscopic modified Sugar-
baker technique as described above.

Fig. 41.4  The transfascial sutures are pulled through at a point allowing for a 5-cm overlap of the mesh from the fascial 
edge ( left) and the mesh is further secured into place with a tacker ( right)

 

Fig. 41.5  View of the final sugarbaker repair internally ( left) and externally ( right)
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Key Points: Diagnosing/Managing 
Parastomal Hernia

1. Parastomal hernia is almost an inevitable oc-
currence after stoma creation with an inci-
dence reported as high as 80 %.

2. Imaging with CT scan, particularly in the 
prone position or with the Valsalva maneuver, 
or with intrastomal ultrasonography can be 
used as an adjunct to clinical diagnosis.

3. One-third of patients with parastomal hernia 
end up undergoing reoperation usually for 
bowel obstruction or incarceration or due to 
poor appliance fit.

4. For open repairs, the use of mesh in a sublay 
or intraperitoneal position is favored.

5. For laparoscopic repairs, the Sugarbaker tech-
nique has a lower recurrence rate at 11.6 % 
versus the keyhole technique at 34.6 %.

Key Points: Avoiding Parastomal 
Hernia Complications

1. Many risk factors for parastomal hernia are non-
modifiable including age, female sex, and comor-
bidities such as chronic obstructive pulmonary 
disease, hypertension, or Crohn’s disease, but risk 
factors such as increased body mass index, tobac-
co use, and diabetes control should be optimized 
as much as possible, especially for elective cases.

2. Primary fascial repair of parastomal hernias 
carries an increased risk of wound infection 
and recurrence and should be avoided.

3. The use of prosthetic mesh in parastomal her-
nia repairs decreases the rate of recurrence.

4. The use of prophylactic prosthetic mesh has 
been shown to decrease the rate of parastomal 
hernia development and has not been associ-
ated with increased infectious complications.

5. The data on managing recurrent parastomal 
hernias is limited but repair with prosthetic 
mesh is advised.
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Introduction

Despite the many advances in complex intesti-
nal surgery over the last 50 years, there remain 
many clinical situations in which temporary or 
even permanent intestinal diversion is required. 
Unfortunately, the incidence of stoma-related 
complications remains high, and the morbidity 
related to these complications can be substantial 
[1–3]. The common recognized stomal compli-
cations include ischemia, stricture formation, 
retraction, fistula formation, prolapse, and peri-
stomal herniation [1, 4, 5], all of which may be 
manifested by substantial pouching difficulties 
leading to peristomal dermatitis and considerable 
functional loss and frustration for patients. These 
difficulties can at times be great enough to sub-
stantially reduce the overall benefit to patients 
of an otherwise appropriate and effective opera-
tive invention. This chapter will specifically ad-
dress the former three complications, ischemia, 
stricture formation, and retraction, which share a 
common set of etiologies and risk factors. In fact, 
these complications are simply different manifes-
tations of the same underlying pathology, and as 
such, the principles important in their prevention 
and repair are the same.

Etiology/Incidence/Risk Factors

Stoma ischemia, stricture, and retraction are fun-
damentally related to the presence of one or both 
of the well-recognized phenomena which affect 
satisfactory healing broadly in intestinal surgery: 
ischemia and tension. Whether a patient develops 
retraction, stricture, or acute full thickness isch-
emia and necrosis in the early postoperative peri-
od is simply dictated by the degree of tension and 
ischemia on the bowel used to create the stoma. 
The reported incidence of acute ischemia and ne-
crosis ranges from 1 to 10 %, stricture formation 
2–15 %, and retraction 5–15 % [1, 4]. A number 
of perioperative factors have been implicated 
in effecting the rates of these complications, al-
though there is a substantial amount of variability 
and inconsistency reported in the literature. Fac-
tors contributing to these complications that have 
been suggested by individual authors are listed in 
Table 42.1. The type and location of the intesti-
nal stoma may influence the risk of tension and 
ischemia. In general, the transverse mesocolon is 
much longer than the left or sigmoid colon mes-
entery, making these complications less frequent 
with a transverse colostomy than with a left or 
sigmoid colostomy [6, 7]. This anatomic feature, 
however, has been implicated as the reason for 
increased rates of ostomy prolapse and hernia 
formation in transverse colostomies [8]. Simi-
larly, the blood supply and mesenteric length of 
the terminal ileum in most patients are more fa-
vorable than the left colon, making ischemia and 
tension less likely in a terminal ileostomy. Obe-
sity can play a big role in the frequency of these 
complications [9, 10] and may affect them in two 
specific ways. First, the mesentery in most obese 
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patients is short, and its fat content tends to make 
it less elastic, making it more difficult to reach 
the skin surface for the creation of an ostomy 
without tension. Second, the abdominal wall in 
obese patients is much thicker, contributing to 
the challenge of creating a tension-free ostomy. 
A loop ostomy may be more difficult than an end 
ostomy to bring to the surface without tension as 
the mesenteric vessels tend to be the major tether 
limiting the reach of the ostomy, and these are 
less commonly divided and freed with a loop 
ostomy than with an end [7]. Certain underlying 
patient characteristics may also contribute to the 
likelihood of these complications, including the 
patients’ age, underlying vascular health, smok-
ing, and diabetes. Furthermore, data suggest an 
increase in stoma ischemia and retraction with 
emergency vs. elective procedures [10, 11]. Fi-
nally, an underlying diagnosis of Crohn’s disease 
may lead to an increased rate of long-term retrac-
tion and stenosis due to the presence of recurrent 
disease at the ostomy [9, 12].

Prevention

Efforts to reduce the incidence of stoma isch-
emia, retraction, and stricture are primarily fo-
cused on attempts to technically mitigate tension 
and ischemia at the intestinal cutaneous anasto-
mosis. A number of techniques may be helpful 
and are listed in Table 42.2, but several deserve 
some comment. First, it is critical to recognize 
that the creation of a healthy stoma is crucial to 
the success of the operation and at times can be 
very challenging. As such, it demands the same 
degree of attention, time, and effort as the other 
important components of a gastrointestinal op-
eration. Unfortunately, this essential understand-
ing can be commonly lost, particularly at the end 
of a complex and difficult operation where there 
is an “emotional letdown” once a challenging re-
section is complete. A number of specific tech-
nical steps may require consideration to create a 
healthy ostomy, particularly in difficult circum-

Table 42.1  Factors implicated as risk factors for ostomy ischemia, retraction, and stenosis
Ostomytype
Ileostomy vs. colostomy
Transverse vs. left-sided colostomy
Loop vs. end ostomy
Emergency surgery
Patient factors
Obesity
Diabetes

Table 42.2   Operative considerations to reduce ostomy tension and ischemia
Full mobilization to the bowel and mesentery to the midline
Lateral attachments
Posterior attachments
Flexures
Omentum
Divide mesentery central to the marginal vessels
Consider upper abdominal ostomy placement if patient obese
Consider more proximal diversion
Transverse colon
Ileum
Convert loop to end or “end loop” ostomy
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stances, and each of these may take some time 
and careful thought. The overall technical goal is 
to be able to reach a well-vascularized piece of 
intestine to the skin surface without tension. To 
do so, the bowel should first be fully mobilized 
and rotated on its mesentery to the midline. For 
the left colon, this may involve fully dividing 
the lateral attachments (White line of Toldt), in 
some cases fully mobilizing the splenic flexure 
and the posterior mesenteric attachments to the 
retroperitoneum. For the terminal ileum, this may 
involve fully freeing the entire distal small bowel 
mesentery off of the retroperitoneum to the level 
of the duodenum. Upon completion of these ma-
neuvers, the bowel should not be tethered by any-
thing other than its mesentery. It should be kept 
in mind that full mobilization and freeing the as-
sociated mesentery off the retroperitoneum can 
often add substantial mobility to the intestine and 
be all that is required. In many cases, this mobi-
lization alone is sufficient to be able to bring the 
bowel to the skin without tension and is ideal be-
cause significant mesenteric blood flow had not 
been divided. If the bowel is still not adequately 
mobilized at this point, it will be tethered by its 
mesenteric blood supply alone, and decisions 
regarding mesenteric division will need to be 
made. Careful identification of the major feed-
ing vessels as well as the marginal, pericolic ves-
sels should be made prior to any division. If the 
mesentery requires division, this division should 
be done close to the root of the mesentery, cen-
tral to the marginal or pericolic vessels that will 
ultimately be the source of the blood supply to 
the stoma. Mesenteric diversion in the periphery 
close to the bowel wall will sacrifice the marginal 
vessels’ perfusion of the bowel leading to isch-
emia. If these mobilization measures are still in-
adequate, consideration of the use of a transverse 
colostomy or terminal ileostomy might be ap-
propriate, as these structures tend to have longer, 
more mobile mesenteries. Furthermore, position-
ing the ostomy aperture in the upper abdomen 
may be helpful, as the abdominal wall of even 
very obese patients is usually much thinner in the 
upper rather than mid- or lower abdomen. Final-
ly, as noted previously, if there is undue tension 
on a loop ostomy, consideration of converting it 

to an end ostomy with some mesenteric division 
may be of benefit. Additional mobility may also 
be achieved by conversion of the loop ostomy to 
an “end loop” as described by Hebert [13], which 
creates the ostomy aperture on the antimesenteric 
side of the bowel, rather the end, which is less 
tethered by the mesenteric vessels. Table 42.2 
highlights the technical considerations and the 
order in which I think about them when creating 
an ostomy under difficult circumstances.

Recognition/Assessment/Severity/
Therapy

When concern about stoma ischemia and retrac-
tion arises in the early postoperative period, the 
first question that needs to be considered is the 
possibility of full thickness intestinal ischemia 
proximal to the fascia. A glass test tube may be 
gently inserted into the stoma aperture and often 
is quite helpful in differentiating superficial mu-
cosal sloughing from full thickness ischemia in-
volving bowel deep to the fascia. Additionally, 
progressive peristomal inflammation or signs 
of systemic sepsis may indicate full thickness 
stomal necrosis. If full thickness necrosis to the 
fascia is suspected, the patient requires urgent 
reoperation with laparotomy and recreation of 
the ostomy to prevent intraabdominal intestinal 
perforation and sepsis. Ostomy revision should 
be done with the technical considerations dis-
cussed in the “Prevention” section in mind. If 
the ischemia is more superficial or distal to the 
fascia, usually expectant management is war-
ranted, although the more severe the ischemia or 
retraction, the more likely the need for eventual 
elective ostomy revision. Occasionally, in the 
absence of full-thickness ischemia proximal to 
the fascia, a decision for early revision is made 
with the goal of reducing the likelihood of future 
stenosis requiring later revision. Factors which 
may influence the decision to return for early os-
tomy revision under these circumstances include 
the clinical state of the patient and the difficulty 
of the initial stoma creation. Furthermore, if the 
stoma is temporary, expectant management with 
acceptance of temporary poor ostomy function 
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that will resolve with ostomy closure may be a 
reasonable alternative to early reoperation. In 
general, in the absence of deep full-thickness 
ischemia mandating urgent reoperation, non-
operative, expectant management is usually un-
dertaken in the immediate postoperative period.

Perioperative ischemia or tension not severe 
enough to require urgent early reoperation may 
result in chronic problems with stoma stenosis 
or retraction. Initial non-operative interventions 
may be tried. Bowel slowing and thickening 
medications and the use of convex pouching may 
improve minor-to-moderate pouching difficulties 
related to retraction. Some authors have advocat-
ed the use of catheterization for stenotic colosto-
mies as a mean of controlling partial obstruction 
or pouching difficulties [14]. Serial dilations of 
strictured stomas has been suggested, but the lit-
erature is quite mixed on the long-term effective-
ness of dilation, and many authors do not advo-
cate it [14,15]. I personally have not found this 
to be effective for most patients with strictured 
stomas.

The indications for elective surgical repair of 
these difficulties essentially revolve around the 
need for symptomatic relief of associated partial 
intestinal obstruction with stenosis and difficult 
pouching with retraction. Operations considered 
for stoma stenosis may be categorized into local, 
peristomal revisions and in-depth, transabdomi-
nal revisions. The selection of approach is based 
on the degree of pathology. If the stricture is quite 
superficial, involving the very distal end of the 
bowel and the mucocutaneous junction only, 
local repair may be adequate. Strictures that are 
longer and extend more proximally in the bowel 
will often require the more extensive transab-
dominal approach [1,2, 14, 15]. Categorizing 
the depth of pathology can usually be done by 
physical exam in the office. If there is healthy, 
soft bowel just inside a superficial stricture, I will 
often attempt a local repair. Many different tech-
niques have been described for local stoma stric-
ture revision, from simply excising the stricture 
with advancement of the bowel and recreation of 
the mucocutaneous junction, to more complex 
approaches involving local skin flap mobilization 
and peristomal skin “plasties.” V-Y advancement 
flaps, “W-plasties,” and “Z-plasties” have all 

been described to surgically correct stomal ste-
nosis [4, 14, 16]. There appears to be no clear cut 
data favoring one approach over another, with the 
length and extent of the stricture and surgeon ex-
perience being the important factors influencing 
the choice of specific approach.

A stricture of longer than several centimeters 
indicates a longer segment of intestinal ischemia, 
and usually this problem requires a transabdomi-
nal approach, with intraabdominal mobilization 
of additional non-ischemic intestine to allow a 
vascularized piece of intestine to the skin level 
without tension. The technical considerations for 
this operation are analogous to those discussed in 
the “Prevention” section.

The major indication for surgically repairing 
stoma retraction is to improve difficult pouching 
related to the retraction that cannot be managed 
acceptably with conservative measures of bowel 
content thickening, slowing, and advanced en-
terostomal therapy care. Some authors advocate 
a first attempt at local repair, with circumferen-
tial peristomal dissection of the bowel from the 
abdominal wall and recreation of the ostomy 
aperture [15, 17]. I personally have found this 
approach often unrewarding, especially for those 
patients with anything other than a mild retrac-
tion, as it is often difficult to free up enough 
bowel with a local dissection to relieve signifi-
cant tension and retraction. Under most circum-
stances, I have found that significant retraction 
will eventually require a transabdominal ap-
proach to further mobilize intraabdominal intes-
tinal length to reach the skin without tension. If 
a local repair is planned, I do agree with authors 
suggesting preparing the patient for the possibil-
ity of a laparotomy if adequate mobilization can-
not be achieved with local dissection alone [14]. 
Preoperatively, a decision about the suitability of 
the stoma position on the abdominal wall should 
be made. As previously stated, lower abdominal 
wall ostomies often transverse thicker abdomi-
nal walls and may contribute to retraction and 
pouching problems. Furthermore, the placement 
of an ostomy in a skin fold may exacerbate the 
pouching problems related to retraction. Careful 
preoperative enterostomal therapy evaluation is 
essential to optimizing ostomy positioning on the 
abdominal wall, and this is particularly true for a 
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planned ostomy revision. In addition to consid-
eration of stoma repositioning, the technical goal 
of this operation is to more adequately mobilize 
intraabdominal, non-ischemic bowel to allow for 
its tension-free anastomosis to the abdominal 
wall skin, again as specifically described in the 
“Prevention” section.

Conclusions

The common complications of peristomal isch-
emia, retraction, and stenosis are clinical mani-
festations of differing degrees of the same patho-
logic entities of ischemia and tension. Specific 
technical considerations can and should be made 
at the time of ostomy creation to reduce their 
incidence and the often substantial patient mor-
bidity associated with them. Once present, the 
specific clinical scenario dictates the timing and 
nature of their surgical correction.

Five Keys Points in Diagnosing and 
Managing Stenosis, Retraction, and 
Ischemia in an Ostomy

1. Insertion of a test tube into the ostomy aper-
ture may assist in differentiating superficial 
and subfascial stoma ischemia.

2. Subfascial ischemia requires urgent reex-
ploration to repair.

3. The duration of planned diversion is a major 
factor in deciding when to reoperate on a su-
perficially strictured or retracted stoma.

4. Most strictured stomas involving more than 
simply the skin or distal 1–2 cm of bowel will 
require a laparotomy and intraabdominal mo-
bilization to repair.

5. Superficial skin strictures may be surgically re-
paired with peristomal skin flap mobilization.

Five Key Points on How to Avoid 
Tension and Ischemia in an Ostomy

1. Full bowel mobilization:
− mobilize the bowel and mesentery to the 

midline;

− lateral attachments;
− posterior attachments;
− flexures; and
− omentum.

2. Divide mesentery central to the marginal ves-
sels.

3. Consider upper abdominal ostomy placement 
if patient obese.

4. Consider more proximal diversion:
− transverse colon and
− Ileum.

5. Convert loop to end or “end-loop” ostomy.

References

 1. Shellito PC. Complications of abdominal stoma sur-
gery. Dis Colon Rectum. 1998;41:1562–72.

 2. Londono-Schimmer EE, Leong APK, Phillips RKS. 
Life table analysis of stomal complications following 
colostomy. Dis Colon Rectum. 1994;37:916–20.

 3. Mealy K, O’Brion E, Donohue J, Tanner A, Keane 
FB. Reversible colostomy—what is the outcome. Dis 
Colon Rectum. 1996;39:1227–31.

 4. Shabbir J, Britton DC. Stoma complications: a litera-
ture review. Colorectal Dis. 2010;12:958–64.

  5. Leong AP, Londono-Schimmer EE, Phillips RK. Life 
table analysis of stomal complications following ile-
ostomy. Br J Surg. 1994;81:727–9.

  6. Parmar KL, Zammit M, Smith A, Kenyon D, Lees NP. 
A prospective audit of early stoma complications in 
colorectal cancer treatment throughout the Greater 
Manchester and Cheshire colorectal cancer network. 
Colorectal Dis. 2011;13:935–8.

  7. Park JJ, Del Pino A, Orsay CP, Nelson RL, Pearl 
RK, Cintron JR, Abcarian H. Stoma complications: 
the Cook County experience. Dis Colon Rectum. 
1999;42:1575–80.

  8. Edwards DP, Leppington-Clarke A, Sexton R, Heald 
RJ, Moran BJ. Stoma-related complications are 
more frequent after transverse colostomy than loop 
ileostomy: a prospective randomized trial. Br J Surg. 
2001;88(3):360–3.

  9. Duchesne JC, Wang YZ, Weintraub SL, Boyle M, 
Hunt JP. Stoma complications: a multivariate analysis. 
Am Surg. 2002;68(11):961–6.

10. Arumugam PJ, Bevan L, Macdonald L, Watkins AJ, 
Morgan AR, Beynon J, Carr ND. A prospective audit 
of stomas-analysis of risk factors and complications 
and their management. Colorectal Dis. 2003;5:49–52.

11. Robertson I, Eung E, Hughes D, Spires M, Donnelly 
L, Mackenzie I. Prospective analysis of stoma related 
complications. Colorectal Dis. 2005;7:279–85.

12. Carlsen E, Bergan A. Technical aspects and complica-
tions of end ileostomies. W J Surg. 1995;19:632–6.

13. Hebert JC. A simple method for preventing retraction of 
an end colostomy. Dis Colon Rectum. 1988;31:328–9.



448 E. F. Foley

14. Hussain SG, Cataldo TE. Late stomal complications. 
Clin Colon Rectal Surg. 2008;21(1):31–40.

15. Kim JT, Kumar RR. Reoperation for stoma-
related complications. Clin Colon Rectal Surg. 
2006;19(4):207–12.

16. Beraldo S, Titley G, Allan A. Use of w-plasty in 
stenotic stoma: a new solution for an old problem. 
Colorectal Dis. 2006;8:715–6.

17. Efron JE. Ostomies and stomal therapy. 2004. ASCRS 
core subjects. http://www:fascrs.org.



449

43Incontinence After Lateral 
Internal Sphincterotomy/
Fistulotomy

Heather Rossi and David Rothenberger

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_43,  
© Springer Science+Business Media New York 2015

D. Rothenberger ()
Department of Surgery, University of Minnesota Medical 
School, Minneapolis, MN, USA
e-mail: rothe002@umn.edu

H. Rossi
Division of Colon and Rectal Surgery, Department  
of Surgery, University of Minnesota Medical School, 
Saint Paul, MN, USA
e-mail: hrossi@crsal.org

Introduction

Incontinence is defined as the involuntary loss 
of feces or intestinal gas through the anal canal. 
Severity ranges from the occasional leakage of 
stool or gas to the complete loss of bowel con-
trol. Normal continence is maintained by com-
plex interaction of the anal sphincter muscles and 
pelvic floor innervation. Extreme diarrhea and 
other diseases can result in incontinence despite 
an intact anatomic and neural pelvic floor but 
most often, incontinence is due to disruption of 
the normal anatomy and/or neurophysiology [1]. 
Such disruption may be due to the unintended se-
quelae of sphincterotomy and/or fistulotomy.

The anal sphincter is composed of the inter-
nal anal sphincter (IAS) and the external anal 
sphincter (EAS). The IAS is a 0.3–0.5-cm thick 
continuation of the circular smooth muscle layer 
of the rectum and the EAS is 0.6–1.0-cm thick 
continuation of the levator ani muscles. The 
IAS is primarily involuntary, fatigue-resistant 
slow-twitch smooth muscle, while the EAS is a 
voluntary, striated muscle. The IAS contributes 
70–85 % of the resting pressure and is therefore 

primarily responsible for maintaining anal conti-
nence at rest [2]. The anal endovascular cushions 
of the anal mucosa may produce pressures up to 
9 mmHg and contribute 10–20 % of anal resting 
tone [3]. The IAS is also responsible for the sam-
pling reflex of the rectum. Relaxation of the IAS 
permits rectal contents to come in contact with 
the anal mucosa. The sampling reflex allows for 
the discrimination of flatus and stool. This dis-
crimination results in the passage of flatus while 
maintaining continence to stool [4]. The EAS is 
primarily responsible for the squeeze pressure or 
voluntary control of the passage of stool from the 
anus. Damage to the IAS or endovascular cush-
ions may lead to a decrease in the resting pres-
sures and passive incontinence, seepage of stool, 
or impaired sampling reflex. Damage to the EAS 
may cause voluntary loss of control and/or urge 
related defecatory dysfunction.

Lateral Internal Sphincterotomy

An anal fissure is a tear in the mucosa of the anal 
canal distal to the dentate line and extending to 
the anal verge. The majority of fissures are acute, 
located in the midline posteriorly, have an equal 
prevalence in men and women, not related to a 
specific disease state, and resolve with conserva-
tive management within 6–8 weeks. A chronic 
anal fissure (CAF) is generally defined as a tear 
that has extended through the submucosa, to ex-
pose the IAS. It is often associated with a sentinel 
perianal skin tag distally and/or a hypertrophied 
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anal papilla proximally. Some authors also sug-
gest that the definition of CAF should include 
being present for at least 6 weeks [5–7]. Lateral 
internal sphincterotomy (LIS) continues to be the 
most effective first line surgical treatment for pa-
tients with CAF who fail medical management 
[8, 9]. Hypertonia of the IAS is thought to be the 
pathophysiology of CAF. Manometric and Dop-
pler studies of patients with CAF have demon-
strated persistent high pressures and decreased 
perfusion of the IAS [10, 11]. Doppler studies 
have demonstrated improved blood flow to the 
anoderm following LIS and fissure healing rates 
of 90–100 %. Up to 30 % or more of these patients 
experience some sort of incontinence, most of it 
temporary and most incontinence related to flatus 
[10, 12, 13]. However, some studies have demon-
strated that the incidence of incontinence may in-
crease with time and long-term incontinence rates 
might be higher than reported [9, 14, 15].

Sphincterotomy for the treatment of CAF 
was first described by Brodie in 1835 and was 
popularized by Eisenhammer in 1951. The initial 
description of the technique involved complete 
division of the internal sphincter [16]. However, 
the high incontinence rate associated with this 
technique led to various tailored approaches in-
cluding limiting division of the distal internal 
sphincter to the length of the fissure [17–19]. 

A randomized prospective trial comparing tra-
ditional and tailored sphincterotomies was per-
formed in 2005. Continence was significantly 
worse in those patients whose sphincter was di-
vided to the dentate line [20].

Several techniques for sphincterotomy have 
been described. Classically, a posterior midline 
internal sphincterotomy to divide the internal 
sphincter in the bed of the posterior fissure was 
the operative procedure of choice. Development 
of a posterior keyhole deformity, postoperative 
pain, and prolonged healing has been associated 
with this procedure. Increased levels of postop-
erative incontinence when compared to LIS have 
also been reported. For these reasons, posterior 
sphincterotomy is rarely used today [21–24].

LIS involves partial, lateral division of the 
IAS. Both an open and closed (subcutaneous) 
technique has been described. The open tech-
nique involves either a vertical or radial incision 
in the intersphincteric groove (Fig. 43.1). The in-
ternal sphincter is identified and divided under 
direct vision. The closed technique involves ad-
vancing a small blade through the anoderm into 
the intersphincteric groove with blind division of 
the IAS (Fig. 43.2). Similar healing rates have 
been reported following both techniques, but 
some suggest the closed technique is associated 
with a more rapid recovery [23–27].

Fig. 43.1  Open 
lateral sphincterotomy. 
a Radial skin incision 
distal to the dentate 
line exposing the in-
tersphincteric groove. 
b Elevation and 
division of the internal 
sphincter. c Primary 
wound closure. (With 
permission from [67] 
© Springer)
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Healing rates for CAF following LIS have 
been reported as high as 95 % [28–30]. Report-
ed incontinence rates vary from 0 to 50 % [27, 
30–34]. This wide variance had been attributed 
to multiple factors including surgical technique 
(open versus closed), length of LIS, type of anes-
thesia (local versus general), previous anorectal 
surgery, obstetric history, and inadvertent injury 
to EAS (Table 43.1) [9]. Perhaps the most im-
portant factor underlying the wide variation of 
reported incontinence rates following sphinc-
terotomy is methodology of assessing the out-
comes. Common methodological deficiencies 
include lack of clear definition of incontinence, 
failure to include the number of patients operated 
versus those surveyed, inadequate or poorly de-
fined length of follow-up, use of nonstandardized 
or nonvalidated questionnaires, and failure to 

use nonbiased, objective examination of sphinc-
ter function. Of note, a recent Cochrane review 
(2011) evaluating the operative procedures for 
fissure-in-ano concluded that the combined anal-
yses of open versus closed LIS show little dif-
ference between the two procedures in fissure 
persistence and risk of incontinence [35]. How-
ever, in regard to short- and long-term follow-up, 

Fig. 43.2  Closed 
lateral internal sphinc-
terotomy. a Location 
of the intersphincteric 
groove. b Insertion of 
the knife blade in the 
intersphincteric plane. 
c Lateral to medial 
division of the internal 
anal sphincter (inset: 
medial to lateral divi-
sion of the muscle). 
(With permission from 
[67] © Springer)

 

Table 43.1  Factors responsible for wide variance noted 
in incontinence rates following LIS
Surgical technique (open versus closed)
Length of LIS
Type of anesthesia (local versus general)
Previous anorectal surgery
Obstetric history
Inadvertent injury to EAS
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Fistulotomy

The goal of surgical treatment for anal fistula is 
eradication of the fistula tract without compro-
mising sphincter function. Fistulas can be clas-
sified as “simple” or “complex.” “Simple” fistu-
las are of cryptoglandular infection, are usually 
distal intersphincteric or distal transsphincteric 
and can be treated by lay open fistulotomy with 
reported success rates reported over 90 % [39]. 
Those “simple” fistulas that involve proximal 
(high) intersphincteric or transsphincteric tracks 
are more difficult to manage. Fistulotomy of such 
proximal anal fistulas is associated with lower 
healing rates and higher rates of incontinence. 
“Complex” fistulas including those arising from 
noncryptoglandular origin such as those associat-
ed with perianal Crohn’s disease, those persisting 
or recurring despite prior surgical interventions, 
and those of cryptoglandular origin that crosses 
> 30–50 % of the external sphincter, are anterior 
in a female, are associated with multiple tracts, 
develop in an individual with some degree of ex-
isting fecal incontinence, or occur in previously 
irradiated tissue (Table 43.3) [40]. Reported rates 
of incontinence after surgery for such “complex” 
anal fistulas vary from 0 to 25 % for flatus, up 
to 26 % for major fecal leakage, and as high as 
63 % for minor and/or passive incontinence [41]. 
Female gender, type of surgery, prior fistula sur-
gery, posterior internal opening, and horizontal 
extension have been variables associated with 
postoperative incontinence. Reported fistula re-
currence rates range from 0 to 30 % and have 
been associated with a horseshoe tract, missed 
tracts, failure to identify the internal opening, 
prior surgery, and surgeon experience [41]. For 
distal (low) fistulas, it is generally accepted that 
the risk of incontinence is minimal and fistuloto-

Nyam et al. (1999) reported a 45 % incontinence 
in the short-term outcome, decreasing to < 11 % 
in long-term follow-up [33]. Lewis et al. (1988) 
reported a 17 % incontinence rate. This was only 
temporary in two-thirds of these patients [25]. 
The overall risk of incontinence in randomized 
surgical trials is reported to be about 10 % and is 
mostly incontinence to flatus [36].

A 2012 meta-analysis identified subsets of in-
dividuals more prone to continence disturbances 
after sphincterotomy for fissure. These include 
age over 40, female gender, history of vaginal 
delivery, anterior fissure, addition of a synchro-
nous anorectal procedure, and operative tech-
nique (Table 43.2) [15]. Preoperative anal ma-
nometry and endoanal ultrasonography should 
be considered in those high-risk patients to help 
delineate and define any possible preexisting 
sphincter injury and associated sphincter weak-
ness.

Murad-Regadas et al. (2013) conducted a pro-
spective observational cohort study to determine 
the proportion of the IAS that may be divided 
during LIS in continent women without predis-
posing them to fecal incontinence [37]. 3D-endo 
anal ultrasound was used to evaluate the extent 
of the surgically divided portion of the IAS. Post-
operative continence was objectively assessed 
via the Cleveland Clinic Florida score. They 
found that follow-up continence scores were sig-
nificantly correlated with the extent of sphincter 
division. Continence was significantly better in 
those women whose sphincter division was less 
than 25 % versus those women with division of 
25 % or more. Garcia-Aguilar et al. (1998) found 
that the IAS defects were wider in patients with 
incontinence than in those who were continent 
but this was not significant [38].

Table 43.3  Complex versus simple fistula
Noncryptoglandular origin
Cross > 30–50 % of external sphincter
Anterior in females
Associated with multiple tracts
Develop in an individual with continence disturbances
Occur in previously irradiated tissue

 

Table 43.2  Risk factors for incontinence following LIS
Age over 40
Female gender
History of vaginal delivery
Anterior fissure
Synchronous anorectal procedure
Operative technique
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my is advocated if less than one-third of the ex-
ternal sphincter is crossed by the fistula [42–44].

Several surgical techniques have been de-
scribed to address high or complex anal fistula. 
The anatomy of these tracts can be defined in the 
operating room with fistula probes and/or with 
the aid of dyes or hydrogen peroxide. Alterna-
tively, radiographic evaluation with either en-
doanal ultrasonography (with or without hydro-
gen peroxide injection) (Fig. 43.3) or magnetic 
resonance imaging (MRI) (Fig. 43.4) may prove 
helpful to identify the fistula and help quantify 
the amount of IAS and EAS involved by the tract 
and at potential risk for division [45–47].

Both draining and cutting setons may be used 
for high or complex fistulas. After defining the 
fistula tract with a probe, the surgeon may elect 
to use a combination of a seton placed through 
the tract and a partial sphincterotomy. A drain-
ing seton is used to assure complete resolution 
of associated abscesses and to induce fibrosis 
along the tract. When the inflammatory process 
has resolved, the seton may either be removed in 
hope that the fistula will go on to heal without 
further division of muscle or it can be removed 
and additional fistulotomy performed. Some-
times the draining seton is converted to a cutting 
seton or in the absence of significant associated 
abscess and inflammation, a cutting seton may be 
used instead of a draining seton in the first pro-
cedure. The cutting seton is gradually tightened 

to slowly divide the remaining involved muscle 
in the fistula tract. This theoretically allows scar 
to form as the seton is slowly “walked through 
the sphincter,” thus keeping the sphincter muscle 
intact and avoiding a wide gap as is noted when 
muscle is divided in one procedure.

Eradication of the fistula is reported to be 
60–78 % with recurrence rates between 2 and 
9 %. Although the cutting seton at one time was 
thought to preserve continence in comparison 
with direct division, reports have not confirmed 

Fig. 43.4  Horseshoe fistula identified on MRI. (Courtesy 
of Dr. Sid Walker)

 

Fig. 43.3  Transsphincteric fistula with hydrogen peroxide in the tract. (Courtesy of Dr. Amy Thorsen)
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this reputed advantage. Minor disturbance of 
continence occurs in 34–63 % of patients along 
with impaired anal manometry and postoperative 
deformity of the anal canal [41, 48]. Additionally, 
cutting setons are not well tolerated because of the 
discomfort associated with frequent tightening of 
the cutting seton. The two-stage seton fistuloto-
my results in similar rates of incontinence as the 
cutting seton with minor incontinence ranging 
from 54 to 66 % and major incontinence ranging 
from 4 to 26 % [49, 50]. Injection of fibrin glue 
or a collagen plug results in varying success rates 
ranging from 33 to 88 % with minimal associated 
morbidity or alteration of continence [51–53].

Endorectal advancement flaps have been used 
to obliterate the internal fistula opening without 
division of the sphincter complex in an attempt 
to preserve continence. Following debridement 
of the chronic fistula tract(s), a flap of mucosa 
and submucosa with or without a portion of in-
ternal sphincter muscle is mobilized beginning 
distal to the internal opening of the fistula. The 
flap is mobilized proximally increasing its width 
to maintain good vascularity. The proximal dis-
section proceeds until the mobilized flap can be 
advanced distally over the internal opening of 
the fistula and a tension-free repair of the flap 
to the anorectum distal to the internal opening 
can be achieved (Fig. 43.5). Long-term studies 
on advancement flaps report recurrence rates as 
high as 33 % in cryptoglandular disease and up to 
57 % in Crohn’s associated fistula. Prior attempts 
at repair of the fistula have been associated with 
increased incontinence following advancement 

flaps [41]. This may be due to inadvertent sphinc-
ter injury with retractors, inelastic tissue second-
ary to scarring, and direct injury to the internal 
sphincter with mobilization. Identified key steps 
for successful flaps include correct identification 
of the fistula tract and internal opening. Sepsis 
must be resolved and the tract should be dry and 
fibrotic. Draining setons should be used liberally 
as a first-stage procedure to ready the operative 
field for an advancement flap. The external open-
ing should be enlarged to prevent premature clo-
sure of the external opening, which could lead to 
a postoperative track abscess which may neces-
sitate through the repair [54].

The Ligation of the Intersphincteric Fistula 
Tract (LIFT) procedure is another sphincter-
sparing technique that involves identification and 
ligation of the fistula tract in the intersphincteric 
groove. Success rates range from 57 to 94 % [55, 
56]. Vergara-Fernandez et al. (2013) performed 
a review of the current LIFT literature where the 
primary outcomes included fistula healing rates, 
mean healing time, and patient satisfaction. Eigh-
teen studies were included in the review with an 
N of 592. The mean healing rate was 74.6 %. 
Several risk factors for failure were identified 
and included obesity, smoking, multiple previous 
operations, and the long fistula tracts. Mean heal-
ing time was 5.5 weeks with a mean follow-up of 
42.3 weeks. No de novo incontinence developed 
secondary to the LIFT procedure and patient 
satisfaction ranged from 72 to 100 % [57]. Cur-
rently, there is not enough evidence to assess the 
alleged improvement of LIFT variants.

Fig. 43.5  a Suprasphincteric fistula. b Extrasphincteric fistula. (With permission from [68] © Springer)

 



45543 Incontinence After Lateral Internal Sphincterotomy/Fistulotomy

Management

Evaluation

If anal incontinence does occur following a 
LIS or fistulotomy, a detailed history to assess 
the bowel habits including frequency of bowel 
movements, consistency of stools, type of incon-
tinence (gas, liquid, solid, seepage, full bowel 
movement, post defecation, etc.), and severity of 
incontinence pre and post procedure is essential. 
Past history of gastrointestinal, genitourinary and 
neurological disorders, details of all prior ano-
rectal procedures, medication use, and attempts 
to manage the incontinence should be carefully 
reviewed. The desire to pursue treatment of fecal 
incontinence depends primarily on the patient’s 
subjective symptoms and quality of life. A num-
ber of incontinence scales are available to help 
objectify these symptoms including the Cleve-
land Clinic Florida Fecal Incontinence (CCF-FI) 
scale, the Fecal Incontinence Severity Index, and 
the Fecal Incontinence Quality of Life Scale [58].

The physical exam should include perianal 
and perineal inspection looking for scars (post 
procedure, episiotomy), unhealed wounds, per-
sistence of a fissure or fistula, possible prolapse 
(full thickness, mucosal), or signs of active in-
fection or inflammation. Digital rectal exam is 
performed to evaluate possible palpable sphinc-
ter defects, assess resting tone (IAS) and squeeze 
(EAS). It is also important to look for use of ac-
cessory muscles (buttocks), which may be used 
to augment squeeze and serve as a marker for 
decreased function. Nerve function may be as-
sessed by evaluating the anocutaneous reflex, 
which is a brief contraction of the EAS when the 
perianal skin is lightly stroked and indicates the 
presence or absence of intact sensory and motor 
innervation [58]. Proctosigmoidoscopy is done to 
exclude neoplasm, evidence of ulcerative colitis 
or Crohn’s disease, solitary rectal ulcer, or other 
disease states.

A detailed history and physical exam may pro-
vide enough information to formulate a conser-
vative treatment plan with medical management. 
Frequency and stool consistency may play a sig-

nificant role in the severity of the incontinence 
and incomplete emptying of the anorectum can 
result in seepage of mucus and small amounts of 
feces. Bulking agents and fiber supplements may 
play a significant role in reducing the episodes of 
incontinence and may be all that is necessary for 
those with mild incontinence. In individuals with 
diarrhea, it is important to investigate the cause 
of the diarrhea. The specific treatment should be 
geared toward the cause. Antidiarrheals that slow 
colonic transit and limit intestinal fluid secretion 
are beneficial for many. In a randomized, con-
trolled trial, loperamide (Imodium) was found to 
be more effective than diphenoxylate-atropine 
(Lomotil) in patients with incontinence and may 
serve to increase sphincter tone [59]. An anal 
plug or cotton wick may be beneficial in those 
individuals with fecal soiling or seepage.

Biofeedback may be used if conservative 
management fails or in conjunction with con-
servative management. Biofeedback exercises 
may increase strength and endurance of the anal 
muscles and improve rectal sensation [58]. Suc-
cess rates of biofeedback for incontinence range 
from 38 to 100 %. A sphincter defect may limit 
but does not preclude the possibility of a good 
response.

For those individuals with persisting inconti-
nence of unclear etiology or who fail conserva-
tive management and are possible candidates for 
surgery, pelvic floor testing may be beneficial to 
evaluate pelvic floor function and anatomy. Anal 
manometry is used to objectively assess anal rest-
ing and squeeze pressures as well as rectal com-
pliance. Endoanal ultrasound and MRI are useful 
to detect and quantify sphincter defects. Puden-
dal-nerve terminal motor latency (PNTML) test-
ing allows one to quantify nerve function.

Treatment

Injectables

For patients with passive fecal incontinence (in-
dividuals with seepage or soilage secondary to 
IAS damage or dysfunction) and/or low resting 
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anal pressures, intra-anal injectables have been 
promising. The mechanism of the injectable is to 
provide an increase in the resting tone to com-
pensate for the failed IAS [58, 60]. Various ma-
terials have been injected to treat incontinence 
and include collagen, silicone, autologous fat, 
glutaraldehyde, carbon-coated beads, and dextra-
nomer in hyaluronic acid gel [61]. The technique 
involves injection of the agent into the deep sub-
mucosa of the anal canal. Several studies have 
shown a reduction in fecal incontinence episodes 
with significant improvement of quality of life. 
However, long-term studies are lacking [61].

Magnetic Bowel Sphincter

The magnetic anal sphincter (Fenix, Torax Medi-
cal, Shoreview, MN) is currently experimental 
and not available for implantation outside of 
study. The sphincter is made of titanium beads 
with magnetic cores that are implanted around 
the anal sphincter muscle complex. In two sepa-
rate cohort matched studies, the magnetic anal 
sphincter was comparable to the artificial bowel 
sphincter (ABS) or sacral nerve stimulator for 
improvement of fecal incontinence, quality of 
life, and resting anal pressures [62, 63].

Sacral Nerve Stimulator

The indications for sacral nerve stimulation 
(SNS) (Medtronic, Minneapolis, MN, USA) have 
expanded over the last decade after its introduc-
tion for fecal incontinence in 1995. Initially SNS 
was reserved for patients with an intact sphinc-
ter and impaired function [64]. However, its use 
has now evolved to include a wide spectrum of 
sphincter dysfunction. Randomized controlled 
trials have shown good long-term results with 
SNS. Mellgren et al. demonstrated, at 3 years fol-
low-up, improvement of symptoms in 86 % of the 
133 patients [65]. Hull et al. reported that 89 % 
of patients have continued reduction in fecal in-
continence and 36 % had a complete response to 
SNS at 5 years [66]. Potential complications of 

the SNS include lead displacement, pain, infec-
tion, and paresthesias.

Artificial Bowel Sphincter

The ABS is generally reserved for those with se-
vere incontinence who have suffered significant 
loss of the sphincter muscle mass. The ABS has 
shown good long-term functional and qualitative 
results. Improvement of continence has been re-
ported in 75 % of patients as well as quality of 
life scores with the ABS [61]. Complications 
include infection (25−40 %), erosion, obstructed 
defecation, and pain.

Diversion

For those individuals with severe fecal inconti-
nence, who have failed all conservative and sur-
gical options, fecal diversion is an option that 
may substantially restore quality of life.

In summary, LIS and fistulotomy are very ef-
fective treatments for CAF and fistula, respec-
tively. However, care must be taken when di-
viding the anal sphincter complex to avoid any 
unnecessary issues with incontinence. Various 
techniques have been described for both LIS and 
fistulotomy with reported varying degrees of suc-
cess and rates of incontinence. Preoperative stud-
ies including anal manometry, endoanal ultraso-
nography, and/or MRI should be considered in 
higher risk individuals or those individuals more 
prone to continence issues.

Should continence issues develop postopera-
tively, the individual should undergo routine his-
tory and physical exam paying particular atten-
tion to stool frequency and consistency and peri-
anal exam. Many individuals may note signifi-
cant improvement in their symptoms by simple 
modification of the frequency and consistency 
of stool with conservative methods such as fiber 
and/or antidiarrheals. Biofeedback may be used 
if conservative management fails or in conjunc-
tion with conservative management. For those 
individuals in whom conservative management 
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fails, other options to manage the incontinence 
are readily available.

Key Points: Strategies to Avoid the 
Complication of Incontinence

1. Make every effort to avoid surgery for fissure 
in ano by using nonoperative conservative 
management.

2. When surgery for fissure in ano is required to 
alleviate symptoms, base the extent of internal 
sphincterotomy on the risk of incontinence. 
For patients without special risk factors for 
incontinence, perform a limited distal partial 
internal sphincterotomy rather than the tra-
ditional full-thickness division of the entire 
internal sphincter muscle to the dentate line. 
Divide even less internal sphincter muscle in 
patients with special risk factors for inconti-
nence, for example, individuals over 40 years 
of age; women, especially those with a history 
of vaginal delivery; anterior fissure; addition 
of a synchronous anorectal procedure; and un-
derlying bowel disorders or diseases such as 
inflammatory bowel disease or irritable bowel 
syndrome.

3. Preoperative anal manometry and endoanal 
ultrasonography or MRI should be considered 
in individuals at high risk for incontinence 
to help delineate and define any preexisting 
sphincter injury and/or associated sphincter 
weakness.

4. Preoperative imaging including endoanal ul-
trasonography or MRI may be useful to define 
anatomy, extent of muscle involvement, and 
fistula tracts prior to fistula surgery.

5. If the fistula tract crosses more than one-third 
of the external sphincter or if a fistula is pres-
ent in an individual with preexisting incon-
tinence, consider an alternative treatment to 
fistulotomy such as long-term draining seton, 
advancement flap, or ligation of the inter-
sphincteric tract.

Key Points: Diagnosing and/or 
Managing the Complication of 
Incontinence Either Intraoperatively 
or Postoperatively

1. During either the open or closed technique, 
intraoperative visualization and/or palpation 
of the IAS muscle can be used to define its 
length and thickness and to facilitate accurate 
performance of a limited, partial distal inter-
nal sphincterotomy.

2. Fistula probes, hydrogen peroxide, or methy-
lene blue placed or injected into the fistula 
tract at the time of surgery may help define 
anatomy, distinguish simple low tracts from 
high complex tracts, and guide the surgeon’s 
approach.

3. Conservative management with bulking 
agents, antidiarrheals, and/or biofeedback 
may be all that is necessary to manage some 
patients with postoperative incontinence.

4. For those individuals with persisting incon-
tinence of unclear etiology or who fail con-
servative management and are possible can-
didates for surgery, pelvic floor testing may 
be beneficial to evaluate pelvic floor function 
and anatomy. Anal manometry is used to ob-
jectively assess anal resting and squeeze pres-
sures as well as rectal compliance. Endoanal 
ultrasonography and MRI are useful to detect 
and quantify sphincter defects. Pudendal-
nerve terminal motor latency (PNTML) test-
ing allows one to quantify nerve function.

5. Injectables or implants may be beneficial in 
those individuals in whom conservative man-
agement fails.

References

1. Madoff R, Parker S, Varma M, Lowry A. Fecal incon-
tinence in adults. Lancet. 2004;364:621–32.

2. Rao S. Pathophysiology of adult fecal incontinence. 
Gastroenterology. 2004;126:S14–22.

3. Beck D, Roberts P, Saclarides T, Senagore A, Stamos 
M, Wexner S, editors. The ASCRS textbook of colon 
and rectal surgery. 2nd ed. New York: Springer; 2011.



458 H. Rossi and D. Rothenberger

 4. Ammari FF, Bani-Hani KE. Faecal incontinence in 
patients with anal fissure” a consequence of internal 
sphincterotomy or a feature of the condition? Surg J 
R Coll Surg Edinb Irel. 2004;4:225–9.

 5. Griffin N, Acheason AG, Tung P, et al. Quality of life 
in patients with chronic anal fissure. Colorectal Dis. 
2003;6:39–44.

 6. Garcea G, Sutton C, Mansoori S, et al. Results fol-
lowing conservative lateral sphincterotomy for the 
treatment of chronic anal fissure. Colorectal Dis. 
2002;5:311–4.

 7. Steele SR, Madoff RD. Systematic review: treat-
ment of anal fissure. Aliment Pharmacol Ther. 
2006;24:247–57.

 8. Ram E, Alper D, Stein G, Bramnik Z, Dreznik Z. 
Internal anal sphincter function following lateral 
internal sphincterotomy for anal fissure. A long term 
manometric study. Ann Surg. 2005;242:208–11.

 9. Casillas S, Hull T, Zutshi M, Trzcinski R, Bast J, 
Meng X. Incontinence after a lateral internal sphinc-
terotomy: are we underestimating it? Dis Colon 
Rectum. 2005;48:1193–9.

10. Schouten WR, Briel JW, Auwenda JJ, De Graaf 
EJ. Ischaemic nature of anal fissure. Br J Surg. 
1996;83:63–5.

11. Zbar AP, Beer-Gabel M, Chiappa AC, Aslam M. 
Fecal incontinence after minor anorectal surgery. Dis 
Colon Rectum. 2001;44:1610–9.

12. Schouten WR, Briel JW, Auwerda JJ. Relationship 
between anal pressure and anodermal blood flow. 
The vascular pathogeneisis of anal fissures. Dis 
Colon Rectum. 1994;37:664–9.

13. Hyman N. Incontinence after lateral internal sphinc-
terotomy: a prospective study and quality of life 
assessment. Dis Colon Rectum. 2003;47:35–8.

14. Hancke E, Rikas E, Suchan K, Volke K. Dermal flap 
coverage for chronic anal fissure: lower incidence 
of anal continence disturbance competed to lateral 
internal sphincterotomy after long-term follow-up. 
Dis Colon Rectum. 2010;53:1563–8.

15. Garg P, Garg M, Menon GR. Long-term continence 
disturbance after lateral internal sphincterotomy for 
chronic anal fissure: a systematic review and meta-
analysis. Colorectal Dis. 2013;15:e104–17.

16. Khan J, Tan N, Nikkhah D, Miles A. Subcutane-
ous lateral internal sphincterotomy (SLIS)—a safe 
technique for treatment of chronic anal fissure. Int J 
Colorectal Dis. 2009;24:1207–11.

17. Tocchi A, Mazzoni G, Miccini M, Sassini D, Betelli 
E, Brozzetti S. Total lateral sphincterotomy for anal 
fissure. Int J Colorectal Dis. 2004;19:245–9.

18. Usatoff V, Polglasse AL. The longer term results of 
internal sphincterotomy for anal fissure. Aust N Z J 
Surg. 2008;65:576–9.

19. Littlejohn DR, Newstead GL. Tailored lateral 
sphincterotomy for anal fissure. Dis Colon Rectum. 
1997;40:1139–42.

20. Mentes BB, Ege B, Leventoglu S, Oguz M, Karadag 
A. Extent of lateral internal sphincterotomy: up to 

the dentate line or up to the fissure apex? Dis Colon 
Rectum. 2005;48:365–70.

21. Saad AM, Omer A. Surgical treatment of chronic 
fissure-in-ano: a prospective randomised study. East 
Afr Med J. 1992;69:613–5.

22. Oueidat D. A comparative study in anal fissure treat-
ment. J Med Liban. 1999;47:164–8.

23. Nelson R. Operative procedures for fissure in ano. 
Cochrane Database Syst Rev. 2005;(2): CD002199.

24. Abcarian H. Surgical correction of chronic anal fis-
sure: results of lateral internal sphincterotomy vs. 
fissurectomy—midline sphincterotomy. Dis Colon 
Rectum. 1980;23:31–6.

25. Lewis TH, Corman ML, Prager ED, Robertson WG. 
Long-term results of open and closed sphincterotomy 
for anal fissure. Dis Colon Rectum. 1988;31:368–71.

26. Kortbeek JB, Langevin JM, Khoo RE, Heine JA. 
Chronic fissure-in-ano: a randomized study compar-
ing open and subcutaneous lateral internal sphincter-
otomy. Dis Colon Rectum. 1992;35:835–7.

27. Garcia-Aguilar J, Belmonte C, Wong WD, Lowry 
AC, Madoff RD. Open vs. closed sphincterotomy 
for chronic anal fissure: long-term results. Dis Colon 
Rectum. 1996:39:440–3.

28. Wiley M, Day P, Rieger N, Stephens J, Moore J. 
Open vs. closed lateral internal sphincterotomy for 
idiopathic fissure-in-ano: a prospective, randomized, 
controlled trial. Dis Colon Rectum. 2004;47:847–52.

29. Garcea G, Sutton C, Mansoori S, Lloyd T, Thomas 
M. Results following conservative lateral sphinc-
terotomy for the treatment of chronic anal fissures. 
Colorectal Dis 2003;5:311–4.

30. Mentes BB, Irkorucu O, Akin M, Leventoglu S, 
Tatlicioglu E. Comparison of botulinum toxin injec-
tion and lateral internal sphincterotomy for the treat-
ment of chronic anal fissure. Dis Colon Rectum. 
2003;46:232–7.

31. Hawley PR. The treatment of chronic fissure-in-ano. 
A trial of methods. Br J Surg. 1969;56:915–8.

32. Rudd WW. Lateral subcutaneous internal sphincter-
otomy for chronic anal fissure, an outpatient proce-
dure. Dis Colon Rectum 1975;18:319–23.

33. Nyam DC, Pemberton JH. Long-term results of lat-
eral internal sphincterotomy for chronic anal fissure 
with particular reference to incidence of fecal incon-
tinence. Dis Colon Rectum. 1999;42:1306–10.

34. Zbar AP, Aslam M, Allgar V. Faecal incontinence 
after internal sphincterotomy for anal fissure. Tech 
Coloproctol. 2000;4:25–8.

35. Nelson RL, Chattopadhyay A, Brooks W, Platt I, 
Paavana T, Earl S. Operative procedures for fissure 
in ano. Cochrane Database Syst Rev. 2011;(11): 
CD002199.

36. Elsebae MMA. A study of fecal incontinence in 
patients with chronic anal fissure: prospective, ran-
domized, controlled trial of the extent of internal anal 
sphincter division during lateral sphincterotomy. 
World J Surg. 2007;31:2052–7.

37. Murad-Regadas SM, da Silva Fernandes GO, et al. 
How much of the internal sphincter may be divided 



45943 Incontinence After Lateral Internal Sphincterotomy/Fistulotomy

during lateral sphincterotomy for chronic anal fis-
sure in women? Morphologic and functional evalu-
ation after sphincterotomy. Dis Colon Rectum. 
2013;56:645–51.

38. Garcia-Aguilar J, Montes C, Perez JJ, Jensen L, 
Madoff RD, Wong WD. Incontinence after lateral 
internal sphincterotomy: anatomic and functional 
evaluation. Dis Colon Rectum. 1998;41:423–7.

39. Bokhari S, Lindsey I. Incontinence following sphinc-
ter division for treatment of anal fistula. Colorectal 
Dis. 2009;12:135–9.

40. Whiteford M, Kilkenny J, et al. Practice parameters 
for the treatment of perianal abscess and fistula-in-
ano (revised). Dis Colon Rectum. 2005;48:1337–42.

41. Perez F, Arroyo A, Serrano P, et al. Randomized 
clinical and manometric study of advancement flap 
versus fistulotomy with sphincter reconstruction in 
the management of complex fistula-in-ano. Am J 
Surg. 2006;192:34–40.

42. van Tets WF, Kuijpers HC. Continence disorders after 
anal fistulotomy. Dis Colon Rectum. 1994;37:1194–7.

43. Lunniss PJ, Kamm MA, Phillips RK. Factors affect-
ing continence after surgery for anal fistula. Br J 
Surg. 1994;81:1382–5.

44. Garcia-Aguilar J, Belmonte C, Wong WD, Goldberg 
SM, Madoff RD. Anal fistula surgery: factors asso-
ciated with recurrence and incontinence. Dis Colon 
Rectum. 1996;39:723–9.

45. Ratto C, Gentile E, Merico M, et al. How can the 
assessment of fistula-in-ano be improved? Dis Colon 
Rectum. 2000;43:1375–82

46. Orsano Pi, Barthet M, Portier F, Panuel M, et al. Pro-
spective comparison of endosonography, magnetic 
resonance imaging and surgical findings in anorectal 
fistula and abscess complicating Crohn’s disease. Br 
J Surg. 1999;86:360–4.

47. Garces-Albir M, Garcia-Botella S, et al. Quantifying 
the extent of fistulotomy. How much sphincter can 
we safely divide? A three-dimensional endosono-
graphic study. Int J Colorectal Dis. 2012;27:1109–16.

48. Galis-Rozen E, Tulchinsky H, Rosen A, Eldar S, 
Rabau M, Stepanski A, Klausner JM, Ziv Y. Long-
term outcome of loose seton for complex anal fis-
tula: a two-centre study of patients with and without 
Crohn’s disease. Colorectal Dis. 2010;12:358–62.

49. Ritchie RD, Sackier JM, Hodde JP. Incontinence 
rates after cutting seton treatment for anal fistula. 
Colorectal Dis. 2009;11:564–71.

50. Garcia-Aguilar J, Belmonte C, Wong DW, et al. 
Cutting seton versus two-stage fistulotomy in the 
surgical management of high anal fistula. Br J surg. 
1998;85:243–5.

51. Sentovich SM. Fibrin glue for anal fistulas. Dis 
Colon Rectum. 2003;46:498–502.

52. Zmora O, Mizzrahi N, Rotholtz N, et al. Fibrin glue 
sealing in the treatment of perineal fistulas. Dis 
Colon Rectum. 2003;46:584–9.

53. Ellis CN. Bioprosthetic plug for complex anal fistu-
las: an early experience. J Surg Educ. 2007;64:36–40.

54. Jarrar A, Church J. Advancement flap repair: a good 
option for complex anorectal fistulas. Dis Colon 
Rectum. 2011;54:1537–41.

55. Bleier JI, Moloo H, Goldberg SM. Ligation of the 
intersphincteric fistula tract: an effective new tech-
nique for complex fistulas. Dis Colon Rectum. 2010; 
53:43–6.

56. Rojanasakul A. LIFT procedure: a simplified 
technique for fistula-in-ano. Tech Coloproctol. 
2009;131:237–40.

57. Vergara-Fernandez O, Espino-Urbina LA. Ligation of 
intersphincteric fistula tract: what is the evidence in a 
review? World J Gastroenterol. 2013;19(40):6805–13.

58. Wang J, Abbas M. Current management of fecal 
incontinence. Perm J. 2013;17:65–73.

59. Wald A. Fecal incontinence in adults. N Engl J Med. 
2007;356:1648–55.

60. Maslekar S, Smith K, Harji D, et al. Injectable colla-
gen for the treatment of fecal incontinence: long-term 
results. Dis Colon Rectum. 2013;56:354–9.

61. Van Koughnett JA, Wexner S. Current management 
of fecal incontinence: choosing amongst treatment 
options to optimize outcomes. World J Gastroenterol. 
2013;19(48):9216–30.

62. Wong MT, Meurette G, Wyart V, Lehur PA. Does 
the magnetic anal sphincter device compare favour-
ably with sacral nerve stimulation in the man-
agement of faecal incontinence? Colorectal Dis. 
2012;14(6):323–9.

63. Wong MT, Meurette G, Stangherlin P, Lehur PA. The 
magnetic anal sphincter versus the artificial bowel 
sphincter: a comparison of 2 treatments for fecal 
incontinence. Dis Colon Rectum. 2011;54(7):773–9.

64. Matzel KE. Sacral nerve stimulation for faecal incon-
tinence: its role in the treatment algorithm. Colorec-
tal Dis. 2011;13:10–4.

65. Mellgren A, Wexner SD, Coller JA, et al., SNS 
study group. Long-term efficacy and safety of sacral 
nerve stimulation for fecal incontinence. Dis Colon 
Rectum. 2011;54(9):1065–75.

66. Hull T, Giese C, Wexner SD, Mellgren A, Devro-
ede G, Madoff RD, Stromberg K, Coller JA. Long-
term durability of sacral nerve stimulation therapy 
for chronic fecal incontinence. Dis Colon Rectum. 
2013;56:234–45.

67. Ricciardi R, Dykes S, Madoff R. Anal fissure. In: 
Beck DE, Roberts PL, Saclarides TJ, Senagore 
AJ, Stamos MJ, Wexner SD, editors. The ASCRS 
textbook of colon and rectal surgery. New York: 
Springer; 2011. p. 203–18.

68. Vasilevsky CA. Anorectal abscess and fistula. In: 
Beck DE, Roberts PL, Saclarides TJ, Senagore 
AJ, Stamos MJ, Wexner SD, editors. The ASCRS 
textbook of colon and rectal surgery. New York: 
Springer; 2011. p. 219–43.



461

44Anal Stenosis After 
Hemorrhoidectomy: Avoidance 
and Management

Jonathan B. Mitchem and Paul E. Wise

T. M. Pawlik et al. (eds.), Gastrointestinal Surgery, DOI 10.1007/978-1-4939-2223-9_44,
© Springer Science+Business Media New York 2015

P. E. Wise ()
Department of Surgery, Section of Colon and Rectal 
Surgery, Barnes-Jewish Hospital, Washington  
University, St. Louis, MI, USA
e-mail: wisep@wustl.edu

J. B. Mitchem
Department of Surgery, Barnes-Jewish Hospital, 
Washington University, St. Louis, MI, USA
e-mail: mitchemj@wudosis.wustl.edu

Introduction

Hemorrhoids are a widely prevalent disease; 
however, it is difficult to know the true preva-
lence. Reports vary from 4 to > 50 % depending 
on the data source [1]. Hemorrhoidectomy is the 
most effective therapy at eliminating symptoms 
associated with hemorrhoids in patients who fail 
nonoperative management [2, 3], and among 
patients who present with symptomatic hemor-
rhoids, nearly 10 % undergo operative interven-
tion [4]. Operative hemorrhoidectomy does have 
drawbacks, including increased complications 
and more pain than nonsurgical therapy [5]. 
Therefore, in most cases, hemorrhoidectomy is 
avoided until nonoperative management options 
have failed.

Due to the prevalence of hemorrhoidal disease 
and the volume of patients undergoing operative 
intervention for the treatment of hemorrhoids, 
many different techniques for excisional hem-
orrhoidectomy have been studied to maximize 
benefit and minimize complications. The two 
most common methods of operative intervention 
are the Milligan–Morgan or “open hemorrhoid-

ectomy” [6], which is most prevalent in Europe, 
and the Ferguson or “closed hemorrhoidectomy” 
[7], which is most prevalent in the USA. Among 
the other methods investigated include circular 
mucosal resection, stapled hemorrhoidopexy, as 
well as the use of specialized vessel sealing de-
vices (e.g., ultrasonic devices) or Doppler-guided 
hemorrhoidal arterial ligation, to name a few.

As previously mentioned, excisional hemor-
rhoidectomy, while a generally low-risk surgery, 
is not without complications. One potentially 
life-altering and difficult complication is that of 
anal stenosis. Most series report the incidence of 
post-hemorrhoidectomy anal stenosis as less than 
5 %, although many of these studies only report 
short-term outcomes. The incidence also varies 
depending on the surgical technique and defini-
tion of stenosis (Table 44.1) [8–17]. Hemorrhoid-
ectomy is the most common cause of anal steno-
sis, and this risk increases with an increase in the 
complexity of hemorrhoidal disease [18]. In this 
chapter, we will discuss the workup and manage-
ment of this complicated clinical issue.

Diagnosis

The evaluation and diagnosis of anal stenosis 
following hemorrhoidectomy starts with a thor-
ough history and physical examination. The most 
common presenting symptoms are pain with 
defecation, constipation, narrow stool caliber, 
and, less commonly, bleeding [19, 20]. Fear of 
defecation may also be present. Often many of 
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be performed, if not previously performed or in 
cases where another diagnosis is being enter-
tained. An EUA may also aid in differentiation 
between functional and anatomic disorders of 
the anal canal [21]. Functional anal stenoses are 
the result of impaired relaxation of the internal 
sphincter complex without evidence of external 
anal scarring. Anatomic anal stenoses are those 
that are the result of scarring/contracture of the 
anal canal structure itself. Often there are com-
ponents of both functional and anatomic stenoses 
in each patient.

No adjunctive testing is routinely necessary 
beyond a thorough examination of the anal canal 
unless indicated to evaluate other issues or the 
diagnosis is in question after examination. Anal 
manometry and/or defecography can be utilized 
to rule out other pelvic floor or functional disor-
ders causing tenesmus, constipation, and/or fecal 
leakage [22].

Classification of Stenosis

The severity of anal stenosis is classified as mild, 
moderate, or severe based on the physical exami-
nation. Stenoses are considered mild if the anal 
canal can be examined by a lubricated finger or 
a medium anoscope, moderate if insertion of a 
lubricated finger or medium anoscope requires 
forced dilation, and severe if insertion of the little 
finger or a small anoscope requires forced dila-
tion. The level of stenosis is related to the dis-
tance from the dentate line. Stenoses greater than 
0.5 cm distal to the dentate line are considered 
low; those that are between 0.5 cm distal and 0.5 
proximal to the dentate line are considered mid-
dle; and those greater than 0.5 cm proximal to the 

Table 44.1  Classification of anal stenosis by degree and level of stenosis
Degree of stenosis Description
Mild Anal canal allows insertion of a lubricated finger or medium anoscope
Moderate Insertion of a finger or medium anoscope requires dilation
Severe Insertion of the little finger or small anoscope requires forced dilation
Level of stenosis Description
Low > 5 mm distal to the dentate line
Middle 5 mm distal to the dentate line extending to 5 mm proximal to the dentate line
High > 5 mm proximal to the dentate line

Fig. 44.1  Anal stenosis with ectropion, also known as 
whitehead deformity. (Courtesy of Ira J. Kodner, MD)

 

these symptoms overlap. Additionally, patients 
may present with fecal leakage or paradoxical 
diarrhea in the presence of obstructive symptoms 
or fecal overflow around impacted stool. These 
symptoms, combined with a history of hemor-
rhoidectomy, should prompt the clinician to 
consider the diagnosis of anal stenosis prior to 
examination.

Physical examination confirms the diagnosis. 
On visual inspection, patients may have a circu-
lar narrowing or scar-like appearance to the anal 
aperture (Fig. 44.1) [21]. Digital rectal exami-
nation is often difficult to perform and may be 
very painful, and therefore, many patients will 
require examination under anesthesia (EUA) to 
perform a complete examination. Any suspicious 
lesions can also be biopsied at this time to rule 
out other more concerning issues including neo-
plasia. Anoscopy as well as proctoscopy should 
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dentate line are considered high (Table 44.1)[18]. 
Both the level of involvement and the severity of 
stenosis are important when developing the plan 
for managing these patients.

Treatment

Prevention

The best treatment for anal stenosis after hemor-
rhoidectomy is a meticulous approach in the op-
erating room during the primary operation. The 
risk of anal stenosis increases with the complex-
ity and extent of the hemorrhoids treated. Surgi-
cal therapy of extensive and complicated hemor-
rhoids should only be approached by surgeons 
experienced in this operation [23]. The keys to 
prevention of anal stenosis after hemorrhoid-
ectomy are meticulous submucosal dissection 
with avoidance of injury to the internal sphincter 
muscle and the preservation of sufficient intact 
anoderm between excision sites, generally con-
sidered at least 1 cm of intact intervening ano-
derm. Additionally, limiting the number of hem-
orrhoids excised in a given setting will also help 
to limit the incidence of postoperative stenosis.

Nonoperative Intervention

The cornerstone of therapy for anal stenosis from 
all causes is dietary modification, including a 
combination approach utilizing stool softeners 
as well as increased fiber intake and water con-
sumption. For many patients with mild stenosis, 
these simple measures may alleviate the patient’s 
symptoms. For patients not initially responsive to 
these measures, and those with moderate steno-
ses, it is reasonable to attempt a course of manual 
dilation in addition to the above measures. This 
program consists of an initial dilation in the op-
erating room or clinic, if tolerated, followed by 
serial dilations at home by the patient using ei-
ther a finger or a dilator (Fig. 44.2). This can be 
facilitated and better tolerated through the use of 
anesthetic jelly (e.g., lidocaine 2 %). The major-
ity of patients with mild stenosis will achieve 

symptom alleviation with this approach, as will 
many patients with moderate stenosis [14, 17, 19, 
24]. Manual dilation does have some risks, such 
as perforation, but these risks are low [25].

Operative Intervention

Operative therapy is usually reserved for patients 
with severe stenosis or those with moderate ste-
nosis that have failed nonoperative therapy. Many 
different procedures have been described to treat 
anal stenosis; however, there are few compara-
tive prospective studies to guide therapy. Differ-
ent patient-specific issues may lend themselves 
to the use of different techniques (Table 44.2).

Anatomic Versus Functional Stenoses
True functional anal stenosis refers specifically 
to patients that have a defect in the relaxation 
of the sphincter complex. These patients do not 
have abnormalities of the anoderm. Patients with 
anatomic anal stenoses have a defect in the ano-
derm, which is not related to relaxation of the 
sphincter complex. A common situation is that 
patients will have a combined issue, meaning 
impaired sphincter complex relaxation as well as 
structural scarring. Differentiating true functional 

Fig. 44.2  An example of pediatric dilators ranging in 
size from 15 to 21 mm used for dilation of anal stricture
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and anatomic stenosis may be apparent on physi-
cal examination; however, patients will often 
need further testing to ensure the appropriate di-
agnosis is obtained. As mentioned, patients with 
true functional stenoses will commonly show 
relaxation with the induction of anesthesia dur-
ing EUA and will not have evidence of anoderm 
stricturing. Additionally, in the circumstance of 
a combined stenosis in patients with previous 
anorectal surgery, it is advisable to obtain preop-
erative anal manometry to help in guiding opera-
tive treatment. One of the most potentially dev-
astating complications of the procedures to treat 
anal stenosis is loss of continence; therefore, any 
operation should be entered into with as much 
foreknowledge as possible to determine the best 
course of action.

Preoperative Planning
As noted, the diagnosis of anal stenosis is gener-
ally made by history and physical examination. 
Anoscopy, rigid proctoscopy, and colonoscopy 
should be used selectively on a case-by-case 
basis. It is recommended that patients undergo 
bowel preparation based on surgeon preference, 
although this may be difficult for patients with 
more severe stenoses. There are no data to sup-
port the use of preoperative antibiotic regimens, 
especially for more minor procedures; however, 
we frequently use intravenous ciprofloxacin and 
metronidazole or ertapenem for more extensive 
procedures unless there is a concern indicating 
usage of broader preoperative antibiotic cov-
erage. The patient is brought to the operating 
room and placed in the prone jackknife position. 
Depending on the choice of anesthetic, patients 
should be intubated under general anesthetic 

prior to positioning. Alternatively, if local anes-
thetic is chosen, the patient may move over to the 
bed independently. The buttocks are taped apart 
to provide further exposure to the perianal area. 
The patient is then prepped and draped in the 
standard fashion based on surgeon preference. 
After the patient is sufficiently relaxed, local 
anesthetic is infiltrated. Local anesthetic can be 
considered even under general anesthesia both 
for better differentiation of functional stenosis 
and for postoperative pain relief.

Lateral Internal Sphincterotomy
For patients with primarily functional stenoses 
or mild mid- to low-anatomic stenoses, symptom 
relief may be achieved with internal sphincterot-
omy alone. This may be accomplished by single 
[24] or multiple internal anal sphincterotomies 
[18], to include bilateral internal anal sphincter-
otomy [26] in some cases. Good results have been 
reported with sphincterotomy in the case of mild- 
to moderate-low anal stenoses, as well as some 
mid- or high stenoses, with most patients being 
able to be managed in this way [18]. If the patient 
does not have sufficient normal anoderm, how-
ever, initial relief of symptoms may occur, but 
post-procedural scarring may lead to recurrent 
anatomic stenosis. To help diminish this issue, 
the wound is left open to heal by secondary inten-
tion and patients are maintained on an aggressive 
post-procedural regimen of stool bulking agents, 
laxatives, and increased hydration [20]. An im-
portant consideration when considering sphinc-
terotomy is the possibility of postoperative fecal 
incontinence. This issue generally resolves with 
time and is worse with flatus than stool, but can 
be devastating if it persists. Depending on the 

Table 44.2  Technique and setting of use for procedures for the treatment of anal stenosis
Technique Setting
Lateral internal sphincterotomy Functional stenoses

Mild low anatomic stenoses
Used in combination with advancement flap techniques 
in the treatment of some anatomic stenoses or combined 
stenoses

Lateral mucosal advancement flap (endorectal advance-
ment flap)

High and some mid-anatomic stenoses

Perianal skin advancement flaps (V-Y, Y-V, Diamond, 
House, U-shaped flaps)

Low and some mid-anatomic stenoses
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individual case, it may be prudent to obtain pre-
operative anal manometry to determine the pa-
tients’ sphincter function prior to considering this 
approach. It is a rare circumstance where the au-
thors would favor this approach to stenosis after 
hemorrhoidectomy.

Lateral Mucosal Advancement Flap
The most common procedure used for proximal 
anatomic anal stenosis is a lateral mucosal or en-
dorectal advancement flap (Fig. 44.3) [27]. This 
procedure is initiated by making a lateral inci-
sion in the perianal skin and transition zone such 
that the scar is completely divided (and a lateral 

internal sphincterotomy may also be performed 
simultaneously, if favored by the surgeon). Fol-
lowing scar division, the rectal mucosa is then 
mobilized proximally in a triangular or tongue-
like formation proximally into the distant rectum 
in the muscular plane for 4–6 cm, ensuring that 
the flap can easily reach to interpose across the 
scar/stenosis with little to no tension. While this 
flap is referred to as a mucosal flap, it is vitally 
important to include mucosa, submucosa, and a 
portion of the circular muscle of the rectal wall, 
as flaps including only the mucosa and submuco-
sa are prone to developing recurrent stricture due 
to ischemia. Additionally, the width of the flap 
base (proximal) should be approximately twice 
the width of the apex (distal) as another meth-
od to ensure adequate blood supply. The flap is 
then sutured to the anoderm distal to the stenosis 
using absorbable sutures in an interrupted, full-
thickness fashion (the authors favor 3-0 vicryl, or 
more rarely, 3-0 chromic for smaller flaps). It is 
important that the mucosal flap is not fixed distal 
to this point, as this may lead to ectropion forma-
tion. Any portion of the excision of the stricture 
external to the intersphincteric groove should be 
left open to heal by secondary intent to avoid ec-
tropion formation and minimize the risk of recur-
rent stricture. This procedure is generally well 
tolerated by patients in terms of postoperative 
pain with good long-term outcomes, and the pro-
cedure may be able to be performed with seda-
tion and local anesthesia [21, 27, 28]. While this 
method is useful for proximal stenoses, perianal 
skin advancement flaps are better techniques for 
more distal anatomic stenoses.

Y-V Advancement Flap
One widely performed procedure is the Y-V 
advancement flap, especially for low and mid-
stenoses. The Y-V advancement flap is accom-
plished by making a wide-based V-shaped inci-
sion with the apex just distal to the stenosis and 
the base of the flap laterally on the anoderm and 
perianal skin at least 2–3-cm wide, after which 
the “Y” extension is made from the apex of the 
“V” through the entire length of the area of ste-
nosis (Fig. 44.3). The flap is then mobilized by 
dividing the deeper subcutaneous attachments 

Fig. 44.3  Perianal flap techniques for anal stenosis. 
a Y-V flap. b V-Y flap. c Diamond flap. d House flap. 
e rotational S-flap (With permission from [40] ©  Springer)
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perpendicular to the skin while taking care to 
ensure both preservation of the subdermal blood 
supply and a tension-free repair, commonly re-
quiring mobilization to the level of the underly-
ing fascia depending on flap location. The apex 
of the V is then sutured to the distal corner cre-
ated by the Y extension at the level of the inter-
nal-most aspect of the stenosis using interrupted 
longer term absorbable sutures (for example, 4-0 
or 3-0 Monocryl or PDS), which creates the final 
“V” configuration of the repair. This technique 
has been described as very effective for relieving 
patients’ symptoms [29–31]. The procedure can 
be performed in the posterior or lateral positions, 
and bilaterally, if necessary [20].

V-Y Advancement Flap
Another option for treatment of distal anal ste-
nosis is the V-Y advancement flap (Fig. 44.3). 
To begin the operation, the area of stenosis is 
excised approximately 5 mm proximal to the 
dentate line (Fig. 44.4a). After excision of the 
stenosed segment, the V-Y advancement flap is 
accomplished by creating a wide V-shaped inci-
sion with the apex of the V extending into the 
healthy surrounding perianal skin. The base of 
the V should again be approximately 2–3-cm 
wide on the side of the stenosis, and the distal 
extent of the incision should be approximately 
two to three times the width of the base. Again, 

meticulous dissection is used to fully mobilize 
the flap while preserving the subdermal vascu-
lar plexus and ensure adequate mobilization to 
ensure a tension-free repair. After mobilization, 
the base of the V is sutured to the base of the 
area of excision, and the apex of the V is closed 
primarily to create the “Y” extension of the repair 
(Fig. 44.4b). It is generally felt that a 2-cm flap 
is adequate for a good repair [26]. While initially 
described for the treatment of mucosal ectropion 
[32], it has been applied to anal stenosis from a 
variety of causes with good results [33].

Diamond-Shaped Flap
To carry out the diamond flap, the scarred ano-
derm is incised across the stenosis laterally ex-
tending just into healthy tissue proximally (above 
the stenosis) and may have a slight diamond 
shape to facilitate flap placement (Fig. 44.3a, 
b and 44.5a-c). A diamond-shaped flap at least 
2–3-cm wide (depending on the degree of steno-
sis, it may need to be wider) is then created in the 
surrounding perianal skin with one apex at the 
external end of the incision across the stenosis. 
Again, this flap is then fully mobilized, taking 
care to preserve the subdermal fat and vascular 
plexus. After achieving full mobilization, the flap 
is then sutured with interrupted full-thickness su-
tures to the proximal aspect of the incision across 
the stenosis and then the surrounding remaining 

Fig. 44.4  V-Y advancement flap. a Excision of anal stricture and “V” incision into the perianal skin. b Flap mobiliza-
tion including the subcutaneous fat and closure in “Y” formation
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anoderm after which the donor site is closed pri-
marily in a linear fashion. An advantage of the 
procedure is that it may be used multiple times to 
cover multiple areas of stenosis or large defects. 
Results using this procedure have been reported 
as excellent [34], and in one study, the results 
were slightly better than the Y-V advancement 
flap [29], perhaps due to bringing a wider portion 
of vascularized skin into the site of the stenosis.

House Flap
The “house” flap, as originally described by 
Christensen et al., is another method of flap re-
construction (Fig. 44.3) [35]. It was designed to 
treat large areas of distal stenosis. The operation 
is begun by making a linear or rectangular, super-
ficial incision in the right or left lateral position 
of the stenosis extending from the dentate line or 
most proximal edge of the stenosis through to the 
distal edge of the stenosis. The base (or “founda-
tion”) of the house-shaped flap is recommended 
to be approximately the entirety of the anal canal 
on the affected side (at least 2–3-cm wide), and 
the distal extent out onto the anoderm should be 
two to three times the width of the base, similar 
to the Y-V flap as discussed above. Transverse 
incisions extending laterally from the outer edge 
of the stenosis are made with the most lateral as-
pects of the anoderm incisions being brought to-
gether to form the apex of the “roof” of the house 
flap. The flap is then mobilized as described 
previously for the diamond flap, preserving the 
subdermal blood supply. The base/foundation of 
the house flap is then mobilized into the defect 

created in the stenosis, and the flap is sutured 
in place with interrupted full-thickness sutures, 
after which the anoderm is closed laterally at the 
“donor” site (similar to a V-Y closure). The house 
flap was designed to provide coverage for severe 
stenoses and can be performed multiple times in 
the same patient, with no single flap covering 
more than 25 % of the stenotic area [21]. This 
technique has been employed with good success 
rates in several studies with high levels of patient 
satisfaction in follow-up to 26 months after re-
pair [35–38]; although in one study there was a 
reported 44 % rate of primary (donor site) wound 
separation [37], which will usually close primar-
ily with local wound care.

U-shaped Flap
The U-shaped flap is similar to the diamond flap 
and has been described for use in patients with 
anal stenosis and mucosal ectropion [39]. This 
procedure is begun by incising the area of steno-
sis followed by making a U-shaped incision in the 
healthy perianal skin. The flap is then mobilized 
and sutured in place to cover the defect. This ap-
proach provides a larger distal extent of the flap 
to potentially avoid the concern for possible tip 
ischemia associated with V-Y flap advancement.

Postoperative Care

Patients undergoing limited procedures, such as 
sphincterotomy, can generally be handled on an 
outpatient basis. When a more extensive operation 

Fig. 44.5  Bilateral diamond flaps. a Preoperative depic-
tion of anal stricture. b Incisions through the anal stricture 
to create the opening for flap placement. c Depiction of 

flap creation and mobilization, including the subcutane-
ous fat. d Final appearance at closure
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is undertaken involving flap reconstruction, these 
patients are generally admitted at least overnight 
to the hospital to ensure adequate pain control. 
While some of these patients were admitted for 
3–4 days in the past and kept NPO for the first 2 
days of hospitalization, followed by subsequent 
initiation of a high-fiber diet, laxatives, and min-
eral oil to avoid constipation, there are no data 
to support this approach. Instead, most patients 
are immediately advanced to a high-fiber diet and 
stool softeners with or without laxatives. Patients 
are provided adequate analgesia in the form of 
oral pain medications, sitz baths, or showers are 
used for comfort as well as to clean after bowel 
function, and the patients are instructed to other-
wise keep the area clean and dry. Prolonged sit-
ting and strenuous activities are discouraged for 
the first 2 weeks postoperatively. It is not routine 
practice to use closed drainage unless a large flap 
is created, and this should be removed at the sur-
geon’s discretion, usually when the output is less 
than 5–10 cc/day. Routine use of topical and/or 
oral antibiotics is not indicated postoperatively 
unless infection occurs. Short-term postopera-
tive complications are similar to other perineal 
and anal operations and include urinary retention 
and local infection. Significant bleeding is rare. 
Flap ischemia may occur and is usually man-
aged with local wound care, although operative 
debridement may rarely be needed. Long-term 
complications include ectropion formation, leak-
age/incontinence, and/or recurrence of stenosis. 
These complications are relatively infrequent, if 
the appropriate surgical approach is chosen and 
performed by experienced surgeons.

Summary

Anal stenosis is a rare complication of hemor-
rhoidectomy and can generally be avoided by per-
forming meticulous dissection in the submucosal 
plane, avoiding injury to the underlying muscle, 
and ensuring adequate normal intervening ano-
derm during the index operation. Most patients 
with anal stenosis can be managed nonopera-
tively using a combination of increased dietary 
fiber, hydration, and stool softeners; however, it 

is important to confirm that there is not a more 
concerning underlying process, such as anal or 
rectal neoplasia. It is uncommon for patients with 
mild stenosis to require operative intervention, 
but in patients with mild to moderate stenosis in 
whom non-operative methods fail, a trial of se-
rial dilations commonly provides resolution. In 
patients with nonresponsive moderate stenosis or 
severe stenosis, there are a multitude of options 
for intervention including sphincterotomy and 
various methods of flap anoplasty. Surgical ther-
apy should be guided by location and the ability 
to create a tensionless flap and preserve integrity 
of flap blood supply. After surgical intervention, 
patients should be maintained on high-fiber diet 
and stool softeners, as well as being provided 
adequate analgesia, as these will help to prevent 
postoperative complications and lead to good 
outcomes and resolution of symptoms in the vast 
majority of patients.

Key Points: Managing Complications

1. Managing anal stenosis after hemorrhoidec-
tomy starts with the index operation. To avoid 
this complication:
a. Employ techniques of meticulous dissec-

tion in the submucosal plane, avoiding 
injury to the internal sphincter muscle.

b. Ensure adequate intervening normal ano-
derm between excisions, generally consid-
ered ~ 1 cm.

c. When possible, limit the number of sites of 
hemorrhoid excision at each intervention.

d. Complex hemorrhoidal disease should be 
managed by surgeons experienced in the 
treatment of perianal conditions.

2. Anal stenosis can be due to a functional defect 
in the internal sphincter complex, anatomic 
strictures of the anal canal, or a combination 
of both. Each of these issues may be managed 
slightly differently, so it is important to arrive 
at the appropriate diagnosis preoperatively.

3. The diagnosis of anal stenosis is primarily one 
based on history and physical examination; 
however, adjunctive assessments may be nec-
essary in the appropriate clinical setting.
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4. The majority of patients with mild and moder-
ate stenosis can be managed nonoperatively.

5. There are a number of techniques used to treat 
this condition operatively, and the approach to 
each patient should be individualized based 
on severity of stenosis, location, and patient 
symptoms.

6. Postoperatively, patients should be provided 
adequate analgesia and maintained on a regi-
men of high-fiber intake, increased fluids, and 
stool softeners.

7. Complications are rare when the techniques 
are performed as described; however, compli-
cations may include the following:
a. The most common immediate postopera-

tive complication is flap ischemia/necrosis, 
which can generally be managed with local 
wound care.

b. Long-term complications can include 
ectropion, leakage/incontinence, and recur-
rent stricture. These complications are best 
treated preventatively by adherence to sur-
gical principles during the index operation.
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Introduction

Almost all successful human interrelationships 
succeed because of shared and understood ex-
pectations whether between spouses, parents 
and children, employee and employer, business 
partners, or doctor and patient. If expectations 
are understood by both participants, then much 
of the rancor and future potential conflict can be 
avoided or ameliorated.

No better example of this is seen than between 
surgeon and patient prior to the performance of a 
major surgical procedure. Much of the difficulty 
and angst encountered in delivering “bad news” 
occurs because of the failure to anticipate a poor 
outcome because of either unrealistic expecta-
tions of the patient, his or her family, or the fail-
ure of the surgeon to convey the potential for less 
than a perfect outcome. No surgical procedure 
can ever be perfect and there are situations when 
unanticipated problems do occur. The ability to 
minimize the unanticipated is foremost in mak-
ing delivery of bad news tolerable and less likely 
to engender anger.

Informed Consent

Informed consent is intended to convey just that, 
“informed” consent. It is your devoir. The im-
portance is underappreciated by the surgeon who 
delegates consent to a junior member of the team. 
We need be cognizant that informed consent is 
often offered at a time when the patient is most 
vulnerable, and often obtained at a time when pa-
tient receptivity is at a minimum. Presentation of 
a diagnosis of cancer of the pancreas or the an-
ticipation of a pancreatic cancer is accompanied 
by mind numbing shock and rarely delivered in a 
situation where calm and considered “informed 
consent” can be obtained. Legal requirements of 
informed consent are often vague, poorly under-
stood, or interpreted by patient and surgeon alike 
[1]. When one anticipates that some form of com-
plication minor or major occurs in up to 50 % of 
patients undergoing pancreaticoduodenectomy, 
one realizes how infrequently such potential 
events are described. Conversely, the willingness 
to emphasize complexity of any procedure and 
the potential of some complication occurring is 
essential to future rapport. This can be simplisti-
cally conveyed when talking about the duration 
of hospital stay. The mention of the anticipated 
postoperative stay, that is the statistical median, 
should always be tempered by “should a compli-
cation occur hospital stay will be prolonged.”

Hospital readmission is not uncommon and 
should not be feared but anticipated. With the 
current emphasis on early discharge, the patient 
should be informed of the likelihood of readmis-
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sion. Currently 25 % of complications of major 
procedures occur post initial discharge, and the 
majority of those will require readmission [2].

The personal investment of the responsible 
surgeon’s time in obtaining his or her own in-
formed consent is an excellent investment in the 
long-term surgeon–patient relationship. The in-
clusion of the family in this discussion is crucial. 
No greater potential for misunderstanding occurs 
than when conversations with the family either 
do not occur or occur in the absence of the pa-
tient, such that subsequent interpretation is seen 
differently by either side. A simple hand-drawn 
diagram outlining the planned procedure can 
often convey a sense of intimacy that is well ap-
preciated.

Of additional importance for all major pro-
cedures is that all members of the team are “on 
the same side.” This is of most help, if one has a 
personal nurse or assistant who is familiar with 
your approach to procedures and can reinforce 
and explain, always being consistent. As a junior 
faculty member this may not be possible as vari-
able support staff is available at the time of the 
initial visit. This means even greater importance 
of the participation of the primary surgeon. If you 
are unaware of the approach of your support staff 
to patients, your personal involvement must in-
crease.

The simple offer of a willingness to discuss 
things further between the time of initial visit and 
consent and the planned procedure can do much 
to allay concern and defray the potential for mis-
understanding. This offer sets the awareness that 
the surgeon and members of his team are avail-
able and willing to address concerns of the pa-
tient and family both pre- and postoperatively.

Empathetic informed consent should rarely, if 
ever, be obtained with either surgeon or patient 
standing. The simple effort of sitting beside or 
in front of the patient as the consent is carefully 
considered conveys an air of understanding and 
empathy. The perception of being rushed to “sign 
here” is not worth the few minutes it may poten-
tially save.

Other situations can be anticipated at the time 
of consent and the family and patient prepared 
for eventualities unrelated to the complications 

or outcome. The simple suggestion that the pro-
cedure “normally takes 4 h” can be conveyed 
with the understanding that if the procedure is 
particularly difficult it will take longer. Con-
versely, a very short procedure will anticipate a 
very different outcome; usually in cancer surgery 
it will mean that the tumor cannot be removed. 
The patient and the family are then clearly pre-
pared; should they learn that only an hour has 
passed and the surgeon is coming to speak with 
them. This is an important strategy when diag-
nostic laparoscopy precedes an intended compli-
cated procedure. The setting of expectations can-
not be overemphasized.

The potential for having to deliver bad news 
has begun at the initial patient encounter and at 
the time of informed consent.

The Family Does Not Want the Patient to 
be Fully Informed

The false belief that by not mentioning the word 
cancer the patient will be reassured or the fam-
ily’s guilt assuaged should be confronted. For 
example, you come to see a patient. The family 
is hovering outside the room and begins with, 
“You know, doctor, he does not know he has can-
cer” and more concerning, “We do not want him 
told.” The truth is rarely that. The family does 
not want to discuss the frightening diagnosis, and 
rather than being reassured, the patient is often 
more terrified than justified. The situation has to 
be confronted with empathy and directness but 
absolute truthfulness.

Telling the truth does not need to be presented 
as a crucifixion. There are many strategies. From 
the simple as in my case, “Do you not think the 
patient knows the name of this hospital?” Or “Do 
you not think he knows what kind of surgeon I 
am?” Although seemingly more arrogant, “Do 
you trust your father?” followed by, “Will he be 
able to trust you if he learns that you have not 
been honest with him?” Or perhaps even more 
superficially arrogant, “Do you think your moth-
er/father is intelligent?” followed immediately 
by, “Of course, you do. Do you not think he/she 
deserves the respect of his family?” There are 
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many ways to address this issue. The importance 
is that avoidance of reality will only lead to dif-
ficulties in subsequent encounters.

Perioperative Death

In major operations, the potential for intraop-
erative or perioperative death should always be 
mentioned. The concept of “is there a risk of you 
dying?” can always be presented in the context 
of “of the last 100 patients undergoing this opera-
tion in our institution two did not survive the first 
30 days.” This emphasizes the potential serious-
ness of the procedure without drama or inappro-
priate terror.

Intraoperative death is far less frequent today 
than it was 20 years ago. It is a rare situation 
where an intraoperative complication cannot be 
successfully managed to have the patient leave 
the operating room and be received in the post-
surgery and anesthesia care unit. In that situation, 
the family can prepare at the bedside or nearby 
for an anticipated demise. Certainly, in a situation 
where a major intraoperative disaster occurs, the 
ability of one of the surgical team communicating 
to the family that difficulties have been encoun-
tered, and that they can anticipate the surgeon 
responsible speaking with them but not until the 
problem is addressed, is most helpful. This rein-
forces the importance of continued communica-
tion between surgical team and the patient’s fam-
ily. The awareness of the patient and the family 
that there will be a nurse who will communicate 
with the family as to progress of an operative 
procedure provides an excellent resource. If the 
patient is aware that communication is available, 
then a wise surgeon encountering difficulty or 
even awareness that the procedure will be pro-
longed can have that communicated to the fam-
ily. When serious life-threatening intraoperative 
problems occur, the ability to forewarn the fam-
ily leads to a gradual anticipation of a potentially 
lethal event.

All of these scenarios are such that the deliv-
ery of bad news can be anticipated and planned 

for. The suggestion that the family be moved to 
a private consulting room ahead of the surgeon’s 
arrival provides similar anticipatory understand-
ing.

When an Intraoperative Death Does 
Occur

When an intraoperative death occurs, it is es-
sential that the surgeon responsible assumes that 
responsibility and discusses it with the family. 
The preparation of the family by giving them 
awareness that problems have been encountered 
is helpful. The invitation for the family to move 
to a private consulting room forewarns them 
of the gravity of the situation. It can be helpful 
to have the nurse who is dealing with the fam-
ily accompany the surgeon to the family, but it 
should not be several members of the operating 
team who confront the family. This is the primary 
surgeon’s responsibility. This conversation does 
need to take place in a quiet environment with 
everyone sitting and composed. The initiation of 
the conversation can be difficult. Most often, the 
patient will be able to be resuscitated to where 
they will reach the recovery room. In that situ-
ation, the conversation can begin with, “Unfor-
tunately, things have not gone well, and we have 
encountered a problem that is not solvable.” This 
can be followed by the actual description of the 
circumstances and must, if the anticipated out-
come is demise, include a comment to the effect 
that, “We do not expect Mr. X to survive.” Such 
comments can always be tempered by a caveat as 
to the seriousness of the situation, the anticipa-
tion of permanent morbidity or organ failure if 
initial recovery does occur. Again, in the absence 
of absolute demise everything should be done to 
set the scene for the anticipated outcome. It is 
often most valuable once the anger and angst is 
tempered to suggest that you, the responsible sur-
geon, are going once again to see the patient and 
then will return to bring the family or the most 
closely associated members of the family to the 
bedside to reinforce the anticipated outcome.
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Discussion of Unresectability or 
Metastatic Disease that Precludes 
Resection

Much of this can be anticipated if one character-
izes the potential duration of the intended pro-
cedure. The simple approach of preemptively 
defining that “finding of disease spread outside 
of the primary site will mean that I cannot and 
should not proceed to remove the tumor. This 
will mean a much shorter procedure.” Often this 
concept is not understood and so any ability to 
explain prior to the procedure that an operation 
that fails to remove the entire visible tumor does 
not help the patient is a preemptive strike that im-
proves understanding.

Discussion of a Postoperative 
Complication

The defined willingness to let the patient and his 
or her family understand when you will make 
rounds each day is most valuable. It can preclude 
much anxiety and many unnecessary phone calls. 
If you are organized and your staff and office 
support understand that on each nonoperative 
day you will make rounds at a specified time, 
the family can be encouraged to be present and 
efficient communication of information readily 
delivered. If you are concerned about the prog-
ress that the patient is making, that should be 
conveyed prior to the identification of a defined 
complication. The willingness to convey that you 
are concerned that the patient is not recovering 
as fast as one had hoped often sets the stage for 
understanding of any potential situation particu-
larly for other invasive procedures such as inter-
ventional radiology. It is far better to convey that 
you are concerned and have the patient improve 
the next day than to be happily reassuring the pa-
tient and the family that everything is fine only 
to have a major complication occur and appear to 
be completely unanticipated by the surgical team. 
Genuine concern equates with empathetic care.

Discussion of the Unanticipated Major 
Postoperative Complication

Often the scenario occurs outside of the normal 
working day and is precipitated by some untow-
ard event that results in the need for resuscita-
tion or intubation and the direct admission to the 
intensive care unit. On all occasions, the family 
understands the seriousness of being transferred 
from the floor to the Intensive Care Unit (ICU). 
The ability of the primary responsible surgeon 
to convey that information is important but not 
always possible. Most importantly, once such 
an event occurs and the patient is in the ICU, 
a formal meeting with the family as early as is 
possible is crucial. This needs to be led by the 
responsible surgeon, requires the responsible 
intensivist and his or her staff to be present so 
as to ensure that only one definable message is 
identified. Nothing creates greater anxiety and 
potential for a subsequent lawsuit than for the 
communication to be poor or for communication 
from junior members of the staff to be in sharp 
contradistinction to that provided by the senior 
staff. It is essential in the absence of the family 
to discuss with the responsible intensivist and 
his or her staff just what you anticipate and what 
you will convey to the family. There should be no 
attempt to hide the realities of the situation, but 
everyone will perform better if given an aware-
ness of what is and is not the issue. In institutions 
where the intensive care unit is not controlled by 
surgeons, this can be a complicating matter not 
readily understood by those not intimately in-
volved with major unanticipated and catastrophic 
postoperative complications. The attributions of 
hemodynamic, respiratory or renal failure, to pul-
monary embolus, cardiac ischemia or drug toxic-
ity, following a major intraabdominal procedure, 
should always be questioned. Much more likely 
is that the instability is a sign of an underlying 
intraabdominal event. Resolution of organ failure 
will be difficult or impossible if the underlying 
cause is not addressed. How many times have 
you seen the first manifestation of an anastomot-
ic leak, be an arrhythmia, hypoxia, or decreased 
renal output!
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Discussion of Operative Findings

Every patient and their family deserve a clear 
enunciation of the findings and clear description 
of what was performed. The extent to which this 
is provided will vary from patient to patient and 
provides an opportunity to set the stage for what 
can be anticipated at the time of the pathology re-
port. If tumor was left behind, there is no advan-
tage to pretend that the scenario was better than 
it really was. “The surgeon said he got it all,” 
should never be implied if known to be untrue, or 
if positive residual even microscopic disease is 
anticipated. Even if complete resection has been 
obtained but discontiguous disease was identified 
and the risk of subsequent recurrence is known 
to be high, that too should be conveyed, not in 
fatalistic terms but in realistic terms as to what 
the consequences are. Such discussions are often 
held better at the bedside on day 1 or 2 predicated 
by, “Let me tell you what we found at the time 
of operation.” If that can be done with the fam-
ily present and with the senior resident or fellow 
helping to care for the patient, then no confusion 
should occur. Currently many operative reports 
are synoptic; they define the “bare facts” and 
may not convey the complexities seen in a ver-
bose descriptive report. Verbal communication 
of the operative findings thereby assumes greater 
importance.

The Need for Reoperation

Return of the postoperative patient to the operat-
ing room, no matter how appropriate, is perceived 
as a failure of the first procedure. We should ac-
cept that as correct, not that anything was done 
with malicious intent, but to think everything 
would always proceed satisfactorily on the first 
occasion is not realistic. If there is any thought 
at the time of leaving the operating room that a 
future operation or reoperation is anticipated, that 
should be conveyed to the patient, and the family 
immediately. It is invariably better to convey the 
possibility of a further procedure being required 
than the converse. Today reoperation is less com-
mon than in the past because of the availability 

of sophisticated imaging and the ability of inter-
ventional radiologists to address issues that pre-
viously required a return to the operating room. 
On occasions, an interventional radiological pro-
cedure does not solve the problem. It is far better 
to forewarn the patient that they are going for an 
interventional radiology (IR) procedure with an 
understanding that if that should not be success-
ful then further operation will be contemplated.

When major IR procedures are performed, 
having a member of the surgical team, known by 
the patient, accompany the patient to the imag-
ing suite is great reassurance. The appearance of 
the senior surgeon at the time of such procedure 
to convey the intent of the intervention to the 
interventionist colleague is most valuable. That 
the family sees the surgeon entering the IR suite 
is both reassuring and emphasizes the care in-
tended. A similar explanation by the surgeon (not 
the most junior IR staff) of the findings and con-
sequences of a procedure can do much to retain 
patient and family confidence.

A frank and honest appraisal of the need for 
reoperation will be appreciated and understood. 
If there is uncertainty as to the operative findings, 
then that should be conveyed. The communica-
tion that you care for and are worried about the 
patient and are taking them back to the operating 
room because of your concern that some prob-
lem has occurred related to the procedure you 
performed but not necessarily caused is far better 
than trying to explain subsequently why nothing 
was found and why you took the patient to the 
operating room.

Complications that Occur in your 
Absence from the Hospital

This is a most challenging event. We all have 
demands placed on us by commitments to other 
professional societies and our families that neces-
sitate at least sometime where we are not directly 
seeing the patient on a daily basis or being di-
rectly involved in their care. Preparation for your 
absence should be discussed freely. The patient 
should know before they agree to an operation if 
you are not going to be there in the days follow-
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ing the procedure, even to the extent that you can 
offer to reschedule if there is sufficient patient or 
family concern as to consequences of your ab-
sence. The informed patient or family may have 
already established your future absence with 
your staff. For patients to discover that subse-
quent to the procedure is perceived as deliberate 
obfuscation.

Judicious decisions as to the nature of op-
erations that you would do when you anticipate 
being away from the institution for any length of 
time following them should always be made. It is 
not appropriate to do a high-risk procedure which 
becomes prolonged when you have an evening 
flight. Such behavior only engenders enmity and 
should a complication occur, is an almost certain 
prescription for a lawsuit.

Complications do occur in your absence, and 
the patient should be made aware prior to your 
leaving just exactly who is covering you, who 
can be anticipated to see them on a daily basis, 
and be made aware that you will continue to be 
in communication. Whenever possible, making 
rounds prior to your departure and introducing 
the patient to your colleague is a sensitive and 
important anticipatory event. The somewhat light 
hearted, “If I was sick, Dr. X is who I would have 
care for me,” is valuable. A simple note in the 
medical record the morning of your departure, 
describing the anticipated progress and formally 
identifying the senior surgeon covering you, is 
essential. With modern communication, it is very 
simple to be sure that you are completely in touch 
with your patients. A phone call from you to the 
patient or the family from a remote site to say 
that you are aware of what is taking place and 
reinforcing your agreement with the manner with 
which the complication is being managed can 
defer both anxiety and unhappiness.

Withdrawal of Life-Sustaining 
Measures

It is a frightening thought that 8 % of Medicare 
patients in the United States undergo an opera-
tion in their last week of life and 18 % in the last 
month of life [3]! The classic role of the surgeon 

in discussions of withdrawal of active interven-
tion is often being supplanted by the fact that the 
patient is in the intensive care unit and can be 
maintained on life support, even when that may 
not be in the patient’s best interest and may have 
no possible hope of ever being reversed. The in-
volvement of the primary surgeon in these deci-
sions should be mandatory. No one should know 
the patient better than the person who first made 
the diagnosis, brought them to the operation, and 
performed the initial procedure. The willingness 
of surgeons to assume this role is progressively 
diminished. This, I believe, is a great retrograde 
step. The patient trusted you enough to place his 
or her life in your hands; you should be strong 
and willing enough to assume the responsibility 
when therapeutic measures are futile. The reli-
gious and ethnic mores of each patient have to 
be considered in such discussion. As has been re-
iterated, preparation for this event is the way in 
which it is made easier. An awareness of the facts 
that confront the patient, that is, the likelihood of 
the patient ever leaving the hospital, can be read-
ily described in general, although statistically 
precise terms for the individual family member 
may be difficult. The patients are often not par-
ticipants in this discussion, being intubated, ven-
tilated, and sedated. The presence of an advance 
directive is helpful, and the identification of the 
primary spokesperson for the family is crucial. 
Failure to appreciate that there is one dominant 
person within the family who is making the deci-
sions can be a critical factor in developing this 
trust. Bad outcome and poor communication are 
the two events that summate to the accusation of 
malpractice. Good communication, preparation, 
and anticipation even in the presence of a bad 
outcome is valuable both for the comfort of the 
family and avoidance of accusations of malprac-
tice.

Discussing the Pathology Report

Today the pathology report is often not back be-
fore the patient leaves the hospital. The first post-
operative visit then becomes a seminal event, and 
time should be placed such that that visit is not 
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rushed. If anything, the first postoperative visit 
will be longer than any subsequent follow-up 
visit, not just a “post op check.” If the pathology 
report is available before the patient leaves the 
hospital, it should be discussed at that time. The 
patient will have ultimate access to the pathology 
report, and those that feel there have been any 
attempt to confuse or minimize the findings will 
readily be challenged. A brief note in the record 
of when and what was described to the patient 
as to the pathologic findings is helpful when pa-
tients and families complain, “they were never 
informed,” enabling you to point out the date it 
was provided.

In either event, such discussion should be 
held in a calm and controlled environment. If it 
is the patient’s room, then the surgeon must not 
be standing hovering over the supine patient like 
the sword of Damocles. Preferably the patient 
and surgeon are seated. The same applies in the 
outpatient department. Direct eye-to-eye contact 
is important, and on occasions, if the results have 
ominous findings, gentle but physical contact is 
often reassuring. Most patients or their families 
will have requested or subsequently request a 
copy of the pathology report. They should be en-
couraged if there is any confusion either at that 
time or subsequently to return to discuss the find-
ings. The pathological report that is read and well 
interpreted can avoid subsequent confusion and 
denial.

Discussion of Long-term Survival 
Prospect

One of the more difficult things in the manage-
ment of patients, particularly the patient with 
cancer, is the discussion of long-term survival. 
Sadly, much of our information is not precise 
and not patient specific. Staging systems vary 
widely and prognosis within stage is extraordi-
narily variable [4]. Nevertheless, precise scoring 
systems, and increasingly nomograms, can give 
realistic statistical predictions for the individual 
patient [5].

Absolute precision is never possible. There is 
the patient anticipated to die in weeks to months 

who lives years, and the patient, one would an-
ticipate to live for years, having an early or even 
very late recurrence from their original tumor.

Delivering bad news, that is following an op-
eration in which unresectable metastatic disease 
was encountered, is highly dependent on the 
availability of alternate treatment and more im-
portantly, the likelihood that that alternate treat-
ment will benefit. Data from prospective random-
ized trials allow us to say with some confidence 
that one can or cannot be anticipated to benefit. 
Unfortunately, we all predict that the advantages 
of additional treatment or of surgical operations 
are better than they really are. Physicians want 
to promise their patients that the outcome will be 
better than the knowledge base would suggest. 
This, when taken to extremes, results in the un-
realistic expectations of the patient and, progres-
sively, dissatisfaction by the family.

The sadly neglected approach is the approach 
where available adjuvant therapy is statistically 
shown to improve survival, but that survival ben-
efit is extraordinarily small, but we convey that 
that benefit is of more clinical significance than 
is justified. With large often industry-supported 
clinical trials, small benefits to 5-year survival 
from 90 to 92 % are often expressed as a 20 % 
benefit. Physicians rarely point out that in this 
situation 100 patients have to be treated for two 
to benefit. No one discusses that should we treat 
there is a statistical benefit, but there are at least 
49 chances out of 50 that there will be no ben-
efit, mainly because the patient was never going 
to recur. The judgment in that situation should 
be taken based on the side effects of the treat-
ment being offered. There is no treatment that is 
without side effects. This approach is essentially 
ignored by all physicians. We invariably and ap-
propriately want to make the intervention that 
“will make a difference.” We do not want to face 
the fact that there is a silent majority in any situa-
tion where untreated survival is greater than 50 % 
who cannot possibly benefit from the treatment 
and can only be harmed. Such thinking requires 
a radical change in how we present outcome in-
formation.

But what if the patient does have terminal and 
essentially untreatable disease, or at least disease 
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not treatable with any meaningful response? The 
most important issue is not to say, “I cannot help 
you, please go away.” The thing to say is, “Fur-
ther operations will not help you, but I will take 
care of you.” It is equally inappropriate to ab-
solve your responsibility for this by saying, “You 
need to see the medical oncologist for treatment.” 
Making unrealistic expectations for the patient 
and asking your colleague to deliver such unreal-
istic expectations are unprofessional, unkind, and 
should be avoided at any cost.

What if there truly is no effective treatment. 
How do you answer the question, “How long will 
I live?” This is not a situation where we could 
anticipate and prepare the patient; one has to give 
a realistic estimation. It should always be com-
menced with, “I will help take care of you; there 
are many things we can do.” If a patient becomes 
relentless, then you have to give some realistic 
expectations. You will know from statistical out-
comes and can use the obvious disclaimer of, “I 
do not know, as every patient is different,” but a 
helpful approach, if forced into a situation, is to 
describe, “I cannot say for certainty in your case 
but similar patients with the problem that you 
have, have lived weeks, months or years.” This is 
almost always satisfactory. The optimistic patient 
will fasten onto the years as being many, and the 
pessimistic patient will focus on the weeks as a 
week or two.

Management of the Difficult Family

We all encounter families who can be “difficult.” 
(Think of your own!). Much can be done to de-
fray this. Much of the difficulty revolves around 
the internal dynamics between patient and fam-
ily. This cannot be something that you are com-

pletely aware of, and you should tread warily in 
this minefield. The key to the management of the 
difficult family is consistency. They need to have 
a solid understanding of the initial expectations 
with no false promises and no unrealistic plans 
for miracles, and this should be consistently re-
inforced. No matter how you feel, getting angry 
does not solve anything. The moment that you 
are angry this is demonstrated and confirms for 
the family that it is not they that are a difficult 
family, it is you who are a difficult surgeon. Reg-
ular but not too frequent meetings are important. 
They should be at defined times, controlled in 
length, and require constant repetition of the facts 
of the matter not the incriminations of the various 
professional care providers.

Delivery of “bad news” is a part of surgical 
life; it needs to be embraced as part of caring for 
another human being. Much can be anticipated 
and much can be shared. It is all part of the privi-
lege of caring.
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Bariatric surgery, 127, 135
Barium swallow, 68, 80
Barrett’s esophagus (BE), 74–82
Basivertebral veins, 397, 398, 400–402
Benign esophageal stricture, 14–17
Bile duct injury, 180, 191–199, 230, 238, 239, 241, 244
Bile reflux, 79, 119–125, 139, 142, 282
Biliary anatomic variation, 191, 198
Biliary fistula, 181, 184, 186, 189, 194, 228
Biliary leak

controlled and uncontrolled, 180
definitions, 179
diagnosis, 184
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