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nteric Fistulas: Principles of Management
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n the past decade, surgeons have seen a quiet but dra-
atic shift in clinical patterns of enteric fistulas. Despite

dvances in nutritional care, infection control, and sur-
ical technique, an enterocutaneous fistula (ECF) re-
ains a source of considerable morbidity and mortality.

n addition, wide adoption of damage control and the
pen abdomen in trauma and emergency surgery have
onfronted surgeons with a new and especially vicious
dversary: the enteroatmospheric (or exposed) fistula
EAF). These fistulas, occurring in the midst of an open
bdominal wound, are very difficult to control and
resent a particularly lethal challenge. Such EAFs might
ell be the most common type of enteric fistula facing

urgeons today. Yet this shift in clinical patterns from the
lassic ECF to the new EAF is still totally disregarded in
ajor surgical texts.1,2

The aim of this review is to present current principles in
he management of enteric fistulas. Additionally, we will
emonstrate how traditional principles of managing en-
eric fistulas help us to better understand the physiology
nd natural history of EAFs and to deal effectively with this
ew challenge.

nteric fistulas: historical perspective
he history of ECF must inevitably begin with Alexis St
artin, the subject of William Beaumont’s experiments in

astric physiology. A gastric fistula developed after St Mar-
in suffered a musket wound to the abdomen and chest in
822,3 and it remained open until his death 58 years later.4

illienthal (in 1901) and von Cackovic (6 years later) re-
orted their experience with surgical management of ECF,5

ith fatal outcomes in all cases. Even 20 years later, the
eported overall mortality remained 81%.6 In 1931, Bohrer
nd Milici7 advocated conservative management in acute
ases and operative management of chronic cases with
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maintenance of chemical balance,” capturing the key to
ffective management of ECF, which still remains valid
oday.

The introduction of antibiotics in the mid-20th century
id not improve mortality from ECF. It was not until 1964
hat Chapman and colleagues8 outlined the four cardinal
rinciples in the initial care of patients with ECF, ie, cor-
ection of intravascular volume deficit, drainage of ab-
cesses, control of fistula effluent, and protection of the
kin.

The major breakthrough came with the introduction of
otal parenteral nutrition (TPN) by Dudrick and col-
eagues,9 because it directly addressed malnutrition, the
eading cause of death in these patients. TPN not only
eversed the patient’s catabolic state, but allowed most
CFs time to heal spontaneously. Those that persisted
ould then be surgically closed in an infection-free, nutri-
ionally replete patient with a good chance of success.10

Other major advances that facilitated management of
CFs were CT,11 CT-guided drainage of intraabdominal
bscesses,12 and introduction of muscle and myocutaneous
laps by Mathes and Bostwick13 to provide soft-tissue cover
or problematic fistulas that had previously challenged
urgeons.

Referral of patients with ECFs to centers of excellence
mproves treatment outcomes. Irving demonstrated a fall
n mortality rate from 42% to 20% during a 3-year period
fter opening an intestinal failure unit in the 1980s.14

EAF began to gain notoriety as an especially recalcitrant
ype of enteric fistula in the 1980s. Levy and colleagues,15 a
roup that pioneered open management of severe abdom-
nal infection, reported 120 cases from their referral center
n Paris in 1986 and coined the term exposed fistula to
enote an enteroatmospheric fistula in an open (or de-
isced) abdomen. The first report in the English literature
as by Schein and Decker16 from Johannesburg, who de-

cribed the entity in detail and reported a 60% mortality
ate, despite adherence to modern principles of fistula
anagement.
Popularization of damage-control operations for trauma

n the 1990s increased awareness of EAFs among trauma
urgeons.17 In the first (and still largest) series of damage-
ontrol laparotomies, Burch and colleagues17 identified

AFs as the major complication in survivors. EAFs are

ISSN 1072-7515/09/$36.00
doi:10.1016/j.jamcollsurg.2009.05.025
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oth the most common and the most challenging enteric
istulas currently treated by trauma surgeons.18 There is still
uch confusion and lack of consensus on the best ap-

roach to control them.

efinitions, classification, and natural history
fistula is an abnormal communication between two epi-

helialized surfaces. An ECF is an abnormal communica-
ion between the bowel lumen and skin. It is typically
ssociated with a triad of sepsis, fluid, and electrolyte ab-
ormalities and malnutrition.19

ECFs are classified by their anatomy, etiology, or physi-
logy.20 Anatomically, an ECF is identified by the segment
f the gut from which it originates (eg, gastrocutaneous,
nterocutaneous). Etiologic classification is based on the
nderlying disease process (see Table 1). Approximately
0% of all ECFs result from Crohn disease (CD). The
roportion is even higher after bowel resection for CD.21

he volume of fistula output is the basis of a physiologic
lassification into low-output (�200 mL/d) and high-
utput (�500 mL/d) fistulas. Output in the middle range
200�500 mL/d) is considered moderate.

EAFs can be classified based on the status of the sur-
ounding abdominal wound.22 A deep EAF fistula drains
ntestinal content into the peritoneal cavity of an open
bdomen, causing diffuse peritonitis. A superficial EAF
rains atop a granulating abdominal wound, in which the
eritoneal space has been obliterated or isolated by the
ound-healing process. It is a completely extraperitoneal
rocess. A deep EAF is a source of ongoing peritonitis

eading to uncontrolled infection and enormous catabo-
ism, but a superficial EAF is predominantly a wound man-
gement (or stoma control) problem.

About one-third of ECFs will close spontaneously with
roper supportive care, control of sepsis, and nutritional
upport.18 Classic barriers to spontaneous closure include
istal obstruction, mucocutaneous continuity (ie, a short
r epithelialized tract), and infection or malignancy in the
ract.23 With this in mind, it is easy to appreciate the ma-
evolent nature of EAFs: The fistula is an exposed hole in
he bowel lumen without overlying skin or soft tissue.
here is no tract and no realistic expectation of spontane-

Abbreviations and Acronyms

CD � Crohn disease
EAF � enteroatmospheric (or exposed) fistula
ECF � enterocutaneous fistula
GI � gastrointestinal
TPN� total parenteral nutrition
us healing or closure.24 v
A superficial EAF can occur suddenly after iatrogenic
njury or desiccation of a loop of exposed bowel, or evolve
radually as the open abdominal wound heals around a
eep fistula that has been effectively controlled, allowing
he open abdomen to granulate by secondary intention. In
ither case, nonoperative fistula closure is a virtually impos-
ible occurrence.

urrent management of ECF
hase 1: recognition and stabilization
s soon as an enteric fistula is recognized, four life-

hreatening concerns become the focus of clinical atten-
ion, ie, fluid and electrolyte imbalance, sepsis, nutrition,
nd skin care.

The first hours after presentation are typically spent
n aggressive volume restoration and correction of elec-
rolyte imbalance. Hypokalemia is by far the most com-
on electrolyte abnormality and should be corrected

ggressively. Losses from high-output fistulas should be
ssessed and replaced every 4 hours. Fistula output from
he upper gastrointestinal (GI) tract is typically replaced
ith normal saline solution and potassium supplemen-

ation (KCl at 10 mEq/L). Duodenal or pancreatic fis-
ulas can require HCO3

� replacement as well, and elec-
rolyte measurement of the fistula fluid can help guide
eplacement.

Control of the effluent is critical not only to protect the
kin from the corrosive effects of the enteric content, but
lso to facilitate nursing care of the patient.25 The skin
rotection components and regimen must be tailored to
he specific anatomic circumstances of each fistula.26 A
killed dedicated nurse or enterostomal therapist capable
f fashioning the effluent collection system to meet the
nique and changing needs of each wound is critical to
uccess.

Vacuum-assisted wound management is a recent addi-
ion to the armamentarium of fistula care.27 When success-
ul, these systems reduce the need for dressing changes and
an even accelerate fistula closure by promoting wound
ealing.28 Although there are no large studies comparing

able 1. Causes of Enterocutaneous Fistula
atrogenic

Operation
Percutaneous drainage

rauma
oreign body
rohn disease

nfectious disease
Tuberculosis
Actinomycosis
alignancy
acuum-assisted wound management with traditional
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486 Schecter et al Managing Enteric Fistulas J Am Coll Surg
rainage bags, its use in fistula management is widespread
ecause surgeons are familiar with the technology from its
uccessful application to other problematic wounds. Wain-
tein and colleagues29 recently reported their 10-year ex-
erience with a vacuum-assisted device in management
f 179 fistulas in 91 patients. Forty-two patients (46%)
chieved spontaneous closure within 90 days of initiat-
ng vacuum-assisted therapy. Among the others, the clo-
ure rate after operation was 84%. Overall mortality rate
as 16%.
Although fistula output can be reduced with somatosta-

in and octreotide,30 clinical use of these pharmacological
djuncts has neither been studied in a prospective random-
zed fashion nor become the standard of care. Somatostatin
as a dramatic effect on reducing fistula output, but its
linical use is limited by a very short half-life (ie, 1 to 3
inutes). Its synthetic analogue octreotide, with a half-life

f 2 hours, reduces GI secretions, prolongs transit times,
nd facilitates absorption of water and electrolytes. Studies
emonstrated a 40% to 93% reduction in fistula output
fter 48 hours of octreotide,31 and a striking shortening of
he time to fistula closure from a mean of 50 days to 5 to 10
ays.32 No evidence exists that pharmacological manipula-
ion improves fistula closure rates.33 Octreotide has the
otential to adversely affect immune function as a result of
rowth hormone inhibition.34-36 There are no clinical data
o confirm or exclude this possibility. It is also important to
eep in mind that if the patient has one of the conditions
hat prohibit spontaneous closure, such as distal obstruc-
ion, use of octreotide is futile in promoting spontaneous
istula closure and can become merely a very expensive way
o reduce fistula output while actually delaying the surgical
rocedure ultimately required for definitive closure.
Intraabdominal infection associated with ECF presents

ither as an abscess (contained infection) or peritonitis (un-
ontained). The former is identified by a CT scan and is
hen usually drained percutaneously under CT guidance.
he latter is a surgical emergency that requires urgent lap-

rotomy to achieve source control, typically by exterioriza-
ion of the leak or proximal diversion. Rarely, a very early
istula can be resected or closed surgically on presentation.

Effective nutritional support is the next priority.
udrick and colleagues37 have reviewed enteral and paren-

eral nutritional support in fistula patients. Baseline nutri-
ional requirements are 20 kcal/kg/d carbohydrate and fat
nd 0.8 g/kg/d protein. Caloric and protein requirements
an increase to 30 kcal/kg/d and 1.5 to 2.5 g/kg/d, respec-
ively, in patients with high output fistulas.30

Relative merits of enteral versus parenteral feeding in
atients with enteric fistulas are actively debated, but there

s no Level I evidence to favor either route.38 Enteral feed- t
ng, if feasible, preserves the intestinal mucosal barrier as
ell as immunologic and hormonal gut function. It is often
ot possible to use effectively because of feeding intoler-
nce, inability to access the GI tract, or high fistula output.

Addition of fish oil or omega-3 fatty acids to an enteral
iet can have a salutary effect on immune function,39 per-
aps because of increased blood flow to the lymphoid tissue

n the ileum.40 Randomized control trials have demon-
trated lower infection rates in patients in the ICU41 after
bdominal operations42 and after severe injury.43 A recent
eta-analysis suggests that enteral diets with fish oil and

mega-3 fatty acids improve survival.44 Other studies con-
lude that there are no clear advantages to fish oil
upplementation.45-47 There are no randomized control tri-
ls investigating the use of fish oil and omega-3 fatty acid
upplements in the treatment of ECFs.

TPN has been shown to improve the spontaneous clo-
ure rates of enteric fistulas.31,38 Nutritional support must
e initiated with prudence, patience, and caution in se-
erely malnourished patients because of the risk of induc-
ng refeeding syndrome.48 This risk can be reduced by cor-
ecting fluid, electrolyte, and vitamin abnormalities before
nitiation of conservative levels of nutritional support, and
y gradually advancing to goal feeding for several days as
he patient demonstrates increasing tolerance of the feed-
ng regimen.

hase 2: anatomical definition and decision
he next phase entails delineation of the fistula anatomy.
he aim is to develop enough imaging information to as-

ess the likelihood of spontaneous closure. A fistulogram
arely identifies the specific origin of the tract, but can be
seful when the diagnosis is in doubt. Fistulograms have
een largely replaced by abdominal CT scans, which dem-
nstrate not only the anatomy of the tract and its origin,
ut also the presence of intraabdominal abscesses or asso-
iated pathology. If the anatomical detail provided by the
T scan is insufficient, a contrast study of the relevant part
f the GI tract will help define the anatomy.

Spontaneous fistula closure rates vary from 15% to
1%.8,15,49-57 Martinez and colleagues26 and Wainstein and
olleagues29 reported spontaneous closure rates of 37% and
6.2%, respectively, in two recently published studies.
isschers and colleagues24 reported spontaneous closure in
nly 16% of cases in another recent series of 135 patients;
ut mean time from fistula onset to reconstructive opera-
ion was only 53 days. As a general principle, reconstructive
perations should be delayed if fistula output is gradually
ecreasing and the wound (or tract) shows signs of heal-

ng.29 Although the timing of the definitive operation to
lose the fistula is a matter of judgment, there is no debate

hat the patient should be free of infection, be nutritionally



r
o

a
m
l
i
t
o
w
r

P
R
t
p
u
t
i
t
e
c
f
f
a
h
m
m
e
p
t
f
d
w
b
t
n
c

E
M
b
i
S
f
o
d
a
c
m
b

r
p

i
p
a
d
r
d
b
t

C
E
w
l
a
t
e
s
c
l
n
p
d
i
A
e
j
c

A
W
f
t
s
r
d
a
s
T
s
w
p

a
E
f
b
t
v

487Vol. 209, No. 4, October 2009 Schecter et al Managing Enteric Fistulas
eplete, and have supple soft tissue in the area of the fistula
pening, tract, or wound.

It is generally accepted that occurrence of an ECF is
ssociated with obliterative peritonitis58 inside the abdo-
en. This severe intraabdominal inflammatory response

eads to dense vascular adhesions that preclude surgical
ntervention. Any attempt to enter the abdomen during
his period is doomed to fail and can prove fatal. This
bliterative peritonitis is thought to abate after about 6
eeks in a closed abdomen, but requires 6 to 12 months to

esolve with an open abdominal wound.

hase 3: definitive operation
esecting an ECF and reestablishing continuity of the GI

ract is a complex operation that requires careful planning,
recision, and patience. It is usually not advisable to sched-
le other major elective operations on the same day because
hese demanding procedures are often “all-day cases.” Dur-
ng a typical operation, the peritoneal cavity is entered
hrough a carefully planned incision that takes into consid-
ration the potential need for complex abdominal wall re-
onstruction with well-vascularized soft tissue. This is
ollowed by adhesiolysis to free the abdominal wall circum-
erentially from adherent bowel. To identify the fistula and
pproach it safely, the surgeon must be prepared to spend
ours performing painstaking meticulous adhesiolysis and
obilizing the entire length of the GI tract from the liga-
ent of Treitz to the rectum, if necessary. Any inadvertent

nterotomies or large serosal defects must be carefully re-
aired. Once the fistula has been clearly defined, the aim is
o resect the segment of bowel that is the origin of the
istula and to reestablish GI continuity. This is followed by
efinitive reconstruction of the abdominal wall defect, as
e will describe here. Intestinal failure because of extensive
owel resection is a risk. The emerging field of small bowel
ransplantation offers an alternative to lifelong parenteral
utrition in carefully selected patients with this devastating
omplication.59

CF from CD
anagement of ECF from CD presents special challenges

ecause of the enigmatic disease process, frequent use of
mmunosuppressive drugs, and associated malnutrition.
ome 20% to 30% of all ECFs are a result of CD.60 These
istulas can arise spontaneously or occur after intestinal
peration. CD fistulas are classified as those with no evi-
ence of active disease (type 1) or as more complex fistulas
ssociated with intraabdominal abscesses (type 2). This
lassification is important because conservative manage-
ent is likely to attain spontaneous closure with a type 1
ut not a type 2 fistula.54 Neither infliximib61 nor oct- w
eotide33,57 substantially reduces the need for operation in
atients with CD fistulas.
If an operation is required, the surgeon should mark

ntended stoma sites preoperatively and strongly consider
lacing ureteral stents if the need for colon mobilization is
nticipated. Complete resection of the ECF as well as the
iseased bowel is necessary to prevent recurrence.62 Wedge
esections or oversewing the fistula are suboptimal proce-
ures that should be reserved for patients with only short
owel syndrome and who cannot afford to lose more func-
ioning gut.

urrent management of enteroatmospheric fistula
AF is very often a preventable complication.63 In patients
ith an open abdomen, simple precautions can reduce the

ikelihood of an exposed fistula. The greater omentum (if
vailable) should be used to cover the bowel and minimize
he area of exposed gut. If the omentum cannot be used,
arly application of a biological dressing (such as cadaver
kin) can contain and protect the bowel and prevent desic-
ation and fistula formation. If the open abdomen is then
eft to granulate and heal by secondary intention, there is
o requirement for nonabsorbable mesh. Neither negative-
ressure dressings nor gauze dressings should be applied
irectly to the exposed bowel. This is all the more relevant

f there are one or more unprotected suture lines in the gut.
ccess to the wound should be limited to one or two highly
xperienced surgical care providers, and not delegated to
unior members of the surgical team, to reduce risk of ac-
idental bowel injury.

pproach to deep EAF
hen a deep EAF is identified in an open abdomen, the

irst priority is control of ongoing peritonitis. These pa-
ients are typically critically ill, and the fistula usually pre-
ents in the early stages of their surgical ICU courses. After
apid resuscitation (if required), the patient should un-
ergo emergency operation. The surgeon must be fully
ware that most deep EAFs do not have an early definitive
urgical solution. The goal at this stage is source control.
his will be the first step in a management strategy de-

igned to stabilize the patient and allow the abdominal
ound to granulate and heal around the fistula, in antici-
ation of definitive closure many months later.
In the operating room, the surgeon often discovers that

chieving source control is much easier said than done.
xteriorization or proximal diversion, as mentioned here

or ECFs, is often impossible because of massive edema of
oth the viscera and abdominal wall, as well as mesenteric
hickening and foreshortening. More importantly, dense
ascular adhesions begin to form in the open abdominal

ound after approximately 1 week of exposure. This is the
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pen abdominal equivalent of the obliterative peritonitis
e described here, resulting in complete fusion of the
owel loops at 10 to 14 days from initial operation, and
reation of an impenetrable visceral block.64

On rare occasions, it might be possible to seal a small
ole in the bowel with an acellular human dermal matrix
raft fixed in place with fibrin glue65 or an autogenous
plit-thickness skin graft.66 Although the probability of
uccess in either case is small, the cost of failure is minimal.
hese local applications are more likely to succeed in a

uperficial exposed fistula surrounded by granulation tis-
ue, as we will describe here. More often than not, the
urgeon is faced with continuous intestinal spillage and no
onventional effective means to address it directly. The pa-
ient’s only hope rests with the surgeon finding a way to
omehow separate the open peritoneal cavity from the un-
ontrolled spillage.67

Tube drainage of the deep, open-mouthed fistula is not
ractical or useful. Because there is no tract (the hole in the
ut is exposed), intubation only serves to enlarge the hole as
ntestinal content leaks around the tube. One improvised
echnique to achieve source control is the floating stoma.67

his entails suturing the edges of the hole in the gut to a
imilar-sized hole tailored in a plastic sheet that serves as a
emporary abdominal closure device and separates the in-
estinal effluent from the open peritoneum. An ostomy bag
s applied to the plastic sheet around the improvised stoma,
llowing the protected peritoneal cavity to heal. In other
ords, the deep EAF is gradually converted into a superfi-

ial one during several weeks.
In recent years, vacuum-assisted wound management

as simplified management of deep exposed EAFs.68 Con-
inuous suction of the fistula output minimizes contact
ime between intestinal fluid and exposed peritoneum,
hus achieving de facto source control. This negative-
ressure dressing also simplifies nursing care, eliminates the
eed for frequent dressing changes, and protects the sur-
ounding skin. When the fistula has a high output or there
re several holes in the gut, a useful technique is to intubate
he holes and bring the tubes out perpendicularly through
he sponge of the vacuum-assisted dressing.22 With this
echnique, the majority of intestinal effluent is collected
n the tubes, as the sponge serves as a stable rig that anchors
he tubes, prevents dislodgement, and collects any residual
luid that might leak around the tubes.

Several recent reports of fistula formation associated
ith vacuum-assisted wound management69 have led to a

all for caution in its use directly over exposed bowel,70

specially if fresh suture or staple lines in the bowel are
xposed. Although Level I data are lacking, it is an essential

recaution to avoid direct contact between the vacuum i
ponge and exposed bowel with the use of a plastic sheet to
revent adherence and potential fistula formation. If the
isk of fistulization is substantial, additional protection can
e provided by placing cadaver split-thickness skin as a
iologic dressing between the bowel and the negative-
ressure sponge.71

A central feature of a deep exposed fistula is the tremen-
ous catabolism that it generates. The uncontrolled ongo-

ng peritonitis, large open abdominal wound (metabolic
quivalent of a large full-thickness burn), and protein losses
rom the GI tract combine to create added accelerated ca-
abolism in an already critically ill patient. Although it is
ifficult to measure nitrogen balance with all these multi-
ocal losses, it is becoming clear that conventional nutri-
ional support, as outlined here for ECF, often does not
uffice because protein and caloric requirements exceed
hose that can be delivered by either route alone. A combi-
ation of parenteral and enteral nutrition might be needed
o minimize or reverse the lethal catabolic meltdown.

pproach to superficial EAF
superficial EAF, although not often a life-threatening

mergency, presents a major wound and stoma manage-
ent problem. The surgeon faced with a fistula spilling

ntestinal content onto a large carpet of granulation tissue
representing the granulated visceral block of the open ab-
omen) has to buy time until definitive closure of the fis-
ula can be undertaken, typically 6 to 12 months from the
ndex operation and in conjunction with definitive abdom-
nal closure. The two realistic options are to either attempt
irect local closure of the fistula opening extraperitoneally
r convert the fistula into a controlled stoma.

Direct closure of superficial “bud” fistulas was first de-
cribed by Sarfeh and Jakowatz.66 The procedure entails
ery limited dissection to define the edges of the fistula
pening, followed by extraperitoneal suture repair of the
ole in the bowel on the surface of the granulating abdom-

nal wound. The key principle is to cover the suture line
ith a biological dressing (autogenous or cadaver skin graft
r acellular dermal matrix), with or without a tissue adhe-
ive. Sarfeh and Jakowatz66 reported a success rate of 50%,
ut the important point here is that these are local, low-risk
rocedures that can be repeated easily. Jamshidi and
checter71 reported successful local closure of five of seven
AFs, but the mean number of attempts per patient was

our.
If local closure fails or is not feasible, another option is to

ccept the fistula and approach it as a stoma. Onlay split-
hickness coverage of the granulating wound surrounding
he fistula is often necessary to achieve stable wound cov-
rage. A negative-pressure sponge dressing with a hole fash-

oned to allow collection of the enteric contents can be



a
t
i
t
t
p

D
A
n
e
a
m
l
b
b
b
t
s
s
o

t
v
c
i
t
p
s
g
d
c
u
i

e
r

h
a
m
b
1
m
a

p
n
m
c
s
s
a
s
a
p
w
t

r
t
t
T
o
a
c
p

R

F
e

489Vol. 209, No. 4, October 2009 Schecter et al Managing Enteric Fistulas
pplied to the skin graft. (see Fig. 1) After wound healing,
here are many creative stoma management solutions, us-
ng a variety of stoma bases, wound dressings, and creams
o protect the surrounding skin. A skilled, dedicated, and
alented stomal therapist and nursing staff are the essential
rerequisites to successful outcomes.

elayed reconstruction of the abdominal wall
ll patients with an EAF have an open abdomen that can-
ot be closed primarily, and all of those who survive the
fforts to control the fistula as described here will eventu-
lly need delayed abdominal reconstruction. The clinical
axim: “it is impossible to reconstruct EAF patients too

ate—only too early” is provocative but sound advice. If the
owel is covered by a skin graft, the reconstruction should
e delayed until the skin graft can be gently pinched off the
owel between thumb and forefinger, the so-called “pinch
est.”72 This signifies that there is a tissue plane between the
kin graft and the gut, facilitating one of the most vexing
teps of the reconstruction, ie, dissection of the skin graft
ff the bowel.

The goal of operation, besides closing the fistula, is
o reconstruct the abdominal wall with durable well-
ascularized coverage. In realistic terms, this often entails
omplex technical approaches that will benefit from timely
nvolvement of a plastic surgeon in planning and executing
he procedure. A two-team approach has the advantage of
roviding a well-rested plastic surgeon focused on recon-
truction after a long and tedious visceral dissection by the
eneral surgery team. Preoperative assessment of the ab-
ominal wall defect is important to determine which tissue
omponents are missing or inadequate and which can be
sed for reconstruction. Autogenous tissue is obviously an

igure 1. Enterocutaneous fistula surrounded by skin grafts cov-
red by negative-pressure sponge.
deal choice for repairing tissue defects in a procedure that
ntails resection and reconstruction of bowel because it
educes the risk of prosthetic infection.

The components separation technique73 is the work-
orse of abdominal wall reconstruction when the rectus
bdominis muscle is intact. It allows medial advance-
ent of the rectus myofascial unit on both sides to

ridge the fascial gap. Primary closure of defects up to
0 cm in the upper abdomen, 20 cm in the mid abdo-
en, and 6 to 8 cm in the lower abdomen can be

chieved with this technique.73

Depending on the specific nature of the defect, the
resence of comorbidities, and degree of obesity, tech-
ical options such as random, pedicle, or free flaps with
icrovascular reconstruction might be feasible, effica-

ious alternatives. Use of tissue expanders to increase the
urface area of skin flaps before definitive reconstruction
hould also be considered. Biologic materials, such as
cellular human74 or porcine75 dermal matrix or porcine
ubmucosa,76 can be used for visceral overlay protection or
bdominal wall reconstruction. Unfortunately, recent re-
orts of very high rates of hernia formation and abdominal
all laxity77,78 are curbing the early enthusiasm for use of

hese new biological materials.
Other muscle flaps that are useful in abdominal wall

econstruction can be based on the tensor fascia lata,79 rec-
us femoris,80 and latissimus dorsi.81 Use of microvascular
echniques increases the versatility of these muscle flaps.
he options for abdominal wall reconstruction are limited
nly by the missing tissue components and the imagination
nd skill of the reconstructive surgeon. Finally, referral to a
enter capable of providing optimal comprehensive care is
rudent in these complex, labor-intensive patients.16

EFERENCES

1. Evers M. Small intestine. In: Townsend C, Beauchamp R, Evers
BM, Mattox K, eds. Sabiston’s textbook of surgery. 18th ed.
Philadelphia: Saunders Elsevier; 2008:1324–1326.

2. Shrikhande GV. Enterocutaneous fistula. In: Cameron JL, ed.
Current surgical therapy. Philadelphia: Elsevier Mosby; 2004:
134–140.

3. Beaumont W. Experiments and observations on the gastric
juices and physiology of digestion. Available at: http://books.
google.com/books?hl�en&id�H6F4_9joRkgC&dq�William�
Beaumont�Alexis�St.�Martin&printsec�frontcover&source�
web&ots�niBuha5ucX&sig�mLYnYspS-RUo5IZzD-14N15D
GB94&sa�X&oi�book_result&resnum�19&ct�result#PPA17,
M11. Accessed January 19, 2009.

4. Alexis St Martin. Available at: http://en.wikipedia.org/wiki/
Alexis St. Martin. Accessed January 19, 2009.

5. von Cackovic M. Ueber fistula des duodenum. Arch L Klin Chir
1903(69):643.

6. Colp R. External duodenal fistulae. Ann Surg 1923;78:725–

744.

http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://books.google.com/books?hl=en%26id=H6F4_9joRkgC%26dq=William+Beaumont+Alexis+St.+Martin%26printsec=frontcover%26source=web%26ots=niBuha5ucX%26sig=mLYnYspS-RUo5IZzD-14N15DGB94%26sa=X%26oi=book_result%26resnum=19%26ct=result%23PPA17,M11
http://en.wikipedia.org/wiki/Alexis%20St.%20Martin
http://en.wikipedia.org/wiki/Alexis%20St.%20Martin


1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

490 Schecter et al Managing Enteric Fistulas J Am Coll Surg
7. Bohrer JV, Milici A. Duodeno-cutaneous fistulae. Ann Surg
1931;93:1174–1190.

8. Chapman R, Foran R. Management of intestinal fistulas. Am J
Surg 1964;108:157–164.

9. Dudrick SJ, Wilmore DW, Vars HM, Rhoads JE. Can intrave-
nous feeding as the sole means of nutrition support growth in
the child and restore weight loss in an adult? An affirmative
answer. Ann Surg 1969;169:974–984.

0. Sheldon GF, Gardiner BN, Way LW, Dunphy JE. Management
of gastrointestinal fistulas. Surg Gynecol Obstet 1971;133:385–
389.

1. Hounsfield GN. Computerized transverse axial scanning (to-
mography). 1. Description of system. Br J Radiol 1973;46:
1016–1022.

2. Gerzof SG, Robbins AH, Birkett DH, et al. Percutaneous cath-
eter drainage of abdominal abscesses guided by ultrasound and
computed tomography. AJR Am J Roentgenol 1979;133:1–8.

3. Mathes SJ, Bostwick J 3rd. A rectus abdominis myocutaneous
flap to reconstruct abdominal wall defects. Br J Plast Surg 1977;
30:282–283.

4. Irving M, White R, Tresadern J. Three years’ experience with an
intestinal failure unit. Ann R Coll Surg Engl 1985;67:2–5.

5. Levy E, Frileux P, Cugnenc PH, et al. [Exposed fistula of the
small intestine, a complication of peritonitis or laparotomy. Ap-
ropos of 120 cases]. Ann Chir 1986;40:184–195.

6. Schein M, Decker GA. Gastrointestinal fistulas associated with
large abdominal wall defects: experience with 43 patients. Br J
Surg 1990;77:97–100.

7. Burch JM, Ortiz VB, Richardson RJ, et al. Abbreviated laparot-
omy and planned reoperation for critically injured patients. Ann
Surg 1992;215:476–483; discussion 483�484.

8. Schein M. What’s new in postoperative enterocutaneous fistu-
las? World J Surg 2008;32:336–338.

9. Edmunds LH Jr, Williams GM, Welch CE. External fistulas
arising from the gastro-intestinal tract. Ann Surg 1960;152:
445–471.

0. Berry SM, Fischer JE. Classification and pathophysiology of
enterocutaneous fistulas. Surg Clin North Am 1996;76:1009–
1018.

1. Keighley M, Heyen F, Winslet MC. Entero-cutaneous fistulas
and Crohn’s disease. Acta Gastroenterol Belg 1987;50:580–
600.

2. Al-Khoury G, Kaufman D, Hirshberg A. Improved control of
exposed fistula in the open abdomen. J Am Coll Surg 2008;206:
397–398.

3. Reber HA, Roberts C, Way LW, Dunphy JE. Management of
external gastrointestinal fistulas. Ann Surg 1978;188:460–467.

4. Visschers RG, Olde Damink SW, Winkens B, et al. Treatment
strategies in 135 consecutive patients with enterocutaneous fis-
tulas. World J Surg 2008;32:445–453.

5. Dearlove JL. Skin care management of gastrointestinal fistulas.
Surg Clin North Am 1996;76:1095–1109.

6. Martinez JL, Luque-de-Leon E, Mier J, et al. Systematic man-
agement of postoperative enterocutaneous fistulas: factors re-
lated to outcomes. World J Surg 2008;32:436–443; discussion
444.

7. Cro C, George KJ, Donnelly J, et al. Vacuum assisted closure
system in the management of enterocutaneous fistulae. Postgrad
Med J 2002;78:364–365.

8. Banwell P, Withey S, Holten I. The use of negative pressure to
promote healing. Br J Plast Surg 1998;51:79.
9. Wainstein DE, Fernandez E, Gonzalez D, et al. Treatment of high- 4
output enterocutaneous fistulas with a vacuum-compaction device.
A ten-year experience. World J Surg 2008;32:430–435.

0. Makhdoom ZA, Komar MJ, Still CD. Nutrition and enterocu-
taneous fistulas. J Clin Gastroenterol 2000;31:195–204.

1. Nubiola P, Badia JM, Martinez-Rodenas F, et al. Treatment of 27
postoperative enterocutaneous fistulas with the long half-life
somatostatin analogue SMS 201-995. Ann Surg 1989;210:
56–58.

2. Dorta G. Role of octreotide and somatostatin in the treatment
of intestinal fistulae. Digestion 1999;60:53–56.

3. Alivizatos V, Felekis D, Zorbalas A. Evaluation of the effective-
ness of octreotide in the conservative treatment of postopera-
tive enterocutaneous fistulas. Hepatogastroenterology 2002;49:
1010–1012.

4. Lattuada D, Casnici C, Crotta K, et al. Inhibitory effect of
pasireotide and octreotide on lymphocyte activation. J Neuro-
immunol 2007;182:153–159.

5. Wiedermann CJ, Reinisch N, Braunsteiner H. Stimulation of
monocyte chemotaxis by human growth hormone and its deac-
tivation by somatostatin. Blood 1993;82:954–960.

6. Wiedermann CJ, Reinisch N, Niedermuhlbichler M, Braun-
steiner H. Inhibition of recombinant human growth hormone-
induced and prolactin-induced activation of neutrophils by oc-
treotide. Naunyn Schmiedebergs Arch Pharmacol 1993;347:
336–341.

7. Dudrick SJ, Maharaj AR, McKelvey AA. Artificial nutritional
support in patients with gastrointestinal fistulas. World J Surg
1999;23:570–576.

8. Lloyd DA, Gabe SM, Windsor AC. Nutrition and management
of enterocutaneous fistula. Br J Surg 2006;93:1045–1055.

9. Kudsk KA. Immunonutrition in surgery and critical care. Annu
Rev Nutr 2006;26:463–479.

0. Matheson PJ, Lusco V, Wilson MA, Garrison RN. Omega-3
fatty acids in immune-enhancing enteral diets selectively in-
crease blood flow to the ileum by a bile acid dependent mecha-
nism. Surgery 2002;132:673–680; discussion 680�671.

1. Bower RH, Cerra FB, Bershadsky B, et al. Early enteral admin-
istration of a formula (Impact) supplemented with arginine,
nucleotides, and fish oil in intensive care unit patients: results of
a multicenter, prospective, randomized, clinical trial. Crit Care
Med 1995;23:436–449.

2. Schilling J, Vranjes N, Fierz W, et al. Clinical outcome and
immunology of postoperative arginine, omega-3 fatty acids, and
nucleotide-enriched enteral feeding: a randomized prospective
comparison with standard enteral and low calorie/low fat i. v.
solutions. Nutrition 1996;12:423–429.

3. Kudsk KA, Minard G, Croce MA, et al. A randomized trial of
isonitrogenous enteral diets after severe trauma. An immune-
enhancing diet reduces septic complications. Ann Surg 1996;
224:531–540; discussion 540�533.

4. Pontes-Arruda A, Demichele S, Seth A, Singer P. The use of an
inflammation-modulating diet in patients with acute lung in-
jury or acute respiratory distress syndrome: a meta-analysis of
outcome data. JPEN J Parenter Enteral Nutr 2008;32:596–605.

5. Saffle JR, Wiebke G, Jennings K, et al. Randomized trial of
immune-enhancing enteral nutrition in burn patients. J Trauma
1997;42:793–800; discussion 800�792.

6. Heyland DK, Novak F, Drover JW, et al. Should immunonutri-
tion become routine in critically ill patients? A systematic review
of the evidence. JAMA 2001;286:944–953.
7. Marik PE, Zaloga GP. Immunonutrition in critically ill patients:



4

4

5

5

5

5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

6

6

7

7

7

7

7

7

7

7

7

7

8

8

491Vol. 209, No. 4, October 2009 Schecter et al Managing Enteric Fistulas
a systematic review and analysis of the literature. Intensive Care
Med 2008;34:1980–1990.

8. Stanga Z, Brunner A, Leuenberger M, et al. Nutrition in clinical
practice-the refeeding syndrome: illustrative cases and guide-
lines for prevention and treatment. Eur J Clin Nutr 2008;62:
687–694.

9. Halversen RC, Hogle HH, Richards RC. Gastric and small
bowel fistulas. Am J Surg 1969;118:968–972.

0. Campos AC, Andrade DF, Campos GM, et al. A multivariate
model to determine prognostic factors in gastrointestinal fistu-
las. J Am Coll Surg 1999;188:483–490.

1. Fazio VW, Coutsoftides T, Steiger E. Factors influencing the
outcome of treatment of small bowel cutaneous fistula. World
J Surg 1983;7:481–488.

2. Fischer JE. The pathophysiology of enterocutaneous fistulas.
World J Surg 1983;7:446–450.

3. Aguirre A, Fischer JE, Welch CE. The role of surgery and hy-
peralimentation in therapy of gastrointestinal-cutaneous fistu-
lae. Ann Surg 1974;180:393–401.

4. McIntyre PB, Ritchie JK, Hawley PR, et al. Management of
enterocutaneous fistulas: a review of 132 cases. Br J Surg 1984;
71:293–296.

5. Prickett D, Montgomery R, Cheadle WG. External fistulas aris-
ing from the digestive tract. South Med J 1991;84:736–739.

6. Sitges-Serra A, Jaurrieta E, Sitges-Creus A. Management of post-
operative enterocutaneous fistulas: the roles of parenteral nutri-
tion and surgery. Br J Surg 1982;69:147–150.

7. Draus JM Jr, Huss SA, Harty NJ, et al. Enterocutaneous fistula:
are treatments improving? Surgery 2006;140:570–576; discus-
sion 576�578.

8. Hill GL. Operative strategy in the treatment of enterocutaneous
fistulas. World J Surg 1983;7:495–501.

9. Vianna RM, Mangus RS, Tector AJ. Current status of small
bowel and multivisceral transplantation. Adv Surg 2008;42:
129–150.

0. Michelassi F, Stella M, Balestracci T, et al. Incidence, diagnosis,
and treatment of enteric and colorectal fistulae in patients with
Crohn’s disease. Ann Surg 1993;218:660–666.

1. Miehsler W, Reinisch W, Kazemi-Shirazi L, et al. Infliximab:
lack of efficacy on perforating complications in Crohn’s disease.
Inflamm Bowel Dis 2004;10:36–40.

2. Lynch AC, Delaney CP, Senagore AJ, et al. Clinical outcome and
factors predictive of recurrence after enterocutaneous fistula sur-
gery. Ann Surg 2004;240:825–831.

3. Schecter WP, Ivatury RR, Rotondo MF, Hirshberg A. Open
abdomen after trauma and abdominal sepsis: a strategy for man-
agement. J Am Coll Surg 2006;203:390–396.

4. Scott BG, Feanny MA, Hirshberg A. Early definitive closure of
the open abdomen: a quiet revolution. Scand J Surg 2005;94:
9–14.

5. Girard S, Sideman M, Spain DA. A novel approach to the prob-
lem of intestinal fistulization arising in patients managed with

open peritoneal cavities. Am J Surg 2002;184:166–167.
6. Sarfeh IJ, Jakowatz JG. Surgical treatment of enteric ‘bud’ fistulas in
contaminated wounds. A riskless extraperitoneal method using
split-thickness skin grafts. Arch Surg 1992;127:1027–1030; discus-
sion 1030�1021.

7. Subramaniam MH, Liscum KR, Hirshberg A. The floating
stoma: a new technique for controlling exposed fistulae in ab-
dominal trauma. J Trauma 2002;53:386–388.

8. Boulanger K, Lemaire V, Jacquemin D. Vacuum-assisted closure
of enterocutaneous fistula. Acta Chir Belg 2007;107:703–705.

9. Rao M, Burke D, Finan PJ, Sagar PM. The use of vacuum-
assisted closure of abdominal wounds: a word of caution. Colo-
rectal Dis 2007;9:266–268.

0. Fischer JE. A cautionary note: the use of vacuum-assisted closure
systems in the treatment of gastrointestinal cutaneous fistula
may be associated with higher mortality from subsequent fistula
development. Am J Surg 2008;196:1–2.

1. Jamshidi R, Schecter WP. Biological dressings for the manage-
ment of enteric fistulas in the open abdomen: a preliminary
report. Arch Surg 2007;142:793–796.

2. Jernigan TW, Fabian TC, Croce MA, et al. Staged management
of giant abdominal wall defects: acute and long-term results.
Ann Surg 2003;238:349–355; discussion 355�347.

3. Shestak KC, Edington HJ, Johnson RR. The separation of ana-
tomic components technique for the reconstruction of massive
midline abdominal wall defects: anatomy, surgical technique,
applications, and limitations revisited. Plast Reconstr Surg
2000;105:731–738; quiz 739.

4. Maurice SM, Skeete DA. Use of human acellular dermal matrix for
abdominal wall reconstructions. Am J Surg 2009;197:35–42.

5. Hsu PW, Salgado CJ, Kent K, et al. Evaluation of porcine der-
mal collagen (Permacol) used in abdominal wall reconstruction.
J Plast Reconstr Aesthet Surg 2008 Aug 19. [Epub ahead of
print].

6. Johnson EK, Paquette EL. Use of surgisis for abdominal wall
reconstruction/closure in battlefield casualties during Operation
Iraqi Freedom. Mil Med 2007;172:1119–1124.

7. de Moya MA, Dunham M, Inaba K, et al. Long-term outcome
of acellular dermal matrix when used for large traumatic open
abdomen. J Trauma 2008;65:349–353.

8. Jin J, Rosen MJ, Blatnik J, et al. Use of acellular dermal matrix
for complicated ventral hernia repair: does technique affect out-
comes? J Am Coll Surg 2007;205:654–660.

9. Williams JK, Carlson GW, deChalain T, et al. Role of tensor
fasciae latae in abdominal wall reconstruction. Plast Reconstr
Surg 1998;101:713–718.

0. Koshima I, Moriguchi T, Inagawa K, Urushibara K. Dynamic re-
construction of the abdominal wall using a reinnervated free rectus
femoris muscle transfer. Ann Plast Surg 1999;43:199–203.

1. de Weerd L, Kjaeve J, Aghajani E, Elvenes OP. The sandwich
design: a new method to close a high-output enterocutaneous
fistula and an associated abdominal wall defect. Ann Plast Surg

2007;58:580–583.


	Enteric Fistulas: Principles of Management
	Enteric fistulas: historical perspective
	Definitions, classification, and natural history
	Current management of ECF
	Phase 1: recognition and stabilization
	Phase 2: anatomical definition and decision
	Phase 3: definitive operation

	ECF from CD
	Current management of enteroatmospheric fistula
	Approach to deep EAF
	Approach to superficial EAF
	Delayed reconstruction of the abdominal wall
	REFERENCES


