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INTRODUCTION—DEFINITION

Open abdomen (OA), initially used by Ogilvie (1) in 
1940, is currently applied in the context of three broad 
clinical conditions: (a) damage control surgery for 
severe abdominal trauma, (b) damage control surgery 
for severe abdominal sepsis (source control–temporary  
drainage), and (c) management of abdominal com-
partment syndrome. A very challenging task for the 
surgeon dealing with an OA is to know in detail the 
available and effective techniques for temporary 

abdominal closure in order to manage the OA during 
the first weeks. Additionally, the patient has to be 
treated in a surgical intensive care unit (SICU) with 
relative experience in managing specific problems and 
complications related to patients with an OA, namely, 
severe dehydration due to excessive fluid losses from 
the exposed surface of the OA, hypercatabolism asso-
ciated with the underlying disease, electrolyte and 
acid–base disturbances, septic complications, and the 
most dreaded complication, the development of an 
enteroatmospheric fistula (EAF).

The occurrence of an enteric fistula in the middle 
of an OA is called an EAF, which is the most chal-
lenging and feared complication for a surgeon to 
deal with. It is in fact not a true fistula because it 
neither has a fistula tract nor is covered by a well-
vascularized tissue (Levy et  al. (2) coined the term 
“exposed fistula”), as are the majority of EAFs. For 
these reasons, spontaneous closure or sealing of 
EAFs is almost impossible.
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ABSTRACT

The occurrence of an enteric fistula in the middle of an open abdomen is called an 
enteroatmospheric fistula, which is the most challenging and feared complication for a 
surgeon to deal with. It is in fact not a true fistula because it neither has a fistula tract 
nor is covered by a well-vascularized tissue. The mortality of enteroatmospheric fistulae 
was as high as 70% in past decades but is currently approximately 40% due to advanced 
modern intensive care and improved surgical techniques. Management of patients with 
an open abdomen and an enteroatmospheric fistula is very challenging. Intensive care 
support of organs and systems is vital in order to manage the severely septic patient and 
the associated multiple organ failure syndrome. Many of the principles applied to classic 
enterocutaneous fistulae are used as well. Control of enteric spillage, attempts to seal the 
fistula, and techniques of peritoneal access for excision of the involved loop are reviewed 
in this report. Additionally, we describe our recent proposal of a lateral surgical approach 
via the circumference of the open abdomen in order to avoid the hostile and granulated 
surface of the abdominal trauma, which is adhered to the intraperitoneal organs.

Key words: Enteroatmospheric, fistula, open abdomen, vacuum-assisted therapy, vacuum-assisted closure, 
enterocutaneous, enteric fistula

Correspondence:
Athanasios Marinis, M.D. PhD 
First Department of Surgery 
Tzaneion General Hospital 
1 Zanni and Afentouli STRs 
GR-18536 Piraeus 
Greece 
Email: drmarinis@gmail.com

482252 SJS102210.1177/1457496913482252A. Marinis, et al.Enteroatmospheric fistulae: a review
2013



A. Marinis, et al.62

ETIOLOGY—CLASSIFICATION—
CLINICAL FEATURES

EAFs usually develop as a consequence of one or more 
of the following factors: postoperative anastomotic 
disrupture, deserosalizations occurring during lapa-
rotomy, exposure of the dehydrated and desiccated 
bowel to several materials used for temporary abdom-
inal closure, adhesions between the edematous bowel 
and the anterior abdominal wall, severe wound infec-
tions, burst abdomen, severe trauma, sepsis with 
known precipitating factors (low serum albumin, 
decreased collagen synthesis, etc.), and finally, preced-
ing bowel ischemia. Although negative pressure 
wound therapy is currently used for EAF manage-
ment (i.e. the widely applied VAC® system (vacuum-
assisted closure)), it is reported to be implicated in the 
development of new EAFs on the OA in a small pro-
portion of these patients (5%). However, recent exper-
imental data show that negative pressure is not 
transmitted on the bowel surface (3).

The incidence of EAFs depends on the underlying 
abdominal pathology and varies between 2% and 
25% for trauma patients, 20% and 25% for abdominal 
sepsis, and up to 50% for infected pancreatic necrosis 
(4). Clinically, EAFs are usually seen after the first 
week of OA, but they can occur at anytime in the hos-
pitalization especially of patients requiring many 
months of OA. EAFs can be classified according to 
their (a) anatomic location (proximal/distal), (b) fis-
tula volume output (low < 200 mL/moderate 200–500 
mL/high > 500 mL), and (c) location in the OA (deep/
superficial) (5, 6).

Location and fistula output are factors crucially 
affecting the prognosis and spontaneous closure of the 
EAF. More specifically, distal and low-output EAFs 
have a high spontaneous closure rate (which cannot 
be accurately determined because outcome depends 
on several other factors as well) in contrast to more 
proximal and high-output EAFs. Additionally, the 
rare location of the EAF deep in the peritoneal cavity 
is considered a surgical emergency due to ongoing 
peritonitis and should therefore be managed immedi-
ately. On the contrary, superficial EAFs occurring on 
the granulated surface of the OA are more frequently 
encountered in clinical practice but are more difficult 
to manipulate due to the inability to effectively control 
enteric spillage on the OA surface, which triggers 
ongoing sepsis (5).

Fistula location, demonstration of any other intra-
abdominal abscesses or associated collections, and 
exclusion of any distal gastrointestinal (GI) obstruc-
tion can be demonstrated with a wide variety of imag-
ing diagnostic methods, that is, methylene blue test, 
upper and lower GI series with water soluble con-
trasts, fistulography, computed tomography, and 
magnetic resonance imaging.

Morbidity rates of EAFs are high and are directly 
related to their pathophysiological consequences, 
which include severe fluid and electrolyte losses, 
acid–base homeostasis derangement, hypercatabo-
lism (hypoalbuminemia and hypoproteinemia), vita-
min and trace element deficiencies, and septic wound 
complications due to spillage of enteric effluents on 

the open abdominal surface. The mortality rates of 
EAFs were as high as 70% in the past decades but cur-
rently are lowered to 42% due to advanced modern 
ICU and improved surgical techniques (4). However, 
after a fistula is closed, recurrence is always a proba-
bility and involves 9%–33% of spontaneously sealed 
EAF patients. The severity in means of morbidity and 
mortality of the EAF is reflected in Bjorck’s (7) classifi-
cation of the OA reported in 2009, where an OA with 
an EAF is considered as grade 3, a step just before the 
frozen and inoperable OA (grade 4).

PRINCIPLES OF MANAGEMENT

Management of patients with an OA and an EAF is 
very challenging. These patients are usually critically ill 
and hypercatabolic and deteriorate rapidly if complica-
tions occur during their hospitalization in the SICU. 
Unfortunately, proximal diversion of enteric contents is 
almost technically impossible to achieve, due to the 
thick and shortened mesentery, the edematous bowel, 
the noncompliant abdominal wall and the rather hos-
tile environment of the OA. A multidisciplinary team 
consisting of experienced senior surgeons, dedicated 
medical and nurse ICU personnel, experienced stomal 
therapist, and a plastic surgeon experienced in abdomi-
nal wall reconstruction is necessary in order to accom-
plish this difficult task.

GENERAL SUPPORT OF THE PATIENT

Basic principles of the nonoperative support of the 
critically ill patient with an EAF are the following:

 Early recognition and management of sepsis. Pro-
gressive organ dysfunction or failure should be 
promptly managed according to currently used 
guidelines for severe sepsis (8, 9).

 Source control. Radiologically guided drainage of 
abscesses or infected collections is crucial for reso-
lution of sepsis and can alter the antibiotic regimen 
based on cultures results.

 Reducing fistula output. Nil per os (NPO), effective 
drainage of the stomach via a nasogastric tube 
(Levin) as well as an attempt to reduce GI secre-
tions by administering proton pump inhibitors 
and to reduce enteric and pancreatic secretions by 
means of somatostatin or analogs (octreotide) are 
general measures for reducing the fistula output.

 Nutritional support. The patient with an OA is con-
sidered hypercatabolic, while the presence of an 
EAF considerably augments catabolism. Thus, 
nutritional support should be based upon three 
main parameters: (a) increased caloric require-
ments, usually calculated by 30–35 kcal/kg/day, 
(b) increased protein depriving, calculated by add-
ing 1.5 g protein/kg/day and 2 g protein losses for 
each liter of fluid collected from the raw surface of 
the OA, and (c) deficiencies of vitamins and trace 
elements. Adequate nutritional support based on 
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patient nutritional status, a positive nitrogen bal-
ance, adequate trace minerals, and vitamin replace-
ment along with glycemic control may allow the 
surgeon to proceed to surgical treatment of the fis-
tula. Additionally, several known parameters, such 
as weight, prealbumin, albumin and transferrin, are 
correlated with postoperative mortality and mor-
bidity and spontaneous fistula closure rates (10).

ISOLATION OF THE ENTERIC EFFLUENT

Spillage of enteric contents of an EAF on the adjacent 
OA surface serves as a factor of continuous impair-
ment of the healing process, which aggravates local 
wound sepsis and is considered a source of major 
morbidity. Thus, methods of isolation of bowel efflu-
ent have been reported and are under study. These are 
important in order to protect the OA, prevent ongoing 
sepsis, estimate fluid losses volume and consistency, 
and facilitate nursing of the patient. These methods 
are described collectively in a chronological order as 
follows:

 “Floating stoma” (Fig. 1). In 2002, Subramaniam 
et  al. (11) from Houston, Texas, reported a first 
effective method of diverting enteric contents 
from an EAF to a collection bag. A plastic silo was 
used to cover the OA in which one or more open-
ings were fashioned for the fistula(s), respectively. 
These openings were sutured to the opening of the 
enteric loop with a continuous polyprolene suture, 
creating a controlled enteric stoma around which a 
collection bag was fitted. This method was applied 
in three patients successfully and helped the OA 
to granulate and the EAF to close in a period of 
approximately 7–10 months.

 “Fistula VAC” (Fig. 2). Introduction of negative 
pressure wound therapy and the vacuum pack 
in 1995 by Brock (12) and in 2000 by Barker (13) 
changed dramatically the therapeutic strategy of 
patients with OAs. More specifically, a new tech-
nique using the VAC device was applied in the 
management of EAFs. In 2006, Goverman et al. (14) 
from New York reported the use of a new method 
to divert and isolate enteric effluents from EAFs. 
This method included the protection of the wound 
bed of the OA with Xeroform dressings, leaving a 
hole for the associated enteric fistula opening, and 
the precise fitting of a polyurethane sponge on top 
of the dressings with a similar hole matching the 
enteric opening. After covering the sponge with a 
polyethylene drape, negative pressure was applied 
at 75 mmHg, while an ostomy bag was fitted in 
the opening of the EAF draining and diverting 
enteric fluids away from the surface of the OA. This 
method was successful in five patients with EAFs. 
A similar alternative “fistula VAC” method was 

currently reported in 2010 by Byrnes et al. (15) from 
Minnesota, with the difference that a split-thickness 
skin graft (STSG) and a vaseline-impregnated dress-
ing on top were applied on the surface of the OA 
instead of the Xeroform dressings. Then, a similarly 
applied VAC and ostomy bag were used to divert 
enteric contents from the hostile OA.

 “Tube VAC” (Fig. 3). In 2008, Al-Khoury et  al. 
(16) from New York reported an alternative tech-
nique for diverting bowel effluent. The EAFs were 

Fig. 1. The “floating stoma” (schematic drawing).

Fig. 2. The “fistula VAC” (schematic drawing).
VAC: vacuum-assisted closure.
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intubated using Malecot catheters of appropriate 
sizes, while the surface of the OA was covered by 
petroleum-impregnated gauzes and on top by a 
polyurethane sponge, through which the Malecot 
catheters were removed. Application of 100 mmHg 
negative pressure was used effectively for five 
EAFs in three patients.

 “Nipple VAC” (Fig. 4). In 2009, an OA advisory 
panel of international experts published a col-
lective review for the total management of the 
OA from initial operation to definite closure (6). 
In the management of EAFs, a new method was 
described using nipples applied over the enteric fis-
tula openings surrounded by VAC WhiteFoam and 
GranuFoam dressings, effectively diverting enteric 

effluent into collection bags. A similar report was 
published a year later by Layton et al. (17) from the 
US Air Force Department, where baby nipples were 
similarly applied over fistula openings and holes 
on top of the nipples served to place Malecot or 
Foley catheters to drain enteric fistula content. On 
the raw OA surface, petroleum jelly–impregnated 
gauze or clear Telfa sheet was placed, and subse-
quently, an abdominal wound VAC sponge was 
applied on top, receiving a negative pressure of 125 
mmHg.

 “Ring and silo VAC” (Fig. 5). In 2010, Amy Ver-
haalen et  al. (18), from Wisconsin, reported the 
isolation of an EAF using a complex “ring” (encom-
passing the drape on the inner surface of the hole 
of the polyurethane sponge in order to create an 
impermeable barrier) and “silo” (a plastic barrel 
wrapping a petroleum gauze and the placement of 
a Duoderm® on the bottom and stoma paste on the 
outer edges) to securely drain the fistula in a drain-
age collection bag, around which the VAC system 
was applied on the OA surface. Fistulae were suc-
cessfully isolated in eight patients for a period of 
3–20 weeks.

 Fistula intubation and conversion to an enterocu-
taneous fistula (Fig. 6). In 2010, Ramsay and Mejia 
(19), from Tennessee, reported the successful diver-
sion of the EAF after intubating them with Malecot 
catheters, which were then tunneled through adja-
cent mobilized skin-subcutaneous flaps, convert-
ing the EAF to a fistula with a long tract, covered 
by a well-vascularized tissue. The enterocutaneous 
fistulae were finally injected with fibrin glue and 
successfully sealed in all three patients.

TECHNIQUES TO SEAL EAFs

After accomplishing the goal of effective diversion of 
enteric effluents from the granulated surface of the 
OA, several reports have been published related to 
efforts made to seal the fistula opening and eventually 
close it. The use of several biologic dressings such as 
acellular dermal matrix (Alloderm), STSG, and pedi-
cled (skin or musculofascial) flaps seems to be promis-
ing for this goal. These reports are rare and include 
mainly the following:

• The first report was from Girard et al. (20) in 2002, 
which proposed and applied Alloderm and fibrin 
glue successfully in three patients.

• A preliminary report from Jamshidi and Schecter 
(21) in 2007 using two components: (a) human 
acellular dermal matrix applied via fibrin glue on 
the fistula opening and (b) cadaveric STSG and 
VAC or pedicled flaps to cover the OA around the 
fistula; this technique had a 71% success rate.

Fig. 3. The “tube VAC” (schematic drawing).
VAC: vacuum-assisted closure.

Fig. 4. The “nipple VAC” (schematic drawing).
VAC: vacuum-assisted closure.
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RESECTION OF THE INVOLVED ENTERIC 
AREA (AGGRESSIVE INTERVENTION)

The resection of the involved enteric loop is actually the 
most definite way of treating an EAF. However, the sur-
geon should choose this therapeutic option in clinically 
stable patients, which should be in good general status 
and free of infection (4, 5). These conditions are possible 
to attain in some patients as early as 1–2 months (4, 22), 
while others accomplish this target after 6–12 months 
or even after a 1-year period (21). Regarding the opera-
tive strategy, the main goal is to approach the peritoneal 
cavity not directly through the OA but rather with later-
ally placed incisions away from the granulating surface 
of the OA. Several reports have been published describ-
ing various techniques for approaching and finally 
resecting the involved bowel loop:

• One of the first reports was by Prof. Demetriades 
(23) in 2003, approaching the abdominal cavity via 
long vertical incisions approximately 8–10 cm lat-
eral to the open abdominal wound, mobilizing the 
bowel under direct vision toward the midline, and 
finally, resecting en masse the involved loop and 
reestablishing GI continuity with an entero-enteric 
anastomosis. The abdominal defect was covered 
by a Marlex mesh and the skin and subcutaneous 
tissue closed over the mesh.

• In 2006, Sriussadaporn et  al. (24) reported a case 
series (eight patients) entering the abdomen with 
an incision around the granulating tissue of the 
OA. Once the involved enteric loop was identified 
and resected (with an anastomosis performed), 
they closed the open abdominal wound defect 
with an absorbable mesh (Dexon), which was sub-
sequently covered with bilateral bipedicled ante-
rior abdominal skin flaps (Fig. 7).

OUR EXPERIENCE AND PROPOSED 
SURGICAL TECHNIQUE

In our department, we have experienced several cases 
with EAFs and have proposed a relatively early inter-
vention of accessing the hostile granulated OA (22). 
Thus, we use a lateral surgical approach via the cir-
cumference of the OA in order to avoid the hostile and 
granulated surface of the abdominal trauma, which is 
densely adhesed with the intraperitoneal organs (Fig. 
8). Immediately after entering the abdomen, the  

Fig. 5. The “silo” method.
Source: permission obtained from editor, Verhaalen et al. (18).

Fig. 6. Fistula intubation and conversion to an enterocutaneous 
fistula (schematic drawing).
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separation of the involved loops is performed rela-
tively easy. We have used this technique successfully 
in three of our patients (Table 1). After entering into 
the abdominal cavity, an enterectomy of the associated 
enteric loop was performed, taking down the EAF. 
The abdominal defect was closed by an absorbable 
mesh, which was either left free to granulate as was 
the case in two patients or a VAC device was applied 
in one patient. Finally, an STSG covered efficiently the 
granulated tissue. In the fourth patient (Table 1), an 

EAF occurring in the lateral edge of the abdomen was 
managed with topical measures (suture and biological 
glue), with cessation of the EAF and finally, coverage 
with an STSG. All patients had an eventful outcome.

Regarding the extent of bowel resection, the surgeon 
aims to resect as less bowel as possible, keeping in mind 
that this operation is mainly a life-saving procedure. 
The possibility of developing a short bowel syndrome 
and its associated nutrient malabsorption is a problem 
of secondary priority, which can be managed today 

Fig. 8. A) Safe dissection via circumference of abdominal wound. B) Lateral surgical approach.
Source: permission obtained from editor, Marinis et al. (22).

Fig. 7. A) Polyglycolic acid (Dexon) mesh sutured to the rectus abdominis muscle. B) Bipedicle anterior abdominal skin flap and relaxing 
incision at the anterior axillary line.
Source: permission obtained from editor, Sriussadaporn et al. (24).



Enteroatmospheric fistulae: a review 67

with specialized methods of nutritional support (low 
fiber and elementary diets, etc.) (10).

The incidence of developing a new EAF when VAC 
is applied reaches an average of 5.7% (ranging from 
0% to 15%) (13, 25, 26). If VAC is directly applied upon 
the exposed bowel, a new EAF will most probably 
develop, further leading to increased mortality (27); if 
VAC is directly applied upon the EAF, it will probably 
not close. But if the fistulous tract is indirect, meaning 
that it is deeper seated within the OA, the application 
of VAC will possibly lead to closure of the fistula (22). 
Thus, after resecting the involved bowel, the anasto-
motic line should preferably be placed deep in the OA, 
in order to apply the VAC on the free surface. The use 
of a stapled anastomosis is generally avoided in order 
to gain bowel length (28) and could raise some con-
cern regarding the final stapling line with the TA™ 
used to close the entrance openings on the bowel for 
the GIA™ stapler. The TA staple line is everted and 
may be prone to higher leakage in the case of negative 
pressure application, in contrast to the inverted hand-
sewn anastomosis. However, placement of the final 
anastomosis far away from the surface where negative 
pressure is directly applied will avoid anastomotic 
leakage and subsequent development of a new fistula.

PREVENTION OF EAFs

The high morbidity and mortality associated with the 
EAFs dictate the need to prevent the development of 
this very hazardous complication. Several principles 
are considered as cornerstones of prevention (5, 29, 30):

• Careful manipulation of the bowel during initial 
operation is very important to avoid deserosal-
izations, which could possibly burst postopera-
tively, leading to the development of an enteric 
fistula.

• The intestine in patients with OA should be metic-
ulously protected and covered by means of early 
temporary abdominal closure techniques.

• Access to the OA should be permitted only to one 
or two experienced senior surgeons who know the 
wound and are familiar with the healing process. 
Free access to the wound by all members of the 

medical and nursing staff almost guarantees the 
development of an EAF.

CONCLUSIONS

The EAFs develop in the middle of the OA and are 
associated with high morbidity and mortality. The 
patient should be managed by a multidisciplinary 
team usually in a surgical ICU where the goal of opti-
mization of patient’s general condition should be 
strongly considered. Thorough knowledge of manipu-
lating the fistula, namely, diversion of enteric efflu-
ents, sealing the fistula, and resection of the involved 
enteric loop, is critical for the outcome of these 
patients. Usually, small and low-output EAFs are cov-
ered by biologic dressings in order to spontaneously 
heal, while larger and high-output EAFs are managed 
by using diversion techniques in combination with 
VAC therapy (“fistula or tube or nipple VAC”). Finally, 
non-responsive EAFs should be resected when the 
patient is in a stable clinical condition and is free of 
infection. The comprehension of the recently accepted 
total OA management (6) principle of “open early and 
close early” has led to a significant reduction of com-
plications such as EAFs and a higher rate of early pri-
mary closure.
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