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of EAF is extremely rare and definitive reconstructive surgery is almost required. Prevention is
the best way to reduce the risks of EAF to occur. This review article discusses diagnosis, etiology,
management aspects and prevention of EAFwith specific attention dedicated to effluent control,

wound care, nutrition and definitive fistula surgery and abdominal wall reconstruction.

3. Introduction

An enterocutaneous fistula (ECF) is defined as an abnormal
communication between the intra-abdominal GI tract and skin
and is traditionally considered as one of the most feared compli-
cations in gastrointestinal surgery. The mortality of ECF largely
varied from 5% to 20% and this variation was due to the hetero-
geneity of the published studies [1,2]. The associated morbidity
is excessive with prolonged hospital stay particularly intensive
care unit stay, increased hospital cost and important psychologi-
cal impact on the patient health [3].The entroatmospheric fistula
(EAF) is a subset form of ECF with several unique characteristics

that merit to be highlighted.Oppositely to many postoperative
L ; . . . . Figure 1: Enteroatmospheric fistula.
complications, the diagnosis of EAF is often obvious. The typical

predisposing situation is the management of open abdomen for The dressing is changed regularly and so a small erosion of

at least several days or months.The bowel is exposed directly to exposed and fragilized bowel can occur leading to the fistula

. o formation with drainage of intestinal content into the wound.
environment and a dressing is made to cover the exposed bowel,

keep it moist and avoid visceral trauma[Figure 1]. When occurred, any closure attempt of EAF by performing

simple intestinal suture is highly avoided and may result in
larger bowel wall opening with aggravating management dif-
ficulties.The EAF management scheme is similar to that used
in ECF and is based on a few sound tenets including recogni-

tion, stabilization, anatomic definition and definitive surgery if
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needed [4,5]. However major differences are the difficulty in con-
trolling fistula effluent, skin protection, potential prevention and
the complexity of abdominal wall reconstructive surgeryImpor-
tantly, a well-organized multidisciplinary approach and evalua-
tion of these patients in specialized center dealing with ECFs are
the keys of successful management with improved outcomes.This
review article discusses diagnosis, etiology, management aspects
and prevention of EAF with specific attention dedicated to efflu-
ent control, wound care, nutrition and definitive fistula surgery

and abdominal wall reconstruction.
4. Incidence and Classification

The reported overall incidence of EAF varied from 5%-19% [6-
9] in damage control laparotomy. This variation in reported inci-
dence was due to the indication for damage control laparotomy
(trauma vs non trauma), the number of re-operations for abdom-
inal procedures, and the time to definitive closure. The increase
in incidence was linked to the wide use of damage control lapa-
rotomy in the surgical community.Depending on location within
abdomen cavity, the enteroatmospherique fistulas are two types,
deep and superficial. Deep EAFs drain directly into the abdomi-
nal cavity and so are more likely a cause of peritonitis. Superficial
EAFs are completely extra peritoneal realizing a primarily stoma
by draining on the top or the side of the granulating abdominal
wound. As the same as ECF, EAF can be classified on the basis
of involved segment of GI tract (i.e. Enteroatmospheric, Coloat-
mospheric gastro atmospheric, etc.) and on the daily output as
low-output < 200 ml, high output >500 ml and moderate from
200 to 500 ml.

5. Etiology

EAF develops more commonly following an open abdomen
surgery performed for trauma, after damage control and de-
compressive laparotomies, and in the setting of elective surgery.
However, Trauma is largely the leading cause of EAF. EAF also
can occur in patients who received surgery for abdominal septic
process resulting in the open abdomen secondary to difficulties
to achieve abdominal wall closure due to bowel edema or large
fascial dehiscence’s. The physical characteristics of an open abdo-
men predispose to the development of EAF. Usually, the bowel is
directly exposed to the environment, requiring repeated compli-
cated abdominal dressing changes and so this condition is more
likely favorable to EAF development. Despite the utmost care
taken to prevent trauma during dressing changes, the multiples
manipulations can be traumatic to already edematous and fri-
able bowel resulting in bowel wall erosion and fistula formation.
Moreover, the etiologies of postoperative EAFare often related to
condition that necessitated surgeries including malignancy, in-

flammatory intestinal diseases, adhesiolysis, abdominal sepsis,
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anastomotic leaks, bowel ischemia and obstruction, and emer-

gency abdominal procedures [10, 11].
6. Prevention

Clearly, prevention is the best way to reduce the risk of EAF.
Therefore, take precautions and preventive measures at the first
laparotomy is highly recommended to prevent EAF in high risk
patient.Before closing the abdominal cavity, the greater omentum
should be placed in order to cover the bowel if at all possible,
and when non absorbable mesh is used, it should never be in di-
rect contact with bowel. The use of any temporary closure device
should protect the underlying bowel and allowing access to the
peritoneal cavity.As reported, damage control laparotomies were
associated with a high rate of EAF if the abdomen was left open
more than 8 days [8,12].Therefore, every effort should be made to
achieve closure of open abdomen as soon as possible to decrease
the EAF risk. However, it is difficult for the surgeon to determine
the timing of abdomen closure.Typically, the fascia closure should
be achieved without leading to intra-abdominal hypertension af-
ter the resolution of visceral edema.Several methods have been
reported to reduce time to closure including Covering the vis-
cera with a non-adherent drape and achieving skin-only closure
when fascial re-approximation is not feasible, however repetitive
skin trauma may occur if multiple reoperations are needed prior
to definitive closure [12].The planned ventral hernia (PVH) ap-
proach consists of covering the bowel with an absorbable poly-
glatin mesh fixed to the fascia edges. If enough available, the skin
can be closed over drains placed between absorbable material and
skin. Therefore, the peritoneal cavity is closed with guaranteed
future ventral hernia. This method became less favorable after
availability of NPWT, biologic meshes, and other early fascial
closure techniques.The use of NPW'T systems to achieve closure
of an open abdomen has showed a superior results comparing to
absorbable mesh [5, 14-16] with statically no significant slightly
higher rate of fistula formation (21% vs 5%) [17].

When early closure is impractical after several days, the use of
biologic mesh bridges to achieve fascial closure with skin re-
approximation over drains or NPWT placed over top of bio-
logic material seems to be an attractive indication. This method
achieves the goal of closure over viscera option with lower rate of
bowel fistulization [18], however it is associated with a high rate
of incisional hernia formation [19,20]. The progressive retraction
of the rectus and oblique muscle laterally in open abdomen can
plague any effort made to achieve early closure. Therefore, many
techniques to prevent abdominal wall retraction have been de-
scribed and some have been shown to facilitate the achievement
of early abdominal wall closure [21-25]. The use of mesh material
fixed to the fascial edges associated with progressive tightening

at the midline as visceral edema resolves is common in all these
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methods. A non-adherent layer or sheet is placed over the vis-
cera inside the peritoneal cavity to prevent adhesions to the an-
terior abdominal wall that potentially results in frozen abdomen.
TheNPWT device is applied over the top of the mesh bridge to

control fluids and exudate.

The dressing of an open abdomen should be constructed by
experienced surgical team members avoiding to place gauze or
negative pressure devices directly on the exposed bowel [26].The
presence of an experienced member of the surgical team during
the dressing changes of an open abdomen is imperative to unsure
avoidance of underlying viscera trauma and to early recognize
areas of deserosalization which are likely precursors of an EAF.
Finally, the surgical team should always have in mind the greater
risk of fistula formation when attempting to achieve a definitive
fascial closure of an open abdomen [ 8,9,27].As previously stated,
nutritional optimization is central in the treatment and preven-
tion of Efate open abdomen is a source of extreme catabolic state
and increased nutritional requirements. It is well demonstrated
that enteral nutrition is more benefit than parenteral nutrition in
surgical patients. The early enteral nutrition (less than or equal to
4 days after surgery) has been associated with a significant reduc-

tion of EAF rate and time to abdomen closure [28].
7. Management

The management of EAF involves a lengthy and labor-intensive
process broken down into phases of treatment so called step-by-
step approach [5,26]. This management scheme is similar to that
used in case of ECF and is based on diagnosis and stabilization,
anatomic definition and fistula reconstructive surgery if needed.
Therefore, the management of EAF requires a multidisciplinary
team involving surgeons, nursing wound care and nutritionist.
The objectives of EAF treatment are control of intestinal effluent,
limiting the exposure of surrounding viscera and granulation tis-
sue, eliminating infection, and achieving the best physical condi-
tion before definitive reconstructive surgery.However, the major
treatment particularities of EAF are the effluent control difficul-
ties and complexity of reconstructive surgery. Once EAF is di-
agnosed, the control of sepsis and fluid resuscitation constitute
the priority because these patients may have already a protein
loss with frequently a sepsis from localized wound infection or
abdominal deep abscess [26]. The first step in presence of EAF is
to eliminate a deep abdominal sepsis and an unrecognized con-
current deep EAF. Abdominal CT scan should be performed as
soon as possible after EAF diagnosis to exclude intra-abdominal
sepsis, if present, the sepsis should be drained with radiologi-
cal assistance [29,30].Importantly, the second step is to define
the fistula mapping and evaluate how much contiguous bowel
is available for eventual introduction of enteral nutrition [5].To

achieve this goal, some investigations such as fistulography and
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oral dye ingestion (as bleu methyl) may be more helpful when

used in combination with CT scan[5].
7.1 Effluent control/Skin protection

Controlling the effluent, protecting the exposed bowel, the gran-
ulation tissue and the skin surrounding fistula from erosion,
inflammation and potential infection should be planned very
early to limit consequences.A poorly controlled EAF constitutes
a source of embarrassment and discomfort for the patient and
frustration for the medical team. Subsequently, it results in the
consumption of a tremendous amount of nursing and dispos-
able medical resources. The intestinal content is very corrosive,
so early the control of EAF output is critical to limit skin damage
that may limit options for subsequent control.First step is to stop
oral intake and bowel rest decreases the fistula output signifi-
cantly. The second step is to use techniques that allow fistula ef-
fluent control and protection of the surrounding tissue and skin.
Several methods and systems have been developed to achieve
effluent control and skin protection [32-35].Agents such as cel-
lular dermal matrix and fibrin glue have been used to attempt
local fistula closure; however, the failure in clinical practice was
due to the moisture and continuous intestinal peristalsis[36].
Also performing local extra peritoneal repair of fistula hole fol-
lowed by split-thickness skin graft to cover the exposed bowel to
transform thus EAF to stoma has been described with limited
clinical success [37]. Creation of a “floating stoma” which con-
sisted of suturing the perforated wall bowel to a plastic silo piece
with hole in it, allowing separation of draining intestine from the
peritoneum beneath it [38]. This technique has been reported to
be useful in specific circumstances particularly in case of deep
EAF [38].

The techniques combining negative-pressure wound manage-
ment systems with ostomy appliances are more promising with
the objective to control fistula effluent, allow granulation of the
surrounding tissue, protection of skin and prevention of un-
derlying bowel from trauma [34,39,40]. The original technique
initially described by Goverman et al in 2004 [41], consisted of
covering the open area and exposed bowel and applying a nega-
tive —pressure system to the dressing.So the open abdomen area
is covered with a thin layer of impregnated gauze with a hole cut
out for fistula opening.In similar fashion, sponges with a hole to
accommodate the fistula opening and then a polyurethane drape
are placed. Once placed, a hole is cut on the drape and an ostomy
appliance or catheter is placed over or within the fistula opening,
and then the negative pressure is applied to the entire dressing.
Over the years, a few modifications have been added to original
technique. As demonstrated by published reports, the negative
pressure wound therapy system (NPWT) is very useful to con-

trol EAF output and to protect and improve surrounding granu-
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lation tissue healing [Figure 2][ 42,43]. However, the involve-
ment of the stoma therapist or experienced wound care team is
highly required [44].The wound care team is more familiar with
the akin protection materials such as stoma paste and powder
which should be used early. Stoma paste and powder can be used
to improve isolation of the fistula. In absence of these care re-
sources, transfer to high level care should be considered.More
recently, negative —pressure wound management system has
been adapted and used to control the effluent and stop ongoing
peritoneal contamination in deep EAF [44,45]. “Floating stoma”
method has been used to control deep effluent and limit perito-
neal diffusion of infection [38].As reminder, deep EAF with an
open abdomen is a surgical emergency in critically illness situa-
tion. The goal of surgery is to strictly achieve drainage control of
digestive content and to transform such fistula to superficial EAF
without attempt to perform any sort of surgical fistula procedure.
Therefore, performing fistula surgery in such case can result in
increasing intestinal wall defect and aggravating already com-
plicated clinical situation because of bowel edema, mesenteric
shortening, and vascularized adhesions [41].There is no specific
system designed for the purpose of EAE however,considerable
efforts of the care team are required to design a custom device for
patient with EAF and to ensure its effective use on a daily basis.
Once the surrounding tissue granulation is achieved, the granu-
lating area is covered by a split-thickness skin graft and thus EAF
is managed much likely as a conventional stoma until time of

fistula and abdominal wall reconstructive surgery.

Figure 2: Negative wound pressure system.

7.2 Nutrition

The introduction of early nutrition is key of success in patient
with EAENutritional troubles are present in 50% to 90% of pa-
tients with an ECF and contribute significantly to the overall
morbidity and mortality [46, 47]. Therefore, adequate nutrition
is essential for these patients to achieve an acceptable nutritional
condition.The goal of nutrition support in patients with EAF is to
prevent malnutrition while controlling fistula effluent and not to

promote fistula closure [35].Therefore, immediately upon diag-
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nosis, correction of fluid and electrolyte imbalances are required
to normalize acid base balance and quit the inflammatory pro-
cess. The fluid needs can be very high in the early phase depend-
ing principally on the GI tract losses and secondarily on losses
due to sepsis and fever. However, the GI tract losses can vary
widely depending on the site of EAF. When fistula site is on the
proximal jejunum, the fluid losses are important and so knowl-
edge of GI fluids composition is necessary to effectively treat and
prevent abnormalities [Table1].The development of PN was the
most important advances made in the ECF management.The PN
should be introduced as soon as the EAF diagnosis has been es-
tablished and patient had been resuscitated and sepsis treated.
The purpose of nutrition support is to meet the patient metabolic
needs while a definitive management is planned [5,48]. The high
fistula output and fluid losses from an open abdomen should be
taken in consideration when calculating the patient nutrition
needs. Up to 75 g/d of protein is normally absorbed by the small
bowel [49]. The fluid loss from open abdomen containsup to 2 g
of nitrogen per liter and so it should not be underestimated [49].
The calorie and protein needs may reach kcal/kg/d and 1.5-2.5
g/kg/d in case of a high-output fistula 30.However, care should
be taken to avoid overfeeding consequences.Supplementation in
copper, folic acid, vitamin B12 and C, and trace minerals may
be necessary in patient with long-standing small-bowel fistulas
[48].As shown, the spontaneous fistula closure rate was doubled
after nutritional supplementation addition. [1,48,50] However,
the heterogeneity of population involved in the studies and the
predominance of the retrospective nature of these studies made
more difficult to predictaccurately the timing and rate of spon-
taneous healing [1,48].As suggested by some studies, the fistula
closure rates and mortality have been positively affected by PN
[51] but until to date, there is no strong evidence that ECF clo-
sure is increased with PN alone [52]. Although in some cases, PN
may be the only nutritional support that patient tolerates, enteral

feeding is possible in large series of patient with ECF [53,54].

Enteral nutrition should be attempted once the fistula anatomy
is defined and feasibility of enteral feeding is determined by the
management team. The enteral nutrition is beneficial by preserv-
ing the mucosal barrier and immunologic function of the intes-
tine resulting in decreasing infectious complications.The abso-
lute contraindication to enteral nutrition is insufficient length
(usually <75 cm) of usable bowel. The quality of the remain-
ing small bowel is also important.The length of usable bowel
can be difficult to estimate, however upper GI series, magnetic
resonance enterography, and CT scan are useful to make a rea-
sonable estimation. Enteral nutrition can be administrated by
surgical tube-jejunostomy, passage of tube distal to fistula, and
fistuloclysis.However, establishing an enteral feeding access can

be difficult in some cases and teamwork perseverance is required
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in these circumstances [5]. Fistuloclysis is a technique which
consists of providing an enteral feeding through the fistula open-
ing. The fistula effluent is collected from the proximal fistula limb
and reinstilled into the distal limb. This is very useful to maintain
fluid and electrolyte balance. fistuloclysis technique can be used
to introduce an enteral nutrition by inserting a tube through the
distal intestinal limb and the tube must be maintained in stable
position avoiding migration and obstruction. Feeding a patient
with EAF is reasonably started with standard polymeric formula.
Exceptionally, if the usable bowel has a very short length less than
120cm, and patient does not tolerate the polymeric formula or
experiences high fistula output, the patient should be switched to
an elemental or semi elemental feed. As reported, the use of fis-
tuloclysis with polymeric or elemental feeds resulted in patients
with ECF resulted in the liberation of an important number of
them from PN [55].

The introduction of Immunonutrition (glutamine) in critically ill
surgical patients showed a reduction in infectious complications
without effect on mortality [56].Glutamine which is the primary
nitrogen constitutes an energy source for the enterocyte and has
a large effect on immune function and overall outcomes [56].
Glutamine has more pronounced positive effects when it is ad-
ministrated parenterally [57].As reported, the combined use of
oral glutamine with PN in high output fistula had been associ-
ated with accelerating healing and decreasing mortality without
change in hospital stay length [58].However, regarding the limit
data in the EAF patients, the administration or oral glutamine
in the hope to decrease overall inflammation and fistula effluent
seems to be probably safe.

Table 1:Electrolyte Composition of Gastrointestinal Fluids.

Electrolyte (MEQ) | Na+ K+ cr HCO,
Stomach 60-80 @ 15 100 0
Bile 140 | 5-10 100 40

Small bowel 140 20 100 | 25-50
Large bowel 75 30 30 0

7.3 Medical treatment

Somatostatin is a hormone principally produced by the delta
cells of the pancreas. Somatostatin and its analogues (octreo-
tide) have an inhibitory properties including decrease of enteric
secretions, suppression of gastrointestinal hormones, reducing
of gastric emptying rate, and having a splanchnic vasoconstric-
tive effect [59,60]. Based on these inhibitory properties, the use
of somatostatin has been advocated in the treatment of ECFs to
reduce the fistula output volume [61]. Oppositely to somatostatin
which has a short half-life (1-2 minutes) requiring continuous
infusion[62], Octreotide is a longer-acting analogue with a half-
life of 113 minutes allowing intermittent subcutaneous dosing

and it’s has a wide use in ECFs treating[61]. The efficacy of this
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medication has been evaluated by measuring the impact on the
fistula output volume, time to closure, and fistula closure rates.
As demonstrated by investigations, both somatostatin and oc-
treotide have an effective effect in decreasing the fistula output
volume by as much as 40%-93% [60]. This reduction in output
would be very beneficial in improving quality life and prognosis
of patient with high output fistula volume by facilitating wound
care and decrease damage to bowel and surrounding granulation
tissue[60,62]. The combined use of TPN with somatostatin has a
synergistic effect on the reduction of intestinal secretions and the
improvement of fistula closure rates [60].Several controlled trials
demonstrated the significant improvement of these medications
on the time to closure of ECFs [62-65].0n the other hand, most
reports showed no effect on the actual rate of closure after use of
somatostatin and its analogues [59,65]. This may be interpreted
as a failure of conservative treatment which can be more likely
related to fistula nature, such as its location, presence of distal ob-
struction, or malignancy.In addition, the octreotide can have an
adverse effect on immune function and can reduce the splanch-
nicand portal blood flow [66], so care must be taken when using
this medication.The use of Proton pump inhibitors and H2 re-
ceptor antagonists did not show any positive effect on the fistula

output and the spontaneous closure rate [3,10].
8. Reconstructive surgery
8.1 Timing of surgery

Defining the appropriate time to perform definitive reconstruc-
tive surgery for EAF after failure of conservative treatment is un-
clear in the absence of level I data supporting any specific period
of delay. Timing of reconstructive surgery for EAF and AWR
should be individualized according to patient characteristics.
Softening of intra-abdominal adherences, resolution of inflam-
matory processes and abdominal sepsis, achieving a best nutri-
tional condition of patient, providing adequate wound care and
reduction in the risk of bowel injury take more time usually lon-
ger than 3 months before conditions become ideal for surgery.
Therefore, surgical judgment based on these multiple factors is
likely the key to success. Longer time interval to surgery is associ-
ated with lower rates of fistula recurrence, morbidity and mortal-
ity [67-74]. So at least a waiting period of 6 months or longer af-
ter fistula formation is highly recommended by specialized center
authors [71-74].

8.2 Fistula surgery

The risk factor that it can be modified is the surgical technique.
Bowel resection was superior to over sewing and wedge repair,
and complete resection of the affected intestinal segment was
associated with lower rates of fistula recurrence [67,72,75].The

preferred anastomosis technique between stapled and hand-sewn
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repair, the use of CST resulted in significant increase of the in-
tra-abdominal volume without pulmonary compromise [84].So
restoring the lost domain may be possible after CST use without

respiratory repercussions related to the loss of thoracic volume.

The major inconvenient of the anterior CST is large bilateral skin
flaps resulting from necessary dissection for exposure and flap
complications were the most wound matter noted in this proce-
dure.The seroma and potential infection are common after per-
forming anterior CST. The use of fibrin sealant has been shown to
decrease seroma and wound infection rates [82], Also eliminat-
ing the dead space by performing numerous “quilting” mattress
sutures has been reported to reduce seroma formation.The use
of minimally invasive technique has been described to achieve
lateral release by creating small tunnels from the midline incision
instead of large flaps [85]. Although the use of a large midline
incision approach with avoiding to create a large flap with their
attendant wound morbidity, this technique is ideal method for
a single —stage repair of EAF [85]. Therefore, laparoscopic and
minimally invasive approaches are likely useful to achieve a func-
tional abdominal wall with avoiding morbidity related to exten-

sive open procedures [86-88].
9. Summary

Enteroatmospheric fistula (EAF) is a feared and challenging
complication for the clinical team. The open abdomen (OA) is
associated with high risk of EAF formation.The multidisciplinary
approach is the key of successful management. The principles
treatment is based on the patient resuscitation, the elimination of
an abdominal infection, the control of fistula effluent, the wound
care and the introduction of nutritional support. Thespontaneous
healing of EAF is extremely rare and definitive surgery should be
postponed until obtaining a best physical condition of patient.
The abdominal wall reconstruction is a complex and high risk
surgery. The abdominal wall repair can be staged or concomi-
tantly performed with fistula surgery. Several factors may influ-
ence the determination of the appropriate wall closure approach.
However, the prevention remains the best way to reduce the risks
of EAF.
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