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Abstract
Background Entero-atmospheric fistula (EAF) is an enteric
fistula occurring in the setting of an open abdomen, thus cre-
ating a communication between the GI tract and the external
atmosphere. Management and nursing of patients suffering
EAF carries several challenges, and prevention of EAF should
be the first and best treatment option.
Purpose Here, we present a novel modified classification of
EAF and review the current state of the art in its prevention
and management including nutritional issues and feeding
strategies. We also provide an overview on surgical manage-
ment principles, highlighting several surgical techniques for
dealing with EAF that have been reported in the literature
throughout the years.
Conclusions The treatment strategy for EAF should be mul-
tidisciplinary and multifaceted. Surgical treatment is most of-
ten multistep and should be tailored to the single patient, based
on the type and characteristics of the EAF, following its cor-
rect identification and classification. The specific experience
of surgeons and nursing staff in the management of EAF could

be enhanced, applying distinct simulation-based ex vivo train-
ing models.

Keywords Open abdomen complications .

Entero-atmospheric fistula . Abdominal sepsis . Negative
pressure wound therapy (NPWT) . Vacuum-assisted closure .

Small-bowel fistula .EAFmanagement algorithm .Acute care
surgery . Frozen abdomen . Critical care . Fistula prevention .

Review

Introduction

The idea that abdomen can be left open after an emergent
laparotomy started growing at the beginning of the twentieth
century, when Pringle first described the open abdomen strat-
egy in case of traumatic massive hepatic hemorrhage [1].With
the introduction of antibiotics and the advances of intensive
care medicine, the open abdomen (OA) became increasingly
often used and nowadays is recognized as a cornerstone step
of damage control surgery (DCS) [2, 3].

Currently accepted indications for OA [4, 5] are trauma,
abdominal sepsis, severe acute pancreatitis, loss of abdominal
wall (either traumatic or after necrotizing fascitis), intra-
abdominal hypertension or abdominal compartmental syn-
drome (ACS), and acute mesenteric ischemia.

Although DCS and OA have certainly helped in saving
lives, the exposure of abdominal viscera carries itself a signif-
icant and unavoidable burden of morbidity; the most feared
complication in this setting is the entero-atmospheric fistula
(EAF). The onset of an EAF within open abdomen represents
a surgical nightmare, carrying several extremely challenging
issues in the field of critical care and nutritional management;
EAF is therefore associated with significant morbidity and
mortality. Despite the advances in OA management and the
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subsequent decrease of the initial reported mortality rates of
70 %, EAF’s mortality is nowadays still as high as up to 40 %
[6, 7].

Definition

Entero-atmospheric fistula is an enteric fistula occurring with-
in an open abdomen, thus creating a communication between
the GI tract and external atmosphere. This scenario carries
several challenging problems in the management because, in-
stead of an entero-cutaneous fistula, there is neither a proper
fistula tract nor skin or a well-vascularized tissue surrounding
or overlying the fistula opening; all these factors making the
spontaneous closure of the fistula almost impossible to
achieve.

Incidence and etiology

With the increasing use of DCS and OA, EAF incidence is
actually growing. The real incidence of EAF is not known, but
a recent meta-analysis by Atema et al. [8] reported rates of
fistula ranging from 5.7 to 17.2 % in non-trauma patients. In a
large series of OA for the management of abdominal sepsis,
the incidence of EAF was even higher, reaching 54.5 % [9].

The significant variability in the incidence rates may be
explained by the etiology of EAF that can vary widely.
Obviously, any trauma to the bowel occurring during the in-
dex operation or at the time of dressing changes can result in
EAF formation, especially when the bowel is desiccated and
dehydrated due to the exposure to the atmospheric air; for this
reason, every attempt should be made to achieve as soon as
possible the definitive closure of the open abdomen, because
the longer the abdomen is left open, the greater is the risk of
EAF [10]. Additionally, anastomotic leakage, ongoing bowel
ischemia, distal bowel obstruction, and adhesion of the bowel
to the fascia may cause an EAF.

The risk factors associated with EAF development are
still largely undetermined. Two recent studies have
attempted to answer the question about possible risk fac-
tors of EAF; the first is a multicenter prospective observa-
tional study by Bradley et al. [11] and demonstrated that
large-bowel resection, large-volume resuscitation, and an
increasing number of re-explorations were statistically sig-
nificant predictors for development of a fistula in an open
abdomen after trauma, and the second study is a retrospec-
tive dual-center analysis by Richter at al [7], who found
that bowel perforation, anastomotic leakage, and ACS
showed a significant association with the occurrence of
EA fistulas, but the only significant predisposing factor
for fistula formation was the presence of diverticulitis.

Classification

EAFs are classified according to different criteria. In first in-
stance, EAF can either be deep or superficial. A deep EAF
(Fig. 1) is a truly challenging situation, with the fistula arising
deeply inside the OA and draining directly inside the perito-
neal cavity, thus causing an ongoing peritonitis; whereas a
superficial EAF (Fig. 2) drains on top of a granulating abdom-
inal wound and, as a consequence, is easier to approach and
manage, a superficial EAF is mainly associated with chal-
lenges in the stoma/wound management.

The anatomic classification is based on the segment of GI
tract involved, if the fistula that originates from stomach, du-
odenum, jejunum, or proximal ileus is classified as proximal;
otherwise, if the fistula did onset from distal ileus or colon, it is
classified as distal.

EAF can be also divided into the following three categories
according to the daily output: low output (<200 ml/24 h),
moderate output (200–500 ml/24 h), and high output
(>500 ml/24 h) [12–14].

These classifications are extremely important for planning
the optimal management, because distal and low-output EAFs
are well known to be more likely able to close spontaneously
when compared to those more proximal and high-output
EAFs. Moreover, the location deep in the peritoneal cavity is
considered to be a surgical emergency due to the ongoing
peritonitis and should be treated immediately [13].

Furthermore, the onset of an EAF represents the worst
higher grade of open abdomen, according to Bjork classifica-
tion [15], depicting the worst possible scenario for an open
abdomen.

A further criterion for classifying EAF (Table 1) is the
presence of single (Fig. 1) vs multiple (Fig. 2) fistula open-
ings, as described by Di Saverio et al. [41], because the num-
ber of fistula openings and their distance from each other have
significant implications in the decision of the best suitable
management option and in achieving an effective control
and diversion of their output.

Prevention

As expected, the best treatment option for EAF is primary
prevention. As for entero-cutaneous fistulas, knowing the
causes and risk factors for fistula formation represents the
most effective measure for prevention and definitive treat-
ment. The factors associated with development and mainte-
nance of entero-cutaneous fistulas (ECFs) are traditionally
listed in the mnemonic acronym FRIENDS (F foreign body,
R radiation, I infection or inflammatory bowel disease, E ep-
ithelialization, N neoplasm, D distal obstruction, and S short
tract <2 cm); on the opposite, the factors associated with de-
velopment of EAF during an open abdomen are less clearly
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determined and multiple factors can be recognized such as
anastomotic disrupture, deserosalization, exposure of
dehydrated and desiccated bowel to equipments and material
used for temporary abdominal closure, adhesions, severe
wound infections, severe trauma, bowel ischemia, visceral
trauma during dressing changes, and negative pressure wound
therapy (NPWT). The multidisciplinary team, which is in
charge for the care of patients with OA, must be aware of
the possibility of EAF formation, and every attempt should
be made to prevent fistula formation. Desiccation of bowel
loops and unrecognized micro-trauma occurring during dress-
ing changes seems to be the trigger factor most frequently
associated with fistula formation. Any rough and/or direct
contact between the viscera and the devices used for tempo-
rary abdominal closure must be avoided or minimized, and the
use of the greater omentum to cover the bowel as well as
protecting the viscera with a fenestrated plastic sheet extended
from one paracolic gutter to the other are all viable strategies;
non-absorbable prosthetic meshes are not recommended, as
they can erode the abdominal viscera leading to fistula forma-
tion. Whatever dressing is chosen to apply, the treating sur-
geons must pay attention to the complete sealing of the ab-
dominal cavity from the outside environment; this should pre-
clude the exposure of bowel loops to the atmospheric air and

prevent their desiccation. Aggressive tissue preparation and
extensive debridement should be performed only when abso-
lutely necessary for interrupting or controlling the ongoing
sepsis process. Early split thickness skin graft or cadaveric
skin graft over the granulating viscera surrounding the fistula
can help to protect the viscera and facilitate the EAF manage-
ment. Furthermore, dressing changes should be carefully
planned and should be performed only, or at least supervised,
by senior attending surgeons with specific expertise in OA
management, in order to decrease the risk of accidental bowel
injury. Given the rarity of EAF, gaining a specific expertise in
EAF management is hard to achieve in vivo on the patients,
except for the few surgeons who are working in high-volume
mature trauma and acute care surgery centers or in tertiary
referral centers. A new concept for developing a simulation-
based, ex vivo, training device for open abdomen manage-
ment, with the aim to help the junior or un-experienced surgi-
cal and nursing staff in gaining a specific expertise in dressing
and nursing within the setting of an open abdomen, might be
beneficial.

Closing the abdomen as soon as possible remains the best
strategy for preventing EAF formation, because any
prolonged duration of the bowel exposure to the outside en-
vironment invariably results in an increased rate of complica-
tions, including EAF formation [10].

The most frequently used temporary abdominal closure
technique in OA management is the NPWT [16]. It was hy-
pothesized that NPWT may be associated to and facilitate the
development of EAF, but this controversy has now largely
been contradicted [17, 18]. However, in an animal study per-
formed by Lindstedt et al., higher levels of negative pressure
suction resulted in a measurable reduction in bowel blood
flow; this may ultimately induce ischemia and secondary ne-
crosis in the intestinal wall, which could finally promote the
development of intestinal fistulae [19, 20]. Although the clin-
ical impact of this observation is still uncertain, there is a
tendency toward a word of caution and use of lower pressures
in suction [21].

Risk factors for fistula formation and practical suggestions
for any corresponding preventive measures are summarized in
Table 2.

Nutritional issues and management nutritional
strategies

Patients with EAF always need a multidisciplinary approach
for achieving an optimal multifaceted management, because
of their extremely complex anatomical and pathophysiology
derangements. As early as 1964, Chapman et al. [22] noted
that malnutrition was the leading cause of death in patients
with ECF andmortality was considerably reduced with a daily
intake of at least 1500 Kcal; since then, nutritional support has

Fig. 1 Image of a deep EAFwhich is a truly challenging situation, with a
fistula arising deeply inside the OA and draining directly inside the
peritoneal cavity

Fig. 2 Image of a superficial EAF, draining on top of a granulating
abdominal wound
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gained a pivotal role in the management of the critically ill
patients with enteric fistulas. Patients with OA and EAF are
not different than those with ECF; they are in a virtually end-
less hypercatabolic state, secondary not only to the loss of
fluids and bowel contents but also to the ongoing peritonitis
and activation of the stress response. Furthermore, the high
amounts of fluid and nutrient losses from fistula output invari-
ably lead to fluid depletion, electrolyte imbalance, and
acid/base disturbances as well as malnourishment status [14,
23, 24].

For several decades, total parenteral nutrition (TPN) has
been the standard of care for severely injured patients, because
of the widespread common belief that these patients are intol-
erant to enteral nutrition (EN) or that EN is contraindicated;
traditionally, patient with OA have been maintained nil-per-
mouth until enough time has passed after closure of the ab-
dominal fascia, because of the concerns about paralytic ileus,
bowel edema, additional delays, and difficulties of fascial clo-
sure due to bowel distension and the fear of micro-aspiration,
resulting in a significantly higher potential risk of aspiration

and inhalation pneumonia. In the last decade, however, nu-
merous studies have challenged this belief and the manage-
ment of open abdomen and EAF have significantly changed
following the evolution of the concepts about enteral nutri-
tional support; in fact, multiple studies have demonstrated
the beneficial effect of EN and its feasibility even in patients
with OA and EAF, showing a protective effect of EN from
infectious complications without affecting the feasibility of
fascial closure [25, 26].

Despite the great advances in parenteral and enteral formu-
lations, nutrition of patients with OA and EAF can be really
challenging and some basic principles should be kept in mind.

– The initial step of nutritional management must be the
stabilization of the patients with aggressive treatment of
sepsis, by either surgical or medical techniques, and rapid
correction of any fluids, electrolytes, and acid–base
imbalances.

– Hydration and volume status should be meticulously
monitored throughout the entire length of hospital stay;

Table 1 An updated EAF
classification Anatomic location Proximal Stomach, duodenum, jejunum, and proximal ileus

Distal Distal ileus, colon

Output volume Low <200 ml/24 h

Moderate 200–500 ml/24 h

High >500 ml/24 h

Location inside the open
abdomen

Superficial Drains on top of a granulating abdominal wound

Deep Drains intestinal content inside the peritoneal cavity

Number of fistula openings Single fistula Only one fistula opening

Multiple nearby fistulas Two or more fistula openings in close proximity

Multiple distant fistulas Two or more fistula openings at a distance from
each other

Modified from Di Saverio S, Tarasconi A, et al., Open abdomen with concomitant entero-atmospheric fistula:
attempt to rationalize the approach to a surgical nightmare and proposal of a clinical algorithm. In: Journal of the
American College of Surgeons: Elsevier; 2015:e23-33)

Table 2 EAF prevention: risk
factors and suggested preventive
measures

Risk factors Preventive measures

Bowel desiccation -Protect the viscera with a fenestrated plastic sheet

-Choose temporary closure systems that completely seal the abdominal cavity

Ischemic insult -In case of NPWT, a trend toward lower suction pressures could avoid
ischemic insult

Mechanical trauma -Cover bowel with great omentum

-Senior surgeon attending every dressing changes

-Avoid any contact between temporary closure system and viscera

-Avoid unnecessary aggressive tissue preparation and extensive debridement

-Avoid prosthetic mesh application

Prolonged open abdomen -Choose a temporary closure system able to prevent fascial retraction

-Carefully plan dressing changes

-Close abdomen as soon as possible
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properly, accurate vacuum-assisted closure (VAC) dress-
ings could be truly helpful, because they allow the correct
quantification of fluid losses and may significantly reduce
the evaporation across the open wound [27].

– Interval nutrition with TPN should be started as soon as
possible.

– A correct definition of the anatomy of EAF is mandatory
for a proper patients’ nutrition; the critical target of this
phase is to determine the total length of the remaining
bowel and how much continuous bowel surface or func-
tioning absorbing bowel is available for EN. Determining
the fistula anatomy and accurate measurement of bowel
length can be particularly challenging in case of multiple
EAF, and it can be accomplished with the aid of comput-
ed tomography, magnetic resonance enterography,
fistulography, ingestion of dye or charcoal, and passage
of enteric tubes used as landmarks during subsequent re-
imaging [28]. Furthermore, the knowledge of the electro-
lytes composition of the GI fluids is also necessary [29].

– Obtaining a functioning and effective feeding access can
be extremely challenging; TPN requires a central venous
access, bringing itself a great burden of complications,
either infectious, thrombotic, or related to the insertion
site. Alternative central routes are associated to lesser
infectious complications and can bemaintained for longer
periods such as Btunneled^ cuffed central venous catheter
(CVC) (including HICKMAN™ and BROVIAC™) or
tunneled non-cuffed CVCs. Other alternative options
can be percutaneously inserted central catheters (PICCs)
or midline catheters. Nonetheless, EN access should be
safer and easier to establish and maintain, using as many
small-bowel segments for absorption as possible [30].
Thus, enteral feeding access should be tailored upon spe-
cific patient characteristic and multiple possibilities are
available; nasogastric or nasojejunal tubes, jejunostomy
or fistuloclysis, are the most commonly used [31, 32].

– A reliable nutritional assessment and monitoring and the
creation of a nutritional plan play of pivotal importance.
There are different nutritional markers currently available
for a reliable estimation, such as the Harris-Benedict
equation, which can be used for the initial evaluation;
corrections should be made to the basal energy expendi-
ture obtained from empiric equations in accordance to the
specific characteristics of the single patient. High-output
fistula will usually require 1.5–2 times the usual calories,
because of ongoing losses; supplementation of vitamins
and trace elements is crucial, and a correction of 2 g of
nitrogen per liter of abdominal fluid lost from the OA is
necessary to maintain a positive nitrogen balance [33].

– Enteral feeding should be started as soon as possible; the
benefits of early EN compared to TPN are well known
and supported by a great body of literature [25–31,
33–36]. These advantages include preservation of the

intestinal mucosal barrier and its immunological function
[36] and a reduced rate of infectious complications.

– The ultimate aim in feeding patients with EAF is not just
to prevent or treat malnutrition but also to manipulate the
stress response to injury and infection and improve the
patient’s outcome [37].

– EN can increase EAF output, so the greatest efforts must
be made to obtain the complete and effective diversion of
fistula effluent.

In this scenario, the reduction of gastrointestinal secretions
could be helpful in reducing fistula output and facilitate efflu-
ent control; gastric secretion can be decreased using H2 recep-
tor antagonists or proton pump inhibitors [38], while
somatostatine and its analogues [36, 38–40] are used to reduce
pancreatic and gastric secretion, mesenteric blood flow, and
gastric and gallbladder emptying. These drugs are usually ef-
fective in reducing fistula output, but caution must be used
because they can also inhibit the secretion of insulin and
glucagon.

Management

Principles of management

If all above-cited precautions fail and an EAF develops, many
of the principles used for ECF management can also be ap-
plied in managing EAF. Assuming that the best therapeutic
option, i.e., a proximal bowel diversion, is almost invariably
impossible for several reasons, such as mesentery retraction
and edema, Bfrozen abdomen,^ and abdominal wall tissue loss
or retraction; the main target of the treatment is to completely
divert the fistula output, protecting surrounding viscera and
allowing clean granulation of the exposed bowel. A high de-
gree of heterogeneity remains among the several surgical tech-
niques described in the literature, and no single approach
would prove to be ideal in every circumstance; the clinical
algorithm for EAF management is constantly changing. For
this reason, we hereby suggest a modified and improved ver-
sion (Fig. 11) of the previous clinical algorithm we have re-
cently proposed [41] in an attempt to further rationalize the
approach to EAF. All the available surgical options for fistula
diversion are listed in the following paragraph.

Surgical techniques for fistula management

EAF has unique features, therefore making its spontaneous
closure almost impossible to achieve; for this reason, the man-
agement of the fistula should be aimed to completely divert
the fistula output, thus allowing a clean granulation of the
exposed bowel and promoting the fistula to become a chronic
but well-controlled fistula. This result is hard to achieve,
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because of the extreme frailty of the tissues surrounding the
fistula; those tissues are, most times, conglutinated in a Bfro-
zen abdomen^ prohibiting any surgical maneuver, further-
more associated with presence of relevant systemic derange-
ments of the patient, driven by severe dehydration,
hypercatabolic status, and ongoing sepsis caused by the spill-
age of enteric content directly into the peritoneal cavity.

When an EAF appears, a careful exploration of the abdom-
inal cavity must be performed to exclude the presence of other
hidden un-diagnosed fistulas that can maintain the sepsis and
to rule out every condition which can possibly preclude the
closure of the fistula such as the presence of a foreign body, an
inflammatory bowel disease, a neoplasm, or a distal obstruc-
tion; if present, these underlying conditions must be treated
either medically or surgically to increase the chances of fistula
closure and to facilitate the control of fistula effluent. After

that, and before placing any dressing over the open abdomen,
a proper thorough irrigation of the abdominal cavity should be
performed to reduce peritoneal contamination and limit the
ongoing sepsis.

A large spectrum of techniques and surgical devices is de-
scribed in literature; every surgeon usually develops his own
technique, and none of those can perfectly fit well in every
kind of clinical situation. After an accurate review of the lit-
erature about EAF management, below is listed a short sum-
mary of the techniques described so far:

1. NPWT—for many years, it has been considered the only
option for EAF management [18, 42], and some studies
demonstrate that in a small proportion of cases, the fis-
tula can spontaneously heal during NPWT [9]. This
method is the easiest to apply and represents the base
of initial treatment for most of the other following
techniques.

2. Primary suture/fibrin glue or cyanoacrylates/biological
dressing (i.e., human acellular dermal matrix or cadav-
eric split-thickness skin graft) [43–45]—the combina-
tion of these three methods can achieve good results,
especially in case of small fistulas and deserosalizations
(Fig. 3 is showing an attempt of sealing with primary
suture and cyanoacrylates).

3. Floating stoma [46]—this is the first reported attempt to
manage EAF by diverting fistula output and allowing the
abdominal viscera to granulate. Concerns arise about the
traumatic impact on the friable bowel of the running
suture used to create this so called Bfloating stoma.^

Fig. 4 Silo VAC technique for
EAF management in a simulation
model ex vivo. Courtesy of Dr. D.
A. Walczak

Fig. 3 Initial attempt of sealing EAF with primary suture repair and
cyanoacrylates
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4. Fistula VAC [47]—this method represents the first ap-
plication of VAC therapy to EAF management and is
relatively easy and quick to realize. A number of refine-
ments to this technique are present in the literature,
aiming to obtain a better sealing of fistula area from the
rest of the wound, thus avoiding pooling of enteric con-
tents under the sponge [48–51].

5. Tube VAC [52]—the EAF is intubated with Malecot
catheters having a size roughly corresponding to the size
of the fistula; the wound is then covered with a polyure-
thane sponge. The Malecot catheters are pulled through
it, and the entire device is then sealed and a continuous
negative pressure is applied.

6. Pepe’s technique [53]—a hole is made in the central
part of the VAC foam so as to insert three drains.
The sponge surface overlying the bowel wall is cov-
ered with the polyethylene drape to avoid injury of
the viscera. The hole with the drains is placed over
the EAF, and the VAC pad is placed above it in order
to directly drain the intestinal effluent toward the
aspiration system.

7. Silo VAC [54]—the inside wall of a syringe plastic
barrel is wrapped with a petroleum gauze. The stoma
paste is placed on the outer edges of the barrel in
order to get a better sealing. The VAC system is then
applied around the silo on the open abdomen sur-
face, and bowel effluent is drained into a collection
bag placed over the plastic barrel (Fig. 4; silo VAC
in a simulation model ex vivo—courtesy of Dr. D.
A. Walczak)

8. Fistula intubation and conversion to an ECF [55]—the
EAF is intubated with Malecot catheter which is then
tunneled through adjacent mobilized skin-subcutaneous
flaps, converting the EAF to a sort of ECF with a long
channel, surrounded by a well-vascularized tissue.
Finally, this fistula tract may be further injected with a
fibrin glue to promote healing.

9. Nipple VAC [56]—a baby nipple is placed over the
fistula opening, a catheter is placed through the tip
of the nipple, a round layer of colostomy paste is
spread under the silicon nipple edges, and the entire
wound is covered by any commercially available
VAC dressing. This method has the great advantage
of being completely atraumatic, but the nipple-tube
complex can be easily displaced, especially during
the maneuvers for nursing the patient (Fig. 5). A
further advantage of this technique is the possibility
of being used for controlling multiple fistula open-
ings, either in close proximity or distant from each

Fig. 6 Nipple VAC technique for EAF management and diversion A
further advantage of this technique is the possibility of being used for
controlling multiple fistula openings, either in close proximity or distant
from each other, because the baby nipple and the attached Pezzer tube are
versatile and can be moved over multiple and distant fistula openings

Fig. 5 Nipple VAC technique for EAF management and diversion. A
baby nipple is placed over the fistula opening, a catheter is placed through
the tip of the nipple, a round layer of colostomy paste is spread under the
silicon edges of the nipple, and the entire wound is covered by any
commercially available VAC dressing. This method is completely
atraumatic, but the nipple-tube complex can be easily displaced,
especially during nursing maneuvers of the patient
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other, because the baby nipple and the attached
Pezzer tube are versatile and can be moved over
multiple and distant fistula openings (Fig. 6).

10. Baby bottle nipple diversion—this is a refinement [57]
of the previous technique, where a small-size Foley cath-
eter is inserted into the fistula hole and the balloon is
gently inflated; this improvement is aimed to obtain a
better seal and a more effective fistula diversion
(Fig. 7). The Foley catheter, inflated and secured inside
the fistula, may be helpful in better preventing the dis-
lodgment of the baby nipple from over the fistula open-
ing (Fig. 8).

11. VAC chimney [58]—a chimney is created with a white
sponge dressing, and the base of this handmade device
can cover the adjacent healthy tissue to avoid leakage of
bowel effluent; the entire dressing is then covered with a
conventional VAC dressing, placing the connector to the
pump directly over the chimney (Fig. 9; VAC chimney in
a simulation ex vivo model—courtesy of Dr. D. A.
Walczak)

12. VAC collapsible fistula isolation device [59]—the base
of collapsible fistula isolation device (wound crown and
fistula solution) is cut open to fit around the fistula, and
the VAC sponge dressing is placed around the isolation
device to create a channel for collecting the fistula efflu-
ent; an ostomy pouch is placed over the channel and can
be also connected to continuous suction, for a better
control of very high output fistulas.

13. Fistula patch [60]—this technique is the first tech-
nique attempting to seal the fistula from inside the
bowel lumen; a soft, flexible gel lamellar is shaped
in order to obtain a round shape and is then folded

and pushed into the fistula. Once inside the bowel, it
will unwrap, working like a patch. This dressing will
remain in place until definitive fistula takedown
surgery.

14. Fistula plug [61]—this method is also aiming to seal the
fistula from inside; a silicone plug is rolled and inserted
into the fistula hole.When the fistula is closed, the thread
will be cut off and the silicon plug will be discharged at
the time of defecation.

15. Pedicle flap—multiple types of flaps are currently de-
scribed in literature [62–67]; however, because they re-
quire a well-nourished patient and a stabilized physio-
logical homeostasis, they are good methods for ap-
proaching EAF in a later stage and after the acute phase
has resolved.

16. Suspension/stoma conversion [65, 68]—in selected
cases, the fistula edges can be mobilized and fixed to
the lateral dermis and converted into a usual bowel
ostomy.

It is easy to figure out that EAFs being single, small, distal,
superficial, and of low output are more likely to close sponta-
neously; in this group of fistulas, it may be worth an initial
attempt of primary closure with sutures and different types of
sealants (fibrin glue and cyanoacrylates) [43, 45]. In contrast,
when dealing with large, deep, proximal, and high-output fis-
tulas, or with multiple openings, primary closure is absolutely
unlikely to be successful; furthermore, the fistula should be
exteriorized as much as possible outside the abdominal cavity,
thus creating a flat surface where a diversion device can be
applied more easily. Finally, as already stated, the possible
presence of multiple fistula openings can make the local

Fig. 7 A small-size Foley
catheter can be inserted into the
fistula hole, and the balloon is
gently inflated; this improvement
aimed to obtain a better seal and
prevent leaks, therefore obtaining
a better fistula diversion
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situation even more complicated to manage and requires a
surgical technique for controlling the output which should
be easy and quick to apply and occupying only small space
in the OA; this aim can be achieved by using the nipple VAC
or the baby bottle nipple diversion technique.

All these management options are aimed to bridge the pa-
tient to a delayed definitive treatment when the sepsis and the
peritonitis are resolved and the surrounding bowel has granu-
lated enough to allow the definitive Bclosure^ of the wound
either by skin grafting or use of any other biological materials.

Definitive surgery for fistula resection and abdominal wall
reconstruction should be delayed for at least 8–12 months, to
allow proper loosening of the visceral adhesions, and should
be performed only when the patient is well nourished and has
reached a well-balanced physiological homeostasis. Multiple
surgical approaches for definitive fistula takedown and ab-
dominal bowel reconstruction may be required in a multistep

Fig. 9 VAC chimney technique
for EAF management in a
simulation ex vivo model.
Courtesy of Dr. D. A. Walczak

Fig. 10 Simulation device of an open abdomen with EAF for ex vivo
training in surgical technique management and nursing of EAF. Courtesy
of Dr. D. A. Walczak

Fig. 8 A Foley catheter can be inflated and secured inside the fistula, for
better preventing the dislodgment of the baby nipple from over the fistula
opening
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fashion, and several strategies are described in literature [13,
63, 69–72].

Simulation-based training for the surgical
management and nursing of EAFs

Since the management and good outcomes of patients with EAF
are clearly related to an optimal management performed by ex-
perienced surgeons and specifically trained nursing staff, confi-
dent in the management of such rare but challenging situations,
the idea of a training device to get the surgeons and nurses staff
becomingmore experienced in dealingwith this conditionwould
be definitely beneficial. Such educational system may improve
the hands-on ability in handling EAF and subsequently improve
the outcomes. The new concept for developing a simulation-
based, ex vivo, training, with the aim to help the junior or un-
experienced surgical and nursing staff in gaining a specific ex-
pertise, might be therefore beneficial. A specific OA and EAF
simulation trainer has been created and developed byWalczakD.
A. et al. from the John Paul II Memorial Hospital, Belchatow,

Poland, which is able to reproduce a reliable simulation of anOA
situation, with or without concomitant EAF, and therefore to
make every surgeon or nursing staff able to become confident
with all the currently available techniques for EAF management
and to practice the dressing of such conditions. Planning specific
studies and obtaining future clinical data on the outcomes
achieved before and after specific training sessions and gain of
expertise with such a simulation trainer might be able to eventu-
ally demonstrate a reduction in the incidence of EAF and/or
improvements in their management and long-term outcomes
(Fig. 10; simulation device for ex vivo training in surgical
technique management and nursing of EAF—courtesy of
Dr. D. A. Walczak).

Conclusions

Prevention and management of EAF are extremely challeng-
ing and should be targeted upon the specific patients’ charac-
teristic on a case-by-case model; key points of the treatment

Open abdomen
with EAF

small and/or low output 

�istula

Large and/or moderate/high 

output �istula

Single EAF Multiple EAF

Fistula seal

No seal

Tube VAC

Baby bottle 

nipple diversion

VAC Chimney

Deep EAF Super�icial EAF

Primary sutures

Primary sutures 

with biological 

dressing 

Fibrine glue or 

cyanoacrylates 

with biological 

dressing 

NPWT

Fistula VAC

Pepe’s technique

Silo VAC

Tube VAC

Fistula intubation and conversion to 

an ECF

Fistula plug

Fistula pach

Nipple VAC

Baby bottle nipple diversion

VAC Chimney

VAC Collapsible �istula isolation 

device

Acute �istula –

uncontrolled sepsis

Tube VAC

Baby bottle 

nipple 

diversion

Chronicized �istula –

controlled sepsis

Planned �istula takedown 

(after 6-12 month)

Cadaveric skin graft

Autologus split thickness 

skin graft 

Pedicle �laps

Suspension/stoma 

conversion

Biological dressings

Fig. 11 An updated algorithm for EAF management
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are (1) diversion of fistula effluent, blocking the contamina-
tion of the peritoneal cavity, and the associated sepsis and (2)
prevention of malnutrition, dehydration, and electrolyte im-
balance with a proper parenteral/enteral nutrition.

A multidisciplinary approach is mandatory, with close col-
laboration among surgeon, anesthetist and ICU attending, nu-
tritionist, psychologist, and specialized nurses.

A great degree of confusion characterizes the EAF man-
agement, and the variety of techniques proposed, as well as
the continuous release of new review articles [13, 73] trying to
summarize the several surgical techniques and treatment strat-
egies, are still not able to clarify which one is the optimal
strategy in case of EAF onset. Although it is almost impossi-
ble performing randomized controlled clinical trials for such a
complex condition, the need for prospective observational
studies and multiinstitutional prospectively collected regis-
tries, with a clear description of included patients and thor-
ough data collection, including indications and management
for OA, classification and management of EAF, and outcomes
and follow-up, is noteworthy for achieving definite improve-
ments in the outcomes of such patients. Meanwhile, for opti-
mal management of EAFs, we strongly suggest planning a
multidisciplinary and multifaceted treatment strategy, with
the choice of a multistep surgical treatment which should be
better tailored on the type and characteristics of the EAF,
based on their correct identification and precise classification
(following our updated algorithm shown in Fig. 11).
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