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Enteroatmospheric fistulas (EAF) are rare but challenging and morbid complica-
tions of abdominal surgery and require time- as well as resource-consuming man-
agement. Furthermore, they severely affect patients' quality of life. Several
treatment modalities for EAF management are described in the literature. We
describe 3 consecutive cases of EAF treatment by employing negative pressure
wound therapy (NPWT) along with either a special silicone fistula adapter or a
Silo-Vac-like system in another case to isolate the fistula from the remaining
abdominal wound. Spontaneous fistula closure was achieved in 2 of the 3 cases,
and surgical resection of the small bowel segment harbouring EAF opening was
possible in a third case after wound conditioning. The rate of fistula closure was
100% (n = 3/3). Compartmentalisation of the contaminated area using NPWT
accelerated healing of the open abdominal wound remarkably. In summary, we
present a useful tool for the challenging management of EAF and review the liter-
ature on different treatment options of EAF available today.
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1 | INTRODUCTION

Enterocuteaneous (ECF) and enteroatmospheric fistulas
(EAF) are rare but challenging complications of abdominal
surgery. Furthermore, they are associated with high morbid-
ity and mortality and remarkably impair patients' quality of
life.' EAF is defined as a pathological communication
between the intestinal lumen and the surface of an open
abdominal wound.">*® They can be classified by the amount
of daily faecal output (high/low), location in relation to the
abdominal cavity (superficial/deep), the involved intestinal
segment (proximal/distal), and the number of fistula open-
ings (single/multiple).* Inadequate treatment of laparostomy
can also cause EAF."**>78 While mortality rates associ-
ated with EAF decreased over the last years due to progress
in perioperative management, some authors still report

enteroatmospheric fistula, fistula adapter, fistula isolation, negative pressure

mortality rates of up to 40%.>* Some authors report an EAF
incidence of up to 10% in patients undergoing open abdo-
men treatment for peritonitis and abdominal compartment
syndrome® and of up to 55% for patients suffering from
abdominal sepsis.* Analysis of 82 consecutive cases docu-
mented in the EuraHS Open Abdomen Route registry dem-
onstrated an incidence of small bowel fistulas of 5.5% in
patients with laparostomy.” There are no data available
quantifying the incidence of ECF or EAF in patients under-
going elective or emergency abdominal surgery. It appears
obvious that patients undergoing extensive adhesiolysis,
even in elective surgery, are at high risk of developing small
bowel leakage due to an undetected injury, which can, in
the worst case, lead to an EAF. All types of enteric fistulas
are medically complex to treat, and their management is
time- and resource-consuming.' =%
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The most effective, but not always possible, treatment
of EAF is resection of the bowel segment harbouring the
fistula opening.'>*'% If this is impossible due to extensive
peritoneal adhesions (frozen abdomen), bridging therapy is
necessary until relaparotomy and elimination of the fistula
can be achieved."** As spontaneous EAF closure is rare
and depends on fistula localisation and output,>*'°
treatment options are needed. For the management of open
abdominal wounds, and even an open abdomen, negative
pressure wound therapy (NPWT) can be considered the
standard of care, but the presence of an EAF complicates
management remarkably. Therefore, the goal is to clean and
condition the wound and avoid faecal contamination by iso-
lating the EAF. Different techniques are described for fistula
isolation, for example, fistula diversion to a floating stoma,
Fistula Vac, Tube Vac, Nipple Vac, and Silo Vac.* All
these techniques are based on individual combinations of
different tools used in stoma care and require creativity as
well as patience. At the end, a stoma bag is placed on the
NPWT dressing to collect the fistula effluent. The silicone
fistula adapter (PPM Fistelapater, PHAMETRA PPM MED-
ICAL GmbH, Herne, Germany) was developed and
described in detail by Jannasch et al.'"' Apart from this
description of the silicone fistula adapter (SFA), no further
data are available regarding the use of SFA.'' In this study,
we demonstrate 3 consecutive cases of EAF treated success-
fully by compartmentalisation in combination with NPWT.

new

1.1 | Patients and methods

Three consecutive patients with EAF and open abdominal
wounds without the possibility of surgical fistula closure
were treated by isolation of the fistula in combination with

FIGURE 1 Silicone fistula adapter (SFA) and
its use in combination with NPWT. A,

SFA. B, NPWT standard foam. C, SFA in
NPWT standard foam
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Key Messages

o enteroatmospheric fistulas (EAF) are rare but challenging
causes of morbidity and mortality in open abdomen therapy

o this case series describes the successful treatment of 3 EAF
using negative pressure wound therapy (NPWT) and compart-
mentalisation of the fistula

e compartmentalisation of the contaminated area in combina-
tion with NPWT is a reasonable technique for the challenging
treatment of EAF

NPWT. Fistulas were classified according to Di Saverio
et al.*

For NPWT, the V.A.C. system (KCI, San Antonio,
Texas) with standard, open pore-structured (400-600 pum)
foam dressing (V.A.C. GRANUFOAM™, KCI; standard
foam) was used. In the area of the fascia dehiscence, a non-
adhering polyvinyl alcohol dressing (V.A.C. WHITE-
FOAM™, KCI; white foam) was used on the bowel in com-
bination with standard foam on the surface. NPWT was
used at a negative pressure of 100 to 125 mmHg with
medium intensity.

In 2 of the 3 cases, an SFA (PPM Fisteladapter, PHA-
METRA PPM MEDICAL GmbH, Herne, Germany) was
used for fistula isolation in combination with NPWT as
described above. The SFA and its handling are shown in
Figure 1. When applying the NPWT dressing with SFA,
correct positioning of the SFA is very important, but follow-
ing that, sealing is achieved by slight pressure of the sili-
cone ring on the wound ground around the EAF through
application of negative pressure to the foam dressing. In the
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TABLE 1 Patients' and EAF characteristics in 3 cases of EAF after open abdominal surgery (mean values in bottom line)
Fistula Number of
appearance changes of Mean interval

Case Age (days after Fistula System used for NPWT of dressing Follow-up
Nr. (years) last surgery) classification fistula isolation dressing (n) changes (days) Result (weeks)
1 41 15 Superficial SLS 5 32 Spontaneous closure 45

Proximal

Low-output

Single
2 56 38 Superficial PPM Fisteladapter 6/15 13 3.7 Spontaneous closure, 43

. recurrence,
Distal .
surgical closure

High-output

Single
3 46 11 Superficial PPM Fisteladapter 3/15 6 25 Spontaneous closure 44

Proximal

Low-output

Single
Mean: 48 21 8 3.13 44

latter case, a Silo-Vac-like System (SLS) was constructed
from a flexible Universal Catheter Access Port (Hollister
Inc., Libertyville, Illinois) and a Brava mouldable stoma
ring (Coloplast, Humleb&k, Denmark) for fistula isolation
(Figure 3). If necessary, other products like Brava stoma
paste and Brava protective sheet (Coloplast, Humlebzak,
Denmark) were used to achieve appropriate sealing.

Written obtained from all
3 patients. This work was performed in accordance with the
ethical standards and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. For
an overview of the 3 cases, please see Table 1.

In addition, we present a systematic review of available
data on different treatment options and their outcomes

informed consent was

mainly regarding EAF, focusing on treatment using NPWT.
A Pubmed search was performed using the key words
“enteroatmospheric fistula,” “enteroatmospheric fistula
treatment”’.

Of 81 available publications on EAF, we excluded
53 because they report data from before the establishment
of modern NPWT or of single cases without the use of
NPWT. The remaining 28 papers were considered signifi-
cant and were screened. Another 13 publications had to be
excluded from analysis as they reviewed different tech-
niques but contained no patient data. Finally, 15 publications
were considered relevant for this review and are discussed.
The data are shown in Table 2.

1.2 | First case: caucasian male, 41 years

The patient was admitted to the hospital because of mechan-
ical bowel obstruction due to peritoneal adhesions. He had a
surgical history of volvulus and consecutive mechanical
bowel obstruction. The severe peritoneal adhesions were
resolved, and a jejunal segmental resection had to be per-
formed. After an uneventful postoperative course, he

developed a superficial wound-healing disorder on postop-
erative day (POD) 7, which was treated with NPWT. Dur-
ing foam change on POD 15, an EAF became evident. The
patient was brought back to the OR, but it was impossible
to approach the fistula due to extensive peritoneal adhesions
(frozen abdomen) at this time. A low-output fistula opening
was found on the right edge of the wound. Conventional
dressing with sterile gauze was applied but was not appro-
priate for further treatment because of ongoing faecal con-
tamination of the wound. Therefore, an SLS was applied to
the fistula, as described above, along with NPWT on the
surrounding open abdomen (Figure 2A-C). An attempt with
the SFA was made in the further course of treatment, but
due to the localisation of the fistula on the wound's edge, no
long-lasting, leak-proof system could be established. After
3 changes of the SLS, secretion of the fistula stopped
despite successive restoration of enteral nutrition. The sys-
tem could be removed, and partial secondary wound closure
was performed on the 15th day after fistula isolation from
the wound (Figure 2D). The patient was discharged on day
POD 37. Six months later, the wound as well as the former
EAF were
(Figure 2E).

still closed without any faecal secretion

1.3 | Second case: caucasian male, 56 years

A patient with a recurrent small bowel fistula after colect-
omy for indeterminate colitis was readmitted 4 weeks after
attempting to close an ECF. He presented to the emergency
room with a single, high-output EAF in the lower part of an
extensive open abdominal wound (Figure 3A). There was
no surgical option for fistula closure. Therefore, NPWT
using the SFA and a standard foam dressing was initiated to
gain time until relaparotomy and fistula closure would be
feasible (Figure 3B,C). Enteral feeding was continued. After
35 days, a partial secondary wound closure of the upper
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TABLE 2

Fistula

classification
(output)

Low

Number of

Rate of
fistula

Follow-up
(month)
12-36

Mortality

(%)
1

patients/EAFs
Patients EAF

91

Time to

Comments

closure (%)

80.2

Endpoint

high
179

closure (month)
SC: 3 (0.3-12.3)

Method

Year

Author

Negative pressure of -600 mmHg,

6.5

Fistula closure

179

2006 NPWT, vacuum-compaction

Wainstein et al*

data from 1985 to 2005.

SFC: 3.7 (1-12.3)

6-10

system for fistula occlusion.

60 40 Conversion of EAF to ECF using n.a.

Fistula closure

n.a.

n.a.

2006 NPWT, controlling fistula effluent

Goverman et al*

STSG and delayed surgical

by fistula isolation.

elimination of fistula after

month.

WIRTH ET AL.

n.a.

One spontaneous fistula closure,

100

Fistula closure

3

3.4 (2-5.5)

2006 NPWT.

Woodfield et al®

2 cases of successful wound
conditioning and delayed

surgical fistula elimination.

274

50

301 (30 ECF)

212

Total:

14.5

76.9

4.2

Mean (weighted):

Abbreviations: EAF, enteroatmospheric fistula; ECF, enterocutaneous fistula; n.a., no data available; NPWT, negative pressure wound therapy; SC, spontaneous closure; SCF, surgical fistula closure; STSG, split-thickness skin graft.

part was performed. Quantity of faecal secretion decreased
over time, and after 11 changes, NPWT therapy with SFA
was suspended after the fistula was closed at the next
change (Figure 3d). The patient was discharged with a par-
tially open wound as a secondary wound closure was not
possible in the lower part due to the large skin defect. Three
weeks after discharge, he was readmitted with a recurrence
of the EAF. NPWT with the use of the SFA was started
again. In the further course of treatment, about 6 months
after the last surgical intervention, a relaparotomy with seg-
mental small bowel resection of the ileum eliminating the
EAF was performed. No further fistula emerged in the past
6 months.

1.4 | Third case: caucasian female, 46 years

The patient underwent elective laparotomy for an ovarian
cyst. She had a history of multiple open abdominal surger-
ies, including those for a ruptured aortic aneurysm and
mechanical bowel obstruction due to peritoneal adhesions.
After an uneventful postoperative course, she presented with
a subcutaneous wound healing disorder and no evidence of
an enteric fistula on POD 8. NPWT was started due to
wound contamination and local inflammation. Two days
later, faecal secretion appeared in the upper part of the
wound, and the patient was prepared for surgery, but explo-
ration of the abdomen was impossible (frozen abdomen).
The fascia was closed after drainages were placed intra-
abdominally, and NPWT therapy was applied on the fascia.
Total parenteral nutrition was started. Eight days after the
appearance of the low-output EAF, an SFA in combination
with NPWT was applied because of the persistent faecal
secretion combined with a fascial defect in the upper part of
the wound (Figure 4A). Four changes of the NPWT system
with use of SFA (Figure 4B) were performed during an 11-
day period, and the area around the fistula showed clean
granulative tissue (Figure 4C). At the time of the next
NPWT dressing change, secretion of the fistula stopped,
and the former fistula area was covered with white foam
dressing and the rest of the wound with standard (black)
dressing. The fistula remained closed without any faecal
secretion in the NPWT system despite restoration of enteral
nutrition. Regular changes of NPWT dressing were per-
formed in an outpatient setting twice a week until the
NPWT could be completely stopped, and complete wound
closure was achieved about 12 weeks after EAF appearance
(Figure 4D). The wound remained closed, and no faecal
secretion occurred.

2 | DISCUSSION

Here, we present a case series of the successful treatment of
3 consecutive EAF in open abdominal wounds by compart-
mentalisation of the fistula opening in combination with
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FIGURE 2 EAF in a 41-year-old male patient on the right edge of the open abdominal wound (arrow). A, Wound with standard and white foam dressing

and isolation of the fistula before insertion of the “Silo” (on the right; skin protection with Brava protective sheet (Coloplast, Humlebak, Denmark). B,
Wound and EAF before the use of NPWT and fistula isolation. C, Wound during NPWT therapy and fistula isolation. D, Wound after partial secondary
wound closure at the time of spontaneous fistula closure. E, The wound about 5 weeks after spontaneous fistula and secondary wound closure

NPWT. In all cases, EAF was superficial with a single
opening. Two of them were categorised as low- and 1 as
high-output fistulas. Local and systemic inflammation
decreased rapidly under NPWT in combination with the iso-
lation of the fistula opening. All wounds developed granula-
tion tissue under NPWT. Fistula closure was also achieved
in all cases. In 2 cases (n = 2/3), an SFA was used to avoid
faecal contamination of the open abdominal wound and to
achieve an easy-to-handle situation. In the third case
(n = 1/3), an SLS was used due to difficult localisation of
the fistula at the wound's edge. On average, an interval of
3 days was used between changes of the NPWT dressing.
In 2 cases of low-output EAF, 5 or 6 changes (16/15 days
of treatment) and 13 changes of the NPWT dressing in the

4

FIGURE 3 EAF in a 56-year-old patient
at the bottom part of the open abdominal
wound (arrow). A, Wound before start of
NPWT with the use of a SFA. B, NPWT
with SFA and stoma bag on it. C, Wound
after partial secondary wound closure
during NPWT treatment using the

SFA. D, Wound after NPWT treatment
with the SFA after spontaneous fistula
closure

case with high-output EAF (48 days of treatment) were
needed to close the fistula.

From our point of view, the SFA is an easy-to-use tool
for challenging open abdominal wounds with EAF. Change
of NPWT dressing by applying the SFA proved to be a
time-sparing procedure without the need of further tinkering
with stoma paste or other stoma care products for new ade-
quate sealing devices. However, the SFA is not suitable for
all localisations of an EAF in the wound as some plain tis-
sue around the fistula is indispensable to achieve an ade-
quate fitting. We present the first clinical data about SFA
since its clinical introduction.'' By isolating the fistula
opening from the NPWT, we obtained encouraging results
in this case series. In addition to low-output EAFs, we were
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able to successfully manage a high-output fistula by using
SFA for a long period of time (79 days in total until surgi-
cal fistula elimination) in combination with NPWT. In this
case, NPWT dressing had to be changed every 3 to 4 days
(mean = 3.7 days).

There is still an ongoing debate about the use of NPWT
in open abdominal wounds and management of EAF, but
no further fistulas developed during NPWT in our series.
NPWT is associated with higher EAF rates in some
studies,'® but a large observational report by Carlson on
578 patients with open abdomen and NPWT showed no ele-
vated EAF rate.'®> Smaller observational studies report EAF
rates in open abdomen treatment using NPWT of 5% to
19%.'*!> Shaikh et al did not observe an elevated EAF rate
with NPWT compared with other open abdomen treatment
techniques (eg, Barker's packing).'® Developments of sili-
cone distance mesh or non-adhesive polyvinyl alcohol
foams and modern NPWT systems for open abdomen treat-
ment, for example, ABThera™ (KCI), have contributed to
the safety of NPWT in open abdomen management. There
are only very little clinical and almost no experimental data
on the effect of NPWT on ECF and EAF development.
Bjarnason et al investigated the distribution of negative
pressure using the ABThera™ (KCI) in a porcine laparot-
omy model.'” Despite the selected negative pressure (—50
to —150 mmHg), the registered vacuum on the bowel
reached only -15 mmHg due to the “visceral protective
layer.”!” Regarding bowel injury and development of EAF,
whether this low negative pressure is harmless on the bowel
surface or not is still a matter of debate. Even if very low
negative pressure levels are used, the usage of non-adherent
layers to reduce shear stress on the bowel surface appears to
be important to avoid EAF development.'®

Besides SFA and SLS, a variety of other techniques and
tools are described for the successful fistula isolation of
EAF from the rest of the wound using the NPWT in an
open abdomen situation.*>"'“12* Recently, new endo-
scopic treatment options for the management of EAF have
been described. A large case series of 47 patients with

FIGURE 4 EAF in a 46-year-old patient
at the superior right corner of the open
abdominal wound (arrow). A, Wound
before start of NPWT with use of an
SFA. B, Standard NPWT foam and SFA
adapted to the wound size before
insertion. C, Wound during NPWT with
use of a SFA. D, Wound about 8 weeks
after EAF appearance

different kinds of enteric fistulae used a so-called over-the-
scope clip device for fistula closure in all parts of the
digestive tract, with a success rate of about 50% during a
half-year follow up.”’ A further aspect of the endoscopic
technique is the use of biological plugs or cryopreserved
connective tissue patches with good initial success rates of
up to 90% of EAF closure, but no data about further course,
recurrence rate, or time of follow up is available.?>?? The
endoscopic therapeutic strategies have the advantage of
being less-invasive procedures, and the initial success rates
are very good. Nevertheless, valid data about long-term
results demonstrate high recurrence rates of almost 50%.*
Furthermore, secondary to inflammation, endoscopic manip-
ulation appears to harm the bowel.”>* Depending on the
extent of the abdominal wound surrounding the former EAF
opening, an additional NPWT might be necessary for appro-
priate wound care.

More data are available on the use of NPWT and the
management of EAF.'™!%!% Altogether, there are more
than 16 possible ways to treat an EAF with application of
NPWT, and these accessories are described. The main goal
of all these different techniques is the isolation of the fistula
opening from the open abdominal wound. In a clean wound
without faecal contamination surrounding the EAF, there is
an approximately 50% chance of spontaneous closure of the
EAF, which is comparable with the few reported long-term
successful endoscopic closure rates.'>'%'°"23 On the other
hand, the use of NPWT with fistula isolation for EAF man-
agement has the advantage of combined treatment of the
wound and the EAF.'™

In Table 2, an overview of the published data on EAF
treatment based on NPWT therapy is shown. Sufficient data
of 212 patients with 301 EAFs are available. Most of the
data are from retrospective series (81%), with only little data
from prospective studies (19%; 13% of patients). In about
half of the cases, different techniques for fistula isolation
were used, whereas in the other half of patients, NPWT
with/without special fistula patches/plugs were employed
for fistula occlusion.'®?"**?> Three possible outcomes are
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described for EAF treatment: spontaneous closure, condi-
tioning of the surrounding wound, and conversion into an
ECF with delayed surgical fistula elimination or definite
ECF without need for fistula elimination.*'**"**7 Further-
more, in 38.5% of the cases, there was spontaneous fistula
closure during treatment, with higher probability in low-
output fistulas.">?%73% In 58.8% of the included fistulas, sur-
gical  closure  after ~wound conditioning  was
attempted.'®*'2? In 75% of the reviewed studies, the pri-
mary goal was fistula closure. With combined NPWT and
fistula isolation, either spontaneous fistula closure or a good
control of the EAF surrounding the wound could be
achieved. During further course of treatment, conversion to
an easier-to-handle ECF was possible by epithelialisation or
split-thickness skin graft transplantation, where the fistula
could be handled with a stoma bag,'!!:12:19:24:27.2931.33 gy
average, NPWT had to be applied for 4.2 months until fis-
tula closure. A more precise statement, subdivided into
spontaneous and surgical fistula closure, is not possible
based on the available data. Overall mortality is 14.5%
(weighted mean), which is rather low compared with the
reported mortality of EAF patients of up to 40%.>* The
overall fistula closure rate of 76.9% (weighted mean) means
good success, especially because, in some included series
(4/15), fistula closure was not primarily intended. Consider-
ing the overall closure rate and mortality together, fistula
closure was not successful only in 8.6% of further cases. In
summary, the available data demonstrates significant pro-
gress in EAF treatment using NPWT and fistula occlusion
or isolation with a high fistula closure rate and low mortal-
ity, compared with earlier treatment using bandages of ster-
ile gauze or huge stoma bags.

Considering the reviewed literature and our experience
with EAF treatment together, isolation of the fistula opening
in combination with NPWT is possible in most cases and is
effective. We present a case series with good clinical out-
come, including good quality of life and no mortality.
Moreover, we review available data on EAF treatment of
the past 2 decades. Although EAF management remains a
challenge for both the patient and interdisciplinary team,
our treatment regimen of fistula isolation in combination
with NPWT appears to be a technique that can be handled
without major complications even in complex patients.
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