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Abstract

Background: This retrospective study aimed to investigate the suit-
able indications, methodology and long-term effect of the closure of
gastrointestinal (GI) fistulas using polyglycolic acid (PGA) sheets
and fibrin glue (FG) and to evaluate the usefulness of a delivery tech-
nique using a guidewire.

Methods: It involved 10 applications in six patients (median age 73
(range 53 - 78) years old, three men) with GI fistulas. A guidewire was
introduced endoscopically or percutaneously into the fistula beyond the
opposite orifice of the fistula with radiologic control. A tapered catheter
was inserted over the guidewire, and the fistula was cleaned with an
adequate quantity of saline. Subsequently, a small piece of PGA sheet
was skewered onto the guidewire at the center and then pushed using
the tapered catheter over the guidewire and delivered into the fistula.
In cases of endoscopic procedure, the mucosa around the fistula was
ablated, and the orifice of the fistula along with the surrounding mucosa
was shielded with a piece of PGA sheet fixed with hemoclips and FG.

Results: Technical success of fistula closure was achieved in all ap-
plications, and no complications were observed after the procedure.
The long-term occlusion of the fistula was ultimately achieved in four
of six patients at 202 - 654 days (median duration, 244 days) after the
last procedure with one or two applications.

Conclusions: The closure of GI fistulas using PGA sheets and FG
demonstrated long-term efficacy for upper GI fistula of a certain
length, and the filling technique using a guidewire ensured a safe
smooth procedure.
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Introduction

Gastrointestinal (GI) fistulas can develop as chronic processes
of postoperative anastomotic leakage, inflammatory disease
or malignancy, with a postoperative incidence of 0-35% [1-
3]. Conservative management of fistulas based on parenteral
nutrition and bowel rest, as well as on control of infection,
electrolytic disturbances, and local care of the fistula tract, has
been attempted; however, persistent fistulas that fail to close
even after prolonged conservative treatment require surgical
intervention, and even then patients can still develop a life-
threatening condition [4].

Recently, a number of approaches for the endoscopic man-
agement of GI leaks and fistulas, including clip closure, en-
doscopic suturing, stent placement and tissue sealants, have
been developed, and the efficacy of such procedures has been
reported [1, 5]. As one endoscopic treatment with tissue seal-
ants, endoscopic closure using polyglycolic acid (PGA) sheets
with fibrin glue (FG) has been attempted due to the harmless
nature of these sheets and the satisfactory results have been
achieved in various surgical fields [6-12]. Nakano et al [13]
evaluated the clinical efficacy of endoscopic plombage using
PGA sheets and FG to close GI fistulas in 10 cases, and 70%
of fistulas were successfully closed with one to four applica-
tions during the observation period (median duration 31 (range
0 - 60) months). In addition, concurrent additional techniques,
including ablation with argon plasma coagulation (APC) and
shielding of the orifice using a PGA sheet, were attempted to
promote the fixation of filling PGA sheets [11-14]. However,
various aspects, including suitable indications, methodology
and the long-term effects of this procedure, have not been suf-
ficiently investigated.

In previously reported cases using PGA sheets, the sheets
were delivered with biopsy forceps and stuffed into the fistula
using a tapered catheter or closed biopsy forceps [6-11, 13].
This procedure should be repeated several times in order to
prevent mesh dislocation; however, it can be technically dif-
ficult to apply the sheets, and blindly inserting such pushing
devices can injure the fistula. Therefore, we developed a tech-
nique to easily deliver PGA sheets with a guidewire and re-
ported a case of GI fistula that was successfully treated with
filling and shielding of PGA sheets and FG using this delivery
technique [12].
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The aim of this study was to investigate the suitable indi-
cation, methodology and long-term effects of the closure of GI
fistulas using PGA sheets and FG and to evaluate the useful-
ness of our novel delivery technique using a guidewire.

Materials and Methods

We retrospectively reviewed the clinical data of all consecu-
tive patients who received GI fistula closure using PGA sheets
and FG in our institution between September 2017 and De-
cember 2019.

GI fistula was diagnosed and measured with contrast
imaging performed by introducing contrast medium through
the fistula. A guidewire (0.64 mm in diameter, RAYELISSE;
CREATE MEDIC, Kanagawa, Japan) was introduced endo-
scopically or percutaneously into the fistula beyond the op-
posite orifice of the fistula with radiologic control. A tapered
catheter was inserted over the guidewire, and the fistula was
cleaned with an adequate quantity of saline. Subsequently, a
small piece of a PGA sheet (Neoveil; Gunze Medical Division,
Kyoto, Japan) was skewered onto the guidewire at the center
and then pushed using the tapered catheter (MTW; MTW En-
doskopie, Wesel, Germany) over the guidewire for delivery
into the fistula. The size and number of PGA sheets for filling
were determined according to the diameter and length of each
fistula, respectively.

When an endoscopic procedure was performed, the mu-
cosa around the fistula was ablated with APC, and then a piece
of a PGA sheet was applied to the orifice of the fistula along
with the surrounding mucosa and fixed with hemoclips (EZ
Clip; Olympus, Tokyo, Japan) at the edge of the sheet. If this
shielding procedure was not technically indicated, the orifice
of the fistula was directly closed with hemoclips. When a per-
cutaneous approach was used, the filled PGA sheets were fixed
by inserting a soft catheter. Finally, | mL of FG (Beriplast P
Combi-Set; CSL Behring Pharma, Tokyo, Japan) was sprayed
over the entire sheet with an injection needle. The closure of
the fistula was confirmed by contrast imaging and recurrence
was diagnosed based on leakage from the cutaneous fistula or
an increase in drainage.

This study followed the ethical guidelines for studies in-
volving human subjects based on the Helsinki Declaration.
The study protocol was approved by the Institutional Review
Board of Kyoto Okamoto Memorial Hospital.

Results

Six consecutive patients received GI fistula closure using PGA
sheets and FG with a total of 10 applications. The patient char-
acteristics are outlined in Supplementary Material 1 (www.
gastrores.org). The study population included three men and
three women with a median age of 73 (range 53 - 78) years old.
Five cases developed as a postsurgical complication, and one
case was caused by a perforated esophageal ulcer. Three, two,
and one cases were anastomo-cutaneous, colono-cutaneous,
and esophago-thoracic fistula, respectively. This procedure
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was attempted once or twice for each patient (10 applications
in total). The median number of days from the onset to the
procedure was 102 days (range 9 - 881). The median orifice
diameter was 4.5 mm (range 1 - 6 mm), and the median length
of the fistula was 37 mm (range 3 - 122). Fistula infection was
found in five of six cases.

An endoscopic and percutaneous approach was selected in
eight and two applications, respectively. The size of the filled
PGA sheets was between 5 x 5 mm and 20 x 20 mm, whereas
the median number of the filled PGA sheets was 3.5 (range
1 - 10). The median occluded length of the fistula was 16 mm
(range 3 - 48 mm). After the endoscopic PGA-filling proce-
dure, shielding with a PGA sheet following APC was applied
in six applications, whereas hemoclips were added in two ap-
plications. In contrast, no concurrent procedure was performed
in one application due to technical difficulties.

Technical success of fistula closure was achieved in all ap-
plications, and no complications were observed after the pro-
cedure. Representative images of the procedure (case 3) are
shown in Figure 1. The long-term occlusion of the fistula was
ultimately achieved in four of six patients 202 - 654 days (me-
dian duration, 244 days) after the last procedure, although the
fistulas in three of four successfully treated cases were recana-
lized once 2 - 230 days (median duration, 9 days) after the first
application, and the procedure then had to be repeated. Two
cases who experienced recanalization several months after the
first procedure (cases 1 and 2) had symptoms of infection, in-
cluding a fever, redness, and pus drainage.

Two cases of colono-cutaneous fistula failed to close: one
had been conservatively treated until death due to a worsening
of the primary disease while no tumor was found to be associ-
ated with the fistula (case 4), and in another case the fistula was
accompanied by an abscess cavity with early recanalization
and therefore the patient underwent surgical treatment without
any additional applications due to problems associated with
local infectious control (case 6).

Discussion

The present study highlighted two important clinical points.
First, we showed that the closure of GI fistulas using PGA
sheets and FG was a safe, low-invasive treatment with long-
term efficacy. Second, the filling technique using a guidewire
ensured a safe, smooth procedure.

First, we showed that the endoscopic or percutaneous
closure of GI fistulas with filling using PGA sheets and FG
was a safe, low-invasive treatment with long-term efficacy.
The technical success rate was 100% without any complica-
tions, and long-term complete fistula closure was achieved in
two-thirds of the patients after < 2 applications. In a previous
retrospective study of 10 subjects, 70% of GI fistulas were suc-
cessfully closed with endoscopic plombage using PGA sheets
and FG with one to four applications [13], whose success rate
was comparable with our present study. However, our cases
required fewer applications than those in the previous study.
Thorough washing and cleaning in the fistula before filling
PGA sheets can prevent intra-fistula infection, which seemed
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Figure 1. (a) A fistula was endoscopically detected at a gastrojejunal anastomosis (arrowhead) after failed fistula closure us-
ing hemoclips. (b, c) Contrast imaging performed by introducing contrast medium through the orifice of the fistula revealed an
anastomo-cutaneous fistula (arrowheads). A guidewire was then introduced into the fistula (arrowhead). (d, e) A small piece of
PGA sheet was skewered onto the guidewire at the center and then pushed using the tapered catheter over the guidewire and
delivered into the fistula (arrowhead). This procedure was repeated five times while adjusting the depth of the PGA sheets on
a radiogram. (f) The orifice of the fistula along with the surrounding mucosa was ablated using argon plasma coagulation (ar-
rowheads). (g) The orifice of the fistula along with the surrounding mucosa was shielded by a piece of PGA sheet fixed with five
hemoclips and fibrin glue (arrowheads). (h, i) The fistula was not detectable either endoscopically or on contrast radiograms by
adding one more application 7 days after the first procedure (arrowheads), and the fistula remained closed until the patient died

465 days after the last procedure. PGA: polyglycolic acid.

to be related to late recanalization after this procedure. Accom-
panying ablation to the epithelialized mucosa using APC may
induce the inflammation essential for wound repair and regen-
eration [15], which enhances the proliferation of granulation
tissue with foothold of PGA sheets. Furthermore, the shielding
procedure with the PGA sheet can prevent the dislocation or
discharge of the filled PGA sheets due to peristaltic pressure or
the continuous flow of digestive fluid. While endoclips were
successfully used to gather the mucosa around the fistula after
filling the fistula with PGA sheets [7, 13], such a procedure
carries a risk of inducing incomplete closure. Recently, more
powerful closure devices, such as the over-the-scope-clipping
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system and the endoscopic suturing technology, have been de-
veloped and demonstrated the availability for GI fistula clo-
sure in spite of concerns, including the technical difficulty, cost
and long-term outcomes [16-20]. Such alternative techniques
in combination with filling PGA sheets can help improve the
long-term outcomes if these devices come to be easily and
generally used in terms of technique and cost.

Regarding the indication for fistula closure using PGA
sheets based on the results of the resent study, two conditions
in which this technique was not feasible became clear: colonic
fistula and fistulas with a short distance. Bacterial infection of
the fistulas and PGA sheets is unavoidable even with thorough
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cleaning and washing before the procedure, as colonic fistulas
are continuously exposed to enteric bacteria. Furthermore, ad-
equate space in the fistulas is required for sufficient filling with
PGA sheets. Nakano et al [13] suggested that epithelization of
fistulas can lead to the insecure attachment of PGA sheets of
fistulas and result in insufficient fistula closure. However, long-
term fistula closure can be achieved even in an epithelized fis-
tula through combination techniques, such as the ablation and
shielding of the orifice, which promote attachment of the sheets.

Second, the filling technique using a guidewire ensured a
safe smooth procedure. We can easily adjust the filling position
based on radiograms and fill even deep sites of a fistula with
the sheets. Furthermore, we can deliver several sheets simulta-
neously and adjust the size of the sheets depending on the size
of the fistula. The sheets can be delivered in a retrograde fash-
ion, from downstream of the fistula, such as via a percutaneous
approach. Although careful guidance using a soft guidewire
based on contrast imaging of the fistula is required in order
to avoid fistula injury, moderate mechanical stimulation to
the epithelized fistula due to guidewire movement might pro-
mote the formation of granulation tissue after filling with PGA
sheets. To our knowledge, this is the first report clarifying the
utility of a guidewire for a filling procedure with PGA sheets.

The present study is associated with several limitations.
First, it was a retrospective single-center study with a small
population. Larger, prospective, and multicenter studies are
needed to confirm the utility of this procedure. Second, com-
bination techniques, such as the ablation and shielding with
PGA sheets, that may affect the outcomes were not indicated in
all cases. A homogenized procedure including such techniques
can enhance the rates of long-time fistula closure.

In conclusion, the closure of GI fistulas using PGA sheets
and FG had long-term efficacy for upper GI fistulas of a certain
length, and the filling technique using a guidewire ensured a
safe, smooth procedure. Larger, prospective, and multicenter
studies with a homogenized technique are needed to confirm
the utility of this procedure.

Supplementary Material

Suppl 1. Characteristics of Patients, Details of the Procedure
and Outcomes.
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