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Abstract

Background: Duodenal stump fistula (DSF) remains one of the most serious complications following subtotal or
total gastrectomy, as it endangers patient’s life. DSF is related to high mortality (16–20%) and morbidity (75%) rates.
DSF-related morbidity always leads to longer hospitalization times due to medical and surgical complications such
as wound infections, intra-abdominal abscesses, intra-abdominal bleeding, acute pancreatitis, acute cholecystitis,
severe malnutrition, fluids and electrolytes disorders, diffuse peritonitis, and pneumonia. Our systematic review
aimed at improving our understanding of such surgical complication, focusing on nonsurgical and surgical DSF
management in patients undergoing gastric resection for gastric cancer.

Methods: We performed a systematic literature review following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes (PRISMA) guidelines. PubMed/MEDLINE, EMBASE, Scopus, Cochrane Library and Web
of Science databases were used to search all related literature.

Results: The 20 included articles covered an approximately 40 years-study period (1979–2017), with a total
294 patient population. DSF diagnosis occurred between the fifth and tenth postoperative day. Main DSF-related
complications were sepsis, abdominal abscess, wound infection, pneumonia, and intra-abdominal bleeding.
DSF treatment was divided into four categories: conservative (101 cases), endoscopic (4 cases), percutaneous
(82 cases), and surgical (157 cases). Length of hospitalization was 21–39 days, ranging from 1 to 1035 days.
Healing time was 19–63 days, ranging from 1 to 1035 days. DSF-related mortality rate recorded 18.7%.

Conclusions: DSF is a rare but potentially lethal complication after gastrectomy for gastric cancer. Early
DSF diagnosis is crucial in reducing DSF-related morbidity and mortality. Conservative and/or endoscopic/
percutaneous treatments is/are the first choice. However, if the patient clinical condition worsens, surgery
becomes mandatory and duodenostomy appears to be the most effective surgical procedure.
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Background
Standard gastrectomy is the main surgical procedure
performed with curative intent for gastric cancer [1]. It
involves the resection of at least two-thirds of the stom-
ach with a D2 lymph node dissection [1]. The
reconstructions after total or distal gastrectomy imply
the formation of a duodenal stump (with the exception
of the Billroth I gastroduodenostomy) [1].
Duodenal stump fistula (DSF) remains one of the

most serious complications after subtotal or total
gastrectomy, as it puts patient’s life at risk [2]. DSF was
defined as follows: presence of fluid through surgical
abdominal drain or after radiological drainage with at
least three times higher bilirubin or amylase concentra-
tion compared to normal serum value; or its leakage
through the abdominal wall, regardless of its clinical
impact, and confirmed by abdomen computed tomog-
raphy (CT) scan and/or fistulography [2, 3]. The
incidence of this complication varies between 1.6 and
5% [2, 4]. However, available scientific data are hetero-
geneous and clinical cases are not always comparable
[5]. DSF is related to high mortality (16–20%) and
morbidity (75%) rates, as a recent Italian multicenter
study corfirmed [2]. Moreover, DSF-related morbidity
always leads to longer hospitalization times, due to
medical and surgical complications such as wound
infections, intra-abdominal abscesses, intra-abdominal
bleeding, acute pancreatitis, acute cholecystitis, severe
malnutrition, fluids and electrolytes disorders, diffuse
peritonitis, and pneumonia [6, 7].
Our work’s aim was to achieve deeper knowledge of

this feared complication through an extensive systematic
literature review, focusing on DSF nonsurgical and surgi-
cal management in patients undergoing gastric resection
for gastric cancer.

Methods
We performed a systematic literature review following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyzes (PRISMA) guidelines [8]. PubMed/MED-
LINE, EMBASE, Scopus, Cochrane Library (Cochrane
Database of Systematic Reviews, Cochrane Central Regis-
ter of Controlled Trials-CENTRAL) and Web of Science
(Science and Social Science Citation Index) databases
were used to search all related literature, by combining
the following non-MeSH / MeSH terms: ((duodenal
stump fistula OR duodenal stump leakage OR duodenal
stump leak) AND (management OR treatment) AND
(gastric cancer OR gastric tumor OR gastric neoplasm OR
stomach cancer OR stomach neoplasm)) OR (duodenal
stump AND “Fistula”[Mesh] AND “Stomach Neo-
plasms”[Mesh]).
Our literature review was restricted to articles published

over the past 30 years (January 1988–November 2018).

Only English-written scientific papers were selected, in-
cluding case reports, case series, case-control studies, co-
hort studies, controlled clinical trials, and randomized
clinical trials. Prior systematic reviews and meta-analyses
were excluded. The selected articles included adult pa-
tients treated for DSF after total or subtotal gastrectomy
for gastric cancer. For those patients, DSF treatment
methods and DSF treatment-related outcome (DSF reso-
lution vs no resolution/mortality, and/or healing time)
had to be reported, while articles not reporting DSF treat-
ment methods and/or post-management outcome were
excluded. In addition, references of relevant articles were
searched, in order to identify cases of interest.
Two independent reviewers (MZ and LU) selected and

identified papers based on title, abstracts, keywords, and
full-text, then collecting following information from the
selected papers: author’s surname and year of publica-
tion, study period, study type, DSF patient, timing of
DSF diagnosis, neoadjuvant chemotherapy administra-
tion, stage of gastric cancer, DSF output, DSF-related
complications, therapeutic strategy (conservative, endo-
scopic, percutaneous, surgical), clinical outcome, length
of hospitalization, healing time, DSF-related mortality
rate. Eventually, all collected results were reviewed by a
third independent reviewer (AM).

Results
Final literature search, performed in November 2018,
identified 457 potential items of interest (Fig. 1). After
removing duplicate publications (236), 221 records were
further analyzed. Thirty-seven out of which were
excluded as not relevant, while 184 full-text articles were
assessed for eligibility. After removing full-text articles
not complying with inclusion criteria, 20 articles were
included into qualitative synthesis [2–7, 9–22]. No item
was included on the basis of other sources (eg.
References lists). The included articles were case reports
(5), single-center retrospective studies (13), and multi-
center retrospective studies (2).

General characteristics
General characteristics of the analyzed populations are
shown by Table 1. Twenty included articles covered an
approximately 40 years-study period (1979–2017), with a
total 294 patient population [2–7, 9–22]. DSF diagnosis
occurred between the fifth and tenth postoperative day
(median days) [2–7, 9–22]. In accordance with output
volume of gastrointestinal fistulas which are classified as
low (<200 ml/24 h), moderate (200–500 ml/24 h), high
(>500 ml/24 h), DSF output was mentioned exclusively
by 5 papers [3–5, 9, 16]. Cozzaglio et al reported it in all
3 of their manuscripts, with a 290 to 500 (40–2200)
median ml [4, 5, 16]. Main DSF-related complications
were sepsis, abdominal abscess, wound infection,
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pneumonia, and intra-abdominal bleeding [2–7, 9–22].
DSF treatment was divided into four categories: conser-
vative (101 cases), endoscopic (4 cases), percutaneous
(82 cases), and surgical (157 cases) [2–7, 9–22]. Manage-
ment and outcome data of the analyzed populations are
shown by Table 2. Length of hospitalization was 21–39
days (median days), ranging from 1 to 1035 days [2–7,
9–22]. Healing time was 19–63 days (median days),
ranging from 1 to 1035 days [2–7, 9–22]. DSF-related
mortality rate was 18.7% (55/294 cases) [2–7, 9–22].

Conservative treatment
Conservative treatment was mentioned in 10 studies and
performed on 101 patients [2, 3, 5–7, 9, 11, 16, 21, 22].
Eight studies defined it as the only performed approach,
while in 2 studies it was associated to other therapeutic
methods. In most cases, it was used as first therapeutic
choice, particularly in nonseptic and hemodynamically
stable patients. From available data, a 91% success rate
was defined [2, 3, 5–7, 9, 11, 16, 21, 22]. Conservative
approach included fasting, enteral nutrition and / or
parenteral nutrition, octreotide or somatostatin,

particularly in case of high daily DSF output, and anti-
biotic therapy [2, 3, 5–7, 9, 11, 16, 21, 22].
Just Garden et al mentioned characteristics and indica-

tions for nutritional support [9]. Enteral nutrition started
when access to proximal jejunum was feasible, when
enteral diet did not increase fistula losses or it was
poorly tolerated [9]. Enteral nutrition formulation was
chosen based on patient tolerance [9]. In general,
authors administered polymeric diets at 50 ml/h rate and
25ml/h daily increase up to a 2000–3000 Kcal / day;
11–17mg of nitrogen per day satisfactory intake [9].
Elemental formulations or peptides were administered in
case of intolerance to polymeric diets [9]. If enteral nu-
trition was not tolerated or feasible, total parenteral nu-
trition turned out as preferential nutritional support [9].
According to Cozzaglio et al, 33 patients were treated

by maintaining oral nutrition: among them, only 1 death
occurred, in comparison to 10 deaths recorded among
35 fasting patients [5].
Kim et al and Orsenigo et al were the only

researchers to report a healing time just related to con-
servative treatment [3, 21]. It was 11.7 and 31.2 ± 19.7
mean days, respectively [3, 21]. However, Orsenigo et al

Fig. 1 PRISMA flow chart of literature search

Zizzo et al. BMC Surgery           (2019) 19:55 Page 3 of 14



Ta
b
le

1
D
em

og
ra
ph

ic
an
d
cl
in
ic
al
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e

A
ut
ho

r/
Ye
ar

St
ud

y
pe

rio
d

St
ud

y
ty
pe

Pa
tie
nt
s

w
ith

D
SF
,n

N
eo

ad
ju
va
nt

ch
em

ot
he

ra
py
,n

A
JC
C

TN
M

st
ag
e

D
SF

di
ag
no

si
s
af
te
r

op
er
at
io
n,
m
ed

ia
n

da
ys

(ra
ng

e)

D
SF

ou
tp
ut
,

m
ed

ia
n
m
l/d

ay
(ra
ng

e)
D
SF
-r
el
at
ed

co
m
pl
ic
at
io
ns

G
ar
de

n
et

al
./1
98
8
[9
]

19
79
–1
98
5

RS
5

N
A

N
A

N
A

11
30

(1
20
–2
50
0)
a

N
A

Bl
oc
h
et

al
./1
98
9
[1
0]

19
89

C
as
e

1
0

I1
N
A

N
A

N
A

Ky
ze
r
et

al
./1
99
7
[1
1]

19
91
–1
99
4

RS
2

N
A

N
A

N
A

N
A

Se
ps
is
(5
0%

)

W
on

g
et

al
./2
00
0
[1
2]

19
93
–1
99
7

RS
1

N
A

N
A

N
A

21
0

A
bd

om
in
al
ab
sc
es
s

O
h
et

al
./2
00
9
[1
3]

19
87
–2
00
4

RS
5

N
A

N
A

N
A

N
A

Se
ps
is
(1
00
%
)

Le
e
et

al
./2
00
9
[1
4]

20
09

C
as
e

1
0

I1
7

N
A

A
bd

om
in
al
ab
sc
es
s

C
oz
za
gl
io

et
al
./2
01
0

[5
]

19
91
–2
00
6

RS
68

2
N
A

7
(0
–2
2)

29
0
(4
0–
22
00
)

A
bd

om
in
al
ab
sc
es
s
(3
8%

),
W
ou

nd
in
fe
ct
io
n

(2
8%

),
Se
ps
is
(2
6%

),
C
en

tr
al
lin
e
in
fe
ct
io
n
(1
5%

),
Pn

eu
m
on

ia
(1
3%

),
A
cu
te

re
na
lf
ai
lu
re

(1
0%

),
C
ol
on

ic
fis
tu
la
(7
%
),
Pa
nc
re
at
ic
fis
tu
la
(6
%
),
A
cu
te

pa
nc
re
at
iti
s

(6
%
),
In
tr
aa
bd

om
in
al
bl
ee
di
ng

(6
%
),
A
bd

om
in
al
w
al
l

ne
cr
os
is
(4
%
),
Pu

lm
on

ar
y
em

bo
lis
m

(3
%
),
Je
ju
na
l

fis
tu
la
(3
%
),
Ro

ux
-e
n-
Y
sy
nd

ro
m
e
(3
%
),
Es
op

ha
go

je
ju
na
l

fis
tu
la
(3
%
),
H
ea
rt
fa
ilu
re

(3
%
),
O
th
er
s
(1
1%

)

H
ur

et
al
./2
01
0
[1
5]

20
05
–2
00
7

RS
4

N
A

N
A

N
A

N
A

A
bd

om
in
al
ab
sc
es
s
(1
00
%
)

C
oz
za
gl
io

et
al
./2
01
1

[1
6]

20
05
–2
01
0

RS
6

N
A

N
A

6
(2
–2
2)

50
0
(3
00
–1
00
0)

Se
ps
is
(5
0%

)

C
ur
ci
o
et

al
./2
01
2
[1
7]

20
12

C
as
e

1
0

I1
N
A

N
A

A
bd

om
in
al
ab
sc
es
s

O
h
et

al
./2
01
3
[1
8]

20
05
–2
01
1

RS
10

N
A

N
A

10
(6
–2
0)

N
A

A
bd

om
in
al
flu
id
s
or

ab
ce
ss

(1
00
%
)

Bl
ou

ho
s
et

al
./2
01
3

[1
9]

20
13

C
as
e

1
N
A

IV
1

1
N
A

Se
ps
is
,I
nt
ra
-a
bd

om
in
al
bl
ee
di
ng

Va
si
lia
di
s
et

al
./

20
14

[2
0]

20
14

C
as
e

1
N
A

III
1

N
A

N
A

D
eh

yd
ra
tio

n
an
d
el
ec
tr
ol
yt
e
di
so
rd
er
s

Ki
m

et
al
./2
01
4
[2
1]

20
02
–2
01
2

RS
13

N
A

I8
,I
I4
,I
II
1

5
(1
–1
2)

N
A

N
A

O
rs
en

ig
o
et

al
./2
01
4

[3
]

19
87
–2
01
2

RS
32

0
I7
,I
I9
,I
II
9,
IV

7
6.
6
±
4.
7a

24
6
±
26
6a

Se
ps
is
(7
5%

),
A
bd

om
in
al
ab
sc
es
s
(6
9%

),
Pn

eu
m
on

ia
(3
4%

),
Su
rg
ic
al
si
te

in
fe
ct
io
n
(2
8%

),
In
tr
a-
ab
do

m
in
al

bl
ee
di
ng

(2
2%

),
A
cu
te

re
na
lf
ai
lu
re

(1
6%

),
C
ol
on

ic
fis
tu
la

(1
2%

),
G
as
tr
o-
je
ju
na
la
na
st
om

os
is
le
ak
ag
e
(6
%
),
C
en

tr
al

lin
e
in
fe
ct
io
n
(6
%
),
Pn

eu
m
ot
ho

ra
x
(6
%
)

C
or
ne

jo
et

al
./2
01
6

[2
2]

19
97
–2
01
4

RS
13

N
A

I4
,I
I5
,I
II
2,
IV

2
5
(3
–7
)a

N
A

Se
ps
is
(2
3%

),
M
aj
or

H
em

at
em

es
is
(1
5%

),
Ev
is
ce
ra
tio

n
(8
%
),
A
bd

om
in
al
ab
sc
es
s
(8
%
)

C
oz
za
gl
io

et
al
./2
01
6

[4
]

19
90
–2
01
1

RS
75

3
N
A

6
(2
–1
1)

30
0
(1
00
–7
50
)

A
bd

om
in
al
ab
sc
es
s
(7
0.
7%

);
Se
ps
is
(6
1.
3%

);
Pn

eu
m
on

ia
(4
4%

);
Su
rg
ic
al
si
te

in
fe
ct
io
n
(3
8.
7%

);
D
ig
es
tiv
e
fis
tu
la
s

(2
9.
3%

);
2A

cu
te

re
na
lf
ai
lu
re

(2
8%

);
In
tr
a-
ab
do

m
in
al

Zizzo et al. BMC Surgery           (2019) 19:55 Page 4 of 14



Ta
b
le

1
D
em

og
ra
ph

ic
an
d
cl
in
ic
al
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e
(C
on

tin
ue
d)

A
ut
ho

r/
Ye
ar

St
ud

y
pe

rio
d

St
ud

y
ty
pe

Pa
tie
nt
s

w
ith

D
SF
,n

N
eo

ad
ju
va
nt

ch
em

ot
he

ra
py
,n

A
JC
C

TN
M

st
ag
e

D
SF

di
ag
no

si
s
af
te
r

op
er
at
io
n,
m
ed

ia
n

da
ys

(ra
ng

e)

D
SF

ou
tp
ut
,

m
ed

ia
n
m
l/d

ay
(ra
ng

e)
D
SF
-r
el
at
ed

co
m
pl
ic
at
io
ns

bl
ee
di
ng

(2
4%

);
C
en

tr
al
lin
e
in
fe
ct
io
n
(1
7.
3%

);
A
cu
te

pa
nc
re
at
iti
s
(9
.3
%
);
A
bd

om
in
al
w
al
ln

ec
ro
si
s
(8
%
);

O
th
er
s
(2
1.
3%

)

A
li
et

al
./2
01
6
[7
]

20
10
–2
01
4

RS
24

N
A

I8
,I
I9
,I
II
6,
IV

1
8.
5
(1
–2
0)

N
A

Pn
eu
m
on

ia
(2
0.
8%

),
Se
ps
is
(8
.3
%
),
In
tr
a-
ab
do

m
in
al

bl
ee
di
ng

(8
.3
%
),
Su
rg
ic
al
si
te

in
fe
ct
io
n
(8
.3
%
),
D
ee
p

ve
in

th
ro
m
bo

si
s
(8
.3
%
)

Pa
ik
et

al
./2
01
6
[6
]

20
08
–2
01
3

RS
16

N
A

N
A

6.
5
(1
–1
3)

N
A

N
A

Ra
m
os

et
al
./2
01
8
[2
]

20
09
–2
01
7

RS
15

2
I/I
I9
,I
II/
IV

6
9
(1
–7
5)

N
A

N
A

a m
ea
n,

N
A
no

t
av
ai
la
bl
e

Zizzo et al. BMC Surgery           (2019) 19:55 Page 5 of 14



Ta
b
le

2
M
an
ag
em

en
t
an
d
ou

tc
om

e
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e

A
ut
ho

r/
Ye
ar

M
an
ag
em

en
t

O
ut
co
m
es

H
os
pi
ta
ls
ta
y,

H
ea
lin
g
tim

e,
D
SF
-r
el
at
ed

m
ed

ia
n
da
ys

(ra
ng

e)
m
ed

ia
n
da
ys

(ra
ng

e)
m
or
ta
lit
y
ra
te

(%
)

C
on

se
rv
at
iv
e

En
do

sc
op

ic
Pe
rc
ut
an
eo

us
Su
rg
ic
al

Tr
an
sh
ep

at
ic

bi
lia
ry

di
ve
rs
io
n

A
bs
ce
ss
/

A
bd

om
in
al

dr
ai
na
ge

D
uo

de
no

st
om

y

G
ar
de

n
et

al
./1
98
8
[9
]

5
0

0
5

0
0

C
on

se
rv
at
iv
e:
5/
5

so
lv
ed

N
A

35
(1
7–
71
)a

0%
(0
/5
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:5
/5

so
lv
ed

Su
rg
ic
al
:−

/−

Bl
oc
h
et

al
./

19
89

[1
0]

0
1

0
0

0
0

C
on

se
rv
at
iv
e:
−
/−

N
A

35
0%

(0
/1
)

En
do

sc
op

ic
:1
/1

so
lv
ed

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:−

/−

Ky
ze
r
et

al
./

19
97

[1
1]

1
0

0
0

0
1

C
on

se
rv
at
iv
e:
1/
1

so
lv
ed

N
A

N
A

50
%

(1
/2
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:0
/1

so
lv
ed

W
on

g
et

al
./

20
00

[1
2]

0
1

0
0

0
0

C
on

se
rv
at
iv
e:
−
/−

N
A

2
0%

(0
/1
)

En
do

sc
op

ic
:1
/1

so
lv
ed

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:−

/−

O
h
et

al
./

20
09

[1
3]

0
0

0
0

0
5

C
on

se
rv
at
iv
e:
−
/−

N
A

18
(1
0–
28
)a

0%
(0
/5
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:5
/5

so
lv
ed

Le
e
et

al
./

20
09

[1
4]

0
1

0
0

0
0

C
on

se
rv
at
iv
e:
−
/−

34
17

0%
(0
/1
)

En
do

sc
op

ic
:1
/1

so
lv
ed

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:−

/−

C
oz
za
gl
io

et
al
./2
01
0
[5
]

51
0

4
15

2
27

C
on

se
rv
at
iv
e:
N
A
/N
A

21
(7
–6
5)

w
ith

ou
t

co
m
pl
ic
at
io
ns
;

31
(1
–1
03
5)

w
ith

co
m
pl
ic
at
io
ns

19
(1
–1
03
5)

16
.2
%

(1
1/
68
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:N

A
/N
A

Zizzo et al. BMC Surgery           (2019) 19:55 Page 6 of 14



Ta
b
le

2
M
an
ag
em

en
t
an
d
ou

tc
om

e
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e
(C
on

tin
ue
d)

A
ut
ho

r/
Ye
ar

M
an
ag
em

en
t

O
ut
co
m
es

H
os
pi
ta
ls
ta
y,

H
ea
lin
g
tim

e,
D
SF
-r
el
at
ed

m
ed

ia
n
da
ys

(ra
ng

e)
m
ed

ia
n
da
ys

(ra
ng

e)
m
or
ta
lit
y
ra
te

(%
)

C
on

se
rv
at
iv
e

En
do

sc
op

ic
Pe
rc
ut
an
eo

us
Su
rg
ic
al

Tr
an
sh
ep

at
ic

bi
lia
ry

di
ve
rs
io
n

A
bs
ce
ss
/

A
bd

om
in
al

dr
ai
na
ge

D
uo

de
no

st
om

y

Su
rg
ic
al
:N

A
/N
A

H
ur

et
al
./

20
10

[1
5]

0
0

0
0

4
1

C
on

se
rv
at
iv
e:
−
/−

48
(3
0–
15
8)

21
(1
2–
44
)

0%
(0
/4
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:3
/4

so
lv
ed

Su
rg
ic
al
:1
/1

so
lv
ed

C
oz
za
gl
io

et
al
./2
01
1
[1
6]

6
0

6
5

0
0

C
on

se
rv
at
iv
e:
0/
6

so
lv
ed

63
(4
0–
16
7)

63
(4
0–
62
1)

50
%

(3
/6
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:0
/5

PA
D
;

3/
6
PT
BD

-O
D
so
lv
ed

Su
rg
ic
al
:−

/−

C
ur
ci
o
et

al
./

20
12

[1
7]

0
1

1
1

0
0

C
on

se
rv
at
iv
e:
−
/−

N
A

60
0%

(0
/1
)

En
do

sc
op

ic
:1
/1

so
lv
ed

Pe
rc
ut
an
eo

us
:0
/2

so
lv
ed

Su
rg
ic
al
:−

/−

O
h
et

al
./

20
13

[1
8]

0
0

0
0

10
0

C
on

se
rv
at
iv
e:
−
/−

32
(1
8–
57
)

51
(2
3–
89
)

0%
(0
/1
0)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:1
0/
10

so
lv
ed

Su
rg
ic
al
:−

/−

Bl
ou

ho
s
et

al
./2
01
3
[1
9]

0
0

0
0

0
1

C
on

se
rv
at
iv
e:
−
/−

36
45

0%
(0
/1
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:1
/1

so
lv
ed

Va
si
lia
di
s
et

al
./2
01
4
[2
0]

0
0

0
0

0
1

C
on

se
rv
at
iv
e:
−
/−

17
15

0%
(0
/1
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:1
/1

so
lv
ed

Ki
m

et
al
./

20
14

[2
1]

3
0

0
0

0
10

C
on

se
rv
at
iv
e:
3/
3

so
lv
ed

26
(1
2–
14
0)

11
.7
(8
–1
8)

co
ns
er
va
tiv
e
gr
ou

p,
57
.3
(1
4–
13
4)

su
rg
ic
al
gr
ou

pa
15
.4
%

(2
/1
3)

Zizzo et al. BMC Surgery           (2019) 19:55 Page 7 of 14



Ta
b
le

2
M
an
ag
em

en
t
an
d
ou

tc
om

e
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e
(C
on

tin
ue
d)

A
ut
ho

r/
Ye
ar

M
an
ag
em

en
t

O
ut
co
m
es

H
os
pi
ta
ls
ta
y,

H
ea
lin
g
tim

e,
D
SF
-r
el
at
ed

m
ed

ia
n
da
ys

(ra
ng

e)
m
ed

ia
n
da
ys

(ra
ng

e)
m
or
ta
lit
y
ra
te

(%
)

C
on

se
rv
at
iv
e

En
do

sc
op

ic
Pe
rc
ut
an
eo

us
Su
rg
ic
al

Tr
an
sh
ep

at
ic

bi
lia
ry

di
ve
rs
io
n

A
bs
ce
ss
/

A
bd

om
in
al

dr
ai
na
ge

D
uo

de
no

st
om

y

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:8
/1
0
so
lv
ed

O
rs
en

ig
o
et

al
./2
01
4
[3
]

11
0

3
5

0
13

C
on

se
rv
at
iv
e:
11
/1
1

so
lv
ed

N
A

31
.2
±
19
.7
(c
on

se
rv
at
iv
e,
PT
BD

an
d

dr
ai
na
ge

);
45
.2
±
57
.4
(s
ur
gi
ca
l)a

9.
4%

(3
/3
2)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:8
/8

so
lv
ed

Su
rg
ic
al
:1
0/
13

so
lv
ed

C
or
ne

jo
et

al
./2
01
6
[2
2]

5
0

0
0

0
8

C
on

se
rv
at
iv
e:
5/
5

so
lv
ed

39
.5
(2
6–
65
)
co
ns
er
va
tiv
e;

34
.3
(1
3–
84
)
su
rg
ic
al
a

N
A

46
.2
%

(6
/1
3)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:2
/8

so
lv
ed

C
oz
za
gl
io

et
al
./2
01
6
[4
]

0
0

0
0

0
75

C
on

se
rv
at
iv
e:
−
/−

39
(2
2–
68
)
so
lv
ed

;3
2

(1
8–
41
)
ov
er
al
l

28
.5
(1
8–
60
)
1
su
rg
ic
al
op

er
at
io
n;

63
(5
0–
82
)
>
1
su
rg
ic
al
op

er
at
io
n

28
%

(2
1/
75
)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:5
4/
75

so
lv
ed

A
li
et

al
./

20
16

[7
]

5
0

0
11

3
5

C
on

se
rv
at
iv
e:
5/
5

so
lv
ed

22
(1
1–
96
)

N
A

0%
(0
/2
4)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:1
4/
14

so
lv
ed

Su
rg
ic
al
:5
/5

so
lv
ed

Pa
ik
et

al
./

20
16

[6
]

6
0

6
1

0
3

C
on

se
rv
at
iv
e:
6/
6

so
lv
ed

27
.5
(1
5–
54
)
so
lv
ed

gr
ou

p
N
A

12
,5
%

(2
/1
6)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:6
/7

so
lv
ed

Zizzo et al. BMC Surgery           (2019) 19:55 Page 8 of 14



Ta
b
le

2
M
an
ag
em

en
t
an
d
ou

tc
om

e
da
ta

of
re
po

rt
ed

ca
se
s
of

D
SF

af
te
r
ga
st
re
ct
om

y
fo
r
m
al
ig
na
nt

di
se
as
e
(C
on

tin
ue
d)

A
ut
ho

r/
Ye
ar

M
an
ag
em

en
t

O
ut
co
m
es

H
os
pi
ta
ls
ta
y,

H
ea
lin
g
tim

e,
D
SF
-r
el
at
ed

m
ed

ia
n
da
ys

(ra
ng

e)
m
ed

ia
n
da
ys

(ra
ng

e)
m
or
ta
lit
y
ra
te

(%
)

C
on

se
rv
at
iv
e

En
do

sc
op

ic
Pe
rc
ut
an
eo

us
Su
rg
ic
al

Tr
an
sh
ep

at
ic

bi
lia
ry

di
ve
rs
io
n

A
bs
ce
ss
/

A
bd

om
in
al

dr
ai
na
ge

D
uo

de
no

st
om

y

Su
rg
ic
al
:2
/3

so
lv
ed

Ra
m
os

et
al
./

20
18

[2
]

8
0

0
0

0
7

C
on

se
rv
at
iv
e:
5/
8

so
lv
ed

N
A

N
A

40
%

(6
/1
5)

En
do

sc
op

ic
:−

/−

Pe
rc
ut
an
eo

us
:−

/−

Su
rg
ic
al
:4
/7

so
lv
ed

a m
ea
n,

N
A
no

t
av
ai
la
bl
e

Zizzo et al. BMC Surgery           (2019) 19:55 Page 9 of 14



considered both medical and percutaneous treatment
as part of conservative approach [3].
On the contrary, just Cornejo et al reported a length

of hospitalization exclusively related to conservative
treatment alone, which recorded 39.5 (26–65) mean
days [22].

Endoscopic treatment
Endoscopic treatment was mentioned in just 4 case
report studies [10, 12, 14, 17]. For 3 patients, it was the
only therapeutic approach, while in the remaining case it
was applied after 2 failed percutaneous attempts.
Available data allowed to determine a 100% success rate
[10, 12, 14, 17]. Bloch et al used a peculiar endoscopic-
percutaneous approach [10]. They performed a
catheterization under transabdominal endoscopy begin-
ning at external orifice of drainage incision and follow-
ing drainage tube path [10]. Conversely, Wong et al
inspected the fistula tract through choledochoscope,
closed the tract using gelatin sponge and fibrin glue after
irrigation and drainage of abscess [12]. Lee et al closed
the fistulous orifice by placing metal clips [14]. Eventu-
ally, Curcio et al performed a circumferential clip place-
ment along periphery of the fistula [17]. Two endoloops
were placed over the endoclips and near the base, to
fully close fistula [17]. In addition, fibrin glue was
injected into the submucosa to ensure complete fistula
sealing [17].
According to above mentioned authors, healing times

were 35 days, 2 days, 17 days, and 60 days, respectively
[10, 12, 14, 17]. Lee et al reported a 34-day length of
hospitalization [14].

Percutaneous treatment
Percutaneous treatment was cited by 9 studies [3, 5–7,
9, 15–18]. It was further divided into three different
approaches: percutaneous transhepatic biliary diversion,
percutaneous abscess / abdominal drainage and percu-
taneous duodenostomy. These three procedures were
adopted in 20, 43 and 19 cases, respectively. In almost
all cases, percutaneous treatment was associated and
followed by conservative treatment if it failed. Data
analysis showed a 91% success rate [3, 5–7, 9, 15–18].
Garden et al reported a 35 median day healing time,

Cozzaglio et al reported a 63 median day one, Oh et al
reported a 51 median day one, and Orsenigo et al
reported a 31.2 ± 19.7 mean day one [3, 9, 16, 18].
Length of hospitalization related to exclusive percu-

taneous treatment ranged from 32 to 63 median days
[16, 18].

Surgical treatment
Surgical treatment was reported by 13 studies and
applied in just over half whole population analyzed

(53%, 157/294) [2–7, 11, 13, 15, 19–22]. Peritoneal
lavage and abdominal drainage were performed in all
reoperations, often in association to other surgical
procedures. Main surgical procedures performed were
primary closure of the duodenal stump (84/157, 53.5%),
tube duodenostomy (58/157, 36.9%), biliary tree proce-
dures - cholecystectomy, intracystic or intracholedochal
Kehr T-tube placement, cholecystojejunal anastomosis
(18/157, 11.5%), re-stapling of the duodenal stump (7/
157, 4.4%), laparostomy (3/157, 1.9%).
In almost all cases, surgical treatment was performed

in the presence of sepsis and / or haemodynamic in-
stability. Available data showed a 71.5% success rate
[2–7, 11, 13, 15, 19–22].
Healing time was extremely variable, ranging from 18

to 57.3 mean days [13, 21]. It was 28.5 and 63 median
days for patients undergoing one or more than one
reoperation, respectively [4].
Cornejo et al reported a 34.3 mean day length of

hospitalization related to just surgical treatment [22].

Discussion
DSF following total or subtotal gastrectomy for gastric
cancer represents a rare complication with a reported
incidence of 1.6–5% [2]. Despite the relatively low inci-
dence rate, mortality rate remains high (from 7 to 67%)
with a reported spontaneous closure rate of 28–92% [2,
5, 6, 22].
DSF pathogenesis remains unknown [2]. Main risk

factors may be devascularization of duodenal stump or
its inadequate surgical closure, inflammation of duo-
denal wall, local hematoma, neoplastic involvement of
resection line, incorrect abdominal drain placement, and
postoperative distension of the duodenum due to distal
obstruction [2, 23].
Clinical DSF presentation time is variable with a mean

10-day diagnosis time [2]. Low fistula output may delay
diagnosis, making it difficult to define fistula occurrence
time [2]. Therefore, possible late clinical presentation
must be kept in mind.
Many risk factors are related to DSF occurrence [2].

These may be related to patient characteristics (advanced
age, cirrhosis, diabetes, heart disease, bio-humoral nutri-
tional status impairment - preoperative albumin < 35 g / L
and/or preoperative lymphocyte count < 2000 / mm3,
preoperative chronic anemia, presence of chronic ulcer or
ectopic pancreas in the duodenal bulb, previous hepato-
biliary surgery), primary gastric cancer-related conditions
(gastric outlet obstruction before gastrectomy, pylorus
cancer invasion) and intraoperative procedures (blood loss
> 300ml, absence of manual suture line reinforcement,
excessive vascular or pancreatic dissection around the
duodenal stump, direct thermal damage of the duodenal
stump) [3–6, 22].
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Some studies underlined the importance of suture line
reinforcement in DSF prevention [2]. In a recent
prospective phase II study, Kim et al highlighted DSF
absence in 100 patients undergoing laparoscopic
reinforcement suture (LARS) with barbed suture during
laparoscopic gastrectomy for gastric cancer [24]. Other
authors suggested application of coated sutures, fibrin
glues or resorbable reinforcements [2]. In a retrospective
study on 2034 patients undergoing gastrectomy for gas-
tric cancer, Shao et al analyzed three different techniques
of duodenal stump closure [25]. They concluded that
purse-string suture gave better outcomes in DSF rate
when compared to duodenal stump treated with linear
cutting stapler plus seromuscular layer reinforcement
suture or full-thickness suture plus seromuscular layer
reinforcement suture [25]. Orsenigo et al reported ab-
sent manual suture line reinforcement as an independ-
ent prognostic factor for DSF occurrence [3]. However,
suture line reinforcement is not always easily performed
as it happens in distal gastric lesions invading the pyl-
orus or duodenum, where extended ultrapiloric resec-
tions are needed, as Ramos et al suggested [2].
Prospective randomized studies might help us determine
effectiveness of suture line reinforcement, which is diffi-
cult to be performed due to small sample size related to
low DSF incidence.
For subtotal gastrectomy, Marincas et al recently

suggested the use of an intraoperatively introduced
duodenal decompression probe, with the aim of redu-
cing DSF risk [23]. However, the results were unsatis-
factory [23].
DSF treatment can be classified into nonsurgical

(conservative, endoscopic, percutaneous) and surgical.
Nonsurgical treatment includes adequate fistula drain-
age, infection source control, and patient nutritional
support. It represents the cornerstone of DSF manage-
ment [2–7]. Instead, surgical treatment should be
reserved only to those cases when nonoperative man-
agement does not allow an adequate fistula drainage
leading to secondary complications such as intra-
abdominal bleeding, sepsis, other fistulas, and intes-
tinal obstruction [2–7, 22].
Scientific literature well describes impact of parenteral

and enteral nutrition in preventing major complications
after upper gastrointestinal, hepatobiliary, and pancreatic
surgery [2]. Therefore, aggressive parenteral and / or
enteral nutritional therapy, can significantly reduce DSF
risk in addition to promoting its repair [2–5]. Analysis
of published papers allowed to collect neither detailed
data on DSF patient nutritional status nor indications
and characteristics of nutritional support, except for
what Garden et al reported [9]. However, malnutrition
represents a key issue in patients with gastrointestinal
fistulas, as it is closely associated to site and fistula

output and it represents a major concern in patients
affected by upper gastrointestinal fistulas such DSF [26].
A previous study identified a 53% malnutrition rate in
patients with gastric or duodenal fistulas [26]. An
“optimal nutritional support”, defined as a < 3000 Kcal
or more per day and a positive nitrogen balance through
a combination of oral, enteral and parenteral nutrition,
was recommended in patients with gastrointestinal
fistulas [26].
Patients with low-output fistulas should receive basal

energy requirement and 1–1.5 g of protein / kg of body
weight / day, with a minimum 30% caloric intake
provided as lipids [26]. On the contrary, patients with
high-output fistulas should receive 1.5–2 equivalent of
their basal energy expenditure plus 1.5–2.5 g protein /
kg body weight / day [26].
As patients often fail to achieve caloric support goals

through enteral route for several days after starting feed-
ing, immediate introduction of parenteral and enteral
supports is strongly recommended for those patients,
with the aim of interrupting parenteral support when
enteral nutritional goals are met [26–29].
Equally important is that broad-spectrum antibiotics

are administered and hydroelectrolytic and acid-base
disorders corrected [2]. Effectiveness of treatment with
somatostatin analogues was largely debated, although
many authors suggested the administration of somato-
statin analogues based on their potential efficacy in
reducing intestinal secretion [3, 5]. On the contrary, the
role of oral diet still appears uncertain, although it seems
to be better than fasting, excluding patients with diffuse
peritonitis and / or ileus [5].
Placement of abdominal drains in surgery for gastric

cancer is under discussion [2]. It did not prevent DSF
formation, although it could allow early DSF diagnosis
thus avoiding other invasive diagnostic / therapeutic
procedures [2]. Patients without abdominal drains or
presenting DSF after their removal may be treated by a
percutaneous approach: fluoroscopy, computed tomog-
raphy, or ultrasound-guide drainage with pigtail catheter
placement; transhepatic biliary drainage; fistula obliter-
ation by cyanoacrylate or prolamine; occlusive balloon
or Foley catheter placement [5, 15, 16, 18].
Biliary diversion with choledocostomy or percutaneous

transhepatic biliary drainage and occlusive balloon were
useful procedures in high-output fistulas described by
literature [2]. Cozzaglio et al reported effectiveness of
percutaneous transhepatic biliary drainage and occlusive
balloon with from 500 to 100ml / day reduced output in
6 patients [16]. However, complete resolution of DSF
was achieved in half treated cases [16].
Conservative and / or endoscopic and / or percutan-

eous approach is / are considered first choice for DSF
treatment and should be extended for at least 4–6 weeks,
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unless patient’s clinical situation worsens, thus requiring
prompt surgery [2, 4, 5].
Surgery aims at draining multiple localized abscesses

or treating a diffuse peritonitis (from severe abdominal
sepsis or active bleeding) [2]. However, authors recom-
mended to avoid surgery on fistulas occurring between
10 days and 6 weeks of initial gastric surgery [5]. During
surgical reintervention, DSF can be managed / closed in
different ways: washing of peritoneal cavity and abdom-
inal drainage; closure of fistula (simple suture or re-
stapling); biological glue; repair with rectus abdominis
muscle flap; Roux-en-Y duodenojejunostomy; biliogastric
diversion; laparostomy [2, 4]. However, effectiveness of
these procedures is limited and it includes high risk of
duodenal stump re-leakage due to postoperative edema
and inflammation [4]. Therefore, treating acute setting
with a duodenostomy would be more appropriate [4].
Ali et al suggested duodenostomy in order to avoid
complex surgical interventions, concomitant increased
morbidity and longer hospitalization, allowing future
surgery where possibility for transfer exists or subspeci-
ality expertise might be required [7]. Following duode-
nostomy, leakage site might close spontaneously within
2–6 weeks [18]. Other authors suggested pancreatoduo-
denectomy [4]. In addition to any surgical procedure for
DSF, some authors recommended a prophylactic chole-
cystectomy, due to high risk of acute cholecystitis [5].
However, need for such additional procedure has not
been confirmed yet.
An analysis of cases reported by literature did not

allow to identify the most appropriate surgical strategy,
probably due to high number of performed surgical
procedures and low number of events [4]. However,
patient outcome would seem better if peritoneal lavage
and abdominal drainage were associated to surgical or
percutaneous procedure on the biliary tree [4].
Despite improvements in nonsurgical diagnostic and

therapeutic procedures, and surgical techniques, DSF-
related mortality rate remains high, particularly during
the first weeks following onset [5]. In small series,
literature declared DSF and old age as independent
factors associated to risk of surgical death (Clavien V)
[2]. On the contrary, Cozzaglio et al found that DSF
alone did not lead to patient’s death [5]. Development
of new complications represented the real issue [5].
Moreover, the risk of death appeared to be closely
related to the number of arising complications [5].
Therefore, best effort in preventing and treating septic
complications is mandatory [5].
Some authors discussed the impact of laparoscopy on

the risk of DSF development. Minimally-invasive
surgery, laparoscopic gastrectomy in particular, is gain-
ing increasing popularity in gastric cancer management
[30]. Overall, relevant literature mainly stem from East

Asia, while Western countries rarely performed random-
ized studies [30]. Currently, as early gastric cancer is
concerned, in particular when it is located in distal
stomach, different randomized trials proved laparoscopic
gastrectomy superiority/noninferiority, in particular in
reducing surgical trauma and enhancing postoperative
recovery, with no compromise on surgical safety and
oncologic efficacy [30]. Conversely, in advanced gastric
cancer, multicenter large-scale randomized evidence
endorsed laparoscopic gastrectomy safety and feasibility
by experienced hands, while long-term survival out-
comes, whose clarification requires support by several
ongoing trials, remain pivotal in determining whether a
wider applicability can be accepted [30, 31]. Cozzaglio et
al estimated a 5 times higher risk in laparoscopic
gastrectomies [4]. However, risk would seem related to
specific learning curve, as suggested by other authors
[3]. Another possible explanation could be nonroutine
execution of suture line reinforcement in laparoscopic
approach, although such assumption was not confirmed
by Cozzaglio et al’s large multicenter study [4].

Limitations
Our systematic review presents several limitations: i) re-
ported events were mainly case reports or small retro-
spective series; ii) populations under analysis presented
heterogeneity; iii) many relevant data were not described
by the authors in detail, as reported in Tables 1 and 2;
iv) number of reported procedures was higher than
number of patients, given frequent association of differ-
ent therapeutic approaches; therefore, some patients
were simultaneously taken into consideration in different
groups; v) data on timing of DSF diagnosis, healing time
and length of hospitalization were reported in median
days or mean days; therefore, direct confrontation of re-
sults appeared difficult.

Conclusions
DSF represents a rare but potentially lethal complication
after gastrectomy for gastric cancer. Early DSF diagnosis
is crucial in minimizing DSF-related morbidity and mor-
tality. However, early diagnosis is often difficult, because
of clinical manifestations that only include moderate and
nonspecific symptoms and signs. Conservative and / or
endoscopic / percutaneous treatment is / are the first
choice. In worsening of patient clinical condition,
surgery becomes mandatory and duodenostomy appears
to be the most effective surgical procedure.

Abbreviations
CT: Computed tomography; DSF: Duodenal stump fistula; LARS: Laparoscopic
reinforcement suture; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes
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