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Abstract

Background Duodenal stump fistula (DSF) is the most
severe surgical complication after gastrectomy. This study
was designed to assess the incidence, to observe the con-
sequences, and to identify the risk factors associated with
DSF after gastrectomy.

Methods  All procedures involving total or sub-total gas-
trectomy for cancer, performed between January 1987 and
June 2012 in a single institution, were prospectively
entered into a computerized database. Risk factors analysis
was performed between DSF patients, patients with com-
plete uneventful postoperative course and patients with
other major surgical complications.

Results Over this 25 years period, 1287 gastrectomies
were performed. DSF was present in 32 cases (2.5 %).
Mean post-operative onset was 6.6 days. 19 patients were
treated conservatively and 13 surgically. Mean DSF heal-
ing time was 31.2 and 45.2 days in the two groups,
respectively. Mortality was registered in 3 cases (9.37 %),
due to septic shock (2 cases) and bleeding (1 case). In
monovariate analysis, heart disease (p < 0.001), pre-oper-
ative lymphocytes number (p = 0.003) and absence of
manual reinforcement over duodenal stump (p < 0.001)
were found to be DSF-specific risk factors, whereas liver
cirrhosis (p = 0.002), pre-operative albumin levels
(p < 0.001) and blood losses (p = 0.002) were found to be
non-DSF-specific risk factors. In multivariate analysis
heart disease (OR 5.18; p < 0.001), liver -cirrhosis
(OR 13.2; p <0.001), bio-humoral nutritional status
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impairment (OR 2.29; p = 0.05), blood losses >300 mL
(OR 4.47; p = 0.001) and absence of manual reinforce-
ment over duodenal stump (OR 30.47; p < 0.001) were
found to be independent risk factors for DSF development.
Conclusions Duodenal stump fistula still remains a life-
threatening complication after gastric surgery. Co-mor-
bidity factors, nutritional status impairment and surgical
technical difficulties should be considered as important risk
factors in developing this awful complication.

Keywords Gastric cancer - Surgery - Duodenal stump
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Introduction

Duodenal stump fistula (DSF) is one of the most frightful
complications after total or sub-total gastrectomy. Even if
its incidence reported in Literature is low, it is correlated
with high post-operative morbidity and mortality rate, and
prolonged post-operative period of hospitalization.

In fact, in a recent Italian multi-centric retrospective
analysis [1] of 3785 cases, DSF was observed in only 68
cases (1.8 %), but DSF-correlated morbidity rate was 75 %
and mortality rate was 16 %; moreover, 40 % of patients
needed 1 or more re-operations and overall median healing
time was 19 days (range 1-1035 days). Most common
reported complications were intra-abdominal abscess,
wound infection, necrosis or dehiscence, diffuse peritonitis,
sepsis, malnutrition, fluid and electrolytes disturbances,
dermatitis, acute cholecystitis, pancreatitis, abdominal
bleeding, and pneumonia [2].

Therefore, DSF is considered one of the dangerous and
life-threatening events in the post-operative course after
gastrectomy.
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In the years, different strategies have been proposed for
DSF treatment: from surgical procedures (such as tube
duodenostomy [3, 4], repair with a rectus abdominis
muscle flap [5], closure by a Roux-en-Y duodenojejunos-
tomy [6, 7] or pancreatoduodenectomy [8] ) to percutane-
ous approach, (such as abscess drainage, transhepatic
biliary drainage [9, 10], fistuloscopy [11] and fistula
obliteration by cyanoacrylate or prolamine [12], or, more
recently, percutaneous transhepatic biliary drainage and
occlusion balloon [13]).

Furthermore, administration of enteral and/or total par-
enteral nutrition according to nutritional guide-lines [14,
15], allows a faster fistula healing and a lower morbidity
rate [16—19]. Finally, the use of somatostatin and its ana-
logues are proved to reduce fistula output and to shorten
healing times [20, 21].

Concerning DSF pathogenesis, many possible causes of
post-operative DSF have been proposed in the past, such as
inadequate closure of the duodenal stump, devasculariza-
tion, cancer involvement of resection line, inflamed duo-
denal wall, local hematoma, incorrect drain position, and
postoperative distension of the duodenum; however, few
studies are reported in literature about that, a no risk-fac-
tors analysis has ever been conducted.

Therefore, the aim of this study is to identify the risk-
factors associated with post-operative DSF development,
by retrospectively analyzing the data registered from our
experience, in order to better comprehend and, if possible,
avoid such a fearful complication after gastric surgery.

Materials and methods

This study was approved by the Institutional Review Board
at San Raffaele Scientific Institute.

We retrospectively analyzed our case record from 1987
to present. Only patients underwent elective total or sub-
total gastrectomy, with excluded duodenum, for malignant
diseases were included in this study.

Duodenal stump fistula was defined as the presence of
duodenal juice in surgical drainage(s), or its leakage
through the abdominal wall, irrespective of clinical impact
or symptoms, and confirmed by CT scan and/or
fistulography.

DSF patients group was compared with 2 control groups
of patients:

a. A group of 506 patients underwent the same surgical
procedures in the same time span, with complete
uneventful post-operative course (UPC), defined as the
complete absence of both medical and surgical post-
operative complications. We decide to use UPC
patients as control group in order to minimize any
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statistical bias related to other
complications.

b. A group of 268 patients that presented any other major
surgical complications after gastric surgery (OSC)
different from duodenal stump fistula, in order to
verify if analyzed parameters could be considered as
specific risk factors for DSF development or if they are
generic risk factors for any surgical complications after

gastric surgery.

post-operative

Clinical parameters collected and analyzed were divided
in three categories: demographic characteristics, co-mor-
bidity factors and surgical variables.

Demographical characteristics analyzed were age, sex,
type of disease, disease stage (only for adenocarcinoma),
tumor site, ASA score and BMI.

Co-morbidity factors analyzed were: hypertension, dia-
betes mellitus, chronic renal failure, heart disease, COPD,
liver cirrhosis, pre-operative weight loss >10 % and
>20 % of usual body weight, pre-operative serum albumin
level and pre-operative lymphocytes number.

Surgical variables analyzed were: intra-operative blood
losses, duration of surgery, distal margin involvement by
cancer, surgical access, type of gastrectomy, type of
reconstruction, level of lymphadenectomy, duodenal stump
closure (manual/mechanical), type of stapler device used
for duodenal closure, confection of manual reinforcement
over duodenal stump.

Categorical data are presented as percent proportion;
continuous data are presented as mean and standard devi-
ation. Groups were compared simultaneously using one-
way ANOVA followed by post hoc comparisons (Tukey’s
test) or Pearson’s x> test, depending on the nature of the
data. For multiple comparisons of categorical variables,
Bonferroni’s adjustment was used, in order to prevent
multiple testing bias. For incomplete data, a dummy vari-
able classified as “missing” was included in the analysis to
allow for inclusion of all available cases. All variables with
p < 0.05 in the univariate analysis between DSF and UPC
group were subsequently included in a multivariate binary
logistic regression model, in order to determine risk factors
associated with DSF. Analyses were performed by the use
SPSS software for Microsoft Windows 22.0th Edition.
Variables were considered significantly different if two-
tailed p value was <0.05.

Results

From 1987 to present, 1287 patients underwent total or
sub-total gastrectomy with excluded duodenum for malig-
nant disease. Demographic characteristics of the patients
are reported in Table 1.
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Table 1 Demographic characteristic in patients with duodenal stump
fistula underwent total or sub-total gastrectomy

Table 2 Oncological characteristics in patients with duodenal stump
fistula underwent total or sub-total gastrectomy

Variable N. of patients
(percent) or mean

+ standard deviation

Age 69.5 £ 10.8 years
Sex M: 22 (69 %)

F: 10 31 %)
ASA 0: 23 %
ASA1: 7 %
ASA 2: 47 %
ASA 3:23 %
ASA 4: 0 %
BMI 249 £ 35

ASA score

Duodenal stump fistula was observed in 32 patients
(2.5 %). Mean age of patients was 69.5 £+ 10.8 years,
male/female ratio 2.2. In all 32 cases, patients underwent
surgery for gastric adenocarcinoma: intestinal type in 19
cases (59 %), infiltrating with signet-ring cells type in 10
cases (32 %), mucinous type in 1 case (3 %) and both
infiltrating and mucinous type in 2 cases (6 %).

According to UICC TNM Classification of Malignant
tumors 7th Edition, stage I was present in 22 % of cases,
stage Il was present in 28 % of cases, stage III was
present in 28 % of cases and stage IV was present in
22 % of cases. None of 32 DSF patients underwent pre-
operative neo-adjuvant chemotherapy, despite 25 cases of
advanced neoplasms. In fact, according to recent devel-
opments in gastric cancer oncological management [22],
in our Institute nowadays all advanced cases undergo peri-
operative chemotherapy; however, all DSF cases recorded
in our database predate the introduction on neo-adjuvant
schemes. Duodenal resection margin involved by the
tumor (R1) was present in 6 % of patients. All oncolog-
ical characteristics are reported in Table 2.

Mean  post-operative = DSF  onset day was
6.6 + 4.7 days and mean fistula maximum daily output
was 246 £ 266 mL. Nineteen patients were treated
conservatively and 13 patients were treated with 1 or
more surgical revision(s). Conservative treatments con-
sisted in percutaneous abdominal abscess drainage/tran-
shepatic biliary drainage, total parenteral/enteral nutrition
and/or somatostatine/octreotide administration. Surgical
treatments consisted in direct stump closure (with or
without external duodenal drainage) in 4 cases, duodenal
stump resection and closure (with or without external
bile diversion via trans-cystic drainage) in 6 cases,
external duodenal drainage in 2 cases and surgical
placement of abdominal drainages in 1 case (see
Table 3).

Oncological parameters N. of patients (%)

Histological type

Adenocarcinoma 32 (100)
Intestinal type 19 (59)
Infiltrating with signet-ring cell type 10 (32)
Mixed type (mucinous and infiltrating) 2 (6)
Mucinous type 13

Disease stage

Stage | 7 (22)
Stage Ia 4 (13)
Stage Ib 309

Stage 11 9 (28)
Stage Ila 309
Stage IIb 6 (19)

Stage 111 9 (28)
Stage Illa 5 (16)
Stage I1Ib 2 (6)
Stage Illc 2 (6)

Stage IV 7 (22)

Tumor site

Proximal 7 (23)

Middle 4 (11)

Distal 21 (65)

Early and Advanced gastric cancer
Early gastric cancer 7(22)
Advanced gastric cancer 25 (78)
Resection margin status
RO 30 (94)
R1 2 (6)

Mean DSF healing time was 31.2 £ 19.7 days in
conservatively-treated patients, and 45.2 + 57.4 days in
surgical-treated patients. Overall DSF-correlated morbid-
ity was 84 %. Most common DSF-correlated complica-
tions were sepsis (75 %), abdominal abscess (69 %),
pneumonia (34 %), wound infection (28 %) and bleeding
(22 %) (see Table 4). Mortality was registered in 3 cases
(9.37 %), due to septic shock in 2 cases and bleeding in
1 case. All fatal outcomes occurred in the surgical-
treated group.

For what concern DSF incidence over the 25 years
analyzed in this study, 3 cases were observed between 1987
and 1991 (2.3 %), 6 cases between 1992 and 1996 (2.1 %),
4 cases between 1997 and 2001 (1.2 %), 12 cases between
2002 and 2006 (5.1 %) and 7 cases from 2007 to present
(2.1 %) (see Fig. 1). Incidence of DSF in the period
2002-2006 was found to be significantly higher than in the
other periods observed (p = 0.049).
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Table 3 Comparison of conservative and surgical treatment for
patients with duodenal stump fistula, and post-operative outcome

Table 4 Post-operative complications correlated with duodenal
stump fistula in patients underwent total or sub-total gastrectomy

Conservative treatment  Surgical treatment

(19 pts.) (13 pts.)
Treatment Observation: 11 pts. Direct stump
closure: 4 pts.
PTBD: 3 pts. Stump resection
and closure:
3 pts.
PAD: 5 pts. External duodenal
drainage: 2 pts.
Surgical
abdominal
drainages: 1 pt.
Drugs
Somatostatine 1 pt. 0 pts.
Octreotide 10 pts. 3 pts.
Nutrition
TPN 13 pts. 13 pts.
EN 11 pts. 8 pts.
Per os 8 pts. 0 pts.
Outcome
Healing 19 pts. 10 pts.
Death 0 pts. 3 pts.

Cause of death

Septic shock
2 pts.
Bleeding 1 pt.
Mean healing time  31.2 4+ 19.7 days
45.2 £ 57.4 days

PTBD percutaneous transhepatic biliary drainage, PAD percutaneous
abdominal drainage, TPN total parenteral nutrition, EN enteral
nutrition

Demographic and oncological characteristics univariate
analysis

Results from comparison of demographic and oncological
characteristics are reported in Table 5. In particular, no
significant difference was found between the three groups
concerning age, sex, type of disease, adenocarcinoma dis-
ease stage, tumor site, ASA score and BMI.

Co-morbidity factors univariate analysis

Comparison for single co-morbidity factors are reported in
Table 6 and depicted in Fig. 2.

Heart disease was found present in 34 % of patients who
developed DSF in post-operative course, whereas it was
present in only 10 % of patients with UPC and in 11 % of
patients with other major surgical complications, with
a significant difference between the three groups
(p = 0.001).In one-to-one analysis, heart disease was sig-
nificantly higher in DSF group in comparison with both
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Type of complication in patients with DSF N. of patients (%)

Sepsis 24 (75)
Abdominal abscess 22 (69)
Pneumonia 11 (34)
Wound infection 9 (28)
Bleeding 7 (22)
Acute renal failure 5 (16)
Colonic fistula 4 (12)
Gastro-jejunal anastomosis leakage 2 (6)
Central line infection 2 (6)
Pneumothorax 2 (6)
Pulmonary embolism 1(3)
Anastomotic stenosis 1(3)
Abdominal wall cellulitis 13)
Acute urinary retention 13
Acute liver failure 13
Cholecystitis 13)
Urinary tract infection 1(3)
Myocardial infarction 1(3)
Respiratory failure 1(3)
Overall 27 (84)

UPC and OSC groups (p = 0.001 and 0.004, respectively),
whereas no difference was found between UPC and OSC
groups. About 13 % of patients with DSF and 12 % of
OSC patients presented liver cirrhosis at surgery time,
whereas it was present in only 3 % of patients with UPC
(p = 0.002).The incidence was significantly higher in both
DSF and OSC groups in comparison with UPC group
(p = 0.022 and 0.041, respectively); instead, no statistical
difference was found between DSF and OSC groups.

For what concerns pre-operative albumin levels, there
was a statistically significant difference between groups
as determined by one-way ANOVA (p < 0.001). Post-
hoc test revealed that albumin levels were statistically
significantly lower in DSF (37.2 £+ 3.2 g/L, p = 0.028)
and OSC (36.8 & 3.1 g/L, p = 0.002) group compared to
UPC group (42.2 &+ 3.1 g/L). There were no statistically
significant differences between DSF and OSC groups.
Moreover, incidence of patients with serum albumin
<35 g/l was significantly higher in DSF (35 %) and
OSC (33 %) groups, than in UPC group (19 %;
p = 0.035).

Finally, a statistically significant difference between
groups was found also in pre-operative lymphocytes
number, as determined by one-way ANOVA (p =
0.003). Post-hoc test revealed that lymphocytes number
was significantly lower in DSF group (1,940 + 634.2/mm°)
compared to UPC (3,860.2 & 2,787/mm’, p = 0.003) and
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Fig. 1 Duodenal stump fistula
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Table 5 Univariate analysis of demographic and oncological characteristics between patients who developed DSF, patients with uneventful
post-operative course and patients who developed other surgical complications different from DSF after total or sub-total gastrectomy

Variable DSF patients UPC patients OSC patients Overall DSF- DSF- UPC-
(32 pts.) (506 pts.) (268 pts.) )4 UPCp OSCp OSCp
Age 69.5 + 10.8 years 66.4 £ 12.2 years 67.3 & 11.6 years 0.23 0.29 0.54 1
Sex M: 69 % M: 52 % M: 54 % 0.14 / / /
F: 31 % F: 48 % F: 46 %
Type of disease ACA: 100 % ACA: 95 % ACA: 90 % 0.16 / / /
Others: 0 % Others: 5 % Others: 10 %
Disease stage (only for adenocarcinoma) Stage I: 22 % Stage I: 38 % Stage I: 28 % 0.09 / / /
Stage 1I: 28 % Stage 1I: 18 % Stage 1I: 19 %
Stage III: 28 % Stage III: 22 % Stage III: 33 %
Stage IV: 22 % Stage IV: 22 % Stage IV: 20 %
Tumor site Proximal: 23 % Proximal:11 % Proximal:13 % 0.15 / / /
Middle: 11 % Middle: 28 % Middle: 29 %
Distal: 65 % Distal: 61 % Distal: 58 %
ASA score ASA 0: 23 % ASA 0: 14 % ASA 0: 18 % 0.23 / / /
ASA 1: 7 % ASA 1: 14 % ASA 1: 18 %
ASA 2: 47 % ASA 2: 57 % ASA 2: 53 %
ASA 3:23 % ASA 3: 14 % ASA 3: 10 %
ASA 4:0 % ASA4:1 % ASA 4:1 %
BMI 249 £ 35 246 £4.3 252 £38 0.73 0.99 0.98 0.71

DSF Duodenal stump fistula patients, UPC uneventful post-operative course patients, OSC other surgical complications patients

OSC (3,458.3 = 2,753/mm>, p = 0.002) groups, whereas

there were no statistically significant differences between

DSF and OSC groups. Furthermore, incidence of patients
with lymphocytes count <2,000/mm’ was significantly
higher in DSF group than in both UPC and OSC groups

(62, 34, 33 %, respectively; p = 0.006).

Surgical variables univariate analysis

significant

Results from comparison of surgical specific parameters
are reported in Table 7 and depicted in Fig. 3.
One-way ANOVA revealed a

differ-

ence between groups in intra-operative blood losses
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Table 6 Univariate analysis of co-morbidities factors between patients who developed DSF, patients with uneventful post-operative course and

patients who developed other surgical complications different from DSF after total or sub-total gastrectomy

Variable DSF patients UPC patients OSC patients Overall DSF-UPC DSF-OSC UPC-OSC
(32 pts.) (506 pts.) (268 pts.) p )4 P P

Hypertension Presence: 41 % Presence: 36 % Presence: 31 % 0.54 / / /
Absence: 59 % Absence: 64 % Absence: 69 %

Diabetes mellitus Presence: 6 % Presence: 7 % Presence: 9 % 079 / / /
Absence: 94 % Absence: 93 % Absence: 91 %

Chronic renal failure Presence: 3 % Presence: 3 % Presence: 3 % 099 / / /
Absence: 97 % Absence: 97 % Absence: 97 %

Heart disease Presence: 34 % Presence: 10 % Presence: 11 % <0.001 0.001 0.004 0.52
Absence: 64 % Absence: 90 % Absence: 89 %

COPD Presence: 3 % Presence: 4 % Presence: 4 % 098 / / /
Absence: 97 % Absence: 96 % Absence: 96 %

Liver cirrhosis Presence: 13 % Presence: 3 % Presence: 12 % 0.002 0.022 0.75 0.041
Absence: 87 % Absence: 97 % Absence: 88 %

Pre-op. weight loss >10 % Yes: 28 % Yes: 19 % Yes: 27 % 039 / / /

of usual body weight No: 72 % No: 81 % No: 72 %
Pre-op. weight loss >10 % Yes: 6 % Yes: 4 % Yes: 6 % 0.63 / / /
of usual body weight No: 94 % No: 96 % No: 94 %
Pre-operative albumin 372 £ 32 ¢/L 422 +£9.6 g/L 36.8 £ 3.1 g/lL <0.001 0.028 1 0.002
Pre-operative lymphocytes 1,940 £+ 634.2/mm> 3,860.2 + 2,787/mm’ 3,458.3 + 2,753/mm’ 0.003  0.003 0.002 0.47

DSF duodenal stump fistula patients, UPC uneventful post-operative course patients, OSC other surgical complications patients

Fig. 2 Co-morbidity factors

Co-morbidity factors analysis

analysis

(p = 0.002). Post-hoc analysis showed that blood losses
were significantly higher in DSF (425.8 4+ 425.2 mL,
p=0.05 and OSC (400.6 & 359.0 mL, p = 0.016)
groups compared to UPC group (301.5 + 304.8 mL).
There were no statistically significant differences between
DSF and OSC groups. Moreover, incidence of patients with
blood losses >300 mL was significantly higher in DSF
(63 %) and OSC (51 %) groups than in UPC (37 %,
p = 0.01), whereas no statistical significance was found
between UPC and OSC groups.
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For what concern the type of operation performed, the
percentage of total gastrectomies was significantly higher
in OSC group (42 %) compared to UPC group (29 %,
p < 0.001), whereas no differences were found between
DSF (34 %) and UPC groups, and between DSF and OSC
groups.

The absence of manual reinforcement over duodenal
stump closure was found to be significantly higher in
DSF group (48 %) compared to both UPC (3 %,
p < 0.001) and OSC (0 %, p < 0.001) groups, while



Duodenal stump fistula risk factors

739

Table 7 Univariate analysis of surgical variables between patients who developed DSF, patients with uneventful post-operative course and
patients who developed other surgical complications different from DSF after total or sub-total gastrectomy

Variable DSF patients UPC patients OSC patients Overall DSF-UPC DSF-OSC UPC-OSC
(32 pts.) (506 pts.) (268 pts.) )4 )4 P p
Intra-operative blood losses 425.8 + 4252 mL.  301.5 £ 304.8 mL  400.6 & 359.0 mL 0.002 0.05 1 0.016
Duration of surgery 241 £+ 69.6 min 220.9 £ 764 min  239.1 £ 112.2 min 0.15 1 1 0.21
Distal margin involvement  Yes: 6 % Yes: 3 % Yes: 4 % 0.41 / / /
No: 94 % No: 96 % No: 96 %
Surgical access LPT: 69 % LPT: 82 % LPT: 83 % 0.17  0.06 0.06 0.7
LPS: 31 % LPS: 18 % LPS: 17 %
Type of gastrectomy Total: 34 % Total: 29 % Total: 42 % <0.001 0.54 0.45 <0.001
Subtotal: 66 % Subtotal: 71 % Subtotal: 58 %
Type of reconstruction B2: 12 % B2:9 % B2: 8 % 0.65 / / /
Roux: 88 % Roux: 91 % Roux: 92 %
Lymphoadenectomy D1: 26 % D1: 26 % D1: 24 % 096 / / /
D2: 74 % D2: 74 % D2: 76 %
Duodenal stump closure Manual: 0 % Manual: 2 % Manual: 0 % 047 / / /
Mechanical: 100 % Mechanical: 98 %  Mechanical: 100 %
Type of stapler device GIA: 47 % GIA: 46 % GIA: 47 % 035 / / /
TA: 22 % TA: 36 % TA: 34 %
EndoGIA: 31 % EndoGIA: 18 % EndoGIA: 19 %
Manual reinforcement Yes: 52 % Yes: 97 % Yes: 99 % <0.001 <0.001 <0.001 0.2
No: 48 % No: 3 % No: 0 %
DSF duodenal stump fistula patients, UPC uneventful post-operative course patients, OSC other surgical complications patients
Fig. 3 Surgical variables Surgical variables analysis
analysis 90%
p=ns
80%
<0.001
70%
p=ns
60% 2 <0.001
<0.001 M DSF
50%
o L — || @ UPC
p=ns M osc
30%
p=ns
20% .
p=ns p=ns
10% L | L |

no differences were found between UPC and OSC
groups.

Finally, even if the overall comparison did not show a
statistical significance (p = 0.17), we found that laparo-
scopic approach was more common in DSF group (31 %)
compared to both UPC (18 %) and OSC (17 %) groups,
with a p value close to statistical significance (p = 0.06) in

both one-to-one analyses. No differences were found
between UPC and OSC groups.

Multivariate logistic regression model analysis
All variables identified in monovarite analyses with

p < 0.05 between DSF and UPC groups were subsequently
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Table 8 Results of multivariate binary logistic regression analysis between patients who developed DSF and patients with uneventful post-
operative course, for duodenal stump fistula risk factors identified in monovariate analysis with p < 0.05

Variable DSF patients UPC patients Monovariate OR 95 % CI p
(32 pts.) (%) (506 pts.) (%) p value

Heart disease 0.001

Absence 64 90 Reference

Presence 34 10 5.182 2.150-12.489 <0.001
Cirrhosis 0.022

Absence 87 97 Reference

Presence 13 3 13.203 3.201-54.453 <0.001
Bio-humoral nutrit. status 0.001

Normal 34 64 Reference

Impaired® 66 36 2.291 0.994-5.277 0.05
Intra-operative blood losses 0.001

<300 mL 37 67 Reference

>300 mL 63 33 4.469 1.838-10.864 0.001
Manual reinforcement <0.001

Presence 52 97 Reference

Absence 48 3 30.469 12.605-73.650 <0.001

DSF duodenal stump fistula patients, UPC uneventful post-operative course patients

* If pre-operative albumin level was <35 g/L and/or pre-operative lymphocytes number was <2,000/mm?

included in multivariate analysis, in order to identify
independent risks factor for DSF development.

In order to minimize the number of variables inserted in the
multivariate equation, because of the small number of patients
in DSF group (32), a new variable called “bio-humoral
nutritional status” was created and used in logistic regression
analysis. Patients were considered with a bio-humoral nutri-
tional status impairment if pre-operative albumin level was
<35 g/L. and/or pre-operative lymphocytes number was
<2,000/mm>. A preliminary Fisher’s exact test showed that
the percentage of patients with bio-humoral nutritional status
impairment was significantly higher in DSF group compared
to UPC group (66 vs. 36 %, p = 0.001).

Presence of heart disease (OR 5.18) and liver cirrhosis
(OR 13.2), bio-humoral nutritional status impairment (OR
2.29), blood losses >300 mL (OR 4.47) and absence of
manual reinforcement over duodenal stump (OR 30.47)
were all found to be independent risk factors for DSF
development.

All variables entered into the multivariate logistic
regression model, their odds ratios, 95 % confidence
intervals, and p values are shown in Table 8.

Discussion

Duodenal stump fistula is an uncommon but extremely
dangerous complication after gastric surgery for
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malignancy, and represents one of the most challenging
and life-threatening post-operative events that the surgeon
must deal with.

Unfortunately, few and not recent data are available in
literature about that. In fact, published studies dealing with
DFS are based on small series of patients and DFS are
reported after different types of surgery and for different
causes (in many cases as an emergency), so the reported
data are very heterogeneous and the clinical pictures are
not comparable [1, 2, 19, 23-25].

According to those data, DSF incidence was about 3 %,
overall mortality ranges from 7 to 67 % [2, 23, 24], and spon-
taneous fistula closure ranges from 28 to 92 % [18, 23, 25].

In a recent multi-centric Italian study [1] DFS was found
to be present in 1.8 % of 3,785 gastrectomies for malignant
disease, with a mortality and morbidity rate of 16 and
75 %, respectively. DSF healing rate was 84 % (57
patients) after a median of 19 days (range 1-1,035 days).
Exitus was due to multiple organ failure in ten patients and
in one case to pulmonary embolism, after a median of
18 days (range 4-60 days).

In our series, DSF incidence was 2.5 %, overall mor-
tality was 9.37 % and DSF-related morbidity was 84 %.
Infections (pneumonia, abdominal abscess, surgical site)
and sub-sequent sepsis were the most common morbidity
and mortality causes observed. Also intra-abdominal
bleeding was found to be an important and frequent
complication.
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Concerning DSF treatment, data available in literature
suggest that, when possible, conservative approach should
be preferred, along with artificial nutrition and somato-
statin/octreotide administration. Surgery should be con-
sidered only when conservative management does not
allow the control of the fistula and correlated complication
(i.e. bleeding, sepsis, etc....) [10].

Unfortunately, unlikely many studies concerning DSF
management and treatment, no data are available in liter-
ature analyzing specific causes and risk factors for DSF
onset; therefore, the results presented in this study cannot
be compared with similar ones.

In our series, patients with DSF were basically older
than other patients, even if this difference was not statis-
tically significant. It is still controversial if considering age
as an independent risk factor for post-operative morbidity
and mortality in gastric cancer surgery. Hsu [26] found a
higher postoperative morbidity and in-hospital mortality
rates in patients >80 years old underwent gastric resec-
tions; similar results were found by Pisanu [27] in patients
75 years or older with an overall morbidity and mortality
rate of 27.9 and 8.5 %, respectively. Moreover, age was
found to correlate with a higher mortality in patients with
post-operative DFS [1], and the mortality hazard ratio per
1 year increase in age is 1.09. On the other hand, in a
retrospective analysis of more than 1110 cases [28], we
found that age does not affect post-operative morbidity and
mortality (27 and 7 % in patients >75 years old; 23 and
3 % in <75 years old, respectively), and thus cannot be
considered as an independent risk factor. These findings are
confirmed by the results of this study, in which age seems
not to increase surgical complications different from DSF
after gastric surgery. In any case, elder patients tend to
present more co-morbidities than younger ones, and
therefore any considerations about surgical risk should be
taken considering the global conditions and performance
status of the patients and not only their age.

In co-morbidity analysis, we found that a higher per-
centage of DSF patients presented heart diseases. In liter-
ature, few data are reported concerning correlation between
cardiovascular diseases and complications after gastric
surgery, or abdominal surgery in general. Cozzaglio [1]
found that, in their series of 68 duodenal stump fistulas,
over two-thirds of patients presented comorbidities mainly
involving the cardiovascular system. Moreover, Jeong [29]
found that patients with heart diseases presented a higher
rate of both medical and surgical post-operative morbidi-
ties (history without medication OR 4.0; history with
medication OR 6.7).

Furthermore, also liver cirrhosis was found to be an
independent, but non-DSF specific, risk factor, as reported
also in literature. In fact, in the previously mentioned study
[29], Jeong reported that the presence of chronic liver

disease effects the development of post-operative compli-
cations (chronic hepatitis OR 2.4; liver cirrhosis class A
OR 8.4; liver cirrhosis class B OR 9.38). Similar results
were found by Neef [30] in recent retrospective series of
138 non-hepatic abdominal operations in patients with liver
cirrhosis: overall and surgical morbidity rate were 64 and
47 % even in elective surgery, therefore liver cirrhosis
must be considered as a high impact risk factor for all kind
of abdominal surgery.

Finally, nutritional status and, in particular, low pre-
operative serum albumin level and lymphocytes number
seems to correlate with an higher risk of post-operative
DSF. It is well known, in fact, that nutritional status has a
great impact over post-operative course and over devel-
opment of both medical and surgical complications, and
therefore, administration of enteral or parenteral nutrition
is vital for those patients [31-33]. Wu [32] reported high
morbidity and mortality rate after gastrectomy in under-
nourished patients (29.7 and 8.6 %, respectively). More-
over, Ryan [33] found that patients with >10 % weight loss
had a significantly higher rate of complications and a sig-
nificantly higher mortality rate than other patients. Weight
loss at diagnosis was found to be the only predictive factor
of post-operative complications (OR 3.1). In our study we
did not find this kind of correlation with percentage of
weight loss, but nutritional status in general and nutritional
bio-humoral markers impairment are strictly correlated
with surgical complication and, specifically, with DSF
onset. In particular, low pre-operative lymphocytes number
was found to be a specific DSF-correlated risk factor,
whereas low pre-operative albumin level is associated with
surgical complications in general. Concerning this topic,
Hennessey [34], in a large multi-centric retrospective
study, found that in patients who developed a surgical site
infection had a lower preoperative serum albumin. Fur-
thermore, hypoalbuminemia was an independent risk factor
for surgical site infection development (RR 5.68), and
albumin level <30 mg/dL was associated with an increased
rate of deep vs. superficial SSI. In the study reported by
Cozzaglio [1], about one-third of patients with DSF were
malnourished, with a weight loss greater than 10 %, and or
a serum albumin level <35 g/L, and a lymphocyte count
<1,500/mL. Moreover, correlations with mortality were
found for serum albumin level (hazard ratio per 1 g/L
increase in serum albumin level is 0.90), development of
further complications, and the need for surgery or TPN in
DF management. Therefore, nutritional status impairment
should be considered as one the most important factors, not
only for DFS development, but also for its prognosis.

In surgical variables analysis, we found a statistically
relevant non-specific correlation between intra-operative
blood losses and DSF onset. Increased blood losses during
surgery are referred to be a risk factor for complications in
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general after abdominal surgery, not only for DSF [35]. In
particular, for what concern gastric surgery, no studies
were found in literature describing direct correlation
between intra-operative blood losses and post-operative
complications. Nevertheless, high blood losses [36, 37] and
subsequent transfusions [38] are anyhow associated with a
higher rate of recurrence, especially peritoneal, and there-
fore poor prognosis.

Resection line involvement was reported in literature in
about 1-10 % of patients [39, 40] and is generally con-
sidered as a cause of high surgical morbidity [41]. In our
series, despite of what is referred in literature, we found no
correlation between resection line involvement and DSF
development. However, it is important to underline that our
resection line involvement rate was lower compared to
17.5 % reported in Cozzaglio’s study [1].

Although several prospectic randomized clinical trials
[42, 43] and meta-analyses [44—46] reported no statistical
differences in post-operative complications incidence
between LPS and open access, we found a near significant
higher incidence of DSF in patients who underwent lapa-
roscopic approach (p = 0.06). In fact, Kim [42] found no
DSF incidence in both laparotomic and laparoscopic distal
gastrectomy for early gastric cancer, even if more than
63 % of all patients had a Billroth 1 reconstruction,
(therefore with no excluded duodenum). Also Usui [43],
reported no statistical differences in post-operative surgical
complication after laparoscopic vs. laparotomic total gas-
trectomy for early gastric cancer, but they do not but do not
specify in more detail the type of complications occurred.
More in-depth results are reported in Yacoub’s meta-ana-
lysis [44], where no significant differences in DSF inci-
dence were found in distal gastrectomy between open and
laparoscopic approach for early gastric cancer. Also Mar-
tinez-Ramos, in his meta-analysis [45] on laparoscopic
approach for advanced gastric cancer, found no differences
in surgical complications too, but did not specify the type.

For what concern our results, two orders of explanations
can be proposed: first, as was showed in per-period ana-
lysis, DSF incidence was significantly higher in the period
2002-2006, with a 5-years incidence of 5.1 % (more than
twice that of other periods). This period corresponds with
the beginning of the laparoscopic approach for the surgical
treatment of gastric cancer in our Institute (that started in
2002). In fact, as we also reported in a recent article about
our experience in laparoscopic gastric surgery [46], 80 %
of DSF occurred after laparoscopic approach was regis-
tered in 2002—-2006 period, significantly higher than in the
subsequent S-years period in comparison with DSF
occurred after open approach (p = 0.02).

Therefore, the higher incidence of DSF in the laparo-
scopic approach should be interpreted as an effect of the
normal learning curve in our experience, as it is also
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reported and well documented in several articles in litera-
ture [47-50].

Another possible explanation for the higher DSF in
laparoscopic approach could be the relationship between
laparoscopic approach and manual oversewing over duo-
denal stump. As we will discuss later, the absence of
manual reinforcement was found to be a specific and
independent risk factor for DSF onset. In the first years of
our experience in laparoscopic gastrectomy, manual
oversewing was not routinely performed by all surgeons,
even when technically feasible. In fact, considering duo-
denal stump fistulas developed after laparoscopic surgery,
almost 100 % of patients who did not have stump rein-
forcement was registered in the first 3 years of laparo-
scopic experience (2002-2005), a proportion significantly
higher in comparison of those who had laparoscopic
manual oversewing (p = 0.035).

No differences were found in DSF development con-
cerning the type of gastrectomy (total vs. sub-total) and the
method of reconstruction of the digestive tract after gas-
trectomy (Billroth II vs. Roux-en-Y). In literature reports,
some authors maintain that DSF after sub-total gastrectomy
is more frequently associated with Billroth II reconstruc-
tion due to difficult emptying of the afferent jejunal loop
[51]. Different results were found in Cozzaglio’s study [1],
were they did not observe any difference in DSF frequency
between patients with Roux-en-Y or omega loop recon-
structions, but sub-total gastrectomy patients with Roux-
en-Y reconstruction had a higher frequency of DSF than
patients with Billroth II reconstruction (3.4 vs. 1.1 %,
respectively). Nevertheless, these observations must be
interpreted with caution because generally almost all the
centers performed only one type of reconstruction, without
an internal control submitted to the other technique.

Finally, for what concern duodenal stump closure,
almost all the patients of our study have duodenal closed
with mechanical devices, therefore no comparison could be
made with direct manual closure, and no differences were
found concerning the type of mechanical stapler used.
Conversely, we found that the absence of manual rein-
forcement over duodenal stump closure is highly and
specifically associated with the risk of DSF development.
Reasons for which manual oversewing over duodenal
stump closure was not performed are different from case to
case, but mostly because of lack of sufficient free margins
after extended ultra-pyloric resection or for difficult suture
making in laparoscopic approach. In fact, among all the
patients without manual oversewing who developed duo-
denal stump fistula, 60 % had distal located cancer, and
none of them had distal margin involvement. Therefore, the
necessity of an extended ultra-pyloric resection for
achieving free resection margins, and the subsequent
absence of free margin for oversewing confection, could be
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considered in those cases the real risk factor for DSF onset.
Moreover, as it was already been discussed previously, in
laparoscopic procedures performed in the early years of
experience in this field, manual reinforcement was not
routinely performed, even when no technical difficulties
were present. So far, no data available in literature about
the correlation between the type of stapler device used and
the risk of DFS development, nor about the necessity of
manual reinforcement confection over duodenal closure as
an additional measure for DSF prevention. Shao [52], in a
retrospective study involving more than 2000 cases, found
that in patients with manual purse-string closure, DFS
incidence rate was significantly lower than in patients
treated with the other types of closure. Moreover, surgical
costs in direct manual closure were found to be signifi-
cantly lower than in case of mechanical stapler employ-
ment, and operative time in two layers manual closure was
significantly higher than in the other two groups.

Conclusions

Duodenal stump fistula still remains one of the most
challenging and life-threatening complications after total
and sub-total gastrectomy for gastric cancer. Early detec-
tion and conservative approach, along with nutritional
management and somatostatin/octreotide administration, is
the treatment of choice in most cases and allow a complete
healing within 1 month from onset. Therefore, surgery
should be reserved only for those cases in which conser-
vative management does not allow the complete control of
DFS-related complications (e.g. sepsis, bleeding or bowel
perforation).

Co-morbidity factors, such as heart disease and liver
cirrhosis, nutritional status impairment and technical dif-
ficulties during surgery (e.g. high blood losses or the
impossibility of manual reinforcement confection over
duodenal stump) seems to be correlated with DSF devel-
opment and, thus, should be considered as significant risk
factors.

Retrospective data from this study should be confirmed
by larger, prospective and multi-centric analyses.

Acknowledgments We would like to thank Deborah Tomanin
(Bicocca University of Medicine, Monza, Italy) for her kind contri-
bution in data collection and statistical analyses.

Conflict of interest The authors declare no conflicts of interests.

References

1. Cozzaglio L, Coladonato M, Biffi R, Coniglio A, Corso V, Di-
onigi P, et al. Duodenal fistula after elective gastrectomy for

10.

15.

16.

17.

18.

19.

20.

21.

malignant disease. An Italian retrospective multicenter study.
J Gastrointest Surg. 2010;14(5):805-11.

. Rossi JA, Sollenberger LL, Rege RV, Glenn J, Johel RJ. External

duodenal fistulas. Arch Surg. 1986;121:908-12.

. Levy E, Cugnenc PH, Frileux P, Hannoun N, Parc R, Huguet C,

et al. Postoperative peritonitis due to gastric and duodenal fistu-
las. Operative management by continuous intraluminal infusion
and aspiration: report of 23 cases. Br J Surg. 1984;7:543-6.

. Isik B, Yilmaz S, Kirimlioglu V, Sogutlu G, Yilmaz M, Katz D.

A Life-saving but inadequately discussed procedure: tube duo-
denostomy. Known and unknown aspects. World J Surg.
2007;31(8):1616-24.

. Chander J, Lal P, Ramteke VK. Rectus abdominis muscle flap for

high-output duodenal fistula: novel technique. World J Surg.
2004;28:179-82.

. Ujiki GT, Shields TW. Roux-en-Y operation in the management

of postoperative fistulas. Arch Surg. 1981;116:614-7.

. Milias K, Deligiannidis N, Papavramidis TS, loannidis K, Xiros

N, Papavramidis S. Biliogastric diversion for the management of
high-output duodenal fistula: report of two cases and literature
review. J Gastrointest Surg. 2009;13(2):299-303.

. Musicant ME, Thompson JC. The emergency management of

lateral duodenal fistula by pancreatoduodenectomy. Surg Gynecol
Obstet. 1969;128:108-14.

. Villar R, Fernandez R, Gonzales J, Oliver JM, Parga G, Garcia-

Hidalgo E. High-output external duodenal fistula: treatment with
percutaneous transhepatic biliary/duodenal drainage. Cardiovasc
Intervent Radiol. 1996;19:371-3.

Zarzour JG, Christein JD, Drelichman ER, Oser RF, Hawn MT.
Percutaneous transhepatic duodenal diversion for the manage-
ment of duodenal fistulae. J Gastrointest Surg. 2008;12(6):
1103-9.

. Wong SK, Lam YH, Lau JY, Lee DW, Chan AC, Chung SC.

Diagnostic and therapeutic fistuloscopy: an adjuvant management
in postoperative fistulas and abscesses after upper gastrointestinal
surgery. Endoscopy. 2000;32(4):311-3.

. Bianchi A, Solduga C, Ubach M. Percutaneous obliteration of a

chronic duodenal fistula. Br J Surg. 1988;7:572.

. Cozzaglio L, Cimino M, Mauri G, Ardito A, Pedicini V, Poretti

D, et al. Percutaneous transhepatic biliary drainage and occlusion
balloon in the management of duodenal stump fistula. Gastroin-
test Surg. 2011;15(11):1977-81.

. Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A,

Bozzetti F. ESPEN guidelines on parenteral nutrition: surgery.
Clin Nutr. 2009;28(4):378-86.

Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O,
Soeters P, et al. ESPEN guidelines on enteral nutrition: sur-
gery including organ transplantation. Clin Nutr. 2006;25(2):
224-44.

Schecter WP. Management of enterocutaneous fistulas. Surg Clin
North Am. 2011;91(3):481-91.

Makhdoom ZA, Komar MJ, Still CD. Nutrition and enterocuta-
neous fistulas. J Clin Gastroenterol. 2000;31(3):195-204.
Garden OJ, Dikes EH, Carter DC. Surgical and nutritional
management of postoperative duodenal fistulas. Dig Dis Sci.
1988;33:30-5.

Fazio VW, Coutsoftides T, Steiger E. Factors influencing the
outcome of treatment of small bowel cutaneous fistulas. World J
Surg. 1983;7:481-8.

Hesse U, Ysebaert D, de Hemptinne B. Role of somatostatin-14
and its analogues in the management of gastrointestinal fistulae:
clinical data. Gut. 2001;49(Suppl 4):11-21.

Stevens P, Foulkes RE, Hartford-Beynon JS, Delicata RJ. Sys-
tematic review and meta-analysis of the role of somatostatin and
its analogues in the treatment of enterocutaneous fistula. Eur J
Gastroenterol Hepatol. 2011;23(10):912-22.

@ Springer



744

E. Orsenigo et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de
Velde CJ, Nicolson M, et al. Perioperative chemotherapy versus
surgery alone for resectable gastroesophageal cancer. N Engl J
Med. 2006;355(1):11-20.

Tarazi R, Coutsofides T, Steiger E, Fazio VW. Gastric and
duodenal cutaneous fistulas. World J Surg. 1983;7:463-73.
Edmunds jr LH, Williams GM, Welch CE. External fistulas arising
from the gastrointestinal tract. Ann Surg. 1960;152:445-71.

Reber HA, Roberts C, Way LW, Dumphy JE. Management of
external gastrointestinal fistulas. Ann Surg. 1978;188:460-7.
Hsu JT, Liu MS, Wang F, Chang CJ, Hwang TL, Jan YY, et al.
Standard radical gastrectomy in octogenarians and nonagenarians
with gastric cancer: are short-term surgical results and long-term
survival substantial? J Gastrointest Surg. 2012;16(4):728-37.
Pisanu A, Montisci A, Piu S, Uccheddu A. Curative surgery for
gastric cancer in the elderly: treatment decisions, surgical mor-
bidity, mortality, prognosis and quality of life. Tumori.
2007;93(5):478-84.

Orsenigo E, Tomajer V, Palo SD, Carlucci M, Vignali A, Tam-
burini A, et al. Impact of age on postoperative outcomes in 1118
gastric cancer patients undergoing surgical treatment. Gastric
Cancer. 2007;10(1):39-44.

Jeong SH, Ahn HS, Yoo MW, Cho JJ, Lee HJ, Kim HH, et al.
Increased morbidity rates in patients with heart disease or chronic
liver disease following radical gastric surgery. J Surg Oncol.
2010;101(3):200-4.

Neeff H, Mariaskin D, Spangenberg HC, Hopt UT, Makowiec F.
Perioperative mortality after non-hepatic general surgery in
patients with liver cirrhosis: an analysis of 138 operations in the
2000s using child and MELD scores. J Gastrointest Surg.
2011;15(1):1-11.

Sungurtekin H, Sungurtekin U, Balci C, Zencir M, Erdem E. The
influence of nutritional status on complications after major
intraabdominal surgery. J Am Coll Nutr. 2004;23(3):227-32.
Wu MH, Lin MT, Chen WIJ. Effect of perioperative parenteral
nutritional support for gastric cancer patients undergoing gas-
trectomy. Hepatogastroenterology. 2008;55(82—-83):799-802.
Ryan AM, Healy LA, Power DG, Rowley SP, Reynolds JV.
Short-term nutritional implications of total gastrectomy for
malignancy, and the impact of parenteral nutritional support. Clin
Nutr. 2007;26(6):718-27.

Hennessey DB, Burke JP, Ni-Dhonochu T, Shields C, Winter DC,
Mealy K. Preoperative hypoalbuminemia is an independent risk
factor for the development of surgical site infection following
gastrointestinal surgery. Ann Surg. 2010;252(2):325-9.

Leichtle SW, Mouawad NJ, Welch KB, Lampman RM, Cleary
RK. Risk factors for anastomotic leakage after colectomy. Dis
Colon Rectum. 2012;55(5):569-75.

Kamei T, Kitayama J, Yamashita H, Nagawa H. Intraoperative
blood loss is a critical risk factor for peritoneal recurrence after
curative resection of advanced gastric cancer. World J Surg.
2009;33(6):1240-6.

Dhar DK, Kubota H, Tachibana M, Kotoh T, Tabara H, Watan-
abe R, et al. Long-term survival of transmural advanced gastric
carcinoma following curative resection: multivariate analysis of
prognostic factors. World J Surg. 2000;24(5):588-93.

@ Springer

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

Hyung WJ, Noh SH, Shin DW, Huh J, Huh BJ, Choi SH, et al.
Adverse effects of perioperative transfusion on patients with
stage III and IV gastric cancer. Ann Surg Oncol. 2002;9(1):5-12.
Songun I, Bonenkamp JJ, Hermans J, van Krieken JH, van de
Velde CJ. Prognostic value of resection line involvement in
patients undergoing curative resection for gastric cancer. Eur J
Cancer. 1996;32A(3):433-7.

Sano T, Mudan SS. No advantage of reoperation for positive
resection margin in node positive gastric cancer patients? Jpn J
Clin Oncol. 1999;29(6):283-4.

Keighley MR, Moore J, Lee JR, Malins D, Thompson H. Peri-
operative frozen section and cytology to assess proximal invasion
in gastro-esophageal carcinoma. Br J Surg. 1981;68(2):734.
Kim HH, Hyung WJ, Cho GS, Kim MC, Han SU, Kim W, et al.
Morbidity and mortality of laparoscopic gastrectomy versus open
gastrectomy for gastric cancer an interim report—a Phase III
Multicenter, Prospective, Randomized Trial (KLASS Trial). Ann
Surg. 2010;251(3):417-20.

Usui S, Yoshida T, Ito K, Hiranuma S, Kudo SE, Iwai T. Lap-
aroscopy-assisted total gastrectomy for early gastric cancer
comparison with conventional open total gastrectomy. Surg La-
parosc Endosc Percutan Tech. 2005;15(6):309-14.

Yakoub D, Athanasiou T, Tekkis P, Hanna GB. Laparoscopic
assisted distal gastrectomy for early gastric cancer: is it an
alternative to the open approach? Surg Oncol. 2009;18(4):
322-33.

Martinez-Ramos D, Miralles-Tena JM, Cuesta MA, Escrig-Sos J,
Van der Peet D, Hoashi JS, et al. Laparoscopy versus open sur-
gery for advanced and resectable gastric cancer: a meta-analysis.
Rev Esp Enferm Dig. 2011;103(3):133-41.

Orsenigo E, Di Palo S, Tamburini A, Staudacher C. Laparoscopy-
assisted gastrectomy versus open gastrectomy for gastric cancer:
a monoinstitutional Western center experience. Surg Endosc.
2011;25(1):140-5.

Nunobe S, Hiki N, Tanimura S, Nohara K, Sano T, Yamaguchi T.
The clinical safety of performing laparoscopic gastrectomy for
gastric cancer by trainees after sufficient experience in assisting.
World J Surg. 2013;37(2):424-9.

Ahn CW, Hur H, Han SU, Cho YK. Comparison of intracorporeal
reconstruction after laparoscopic distal gastrectomy with extra-
corporeal reconstruction in the view of learning curve. J Gastric
Cancer. 2013;13(1):34-43.

Kim HG, Park JH, Jeong SH, Lee YJ, Ha WS, Choi SK, et al.
Totally laparoscopic distal gastrectomy after learning curve
completion: comparison with laparoscopy-assisted distal gas-
trectomy. J Gastric Cancer. 2013;13(1):26-33.

Kang SY, Lee SY, Kim CY, Yang DH. Comparison of learning
curves and clinical outcomes between laparoscopy-assisted distal
gastrectomy and open distal gastrectomy. J Gastric Cancer.
2010;10(4):247-53.

De Alves JB. Treatment of the postgastrectomy external duodenal
fistula. Int Surg. 1968;49(3):248-51.

Shao QS, Wang YX, Ye ZY, Zhao ZK, Xu J. Application of
purse-string suture for management of duodenal stump in radical
gastrectomy. Chin Med J (Engl). 2011;124(7):1018-21.



	Duodenal stump fistula after gastric surgery for malignancies: a retrospective analysis of risk factors in a single centre experience
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Results
	Demographic and oncological characteristics univariate analysis
	Co-morbidity factors univariate analysis
	Surgical variables univariate analysis
	Multivariate logistic regression model analysis

	Discussion
	Conclusions
	Acknowledgments
	References


