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Abstract
Background The predictive risk factors of clinically relevant pancreatic fistula (CR-PF) following distal pancreatectomy (DP)
remain to be identified.
Methods This is a retrospective cohort analysis of a single-institution database of patients undergoing DP, taking into account
usual demographic, operative, and pathologic variables and visceral fat area (VFA), total muscle area (TMA), and surface muscle
index (SMI) measured on preoperative CTscan. The primary end point was CR-PF. All variables associated with a p value < 0.05
on univariate analysis were included in a logistic regression model for multivariate analysis.
Results From 2012 to 2016, 208 patients operated by 4 pancreatic surgeons underwent DP including 32 (15%) who developed CR-
PF. Risk factors of CR-PF on univariate analysis were: BMI ≥ 25 kg/m2 (p = 0.050), VFA ≥ 92 cm2 (p = 0.006), laparotomy (p =
0.023), main pancreatic duct dilatation (p = 0.035), open passive drainage (versus closed suction drainage) (p = 0.001), and blood
loss ≥ 225 ml (p = 0.001). Sarcopenia did not influence the risk of CR-PF (p = 0.076). On multivariate analysis, VFA ≥ 92 cm2 (OR
3.14; IC 95% (1.18–8.31), p = 0.022), blood loss ≥ 225 ml (OR: 2.72; IC 95% (1.06–6.96), p = 0.037), and open passive drainage
(OR 3.72; IC 95% (1.40–9.87) p = 0.008) were three independent predictive factors of CR-PF. A CR-PF risk score was developed,
predicting a 0% risk of CR-PF when no risk factors were present and a 39% risk when the 3 risk factors were present.
Conclusions Visceral obesity, blood loss ≥ 225 ml and open passive drainage significantly increase the risk of CR-PF
following DP.
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Abbreviations
CR-PF Clinically relevant pancreatic fistula
DP Distal pancreatectomy

PD Pancreaticoduodenectomy
BMI Body mass index
CT Computed tomography
IPMN Intraductal papillary and mucinous neoplasm
ASA American Society of Anesthesiology
SFA Subcutaneous fat area
VFA Visceral fat area
TFA Total fat area
TMA Total muscle area
SMI Surface Muscle Index

Introduction

Distal pancreatectomy (DP) represents approximately 20% of
pancreatectomies1 and has a low mortality < 2%2 but a high
morbidity, ranging from 23 to 40%.3,4 Postoperative pancre-
atic fistula (POPF) is the most frequent complication and oc-
curs in 15 to 60% of patients.3–5 Clinically relevant pancreatic
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fistula (CR-PF) prolongs the hospital stay and can induce life-
threatening events including hemorrhage or sepsis6,7 so
preventing this complication is a major challenge.

Thus far, the suggested risk factors of CR-PF following DP
are intraoperative features including the texture of the pancre-
atic remnant and the absence of ligation of the main pancreatic
duct (MPD).8, 9 Recently, there has been increasing interest in
various characteristics of nutritional status and their potential
influence on the risk of PF.10 These parameters include body
mass index,11 leucocyte count, serum albumin level12,13 as
well as morphological criteria indicating visceral obesity14

and sarcopenia.15

Although several studies have incorporated these characteris-
tics to develop predictive scores of the risk of PF following
pancreaticoduodenectomy (PD),16,17 there are no existing studies
evaluating patients who undergo DP. The aim of the present
retrospective cohort analysis was to assess the risk factors of
CR-PF following DP, including anthropometric factors. We also
attempted to develop a simple prognostic score of CR-PF.

Methods

Study Population

All patients who underwent elective DP (distal pancreatecto-
my and distal splenopancreatectomy) from 2012 to 2016with-
out an associated extra-pancreatic procedure (except cholecys-
tectomy) for benign or malignant disease were included.

Data Collection

After institutional review board approval (IRB 12–055), stan-
dard data were extracted from a prospective database in a
single institution that automatically collected various preoper-
ative and intraoperative data retrieved from medical records.
Measurements for the evaluation of sarcopenia and visceral
adiposity were specifically performed for this study.

Surgical Management

All patients underwent laparoscopic or open DP with or with-
out splenectomy as previously described.18–20 Splenectomy
was performed in case of distal malignancy or marked inflam-
matory changes involving the splenic hilum. Pancreatic tran-
section was performed at the splenomesenteric confluence in
most cases. DP with splenic preservation included preserva-
tion of splenic vessels whenever this was technically and
oncologically feasible, otherwise the splenic vessels were
resected (Warshaw’s procedure). The diameter of the main
pancreatic duct and the texture of the pancreatic parenchyma
(soft or hard) at the level of transection were evaluated on
imaging and by manual or laparoscopic palpation. The

method of pancreatic stump closure was chosen by the oper-
ating surgeon, usually by linear stapler in laparoscopic DP and
manual suture in open DP. Suture ligation of the MPD was
performed whenever possible. The type of abdominal drain-
age was chosen by the operating surgeon: an open passive
drainage (multichannel silicone open drain, Porges-
Coloplast™, Humlebæk, Denmark) or a closed suction drain-
age (three fourth fluted silicon drain, Peters Surgical™,
Bobigny, France) was placed near the pancreatic stump.
Historically, we exclusively used open passive drainage8 and
shifted progressively to closed suction drainage during the
study period. No other types of drain were used. Neither fibrin
glue nor patches (hemostatic, omental, or ligamentum teres)
were used. For all patients, amylase assay in drainage fluid
was routinely performed at days 3 and 5, and day 7 when drain
was still in place. Drains were removed from postoperative
day 5, in the absence of postoperative pancreatic fistula
(POPF). Postoperative CT scan was routinely performed in
patients with POPF to detect collection. Only symptomatic
collections (pain, fever, inability to eat) were treated by inter-
vention. Amylase assay was performed routinely for every
collection treated by percutaneous drainage or reoperation.

Imaging Analysis

All patients underwent a preoperative unenhanced and
contrast-enhanced multiphasic CT scan within 6 weeks after
surgery. Attenuation of the pancreas was measured in
Hounsfield units (HU) to evaluate parenchymal fat content.
Sarcopenia was assessed by semi-automated measurement
and manual outlining of the psoas muscle borders at L3 with
the attenuation threshold set between − 30 and 110 HU. This
provided an automatic calculation of total muscle area (TMA)
by excluding vasculature and areas of fatty infiltration. The
skeletal muscle index (SMI) was obtained bymeasuring TMA
at L3 with normalization for size (SMI = TMA (cm2)/height2

(m2)). Patients were considered to have sarcopenia when the
SMI was below 52.4 cm2/m2 in men and 38.9 cm2/m2 in
women.21–24

The visceral fat area (VFA) was calculated by
subtracting the subcutaneous fat area (SFA) from the to-
tal fat area (TFA) at L3. Pixel attenuation analysis within
the 190–30 HU range was used to outline total and vis-
ceral compartments and to calculate the cross-sectional
area of each in square centimeter. Visceral obesity has
already been defined as a VFA between 100 and
130cm2.14,25 Our group previously showed that VFA >
84 cm2 increased the risk of CR-PF following PD.26 In
the present study, we determined cut-off values for risk
factors of PF using receiver operating characteristics
(ROC) curve analysis with the optimal value defined by
the Youden index.
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All measurements were performed using the OsiriX soft-
ware (Pixmeo™, Geneva, Switzerland) which is a picture ar-
chiving and communication system supporting the DICOM
standard. Measurements were performed by a surgery resident
(CV) and 10% of randomly selected patients underwent a
second set of measurements, in a blinded fashion, by a senior
radiologist (MR) (Fig. 1).

Postoperative Complications

Postoperative complications that occurred within 90 days after
surgery were stratified according to the Dindo–Clavien
classification.27 Postoperative PF (POPF) was defined accord-
ing to the International Study Group on Pancreatic Fistula
(ISGPF).28 Patients with POPF routinely underwent abdomi-
nal imaging to detect collections and adapt drain management.
CR-PF included grade B and C POPF according to ISGPF
criteria. Post-pancreatectomy hemorrhage (PPH)29 and de-
layed gastric emptying (DGE)30 were defined according to
ISGPS criteria.

Statistical Analysis

The primary end point was the development of CR-PF.
Quantitative variables were expressed as means (± standard
deviation) or medians (range) as appropriate. Qualitative
variables were expressed as frequencies (percentages). A
Student test or Mann-Whitney U test was used for inter-
group comparisons of quantitative variables as appropriate
and a chi 2 test or Fisher’s exact test was used to compare
categorical data.

To be included in a score, all relevant continuous vari-
ables were converted to categorized values. Cut-off values
for quantitative variables were determined using receiver
operating characteristics (ROC) curve analysis with optimal
values defined by the Youden index. The probability of de-
veloping CR-PF was estimated by the multivariate logistic
regression model with backward selection. All relevant var-
iables that were identified in univariate analysis with a p
value < 0.05 were included in the logistic model. This
threshold was voluntarily chosen to limit the number of
factors included in the model given the low number of
events. The surgeon’s and radiologist’s measurements were
compared by calculating the intraclass correlation coeffi-
cient, and with a Bland and Altman plot.

To build a simple score to predict CR-PF after DP, all
factors independently associated with CR-PF on multivariate
analysis were given one point. This score was validated by a
bootstrap method using N = 2000 bootstrap repetitions, and
the confidence interval for the prediction of CR-PF was
determined.

All statistical analyses were performed with SPSS version
20.0 (SPSS Inc., Chicago, IL, USA) and R statistical analysis
software with the Bboot^ and Brms^ modules.

Results

Patient Characteristics

Twenty-three of 231 patients who underwent DP with associ-
ated non-gallbladder extra-pancreatic resection (colon, adre-
nal gland, stomach, liver, or celiac trunk) were excluded. The
final population included 208 patients (Table 1), 121 men
(58%), mean age 58 years old (range 19–87). The most fre-
quent indications for DP were ductal adenocarcinoma (n = 60;
29%), intraductal papillary and mucinous neoplasms (n = 50;
24%), and neuroendocrine tumors (n = 34; 16%). Patients
were mainly ASA I or II (94%). Thirty-nine and 18 patients
were active smokers and receiving neoadjuvant treatment,
respectively.

Preoperative Imaging Analysis

Results of preoperative imaging are presented in Table 1. The
mean VFA for the entire series was 134 cm2 (13–490). Based
on the abovementioned SMI thresholds, 156 patients (75%)
were sarcopenic, with an equal distribution between men and
women.

Measurement of anthropometric and radiological parame-
ters required 5 to 6 min per patient. The intraclass correlation
coefficients between the two readers for the TMA, TFA, and
SFA were 0.96, 0.99, and 0.99, respectively. The Bland and
Altman plot showed a bias (and 95% limits of agreements) of
0.8 (− 24/+ 25] for TMA, − 5.5 (− 71/+ 60) for TFA, and − 15
(− 50/+ 21) for SFA.

Intraoperative Data

DPwas performed by four pancreatic surgeons. A laparoscop-
ic approach was used in 110 (53%) patients. Eighty-two pa-
tients (39%) underwent splenectomy and 16 (8%) a superior
mesenteric or portal vein resection (Table 2). The pancreas
was Bsoft^ in 182 (83%) and the MPD was dilated (≥ 3 mm)
at the level of transection in 51 (25%) patients. MPD ligation
was performed in 119 patients (57%). Closure of the pancre-
atic stump was performed manually (61%) and by stapler
(39%). Blood loss was higher after the open approach than
after the laparoscopic approach (blood loss ≥ 225 mL 65
(66%) versus 40 (36%), p < 0.001). Closed suction drainage
and open passive drains were used in 92 (44%) and 112 pa-
tients (54%), respectively. No drainage was used in four pa-
tients (2%). Fifteen (7%) patients required intraoperative
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transfusion (1 to 5 units). Mean operative time was 187 min
(60–255).

Postoperative Course

Sixty-five patients (31%) developed PF (Table 3), including
32 (15%) with CR-PF (grade B = 30 and grade C = 2). Forty-
six (22%), including 23 with CR-PF, had fluid collections and
8 patients presented with delayed hemorrhage (4%) including
one who developed hemorrhage secondary to CR-PF. The
seven other patients (three operated by the laparoscopic and
four by open approach, including two receiving therapeutic
anticoagulation therapy) bled without CR-PF (two from the
pancreatic bed, one from the pancreatic cut surface, two from
portal reconstruction, and two from the abdominal wall).

Seventy-nine patients developed major 16 (8%) and minor
63 (30%) complications. The hospital stay was longer in pa-
tients with CR-PF (25 vs. 12 days; p < 0.001; (SD 9 vs. 6)).
One patient (0.5%) died postoperatively from a stroke. There
was a trend towards a higher VFA in the group of patients with
CR-PF, (158 vs. 129 cm2, p = 0.054) than in those without
CR-PF. A VFA threshold of 92 cm2 was found to maximize
the Youden Index, with a sensitivity and specificity of 81 and
45%, respectively, for the occurrence of CR-PF. A threshold

of blood loss of 225 ml was determined with a sensitivity and
specificity of 81% of 54%, respectively. There were no sig-
nificant differences in the density of the pancreas (p = 0.271)
between patients who did or did not develop CR-PF.

Factors Associated with CR-PF

Patients with CR-PF had a significantly higher BMI (mean
26.0 vs. 24.7 kg/m2, p = 0.026; (SD 4.8 vs. 3.9)). In univariate
analysis (Table 4), BMI ≥ 25 kg/m2 (p = 0.039), VFA ≥
92 cm2 (p = 0.006), an open approach (p = 0.023), dilatation
of the MPD (p = 0.035), intraoperative blood loss ≥ 225 ml
(p = 0.001), and use of open passive drainage (p = 0.001)
significantly increased the risk of developing CR-PF.
The CR-PF rate did not significantly differ in relation to
pathological diagnosis, neoadjuvant treatment, preopera-
tive active smoking (Table 1), or operating surgeon
(Table 2). Particularly, the rates of CR-PF observed after
DP performed by surgeons A, B, C, and D were 16% (13/
83), 20% (14/70), 13% (5/39), and 0% (0/16), respective-
ly (p = 0.235, not significant). The risk of CR-PF was not
significantly influenced by the soft consistency of the pa-
renchyma and the elective ligation of the main duct (p =
0.072 and p = 0.068, respectively).

Fig. 1 Measurement of fat content on abdominal CT scan (at the L3 level). aMeasurement of subcutaneous fat area. bMeasurement of total fat area. c
Patient with visceral fat area > 92 cm2 (visceral obesity)
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There was a trend towards a lower rate of CR-PF in patients
with sarcopenia (p = 0.076) and when a linear stapler was used
for closure of the pancreatic stump (p = 0.079). Eighty patients
(38%) had both visceral obesity and sarcopenia, including 15
(19%) who developed CR-PF compared to 4 (5%) in non-
obese patients with sarcopenia (p = 0.009).

On multivariate analysis, VFA ≥ 92 cm2 (OR 3.14; IC 95%
(1.18–8.31), p = 0.022), blood loss ≥ 225 ml (OR 2.72; IC
95% (1.06–6.96), p = 0.037), and open passive drainage (OR

3.72; IC 95% (1.40–9.87) p = 0.008) were three independent
predictive factors of CR-PF (Table 4).

We developed a simple score from 0 to 3 by giving 1 point
to visceral obesity, intraoperative blood loss > 225 ml, and
open passive drainage. The number of patients who received
one point due to visceral obesity, intraoperative blood loss >
225 ml, and open passive drainage were 123, 105, and 112,
respectively. Overall, 25 (12%), 71 (34%), 63 (30%), and 49
(24%) patients had a score of 0, 1, 2, and 3, respectively. The

Table 1 Preoperative data in the whole series and in patients who developed pancreatic fistula

Preoperative data Overall n = 208 PF (A/B/C) n = 65 p value# CR-PF (B/C) n = 32 p value°

Gender: female/male 121/87 38/27 0.986 18/14 0.811

Age (years) 58 (19–87) 55.8 (19–79) 0.135 58 (27–79) 0.594

Body mass index (kg/m2) 24.7 (15–43) 25.7 (17–36) 0.041 26 (18–34) 0.026

Body mass index ≥ 25 kg/m2 97 (47%) 36 (55%) 0.100 20 (63%) 0.039

Body mass index ≥ 30 kg/m2 30 (14%) 14 (22%) 0.057 6 (19%) 0.420

Active smoking 39 (19%) 15 (23%) 0.281 8 (25%) 0.325

Diabetes 43 (21%) 13 (20%) 0.221 2 (6%) 0.887

ASA grade

I–II 196 (94%) 64 (98%) 0.367 31 (97%) 0.681

III–IV 12 (6%) 1 (2%) 1 (3%)

Pathology

Ductal adenocarcinoma 60 (29%) 16 (25%) 0.380 8 (25%) 0.602

IPMN^ 50 (24%) 16 (25%) 0.875 10 (31%) 0.299

Neuroendocrine tumor 34 (16%) 7 (11%) 0.148 4 (13%) 0.522

Mucinous cyst 23 (11%) 9 (14%) 0.378 5 (16%) 0.364

SPPN* 14 (7%) 6 (9%) 0.373 2 (6%) 1.000

Chronic pancreatitis 4 (2%) 2 (3%) 0.590 0 1.000

Pseudocyst 2 (1%) 1 (1%) 1.000 0 1.000

Miscellaneous 21 (10%) 8 (12%) 0.366 3 (9%) 1.000

Neoadjuvant treatment 18 (9%) 3 (5%) 0.163 1 (3%) 0.198

Visceral Fat area (cm2)

Mean (range) 134 (13–490) 142 (4–490) 0.486 158 (31–475) 0.054

< 92 cm2 85 (41%) 22 (34%) 0.175 6 (19%) 0.006

≥ 92 cm2 123 (59%) 43 (66%) 26 (8%)

Pancreas density (HU)

Mean (range) 106 (13–186) 110 (2–176) 0.194 115 (67–176) 0.271

Total muscle area (cm2)

Mean (range) 110 (57–246) 113 (63–184) 0.209 115 (63–184) 0.161

Surface Muscle Index (cm2/m2)

Mean (range) 39 (19–79) 40 (24–60) 0.067 41 (24–60) 0.023

Sarcopenia

Yes$ 156 (75%) 45 (69%) 0.195 20 (63%) 0.076

All p values < 0.05 are in italics

BIntraductal papillary and mucinous neoplasm

*Solid pseudopapillary neoplasm
$Defined according to Prado et al.22

# Pancreatic fistula (PF) versus no PF

°Clinically relevant PF versus not

1418 J Gastrointest Surg (2019) 23:1414–1424



rate of CR-PF was 0, 8, 11, and 39% for a score of 0 to 3,
respectively (p < 0.001). Because the CR-PF rates in patients
with scores of 1 and 2 were close, these patients were merged
to create a three-scale score from 0 to 2. Overall, 25(12%), 134
(64%), and 49 (24%) patients had a score of 0, 1–2, and 3,
with rates of CR-PF of 0, 10, and 39%, respectively (p <
0.001) (Table 5). This score predicted CR-PF with an area
under the ROC curve of 0.741 (95% CI 0.647–0.834). After
bootstrapping, the mean AUC for 10,000 tests in the original
regression model was 0.73 leading to an optimism in the ap-
parent performance of 0.011. The Hosmer-Lemeshow test did
not show any deviation between the model and the observed
rates (p = 0.882). An increased score was associated with a

prolonged hospital stay (p < 0.001). The rate of patients who
stayed in the ICU was 0, 11, and 12%, respectively.

Discussion

Visceral obesity, high intraoperative blood loss, and open pas-
sive drainagewere three independent risks factors of CR-PF in
this series of DP in a tertiary-referral center. On the other hand,
sarcopenia was not associated with an increased risk of CR-
PF. We chose CR-PF as a primary end point because the
ISGPF recently confirmed that grade A PF does not influence
the postoperative course, and re-categorized Bgrade A

Table 2 Intraoperative data in the whole series and in patients who developed pancreatic fistula

Intraoperative data Overall n = 208 PF (A/B/C) n = 65 p value# CR-PF (B/C) n = 32 p value°

Surgeon

A 83 (40%) 29 (45%) 0.504 13 (41%) 0.235
B 70 (34%) 23 (35%) 14 (44%)

C 39 (19%) 10 (15%) 5 (16%)

D 16 (8%) 3 (5%) 0 (0%)

Laparotomy 98 (47%) 35 (54%) 0.190 21 (66%) 0.023

versus laparoscopy 110 (53%) 30 (46%) 11 (34%)

Pancreas texture$

Soft 172 (83%) 57 (88%) 0.206 30 (94%) 0.072
Stiff 36 (17%) 8 (12%) 2 (6%)

Pancreas transection

Stapler 81 (39%) 21 (32%) 0.168 8 (25%) 0.079

Suture 127 (61%) 44 (68%) 0.168 24 (75%)

Main pancreatic duct diameter$

< 3 mm 157 (75%) 47 (72%) 0.287 20 (63%) 0.035
≥ 3 mm 51 (25%) 18 (28%) 12 (37%)

Ligation of main pancreatic duct 119 (57%) 39 (60%) 0.584 23 (75%) 0.068

Portal/mesenteric vein resection 16 (8%) 9 (14%) 0.024 5 (15%) 0.067

Spleen preservation 126 (60%) 40 (62%) 0.878 24 (75%) 0.070

Extended distal resection** 19 (9%) 3 (5%) 1.000 4 (3%) 0.503

Drainage

No 4 (2%) 0 0.313 0

Open passive 112 (54%) 45 (69%) 0.003 26 (81%) 0.001

Closed suction 92 (44%) 20 (31%) 6 (19%)

Blood loss (mL)
Mean (range)

347 (50–5000) 365 (50–2500) 0.032 382(50–1200) 0.015

< 225 mL 103 22 0.003 7 0.001

≥ 225 mL 105 43 25

Intraoperative transfusion (nb patients) 15 6 0.183 2 0.681
(units red cells: range) (1–5) (2–5) (0–2)

Operative time (min) 187 (60–255) 193 (90–255) 0.414 201 (90–255) 0.980

All p values < 0.05 are in italics
$ At the level of pancreatic transection

**Transection at the level of gastroduodenal artery
# Pancreatic fistula (PF) versus no PF

°Clinically relevant PF versus not
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postoperative PF^ as Bbiochemical leaks,^ so they are no lon-
ger considered Btrue^ PF.31 We also developed a score that
accurately predicted CR-PF and identified patients with no
risk, low risk, and a high risk of this complication and was
also helpful in predicting the overall length of hospital stay.
These results could improve perioperative management of DP
and help to tailor preventive measures depending on the pre-
dicted risk of CR-PF.

Although the predictive risk factors of PF have been exten-
sively studied in PD,16,17,26,32–34 only a few predictive risk
factors have been suggested for PF following DP, including
BMI ≥ 25 kg/m2,9 the absence of ligation of theMPD,8 division
of the pancreas at the body level,8 and blood loss > 150 ml.35

Previous studies have also suggested that certain morphometric
parameters were risk factors of PF following DP.10,14,36,37 To
date, there are very few data on PF following DP even though
this is the most frequent complication.28 Some of the risk fac-
tors of CR-PF followingDP that were identified in this study on
univariate analysis have been reported in prior studies: BMI ≥
25 kg/m29 or dilated MPD.8,38,39 BMI ≥ 30 kg/m2 was not

associated with a higher risk of CR-PF in the present study. It
could be due to the low number of obese patients in our popu-
lation (Table 1) and the relatively low prevalence of obesity
(around 15%) in the general population in France (https://
www.oecd.org/els/health-systems/Obesity-Update-2017.pdf).
One study recently analyzed imaging features predictive of PF
after DP10 and identified margin thickness, but not density of
the pancreas or fat infiltration, as relevant findings. However,
other morphometric parameters and drainage modalities were
not studied.

The first independent predictive factor of CR-PF identified in
the present study was visceral obesity assessed on CT, which
also favors morbidity after colorectal surgery,25 liver
transplantation,40 and pancreatic surgery. We have previously
shown that VFA> 84 cm2 increased the risk of CR-PF following
PD.26 A threshold of 100 cm2 has been also proposed in this
same setting.41 The present study identified a slightly lower
threshold (≥ 92cm2), and more than 80% of the patients who
developed CR-PF had a VFA above this threshold.
Measurement of VFA is easy, does not require radiological skill,

Table 3 Postoperative data in the whole series and in patients who developed pancreatic fistula

Postoperative data Overall n = 208 PF (A/B/C) n = 65 p value# CR-PF (B/C) n = 32 p value

Complications

Yes 79 (38%) 46 (70%) < 0.001 29 (90%) < 0.001

Minor complications 63 (30%) 37 (80%) < 0.001 22 (75%) < 0.001

Major complications 16 (8%) 9 (20%) 0.045 7 (25%) 0.004

No 129 (62%) 19 (30%) < 0.001 3 (10%) < 0.001

Fluid collection 46 (22%) 46 (70%) < 0.001 23 (72%) < 0.001

Postoperative hemorrhage 8 (4%) 1 (2%) 0.440 1 (3%) 1.000

Delayed gastric emptying 18 (9%) 10 (15%) 0.02 8 (25%) < 0.001

Hospital stay (days)

Mean (range) 14 (3–44) 20.6 (9–44) < 0.001 25 (11–44) < 0.001

Readmission 22 (10%) 10 (15%) 0.185 5 (16%) 0.488

Postoperative mortality 1 (0.5%) 0 0.634 0 1.000

All p values < 0.05 are in italics
# Pancreatic fistula (PF) versus no PF

°Clinically relevant PF versus not

Table 4 Risk factors of clinically
relevant pancreatic fistula (CR-
PF): multivariate analysis

Characteristics Univariate Multivariate

p value Odds-ratio 95% CI p value

Body mass index ≥ 25 kg/m2 0.039 1.42 0.55–3.59 0.55

Visceral fat area ≥ 92 cm2 0.006 3.14 1.18–8.31 0.022

Open approach (versus laparoscopic) 0.023 1.93 0.58–6.46 0.27

Main pancreatic duct ≥ 3 mm 0.035 1.95 0.78–4.89 0.21

Blood loss ≥ 225 ml 0.001 2.72 1.06–6.96 0.037

Passive drainage (versus suction drainage) 0.001 3.72 1.40–9.87 0.008

All p values < 0.05 are in italics
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and uses software which is mainly a picture archiving and com-
munication system so the cost can be depreciated by daily use.

To our knowledge, the influence of sarcopenia on morbidity
following DP has never been evaluated. Sarcopenia is frequent
in patients with pancreatic disease14 and was present in 75% of
the patients in the present study. Sarcopenia did not increase the
risk of PF after DP in the present study, unlike in previous
reports concerning PD.15,42 Indeed, the influence of sarcopenia
on the early postoperative course of pancreatectomies has been
studied in the literature but the results of DPwere always mixed
with that of PD, the latter being always the most frequent pro-
cedure, so specific results of DP were not available.

Closed suction drainage was also associated on multivari-
ate analysis with a significant decrease in the rate of CR-PF
compared to open passive multichannel open drainage. To our
knowledge, this is the first time this result has been reported.
Although the need for abdominal drainage following PD is
controversial,43,44 this cannot be transposed to DP since the
former includes three anastomoses. Historically, we exclusive-
ly used open passive drainage after DP,8thus explaining that
this modality was used in the present study. Modalities of
abdominal drainage following DP are still debated. One recent
multicenter randomized controlled trial compared the postop-
erative course of DP with and without drainage and did not
find any significant difference in the rates of CR-PF and se-
vere complications between both arms. The only difference
was a higher rate of abdominal collections in the non-drainage
arm.45 In that study, closed suction drains were used in most
patients who received drainage but the drainage policy was
not consistent. Another retrospective multinational study of
2026 patients reported that intraoperative drainage was asso-
ciated with a greater rate of fistulas (OR 2.09, p < 0.001) but
also reduced severity of fistulas,46 suggesting that drainage
cannot be routinely excluded after DP but should only be used
in a subset of patients.

The third independent predictive risk factor of CR-PF after
DP that was identified in our study was blood loss ≥ 225 ml.
Malleo and al. have already reported that patients with blood
loss ≥ 150 mL were more likely to develop major postopera-
tive complications after laparoscopic DP.35 Intraoperative
blood loss is clearly a risk factor of CR-PF after PD and it
was therefore included a prognostic score of CR-PF.16 These
thresholds ranging from 150 to 225 mL represent very limited
blood loss. Although intraoperative blood loss can be related
to several factors including the surgical approach, tumor stage,

or local inflammation, intraoperative techniques designed to
minimize blood loss may help to reduce the risk of CR-PF.

Because multivariate analysis identified three independent
factors with a cumulative effect, we developed a simple scor-
ing system with an accurate predictive value. The respective
weight of each of these 3 factors was equivalent since each was
present in approximately 110 patients. Since patients with one
or two risk factors were exposed to an equivalent risk of CR-
PF, we simplified this score by merging patients with scores of
1 and 2. Overall, the risk of CR-PF in patients with a score of 0,
1–2, and 3 were 0, 10, and 39%, respectively (p < 0.001). The
aim of a predictive score of PF is to tailor preventive measures
and perioperative management. The intraoperative strategy
should be adapted to include covering of the pancreatic stump
with ligamentum teres47 in patients at high risk of PF following
DP, including those with visceral obesity, as well as wrapping
the cut surface of the pancreas with polyglycolic acid mesh,5 or
perioperative use of pasireotide which seems to effectively
prevent CR-PF.48 Closure of the pancreatic stump by either
manual sutures or stapler provides similar results.49 Covering
of the pancreatic stump with ligamentum teres and routine use
of closed suction drain are the most easily available and less
costly measures to implement during both open and laparo-
scopic DP. However, it is still unclear whether patients with
visceral obesity and benign disease should lose weight before
surgery to decrease the risk of CR-PF.

The present study has some limitations. First, it was per-
formed in a single institution and the number of patients is
fairly small. Second, the design is partially retrospective since
anthropometric data were not collected prospectively. Thirdly,
some uncontrolled confounding factors were likely omitted,
particularly regarding operative approach and drainage type
which were chosen at the discretion of the operating surgeon,
and blood loss which was influenced by the operative ap-
proach and probably by the underlying disease. Lastly, we
did not analyze the influence of parenchyma alterations at
the level of pancreatic transection on the risk of CR-PF since
this should have needed to review all histological slices by a
pathologist blinded to the postoperative course.

Conclusions

Visceral obesity, open passive drainage, and blood loss ≥
225ml were associated with an increased risk of postoperative

Table 5 Score of clinically
relevant pancreatic fistula (CR-
PF) following distal pancreatec-
tomy: variations of the CR-PF
risk and length of stay according
to the number of risk factors

Score Score = 0 Score = 1–2 Score = 3 p

Nb patients 25 (12%) 134 (64%) 49 (24%)

Rate of CR-PF 0% 10% 39% < 0.001

Hospital stay (days)* 8.4 (4.4) 13.4 (7.2) 18.4 (8.5) < 0.001

*Mean (standard deviation)
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CR-PF following DP. Sarcopenia does not seem to influence
this risk. Thus, intraoperative blood loss should be limited as
much as possible and routine use of a closed suction drainage
should be emphasized. Preoperative assessment of VFA
should be performed because patients with visceral obesity
have an increased risk of CR-PF, which could justify addition-
al preventive measures.
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