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Abstract: The aim of this article is to assess whether measures of

abdominal fat distribution, visceral density, and antropometric

parameters obtained from computed tomography (CT) may predict

postoperative pancreatic fistula (POPF) occurrence.

We analyzed 117 patients who underwent pancreatoduodenectomy

(PD) and had a preoperative CT scan as staging in our center. CT images

were processed to obtain measures of total fat volume (TFV), visceral

fat volume (VFV), density of spleen, and pancreas, and diameter of

pancreatic duct. The predictive ability of each parameter was investi-

gated by receiver-operating characteristic (ROC) curves methodology

and assessing optimal cutoff thresholds. A stepwise selection method

was used to determine the best predictive model.

Clinically relevant (grades B and C) POPF occurred in 24 patients

(20.5%). Areas under ROC-curves showed that none of the parameters

was per se significantly predictive. The multivariate analysis revealed

that a VFV >2334 cm3, TFV >4408 cm3, pancreas/spleen density ratio

<0.707, and pancreatic duct diameter <5 mm were predictive of POPF.

The risk of POPF progressively increased with the number of factors

involved and age.

It is possible to deduce objective information on the risk of POPF

from a simple and routine preoperative radiologic workup.

(Medicine 94(31):e1152)

Abbreviations: AIC = Akaike information criterion, AUC = area

under the curve, CT = Computed tomography, HU = hounsfield

units, IPMN = intraductal papillary mucinous neoplasm, PD =

pancreatoduodenectomy, POPF = postoperative pancreatic fistula,
hD, Davide Ippolit espoli, MD,
vide Fior, MD, and Luca Gianotti, MD, ScD

INTRODUCTION

P ostoperative pancreatic fistula (POPF) remains one of the
most frequent and threatening complication after pancrea-

toduodenectomy (PD). The occurrence ranges from 10% to
30%,1,2 even in high-volume centers,3,4 and depending on its
severity, it may be responsible for distant organ dysfunction and
subsequent mortality, prolonged length of in-hospital stay, and
increased health care costs.5 Both prevention and treatment of
POPF are challenging. Among the potential strategies to reduce
the incidence and the severity of POPF, different surgical
techniques6–12 have been proposed along with the perioperative
inhibition of exocrine pancreatic secretion.13–15

An additional key factor to improve patient management
may be to find reliable means of calculating and predicting the
risk of POPF. The ability of anticipating the risk of POPF before
surgery based on peculiar patient features might establish a
more customized preoperative program for patients with high
risk of fistula, potentially excluding subjects with elevated risk
from surgical resection or to set up protocols for a strict and
early detection of warning clinical scenario.

Previous studies and reviews described different variables
correlated to the occurrence of POPF, in particular, patient
characteristics such as American Society of Anesthesiology
score, body mass index, age, malnutrition, muscle cachexia,
medical history and morbidities,16–20 and intraoperative find-
ings, that is, small Wirsung duct diameter, soft pancreatic
texture, and estimated blood loss.21 Also baseline radiological
findings, such as fat distribution, radiological characteristics of
abdominal skeletal muscles, estimated pancreatic remnant
volume, and pathway of the enhancement attenuation have
been correlated with the risk of complication development
and POPF, but with inconsistent results.22–29

Despite the intrinsic gland characteristics appear to be
universally recognized as useful parameters to predict POPF,
these bear a subjective judgment and cannot be assessed pre-
operatively. Unbiased, exhaustive, and reliable predictors of
POPF are warranted.

With the present study, we aimed to appraise the ability
of preoperative fat body distribution and pancreatic features,
assessed by preoperative computed tomography (CT) scan,
to predict the occurrence of severe POPF and stratify the
risk.

METHODS
Data for this retrospective study were extracted from a

prospective database involving patients submitted to PD in our
institution from January 2007 to March 2014.
n criterion for the study was the avail-
e CT scan imaging in the electronic
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CT Scan Analysis
All patients underwent a preoperative multiphasic multi-

detector CT scan before surgery, performed either with Bril-
liance iCT 256-slice or Brilliance 16-slice CT scanners (Philips
Medical Systems, Eindhoven, Netherlands).

An unenhanced scan was followed by a postcontrast
triphasic acquisition (arterial, portal venous, and equilibrium
phase; 2-mm collimation), after the injection of 100 to 120 mL
of nonionic iodinated contrast medium (Xenetix 350; Guerbet,
Aulnay, France) into an antecubital vein, at a rate of 3.5 mL/s
followed by the injection of 20 to 40 mL of saline solution.

Images were saved as DICOM and transferred to an image
workstation with dedicated volume assessment software (Phi-
lips Brilliance Workspace 2.0; Philips Medical Systems).

The unenhanced scan was used to generate a CT recon-
struction of the upper abdomen (from the diaphragm to the
kidneys) with a 5 mm thickness. Two different radiologists (D.F.
and D.I.), blinded to patient information, measured total fat
volume (TFV), visceral fat volume (VFV), and analyzed pixels
with densities in the �190 hounsfield units (HU) to �20 HU
range, and subcutaneous fat volume (SFV) was obtained by
subtracting VFV from TFV. The range density used allowed
only fat to include in measurements, excluding all other intra-
abdominal tissues having a different density cutoff value. The
pancreas, spleen, and liver density were evaluated by manually
drawing region of interests as big as possible on the parench-
yma, carefully avoiding other structures (ie, vessels, pancreatic
duct, and artifact zones); the obtained values were expressed in
HU. Than the ratio between the density of the pancreas over the
density of the spleen was calculated (dpancreas/dspleen). The
spleen was chosen as reference of 1 as it does not contain fat
tissue and its density is not influenced by amount of visceral or
subcutaneous fat.

Bilateral retrorenal fat and main pancreatic duct diameter
were also measured: retrorenal fat was calculated as the mini-
mum distance between the posterior renal capsule and the
junction of the abdominal wall and paraspinal musculature at
the level of the renal veins.

The maximum diameter of the pancreatic duct was
measured using the arterial phase in order to better identify
the entire length of the duct.

Surgical Technique
Whipple or pylorus-preserving PD was performed by 3

different experienced pancreatic surgeons. A 2-layer duct-to-
mucosa pancreatojejunostomy with either Child or Roux-en-Y
technique was used for reconstruction. The main pancreatic duct
was routinely managed with an internal catheter (Bracci type)
secured to the jejunal mucosa. At the end of operation, 2
abdominal closed suction drains were placed: one next to the
biliojejunal anastomosis and one closed to the pancreatojejunal
anastomosis. Continuous intravenous infusion of octreotide
(600 mcg/d) was given to all patients stating during surgery
and ending at the resumption of oral feeding.

POPF Classification
POPF was defined as any output from abdominal drains

with amylase-rich juice >3 times the serum value, measured
from postoperative day 3 and stratified for severity into grade A,
B, or C, according to the International Study Group for Pan-

Sandini et al
creatic Fistula classification.1 We grouped patients with no
POPF or grade A POPF in a single cohort because of the quite
similar impact on the clinical course. Patients with POPF B or C

2 | www.md-journal.com
were analyzed together for the significant and relevant effect on
the outcome of these grades of fistula.

Statistical Analyses
The distribution of the candidate risk factors (BMI, TFV,

VFV, retrorenal fat thickness, dpancreas/dspleen ratio, Wirsung
diameter, and age) according to POPF was summarized using
mean (standard deviation) for normal variables or median
(range) for skewed variables. The comparison between POPF
groups was performed by the t test or the Mann–Whitney test.

The predictive ability of each single parameter (except for
age) was investigated using the receiver-operating characteristic
(ROC) curves methodology: we computed the area under the
curve (AUC) index and evaluated the optimal cutpoint (as the
one closest to the upperleft corner of the ROC plot),30 together
with other diagnostic measures (sensitivity, specificity, and
positive and negative predictive values).

The variables dichotomized according to these thresholds
were than used as predictors in a multivariate logistic regression
model (adding also age and sex). Using an Akaike information
criterion (AIC)-based stepwise selection method, we assessed
the best predictive model. Finally, we computed the predicted
probabilities of high-grade POPF according to each combi-
nation of the selected factors (Wirsung diameter, VFV, dpan-
creas/dspleen, and TFV) and for 3 different ages (60, 70, and 80
years). Then the probability of POPF for the considered com-
binations of risk factors was computed and graphically edited
from the estimates of the logistic regression. All the analyses
were performed with the R software version 3.0. A P value
<0.05 was considered significant.

RESULTS
During the study period, we performed 179 PD, but we

retrieved data of 117 (65.4%) patients because preoperative CT
scan was performed and archived in our center. The patient and
operative characteristics are summarized in Table 1. The overall
rate of grade B/C POPF was 20.5% (24/117).

Patients with grade B/C POPF had a significantly higher
TFV and VFV, a thicker retrorenal fat, and a smaller Wirsung
duct diameter when compared with the no/grade A POPF group.
In addition, patients of the first group were older in median of
approximately 4 years and the ratio between the density of
pancreas over the density of spleen was higher than the patients
of the second group, although not statistically significant in a
univariate analysis. The distribution of the body mass index was
quite similar between the 2 groups (Table 2).

The diagnostic performance measures of each parameter,
according to the ROC-curve methodology, are reported in
Table 3. The AUC was quite low for all variables suggesting
that none of the risk factors taken singularly can accurately
predict the occurrence of severe POPF. This motivated the
search for a predictive model based on the combination of
several factors, using multivariate analysis. The effect of the
parameters (considered as dichotomous variables based on the
previously evaluated optimal cutoffs) and age on the risk of
severe POPF, according to the final model, are reported in
Table 4. Patients with high VFV (>2334 cm3), high TFV
(>4408 cm3), and high pancreas/spleen density ratio
(>0.707) had an odds of developing grade B or C POPF equal
to 4.9, 4.5, and 4.7 times the odds for patients with low values of

Medicine � Volume 94, Number 31, August 2015
these parameters, respectively. Moreover, a wide Wirsung
diameter (>5 mm) reduced the odds of severe POPF of about
5 times. Finally, age had an increasing effect of severe POPF.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



ABLE 1. Patient and Operative Characteristics

Overall, n¼ 117 POPF (No or Grade A), n¼ 93 POPF (Grade B or C), n¼ 24

ale/Female 56/61 45/48 11/13

athology
IPMN 14 (11.9) 11 (11.8) 3 (12.5)
Neuroendocrine tumor 7 (6.0) 7 (7.5) —

Pancreatitis 7 (6.0) 7 (7.5) —

Bile duct carcinoma 9 (7.6) 7 (7.5) 2 (8.3)
eriampullary carcinoma 78 (66.7) 58 (62.4) 20 (83.3)
Pancreatic head 57 42 15
Duodenum 7 7 2
Ampulla of Vater 14 9 3

mpullary adenoma 2 (1.8) 2 (2.1) —

SA score
�2 57 (61.3) 14 (51.4)
>2 36 (38.7) 10 (41.6)

peration time, h 5.35 (4.02–6.17) 5.27 (3.45–6.08) 5.50 (5.12–6.41)
lood loss, mL 500 (375–1000) 500 (300–1000) 650 (500–1225)
ength of stay, d 17.0 (12.0–27.0) 14.5 (10.0–21.0) 28.5 (22.2–56.7)
ortality 6 (5.1%) 2 (2.2%) 4 (16.6%)

ause of death
Abdominal hemorrhage 2 1 1
Septic shock 4 1 3
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(from 48.2% to 45.1%) with 3 variables. The risk was similar to

ive
Using this statistical model, we sought to evaluate the
potential combinations of factors increasing the likelihood of
developing severe POPF in patients with given characteristics.
Figure 1 depicts the probability of severe POPF for all the
combinations of the risk factor in the final model in an ideal
patient aged 60. A higher risk (48%) than what observed in the
present series was detected only when all 4 risk factors
occurred. The probability of severe POPF showed a clear cluster
distribution with an estimated risk ranging from 17% to 15%
with 3 factors present, from 4.1% to 3.5% with 2 adverse
parameters, and <1% with only 1 or no factors present.

A similar cluster distribution of severe POPF was observed
in the analysis of an ideal patient aged 70 years. In this case, the

IPMN¼ intraductal papillary mucinous neoplasm, POPF¼ oostoperat
sk of severe POPF with all 4 adverse parameters present was
lose to 66%. The risk dropped approximately to 30% with the
ccurrence of 3 variables, in a range of 8.5% to 7.2% with 2

mation obtained by preoperative CT such as TFV and VFV,
pancreas density, pancreatic duct diameter, in combination with
patient age. Even if it has been already suggested that obesity

ABLE 2. Distribution of the Risk Factors in the 2 Outcome Groups

actors POPF (No or Grade A), n¼ 93 POPF (Grade B or C), n¼ 24 P Value

ge, y 70.24 (61.69; 76.71) 74.03 (68.70; 77.05) 0.061
ody mass index

�
24.79 (3.43) 25.95 (3.66) 0.148

FV, cm3 1800 (1225; 2504) 2702 (2348; 3665) 0.001
FV, cm3 4100 (3381; 5312) 5432 (4534; 7176) 0.001
etrorenal fat, mm 10 (6; 15) 16.5 (10; 25) 0.006
ancreas/spleen density ratio

�
0.83 (0.231) 0.88 (0.211) 0.332

irsung diameter, mm 4 (2; 7) 2 (2; 4) 0.015
ri
c
o

T

F

A
B
V
T
R
P
W

POPF¼ postoperative pancreatic fistula, SD ¼ standard deviation, T
(interquartile range).�

Data as mean (SD), t test.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
factors, and�2% with 1 or no variables (Figure 2). As shown in
Figure 3, the probability of severe POPF in the age of 80 was
>80% when all 4 variables present, and remained quite high

pancreatic fistula. Data are numbers (%) or median (interquatile range).
the overall rate with 1 factor present (16.8%–14.4%) and close
to �4% when 1 or no adverse parameters were present.

DISCUSSION
The results of the present study suggest that the risk of

occurrence of clinically relevant POPF may be predicted with
relative accuracy and simplicity by combining specific infor-
FV¼ total fat volume, VFV¼ visceral fat volume. Data as median

www.md-journal.com | 3



TABLE 3. Diagnostic Performance of the Risk Factors in the Identification of Grade B or C Fistula

Factors AUC Optimal Cutpoint Sensitivity Specificity PPV NPV

Body mass index 0.614 26.4 0.542 0.742 0.138 0.649
VFV, cm3 0.711 2334 0.750 0.731 0.081 0.581
TFV, cm3 0.712 4408 0.792 0.645 0.077 0.635
Retrorenal fat, mm 0.674 16.5 0.542 0.785 0.131 0.606
Pancreas/spleen density ratio 0.554 0.707 0.875 0.275 0.107 0.759

osit
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might be a handy predictor of complications after PD,31 dif-
ferently from Hashimoto et al,24 we found that body mass index
per se did not predict POPF, suggesting that the distribution of
fat is more important than obesity and that probably the amount
and specific organ deposition of visceral fat plays a central role
in this process.

Predicting the risk of POPF before surgery with a routine and
widely available diagnostic tool such as CT scan may be note-
worthy to optimize perioperative care and to provide individua-
lized strategies for patients at high risk but also to offer adequate
information to patients for alternatives to operation.

There are accepted and recognized predictive factors of
POPF, such as surgeon definition of the texture of the parench-
yma, diameter of the main pancreatic duct, intraoperative blood
loss, and histopathologic subtypes directly related with the
degree of parenchymal fibrosis. Some of them suffer partial
objectiveness such as the firmness of the gland texture or can be
evaluated only intraoperatively or postoperatively.18,21 Further-
more, the measurement of the pancreatic duct during operation
may be not completely reliable if considered the tissue edema
and distortion produced by surgical maneuvers.

Despite our study suggests that the occurrence of severe
POPF was significantly associated with TFV, VFV, thickness of
retrorenal fat, and diameter of main pancreatic duct, the
accuracy and absolute predictive ability, as shown by the
ROC curves, and the analysis of sensitivity, specificity and
predictive values was low. Therefore, the present results did not
allow us to select an ideal and single parameter to predict the
occurrence of POPF. Accordingly, we further analyzed the
categorical parameters together, using logistic regression and
AIC-based model selection to evaluate the optimal combination
of risk factors. By doing so, we observed that a TFV>4408 cm3,
a VFV >2335 cm3, a ratio between pancreas and spleen density
>0.7, and a diameter of the main pancreatic duct <5 mm

Wirsung diameter, mm 0.657 5

AUC¼ area under the curve, NPV¼ negative predictive vale, PPV¼ p
(together with older age) were significantly related to clinically
relevant POPF by increasing the risk of this outcome of almost
5-fold.

TABLE 4. Estimated Effects of the Dichotomous Parameters on th

Factors Odd Ratio

Age, y 1.080
VFV, cm3 (>2334) 4.872
TFV, cm3 (>4408) 4.453
Pancreas/spleen density ratio (>0.707) 4.733
Wirsung diameter, mm (>5) 0.194

TFV¼ total fat volume, VFV¼ visceral fat volume.

4 | www.md-journal.com
An association between increased adipose abdominal com-
position and postoperative complications after pancreatic
surgery has been widely reported.22,23,32 Mathur et al33

observed a relationship between pancreatic steatosis and pan-
creatic fistula and measurement of soft pancreas by magnetic
resonance was found predictive of POPF.34

The role of adipose tissue in promoting POPF onset might
be partially explained by the arising idea to consider visceral fat
as an endocrine organ, able to modulate inflammatory path-
ways. In fact, fatty tissue is not merely a storage of adipocytes
and preadipocytes, but it is also composed from macrophages,
endothelial cells, fibroblasts, and leukocytes.35,36 It has been
observed that adipose tissue can produce hormone-like adipo-
kines involved in regulation of metabolism and immune sys-
tem37–39 and can secrete various cytokines that directly
modulate the inflammatory response.40 Particularly visceral
fat produces interleukin-8, inducing protein-10, and monocyte
chemotactin protein-1, promoting local inflammation.35 This
condition may be particularly dangerous because persisting
inflammation at a local site sustained by an anastomotic dehis-
cence may play a significant role in the alteration of the immune
response against cancer. Chronic tissue irritation stimulates a
persisting attempt of the host to generate wounding. Tumor
development at inflammatory sites has now been repeatedly
observed in a variety of tissues41 including pancreatic one
suggesting that a chronic wound microenvironment may stimu-
late cancer cell growth and recurrence.42 Also, it has been
proven that neoplastic cells may acquire metastatic potential
and preferential growth in wound site with persisting inflam-
mation.43,44 Furthermore, the effects of locally activated pan-
creatic enzymes, for their intense lytic activity in a fatty tissue,
may be devastating such as the erosion of vessels, necrosis of
vital organs, and predisposition to overinfection of dead tissue.
Indeed, we observed a substantial increase of mortality in

0.409 0.875 0.724 0.073

ive predictive value, TFV¼ total fat volume, VFV¼ visceral fat volume.
patients with grade B/C fistula due to septic shock and hemor-
rhage. The systemic spillover of such mediators may also
account for the well-known generalized consequences of a

e Risk of Grade B or C Fistula in the Logistic Regression Model

95% Confidential Interval P Value

1.003–1.162 0.040
1.408–16.860 0.012
1.139–17.408 0.032
1.024–21.873 0.047
0.051–0737 0.016

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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severe POPF such as systemic inflammatory response syndrome
and subsequent organ dysfunction.

Therefore, performing PD in patients with elevated TFV,
VFV, fatty gland, and small pancreatic duct may be demanding
and worrisome.

Based on the results of our logistic analysis, we constructed
a statistical model to scale the risk of POPF according to
different combinations of the above variables. The originality
of our study and analysis stands mainly in the findings
suggesting an increased hazard linked to the sum up of the
risk factors related to age. If one considers, in general, the
overall postoperative complication rate in the elderly linked to
surgery per se and the associated medical comorbidities that
considerably challenge the postoperative course, the counseling
of PD is even more difficult. A meta-analysis45 on 11 trials

FIGURE 1. Predicted probability of grade B or C fistula for an ideal p
the final model.
comparing outcomes after PD between subjects with age <75–
80 or >75–80 years demonstrated that the rate of POPF did not
significantly differ but morbidity and mortality rates were

FIGURE 2. Predicted probability of grade B or C fistula for an ideal patie
the final model.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
higher in the elderly. These results match the common clinical
sense, as it is everyday experience that the same type of surgical
complication may have profound and different outcomes
according to patient frailty.

Yet, our results suggest a correlation between age and
POPF occurrence. Even more relevant, the number of the risk
factors analyzed deeply affected the probability of POPF. We
observed a clear distribution of risk in 4 well-defined clusters
according to the number of parameters. The combination of the
type of risk seemed less important. When the predicted risk was
evaluated per age group, these clusters were even more evident.
In particular, for patients around 60 years old, the probability of
developing severe POPF was over the average (20.5%) only
when all 4 risk factors were present, whereas within an ideal
population of subjects of 70 years, the risk was approximately

nt aged 60 and for each combination of the risk factors included in
66% and increased to 81% in octogenarian patients. In these
2 subgroups, the risk of POPF remained quite high also
with 3 risk factors and lowered below the average only when

nt aged 70 and for each combination of the risk factors included in

www.md-journal.com | 5
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�2 parameters were present. It may be proposed that in patients
>70 years, PD should be proposed with caution and according
to number of risk factors and severity of associated diseases, and
ideally, a frailty score should be coupled with these findings.

These remarks lead to some final considerations. First, we
can deduce useful and objective information on the risk of POPF
from a simple and routine preoperative radiologic workup
matching anthropometric measurements of pancreatic structure
and fat volume calculation with patient age. Second, given the
calculated probability of POPF, surgeons will be able to not
only give an accurate informed consent, but also select specific
and tailored perioperative procedures, strategies, and pathways.
Despite there are no sufficient evidences to suggest substantial
changes in clinical practice, it may be taken into consideration
that peculiar surgical techniques,6–10 such as pancreatogastroa-
nastomosis11,12 or duct-to-mucosa with stent in main pancreatic
duct,46 routine use of new and potent inhibitor of the exocrine
secretion,15 maximization and optimization of pancreatic ana-
stomosis drainage, and planned postoperative radiological
investigations even in absence of specific suspicious symptoms
or laboratory findings, might decrease severe POPF rate or
its consequences.

The present study has several limitations: we performed a
retrospective analysis of the data. Therefore, a prospective the
validation of the results is lacking and the risk of POPF was
stratified by estimates derived from a logistic analysis. More-
over, as any retrospective study, there is a large potential of
selection bias in our patient population.
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