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Objective: Postoperative pancreatic fistula (POPF) is one of the severe complications that
develop after pancreaticoduodenectomy (PD). This study aimed to assess the utility of
preoperative clinicophysiologic findings as risk factors for POPF after PD.

Summary of Background Data: We enrolled 350 patients who underwent PD between 2007
and 2012 at Tokyo Women’s Medical University.

Methods: In total, 350 patients who underwent PD between 2007 and 2012 were examined
retrospectively. All patients were classified into 2 groups as follows: group A (no fistula/
biochemical leak group, 289 patients) and group B (grade B/C of POPF group 61 patients).
Variables, including operative characteristics, length of stay in hospital, morbidity,
mortality, and data regarding preoperative clinicophysiologic parameters, were collected
and analyzed as predictors of POPF for univariate and multivariate analyses.

Results: There were 213 male and 137 female patients. The mean age was 65.4 years (range,
21-87 years). Univariate analysis showed that sex (P = 0.047), amylase level (P = 0.032),
prognostic nutritional index (PNI; P = 0.001), and C-reactive protein/albumin ratio (P =
0.005) were independent risk factors for POPFE. In contrast, multivariate analysis showed
that sex (P = 0.045) and PNI (P = 0.012) were independent risk factors for POPFE.
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Conclusions: Our results show that PNI (<48.64 U/mL) and male sex were risk factors for
POPF after PD, and especially, PNI can be suggested as an effective biomarker for POPF.
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gradual decrease in the incidence of short-term

complications after pancreaticoduodenectomy
(PD) has been observed, and recent improvements
in operative technique and perioperative manage-
ment have resulted in an increase in the number of
long-term survivors.' PD is an important method for
the surgical treatment of tumors of the head and the
periampullary parts of the pancreas. In recent years,
the mortality rate after PD decreased to less than 5%
in high-volume centers; however, the morbidity rate
remains high between 30% and 50%.% One of the
main reasons for the high morbidity rate after PD is
postoperative pancreatic fistula (POPF).*” POPF
occurs in 5% to 30% of patients after PD,® and its
incidence has been observed to be fairly constant
over the past 30 years even in high-volume cen-
ters.”!® The definition of POPF provided by the
International Study Group on Pancreatic Fistula
(ISGPF) has been helpful for the accurate compar-
ison of different surgical experiences."' After this
proposal of POPF, a standardized POPF definition
was established: fluid output of any measurable
volume via an operatively placed drain with amy-
lase activity greater than 3 times the upper normal
serum value. To update the definition of POPF by
the ISGPF,' the grading of POPF had been changed
to include the following 3 grades of severity:
biochemical leak, grade B, and grade C. In a
previous study, the risk factors of POPF were body
mass index,"” ' sex,">"® a narrow pancreatic duct
width.!>1%1¢ and pancreatic texture.">'” To date,
only a few studies assessing preoperative clinico-
physiologic findings as risk factors for POPF after
PD have been performed; thus, we aimed to
evaluate preoperative clinicophysiologic findings
as risk factors for POPF after PD.

Materials and Methods

In total, 350 patients who underwent PD between
2007 and 2012 were examined retrospectively at
Tokyo Women’s Medical University. All patients
were classified into 2 groups as follows: group A (no
fistula/biochemical leak group, 289 patients) and
group B (grade B/C of POPF group, 61 patients).
Variables, including operative characteristics, length
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of stay in hospital, morbidity, mortality, and data
regarding clinicophysiologic parameters, including
sex, age, body mass index, biliary decompression,
total bilirubin, albumin, creatinine, glycated hemo-
globin (HbAlc), amylase, C-reactive protein, white
blood cell (WBC) count, lymphocyte number,
hemoglobin, platelet, carbohydrate antigen (CA)19-
9, carcinoembryonic antigen (CEA), neutrophil/
lymphocyte ratio (NLR), prognostic nutritional
index (PNI), platelet/lymphocyte ratio (PLR), and
C-reactive protein/albumin ratio (CAR), were col-
lected and analyzed as predictors of POPF in
univariate and multivariate analyses. All clinico-
physiologic parameters were measured immediately
before pancreatic resection under cholangitis and
pancreatitis control.

Operative techniques

All patients underwent PD through duct-to-mucosa
pancreaticojejunostomy with or without a stenting
tube. An end-to-side two-layer anastomosis was
performed between the pancreas and the jejunum.
Anastomosis of the outer layer was performed
between the pancreatic parenchyma and the jejunal
seromuscularis using 4-0 or 5-0 nonabsorbable
sutures. In contrast, anastomosis between the
pancreatic duct and the jejunal mucosa was per-
formed precisely using 5-0 or 6-0 monofilament
absorbable sutures. With a suture placed on the
anterior wall and sutures placed on the bilateral
walls, the duct lumen was kept open. Continuous
sutures were placed on the anterior and posterior
walls without a scope, and prophylactic octreotide
was not used postoperatively. The Child method
was used for reconstruction during PD in all
patients.

Statistical analysis

The y* test was used to evaluate differences in
categorical data for univariate analyses, and P <
0.05 was considered statistically significant. Logistic
regression analyses were used to perform the
multivariate analyses. The cutoff values for NLR,
PNI, PLR, and CAR were calculated by receiver
operating characteristics (ROC) curve analysis, and
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Table 1 Patient characteristics

RISK FACTORS OF POSTOPERATIVE PANCREATIC FISTULA

Table 2 Preoperative clinicophysiologic characteristics

Factors All patients (n = 350)  Variable Factors Average + SE
Average age (range) 65.4 (21-87) Sex Male/female 213/137
Sex (male/female) 213/137 Age 65.42 = 0.59
Diseases (%) BMI (kg/m?) 21.65 + 0.16
Pancreatic cancer 131 (37.4%) Biliary decompression =)/ (+) 220/130
Distal bile duct cancer 68 (19.4%) Total bilirubin (mg/dL) 1.18 = 0.07
IPMN 58 (16.6%) Albumin (mg/dL) 3.92 = 0.02
Papilla Vater cancer 42 (12%) Creatinine (mg/dL) 0.76 = 0.02
NEN 12 (3.4%) HbA1C (%) 6.33 = 0.06
Duodenal cancer 11 (3.1%) Amylase 101.06 * 4.46
SCN 4 (1.1%) CRP (mg/dL) 0.59 = 0.08
SPN 3 (0.9%) WBC (/uL) 5407.96 = 85.17
others 21 Lymphcyte (/pL) 1436.77 + 25.50

Operative procedures (%)
PPPD

280 (80%)

SSPPD 49 (14%)
PD 20 (5.7%)
DPPHR 1 (0.3%)

DPPHR, duodenum-preserving pancreatic head resection;
IPMN, intraductal papillary mucinous neoplasm; NEN,
neuroendocrine neoplasm; PD, pancreaticoduodenectomy;
PPPD, pylorus-preserving pancreaticoduodenectomy; SCN,
serous cystic neoplasm; SPN, solid pseudopapillary neoplasm;
SSPPD, subtotal stomach-preserving pancreaticoduodenectomy.

the SPSS statistical software package, version 22.0
(IBM Corp., Chicago, IL, USA) was used for the
statistical analysis.

Ethical conduct

This study was approved by the Research Ethics
Committee of Tokyo Women’s Medical University.
(approval number 4605). All procedures performed
in studies involving human participants were in
accordance with the ethical standards of the
institutional research committee and the 1964
Helsinki Declaration. Experiments using animals
were not performed by any of the authors in this
study. The requirement for obtaining written in-
formed consent from each patient was waived
because of the study’s retrospective design.

Results

There were 213 male and 137 female patients, with a
mean age was 65.4 years (range, 21-87 years). The
enrolled patients had the following diseases: pan-
creatic cancer, 131 patients (37.4%); distal bile duct
cancer 68 (19.4%); intraductal papillary mucinous
neoplasm 58 (16.6%); papilla Vater cancer 42(12%);
neuroendocrine neoplasm 12 (3.4%); serous cystic
neoplasm 4 (1.1%); solid pseudopapillary neoplasm
3 (0.9%); and others 21 (6%) (Tablel). Furthermore,
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Hemoglobin (g/dL) 12.67 = 0.08
Platelet (X10*/pL) 23.06 = 0.41
CA19-9 (U/mL) 279.04 * 73.15
CEA (ng/mL) 4.66 = 0.63
mGPS 0,1/2 244/105
NLR 2.73 + 0.11
PNI 46.40 +0.28
PLR 176.69+ 4.23
CAR 0.1640 + 0.022

BMI, body mass index; CA19-9, carbohydrate antigen 19-9;
CAR, CRP/albumin ratio; CEA, carcinoembryonic antigen; CRP,
C-reactive protein; mGPS, modified Glasgow prognostic score;
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte
ratio; PNI, prognostic nutritional index.

operative procedures were pylorus-preserving PD,
280 (80%); subtotal stomach-preserving PD, 49
(14%); PD, 20 (5.7%); and duodenum-preserving
pancreatic head resection 1 (0.3%; Table 1). Table 2
shows the preoperative clinicophysiologic findings
of this study. The univariate analysis showed that
sex (P = 0.047), amylase level (P = 0.032), PNI (P =
0.001), and CAR (P = 0.005) were independent risk
factors for POPFE, between group A and group B
regarding preoperative clinicophysiologic findings
(Table 3). In contrast, multivariate analysis showed
that sex (P = 0.045) and PNI (P = 0.012) were
independent risk factors for POPF between group A
and group B regarding preoperative clinicophysio-
logic findings (Table 4).

Discussion

PF has been reported to be a potentially lethal
complication because it could result in delayed
massive hemorrhage and septicemia after PD.'®2!
However, there is still no established procedure to
prevent POPF after PD; thus, preoperative identifi-
cation of patients at high risk for POPF is important
for improving the morbidity and clinical outcome.
Previous studies on preoperative clinicophysiologic
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Table 3 Univariate analyses between group A and group B on
preoperative clinicophysiologic findings

SUZUKI

Table 4 Multivariate analyses between group A and group B on
preoperative clinicophysiologic findings

Group Group

Variable Factors Number A B P

Sex Male 213 169 44 0.047
Female 137 120 17

Age <70 219 185 34 0225
>70 131 104 27

BMI (kg/m?) <25 311 260 51  0.152
>25 39 29 10

Biliary decompression (—) 220 187 33 0119
+) 130 102 28

T-bil (mg/dL) <12 256 215 41 0334
>1.2 93 74 19

Albumin (mg/dL) <3.6 90 70 20 0.164
>3.6 260 219 41

Creatinine (mg/dL) <11 325 269 56  0.725
>1.1 25 20 5

HbA1C (%) <6.2 198 158 40  0.056
>6.2 125 110 15

AMY <125 284 228 56  0.032
>125 61 56 5

CRP (mg/dL) <0.3 238 202 36  0.09
>0.3 111 86 25

WBC (/pL) <8500 337 279 58  0.584
>8500 13 10 3

Lymphcyte (/pL) <2000 315 261 54 0772
>2000 54 28 5

Hb (g/dL) <13 203 171 32 0335
>13 147 118 29

Plt (X10*/uL) <15 37 33 4 0259
>15 312 255 57

CA19-9 (U/mL) <37 194 155 39 0173
>37 152 130 22

CEA (ng/mL) <5 293 237 56  0.098
>5 52 47 5

mGPS 0.1 244 206 38  0.153
2 105 82 23

NLR <3.07 255 217 38  0.091
>3.07 93 72 21

PNI <48.6 224 175 49  0.001
>48.6 124 114 10

PLR <2182 266 226 40  0.086
>218.2 82 63 19

CAR <0.043 183 161 22 0.005

>0.043 166 127 39

BMI, Body mass index; CRP, C-reactive protein, CA19-9,
Carbohydrate antigen 19-9; CEA, Carcinoembryonic antigen;
mGPS, modified Glasgow Prognostic Score; NLR, Neutrophil/
lymphocyte ratio; PNI, Prognostic nutritional index; PLR,
Platelet/lymphocyte ratio; CAR, CRP/Albumin ratio.

findings for POPF are unavailable. In previous
reports, preoperative serum-based inflammatory
and nutritional indicators derived from clinicophy-
siologic findings, such as NLR, PLR, modified
Glasgow prognostic score, PNI, and CAR, have
been linked to prognosis in many types of can-
cer.”* In this study, we evaluated preoperative

Int Surg 2021;105

Variable Hazard ratio 95% confidence interval P

Sex 0.524 0.278-0.985 0.045
AMY 0.996 0.994-1.001 0.145
PNI 0.928 0.875-0.984 0.012
CAR 0.564 0.211-1.510 0.254

clinicophysiologic findings as risk factors for POPF
after PD and suggested PNI (<48.64 U/mL) to be an
effective biomarker for POPFE.

As obtained in previous reports, male sex
was observed to be an independent POPF-related
factor and was repeatedly revealed as a risk factor of
POPFE.*® Mathur et al*” reported that patients with
POPF have significantly more pancreatic fat and less
fibrosis than those without POPF. In addition, the
presence of increased fat in the pancreas, along with
a small nondilated duct, may be associated with
decreased local blood flow and may increase the risk
of perioperative pancreatitis. Dixon”® described that
men had significantly more fat within the abdom-
inal cavity than women, even among people with
similar total amounts of fat. This may be one of the
causes of the significantly high incidence of POPF in
men compared with women.

PNI had been considered a predictive factor of the
prognosis and postoperative complication of various
cancers.””! PNI included a combination of the
albumin and total lymphocyte count and was
initially used to evaluate immunologic and nutri-
tional status.® Aida et al*® revealed that preoperative
immunonutrition, which modulates prostaglandin
E2 production and T-cell differentiation, may pre-
vent postoperative complications in patients after
PD. Low PNI level was considered to have resulted
from hypoalbuminemia and/or lymphocytopenia.
Hypoalbuminemia is associated with poor tissue
healing and impairment of immune responses
related with macrophage activation and granuloma
formation.***> Lymphocytopenia has been known to
decrease the antitumor effect induced by the cellular
immunity of T lymphocytes.’*® An immunonutri-
tional disorder causes a decline in albumin concen-
tration and total lymphocyte count, including helper
T cells, interleukins 2 and 3, and T cell blastogenic
responses.”” Kanda et al*® reported an association of
PNI with overall survival and postoperative com-
plications, particularly pancreatic fistula, in patients
with pancreatic cancer. They revealed that PNI less
than 45 U/mL was a significant predictor of POPF in
patients with pancreatic cancer, a result that is

13-15
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strongly similar to our finding of PNI < 48.64 U/mL
as a predictive risk factor for POPF. Therefore, PNI
may be used as a biomarker of POPF after PD.

There are several limitations to this study. First,
this study was retrospective in design; however, the
PD cases were consecutive. Second, some of the
parameters whose data could not be measured all
round. Hence, additional multicenter investigations
involving larger patient populations are needed
before definitive conclusions can be drawn.

In conclusion, PNI (<48.64 U/mL) and male sex
are significant risk factors for POPF after PD, and
low PNI level was suggested to be an effective
biomarker for POPF after PD.
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