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Lower geriatric nutritional risk index predicts postoperative
pancreatic fistula in patients with distal pancreatectomy
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Abstract. Postoperative pancreatic fistula (POPF) is a
common complication following pancreatic resection. It leads
to increased medical costs, and longer hospital stays. However,
the risk factors of POPF are still unclear, and therefore, this
urgent clinical issue should be resolved. The geriatric nutri-
tional risk index (GNRI) is tool to assess the nutritional status
using body weight, and serum albumin value, particularly in
elderly patients. On the other hand, POPF is associated with
body mass index (BMI). Thus, the present study aimed to inves-
tigate whether GNRI can predict the risk of POPF in patients
after distal pancreatectomy (DP). We conducted a retrospec-
tive cohort study involving 37 patients who were treated at
the Department of Digestive Surgery, Kawaguchi Municipal
Medical Center between January 2007 and June 2018. All
patients were subjected to nutritional screening using GNRI,
and were followed up after DP for postoperative complications
including POPF. In addition, risk factors of POPF, and patient's
height, BMI, and preoperative laboratory values were analyzed.
POPF was observed in 7 of the 37 (19%) patients. Those with a
POPF had significantly lower GNRI values than those without
POPF (P<0.001). Receiver operating characteristic curve
analysis was performed to determine a cut-off value of GNRI,
which indicated an increased risk of POPF. This value was
determined as 96 (sensitivity: 71.4%, specificity: 86.7%, likeli-
hood ratio: 5.36). Univariate analysis confirmed that a GNRI
of <96 was significantly associated with POPF (P=0.005),
and a multivariate logistic regression analysis revealed that a
GNRI of <96 was significant independent predictor of POPF
(P=0.005), suggesting its utility for assessing the risk of POPF
following DP.
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Introduction

Distal pancreatectomy (DP) is the standard procedure for
tumors located in the body or tail of the pancreas, such
as pancreatic carcinoma, intraductal papillary mucinous
neoplasm, neuroendocrine neoplasm, and invasive carcinomas
from other organ carcinomas including stomach and colon (1).
A common complication of DP is postoperative pancreatic
fistula (POPF). Despite advances in surgical techniques and
devices, incidence of POPF over the last few decades have
been 24-40% (2,3). Moreover, perioperative morbidity rates
associated with POPF of 30% have been reported (4). POPF
has the potential to cause lethal intra-abdominal abscess
and bleeding (4). POPF increases medical costs and prolong
hospital stays. Peng er al reported that body mass index (BMI),
blood transfusion, intraoperative blood loss, and prolonged
operative time are clinical predictors of POPF in patients who
undergo DP (5). The geriatric nutritional risk index (GNRI)
is a tool that has been proposed to evaluate nutrition-related
risks in elderly patients (6) and can be easily calculated from
body weight, height, and serum albumin levels. Due to the
intimate relationship between preoperative body weight and
POPF (5), we examined whether GNRI is a potential tool to
predict POPF in patients who undergo DP.

Patients and methods

Patients. Between January 2007 and June 2018, 37 patients
underwent DP for pancreatic tumors or invasive gastric cancer at
the Kawaguchi Municipal Medical Center (Kawaguchi, China).
We retrospectively analyzed the records of these patients. The
exclusion criteria were as follows: i) invasion to celiac artery;
ii) peritoneal dissemination and iii) difficulty of radical resection
by DP. The present study protocol was reviewed and approved
by the Ethics Committee of the Kawaguchi Municipal Medical
Center in 2016. All patients or their guardians consented to the
use of their medical information for scientific research (ethics
approval no. KMMC2017-27). The requirement for informed
consent from all participants was waived because of the retro-
spective nature of the present study. They had all undergone DP
with splenectomy, and the pancreatic remnant had been closed
with a stapler.

Clinicopathological data. Data collected from the medical
records included the occurrence of POPF, demographic
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variables (sex and age), anthropometric parameters (height,
weight, and BMI), comorbidities, American Society of
Anesthesiologist (ASA)'s physical status classification,
blood transfusions, estimated blood loss, operative time, and
serum albumin levels. POPF was classified according to the
International Study Group of Pancreatic Fistula definition
and grading (A, B, or C) (7). Grade A indicates asymptomatic
POPF, whereas, grades B and C are symptomatic and require
intervention, such as antibiotics therapies and/or drainage
for grade B, and resuscitation and/or exploratory laparotomy
for grade C fistulas. Drain amylase was monitored on
post-operative day 1, 3,5, and 7.

Nutritional assessment using GNRI. Preoperative nutritional
status was assessed with GNRI, which was calculated as
GNRI=[14.89 x serum albumin (g/1)] + [41.7 x actual/ideal
body weight (kg)]. Ideal body weight was calculated as ideal
body weight = the patient's height (m) x height (m) x 22 (BMI).
When the actual body weight was higher than the ideal weight,
the ratio was set to 1.

These heights are all actual height. This formula was used
for male and female in the same way.

Statistical analysis. All statistical analyses were performed
using Graphpad Prism v5.0 (Graphpad Software Inc.) and
StatView (Abacus Concepts, Inc.). Differences between the
patients with and without POPF were compared using the
Fisher's exact test or Chi-square test. The optimal cut-off
value of GNRI was determined using a receiver operating
characteristic (ROC) curve. The potential risk factors of POPF
were evaluated using univariate and multivariate analyses.
Univariate analysis was conducted using the Chi-square or
Fisher's exact test, followed by multivariate analysis using a
logistic regression to identify the risk factors of POPF. Results
are shown as odds ratios and 95% confidence intervals. P<0.05
was considered to indicate a statistically significant difference.

Results

Patient characteristics. Of the 37 patients that were reviewed,
22 were men and 15 were women. The median age was 73
(range 35-82) years. POPF occurred in seven (19%) patients
(grade B in all). There were no statistically significant
differences between patients with POPF and those without
POPF with respect to sex, age, BMI, diabetes mellitus history,
operative time, estimated blood loss, blood transfusions, or
the presence of soft pancreas. In addition, malignant tumor
did not affect risk of POPF (Table I). However, preoperative
serum albumin levels and GNRI were significantly lower in
patients with POPF than those without POPF (P<0.001, for
both variables).

Calculation of optimal GNRI cut-off value. The area under the
curve (ROC) was 0.90 (Fig. 1). A GNRI of 96 was determined
using Youden index as the appropriate cut-off value that had
a sensitivity of 71.4%, a specificity of 86.7% and a likelihood
ratio of 5.36. Patients were categorized into two groups:
Group A (GNRI =96, n=28) and group B (GNRI <96, n=9).
POPF was observed in 7.1% of patients in group A and 55.6%
of patients in group B.
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Figure 1. Selection of the GNRI cut-off value. A GNRI of 96 was selected as
an optimal cut-off value with sensitivity 71.4% and specificity 86.7%. GNRI,
geriatric nutritional risk index; ROC, receiver operating characteristic.

Univariate and multivariable analyses. Univariate analysis
was performed to evaluate factors predicting the risk of
POPF after DP. Compared with patients with GNRI =96, the
incidence of POPF was significantly higher in patients with
GNRI <96 (P=0.005). Similarly, logistic regression analysis
revealed that a GNRI <96 was an independent predictor of
POPF (P=0.005; Table II).

Discussion

POPFs remain a major pancreas-specific postoperative
complication after pancreatic resection, occurring in
approximately 30-40% of patients after DP (3). A number
of risk factors of POPF following pancreatic resection have
been recognized, including a soft pancreas, obesity, blood
transfusion, age, sex, diabetes mellitus history, preoperative
serum albumin levels, extended lymphadenectomy, substantial
intraoperative blood loss, and longer operative time (8). At
the tissue level, substantial inflammatory activity, indicated
by high levels of proinflammatory cytokines and matrix
metalloproteinases, and marked chronic inflammatory
infiltrates are reportedly associated with a lower incidence of
fistula (9). A meta-analysis indicated that a soft pancreas, high
BMI, blood transfusion, intraoperative blood loss, and operative
time were clinical predictors of POPF (5). Of these variables,
a higher than normal BMI is the most common risk factor of
POPF after DP and pancreaticoduodenectomy (PD) (5,10,11).
Therefore, preoperative body weight including nutritional
status should be improved to avoid postoperative complications.
As POPFs are associated with a prolonged hospital stay,
ultimately leading to higher medical costs, surgeons should
promptly identify at-risk patients prior to surgery. Considering
this, several methods of nutritional assessment including body
weight have been developed and validated: The malnutrition
inflammation score, nutritional risk index (NRI), prognostic
nutritional index (PNI), and GNRI (6,12-14). Among them,
GNRI was originally developed to evaluate malnutrition and
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Table I. Patients were divided by presence of absence of POPF. The data exhibited a higher incidence of POPF in GNRI <96

compared with GNRI 296 patients.

Characteristics POPF group, n=7 Non-POPF group, n=30 P-value
Male/female 3/4 17/13 0.68
Age, years 72.0+1.8 70.3+1.9 0.67
BMI 22.7+1.8 22.4+19 0.88
Diabetes mellitus: Yes (%) 4 (57.1) 13 (43.3) 0.68
Preoperative albumin, g/l 32+0.3 4.2+0.1 <0.001
GNRI 85.8+6.8 103.5+1.2 <0.001
<96 5 4 0.005
=96 2 26
Malignant/benign tumor 6/1 31/8 0.15
Time of operation, min 342.4+17.7 318.8+12.7 0.40
Estimated blood loss, ml 814.3+£216.6 1414.0+282.1 0.32
Blood transfusion: Yes (%) 1(14.3) 12 (40.0) 0.22
Soft pancreas: Yes (%) 5(71.4) 27 (90.0) 0.23
SSIs: Yes (%) 7 (100.0) 2(6.7) <0.001

POPF, postoperative pancreatic fistula; GNRI, geriatric nutritional risk index; BMI, body mass index; SSIs, surgical site infections.

Table II. Multivariate analysis by logistical regression demonstrated that GNRI <96 was an independent risk factor to predict

POPF following DP.

Characteristics Odds ratio 95% CI P-value
BMI 0.99 0.83-1.18 0.87
Preoperative albumin, g/l 199 241-165.25 0.006
GNRI <96 0.062 0.009-0.43 0.005

GNRI, geriatric nutritional risk index; BMI, body mass index; POPF, postoperative pancreatic fistula; DP, distal pancreatectomy; CI, confi-

dence interval.

related morbidity and mortality in elderly patients (6). Our
previous study showed that a low GNRI was associated with
wound infections and POPF in patients who undergo PD (15).
Therefore, we hypothesized that GNRI could be predictive of
POPF following DP. In the present study, 19% of the 37 patients
developed POPF following DP at our hospital. Malignant
tumors did not affect the risk of POPF as with Sierzega et al
who reported that malnutirition was associated with POPF
risk (16). For these patients, GNRI <96 was strongly associated
with a higher risk of POPF, suggesting that correcting nutrition
before the operation might decrease the risk. In addition,
POPF is also a potential predictor of surgical site infection
and is intimately related particularly to organ/space infections.
Parikh er al reported that 55% of POPFs contributed to the
occurrence of intra-abdominal abscess (17). In our data, all
patients with POPF had surgical site infections, with 85.7%
having organ/space infections. However, in present study,
blood transfusion was not associated with POPF. We estimated
the reason why were that our sample was small, and criteria
of judgement for transfusion were different according to
anesthesiologists in our hospital.

Our findings are consistent with those of previous studies,
in which NRI was associated with POPF following DP (16).
Moreover, Sato et al concluded that low PNI was significantly
more common in patients with grade B or C POPF (18). Our
study has several limitations. The results should be regarded
with caution because of the relatively sample size. A further
limitation is the retrospective nature of this study. Therefore,
a larger prospective study should be conducted to validate the
present findings. In conclusions, the present study revealed
that a GNRI score of <96 may be a risk factor of POPF in
patients who undergo DP.
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