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Abstract

Objective: The Physiological and Operative Severity Score for the enUmeration of Mortality

and morbidity (POSSUM) is commonly used to predict the risk of postoperative complications in

general surgery. However, use of the POSSUM is not absolutely suitable for open pancreatico-

duodenectomy (OPD), which has unique complications such as pancreatic fistula formation. This

study was performed to establish a new risk score for assessing the incidence of postoperative

complications of OPD.

Methods: This retrospective case-control study involved 159 patients who underwent standard

OPD from 2 January 2017 to 1 February 2019. The risk factors for post-OPD complications were

statistically investigated, and a risk score model was established by multivariate logistic

regression.

Results: Among all 159 patients, 72 (42.28%) developed complications. A scoring system was

developed based on the following five independent variables: sodium concentration of <141.20

mmol/L, white blood cell count of >6.35� 109/L, pancreatic texture grade, body mass index of

>25.06 kg/m2, and basic respiratory diseases. Our risk score model demonstrated better dis-

criminating power, prediction power, and prediction probability than the POSSUM model in the

receiver operating characteristic curve analysis.

Conclusion: This novel risk score may help to predict postoperative complications after OPD

with higher accuracy than the POSSUM system.
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Introduction

Pancreatic cancer is one of the most malig-

nant tumors of the digestive system.

Although the prognosis has slightly

improved in recent years, the 5-year surviv-

al rate is still less than 8%. According to the

latest data of the American Cancer

Association, pancreatic cancer is the

fourth leading cause of death, and an esti-

mated 22,919 men and 21,093 women were

projected to die of pancreatic cancer in

2020.1

With the progress of surgical conditions

and postoperative care during the past

decade, the mortality rate of Whipple’s sur-

gery in major medical centers worldwide

has dropped to less than 5%. However,

the incidence of postoperative complica-

tions remains high.2

Although the risk factors for complica-

tions following OPD have been identi-

fied,3,4 few studies have established a

scoring system. Notably, considering the

differences in race, lifestyle, and symptoms,

the Physiological and Operative Severity

Score for the enUmeration of Mortality

and morbidity (POSSUM) is not absolutely

suitable for predicting the incidence of post-

operative complications of OPD. This study

was performed to establish a new risk scor-

ing system with which to assess the inci-

dence of postoperative complications of

OPD in Shijiazhuang, Hebei Province,

China and to provide a reference for doc-

tors in other centers and patients in differ-

ent regions and of different races and

lifestyles to predict postoperative complica-

tions following OPD.

Methods

Ethics and informed consent

This study was based on the declaration of
Helsinki. It was authorized by the Human
Ethics and Research Ethics Committee of

the Fourth Affiliated Hospital of Hebei
Medical University, Shijiazhuang, Hebei,
China (authorization date: 16 March 2019;
approval no. 2019MEC066). We have de-

identified all data such that the identity of
the patients cannot be ascertained in any
way. All enrolled patients provided written
informed consent for treatment. This was a
retrospective case-control study and com-

plies with the STROBE principle in the
EQUATOR Network guidelines.5

Patient recruitment

A total of 159 patients underwent standard
OPD from 2 January 2017 to 1 February
2019 for treatment of periampullary malig-
nant carcinoma at the Fourth Affiliated
Hospital of Hebei Medical University in

Shijiazhuang City, China. No patients
underwent preoperative biliary drainage,
and all were treated with modified
Blumgart anastomosis during pancreatic–

intestinal anastomosis. The inclusion crite-
ria were no preoperative biliary drainage
and the performance of modified
Blumgart anastomosis during pancreatic–
intestinal anastomosis. The exclusion crite-

ria were resection of other organs during
the operation, intraoperative vascular resec-
tion and reconstruction, and an inability to
tolerate surgery because of kidney disease.

We continuously collected information on
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eligible patients according to the study’s
inclusion and exclusion criteria.

Collection of perioperative parameters

In this retrospective case-control study, we
collected a series of perioperative clinical
and histopathological parameters. The
patients’ American Society of
Anesthesiologists classification, blood pres-
sure, and pulse rate were measured before
entering the operating room on the day of
surgery. Cardiac function tests, an electro-
cardiogram, pulmonary function tests, and
imaging examinations were performed on
the day of admission. The blood test indi-
cators were taken from the last preoperative
laboratory test, which was performed
within 3 days before the operation. The fol-
lowing laboratory parameters were mea-
sured: hemoglobin concentration, platelet
count, potassium concentration, ejection
fraction, pulse rate, forced expiratory
volume in 1 s, white blood cell count, ala-
nine aminotransferase concentration, pro-
thrombin time, activated partial
thromboplastin time, international normal-
ized ratio of prothrombin time, albumin
concentration, total bilirubin concentra-
tion, blood urea nitrogen concentration,
serum creatinine concentration, sodium
concentration, CA19-9 concentration, elec-
trocardiogram parameters, and blood pres-
sure. Essential clinical and background data
were sex, drinking history, smoking history,
history of abdominal surgery, diabetes,
basic respiratory diseases, age, height, and
weight. Several perioperative parameters
were also recorded, including the duration
of surgery, intraoperative blood loss, intra-
operative blood transfusion volume, and
pancreatic texture grade. A pancreatic tex-
ture resembling the texture of the lips was
defined as grade 5, that resembling the tex-
ture of the tip of the nose was defined as
grade 3, and that falling between the two
textures was defined as grade 4.

A pancreatic texture as hard as the forehead

was defined as grade 1, and that falling

between grades 1 and 3 was defined as

grade 2. The diameters of the bile duct

and pancreatic duct were recorded intrao-

peratively. Finally, the diameter and path-

ological grade of the tumor were recorded

based on the histopathological reports.

Outcome measurement

Outcome measurement was carried out

according to the Clavien–Dindo classifica-

tion.6 Clavien–Dindo grade �II complica-

tions were considered clinically significant.

Complications after OPD included stress

ulcers, pancreatic fistulas, gastrointestinal

bleeding, pleural effusion, intra-abdominal

infection and abscesses, pneumonia,

arrhythmia, hemorrhage, acute renal fail-

ure, death, and delayed gastric emptying.

Statistical analysis

The Kolmogorov–Smirnov test was used to

determine the normality of the data.

Continuous variables with a normal distri-

bution are expressed as mean� standard

deviation and were analyzed by Student’s

t-test. Data with a non-normal distribution

are expressed as median (interquartile

range) and were analyzed by the Mann–

Whitney U-test. Dichotomous variables

were analyzed by Pearson’s chi-square test

and are presented as percentages (Table 1).

Spearman’s correlation test was used to fur-

ther analyze the correlation between varia-

bles and postoperative complications

(Table 2). Additionally, the tolerance and

variance inflation factor (VIF) among the

variables were calculated by multivariate

linear regression, allowing us to determine

the collinearity among the variables

(Table 3). A VIF of >10 indicates a serious

multiple collinear relationship between the

independent variable x and other indepen-

dent variables. As the tolerance approaches
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1, the collinearity between independent var-

iables weakens. We used univariate logistic

regression, at the univariate stage, to fur-

ther analyze the relationship between the

variables and postoperative complications

of OPD, and we calculated the odds ratio

(OR) and 95% confidence interval (95%

CI) of each risk factor. Univariate

Table 2. Spearman’s correlation test between perioperative baseline data and complications of open
pancreaticoduodenectomy

Variable q p-value

Sex �0.046 0.567

Drinking history 0.042 0.600

Smoking history �0.001 0.995

History of abdominal surgery 0.024 0.768

Diabetes 0.026 0.745

Basic respiratory diseases 0.149 0.061

Age 0.137 0.086

High blood pressure 0.071 0.372

Low blood pressure 0.052 0.511

Hemoglobin concentration �0.064 0.422

Platelet count �0.073 0.361

Potassium concentration �0.103 0.198

BMI 0.294* <0.001*

Pulse rate 0.023 0.774

Ejection fraction �0.029 0.713

FEV1 �0.059 0.463

White blood cell count 0.101 0.204

ALT concentration 0.015 0.847

PT �0.005 0.946

APTT 0.079 0.324

INR �0.059 0.462

Albumin concentration �0.141 0.076

Total bilirubin concentration 0.167* 0.036*

Blood urea nitrogen concentration �0.071 0.376

Serum creatinine concentration �0.074 0.354

Sodium concentration �0.158* 0.047*

CA19-9 concentration �0.010 0.896

Duration of surgery 0.062 0.435

Intraoperative blood loss 0.115 0.149

Intraoperative blood transfusion volume 0.035 0.660

Diameter of bile duct 0.099 0.215

Diameter of pancreatic duct 0.057 0.474

Pancreatic texture grade �0.105 0.189

Tumor diameter 0.174* 0.029*

Pathological classification 0.054 0.498

ECG signs �0.011 0.894

ASA classification 0.013 0.916

*Statistically significant variables.

BMI, body mass index; FEV1, forced expiratory volume in 1 second; ALT, alanine aminotransferase; PT, prothrombin time;

APTT, activated partial thromboplastin time; INR, international normalized ratio of prothrombin time; ECG, electrocar-

diogram; ASA, American Society of Anesthesiologists.
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(Table 4) and multivariate (Table 5) logistic
regression analyses (method: backward,
conditional) were used to determine the
risk factors for complications after OPD.

In the process of the multivariate logistic
regression with the backward method, the
variables with a p value of >0.1 were
removed. After performing the multivariate

Table 3. Collinearity of the relationship between patient variables and complications of open pancreati-
coduodenectomy based on linear regression

Variables b p-value Tolerance VIF

Sex �0.083 0.476 0.407 2.457

Age 0.079 0.396 0.636 1.573

Drinking history 0.020 0.850 0.476 2.101

Smoking history �0.019 0.874 0.402 2.489

History of abdominal surgery 0.034 0.677 0.816 1.226

Pulse rate �0.102 0.279 0.623 1.604

High blood pressure �0.067 0.618 0.303 3.297

Low blood pressure 0.072 0.577 0.337 2.971

BMI 0.337 <0.001 0.656 1.525

Ejection fraction �0.152 0.080 0.747 1.339

Basic respiratory diseases 0.203 0.031 0.637 1.569

FEV1 0.013 0.888 0.619 1.616

Hemoglobin concentration �0.129 0.248 0.445 2.247

White blood cell count 0.145 0.102 0.712 1.405

Platelet count �0.156 0.089 0.660 1.514

PT �0.103 0.222 0.776 1.289

APTT 0.008 0.932 0.712 1.404

INR �0.082 0.347 0.725 1.380

ALT concentration �0.055 0.543 0.676 1.479

Albumin concentration �0.084 0.430 0.496 2.017

Total bilirubin concentration 0.078 0.429 0.575 1.740

Blood urea nitrogen concentration �0.126 0.152 0.720 1.389

Serum creatinine concentration �0.134 0.127 0.724 1.382

Diabetes 0.038 0.663 0.719 1.391

Sodium concentration �0.225 0.014 0.678 1.474

Potassium concentration �0.103 0.245 0.711 1.407

CA19-9 concentration �0.119 0.168 0.744 1.344

Duration of surgery 0.132 0.156 0.646 1.549

Intraoperative blood loss 0.034 0.724 0.596 1.677

Intraoperative blood transfusion volume �0.133 0.180 0.562 1.780

Diameter of bile duct 0.004 0.971 0.567 1.764

Diameter of pancreatic duct 0.127 0.152 0.711 1.406

Pancreatic texture grade �0.193 0.036 0.667 1.499

Tumor diameter 0.118 0.213 0.619 1.615

Pathological classification �0.010 0.922 0.568 1.759

ECG signs �0.045 0.633 0.637 1.571

ASA classification 0.033 0.722 0.626 1.598

VIF, variance inflation factor; BMI, body mass index; FEV1, forced expiratory volume in 1 second; ALT, alanine amino-

transferase; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalized ratio of

prothrombin time; ECG, electrocardiogram; ASA, American Society of Anesthesiologists.
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logistic regression 29 times, we obtained the
“best” model. The risk score model was
established based on the multiple regression
coefficients. Each coefficient was divided by

the minimum factor and rounded to the
nearest integer.7,8 Summation of each pre-
dictor is used to predict the risk of compli-
cations after OPD. We applied the

Table 4. Correlation between patient variables and complications after open pancreaticoduodenectomy,
based on univariate logistic regression

Variables Odds ratio 95% Confidence interval p-value

Sex 0.830 0.441–1.563 0.564

Age 1.025 0.990–1.062 0.167

Drinking history 1.254 0.541–2.909 0.598

Smoking history 0.998 0.491–2.026 0.995

History of abdominal surgery 1.138 0.484–2.678 0.766

Pulse rate 1.000 0.975–1.026 0.998

High blood pressure 1.009 0.991–1.027 0.334

Low blood pressure 1.013 0.985–1.042 0.376

BMI 1.221 1.093–1.364 <0.001*

Ejection fraction 0.996 0.942–1.053 0.884

Basic respiratory diseases 1.829 0.970–3.447 0.062

FEV1 0.981 0.948–1.014 0.255

Hemoglobin concentration 0.993 0.973–1.013 0.488

White blood cell count 1.085 0.933–1.261 0.291

Platelet count 0.997 0.993–1.002 0.276

PT 1.019 0.834–1.246 0.850

APTT 1.032 0.966–1.101 0.351

INR 0.484 0.028–8.410 0.618

ALT concentration 1.000 0.998–1.002 0.798

Albumin concentration 0.940 0.885–0.999 0.047*

Total bilirubin concentration 1.003 1.0002–1.006 0.038*

Blood urea nitrogen concentration 0.871 0.701–1.083 0.215

Serum creatinine concentration 0.995 0.983–1.008 0.995

Diabetes 1.149 0.501–2.633 0.743

Sodium concentration 0.935 0.865–1.011 0.091

Potassium concentration 0.737 0.398–1.362 0.329

CA19-9 concentration 1.000 0.998–1.001 0.609

Duration of surgery 1.002 0.997–1.008 0.428

Intraoperative blood loss 1.001 0.999–1.004 0.378

Intraoperative blood transfusion volume 1.000 0.999–1.002 0.609

Diameter of bile duct 1.295 0.736–2.277 0.369

Diameter of pancreatic duct 1.029 0.852–1.243 0.765

Pancreatic texture grade 0.838 0.120–1.047 0.120

Tumor diameter 2.026 1.073–3.826 0.029*

Pathological classification 1.050 0.805–1.368 0.721

ECG signs 0.984 0.550–1.759 0.955

ASA classification 0.918 0.447–1.625 0.960

*Statistically significant variables.

BMI, body mass index; FEV1, forced expiratory volume in 1 second; ALT, alanine aminotransferase; PT, prothrombin time;

APTT, activated partial thromboplastin time; INR, international normalized ratio of prothrombin time; ECG, electrocar-

diogram; ASA, American Society of Anesthesiology.
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Hosmer–Lemeshow test to internally cali-
bration the model. The area under the
receiver operating characteristic curve
(AUC) and its 95% CI were used to evalu-
ate the reliability of the model and deter-
mine the threshold of each risk factor. We
use the continuous net reclassification index
(NRI) to compare the predictive power of
our new risk scoring model with the existing
risk scoring model (POSSUM scoring
model). The AUC was also compared
using the Z test. A p value of <0.05 (two-
sided) was considered statistically
significant.

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 23.0 (IBM Corp., Armonk, NY,
USA). A p-value of <0.05 was considered
statistically significant.

Results

Baseline characteristics

The patients’ baseline characteristics are
shown in Table 1. Of the 159 patients who
underwent OPD, 72 (45.28%) patients
developed Clavien–Dindo grade �II com-
plications. The patients’ mean age was
59� 9.11 years (Table 1). The patients
with complications had a higher body
mass index (BMI) (p< 0.001), higher total
bilirubin concentration (p¼ 0.036), larger
tumor diameter (p¼ 0.029), and lower
sodium concentration (p¼ 0.047) than
patients without complications (Table 1).

Associations by Spearman’s correlation
test

To confirm whether each variable plays a
potential role in postoperative complica-
tions after OPD, Spearman’s correlation
test was used for further correlation analy-
sis. Spearman’s correlation coefficient indi-
cated that the BMI (q¼ 0.294, p< 0.001),
total bilirubin concentration (q¼ 0.167,
p¼ 0.036), and tumor diameter (q¼ 0.174,
p¼ 0.029) were positively correlated with
postoperative complications, whereas the
sodium concentration (q¼�0.158,
p¼ 0.047) was negatively correlated
(Table 2).

Multivariate linear regression

We used multivariate linear regression anal-
ysis to diagnose the collinearity of each var-
iable. A VIF of >10 indicates serious
collinearity between the independent vari-
able x and other independent variables. As
the tolerance approaches 1, the collinearity
between independent variables weakens.
Table 3 shows that the VIF of each variable
was <4, indicating no significant collinear-
ity among the variables. All variables were
suitable for inclusion in the process of
model construction (Table 3).

Univariate logistic regression

The OR for a high BMI was 1.221 (95% CI,
1.093–1.364; p< 0.001) compared with a
low BMI. A lower albumin concentration

Table 5. Predictive model constructed by multivariate regression logistic regression (method: backward,
conditional)

Variables Estimated b OR 95% CI p-value Score

BMI of >25.06 kg/m2 0.297 1.346 1.172–1.545 <0.001 3

Basic respiratory diseases 1.330 3.780 1.689–8.463 0.001 12

White blood cell count of >6.35� 109/L 0.199 1.220 1.004–1.482 0.045 2

Sodium concentration of <141.20 mmol/L �0.114 1.121 1.026–1.225 0.011 1

Pancreatic texture grade, per grade 0.266 1.305 1.005–1.694 0.046 2

OR, odds ratio; CI, confidence interval; BMI, body mass index.
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was associated with a higher risk of postop-
erative complications (OR, 0.885–0.999;
95% CI, 0.885–0.999; p¼ 0.047). Patients
with a high total bilirubin concentration
had a higher risk of postoperative compli-
cations than those with a low total bilirubin
concentration (OR, 1.003; 95% CI, 1.0002–
1.006; p¼ 0.038). The OR for postoperative
complications in patients with a larger
tumor diameter was 2.026 (95% CI,
1.073–3.826; p¼ 0.029) compared with a
smaller tumor diameter. The other factors
were not significantly associated with
postoperative complications after OPD
(Table 4).

Multivariate logistic regression and
construction of predictive model

We applied multivariate logistic regression
to analyze the data (Table 5). Eventually,
after repeating the multivariate logistic
regression 29 times, we constructed the
“best” model. We identified five risk factors
for complications after OPD and calculated
their ORs and 95% CIs at the multi-factor
level. Patients with a higher BMI had a
higher risk of postoperative complications
than those with a low BMI (OR, 1.346;
95% CI, 1.172–1.545; score of 3; p< 0.001).
The OR for postoperative complications in
patients with basic respiratory diseases was
3.780 (95% CI, 1.689–8.463; score of 12;
p¼ 0.001). Patients with a higher white
blood cell count also had a higher risk of
complications (OR, 1.220; 95% CI, 1.004–
1.482; score of 2; p¼ 0.045). The OR for
complications in patients with a low
sodium concentration was 1.121 (95% CI,
1.026–1.225; score of 1; p¼ 0.011). In
patients with a soft pancreatic texture, the
adjusted OR for complications was 1.305
(95% CI, 1.005–1.694; score of 2;
p¼ 0.011). The Hosmer–Lemeshow test
showed a p value of 0.124, which is greater
than 0.05 and thus indicates that the varia-
bles included in the parsimonious model

were sufficient; i.e., the explanatory power
was not different from the saturated model.

Receiver operating characteristic curve

Our risk score model demonstrated better
discriminating power than the POSSUM
model in the receiver operating characteris-
tic (ROC) curve analysis after the Z test
(AUC, 0.787 vs. 0.553; 95% CI, 0.716–
0.858 vs. 0.464–0.643; p< 0.001 vs.
p¼ 0.247) (Figure 1). Compared with the
POSSUM scoring system, the novel risk
score had better prediction power
(NRI¼þ39.9%, p< 0.05). In addition, we
used integrated discrimination improve-
ment to compare the difference in the pre-
diction probabilities between the two
models (new score vs. POSSUM score:
IDI¼þ0.231, p< 0.05). Considering all
these data, the predictive value of our
model was significantly better than that of
the POSSUM system. Finally, the ROC
curve analysis indicated that when the
patient’s score is >22.50, the probability
of postoperative complications is >50%.

Discussion

To the best of our knowledge, pancreatico-
duodenectomy is still the most effective
treatment method to prolong the survival
time of patients with pancreatic head
cancer, lower bile duct cancer, ampullary
cancer, and other periampullary malignan-
cies.9 However, the incidence of complica-
tions after pancreaticoduodenectomy is still
higher than 45%,10,11 which seriously
affects patients’ prognosis, prolongs the
hospital stay, increases the cost of hospital-
ization, and causes postoperative systemic
inflammation, multiple organ failure, and
even death.9,10 Although the risk factors
for complications after OPD have been con-
firmed by many studies, few studies have
constructed a scoring system to predict the
occurrence of complications after OPD.
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Therefore, it is necessary to establish effec-

tive postoperative complication risk strati-

fication tools for patients undergoing OPD.
Based on the discovery of high-risk fac-

tors, after further model construction, we

have established a new scoring system to

predict postoperative complications after

OPD. This model can predict postoperative

complications after OPD sensitively and

accurately; importantly, it is more effective

than the POSSUM scoring system.
The POSSUM scoring system is a recog-

nized scoring system used to predict post-

operative complications of general surgery.

After our ROC analysis, however, the AUC

of the POSSUM system was significantly

lower than that of our new scoring

system. In addition, the new scoring

system had a higher NRI and IDI. This

shows that the ability of the new scoring

system to predict post-OPD complications

is significantly higher than that of the

POSSUM system.
In this study, 72 (45.28%) patients devel-

oped Clavien–Dindo grade �II

complications, which is consistent with

some previous studies. At the single-factor

level, our research results allow us to make

the following conclusions. In the correla-

tion analysis and logistic regression analy-

sis, the incidence of complications after

OPD was significantly associated with a

high BMI, lower albumin concentration,

high total bilirubin concentration, and

larger tumor diameter. More importantly,

at the multi-factor level, a higher BMI,

basic respiratory diseases, a higher white

blood cell count, a low sodium concentra-

tion, and a soft pancreatic texture were con-

sidered to be high-risk factors for

complications after OPD.
Previous studies have proven that

patients with a high BMI have a higher

risk of complications after pancreaticoduo-

denectomy.12–14 Mungroop et al.13 retro-

spectively analyzed 1924 cases and found

that a high BMI was a high-risk factor for

postoperative pancreatic fistula (per 1-kg/

m2 increase: OR, 1.07; 95% CI, 1.04–

1.11). Hu et al.14 obtained similar results;

Figure 1. (a) ROC curve analysis of the ability of the new scoring system to predict complications after
open pancreaticoduodenectomy. (b) ROC curve analysis of the ability of the POSSUM scoring system to
predict complications after open pancreaticoduodenectomy. ROC, receiver operating characteristic; AUC,
area under the curve; CI, confidence interval.
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they analyzed 539 successive cases of pan-
creaticoduodenectomy and found a signifi-
cant correlation between postoperative
pancreatic fistula and BMI (�25 vs. >25
kg/m2: 46.94% vs. 57.82%, respectively;
p¼ 0.024). We consider that the three
main reasons for these findings are as fol-
lows: first, the higher abdominal fat and
peripancreatic fat content increases the dif-
ficulty of exposing the pancreas during sur-
gery; second, the fat-rich pancreas is soft
and fragile, increasing the risk of damaging
the pancreas during surgery; and third,
during pancreatic jejunostomy, sutures
and knotting are more likely to damage
the fatty pancreatic tissue and pancreatic
duct, leading to a higher risk of pancreatic
fistula.

With regard to a higher white blood cell
count as a risk factor, Aasvang et al.15

found that after pancreaticoduodenectomy,
the neutrophil–lymphocyte ratio was more
closely related to surgical complications
than Clavien–Dindo grade III complica-
tions and postoperative pneumonia.
Aizenshtein et al.16 found that the preoper-
ative white blood cell count was related to
the length of hospitalization (B¼ 0.392,
p< 0.01). A preoperative white blood cell
count of >8150/lL can predict a longer
hospitalization time (Z¼ 2.090, p¼ 0.03).
We consider that this can be explained as
follows. To some extent, the preoperative
white blood cell count reflects the severity
of inflammation around the patient’s pre-
operative lesion. Surgical damage amplifies
the inflammation around the lesion, espe-
cially around the anastomosis.
Inflammation affects the healing of the
anastomosis,17,18 increasing the risk of bile
duct jejunostomy fistulas, pancreatic jeju-
nostomy fistulas, and gastrointestinal anas-
tomotic fistulas.

With respect to the sodium concentra-
tion, an observational study by Chen
et al.19 showed that a low sodium concen-
tration was an independent risk factor for

postoperative complications based on the
logistic regression analysis. In surgical oper-
ations other than OPD, an abnormal
sodium concentration also indicates a
higher risk of postoperative complica-
tions.20–22

Finally, we examined the pancreatic tex-
ture in terms of its association with the risk
of complications after OPD. Many previous
studies have shown that a harder pancreatic
texture predicts a lower risk of complica-
tions after OPD.23–25 In addition, a pro-
spective randomized controlled study by
Bassi et al.26 showed that the incidence of
pancreatic fistula formation in a fibrotic
pancreas was low.

Through verification using the ROC
curve, we found that the new scoring
system in our study (AUC¼ 0.787;
p< 0.001; 95% CI, 0.716–0.858) is more
effective than the traditional POSSUM
scoring system (AUC¼ 0.553; p¼ 0.247;
95% CI, 0.464–0.643). Specifically, our
new scoring system can more accurately
predict postoperative complications after
OPD than the traditional POSSUM scoring
system. The POSSUM is based on the peri-
operative data of all surgical patients, com-
prehensively predicting the incidence and
mortality of postoperative complications.
This score can be applied to various types
of surgery, but it is difficult to apply to a
specific surgery. The new scoring system
established in our study provides a more
suitable tool for predicting postoperative
complications in patients undergoing OPD
by collecting the perioperative data of
patients specifically undergoing OPD. Our
risk score shows that the predictive ability
of our scoring system for postoperative
complications after OPD is better than
that of the POSSUM system
(NRI¼þ39.9%, p< 0.05; IDI¼þ0.231,
p< 0.05). After the Z test, the AUC of
our score was significantly higher than
that of the POSSUM (AUC¼ 0.787 vs.
0.553; 95% CI, 0.716–0.858 vs. 0.464–
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0.643; p< 0.001 vs. p¼ 0.247) (Figure 1).

This indicates that our new scoring system

is significantly more effective than the

POSSUM in predicting complications

after OPD. In addition, McMillan et al.27

reported that the ACS-NSQIP score used to

predict postoperative complications after

pancreaticoduodenectomy has a C-statistic

of <0.61. This is significantly lower than

the C-statistic of our model (0.787), indicat-

ing that our model may also be more effec-

tive than the ACS-NSQIP model.

Moreover, our model includes fewer varia-

bles, is more convenient to calculate, and

may provide more realistic results.
This study has several limitations. The

first limitation is the research design. This

was a retrospective study, not a prospective

randomized controlled study, and therefore

has some inherent drawbacks. The second

limitation is that the data in this study were

obtained from a single institution. Thus,

there many have been some inconsistencies

in the patients’ preoperative treatment, such

as surgical methods or placement of drain-

age tubes. Finally, there are many potential

predictors of complications after OPD that

have not yet been identified. Many such

factors were not included in the study.

Our research team plans to continue to

identify risk factors and continuously

improve our model in future. Because this

study has several potential limitations and

its results have not been confirmed, our

results should be verified and improved in

multi-institutional, prospective, random-

ized controlled trials.

Conclusion

We have developed a novel risk scoring

system to help predict postoperative com-

plications after OPD. This scoring system

may have higher accuracy than the

POSSUM scoring system.
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