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Abstract

Background: With the recent emerge of dynamic prediction model on the use of diabetes, cardiovascular diseases
and renal failure, and its advantage of providing timely predicted results according to the fluctuation of the condition
of the patients, we aim to develop a dynamic prediction model with its corresponding risk assessment chart for clini-
cally relevant postoperative pancreatic fistula after laparoscopic pancreaticoduodenectomy by combining baseline
factors and postoperative time-relevant drainage fluid amylase level and C-reactive protein-to-albumin ratio.

Methods: We collected data of 251 patients undergoing LPD at West China Hospital of Sichuan University from Janu-
ary 2016 to April 2019. We extracted preoperative and intraoperative baseline factors and time-window of postopera-
tive drainage fluid amylase and C-reactive protein-to-albumin ratio relevant to clinically relevant pancreatic fistula by
performing univariate and multivariate analyses, developing a time-relevant logistic model with the evaluation of its
discrimination ability. We also established a risk assessment chart in each time-point.

Results: The proportion of the patients who developed clinically relevant postoperative pancreatic fistula after lapa-
roscopic pancreaticoduodenectomy was 7.6% (19/251); preoperative albumin and creatine levels, as well as drainage
fluid amylase and C-reactive protein-to-albumin ratio on postoperative days 2, 3, and 5, were the independent risk
factors for clinically relevant postoperative pancreatic fistula. The cut-off points of the prediction value of each time-
relevant logistic model were 14.0% (sensitivity: 81.9%, specificity: 86.5%), 8.3% (sensitivity: 85.7%, specificity: 79.1%),
and 7.4% (sensitivity: 76.9%, specificity: 85.9%) on postoperative days 2, 3, and 5, respectively, the area under the
receiver operating characteristic curve was 0.866 (95% Cl 0.737-0.996), 0.896 (95% Cl 0.814-0.978), and 0.888 (95% Cl
0.806-0.971), respectively.

Conclusions: The dynamic prediction model for clinically relevant postoperative pancreatic fistula has a good to
very good discriminative ability and predictive accuracy. Patients whose predictive values were above 14.0%, 8.3%,
and 7.5% on postoperative days 2, 3, and 5 would be very likely to develop clinically relevant postoperative pancreatic
fistula after laparoscopic pancreaticoduodenectomy.

Keywords: Dynamic prediction, C-reactive protein to albumin ratio, Clinically relevant postoperative pancreatic
fistula, Drainage fluid amylase, Laparoscopic pancreaticoduodenectomy

Background

Despite the advent of laparoscopic pancreaticoduo-
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(CR-POPF), which includes grade B and C with a demand
of clinical intervention, remains as high as 10-34% [5].
Moreover, CR-POPF can cause abdominal infection,
postoperative bleeding, and even death [6, 7]. Recent
studies have conventionally used some of the indexes that
are constant to predict the occurrence of POPF in a static
way [8-10]. Among them, postoperative drainage fluid
amylase (DFA) and C-reactive protein-to-serum-albumin
ratio (CAR) seemed to be the accurate and widely used
indexes for the prediction of CR-POPE, especially in a
particular time-point, in which they are suggested to be
useful and critical predictive indexes [11-14]. However,
preoperative and intraoperative factors indicating CR-
POPF seemed to vary [15-18], furthermore, such predic-
tion result cannot be updated according to the changes
in the patient’s fluctuating state and examination results
over time.

Recently, dynamic prediction model that is based on
a time-relevant factor and patients’ condition has been
used in predicting the occurrence of diabetes, cardio-
vascular diseases and renal failure [19-21], which shows
the relationship between the fluctuation of the predictive
indexes over time and the risk of adverse events, provid-
ing timely predictions according to the changes in the
condition of the patients [22, 23]. Given the fluctuation of
the pathological and physiological conditions contributes
to the occurrence of CR-POPE, leading to the relevant
turbulence of examiner results of the patient [24, 25],
such model for CR-POPF is thus needed.

Methods

Aim, design and setting of the study

We aimed to develop a dynamic prediction model for
CR-POPF by combining baseline factors and time-rele-
vant variables, including postoperative DFA and CAR,
within postoperative day 5.

The development of model is processed by (1) sifting
viable variables by univariant analysis, (2) define feasi-
ble landmark time points, (3) find out cut-off points of
doable factors relevant to CR-POPF, (4) establish time-
relevant multi-variant Logistics model, (5) assessment
of discriminative ability of model on each landmark time
points, (6) establish abridged assessment table of the risk
of CR-POPF calculated by regression model.

Patients and definition of CR-POPF

In this study, we retrospectively reviewed the data from
all the patients who underwent LPD at West China Hos-
pital between January 2016 and April 2019 (n=284).
Patients who were converted to open surgery due to:
(1) intraoperatively uncontrollable hemorrhage, (2) the
tumor size was too large to expose clearly (>5 cm), (3) the
vascular anastomosis was too difficult or difficult to carry
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out safely under laparoscopy, were excluded (n=33).
Therefore, there were 251 cases eventually enrolled in
this study.

The outcome, CR-POPF, was defined in accordance
with the updated 2016 International Study Group of Pan-
creatic Surgery (ISGPS) consensus guidelines [26].

Clinical variables

We retrospectively reviewed the following baseline vari-
ables obtained from the patients’ electronic medical
records:

0 Basic information: age, sex, body mass index (BMI),
smoking status, alcohol consumption, abdominal
surgical history, hypertension, and diabetes mellitus;

1 Preoperative hematologic test: hemoglobin, platelet,
white blood cells, neutrophil, lymphocyte, mono-
cyte, red blood cells, hematocrit, blood type, total
bilirubin, direct bilirubin, indirect bilirubin, aspartate
transaminase, alanine transaminase, total protein,
albumin, blood urea nitrogen, creatinine, glucose, tri-
glyceride, cholesterol;

2 Surgical relevant information: American Society of
Anesthesiologists (ASA) grading; operative time, pre-
operative biliary drainage, intraoperative blood loss,
dissection and reconstruction of vessels, texture of
pancreas, and chief pancreatic duct’s diameter. Blood
examinations were performed within 1 week prior to
LPD.

3 Time-relevant postoperative data: DFA, C-reactive
protein (CRP), and albumin levels on postoperative
days (PODs) 1, 2, 3, and 5. The CAR was calculated
by dividing the serum CRP level by the peripheral
serum albumin level.

Statistical analysis

To extract the factors relevant to the occurrence of CR-
POPF and to define the time-window of postoperative
drainage fluid amylase and CAR related to the occur-
rence of CR-POPF, we tested for differences between
patients with and without CR-POPF by using chi-squared
tests for categorial variables and independent t-tests or
Mann-Whitney U rank-sum tests for continuous vari-
ables depending on their distribution. The latter were
expressed as either 5 44 or M(Qys5, Q75) in accordance
with statistical method. The preoperative and intraopera-
tive variables with a P value <0.10, along with postopera-
tive DFA and CAR at time points where P values were
less than 0.10, were included in the multi-variable analy-
sis. Among the selected variables and their correspond-
ing time-point, the continuous variables were assigned 0
and 1 if their values were less than or no less than their
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cut-off point on their corresponding receiver operating
characteristic (ROC) curve, which means that all the sig-
nificant variables for the dynamic prediction model were
categorized.

To establish the dynamic prediction model, each time-
relevant logistics regression model in each suitable time-
point was made for all selected baseline variables
combined with time-relevant variables in the corre-
sponding time-point after binarization according to their
cut-off points [19]. The P value of all the variables in the
multi-variable analysis should be less than 0.05. After
establishing the formula of the predictive value according
to the regression model and the formula

_ _exp(Bo+PoX1++Bubn)
P = TrepBothoXot b Ve used the area under the

receiver operating characteristic curve (AUC) to evaluate
the model’s discriminative ability at each time point and
determined the cut-off point of the predictive value out-
putted by the model on ROC at each time point.

In addition, we established a risk assessment chart for
CR-POPF by combining all risk factors in each time-
point in the prediction model and presenting a predictive
value of each corresponding logistic regression model of
each time point. To distinguish the different risk levels of
each circumstance shown in the chart, we used the color
key changing from blue to white and to red gradually,
with the increasing likelihood of the occurrence of CR-
POPF on each cell. Moreover, we highlighted the cells
with scores above their corresponding cut-oft point by
using red dotted circles.

All statistical analyses were performed using SPSS Sta-
tistics for Windows version 23.0 (IBM Corp., Armonk,
NY). The risk assessment chart was completed using
Microsoft® Excel® 2019 MSO (16.0.12430.20112) 32-bit
(Microsoft Corp., Redmond, USA). The 95% confidence
intervals (CI) were also calculated. The statistical meth-
ods and results of this study were reviewed by a Medical
statistician (Yajia Lan, PhD) at Sichuan University.
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Results

As shown in Fig. 1, POPF grade A (biochemical leak)
occurred in 31.5% (79/251) of the cases, whereas CR-
POPF occurred in 7.6% (19/251) of the patients, with
grades B and C occurring in 5.6% (14/251) and 2.0%
(5/251) of patients, respectively.

Table 1 presents the results of the univariate analysis
of baseline data. Among the baseline data, preoperative
albumin (patients with CR-POPF 35.95+5.07 g/L vs
patients without CR-POPF 38.65+5.29 g/L, P=0.033),
creatine (patients with CR-POPF 80.68+30.13 pmol/L
vs patients without CR-POPF 67.88+25.40 upmol/L,
P=0.038), and dissection and reconstruction of ves-
sels (patients with CR-POPF 0/19 vs patients without
CR-POPF 37/195, P=0.086) were the preoperative and
intraoperative factors associated with the occurrence of
CR-POPF (P<0.10). Among the time-relevant variables
shown in Table 2, in the univariate analysis, DFA and
CAR on PODs 2, 3, and 5 were associated with the occur-
rence of CR-POPF (P<0.10), with median and 95% CI of
DFA of the patients with or without CR-POPF in each
time-point were 1149 (653-2651) vs 630 (137-2013),
978 (415-4990) vs 248 (56-934), and 454 (178-3604) vs
63 (20-240), respectively, and those of CAR were 6.36
(3.71-8.30) vs 4.84 (3.27-6.17), 6.44 (4.20-9.51) vs 4.57
(3.12-6.14), and 3.78 (2.4-5.79) vs 2.62 (1.37-3.72),
respectively. The binarization of the continuous variables
for CR-POPF is shown in Table 3. The cut-off points of
albumin and creatine levels were 38.1 g/L and 64 pmol/L,
respectively. The cut-off points of DFA and CAR were
642 IU/L and 5.88 on POD 2, 409 IU/L and 7.69 on POD
3, and 162 IU/L and 3.37 on POD 5.

After binarizing the preoperative albumin and creatine
levels and postoperative DFA and CAR on PODs 2, 3,
and 5 according to the receiver operating characteristic
analysis and theirs cut-off points, we established the
logistic model of the preoperative albumin and creatine

2.0%

5.6%

Fig. 1 The Proportion of Patients of The Grade of Postoperative Pancreatic Fistula. According to the updated 2016 International Study Group of
Pancreatic Surgery (ISGPS) consensus guidelines, pancreatic fistula grade B and C are defined as clinically relevant Postoperative Pancreatic Fistula

B No Pancreatic Fistula
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Table 1 Univariate analysis of the baseline factors
Factors Patients without CR-POPF Patients with CR-POPF P value
Operation age (years) 5988+ 1262 64.21+1149 0.149
Gender 0.726

Male 137 12

Female 95 7
Body mass index, kg/m? 2147 £4.5 23034633 0.132
Smoking® 0210

Yes 80 9

No 147 9
Drinking® 0381

Yes 66 7

No 161 1
History of hypertension® 0.500%

Yes 35 4

No 192 14
History of diabetes® 0.146#

Yes 34 0

No 193 18
Hemoglobin, g/L 1234742051 120.21+£18.71 0.504
Platelet, 10%/L 21741£88.23 213.79+£84.79 0.863
White blood cells, 10°/L 590+240 6124283 0.719
Neutrophil, 10°/L 397+£2.17 4204259 0.676
Lymphocyte, 10/L 1.34+£0.54 1.28+0.54 0.649
Monocyte, 10%/L 046+0.21 047+£0.18 0.882
Red blood cells, 10%/L 4.03£0.61 3.82+0.59 0.134
Hematocrit 0.36£0.05 0.35£0.05 0434
Blood type® 0.943*

A 76 6

B 46 4

AB 23 1

0 82 7
Total bilirubin, umol/L 30.2 (11.4-180.0) 19.8(10.7-187.2) 0.818
Direct bilirubin, pmol/L 18.2 (4.5-152.5) 10.7 (4.6-149.3) 0.801
Indirect bilirubin, umol/L 8.9 (5.4-19.0) 84 (54-264) 0.892
Asparate transaminase, IU/L 48 (20-124) 57 (18-127) 0.903
Alanine transaminase, [U/L 54 (17-173) 38 (17-273) 0.958
Total protein, g/L 63.09£8.62 60.6545.23 0.225
Albumin, g/L 38.65+5.29 35.95+5.07 0.033
Blood urea nitrogen, mmol/L 45 (3.6-5.6) 48(3.8-6.7) 0333
Creatinine, umol/L 67.88£2540 80.68£30.13 0.038
Glucose, mmol/L 5754194 5514+134 0.591
Triglyceride, mmol/L 1.80+£091 1.97£1.07 0428
Cholesterol, mmol/L 4854207 4864213 0.976
ASA grading 0.858t

1 37 3

2 118 1

3 orabove 77 5
Operation time, min 345 (292—412) 358 (296—419) 1.000
Preoperative biliary drainage 1.000*

Yes

49
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Table 1 (continued)

Factors Patients without CR-POPF Patients with CR-POPF P value
No 183 15

Intraoperative blood loss, mL 100 (100-200) 100 (50-138) 0.182

Dissection and reconstruction of vessels 0.086*
Yes 37 0
No 195 19

Texture of pancreas 0.130
Hard 139 8
Soft 93 1

Pancreatic Duct's diameter, cm 0.4(0.3-0.5) 04 (0.3-04) 0357

Variables with P < 0.10 (in bold) were to be included in the next multivariate analysis

ASA American Society of Anesthesiologists
" Fisher Exact test were used

# Monte Caro Exact test were used

@ n=245

Table 2 Univariate analysis of drainage fluid amylase and C-reactive protein to albumin ratio in postoperative days

Landmark time Variables Patients without CR-POPF Patients with CR-POPF Pvalue

point

POD1 Drainage fluid amylase, 1U/L 1224 (195-2482) 1082 (700-2143) 0.533
CAR 3.16 (2.31-4.19) 3.15(0.52-7.23) 0916

POD2 Drainage fluid amylase, IU/L 630 (137--2013) 1149 (653-2651) 0.041
CAR 4.84 (3.27-6.17) 6.36 (3.71-8.30) 0.055

POD3 Drainage fluid amylase, IU/L 248 (56-934) 978 (415-4990) <0.001
CAR 457 (3.12—6.14) 644 (4.20-9.51) 0.024

POD5 Drainage fluid amylase, IU/L 63 (20-240) 454 (178-3604) <0.001
CAR 262 (137-3.72) 3.78 (246-5.79) 0.027

Variables with P < 0.10 (in bold) were to be included in the next multivariate analysis

POD postoperative day, CAR C-reactive protein to albumin ratio, AUC area under curve, ROC receiver operator characteristic curve

Table 3 Receiver operating characteristic analysis and cut-
off points for variants relevant to CR-POPF

Time Variables AUC of ROC Cut-off point P value
(95%ClI)
Preoperative Albumin 0637 (0.518—0.757) 38.1 g/L 0.046
Creatine  0.656 (0.543—0.769) 64 umol/L 0.024
POD2 DFA 0.642 (0.540—0.744) 642 1U/L 0.041
CAR 0.674 (0.488—0.859) 5.88 0.055
POD3 DFA 0.749 (0.651—0.847) 409 IU/L <0.001
CAR 0.681(0.541—0.821) 7.69 0.024
POD5 DFA 0.769 (0.644—0.895) 162 1U/L <0.001
CAR 0.679 (0.539—0.820) 3.37 0.027

CR-POPF clinically relevant pancreatic fistula, DFA Drainage fluid amylase, CAR
C-reactive protein to albumin ratio

levels, dissection and reconstruction of vessels, and both
of the time-relevant variables on PODs 2, 3, and 5. The
time-relevant logistic models on PODs 2, 3, and 5 for

CR-POPF are shown in Table 4. Given that the dissection
and reconstruction of the vessel was not an independent
factor of the occurrence of CR-POPF, the models in all of
the time points only consisted of preoperative albumin
and creatine levels and the two postoperative time-rele-
vant variables, which were all independent factors found
to be associated with the occurrence of CR-POPF on
PODs 2, 3, and 5 (P<0.05). Among these factors, albumin
level >38.1 g/L was the protective factor for CR-POPF
(hazards ratio (HR): 0.169 (0.037-0.766), P=0.021 on
POD 2, HR: 0.152 (0.037-0.619), P=0.009 on POD 3,
HR: 0.138 (0.029-0.665), P=0.014 on POD 5). Creatine
level > 64 pmol/L had the highest HR among all the fac-
tors [HR: 27.884 (2.825-275.269)]. According to all of the
time-relevant logistic regression models, the prediction
value of the patients developing CR-POPF were
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Table 4 Multi-variate logistic regression analysis on each landmark time point

Landmark time point Variables B S.D HR (95%Cl) P value
POD2 Alb —1.780 0.772

<381¢g/L Ref

>38.1g/L 0.169 (0.037-0.766) 0.021

Cr 1.810 0.903

<64 umol/L Ref

> 64 umol/L 6.110 (1.041-35.869) 0.045

DFA 2.839 1.145

<642 1U/L Ref

> 642 1U/L 17.100 (1.812-161.401) 0.013

CAR 1.496 0.761

<588 Ref

>5.88 4.465 (1.004-19.855) 0.049

Constant —5726 1422 - <0.001
POD3 Alb —1.887 0.718

<38.1g/L Ref

>381g/L 0.152 (0.037-0.619) 0.009

Cr 3.328 1.168

<64 umol/L Ref

> 64 umol/L 27.884 (2.825-275.269) 0.004

DFA 1.856 0.757

<409 1U/L Ref

> 409 1U/L 6.397 (1.450-28.219) 0.014

CAR 1.815 0.736

<7.69 Ref

>7.69 6.141 (1.451-25.592) 0.014

Constant —5714 1275 - <0.001
POD5 Alb —-1979 0.802

<38.14g/L Ref

>3814g/L 0.138 (0.029-0.665) 0.014

Cr 2465 0.980

<64 umol/L Ref

> 64 umol/L 11.767 (1.724-80.322) 0.012

DFA 2.002 0.783

<1621U/L Ref

> 162 1U/L 7400 (1.595-34.345) 0.011

CAR 1.967 0.795

<337 Ref

>3.37 7.151 (1.505-33.976) 0.013

Constant —4.992 1.223 - <0.001

S. D. standard division, HR hazardous ratio, Alb albumin, Cr creatine, POD postoperative day, CAR C-reactive protein to albumin ratio

p — _ep(=5726-1780[Alb>38.1¢/L]+1.810[Cr>64jmol /L1+2.839| DFA>6421LI /L]+1 496[ CAR>5.88])
= T+exp(—5.726—1.780[Alb>38.1g/L]+1.810[Cr>64/umol /L1 +2.839[DFA> 642111 /L]+1.496[ CAR>5.88])

on POD 2,

p — _exp(=5714—1.887[Alb>38.1¢/L1+3.328[C>64uumol/L1+1.856| DFA>4091UI /L1+1.815[ CAR>7.69))
= T+exp(—5.714—1.887[Alb>38.1g/L]+3.328[C>64/mol /L1 +1.856[DEA>409111 /L]+1.815[CAR>7.69])

on POD3 and

p — _ew(=4992-1979|Alb>38.1¢/L1+2.465|C>64y1mol /L1+2.002[ DFA>162IUI /L1+1.967| CAR>3.37))
= THexp(—4.992—1.979[Alb>38.1g/L]+2.465[C>64pmol /L] +2.002[DEA> 162111 /L] +1.967[ CAR>3.37])
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Fig. 2 Receiver Operating Characteristic Curve of The Prediction Model on Each Landmark Time-point. In POD 2, AUC=0.866 (95% Cl 0.737-0.996,
P<0.001, cut-off point: 14.0%, Sensitivity: 81.9%, specificity: 86.5%); In POD 3, AUC =0.896 (95% Cl 0.814-0.978, P < 0.001, cut-off point: 8.3%.
sensitivity: 85.7%, specificity: 79.1%); and In POD 5, AUC=0.888 (95% CI 0.806-0.971, P<0.001, cut-off point: 7.4%, sensitivity: 76.9%, specificity:
85.9%). AUC area under curve, POD postoperative day, C/ coefficient interval
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Fig. 3 The Risk of CR-POPF Calculated by Regression Model on Each Landmark Time Point. The cells circled by red borders represented that theirs
risk were higher than cut-off points in theirs corresponding time points. POD postoperative day, CAR C-reactive protein to albumin ratio, Cr creatine

on POD 5, of whichcorresponding cut-off points were
14.0% (sensitivity: 81.9%, specificity: 86.5%), 8.3% (sensi-
tivity: 85.7%, specificity: 79.1%), and 7.4% (sensitivity:
76.9%, specificity: 85.9%) (Fig. 2), respectively. The mod-
els in all the time points had good to very good discrimi-
nation ability, with AUC on PODs 2, 3, and 5 of 0.866
(0.737-0.996), 0.896 (0.814—0.978), and 0.888 (0.806—
0.971), respectively.

Figure 3 shows the risk assessment chart for CR-POPFE.
The figure in each cell of each chart represents the pre-
dictive score of CR-POPF on PODs 2, 3, and 5. Among
the patients who underwent LPD, the patients with lower
preoperative albumin level, higher preoperative creatine
level, and higher postoperative DFA and CAR obtained
the highest predictive score (60.3%, 78.4%, and 80.9%

on PODs 2, 3, and 5 respectively), which outclassed the
other cases presented in the chart.

Discussion

Our result demonstrates that combining preoperative
and intraoperative static data with time-relevant post-
operative variables to dynamically predict CR-POPF has
good to very good discriminative ability and predictive
accuracy. By combining preoperative albumin and cre-
atine levels with postoperative DFA and CAR on PODs
2, 3 and 5, the predictive ability of our model has a better
performance and a higher accuracy than the traditional
static model, including the fistula risk score (FRS), as well
as the followed-up modified alternate FRS (a-FRS) and
ultra-alternate FRS (ua-FRS), which were all conducted
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not so accurate enough on cohorts including Asian
groups (AUC<0.7) [18, 27, 28].

Furthermore, the traditional prediction models for
POPF or CR-POPF provide results that stay constant
regardless of the patients’ fluctuating state over time.
Developing a dynamic prediction model for CR-POPF
will provide us a prediction result that could be rectify
according to the fluctuations of the examination results
and patients’ conditions, especially after the patients
experienced visceral dissection and reconstruction as
well as loss and recovery of visceral function [1, 29], when
the homeostasis of the cases fluctuates rapidly [24, 25].
And, it could offer us timely predictions of the patients’
risk of developing of CR-POPEF, which could contribute to
making personalized treatment decisions with less devia-
tion [30]. In addition, the model presented in this study is
the first one to dynamically predict CR-POPF with a cor-
responding risk assessment chart, due to its reflection of
the relationship between the turbulence of the risk score
within in time window and the occurrence of an event,
the relationship between time, and pathological state
would be taken into account [22, 23].

It has proven that DFA is the reliable index that could
predict the occurrence of CR-POPEF. Several reports have
shown that high postoperative DFA is an independent
risk factor associated with CR-POPF [12-14, 31]. CAR,
calculated by dividing the serum CRP level by the serum
albumin level, which means dividing the positive and
negative acute-phase reactants [32-34], reflects the acute
inflammatory intensity [35], incorporating individual dif-
ferences. As mentioned in a recent report, CAR was also
an independent predictive indicator of CR-POPF [11].
Our research has shown that, except for POD 1, DFA and
CAR on PODs 2-5 predict the occurrence of CR-POPE.
The possible reason why DFA and CAR on POD1 cannot
predict the occurrence of CR-POPF is that the level of
CRP usually peaks at 48—72 h in response to inflamma-
tion [36], and the portion of the cases with biochemical
leak with a relatively high DFA on POD 1 was large [37].

Amongst all the static factors, our research has also
shown that the hypoalbuminemia leads to a higher risk of
developing CR-POPFE. As reported previously, albumin is
a negative acute-phase reactant and its low level is asso-
ciated with inflammation severity, disease prognosis, and
mortality [33, 34, 38]. In terms of nutritious status, it has
also been reported that hypoalbuminemia would indicate
a low baseline nutrition status [38]. The low nutritional
status leads to a higher risk of developing CR-POPF [39].
Combining the abovementioned factors, the occurrence
of the CR-POPF is probably associated with the high level
of inflammation and relatively poor nutritional state of
a patient. Moreover, our result showing that a high pre-
operative creatine level contributes to a higher risk of
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CR-POPF is support by the finding of a previous study
reporting that preoperative asymptomatic renal dysfunc-
tion is an independent risk factor for CR-POPF after PD
and is associated with increased complications after vari-
ous of types of surgery [40—43].

For most preoperative and intraoperative static indexes,
our result shows that only a few of them could predict the
occurrence of CR-POPE, apart from preoperative serum
albumin and creatine levels. This is possibly due to the
fact that there’s still no strong consensus about the asso-
ciation between these factors and CR-POPF, which prob-
ably leads to the inconsistencies in the prediction models
developed recently [9, 10, 16, 18]. However, we noted
that the patients who developed CR-POPF tend to have
an advanced age [44, 45], higher BMI [46, 47], softer pan-
creas [48-50], and smaller pancreatic ducts [48, 51-55],
were less likely to have diabetes [47, 56], and were more
likely to have had portal vein resection [57], which are
comparable to findings of previous research.

For the prevention and mitigation of the occurrence
of CR-POPE, apart from preoperative evaluation by
routinely blood examines, computer tomography, and
intraoperative methods [58], postoperative prophylactic
methods should also been taken on patients with higher
risk of CR-POPF. First of all, on the basis of focusing on
the volume, color and biochemical examine results of
their abdominal drainage, somatostatin such as octreo-
tide would be considered into administration to inhibit
trypsin secretion in accordance to the patients’ situation
[59], where antibiotics would be administrated if there
are signs of infection.[60]. And, the effectiveness of pre-
ventive application of pasiresotide and negative pressure
drainage to reduce the incidence of pancreatic fistula,
have been proved effective in recent reports respectively
[61, 62]. In addition, other reports also show the effec-
tiveness of some treatments to postoperatively mitigate
pancreatic fistula, such as hydrocortisone, and so-called
triple drug therapy (TDT, including gabexate mesilate,
octreotide, and carbapenem antibiotics) [63, 64]. The
recent existence of postoperative measures has made the
result of the prediction model more helpful.

There are some limitations of our study. First, this is a
retrospective study with a limited number of cases, which
could generate a retrospective bias and insufficient for
setting a validation cohort. Second, the model would be
complicated to be easily applied without the assistance of
risk assignment chart, since it is focused on the predic-
tion of CR-POPF in specific time period. Third, this study
only developed a dynamic prediction of CR-POPF after
LPD by DFA and CAR. In the future, the prediction of
pancreatic fistula by using other dynamic indicators and
its external multi-center validation should be included in
further studies.
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Conclusion

The dynamic prediction model for CR-POPF has a good
to very good discriminative ability and predictive accu-
racy. Patients whose predictive values were above 14.0%,
8.3%, and 7.5% on PODs 2, 3, and 5 would be very likely
to develop CR-POPF after LPD.
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