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Simple Summary: Pancreatic fistula is a common complication following pancreatic cancer resection. It
involves clinical symptoms such as a leakage of pancreatic fluid to the surrounding environment. Early
detection of pancreatic fistula would assist in treatment to prevent severe cases. The objective of this
retrospective study is to identify the early inflammation marker C-reactive protein and to assess its role as a
predictor of postoperative pancreatic fistula formation. Forty-six patients (48.9%) had developed pancreatic
fistula. C-reactive protein blood levels were significantly elevated on the third day after surgery, compared to
patients without pancreatic fistula. Hence, C-reactive protein levels could be a useful predictor of post-
operative pancreatic fistula presence.

Abstract: Background: Post-operative pancreatic fistula (POPF) is a common complication associated with
pancreatic resections. Early identification of this adverse event could avoid otherwise prolonged hospital stay
due to clinical management and treatment of symptoms created by POPF. This retrospective study investigated
the prevalence of pancreatic fistula among patients who underwent oncological pancreatic resection between
August 2018 and December 2023 at Bnai-Zion Medical Center. Elevated C-reactive protein levels have been
utilized as an early postoperative marker indicating the presence of inflammation due to tissue injury
complication. Objective: The aim of the current study was to evaluate the prediction potential of elevated C-
reactive protein levels in detecting the risk for infection created by pancreatic fistula. Methods: Demographic
and clinical data was collected from medical records files of ninety-four pancreatic cancer patients’ cohort who
were subjected to resection. Results: A significant increase in C-reactive protein levels was found on day three
following surgery at the group of forty-six patients having developed pancreatic fistula compared to patients
without pancreatic fistula (p=0.002). There was no statistical difference among the groups in any demographic
characteristics (such as age, gender, BMI, smoking status, etc.) and any other clinical features (e.g. serum
albumin levels, chemotherapy protocol, surgical technique, hospitalization time, lymph node involvement).
Conclusions: The results of the study suggest that C-reactive protein could serve as an early biomarker for
pancreatic fistula formation in patients undergoing pancreatic resection for cancer.

Keywords: C-reactive protein; early marker; pancreatic fistula; post-operative complication;
surgery

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202409.2361.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024 d0i:10.20944/preprints202409.2361.v1

1. Introduction

Pancreatic cancer is one of the most lethal malignancies world-wide. Its poor prognosis and high
mortality rate are due to diagnosis at a usually late stage, as well as an aggressive biological character
[1]. Data of pancreatic cancer incidence showed that in 2020 there were 495773 new cases and 466003
deaths [2]. For patients having resectable pancreatic tumors the guidelines recommend surgery as
standard of care management of their local disease [3-6]. However, significant morbidity and
mortality are associated with pancreatic resection [3,7,8]. One of the most challenging complications
following pancreatic surgery is the development of a postoperative pancreatic fistula (POPF) [9]. A
pancreatic fistula is defined as an abnormal communication between the pancreatic ductal system
and another epithelial surface, leading to the leakage of pancreatic fluid around the pancreas [10,11].
Specific diagnosis of POPF is defined by three-fold higher amylase concentration in the peritoneal
drainage fluid compared to the upper limit serum amylase level range, or by amylase drain fluid
surpassing of more than 300 IU/L the normal serum amylase [11]. This complication can significantly
affect patient outcomes, prolong hospital stays, and increase healthcare costs [12].

The prevalence of pancreatic fistula following pancreatic resection varies widely in the literature.
Reported rates range from 10% to 30% depending on the type of surgery and the criteria used for
diagnosis [8,13,14]. The International Study Group on Pancreatic Fistula (ISGPF) has provided
standardized definitions and grading of pancreatic fistula, according to severity, which have helped
in comparing outcomes across different studies [12,15]. Despite advances in surgical techniques and
perioperative care, pancreatic fistulas remain a common and serious complication, underscoring the
need for reliable predictive markers and effective management strategies [16].

Several risk factors have been identified for the development of pancreatic fistula after
pancreatic surgery [17,18]. These include patient-related factors such as age, male gender, nutritional
status, elevated BMI, smoking and comorbidities, as well as disease-related factors such as tumor
location and size [11,19]. Surgical factors also play a critical role, including the type of resection
performed (e.g., pancreatoduodenectomy vs. distal pancreatectomy), the texture of the pancreatic
remnant, the diameter of the main pancreatic duct and the technique used for pancreatic anastomosis
[20]. Soft pancreatic texture and a small pancreatic duct diameter have been consistently associated
with a higher risk of fistula formation [11,21]. Fistula Risk Score (FRS) is a predictive model
established to estimate patients risk according to compilation of several factors such as pancreatic
duct diameter, gland texture, intraoperative blood loss and a pathology report [22].

The development of a pancreatic fistula can lead to a cascade of adverse outcomes, including
intra-abdominal abscess, systemic inflammation, sepsis, hemorrhage (due to pancreatic juice causing
vessel erosion), and delayed gastric emptying [11,13]. These complications not only increase
postoperative morbidity but also adversely impact long-term survival and quality of life [8,23].
Management of pancreatic fistulas often requires prolonged hospital stays, readmissions, and
additional interventions, which contribute to increased healthcare costs and resource utilization
[24,25]. Thus, identifying patients at high risk for fistula development and implementing targeted
preventive strategies is of paramount importance [8,13,22].

C-reactive protein (CRP) is an acute-phase reactant synthesized by the liver in response to
inflammation [26,27]. It is a widely used biomarker for the detection and monitoring of inflammatory
conditions due to its rapid and substantial increase in response to tissue injury and infection [28-30].
In the context of pancreatic surgery, elevated postoperative CRP levels have been investigated as a
potential early marker for complications, including pancreatic fistula [31,32]. Studies have shown that
persistently high CRP levels in the early postoperative period may indicate ongoing inflammation
and predict the development of clinically significant complications [33-35].

The aim of this retrospective study is to investigate whether early postoperative CRP levels can
serve as a reliable predictor for the development of POPF in patients with pancreatic cancer who
underwent surgical resection at Bnai Zion Medical Center between August 2018 and December 2023.
By identifying predictive markers and risk factors for the development of POPF, the early diagnosis
and management of patients at risk may be improved, thus ultimately enhancing surgical outcomes
and reducing the burden of postoperative complications.


https://doi.org/10.20944/preprints202409.2361.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2024 d0i:10.20944/preprints202409.2361.v1

The study will address the following specific objectives:

1. Determine the prevalence of pancreatic fistula in the patient cohort.

2. Identify patient, disease, and surgical factors associated with the development of pancreatic
fistula.

3. Assess the correlation between postoperative CRP levels and the occurrence of pancreatic
fistula.

4. Develop a predictive model for pancreatic fistula using CRP levels and other identified risk
factors.

Achieving these objectives could contribute to the existing body of knowledge on pancreatic
fistulas and provide valuable insights for clinical practice. The findings from this study may help
promote the development of targeted interventions and personalized management strategies for
patients undergoing pancreatic surgery, ultimately improving patient outcomes and reducing
healthcare costs.

2. Materials and Methods

2.1. Study Design and Patient Population

This retrospective study included patients (age 18 years and above) diagnosed with pancreatic
cancer who underwent surgical resection at Bnai Zion Medical Center between August 2018 and
December 2023. The study was approved by the institutional review board (ethics committee
approval protocol number: 0019-24-BNZ on 6 March 2024) and informed consent was obtained from
all patients.

2.2. Inclusion and Exclusion Criteria

Patients were included if they had undergone partial pancreatic resection (e.g.,
pancreatoduodenectomy, distal pancreatectomy) for pancreatic cancer during the study period.
Patients with incomplete medical records, patients undergoing total pancreatectomy and patients
undergoing surgery for benign pancreatic conditions were excluded from the analysis.

2.3. Data Collection

Clinical and demographic data were collected (data was accessed for research purposes between
August 2018 and May 2023) from medical records, including age, gender, smoking status, body mass
index (BMI), serum albumin levels, and details of the surgical procedure. Postoperative outcomes,
including the development of pancreatic fistula, were recorded. Pancreatic fistulas were classified
according to the International Study Group on Pancreatic Fistula (ISGPF) criteria into grades A, B,
and C [12]. The authors had no access to information that could identify individual participants
during or after data collection.

2.4. Measurement of CRP levels

CRP levels were measured on postoperative days 1 to 7. The CRP levels were analyzed using a
standard immunoturbidimetric assay [35].
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2.5. Statistical Analysis

Descriptive statistics in terms of mean, standard deviation, median, percentages and ranges are
presented for all the variables in this study. Normal distribution of continuous parameters was tested
by Kolmogorov-Smirnov test. As a result of this test a t-test or Mann Whitney U test were used for
analyzing differences between the two groups of the study (pancreatic fistula vs. without Pancreatic
fistula). For categorical parameters, Fisher exact test or Pearson chi square were used. Repeated
measures models examined changes in CRP levels over time for pancreatic fistula group vs. non-
fistula group. Paired Receiver Operating Characteristic (ROC) model with Youden index was used
to find the best cut-off for CRP measurements according to pancreatic fistula; while plotting
sensitivity versus specificity. P<0.05 was considered as significant. SPSS version 29 was used for the
statistical analysis.

3. Results

3.1. Patient Chracteristics

A total of ninety-four patients were included in the study (Table 1). Among them, forty-six
(48.9%) developed a pancreatic fistula postoperatively. The stratification of fistula grades was as
follows: thirty-nine patients (84.8%) had grade A, five patients (10.9%) had grade B, and one patient
(2.2%) had grade C fistula. The management of pancreatic fistula included observation in forty-one
patients (89.1%), percutaneous drainage in three patients (6.5%), and surgical intervention in one
patient (2.2%). There were no deaths related to pancreatic fistula.

Table 1. Demographic and clinical characteristics of the study participants.

Pancreatic fistula Without Pancreatic Total

Characteristic group n=46 fistula group n=48 n=94 p-value
Age (years), 68.26+12.8 66.8+12.6 67.5+12.6 0.59
meantSD
Gender, n (%) 0.99
Male 22 (48) 23 (48) 45 (48)
Female 24 (52) 25 (52) 49 (52)
Smoking, 1 (%) 9 (19.6) 11 (22.9) 20 (21.3) 0.69
Diabetes
Mellitus, 7 (%) 14 (30.4) 19 (39.6) 33 (35.1) 0.35
BMI (kg/m) 25.3+3.5 26.7+5.1 26.1+4.5 0.14
mean+SD
Albumin (g/dL) 3.84+0.64 3.7+0.56 3.77%0.6 0.3
NEO, 1 (%) 1(2.2) 5 (10.4) 6 (6.4) 0.2
Treatment
Protocol, n
FLOT 0 1 1
FOLFIRINOX 1
Surgical
Technique, n (%) 048
LAP 12 (26.1) 15 (31.3) 27 (28.7)
OPEN 24 (52.2) 27 (56.3) 51 (54.3)
ROBOT 10 (21.7) 6 (12.5) 16 (17)
Hospitalization
period (days), 17.5 [10-28] 14 [10-22] 15 [10-28] 0.13

median [range]
Death, n (%) 3 (6.5) 0 3(3.2) 0.11
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5
Lymph node 13.149.3 12.247.8 12.6+8.5 0.65
(meanSD)
Lymph node
involvement, n n=43 n=47 n=90 0.16
(%)
0 29 (67.4) 36 (76.6) 65 (72.2)
1 7 (16.3) 9 (19.1) 16 (17.8)
2+ 7 (16.3) 2 (4.3) 9 (10)
Resection 1=46 n=47 n=93 0.36
margins, 1 (%)
Negative 45 (97.8) 43 (91.5) 88 (94.6)
Positive 12.2) 4 (8.5) 5 (5.4)

Abbreviations: SD, standard deviation; BMI, Body Mass index; NEO, neoadjuvant treatment; LAP, laparoscopy;.

3.2. Comparison of Patients with and without Pancreatic Fistula

There were no significant differences between patients who developed a pancreatic fistula and
those who did not in terms of demographic characteristics such as gender, smoking status, BMI, and
clinical features e.g. serum albumin levels, chemotherapy protocol, surgical technique, pathological
data regarding lymph node involvement, sample margins and hospitalization period (Table 1).
Moreover, no association was found between WBC levels and pancreatic fistula presence. However,
a significant difference was observed in CRP levels starting from postoperative day 3 (p=0.002), upon
comparison of the group of patients having pancreatic fistula vs. the cohort without pancreatic fistula.
Higher CRP levels were observed in patients who developed a pancreatic fistula (Figure 1). Receiver-
operating characteristic (ROC) model with area under the curve (AUC) calculations showed that CRP
levels on day 1 and day 2 are unable to predict pancreatic fistula formation. However, from day three
on, following surgery, there is a statistical significance of CRP levels as a predicting factor for
pancreatic fistula presence (Table 2). Moreover, the high sensitivity and specificity of the tests exhibit
the validity of the statistics showing the positive findings attributed to patients having fistula and
designating the patients without fistula as negative (Table 3). Due to small sample size of the different
POPF grades, no statistical analysis could be done.
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Figure 1. C-reactive protein serum levels on postoperative days. Blood was withdrawn daily from
patients during the hospitalization following pancreatic cancer resection. C-reactive protein (mg/L)
levels are presented as mean+SD for pancreatic fistula group (blue line), and cohort without
pancreatic fistula (red line).
Table 2. Receiving-operator characteristic model examining presence vs. absence of pancreatic
fistula.
CRP levels  Area under the Standard error ~ P-value Asyrr}ptotlc 95% Interval
(day) curve Confidence

1 443 .075 444 [.297 -.589]

2 .610 .073 132 [.467-.752]

3 .680 .068 .008 [.546-.814]

4 .669 .068 .014 [.535-.803]

5 .685 .067 .006 [.553-.817]

6 729 .066 .001 [.600-.859]

7 .698 .068 .003 [.566-.831]

Abbreviation: CRP, C-reactive protein.

Table 3. Statistical factors supporting pancreatic fistula formation prediction by C-reactive protein

levels.
CRP . e Positive Negative predictive

Day (mg/L) Sensitivity =~ Specificity predictive value 8 valI; .

3 202.45 76.1 60 63.6 73.2

4 175.35 59.1 714 65.0 66.0

5 127.6 67.4 75.6 72.5 70.8

6 139.8 57.5 90.5 85.2 69.1

7 112.7 66.7 774 77.4 66.7

Abbreviation: CRP, C-reactive protein.
4. Discussion

4.1. Prevalence and Management of Pancreatic Fistula

In this retrospective study, the prevalence of pancreatic fistula following pancreatic surgery was
48.9%. This rate is consistent with other studies, which reported a prevalence of 10% to 41%
depending on the criteria used for diagnosis and the type of surgery performed [8,14,15,36]. Most
pancreatic fistulas in the current cohort were classified as grade A, and were managed conservatively
by observation. This finding aligns with previous studies indicating that a significant proportion of
pancreatic fistulas are low-grade and can be managed without invasive interventions [8,13,19].

In contrast to grade A POPF, characterized by biochemical changes without impacting the
clinical post-surgery recovery, grade B and grade C pancreatic fistulas require intensive care
intervention therapy including drainage, re-operation and prolonged antibiotic therapy, resulting in
extension of hospitalization and association with higher mortality risk [11]. The current study
findings show that 13% of the patients had POPF grades B and C. In Fukada'’s et al. research, 24.6%
of patients were recorded having grade B and C POPF [37]. Five patients in the present study were
characterized having grade B POPF, three of them needed additional intervention by drainage and
two were kept under close monitoring. The single case of POPF diagnosed as grade C in the current
study was treated by surgery. This patient represents 2% of the cohort which is in line with published
reports stating an incidence between 2% and 11% [11,38]. Similarly, Martins Torres et al. reported
that Grade C POPF after pancreatoduodenectomy were surgically managed [38]. Xiang et al. also
recorded surgical procedure such as reconstruction for treatment of grade C POPF [39]. A
recommended intervention is a percutaneous catheter drainage to promote fistula closure in 77% of
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cases [11]. Meierhofer et al. have developed a gradual treatment protocol addressing all possible steps
occurring post-surgery as management of pancreatic fistula [11].

4.2. Risk Factors and Predictive Markers

The present study analysis revealed no significant differences in demographic and clinical
characteristics between patients who developed a fistula and those who did not, except for CRP
levels. This suggests that traditional risk factors such as gender, smoking status, BMI, and serum
albumin levels may not be reliable predictors of pancreatic fistula in the cohort patient population.
The significant association between elevated CRP levels on postoperative day 3 and the development
of pancreatic fistula highlights the potential role of CRP as an early predictive marker [28,31,40].

Schouten et al. validated risk models for POPF in Netherlands patients’ cohort [41]. Independent
factors predicting POPF included male gender, minimally invasive resection, elevated body mass
index, small pancreatic duct diameter and soft pancreatic texture. However, that study questioned
the accuracy of the predictive models.

4.3. Role of CRP in Predicting Pancreatic Fistula

CRP is an acute-phase protein that increases in response to inflammation and tissue injury. Its
rapid and substantial rise in the postoperative period makes it a valuable marker for detecting
complications [28]. In the present study, patients who developed a pancreatic fistula had higher CRP
levels compared to patients without pancreatic fistula starting from postoperative day 3. This
indicates that CRP could serve as an early warning signal for the development of this complication.
Previous studies have reported similar findings, suggesting that elevated CRP levels may reflect
ongoing inflammation and predict the occurrence of clinically significant complications [33,34].

Additional early markers predicting risk for inflammation are clinically used post-surgery to
avoid severe complications [42,43]. Interleukin-6 was reported to predict infection as an early marker
on day three following laparoscopic cancer resection [42]. This cytokine as well as procalcitonin and
C-reactive protein blood levels were assessed and found to be increased in patients who developed
infection [42]. C-reactive protein/albumin ratio has recently been reported as the useful inflammatory
marker predictor in unresectable pancreatic cancer treated by chemotherapy FOLFIRINOX or
gemcitabine plus nab-paclitaxel [43]. Moreover, Fukada’s et al. research suggests that following distal
pancreatectomy, the ratio between drain fluid and the concentration of amylase in the blood serum,
plays a role as an early factor indicating formation of POPF [37]. Their analysis of the receiver
operating characteristic (ROC) curve used as a predictor tool for POPF, resulted in the highest area
AUC on postoperative day 3 (AUC 0.77) and cutoff value 22, while in the current study investigating
CRP, the AUC was 0.680 and the cutoff value 202.45.

4.4. Implications for Clinical Practice

The identification of CRP as a predictive marker for pancreatic fistula has important clinical
implications. Monitoring CRP levels in the early postoperative period could help identify patients at
high risk for developing a fistula, allowing for timely interventions and closer monitoring. This could
potentially reduce the incidence of severe complications, shorten hospital stays, and improve overall
patient outcomes [23,24].

Predictive models assessing risk for post-operative pancreatic fistula used radiometric features,
such as preoperative computed tomography CT and clinical data, e.g. BMI [44]. According to a study
by Bhasker et al., a clinically relevant POPF risk stratification, was available through combination of
radiomic and clinical signature. Lee et al. intended to establish a preoperative artificial intelligence-
based prediction model using CT imaging data [45].

The current study has several limitations, including its retrospective design and the relatively
small sample size. The single-center nature of the study may limit the generalizability of the findings.
Additionally, while CRP levels were significantly associated with pancreatic fistula, the study did
not evaluate other potential biomarkers or factors that could influence the development of this
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complication. Future studies with larger, multicenter cohorts and prospective designs are needed to
validate the present findings and explore additional predictive markers.

5. Conclusions

In conclusion, the current study demonstrates a high prevalence of pancreatic fistula following
pancreatic surgery. Most cases were classified as low-grade and managed conservatively. Elevated
CRP levels on postoperative day 3 were significantly associated with the development of pancreatic
fistula, suggesting that CRP could serve as an early predictive marker for this complication. Further
research is warranted to confirm these findings and to develop comprehensive predictive models
that incorporate CRP and other potential risk factors. Preventive approach should lead to better
success in managing post-pancreatic surgery troubling complication outcome.
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