Pre prints.org

Article Not peer-reviewed version

Inflammation and Fibrosis at Pancreatic
Resection Margin and Their Role In
Post-Operative Pancreatic Fistula
Development After
Pancreaticoduodenectomy: A Pilot
Study From A Single Institution

Vincenzo La Vaccara , Roberto Cammarata ' , Gianluca Costa , Chiara Taffon, Laura Olivieri,
Tommaso Farolfi, Silvia Angeletti , Federica Giordano , Chiara Pretini , Roberto Coppola, Damiano Caputo

Posted Date: 31 December 2024
doi: 10.20944/preprints202412.2574 v1

Keywords: pancreaticoduodenectomy (PD); post-operative pancreatic fistula (POPF); clinically relevant POPF
(CR-POPF); fibrosis; chronic lymphomononuclear inflammatory infiltrate (CLII); pancreatic resection margin
(PRM); inflammation; pancreatic duct diameter

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2303462
https://sciprofiles.com/profile/3365062
https://sciprofiles.com/profile/3299291
https://sciprofiles.com/profile/3982072
https://sciprofiles.com/profile/3025181
https://sciprofiles.com/profile/2392421
https://sciprofiles.com/profile/4130239
https://sciprofiles.com/profile/4130793
https://sciprofiles.com/profile/1426322

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2024 d0i:10.20944/preprints202412.2574.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Inflammation and Fibrosis at Pancreatic Resection
Margin and Their Role In Post-Operative Pancreatic
Fistula Development After
Pancreaticoduodenectomy: A Pilot Study From A
Single Institution

Vincenzo La Vaccara 1, Roberto Cammarata 12*, Gianluca Costa 34, Chiara Taffon 5,
Laura Olivieri 2, Tommaso Farolfi !, Silvia Angeletti 45, Federica Giordano 2, Chiara Pretini 2,
Roberto Coppola ! and Damiano Caputo 7

1 Operative Research Unit of General Surgery, Fondazione Policlinico Universitario Campus Bio-Medico, Via
Alvaro del Portillo, 200 - 00128 Roma, Italy

2 Universita Campus Bio-Medico di Roma, Via Alvaro del Portillo, 21 - 00128 Roma, Italy

3 Link University, Department Of Life Sciences, Health, and Health Professions

* Fondazione Policlinico Universitario Campus Bio-Medico, Via Alvaro del Portillo, 200 - 00128 Roma, Italy

5 Pathology Unit, Fondazione Policlinico Universitario Campus Bio-Medico, Via Alvaro del Portillo, 200 -
00128 Roma, Italy

¢ Research Unit of Clinical Laboratory Science, Department of Medicine and Surgery, Universita Campus Bio-
Medico di Roma, Rome, Italy

7 Research Unit of General Surgery, Universita Campus Bio-Medico di Roma, Via Alvaro del Portillo, 21 -
00128 Roma, Italy

* Correspondence: roberto.cammarata@policlinicocampus.it; Tel.: (+39)3515193251

Simple Summary: This study analyzed data from 141 patients who underwent
pancreaticoduodenectomy (PD) between 2014 and 2022 to investigate the role of fibrosis and chronic
lymphomononuclear inflammatory infiltrate (CLII) at the pancreatic resection margin (PRM) in the
development of postoperative pancreatic fistula (POPF). The results showed that the absence of
fibrosis and CLII significantly increased the risk of POPF and clinically relevant POPF (CR-POPEF).
Multivariate analysis identified a pancreatic duct diameter <3 mm and the combination of fibrosis
and inflammation as independent predictors of POPF and CR-POPF. A reproducible method for
intraoperative evaluation of fibrosis and CLII was validated, offering a tool to identify high-risk
patients and optimize surgical strategies to reduce complications.

Abstract: Background/Objectives: The absence of pancreatic fibrosis is a known risk factor for post-
operative pancreatic fistula (POPF) following pancreaticoduodenectomy (PD). Emerging evidence
suggests inflammation plays a role in anastomotic healing. This study aimed to assess the role of
chronic lymphomononuclear inflammatory infiltrate (CLII) and fibrosis at the pancreatic resection
margin (PRM) on POPF development and explored a method for its intraoperative prediction.
Materials and Methods: Data from 141 patients who underwent PD between 2014 and 2022 were
retrospectively analyzed. PRM were histologically evaluated for fibrosis and CLII. Univariate and
multivariate analyses were performed to identify potential predictors of postoperative pancreatic
fistula (POPF) and clinically relevant postoperative pancreatic fistula (CR-POPF). Results: The
histopathological analysis of intraoperative frozen sections of the PRM showed a strong association
between the absence of fibrosis and CLII and increased risk of POPF and CR-POPF (OR 7.51, p <
0.0001; OR 4.30, p < 0.0001). Multivariate analysis further identified a main pancreatic duct diameter
of less than 3 mm, as well as the combined presence of fibrosis and inflammation, as independent
risk factors for developing POPF (OR 4.22, p = 0.001) and CR-POPF (OR 4.83, p = 0.020). Conclusion:
The absence of fibrosis and CLII at the PRM significantly increases the risk of POPF and CR-POPF.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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This study validated a reproducible method for intraoperative assessment of fibrosis and CLII,
enabling the identification of high-risk cases. Such a tool could guide surgical strategies to mitigate
POPF-related complications, improving patient outcomes after PD.

Keywords: pancreaticoduodenectomy (PD); post-operative pancreatic fistula (POPF); clinically
relevant POPF (CR-POPF); fibrosis; chronic lymphomononuclear inflammatory infiltrate (CLII);
pancreatic resection margin (PRM); inflammation; pancreatic duct diameter

1. Introduction

Pancreaticoduodenectomy (PD) is considered the gold standard treatment for resectable
periampullary tumors, though it remains a complex surgical procedure associated with significant
risk of complications (about 50%), even in high-volume centers [1].

Despite the high complication rate, post-operative mortality has decreased significantly to below
5% in specialized centers. Among the potential complications, post-operative pancreatic fistula
(POPF) is one of the most frequent and feared, affecting approximately 30% of patients [2].

The development of POPF often leads to extended hospital stays and substantial increase in
healthcare costs. It can also result in severe, life-threatening complications, such as bleeding and
sepsis [3].

According to the International Study Group of Pancreatic Surgery (ISGPS), POPF is defined by
the presence of pancreatic amylase in the drainage fluid at levels three times higher than the Upper
Limit of Normal (ULN).

POPF is clinically classified into three grades (A, B, and C) based on its severity. Grade A, known
as a Biochemical Leak (BL), does not affect the post-operative course, while grades B and C, referred
to as Clinically Relevant Postoperative Pancreatic Fistula (CR-POPF), negatively impact post-
operative course. The mortality rate for patients who develop CR-POPF ranges from 12% to 18.2%
[4,5].

Given the challenge of predicting which patients will develop POPF at an early stage, there has
been a recent shift toward a proactive approach centered on early diagnosis and complication
prevention. This shift has highlighted the increasing need for tools that can assist in the early
detection of CR-POPF [6].

Various risk factors for POPF have been identified, including elevated body mass index (BMI),
poor preoperative nutrition, male gender, excessive intraoperative blood loss, tumor type, and
limited surgical experience. Among these, the two most predictive factors - commonly used in risk
score calculation - are the diameter of the main pancreatic duct (MPD) and the texture of the pancreas,
as assessed by the surgeon. However, these evaluations are often subjective and lack standardized
definitions, making it challenging to clearly differentiate between a "soft" and a "firm" pancreas. The
increasing adoption of minimally invasive surgical approaches further complicates the assessment of
pancreas texture due to limited tactile feedback [2,6,7].

The aim of this study is to establish objectively measurable predictive parameters for POPF
development. Intraoperative frozen sections (IFS) of pancreatic resection margins (PRM), routinely
analyzed to confirm a clear resection margin, were used. Histological findings, such as the degree of
fibrosis of the pancreatic parenchyma and the extent of chronic lymphomononuclear inflammatory
infiltrate (CLII), were correlated with POPF and CR-POPF in patients undergoing PD.

2. Materials and Methods

Data from patients who underwent PD at the General Surgery Unit of Fondazione Policlinico
Universitario Campus Bio-Medico in Rome between December 2014 and November 2022 were
retrospectively analyzed from a prospectively maintained database. The study received approval
from the ethics committee of Universita Campus Bio-Medico of Rome. The database included
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information such as gender, age, body mass index (BMI), alcohol consumption, smoking status,
diabetes, POPF grade (A-B-C), pancreatic texture, MPD diameter, postoperative blood loss, type of
neoplasm, and postoperative complications such as delayed gastric emptying (DGE) and post-
pancreatectomy hemorrhage (PPH). Clinical data were obtained from the hospital's information
system.

Inclusion criteria included patients over the age of 18 who underwent PD. Patients were
excluded if pancreatic resection margin frozen sections were unavailable, or if they had clinical
infections at the time of surgery, autoimmune diseases, or hematological disorders. Patients who
received neoadjuvant treatments were also excluded. Patients were ultimately categorized into two
groups: POPF-no vs. POPF-yes (Group 1) and CR-POPF-no vs. CR-POPFE-yes (Group 2).

Prior to surgery, each patient underwent preoperative imaging for staging purposes, aimed at
evaluating the extent of the disease and identifying any vascular anomalies [8]. If needed, multiorgan
and/or vascular resections were performed concurrently. All patients underwent PD with
pancreaticojejunal reconstruction using a duct-to-mucosa anastomosis technique as previously
described [9].

All surgical procedures were concluded with the placement of two abdominal drains: one
behind the hepaticojejunal anastomosis on the right side and the other behind the pancreaticojejunal
anastomosis on the left side. The main pancreatic duct (MPD) diameter was measured
intraoperatively by the surgical team, with a 3 mm cutoff used to distinguish high- or low-risk
anastomoses for fistula formation, based on commonly cited literature. Pancreatic texture was also
assessed intraoperatively and classified by the surgeon as either soft or firm [6].

All patients received antibiotic prophylaxis in line with clinical guidelines [11]. Pancreatic
amylase levels in the drainage fluid were measured daily for the first five postoperative days, unless
the drains were removed earlier [11].

Postoperative complications were assessed using the Clavien-Dindo classification and defined
according to ISGPS criteria [5,12].

Hematoxylin and eosin (H&E) stained slides of pancreatic resection margins were reviewed by
a pathology trainee under the supervision of a senior pathologist.

Based on the literature, a four-tier classification system for pancreatic fibrosis was used: Grade
0 = no fibrosis, with normal pancreatic parenchyma; Grade I = periductal fibrosis involving less than
10% of the pancreatic parenchyma, with preserved lobular architecture; Grade II = periductal and/or
diffuse fibrosis affecting 10-90% of the parenchyma, with varying amounts of fibrotic septa
surrounding groups of acini; and Grade III = diffuse fibrosis involving more than 90% of the
parenchyma, with only scattered residual acini [13,14]. (Figure 1)

Figure 1. Histopathological classification system of pancreatic fibrosis level (from right to left). (a) Grade 0=
no fibrosis, with normal pancreatic parenchyma; (b) Grade I = periductal fibrosis involving less than 10% of the
pancreatic parenchyma, with preserved lobular architecture; (c) Grade II = periductal and/or diffuse fibrosis
affecting 10-90% of the parenchyma, with varying amounts of fibrotic septa surrounding groups of acini; (d)

Grade III = diffuse fibrosis involving more than 90% of the parenchyma, with only scattered residual acini.

The inflammatory infiltrate was assessed based on the presence of chronic lymphomononuclear
cells. A four-tier classification system was used: Grade 0 = no inflammatory infiltrate detected; Grade
I = lymphomononuclear infiltrate affecting less than 10% of the pancreatic parenchyma; Grade II =
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infiltrate present in 10-70% of the parenchyma; and Grade III = infiltrate affecting more than 70% of
the pancreatic parenchyma (Figure 2).

Figure 2. Histopathological classification system of CLII level in the pancreatic parenchyma (from right to left).
(a) Grade 0 = no inflammatory infiltrate detected; (b) Grade I = lymphomononuclear infiltrate affecting less
than 10% of the pancreatic parenchyma; (c) Grade II = infiltrate present in 10-70% of the parenchyma; and (d)

Grade III = infiltrate affecting more than 70% of the pancreatic parenchyma.

Statistical analysis was conducted using StataCorp 2019 STATA Statistical Software, release 16
(College Station, TX: StataCorp LLC). Categorical data were presented as frequencies, while
continuous data were expressed as mean values + standard deviation (SD) and/or medians with
interquartile ranges (IQR, 25th—75th percentiles), along with minimum and maximum values.
Differences in means were compared using the independent sample Student’s t-test or the Mann-
Whitney U test, as appropriate. Fisher’s exact test or the Chi-square test (with or without Yates
correction) was applied to assess differences in categorical data.

Receiver operating characteristic (ROC) curve analysis was used to determine the cut-off value
for any relevant continuous variable by maximizing Youden'’s index, converting it into a binary
variable. Univariate and multivariate analyses were then performed to identify independent
predictors of POPF and CR-POPF, with Odds Ratios (ORs) and 95% confidence intervals (Cls)
calculated for significant variables.

Main pancreatic duct (MPD) diameter, absence of fibrosis, absence of CLII, and other known
risk factors for POPF and CR-POPF were included in a backward and forward logistic regression
analysis.

All tests were two-tailed, and a p-value < 0.05 was considered statistically significant.

3. Results

3.1. Demographic Data

A total of 360 patients underwent PD during the study period. Of these, 141 met the inclusion
criteria and were included in the analysis, as frozen sections of the pancreatic resection margin were
unavailable for the remaining patients.

POPF occurred in 60 patients (42.5%), while CR-POPF was observed in 32 patients (22.7%).

Table 1 shows the main demographic and preoperative characteristics of the study groups. There
were no significant differences between the groups in terms of age, gender, BMI, ASA score, alcohol
consumption, smoking habits, or neoadjuvant therapy - factors that could be associated with higher
risk of developing POPF or CR-POPF. Regarding operative details, no significant differences were
found between the two groups in the type of procedure, operation time, or intraoperative blood loss.
However, in the POPF vs. No POPF group, cholangiocarcinoma was significantly associated with an
increased risk of POPF (p = 0.0350), while no significant differences were observed for other types of
neoplasms (Table 1).

Table 1. Univariate analysis and relationship of demographics data with POPF and CR-POPF.
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Variable Total POPF-no POPF-yes CR-POPF- CR-POPF-
P-value P-value
no yes

Total, n (%) 141 (100) 81 (57.4) 60 (42.5) 109 (77.3) 32 (22.7)
Age, y, (median) 72 72 71.5 0.6601 72 71 0.765
Sex, n (%)

¢ Female 63 (44.6) 36 (44.4) 27 (45) 0.9477 49 (44.9) 14 (437) 0.9041

e Male 78 (55.3) 45 (55.5) 33 (55) 60 (55) 18 (56.2)
ASA n (%)

o I 1(1.23) 1(1.66) 1(0.91) 1(3.1)

e 1II 39 (48) 28 (46.6)  0.5090 53 (48.6) 14 (43.7) 0.0441*

o III 37 (45.6) 24 (40) 50 (45.8) 11 (34.3)

e IV 4 (4.9) 7 (11.6) 5 (4.5) 6 (18.7)
BM]I, kg/m? (mediana) 28 28 28.5 0.6456 28 28.5 0.2353
Alcoholic Habit, n (%) 3 (2.1) 1(1.2) 2(3.3) 0.3932 1(0.9) 2 (6.25) 0.6568
Smoking Habit, n(%) 43 (30.4) 23(28.3) 20(33.3) 0.5289 31 (28.4) 12 (37.5) 0.3277
DM (%) 31(219) 20(246) 11(18.3) 0.3674 25 (22.9) 6 (18.7) 0.6152
Hypertension (%) 70 (49.6) 41 (50.6) 29(48.3) 0.0766 54 (49.5) 16 (50) 0.9636
Neoadjuvant 10 (7.0) 7 (8.6) 3(5) 0.4049 10 (9.1) 0 (0) 0.0755
treatment (%)
Type of disease (%)
*PDAC 110 (78.0) 68 (83.9) 42 (70)  0.0480% 88 (80.7) 22 (68.7) 0.1501
* AC 3(2.1) 1(1.2) 2 (3.3) 0.3932 2 (1.83) 1(3.1) 0.6566
«CCA 11 (7.8) 3(3.7) 8(13.3)  0.0350% 5 (4.5) 6 (18.7) 0.0086*
*NET 7 (4.9) 2 (2.4) 5 (8.3) 0.1130 5 (4.5) 2 (6.2) 0.7034
* [IPMN 6(4.2) 4 (4.9) 2(3.3) 0.6406 5 (4.5) 1(3.1) 0.7186
* MCN 3(2.1) 3(3.7) 0 (0) 0.1319 3(2.7) 0 (0) 0.3428
¢ Clear cells 1(0.7) 0 (0) 1(1.6) 0.2436 1(0.9) 0 (0) 0.5866
Intraoperative
bleeding, mlL, 300 300 300 0.3233 300 300 0.4021
(median)
Operative time, 375 371 376.5 0.6060 364 382.5 0.6501
median
DGE (%) 50 (35.4) 21(25.9) 29(48.3) 0.0060* 28 (25.6) 22 (68.7) <0.0001*
PPH (%) 24 (17.0) 4 (4.9) 20(33.3) <0.0001 8(7.3) 15 (46.8) <0.0001*

*
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90 days mortality (%) 17 (12.0)  6(74)  11(183) 0.0488* 11 (10) 6 (18.7) 0.1860
Tipe of surgery (%)
« Whipple 41(29) 21(259) 20(33.3) 03383  31(28.4) 10 (31.2) 0.7583
« Traverso 100 (71) 60 (74) 40 (66.6) 78 (71.5) 22 (68.7)
Reintervention (%) 19(134) 6(74) 13(21.6) 05609  10(9.1) 9 (28.1) 0.0058*
Length of Stay (%) 13(92) 9(11.1) 19.5(32.5) 0.0001* 11 (10) 27 (84.3) 0.0001*

ASA, American Society of Anesthesiologists classification; BMI, body Max Index; DM, Diabetes Mellitus; PDAC,
pancreatic ductal adenocarcinoma; AC, ampullary carcinoma; CCA, cholangiocarcinoma; NET, neuroendocrin
tumor; IPMN, Intraductal Papillary Mucinous Neoplasm; MCN, mucinous cystic neoplasm; DGE, Delayed
Gastric Empty; PPH, Post-Pancreatectomy Hemorrage.

3.2. Correlation of Pancreatic Fibrosis, Lymphomononuclear Inflammatory Infiltrate, Main Pancreatic Duct
Diameter and Pancreatic Texture with POPF

The main pancreatic duct (MPD) diameter, as estimated intraoperatively by the surgeon, being
greater than 3 mm (p=0.0001 vs p=0.0031) and the presence of fibrosis in the histopathological analysis
of the resection margin (p<0.0001 vs p<0.0001) were significantly associated with lower rates of POPF
and CR-POPF. When these two parameters were combined, according to the updated ISGPS
classification, a significant difference between the two groups was observed for both BL and CR-
POPF (p<0.0001 vs p=0.0206).

Histopathological analysis of intraoperative frozen sections (IFS) from the pancreatic resection
margin demonstrated a significant correlation between the degree of pancreatic parenchymal fibrosis
(graded into four levels) and the presence of lymphomononuclear inflammatory infiltrate (also
graded into four levels) with the risk of developing POPF and CR-POPF, both when evaluated
individually and in combination (Table 2).

Table 2. Univariate analysis and relationship of risk variables with POPF and CR-POPF.

Variable POPF-no POPF-yes P-value CR-POPF-no CR-POPF-yes P-value
n (%) n (%) n (%) n (%)

MPD diameter

<3 mm 22 (27.1) 36 (60) 0.0001*  38(34.8) 20 (62.5) 0.00031*

>3 mm 59 (72.8) 23 (38.3) 71 (65.1) 11 (34.3)

Pancreatic texture

(evaluation by surgeon)

Soft 41 (50.6) 41 (68.3) 0.0350* 63 (57.7) 19 (59.3) 0.8737
Hard 40 (49.3) 19 (31.6) 46 (42.2) 13 (40.6)

New ISGPS classification 0.0005* 30 (27.5) 0.0206*
A (hard + >3 mm) 27 (33.3) 8 (13.3) 16 (14.6) 5 (15.6)

B (hard + <3 mm) 13 (16.0) 11 (18.3) 41 (37.6) 8 (25)

C (soft + 23 mm) 32 (39.5) 15 (25) 22 (20.1) 6 (18.7)

D (soft + <3 mm) 9 (11.1) 26 (43.3) 13 (40.6)
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Pancreatic fibrosis <0.0001* 0.0062*
Grade 0 12 (14.8) 34 (56.6) 27 (24.7) 19 (59.3)
Gradel 17 (20.9) 17 (28.3) 26 (23.8) 8 (25)
Grade I 16 (19.7) 8 (13.3) 20 (18.3) 4 (12.5)
Grade III 34 (41.9) 1(1.6) 34 (31.1) 1(3.1)
CLII 0.0049* 0.0934
Grade 0 39 (48.1) 48 (80) 61 (55.9) 26 (81.2)
Gradel 32 (39.5) 11 (18.3) 38 (34.8) 5 (15.6)
Grade I 7 (8.6) 1(1.6) 7 (6.4) 1(3.1)
Grade III 1(1.2) 0 (0) 1(0.9) 0(0)

*Statistically significant; MPD, main pancreatic duct
CLII, chronic lymphomononuclear inflammatory infiltrate; POPF, post-operative pancreatic fistuale; CR-

POPF, clinically relevant POPF

As shown in Table 3, the absence of pancreatic fibrosis was associated with a significant higher
risk of POPF (OR 7.51; p<0.0001) and CR-POPF (OR 4.43; p<0.0001). Similarly, the absence of
lymphomononuclear inflammatory infiltrate (LII) was linked to a higher risk of POPF (OR 4.30;
p<0.0001) and CR-POPF (OR 3.40; p=0.0099). When neither inflammatory infiltrate nor pancreatic
fibrosis were present, the risk of POPF and CR-POPF further increased [(OR 5.20; p<0.0001), (OR 4.83;
p=0.020), respectively] (Table 3).

Table 3. Correlation between fibrosis and CLII with POPF and CR-POPF.

Variable POPF-no Vs. POPF-yes CR-POPF-no Vs. CR-POPF-yes
OR 95% CI P-value OR 95% CI P-value

Grade 0 fibrosis 7.51 3.08-18.3  <0.0001* 4.43 1.85-10.6 0.0003*

Grade 0 CLII 4.30 190-9.73  0.0001* 3.40 1.26-9.19 0.0099*

Grade 0 fibrosis and
CLII

5.20 2.23-121  <0.0001* 4.83 1.27-18.3 0.0200*

The degree of pancreatic fibrosis determined histopathologically has shown a significant
correlation with the surgical assessment of pancreatic texture (p <0.0001), as depicted in Table 4 (Table
4).

Table 4. Correlation of Surgical and Pathological Evaluation of Pancreatic Texture.

Histopathological evaluation Surgeon evaluation

Pancreatic texture

Pancreatic fibrosis Soft (82) Hard (59) P-value

<0.0001*

Grade 0 10 (12.1) 36 (61.0)
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Grade I 9 (11.1) 25 (42.3)
Grade II 17 (20.7) 7 (11.8)
Grade I1I 23 (28.0) 12 (20.3)

*Statistically significant.

3.3. Multivariate Analysis

The multivariate analysis identified a main pancreatic duct diameter of less than 3 mm and the
combination of fibrosis and inflammation as independent risk factors for both POPF [OR 4.22 (1.80-
9.88), p=0.001] and CR-POPF [OR 3.1 (1.19-8.07), p = 0.020]. Additionally, the combination of fibrosis
and inflammation was also a significant predictor for POPF [OR 5.44 (2.11-14.00)] and CR-POPF [OR
4.83 (1.27-18.3), p = 0.020]. The results of the multivariate analysis are detailed in Table 5 (Table 5).

Table 5. Multivariate analysis.

d0i:10.20944/preprints202412.2574.v1

No POPF Vs. POPF No CR-POPF Vs. CR-POPF
Variable
OR 95% CI P-value OR 95% CI P-value

Age,y 1.02 0.97-1.07 0.329 0.99 0.94-1.04 0.754
Sex, male Vs. female 1.35 0.59-3.04 0.467 1.48 0.58-3.75 0.404
BMI > 30 kg/m? 2.61 0.71-9.59 0.148 3.12 0.59-16.4 0.178
NAT, yes Vs. not 1.35 0.52-3.50 0.536 1

Operative time 1.00 0.99-1.00 0.377 0.99 0.99-1.00 0.453
Blood loss, >300 mL 0.99 0.99-1.00 0.415 1.00 0.99-1.00 0.512
MPD < 3mm 422 1.80-9.88 0.0001* 3.1 1.19-8.07 0.020*
No fibrosis and CLII 5.44 2.11-14.00 0.0001* 4.83 1.27-18.3 0.020*

4. Discussion

POPF remains a significant challenge in the surgical management of pancreatic cancer, being the

leading cause of postoperative morbidity and mortality. Accurately predicting the risk of POPF,

particularly CR-POPF, is essential for optimizing postoperative care strategies [2].

Historically, efforts to address this complication have focused on mitigating the potentially

severe consequences of POPF through various management strategies [15].

In recent years, the emphasis has shifted towards identifying predictive factors for POPF risk,

allowing for better preparation in managing patients at higher risk for serious complications.
Examples of this proactive approach include establishing amylase cut-off levels in surgical drainage
fluid and combining them with clinical and imaging parameters. This shift aims to improve outcomes
by enhancing early detection and targeted intervention strategies for at-risk patients [9,10].
Research has increasingly focused on analyzing factors that precede the postoperative course.
Numerous patient-related risk factors, both modifiable and non-modifiable, have been identified
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and, in several cases, incorporated into risk scores designed to predict the likelihood of POPF during
the preoperative phase [16,17].

The effort to identify patients at high risk of POPF during the perioperative phase has led to the
development of strategies aimed at reducing the likelihood of postoperative complications. As a
result, some authors have proposed total pancreatectomy as a potential standard of care for patients
with a high risk of POPF, particularly in cases involving pancreatojejunostomy [18].

The focus has shifted from preventing POPF to managing its risk, highlighting the importance
of identifying patients with factors that make them susceptible to severe complications from POPF
[19].

Among the numerous risk factors for POPF, the characteristics of the residual pancreatic
parenchyma are the most strongly correlated. In particular, the presence of fibrosis, which increases
tissue firmness, has been shown to enhance suture stability hence lowering the risk of
pancreatojejunal anastomotic leakage [20].

However, the collection of this data is highly variable due to operator dependency, a challenge
further compounded by the loss of tactile feedback in minimally invasive surgeries. Additionally, the
absence of clear definitions makes this surgical assessment inherently subjective [21].

Our experience has shown that the pancreatic duct diameter and the extent of pancreatic
parenchymal fibrosis can be accurately assessed through histological analysis of the intraoperative
frozen section (IFS) of the pancreatic resection margin (PRM). In line with existing literature, our
findings confirm that pancreatic fibrosis, followed by duct diameter, are independent predictors of
both POPF and CR-POPF [13].

Simultaneously, the role of inflammation in the development of surgical complications has been
widely studied. Numerous experiences in pancreatic surgery highlight the undeniable impact of
systemic inflammation on surgical outcomes, especially in predicting the onset of CR-POPF [10].

Additionally, it has been suggested that acute inflammation of the residual pancreatic
parenchyma after resection may contribute to the development of pancreatic fistula. In fact, the ISGPS
has defined a new condition known as post-pancreatectomy acute pancreatitis (PPAP) [22].

While systemic and acute inflammation have been extensively studied, the role of chronic
inflammation in this context remains underexplored. Nevertheless, it is well established that
inflammatory infiltrates are linked to wound healing. Lymphocytes play a key role in this process by
regulating the balance between inflammation and pathogen tolerance. This balance is critical to
ensure that the necessary inflammatory response to fight infections and initiate tissue repair does not
become excessive, causing damage to the tissues. Moreover, lymphocytes help modulate immune
responses, influencing both cell proliferation and the formation of new tissue. These mechanisms are
essential for achieving effective and balanced wound healing [23].

The presence of a robust chronic inflammatory component at the pancreatic transection margin
could serve as an additional predictive marker for fibrotic pancreatic parenchyma, potentially
offering protection against the risk of anastomotic leakage. A strong inflammatory infiltrate may
contribute to creating a local environment favoring tissue healing, promoting quicker and more
consistent tissue restoration [24].

To the best of our knowledge, this study is the first to present an effective and reproducible
method for detecting chronic inflammatory infiltrates in the pancreatic parenchyma. Additionally,
we have demonstrated that the absence of CLII in the residual pancreatic parenchyma is significantly
associated with an increased risk of both POPF and CR-POPF. This association becomes even more
pronounced when fibrosis is also absent. Therefore, we conclude that the lack of both CLII and
fibrosis in the residual pancreatic parenchyma constitutes a significant risk factor for POPF,
particularly CR-POPF.

These findings align with the well-established pathophysiological principle that a rich chronic
inflammatory infiltrate is linked to enhanced tissue regeneration [25].

5. Conclusions
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This study introduces several novel elements when considered in the context of current
literature. While numerous studies have explored the role of systemic inflammation in predicting
major surgical complications, few have specifically focused on the state of local inflammation,
particularly in the tissues involved in the anastomosis [26].

The key innovation of this study is the development of an effective and reproducible
intraoperative tool for predicting the risk of POPF by analyzing the presence of fibrosis and CLIL Its
effectiveness, as demonstrated by the accuracy data in our study, lies in the immediate analysis of
intraoperative frozen sections (IFS) of the pancreatic resection margin (PRM) by an experienced
pathologist. This tool offers significant support to surgeons by influencing strategies aimed at
mitigating the consequences of CR-POPF, which can be implemented during the procedure itself. In
line with recent literature, identifying a high-risk pancreas - lacking fibrosis and CLII - could justify
the placement of surgical drains or, in some cases, even a total pancreatectomy. On the other hand, a
pancreas rich in fibrosis and inflammation might allow for a less aggressive approach, potentially
avoiding the need for surgical drains altogether [27-29].

Finally, pancreatic surgery is increasingly adopting minimally invasive techniques. Much of the
data on parenchymal texture currently relies on the surgeon's direct tactile assessment. However,
with the advancements in laparoscopic and robotic surgery, we believe that developing
intraoperative tools for objective POPF risk assessment - less dependent on the surgeon's tactile
evaluation - is essential to preserve the benefits gained from these innovations [30].

We believe that introducing a tool that provides surgeons with objective data during pancreatic
resection can significantly aid in determining the most appropriate strategy for each patient.

However, this study has some limitations. The small sample size has constrained the statistical
power, and the retrospective, single-center design may have introduced potential biases.
Nevertheless, patients who received neoadjuvant treatments have been excluded from the analysis.
Further prospective studies, particularly on patients undergoing minimally invasive PD, are needed
to validate these findings. Authors should discuss the results and how they can be interpreted from
the perspective of previous studies and of the working hypotheses. The findings and their
implications should be discussed in the broadest context possible. Future research directions may
also be highlighted.
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Abbreviations

The following abbreviations are used in this manuscript:

POPF Post-operative Pancreatic Fistula

CR-POPF Clinically Relevant Post-Operative Pancreatic Fistula
PD Pancreaticoduodenectomy

PRM Pancreatic Resection Margin

CLII Chronic Lymphomononuclear Inflammatory Infiltrate
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IFS Intraoperative Frozen Sections
ASA American Society of Anesthesiologists classification
BMI Body Mass Index
DM Diabetes Mellitus
PDAC Pancreatic Ductal Adenocarcinoma
AC Ampullary Carcinoma
CCA Cholangiocarcinoma
NET Neuroendocrine Tumor
IPMN Intraductal Papillary Mucinous Neoplasm
MCN Mucinous Cystic Neoplasm
DGE Delayed Gastric Emptying
PPH Post-pancreatectomy Hemorrhage
PPAP Post-pancreatectomy Acute Pancreatitis
NAT Neoadjuvant Therapy
MPD Main Pancreatic Duct
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