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Abstract

OBJECTIVE: Postoperative pancreatic fistula is a potentially devastating complication after
pancreatoduodenectomy (PD). We aim to identify features on preoperative computed tomography
(CT) imaging that correlate with an increased risk of postoperative pancreatic fistula (POPF).

METHOD: Patients who underwent PD at our high-volume pancreatic surgery center from
2019-2021 were included if CT imaging was available within eight weeks of surgical intervention.
Pancreatic neck thickness (PNT), abdominal wall thickness (AWT), and intraabdominal distance
from pancreas to peritoneum (PTP) were measured by two board-certified radiologists blinded to
the clinical outcomes. Radiographic measurements, as well as preoperative patient characteristics
and intraoperative data were assessed with univariate and multivariable analysis (MVA) to
determine risk for clinically-relevant POPF (CR-POPF, grade B and C).

RESULTS: 204 patients met inclusion criteria. Median PTP was 5.8cm, AWT 1.9cm, and PNT
1.3cm. CR-POPF occurred in 33/204(16.2%) patients. MVA revealed PTP>5.8cm (OR:2.86,
p=0.023), PNT>1.3cm (OR:2.43, p=0.047), soft pancreas consistency (OR:3.47, p=0.012) and
pancreatic duct size <3.0mm (OR:4.55, p=0.01) as independent risk factors for CR-POPF after
PD. AWT and obesity were not associated with increased risk of CR-POPF. Patients with
PTP>5.8cm or PNT>1.3cm were significantly more likely to suffer a major complication after
PD (39.6% vs. 22.3% and 40% vs. 22.1%, p<0.008).

CONCLUSION: Patients with a thick pancreatic neck and increased intraabdominal girth have
a heightened risk of CR-POPF after pancreatoduodenectomy and they experience more serious
postoperative complications. We defined a simple CT scan based measurement tool to identify

patients at increased risk of CR-POPF.

Corresponding Author: Mihir M. Shah, M.D., Associate Professor of Surgery, Division of Surgical Oncology, Emory University
School of Medicine / Winship Cancer Institute, 5665 Peachtree Dunwoody Road, Atlanta, GA 30342, Tel: (404) 778-3307; Fax: (404)
778-1279, mihir.m.shah@emory.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sok et al. Page 2

1. Introduction

Postoperative pancreatic fistula (POPF) is a well-described complication following
pancreatic resection, with reported incidence of up to 30% even in high-volume centers

1, Clinically relevant POPF (CR-POPF), grade B and C, are associated with an increased
risk of infectious complications, post-pancreatectomy hemorrhage, and mortality 14, The
reported mortality of a grade C POPF is 44% °. The development of a CR-POPF also carries
a significant economic burden for patients, nearly doubling overall costs after surgery 6.

Several risk factors are described to estimate the risk of POPF, including soft pancreas,
small pancreatic duct diameter, high intraoperative blood loss, and “high-risk pathology,”
such as ampullary, duodenal, or cystic lesions 3:7:8. Some of these risk factors can only be
assessed intraoperatively, limiting the ability of clinicians to appropriately stratify patients in
the preoperative setting who may be at increased risk for development of CR-POPF. There
exists a need to identify preoperative patient characteristics that carry an increased risk for
CR-POPF development.

Cross-sectional imaging such as contrast-enhanced computed tomography (CT) or magnetic
resonance (MR) is the standard modality for the diagnosis of pancreatic pathologies and
commonly used for pancreatectomy planning 19, Our study aims to explore and assess

the value of preoperative CT-derived risk factors in predicting an increased risk of CR-
POPF development, aiming to facilitate preoperative patient risk-stratification and optimize
perioperative management.

2. Methods
2.1 Study Population

Approval for this study was obtained from the Emory University Institutional Review Board.
All patients who underwent pancreatoduodenectomy (PD) within the Emory Healthcare
System between January 1, 2019 and December 31, 2021 were identified from a previously
consolidated database of all pancreatic resections. Patients were excluded from the study if
no preoperative CT scan was available or if the preoperative CT scan was not within eight
weeks of surgical resection.

2.2 Radiographic Measurements

CT scans were reviewed by two board-certified abdominal radiologists (SS, HS) using the
picture archiving system PACS (Sectra IDS7, Sectra). These radiologists were blinded to
clinical outcomes. Pancreatic neck diameter was measured at the level of the portal-superior
mesenteric vein (SMV) confluence. At this level, we obtained two additional measurements
— the distance between the peritoneum and the anterior surface of the pancreas (PTP) and the
abdominal wall thickness assessed as the distance between the skin and peritoneum.

2.3 Study variables

Patient characteristics, histopathology, operative, and postoperative data were obtained from
patient electronic medical records. Data evaluated included patient demographics (age,
gender, race), body mass index (BMI), preoperative diagnosis, intraoperative information
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(pancreatic duct size and pancreatic gland texture), postoperative complications, and 30-day
as well as in-hospital mortality. Preoperative malignant diagnosis includes adenocarcinomas
of the pancreas, bile duct, ampulla, and duodenum and neuroendocrine tumors of the
pancreas. The Clavien-Dindo (CD) classification of surgical complications was applied

to standardize postoperative complication severity 1112, For the purpose of analyses, CD
grades I-11 were classified as “minor” complications, and CD grades I11-V were classified as
“major” complications. The POPF grading is based on the 2016 update of the International
Study Group in Pancreatic Surgery (ISGPS). CR-POPF is defined as grade B or C POPF
based on ISGPS 4. Small pancreatic duct is defined as duct diameter < 3.0mm estimated
intraoperatively. Obesity is defined as BMI =30.

2.4 Statistical Analysis

Interrater reliability between the two board-certified radiologists was assessed using a
subset of fifteen patients and determining the intraclass correlation coefficient. Frequency
distributions and summary statistics were calculated for all variables. Continuous variables
were expressed as median and range, and categorical values were expressed as frequency
and percentage. Univariate associations were evaluated using Pearson’s chi square and
Fisher’s exact ttests (as appropriate) for dichotomous variables and independent #tests
for continuous variables. Multivariable analysis was conducted utilizing a binary logistic
regression model using the radiographically measured variables in addition to clinical
variables approaching statistical significance (p value < 0.10) on univariate analysis.
Backward selection with an alpha level of removal of 0.2 was used for the binary logistic
regression model. A pvalue of <0.05 was accepted to indicate a statistically significant
association. All analyses were performed using SPSS software version 28.0.1 (SPSS, IBM
Corp., Armonk, NY, USA) and Graphpad Prism 9.4.1 (Graphpad Inc., San Diego, CA,
USA).

3. Results

3.1 Comparison of patients with and without CR-POPF

Of 461 patients who underwent pancreas resections from 2019-2021, 305 underwent PD.
Patients were further screened based on available preoperative CT scan and 204 patients had
preoperative CT scan within 8 weeks of surgical resection (Figure 1). The median age of
patients was 65 years (range 20-88), and 50% (n=102) were female. Seventy-three percent
(n=150) of patients in the study were white, 16.7% (n=34) were black, and 9.8% (n=20)
were of Asian or Hispanic descent. The median BMI was 24.9 (range 14.8-53.1). PD was
performed for known malignancy in 79.4% (n=162) of cases.

CR-POPF occurred in 33 (16.2%) patients. Univariate analysis (UVA) demonstrated that
patients with a pancreatic duct 3mm or smaller compared to >3mm (23.8% vs. 4.9%,
p<0.001) as well as patients with a soft pancreatic gland consistency compared to those
with intermediate or firm glands (31.8% vs. 9.9% and 7.5%, p<0.001) were significantly
more likely to develop CR-POPF. Age, sex, race, obesity, neoadjuvant chemotherapy or
radiotherapy, and preoperative diagnosis of malignancy were not associated with CR-POPF
formation (Table 1).
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3.2 Radiographic measurements

Preoperative CT scan was evaluated to determine if pancreatic neck diameter, intra-
abdominal distance to pancreas, or abdominal wall thickness were associated with an
increased risk of development of CR-POPF. Two board-certified radiologists measured these
distances in the preoperative CT scan (Figure 2). Interrater reliability of the two radiologists
was conducted using a subset of 15 patients. The intraclass coefficient for the radiographic
measurements was >0.97 (Table 2).

Patients undergoing PD had a median pancreatic neck thickness of 1.3cm (range 0.4-3.2cm),
PTP of 5.8cm (range 0.8-11.3cm) and abdominal wall thickness of 1.95cm (range
0.4-5.9cm). A PTP >5.8cm compared to <5.8cm was significantly associated with CR-
POPF on univariate analysis (23.8% vs. 8.7%, p=0.004). Pancreatic neck thickness >1.3cm
compared to <1.3cm was also significantly associated with CR-POPF (22.0% vs. 10.6%,
p=0.027). Abdominal wall thickness >1.95cm was not associated with CR-POPF (p=0.18).
These data are shown in Table 1.

3.3 Multivariable analysis to identify independent factors associated with CR-POPF

Binomial logistic regression was carried out using the radiographically measured variables
pancreatic neck thickness, PTP, and abdominal wall thickness as well as pancreatic

duct size, pancreas gland quality, and BMI. CT imaging factors that were found to be
independently associated with CR-POPF development were increased PTP (OR 2.86,
95%Cl: 1.16-7.14), increased pancreas neck thickness (OR 2.43, 95%CIl: 1.01-5.88).
Radiographically measured abdominal wall thickness was not associated with CR-POPF
development (OR 1.92, 95%CI 0.8-4.55). Additional clinical factors independently
associated with CR-POPF development were small duct size (OR 4.55, 95%Cl: 1.44-14.38)
and soft pancreatic gland consistency (OR 3.47, 95%Cl: 1.13-10.64) (Table 3). BMI was
removed from the model during backward selection.

3.4 Overall complication rate associated with increased PTP and pancreatic neck

thickness

Because it was determined that PTP >5.8cm and pancreatic neck thickness >1.3cm were
independently associated with CR-POPF development, we then compared postoperative
outcomes of patients with increased PTP and pancreatic neck thickness against patients
with PTP <5.8cm and pancreatic neck thickness <1.3cm. Sixty-seven percent (n=68) of
patients with increased PTP experienced a postoperative complication, whereas 56% (n=58)
of patients with PTP at or below the median had a complication (p=0.105). Increased PTP
was associated with a significantly increased risk of a major (CD grade <3) postoperative
complication (39.6% vs. 22.3%, p=0.008). Seventy percent (n=70) of patients with increased
pancreatic neck thickness experienced a postoperative complication, whereas 53.8% (n=56)
of patients with pancreatic neck thickness at or below the median had a complication
(p=0.018). Increased pancreatic neck thickness was associated with a significantly increased
risk of a major postoperative complication (40% vs. 22.1%, p=0.006). Length of stay,
30-day readmission rates, and death were similar across groups (Table 4).
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4. Discussion

This study assessed the value of preoperative CT-derived risk factors in predicting an
increased risk of CR-POPF development, with a goal to facilitate preoperative patient
risk-stratification and optimize perioperative management. Patients with CR-POPF requiring
adjuvant therapy after PD may experience a delay in the initiation of adjuvant therapy, or
may be unable to receive adjuvant therapy, which may affect long-term survival 13-15_ It is
critical to identify novel factors that may predict the likelihood of CR-POPF, and develop
strategies to manage these risk factors to improve patient outcomes. The results of the
present study suggest that two relatively simple measurements obtained from a preoperative
CT scan, the diameter of the pancreatic neck and the distance from the peritoneum to the
anterior surface of the pancreas, have an association with an increase in odds of CR-POPF
by nearly 2.5- and 3-fold, respectively. Our study also demonstrates that the occurrence

of CR-POPF was significantly associated with well-established risk factors such as small
pancreatic duct size and soft pancreas based on intraoperative assessment. Based on these
results, PTP and PNT can be used as additional independent variables to identify patients
who are at increased risk of CR-POPF, even when the patient does not have a small
pancreatic duct or a soft pancreas.

Pancreatic thickness and its relationship to CR-POPF has been well-established for patients
undergoing distal pancreatectomy (DP) 16-21, The role that parenchymal thickness plays

in the development of CR-POPF after PD requires more exploration. Multiple studies

have examined the association of preoperatively measured pancreatic neck thickness at

the portomesenteric confluence with CR-POPF and have reported mixed results. Two
retrospective studies have found no association between pancreatic thickness measured on
preoperative CT and CR-POPF 22:23, Work by Roberts et a/. and Sugimoto et a/. reported
results similar to the results of our current study, demonstrating an increased risk of CR-
POPF in patients with increasing pancreatic neck thickness 2425, These studies were limited
by sample size, as all examined fewer than 200 patients, in contrast to the present study.
The mixed results of these studies indicate that larger sample sizes are required to truly
determine the effect that pancreatic neck thickness has on the development of CR-POPF.

Although it has been previously suggested that obesity might be a useful predictor

of complications after PD, we found that BMI did not predict CR-POPF on UVA

or MVA. PTP, the intraabdominal distance from the peritoneum to the pancreas was
independently associated with increased risk of CR-POPF26:27, PTP suggests a measurement
of intraabdominal visceral fat rather than true obesity. Our findings suggest that the
distribution of fat is more important than obesity, and visceral fat plays a central role

in the process of CR-POPF development. The relationship between fatty tissue and

the development of pancreatic fistula is complex and may be partially explained by

the emerging view that considers visceral fat as an endocrine organ, able to modulate
inflammatory pathways 282, It has been observed that adipose tissue can produce hormone-
like adipokines that are involved in the regulation of metabolism and the immune system
and can secrete proinflammatory cytokines 30-33, This proinflammatory microenvironment
can be exacerbated and potentiated by an anastomotic dehiscence like a CR-POPF.

Tumor development at inflammatory sites has been observed in multiple tissues, including
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pancreas, suggesting that the microenvironment of a chronic wound may stimulate cancer
cell growth and recurrence 34-37. Neoplastic cells may acquire metastatic potential and
preferential growth in wound sites with persisting inflammation 3839, Furthermore, the
effects of locally activated pancreatic enzymes, with their intense lytic activity in a

fatty tissue, may be devastating. Indeed, we observed a significant increase in serious
complications in patients with increased PTP. The systemic spillover of mediators from
visceral fat persistently activated by a pancreatic fistula may also account for the well-
known generalized consequences of a severe POPF such as systemic inflammatory response
syndrome and subsequent organ dysfunction. Increased visceral fat as indicated by increased
PTP may also make the technical aspects of the operation more challenging for the operating
surgeon, including dissection and ease of anastomosis.

Multiple previous studies have shown that visceral fat found on preoperative CT scan is a
risk factor for CR-POPF 40-43, These studies have utilized various methods for assessing
visceral fat, including measurements of visceral fat area, total fat area, and retro-renal fat
thickness. Measurements of this nature require specialized software and expertise that may
not be widely available to clinicians 4446, In our study we describe a surrogate measurement
of visceral fat that can easily be utilized in the clinic setting with similar predictive power
as more technologically intricate methods. This information may help patients make more
informed decisions about the benefits and risks of surgery. Preoperative identification

of patients at higher risk of CR-POPF may help physicians optimize and individualize
perioperative management by filtering patients into high-risk perioperative management
pathways or through the utilization of drains or the use of somatostatin analogues such as
pasireotide, based on surgeon or institutional preference?’+48,

The present study has several limitations. First, we performed a retrospective analysis of
the data at a single institution. Therefore, the biases and limitations of a retrospective data
apply to our study. Also, a prospective validation of the results is lacking and the risk of
POPF was stratified by estimates derived from a logistic analysis. Pancreatic texture was
defined as soft, intermediate, or firm based on the surgeon’s intraoperative assessment,
rendering it challenging to utilize the commonly used Fistula Risk Score and alternative
Fistula Risk Score, which define pancreatic texture as firm or soft, to predict patients at

risk for CR-POPF. Patients were analyzed based on the median value for measurements of
PTP, pancreatic neck thickness, and abdominal wall thickness, which limits its applicability
to other populations. Preoperative CT acquisition settings such as slice thickness were not
standardized and were acquired at multiple locations on different machines. Additionally,
patients with only MRI or remote CT scan were excluded from the study. This was done

in an effort to ensure that measured parameters on imaging were similar to how the patient
presented during surgery. In doing so, patients with benign pathology not requiring multiple
restaging scans before surgery may have been filtered due to timing of their imaging. The
data include patients undergoing surgery with multiple surgeons of different experience
curves and methodology. Internal review of surgeon outcomes revealed no differences in
CR-POPF rates across surgeons included in the study. Despite these limitations, our study
determines a novel factor that is associated with development of CR-POPF in a large number
of patients at a single institution.
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5. Conclusion

We demonstrated that a preoperative computed tomography scan evaluating the thickness
of the pancreatic neck as well as measurement of the intraabdominal distance from the
peritoneum to the pancreas may help identify patients at increased risk of clinically
significant postoperative pancreatic fistula after pancreatoduodenectomy. This may help
physicians risk-stratify, optimize and individualize perioperative patient management to
identify strategies to improve clinical outcomes.
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Synopsis

Postoperative pancreatic fistula is a potentially devastating complication after
pancreatoduodenectomy. This article identified two simple measurements on preoperative
computed tomography that can indicate that a patient is at increased risk of developing
this serious complication.
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Figure 1:

Schematic depicting inclusion and exclusion criteria of patients selected for study.
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Figure 2:
Example preoperative CT used for radiographic measurements. All measurements were

taken at the level of the portal-SMV confluence. Red line = pancreatic neck diameter.
Yellow line = PTP. Cyan line = abdominal wall thickness.
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Table 1:

Univariate analysis of patient and lesion factors and preoperative CT imaging measurements as risk factors for
CR-POPF.
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Univariate Analysis
CR-POPF (%) pvalue
Sex
Female 14/102 (13.7%)  0.342
Male 19/102 (18.6%)
Race
White 21/149 (14.1%)  0.367
Black 7/35 (20.0%)
Other 5/20 (25.0%)
Age (years)
>70 11/75 (14.7%)  0.655
<70 22/129 (17.1%)
BMI (kg/m?)
>30 11/46 (23.9%) 0.105
<30 22/158 (13.9%)
Pre-operative Diagnosis
Malignant 23/162 (14.2%)  0.132
Non-malignant 10/42 (23.8%)
Neoadjuvant Chemotherapy
No 21/107 (19.6%)  0.160
Yes 12/97 (12.4%)
Neoadjuvant Radiotherapy
No 29/189 (15.4%)  0.272
Yes 4/15 (26.7%)
Gland Texture
Soft 21/66 (31.8%)  <0.001
Intermediate 7/71 (9.9%)
Firm 5/67 (7.5%)
Duct Size (mm)
>3.0 4/82 (4.9%) <0.001
<3.0 29/122 (23.8%)
Abdominal wall
>1.95cm 20/102 (19.6%)  0.183
<1.95cm 13/102 (12.7%)
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Univariate Analysis
CR-POPF (%) pvalue
PTP
>5.8cm 24/101 (23.8%)  0.004
<5.8¢cm 9/103 (8.7%)

Pancreatic Neck
>1.3cm

<1.3cm

22/100 (22.0%)  0.027
11/104 (10.6%)

BMI = Body mass index, PTP = pancreas to peritoneum.
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Radiographic measurement interrater reliability as assessed by intraclass correlation coefficient (ICC).

Table 2:

Interrater Reliability
CT Measurement | ICC
Abdominal Wall 0.996
PTP 0.996
Pancreatic Neck 0.979
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Table 3:

Multivariable analysis of independent risk factors for CR-POPF. Dash indicates reference variable.

Clinically Significant Pancreatic Fistula=Yes

Covariate Level N o(gg;)Rgﬂo OR P-value g_‘\’glig

Gland Textme Soft 66  3.47(1.13-10.64) 0.029 0.012
Intermediate 71 0.93 (0.26-3.32) 0.913
Firm 67 - -

Pancreatic duct size <3.0 mm 122 4.55(1.44-14.38) 0.010 0.010
>3.0 mm 82 - -

Abdominal wall thickness <1.95cm 102 - - 0.146
>1.95cm 102 1.92 (0.8-4.55) 0.146

PTP <5.8cm 103 - - 0.023
<5.8cm 101 2.86 (1.16-7.14) 0.023

Thickness of pancreatic neck  <1.3cm 104 - - 0.047
>1.3cm 100  2.44 (1.01-5.88) 0.047

OR = Odds ratio, Cl = Confidence interval.

*
Number of observations in the original data set = 204. Number of observations used = 204.

Hok

Backward selection with an alpha level of removal of .2 was used. The following variables were removed from the model: BMI (kg/m2).
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Page 18

Comparison of post-operative outcomes of patients based on PTP and pancreatic neck thickness measurement
on preoperative CT imaging.

Post-Operative Outcomes

PTP < PTP > p value PN < PN > p value
median median median median

Any Complication 58/103 68/101 0.105 56/104 70/100 0.018
(56.3%) (67.3%) (53.8%) (70.0%)

Serious Complication ~ 23/103 40/101 0.008 23/104 40/100 0.006
(22.3%) (39.6%) (22.1%) (40.0%)

Death 2/103 4/101 0.443 3/104 3/100 1.00
(1.9%) (4.0%) (2.9%) (3.0%)

LOS (days) 94+10 118+14 0156 94+11 119+13 0.077

30-Day Readmission 22/103 27/101 0.291 21/104 29/100 0.144
(21.4%) (27.7%) (20.2%) (29.0%)

PN = pancreatic neck; LOS = length of stay; Serious complication = Clavien-Dindo classification 3-5. LOS reported as mean + standard error of

the mean.

Ann Surg Oncol. Author manuscript; available in PMC 2024 March 08.



	Abstract
	Introduction
	Methods
	Study Population
	Radiographic Measurements
	Study variables
	Statistical Analysis

	Results
	Comparison of patients with and without CR-POPF
	Radiographic measurements
	Multivariable analysis to identify independent factors associated with CR-POPF
	Overall complication rate associated with increased PTP and pancreatic neck thickness

	Discussion
	Conclusion
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:
	Table 4:

