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Objective: To assess the feasibility and reproducibility of pancreatic surface lobularity (PSL) quantification derived from
abdominal computed tomography (CT) in a population of patients free from pancreatic disease.

Materials and Methods: This retrospective study included 265 patients free from pancreatic disease who underwent
contrast-enhanced abdominal CT between 2017 and 2019. A maximum of 11 individual PSL measurements were performed
by two abdominal radiologists (head [5 measurements], body, and tail [3 measurements each]) using dedicated software.
The influence of age, body mass index (BMI), and sex on PSL was assessed using the Pearson correlation and repeated
measurements. Inter-reader agreement was assessed using the intraclass correlation coefficient (ICC) and Bland Altman (BA)
plots.

Results: CT images of 15 (6%) patients could not be analyzed. A total of 2750 measurements were performed in the remaining
250 patients (143 male [57%], mean age 45 years [range, 18-91]), and 2237 (81%) values were obtained in the head
951/1250 (76%), body 609/750 (81%), and tail 677/750 (90%). The mean + standard deviation PSL was 6.53 + 1.37. The
mean PSL was significantly higher in male than in female (6.89 + 1.30 vs. 6.06 + 1.31, respectively, p < 0.001). PSL
gradually increased with age (r = 0.32, p < 0.001) and BMI (r = 0.32, p < 0.001). Inter-reader agreement was excellent (ICC
0.82 [95% confidence interval 0.72-0.85], with a BA bias of 0.30 and 95% limits of agreement of -1.29 and 1.89).
Conclusion: CT-based PSL quantification is feasible with a high success rate and inter-reader agreement in subjects free from
pancreatic disease. Significant variations were observed according to sex, age, and BMI. This study provides a reference for
future studies.
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INTRODUCTION

status of a disease, injury, or chronic condition relative to
normal” [1]. Quantitative imaging allows for the validation
of accurate image-derived parameters with anatomically and
physiologically relevant meanings. Quantitative imaging is
extensively used in modern medicine to improve diagnosis,

According to the Quantitative Imaging Biomarkers
Alliance, quantitative imaging involves “the extraction
of quantifiable features from medical images for the

assessment of normal or the severity, degree of change, or

Received: September 3, 2020 Revised: October 22, 2020
Accepted: November 3, 2020

Corresponding author: Maxime Ronot, MD, PhD, Department of
Radiology, Hopital Beaujon, 100 boulevard du Général Leclerc,
92110 Clichy, France.

¢ E-mail: maxime.ronot@aphp.fr

This is an Open Access article distributed under the terms of

the Creative Commons Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

1300

assess prognosis, inform treatment selection, and monitor
response to various treatments [2]. In oncology and
abdominal disease, the response evaluation criteria in solid
tumors [3,4] or liver stiffness measurements [5,6] are two
examples of widely accepted and routinely used quantitative
tools.

Organ contours may be modified by anatomical variants
and physiological processes such as aging, or by various
acute or chronic conditions and diseases. Imaging can
visualize these changes, which may represent identifiable
features to help radiologists reach or clarify diagnoses. One

Copyright © 2021 The Korean Society of Radiology
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of the best examples is the liver capsule. In patients with
chronic liver disease, the gradual development of fibrosis
and regenerative hepatocellular nodules progressively leads
to a nodular liver contour, and this qualitative or semi-
quantitative sign has been shown to be highly specific for
the diagnosis of cirrhosis [7-11]. Smith et al. [12,13] used
a quantitative approach and showed that measurement

of liver surface nodularity (LSN) on routine computed
tomography (CT) images could accurately differentiate
cirrhotic from non-cirrhotic livers [12] and could predict
decompensated cirrhosis and death [13]. Since then, several
studies have further validated this quantitative approach by
showing its usefulness in detecting portal hypertension [14]
or predicting short-term outcomes in patients undergoing
liver resection [15].

In normal healthy subjects, the pancreas is a lobulated
organ, a feature familiar to radiologists. Lobularity has
been reported to increase with age [16]. Numerous focal
or diffuse diseases, such as pancreatic cancer, autoimmune
pancreatitis, diabetes, and locoregional treatments, such
as radiotherapy, may also affect pancreas surface lobularity
(PSL) on imaging [17-19]. Since the existing studies rely
on visual assessment alone, the possible value of a more
precise lobularity quantification remains unknown. Based
on the quantitative approach introduced by Smith et al.
[12,13] for the liver capsule, we hypothesized that PSL
could be quantified through CT.

Thus, the aim of the current study was to assess the
feasibility and reproducibility of PSL quantification derived
from abdominal CT in a population of adult patients free
from pancreatic disease to provide normal references for
future clinical studies.

MATERIALS AND METHODS

Patient Population

This retrospective study, including a chart review, was
approved by our Institutional Review Board; the requirement
for written informed consent was waived (number CRM-
2004-085). Patients with a normal pancreas were identified
and extracted from the prospective trauma database of
our on-site level 1 trauma center (highest level) between
January 2016 and January 2019. Patients with any type
of abdominal injury were excluded. Patients with clinical
signs of severity (e.g., hemorrhagic shock) that could
modify the appearance of the pancreas on CT were also
excluded. Severity was defined as an Injury Severity Score
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of 4 or more [20]. Subsequently, a total of 394 consecutive
patients were identified.

Care was then taken to exclude patients with a history
of pancreatic disease or diabetes. To do so, medical
charts were reviewed. Then, an abdominal radiologist
retrospectively reviewed all CT examinations to exclude any
patients with undetected abdominal traumatic injury or
features of pancreatic disease, in particular calcifications,
pancreatic duct dilation (> 5 mm), peripancreatic fat
stranding, and focal pancreatic solid or cystic lesions.
In addition, patients with a dysmorphic liver (i.e., liver
nodularity, segment IV atrophy, or segment I hypertrophy)
were excluded to avoid any type of chronic liver disease
that might influence pancreas morphology. Ninety-five out
of 394 patients were excluded because of the presence of
previously unreported minor abdominal injuries (n = 34),
pancreatic calcifications (n = 16), or pancreatic lesions (n =
45). None of the selected patients had a history of diabetes.
To rule out possible unknown diabetes, we also excluded 27
patients with glycemia > 200 mg/dL at admission. Another
34 patients without available glycemia evaluations were
excluded. The remaining 265 patients were considered for
PSL quantification. Figure 1 shows a flowchart of the study
population.

CT Protocol

Contrast-enhanced abdominal CT was performed on
128-section multi-detector CT scanners (Discovery CT750
HD LightSpeed, GE Healthcare). In our trauma center, the CT
protocol included a contrast-enhanced acquisition obtained
after intravenous administration of 2 mL/kg of non-ionic
contrast medium at 350 mg iodine/mL with a power injector,
through an 18-gauge catheter at a rate of 4 mL/s, and
following a split-bolus injection protocol to obtain arterial
and venous phase contrast on the same acquisition (nominal
thickness, 0.625 mm; reconstruction thickness, 1.25 mm).

Pancreas Surface Lobularity Quantification

PSL was quantified by two abdominal radiologists using
semi-automated CT software initially developed for LSN
quantification (LSN software, version 0.88). To determine
the mean attenuation of the pancreas (in order to calibrate
the software for each patient), a circular region of interest
(ROI) was drawn in the pancreatic head carefully excluding
vessels or large areas of intrapancreatic fatty infiltration.
If the size of the pancreatic head was not large enough,
the ROI was drawn in the body or tail. Radiologists then
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painted a 1 cm diameter ROI across the anterior margin

of the pancreas. The software automatically detected the
pancreatic edge compared to adipose tissue on the selected
section and on upward and downward continuous slices by
propagating the painted ROI. The software automatically
generated a smooth polynomial line to mimic a smooth
pancreatic surface. The distance between the detected
pancreatic margin and the polynomial line was measured on
a pixel-by-pixel basis, expressed in tenths of a millimeter.
Each ROI had to be at least 2.5 cm long to be used by the
software. Measurements were performed in three different

Sartoris et al.

areas: head (five measurements), body and tail (three
measurements each) following anatomical conventions [21],
resulting in a maximum of 11 measurements obtained for
each patient. Each individual measurement was considered
to be successful if the software provided a value, and if the
software did not include extra-pancreatic structures in its
computation. If the software did not provide a value, the
measurement was considered to be a failure. The value of
each successful measurement was recorded for each patient,
and the mean of the measurements was determined. Figure 2
shows an example of PSL quantification.

on contrast-enhanced CT between 2016 and 2019
n =421

Patients with non-severe trauma with no abdominal injury

Exclusion of patients with
- Pancreatic calcification
- Pancreatic lesion
- Undetected abdominal traumatic injury

Y

n=295

- Glycemia > 200 mg/dL at admission
n=27

- No available glycemia
n =34

Patients eligible to PSL measurement
n =265

PSL measurement failure

A4

A\ 4

- No pancreas-fat interface
n=15

Study population
n =250

Fig. 1. Flowchart of the study. CT = computed tomography, PSL = pancreas surface lobularity

Fig. 2. Example of PSL measurement in a 41-year-old male patient.

A-C. Figures show magnified contrast enhanced computed tomography (single acquisition, split-bolus injection protocol) with measurement
performed on the anterior margin of the head (A), body (B), and tail (C), respectively. The software automatically generates smooth polynomial
lines to mimic a smooth pancreatic surface (red lines) and detects the actual surface of the pancreas (green lines). The distance between the
detected pancreatic margin and the polynomial line was measured on a pixel-by-pixel basis and expressed as tenths of a millimeter. The mean
PSL score was 6.11. PSL = pancreas surface lobularity
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Statistical Analysis

Continuous variables are expressed as means + standard
deviations and were compared using the Student ¢ test or
Mann-Whitney test, and the ANOVA or Kruskal-Wallis tests,
when appropriate. Comparison of measurements in the same
patients required paired tests and mixed-effects models in
case of multiple comparisons. The Gaussian distribution of
the included variables was tested using the Kolmogorov-
Smirnov test. Comparisons between categorical variables
were performed using the chi-square test or Fisher's exact
test, when appropriate. Correlations were computed using
Pearson’s correlation coefficient.

Inter-reader variability was assessed by the intraclass
correlation coefficient (ICC) and the Bland-Altman plot.
The ICC agreement was based on the Landis and Koch
benchmark for Kappa agreement [22], with results of < 0.2
regarded as slight agreement, 0.2-0.4 as fair, 0.41-0.6 as
moderate, 0.61-0.8 as substantial, and 0.81-1 as excellent.
The 95% confidence interval (CI) was calculated.

All tests were two-sided and a p value less than 0.05
was considered to be statistically significant. Statistical
analyses and figures were performed using the MedCalc
software (v19.0.7, MedCalc Software Ltd.), SPSS statistical
package 25.0 software (IBM Corp.) and GraphPad Prism 8
software (GraphPad Software Inc.).

RESULTS

Feasibility of Pancreas Surface Lobularity Measurement
Fifteen patients (6%) could not be analyzed using the
software due to an insufficient pancreas-fat interface. The

remaining 250 patients included 143 male, mean age 43
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years (18-81 years), and 107 female (mean age, 47 years)
(18-91 years). The overall mean age of patients was 45
years (range, 18-91 years). The mean BMI was 24.9 +
4.2 kg/m?, and was not significantly different between
male and female (mean 25.2 + 4.0 vs. 24.6 + 4.4 kg/m?,
respectively, p = 0.277).

A total of 2750 individual measurements were performed,
and 2237 (81%) of these were successful. There were
951/1250 (76%), 609/750 (81%), and 677/750 (90%)
successful measurements in the head, body, and tail,
respectively.

Table 1 shows the distribution of patients according to
the number of successful individual PSL measurements. The
median number of successful measurements per patient was
10 (range, 1-11). At least three successful measurements
were obtained in 245/250 patients (98%). A total of
198/250 (79%), 184/250 (74%), and 211/250 (84%)
patients had three successful measurements or more in
the head, body, and tail, respectively (p < 0.001). Overall,
108/250 patients (43%) had 11 successful measurements.

Pancreas Surface Lobularity Quantification

Details of the PSL are provided in Table 2. The PSL for
the entire cohort was 6.53 + 1.37. When considering the
245 patients with > 3 individual measurements in the
whole pancreas, the mean PSL 6.53 + 1.37. The mean time
to obtain measurements was 240 + 113 seconds. PSL was
obtained in the head, body, and tail in 226/250, 218/250,
and 236/250 patients, respectively (p < 0.001). The mixed-
effects model showed significant within-patient differences
between PSL in the head, body, and tail (p < 0.001,
pairwise post hoc comparisons p = 0.007 to p < 0.001). PSL

Table 1. Distribution of the 250 Patients according to the Number of Successful Individual Pancreas Surface Lobularity
Measurements Obtained in the Head (From O to 5), the Body (From O to 3), and Tail (From O to 3) and All Together (From O to 11)

Measurements Head Body Tail Head + Body + Tail
0 24 (10) 32 (13) 14 (6) 0()
1 9 (4) 11 (4) 6 (2) 2 (1)
2 19 (8) 23 (9) 19 (8) 3(2)
3 24 (10) 184 (74) 211 (84) 4 (2)
4 38 (15) 3(2)
5 136 (54) 6 (4)
6 11 (7)
7 7 (4)
8 17 (10)
9 12 (7)

10 22 (13)
11 77 (47)

Data are presented as patients number (%).
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Table 2. PSL Measurement according to Age and Sex

Sartoris et al.

PSL Total PSL Head PSL Body PSL Tail P*
Total 6.53 £ 1.37 6.43 £ 1.58 6.07 £ 1.63 7.28 + 1.37 < 0.001
Male 6.89 + 1.30 6.74 + 1.61 6.37 + 1.69 7.84 +1.95 < 0.001
Female 6.06 + 1.31 5.97 + 1.42 5.66 + 1.20 6.51 +1.99 < 0.001
p valuef <0.001 <0.001 <0.001 <0.001
Correlation with age
r (p value) 0.32 (< 0.001) 0.35 (< 0.001) 0.18 (0.008) 0.24 (< 0.001)
Age category
18-30 years (n = 69) 5.95 + 1.05 5.76 + 1.13 5.63 £ 1.21 6.56 + 1.91 < 0.001
Male (n = 40) 6.32 + 0.96 6.03 + 1.07 6.06 + 1.13 7.24 +1.96 0.001
Female (n = 29) 5.43 £ 0.94 5.36 + 1.13 5.13 £ 0.88 5.71 + 1.48 0.060
p value' 0.0003 0.022 0.004 0.001
31-50 years (n = 75) 6.43 £ 1.08 6.20 + 1.29 5.99 + 1.61 7.12 +1.95 < 0.001
Male (n = 50) 6.72 + 1.02 6.43 + 1.39 6.25 + 1.51 7.57 £ 1.72 < 0.001
Female (n = 25) 5.86 + 0.99 5.64 + 0.78 5.41+1.71 6.17 + 2.10 0.042
p valuef <0.001 0.019 0.051 0.004
51-70 years (n = 86) 6.98 + 1.48 6.95 + 1.61 6.36 + 1.79 7.85 + 2.00 < 0.001
Male (n = 46) 7.39 £ 1.48 7.43 +1.58 6.62 + 1.99 8.41 + 1.94 < 0.001
Female (n = 40) 6.51 + 1.34 6.39 + 1.47 6.04 + 1.47 7.22 £1.92 < 0.001
p value' 0.005 0.004 0.154 0.007
71 years and older (n = 20) 7.06 + 1.94 7.24 + 2.48 6.41 +1.78 7.64 £ 2.60 0.084
Male (n=7) 8.12 + 1.76 8.72 + 2.83 7.12 £ 2.06 9.32 + 2.26 0.229
Female (n = 13) 6.49 + 1.85 6.51 + 2.03 6.05 + 1.59 6.66 + 2.32 0.481
p value® 0.115 0.125 0.423 0.023
p value total* < 0.001 < 0.001 0.060 0.002
p value male! < 0.001 <0.001 0.343 0.006
p value female? 0.003 0.013 0.061 0.015

*p value for the row comparison between head, body and tail, mixed-effects model, 'p value for the comparison between sex per age
category, t test, *p value for the comparison between age categories, ANOVA, ®p value for the comparison between sex per age category,

Mann-Whitney. PSL = pancreas surface lobularity

was significantly higher in the tail than in other parts of
the pancreas.

Relation with Age

PSL was moderately and significantly correlated with age
for the entire pancreas (r = 0.32, p < 0.001). Correlations
were also observed for each of the separate parts of the
pancreas. The correlation was stronger in the head (r = 0.35,
p < 0.001) and weaker in the body (r = 0.18, p = 0.008)
(Fig. 3).

After patient stratification by age category (18-30 years
[69 patients]; 31-50 years [75 patients]; 51-70 years [86
patients], and 71+ years [20 patients]), the mean PSL was
shown to gradually increase with age (mean 5.95 + 1.05,
6.43 + 1.08, 6.98 + 1.48, and 7.06 + 1.94, respectively, p
< 0.001). This remained significant in male and female (p <
0.001 and p = 0.003, respectively). It was also significant
when considering the pancreatic head or tail (totally and in
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male and female, separately). The results in the body neared
significance (p = 0.060) (Table 2, Fig. 4).

Relation with BMI

PSL was moderately and significantly correlated with BMI
for the entire pancreas (r = 0.32, p < 0.001). The correlation
was stronger in male (r=0.40, p < 0.001) than in female
(r=0.21, p = 0.031) (Fig. 5).

After patient stratification by BMI categories (i.e., < 18.5,
18.5-24.9, 25-29.9, and > 30 kg/m?), the mean PSL in the
entire pancreas gradually increased with the BMI categories
(p < 0.001). This was also true for the pancreatic head (p =
0.002) and body (p = 0.003), but not the tail (p = 0.234)
(Fig. 5). BMI was weakly but significantly correlated with
age (r=0.19, p = 0.003), and PSL appeared to be co-
associated with both age and BMI. Figure 6 shows the
progressive increase in PSL with age and BMI.
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Fig. 3. Distribution of PSL according to age.

A. Overall distribution of the entire cohort, the red line corresponds to the sliding PSL average over ten years, and shows a progressive increase
of PSL with age. B. Difference between male (black dots), and female (white dots). In both groups, PSL was significantly correlated with age (r=
0.39, p < 0.001 in male and r = 0.35, p < 0.001 in female). PSL = pancreas surface lobularity

Relation with Sex

PSL was significantly higher in male than in female
(mean 6.89 + 1.30 vs. 6.06 + 1.31, p < 0.001). This was
also true for each part of the pancreas taken separately (all
p < 0.001). The mean PSL in the head, body, and tail were
significantly different in both male and female (p < 0.001),
with PSL values found to be significantly higher in the tail
than in other parts of the pancreas. Supplementary Table 1
compares the results in male and female with similar ages
and BMI categories.

Inter-Observer Agreement

The measurements of the two readers were strongly
correlated (r=0.81, p < 0.001). Inter-reader agreement
was excellent, with an ICC of 0.82 (95% (I 0.72-0.85, p <
0.001). The Bland-Altman plot showed a systematic bias
of 0.30 with 95% limits of agreement of -1.29 and 1.89
(Table 3, Supplementary Fig. 1). Inter-reader variability
was higher for measurements in the body of the pancreas
(ICC 0.37 [95% CI 0.18-0.53], bias 1.53, with 95% limits
of agreement of -2.27 and 5.34) than for other parts of the
pancreas.

DISCUSSION

This study assessed the feasibility and reproducibility of
PSL quantification on CT images in a population of adult
patients free from pancreatic disease. Our results show that
PSL quantification was highly feasible and associated with
excellent inter-reader agreement. PSL was influenced by sex
and increased with both age and BMI.
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Fig. 4. Box plots representing the distribution of PSL according
to age categories (i.e. 18-30, 31-50, 51-70, and 71 or more
years old), in the head, body and tail of the pancreas, and for
the entire pancreas. PSL was found to significantly increase with
age in all parts of the pancreas, except in the body. Boxes represent
the 10th-90th percentile, whiskers 1st-99th percentile, and dots are
outliers. The central bar represents the median. Post-hoc comparisons:
*Head: all paired comparisons were significant except for 18-30 vs.
31-50 and 51-70 vs. > 71, 'Tail: only 18-30 vs. 51-70 found significant.
Other paired comparisons were not significant, *All: 18-30 vs. 51-70,
18-30 vs. > 71 and 31-50 vs. 51-70 were found significant. Other
paired comparisons were not significant. PSL = pancreas surface
lobularity

Overall, PSL quantification was shown to be highly
feasible. These results are interesting because the software
we used was created to quantify the nodularity of the liver
capsule [12], rather than the contours of the pancreas. This
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Fig. 5. Distribution of PSL according to BMI.

A. shows the difference between male (black dots) and female (white dots). In both groups, PSL was significantly correlated with BMI, but the
correlation was stronger in male (r = 0.40, p < 0.001) than in female (r = 0.21, p < 0.031). B. Box plots representing the distribution of PSL
according to BMI categories (i.e., < 18.5, 18.5-24.9, 25-29.9, and > 30 kg/m?), head, body, and tail of the pancreas, and in the entire pancreas.
PSL was found to significantly increase with BMI categories in all parts of the pancreas. Boxes represent the 10th-90th percentile, whiskers
1st-99th percentile, and dots are outliers. The central bar represents the median. Post-hoc comparisons: *Head: only 18.5-24.9 vs. > 30 was
significant, 'Body: only 18.5-24.9 vs. > 30 was significant, *All: 18.5-24.9 vs. > 30 and 25-29.9 vs. > 30 were significant. BMI = body mass

index, PSL = pancreas surface lobularity

Age/BMI

< 18.5

18.5-24.9 25-29.9

PSL value

18-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70

5.5

~N O

I3
cCLoUiout~wL o

— ©

Table 3. Inter-Reader Agreement for PSL Measurements
Bland Altman

71-75
76-80
> 81

Fig. 6. Heat map representing PSL values according to age (by
increment of 5 years) and BMI categories (i.e. < 18.5, 18.5-
24,9, 25-29.9, and > 30 kg/m?). The map shows the progressive
increase of PSL with both age and BMI. BMI = body mass index, PSL =
pancreas surface lobularity

software works by identifying the organ-fat interface; thus,
we hypothesized that it could be applied to other organs
with similar conspicuous contours, such as the pancreas.
These results validate this hypothesis because the technical
success rate was 94%, and only 15 patients had complete
measurement failures due to an insufficient pancreas-fat
interface. Noticeably, technical failure was not due to the
architecture of the software itself, but rather to anatomical
structures (e.g., gastroduodenal artery in the head, contact
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ICC (95% CI) Bias 95% 95%
Lower LOA  Upper LOA
PSL
Total  0.81 (0.74-0.86)  0.30 -1.29 1.89
Head 0.74 (0.78-0.90) 0.27 -1.89 2.43
Body 0.37 (0.18-0.53) 1.53 =2.27 5.34
Tail 0.74 (0.64-0.81) -0.35 -2.94 2.23

CI = confidence interval, ICC = intraclass correlation coefficient,
LOA = limits of agreement, PSL = pancreas surface lobularity

with the pyloric region or with the small gastric curve for
the isthmus and body, or a tortuous splenic artery on the
tail) that modified the pancreas contours and the pancreas-
fat interface. We arbitrarily chose to perform 11 individual
measurements per patient, separating the head, body, and
tail of the pancreas, to sample as much of the pancreas as
possible, and to assess possible differences in the parts of
the organ. The software provided a numerical value for 80%
of the measurements, and most of the patients had at least
three measurements. It is important to note that there were
significantly fewer successful measurements in the body of
the pancreas. Overall, inter-reader agreement was also found

https://doi.org/10.3348/kjr.2020.1049 kjronline.org
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to be excellent, but was only fair in the body. One possible
explanation is that the stomach presses against the anterior
margin of the body of the pancreas, degrading the organ-fat
interface and increasing the number of failures and inter-
reader variability. Although these results could be important
in defining the quality criteria of PSL measurements, this
was not a goal in this exploratory study of patients free
from pancreatic disease. Quality criteria must be determined
and validated in relation to clinically relevant endpoints
[23]. Nevertheless, our results suggest that measurements
should focus on the tail and head rather than the body of
the pancreas.

Histological changes in the pancreas, particularly fibrosis,
fatty replacement, and lobulocentric pancreatic atrophy,
are known to occur with age [24]. Pancreatic lobulation
is probably associated with these modifications and may
be more easily visualized on the border of the pancreas.
This would explain the age-related increase in lobularity
on both CT [25] and MRI [16], which is confirmed by our
study showing that PSL is positively correlated to and
significantly increases with age and age categories. This
is true in both male and female and in all parts of the
pancreas, except in the body. PSL was also shown to be
positively correlated with BMI and to significantly increase
with BMI categories. We believe these results should be
interpreted in relation to the well-known modifications in
the histology and volume of the pancreas in overweight
or obese patients [26-28]. Altogether, the co-association
of age and BMI with PSL suggests that this feature may
reflect significant histological changes, especially the fatty
infiltration of the gland. If these results are confirmed by
radio-pathological studies, this could support the clinical
value of PSL.

Indeed, our study was performed in patients free
from pancreatic disease, but histological changes in the
pancreas are known to be associated with diabetes [29],
carcinogenesis [26], or postoperative complications [30].
Kim et al. [31] Lim et al. [32] used different approaches
to demonstrate the association of CT-based quantitative
assessment of pancreatic fat with impaired glucose
metabolism, while Jang et al. [33] demonstrated the value
of CT texture analysis of the pancreas in predicting diabetes.
These studies suggest that non-invasive quantitative
evaluation of the pancreatic parenchyma on CT could be
clinically useful. We believe that our study provides a
reference for normal PSL to perform further clinical studies.

Our study showed for the first time that PSL significantly
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varied in the different parts of the pancreas, with higher
values in the tail. These results confirm the impression of
radiologists and surgeons and suggest that measurements
should be performed in similar parts of the pancreas over
time to avoid errors. More surprising were the consistently
lower PSL values in female compared to men. Although
one could imagine that these sex disparities reflected
differences in BMI or age in the cohort, the mean age and
BMI of male and female were similar. While performing

a sub-group comparison of sex with similar age and BMI
categories was more difficult to interpret because of the
small number of patients available for these analyses, sex
differences were confirmed in several cases. One explanation
is the possible unknown differences in medical histories
that may have affected the structure of the pancreas. We
excluded patients with a history of diabetes and those with
calcified peripancreatic arteries but other conditions, for
example, dyslipidemia or mild atherosclerosis, could have
resulted in chronic microscopic changes in the pancreatic
parenchyma, and therefore have influenced our results.
Visceral fat seems to be correlated to the fatty replacement
of the pancreas, and its association with PSL should be
investigated to address sex-related differences [34,35].

Our study has certain limitations. In addition to its
retrospective design, as mentioned above, we did not
perform radio-pathological correlations. Thus, we could
not compare CT-derived PSL with clinically significant
histological lesions affecting the pancreas, such as
fibrosis, fat, or pancreatic intraepithelial neoplasia. This
investigation is needed for a better understanding of the
PSL value. Second, certain conditions such as alcohol
intake were not evaluated because of the retrospective
selection of patients, and may have influenced the results,
even if exclusion criteria included visual signs of potential
chronic alcohol intake (pancreatic calcifications and liver
morphology). Third, PSL was only assessed on CT. Other
imaging techniques that are frequently performed in
patients with pancreatic disease, especially qualitative or
quantitative MR imaging, require specific studies.

In conclusion, we showed that CT-based PSL
quantification is feasible with a high success rate and with
high inter-reader agreement in patients free from pancreatic
disease. PSL was found to be higher in male, and gradually
increased with both age and BMI. The study provides
reference for further investigations assessing the diagnostic
and prognostic value of PSL in various clinical contexts,
such as diabetes, pancreatitis, or in the initial work-up of
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patients undergoing pancreas resection.
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