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ARTICLE INFO ABSTRACT

Keywords: Purpose: The purpose of this study was to identify attenuation threshold value on computed tomography (CT)

Acute necrotizing pancreatitis that allowed discriminating between interstitial edematous pancreatitis (IEP) and necrotizing pancreatitis

Multidetector row CT (MDCT) (NP) in patients with acute pancreatitis during the first week of the disease and evaluate interobserver repro-

X-ray computed tomography ducibility for the diagnosis of acute pancreatitis category.

Ezrlﬁjsgftg;;lcﬂ:ssi feation Materials and methods: Patients with acute pancreatitis who underwent CT examination of the abdomen
between March 2015 and December 2019 were retrospectively included. Actual diagnosis of IEP or NP was
based on final clinical report, follow-up evaluation, and complications. Six regions of interest were manually
placed in the pancreatic gland and peripancreatic fat, and differences in CT attenuation values before contrast
injection and during the portal venous phase of enhancement were computed. Performance in the diagnosis
of AP category was evaluated using receiver operating characteristic analysis. Interobserver agreement was
estimated by the intraclass correlation coefficient (ICC) and Bland Altman analysis was used to estimate
reproducibility between pairs of observers.

Results: Sixty-six patients with NP (46 men, 20 women; mean age, 55 + 17 [SD] years; age range: 20-
89 years) and 70 patients with IEP (39 men, 31 women; mean age, 54 + 18 [SD] years; age range:
21-87 years) were included. An enhancement value less than 30 Hounsfield units (HU) in the pan-
creatic gland during the portal phase compared to non-contrast phase, yielded 90.9% sensitivity (60/
66; 95% Cl: 81.3-96.6), 94.3% specificity (66/70; 95% CI: 86.0-98.4) and an area under curve of 0.958
(95% CI: 0.919-0.996) for the diagnosis of NP versus IEP. Interobserver reproducibility for pancreas
enhancement was good using Bland Altman plot and ICC was excellent for pancreatic gland analysis
(ICC 0.978; 95% CI: 0.961-0.988) but poor or moderate (ICC <0.634) regarding peripancreatic fat
necrosis.
Conclusion: By using a pancreas enhancement threshold value of 30 HU, CT is accurate and reproducible for
the diagnosis of NP during the first week of the disease.

© 2021 Société frangaise de radiologie. Published by Elsevier Masson SAS. All rights reserved.

Abbreviations RAC Revised Atlanta Classification

AP Acute pancreatitis ROC Receiver operating characteristic

AUC area under curve SIRS  Systemic inflammatory response syndrome
C- Unenhanced phase SD Standard deviation

C+ Enhaned phase

Cl Confidence interval

ICC Intraclass correlation coefficient
IEP  Interstitial edematous pancreatitis
NP Necrotic pancreatitis

1. Introduction

Acute pancreatitis (AP) is a frequent and potentially life-threaten-
ing condition [1,2]. According to the 2012 Revised Atlanta Classifica-
tion (RAC), AP can be classified into two distinct subtypes, which are

* Corresponding author. necrotizing pancreatitis (NP) and interstitial edematous pancreatitis

E-mail address: jean-pierre.tasu@chu-poitiers.fr (J.P. Tasu). (IEP), based on the presence or absence of necrosis, respectively [3].
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723 patients with CT examination performed for
acute pancreatitis

Excluded patients (n=169, 23.3%)
Uncertain histopathological results

*

554 patients with an initial CT examination for
acute pancreatitis performed within the first week

y :
Excluded patients (n = 102; 18.4%)

!

452 patients included, 386 patients diagnosed
with IEP and 66 patients with NP

l

and 66 patients with NP

Random selection providing 70 patients with IEP

Poor quality CT (n= 18: 17.6%)
Lack of unenhanced and/or portal
phase (n =20; 19.6%)

History of chronic or recurrent
pancreatitis (n = 43; 42.2%)
History of primary pancreatic
malignancy (n=21; 20.6%)

Fig. 1. Study flow chart. CT indicates computed tomography. NP indicates necrotic pancreatitis. IEP indicates interstitial edematous pancreatitis

IEP is more common and is associated with inflammation of the pan-
creas and/or the peripancreatic fat [4]; in this form, pancreas paren-
chyma shows enhancement on post-contrast computed tomography
(CT) or magnetic resonance imaging examinations. NP represents
only 15-20% of AP, involving either the pancreatic parenchyma and/
or the peripancreatic tissues [5,6]. The diagnosis of pancreatic necro-
sis is made when a lack of glandular enhancement for pancreatic
necrosis and/or a heterogeneous appearance of peri-pancreatic fat
for extra-pancreatic necrosis are observed. When imaging is per-
formed within the first few days following the onset of the disease,
the diagnosis of pancreatic necrosis can be challenging because the
parenchyma can present focal or global hypo-enhancing areas due to
inflammation or the beginning of the necrosis process. In such situa-
tions, post-contrast CT examination performed 5—-7 days later has
been described as more accurate [3].

However, an international multicenter study demonstrated mod-
erate agreement for the diagnosis of “parenchymal necrosis”
(Kappa = 0.539) and “head necrosis” (Kappa=0.516) and fair agree-
ment on the “type of pancreatitis” (Kappa = 0.370), and “extrapancre-
atic necrosis” (Kappa = 0.326) categories [7]. In a more recent single-
center study, interobserver agreement was also moderate
(Kappa = 0.45) for the detection of parenchymal necrosis during the
first four weeks after the onset of symptoms and in categorization of
peripancreatic collections (Kappa = 0.45) and did not improve with
time to CT [8], a finding that was inconsistent with previous reports
[9].

The point here is that the RAC definition of “glandular defect
enhancement” has been based on visual reader evaluation alone, and
is consequently insufficiently reliable. For this study, we made the
hypothesis that inter-reader agreement could be improved by identi-
fying an attenuation threshold value on CT to define necrosis during
the acute phase of the disease.

The purpose of this study was to identify attenuation threshold
value on CT that allowed discriminating between IEP and NP in
patients with AP during the first week of the disease and evaluate
interobserver reproducibility for the diagnosis of AP form.

2. Material and methods

This retrospective study was approved by our institutional review
board (IRB # 12-2018) and requirements for informed consent of the
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patients was waived, in accordance with French legislation on retro-
spective studies using anonymized data.

2.1. Patients

The database of our Institution was queried to identify all patients
with AP who underwent CT examination of the abdomen between
March 2015 and December 2019. In accordance with the RAC [3], AP
was defined as the presence of at least two of the following three fea-
tures: abdominal pain consistent with AP disease, serum lipase at
least 3-fold greater than the upper limit of normal, and/or imaging
findings typical for AP. A total of 723 patients older than 18 years
were initially retrieved. The first exclusion criterion was a delay
between symptoms and CT examination of more than seven days
(n=169), and other exclusion criteria were poor-quality CT examina-
tions (n = 18), lack of unenhanced and/or enhanced acquisition
(n = 20), history of chronic or recurrent pancreatitis (n = 43), and his-
tory of primary pancreatic malignancy (n = 21). Out of the 452
patients included, patients with NP constituted the first group
(n=66), and a sample of IEP patients from the 386 remaining patients
was randomly selected to constitute the second group. Fig. 1 shows
the patient flow chart.

From the clinical discharge report, several parameters were
recorded including sex, age, admission date, time from symptom to
CT, presence, or lack of systemic inflammatory response syndrome
(SIRS), etiology, organ failure (persistent and transient, in line with
the RAC), presence and type of early and late (after one week accord-
ing to RAC) complications and in-hospital mortality.

2.2. CTimaging technique

All abdominal CT examinations were performed with a single
device (Aquilion® 64, Canon Medical Systems). All patients were
examined in supine position. Image acquisition was performed in
craniocaudal direction during breath-hold. The CT protocol included
an abdominal unenhanced phase acquisition (C-) and at least one
portal venous phase acquisition (C+) obtained 70 s after the begin-
ning of the intravenous administration of contrast material (lomeprol
or lomeron® 350, Bracco Imaging; lobitridol, Xenetix® 350, Guerbet;
Iohexol, Omnipaque® 350, GE Healthcare). The contrast mateiral was
injected at a dose of 0.5 mg of iodine per kilogram of body weight
and at a flow rate of 2.5—4 mlL/s through a superficial vein of the
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forearm. The CT settings used were: tube voltage of 100-120 Kv, mAs
automatically modulated in z direction, 0.5 s rotation time, 1.4 pitch,
512 x 512 matrix and 0.5 mm collimation. All images were recon-
structed with 2.0 mm section collimation in a 0.5 mm increment.

2.3. Reference diagnosis

Final clinical discharge report was used as reference for the diag-
nosis of AP category according to a multicriteria definition. AP associ-
ated with organ failure lasting more than 48 hours after onset of the
disease and or one or more complications such as walled-off necrosis,
pseudoaneurysm, vascular thrombosis and/or digestive fistula were
considered in favor of NP. A lack of early or late complications except
for pseudocyst, and/or CT performed seven days after the onset of the
disease, demonstrating normal, diffuse, or localized enlargement of
the pancreatic parenchyma with or without fluid collections lacking
solid components, was considered in favor of IEP.

Infected collection suggesting NP was not sufficient for the diag-
nosis of AP category. Clinical and CT follow-ups were finally used to
establish the final diagnosis of AP category.

2.4. Parameters and image analysis

One abdominal radiologist, reader 1 (R. L.G.) with five years of
experience, reviewed each CT examination on a dedicated picture
archiving and communication system unit (McKesson Radiology Sta-
tion 11; McKesson Medical Imaging Group). Axial, coronal, and sagit-
tal images could be used by the reader. The reader knew that the
patients had AP but was unaware of other clinical data, including AP
category. The CT images were analyzed for the presence of the fol-
lowing signs: criteria to assess mCTSI [9] (intrinsic pancreatic abnor-
malities with or without inflammatory changes in peri-pancreatic fat,
pancreatic or peripancreatic fluid collection or peripancreatic fat
necrosis, level of pancreatic necrosis + 30% of total surface portal,
extrapancreatic complications), splenic or mesenteric venous
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thrombosis. The reader had to manually place six regions of interest
(ROI), on C- and C+ images, three within the pancreas, on the head,
body and tail parts (further referred to as ROI1, ROI2, ROI3 respec-
tively), and three in the corresponding anterior abdominal fat near
the pancreas ROI (further referred to as ROI4, ROI5 and ROI6 respec-
tively). ROIs were round and had a surface of at least 60 mm?2. ROIs
were placed at the center of the pancreatic parenchyma in order to
avoid partial volume bias, calcifications, vessels, necrotic collections,
and pancreatic cysts, in an area where the enhancement seemed to
be the weakest on portal phase. For peripancreatic fat, ROIs were
placed in the peripancreatic area as close as possible to the corre-
sponding pancreas ROIL One additional ROI (further referred to as
ROI7) was placed on portal vein on C- (further referred to as ROI7¢.)
and C+ (further referred to as ROI7.,) images. Mean attenuation val-
ues in Hounsfield unit (HU) for each of the 14 ROIs per patient were
used for analysis. Fig. 2 illustrates the placement of ROIs.

In each location, the difference in attenuation values of ROIs
between before and after contrast enhancement during the portal
phase for each location was computed. Because decreased enhance-
ment of the pancreatic gland may be heterogenous, minimum
enhancement value (ROIc. - ROIc.) was studied specifically among
the three areas of pancreatic gland measures to consider the possible
geographic variation of this parameter.

To take into account a possible impact of the quality of contrast
injection and in accordance with a previous report [10], enhance-
ment value was weighted by portal vein attenuation according to the
ratio Rx: [(ROIXcs - ROIXc.)-(ROI7¢-ROI7¢.)]/(ROI7¢.-ROI7¢.), and the
minimum value of this ratio, the R index, was retained from the first
3 glandular ROIs.

2.5. Reproducibility study

In order to evaluate reproducibility, repeated measures were per-
formed on 30 randomly selected patients by two other readers,

Fig. 2. 54-year-old woman with acute pancreatitis of biliary origin. Six regions of interest (ROI) are placed. Three ROIs are placed on the head, body and tail (ROI1, ROI2, ROI3 respec-
tively) and three ROIs in the corresponding anterior abdominal fat near the pancreas (ROI4, ROI5 and ROI6 respectively). Two additional ROIs were placed on the portal trunk (not

shown).
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reader 2 (J.-P. T.) with 25 years of experience and reader 3 (I. BR.),
with six years of experience in abdominal imaging.

2.6. Statistical analysis

Quantitative variables were expressed as mean + standard devia-
tions (SD) and ranges, and qualitative variables as raw numbers, pro-
portions and percentages. Mann-Whitney nonparametric test was
used to compare attenuation data between AP categories. Threshold
attenuations for the diagnosis of AP types were evaluated in terms of
sensitivity and specificity with their corresponding 95% confidence
intervals (CI). The discriminatory performance of pancreas enhance-
ment was evaluated using a receiver operating characteristics (ROC)
analysis with a calculation of area under the curve (AUC) as an overall
accuracy estimate. Cross-validation (leave-one-out) was applied to
obtain generalizable estimates of AUC and their 95%Cl. An optimal
cutoff was determined from the ROC curve using the Youden ] index
(Se+Sp-1).

Interobserver agreement was estimated by the intraclass correla-
tion coefficient (ICC) with 95% confidence limits obtained from a
two-way random effect mixed model of analysis of variance [11],
with ICC <0.5 indicating poor reliability, between 0.5 and 0.75 mod-
erate, between 0.75 and 0.9 good, and ICC >0.9 indicating excellent
reliability. Bland Altman plots were used to estimate reproducibility
between pairs of observers with quantification of bias and 95% limits
of agreement. Statistical significance was set at P < 0.05 (two-sided).
Statistical analyses were performed with SAS version 9.4 (SAS Inc)
and GraphPad Prism version 7.00 for Windows (GraphPad Software).

3. Results
3.1. Population characteristics

During the study period, 136 patients were evaluated; 66 patients
(48.5%) had NP (46 men, 20 women; mean age, 55 + 17 [SD] years;
age range: 20—89 years) and 70 patients (51.5%) had IEP (39 men, 31
women; mean age, 54 + 18 [SD] years; age range 21-87 years).
Among patients with NP, there were 6 patients (9%) with peripancre-
atic necrosis and 60 patients (91%) with peripancreatic and pancre-
atic necrosis according to the RAC. Table 1 indicates the main
characteristics of the two groups.

In patients with NP, the most common late complication was
walled-off necrosis (33/66; 50%), followed by pancreatic necrosis
infection (20/66; 30%), digestive fistula (9/66; 13%) and pseudo-
aneurysms/arterial erosion (5/66; 8%). Organ failure over 48 hours
was observed in 5/66 patients (8%) and was the most common acute
complication. Modified CTSI (mCTSI) score was 8.27 + 1.26 (SD)
(range 6—10) for patients with NP and 2.94 + 2.20 (SD) (range: 0—8)
for patients with IEP. Delay between symptoms and CT examination
was 3.59 + 1.68 (SD) days (range: 2—8 day) for patients with NP and
4.13 + 1.42 (SD) days for patients with IEP (range: 2—7 day) (Table 1).

3.2. CTimage analysis

The results of comparisons of attenuation values and enhance-
ment of pancreatic gland and peripancreatic fat between NP and IEP
are presented in Table 2. Enhancement were different between the
two AP categories (P <0.001) in the three ROIs placed on the pancre-
atic gland; AUCs were 0.859, 0.862 and 0.866 for RO1, ROI2 and ROI3
respectively. Considering the minimal ROI enhancement value in
pancreatic gland, AUC was 0.958 (95% CI: 0.919-0.996); a threshold
value of 30 HU was associated with 90.9% sensitivity (60/66; 95% CI:
81.3-96.9) and 94.3% specificity (66/70; 95% CI: 86.0—98.4) for the
diagnosis of NP versus IEP (Fig. 3). No CT attenuation threshold value
was found to diagnose peripancreatic fat necrosis.
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Table 1
Characteristics and complications in 136 patients with acute pancreatitis
Variables Necrotizing AP Interstitial P
(n=66) edematous AP
(n=70)

Sex 0.110

Male 46 (70%) 39 (56%)

Female 20 (30%) 31 (44%)

Age (year) 55+ 17 [20-89] 54 +£18[21-87] 0.900

Cause of AP 0.084

Biliary 20 (30%) 33(47%)

Alcoholic 25 (38%) 24 (34%)

Other 21(32%) 13(19%)

Complications

Organ failure > 48 34 (52%) 0(0%) <0.001
hours

Renal failure 17 (26%) 0(0%) <0.001

Respiratory failure 12 (18%) 0(0%) <0.001

Shock 7(11%) 0(0%) 0.005

Arterial erosion/ 5(8%) 0(0%) 0.025
aneurysm

Infected pancreatic 20 (30%) 0(0%) <0.001
necrosis

Digestive fistula 9(14%) 0(0%) 0.001

SIRS 33 (50%) 0(0%) <0.001

Organized necrosis 25 (38%) 0(0%) <0.001

Severity (Atlanta) <0.001

Mild 0(0%) 57 (81%)

Moderately severe 30 (46%) 13(19%)

Severe 35 (54%) 0(0%)

Mortality 6(9%) 0(0%) 0.012

Days from symptom  3.59 + 1.68 [2—8] 413 £ 1.42 [2-7] 0.018
to CT examination

mCTSI Score 827+ 1.26[6-10] 2.94+220[0-8] <0.001

Lipasemia (IU/L) 2235 +3165[30 1058 + 1070 [158 0.015

—18240] —4940]
SIRS 55 (85%) 25(37%) <0.001

Qualitative variables are expressed as raw numbers followed by percentages in
parentheses. Quantitative variables are expressed as means + standard devia-
tions followed by ranges in brackets.

AP = Acute pancreatitis; mCTSI = Modified CT score index; SIRS = Systemic
inflammatory response syndrome; IU = International unit.

Regarding the R index, AUC was 0.953 (95% CI: 0.915-0.992) and
with a threshold of -0.7, sensitivity was 90.9% (60/66; 95% CI 81.3
—96.9) and specificity 94.3% (66/70; 95% CI 85.8—98.4). Stratified
analysis relating to delay between symptom onset and CT examina-
tion demonstrated no significant differences between ROC curves of
minimal ROI enhancement (P = 0.50), before (AUC = 0.963; 95% CI:
0.911-0.999) and after three days (AUC = 0.931; 95% CI. 0.851
—0.999).

3.3. Reproducibility

Among the 30 randomly selected patients, 11 patients had NP and
19 had IEP. Results of Bland Altman plots analysis are reported in
Table 3 and Fig. 4. Results of ICC analysis are reported in Table 3. ICC
was > 0.9 for all pancreatic ROIs, corresponding to excellent
interobserver agreement, but ICC was < 0.634 for peripancreatic fat
(Table 3). ICC was 0.978 (95% CI: 0.961-0.988) for the minimum
enhancement value and 0.964 (95% CI: 0.935—0.981) for the R index
(Table 3).

4. Discussion

A CT-based subjective diagnosis of early AP category based on
pancreatic parenchyma enhancement modifications is sometimes
challenging in daily clinical routine. Our results show that a CT
threshold of 30 HU for pancreatic enhancement is accurate in the
diagnosis of pancreatic necrosis and associated with excellent inter-
observer reproducibility and not influenced by enhancement of the
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Table 2
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Attenuation (enhancement, minimal pancreatic gland enhancement value) and R index in 66 patients with nec-
rotizing acute pancreatitis and 70 patients with interstitial edematous acute pancreatitis

Necrotizing AP (n=66) Interstitial edematous AP(n=70) P
Pancreatic gland ROI1 C- 325498 394 +10.7 <0.001
ROIT C+  61.1+£25.7 97.9+20.2 <0.001
ROI1DC  28.6+208 58.4+15.3 <0.001
ROI2 C- 324+102 38.8+92 <0.001
ROI2C+  59.0 +244 97.0 +20.1 <0.001
ROI2DC  26.6 £22.1 582+ 155 <0.001
ROI3 C- 327+11.8 39.6+95 <0.001
ROI3BC+  58.1+26.3 98.0+18.1 <0.001
ROIBDC  25.5+23.1 584 +153 <0.001
Peripancreatic fat  ROI4 C- -47.4 +35.3 -62.8 +46.0 0.010
ROM4 C+  -31.7+383 -52.3+48.2 0.010
ROM4DC 157 £20.1 10.5+18.2 0.040
ROI5 C- -55.6 £33.4 -64.44 £ 46.0 0.070
ROI5C+  -40.0 +43.5 -49.81 £ 46.9 0.260
ROI5DC 156 +20.8 14.6 +£19.7 0.88
ROI6 C- -49.3 £32.6 -66.5 +44.2 0.01
ROI6 C+  -34.1+369 -52.9 +45.2 0.01
ROIEDC 153 +183 13.6 +20.4 0.32
Portal vein ROI7 C- 394+78 41.7 £4.9 0.02
ROI7 C+ 149.3 £23.8 160.9 +22.9 <0.001
ROI7DC  110+23.8 1193 +£22.2 0.01
ROI 1,2,3 Min DC 109 +14.3 51.6 +14.3 <0.001
R 0.39+0.17 0.61+0.08 <0.001

Variables are expressed as means + standard deviations in Hounsfield units. Measurements were performed
before (C-) and after injection (C+); DC enhancement (formula: C+ minus C-); Min DC indicates minimum
enhancement value in pancreatic gland; R indicates minimum enhancement ratio in pancreatic gland weighted

by portal vein enhancement.
AP = Acute pancreatitis; ROI = Region of interest.

100 =
\40 HU
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R ;
> ] :
= 60 20 HU
=
‘»
c ]
o 40
»
20 -
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Fig. 3. Graph shows ROC curve of minimal pancreatic gland enhancement for the dis-
crimination between necrotizing and interstitial edematous acute pancreatitis.

portal vein. According to Balthazar et al. [12], an ideal AP detection
tool should have high sensitivity, be able to depict necrosis early (ide-
ally within 48 hours), be performed rapidly, be available in most hos-
pitals, be relatively inexpensive, and be objective and not observer-
dependent. With a CT density threshold, all these criteria are met,
thereby reinforcing the role of CT imaging in the early phase of AP.
While the RAC defines NP as “glandular defect enhancement”, this
criterion remains subjective, linked to visual analysis, and has been
shown to be poorly reproducible [7, 8]. A precise attenuation threshold
has previously been validated in many fields of radiology and helps
improve reproducibility; this can be illustrated by the Bosniak's
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classification used for kidney cysts [13]. For renal cysts, a threshold of
20 HU is commonly admitted, while a threshold of >20 HU increases
the specificity of identifying a mass as solid, but at the penalty of a
lower sensitivity. For the pancreas, our study is to our knowledge the
first to determine a threshold for pancreatic enhancement. Precon-
strast pancreatic CT attenuations of 40-50 HU on unenhanced CT
images are expected to increase to 100—150 HU after intravenous
administration of contrast material. Balthazar et al. suggested that a
lack of contrast enhancement or minimal contrast enhancement of less
than 30 HU of the pancreas indicated decreased ischemia and was
associated with the development of necrosis [12]. This statement was
likely based on his personal experience, rather than on a dedicated
study. Only one study has focused on “fulminant pancreatitis”, showing
decreased enhancement (from 0 to 15 HU; P < 0.001) after contrast
injection compared to less severe forms that were associated with an
enhancement between 30 and 40 HU [14]. However, this study
included only 28 patients and these results may not be reproducible
with recent CT technology, factors limiting the power of these results
[14]. In the same idea and more recently, Liu et al. showed than mean
pancreatic CT density based on CT can provide early prediction of per-
sistent organ failure or infected pancreatic necrosis [15].

The explanation for lack of enhancement in NP is well-known.
In IEP, the pancreatic capillary network is not affected, presenting
vasodilation associated with persistent post-contrast enhance-
ment. In NP, the pancreatic capillary network is digested by the
pancreatic enzymes, leading to areas of decreased or absent
enhancement [16].

Several factors and potential pitfalls should be kept in mind
regarding pancreas attenuation measurement: First, pancreatic
enhancement can be substantially decreased when fatty infiltration
is present [17]. Second, it has been reported that a slight variation in
the enhancement values of the head, body, and tail of the pancreas is
sometimes observed in healthy individuals [18]. Impact of localized
or diffuse change in the texture of the gland must be sought out.
Third, presumed pancreatic ischemia manifesting as areas of
decreased attenuation on the initial CT examination could be
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Table 3
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Reproducibility analysis among three observers in 30 randomly selected patients for ROl measurements before and after injection, enhancement, minimum enhancement

and R index values.

Reader 1 Reader 2 Reader 3 Reader 3 vs. Reader 1 Reader 3 vs. Reader 2 Reliability (3 observers)
Bias P Bias P ICC (95% CI)
Pancreatic gland ROI1 C- 382+11.0 38.9+10.8 38.6+10.3 037 +£4.28 064 -0.33+3.51 0.61 0.938 (0.889-0.966)
ROI1 C+ 92.9+24.7 92.1 +£244 92.3 +£24.7 -0.60 + 3.82 040 0.17+3.26 0.78 0.987 (0.976-0.993)
ROI1DC  54.7+18.9 53.2+188 53.7+£20.0 -0.97 £5.51 034 0.50+34.85 0.58 0.962 (0.931-0.979)
ROI2 C- 383+96 379+95 38.2+103 -0.10 £3.17 0.86 0.33+275 0.51 0.954 (0.917-0.975)
ROI2 C+ 91.2 +26.1 90.4 +25.3 91.2+ 259 -0.07 + 3.85 093 0.80+3.24 0.19 0.990 (0.982-0.995)
ROI2DC 529 +21.2 52.5+19.6 53.0 +£20.5 0.03 +4.79 097 047 +391 0.52 0.976 (0.957-0.987)
ROI3 C- 39.8+84 39.1+84 39.8+86 -0.03 £ 3.63 096 0.70+3.11 0.23 0.915 (0.850-0.953)
ROI3 C+ 92.1+239 91.3 £23.1 91.5+ 239 -0.53 +3.31 038 0.20+4.17 0.79 0.988 (0.978-0.994)
ROI3DC 523 +£22.2 5234205 51.8£22.9 -0.50 £5.32 0.61  -0.50 +5.49 0.62 0.972 (0.949-0.985)
Peripancreatic fat  ROI4 C- -69.3 £ 34.0 -78.7 £22.6 -66.0 £ 35.1 3.33+37.69 0.63  12.70 +22.51 0.01 0.487 (0.291-0.687)
ROI4 C+ -51.9 +39.5 -64.1 £28.5 -47.1 £384  4.83 +£46.22 057 17.07+2263 <0.001  0.436(0.241-0.652)
ROI4DC  174+272 14.6 +£ 9.6 18.9+19.3 1.50 + 32.94 080 4.37+1887 0.22 0.091 (0.007-0.594)
ROI5 C- -70.0 £35.3 -78.6 £29.2 -67.0 £33.2 3.03 £31.20 0.60 11.60+28.88  0.04 0.634 (0.453-0.784)
ROI5 C+ -64.2 + 35.8 -67.5+32.2 -44.5 + 471 19.73 £ 43.47 0.02  22.97+4157 001 0.479 (0.283-0.681)
ROI5DC 5.8 +244 11.1+£9.0 225+234 16.70 + 36.61 002 1137+23.75 0.01 0.000
ROI6 C- -70.8 £34.7 -81.7 £19.8 -68.7 £33.5 2.03 +30.15 0.71 1293 +£2399 0.01 0.528 (0.333-0.714)
ROI6 C+ -55.5 £ 45.6 -71.5 £25.0 -47.7 £43.9 7.83 +47.65 038 23.80+36.22 <0001 0.336(0.153-0.586)
ROI6DC 152 +36.5 102 +£94 21.0+209 5.80 + 40.44 044 10.87+2194 001 0.021 (0.000-0.998)
Portal vein ROI7 C- 412456 403 +44 413 +5.1 0.07 &+ 4.40 093 0.93+3.01 0.10 0.698 (0.532-0.824)
ROI7 C+ 163.9 £ 26.1 163.8+£26.5 16434263 033 +3.21 0.57 0.50+3.22 0.40 0.993 (0.986—0.996)
ROI7DC  122.7 +24.1 1234+£252 123.0+£255 027+5.64 0.80 -043+4.12 0.57 0.979 (0.961-0.989)
ROI1,2,3 Min DC 46.6 +21.5 46.1 +20.6 45.8 £22.8 -0.27 £4.73 098 -0.77 +£4.32 0.98 0.978 (0.961-0.988)
Rindex -0.62 £0.17 -0.62 £0.16 -0.62 £0.17 -0.004 £0.041 057 0.002+0.040 0.78 0.964 (0.935-0.981)

Bias is expressed as mean =+ standard deviation of differences between paired observations. DC enhancement (formula: C+ minus C-); Min DC indicates minimum
enhancement value in pancreatic gland; CI = Confidence interval; ICC = Intraclass correlation coefficient; ROI = Region of interest.
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Fig. 4. Graph shows Bland Altman plots for inter-observer reproducibility for minimal
pancreatic gland CT enhancement for two observers. Dotted lines represent mean bias
and 95% limits of agreement. Red triangles represent patients with necrotic pancreati-
tis (n = 11) and green circles patients with interstitial edematous pancreatitis (n = 19).

reversible; all these points are subjected to speculation and require
further study [19].

Dynamic CT with perfusion imaging allows assessment of pan-
creas perfusion by evaluating the degree of ischemic change associ-
ated with AP severity [20]. One study revealed that pancreatic blood
flow, blood volume and mean transit time were significantly lower in
patients who developed severe AP in the presence of pancreatic and/
or peripancreatic necrosis [21]. However, there was a large overlap in
all these parameters between mild and severe AP forms. In addition,
the rate of failed examination may reach up to 23% [20], and the
method requires a breath-hold of 40 s, which might be difficult to
achieve in acutely ill patients.

Dual-energy CT technique is a promising technique that has sev-
eral applications in the abdomen [22, 23]. This technique was
recently evaluated for the early diagnosis of acute pancreatitis [24].
Iodine attenuation parameter was associated with better
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performance (AUC = 0.855) than attenuation value measurement
(AUC = 0.835) and visual analysis (AUC = 0.797) in the diagnosis of
AP, iodine attenuation being lower in AP compared to normal pan-
creas. The authors explained this apparent discrepancy by increased
capillary permeability in pancreatitis with subsequent fluid loss, to a
greater extent than in normal pancreas [24]. Despite these interesting
results, experience with the iodine quantification technique in pan-
creas imaging remains scarce and material decomposition analysis
has yet to be investigated as a means of diagnosing pancreatitis
forms. Given its high tissue contrast, the place of magnetic resonance
imaging should be considered as an alternative imaging method. Fur-
ther studies are nonetheless required.

In our study, we did not find a CT attenuation threshold value to
diagnose peripancreatic fat necrosis. This result could be explained
by poor vascularization of fat. However, dual-energy CT seems to dis-
criminate between different fat contents at low energy levels after
contrast enhancement [25]. These promising results should warrant
further studies.

Our study has some limitations. The results of the diagnostic accu-
racy analysis should be considered with caution given our retrospec-
tive study design, which can be associated with potential selection
bias. Although we adopted randomized patient selection to mitigate
this limitation, a prospective study is required to validate our initial
results. Another limitation is that we investigated portal-phase
images. The imaging standard for the pancreas is commonly the pan-
creatic phase, which occurs earlier [26]. However, it is commonly
admitted that in AP, the portal phase is used to evaluate pancreatic
parenchyma enhancement [27]. In addition, the use of a fixed time
interval for the portal phase may have influenced our results,
given that this technique does not take into account cardiac func-
tions or quality of contrast material administration. However, we
have shown that inclusion of portal enhancement does not
change diagnostic accuracy. The absence of histological confirma-
tion could be an issue; the diagnosis of AP category was therefore
performed during patient follow-up, and we cannot rule out the
possibility that some mild NPs were incorrectly classified because
of the lack of complications. Indeed, the definition used here to
define NP corresponds more to severe AP according to RAC
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criteria [3]. Consequently, the threshold proposed here could cor-
rectly classify non severe forms as opposed to severe forms more
than IEP and NP. Finally, we did not evaluate the capabilities of
more refined quantitative imaging features to discriminate
between NP and IEP [28—30]

In conclusion, this study shows that pancreas enhancement on
post contrast CT images less than 30 UH during the portal phase is an
accurate and reproducible threshold to diagnose NP. However, we
failed to identify a CT attenuation threshold value to diagnose peri-
pancreatic fat necrosis.
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