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Abstract

Objectives To evaluate the diagnostic performance of a dual-energy computed tomography (DECT)-based technique using
iodine quantification and fat fraction analysis for the diagnosis of early acute pancreatitis

Methods In this retrospective study, 45 patients (35 men and 10 women; mean age, 54.9 + 14.0 years) with early acute pancre-
atitis were included. Serum lipase levels and follow-up examinations served as the reference standard. A matched control group
(n=45) was assembled for evaluation of material decomposition values of normal pancreatic parenchyma. Three blinded
radiologists independently interpreted all cases on conventional grayscale DECT series. In addition, readers re-evaluated all
cases by manually performing region-of-interest (ROI) measurements on pancreatic-phase DECT material density images of the
head, body, and tail of each patient’s pancreas. Receiver operating characteristic (ROC) curve analysis was performed to estimate
the optimal threshold for discriminating between inflammatory and normal pancreas parenchyma.

Results DECT-based iodine density values showed significant differences between inflammatory (1.8 +0.3 mg/mL) and
normal pancreatic parenchyma (2.7 +0.7 mg/mL) (p<0.01). Fat fraction measurements showed no significant differ-
ences (p=0.08). The optimal iodine density threshold for the diagnosis of acute pancreatitis was 2.1 mg/mL with a
sensitivity of 96% and specificity of 77%. lodine quantification revealed an area under the curve (AUC) of 0.86,
significantly higher compared to standard image evaluation of the radiologists (AUC, 0.80; sensitivity, 78%; specific-
ity, 82%) (p <0.01).

Conclusion DECT using iodine quantification allows for diagnosis of early acute pancreatitis with higher sensitivity compared to
standard image evaluation.

Key Points

* lodine density values showed significant differences between inflammatory and normal pancreatic parenchyma.

* DECT using iodine quantification allows for diagnosis of early acute pancreatitis.

* An iodine density of < 2.1 mg/mL optimizes the diagnosis of acute pancreatitis.
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Abbreviations

AUC  Area under the curve

CT Computed tomography

DECT Dual-energy computed tomography
ROC  Receiver operating characteristics
ROI Region of interest
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as the inflammatory process can remain localized in the pan-
creas or spread to regional tissues and involve remote organ
systems [3, 4]. Determining the severity of the disease is cru-
cial for predicting clinical complications since severe pancre-
atitis, which is characterized by a protracted clinical course
and multiorgan failure, occurs in 20-30% of all patients with
acute pancreatitis [2]. Therefore, early staging is essential in
these subjects to provide therapeutic intervention and prevent
irreversible organ damage. However, while severe pancreatitis
may be accurately assessed using CT, the detection or dismiss-
al of early acute pancreatitis can be challenging since
peripancreatic inflammation may not be apparent in early or
mild acute pancreatitis [2—4].

Dual-energy CT (DECT) uses the information of two X-ray
beam energies and the corresponding differences of absorp-
tion characteristics to perform material decomposition analy-
sis [5]. This approach can provide accurate blood supply mea-
surements of different tissues [6]. Several prior studies have
examined DECT material decomposition analysis for tumor
characterization and evaluation of tumor response [7-9].
Moreover, Yin et al investigated this technique in the field of
pancreatic imaging and reported an improved diagnostic per-
formance for the differentiation between mass-forming chron-
ic pancreatitis and pancreatic ductal adenocarcinoma [10].
However, the value of DECT material decomposition analysis
in the context of early acute pancreatitis remains unknown.

Therefore, the purpose of this study was to investigate the
diagnostic performance of contrast-enhanced DECT with ma-
terial decomposition analysis using iodine quantification and
fat fraction analysis for the diagnosis of early acute
pancreatitis.

Material and methods
Study population

This retrospective, single-center study was approved by our
institutional review board, and a waiver for written informed
consent was obtained. We reviewed our institutional databases
to identify patients with clinically suspected early acute pan-
creatitis who had undergone DECT examinations on the same
dual-source DECT scanner (SOMATOM Force, Siemens
Healthineers) between October 2015 and January 2018.
According to the revised Atlanta classification of acute pan-
creatitis, only patients with abdominal pain suggestive of pan-
creatitis (acute onset of a severe, persistent pain located in the
upper abdomen and often radiating to the back) and elevated
serum lipase levels three or more times than normal were
included [11, 12].

Exclusion criteria were examinations with no adequate ref-
erence standard (n =2) (see “Reference standard” section for
details) as well as those with deviations from the standard

contrast media injection protocol (n=5). Further exclusion
criteria were patients younger than 18 years (n =2), patients
with known chronic or recurrent pancreatitis (n = 16), and CT
examinations performed after the first week of onset of disease
(n=38) according to the general definition of early acute pan-
creatitis [11]. None of the subjects had a history of primary
malignancy or underwent endoscopic retrograde
cholangiopancreatography (ERCP) prior to onset of the
symptoms.

Our final study cohort consisted of 45 patients (mean age,
54.9 +14.0 years; range, 18-95 years) including 10 women
(mean age, 51.4 £ 19.6 years; range, 20—78 years) and 35 men
(mean age, 55.9 = 18.7 years; range, 18-95 years) (Table 1). A
control group of 45 subsequent patients (mean age, 54.5 =
15.2; range, 21-82 years) without a history or diagnosis of
pancreatic inflammation or malignancy, consisting of 10
women (mean age, 51.2 +18.4; range, 21-75 years) and 35
men (mean age, 55.4 &+ 17.8; range, 2282 years), was adopted
to assess material density values of normal pancreatic paren-
chyma. All patients in the control group were scanned during
the same time interval and matched by age, sex, body mass
index, and clinical inclusion criteria (see “Reference
standard” section for details). The flowchart of the study pop-
ulation enrollment was based on the recommended Standards
for Reporting Diagnostic Accuracy Initiative criteria (Fig. 1).

DECT imaging technique

Abdominal DECT examinations were performed on a third-
generation dual-source DECT scanner (SOMATOM Force,
Siemens Healthineers). Patients were examined in supine po-
sition, and anteroposterior scout radiographs were obtained
ranging from the diaphragm to the iliac crest. Image acquisi-
tion was performed in craniocaudal direction during inspira-
tory breath-hold. The study protocol consisted of a single
pancreatic-phase acquisition in the DECT mode which

Table 1 Patients’

characteristics Characteristics Value

Age (years) 54.9+14.0"
Men (n) 35
Women (n) 10
BMI (kg/m?) 26.2

Acute pancreatitis (1) 45
Grade A (n) 7
Grade B (n) 12
Grade C (n) 23
Grade D (n) 3
Grade E (n)

Control group (1) 45

“Data are means + standard deviation
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Eligible patients
(n=108)
CT exclusion criteria \

Deviations from the contrast media

injection protocol (n = 5)

No adequate reference standard (n = 2)
Age < 18 years (n = 2)

Patients with chronic pancreatitis (n = 16)
CT examinations performed after first

week of disease onset (n = 38) /

Control group (n = 45)

Final study population (matched by sex, age, BMI,

(=) and clinical inclusion criteria)
| , 3
Normal serum lipase
Acute pancreatitis ™ (n=45) g
(n =45) \ J

Gastritis (n = 14)

A PUD (n=7)

5| Urolithiasis (n = 4)
Cholecystitis (n = 8)
Appendicitis (n = 1)
No diagnosis (n = 11

] g ( ) y.

Elevated serum lipase
(n=45)
Follow-up CT (n = 36) )

Reference standard (n = 45) Reference standard (n = 45)

Fig. 1 Flowchart of study enrollment based on Standards for Reporting
of Diagnostic Accuracy (STARD)

automatically started 50 s after the beginning of the injection
of iomeprol (Imeron 350, Bracco) [13]. Contrast media was
injected at a dose of 1.2 mL per kilogram body weight and ata
flow rate of 3 mL/s through a superficial vein of the forearm
[9, 14]. The maximum amount of contrast media was set to
120 mL. The following settings were used for DECT imaging:
tube A, 90 kV and 190 mAs per rotation; tube B, Sn 150 kV
with tin filter and 95 mAs per rotation; rotation time, 0.5 s;
pitch, 0.6; and collimation, 2 x 192 x 0.6 mm.

The scanner generates automatically linearly blended im-
ages with a weighted factor of 0.6 (M_0.6) [15, 16]. In addi-
tion, virtual noncontrast (VNC) reconstructions were post-
processed from the DECT data (Liver VNC, Siemens
Healthineers), as true noncontrast scans were not acquired
[17]. All image series were reconstructed with 3.0-mm section
collimation in a 2.0-mm increment. DECT material decompo-
sition images of the pancreatic-phase scan were reconstructed
and analyzed on a DECT workstation (syngo.via, version
VB20A, Siemens Healthineers) to calculate absolute iodine
uptake (in mg/mL) and fat fraction (in %) values.

Reference standard

All study patients with early acute pancreatitis fulfilled the
revised Atlanta classification and presented abdominal pain
consistent with acute pancreatitis and serum lipase activity at
least three times greater than the upper limit of normal [11,

@ Springer

12]. All CT examinations were performed during the first
week of disease onset (mean, 3 days; range, 1-6 days) accord-
ing to the general definition of early acute pancreatitis [11]. A
subgroup of 36 patients received a control CT during the first
4 weeks (mean, 17 days; range, 7-28 days). Two expert radi-
ologists with 31 and 7 years of experience in abdominal im-
aging classified all cases with acute pancreatitis by degree of
disease severity (grades A—E) according to Balthazar et al [1,
2, 18]. Normal pancreatic parenchyma (grade A) was present
in 7 cases. Pancreatic enlargement (grade B) was detected in
12 patients, whereas pancreatic and/or peripancreatic inflam-
mation (grade C) was visible in 23 patients. Single
peripancreatic fluid collection (grade D) was apparent in 3
cases of which 2 also showed pancreatic necrosis (<30%).
Two or more fluid collections (grade E) were not present in
the study cohort (Table 1). In the control group, all patients
presented normal serum lipase levels and did not have a tumor
history or chronic pancreatitis. Patients in the control group
showed the following diagnoses: gastritis (n = 14), gastric or
duodenal ulcer (n = 7), kidney stone disease (n =4), cholecys-
titis without pancreatitis (n = 8), and appendicitis (n=1). No
diagnosis was found in 11 cases.

Image analysis

Three radiologists with 5—7 years of experience in abdominal
CT imaging independently evaluated all cases. Readers were
blinded to the final diagnosis during this phase of assessment
and were allowed to assess VNC and pancreatic-phase gray-
scale images but not DECT material density images. The or-
der in which the different cases were analyzed was random-
ized. During this reading session, the radiologists were asked
to determine the presence or absence of pancreatitis. In a sec-
ond reading session, the readers re-evaluated all cases again
by manually placing region-of-interest (ROI) measurements
on pancreatic-phase DECT material density images in the
head, body, and tail of the pancreas in each patient. The mean
value of the three measurements was used for further analysis.
The readers were instructed to place the ROIs through the
center of the pancreatic parenchyma to avoid margins of ad-
jacent fat, calcifications, vessels, necrotic collections, and pan-
creatic cysts. In addition, normalized attenuation values were
collected by subtracting VNC values from contrast-enhanced
attenuation values.

Statistical analysis

The normality of data distribution was assessed using the
Kolmogorov-Smirnov test. Numerical values of continuous
variables were reported as mean + standard deviation, and
categorical variables were expressed as percentages. The sta-
tistically significant difference was indicated by a p value less
than 0.05. The analysis of variance (ANOVA) test was used



Eur Radiol (2019) 29:2226-2232

2229

Fig. 2 DECT-based iodine quantification (a) and fat fraction (b)
measurements were performed in a 62-year-old man with acute pancrea-
titis. In this case, peripancreatic inflammation is clearly apparent and the

for data showing continuous distribution, and the Wilcoxon
matched-pairs test was applied in case of non-normal distri-
bution. Serum lipase levels were used as the reference stan-
dard for all study patients. Mean values of iodine density and
fat fraction were compared between inflammatory and normal
pancreatic parenchyma. To establish the threshold values for
material density values between normal and inflammatory
pancreatic parenchyma, we adopted receiving operating char-
acteristic (ROC) curve analysis. The diagnostic perfor-
mance for the standard grayscale image evaluation of
each reader was recorded including true-positive (TP),
true-negative (TN), false-positive (FP), and false-
negative (FN) values. The method of Delong et al was
used to compare the areas under the curves (AUCs)
between the iodine quantification analysis, normalized
attenuation, and standard reader-based image evaluation
[19]. Sensitivity and specificity values with correspond-
ing 95% confidence intervals (CI) were determined by
Youden’s J statistics. To avoid overinterpretation of our
diagnostic accuracy data, we performed leave-one-out
cross-validation [20]. MedCalc (MedCalc Statistical
Software Version 18.2, MedCalc Software bvba) was
used for all statistical analyses.

iodine density of 1.5 mg/mL confirms the diagnosis of acute pancreatitis
as the optimal threshold for the diagnosis of acute pancreatitis is less than
2.1 mg/mL

Results

Mean attenuation values of inflammatory pancreatic paren-
chyma were 46.4 + 12.2 Hounsfield units (HU). Normal pan-
creatic parenchyma showed mean attenuation values of 52.1
+ 16.1 HU with no significant differences compared to inflam-
matory pancreatic parenchyma (p = 0.071). However, normal-
ized attenuation values revealed significant differences be-
tween inflammatory (11.3 £9.4 HU) and normal pancreatic
parenchyma (26.1 £ 12.9 HU) (p <0.001). Moreover, a signif-
icant difference for iodine density values was found between
inflammatory (1.8 0.3 mg/mL) and normal pancreas (2.7 =
0.7 mg/mL) (p<0.001) (Fig. 2). Mean fat fraction values
showed no significant differences between patients with acute
pancreatitis (12.3 £6.2%) and healthy patients (10.6 £5.1%)
(p=0.083) (Table 2).

The receiver operating characteristic (ROC) curve analysis
demonstrated that 2.1 mg/mL was the optimal threshold to
differentiate between inflammatory and normal pancreatic pa-
renchyma by applying cross-validation (Fig. 3). This thresh-
old showed the following results: sensitivity, 95.5% (95% CI,
90.9-98.2%), and specificity, 76.9% (95% CI, 68.0-83.4%).
Analysis of normalized attenuation values yielded a sensitivity

Table 2 Results of the

quantitative image analysis Mean attenuation (HU) Normalized Iodine uptake Fat fraction (%)
attenuation (HU) (mg/mL)
Acute pancreatitis” 464+12.2 11.3+£94 1.8+0.3 123+6.2
Normal pancreas” 52.1+16.1 26.1+129 27+0.7 10.6+5.1
Optimal thresholds - 18.8 2.1 11.1

“Data are means * standard deviation. Normalized attenuation values were calculated by subtracting virtual
noncontrast (VNC) values from contrast-enhanced attenuation values
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Fig. 3 DECT with material decomposition analysis was performed in a
52-year-old man with acute pancreatitis. In this case, peripancreatic in-
flammation is barely identifiable. However, the iodine density value of

of 88.1% (95% CI, 81.5-93.1%) and a specificity of 67.4%
(95% C1, 58.8-75.2%) using an optimal threshold of 18.8 HU.
Results of the image-based assessment revealed a sensitivity
of 77.8% (95% CI, 69.8-84.5%) and a specificity of 82.2%
(95% CI, 74.7-88.3%). The individual results of the image-
based evaluation were the following: reader 1: TP, 33; TN, 34;
FP, 11; and FN, 12; reader 2: TP, 35; TN, 38; FP, 7; and FN,
10; reader 3: TP, 37; TN, 39; FP, 6; and FN, 8. The group of
false negatives (n =30) entirely consisted of Balthazar grade
A (n=19) and grade B (n = 11) lesions. In contrast, the iodine
quantification method correctly diagnosed 85.7% of the
Balthazar grade A and 94.4% of the grade B lesions.

The AUC of the iodine quantification analysis was 0.855,
significantly higher in comparison to the image-based evalu-
ation (0.797) and attenuation-based analysis (0.834) (p <
0.001). Results of the diagnostic performance analysis are
summarized in Table 3.

Discussion

The imaging-based evaluation of early acute pancreatitis relies
on interpreting subtle changes which can be challenging in

1.8 mg/mL (a) indicates pancreatic inflammation. Fat fraction values (b)
showed no significant differences between inflammatory and normal pan-
creatic parenchyma

daily clinical routine. Our study results showed that DECT-
based iodine quantification can contribute to the diagnosis of
early acute pancreatitis. In this context, the threshold of
2.1 mg/mL for iodine density analysis optimizes the diagnosis
of acute pancreatitis, increasing the sensitivity from 78 to
96%. However, the yielded specificity of iodine quantification
was lower compared to standard image evaluation of the ra-
diologists, and fat fraction analysis alone did not show signif-
icant benefits. On the other hand, material density analysis
provided a more direct measure of iodine presence within
the pancreas that resulted in a higher diagnostic accuracy in
comparison to attenuation measurements.

Various DECT post-processing techniques become
more widespread in the daily clinical routine, with prom-
ising results in pancreatic imaging. The reconstruction of
noise-optimized virtual monoenergetic images (VMI) opti-
mizes image quality and increases lesion delineation for
pancreatic adenocarcinoma at low-kiloelectron volt levels
[21, 22]. Mileto et al showed that virtual unenhanced im-
ages can replace conventional true unenhanced images for
pancreatic DECT with a significant reduction of radiation
dose exposure [17]. Low-tube-voltage single-phase DECT
is capable of providing sufficient information for follow-up

Table 3 Results of the diagnostic
performance analysis

Normalized attenuation

ITodine uptake Reader based

Sensitivity 88.1% (81.5-93.1%) 95.5% (90.9-98.2%) 77.8% (69.8-84.5%)
Specificity 67.4% (58.8-75.2%) 76.9% (68.0-83.4%) 82.2% (74.7-88.3%)
AUC 0.834 0.855 0.797

Data are means with corresponding 95% confidence intervals (Cls) in parentheses

AUC area under the curve
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evaluation of patients with acute pancreatitis and signifi-
cantly reduce radiation exposure [23].

Moreover, DECT provides quantitative information re-
garding tissue composition by evaluating the absorption char-
acteristics of different materials at variable X-ray energies.
This technique overcomes the limitations of attenuation-
based conventional single-energy CT. Mileto et al showed that
DECT material decomposition analysis showed an enhanced
diagnostic accuracy for the characterization of incidental ad-
renal nodules compared to true unenhanced CT images [9]. A
study by Tawfik et al revealed that iodine density differs sig-
nificantly between healthy, inflammatory, and metastatic cer-
vical lymph nodes [24]. Another study demonstrated that
DECT in the spectral imaging mode improves diagnostic ac-
curacy for the differentiation of mass-forming chronic pancre-
atitis and pancreatic ductal adenocarcinoma [10]. lodine quan-
tification has also shown promising results for the diagnosis of
metastatic lymph nodes of other origin [25, 26]. However,
experience with this iodine quantification technique in imag-
ing of the pancreas is scarce and DECT material decomposi-
tion analysis has not yet been investigated in patients with
early acute pancreatitis.

Our study results may provide additional insight into the
pathophysiology of early acute pancreatitis. The iodine densi-
ty of the inflammatory pancreatic parenchyma showed lower
values compared to that of the normal pancreas, which could
be explained by the increase in capillary permeability with
subsequent fluid loss [27]. Especially in cases with no
peripancreatic inflammation or pancreatic enlargement,
DECT iodine quantification could potentially reduce the num-
ber of subsequent imaging studies due to the higher sensitiv-
ity. The fact that the iodine quantification method captured the
majority of the Balthazar grade A and B lesions may be a
potential explanation for the improved sensitivity compared
to reader-based assessment. Although these grades describe
only mild forms of acute pancreatitis, there is still a risk for
development of severe pancreatitis. Moreover, early contrast-
enhanced CT examinations may underestimate the eventual
extent of pancreatic necrosis, as the impairment of pancreatic
perfusion and signs of necrosis evolve over several days [,
11, 28, 29]. In the first few days of the illness, the CT signs and
patterns of pancreatic perfusion defects may be variable and
difficult to detect before the area of impaired enhancement and
necrosis of the pancreatic parenchyma becomes more demar-
cated [11]. Early detection of acute pancreatitis in these pa-
tients may be crucial in guiding these patients to follow-up
examinations. Therefore, adding DECT material decomposi-
tion analysis may substantially improve the clinical workflow
in patients with acute pancreatitis compared to the convention-
al image-based evaluation.

Some limitations of our study need to be addressed. The
results of our diagnostic accuracy analysis should be consid-
ered with respect to our retrospective study design and

subsequent potential case selection bias. Although we adopted
leave-one-out cross-validation in our study to mitigate this
limitation, a prospective study needs to be performed to vali-
date our initial experience. Another limitation is that we in-
vestigated pancreatic-phase images, as this is the standard of
care for imaging of the pancreas [13, 30]. Material density
values of portal-venous-phase images could differ slightly
compared to our results. In addition, the fact that we used a
fixed delay for the acquisition of the pancreatic phase could
have influenced our results as this technique does not take into
account the cardiac output of a single patient. Finally, the
implementation of a dual-source DECT scanner for material
decomposition analysis may limit our study results for users of
the dual-layer and rapid kilovolt-switching DECT technique.
However, two studies of Pelgrim et al and Kim et al revealed
that the iodine density accuracy was unaffected by the DECT
system [31, 32].

In conclusion, DECT with iodine quantification allows for
differentiation between normal and inflammatory pancreatic
parenchyma and may substantially improve the sensitivity as a
diagnostic test for the detection of early acute pancreatitis.
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