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Abstra ct

Purpose   Computed tomography (CT) is the most used imag-
ing modality for diagnosing chronic pancreatitis (CP), but ad-
vances in transabdominal ultrasound (US) technology have 
given US a position as a viable alternative. We aimed to evaluate 
the diagnostic accuracy of abdominal CT and pancreatic US 
compared to the reference standard, a modified Mayo score.
Materials and Methods   CT, US, and endoscopic ultrasound 
(EUS) were performed in patients referred due to suspected CP. 
The modified Mayo score included EUS results, clinical pres-
entation, and results from exocrine and endocrine pancreatic 
function tests. We scored CT findings according to the modified 
Cambridge classification and US findings according to the 
Rosemont classification.
Results   In total, 73 patients were included. 53 patients (73 %) 
were categorized as CP and 20 (27 %) as non-CP. CT and US 
yielded similar sensitivities (68 % and 64 %, respectively) and 
specificities (75 and 85 %, respectively) and similar areas under 
the receiver operating characteristic curves for diagnosing CP. 
We found no significant differences between the areas under 
the receiver operating characteristic curves (AUROCs) for CT 
(AUROC 0.75, 95 % CI 0.63–0.87) and US (AUROC 0.81, 95 % CI 
0.71–0.91).
Conclusion   We conclude that CT and US had comparable, mod-
erate accuracy in diagnosing CP. Neither modality had high enough 
sensitivity to exclude the diagnosis as a standalone method.

Introduction
Chronic pancreatitis (CP) is a fibro-inflammatory syndrome in which 
recurrent inflammatory episodes of the pancreas result in normal 
pancreatic parenchyma being replaced by fibrous connective tis-

sue [1–4]. Typical imaging features are calcifications, ductal irreg-
ularities and dilatations, increased parenchymal density or echo-
genicity, gland atrophy, and pseudocysts [1]. Abdominal pain is the 
most frequently reported symptom of CP, and pain patterns vary 
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from intermittent pain episodes to more prominent, continuous 
pain syndromes [1]. CP is further characterized by exocrine and en-
docrine pancreatic insufficiency, contributing to bloating, steator-
rhea, underweight, malnutrition, and metabolic bone disease 
[1, 4, 5].

CP can be particularly difficult to diagnose in the early phases, 
when patients may have recurring inflammatory episodes, either 
silent or accompanied by non-specific symptoms, but classical 
structural changes or functional pancreatic insufficiencies are not 
yet detectable. Diagnostic guidelines [1, 2, 4–6] recommend a mul-
timodal workup, including diagnostic imaging, pancreatic function 
testing and symptom evaluation, and several diagnostic criteria 
have been developed [7–11]. Computed tomography (CT), endo-
scopic ultrasound (EUS) and magnetic resonance imaging (MRI) are 
all recommended imaging modalities as part of the diagnostic 
workup for CP [1, 5, 6]. Transabdominal ultrasound (US) is widely 
used and recommended as a first-line modality in subjects with ab-
dominal pain [1, 2, 12]. Although opinions on the role of US in CP 
diagnostics are divided, US is recommended in patients with ad-
vanced CP and when repeated examinations are warranted 
[1, 2, 5, 12]. The imaging modalities used to diagnose CP have in-
herent weaknesses related to operator and patient dependencies, 
and some modalities involve invasive procedures (EUS) or ionizing 
radiation (CT) or have limited ability to detect key features such as 
calcifications (MRI) or early ductal changes (CT and US) [6, 12, 13]. 
By combining different modalities and applying them in the appro-
priate clinical settings, a multimodal imaging workup may reduce 
the impact of modality limitations and improve diagnostic accura-
cy.

Image scoring systems may give more weight to important or 
pathognomonic features, e. g., calcifications in CP [1] than to less 
important features. Thus, a well-designed weighted scoring sys-
tem should ideally increase the diagnostic accuracy for diagnosing 
CP compared to just counting the number of positive features. The 
Cambridge classification was originally used for endoscopic retro-
grade pancreatography, and later adapted to MRI and CT [14, 15]. 
EUS and US have often been scored by counting the number of fea-
tures without any weighting [16, 17], but in recent years, the 
Rosemont classification [16] has proven to be a promising weight-
ed scoring system for these modalities.

CT is the first-line imaging modality when CP is suspected, but 
the advances in ultrasound technology and image quality [18, 19] 
have strengthened the potential role of US as a first-line imaging mo-
dality. To the authors’ knowledge, no studies have evaluated the di-
agnostic performance of CT and US for diagnosing CP against a com-
mon reference standard since the 1990s. Thus, in this head-to-head 
analysis in patients with suspected CP, we aimed to compare the di-
agnostic accuracy of modern CT and US in comparison with a multi-
modal diagnostic score for CP [7] based on findings from EUS, clini-
cal presentation and results from exocrine and endocrine pancreat-
ic function tests. We applied both unweighted scores and the most 
frequently used weighted scoring systems: the modified Cambridge 
classification for CT and the Rosemont classification for EUS and US 
▶Table 1– 6.

Materials and Methods

Study design
The Bergen Pancreas Database collected information on 141 pa-
tients referred to our outpatient clinic with symptoms or imaging 
findings suggestive of CP. Patients were included consecutively in 
the period from 2009 to 2016. Patient characteristics, results from 
biochemistry and pancreatic function tests, and results from vari-
ous imaging examinations were recorded. In this paper we present 
analyses of the diagnostic imaging data collected upon inclusion, 
applying a cross-sectional design. We included all patients who had 
a complete imaging workup, including CT, US, and EUS. Patients 
were excluded if image quality/visualization was insufficient in any 
of the three examinations.

Diagnostic standards
The reference standard was a modified version of the Mayo score 
[7] based on EUS, clinical presentation, and exocrine and endocrine 
function status (▶Table. 1). To avoid the diagnostic standard being 
impacted by the tested modalities, CT and US were not included in 
the score. The EUS imaging features that were used were paren-
chymal calcifications, ductal stones, dilated or irregular main pan-
creatic duct contour, dilated side ducts, pseudocysts, and honey-
comb-patterned lobulation. Four points were given if parenchymal 
calcifications or ductal stones were present, and 3 points were 
given if any of the other features were present. Patients with Mayo 
score ≥ 4 were categorized as CP, and patients with scores  < 4 were 
categorized as non-CP. EUS is the recommended modality for di-
agnosing early CP. However, our reference standard did not include 
an evaluation of early CP.

EUS imaging
EUS examinations were performed by an experienced operator 
( R.F.H.) using a linear EG-3870 UTK or radial EG-3670 URK scope 
(Pentax Medical, Pentax Europe, Hamburg, Germany), with frequen-
cies 7.5–12 MHz. We used a Hitachi Ascendus scanner (Hitachi Med-
ical Systems Europe, Zug, Switzerland). Patients were offered intra-
venous conscious sedation as per local guidelines (Midazolam and 
Pethidine or Fentanyl). The examination was performed by scanning 
the pancreatic body and tail from the gastric ventricle, and then scan-
ning the pancreatic head under slow retraction from the second part 
of the duodenum. The findings were registered according to defini-
tions from the Rosemont classification [16] (▶Table 1). In addition 
to being part of the reference standard, findings from EUS were in-
cluded in the single feature agreement analyses to allow for the com-
parison of CT versus US versus EUS. Scoring of EUS was performed 
immediately after examinations, and the operator was blinded to 
the patients’ medical history, other imaging, and test results.

US imaging and scoring
Transabdominal US examinations were performed by a gastroen-
terologist (T.E.) with  > 10 years of experience in pancreatic ultra-
sound and imaging. Examinations and scoring were performed with 
blinding to the patients’ medical history, other imaging, and test 
results. Scoring was performed immediately after examinations. 
US was carried out using a GE Logic E9 scanner (GE Healthcare, Chi-
cago, IL, USA) with a 1–5 MHz curvilinear probe, and when possible, 
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▶Table 1	 Diagnostic scoring systems for chronic pancreatitis

The modified Mayo score

The CP diagnosis requires  ≥ 4 points

4 points Pancreatic calcifications on EUS or typical histologic findings 

3 points Moderate or marked morphologic changes on EUS * 

2 points Reduced exocrine pancreatic function †

2 points History of acute pancreatitis or upper abdominal pain 

1 point Diabetes mellitus, glycated hemoglobin  ≥ 48 mmol/mol.

The modified Cambridge classification for CT

Cambridge grade CT features

0 - Normal None

1 - Equivocal Cannot be delimited on CT with current methods

2 - Mild 2 or more of the following changes:
–  Pancreatic duct between 2 and 4 mm in the body of the pancreas ‡

–  Heterogeneous parenchymal structure
–  Small cystic changes ( < 10 mm)
–  Duct irregularities (1-2 mm variation)
–  3 or more pathological side ducts
(Excluded criteria: slight enlargement of the pancreas)

3 - Moderate All changes specified in 2 plus pathological main duct ( > 4 mm)

4 - Marked One of the changes specified in 2 and 3 plus one or more of the following: 
–  Cystic structures ( ≥ 10 mm)
–  Parenchymal calcifications
–  Intraductal filling defects (chalk stones)
–  Duct obstruction (strictures)
–  Severe duct irregularities ( > 2 mm variation)

The Rosemont classification for US

Parenchymal features

Hyperechoic foci with shadowing Major A

Lobularity

  A: without honeycombing Minor

  B: with honeycombing Major B

Hyperechoic foci without shadowing Minor

Cysts Minor

Stranding Minor

Ductal features

MPD calculi Major A

Irregular MPD contour Minor

Dilated side branches Minor

MPD dilatation Minor

Hyperechoic MPD margin Minor

1 - Consistent with CP A.  1 major A feature  +   ≥ 3 minor features
B.  1 major A feature  +  1 major B feature
C.  C. 2 major A features

2 - Suggestive of CP A.  1 major A feature  +   < 3 minor features
B.  1 major B feature  +   ≥ 3 minor features
C.  C.  ≥ 5 minor features (any)

3 - Indeterminate for CP A.  3 to 4 minor features, no major features
B.  B. Major B feature alone or with  < 3 minor features

4 - Normal  ≤ 2 minor features, no major features

Mayo score [7] was modified not to incorporate findings from CT and US, and it was used as the reference standard for the CP diagnosis. We used the 
modified Cambridge classification [15] to score results from CT imaging and the Rosemont classification [16] for US. CP = chronic pancreatitis; 
CT = computed tomography; EUS = endoscopic ultrasonography; MPD = main pancreatic duct; US = transabdominal ultrasonography.  *  Moderate or 
marked morphologic changes on EUS were defined as the presence of one or more of the following features: irregular or dilated main pancreatic duct 
contour, dilated side ducts, pseudocysts and honeycomb-patterned lobulation. † Reduced exocrine pancreatic function by endoscopic short test or fecal 
elastase 1 level. Cut-offs: fecal elastase 1  < 200 µg/g and endoscopic short test, peak value of bicarbonate concentration  < 80 mmol/L. ‡ The typical 
definition of duct dilatation in the body of the pancreas uses a cut-off ≥ 3 mm. Patients scored positive if the duct diameter was ≥ 3 mm and ≤ 4 mm.
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a 9 MHz linear probe. Patients were examined after overnight fast-
ing to optimize visualization. US was performed with patients in a 
supine or right lateral position, and the probe were placed in trans-
verse and oblique positions in the lateral/posterior left subcostal 
region. Standardized abdominal US settings were applied: Frequen-
cy 4.0 MHz (curvilinear probe) and 9.0 MHz (linear probe), dynam-
ic range 34, and frame rate 15–22 frames per second. US examina-
tions were completed in B-mode and supplemented with color 
Doppler to evaluate, e. g., twinkling artifacts around edged calcifi-
cations. Scanning depth varied depending on the patient anatomy. 
US visualization of the pancreatic head, body, and tail was graded 
from 1 to 4 (1 = good, 2 = adequate, 3 = poor, and 4 = not visible), 
and patients were excluded if the visualization was 3 or higher in 
all segments.

The Rosemont classification (▶Table 1) originally developed for 
EUS was used to score ductal and parenchymal features on US 
[16, 19]. The Rosemont categories for US are: 1 = consistent with 
CP, 2 = suggestive of CP, 3 = indeterminate for CP, and 4 = normal. 
In the Rosemont classification, the cut-off for the CP diagnosis is ≤ 2. 
We also counted the number of positive single criteria from the 
Rosemont classification (unweighted US score), using a cut-off ≥ 2 
according to a previous publication [19]. ▶Fig. 1 shows a US image 
in a patient with CP.

CT imaging and scoring
CT scans were performed using standard abdominal or pancreatic 
CT protocols on clinical hospital scanners. Intravenous contrast was 
administered in 97 % (71/73) of the CT scans. Abdominal protocols 
included scanning in the portal venous phase, and pancreatic proto-
cols included scans pre-contrast and in the late arterial and portal 
venous phase. Scans were stored and re-evaluated for the purpose 
of this study. Image quality was evaluated by two observers ( T.E., 
gastroenterologist, and I.K.N., medical doctor ), and patients were 
excluded if the quality was deemed insufficient. CT imaging was 
scored by I.K.N., who was blinded to the patients’ medical history, 
other imaging, and test results. Parenchymal and ductal features 
were assessed and scored using the modified Cambridge classifica-
tion (▶Table 1) [15], following predefined reading standards. The 
classification categorizes patients into five groups (0 = normal, 

1 = equivocal, 2 = mild, 3 = moderate, and 4 = marked). We also ap-
plied an unweighted CT score, where the score was equal to the num-
ber of positive single criteria from the Cambridge classification. The 
cut-off was ≥ 2 according to a previous publication [20]. ▶Figure 2 
shows a CT image in a patient with CP.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics, ver-
sion 26.0 (IBM, Armonk, NY, USA). Data are presented as 
mean ± standard deviation (SD) or as median with interquartile 
range (IQR). Normality distributions were tested using Q-Q plots 
and Shapiro-Wilk’s test. When comparing groups, we used inde-
pendent samples t-test and Mann-Whitney U test for parametric 
and non-parametric continuous data, respectively. Pearson’s χ2-
test was used for binary and categorical data. We applied Fisher’s 
Exact Probability test if the minimum expected cell count was  < 5 
in any cells when comparing frequencies between groups. Results 
on diagnostic accuracy are presented as area under the receiver 
operating characteristic curves (AUROCs), sensitivity, and specific-
ity with 95 % confidence intervals. Differences in AUROCs were eval-
uated using a paired-sample AUROCs comparison in SPSS. Cohen’s 
kappa (ĸ) was used to evaluate the agreement for binary variables, 
and weighted kappa was used for ordinal variables. The level of 
agreement was defined as follows: poor (ĸ  < 0.20), fair (ĸ = 0.21–
0.40), moderate (ĸ = 0.41–0.60), good (ĸ = 0.61–0.80), and very 
good (ĸ = 0.81–1). A value of p < 0.05 was considered statistically 
significant.

Ethics
The study was conducted according to the Helsinki Declarations 
and approved by the Regional Committees for Medical and Health 
Research Ethics, Western Norway (REK-Vest, registration numbers 
2011/590 and 2019/1037). All patients received written and oral 
information about the study and signed an informed consent form 
before inclusion in the database and prior to any study related ex-
aminations. This paper adheres to the Standards for Reporting of 
Diagnostic Accuracy (STARD) [21].

▶Fig. 1	 US image illustrating a large inflammatory mass (green 
arrows) with calcifications, and an irregular and dilated main pancre-
atic duct (blue arrow) in a patient with chronic pancreatitis. Fig. 2 
shows a CT image of the same patient.

▶Fig. 2	 CT image illustrating a large inflammatory mass (green 
arrows) with calcifications, and an irregular and dilated main pancre-
atic duct (blue arrows) in a patient with chronic pancreatitis. Fig. 1 
shows a US image of the same patient.
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Results

Participants
From the database cohort comprised of 141 patients, 84 patients 
had completed both CT, EUS and US, and were considered eligible 
for the study. We excluded nine patients due to insufficient visual-
ization on US and two patients due to poor CT image quality. In 
total, 73 patients were included in the analyses. 53 patients (73 %) 
had a Mayo score ≥ 4, fulfilling the diagnostic criteria of CP. The re-
maining 20 patients (27 %) were categorized as non-CP (▶Fig. 3). 
Non-CP patients were diagnosed with other conditions explaining 
the symptoms, including recurring acute pancreatitis, bile stone 
disease, and functional dyspepsia. The CP group had a significant-
ly lower body mass index and fecal elastase levels than the non-CP 
group, but there were no significant differences in age, gender, or 
glycated hemoglobin (▶Table 2). Pancreatic CT protocols were 
used in 47 % (34/73) and abdominal CT protocols in 53 % (39/73). 
The use of CT protocols (abdominal vs. pancreatic) was not signif-
icantly different between CP and non-CP patients (p = 0.223).

Visualization
On US, the entire pancreas was visualized in 62 % of the included 
patients. The pancreatic tail was sufficiently visualized (scores 1 or 
2) in 65 %, the body in 97 %, and the head in 89 %.

Diagnostic performance indices
Diagnostic performance indices for CT and US were calculated 
using the modified Mayo score as the reference standard: CT (Cam-
bridge classification, cut-off ≥ 2) yielded a sensitivity of 68 % and a 
specificity of 75 %, and US (Rosemont classification, cut-off ≤ 2) 
yielded a sensitivity of 64 % and a specificity of 85 % (▶Table 3).

For CT, the areas under the receiver operating characteristic 
curves (AUROCs) were lower when using the Cambridge classifica-

tion (0.75, 95 % CI 0.63–0.87) compared to when using the un-
weighted CT score (0.80, 95 % CI 0.70–0.90), p = 0.05. The AUROCs 
for US were 0.81 (95 % CI 0.71–0.91) for the Rosemont classifica-
tion and 0.84 (95 % CI 0.74–0.94) for the unweighted US score, 
p = 0.188. Any differences in AUROCs between CT and US were 
non-significant (p > 0.05). ROC curves are presented in ▶Fig. 4.

Agreement analyses
We found moderate agreement (ĸ = 0.45) for the CP diagnosis be-
tween CT and US when using the modified Cambridge and the 
Rosemont classifications, and fair agreement (ĸ = 0.37) when using 
the unweighted scores. We found moderate agreement (weighted 
ĸ = 0.43) between the categories from the modified Cambridge 
classification and the inverted Rosemont classification. The most 
frequent feature was calcifications, which were present in 51 % of 
CP patients on CT, 64 % on US and 59 % on EUS. We found good 
agreement for calcifications between CT and US (ĸ = 0.75) and be-
tween CT and EUS (ĸ = 0.69), and very good agreement between 
US and EUS (ĸ = 0.84). All agreement analyses are presented in 
▶Table 4. Frequencies of CP-related imaging features on CT and 
US are presented in ▶Table 5 and ▶Table 6, respectively.

Discussion
In this head-to-head study, we aimed to compare the diagnostic ac-
curacy of CT and US in patients with suspected CP. The reference 
standard was a modified Mayo score based on findings from EUS, 
clinical presentation and results from exocrine and endocrine pan-
creatic function tests. Our results showed that CT and US yielded 
comparable moderate diagnostic accuracies for diagnosing CP and 
a moderate agreement between the imaging scoring systems: CT 
had a sensitivity of 68 % and specificity of 75 %, and US had a sensi-
tivity of 64 % and a specificity of 85 %. The agreement for calcifica-

▶Fig. 3	 Flowchart showing patient enrollment. CP = chronic pancreatitis; CT = computed tomography; EUS = endoscopic ultrasound; US = ultra-
sound.

All recruited patients were referred due to
suspected CP

(n = 141)
Excluded. Missing CT (n = 9),

EUS (n = 40), or US (n = 1).
Missing both CT and EUS

(n = 5), or EUS and US (n = 2).

Excluded. Too low image quality
or visualization:

CT (n = 2) and US (n = 9).

Clinical information for Mayo score
available. CT, EUS and US performed

(n = 84).

Included
(n = 73)

CP
(n = 53)

Non-CP
(n = 20)
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tions was very good between US and EUS, and agreements between 
modalities for duct dilatations ranged from poor to moderate.

Previous studies on the diagnostic accuracy of CT and/or US in 
CP have shown divergent results, with sensitivities ranging from 
58–100 % for CT and 38–100 % for US, and specificities ranging from 
59–100 % for CT and 34–100 % for US [19, 20, 22–25]. The most re-
cent study [19] reported good diagnostic accuracy of modern 
transabdominal US in CP, with a sensitivity of 81 % and a specificity 
of 97 % for the Rosemont classification, and a sensitivity of 69 % and 
a specificity of 97 % for the unweighted US score. The US scoring 
tools were identical, but the reference standard also included re-
sults from CT. An EUS-based reference standard has the potential 
to detect more cases of early CP. Because patients with early CP 
typically do not present with irreversible morphologic changes, in-
creasing imaging sensitivity is associated with decreasing specific-

ity [5], possibly explaining why we now present lower diagnostic 
performance indices for US.

Issa et al. [22] published a systematic review on the diagnostic 
performance of different imaging modalities in CP. They present-
ed pooled sensitivity and specificity data for CT, US, EUS, MRI, and 
endoscopic retrograde pancreatography, plus a head-to-head anal-
ysis of subjects who had undergone both CT and US. Their analy-
ses showed that CT had a sensitivity of 75 % and a specificity of 91 %, 
and US had a sensitivity of 67 % and a specificity of 98 %. Their head-
to-head analyses were particularly similar to our results. The ma-
jority of the studies on CT and/or US were published between 1977 
and 1999 [22]. This complicates the comparison to our data for two 
reasons. First, CT and US technologies have evolved considerably 
during this period [22, 26], and second, with EUS facilitating the 
diagnosis of early CP [2], the diagnostic standards and disease se-
verity among newly diagnosed patients have changed. All studies 

▶Table 2	 Patient characteristics and imaging scoring results in a multimodal imaging study on chronic pancreatitis

Non-CP  
(n = 20)

CP  
(n = 53)

Missing  
(n)

p

Females, n ( %) 10 (50) 33 (62) 0 ns

Age, mean (SD) 54 (13) 54 (13) 0 ns

Fecal elastase 1 (µg/g), median (IQR) 433 (270–500) 159 (39–500) 6 0.001

PEI frequency, n ( %) 2 (10) 27 (57) 6  < 0.001

BMI (kg/m2), median (IQR) 24.3 (19.9–27.5) 21.2 (18.4–24.1) 8 0.040

Underweight frequency, n ( %) 0 12 (25) 8 0.022

HbA1c (mmol/mol), median (IQR) 5,5 (5,2–5,9) 5,7 (5,4–6,5) 3 ns

Diabetes frequency, n ( %) 2 (11) 12 (23) 3 ns

Smokers frequency, n ( %) 3 (17) 26 (51) 4 0.011

Alcohol consumption, frequencies, n ( %)

  Current non-drinkers 8 (47) 27 (55) 7 ns

  Current regular drinkers, ≥ 7 std. drinks per week 1 (6) 4 (8) 7 ns

CT Cambridge classification, n ( %) 0 0.005

  0 – normal 9 (45) 8 (15)

  1 – equivocal 6 (30) 9 (17)

  2 – mild 1 (5) 1 (2)

  3 – moderate 0 0

  4 – marked 4 (20) 35 (66)

US Rosemont classification, n ( %) 0  < 0.001

  1 – consistent with CP 1 (5) 22 (42)

  2 – suggestive of CP 2 (10) 12 (23)

  3 – indeterminate for CP 0 6 (11)

  4 – normal 17 (85) 13 (25)

Unweighted CT score, median (IQR) 0 (0–2) 3 (1–5) 0  < 0.001

Unweighted US score, median (IQR) 0 (0–1) 3 (1–5) 0  < 0.001

Pancreatic exocrine insufficiency was defined as fecal elastase 1  < 200 µg/g, underweight as BMI ≤ 18.5 kg/m2 and diabetes as HbA1c ≥ 48 mmol/mol. 
Overall p-values from χ2-test are given for the Cambridge classifications (0–4) and the Rosemont classifications (1–4). BMI = body mass index; 
CP = chronic pancreatitis; CT = computed tomography; HbA1c = glycated hemoglobin; IQR = interquartile range; PEI = pancreatic exocrine insufficiency; 
SD = standard deviation; US = ultrasound.
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in the review recruited patients with suspected CP or suspected 
pancreatic disease, but the reference standard was only similar to 
ours in one of them [23]. There were also differences in scoring 
methods used for CT and US, and in some publications, the scoring 
methods were not available.

In the agreement analyses, we found that US and EUS had high-
er agreement on duct dilatations compared to CT and EUS, indi-
cating that US may be better than CT in detecting ductal changes. 
However, the difference may also be explained by the slight differ-
ence in the definitions of duct dilatations between the Cambridge 
and Rosemont classifications. Calcifications are not as apparent on 
US as on CT, but our results confirm the ability of US to detecting 
calcifications: US has good and very good agreement with CT and 
EUS, respectively.

Though good results have been achieved with Rosemont for 
transabdominal US previously [19, 27], the score is complex, and a 
simpler US scoring tool, as recently proposed by Pagliari et al. [28], 
is warranted. The Cambridge classification for CT has several weak-
nesses, including its somewhat complex structure and large focus 
on ductal changes and other subtle changes. Given the current 
scoring systems, neither CT nor US has sufficient diagnostic accu-
racy to recommend one over the other.

Several factors influence the choice of imaging modality in the 
diagnostic workup of CP. CT and US are widely available and at rel-
atively low costs. However, their other strengths and limitations 
differ. CT image quality was sufficient in 82 of the 84 patients we 
evaluated, and because CT performs well in visualizing the whole 
pancreas, it has an advantage in ruling out differential diagnoses 
and can function as a baseline examination [6, 12]. Due to ionizing 
radiation and risk associated with intravenous contrast agents, re-
peated use and use of CT in young patients or patients with im-
paired kidney function should be limited. US does not have such 
limitations and can easily be repeated if needed for frequent fol-
low-up. Furthermore, bedside US enables the clinician to get im-
mediate answers. Intestinal gas and obesity may, however, hinder 
adequate visualization on US. Importantly, the whole pancreas was 
only visualized in 62 % of our patients, indicating that US should not 
be the sole modality if pancreatic cancer is suspected. Ruling out 
concomitant cancer in a pancreas structurally altered by CP is dif-
ficult [1, 2], and even though EUS may be the best modality to de-
tect malignancies [1], a combination of different imaging modali-
ties may be recommended, particularly when indicated based on 
clinical suspicion or known risk factors [2]. The full potential for ad-
vanced US in diagnosing CP is still unclear, but contrast-enhanced 
US reportedly improves the diagnostic accuracy when character-
izing focal pancreatic lesions [1, 29], and US elastography may also 
prove beneficial [30].

Our findings provide a reminder of the differences in strengths 
and limitations connected to each modality, pinpointing the im-
portance of a multimodal and individually adapted approach. Fur-
ther exploration of strengths and limitations of CT and US is war-
ranted, and combined with the development and validation of up-
dated scoring systems, this may provide better diagnostics for pa-
tients with CP.

Limitations
The conclusions regarding diagnostic accuracy are highly depend-
ent on the scoring systems used to evaluate diagnosis and imag-
ing, and the results are limited by the strengths and weaknesses in 
these mainly expert opinion-based systems. None of the systems 
are properly validated, and inaccuracies in any one of the three 
scoring systems will have implications for results and further inter-

▶Table 3	 Diagnostic performance indices for diagnosing chronic 
pancreatitis

AUROC Cut-off Sensitiv-
ity ( %)

Specificity 
( %)

CT Cambridge 0.75 
(0.63–0.87)

 ≥ 2 68 
(54–80)

75 (51–91)

CT Unweighted 0.80 
(0.70–0.90)

 ≥ 2 72 
(58–83)

75 (51–91)

US Rosemont 0.81 
(0.71–0.91)

 ≤ 2 64 
(50–77)

85 (62–97)

US Unweighted 0.84 
(0.74–0.94)

 ≥ 2 72 
(58–83)

85 (62–97)

The table shows areas under the receiver operating characteristic 
curves (AUROCs) and diagnostic performance indices with 95 % 
confidence intervals. AUROC for the Cambridge classification was 
significantly lower than AUROC for the unweighted CT score 
(p = 0.050). CT = computed tomography; US = ultrasound.

▶Fig. 4	 ROC curve with areas under the ROC curves (AUROCs) for 
CT and US in diagnosing chronic pancreatitis. AUROC for the Cam-
bridge classification was lower than AUROC for the unweighted CT 
score (p = 0.050). Other differences in AUROCs were non-significant 
(Cambridge vs. Rosemont: p = 0.377, Cambridge vs. unweighted 
US-score: p = 0.173, Rosemont vs. unweighted US-score: p = 0.188, 
Rosemont vs. unweighted CT-score: p = 0.886, unweighted US-score 
vs. unweighted CT-score: p = 0.519). CP = chronic pancreatitis; CT = 
computed tomography; US = ultrasound.
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▶Table 4	 Agreement analyses on diagnosis and imaging parameters in patients with chronic pancreatitis

Agreement

 % ĸ

CP diagnosis CT Cambridge 
classification

vs. US Rosemont 
classification

77 0.51 Moderate

CT Cambridge 
classification

vs. Unweighted CT 
score

97 0.94 Very good

US Rosemont 
classification

vs. Unweighted US 
score

81 0.62 Good

Unweighted CT 
score

vs. Unweighted US 
score

75 0.50 Moderate

Calcifications CT vs. US 84 0.67 Good

CT vs. EUS 84 0.66 Good

US vs. EUS 92 0.84 Very good

Pseudocysts CT vs. US 81 0.35 Fair

CT vs. EUS 74 0.36 Fair

US vs. EUS 72 0.32 Fair

Duct dilatations CT vs. US 64 0.30 Fair

CT vs. EUS 63 0.28 Fair

US vs. EUS 75 0.48 Moderate

Weighted agreement

Scores CT Cambridge 
classification

vs. US Rosemont 
classification

0.43 Moderate

Agreement between scoring systems and modalities for diagnosis and three key features. Results are presented as percent agreement ( %) and 
Cohen’s kappa (ĸ). Calcifications include both parenchymal and ductal calcifications. CP = chronic pancreatitis; CT = computed tomography; 
EUS = endoscopic ultrasound; US = transabdominal ultrasound.

▶Table 5	 CP-related imaging features on CT in a cohort of patients with suspected chronic pancreatitis

Total Non-CP CP Missing p

MPD dilatation 2–4 mm, pancreatic body 26 (37) 6 (32) 20 (39) 2 ns

Heterogeneous parenchymal structure 38 (52) 5 (25) 33 (62) 0 0.004

Small cystic changes 5 (7) 2 (10) 3 (6) 0 ns

Duct irregularities 12 (17) 1 (5) 11 (21) 2 ns

Side ducts 0 - - 0 -

MPD  > 4 mm 15 (21) 0 15 (29) 1 0.007

Large cystic structures 14 (19) 2 (10) 12 (23) 0 ns

Parenchymal calcifications 28 (38) 2 (10) 26 (49) 0 0.003

Intraductal filling defects 19 (26) 0 19 (36) 0 0.001

Duct obstructions 16 (22) 0 16 (31) 1 0.004

Severe duct irregularities 13 (18) 0 13 (25) 1 0.014

All calcifications 29 (40) 2 (10) 27 (51) 0 0.001

The frequencies of positive single features from CT examinations are presented as number of cases ( %). Missing data are expressed as number of 
cases. Definitions according to the modified Cambridge classification for CT. CP = chronic pancreatitis; CT = computed tomography; MPD = main 
pancreatic duct.
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pretation. We applied the most frequently used systems and in-
cluded unweighted scores to offer an alternative to the weighted 
systems.

Because of the similarities between EUS and US with regards to 
technology and scoring systems, using EUS as part of the reference 
standard may have given US an advantage compared to CT. Histol-
ogy from, e. g., fine needle aspiration or fine needle biopsies would 
provide a better reference standard. However, due to the risk of 
complications related to such procedures, this could not be justi-
fied in our study population.

The study protocol was based on a consecutive intention-to-di-
agnose design, aiming to complete all the required imaging (CT, 
EUS, and US). Still, for various reasons, some patients failed to com-
plete all imaging examinations. This may have created selection bi-
ases connected to individual patient characteristics or disease pres-
entation. The results for US do not take into account the cases 
(n = 9) in which the pancreas could not be sufficiently visualized, 
and exclusion caused by bowel gas or obesity may also have caused 
a selection bias.

Due to the difference in experience levels between the observ-
ers scoring US and CT, CT examinations were interpreted by both 
observers. Analyses showed good interobserver agreement for 
scoring (ĸ = 0.66) and diagnosis (ĸ = 0.67) and no significant differ-
ences in AUROCs, indicating that this minimally effected the CT 
scoring results. Visualization assessments for EUS and US examina-
tions were performed by single observers, while the quality of CT 
examinations were assessed by two observers. Both CT and US ex-
aminations were performed blinded to patient history and other 
examinations, but blinding for the general reason for referral (CT/
US) plus patient appearance (US) was not feasible and may have 
produced blinding bias.

Operator experience level is relevant in pancreatic US, and diag-
nostic performance cannot be directly translated to a setting with 
an inexperienced operator. All imaging modalities require training 

to achieve a certain level of reliability. Particularly EUS has a long 
learning curve and can only be performed by skilled personnel [19].

Conclusion
In this head-to-head study, CT and US yielded similar, but only mod-
erate diagnostic performance indices, not high enough to support 
that they should be used as single modalities. CT plays an impor-
tant role in evaluating complications and differentiating CP from 
other diagnoses, and it is still the modality of choice in the initial 
diagnostic workup of CP. US does not have limitations related to 
ionizing radiation and CT contrast agents, and this study shows that 
US has comparable accuracy to that of CT given sufficient visuali-
zation. A combination of both CT and US may be beneficial in the 
primary workup for CP, and US seems particularly favorable for re-
peated examinations and follow-up in CP. The advantages and 
drawbacks of each modality are different, and the modality of 
choice should match the requirements in each patient’s case.
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▶Table 6	 CP-related imaging features on transabdominal US in a cohort of patients with suspected chronic pancreatitis

Total Non-CP CP Missing p-value

Hyperechoic foci with shadowing 36 (49) 3 (15) 33 (62) 0  < 0.001

Lobularity (all) 2 (3) 0 2 (4) 0 ns

Hyperechoic foci without shadowing 13 (18) 2 (10) 11 (21) 0 ns

Cysts 10 (14) 1 (5) 9 (17) 0 ns

Stranding 19 (26) 1 (5) 18 (34) 0 0.015

MPD calculi 17 (23) 0 17 (32) 0 0.004

Irregular MPD contour 32 (44) 3 (15) 29 (55) 0 0.003

Dilated side branches 18 (25) 1 (5) 17 (32) 0 0.016

MPD dilatation 22 (30) 0 22 (42) 0  < 0.001

Hyperechoic MPD margin 4 (5) 1 (5) 3 (6) 0 ns

Calcifications (all) 37 (51) 3 (15) 34 (64) 0  < 0.001

The frequencies of positive single features from US examinations are presented as number of cases ( %). Definitions according to the Rosemont 
classification. CP = chronic pancreatitis; MPD = main pancreatic duct; US = ultrasound.
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