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Abstract

BACKGROUND

About 10%-30% of acute pancreatitis remain idiopathic (IAP) even after clinical
and imaging tests, including abdominal ultrasound (US), contrast-enhanced
computed tomography (CECT) and magnetic resonance cholangiopancreato-
graphy (MRCP). This is a relevant issue, as up to 20% of patients with IAP have
recurrent episodes and 26% of them develop chronic pancreatitis. Few data are
available on the role of EUS in clarifying the etiology of IAP after failure of one or
more cross-sectional techniques.

AIM

To evaluate the diagnostic gain after failure of one or more previous cross-
sectional exams.

METHODS

We retrospectively collected data about consecutive patients with AP and at least
one negative test between US, CECT and MRCP, who underwent linear EUS
between January 2017 and December 2020. We investigated the EUS diagnostic
yield and the EUS diagnostic gain over different combinations of these cross-
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sectional imaging techniques for the etiologic diagnosis of AP. Types and frequency of EUS
diagnosis were also analyzed, and EUS diagnosis was compared with the clinical parameters.
After EUS, patients were followed-up for a median of 31.5 mo to detect cases of pancreatitis
recurrence.

RESULTS

We enrolled 81 patients (63% males, mean age 61 + 18, 23% with previous cholecystectomy, 17%
with recurrent pancreatitis). Overall EUS diagnostic yield for AP etiological diagnosis was 79%
(20% lithiasis, 31% acute on chronic pancreatitis, 14% pancreatic solid or cystic lesions, 5%
pancreas divisum, 5% autoimmune pancreatitis, 5% ductal abnormalities), while 21% remained
idiopathic. US, CECT and MRCP, taken alone or in combination, led to AP etiological diagnosis in
16 (20%) patients; among the remaining 65 patients, 49 (75%) obtained a diagnosis at EUS, with an
overall EUS diagnostic gain of 61%. Sixty-eight patients had negative US; among them, EUS
allowed etiological diagnosis in 59 (87%). Sixty-three patients had a negative CECT; among them,
47 (74%) obtained diagnosis with EUS. Twenty-four had a negative MRCP; among them, 20 (83%)
had EUS diagnosis. Twenty-one had negative CT + MRCP, of which 17 (81%) had EUS diagnosis,
with a EUS diagnostic gain of 63%. Patients with biliary etiology and without previous
cholecystectomy had higher median values of alanine aminotransferase (154 vs 25, P = 0.010),
aspartate aminotransferase (95 vs 29, P = 0.018), direct bilirubin (1.2 vs 0.6, P = 0.015), gamma-
glutamyl transpeptidase (180 vs 48, P = 0.006) and alkaline phosphatase (150 vs 72, P = 0.015)
Chronic pancreatitis diagnosis was more frequent in patients with recurrent pancreatitis at
baseline (82% vs 21%, P < 0.001). During the follow-up, AP recurred in 3 patients, one of which
remained idiopathic.

CONCLUSION

EUS is a good test to define AP etiology. It showed a 63% diagnostic gain over CECT + MRCP. In
suitable patients, EUS should always be performed in cases of IAP. Further prospective studies are
needed.

Key Words: Endoscopic ultrasound; Idiopathic acute pancreatitis; Diagnostic gain; Computed tomography;
Magnetic resonance cholangiopancreatography

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute pancreatitis (AP) is a common and potentially severe disease. Imaging techniques allow an
etiological diagnosis in most cases. However, about 20% of cases remain idiopathic, with negative
consequences on patients’ outcomes. Endoscopic ultrasound (EUS) has emerged as a valid technique for
the assessment of AP etiology. We share our experience with EUS in the identification of idiopathic AP
etiology, after failure of one or more cross-sectional imaging techniques. We found a superiority of EUS
over the standard cross-sectional imaging techniques. We therefore suggest the use of EUS to define
idiopathic AP etiology in all suitable patients.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disorder characterized by the abnormal activation of
digestive enzymes within the pancreatic gland. AP leads to the acute injury of the pancreas and may
involve remote organs and systems. AP is one of the most common causes of hospitalization in the
United States and Europe[l]. In most cases (about 80%), the prognosis is rapidly favorable[2].
Nevertheless, acute necrotizing pancreatitis may develop in up to 20% of cases, and it is associated with
significant rates of early organ failure (38%), need for intervention (38%) and death (15%)[3].
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The most common AP etiologies are common bile duct stones and alcohol abuse, accounting for
about 60%-70% of all the cases[4]. Other etiologies include functional or anatomic lesions (pancreas
divisum, pancreatic duct strictures/tumors, ampullary stenosis or sphincter of Oddi dysfunction),
drugs, metabolic causes (hypertriglyceridemia, hypercalcemia), autoimmune disease, mechanical injury
(e.g., blunt abdominal trauma, postoperative), infections, ischemia, hereditary conditions and toxins[5].

AP etiology can be found in most cases by combining cross-sectional abdominal imaging techniques,
such as ultrasound (US), contrast-enhanced computed tomography (CECT) and magnetic resonance
cholangiopancreatography (MRCP). However, 10%-30% of AP remains idiopathic (IAP) after clinical,
laboratory and imaging tests[6,7]. This is a relevant issue, as 20% of patients with IAP have recurrent
episodes, and 20%-30% of them develop chronic pancreatitis[6]. In recent years, endoscopic US (EUS)
has emerged as a useful tool for the etiological diagnosis of AP. A recent systematic review and meta-
analysis demonstrated that EUS is able to identify a potential etiology in the majority of patients with
IAP[8].

EUS has shown high diagnostic accuracy for the identification of microlithiasis missed at CECT scan
or MRCP[9,10]. Moreover, in a smaller but relevant percentage of cases, EUS detected small pancreatic
or ampullary lesions that were not identified at CECT or magnetic resonance imaging[11-13]. To date,
few data are available about the role of EUS after failure of multiple cross-sectional imaging techniques
and specifically evaluating the diagnostic gain of EUS in this setting. The present study aimed to
evaluate the role of EUS in the assessment of IAP etiology when US, CECT and MRCP failed.

MATERIALS AND METHODS

Study population and data collection

We performed a retrospective, single-center study. We analyzed a database of consecutive adult
patients prospectively enrolled between January 2017 and December 2020 to the Ospedale Maggiore of
Cremona with a diagnosis of AP. The diagnosis of AP was made when 2 of 3 of the following criteria
were met: abdominal pain consistent with pancreatitis; increased serum amylase or lipase levels, by at
least 3 times the upper normal of limit; and characteristic findings on conventional radiologic methods
(transabdominal US and/or CECT scan). MRCP was performed as a second-line technique after a
negative US and/or CECT.

A thorough medical history and complete blood tests were collected for each patient at the clinical
presentation. For final inclusion in the study analyses, the following criteria were ruled out: (1) History
of alcohol or other toxic substance abuse; (2) Recent abdominal trauma; (3) Medications potentially
related to AP; (4) Metabolic disorder like hypertriglyceridemia (= 1000 mg/dL) or hypercalcemia; (5)
Clear etiology of AP identified at US, CECT or MRCP, without the need for further investigations; and
(6) In the case of recurrent pancreatitis (i.e. > 2 episodes of AP), a genetic cause was ruled out by testing
for CFTR, SPINK-1 and PRSS1 mutations.

Therefore, the patients included in final analysis were those diagnosed with idiopathic acute pancre-
atitis (IAP), according to the American College of Gastroenterology guidelines[14].

All patients included in the study had undergone EUS after at least one US, CECT or MRCP test.
Specifically, EUS was performed after a negative cross-sectional technique to investigate the AP etiology
and after a positive exam to confirm a suspected diagnosis, to better characterize a lesion or to obtain
biopsies.

After EUS examination, patients were followed up for at least 12 mo (median 31.5 mo, range 12-55),
and recurrent episodes of acute pancreatitis were recorded.

The primary aim of the study was to evaluate the diagnostic gain of EUS in the identification of IAP
etiology after failure of one or more previous cross-sectional exams. The secondary aims were: to assess
the overall EUS diagnostic yield for IAP etiology; to compare the baseline clinical features with the IAP
diagnosis; and to analyze the frequency and types of AP recurrence during the follow-up.

Endoscopic ultrasound

EUS examination was performed by 2 experienced operators (= 250 exams per year) using a linear
echoendoscope (Pentax Medical EG3870UTK and EG38-J10UT), after informed consent had been
obtained, with the patient in a left-side position under conscious sedation. EUS was mainly performed
during admission after the acute phase of pancreatitis was clinically resolved, unless conditions such as
persistent biliary obstruction required earlier evaluation. EUS was performed as an outpatient
procedure in cases of mild pancreatitis with early patient discharge.

The examination was considered diagnostic with the following findings: biliary stones, criteria for
chronic pancreatitis, presence of solid or cystic pancreatic lesions, pancreatobiliary duct abnormality,
pancreas divisum, and features of autoimmune pancreatitis.

In detail: (1) Biliary etiology was diagnosed if stones or microlithiasis/biliary sludge were seen inside
the gallbladder or the common bile duct. Biliary stones were defined as hyperechoic structures with an
acoustic shadow, microlithiasis was defined as hyperechoic structures of 3 mm or less in diameter, and
biliary sludge was defined as a hyperechoic material without an acoustic shadow[15]; (2) Chronic
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pancreatitis was defined according to the Rosemont criteria[16]; (3) Duct abnormality was diagnosed if a
long pancreatobiliary junction (> 15 mm) was identified[17]; (4) Pancreas divisum was described in the
presence of a dominant dorsal duct with or without evidence of communication between the ventral
and dorsal ducts, or if the main pancreatic duct could not be traced from the major papilla[18]; (5) Solid
or cystic pancreatic lesions were considered as the cause of AP if obstruction of the pancreatic duct was
seen at EUS examination; and (6) The diagnosis of autoimmune pancreatitis was made when
parenchymal or ductal features were seen (e.g., diffuse pancreas enlargement with delayed
enhancement), and the International Consensus Diagnostic Criteria were met[19].

Statistical analysis

The categorical variables were described as absolute frequency and percentage. The continuous
variables with normal distribution were described as mean + SD, whereas the continuous variables
without normal distribution were given as median and range. Mann-Whitney test and or Fisher’s exact
tests were used to associate baseline clinical and biochemical variables with biliary pancreatitis.
Diagnostic yield of EUS was calculated as the overall percentage of etiological diagnosis obtained
through EUS examination. EUS diagnostic gain was calculated as the percentage of additional diagnoses
obtained at EUS over the total number of patients undergoing US, CECT and/or MRCP. All the
analyses were carried out by computer software IBM SPSS Statistics (release 25; IBM Corporation,
United States).

RESULTS

Between March 2017 and December 2020, a total of 81 patients underwent EUS for IAP (38% female,
mean age at enrollment 61 * 18 years). Fifteen (23%) patients had previous cholecystectomy, whereas 49
(77%) had an intact gallbladder. First episode of AP was the indication of EUS in 52 (81%) patients,
while 12 (19%) patients had recurrent pancreatitis (58 % with one episode, 42% with 2 or more episodes).
The median time interval between patient admission and EUS was 5 d (range, 2-27). All patients’
demographic and clinical characteristics are summarized in Table 1.

Diagnostic yield of EUS and types of diagnosis

Overall, EUS led to an etiological diagnosis in 64 (79%) of the 81 patients. The diagnoses were as
follows: 16 gallstone diseases, 25 acute on chronic pancreatitis, 4 pancreas divisum, 4 pancreatic duct
anomalies, 11 solid or cystic lesions (4 pancreatic carcinomas with a maximum diameter of 15, 18, 20 and
24 mm; 2 ampullary adenomas of 8 and 13 mm; 5 branch-duct intraductal papillary mucinous
neoplasms with high-risk stigmata or worrisome features) and 4 with criteria of autoimmune
conditions. Example images of the main diagnosis obtained by EUS are shown in Figure 1. All patients
underwent EUS and at least one exam with US, CECT and MRCP. The three cross-sectional techniques,
alone or in combination, led to AP etiological diagnosis in 16 (20%) of the 81 patients. All diagnoses
were confirmed at the following EUS. Among the remaining 65 patients, 49 (75%) obtained a diagnosis
at EUS, with an overall EUS diagnostic gain of 61%.

US and EUS: Seventy-two (89%) patients underwent US, which allowed an etiological diagnosis in 4
(6%) cases. Among the 68 patients with a negative US, EUS allowed an etiological diagnosis in 59 (87%):
14 biliary pancreatitis, 25 acute on chronic pancreatitis, 2 pancreas divisum, 4 pancreatic duct anomalies,
10 solid or cystic lesions and 4 autoimmune conditions.

CECT and EUS: CECT scan was performed in 72 patients (89%), 9 of which (13%) resulted with an
etiological diagnosis. Forty-seven (74%) out of the 63 patients with negative CECT obtained an
etiological diagnosis at EUS: 10 lithiasis, 18 acute on chronic, 4 pancreas divisum, 4 duct anomalies, 9
solid/ cystic lesions and 2 autoimmune pancreatitis.

MRCP and EUS: MRCP was performed in 32 patients, among which 8 (24%) obtained an etiological
diagnosis. EUS allowed a diagnosis in 20 (83%) of the 24 patients with negative MRCP: 4 biliary
etiology, 9 acute on chronic pancreatitis, 1 pancreas divisum, 1 pancreatic duct anomaly, 4 solid or cystic
lesions and 1 autoimmune pancreatitis.

Diagnostic gain of EUS in cases of previous negative exams

US + CECT: A combination of US and CECT was performed in 63 patients (78%); of the 54 patients with
missed diagnosis at both US and CECT, 45 (83%) received a diagnosis at EUS: 10 biliary etiology, 17
acute on chronic pancreatitis, 3 pancreas divisum, 4 pancreatic duct anomalies, 8 solid or cystic lesions
and 3 autoimmune conditions. EUS diagnostic gain over US + CECT was 71%.

US + MRCP: A combination of US and MRCP was performed in 31 patients (38%); of the 23 US + MRCP
missed diagnosis, 20 (87%) were identified at EUS: 4 biliary etiology, 9 acute flares on chronic pancre-
atitis, 1 pancreas divisum, 1 pancreatic duct anomalies, 4 solid or cystic lesions and 1 inflammatory-
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Table 1 Demographic and clinical features of the 64 patients analyzed

Missed EUS diagnosis, n =

Parameter n=81 EUS diagnosis, n = 64 17 P value
Male, n (%) 51 (63) 43 (67) 8 (46) 0.208
Age at enrollment, mean * SD, yr 61+18 62+18 59 +16

Previous cholecystectomy, 1 (%) 19 (23) 18 (28) 0 0.028
Recurrent pancreatitis, 1 (%) 14 (17) 14 (22) 0 0.101
One episode, 1 (%) 7(9)

> 2 episodes, 11 (%) 6(7)

Amylase, median (range) 468 (107-4988) 465 (123-4988) 500 (107-4753) 0.861
Lipase, median (range) 777 (87-23840) 774 (87-23840) 780 (96-12800) 0.914
Gamma-glutamyl transpeptidase, median 70 (9-1665) 70 (9-1665) 125 (11-640) 0.707
(range)

Alkaline phosphatase, median (range) 78 (32877) 78 (32-877) 90 (32-185) 0.707
Direct bilirubin, median (range) 0.7 (0.2-8.5) 0.4 (0.2-3) 0.7 (0.2-8.5) 0.933
Alanine aminotransferase, median (range) 34 (6-793) 34 (6-793) 33 (7-596) 0.488
Aspartate aminotransferase, median (range) 38 (11-704) 34 (11-704) 33 (15-301) 0.732
Abdominal US, 1 (%) 72 (89) 63 (98) 9 (54) <0.001
Abdominal CECT, 1 (%) 72 (89) 56 (88) 16 (94) 1.000
MRCP, 1 (%) 32 (39) 28 (44) 4(24) 0.220
EUS findings, n (%) NA NA NA
Normal (final IAP diagnosis) 17 (21)

Biliary 16 (20)

Microlithiasis / biliary sludge 9 (11)

Acute on chronic pancreatitis 25 (31)

Solid or cystic lesions 11 (14)

Pancreatic adenocarcinoma 4 (5)

Ampullary adenoma 2(3)

BD-IPMN with high-risk stigmata or 5(6)

worrisome features

Pancreas divisum 4 (5)

Ductal anomaly 4(5)

Autoimmune criteria 45

BD-IPMN: Branch-duct intraductal papillary mucinous neoplasms; CECT: Contrast enhanced computed tomography; IAP: Idiopathic acute pancreatitis;
MRCP: Magnetic resonance cholangiopancreatography; SD: Standard deviation; US: Ultrasound; EUS: Endoscopic ultrasound; NA: Not available.

autoimmune condition. EUS diagnostic gain over US + MRCP was 65%.

CECT + MRCP: CECT and MRCP were both performed in 27 patients; of the 21 CECT + MRCP missed
diagnoses, 17 (81%) were identified at EUS: 3 gallstone disease, 7 acute on chronic pancreatitis, 1
pancreas divisum, 1 pancreatic duct anomalies, 4 solid or cystic lesions and 1 autoimmune condition.
EUS diagnostic gain over CECT + MRCP was 63%.

US + CECT + MRCP: Finally, 25 patients (31%) received all 3 cross-sectional techniques, without
obtaining the AP etiological diagnosis in 19 cases; among them, EUS allowed a diagnosis in 17 (89%)
cases: 3 gallstone disease, 7 acute on chronic pancreatitis, 1 pancreas divisum, 1 pancreatic duct
anomalies, 4 solid or cystic lesions and 1 autoimmune condition. EUS diagnostic gain over US + CECT +
MRCP was 68%.
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Figure 1 lllustrative images of the main etiological diagnoses of acute pancreatitis obtained by endoscopic ultrasound. A:
Choledocholithiasis: endoscopic ultrasound (EUS) images of a small (3-4 mm) shadowing stone located in the distal common bile duct, obtained from the bulb (on the
left) and descending duodenum (on the right) stations; B: Early chronic pancreatitis: EUS image showed a lobular pancreatic parenchyma with hyperechoic strands
and foci, with hyperechoic margins of the Wirsung's duct, all of which are minor criteria for chronic pancreatitis; C: Anomalous pancreaticobiliary junction: EUS image
from the descending duodenum showed the confluence of Wirsung's duct and common bile duct into a long (15 mm) common channel (on the left). The anomaly was
then confirmed by retrograde cholangiopancreatography (on the right), also showing lithiasis of the distal part of the common channel; D: Pancreatic lesion: EUS
image of a small (15 mm) solid lesion located in the pancreatic head; the lesion appeared hypoechoic and with irregular / infiltrating margins and comes close to the
portal venous confluence. Histology confirmed a pancreatic adenocarcinoma; E: Pancreas divisum: EUS image from the descending duodenum showed a dominant
dorsal pancreatic duct (PD), draining in the minor papilla; F: Autoimmune pancreatitis: EUS image showed a diffuse hypoechoic pancreatic enlargement, with
hypoechoic parenchymal margins, at the level of the body (clearly visible the splenic vessels on the left). After contrast enhancement, the pancreas showed
homogeneous early hypervascularization. Histology obtained by fine-needle biopsy revealed inflammatory infiltrates, excluding cancer.

Jaishideng®

The percentage of types of EUS diagnosis after the different exam combinations are shown in Table 2.

Correlation between IAP diagnosis and clinical parameters

All patients without etiological diagnosis at EUS had no previous cholecystectomy compared to 28%
with EUS diagnosis (P = 0.028). Patients with a final diagnosis of biliary pancreatitis had higher baseline
median values of alanine aminotransferase (median value 154 vs 25, P = 0.010), aspartate aminotrans-
ferase (median value 95 vs 29, P = 0.018), direct bilirubin (median value 1.2 vs 0.6, P = 0.015), gamma-
glutamyl transpeptidase (median value 180 vs 48, P = 0.006) and alkaline phosphatase (median value
150 vs 72, P = 0.015) compared to patients with non-biliary diagnosis. After differentiating between
patients with or without previous cholecystectomy, these associations were maintained only for the
non-cholecystectomy group. Noteworthy, when differentiating between first-episode and recurrent
pancreatitis, chronic pancreatitis was the diagnosis at EUS in 21% and 82% of cases, respectively, a
difference that was statistically significant (P < 0.001).

Etiology-based therapeutic intervention and follow-up data

During the follow-up, 12 out of the 16 patients diagnosed with biliary pancreatitis had evidence of
choledocholithiasis; all of them underwent successful stone removal by endoscopic retrograde cholan-
giopancreatography (ERCP). Five out of the 25 patients with chronic pancreatitis underwent ERCP with
pancreatic sphincterotomy (5/5) and pancreatic duct stenting (2/5) because of the evidence of
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Table 2 Frequencies of acute pancreatitis etiologies at endoscopic ultrasound according to the type of previous negative exam/s

Type of previous negative exam/s

Type of AP etiology at EUS us CECT  MRCP  US+CECT US+MRCP CECT+MRCP ;i;: ECT +
Biliary; microlithiasis/biliary sludge ~ 20%; 10% 16%; 5% 17%; 17% 19%; 7% 18%; 18% 14%; 14% 16%; 16%
Acute on chronic 37% 29% 38% 32% 39% 33% 37%

Solid or cystic lesions 15% 14% 17% 15% 18% 19% 21%

Pancreas divisum 3% 6% 4% 5% 4% 5% 5%
Anomalous pancreaticobiliary 6% 6% 4% 7% 4% 5% 5%

junction

Autoimmune criteria 6% 3% 4% 5% 4% 5% 5%

Idiopathic 13% 26% 16% 17% 3% 9% 11%

AP: Acute pancreatitis; CECT: Contrast enhanced computed tomography; EUS: Endoscopic Ultrasound; MRCP: Magnetic resonance cholan-

giopancreatography; US: Ultrasound.
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Wirsung’s duct stenosis. Among the 11 patients with solid or cystic lesions as the cause of IAP, 4 were
treated surgically, while the others were evaluated for a neoadjuvant or palliative approach. The 4
patients with features of autoimmune pancreatitis began steroid therapy with a good response.

During the follow-up time, a further episode of acute pancreatitis was observed in 3 patients (3.7%).
Genetic tests for CFTR, SPINK-1 and PRSS1 mutations tested negative. All patients underwent EUS at
recurrence. Two of these already had an EUS diagnosis of pancreas divisum and anomalous pancreato-
biliary junction that were confirmed. The other had been initially diagnosed as idiopathic pancreatitis,
which remained idiopathic even after the EUS examination performed after recurrence.

DISCUSSION

Our study investigated the role of EUS in the etiological diagnosis of IAP. Overall, the diagnostic yield
of EUS for the identification of AP etiology was 80%, with 20% of patients with a final IAP diagnosis,
which is in line with previous literature data[20,21]. This result is in keeping with two previous
published meta-analyses reporting that EUS can detect a cause in most patients with IAP[8,22]. We
found a high diagnostic gain of EUS after all combinations of previous negative cross-sectional
techniques; interestingly, diagnostic gain remained remarkably high even after the combination of
CECT and MRCP. This result supports EUS as the technique of choice after a negative CECT if the
patient is suitable for endoscopic examination, while MRCP could be reserved for patients at elevated
risk for invasive procedures.

The most common etiologies identified at EUS were lithiasis, acute on chronic pancreatitis and solid
or cystic lesions. All the lithiasis identified at EUS after MRCP were microlithiasis/biliary sludge of
gallbladder or common bile duct compared with about half after CECT; this finding confirms the
superiority of EUS over MRCP in the identification of lithiasis of small size, as reported previously[9,21-
24]. An increase in transaminases is known to have a high positive predictive value for gallstone pancre-
atitis[25]. Interestingly, in our study, patients with biliary pancreatitis showed higher levels of liver
enzymes as compared to other types of diagnosis but only in the group without previous
cholecystectomy, while patients with previous cholecystectomy showed similar median values of liver
enzymes. This result seems to identify patients without prior cholecystectomy and with increased
transaminases as those at greatest risk of biliary pancreatitis and suggests that these patients could
benefit from EUS as the first diagnostic test, eventually followed by ERCP in the same session if the
diagnosis is confirmed[26-28].

Chronic pancreatitis was the most frequent diagnosis overall, with similar frequencies after all
combinations of previous cross-sectional imaging techniques. This data is in line with the current
evidence that EUS has the highest diagnostic performance in the identification of chronic pancreatitis
features[29,30]. This is especially true in the setting of early chronic pancreatitis where thanks to the
high resolution, EUS may detect subtle parenchymal and ductal changes such as irregular ductal
contour, side branch ectasia 21 mm and parenchymal lobularity, which are minor diagnostic criteria
according to the Rosemont criteria[31-34]. When differentiating between single episode or recurrent
pancreatitis at baseline, diagnosis of chronic pancreatitis was much more frequent in patients with
recurrent forms; this result supports the use of EUS as the first diagnostic technique for the identi-
fication of AP etiology in this subgroup of patients.
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Regarding solid lesions, all pancreatic carcinomas missed at CECT were 25 mm or less in size. This
data agrees with previous evidence showing a superiority of EUS over CECT for the diagnosis of small
pancreatic lesions[35-38]. Interestingly, the percentage of solid lesions identified at EUS was similar in
groups with or without previous MRCP, suggesting that this technique does not improve the ability to
diagnose small pancreatic lesions. The identification of solid pancreatic lesions, as well as cholelithiasis
or choledocholithiasis, not seen at previous examinations is of paramount importance since it
significantly changes the patient management and particularly the referral to surgery or ERCP. This is
especially true for small pancreatic cancers, which may be suitable for curative treatment. Most cystic
lesions were instead diagnosed after US and/or CECT failure. Indeed, as already demonstrated, MRCP
and EUS have comparable diagnostic accuracy for the assessment of cystic lesions[39], although EUS
can better identify some high-risk or worrisome features such as enhancing mural nodules or thickened
or enhancing cyst walls[40].

Pancreatic duct anomalies, including pancreas divisum and anomalous pancreaticobiliary junction,
were diagnosed at EUS in about 10% of cases. This percentage was the same even after the combination
of CECT and MRCP, corroborating a high sensitivity of EUS in obtaining a detailed study of the distal
portion of the pancreatic duct, as already reported in the literature[41,42]. In the meta-analysis by Wan
et al[22], EUS and MRCP were equally effective in identifying pancreas divisum, while MRCP after
secretin stimulation was superior to both techniques. However, due to increased costs and practical
issues, secretin-enhanced MRCP has failed to gain widespread United States use across radiology
practices[43] and is not routinely performed in our center.

Incidence of further AP episodes during the follow-up was low (3%) and related to non-modifiable
causes (one idiopathic form and one pancreatic duct anomaly). The endoscopic treatment of all
choledocholithiasis, followed by cholecystectomy when necessary, and of chronic pancreatitis when
indicated may have contributed to reducing the risk of pancreatitis recurrence.

The strengths of the study were the homogeneity of the population, the availability of detailed clinical
information and the availability of a long follow-up period after the treatment approach. The main
limitations were the small sample size and the retrospective nature of the study, with the need of
prospective, multicentric studies in order to delineate a diagnostic algorithm that optimizes the use of
EUS in AP.

CONCLUSION

In conclusion, our study supports the role of EUS as the technique of choice in IAP after failure of one or
more cross-sectional techniques including CECT and MRCP. We suggest the use of EUS as the first-level
technique in patients presenting with increased liver enzymes and with no previous cholecystectomy
and in the setting of recurrent pancreatitis. Given its high diagnostic yield, we also propose EUS as the
first-line investigation in all suitable patients presenting with IAP. Finally, larger and prospective
studies investigating not only the diagnostic but also the prognostic value of EUS in IAP are needed.

ARTICLE HIGHLIGHTS

Research background

Idiopathic acute pancreatitis (IAP) is a common condition and represents a diagnostic challenge because
up to 20% of patients with IAP have recurrent episodes and may evolve to chronic pancreatitis.
Endoscopic ultrasound (EUS) is highly effective in the etiological diagnosis of IAP, even after failure of a
previous imaging technique. A significant proportion of AP remains idiopathic even after multiple
imaging techniques, mainly including abdominal US, contrast-enhanced computed tomography (CECT)
and magnetic resonance cholangiopancreatography (MRCP).

Research motivation

The role of EUS in IAP has been established by multiple studies, including meta-analyses. However,
limited data are currently available about the diagnostic gain of EUS in cases of failure of multiple
previous imaging techniques.

Research objectives

The primary aim of the study was to evaluate the diagnostic gain of EUS after failure of US, CECT and
MRCP and particularly after different combination of these techniques. The secondary aims were to
assess the overall EUS diagnostic yield in IAP, to associate the baseline clinical features with the specific
IAP diagnosis and to analyze the frequency and types of AP recurrence during the follow-up.
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Research methods

We performed a retrospective, single-center study. We enrolled all consecutive adult patients
undergoing EUS for IAP over a 3-year period at the Ospedale Maggiore of Cremona. IAP was defined
when a clear etiology could not be identified after a thorough medical history, complete blood tests and
after performing at least one US, CECT or MRCP exam. The EUS diagnostic gain was calculated as the
percentage of additional diagnoses obtained at EUS over the total number of patients undergoing US,
CECT and/or MRCP.

Research results

Overall EUS diagnostic yield was 79%, with 21% of AP remaining idiopathic. This percentage is in line
with the current literature. Gallstone disease and chronic pancreatitis were the most frequent diagnoses
(20% and 31%, respectively). The EUS diagnostic gain over the associations of CECT + MRCP and US +
CECT + MRCP was 63% and 68%, respectively. This is a relevant result that confirms the superiority of
EUS in the etiological diagnosis of IAP, particularly in detecting microlithiasis and early signs of chronic
pancreatitis. In patients without a previous cholecystectomy and with a final diagnosis of biliary pancre-
atitis, higher baseline median values of liver enzymes were found. Moreover, in patients with recurrent
pancreatitis, chronic pancreatitis was the diagnosis in 82% of cases. These results suggest a high efficacy
of EUS in the etiological diagnosis of IAP in patients without previous cholecystectomy and with
recurrent pancreatitis. During a median follow-up of 31.5 mo, an additional episode of pancreatitis was
observed in 3.7% of patients.

Research conclusions

EUS has a high diagnostic yield in IAP. About two-thirds of patients with IAP without etiological
diagnosis with various combinations of US, CECT and MRCP received a diagnosis at EUS. This finding
confirms the superiority of EUS over these techniques and proposes EUS as the investigation of first
choice in all suitable patients. EUS shows the highest diagnostic gain in the setting of increased liver
enzymes with no previous cholecystectomy and in the setting of recurrent pancreatitis.

Research perspectives

The role of EUS in the etiological diagnosis of IAP has been established by multiple studies including
meta-analyses. Our study provided additional data supporting the high diagnostic gain of EUS in cases
of failure of multiple previous imaging techniques. Future research should focus on the prognostic
value of EUS in the setting of IAP, since patient management may change following the EUS diagnosis.
Large multicentric and prospective studies addressing this issue are needed.
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