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Paraduodenal pancreatitis as diagnostic challenge: clinical and
morphological features of patients with pancreatic pathology
involving the pancreatic groove
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Abstract

Background Paraduodenal pancreatitis (PP) is an inflammation involving the groove zone, delimited by
the duodenum lumen, bile duct, and the head of the pancreas. This area may also be involved during acute
pancreatitis (AP). The differential diagnosis is clinically relevant, since PP generally persists, whereas AP
resolves. Hence, we compared a cohort of patients with PP and AP involving the groove area.

Methods We retrospectively evaluated patients with pathology involving the groove area. The
primary aim was to define the diagnostic features of PP compared to non-PP pancreatitis involving
the groove area. PP was diagnosed by imaging, while AP was diagnosed according to the revised
Atlanta classification and the clinical course, to exclude chronic pancreatitis.

Results The study population consisted of 37 patients (32 men, age 56.9+9.1 years), 25 with a
diagnosis of PP (23 men, mean age 54.9+8.5 years), and 12 (9 men, mean age 61.2+9.2 years) with
AP involving the groove. All 25 patients with PP and 4 (33.3%) with AP reported a history of alcohol
abuse, 23 patients (92%) with PP, and 3 (25%) with AP had a history of smoking. On imaging, PP
patients presented a significantly thicker duodenal wall compared to the AP group (P=0.010). Chronic
pancreatitis in the body/tail and exocrine insufficiency was prevalent in PP (P<0.001 and P=0.02).
The medial displacement of the gastroduodenal artery was more frequent in the PP group (P=0.011).

Conclusion PP has a different clinical and imaging profile compared to AP involving the groove area.

Keywords Paraduodenal pancreatitis, mass forming chronic pancreatitis, pancreatic necrosis,

groove pancreatitis
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Introduction

Chronic pancreatitis is a progressive fibro-inflammatory
disease of the pancreas that in the final stage leads to
irreversible pancreatic atrophy, resulting in pain, and exocrine
and endocrine insufficiency [1]. In the last decades, rare forms
of chronic pancreatitis, namely autoimmune pancreatitis [2]
and paraduodenal pancreatitis (PP) [3], have been identified
as distinct entities. In 2002 the World Health Organization
classification acknowledged the term “para-duodenal wall
cyst” [4]. The onset of PP occurs in the anatomical compartment
of the pancreatic groove: the space between the duodenum, the
pancreatic head and the intrapancreatic bile duct.

PP is a rare form of chronic pancreatitis that has been
described in the literature under various names, such as
“Rinnenpankreatitis” [5-8], “cystic dystrophy of the duodenal
wall” in French or Italian papers [9-12], “groove pancreatitis”
in other countries [13,14], or “pancreatic hamartoma of the
duodenal wall” [15,16]. The pathological features of PP are
well defined and the term “paraduodenal pancreatitis” was
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proposed to encompass all these different entities, which have
been morphologically classified as either a cystic or solid form
of PP [3]. PP can be diffuse, involving the body and tail of the
pancreas, or focal, localized in the groove with preservation
of the pancreatic parenchyma. It can also be found in a pure
form confined to the pancreatoduodenal groove, mimicking a
periampullary tumor. A more recent classification published by
Muraki et al more precisely defined the subtypes of PP, also
based on the postulated pathophysiological mechanism [17].

It is postulated that pancreatic tissue in the duodenal wall at
thelevel of the minor papilla may result from abnormal migration
of the dorsal pancreatic bud. This heterotopic pancreas,
associated with abnormalities in the duct system [3], may
be more sensitive to exogenous factors, particularly alcohol.
Indeed, alcohol and tobacco have been associated with PP [18].
These noxae act on the heterotopic pancreas in the groove,
on the small pancreatic ducts or the duct of Santorini, or on
the local vessels, particularly the arterioles [19], triggering a
self-enhancing acute or chronic inflammation process that
represents a common injury pattern for PP [17].

The spectrum of clinical findings in PP is quite restricted,
since it occurs mainly in middle-aged men with a history of
tobacco and alcohol abuse [20]. The most common symptom
is upper abdominal pancreatic pain, often continuous
and severe. Clinically and on imaging, duodenal stenosis,
periampullary cysts, jaundice or obstructive pancreatitis can
occur in varying degrees, as well as space-occupying lesions
that functionally act as a periampullary mass mimicking
cancer [17]. Accordingly, the imaging features of PP are diverse,
ranging from a space-occupying lesion resembling cancer
to paraduodenal cystic lesions that may mimic pancreatic
cystic neoplasms or duodenal duplication (Fig. 1A). This
heterogenous spectrum of findings leads to an over-diagnosis
of possible malignancy and to a high rate of surgery [21,22].
In fact, PP accounts for 3-5% of pancreatic head resections
performed because of the suspicion of pancreatic head or
periampullary cancer [17,23]. The diagnosis of PP can be
made using imaging techniques [10-12,23-25], but the gold
standard is still pathological examination [3,26]. Endoscopic
ultrasound (EUS) may demonstrate a thickened duodenal
wall, particularly involving the submucosa and muscularis
propria, sometimes with loss of wall stratification (in the

Figure 1 (A) Contrast medium-enhanced computed tomography
(CT) scan in the arterial phase, showing a hypodense mass forming
paraduodenal pancreatitis with thickening of the duodenal wall,
duodenal cysts, medial displacement of the gastroduodenal artery,
duodenal stenosis and stomach dilation, with stasis of the oral contrast
medium. (B) Contrast medium-enhanced CT scan in the arterial phase
showing a hypodense mass in the groove and duodenal thickening as a
consequence of pancreatic groove necrosis.
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acute recurrent inflammatory phase) or with the presence of
cysts inside [27,28]. Upon EUS contrast medium application,
areas around the cyst are not enhanced and the surrounding
thickened wall shows patchy and delayed enhancement,
as well as a hard appearance on elastography [29], making
the differential diagnosis with groove carcinoma, duodenal
carcinomas or highly proliferative necrotizing neuroendocrine
tumors difficult. Endoscopic findings show a congested,
edematous, and erythematous mucosa in the second part of the
duodenum around the major papilla [30]. A duodenal stenosis
can also occur, making an EUS examination challenging.

PP has mostly been described in surgically treated
cohorts [17,21,23], and long-term outcomes, especially in
those patients managed medically, are poorly described
in the literature and presented only in retrospective
analyses [14,20,31]. Since other conditions that affect the groove
area can present with clinical features similar to those of PP, we
compared our cohort of patients with PP to a group of patients
presenting with acute pancreatitis (AP) involving the pancreatic
groove area (Fig. 1B) to analyze the optimal diagnostic criteria
for these conditions and the outcome of the therapeutic choices.
The aim of this study was also to find potential differences that
can help distinguish these 2 conditions prior to surgery and
facilitate tailored treatment, avoiding misdiagnosis of cancer.

Patients and methods

We retrospectively evaluated the clinical records of patients
who were managed in the University Hospital of Erlangen
(Germany) after a diagnosis of a new-onset pancreatic
pathology involving the groove area on imaging, defined at
the first imaging evaluation and re-evaluated by 2 radiologists
blinded to the clinical data (MH and MW). We analyzed clinical,
surgical and radiological data, and hospital readmissions using
our prospective clinical database (“Soarian”) (Siemens GmbH,
Erlangen) from January 1, 2005 up to December 31, 2022. The
diagnosis of PP was based on imaging (computed tomography
[CT] and/or magnetic resonance [MRI]) or histology
(Supplementary Table 1). The primary aim was to define the
diagnostic features of PP compared to similar conditions
involving the groove area, namely AP with groove necrosis.
Secondary aims were to compare clinical and radiological
data and outcomes of conservative, interventional and surgical
therapies for pancreatitis involving the groove area. Diagnosis
of PP was done according imaging [10,12] and where available,
histopathology [3]. The diagnosis of AP was made according to
the revised Atlanta classification [32], and patients were assigned
to the AP group a posteriori, taking into account their clinical
course and medical history to exclude chronic pancreatitis.

Data collection

The following clinical parameters were collected: age at
clinical onset; sex; alcohol consumption (none <10 g/day,
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medium 10-20 g/day, abuse >20 g/day); cigarette smoking (none,
<10 pack years, >10 pack years); jaundice; vomiting; weight loss
(defined as a reduction by >10% of the normal body weight
within 6 months); endocrine pancreatic insufficiency (fasting
serum glucose >126 mg/dL); exocrine pancreatic insufficiency
(clinical detectable steatorrhea or fecal elastase 1 <100 ug/g of
stools); AP, defined as upper abdominal pain and an increase
in serum lipase to greater than 3 times the upper normal limit;
cancer antigen 19-9; jaundice; and a diagnosis of liver cirrhosis
or portal and/or splenic vein thrombosis. The suspicion of cancer
was recorded according to the judgment of a multidisciplinary
board. Readmission for recurrence of pancreatic disease during
the follow up was also recorded from the diagnosis.

Endoscopic and surgical procedures

The performance of endoscopic retrograde
cholangiopancreatography (ERCP), duodenal dilation procedures,
duodenal stenting, transpapillary drainage, EUS cyst drainage,
fine-needle aspiration, and bile duct or pancreatic duct stenting
were recorded. The type and timing of surgery were recorded.

Radiological and histological data

All patients underwent CT and or MRI with intravenous
contrast agents. The following data were recorded: duodenal
stenosis, stomach dilation, nodular lesions suggesting
heterotopic pancreas, pancreatic calcifications, peripancreatic
effusions, lymphadenopathy, acute inflammation, pancreatic
head enlargement, double duct sign, suspicion of cancer,
number and size of duodenal wall cysts, main pancreatic duct
dilation, bile duct, pseudocyst in the pancreatic body and tail,
and chronic pancreatitis of the pancreas outside the groove
area. Duodenal wall thickening was measured in mm and the
extension of the thickening was described as localized in the
pylorus, duodenal bulb, descending part of the duodenum, or
medial part. Contrast medium enhancement in the arterial and
venous phase was recorded. PP has been classified as “solid”
or “cystic”, according to the radiological presence of cysts in
the duodenal wall (as in previous reports [20], Fig. 2), or to a
histopathological diagnosis of microcysts (<1 cm) in the solid
type or macrocysts (>1 c¢m, usually detectable on CT) in the
cystic type (as in other reports [23]).

The pure or diffuse type was diagnosed according to the
involvement of the pancreas itself (with calcification, pancreatic
duct dilation, parenchyma atrophy) outside the groove area. The
classification of Muraki et al was applied to our cohort of patients
with PP [17]. Histological diagnosis of surgical specimens was
carried out according to previously published criteria [3].

Statistical analysis

General characteristics are expressed as median and range.
Statistical analysis was performed using the analysis of variance
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Figure 2 Endoscopic ultrasound images of a paraduodenal
pancreatitis. (A) Duodenal wall thickening visualized with the
linear echoendoscope, with multiple cysts within the duodenal
wall (*). (B) Duodenal wall thickening (double arrow) visualized
in the pars descendens duodeni with the radial echoendoscope
Cbd, common bile duct; mpd, main pancreatic duct

test and Student’s ¢-test with Yates’ correlation for parametric
variables. The Mann-Whitney U test was used for continuous
data. A *analysis was used for categorical variables. The Fisher
exact probability test was used for the 2x2 contingency tables,
where appropriate. The data were analyzed using the SPSS 26
statistical software (IBM Corp., Armonk, New York, USA). All
statistical tests were 2-sided. P-values <0.05 were considered to
be statistically significant.

Results

The final study population consisted of 37 patients,
predominantly men (n=32) with a mean age of 56.9+9.1 years.
Body mass index was 24.2+4.1 kg/m?* Of these patients, 25
were diagnosed with PP, while 12 patients presented with
pancreatic necrosis involving the groove (group AP). In the
PP group, 9 patients (36%) presented with the cystic form
of PP and 16 with the solid variant (64%); 21 (84%) patients
presented with diffuse chronic pancreatitis; 3 (12%) patients
presented a localized pancreatitis in the groove (pure form)
solid variant (1A), 5 (20%) type 1B according the Muraki et al
classification (Table 1).

The clinical and radiological characteristics of the study
population, together with a comparison between the 2



Table 1 Classification of PDP in our cohort according to Muraki
et al [17], compared to the terminology (italics) found in the literature

Subtype Number %
total n=25

1A groove-predominant pattern 3 12
(sandwich pattern) — pure form

1B pancreas-involving pattern 5 20
(rice ball pattern) — segmental form

2A Cyst-Forming Type of PDP - 3 12
groove-predominant cystic pattern

2B Cyst-Forming Type of PDP - pancreas- 14 56

predominant cystic pattern

PDB paraduodenal pancreatitis

groups, are shown on Table 2. All patients with PP reported
a history of alcohol abuse (in the AP group 66.7% were
non-drinkers), 23 (92%) were smokers, 17 (68%) presented
with weight loss, 14 (56%) presented with abdominal pain
and 12 (48%) presented with jaundice. Exocrine pancreatic
insufficiency was present in 13 (52%) and 14 (56%) patients
had duodenal stenosis. Re-hospitalization was necessary in
12 patients (48%), while 23 (92%) of the PP group presented
with pancreatic head enlargement on imaging. A suspicion
of cancer was present in 13 patients (52%) and tumor marker
elevation was seen in 4 (16%). The median follow up of the
PP group was 46+34.1 months. Twenty patients were managed
conservatively, 20 (80%) underwent endoscopic therapy, 17
underwent surgery (9 duodenopancreatectomy, 7 duodenum-
preserving pancreatic head resection, 1 gastroenterostomy).
Twenty underwent ERCP (9 with pancreatic stenting), 2
transpapillary drainage, 6 duodenal dilation, 3 duodenal metal
stenting and 2 EUS-guided drainage. Six patients underwent
fine-needle aspiration, 4 with inconclusive results.

In the AP group, endoscopic therapy was performed
in 10 patients (83%) and operative therapy
(duodenopancreatectomy), 2 patients underwent duodenal
stenting. Three patients (16%) presented elevated tumor
markers. Taking both groups altogether, serum tumor markers
were elevated in 7 patients (19%).

On imaging, the PP group showed a significantly thicker
duodenal wall in comparison to the AP group (P=0.010).
Chronic pancreatitis in the body/tail and exocrine insufficiency
was more frequent in the PP group (P<0.001 and P=0.02).
Medial displacement of the gastroduodenal artery was more
frequent in the PP group (P=0.011). Heavy smoking and
drinking were more common in PP patients (P<0.001). The
follow up was significantly longer in the PP group than in the
AP group (46.6 vs. 17.6 months P=0.008).

in 3

Discussion

PP represents a diagnosis and management challenge
for clinicians, radiologists and surgeons.
studies have been published concerning the diagnostic

Numerous
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criteria for radiological diagnosis, differential diagnosis
and treatment algorithms based on clinical and surgical
cohorts [10-12,14,18,20,22,24,25,31,33]. Its various
appearances on imaging, as a solid or cystic lesion involving
different adjacent structures, including the duodenum,
stomach, bile duct and pancreatic duct, mean that its clinical
onset can be heterogeneous [34].

The most important and challenging differential
diagnosis is between PP and periampullary or pancreatic
cancer [35-37]. A retrospective multicenter study from
Finland emphasized this aspect, showing that diagnosing PP
based on imaging only, without relying on clinical data, may
lead to error, even when there is high certainty of PP among
specialized radiologists [31]. Some diagnostic radiologic
criteria have been published that differentiate PP from
groove pancreatic neoplasms on both CT and MRI [38,39].
However, resective surgery (duodenopancreatectomy) is still
performed in cases of PP where cancer cannot be definitively
ruled out [21,23].

In this study, we found different clinical and, eventually,
radiological features that helped with the differentiation
between 2 other entities: PP and groove pancreatic necrosis
(Fig. 1A and B). Despite the low number of cases collected,
data were analyzed retrospectively over a long period. These 2
rare conditions somehow overlap, having similar radiological
appearance and clinical management. In patients with PP,
we found numerically higher rates of recurrence, though
the difference was not statistically significant because of the
small sample. We also showed that PP needed more ERCP
sessions. This result stresses that PP is a chronic recurrent
disease that may deteriorate. If the cysts or the thickness
of the groove evolve as a result of chronic inflammation,
further interventions may become necessary, for instance
due to stent displacement. That was also common in
the mainly endoscopically treated cohort reported by
Arvanitakis et al [25], where 60% of the patients required
endotherapy for more than 2 years.

In view of the unique pathogenesis of PP, which involves
a combination of factors such as pancreatic heterotopia,
pancreatic outlet flow obstruction at the level of the minor
papilla, complete or incomplete pancreas divisum, and local
ischemic damage as a consequence of alcohol or nicotine
excess, the authors believe that the patients’ history should
be taken in account as a primary criterion to strengthen
diagnosis. This was also shown in other studies, where cancer
was misdiagnosed as PP in non-smokers [33] and females [38].
In addition, in our cases PP was significantly more frequent in
patients presenting with alcohol abuse and smoking excess. We
did not observe any sex-related differences.

There is ongoing debate as to whether PP represents a
separate entity or a subset of alcoholic chronic pancreatitis,
classified by Muraki et al as an “ill-defined type of
paraduodenal pancreatitis” In our cohort, none of our
patients were classified in this category. This could be due
to the strict radiological inclusion criteria, or because such
patients do not become clinically symptomatic because of
the mass-forming effect of the inflammation in the groove
area, but the most probable explanation is the damage to
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Table 2 Comparison of clinical and radiological findings between patients with paraduodenal pancreatitis and acute pancreatitis

(pancreatic groove necrosis)

Findings n=37 Paraduodenal Pancreatic groove P-value
pancreatitis n=25 necrosis n=12

Median age 54.9+8.5 61.2+9.2 0.17
Male sex 23 9 0.29
Body mass index 23.8+4.2 25.1+ 4.0 0.32
Alcohol abuse 25 4 <0.001
Smoke abuse 23 3 0.003
Liver cirrhosis 3 0 0.25
Splenoportal vein thrombosis 3 0 0.25
Surgery 17 5 0.11
Other site cancer 5 1 0.67
Tumor marker elevation 4 3 0.52
Cancer antigen 19-9 U/mL 43.8+102.8 80.6 + 182.6 0.33
Jaundice 12 3 0.18
Weight loss 17 8 0.64
Acute pancreatitis 14 6 0.59
Hyperlipasemia 14 6 0.78
Continuous pain 14 9 0.26
Recurrence 12 3 0.45
Worsening in follow up 10 2 0.49
Diabetes 10 3 0.08
Exocrine insufficiency 13 1 0.02
ERCP number 3.9+4.7 1.6£3.7 0.04
Pancreatic stenting 8 1 0.18
Duodenal stenting 1 2 0.11
Endoscopic duodenal dilation 6 0 0.08
Duodenal wall thickening >9 mm 20 9 0.97
Duodenal wall thickness (mm) 14.3+6.1 8.2+3.5 0.010
GDA displaced 16 2 0.011
Chronic pancreatitis of the body/tail 22 2 <0.001
Common bile duct dilation 13 3 0.18
Pancreatic duct dilation 14 3 0.18
Double duct sign 9 3 0.49
Calcifications 11 3 0.59
Duodenal stenosis 14 7 0.59
Pancreatic head enlargement 23 2 0.11
Follow up (months) 46.6+32.5 17.6+25.6 0.008

ERCP, endoscopic retrograde cholangiopancreatography; GDA, gastroduodenal artery

the pancreas itself, with consequent pain, symptomatic
calcifications in the pancreatic body or tail, pancreatic
atrophy and diabetes. Like other series [20], we also report
only 3 patients with calcification of the pancreatic groove, but
not of the body tail. If we embrace the hypothesis that the
groove is the pacemaker of chronic pancreatitis [20], where
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the onset of disease is in the pancreatic head at the level of the
groove and the chronically recurring inflammation precedes
damage to the rest of the pancreas, PP was mostly diagnosed
in the late stage in the PP group. Conversely, in the AP group
the disease is localized solely to the groove and leads to acute
symptoms that require rapid treatment, resulting in a long-



term improvement of symptoms and the avoidance of organ
failure in the majority of cases.

The follow up was significantly longer in the PP group
than in the AP group (P=0.008), demonstrating a more
therapeutically demanding disease with a higher rate of
recurrence: mean 12, compared to a mean of 3 in the AP group.
That high number of all-cause readmissions was also seen in
the cohort of Ooka et al [14]. A high recurrence rate (mean 5)
was also reported by De Pretis et al [20], which may explain the
high surgical rate as in our cohort.

Histological diagnosis was confirmed with histopathological
analysis of the surgical specimens (duodenopancreatectomy
and duodenal-sparing pancreatic head
resection in 7), others were diagnosed by imaging, according
to the criteria presented in Supplementary Table 1. The lack of
histological examination in all patients is a shortcoming of our
study, as it is for many other studies published on PP, although
imaging has been accepted as a valid diagnostic tool and as an
inclusion criterion in other studies [40-42]. To the best of our
knowledge, there is a gap in the literature regarding studies of
sensitivity, specificity and accuracy in the various diagnostic
imaging modalities of PP, based on histopathological criteria
and involving a large population of patients. This would
require a multicenter prospective study, where all patients
systematically undergo contrast-enhanced CT, MRI and EUS
before surgery.

Therapeutic  approaches
nicotine withdrawal as a first conservative therapeutic
step [11,18,20,31]. Theefficacy ofa therapy with somatostatin
analogs is a matter of debate and not accepted in all
countries, but it is reported to be effective as monotherapy,
or combined with endoscopic therapy [11,25]. In cases
of symptomatic cysts, jaundice or duodenal obstruction,
endoscopic therapy offers a second therapeutic approach.
The technique of cyst fenestration can involve a biopsy and
aspiration of the cysts, or fenestration with a needle-knife.
In the case of large cysts, drainage can be performed via
placement of a prosthesis. Some data from Asia report on
the efficacy of the drainage of the Santorini duct in order to
reduce the outflow pressure on side branches in the inflamed
groove area [12,43,44]. This technique is very demanding
and data on safety are scarce.

If a step-up approach is undertaken and endoscopic
techniques are successful and performed at qualified
centers, a minority of patients will require surgery [25].
As reported by previous studies, the cystic variant does
not necessarily need surgery, as up to 73% patients can be
managed conservatively [11]. Although the incidence of
surgery does not differ between the cystic and the solid
variant [20], resective surgery is still the first treatment
option in patients with a suspicion of cancer. In a worldwide
survey among pancreatologists, 67% of specialists preferred
duodenopancreatectomy as a first-line treatment, suggesting
thatexperience of conservative or endoscopic therapyisnot yet
widespread [45], while a systemic review from 2017 reported
alow rate (19%) of endoscopic treatment [46]. In our patients,
endoscopic therapy was performed in 83% of the PP group,

in 6 cases

include alcohol and
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but it was also a relevant treatment option (80%) for patients
with pancreatic groove necrosis (AP group). Whereas other
series suggested surgery for duodenal obstruction [47],
newer series consider endoscopic therapy for such benign
conditions [48], although no comparative studies have yet
been published.

In our study, 68% (17 patients) of the patients with PP
eventually underwent surgical treatment. This is similar to the
percentage reported in the mixed surgical-clinical series from
Depretis et al [20]. Surgery with duodenopancreatectomy may
be a general therapy for patients in whom cancer cannot be
excluded, or in cases where conservative therapy fails [22]. In
our AP group, 41% of the patients needed surgery, also because
of the failure of conservative therapy, and in the cases where
cancer could not be excluded.

Our study has several limitations. First, although
clinical data were collected in a prospective database, the
sample size was small, while in such a retrospective study
all the linked biases of analyses have to be acknowledged.
The recruitment criterion was mainly based on imaging
for the PP group, so some cases of PP may have been
overlooked. On the other hand, the long follow up is likely
to have ruled out a malignant diagnosis in our cohort,
while the clinical course should have excluded chronic
pancreatitis in the AP group. PP is a rare disease, and since
the diagnosis is complex and cases are still misclassified
in clinical practice, to design a prospective study without
evidence-based diagnostic criteria has been difficult thus
far. We agree, however, with the statement of Muraki
et al, that the correct classification and the recognition of
different subtypes can tailor management according to the
putative pathophysiological mechanisms [17]. Surgery, in
particular duodenopancreatectomy, seems to be the most
accepted procedure so far. A possible alterative could be
pancreas-preserving duodenal resections for the treatment
of paraduodenal pancreatitis type-2, although experience
reported in the literature is from only 1 center [47].

In conclusion, pathology and inflammation in the groove
act as a unique complex syndrome with many facets and
different clinical approaches that, up to now, still remain to be
investigated. PP is a disease characterized by various clinical
aspects and typical radiological features that in some cases
mimic cancer. Diagnosis can be achieved by imaging and EUS,
which allows better classification of the subtypes of the disease
(solid and cystic variants, as well the pure and diffuse forms).
The onset of pancreatic necrosis in the groove area is an
important differential diagnosis to consider. The management
is similar, but PP is more demanding in terms of recurrences
and progression with organ failure rates. Resective surgery,
namely duodenopancreatectomy, may be a valid option
in cases that are refractory to therapy, and where there is
suspicion of malignancy. Given the rarity of this condition,
large-scale studies including of mixed clinical and surgical
cohorts will be needed to define the precise diagnostic criteria,
subtypes, risk factors and subtype-tailored interdisciplinary
management.
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Summary Box

What is already known:

o Paraduodenal pancreatitis (PP) is an inflammation
involving the groove zone, delimited by the
duodenum lumen, bile duct and the head of the
pancreas

o The diagnosis of PP can be made using imaging,
although surgical pathology is the gold standard

o Differentiating between PP, malignancy and acute
necrotic inflammation of the groove is challenging

What the new findings are:

o Radiological signs, such as duodenal wall
thickening and medial displacement of the
gastroduodenal artery, can help differentiate PP
from acute necrosis of the pancreatic groove
during acute pancreatitis

o Medical history of alcohol abuse, smoking and
pancreatic insufficiency support the diagnosis of
PP over other conditions occurring in the groove
area
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Supplementary material

Supplementary Table 1 Diagnostic criteria for diagnosis of
paraduodenal pancreatitis (for references see manuscript text)

Patients who underwent surgery

Histology
on operative
specimen:

Brunner gland hyperplasia

Adenomyomatosis (myoid stromal proliferation)
Dilated ducts and intramural cyst or pseudocysts
in the duodenal wall

Granulation tissue with foreign-body giant
reaction

Neural proliferation

Patient who did not undergo surgery

Cross-
sectional
imaging

EUS criteria

Radiological or endoscopic signs of duodenal
stenosis

Thickening of the duodenal wall >9 mm at the
minor papilla level

Arterial hypoenhancement of the duodenal
wall after contrast medium application, patchy
enhancement in the portal venous phase
Hypointense relative to the pancreatic tissue

on T1-weighted images, and iso or slightly
hyperintense on T2-weighted images, delayed
contrast enhancement on the late-phase images
Duodenal wall cysts (microcyst <1 cm, macrocysts
>1 cm) or in the groove

Leftward or medial displacement of a normal
appearing gastroduodenal artery.

Duodenal wall thickening, particularly the
submucosa and muscularis propria (fourth
hypoechoic layer)

Cysts inside the duodenal wall

Loss of wall stratification (in the acute recurrent
inflammatory phase) (optional)

Hard appearance on elastography

after contrast enhanced EUS areas around the cyst
are not enhancing and surrounding thickened wall
show patchy delayed enhancement

Endoscopic ultrasound (EUS) criteria: Duodenal wall cyst within the
submucosa and muscularis of the diffusely thickened duodenal wall

MRI: Mass lesion occupying the pancreaticoduodenal groove (hypointense
relative to the pancreatic tissue on T1-weighted images, and iso or slightly
hyperintense on T2-weighted images); thickening of the duodenal wall; and/
or cysts in the groove and/or duodenal wall



