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Introduction

Groove pancreatitis (GP) is an under-recognized form of 
chronic pancreatitis (CP) that involves the space between 
the pancreatic head, the duodenum, and the common bile 
duct (CBD). First described by Becker in 1973 with the 
German word ‘Rinnenpankreatitis’ (1) to describe the 
segmental pancreatitis in the groove area. Stolte et al. (2) 
coined the term “groove pancreatitis” and classified it into 
two forms: a pure form in which the fibro-inflammatory 
changes affect exclusively the pancreatic-duodenal groove 
(the space between the pancreas head, the duodenum and 
the CBD) and a segmental extending medially from the 
pancreatic-duodenal groove into the pancreatic head. These 
two forms were found to account for 8.9% and 15.5%, 
respectively, of 123 pancreaticoduodenectomies performed 
on patients with CP (2). In the pure form, in most cases 

the parenchyma and main pancreatic duct (MPD) are 
not involved while in the “segmental” form, the scarring 
tissue affects the dorso-cranial portion of the pancreatic 
head involving the MPD with a CP in addition to groove 
involvement (3). 

Other terms used to describe GP have been used 
including para-duodenal pancreatitis, duodenal cystic 
dystrophy, duodenal heterotopic pancreas and pancreatic 
hamartoma of the duodenum. Subsequently Adsay and 
Zamboni (4) have grouped GP, with cystic dystrophy 
of the pancreas, pancreatic hamartoma of duodenum, 
paraduodenal wall cyst and myoadenomatosis, and proposed 
a universal name referred to as “para-duodenal pancreatitis”.

The separation between the pure and segmental form of 
GP is often confounded because in some cases patients with 
initial pure GP may show mild, regular and progressive 
narrowing of the pancreatic duct with consequent evolution 
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into CP (5). 
Even in the most specialized centers, many untrained 

radiologists may encounter difficulty to make the proper 
diagnosis. Nowadays, given the lesser application of surgical 
treatment of GP, it becomes more problematic to accurately 
establish an estimate of the prevalence of the disease. GP 
can be mistaken for carcinoma, can coexist with it or mask 
its presence (2,6-11). 

The purpose of this review is to raise radiologists’ 
knowledge in etiology, pathogenesis, clinical manifestations 
and radiologic appearance of GP showing the imaging 
appearance of GP at computed tomography (CT), magnetic 
resonance imaging (MRI) and magnetic resonance 
cholangiopancreatography (MRCP).

Clinical presentation

Most patients with GP are male, aged 40–50 years, with 
a history of severe chronic alcoholism and, in a lower 
percentage, also associated with smoking (12). 

Abdominal pain, postprandial vomiting and weight 
loss, primarily due to duodenal obstruction, are the most 
common manifestations of GP, with concomitant twofold 
or threefold increase of serum amylase concentration, or 
heavy levels of serum lipase (4).

About 80% of the patients with the clinical symptoms of 
acute pancreatitis present such high concentrations of the 
serum of pancreatic amylase and serum lipase levels. Tumor 
markers (CA 19-9 and CEA) are usually normal (13,14). 

It has also been reported that diarrhea or diabetes 
mellitus are commonly associated with GP (15). The clinical 

symptoms of the syndrome spread over the time span 
ranging from a few weeks to a year, then the GP becomes 
chronic (16). In a high number of patients with alcohol 
abuse, obstructive jaundice has been observed especially in 
the course of chronic disease if late stenosis of the CBD has 
occurred (17). 

Etiology and pathogenesis

The etiology of GP is likely heterogeneous implying a 
series of factors possibly playing a role in its development. 
There is general agreement about the effects for people 
who abuse of ethyl alcohol on disease development and all 
its clinical manifestations (18).

Chronic alcohol intake causes a decrease in bicarbonate 
secretion which increases viscosity and consequent 
stagnation of pancreatic secretion in pancreatic ducts; it 
follows an increase in pressure inside the Santorini duct 
with the release of the secretion in the groove that promotes 
the formation of pseudocysts (19). 

One of the mechanisms hypothesized for the development 
of CP associated with the alcohol abuse provides that 
alcohol predispose acinar cells to autodigestive injury and 
necro-inflammation by increasing the synthesis of digestive 
and lysosomal enzymes leading to autodigestive cellular 
damage, acinar injury and pancreatic necro-inflammation.

It is now accepted that the disease progresses irreversibly 
from the initial stages of necro-inflammation towards 
chronic stage of acute pancreatic through repeated attack 
episodes (20-22). The latter produce additional and 
permanent structural damage to the gland, in the segmental 
form, resulting in the changes of CP characterized 
histologically by acinar atrophy and fibrosis (the necrosis-
fibrosis sequence), which impair both endocrine and 
exocrine pancreatic functions (23).  Although not 
completely elucidated the mechanism(s) responsible for 
the development of pancreatic fibrosis, however, central in 
pancreatic fibrogenesis have been identified the stellate cells 
in a manner analogous to hepatic stellate cells (24-28). 

Anatomical and functional predisposing causes

The pancreatic-duodenal groove is a “theoretic” space 
between the pancreatic head and the duodenal wall (Figure 1).

The characteristic location of GP in the region of 
Santorini duct, has suggested the presence of an anatomical 
or functional obstruction of the minor papilla, with 
consequent severe ductal inflammation.

Figure 1 This picture shows the pancreatic-duodenal groove 
(asterisks), a “theoretic space” between the medial duodenal wall 
and the head of the pancreas.
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Cystic dystrophy and heterotopic pancreas (CDHP) are a 
predisposing anatomical factor of CP, duodenal obstruction 
and obstructive jaundice, due to the presence of pancreatic 
tissue at the duodenal wall, reflecting the incomplete 
involution of the dorsal pancreas at this region (4). 

Surgical procedures used in gastrectomy or also 
gastroduodenal ulcer, and biliary disease can alter normal 
anatomy contributing to the development of GP. A 
confirmation of the possibility of GP appearance as a 
result of anatomical disturbances is confirmed by the case 
reported for a 69-year-old patient with a history of multiple 
gastroduodenal ulcers, who, admitted for evaluation of 
abdominal pain, presented an obstructive jaundice (29).  
Patient underwent CT and MRI scans that showed 
typical sheet-like mass in the pancreaticoduodenal groove. 
Subsequently, the same patient underwent endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) 
whose biopsy results excluded the presence of tumor. 
In presence of persistent and acute pain, the patient 
underwent pancreatic-duodenectomy and the subsequent 
anatomopathological analysis demonstrated that the patient 
had inflammatory tissue in the pancreaticoduodenal groove 
associated with duodenal ulcer penetrating the pancreas.

The authors assumed that a spreading of inflammation 
combined with the duodenal ulcer might have been one of 
the causes of GP (29). 

Macroscopic and microscopic histology

For a correct diagnosis of GP, it is important to examine 
the area at the junction of the pancreatic head and the 
descending duodenum near the minor papilla. In most 
cases it is possible to observe thickening and scarring tissue 
involving the duodenal wall that usually causes stenosis of 
the second portion of the duodenum, and may lead to CBD 
stricture (30). 

Small cysts or even a multilocular cystic mass are often 
seen within the thickened wall or in the pancreaticoduodenal 
groove itself that compress the bile duct (4,14,31). 

Some of these cysts contain clear fluid, but others may 
contain stones or granular, white material. When the cysts 
reach large dimensions (more than 10 cm) and are located in 
the pancreatic tract of the supra-ampullary duodenum, they 
form the so-called “para-duodenal wall cyst” mimicking 
intestinal duplication (4). 

Intraduodenal cysts have been detected in about half 
of the patients with GP. Becker et al. (3) have identified 
intraduodenal cysts in 49% of patients with GP. Enlarged 

lymph nodes are seen usually around the pancreatic head. 
At the early stage of GP pancreatic head undergoes 

enlarged owing the large amount of free fluid accumulated 
in the groove between the head of the pancreas and 
duodenal sweep.

GP in the early phase can cause an accumulation of large 
amounts of free fluid in and around the pancreas, often in 
the groove between the head of the pancreas and duodenal 
sweep. This enlargement leads, ultimately, to intrinsic 
inflammatory reaction and fibrosis involving adjacent 
pancreatic tissue and may lead to the dilation of the MPD. 

If progressive the enlargement leads to inflammatory 
reaction and fibrosis. The fibrotic process involving adjacent 
pancreatic tissue may lead to the dilation of the MPD. 

In about 50% of cases, the patients present duodenal 
stenosis and/or bile duct restraints (30), which could be a 
sign of high risk for pancreatic cancer. 

At histology the most common finding in GP is duodenal 
Brunner’s gland hyperplasia of the duodenal mucosa which 
contributes to the thickening of the duodenal wall (4,17).

Moreover, myoid cells of the duodenal wall underwent 
morphological changes near the minor papilla and 
exuberant proliferation creating a total of an image 
reminiscent of the “myo-adenomatosis”, mimicking 
pancreatic adenocarcinoma (32).

Some of the cysts were enclosed in layers of a smooth 
muscle and areas of dense collagenous stroma containing 
abundant fibroblasts (4,33,34).

Microscopic examination reveals, as mentioned above, that 
heterotopic pancreatic tissue occurs in both the submucosa 
or muscularis propria of the duodenal wall (35-38).

CT

The classic MDCT imaging features consist of loss of fat 
planes between head of pancreas and the duodenum with 
an ill-defined crescentic frank soft tissue mass seen with the 
pure form of GP.

The early phase of contrast-enhanced dynamic CT 
shows an ipodense area as consequence of considerably 
widened underlying fibrosis (Figure 2). 

In the late phase of dynamic CT, the fibrotic tissue 
shows a delayed enhancement (39). The soft tissue appears 
as “sheet-like” curvilinear crescentic shape better evaluated 
on coronal multiplanar reformatted images (40). 

Coronal reformatted images of a contrast enhanced CT 
of the medial duodenal wall reveals better large thickening; 
small cysts or even a multilocular cystic mass are often seen 
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within the duodenal thickened wall or in the pancreatic-
duodenal groove itself (41,42). 

GP in the pure form can be unreliably differentiated 
from the segmental form of GP by MDCT imaging. The 
segmental form of GP exhibits a focal hypodense lesion 
in the pancreatic head in close proximity to the duodenal 
wall. The MPD may exhibit mild upstream dilatation in 
the pancreatic body and tail, while in the pure form of the 
disease the pancreas appears normal (43). 

The CBD narrowing in the distal part may play a role in 
the development of upstream biliary dilatation. In both forms 
this narrowing is smooth, regular and tapered (Figure 3).

Pancreatic ductal irregularities have been described 
as particularly common in GP cases (especially in its 
segmental form), as the pancreatic head is directly involved 
by extensive fibrosis (3). However, ductal dilatation can 
be detected, even in the “pure form” of GP, subsequent 
to extrinsic compression of the pancreatic head caused 
by the groove mass. Even in cases of extensive disease, 
peripancreatic vessels are usually maintained, without 
thrombosis signs or infiltration (44,45).

These CT signs and a medical history of alcohol abuse 
are highly suggestive of GP. In a case report (46), the 
patient, having a 10-year history of alcohol abuse, and 
history of recurrent acute pancreatitis was examined by CT. 

Imaging revealed bulky head of pancreas with a hypodense 
area between pancreatic head and second part of duodenum, 
prominent pancreatic duct, dilated CBD (15 mm) and 
stenosis of second part of duodenum, sufficient to reliably 
diagnose GP. 

MRI

On MRI imaging, GP is characterized by sheet-like mass 
between the pancreatic head and the duodenum. The mass 
is hypointense to pancreatic parenchyma on T1-weighted 
images, and according to the time of disease onset can 
be hypo-, iso- or slightly hyperintense on T2-weighted  
images (5). Appropriate interpretation of the T2 sequences 
is useful to infer the degree of disease activity (14), because 
of the signal changes from hyperintense, in the initial 

Figure 2 Axial contrast-enhanced CT image in a 54-year-old 
male affected by pure-form of groove pancreatitis showing the 
pancreatic-duodenal artery (PDA) (arrowhead) that represent an 
anatomic landmark ox axial image to distinguish the duodenal 
groove respect to the pancreatic head. Duodenal groove is lateral 
respect the PDA. In this case the duodenal groove in widened due 
to the presence of hypodense curvilinear tissue (asterisk). Medial 
duodenal wall is also thickened with intramural cyst (arrow). 
Dilatation of MPD is also visible. MPD, main pancreatic duct; CT, 
computed tomography.

Figure 3 Groove pancreatitis, segmental form: contrast-enhanced 
CT axial image (A) and coronal reconstruction (B) showing 
“sheet-like” hypodense and “patchy” enhanced soft tissue in the 
pancreatic-duodenal groove (asterisks) involving the pancreatic 
head with tapering of common bile duct (arrowhead). CT, 
computed tomography.

A

B
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phases, to iso-hypointense in the advanced phases (8), 
the variations registered being due to the progressive 
accumulation of fibrous connective tissues. In other terms, 
the subacute form of GP shows higher signal on T2-
weighted images due to edema (Figure 4), while chronic 
form of the disease has a lower T2 signal due to fibrosis. 

On delayed gadolinium-enhanced images, the diagnostic 
accuracy of MRI is comparable to that of CT in the 
characterization of fibrotic mass. Gadolinium-enhanced 
dynamic images show delayed enhancement, reflecting the 
fibrous nature of the tissue. 

Ishigami et al. (47) reported in their study that 93% of 
the patients examined had a post-gadolinium patchy and 
late enhancement reflecting the inflammatory nature of 
pancreatic tissue.

Cystic lesions can also be well seen on T2-weighted 
images in the groove or duodenal wall (Figure 5) (5). 

Cystic degeneration within the duodenal wall is a specific 
sign of GP. The typical findings are cysts, variable in size 
and complexity in the thickened duodenal wall.

MRCP has become an important diagnostic tool in a 
variety of pancreaticobiliary disorders and in particular in 
imaging workup of patients with GP.

Using MRCP, it is possible to detect the reduction of 
the caliber with regular smooth profile of the distal CBD. 
MRCP may show dilatation of the MPD in the form of 
segmental GP, while it may appear normal in the pure 
form. MRCP may show the dilation of the ampulla of Vater 
and the MPD, both of which are common gross features of 
segmental GP, detect relationships among cysts, CBD and 
MP, and also reveal the increase of the distance between 
duodenal lumen and distal duct (5). 

Secretin-enhanced MRCP may supports the diagnosis 
and classification of CP, anomalies such as pancreas divisum, 
and santorinicele, which may cause impeded pancreatic 
outflow. Values for the sensitivity of secretin-enhanced 
MRCP were reported to vary in the range 73–100% and 
specificities of 97–100% (48); however, since no data are 
present in the literature regarding the secretin-enhanced-
MRCP as a first choice procedure for the diagnosis of GP, 
its potential diagnostic role remains uncertain. 

Compared to CT MRI better visualize the involvement 
of the pancreas since the head of the pancreas showed 
diffuse decreased T1 signal intensity as a result of 
parenchymal atrophy and fibrosis (49). 

Duodenal wall thickening and mural cysts were also seen 
in all the patients examined by MRI in a series of 16 patients 

A

B

C

Figure 4 Early stage of pure groove pancreatitis at MRI: coronal 
T2-weighted image (A), axial T2-weighted acquired with fat-
saturation technique (B) and MRCP (C) showing intramural cyst 
of the medial duodenal wall (arrow) and widening of the duodenal 
pancreatic groove due to the presence of “sheet-like” soft tissue 
with high signal intensity on T2-weighted-fat-saturated image 
(asterisk) due to soft-tissue edema. MRCP image confirm the 
widening of the pancreatic-duodenal-groove (asterisk) and depict 
the lack of common bile duce and pancreatic duct dilatation. 
MRI, magnetic resonance imaging; MRCP, magnetic resonance 
cholangiopancreatography.
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with GP (49). The medial wall of duodenum was involved 
in the pure as well as the segmental forms of GP, with 
multiple T2 hyperintense cysts in both the duodenal wall 
and PD groove. The authors found that MRCP enabled 
determination of relationship between cysts and CBD and 
pancreatic ducts (49).

Focal thickening and abnormal increased enhancement of 
the second part of the duodenum, and cystic changes in the 
region of the pancreatic accessory duct support the diagnosis 

of GP over pancreatic cancer with an accuracy of 87.2% and 
negative predictive value for cancer of 92.2% (50). 

EUS and endoscopy-guided FNA biopsy 

EUS represents one of the most sensitive methods for 
detecting pancreaticobiliary lesions. The potentialities 
of the EUS are multiple, as it can also detect thickening 
and stenosis of the second duodenal part with intramural 
cysts, smooth stenosis of the CBD; and in the segmental 
form, heterogeneous hypoechoic mass, enlargement of 
the pancreatic head, with calcifications or pseudocyst and 
dilatation of the MPD. It is generally accepted that with 
the use of EUS it is possible to localize the disease exactly 
and evaluate the surface involved, with the limitation 
being that EUS is not able to differentiate infiltration 
and inflammation. The possibility to obtain samples from 
suspicious lesions, by means of EUS-FNA as well as the 
use of contrast-enhanced, makes EUS an ideal modality 
for differentiate pancreatic adenocarcinoma from CP, 
allowing a cytohistological diagnosis in nearly 90% of 
cases (51). In fact endoscopy-guided FNA biopsy presents 
a great variability depending on the area sampled. If 
the sampled area has a plentiful hyperplasia localized to 
Brunner's glands, it can immediately be hypothesized that it 
corresponds to a neoplasm. Similarly, if any fibrotic area is 
discovered with the use of EUS, a neoplasm cannot be ruled 
out, as a desmoplastic reaction, mimicking an abnormal 
inflammatory alteration, is frequently associated with an 
adenocarcinoma (52-55). 

Differential diagnosis and pitfalls

The differential diagnosis of GP includes pancreatic 
adenocarcinoma, periampullary cancers, pancreatic groove 
neuroendocrine tumor, cystic dystrophy of the duodenum 
and acute pancreatitis.

While the pure form is rather easy to identify, the 
segmental form of GP can be difficult to diagnose, because 
the groove involvement is often obscured by mass-like 
enlargement of the pancreatic head, so that GP can be 
easily confused with a pancreatic head mass (56,57). The 
most important differential diagnosis of GP, particularly 
in its segmental form, is adenocarcinoma of the head of 
the pancreas. The preoperative distinction between these 
entities has always been considered challenging (5). The 
findings usually associated with GP and not with neoplastic 
processes include: marked duodenal wall thickening 

Figure 5 Groove pancreatitis at MRI: axial-unenhanced T1-
weighted fat-saturated image (A), axial T2-weighted image (B) and 
delayed-enhanced-T1-weighted-fat-satured image (C). Images 
show medial duodenal wall thickening with low signal intensity 
on T1 weighted image (arrow); cystic intramural changes of the 
medial duodenal wall better visible on T2-weighted image (arrow) 
and delayed enhancement of fibrotic tissue of the duodenal wall 
(arrow). MRI, magnetic resonance imaging.

A

B

C
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and stenosis (5), cystic lesion of the groove area (54,58), 

smoothly tapered stricture of the intrapancreatic CBD, 

instead of an irregular and abrupt “shouldering” of the 

stricture that is found in case of pancreatic adenocarcinoma 
(8,57). This last sign serves to differentiate the GP from 
other conditions including duodenal cancer, ampulloma, and 
cholangiocarcinoma of the distal CBD (13,14). Contrast-
enhanced MRI enables the radiologist to differentiate GP 
from pancreatic cancer if 3 signs are used as GP markers, 
i.e., the mural duodenal thickening, a delayed increase 
in the second part of the duodenum; and the presence of 
cysts inside the duodenal wall or the PD groove. These 
diagnostic parameters provided accurate diagnosis of GP 
reaching 87.2% and a negative predictive value of 92.9% in 
excluding cancer (50). Unlike most ductal adenocarcinomas 
of the pancreas, GP do not show the typical pancreatic 
double duct cutoff and upstream atrophy. Moreover, they 
tend to not infiltrate posteriorly into the retroperitoneum 
and not encase vasculature (5,54). Neuroendocrine tumors 
can be differentiated from GP by early hyper-enhancement 
due to their hypervascularity on postcontrast images, with 
peripheral ring-like enhancement on immediate post-
gadolinium GRE, their hyperintensity on fat suppressed 
T2-weighted images and hypervascular liver metastases (59).  
GP differs from other forms of acute pancreatitis, 
associated with peripancreatic stranding and fluid, as they 
involve a large portion of the pancreatic parenchyma 
with inflammation tracking into the pararenal spaces. 
GP typically shows little retroperitoneal inflammation or 
fluid, and even in the segmental form, involvement of the 
pancreas is usually limited to the pancreatic head (60). 

Discussion

The pancreatic-duodenal groove is a “theoretic” space 
between the pancreatic head and the duodenal wall. 
A number of small arteries, veins and lymphatic pass 
through this space. The most important vessel visible also 
or arterial phase of contrast enhanced imaging studies is 
the pancreatic-duodenal artery (PDA) that represent an 
important anatomical landmark (14). Each process arising 
medially respect to the PDA have a pancreatic origin. While 
each process arising laterally respect to the PDA have a 
duodenal or pancreatic-duodenal groove origin (Figure 6).

Moreover, many important anatomical structures are 
present in the pancreatic-duodenal groove space such as 
CBD, main and accessory pancreatic ducts, major and 
minor papilla. This anatomical complexity account for 
many of the clinical and imaging features of GP as well as 
for the differential diagnosis of this rare entity (14-19).

Indeed, many disorders centered in the groove should be 

A

B

C

Figure 6 Groove pancreatitis pure form. Axial T1-weighted 
image (A), axial T2-weighted image (B) and contrast-enhanced 
axial T1-weighted fat-saturated image (C) showing soft tissue 
mass in the pancreatic-duodenal groove (arrows) with low signal 
intensity on T1-weighted image, low signal intensity respect to 
pancreatic gland on T2-weightd image and “patchy” enhancement. 
Arrowhead indicate the pancreatic-duodenal-artery.
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considered as differential diagnosis when GP is suspected. 
Differential diagnosis of GP are mainly represented by 
pancreatic adenocarcinoma of the head of the pancreas, 
other pancreatic neoplasm, duodenal carcinoma, ampullary 
carcinomas, duodenal gastro intestinal stromal tumor 
(GIST) or duodenal neuro-endocrine tumor (NET), 
conventional acute edematous pancreatitis involving the 
groove (56,57).

Moreover, a number of different terms have been used 
to describe chronic inflammatory changes of the pancreatic-
duodenal groove such as para-duodenal pancreatitis, 
duodenal heterotopic pancreas, duodenal pancreatic 
hamartoma, myoadenomatosis of the duodenal wall. All 
these entities described over time may be considered overall 
under the general entity of GP (1-19).

Moreover, GP may be centered into the groove (the pure 
form) or may extend into the pancreatic head (segmental 
form). Also in long standing pure form of GP chronic 
inflammation and fibrosis may lead to stricture of the CBD, 
duodenal stricture and/or obstructive chronic pancreatitis. 
From clinical point of view the association of GP with long 
standing ethanol assumption is the most relevant issue. 
Other clinical and biochemical findings may overlap with 
common form of CP and/or pancreatic adeno-carcinoma in 
case of biliary stricture (14).

Remarkably, fine needle biopsy of the duodenal wall 
by means of EUS are often non diagnostic (14). In fact, 
endoscopy-guided FNA biopsy presents a great variability 
depending on the area sampled. If the sampled area has 
a plentiful hyperplasia localized to Brunner’s glands, it 
can immediately be hypothesized that it corresponds to 
a neoplasm. Similarly, if any fibrotic area is discovered 
with the use of EUS, a neoplasm cannot be ruled out, 
as a desmoplastic reaction, mimicking an abnormal 
inflammatory alteration, is frequently associated with an 
adenocarcinoma (51-53).

Due to all these items the prospective diagnosis 
of GP and his differential diagnosis with pancreatic 
adenocarcinoma is still difficult and many patients undergo 
unnecessary Whipple procedure (56,57).

Moreover, in long standing GP with duodenal stricture, 
severe pain and pancreatic insufficiency Whipple procedure 
is indicated (41).

However is important to underlying some typical 
imaging features of GP that are uncommon in case of 
pancreatic adenocarcinoma that are represented by cystic 
changes into the duodenal groove and duodenal wall, 
thickening of the duodenal wall and delayed enhancement 

of the fibrotic tissue involving the duodenal-pancreatic 
groove (47) to suggest the diagnosis of GP and avoid 
unnecessary surgery in the early stage of disease.

Conclusions

GP is a rare form of CP centered into the pancreatic-
duodenal groove more often encountered in middle-age 
ethanol-abuser. The recognition of imaging findings such 
as cystic changes of the pancreatic groove and duodenal 
wall thickening at CT and MRI and MRCP is important to 
suggest the diagnosis of groove pancreatitis. Unfortunately, 
the differentiation of GP only on the basis of imaging 
characteristics, clinical presentation and even with the aid of 
biological markers is very difficult, so that the patients often 
undergo pancreaticoduodenectomy (Whipple procedure) 
precisely because can be hard to completely exclude a 
neoplasm.

However, knowledge of the all the GP radiological 
features may address the radiologist towards the correct 
diagnosis exactly for the purpose of eliminating avoidable 
surgical interventions. In those cases where the imaging 
features are highly characteristic and the radiologist is able 
to strongly suggest the diagnosis on presentation, major 
surgery can potentially be avoided.
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