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Abstract The aim of this study was
to clarify the characteristics of pan-
creatic head carcinomas mainly in-
vading the groove between the duo-
denum and the pancreatic head. Nine
patients with pathologically proven
pancreatic head carcinomas under-
went thin-slice dynamic CT, MR im-
aging, duodenal endoscopy, and an-
giography (seven patients). Plate-
like masses within the groove region
were seen in all cases, which showed
hypointensity on T1-weighted imag-
es and slight hyperintensity on T2-
weighted MR images. The masses
appeared hypovascular in the early
phase and delayed enhancement in
the late phase of dynamic CT and
MR imaging. On MR cholangiopan-
creatography, stenosis of intrapan-
creatic common bile duct was seen
in all patients, whereas stenosis of

the main pancreatic duct was seen in
only three cases. Endoscopy re-
vealed luminal narrowing of the duo-
denum in all patients, and duodenal
mucosal biopsy demonstrated adeno-
carcinoma in seven patients. Abdom-
inal arteriography showed serrated
encasement of peripancreatic arteries
in seven patients who received an-
giographic examinations. The CT
and MR imaging findings of groove
pancreatic carcinomas resemble
those of groove pancreatitis. Differ-
ential diagnosis may be achieved by
the pathological diagnosis of a biop-
sy specimen of the duodenal mucosa
and arterial encasement on arteriog-
raphy.
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Introduction

Groove pancreatitis is a special form of segmental chron-
ic pancreatitis affecting the “groove” area (Fig. 1) be-
tween the pancreatic head, duodenum, and common bile
duct [1, 2, 3, 4, 5]. Patients with groove pancreatitis fre-
quently complain of abdominal pain and vomiting due to
duodenal stenosis and obstructive jaundice due to com-
mon bile duct stenosis. Radiologically and pathological-
ly, sheet-like scarred mass formation is seen between the
duodenum and pancreatic head (Fig. 2). In the pure form
of groove pancreatitis the main pancreatic duct is not in-
volved; however, if the pancreatic head is involved by
scar tissue, the main pancreatic duct shows stenosis and
upstream dilatation. Groove pancreatitis and cystic dys-

trophy of the duodenal wall are thought to be the same
entity [6, 7]. Distinction between this special form of
pancreatitis and pancreatic head carcinoma is often diffi-
cult [8, 9, 10]. Several radiological findings of groove
pancreatitis have been described on upper gastrointesti-
nal series and endoscopic retrograde cholangiopancrea-
tography (ERCP) [5]. Recently, dynamic CT findings
and MR imaging, including MR cholangiopancreatogra-
phy (MRCP), have also been reported [11, 12]. We expe-
rienced nine cases of pathologically proven pancreatic
head carcinoma existing mainly in the groove area
whose imaging findings resembled those of groove pan-
creatitis. 

The purpose of this study was to retrospectively re-
view the clinical, radiological, and pathological charac-

T. Gabata (✉) · M. Kadoya · N. Terayama
J. Sanada · S. Kobayashi · O. Matsui
Department of Radiology, 
Kanazawa University, School of Medicine,
13–1 Takara-machi, 
Kanazawa City 920-8641, Japan
e-mail: gabata@med.m.kanazawa-u.ac.jp
Tel.: +81-76-2652323
Fax: +81-76-2344256

Present address:
M. Kadoya, Department of Radiology,
School of Medicine, Shinshu University,
Shinshu 390-8621, Japan



teristics of groove pancreatic carcinomas, and to clarify
the points of differentiation between carcinoma and pan-
creatitis in the groove area.

Materials and methods

Nine patients (four men and five women) were included in the
study, with a mean age of 72 years (age range 56–87 years). The

study was based on 46 pancreatic head carcinomas diagnosed ra-
diologically or pathologically from April 1998 to June 2001 in our
institution. Nine cases included in this study were initially sus-
pected as groove pancreatitis on CT examinations because of the
existence of the scar-like masses within the groove area. Initial
complaints were upper abdominal pain and vomiting in three pa-
tients and obstructive jaundice in six. Serum amylase was elevated
in three patients. Pancreas divisum was suspected in one patient at
endoscopic cholangiopancreatography (ERCP), which was per-
formed in eight patients. Endoscopic examinations of the duode-
num and mucosal biopsy of stenotic portions were done in all pa-
tients. Seven patients underwent pancreatoduodenectomy and two
patients a bypass operation with biopsy of the pancreatic head tu-
mor. The diagnosis was confirmed pathologically in all patients.
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Fig. 1a, b Anatomy of the groove area. Groove area is a portion
between the pancreatic head and the duodenum (arrows) on a con-
trast-enhanced CT and b oblique coronal T2-weighted MR image.

Gastroduodenal artery (GDA) runs through the groove area. CBD
common bile duct; DU duodenum; MPD main pancreatic duct

Fig. 2a–c A 46-year-old man with groove pancreatitis. a Precon-
trast T1-weighted image shows a plate-like hypointense mass in
the groove area (arrow). b The mass shows slight enhancement on
early phase of dynamic MRI (arrow) and c prolonged enhance-
ment on late phase (arrow). Duodenum shows enhancement with
mural thickening (b, arrowhead)
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Fig. 3a–h A 56-year-old wom-
an with groove pancreatic car-
cinoma presented with obstruc-
tive jaundice and duodenal ste-
nosis. a Early-phase dynamic
contrast-enhanced CT shows
the poorly enhancing plate-like
mass (arrow) in the groove area
between the pancreas head and
duodenum. b Late phase of dy-
namic CT shows heterogeneous
enhancement (arrow). The duo-
denum shows circumferential
thickening with luminal nar-
rowing. Common bile duct and
main pancreatic duct are dilat-
ed. c A sheet-like mass shows
hypointensity on fat suppressed
T1-weighted MR image (ar-
row) and d slight hyperintensi-
ty on fat-suppressed T2-
weighted MR image (arrow).
Pancreas head seems normal on
T1- and T2-weighted images. 
e The mass is hypovascular in
early phase of dynamic MR im-
age (arrow) and f shows inho-
mogeneous enhancement in
late phase (arrow). g Endosco-
py of the duodenum shows a
swollen mucosa with ulceration
(arrow) of the minor papilla.
Pathological diagnosis of the
biopsy specimen of the ulcer
demonstrated adenocarcinoma.
h Macroscopically, the tumor
(arrow) exists between the pan-
creatic head and duodenum.
Common bile duct shows oc-
clusion due to tumor invasion
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CT examinations

Helical dynamic CT was performed with a HiSpeed Advantage
CT scanner, Remage CT scanner (GE Medical Systems, Milwau-
kee, Wis.). Precontrast CT and dynamic contrast-enhanced CT
were done in all patients. Dynamic CT was scanned 35 s after io-
dized contrast medium injection (early phase) and 90 s (late
phase). The 100 ml of contrast medium was injected at a rate of
3 ml/s with a power injector (Nemoto Kyorindo, Tokyo, Japan).
The CT images were obtained with 3-mm collimation, pitch of
1.4, 3-mm reconstruction, and 200 mA.

MR examinations

The MR imaging was performed with a superconducting 1.5-T
MR imager (Signa Horizon, GE Medical Systems, Milwaukee,
Wis.). Spin-echo (SE) T1-weighted images (TR 500 ms, TE 9 ms,
two acquisitions, 256¥192 matrix), respiratory-triggered fast SE
(FSE) T2-weighted images with frequency selective fat-suppres-
sion technique (TReff 3333–6666 ms/TEeff 80–90 ms), echo train
length of 8–12, 256¥224 matrix, three acquisitions). The slice
thickness was 6 mm with a 2-mm intersection gap for T1- and T2-
weighted images. Axial or oblique coronal dynamic MR imaging
(SPGR; TR 160 ms/TE 1.6 ms/flip angle 90°, 256¥128 matrix,
one acquisition, fat suppression) with breath holding were per-

formed. Dynamic MR imaging with SPGR sequence was acquired
before and after intravenous administration of gadopentetate dime-
glumine (Magnevist, Schering, Berlin, Germany). The slice thick-
ness was 4–6 mm with 2-mm gap. Magnetic resonance cholangio-
pancreatography (MRCP) was also performed using a single-shot
first spin echo (SSFSE) sequence with a phased-array coil. Both
coronal thick slice MRCP (5 cm thick) using long TE (900 ms)
and multislice MRCP images using medium TE (90 ms) in multi-
ple oblique planes (4 mm thick, gapless) were obtained.

Angiographic examinations

In 7 patients, preoperative angiography was done focused on the
pancreatic head and duodenal regions. Celiac and superior mesen-
teric arteriography were performed.

The CT, MR, and angiographic images were retrospectively re-
viewed by three experienced radiologists (T.G., M.K., N.T.) and
correlated radiologic and pathologic findings.

Results

In all 9 patients a solid sheet-like mass was demonstrated
between the duodenum and pancreatic head (Figs. 3, 4, 5).

Fig. 4a–d A 63-year-old man
with groove pancreatic carcino-
ma presented with obstructive
jaundice. a Early phase of dy-
namic CT shows hypovascular
plate-like mass in the groove
region (arrow). b Late phase of
dynamic CT shows delayed en-
hancement of the mass which is
isodense to the pancreas head
(arrow). c Thick-slice MR
cholangiopancreatography
(MRCP) shows irregular steno-
sis of common bile duct (ar-
rowhead), whereas main pan-
creatic duct is normal. d Mac-
roscopically, the tumor (open
arrow, solid arrow) between
the pancreatic head and the du-
odenum is seen. Ulcer of the
duodenal mucosa (arrowhead)
caused by tumor invasion is
also visible
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The masses were hypovascular in the early phase of dy-
namic CT (Figs. 3a, 4a, 5a). and revealed delayed en-
hancement (Figs. 3b, 4b). The duodenum adjacent to the
mass showed concentric wall thickening with luminal
narrowing (Figs. 3, 5). On MR imaging, the masses
showed hypointensity on T1-weighted or fat-suppressed
T1-weighted images (Figs. 3c) and slight hyperintensity
or isointensity on fat-suppressed T2-weighted images
(Fig. 3d), and hypovascularity in the early phase of dy-
namic MR imaging (Figs. 3e, 5b) and delayed enhance-
ment in its late phase (Fig. 3f). Main pancreatic duct di-
latation was depicted on MRCP in three of seven pa-
tients. One patient showed pancreas divisum, and the
dorsal pancreatic duct was occluded at the minor papilla.
In the other four patients, the main pancreatic duct was
normal on MRCP (Fig. 4c). On CT and MR imaging, the
pancreatic head seemed to be normal (Figs. 3, 4, 5) in
five patients and was slightly invaded by the mass in
four patients. Common bile duct dilatation due to steno-
sis was seen in all patients. From CT and MR imagings,
we initially suspected groove pancreatitis rather than
pancreatic head carcinomas because of specific location
of the mass lesions. 

However, endoscopy of the duodenum showed lumi-
nal stenosis due to mucosal edema with erosions in all
patients. Mucosal biopsy of the duodenal lesions could
demonstrate adenocarcinoma in seven of nine patients
(Fig. 3g). Celiac and superior mesenteric arteriography
showed serrated encasement of gastroduodenal arteries
and/or pancreaticoduodenal arteries arcade branches in
seven patients who received angiographic examinations.
So preoperatively all nine patients were suspected carci-
nomas of the duodenum or the pancreatic head.

Pancreatoduodenectomy was done in seven patients
and bypass operation (gastrojejunostomy and anastomo-
sis of the common bile duct and jejunum) with biopsy of
the mass in two. In all cases, plate-like scarred masses

were seen extending into the groove between the duode-
num and the pancreatic head. Pathological diagnosis was
pancreatic adenocarcinoma of the pancreatic head ex-
tending to the groove and duodenal wall (Figs. 3h, 4d).
Pathologically, main pancreatic duct (MPD) stenosis due
to tumor invasion was seen only three patients. Intrapan-
creatic common bile duct was invaded in all seven cases
who received pancreatoduodenectomy. A cystic lesion
noted adjacent to the tumor in one patient was a reten-
tion cyst pathologically.

Discussion

Groove pancreatitis is a variant form of chronic pancre-
atitis affecting mainly the groove between the head of
the pancreas, duodenum, and common bile duct. Becker
et al. [2] classified it into a pure form and segmental
form. The pure form of groove pancreatitis involves the
groove only, with the pancreatic parenchyma and main
pancreatic duct preserved. The segmental form of groove
pancreatitis involves both the groove and the pancreatic
head with main pancreatic duct stenosis. Groove pancre-
atitis and cystic dystrophy of the duodenal wall are the
same entity. In both cases there is inflammation of the
pancreatic tissue in the groove, which leads to chronic
obstructive pancreatitis; the former may be a solid aspect
which poses problems in differential diagnosis with pan-
creatic carcinoma [8], and the latter a macrocystic aspect
[6, 7, 11, 12].

In previous studies the radiological findings of groove
pancreatitis revealed smooth stenosis of bile duct and
main pancreatic duct at ERCP, duodenal luminal narrow-
ing at upper gastrointestinal series, and a plate-like mass
in this region at ultrasonography, CT, and MRI [3, 4, 5,
8, 9, 10, 11, 12]. The distinction between fibrous scar in
groove pancreatits and scirrhous adenocarcinoma of pan-

Fig. 5a, b A 75-year-old man
with groove pancreatic carcino-
ma presented with obstructive
jaundice and duodenal stenosis.
a Dynamic contrast-enhanced
CT shows poorly enhancing
mass (arrow) in the groove 
area with duodenal wall thick-
ening. Biliary drainage tube 
is already introduced (small 
arrow). Peripancreatic lymph-
adenopathy (arrowheads) is
seen. b Oblique coronal dy-
namic MR imaging shows
poorly enhancing mass (arrow-
head) in the groove region (ar-
rowhead). Circumferential duo-
denal wall thickening (arrow)
is also seen
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creatic cancer is difficult on CT and MR imagings [11,
12]. Both lesions show hypointensity on T1-weighted
and fat-suppressed T1-weighted images and hyper- or
isointensity on T2-weighted images. Both lesions also
showed hypovascularity in the early phase and delayed
enhancement in the late phase of dynamic CT and dy-
namic MR imaging [11, 12, 13, 14, 15, 16].

Pancreatic head carcinoma arises from the epithelium
of the main pancreatic duct or a side branch. When the
ductal carcinoma increases in size, it usually invades the
main pancreatic duct with dilatation of its distal portion;
however, in the case of pancreatic carcinoma arising in
the groove region, the main pancreatic duct is occasion-
ally spared tumor invasion. Scarring of the duodenal
wall and stenosis of the duodenal lumen are very com-
mon in groove pancreatitis [1, 11]; however, duodenal
wall thickening and luminal stenosis were seen in all of
the groove pancreatic cancers in our series. Cystic le-
sions, either true cysts or pseudocysts in the groove area
(mass or duodenal wall), are frequently noted in groove
pancreatitis [1, 11, 12]. In cases of groove carcinomas,
only one patient had a relatively large retention cyst ad-
jacent to the tumor. Endoscopy of the duodenum showed
luminal narrowing with mucosal edema and erosions.
Mucosal biopsy of erosive lesions demonstrated adeno-
carcinoma in seven of nine patients, with pancreatic car-
cinoma diagnosed preoperatively (Fig. 3g). From the re-
sults of our examinations, hypovascular mass lesions

with delayed enhancement and without cysts in the
groove region, and pathological examination of mucosal
biopsy specimens of duodenal lesions, are effective in
differentiating groove pancreatitis and groove carcino-
ma; however, if the pancreatic carcinoma in the groove
area is small and does not invade the duodenal mucosa,
distinction between inflammatory mass and carcinoma
may be quite difficult.

While arteriography showed encasement of gastroduo-
denal arteries and/or pancreaticoduodenal arcade branch-
es in our study, thin-slice dynamic CT especially using
multislice CT may evaluate the relationship of groove le-
sions with the vessels, particularly the gastroduodenal ar-
tery, which appears to be displaced to the left with
“groove pancreatitis” and infiltrated when it is a tumor.

The differential diagnosis of groove pancreatic carci-
noma other than groove pancreatitis includes duodenal
carcinoma, common bile duct carcinoma, and peripan-
creatic lymph node metastases from other gastrointesti-
nal malignant tumors.

In conclusion, pancreatic carcinomas arising in the
groove area cannot be reliably differentiated from
groove pancreatitis with CT and MR imagings when
there are no cystic lesions within the mass and/or the
thickened duodenal wall. Pathological diagnosis of a bi-
opsy specimen of the duodenal mucosa invaded by the
tumors and angiographic examination may provide the
clue to the correct diagnosis.
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