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ABSTRACT
Objective: To determine the value of hypointense pericholedocal ring sign in magnetic resonance imaging (MRI) T2W sequence
images in the diagnosis of pancreatic ductal adenocarcinoma (PDA).
Study Design: Retrospective observational study.
Place and Duration of the Study: Department of Radiology, Bakirkoy Dr Sadi Konuk Training and Research Hospital, Istanbul,
Turkiye, from January 2016 and March 2022.
Methodology: Retrospective analysis of MRI scans was performed on 70 patients with postoperative histopathological confirmation
of a diagnosis of periampullary cancer. The patients' demographic information, the results of their histopathological examinations, and
the findings of their MRIs were recorded. The results of the MRI were statistically analysed and compared between the PDA and the
non-PDA groups.
Results: The study included 43 (61.4%) male and 27 (38.5%) female patients, with a mean age of 62.2 ± 8.4 years. The means of
Wirsung diameter  and tumour  diameter  were significantly  higher  in  PDA group (p  = 0.034,  p  = 0.010,  respectively).  A  progressive
contrast enhancement pattern of 95.3% was observed in PDA group, while 40.7% rapid contrast enhancement pattern was observed
in the non-PDA group. Hypointense pericholedochal ring sign, observed in T2W sequences, was detected in 74.2% (n = 32) of the PDA
group and 11.1% (n = 3) of the non-PDA group, and the findings were statistically significant (p <0.001).
Conclusion: Hypointense pericholedochal ring sign in axial T2W sequences in periampullary tumours is a complementary MRI finding
in the distinction between the PDA and the non-PDA groups.
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INTRODUCTION

Periampullary cancers include carcinomas originating from four
different anatomical regions adjacent to the major duodenal
papilla. The tumour groups are the pancreatic head tumours,
common bile  duct  (CBD) tumours,  duodenal,  and ampullary
tumours. These four cancer groups show different molecular
and biological characteristics, and each has a different prog-
nosis.1  Previous studies have shown that overall survival (OS) is
highest in ampullary and duodenal cancers, medium in CBD
tumours, and lowest in pancreatic cancer.2-4 The most frequent
malignant tumour of the pancreas is pancreatic ductal adeno-
carcinoma (PDA). PDA is the seventh most prevalent cancer-re-
lated cause of mortality worldwide.
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The mean 5-year survival rate for this highly aggressive tumour
is below 5%.5 About 20% of patients have access to surgical
resection, the only potentially curative treatment option.

Preoperative  imaging  and  even  postoperative  histological
examination can have difficulty in pinpointing the precise loca-
tion of anatomical origin in these tumours because of their close
proximity to one another and the complexity of the regional
anatomy. This makes it difficult to determine the exact location
of the anatomical origin.1 When compared to other periampul-
lary tumours, PDAs have a poor prognosis and a variety of adju-
vant treatment options. For this reason, it is essential to make
this distinction.  A diagnosis of  PDA prior to surgery enables
efficient planning of neoadjuvant and adjuvant treatment, and
it also has the potential to reduce the risk of local recurrence as
well as the risk of distant metastases as the disease progresses.
As  a  result  of  recent  developments,  magnetic  resonance
imaging (MRI) is now playing an increasingly important role in
the diagnosis  of  diseases affecting the pancreas and biliary
system.6 Prior to surgery, it is necessary to discover new thera-
peutic and prognostic predictive markers in order to make the
most of the treatment modalities available to patients with peri-
ampullary cancers. In order to better assess the prognosis of
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individual patients, many researchers have attempted to distin-
guish between these cancers using various imaging modalities.
Imaging techniques such as computed tomography (CT) and
MRI are typically utilised in order to make a diagnosis of cancer
in the periampullary region. It has been demonstrated that MR
imaging with MR cholangiopancreatography (MRCP) is more
accurate than CT imaging in distinguishing benign from malig-
nant periampullary lesions. This is because MRCP offers more
precise details about the pancreatic and biliary duct anatomy
than the CT imaging does.7 It has been hypothesised that MRI
has the ability to forecast disease-free survival as well as OS in
PDA patients who have undergone curative resection.8

There is currently no specific imaging guide for the differential
diagnosis of periampullary cancers, despite the advancements
in imaging techniques.9 When trying to determine where peri-
ampullary cancers originate from, the position of the tumour’s
central mass and whether or not there is dilatation of the pancre-
atic  duct  and  the  CBD  are  two  crucial  factors  to  take  into
account. It is possible for periampullary masses other than PDA
to infiltrate the pancreatic head, which would result in dilatation
of both the CBD and the pancreatic duct. This would indicate
that the pancreatic head has been invaded by the masses. On
an MRI,  the PDA appears as a hypointense mass and is the
portion of the periampullary mass that grows to the greatest
size. On the other hand, PDA is characterised by a high cellu-
larity despite its relatively low levels of fibrotic stroma. As a
consequence of this, it shows up on MR or CT scans as a mass
that is isointense or isoattenuating.2,10 It is possible that PDA will
cause an obstruction in the intrapancreatic bile duct, which will
show up on T2W sequences as a hypointense ring sign around
the CBD.1

Preoperative diagnosis is crucial because there are various adju-
vant treatment options for PDA, which has the worst prognosis
of all periampullary masses. This study aimed to determine the
diagnostic utility of the hypointense ring sign around the CBD
seen in MRI-T2W sequences for PDA among the periampullary
tumours.

METHODOLOGY
This retrospective analysis comprised 70 patients who under-
went surgery and preoperative MRI and were histopathologically
diagnosed with periampullary carcinoma between January 2016
and March 2022 in Bakirkoy Dr Sadi Konuk Training and Research
Hospital, Istanbul, Turkiye. The study received approval from the
Hospital’s  Ethics  Committee  (Approval  Number:  09.05.2022/
2022-09-20). Informed consent was obtained from all patients.
The study was completed in 4 months.

Cancers of the periampullary region were previously classified as
pancreatic adenocarcinomas, tumours of the CBD, tumours of
the ampulla of Vater, and tumours of the periampullary region of
the duodenum. Patients without preoperative MRI and patients
who received neoadjuvant therapy before MRI were excluded
from the study. In addition, cases of polypoid-type distal CBD
cancer were omitted from the analysis, as these cases can be

easily  distinguished  from  other  periampullary  tumours.  The
study excluded 34 patients who had not undergone an MRI or
MRCP examination, 10 patients who had undergone preopera-
tive surgical procedures, in addition to six patients whose image
quality was unsuitable for analysis due to the presence of motion
artefacts. Time from MRI to surgery ranged from 2 to 22 days
(average = 13 days).

Demographic data, histopathological results, and MRI findings of
the patients were obtained from the hospital archive system. The
diameter (mm) and the distal shape of CBD, the tumour diameter
(mm), the contrast pattern, and signal intensity of the lesion in
T1W  and  T2W  sequences  were  evaluated  on  the  MRI  in
comparison to the duodenum and pancreas. The CBD, Wirsung,
and  tumour  diameters  were  measured  on  MRI  T2AW  axial
sections with reference to the widest diameter. The enhance-
ment pattern can be broken down into two distinct subtypes:
Either high enhancement, which reaches its highest point during
the arterial or venous phase, or progressive enhancement, which
reaches  its  highest  point  during  the  equilibrium  or  delayed
phase. The hypointense ring sign was defined as a dark ring
around the CBD in MRI T2W sequences (Figure 1 and 2). All cases
were retrospectively and separately evaluated by two radiolo-
gists with experience of 7 and 10 years in abdominal MRI. All
patients were known to have periampullary cancers, although
the exact histological diagnosis was unknown to the observers.
The patients were divided into two groups: PDA and non-PDA
(patients with a pathological diagnosis of CBD cancer, ampullary
adenocarcinoma, and duodenal cancers). There were 43 cases in
the PDA group and 27 cases in the non-PDA group. MRI findings
between the PDA and non-PDA groups were statistically anal-
ysed to make comparisons.

For MRI scan, a 3.0 T MR system (Verio; Siemens Medical Solu-
tions, Erlagen, Germany) and a 16-channel phased array surface
coil were used. Thin-section turbo spin-echo (TSE) T2-weighted
images were acquired in the sagittal, transverse, and coronal
planes during the imaging sequences. Each slice had a thickness
of 3 mm and lacked an intersection gap. The repetition time (TR)
and  echo  time  (TE)  were  set  at  5,800  ms  and  100  ms,
respectively. Patients were instructed to abstain from food for at
least four hours prior to their MRI appointments. The fast spin-
echo (SE) technique was used to acquire thick-slab single-sec-
tion T2-weighted MRCP images in at least six different planes
while the patient was holding their breath. These planes included
the sagittal, coronal, and coronal oblique planes. For the purpose
of three-dimensional (3D) MRCP, a 3D fast-recovery turbo SE
sequence  was  performed.  T1-weighted  3D  turbo-field-echo
sequences were used to obtain unenhanced, arterial-phase (20 -
35s), portal-phase (60s), 3 minutes late-phase, and 20 minutes
hepatobiliary  phase  images  for  gadoxetic  acid-enhanced
imaging. These images were acquired using a T1-weighted 3D
turbo-field. A 20 ml saline wash was conducted after the contrast
agent was administered intravenously at a rate of 1 ml/s at a dose
of 0.025 mmol/kg. This was done using a power injector. After the
data had been transferred to a workstation, 3D MRCP pictures
using maximum intensity projection were rebuilt.
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Figure  1:  A 60-year-old female with PDAC in the pancreatic head. (A)
Unenhanced T1-weighed image of the lesion is iso-hypointense, (B) The
diffusion-weighted image shows hyperintensity, and the apparent diffu-
sion coefficient image, (C) shows hypointensity consistent with diffusion
restriction (white arrows), (D-E) gadoxetic acid-enhanced portal-venous
and delayed phase show an ill-defined hypointense mass (arrows) in the
pancreatic head which shows increasing contrast towards the late phase,
(F) T2W image shows a small thin dark ring (pericholedochal hypointense
ring sign), (arrow) in the centre of the mildly hyperintense CBD.

Figure  2: A 55-year-old male with PDAC in the pancreatic head. (A) Unen-
hanced T1-weighed image of the lesion is iso-hypointense, (B) The diffu-
sion-weighted image shows hyperintensity, and the apparent diffusion
coefficient  image,  (C)  shows  hypointensity,  (D-E)  gadoxetic  acid-en-
hanced portal-venous and delayed phase show an ill-defined hypoin-
tense mass (arrows)  in  the pancreatic  head which shows increasing
contrast towards the late phase, (F) T2W image shows a small thin dark
ring (pericholedochal hypointense ring sign), in the centre of the mildly
hyperintense CBD.

The level of agreement between the two observers was deter-
mined with  the  help  of  the  interclass  correlation  coefficient
(ICC) or Cohen's Kappa statistic. The Kappa values and ICCs for
all parameters, with the exception of T1 and T2 signal intensity
in comparison to duodenum and pancreas (values of Kappa
varying from 0.72 to 0.82), exceeded to 0.85, which indicates
that  there  was  an  almost  perfect  agreement  between  the
parameters (Table I).

All of the statistical work was done by SPSS version 25.0. In order
to determine whether or not the variables followed a normal
distribution,  the  histogram  graphics  and  the  Kolmogorov-
Smirnov test were utilised. The values for the mean, the stan-
dard deviation, the median, and the interquartile range were
utilised in the presentation of descriptive analyses. Categorical
variables were given as numbers (n) and percentages (%). The
Pearson's  Chi-squared  test  was  utilised  in  order  to  make
comparisons  between  categorical  variables.  The  Mann-
Whitney U test was used to analyse non-parametric variables
compared between the two groups. The results were deemed
statistically significant if they had a p-value of <0.05.

Table I: MRI image features Kappa values for lesions measured by two
observers.

 Weighted
Kappa

Level of
agreement

Hypointense ring sign 0.94 Almost perfect
The shape of the distal edge of
the CBD

0.85 Almost perfect

Symmetry of the distal lumen
of the CBD

0.87 Almost perfect

The shape of the narrowing of
the distal end of the CBD

0.86 Almost perfect

Oval filling defect in the distal
part of the CBD

0.92 Almost perfect

Pattern of contrast
enhancemet

0.94 Almost perfect

Signal intensity - duodenum
T1W

0.72 Substantial

Signal intensity - pancreas
T1W

0.73 Substantial

Signal intensity - duodenum
T2W

0.80 Almost perfect

Signal intensity - pancreas
T2W

0.82 Almost perfect

RESULTS

Forty-three (61.4%) patients in the study were males and 27
(38.5%) were females, and the mean age was 62.2 ± 8.4 years.
The mean diameters of the tumour and CBD in all cases were
24.7  ±  9.4  and  11.3  ±  4.5  mm,  respectively.  The  contrast
enhancement pattern was progressive in 74.3% of the cases.

The mean age and the mean CBD diameter of the non-PDA
group were higher than those of the PDA group (p = 0.044 and p
= 0.033, respectively, Table II). The means of Wirsung diameter
and tumour diameter were higher in PDA group (p = 0.034 and p
= 0.010, respectively, Table II).

The signal intensity in T1W sequences did not differ significantly
between the PDA and non-PDA groups based on whether the
CBD had a regular or irregular distal edge, a symmetrical or
asymmetrical distal lumen, a sudden or pointed termination at
the  distal  end,  and  whether  the  lesion  was  located  in  the
duodenum or  pancreatic  parenchyma (p  >0.05,  Table  II).  A
progressive  contrast  enhancement  pattern  of  95.3%  was
observed  in  the  PDA  group,  while  a  40.7%  rapid  contrast
enhancement pattern was observed in the non-PDA group (p
<0.001). The "oval filling defect in the distal CBD" (16.3%) was
significantly lower in the PDA group (p <0.001).

Hypointense ring signs were observed around the CBD in T2W
sequences in 74.2% (n=32) of the PDA group and 11.1% (n=3)
of the non-PDA group, and the findings were statistically signifi-
cant (p <0.001, Table III). The incidence of hypointense appear-
ance  of  the  lesion  in  T2W  sequences  compared  to  the
duodenum and pancreas was significantly higher in the PDA
group (p=0.010; p=0.027, respectively).

DISCUSSION

Considering the poor prognosis and different adjuvant treat-
ment options, it is important to distinguish PDAs from other peri-
ampullary tumours. The combined use of conventional MRI and
MRCP is superior to CT in the differential diagnosis of periampul-
lary masses.11
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Table II: Comparison of demographic data, CBD characteristics, Wirsung, and tumour diameters of pancreatic duct adenocarcinomas (PDAs)
and non-PDA groups.

 PDA Group
n:43

Non-PDA Group
n:27

Total
n:70

p-value

Age* 60 (54 - 69) 65 (61 - 68) 63 (46 - 77) 0.044a

Gender** Male 26 (37.1) 17 (24.3) 43 (61.4) 0.834b

Female 17 (24.3) 10 (14.3) 27 (38.6)
The shape of the distal edge
of the CBD**

Regular 22 (31.4) 16 (22.8) 38 (54.3) 0.508b

Irregular 21 (30.0) 11 (15.7) 32 (45.7)
Symmetry of the distal lumen
of the CBD**

Symmetric 20 (28.6) 11 (15.7) 31 (44.3) 0.636b

Asymmetric 23 (32.8) 16 (22.8) 39 (55.7)
The shape of the narrowing
of the distal end of the CBD**

Tapering 17 (24.3) 9 (12.8) 26 (37.1) 0.601b

Abrupt termination 26 (37.1) 18 (25.7) 44 (62.8)
Oval filling defect in the distal part of the CBD** No 36 (51.4) 10 (14.3) 46 (65.7) <0.001b

Yes 7 (10.0) 17 (24.3) 24 (34.3)
Diameter of CBD (mm)*  10 (6.9 - 13.8) 12.5 (10.5 - 16) 12 (3 - 23) 0.033a

Diameter of wirsung (mm)*  5.5 (3.4 - 7.5) 3.5 (3 - 6) 4.5 (1.5 - 11) 0.034a

Diameter of tumour (mm)*  25 (21 - 31) 22 (12 - 26) 24 (10 - 56) 0.010a

*Median (IQR), **n (%), aMann-Whitney U Test, bChi-square test.

Table III: Comparison of MRI findings and contrast enhancement patterns of pancreatic duct adenocarcinomas (PDAs) and non-PDA groups.

  PDA Group
n:43 (%)

Non-PDA Group
n:27 (%)

Total
n: 70 (%)

p-value

Hypointense ring sign  32 (45.7) 3 (4.3) 35 (50) <0.001
Pattern of contrast enhancemet Rapid 2 (2.8) 16 (22.8) 18 (25.7) <0.001

Progressive 41 (58.6) 11 (15.7) 52 (74.3)
Signal intensity - duodenum T1W* Hyperintense 3 (4.3) 0 (0.0) 3 (4.3) 0.351

Hypointense 19 (27.1) 14 (20.0) 33 (47.1)
Isointense 21 (30.0) 13 (18.6) 34 (48.6)

Signal intensity - pancreas T1W* Hyperintense 3 (4.3) 0 (0.0) 3 (4.3) 0.141
Hypointense 23 (32.8) 20 (28.6) 43 (61.4)
Isointense 17 (24.3) 7 (10.0) 24 (34.3)

Signal intensity - duodenum T2W** Hyperintense 14 (20.0) 13 (18.6) 27 (38.6) 0.010
Hypointense 15 (21.4) 1 (1.4) 16 (22)
Isointense 14 (20.0) 13 (18.6) 27 (38.6)

Signal intensity - pancreas T2W** Hyperintense 17 (24.3) 13 (18.6) 30 (42.8) 0.027
Hypointense 17 (24.3) 3 (4.3) 20 (28.6)
Isointense 9 (12.8) 11 (15.7) 20 (28.6)

Chi-square test. *Signal intensity of the lesion relative to the duodenum / pancreas T1W sequences. **Signal intensity of the lesion relative to the duodenum /
pancreas T2W sequences.

The joint evaluation of the MRCP, T1W, and T2W gadolinium
post-contrast T1W MRI series is of great importance in the
differential diagnosis of periampullary masses. Periampullary
tumours  present  in  different  ways  due  to  their  location.
When  they  cause  obstruction  at  the  level  of  the  major
papilla, ampullary carcinomas typically take the form of a
small  tumour.  On the other  hand,  pancreatic  carcinomas
frequently take the form of large masses, and bile duct carci-
nomas frequently take the form of thickening of the ductal
wall.

It is possible for the signal intensity of periampullary cancers
on T1W and T2W MR images to vary in comparison to the
signal intensity of the pancreas.12,13 When the signal intensi-
ties of the duodenum and the pancreas were compared, this
research  revealed  that  there  was  no  discernible  difference
between the two.

The increasing contrast  enhancement  pattern  towards  the
late phase in tumours with abundant fibrous stroma has been
previously shown in many studies in the literature, and PDA
lesions  contain  dense  fibrous  tissue  and  desmoplastic
stroma.14,15 Similar to the literature, when the MRI enhance-
ment  patterns  of  the  PDA  and  non-PDA  groups  were

compared in this study, progressive enhancement patterns
were observed in the majority of the PDA group (p <0.001).9

Additionally, the contrast uptake in the PDA group showed a
peak in the late phase of this study.

PDA is observed as hypointense in the T1W and T2W series
due  to  its  intense  fibrous  stromal  content.16  When  the  PDA
and  non-PDA  group  lesions  were  compared  in  T2W
sequences, the present study found that PDA lesions were
significantly  more  hypointense  than  the  pancreas  and
duodenum parenchyma (p <0.001). On the other hand, the
results of this research showed that there was no discernible
difference in the frequency of the hypointense appearance of
the lesion in T1W sequences when compared to the pancreas
and the duodenum.

Because of their  unique biological  behaviour,  desmoplastic
reactions, and tumour localisation, periampullary carcinomas
are responsible for alterations in the CBD.1 The distal end of
CBD,  as  well  as  its  abruptness  and  pointiness,  did  not  differ
significantly  between  the  PDA  and  non-PDA  groups  in  this
study. It was found that the frequency of oval filling defects in
the distal CBD was significantly higher in the non-PDA group
compared  to  the  PDA  group.  This  finding  is  in  line  with  the
research that has been done previously.
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The hypointense pericholedochal ring sign was observed in
T2W axial sections in this study, and it was positive in 75% of
the patients in the PDA group and in 11% of the patients in
the non-PDA group. Furthermore, the prevalence of this sign
was significantly greater in the PDA group than the non-PDA
group (p <0.001). PDA is observed as a hard, whitish mass in
tumour specimens due to its abundant fibrous stroma. Hypoin-
tense ring images are formed in T2W sequences around CBD,
surrounded and compressed by a mass rich in fibrous tissue.
In contrast to PDA carcinomas, CBD cancers are characterised
by a thickening of the wall of CBD as well as a slightly hyperin-
tense  appearance  around  the  CBD  in  T2W  sequences  in
comparison to the pancreatic parenchyma that surrounds the
tumour.1 There is the extremely low frequency of the T2W
hypointense  choledochal  ring  sign  in  CBD  cancer.  The
centrifugal tumour growth pattern of CBD cancer, which does
not include the intraductal-growing polypoid type,  may be
able to explain the exceptionally low frequency of the T2W
hypointense choledochal  ring sign that is  seen in patients
with CBD cancer. This is in contrast to the centripetal pattern
of  bile  duct  narrowing  that  occurs  in  PDA as  a  result  of
tumour  engulfment.  In  PDA,  the  bile  duct  narrows  in  a
centripetal  pattern.  Several  studies  in  the  literature  have
shown  that  PDAs  that  are  isointense  with  the  pancreatic
parenchyma can easily be overlooked on contrast-enhanced
CT and MRI.10,17 The T2 dark choledochal ring sign is a poten-
tial indicator of PDAs for these tumours.

Cha et al. argued that the use of the hypointense ring sign in
lesions with large diameters would not be suitable, as the
hypointense ring sign was observed in two non-PDA cases
with  3.5  and  4  cm diameters.1  Similarly,  in  the  present
study, the tumour diameter was between 3.0 and 3.5 cm in
two of the three patients with hypointense ring signs around
the CBD in the non-PDA group.

In this study, the pericholedochal hypointense ring sign was
investigated in a similar way to the study of Cha et al. In
addition, many MRI parameters that can be used to distin-
guish between PDA and non-PDA were examined.

The current study had a number of important limitations.
First, because the present study was conducted using a retro-
spective design, it is inevitable that there was some selec-
tion bias despite the use of strict inclusion criteria. Patients
who had reached an advanced stage of  the disease and
were unable to undergo surgery were not included in the
current study because the population included tumours that
had been resected surgically. Additionally, considering that
the  hypointense  ring  sign  can  be  observed  in  non-PDA
lesions as the tumour diameter increases, not performing a
comparison within the sub-groups by dividing tumour diame-
ters into certain groups can be considered a limitation. In
addition, this study was conducted at a single centre; conse-
quently, multicentric studies involving a greater number of
participants are required to verify the results of this investi-
gation.

CONCLUSION

The presence of a hypointense pericholedochal ring sign in
axial T2W sequences in periampullary tumours can be used
as  a  complementary  MRI  finding  in  the  distinction  between
the PDA and the non-PDA tumours.
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