
Journal of Feline Medicine and Surgery
15(4) 285–294
© ISFM and AAFP 2012
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1098612X12466084
jfms.com

Introduction
Cholangiohepatitis/cholangitis is second only to hepatic 
lipidosis as the most common liver disease in cats and is 
often associated with concurrent pancreatitis and inflam-
matory bowel disease — a condition referred to as ‘tria-
ditis’. This is due to the unique feline ductal anatomy in 
which the common bile duct and pancreatic duct both 
open onto the major duodenal papilla, allowing for 
infection and inflammation to spread from one area, 
such as the biliary system, into the pancreas and duode-
num.1 In multiple retrospective and prospective studies 
evaluating feline cholangitis, concurrent pancreatitis 
was common and found in 39–65% of cats.2–4

In veterinary medicine, B-mode ultrasound imaging 
is used frequently in an attempt to diagnose this condi-
tion in cats, but has proven to be unsatisfactory in many 
patients. Sonography has low sensitivity and specificity 
to cholangitis and pancreatitis, and correlates poorly 

with histopathological diagnosis, although advanced 
stages of disease can be detected.3–6 Inflammatory liver 
conditions are also difficult to detect sonographically 
owing to their diffuse nature, but findings are non- 
specific and can range from normal, to hypo- or hyper-
echoic parenchyma.7–9

Magnetic resonance imaging (MRI) that incorporates 
cholangiopancreatography (MRCP) sequences is an 
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accurate, highly sensitive and specific imaging tool for 
the diagnosis of human biliary and pancreatic duct dis-
orders.10–21 MRI is more sensitive to soft tissue pathology 
than ultrasonography because it allows detection of sub-
tle shifts in cellular water and protons. Inflammatory 
processes of the hepatobiliary system and pancreas can 
therefore lead to visible signal differences and changes 
in contrast enhancement. MRI can detect changes associ-
ated with human pancreatitis including increased or 
decreased size of the entire gland, pancreatic edema and 
inflammation (based on parenchymal signal changes on 
T1- and T2-weighted images and abnormal contrast 
enhancement) and peri-pancreatic inflammation.22

The addition of MRCP to anatomic MRI abdominal 
sequences provides a complete non-invasive anatomical 
map of the biliary tree and pancreatic duct without the 
use of ionizing radiation or intravenous contrast.14 
MRCP is based on the principle that slow moving fluids 
are hyperintense on heavily T2-weighted images, so bile 
and pancreatic fluids will be bright, resulting in increased 
duct to background contrast.12,13 The advantages of 
MRCP over sonography include decreased operator 
dependence and improved demonstration of biliary and 
pancreatic ducts. The combination of MRCP with con-
ventional MR T1 and T2 imaging results in complete 
anatomic imaging of ductal, as well as extra-ductal, dis-
ease within the liver and pancreas.10,21

The feline pancreatic duct has been studied sono-
graphically in normal cats, documenting normal ductal 
size, age-related changes and the response of the duct to 
secretin administration.6,23–25 Abnormal ductal values 
and morphology of structures in cats with pancreatico-
biliary disease have not been established with either 
ultrasound or MRI, however.

MRI/MRCP of the normal feline cranial abdomen has 
been reported recently from a study that established the 
optimal imaging protocol for the cat, including scans 
obtained pre and post-secretin stimulation.26 Feline 
MRI/MRCP provided high quality images of the liver, 
biliary ductal system, pancreas, and pancreatic duct. 
Visualization of the small normal feline pancreatic duct 
was feasible, although its conspicuity was further 
improved with secretin stimulation. Additionally, the 
use of multiple imaging planes in this MRI protocol 
resulted in excellent comprehensive views of hepatobil-
iary and pancreatic anatomy.

We hypothesized that signs of cholangiohepatitis-
pancreatitis would be detected in a series of clinically 
affected cats similar to those reported for affected human 
patients. Our main aim was to document MRI/MRCP 
abnormalities visible in affected cats using the previ-
ously studied normal cats and human results as a stand-
ard of comparison. As sonography is commonly used in 
the cat to evaluate these clinical conditions, an ancillary 
aim was to compare the MRI/MRCP with sonographic 

results. Histopathology was obtained laparoscopically 
for further comparison. Our overall goal was to deter-
mine whether MRI/MRCP provided valuable observa-
tions in this group of affected cats. That was considered 
particularly important given the expense and need for 
anesthesia that is associated with veterinary MRI.

Materials and methods
Inclusion criteria
A prospective case series of 10 cats was conducted at 
Colorado State University from July 2011 to June 2012. 
Cats were enrolled if suspected by the clinical internist 
(DT) to have cholangiohepatitis-pancreatitis based on his-
tory, physical examination, biochemical and hematologic 
tests. The study protocol was approved by Institutional 
Animal Care and Use Committee (IACUC) and all partici-
pants gave informed consent. Cats included in the study 
were healthy enough to tolerate general anesthesia and 
had no additional previously diagnosed chronic illness. A 
minimum patient database was obtained of complete 
blood count, chemistry profile and feline pancreas- 
specific lipase (fPLI) assay (IDEXX Laboratories Inc).

Ultrasound and MRI/MRCP
A complete abdominal ultrasound examination was per-
formed on the day of arrival by one of the participating 
radiologists (AM), with MRI/MRCP on the following 
day. Both imaging procedures included the use of secretin 
(ChiRhoStim; ChiRhoClin, established feline dose of  
2 U/kg IV) to evaluate its effects on pancreatic duct dila-
tion.25,26 The first three enrolled cats of the project received 
the secretin during the initial ultrasound study and also a 
second secretin injection during MRI/MRCP the next day.

However, the protocol was changed for the remaining 
seven cats. Those seven cats had a baseline ultrasound 
examination on the first day without secretin, and 
received only a single secretin injection during the  
MRI/MRCP examination. Immediately after MR/MRCP 
imaging, post-secretin ultrasonography of the pancreatic 
duct was performed. This protocol change was made 
owing to concerns in the first three cats that the secretin 
given during ultrasound could potentially lead to pro-
longed duct dilation and thereby affect the baseline 
ductal appearance on MRI/MRCP the next day. Owing 
to the change in protocol the post-secretin pancreatic 
ductal assessment for the first three cats was eliminated 
from the pool of data.

After the ultrasound examination, the cats were fasted 
overnight and, on the following day, were anesthetized 
for MRI/MRCP. The previously established feline MRI/
MRCP protocol (GE Signa 1.5 T; GE Medical Systems) 
was utilized for these cats including T1 fast spin (FS) gra-
dient echo (GRE) pre- and post-contrast in dorsal and 
transverse planes, T2 fat saturated in dorsal and trans-
verse planes, MRCP in dorsal planes, and fast spoiled 
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gradient recalled (fSPGR) in/out of phase sequences in 
transverse planes.26 Secretin was given as described 
above after the first MRCP sequence identical to the pre-
viously established protocol, followed by additional 
post-secretin imaging sequences.

Laparoscopy
Following MRI/MRCP, the cats had laparoscopic evalu-
ation of the liver, biliary tract and pancreas with subse-
quent biopsies of their liver and pancreas (DT). Three 
individual liver biopsies were obtained in three different 
liver lobes with one biopsy obtained in an affected area 
of the visible pancreas. These biopsies were obtained for 
histology and culture to confirm the involved disease 
processes.

Each tissue sample was fixed in 10% formalin for 24 h 
and embedded in paraffin with 5 μm thick sections cut 
and stained with standard hematoxylin and eosin.

Data analysis
The ultrasound images were reviewed by a board- 
certified radiologist (AM). The following parameters 
were assessed and compared to established normals for 
the cat: pancreatic thickness (measured in multiple loca-
tions in both limbs and the body using electronic calipers 
in the transverse plane), echogenicity (normal, hypo-
echoic, hyperechoic or heterogeneous compared with 
the adjacent mesentery and liver), pancreatic duct diam-
eter (pre- and post-secretin injection) and peri-pancreatic 
abnormalities (± free fluid, ± presence of hyperechoic 
mesentery).24 Parameters to evaluate hepatobiliary 
structures included liver echogenicity (normal, hypo-
echoic, hyperechoic, heterogeneous compared with the 
falciform fat), presence of focal or multifocal hepatic 
abnormalities, common bile duct diameter, gall bladder 
wall echogenicity (normal or hyperechoic) and thickness 
and the presence or absence of abnormal gall bladder 
contents (echogenic sediment).27,28

The MR images were reviewed by two board-certified 
veterinary radiologists (AM and SK) and a physician 
radiologist (TD) via consensus. This method was used to 
optimize detection of any potential abnormalities as 
MRI/MRCP is a new imaging application. Blinded inter-
pretation was not used for this study because enrolled 
cats were known to be clinically affected. Pancreatic size 
was evaluated subjectively and was also measured in a 
dorsal to ventral orientation on the transverse T1 
weighted sequence post-contrast at the level of the 
splenic vein (Figure 1). Pancreatic signal intensity was 
compared with liver on T1- and fat saturated T2-weighted 
images, and its pattern of contrast enhancement was 
evaluated as minimal, homogenous or heterogeneous. 
Additional criteria included intensity of the peri-pancreatic 
tissues (isointense, hyperintense relative to pancreas), 
and size of the pancreatic duct pre- and post-secretin. 

The size of the pancreatic duct and common bile duct 
were evaluated in fat saturated T2-weighted and MRCP 
images pre- and post-secretin injection and measured 
via electronic calipers.

The liver intensity was evaluated on T1 pre-contrast, fat 
saturated T2-weighted, fSGRE in/out of phase sequences 
(hypointense, hyperintense, heterogeneous) by comparing 
it with the spleen. Contrast enhancement (homogenous or 
heterogeneous) was evaluated on T1-weighted images. 
The liver was also assessed for focal abnormalities, such as 
hyper- or hypointense nodules or cysts and heterogeneity 
of the parenchyma. The biliary tract was evaluated by the 
presence of gall bladder wall thickness (on the post- 
contrast T1 transverse images), gall bladder wall enhance-
ment (minimal, mild, moderate), presence and nature of 
gall bladder contents on T1 pre- and post-contrast and fat 
saturated T2-weighted images and diameter measure-
ment of the common bile duct.

Mean, median and standard deviations were calcu-
lated on pancreatic size thickness, pancreatic duct size 
pre- and post-secretin and gall bladder wall thickness, 
for both imaging modalities. Median values were not 
calculated for small subsets of data as this was not feasi-
ble. Although this study was not performed to assess 
sensitivity or specificity of MRI for these conditions, the 
results were compared with histology and ultrasound 
findings to identify whether MRI contributed unique or 
valuable information.

Figure 1  Tranverse plane T1 sequence post-intravenous 
contrast used for measuring the pancreatic thickness. The 
pancreas is uniformly and mildly contrast enhancing with well-
defined margins. The hypoechoic pancreatic duct is noted in 
the ventral portion of the pancreatic body (asterisk)
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Results
Signalment, clinical signs, biochemistry findings 
and fPLI assay
There were seven neutered male cats and three spayed 
female cats with an age range of 12–17 years (mean 13, 
median 12 years), nine of which were domestic shorthair 
cats and one was a domestic longhair cat. The cats pre-
sented for a variety of reasons, including inappetence, 
weight loss, lethargy, diarrhea, vomiting and abdominal 
pain. Seven cats had elevations in liver enzymes and 
total bilirubin, and three cats had normal liver enzymes. 
Five of the 10 cats had normal fPLI assays and the 
remaining five had elevated fPLI assays.

Ultrasound imaging results
A summary of pancreatic sonography is presented in 
Table 1. Nine of 10 cats had evidence of pancreatic 
enlargement in a portion of the pancreas (based on 
reported normal feline pancreatic thickness <1 cm).24 
There were areas of the pancreas that also measured 
within normal limits in each cat. Two of the 10 cats had 
anechoic pancreatic cystic structures. Half of the cats 
had pancreatic duct diameters that exceeded the normal 
reported value of up to 2.5 mm.23,29 After secretin, the 
pancreatic duct mildly dilated in 8/10 cats. The two 
remaining cats’ pancreatic ducts did not dilate further 
post-secretin; these cats had the largest pancreatic duct 
diameters and had pancreatic cysts. Three cats had evi-
dence of peri-pancreatic inflammation.

Liver echogenicity was considered normal (3/10), 
hypoechoic (3/10), heterogeneous (1/10) and hyper-
echoic (3/10). Two cats had hypoechoic and/or hyper-
echoic liver nodules, and one cat had multiple biliary 
cystadenomas. The common bile duct was normal in 
eight cats (based on reported values of normal being <4 
mm) and dilated in two cats (4.0–9.9 mm).27 Five cats had 
no gall bladder debris and five cats had mild-to-moder-
ate echogenic gall bladder debris. Four of 10 cats had a 
hyperechoic thickened gall bladder wall (1.8–2. 8 mm 
thick) compared with normal being ≤1 mm.28

MRI/MRCP results
Nine of 10 cats had an abnormal pancreas based on MRI, 
including overall mild-to-moderate enlargement of the 
gland, as summarized in Table 2. The pancreas was also 
diffusely enlarged in nine cats, as viewed on the dorsal 
plane images compared with normal (Figure 2). One cat 
had a normally sized pancreas focally (6.9 mm) and 
generally.

Nine of 10 cats had abnormal signal intensity of the 
pancreatic parenchyma compared with the liver (Table 2 
and Figure 3 a, c). Some of these changes were patchy 
and multifocal throughout the gland. In comparison, the 
normal cat pancreas was hyperintense on pre-contrast 
T1-weighted images and isointense/hypointense on fat 
saturated T2-weighted images compared with liver 
(Figure 3 b, d).26 Most cats had similar pancreatic con-
trast enhancement when compared with normal cats in 

Table 1  Ultrasound pancreatic findings

Pancreatic size –
largest thickness 
measurement (in mm)

Echogenicity Pancreatic duct size  
pre-secretin (mm)*

Pancreatic duct size post-
secretin (mm) (excludes 
first three cats)†

Peri-pancreatic 
tissues

12.2 mm (mean) ± 
2.5 mm
(11 mm median)

8 hypoechoic
1 heterogeneous
1 normal

2.5 mm (mean) ± 0.9 mm
(1.4 mm median)

5 dilated ducts
2.7 mm (mean) ± 0.7 mm
2 static ducts
3.6 mm (mean) ± 0.4 mm

7 normal
2 hyperechoic
1 hyperechoic with 
free fluid

*Normal cat pancreatic duct measurements pre-secretin 0.77 mm (mean) ± 0.33 mm25 and 1.3 mm ± 0.04 mm (normal older cats)29

†Normal cat pancreatic duct measurements post-secretin 1.42 mm (mean) ± 0.40 mm25

Table 2  Magnetic resonance pancreatic findings

Pancreatic 
thickness 
(mm)*

T1 intensity T2 intensity Contrast 
enhancement

Pancreatic duct 
size pre-secretin 
(mm) (excludes first 
three affected cats)†

Pancreatic duct 
size post-secretin 
(mm) (excludes first 
three affected cats)‡

Peri-
pancreatic 
tissues

13.0 mm (mean) 
± 3.0 mm  
(14.6 mm 
median)

9 hypointense
1 hyperintense 
(normal)

9 hyperintense
1 isointense 
(normal)

8 homogeneous
1 heterogeneous
1 minimal 
enhancement

2.1 mm (mean) ± 
0.9 mm  
(1.9 mm median)

5 dilated ducts
2.8 mm (mean) ± 
0.5 mm (2.8 mm 
median)
2 static ducts 3.8 mm 
(mean) ± 0.1 mm

9 normal
1 hyperintense 
with fluid

*Pancreatic thickness normal cats 9.5 mm (mean) ± 1.2 mm26,†Pancreatic duct size pre-secretin 1.65 mm (mean) ± 0.05 mm26

‡Pancreatic duct size post-secretin 2.5 mm (mean) ± 0.01 mm26
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which the pancreas was mildly and homogenously con-
trast enhancing.26 Two cats had cystic structures within 
the pancreas which were hyperintense on T2-weighted 
sequences and hypointense on T1-weighted sequences; 
these were the same cats in which cysts were identified 
sonographically. The one cat with the normally sized 
pancreas had normal pancreatic intensity and diffuse 
contrast enhancement. The pancreatic duct dimensions 
were greater than the range reported for normal cats 
both pre- and post-secretion (Table 2). Eight of 10 cats’ 
pancreatic ducts dilated after secretin stimulation. Two 
of the cats with the pancreatic cysts and the most dilated 
pancreatic ducts had no evidence of increased dilation 
after secretin administration. Many of the cats had a 
smoother and more uniform dilation of the pancreatic 
duct after receiving secretin (Figure 4).

Eight of 10 cats had a hypointense liver relative to the 
spleen on almost all imaging sequences similar to nor-
mal cats.26 In normal cats the liver was hypointense 

relative to spleen on T1- and T2-weighted sequences, 
and retained similar intensity between in- and out-of-
phase fGRE sequences.26 Two of 10 cats had a heteroge-
neous liver parenchyma. Five of 10 cats had multifocal 
cysts or nodules in the liver. One cat had several large 
biliary cystadenomas, which were predominantly hyper-
intense on T2 sequences and hypointense on T1 
sequences. Seven of 10 cats had gall bladder debris 
(Figure 5a). This debris was typically hyperintense on T1 
and hypointense on T2 sequences. Two of five normal 
cats had gall bladder debris which had similar imaging 
characteristics.26 Nine of 10 cats had a mildly thickened 
and moderately enhancing gall bladder wall [mean 2.2 
mm ± 0.3 mm (median 1.9 mm)] (Figure 5b). In normal 
cats, the gall bladder wall was mildly contrast enhancing 
and was difficult to measure with electronic calipers 
owing to its small size, which required magnifying the 
image until pixelated [1.7 mm–0.5 mm (median 1.2 
mm)].26 The common bile duct was normal in 8/10 cats 
and too small for measurement with electronic calipers. 
In two cats the common bile duct was dilated and tortu-
ous measuring 4.4 mm and 5.6 mm. The common bile 
duct was not measured in normal cats owing to its small 
size. Only one cat had abnormal peri-pancreatic tissues.

Comparison of MRI/MRCP to sonographic results
In nine cats similar pancreatic abnormalities were identi-
fied by both modalities. In 1/10 cats, MRI demonstrated a 
dilated pancreatic duct which was considered normal on 
ultrasound. Peri-pancreatic regions were considered 
abnormal sonographically in two additional cats com-
pared with MRI/MRCP. Sonographically, 7/10 cats had 
hepatic parenchymal abnormalities and 7/10 cats had bil-
iary tract abnormalities (not all the same as those with liver 
parenchymal changes). Based on MRI/MRCP, fewer (2/10) 
cats had hepatic parenchymal changes. MRI demonstrated 
gall bladder wall changes more often than ultrasound with 
9/10 cats having a mean thickness (mean 2.2 mm) greater 
than normal cats (mean 1.7 mm) and increased wall con-
trast enhancement compared with 4/10 cats with increased 
gall bladder wall thickness and hyperechogenicity sono-
graphically. MRI and ultrasound positively identified gall 
bladder contents in 7/10 and 5/10 cats, respectively.

Laparoscopic findings  Eight of nine cats had an abnor-
mal pancreas laparoscopically. Changes included pancre-
atic enlargement and edema, irregular to nodular texture 
and presence of multiple white superficial nodules. One 
of the cats had free abdominal fluid and evidence of mul-
tifocal peri-pancreatic saponification. The cat with a nor-
mal pancreas on ultrasound and MRI/MRCP also had a 
normal appearing pancreas on laparoscopy.

The liver was abnormal laparoscopically in 9/10 cats. 
Changes included diffuse and focal enlargement, mot-
tled or ‘nutmeg’ appearance, tan discoloration with red 
reticular markings and the presence of multifocal pale 

Figure 2  Dorsal plane fat-saturated T2 sequence which 
provides an excellent global image of the pancreas. Note 
the hyperintense pancreas (P) relative to the liver (L) with 
multiple interdigitating hyperintensities within its folds, which 
is indicative of edema. Hyperintense cysts are present in the 
left limb just caudal to the spleen. The markedly enlarged 
pancreatic duct is noted intermittently as it courses through the 
entire pancreas (*). A large hyperintense biliary cystadenoma 
is present adjacent to the right pancreatic limb (C)
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pink or white nodules. One cat had a normal appearing 
liver. Seven of the cats’ biliary tracts were considered 
normal. The gall bladder was large with a distended 
cystic duct in two cats, which was not noted on either 
imaging modality. Another cat had a severely dilated 
and tortuous common bile duct which was identified on 
both ultrasound and MRI.

Laparoscopic hepatic biopsies were obtained from 
9/10 cats and pancreatic biopsies obtained in 10/10 
cats. Liver biopsies could not be obtained in one of 
the cats owing to technical difficulties; however, this 
cat had a grossly abnormal liver consistent with 
cholangitis.

Histology and culture results  Eight of the 10 biopsied 
cats had histologic evidence of pancreatitis characterized 
as either chronic (6/8), chronic active (1/8) or acute 
(1/8). Two of 10 had a normal pancreas histologically. 
One of those cats had an abnormal pancreas based on 
imaging and laparoscopy and the second cat had a nor-
mal pancreas based on imaging and laparoscopy.

All cats with liver biopsies had evidence of cholangi-
tis or hepatitis histologically. One cat was initially diag-
nosed with lymphocytic plasmacytic hepatitis, but 
re-diagnosed with lymphoma based on special stains. 
There was no evidence of aerobic or anaerobic growth 
based on liver culture for any cats.

Figure 3  (a) Transverse plane T1 pre-contrast image. The pancreas (P) is hypointense relative to liver (L). Mixed intensity 
biliary cystadenoma is lateral to the pancreas (arrows). (b) Transverse plane T1 pre-contrast image of normal cat for 
comparison. Note the hyperintense pancreas (arrow) next to liver (L). (c) Transverse plane fat-saturated T2 image. The 
pancreas (P) is hyperintense relative to liver (L). (d) Transverse plane fat-saturated T2 image of normal cat for comparison. 
Note the hypointense pancreas (arrow) next to liver (L)



Marolf et al	 291

Discussion
The signalment, clinical history and biochemistry abnor-
malities in these cats correlated well with previous 
descriptions of cholangitis and pancreatitis.3,30–32 Five 
cats had a negative fPLI assay, with three of these cats 
having a false-negative test result based on histology. A 
large-scale prospective clinical study to determine the 
sensitivity and specificity of the fPLI assay has not been 

reported; however, the false-negative fPLI assay results 
occurred in cats with chronic pancreatitis and may indi-
cate lack of enzyme activity and release in these patients.

Histologic pancreatic changes are not always con-
firmatory either and have been shown to be patchy and 
multifocal in nature in dogs with similar findings 
expected for cats.33 Two cats had normal pancreatic his-
tology. In the first cat, imaging and laparoscopic findings 

Figure 4  (a) Dorsal plane MRCP image pre-secretin. Note the pancreatic duct (arrow). (b) Dorsal plane MRCP image post-
secretin. Note the increased dilation and improved conspicuity of the pancreatic duct after secretin stimulation (arrow)

Figure 5  (a) Transverse plane fat-saturated T2 image. There are hypointense gall bladder intraluminal contents (arrow).  
The surrounding bile is hyperintense. (b) Transverse plane T1 post-contrast image. The gall bladder is thickened and uniformly 
contrast enhancing
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corroborated the normal histologic diagnosis. However, 
the second cat had an abnormal pancreas on imaging 
and laparoscopy, but had normal pancreatic histology. 
The second cat could have truly had a normal pancreas; 
however, the small biopsy samples obtained may have 
missed areas of inflammation. These issues highlight the 
potential value of imaging in patients with suspected 
pancreatitis.

The most salient advantage of MRI/MRCP in these 
cats was the pronounced signal intensity abnormalities 
associated with pancreatitis. Affected cats had a T1 pre-
contrast hypointense and T2 hyperintense pancreas, as 
has been reported in humans.22,34 These signal changes 
have been attributed to fibrosis and edema.22,34 Other 
significant advantages included the ability to obtain 
images with excellent soft tissue anatomy in multiple 
imaging planes. MRI indicated pancreatic enlargement 
based on the single objective measure on transverse 
plane T1 images, but, also subjectively when evaluating 
the entire pancreas on the dorsal plane T1- and 
T2-weighted images. The dorsal plane MR images pro-
vided an entire view of the pancreas, pancreatic duct and 
hepatobiliary system without superimposition of bowel 
or lack of patient compliance that can occur with ultra-
sound, allowing complete evaluation of both limbs and 
body for parenchymal, pancreatic duct and peri-pancre-
atic changes. The dorsal plane images assisted in identi-
fying focal changes that could be, and were, missed on 
ultrasound imaging, including the patchy nature of 
some intensity changes. This information was useful 
prior to laparoscopy in providing landmarks and could 
be useful for surgical planning. Further advantages of 
MRI/MRCP include its independence from operator 
skill and experience level.

It has been suggested that evidence of pancreatic duct 
dilation may be a better measure of pancreatic inflamma-
tion in the cat.6,35 Based on ultrasound and MRI findings, 
most of the cats with histologic evidence of pancreatitis 
had a dilated pre-secretin pancreatic duct compared with 
normal cats.23–26,29 Similar changes have been identified 
in humans, where pancreatic duct dilation and pancreatic 
duct changes on abdominal MRI/MRCP sequences are 
associated with chronic pancreatitis, due to fibrosis in the 
gland, which causes traction around the duct and subse-
quent dilation.22,34,36 Two of the cats with pancreatic cysts 
had the most severe pancreatic duct distention, which 
was likely secondary to ductal obstruction. Ductal dila-
tion is not specific in cats with pancreatitis because age-
related pancreatic duct dilation has also been identified 
in older cats.23,29 All of the cats in this study were over 10 
years of age, so some pancreatic duct dilation may have 
been due to age-related changes in addition to the pan-
creatic inflammation.

Most of the cats’ pancreatic ducts dilated mildly after 
secretin stimulation, which was also found in normal 

cats and humans based on ultrasound and MRI.25,26,37,38 
All cats in this study had more pronounced dilation of 
the pancreatic duct post-secretin stimulation compared 
with previously studied normal cats.25,26 It has been sug-
gested that mild dilation post-secretin could indicate 
retention of ductal elasticity.37 In contrast, the two cats 
with pancreatic cysts and the most severe pancreatic 
duct dilation did not respond to secretin stimulation, 
suggesting minimal duct elasticity. In normal cats, the 
pancreatic duct was more conspicuous and better visual-
ized after secretin. In these abnormal cats that already 
had dilated prominent pancreatic ducts, the advantage 
of secretin was less evident, which has been noted in 
humans.37 In humans, the advantage of secretin admin-
istration lies in the evaluation of ductal strictures, which 
may be missed without secretin.37,38 The meaning and 
interpretation of the feline post-secretin ductal changes 
relative to the detection and staging of pancreatitis needs 
more study.

Nine of 10 cats had a moderately enhancing and 
mildly thickened gall bladder wall. In humans, a con-
trast enhancing, thickened gall bladder wall can indi-
cate inflammation secondary to cholangitis or 
cholecystitis.39 The presence of gall bladder debris in the 
cat may be associated with cholangitis or cholestasis.40,41 
Further investigation is needed to determine the asso-
ciation of gall bladder intraluminal debris and gall 
bladder wall enhancement with biliary disease. Cats 
with cholangitis or hepatitis diagnosed histologically 
had no specific hepatic parenchymal changes evident 
by either MRI or ultrasound examinations. Both modal-
ities readily identified focal abnormalities, such as cysts 
and nodules. Histology is still necessary in diagnosing 
liver disorders.

Ultrasound imaging by an experienced sonographer 
also identified pancreatic abnormalities in all affected 
cats, including abnormal pancreatic echogenicity, size, 
and/or pancreatic duct dilation. However, many of the 
cats only had mild enlargement of sections of the pan-
creas and other sections measured within normal size 
limits. Pancreatic inflammation in cats can be chronic, 
which can make sonographic changes more subtle and 
challenging.42 Furthermore, the operator dependence of 
sonography and interference by superimposed gas-
filled bowel can limit its usefulness for some cats. The 
known lower sensitivity and specificity of ultrasound in 
diagnosing pancreatitis may be related to those, and 
other, factors.5,6

Limitations of this study include the small number of 
cats and the inherent bias of the reviewers who were 
intentionally not blinded. The main goal was to deter-
mine the MRI changes associated with pancreatitis and 
cholangiohepatitis. A large prospective study would be 
needed to determine the specificity, sensitivity and accu-
racy of MRI compared with ultrasonography. Biopsies 
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were obtained laparoscopically to minimize invasive-
ness and morbidity. However, this technique had limita-
tions due to the small number and size of the samples 
obtained. Surgical biopsies were not considered owing 
to higher potential morbidity and risk.

Conclusions
MRI/MRCP was useful in detecting abnormalities asso-
ciated with histologically confirmed pancreatitis com-
pared with normal cats. The MRI findings of a T1 
pre-contrast hypointense and T2 hyperintense pancre-
atic parenchyma were associated with feline pancreati-
tis. Pancreatic ducts were dilated pre-secretin by both 
imaging modalities in these cats with pancreatitis. MRI/
MRCP provided excellent comprehensive visualization 
of the pancreatic and hepatobiliary systems. MRI/MRCP 
was advantageous over sonography in visualizing the 
pancreatic duct, but the MRI findings for hepatitis/chol-
angitis were non-specific. Sonography remains the rec-
ommended first imaging modality for feline pancreatic 
and hepatobiliary disease owing to its availability, lower 
cost and lack of requirement of anesthesia. There are, 
however, certain advantages of MRI/MRCP that may, at 
times, justify the risk of general anesthesia and added 
expense of that imaging procedure, particularly in situa-
tions in which ultrasound results are equivocal or in 
which the pancreas was incompletely assessed sono-
graphically owing to bowel gas or lack of patient compli-
ance. Abdominal MRI examination should be considered 
as a potentially valuable second tier diagnostic imaging 
tool for pancreatitis.
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