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Key words: edematous pancreatitis (AEP). Twelve (12) dogs were included, with six in the
Dogs AEP group and six in the control group. The AEP model group underwent a
Acute edematous pancreatitis procedure by way of pancreatic duct retrograde injection. The control group
MRCP underwent the same procedure without infusion. MRCP and S-MRCP were
Secretin performed identically in both the AEP group and control groups. MRCP was

performed pre-surgery and on the 1%, 39, and 5" days post-surgery in the AEP
group and control groups. The pancreaticobiliary duct diameter was significantly
wider in the AEP group compared to the control group (P<0.01) on the 5 day. The
S-MRCP images were evaluated on the 3 day post-surgery at 1, 3, 5, 7, and 11 min
after secretin infusion. Compared to the control group, the pancreatic ducts in the
AEP group became dilated and branched which appeared, reaching the largest
diameters, 3 min postsecretin injection (P<0.01). Eleven minutes after secretin
infusion, the degree of duodenal filling in the AEP group was Grade 2, indicating
impaired pancreatic exocrine function in dogs with AEP. In conclusion, MRCP
provided excellent comprehensive visualization of the pancreatic and hepatobiliary
duct systems in dogs with AEP. S-MRCP effectively detected branched pancreatic
ducts and impaired pancreatic exocrine in AEP dogs.
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INTRODUCTION increase contrast and visualize the necessary imaging

features (Ko et al., 2016; Dunn et al., 2024). Moreover,

Acute edematous pancreatitis (AEP) in dogs is a
disease in which pancreatic fluid is overproduced due to
various causes, resulting in damage to the pancreatic
tissue. Dog of AEP triggers problems such as disruption
of pancreatic duct continuity, rupture of the pancreatic
ducts, and biliary tract dilatation. Among the many
imaging technologies available, ultrasound is widely used
for screening pancreatic diseases due to its convenience
and affordability (Penninck et al., 2013). However, it has
difficulty differentiating and diagnosing pancreatitis,
pancreatic abscess, pancreatic neoplasia, and pseudocysts.
A study revealed that ultrasound has low sensitivity and
specificity in visualizing the pancreatic ducts (Larson,
2016). Computed tomography (CT) was once considered
the most effective imaging technique for diagnosing
pancreatic diseases (Adrian et al., 2015). However, for
some pancreatic diseases, enhancement is required to
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iodine contrast media may aggravate the progression of
the disease, and X-ray radiation is unavoidable (Park et
al., 2018). CT has poor accuracy in diagnosing pancreatic
divisum, and further studies with adjunctive modalities
such as magnetic resonance cholangiopancreatography
(MRCP) are needed. The lack of radiation exposure,
unique soft-tissue contrast, three-dimensional capabilities,
and most recently, physiology-based MRI techniques are
among the advantages of MRI over CT and ultrasound
(Briola, 2022). Endoscopic retrograde cholangiopan-
creatography (ERCP) is an affordable but technically
challenging method for examining pancreatic ducts.
Contrast agents are injected into the biliary tract and
pancreatic ducts through an endoscope to obtain images of
the resulting abnormal dilation, but this is currently
difficult to perform clinically in companion animals.
MRCP can more accurately reveal the location and extent
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of strictures in the biliary tract and pancreatic ducts
compared to ERCP (Kumar et al., 2023). MRCP is a
widely used, noninvasive imaging technique for
visualizing the pancreatic ducts and biliary tract against a
background of the original body fluid (Marolf et al.,
2013). Based on research findings, MRCP has nearly 90%
sensitivity for diagnosing biliary conditions compared
with other invasive diagnostic methods like ERCP
(Montalvo-Javé et al., 2015). A study found that MRCP
with 1.5 Tesla is effective for assessing feline biliary tract
and pancreatic ducts when their diameter is >1 mm
(Rahmani et al., 2023).

Secretin stimulates the excretion of fluid and sodium
bicarbonate from the exocrine pancreas, causing pancreatic
duct dilation (Modvig et al., 2020). Secretin-enhanced
MRCP (S-MRCP), performed after administering
intravenous secretin, provides a dynamic assessment and
better visualization of the pancreaticobiliary ductal system
than conventional MRCP. S-MRCP may reveal
abnormalities that might go undetected on conventional
MRCP (Zhang et al., 2013; Briola, 2022). A study
suggested the need for secretin while performing MRCP in
dogs to optimize the detection of fine biliary and pancreatic
ducts (Rahmani et al., 2023). In clinical practice, S-MRCP
is a safe, noninvasive technique for simultaneously
evaluating morphological and pancreatic exocrine
functional characteristics (Swensson et al., 2021).

To date, few MRI studies have been conducted on the
imaging characteristics of pancreatic ducts and the biliary
tract, and on pancreatic exocrine function in dogs. This
study describes the morphological characteristics of the
pancreatic ducts and biliary tract, and evaluates exocrine
function in dogs with AEP, aiding in clinical diagnosis.

MATERIALS AND METHODS

Animals: The animal study was approved by the
institutional animal care and use committee (permit
number: NJAU. N020221101315) of Nanjing Agricultural
University (Nanjing, China). Twelve adult dogs (half
male, half female), 2-4 years old, mixed breed, weighing
10 + 3.6 kg, were included in this study.

Study design: The dogs were randomly divided into an
AEP group (n=6) and a control group (n=6) (Fig. 1).
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Fig.1: MRCP was performed |* pre-surgery (-1 day) and on the |, 3
and 5% days post-surgery in both the control group and AEP group. S-
MRCP was performed at I, 3, 5, 7 and || min on the 3rd day post-
surgery.

establish a dog model of AEP as previously described
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(Qin et al., 2007; Van Minnen et al., 2007). The AEP
group was injected with a mixture of 5% sodium
taurocholate (0.5 mL/kg, MclLean Biochemical
Technology Co., Ltd., Shanghai, China) and trypsin (3000
U/kg, Baoman Biotechnology Co., Ltd., Shanghai, China).
The control group underwent the same surgical procedure
without infusion.

Clinical symptoms, hematological and ultrasound
examination: clinical signs, physical examination,
complete blood count (CBC), serum amylase (Mindray
BC-5300 Vet, china), lipase immunoreactivity (Beijing
Denotek  Technology Co., Ltd.) and ultrasound
examination (MyLab™X5, Esaote) were performed in
this study.

Histological analysis: On the 5™ day post-surgery, the
abdominal cavity of a dog in the AEP group and the
control group was randomly opened. The pancreatic tissue
was immediately, fixed in 4% formaldehyde solution
before paraffin wax embedding. After fixed 24 hours,
pancreatic tissues were dehydrated, embedded in paraffin,
and sectioned into 4 um thick slices. The sections were
then stained with hematoxylin-eosin (H&E) as previously
described (Aupperle-Lellbach et al., 2020). The
histological characteristics of the pancreas were
determined via light microscopy (Ni n ECLIPSE 50i,
Japan).

MRCP protocol : MRCP was performed with a 1.5T
MRI system (UMR 560 type, Shanghai United Imaging
Healthcare Co., Ltd.). The 2D breath-holding T2 weighted
single-shot fast spin echo (SSFSE) fat suppression
sequence parameters were as follows: TR, 6000 ms; TE,
1000 ms; field of view, 340 x 340 mm; matrix size, 460 x
576; and Slice thickness, 60 mm. The 3D non-breath-
holding fat suppression-weighted T2-weighted FSE
sequence parameters were as follows: TR, 4000 ms; TE,
650 ms; field of view, 320 x 320 mm; matrix size, 576 x
576; and Slice thickness, 1mm. The diameter of the
pancreaticobiliary duct was measured.

S-MRCP examinations: S-MRCP with intravenous
injection of secretin at a dose of 50ug/kg (Aladdin, China)
was performed identically for the AEP group and control
group on the 3" day post-surgery. Pancreatic exocrine
function was evaluated by measuring fluid filling in the
duodenum via semiquantitative methods and measuring
the diameter of the pancreatic ducts. Filling of the
duodenum is graded according to duodenal anatomic
imaging findings. The grading system was established
according to Chamokova et al. (2018): Grade 0—no fluid
is observed in the duodenum; Grade 1—fluid is limited to
the cranial duodenal flexure; Grade 2—fluid partially fills
the duodenum up to the caudal duodenal flexure; and
Grade 3—fluid fills beyond the caudal duodenal flexure.
Pancreatic exocrine function was considered impaired in
any animal with Grade <3 (Chamokova et al., 2018).

All animals underwent MRI scanning within 5™ post-
surgery Animals were treated with intravenous lactated
Ringer’s solution (100mL/(kg/d), butorphanol (0.6mg/kg
1V), and cefazolin (22 mg/kg 1V). Animals those vomited
were given cerenia (1mg/kg IM, Zoetis, Madison, N., J.,)
and intravenously replenished electrolytes and glucose.



Statistical analysis: All images were evaluated on a
dedicated workstation (Horos V3.3.1). All values are
presented as the meanszstandard deviation. The data were
analyzed by nonparametric statistical tests. The Mann—
Whitney U test was used after correcting for intragroup
comparisons. All the statistical analyses were performed
using GraphPad Prism version 9.0 (San Diego, USA), a
value of P<0.05 was significant, and a value of significant
threshold was set as P<0.01.

RESULTS

Clinical symptoms: The clinical symptoms of the AEP
group included anorexia, mild vomiting, and abdominal
tension. Animals with abdominal pain received
butorphanol (0.6mg/kg 1V) four times daily for pain
management. Lactated Ringer’s solution was administered
based on the degree of dehydration.

Table I: The result of hematological examination.
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Hematological examination: The white blood cells
(WBC), plasma amylase and the plasma lipase levels were
significantly increased and peaked in the AEP group on
the 1% day post-surgery (P<0.01) compared to the control
group, indicating pancreatic inflammation (Table 1).

Ultrasound examination: The size of pancreas were
significantly increased, and parenchymal echogenicity of
the pancreas was heterogeneous on the 1% day post-
surgery (P<0.01). Cystic echogenic areas were observed
in the pancreatic parenchyma on the 1% day post-surgery
(Fig. 2B). The pancreas was mildly enlarged, hypoechoic,
with peripancreatic hyperechoic mesenteric fat on the 5%
day post-surgery (Fig. 2C).

MRCP imaging features of AEP in dogs:
Manifestations of pancreatic edema were observed on the
1%t and 3" days (Fig. 4) inthe AEP group. Visualization

Detection time Changes of WBC (x1079/L)

Plasma levels of amylase (IU/L)

Plasma levels of lipase (ng/mL )

Pre-surgery 10.58 +2.87
I'st post-surgery 27.03 + 5.88**
2nd post-surgery 18.56 + 4.08**

307.58+28.87
5900.16%135.88+*
4578.56+127.08**

107.58+18.87
1900.16+135.88%+
1578.56+127.08+*

Note: *significant difference between the control and AEP group (P<0.05), **significant difference between the control and AEP group (P<0.01).

Table 2: Diameters of the gallbladder (GB), common bile duct (CBD), and hepatobiliary duct (HD) and diameters and classifications of the pancreatic

ducts according to MRCP.

Structure Diameter (mm) Pre-surgery Post-surgery |st day Post-surgery 3rd day Post-surgery 5th day
GB Ctl group 19.49 £ 0.43 18.18 +£0.39 19.06 £+ 0.49 17.85 £ 0.59
AEP group 18.43 £0.57 20.31 £ 0.44 21.57 £0.58 29.62 £ 0.73%*
CBD Ctl group 1.81+0.45 1.93+0.24 1.94+0.38 1.87+0.49
AEP group 1.89+0.39 2.12 £ 0.65 2.15+0.55 3.79 £ 0.68**
HD Ctl group 1.18+0.23 1.20+0.28 1.19+0.35 1.33+0.31
AEP group 1.19£0.33 1.24 £ 0.34 1.27 £ 0.39 2.74+ 047+
PD Ctl group Invisible Invisible Invisible Invisible
AEP group Invisible Visible in 1/6 dogs 121 % Visible in 4/6 dogs Visible in 6/6 dogs
0.22 1.43 +0.37 1.74+0.17%*

Note: Ctl: Control. CBD: common bile duct, GB: gallbladder, HD: hepatobiliary duct, RPD: right pancreatic duct, LPD: left pancreatic duct, DP: duodenal
papillae. *significant difference between the control and AEP group (P<0.05), **significant difference between the control and AEP group (P<0.01).
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Fig. 3: Histopathological examination of pancreatic tissues. (A) Pancreatic tissue from the control group (200 x), exhibiting normal lobular
architecture. (B) Pancreatic tissue from the AEP group (400 x) scale bar = 50 pm), manifestations of interstitial edema. (C) Pancreatic tissue from
the AEP group (200 x), showing features of acute pancreatitis.,inflammatory cell infiltration and fat cell necrosis.
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MRCP imaging features of AEP in dogs:
Manifestations of pancreatic edema were observed on the
1%t and 3™ days (Fig. 4) in the AEP group. Visualization
for 3/6 dogs in the AEP group on the 5™ day revealed that
pancreatic ducts were significantly expanded (P<0.01)
and demonstrated a “V” shape (Fig. 4). However, the
pancreatic ducts were almost invisible in the control
group. Both the pancreatic duct and bile duct were dilated
in the remaining 3/6 dogs in the AEP group on the 5" day.
Compared to the control group, the gallbladder, common
bile and hepatobiliary duct were significantly more visible
in the AEP group (P<0.01) (Fig. 5).

Pancreatic exocrine function was impaired in AEP
dogs according to secretin-enhanced MRCP: Pancreatic
ducts were almost invisible in the control group but
visible in 4/6 of the dogs in the AEP group before secretin
infusion. All dogs in the control group exhibited smoother
and more uniform dilation of the pancreatic duct, which
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reached a maximum diameter at 3 minutes after secretin
infusion (Fig. 6). The pancreatic ducts were significantly
dilated with discontinuous ducts and branched pancreatic
ducts at 1 min after secretin infusion in the AEP group
(P<0.05), and this dilation was maintained at 3, 5, 7, and
11 min after secretin infusion (Fig. 7). In the AEP group,
the diameter was 1.71+0.31 (P<0.05) compared to the
control group (1.21+0.24) at 1 min after secretin infusion.
At 3 min, it was 1.3020.26 in the control group and 2.56 +
0.36 (P<0.01) in the AEP group. At 5 min, it was
1.15+0.17 in the control group and 2.38+0.43 (P<0.01) in
the AEP group. At 7 min, it was 1.13+0.20 in the control
group and 2.21+0.39 (P<0.01) in the AEP group. At 11
min, it was 1.07+0.22 in the control group and 1.76+0.24
(P<0.01) in the AEP group.

Before secretin infusion, no obvious liquid signal was
observed in the duodenum, and the duodenal filling was
classified as Grade 1 in the control group and the AEP
group. One minute after secretin infusion, the signal

Fig. 4: The pancreatic ducts of dogs in the AEP group gradually widened
post-surgery. (A) Pre-surgery. (B) Ist day post-surgery. (C) 3rd day post-
surgery. (D) 5th day post-surgery. PAN: pancreas, DUO: duodenum,
RPD: right pancreatic duct, LPD: left pancreatic duct, DP: duodenal
papilla.

Fig. 6: Features of the pancreatic ducts and duodenal fluid filling in the
control group. (A) Image before secretin infusion. (B-F) Images at I, 3, 5,
7, and || min after secretin infusion. The yellow arrow indicates the
right pancreatic ducts (RPD) , the white arrow indicates the descending
duodenum, and the white arrowhead is the caudal duodenal flexure.

Fig. 5: Both the pancreatic ducts and biliary tract of dogs in the AEP
group gradually widened post-surgery. (A) Pre-surgery. (B) Ist day post-
surgery. (C) 3rd day post-surgery. (D) 5th day post-surgery. CBD:
common bile duct, GB: gallbladder, HD: hepatobiliary duct, RPD: right
pancreatic duct, LPD: left pancreatic duct, DP: duodenal papillae.

Fig. 7: In the AEP group, fluid filling in the duodenum was reduced, and
the pancreatic ducts were less visible. (A) Image before secretin infusion.
(B-F) Images at I, 3, 5, 7, and |l min after secretin infusion. White
arrow, main pancreatic ducts; red arrow, branched pancreatic ducts;
white arrowhead, descending duodenum.



intensity representing duodenal filling in was increased,
and the filling was classified as Grade 1 in two groups.
Three to seven minutes after secretin infusion, the fluid
covered the area of the cranial duodenal flexure, reaching
the descending duodenum, and the degree of duodenal
filling in two groups, and the filling was classified as
Grade 1-2 (Fig. 6 and Fig. 7). Eleven minutes after
secretin infusion, the duodenum was significantly
expanded in the control group, and the liquid reached the
caudal duodenal flexure, resulting in a classification of
Grade 3 (Fig. 6). However, the AEP group still had Grade
2 at 11 min after secretin infusion suggesting the
pancreatic exocrine function of the AEP dogs was
impaired (Fig. 7 F).

DISCUSSION

Dogs with AEP showed classic signs of acute
pancreatitis, including abdominal tension, vomiting, and
anorexia. Blood count, serum amylase, and abdominal
ultrasonography may show non-specific findings (Cridge
et al., 2021; Kim et al., 2024). However, dog pancreatic
lipase immunoreactivity (PLI) has been documented to
have a high (90.9%) sensitivity for the diagnosis of acute
pancreatitis (Healy et al., 2022). In this study, the result of
cPLI was markedly increased, indicating the presence of
pancreatitis in  the dogs. The specificity of
ultrasonography for acute pancreatitis is very high
(92%)(Cho et al., 2022). Ultrasonographic findings
showed the swollen pancreas with hypoechoic
parenchyma indicating inflammatory change and
moderately hyperechoic surrounding fats due to fat
saponification.  Based on  Clinical  symptoms,
hematological examination and ultrasound examination,
the diagnosis of acute pancreatitis in the dog was basically
confirmed (Rudinsky, 2023; Kim et al., 2024). Moreover,
histopathology revealed pancreatic edema, mixed
inflammatory cell infiltration, and scattered fat necrosis,
which were grossly apparent in the AEP group but absent
in the control group. According to clinical presentation,
dog acute pancreatitis can vary from mild to moderate
clinical signs (AEP) to severe, life-threatening disease
caused by acute necrotizing pancreatitis (ANP)(Vrolyk
and Singh, 2020; Bjgrnkjer-Nielsen and Bjgrnvad, 2021).
Early diagnosis of AEP can help prevent progression to
ANP.

Previous research on feline pancreatitis suggested
that MRCP is an advantageous supplemental sonography
method for visualizing the pancreatic ducts in cats (Marolf
et al., 2011). This study indicated that MRCP images
provided an comprehensive view of the pancreatic and
hepatobiliary ducts without shading by the bowel, which
can occur on ultrasound. However, in contrast to other
studies, our pilot study was conducted to visualize the
pancreatic ducts of AEP dogs. A postmortem study
showed the visualizition of the pancreaticobiliary duct in
dogs, which showed feasibility of MRCP in live dogs
(Rahmani et al., 2024). In a postmortem study, involving
5 out of 8 mixed-breed dogs, the average age was 13.5
years, and the average weight was 15.3kg. However,
pancreatic duct structures smaller than 1mm were difficult
to visualize using a 1.5 Tesla MRI magnet (Rahmani et
al., 2023). Pancreatitis resulting in hepatic biliary
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obstruction can cause substantial morbidity and mortality.
In this study, three of the dogs with AEP showed severe
dilatation of pancreaticobiliary duct on the 5™ day post-
surgery. Three of the dogs with AEP had severe
pancreatic duct distention beginning on the 5 day post-
surgery. The dilatation of pancreaticobiliary ducts was
likely secondary to ductal obstruction caused by edema in
the pancreas, duodenum, or duodenal papilla. The risk of
general anesthesia and associated costs limit the use of
MRCP in animals. However, some of the advantages of
MRCP may justify this approach, particularly in situations
where  ultrasound  results are  equivocal. An
ultrasonographic study of 242 dogs (body weight 1.4-
55kg) revealed that the diameters of the pancreatic ducts
ranged between 0.4 and 1.2 mm and were significantly
correlated with body weight (Penninck et al.,, 2013).
Regarding limitations, this study did not include larger or
smaller dogs, different breeds, or younger and older dogs.
These limitations negatively impacted the results of the
study. Further studies are warranted to adapt magnetic
resonance cholangiopancreatography to the diagnostic
needs of those dogs. In this study, S-MRCP was optimal
for visualizing tiny structures such as pancreatic ducts in
small dogs.

Evaluation of pancreatic duct dynamics is possible
only with MRCP images obtained before and after S-
MRCP (Briola, 2022). Healthy pancreatic parenchyma
and pancreatic ducts have suitable elasticity to facilitate
the outflow of pancreatic juice without causing dilatation
of the pancreatic ducts. In this study, the mean diameter of
the pancreatic ducts was less than 1.5mm at different post-
surgery time points after secretin injection in the control
group, and branched pancreatic ducts were not visible.
However, the mean diameter of the pancreatic ducts was
greater than 2.5mm at different post-surgery time points in
the AEP group, and branched pancreatic ducts were also
visible. This study found that branched pancreatic ducts
were visible, and pancreatic fluid leakage was confirmed
in the AEP group. According to a study of exocrine
pancreatic insufficiency in clinical dogs and cats, the
abnormal exocrine function of the pancreas is commonly
caused by pancreatic duct obstruction (Kennedy and
Williams, 2012). In this study, S-MRCP revealed
discontinuity of the pancreatic ducts with varying
diameters in AEP dogs. Unlike the control group, the AEP
group presented with obstructions in the pancreatic ducts,
which indicated abnormal pancreatic exocrine function.
Pancreatic exocrine function was evaluated using
semiquantitative or quantitative methods after S-MRCP.
In this study, S-MRCP showed the degree of duodenal
filling and the leakage of the pancreatic duct
simultaneously, which is more practical for veterinary
clinical practice. Regarding limitations, the S-MRCP
study did not include quantitative methods (Zhang et al.,
2013). Further studies are warranted to apply S-MRCP
with the aim of quantifying pancreatic exocrine function
in AEP dogs.

Conclusions: The results indicate that MRCP provided
excellent comprehensive visualization of pancreatic duct
and hepatobiliary duct systems and pancreatic edema
lesions in AEP dogs. When ultrasound results are
equivocal or the pancreas is incompletely assessed



sonographically owing to bowel gas or lack of
compliance, MRCP becomes particularly valuable.
Furthermore, MRCP for diseases related to canine
pancreatic and bile ducts showed important clinical
significance. MRCP examination should be considered a
potentially valuable diagnostic method. The study showed
that the pancreatic ducts of normal dogs were almost
invisible through MRCP, demonstrating that S-MRCP is a
feasible way to visualize the pancreatic ducts in dogs S-
MRCP was a feasible alternative to other techniques for
assessing pancreatic exocrine function in dogs with AEP.
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