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Quantitative Contrast-enhanced Ultrasonographic Assessment of
Naturally Occurring Pancreatitis in Dogs

S.Y. Lim, K. Nakamura, K. Morishita, N. Sasaki, M. Murakami, T. Osuga, N. Yokoyama, H. Ohta,

M. Yamasaki, and M. Takiguchi

Background: Quantitative contrast-enhanced ultrasonography (CEUS) can detect pancreatic perfusion changes in
experimentally induced canine pancreatitis. However, its usefulness in detecting perfusion changes in naturally occurring
pancreatitis is unclear.

Hypothesis/Objectives: To determine the feasibility of using CEUS to detect pancreatic and duodenal perfusion changes
in naturally occurring canine pancreatitis.

Animals: Twenty-three client-owned dogs with pancreatitis, 12 healthy control dogs.

Methods: Dogs diagnosed with pancreatitis were prospectively included. CEUS of the pancreas and duodenum were
performed. Time-intensity curves were created from regions of interest in the pancreas and duodenum. Five perfusion
parameters were obtained for statistical analyses: time to initial up-slope, peak time (Tp), time to wash-out (TTW), peak
intensity (PI), and area under the curve (AUC).

Results: For the pancreas, Tp of the pancreatitis group was prolonged when compared to controls (62 + 11 seconds
versus 39 + 13 seconds; P < .001). TTW also was prolonged but not significantly (268 4+ 69 seconds versus 228 + 47 sec-
onds; P = .47). PI and AUC were increased when compared to controls (95 &+ 15 versus 78 + 13 MPV; P =.009 and
14,900 + 3,400 versus 11,000 + 2,800 MPV*s; P = .013, respectively). For the duodenum, PI and AUC were significantly
increased in the pancreatitis group when compared to controls.

Conclusions and Clinical Importance: Contrast-enhanced ultrasonography can detect pancreatic perfusion changes in
naturally occurring canine pancreatitis characterized by delayed peak with prolonged hyperechoic enhancement of the pan-

creas on CEUS. Additionally, duodenal perfusion changes secondary to pancreatitis were observed.
Key words: Contrast-ultrasound; Inflammation; Pancreas; Perfusion.

Diseases of the exocrine pancreas are common in
companion animals, and pancreatitis is the most
common exocrine disease seen in dogs. Clinical signs
exhibited by patients with pancreatitis are often non-
specific and not pathognomonic for this disease.'
Therefore, differentiation among acute, chronic, and
acute-on-chronic pancreatitis is difficult in clinical situ-
ations because of similarities in their clinical presenta-
tion."? Currently available diagnostic modalities for
pancreatitis include measurement of pancreatic
enzymes, diagnostic imaging, cytology and histopathol-
ogy, with the first 2 being most commonly utilized in
clinical practice. Accurate clinical diagnosis of pancre-
atitis remains challenging and new diagnostic methods
are needed because no single noninvasive diagnostic
method is completely reliable for the diagnosis.
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Abbreviations:

AP acute pancreatitis

AUC area under the curve

AUROC area under the receiver operating characteristic curve
CEUS contrast-enhanced ultrasound
CT computed tomography

MB microbubble

MPV mean pixel value

PI peak intensity

ROC receiver operating characteristic
ROI region of interest

TIC time-intensity curve

Tp peak time

TTU time to initial up-slope

TTW time to wash-out

(0N} ultrasound

Diagnostic imaging such as abdominal ultrasonogra-
phy is useful for the diagnosis of pancreatitis.® Typical
findings of an enlarged, hypoechoic pancreas with sur-
rounding hyperechoic mesentery are suggestive of pan-
creatitis.® A hyperechoic pancreas can be associated
with chronic pancreatitis because of the presence of
pancreatic fibrosis.* However, these findings may not
be apparent in mild or subclinical pancreatitis.
Reported sensitivity of ultrasound (US) for the diagno-
sis of pancreatitis remains at 68%, and a normal US
examination does not rule out pancreatitis.'” Other
diagnostic imaging modalities such as computed
tomography (CT) and magnetic resonance imaging
have been used to evaluate and characterize the sever-
ity of pancreatitis in people.” The use of CT in the
diagnosis of pancreatitis in dogs has been reported in



72 Lim et al

a small number of dogs.®” Recently, a new develop-
ment in CT imaging called perfusion CT has been use-
ful to detect changes in pancreatic perfusion in various
clinical situations (including inflammation and neopla-
sia) in people.®'° The usefulness of this technique has
not yet been evaluated in veterinary medicine. How-
ever, general anesthesia or deep sedation typically is
needed for CT examination in veterinary patients.

Contrast-enhanced ultrasound (CEUS) is a new
breakthrough for diagnostic imaging in people and its
application in veterinary medicine is growing steadily
in recent years.'""'? Perfusion of various abdominal
organs such as the liver, spleen, pancreas, kidney, and
adrenal glands can be studied noninvasively using
CEUS.">"!7 Applications of CEUS in the diagnosis of
pancreatic neoplasia also have been reported in veteri-
nary medicine.'®'” CEUS utilizes microbubble (MB)
contrast agents that remain entirely intravascular when
administered IV, with no extravasation into surround-
ing tissue.!" Subtraction techniques such as pulse
inversion imaging, used in contrast-specific imaging
techniques, enhances detection of harmonic echoes
from MB while suppressing echoes from tissue.'
Therefore, the contrast enhancement reflects perfusion
of the organ and can differentiate areas of inflamma-
tion (hyperechoic enhancement) and necrosis (nonen-
hancement).'""'>2%21 CEUS has been reported to be
comparable to CT in the assessment of acute pancrea-
titis (AP) in people.?* Recently, we also have reported
the feasibility of using quantitative CEUS to detect
pancreatic perfusion changes in experimentally induced
AP in dogs.> However, reports on the usefulness of
CEUS in detecting perfusion changes in naturally
occurring pancreatitis in dogs are few.!’*

The purpose of this study was to determine the fea-
sibility of using quantitative CEUS to detect pancre-
atic and secondary duodenal perfusion changes in
naturally occurring pancreatitis in dogs. We hypothe-
sized that quantitative CEUS would detect pancreatic
and secondary duodenal perfusion changes as possible
signs of inflammation in naturally occurring pancreati-
tis in dogs. If this hypothesis were to be true, quantita-
tive CEUS potentially could be useful as a new
diagnostic tool in diagnosing pancreatitis in dogs.

Materials and Methods
Patients

This study was performed with approval from the Hokkaido
University Animal Care and Use Committee. Client-owned dogs
that were presented to Hokkaido University Veterinary Teaching
Hospital between September 2011 and December 2013 for pan-
creatitis were prospectively enrolled. Diagnosis of pancreatitis
was based on (1) presence of >I acute clinical signs (<2 weeks;
eg, vomiting, anorexia, lethargy) and >1 physical examination
findings associated with pancreatitis (eg, abdominal pain, jaun-
dice, dehydration), (2) abnormal pancreatic lipase immunoreac-
tivity (Spec cPL > 400 pg/L), and (3) presence of >1 abdominal
US findings consistent with pancreatitis (eg, enlarged, irregular,
hypoechoic pancreas; surrounding hyperechoic mesentery). Inclu-
sion criteria were: owner’s consent and unobstructed visualization

of the pancreas on US. Exclusion criterion was presence of other
primary diseases (eg, gastrointestinal, hepatobiliary, urinary) that
may be responsible for the clinical signs.

To obtain reference parameters, data from 12 normal controls
(including 8 historical normal controls) were included.>* These
laboratory-owned dogs (7 mixed breed and 5 Beagle) were
healthy based on physical examination findings, normal CBC
and serum biochemistry (including lipase and C-reactive protein),
and abdominal US findings.

B-mode US and CEUS

The clinician responsible for the case performed the B-mode
US examination. A different operator (LSY), who was not
blinded to the US findings, performed the CEUS examination.
CEUS was performed after at least a 6-hour fast. The location
for CEUS imaging was predetermined during the initial B-mode
US. If the pancreatic abnormality was generalized or localized to
the right lobe, CEUS of the right pancreatic lobe was performed
using a right intercostal approach. The adjacent descending duo-
denum was imaged simultaneously with the right pancreatic lobe,
in a single US view, to investigate secondary perfusion changes
in the duodenum. If the pancreatic abnormality was localized
elsewhere (eg, pancreatic body or left lobe), CEUS of that area
was performed instead.

An US scanner (Aplio XG® ) with a 7-14 MHz broadband
linear probe (PLT-1204 AT®) was used for B-mode US. A 5-
11 MHz broadband linear probe (PLT-704 AT®) suitable for
pulse subtracting imaging was used for CEUS. Technical parame-
ters were: low mechanical index of 0.20-0.21 for minimal MB
destruction, focus depth placed below the pancreas, B-mode and
contrast imaging gain set at 100 dB and 75 dB, respectively, and
US imaging set at 30-31 frames/s. Images were recorded in 40-
second cine-loops to a hard disk for additional off-line analysis.

Microbubble contrast agent® at a dosage of 0.05 mL/kg
diluted in 3 mL (dogs <3 kg) or 5 mL (dogs >3 kg) of saline was
administered as a continuous infusion over 1 minute.** A syringe
pump?® was used to infuse the MB contrast agent through an IV
catheter placed in the cephalic vein. The timer on the US
machine was started simultaneously with infusion of MB contrast
agent. Scanning was performed for 5 minutes from the start of
contrast agent infusion for generation of a time-intensity curve
(TIC).

Quantitative Analysis

A single operator (LSY) performed the quantitative analysis
of the CEUS images using an image analysis system.® This sys-
tem measures the tissue intensity using a gray-scale level ranging
from 0 to 255 mean pixel value (MPV).

One image per second for the first 2 minutes and then 1 image
at an interval of every 10 seconds until 300 seconds from the
start of MB contrast agent infusion were analyzed. In each
image, a region of interest (ROI) containing 300-600 pix-
els,'®2324 was manually placed in the pancreatic parenchyma and
duodenal mucosa (if available) for measurement of tissue inten-
sity. When respiratory or patient motion was encountered, the
ROI was adjusted to maintain similar position within the pan-
creas and duodenum. TICs (Fig 1), depicting the change in tissue
intensity of the ROIs over time, were created. From the TIC,
time parameters corresponding to blood flow velocity, and inten-
sity parameters corresponding to blood volume were evaluated.
Time parameters included time to initial up-slope (TTU) and
peak time (Tp), reflecting wash-in and time to wash-out (TTW),
reflecting wash-out of MB from the ROI. Intensity parameters
include peak intensity (PI), reflecting maximum contrast enhancement
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Fig 1. TICs showing mean pixel intensity in the pancreatic
parenchyma of pancreatitis group (solid black line) and control
group (dashed black line). TIC of the pancreatitis group is simi-
lar in shape, but is higher in intensity, and peaked at a later time
when compared to control group. The wash-out also is more
gradual in the pancreatitis group. TIC, time-intensity curve;
MPV, mean pixel value.

and area under the curve (AUC), reflecting the amount of MB
flowing through the ROI over 300 seconds.

Statistical Analysis

Statistical analysis programs (JMP Pro 10 and SAS 9.2 ) were
used for statistical analysis. Normality of data was assessed using
kurtosis and skewness. When distribution approached normality,
measured parameters of the pancreas and duodenum from dogs
with pancreatitis and controls were compared using Student’s
t-test and Bonferroni correction was applied to account for mul-
tiple comparisons. Non-normally distributed data were compared
using the Wilcoxon rank sum test. Receiver operating characteristic
(ROC) curves were constructed to determine the optimal cut-off
values for each measured parameter of the pancreas. To compare
the performance of these parameters, the area under the ROC
curves (AUROC) were compared using the method of DeLong
et al.?® The most optimal cut-off value was determined by the
one with highest Youden’s Index. The cut-off values obtained
were applied and sensitivities and specificities were calculated for
each measured parameter. A P-value of <.05 was considered sta-
tistically significant.

Results
Animals

A total of 23 dogs satisfying our inclusion criteria
were included. Signalment of dogs in the pancreatitis
and control group is summarized in Table 1. Dogs in
the pancreatitis group were significantly older and
weighed less than dogs in the control group (P < .001
and P = .0012, respectively).

The most common clinical sign was anorexia or
inappetence (21/23; 91%), followed by lethargy (19/23;

83%), vomiting (15/23; 65%), weight loss (11/19;
58%), and diarrhea (13/23; 57%). Selected serum bio-
chemistry results of dogs in the pancreatitis and con-
trol groups are summarized in Table 1. Ninety-one
percent (21/23) of dogs had concurrently increased
lipase activity, C-reactive protein, and Spec cPL con-
centration >400 pg/L.

B-mode US Findings

Ultrasonographic abnormalities were observed in
the right pancreatic lobe in 22 dogs, in the pancreatic
body in 10 dogs, and in the left lobe in 6 dogs. The
pancreatic parenchyma was diffusely hypoechoic in 9
dogs, diffusely hyperechoic in 2 dogs, and nonhomoge-
neous in 12 dogs. In 1 dog, a hypoechoic area with
irregular margin was observed within the pancreatic
parenchyma. Twenty-two dogs had an enlarged pan-
creas, 20 had irregular pancreatic margins, 10 had hy-
perechoic peripancreatic mesentery, and 10 had
duodenal corrugations.

CEUS Findings

Contrast-enhanced ultrasonography was performed
at the right pancreatic lobe and adjacent descending
duodenum in 21/23 dogs, and at the right pancreatic
lobe only and pancreatic body in each of the remain-
ing 2 dogs. CEUS was performed without sedation in
control dogs. In the pancreatitis group, 6 dogs received
analgesia as part of treatment for pancreatitis before
CEUS. CEUS images of the pancreas in 20/23 dogs
with pancreatitis and in all 12 control dogs were satis-
factory, and were included for quantitative analysis.
CEUS images of the duodenum in 18 dogs with pan-
creatitis and in 9 control dogs were satisfactory, and
also were included for quantitative analysis. CEUS
data from 3 dogs with pancreatitis were excluded from
quantitative analysis because of CEUS of insufficient
quality (n = 2) and inability to visualize the pancreas
during the entire duration of CEUS (n = 1).

The TIC (Fig 1) of the pancreas in the pancreatitis
group differed from that of the control group, and
corresponded with the perfusion changes observed visually.
In the control group, the craniopancreaticoduodenal
artery was enhanced first, followed by the pancreatic
parenchyma, and then the duodenal mucosa. Contrast
wash-in to PI was gradual, followed by a plateau, and
then a slow wash-out was observed. In the pancreatitis
group, this order of enhancement was unchanged.
However, contrast wash-in to PI was delayed. The pan-
creatic parenchyma was intensely enhanced for a longer
period of time, resulting in a slower wash-out. In some
dogs, fine pancreatic capillaries within the pancreatic
parenchyma were more prominently enhanced when
compared to control dogs (Fig 2A). The duodenum,
which was simultaneously imaged with the pancreas,
also was more intensely enhanced with a prolonged
wash-out in dogs with pancreatitis compared to control
dogs. Visually, PI of the duodenum was not different
from that of the pancreas.
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Table 1. Signalment and selected variables from serum biochemistry of dogs in pancreatitis and control group.
Signalment Pancreatitis Group (n = 23) Control Group (n = 12) P-Value®
Age (years old)* 11 (4-19) 2 (1-7) <.001
Body weight (kg)* 4.6 (1.3-19.3) 12.8 (9.5-18) 0012
Sex SM,7F,5CM, 6 SF 6M,6F NA
Breed Miniature Dachshund (n = 4), Papillon (3), Maltese (2), Mixed-breed (n = 7) NA

Miniature Schnauzer (2), Chihuahua (2), Pembroke

and Beagle (5)

Welsh Corgi (2), Pomeranian (2), Mixed breed (2),
American Cocker Spaniel (1), Yorkshire Terrier (1),
Basset Hound (1), and Toy Poodle (1)

Lipase®® (RI: 0-160 1U/L)
C-reactive protein®™® (RI: 0-1 mg/dL)
Spec cPL™® (RI: <200 ug/L)

855 (244-1,000)
6.8 (0-20)
732 (418-1,000)

36 (18-75) <001
0.1 (0-0.6) <001
NA NA

M, Male; F, Female; CM, Castrated male; SF, Spayed female; NA, Not applicable; RI, reference interval.

“Values expressed as median (range).

®Values above upper detection limit are expressed as 1,000 1U/L.
“Values above upper detection limit are expressed as 20 mg/dL.
9Values above upper detection limit are expressed as 1,000 pg/L.

“Based on the comparison of pancreatitis and control group using the Wilcoxon rank sum test.

Pesne,,
*ona,

Fig 2. Contrast-enhanced ultrasonography images of the transverse view of the right pancreatic lobe (p) and mucosa of the descending
duodenum adjacent to the right pancreas (d) (both outlined by dotted lines) in 2 representative dogs with pancreatitis (dorsal to the left,
ventral to the right, medial to the bottom). (A) Image acquired at 69 seconds after start of contrast agent infusion showing the pancreas
at peak intensity. The pancreas is swollen with irregular outlines, and is enhanced nonhomogeneously. Apart from the cranial pancreati-
coduodenal vein (v) normally seen, fine pancreatic capillaries are also more prominently enhanced (arrows). Clinical signs of vomiting
ceased and activity improved after 4 days of hospitalization and medical treatment. Lipase activity returned to reference range within
10 days. (B) Image acquired at 67 seconds after start of contrast agent infusion showing 2 nonenhancing lesions (arrowheads) in the
pancreatic parenchyma. This dog recovered from the acute episode of pancreatitis and was discharged after 10 days of hospitalization
and medical treatment. However, lipase activity and C-reactive protein did not return to reference ranges until 46 days and 25 days,

respectively.

In 4 dogs, nonenhancing lesions suggestive of areas
of necrosis were observed (Fig 2B). A single nonen-
hancing lesion was seen in 2 dogs, whereas multiple
nonenhancing lesions were observed in the remaining 2
dogs. Dimensions of these nonenhancing lesions on
CEUS were smaller in 2 dogs, similar in 1, and larger
in 1 when compared to the corresponding hypo- to
isoechoic pancreatic area on B-mode US.

Statistical Analysis

Values of measured parameters, reflecting pancreatic
and duodenal perfusion are summarized in Table 2.

For the pancreas, Tp of the pancreatitis group was sig-
nificantly prolonged when compared to the control
group (P < .001). PT and AUC also were significantly
increased when compared to the control group
(P =.009 and P = .013, respectively). TTW was pro-
longed in the pancreatitis group but not significantly
(P = .47). For the duodenum, PI and AUC were sig-
nificantly increased when compared to the control
group (P = .005 and P = .045, respectively).

Table 3 shows the results of the ROC analysis. Tp
produced the highest value for the area under ROC
curve (AUROC) followed by PI and AUC. Cut-offs
were determined based on the ROC curves.
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Table 2. Mean + SD of pancreatic and duodenal perfusion parameters measured from TIC of dogs from pancre-

atitis and control group.

Pancreas Duodenum
Pancreatitis Control Group Pancreatitis Control Group

Measured Parameters Group (n = 20) n=12) P-Value® Group (n = 18) n=29) P-Value®
TTU (seconds) 19 +4 19 +4 1.00 21 +4 22+ 3 1.00
Tp (seconds) 62 + 11 39 + 13 <.001 61 +9 50 + 15 13
TTW (seconds) 268 + 69 228 + 47 47 246 + 69 203 + 32 .53
PI (MPV) 95 £ 15 78 + 13 .009 94 + 14 74 £ 10 .005
AUC (MPV*s) 14,900 + 3,400 11,000 £ 2,800 .013 14,000 + 4,000 9,700 + 2,000 .045

TTU, time to initial up-slope; Tp, peak time; TTW, time to wash-out; MPV, mean pixel value; PI, peak intensity; AUC, area under

the curve.

“Based on the comparison of pancreatitis and control group using Student’s r-test and Bonferroni correction to account for multiple

comparisons.

Table 3. Area under the ROC curves (AUROC) and their 95% confidence intervals (95% CI) for the pancreatic

perfusion parameters.

Measured Parameters AUROC (95% CI) Cut-off Value Sensitivity (95% CI)* Specificity (95% CI)*
TTU (seconds) 0.50 (0.29-0.71) >18 65 (43-82) 50 (25-75)
Tp (seconds) 0.92 (0.82-1.00) >48 90 (70-97) 83 (55-95)
TTW (seconds) 0.64 (0.44-0.83) >250 65 (43-82) 67 (39-86)
PI (MPV) 0.82 (0.67-0.97) >87 80 (58-92) 75 (47-91)
AUC (MPV#s) 0.81 (0.65-0.96) >13,700 70 (48-85) 83 (55-95)

TTU, time to initial up-slope; Tp, peak time; TTW, time to wash-out; MPV, mean pixel value; PI, peak intensity; AUC, area under

the curve.
“Numbers expressed as percentages.

Tp > 48 seconds resulted in sensitivity of 90% and
specificity of 83% in detecting the presence of pancrea-
titis. PI > 87 MPV resulted in sensitivity of 80% and
AUC > 13,700 MPV*s resulted in specificity of 83%.

Discussion

Contrast-enhanced ultrasonography is an effective
and noninvasive method for quantification of pancre-
atic perfusion.zo’23 In this study, CEUS detected pan-
creatic perfusion changes in naturally occurring
pancreatitis, as demonstrated by the differing TIC.
Measured parameters Tp, PI, and AUC of the pan-
creas were significantly different from normal controls.
Quantification of these parameters enabled differentia-
tion of dogs with pancreatitis from controls. Concur-
rent secondary duodenal perfusion changes also were
observed in the pancreatitis group.

Visually, the pancreas of dogs in the pancreatitis
group took a longer time to reach higher PI, and
remained contrast-enhanced longer. The duodenum
also showed similar patterns of increased echogenicity
on CEUS. These visual changes may be subtle in some
cases, and assessment depends on the subjective
impression of the examiner. Therefore, visual assess-
ment is greatly affected by inter-observer variations or
presence of bias. Quantifying the perfusion using TIC
and measured parameters allows objective analysis of
pancreatic perfusion.'**¢

In our study, pancreatic perfusion parameters PI
and AUC of the pancreatitis group were significantly
higher than controls. These findings were consistent
with those previously reported by the authors in ceru-
lein-induced AP in dogs.*® Additionally, Tp also was
significantly delayed in the pancreatitis group. TTW of
the pancreatitis group also was prolonged but not sig-
nificantly. Perfusion changes also were observed in
duodenum of dogs in the pancreatitis group. PI and
AUC were significantly increased when compared to
controls. This observation is in contrast with results
previously reported in cerulein-induced AP in dogs,
where no perfusion changes secondary to pancreatitis
were observed in the duodenum.?® Perfusion changes
seen in this study could be because of the presence of
microcirculatory derangements in the duodenum from
local inflammatory effects of pancreatitis, which were
not present in cerulein-induced AP as a result of the
short time period of pancreatic insult, but present in
naturally occurring pancreatitis.>?

In particular, measured parameters Tp, PI, and
AUC of the pancreas produced the highest AUROC
(Table 3). Applying specific cut-off values obtained
from the ROC curve for Tp enabled detection of pan-
creatitis with good sensitivity and specificity, whereas
PI and AUC had good sensitivity and specificity,
respectively.

The changes observed in pancreatic perfusion
parameters might be associated with microvascular



76 Lim et al

changes seen in the inflamed pancreas.?” In experimen-
tally induced AP in dogs, gross reductions in the num-
ber of capillaries with dilatation of the remaining
microvasculature are observed. In addition, capillaries
with obliterated ends and irregular arrangements also
are observed using scanning and transmission electron
microscopy.”’ These microvascular changes may lead
to accumulation of trapped MB within the obliterated
ends in addition to constant influx of new MB, thus
increasing the PI. Slower wash-out of these trapped
MB resulted in a pancreas that was visually contrast-
enhanced for a longer period of time, and was reflected
objectively by prolonged TTW and increased AUC in
this study.?® Previous CEUS studies on pancreatitis in
people and dogs also have reported a similar increase
in contrast enhancement of the pancreatic paren-
chyma.?'* Delayed Tp may be associated with dilated
and tortuous capillaries that required more time for
MB to accumulate to PI.

In 4 dogs, nonenhancing pancreatic parenchymal
lesions were identified on CEUS. The enhancement
characteristics of these lesions (nonenhancement) on
CEUS suggest areas of pancreatic ischemia or necrosis
instead of neoplasia such as pancreatic insulinoma
(hypo-enhancement or hyper-enhancement) or adeno-
carcinoma (hypo-enhancement).'® %> However, histo-
pathologic confirmation was not available in this
study. Although development of pancreatic necrosis
indicates a poor prognosis in human patients with
AP,?? patient prognosis was good in the present study.
All 4 dogs survived and recovered from pancreatitis
with admission into the intensive care unit and appro-
priate medical treatment. A recent study on CEUS of
dogs with AP also reported a good prognosis in
patients with nonenhancing pancreatic lesions.” This
observation could be because of recruitment of
patients with milder forms of pancreatitis in our stud-
ies or differences in the disease process between
humans and dogs.

Perfusion change of the duodenum secondary to
pancreatitis also was investigated in this study. In
CEUS of normal dogs, the PI of the pancreas and
duodenum is almost equal.'>** In contrast with a pre-
vious report of experimental AP in dogs, in which no
secondary CEUS changes were detected in the duode-
num,> perfusion changes were detected in this study.
Because both organs were more intensely enhanced in
dogs with pancreatitis, real-time visual comparison
during CEUS examination was not feasible. Therefore,
quantitative analysis of duodenal enhancement on
CEUS, and subsequent comparison with a control
group should be performed for objective comparison.
In cases in which perfusion of the pancreatic paren-
chyma and duodenum increases concurrently, without
presence of primary gastrointestinal disease, suspicion
of pancreatitis also should increase.

Contrast-enhanced ultrasonography was possible in
20/23 (87%) dogs in this study and can be performed
relatively easily after B-mode US examination. In this
study, however, CEUS images were not satisfactory in
3 dogs. One dog was uncooperative during CEUS

examination and excessive patient movement was
encountered. In another dog, duodenal gas obscured
pancreatic imaging during CEUS. In the last dog,
overall poor contrast enhancement of abdominal
organs was observed, resulting in images that were of
insufficient quality for analysis.

A few limitations were present in our study. First,
this sample was derived from a single institution result-
ing in a small sample size. Second, dogs enrolled into
this study consisted mainly of small- to medium-sized
dogs, which differed from the control group. This limi-
tation was because of overrepresentation of small- to
medium-sized dogs among Japanese pet owners or
possibly that smaller dogs are more likely to develop
pancreatitis. Additionally, dogs in the pancreatitis
group were significantly older than the control group.
Although differences in size and age can influence per-
fusion of the pancreas, the changes observed in the
pancreatitis group in this study were paradoxical to
the perfusion pattern changes in older patients and
smaller sized dogs. Pancreatic perfusion decreases with
age in people, and smaller sized dogs typically show
faster Tp than medium-sized dogs.'>?® Thus, the per-
fusion changes seen in this study likely were because
of the underlying pancreatic pathology. Third, we did
not perform histopathology for the definitive diagnosis
and classification of pancreatitis. Histopathology to
rule out mild enteropathy that could have influenced
duodenal perfusion also was lacking. Although only
dogs with acute onset of clinical signs were enrolled in
this study, differentiation of dogs with acute, chronic,
or acute-on-chronic pancreatitis cannot be made based
on clinical signs." The possible mixture of such cases
may be the reason why there was overlap in some of
the measured parameters. In experimental pancreatitis,
perfusion changes were observed on CEUS acutely
after pancreatic insult and returned to baseline values
with time.>* In this study, because patients were pre-
sented to the hospital at various times after first show-
ing clinical signs, CEUS inevitably was performed at
different stages of pancreatic inflammation. Fourth,
the clinicians managing these cases had different levels
of experience, resulting in varying ability to visualize
the pancreas on US as well as to rule out the presence
of other diseases that could have contributed to clini-
cal signs and serum biochemical changes. Fifth, we did
not have Spec cPL results in the control dogs to rule
out the presence of mild or subclinical pancreatitis.
Nevertheless, control dogs were clinically healthy and
did not show any clinical signs suggestive of pancreati-
tis before or after CEUS studies were carried out.

Additional research with histologic diagnosis and
classification of types of pancreatitis is warranted, but
this is difficult in clinical settings where biopsy samples
often are not obtained. CEUS also may be potentially
useful in monitoring disease progression. Therefore,
future research should include comparison of pancre-
atic perfusion before and after treatment. It also will
be important to investigate how well CEUS can differ-
entiate dogs with similar clinical signs but with non-
pancreatic disease from dogs with pancreatitis.
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Additional study also is needed to clarify the superior-
ity of CEUS to conventional B-mode US in the diag-
nosis of canine pancreatitis, especially in cases in
which abnormal pancreatic lipase immunoreactivity is
present, but pancreatic appearance on B-mode US is
normal.

In conclusion, CEUS can be used in the dog for
detecting pancreatic perfusion changes as a possible
sign of pancreatic inflammation in naturally occurring
pancreatitis. Naturally occurring pancreatitis was char-
acterized by a delayed increase to PI and prolonged
hyperechoic enhancement on CEUS. Quantifying pan-
creatic perfusion parameters can provide objective and
valuable information in differentiating dogs with pan-
creatitis from normal dogs. When secondary perfusion
changes occur concurrently in the duodenum, without
primary gastrointestinal disease, suspicion of pancrea-
titis should increase. Quantitative CEUS may be useful
as a noninvasive diagnostic tool in the diagnosis of
naturally occurring pancreatitis in dogs.
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