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CLINICAL RELEVANCE
Pancreatitis is recognized as an important and common problem in dogs, but di-
agnosis can be challenging. Recently, new assays for the measurement of
trypsin-α1-proteinase inhibitor complexes and canine pancreatic lipase im-
munoreactivity (cPLI and Spec cPL) have been developed and analytically vali-
dated. This is the first report of a direct comparison of the sensitivity of these and
other more traditional serum markers for the diagnosis of canine pancreatitis in
a subset of dogs with this disease (i.e., dogs with both macroscopic and micro-
scopic changes characteristic of pancreatitis). Serum cPLI and Spec cPL con-
centrations showed the highest sensitivity for the diagnosis of pancreatitis in this
group of patients. Further studies will be required to compare the specificity of
these serum markers and thus determine their overall clinical utility.
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clinical data suggest that abdominal ultra-
sonography would be less sensitive in less se-
vere cases (i.e., those not associated with sig-
nificant pancreatic necrosis).5
Serum amylase and lipase activities have tra-

ditionally been used for the diagnosis of canine
pancreatitis but are neither very specific nor
very sensitive for the diagnosis of this disease in
dogs.7 The assay for serum canine trypsin-like
immunoreactivity (cTLI) measures trypsinogen
(and trypsin, if present) and has been shown to
be highly sensitive and specific for the diagno-
sis of exocrine pancreatic insufficiency (EPI),
but preliminary evidence suggests that this as-
say lacks sensitivity for the diagnosis of canine
pancreatitis.8,9 Recently, new assays for the

measurement of serum concentrations of pan-
creatic lipase and trypsin-α1-proteinase in-
hibitor complexes (T-α1-PI) have been devel-
oped and validated for use in dogs.10–12 Under
physiologic conditions, virtually no trypsin is
present in the vascular space, and thus there
should be no T-α1-PI in the serum of normal
dogs.13 During pancreatitis, trypsinogen is pre-
maturely activated in the pancreas and can leak
into the vascular space, where it is scavenged by
α1-proteinase inhibitor, leading to the forma-
tion of T-α1-PI.13 It has therefore been theo-
rized that T-α1-PI may serve as a serum marker
for canine pancreatitis.12 However, the sensitiv-
ity of this marker for canine pancreatitis has not
been evaluated to date. Canine pancreatic lipase
immunoreactivity (cPLI) was shown to be lim-
ited to pancreatic acinar cells, suggesting that
cPLI is a specific marker for pancreatic acinar

� INTRODUCTION
Pancreatitis is considered to occur common-

ly in dogs, but only limited data about the
true prevalence of this condition in dogs are
available. In a single postmortem study of
9,342 dogs, the prevalence of pancreatitis was
1.0%,1 but it has been speculated that this
number underestimates the true prevalence of
pancreatitis in dogs.2,3 Pancreatitis can be
acute or chronic and can vary widely in sever-
ity, ranging from subclinical to severe clinical
disease. Severe pancreatitis is associated with
both local and systemic complications and can
lead to significant morbidity and mortality.4
Some cases of canine pancreatitis are associat-
ed with classical clinical signs, such as vomit-

ing and abdominal pain, whereas others are as-
sociated with various signs, such as anorexia,
weakness, diarrhea, fever, or behavioral
changes.5 Therefore, the diagnosis of canine
pancreatitis can be challenging.
Abdominal ultrasonography is a valuable

tool for the diagnosis of pancreatitis, and a va-
riety of ultrasonographic changes have been re-
ported, including enlargement of the pancreas,
fluid accumulation around the pancreas,
echogenicity changes within and around the
pancreas, a pancreatic mass effect, and a dilat-
ed major duodenal papilla.5,6 The highest re-
ported sensitivity of abdominal ultrasonogra-
phy for canine pancreatitis is 68%.5 However,
it should be noted that the patients in that par-
ticular study had severe forms of acute pancre-
atitis (i.e., their pancreatitis was considered to
be fatal by the study authors), and empiric

Serum amylase and lipase activities are neither
very specific nor very sensitive for the diagnosis of

canine pancreatitis.
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cells.14 Furthermore, dogs with EPI had severe-
ly decreased (usually undetectable) serum cPLI
concentrations, further suggesting that pancre-
atic lipase originates exclusively from the ex-
ocrine pancreas.15 Finally, preliminary reports
suggest that serum cPLI concentration may be
highly sensitive for the diagnosis of canine pan-
creatitis.9,16
The objective of this study was to compare

the sensitivity of several serum markers for
pancreatitis in a group of dogs with macro-
scopic evidence of pancreatitis.

� MATERIALS AND METHODS
A total of 22 dogs with macroscopic evi-

dence of pancreatitis were included in this
study. These dogs were selected from a group
of 208 dogs presented for necropsy to the De-
partment of Pathology at the Animal Medical
Center within 6 hours after death (of various
causes) and were selected because of the pres-
ence of macroscopic evidence of pancreatitis.
Peripancreatic fat necrosis (Figure 1), pancreat-
ic hemorrhage, presence of pus when the organ
was cut, and a dull granular capsular surface
were considered macroscopic evidence of pan-
creatitis. For each dog, the pancreas was re-
moved in toto, the right pancreatic limb was
identified with a piece of suture material, and
the whole pancreas was submerged in buffered
formalin. Serum samples had been collected
from all dogs within 24 hours before death and
were stored frozen until analysis.
Serum amylase and lipase activities and

serum cTLI concentrations were measured us-
ing commercial assays (Modular Analytics P
800 module, Roche Diagnostics, Indianapolis,
IN; Diagnostic Chemicals Limited, Oxford,
CT; and Canine TLI Radioimmunoassay Kit,
Siemens Healthcare Diagnostics, Los Angeles,
CA, respectively). Serum cPLI concentration
was measured using two assays: a commercial
assay (Spec cPL, Idexx Laboratories, West-

brook, ME) and an in-house immunoassay de-
scribed previously (cPLI).10 SerumT-α1-PI con-
centrations were also measured using an in-
house immunoassay.12
The histologic pancreatitis activity index

(AI) and histologic pancreatitis chronicity in-
dex (CI) were calculated for each pancreas as
previously described.17 Briefly, each pancreas
was sectioned every 2 cm and each section
was evaluated by viewing multiple fields sep-
arately for neutrophilic infiltration, lympho-
cytic infiltration, pancreatic necrosis, peri-
pancreatic fat necrosis, pancreatic edema,
pancreatic fibrosis, and pancreatic atrophy.
Each individual section was assessed for all
these parameters, and AI and CI were calcu-
lated based on the absence (0) or presence and
severity (1, 2, or 3) of the specific lesion in
the section as follows:

• Grade 0: Absence of specific lesion
• Grade 1: <10% of the section affected
• Grade 2: 10% to 40% of the section affected
• Grade 3: >40% of the section affected

Also, the mean cumulative severity (MCS)
scores were assigned based on the number of
sections and the severity score for each section

Figure 1. Peripancreatic fat necrosis: saponification of
peripancreatic fat in a dog evaluated at necropsy. Note
the light nodules (arrows) on the surface of the pan-
creas. Fat saponification as seen here was the most com-
mon macroscopic evidence of pancreatitis observed in
this group of dogs.
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(MCS = Σ score of single sections/number of
sections):

• MCS >0.0 to ≤1.0 = mild
• MCS >1.0 to ≤2.0 = moderate
• MCS >2.0 = severe

The AI and CI were then calculated for each
pancreas based on the formulas in the box
above. The maximum score for both AI and CI
was 3.0. Scores were interpreted as follows:

• AI >0.0 to ≤1.0 = mild
• AI >1.0 to ≤2.0 = moderate
• AI >2.0 = severe

• CI >0.0 to ≤1.0 = evidence of mild chronicity
• CI >1.0 to ≤2.0 = evidence of moderate
chronicity

• CI >2.0 = evidence of severe chronicity

After calculation of AI scores for all dogs,
serum parameters were evaluated for correla-
tion with the AI scores.
The medical records of all patients were eval-

uated for clinical signs associated with pancre-
atitis and abdominal ultrasonography reports,
when available.
For each serum parameter tested, the number

of dogs with values above the upper limit of the
reference range and, if available, a suggested
cut-off value for pancreatitis were counted and
sensitivities were calculated. Data were tested
for normal distribution using a D’Agostino–
Pearson omnibus normality test (Prism5,
GraphPad, San Diego, CA). Also, the mean AI
was compared between dogs that underwent

abdominal ultrasonography
and those that did not, using
a statistical software program
(Prism5). Finally, the median
AI was compared among the
nine dogs that underwent ab-
dominal ultrasonography and
between dogs with and with-
out ultrasonographic evidence

of pancreatitis using the same statistical soft-
ware program.

� RESULTS
A total of 22 dogs with macroscopic evidence

of pancreatitis (Table 1) were included in the
study. All 22 dogs also had histologic evidence of
pancreatic inflammation, but pancreatitis activity
scores were low for all dogs (Table 1). None of the
dogs had an AI >2.0 and only 4 of 22 dogs
(18.2%) had an AI >1.0. Serum amylase and li-
pase activities were above the upper limit of the
reference range in 9 (40.9%) and 7 (31.8%)
dogs, respectively (Table 2). Serum amylase and
lipase activities were above a suggested cut-off val-
ue for pancreatitis (three times the upper limit of
the respective reference range) in 4 (18.2%) and
3 (13.6%) dogs, respectively. Serum cTLI con-
centration was above the upper limit of the refer-
ence range (35.0 µg/L) in 8 (36.4%) dogs (Table
2). Serum cPLI concentration as measured by in-
house ELISAwas above the upper limit of the ref-
erence range (102.1 µg/L) in 17 (77.3%) dogs
and above a suggested cut-off value for pancreati-
tis (200 µg/L) in 14 (63.6%) dogs (Table 2).
Serum cPLI concentration as measured by Spec
cPL was above the upper limit of the reference
range (200 µg/L) in 16 (72.7%) dogs and above
a suggested cut-off value for pancreatitis (400
µg/L) in 14 dogs (63.6%;Table 2). Finally, serum
T-α1-PI concentration was above the upper limit
of the reference range (32 µg/L) in 7 (31.8%)
dogs (Table 2). There was no correlation between
AI and serum amylase activity, AI and serum

AI =

(MCSneutrophilic inflammation + MCSlymphocytic inflammation +
MCSpancreatic necrosis + MCSperipancreatic necrosis + MCSpancreatic edema)

5

CI =
(MCSfibrosis + MCSatrophy)

2
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cTLI concentration, or AI and serum T-α1-PI
concentration. There was significant correlation
between AI and serum lipase activity (Spearman
r = 0.493; P = .0197; Figure 2), AI and serum
cPLI concentration as measured by in-house
ELISA (Spearman r = 0.530; P = .0111; Figure
3), and AI and Spec cPL (Spearman r = 0.547; P
= .0084; Figure 4).
Clinical signs compatible with pancreatitis

were noted in 20 of the 22 study dogs (Table
3): vomiting in 18 of 22 (81.8%) dogs, ab-
dominal pain in 10 of 22 (45.5%), anorexia in
13 of 22 (59.1%), and diarrhea in 8 of 22
(36.4%). Abdominal ultrasonography was per-

formed in 9 of 22 dogs, and evidence of pan-
creatitis was considered to be present in 6 of
these dogs (Table 3). The mean AI was higher
for dogs that underwent ultrasonography
(0.82) than for dogs that did not (0.47), but
this difference was not statistically significant
(P = .097). The median AI was significantly
higher in dogs that had ultrasonographic evi-
dence of pancreatitis (1.05) than in dogs that
did not (0.3; P = .037).

� DISCUSSION
This study included only dogs with macro-

scopic evidence of pancreatitis. This was done

TABLE 1. Mean Histopathologic Scores for Pancreatic Lesions in 22 Dogs
with Macroscopic Pancreatitis*
Case Neutrophilic Pancreatic Fat Lymphocytic Pancreatic Pancreatic
No. Infiltration Necrosis Necrosis Edema Infiltration Fibrosis Atrophy AI CI

1 0.33 0.78 0.78 0.38 0.00
2 1.17 1.00 1.00 1.00 1.17 1.00 0.83 1.08
3 2.09 2.00 2.00 1.36 0.36 1.22 0.86
4 2.40 0.80 0.80 3.00 1.40 0.80 2.20
5 0.88 0.88 0.88 0.88 0.53 0.44
6 1.50 3.00 3.00 1.10 1.72 0.00
7 1.78 2.67 2.67 0.67 0.22 1.56 0.11
8 0.25 0.13 0.05 0.06
9 0.21 0.21 0.21 0.71 0.36 0.27 0.18
10 1.00 1.00 1.00 0.07 0.79 0.79 0.77 0.39
11 0.50 0.50 0.50 0.08 0.32 0.00
12 0.64 0.36 0.36 0.27 0.64 0.09 0.33 0.36
13 1.33 1.00 0.00 0.27 0.50
14 1.63 1.06 1.06 1.00 0.63 1.88 0.95 1.25
15 0.10 0.20 0.10 0.10 0.06 0.10
16 0.60 0.60 0.60 0.30 0.42 0.00
17 0.53 0.27 0.11 0.13
18 1.29 1.14 1.14 0.43 0.80 0.00
19 1.91 1.91 1.91 1.00 1.35 0.00
20 0.89 0.33 0.89 0.22 0.42 0.11
21 0.33 0.33 0.13 0.00
22 0.50 0.50 0.20 0.00
*Mean scores for each dog are calculated by the sum of the scores of all pancreatic sections divided by the number of
sections. Scores of 0.0 are not shown, and cells are left blank.
AI = histologic pancreatitis activity index; CI = histologic pancreatitis chronicity index.
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because of recent evidence suggesting that mi-
croscopic findings of pancreatic inflammation
are extremely common in dogs, and concerns
have been voiced that, in some cases, micro-
scopic disease may not be clinically signifi-
cant.2 Therefore, we included only dogs that
had macroscopic changes, assuming that such
dogs would have more severe and thus more
clinically relevant disease.2 All of the dogs also
had microscopic changes suggestive of pancre-
atitis and 20 of the 22 dogs with macroscopic
evidence of pancreatitis had compatible clini-
cal signs that might have been associated with

pancreatitis; however, from what could be
gathered from the medical records, pancreatitis
was not suspected clinically in many of these
dogs, although the differential diagnosis “pan-
creatitis” may not have been recorded in each
record. This suggests that clinically, as has been
reported for human patients, pancreatitis is
undersuspected and underdiagnosed in dogs.18
As shown in Table 1, AI scores were low for

most dogs enrolled into this study; the mean AI
score was 0.61 (SD ±0.49), no dogs had an AI
score >2.0, and only four dogs had an AI score
>1.0. This would suggest that dogs enrolled in

268

TABLE 2. Serum Parameters in 22 Dogs with Macroscopic Pancreatitis*

cTLI Spec cPL cPLI Trypsin-α1-PI
Case Amylase Activity Lipase Activity Concentration Concentration Concentration Concentration
No. (454–1,380 U/L) (65–691 U/L) (5–35 µg/L) (<200 µg/L) (2.2–102.1 µg/L) (0.8–32 µg/L)

1 2,531 1,168 187.5 439 586.6 38.2
2 4,893 607 42.6 658 880.4 77.5
3 3,049 1,128 14.3 1,404 1,184.8 14.7
4 599 113 17.1 89 73.7 19.6
5 1,136 69 11.1 20 18.4 18.9
6 1,233 237 20.4 542 528.5 0.8
7 8,090 101 10.9 3,256 26,778.9 44.9
8 886 87 2.4 364 123.8 80.6
9 1,118 145 8.8 86 127.1 2.0
10 1,105 680 57.3 662 500.6 66.7
11 2,662 6,440 253.9 2,932 7,514.6 104.2
12 411 97 7.9 86 78.3 30.8
13 610 492 29.8 812 624.4 21.2
14 686 1,197 14.6 1,272 842.9 19.1
15 274 154 25.9 76 63.6 28.9
16 25 77 362.2 2,564 2,932.2 25.6
17 1,016 488 40.5 313 185.6 19.5
18 4,748 4,040 129.8 3,408 4,835.4 9.7
19 12,330 5,460 209.9 5,224 14,393.6 29.8
20 2,900 1,020 9.8 1,038 884.5 11.3
21 2,604 586 15.6 512 467.6 116.5
22 625 485 30.7 55 43.9 1.4
*Reference ranges are shown in parentheses; values above the reference range for each parameter are in bold.
cPLI = serum canine pancreatic lipase immunoreactivity concentration measured using an in-house immunoassay; cTLI
= serum canine trypsin-like immunoreactivity; Spec cPL = serum canine pancreatic lipase immunoreactivity concentra-
tion measured using a commercial assay; T-α1-PI = trypsin-α1-proteinase inhibitor complexes.



this study had histologically mild
to moderate pancreatitis based on a
recently published scoring sys-
tem.17 It is possible that the sensi-
tivities of all the diagnostic markers
evaluated in the dogs in this study
would be higher in dogs with his-
tologically more severe pancreatitis.
Further studies are needed to eval-
uate sensitivities in such dogs.
Serum lipase activity had the low-

est sensitivity for macroscopic pan-
creatitis (13.6%), followed by serum
amylase activity (18.2%), serum T-
α1-PI concentration (31.8%), and
serum cTLI concentration (36.4%).
Serum cPLI concentration, as
measured by in-house ELISA or
Spec cPL, had the highest sensitiv-
ities at 63.6% each and also
showed a positive correlation with
the AI. Although this number may
appear low, it should be noted that
81.8% of the dogs enrolled in this
study had mild pancreatitis, 18.2%
had moderate pancreatitis, and
none had severe pancreatitis as
judged by histologic AI scores. The
weak correlation of serum lipase
activity, serum cPLI concentration,
and serum Spec cPL concentration
would suggest that, at least for
these three parameters, sensitivities
would be expected to be higher in
dogs with more severe disease. This
would explain the difference in the
sensitivity found in this study
when compared with the prelimi-
nary data reported in two research
abstracts that suggested a sensitivi-
ty of serum cPLI concentration for
canine pancreatitis of approximate-
ly 82%.9,16
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Figure 3. Correlation between serum pancreatic lipase immunoreactiv-
ity concentration as measured by an in-house ELISA (cPLI) and the his-
tologic pancreatitis activity index (AI) in 22 dogs with macroscopic pan-
creatitis. The dotted lines represent the 95% CI.
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Figure 2. Correlation between serum lipase activity and the histologic
pancreatitis activity index (AI) in 22 dogs with macroscopic pancreati-
tis. The dotted lines represent the 95% CI.
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Only serum lipase activity, serum cPLI con-
centration, and serum Spec cPL concentration
showed a positive correlation with AI scores.
However, Spearman r values for all three diag-
nostic parameters were rather low (0.493, 0.530,
and 0.547, respectively), suggesting only a very
weak correlation. While serum lipase activity,
serum cPLI concentration, and serum Spec cPL
concentration would generally be expected to be
higher in dogs with more severe histopathologic
disease, the correlation for all three parameters
would be too weak to allow prediction of the
histopathologic severity from the measurement
of any of these three parameters. These findings
agree with empiric data that would suggest that
a single measurement of serum cPLI or Spec cPL
concentration cannot accurately predict disease
severity in dogs with pancreatitis (unpublished
personal observations, JMS).

Unfortunately, abdominal ultra-
sonography had been performed in
only nine of the dogs enrolled in
this study. Thus, the number of
dogs evaluated was too small to cal-
culate a reliable sensitivity of ab-
dominal ultrasound for pancreati-
tis. Ultrasonograms of six of the
nine dogs examined were interpret-
ed as showing evidence of pancre-
atitis, which would suggest a sensi-
tivity of 66.7%, which is similar to
that for serum cPLI and serum Spec
cPL concentrations in this study. It
should be noted, however, that the
mean AI was higher for the dogs in
which abdominal ultrasonography
was performed (mean AI, 0.82)
than for dogs in which it was not
(mean AI, 0.47), although this dif-
ference did not reach statistical sig-
nificance (P = .097). This may sug-
gest that when dogs had more
severe disease, clinicians had a high-

er degree of clinical suspicion for pancreatitis
and were more likely to perform or request ab-
dominal ultrasonography; however, this specu-
lation needs to be further verified. Alternatively,
clinicians may have suspected other gastroin-
testinal, hepatic, or abdominal disorders that
spurred their decision to request abdominal ul-
trasonography. Regardless, additional studies are
needed to compare the sensitivity of abdominal
ultrasonography with that of serum markers for
pancreatitis. Also, the dogs that had ultrasono-
graphic evidence of pancreatitis were those with
the highest AI, and the median AI score was sig-
nificantly higher for dogs that had ultrasono-
graphic evidence of pancreatitis than those that
did not (1.05 vs. 0.3; P = .037; Figure 5). This
would suggest that, especially in cases with more
severe pancreatic pathology, abdominal ultra-
sonography can serve as a reliable diagnostic
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Figure 4. Correlation between serum pancreatic lipase immunoreactiv-
ity concentration as measured by a commercial immunoassay (Spec cPL)
and the histologic pancreatitis activity index (AI) in 22 dogs with
macroscopic pancreatitis. The dotted lines represent the 95% CI.
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tool for pancreatitis. Two of the three dogs that
had no evidence of pancreatitis on abdominal
ultrasound had serum cPLI concentrations
above the reference range and above the cut-off
value for pancreatitis as measured by both the
in-house ELISA for cPLI and the Spec cPL.

One of the most common grossly apparent
manifestations of macroscopic pancreatitis in
this study was peripancreatic fat necrosis re-
vealed by the presence of saponified fat as
shown in Figure 1. No documentation of the
duration of the persistence of saponified fat af-

J. M. Steiner, S. J. Newman, P. G. Xenoulis, K. Woosley, J. S. Suchodolski, D. A. Williams, and L. Barton

TABLE 3. Clinical Signs and Ultrasonographic Findings in 22 Dogs
with Macroscopic Pancreatitis

Abdominal
Case No. Vomiting Pain Anorexia Diarrhea Ultrasonographic Findings

1 X X X — Not performed
2 X X X X Not performed
3 — — — — Not performed
4 X — X — Hyperechoic peripancreatic fat, hypoechoic

pancreatic parenchyma
5 — — — — Not performed
6 X X X — Hyperechoic peripancreatic fat, hypoechoic

pancreatic parenchyma
7 X X X X Hyperechoic peripancreatic fat, hypoechoic

pancreatic parenchyma
8 X — — — Not performed
9 X X X X No pancreatic lesions seen
10 X X X — Not performed
11 X X X X Not performed
12 X X X X Not performed
13 — — X — Not performed
14 — — — X Not performed
15 X — — — Not performed
16 X X X — No pancreatic lesions seen
17 X X — — Not performed
18 X — X X Hyperechoic peripancreatic fat, hypoechoic

pancreatic nodules within parenchyma
19 X — X — Hyperechoic peripancreatic fat, hypoechoic

pancreatic nodules within parenchyma
20 X — — — Hyperechoic peripancreatic fat, hypoechoic

pancreatic nodules within parenchyma
21 X — — X No pancreatic lesions seen
22 X — — — Not performed



ter an episode of pancreatitis could be found in
the literature. Thus, there is a possibility that
saponified nodules may have formed in these
dogs as a result of a previous episode of pan-
creatitis, and that at the time of necropsy the
dogs did not have clinically significant active
pancreatitis. However, all 22 dogs had histo-
pathologic evidence of pancreatic inflamma-
tion, 19 dogs showed neutrophilic pancreatic
infiltration, 16 showed evidence of pancreatic
necrosis, and 18 showed evidence of peripan-
creatic fat necrosis. Therefore, it appears likely
that all dogs had active pancreatic inflamma-
tion at the time of necropsy.

� CONCLUSION
In this group of dogs with macroscopic pan-

creatitis, serum cPLI concentration as meas-
ured by an in-house ELISA and by a commer-
cial assay (Spec cPL) was the most sensitive
serum marker for pancreatitis. In the limited
number of dogs in which it was performed, ab-
dominal ultrasonography also appeared to be
useful in diagnosing pancreatitis and may be
more sensitive in dogs with more severe pan-

creatic pathology. These findings would sug-
gest that, together with all other available his-
torical and clinical data, the combination of
abdominal ultrasonography performed by an
experienced operator and serum cPLI or Spec
cPL concentration would yield the highest sen-
sitivity for diagnosing canine pancreatitis. Fur-
ther studies are needed to compare the speci-
ficities of these different serum markers and
thus to be able to compare their overall diag-
nostic utility.
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Figure 5.Histologic pancreatitis activity index (AI) and ultrasonographic findings in 22 dogs with macroscopic pan-
creatitis, graphed in ascending order of the AI. Note that dogs with ultrasonographic evidence of pancreatitis have a
higher median pancreatitis AI score than do dogs without such evidence (P = .038).
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