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Abstract

Background: Diagnosis of pancreatic diseases in dogs is still challenging because of

variable clinical signs, which do not always correspond with clinical pathology and

histopathological findings.

Objectives: To characterize inflammatory and neoplastic pancreatic diseases of dogs

and to correlate these findings with clinical findings and canine pancreatic lipase

immunoreactivity (cPLI) results.

Animals: Tissue specimens and corresponding blood samples from 72 dogs submitted

for routine diagnostic testing.

Methods: Four groups were defined histologically: (1) normal pancreas (n = 40),

(2) mild pancreatitis (n = 8), (3) moderate or severe pancreatitis (acute, n = 11;

chronic, n = 1), and (4) pancreatic neoplasms (n = 12). An in-house cPLI ELISA

(<180 μg/L, normal; >310 μg/L, pancreatitis) was performed.

Results: In dogs with normal pancreas, 92.5% of serum cPLI results were within the

reference range and significantly lower than in dogs with mild acute pancreatitis,

moderate or severe acute pancreatitis and pancreatic tumors. In dogs with moderate

or severe acute pancreatitis, cPLI sensitivity was 90.9% (95% confidence interval

[CI], 58.7%-99.8%). Most dogs (9/12) with pancreatic tumors (group 4) had additional

pancreatic inflammation and cPLI results were increased in 10 dogs.

Conclusions and Clinical Importance: High cPLI indicates serious acute pancreatitis but

underlying pancreatic neoplasms should also be taken into consideration. This study con-

firms the relevance of histopathology in the diagnostic evaluation of pancreatic diseases.
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1 | INTRODUCTION

Pancreatitis is a common disease in dogs, but it is still challenging to

diagnose because of nonspecific and variable clinical signs, such as

vomiting, anorexia, and abdominal discomfort.1 In contrast, exocrine

pancreatic neoplasms are rarely found in dogs.2 Clinical signs are mostly

similar to those of pancreatitis (eg, vomiting, polyuria, polydipsia, palpa-

ble intraabdominal mass).3-7 Furthermore, in most cases of primary

pancreatic carcinomas, clinical pathology also identifies increased

pancreas-specific and inflammatory test results.3,8-11

If pancreatitis is suspected, a CBC and serum biochemistry profile

are recommended to assess the patient, although changes may be non-

specific.12 An increase in serum lipase activity might indicate

pancreatitis,13,14 but depending on the lipase substrate used, results

also may be increased in patients with hepatic or renal diseases,10,15 as

well as in those with gastritis.16 Specific tests, such as radioimmunoas-

says (RIA) or ELISA, are necessary to distinguish pancreatic-specific

lipase from lipase of other origin. However, the 1,2-o-dilauryl-

rac-glycero-3-glutaric acid-(60-methylresorufin) ester (DGGR) assay shows

high correlation with a specific ELISA.17,18 Canine pancreatic lipase immu-

noreactivity (cPLI) is reported to have variable sensitivity, ranging from

21 to 90.9%, whereas specificity ranges from 74.1 to 100%.19-23

Histopathology is widely accepted as the gold standard for the

diagnosis of pancreatitis because it is the only method to identify its

extent, character and chronicity as well as to distinguish it from neo-

plastic processes, because of nonspecific gross findings.24,25 Cytology

also may be useful in the diagnosis of pancreatic carcinoma.25 Pancre-

atic biopsy can be performed during abdominal laparotomy.26 How-

ever, both cytology and histopathology are performed infrequently.

Ultrasonography is a noninvasive diagnostic tool that avoids tissue

damage caused by biopsy sampling.12,25 Furthermore, ultrasonogra-

phy may be useful to differentiate endocrine from exocrine pancreatic

tumors, but final diagnosis still requires histopathology.5,7

Our aim was to perform a detailed histopathological characteriza-

tion of inflammatory and neoplastic pancreatic diseases in dogs and

correlate these findings to clinical findings and results of an in-house

cPLI assay.

2 | MATERIALS AND METHODS

2.1 | Histopathology

Pancreatic tissue specimens from 1034 dogs submitted between

2012 and 2019 for routine diagnostic testing were evaluated. Simulta-

neous serum samples including cPLI results and clinical data were

available from 72 dogs and evaluated retrospectively. Pancreatic sam-

ples and additional organ biopsy samples were obtained during elec-

tive exploratory surgery (n = 54), but pancreatic biopsy site was not

reported. The entire pancreas was available if animals were eutha-

nized (n = 18). Tissue samples were stored in 10% buffered formalin.

Serum samples must have been collected no longer than 2 days

before biopsy or euthanasia, and promptly submitted to the

laboratory. All dogs with adequate histological sample quality, cPLI

result, and sufficient clinical data were included. Dogs with endocrine

neoplasms were excluded from the study.

Gross changes of the tissue samples were documented. Pancreatic

tissue was sectioned every 0.5 cm, and, depending on the size of the

sample, 1 to 15 representative tissue sections were routinely embedded

in Paraplast TM (SAV-liquid Production GmbH, Flintsbach am Inn,

Germany; PFNP-20-5858-1) and stained with hematoxylin-eosin. Slides

were evaluated by a veterinary pathologist (HA-L, German Fachtierarzt

für Pathologie) and blindly controlled by a second veterinary pathologist

(CS, German Fachtierarzt für Pathologie) and a trainee pathologist (KT).

Dogs were grouped according to histopathological criteria of pancreatic

diseases27,28:

Group 1 (“normal pancreas”): no or minimal interstitial infiltration

of lymphocytes, mild interstitial fibrosis, mild nodular hyperplasia or

some combination of these.

Group 2 (“mild pancreatitis”): mild infiltration of neutrophils and

some lymphocytes and macrophages with few small foci of acute aci-

nar vacuolar degeneration or necrosis (<10% of the sections affected).

Group 3 (“moderate or severe pancreatitis”: moderate, 10%-40%,

and severe, >40% of the sections affected): This group included mod-

erate to severe “acute pancreatitis” (neutrophils, extensive areas of

necrosis with destruction of pancreatic acini and fat tissue) and

“acute-on-chronic pancreatitis” (purulent and necrotizing inflamma-

tion in addition to areas with granulation tissue and fibrosis) as well as

“chronic pancreatitis” (presence of extensive fibrosis with acinar atro-

phy but without necrosis).

Group 4 (“pancreatic neoplasms”): diagnosed according to the

World Health Organization (WHO) classification of tumors of the

alimentary system of domestic animals,29 and neoplasms were classi-

fied as primary or secondary depending on histogenesis.

2.2 | Determination of cPLI

For the quantification of cPLI in serum samples, an in-house indirect

sandwich ELISA assay was developed. In short, human embryonic kid-

ney cells (HEK293) were transiently transfected with a recombinant

His-tagged plasmid containing the cDNA sequence for canine pancre-

atic lipase (cPL; GenScript, Piscataway, NJ, USA). The antigen was puri-

fied using immobilized metal ion affinity chromatography (HiTrap IMAC

HP, GE Healthcare, Chalfont St Giles, UK). The recombinant pro-

tein was then used to raise polyclonal antibodies against cPL in

New Zealand White rabbits. Antibodies were used both as capture anti-

bodies as well as detection antibodies after biotinylation. The recombi-

nant cPL was used to prepare a standard dilution with concentrations

ranging from 0 to 1000 μg/L. Both standard samples and serum samples

were incubated in a microtiter plate coated with cPL antibodies for

60 minutes at room temperature. After that, they were washed and

then incubated with biotinylated antibodies against cPL for 60 minutes.

A streptavidin-peroxidase conjugate (Hoffmann-La Roche, Basel,

Switzerland) was added for 20 minutes. The enzymatic reaction was

stopped 15 minutes after the addition of tetramethylbenzidine
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(TMB-one solution) using sulfuric acid. Optical density (OD) values were

determined spectrophotometrically at a wavelength of 630 nm.

The detection range of the cPLI ELISA was 5 to 1000 μg/L, with a

limit of detection of 2.0 μg/L. Serial dilutions of serum samples for lin-

earity assessment of the assay showed a ratio of calculated to

observed results between 5.0% and 6.4%. Correlation of cPLI concen-

trations of 63 serum samples measured against the Spec cPLI ELISA

(Gastrointestinal Laboratory, Texas A&M University, College Station,

USA) was r = 0.86. The reference ranges were defined as “normal”

(cPLI <180 μg/L), “questionable” (cPLI 180-310 μg/L), and “consistent

with pancreatitis” (cPLI >310 μg/L). These reference values were vali-

dated using our data set. The test precision was determined by means

of 3 canine serum samples (normal, medium, high concentration). The

intra-assay variations were calculated from 5 replicates within a test

run, respectively, with variation coefficients from 3.6% to 5.0%. For

interassay variation, 4 replicates were each tested in different runs

with variation coefficients of 4.7% to 11.4%.

Additional clinical pathology variables (eg, CBC, liver and kidney

function tests) were investigated for routine diagnostic purposes but

are not included in the study. The final diagnoses, based on all clinical,

serologic, and pathologic findings, were provided afterward by the cli-

nicians and are listed in supplemental files.

Statistical analysis was done using IBM SPSS Statistics (version

25) with the Kruskal-Wallis test. Specificity, sensitivity and the 95%

confidence intervals (CI) of both were calculated based on the cutoff

concentrations of >180 μg/L and >310 μg/L, respectively, using

MedCalc Statistical Software version 19.1.3 (MedCalc Software bv,

Ostend, Belgium; https://www.medcalc.org; 2019).

3 | RESULTS

The median age of all dogs included in the study was 9 years (range

1-14 years). The cohort consisted of 39 males (23 intact, 16 neutered)

and 33 females (15 intact, 18 spayed). The most common breeds were

12 Labrador Retrievers, various Terrier breeds (n = 16), 7 mongrels, 4 poo-

dles, 3 German shepherds, and 3 Maltese dogs. Pancreata of 40 dogs

were found to be normal, 8 dogs had mild pancreatitis, 12 were catego-

rized as having moderate or severe pancreatitis, and 12 samples showed

primary or secondary epithelial neoplasms within the pancreas. Macro-

scopic features are shown in Figure 1 and histological findings in Figure 2.

3.1 | Group 1—normal pancreas

The 40 dogs in this group were 1 to 14 years old (median, 8 years). The

most common breeds were Terriers (n = 9) and Labrador Retrievers

(n = 6). Sex distribution was 17 females (6 intact, 11 spayed) and

F IGURE 1 Macroscopic appearance of the pancreas in the different groups: A, normal, smooth, light red pancreas (P), gut (G), and smooth
white fat tissue (F) (9-year-old Labrador, group 1; unfixed tissue), B, pancreatic tissue (P) with prominent lobular structure and histologically mild
acute interlobular inflammation and part of the gut (G) (14-year-old West Highland White Terrier, group 2; formalin-fixed tissue), C, focal severe
acute purulent-necrotising inflammation of the pancreas (P) appears grossly as a firm dark-brown mass (M) close to the gut (G) (3-year-old
Labrador, group 3; formalin-fixed tissue), D, the acinar pancreatic carcinoma (Ca) is a firm mass within the pancreas (P). Inset: cut surface with
homogenous white firm carcinoma mass (Ca) and thrombosed vessels (T) (5-year-old Flat-Coated Retriever, group 4; formalin-fixed tissue)
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23 males (16 intact, 7 neutered). The main clinical signs were vomiting

(n = 19), diarrhea (n = 18), painful (n = 10) or enlarged (n = 2) abdomen,

weight loss (n = 5), jaundice (n = 3), increased liver enzyme activity

(n = 2), or neurological signs (n = 2). Clinically suspected diseases or

main tentative diagnoses after first clinical investigations were gastritis

or enteritis (n = 25), abdominal neoplasm (n = 8), hepatic (n = 4) or pan-

creatic (n = 1) diseases, and other (n = 4). Based on these findings,

exploratory laparotomy with sample collection of several organs was

performed.

Grossly, the pancreas had a pale-reddish color and lobules were

separated by a thin interstitium (Figure 1A). Histopathologically, the

structure of the exocrine pancreas was normal (n = 28; Figure 2A) or

had nodular hyperplasia (n = 10). In few cases, interstitial hemorrhage

(n = 2) or mild interstitial fibrosis (n = 1) was observed. In 37 of the

40 dogs with normal pancreas, the serum concentrations of cPLI were

within the reference range (5.0-159.4 μg/L; median, 38.9 μg/L; specific-

ity, 92.5%; 95% CI, 79.6%-98.4%; Table 1). However, in a single 6-year-

old Elo (gastritis, enteritis), a 12-year-old mongrel (lymphoma) and a

8-years-old Jack Russell Terrier (abdominal pain, enteritis), pancreatic

biopsy results were normal, but cPLI concentration was elevated

(183.9 μg/L, 297.4 μg/L and > 600 μg/L, respectively). Based on all find-

ings, the main relevant final diagnoses for dogs in group 1 were gastritis

or enteritis (n = 19), abdominal neoplasm (n = 6), liver disease (n = 11),

peritonitis (n = 2), intoxication (n = 1), and gall bladder mucocele (n = 1).

F IGURE 2 Histopathological findings of the pancreas in the different groups. A, normal pancreas composed of normal acini (A) separated by
thin interstitial septa (i) and endocrine islets (E) (6-year-old Elo, group 1; HE, bar = 50 μm). B, normal acini (A) and multifocal acini with mild to
moderate vacuolar degeneration (Ad) and mild interstitial (i) mixed cellular pancreatitis (14-year-old West Highland White Terrier, group 2; HE,
bar = 50 μm). C, severe fat tissue necroses (FN), purulent (P) inflammation and necroses of pancreatic acini (An) in a case of severe acute
pancreatitis (2-year-old Labrador, group 3; HE, bar = 50 μm). D, few normal acini (A) surrounded by severe fibrosis (F) and areas with purulent (P)
inflammation and acinar necrosis (An) in a case of” acute-on-chronic” pancreatitis (10-year-old Maltese, group 3; HE, bar = 50 μm). E, few normal
acini (A) surrounded by severe fibrosis (F) in a case of severe chronic mixed inflammation with moderate acinar atrophy (8-year-old Russian
Tsvetnaya Bolonka, group 3; HE, bar = 50 μm). F, acinar pancreatic carcinoma (Ca) with nuclear atypia (arrow) and peripheral purulent
inflammation (P), focally some normal acini (A) (5-year-old Flat-Coated Retriever, group 4; HE, bar = 50 μm)

TABLE 1 cPLI values in 59 cases of histologically normal
pancreas (group 1), mild pancreatitis (group 2), or moderate/severe
acute pancreatitis (11/12 of group 3)

Normal
pancreas

(n = 40)

Mild
pancreatitis

(n = 8)

Moderate/
severe acute
pancreatitis

(n = 11)

Consistent with

pancreatitis

(n = 15)

cPLI >310 μg/L

1 5 9

Questionable

(n = 4)

cPLI 180-310

μg/L

2 1 1

Normal (n = 40)

cPLI <180 μg/L
37 2 1

Specificity

92.5%

(95% CI,

79.6%-98.4%)

Sensitivity

>180 μg/L:75%
(95% CI,

34.9-96.8%)

>310 μg/L:
62.5%

(95% CI,

24.5-91.5%)

Sensitivity

>180 μg/L:
90.9%

(95% CI,

58.7%-99.8%)

>310 μg/L:
81.8% (95% CI,

71.5%-100.0%)

Abbreviation: CI, confidence interval; cPLI, canine pancreatic lipase

immunoreactivity.
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3.2 | Group 2—mild pancreatitis

The age of the 8 dogs in this group ranged from 3 to 14 years

(median, 10 years). Included were 4 female (2 intact, 2 spayed) and

4 male dogs (3 intact, 1 neutered). Most common clinical signs

included vomiting (n = 3), painful (n = 2) or enlarged (n = 3) abdomen,

weight loss (n = 2), diarrhea (n = 2), or some combination of these.

After clinical assessment, the following diagnoses were suspected:

abdominal neoplasm (n = 3), enteritis (n = 3), hepatic (n = 2) or pancre-

atic (n = 2) diseases, and peritonitis (n = 2).

Grossly, the pancreas seemed normal or occasionally with prominent

lobules (Figure 1B). Histopathologically, the interlobular septa of the exo-

crine pancreas had mild diffuse or multifocal mixed cellular inflammation

(n = 5) (Figure 2B) or mild chronic lymphoplasmacytic pancreatitis with

mild fibrosis and multifocal degeneration of some acinar cells (n = 1). In

3 cases, mild purulent (n = 2) or necrotizing (n = 1) pancreatitis was pre-

sent. In 5 dogs, the adjacent adipose tissue had mild (n = 3) or severe

(n = 2) steatitis ranging from acute purulent (n = 2) or chronic purulent to

pyogranulomatous with formation of granulation tissue (n = 3).

Sensitivity of cPLI in dogs with mild acute pancreatitis was 75% (95%

CI, 34.9%-96.8%) at the cutoff concentration of 180 μg/L and 62.5%

(95% CI, 24.5%-91.5%) at the cutoff concentration of 310 μg/L (Table 1).

Two dogs with histologically confirmed liver disease had serum cPLI con-

centrations within the normal range (111.6 and 149.4 μg/L). A 7-year-old

Maltese with trauma-induced peritonitis had a cPLI of 184.6 μg/L. Five

dogs with histologically confirmed degenerative, inflammatory or neoplas-

tic liver diseases (n = 4) or an intestinal foreign body (n = 1) had high cPLI

concentrations (median, 458.1 μg/L; range, 314.7 to >600 μg/L). There

was no correlation of cPLI with the type or chronicity of mild pancreatitis

or with the severity of peripancreatic steatitis within the submitted

samples.

For the animals of group 2, final main diagnoses, based on all find-

ings, were liver disease (n = 5), trauma or foreign body-related perito-

nitis (n = 2) and neoplasm (n = 1). Mild pancreatitis and peripancreatic

steatitis were not the most clinically relevant condition in the majority

of the dogs in group 2.

3.3 | Group 3—moderate or severe pancreatitis

The 12 dogs in this group were 2 to 13 years old (median, 9 years).

Four were females (1 intact, 3 spayed) and 8 were males (3 intact,

5 neutered). The most common breed was Labrador Retriever (n = 5).

Vomiting was the main clinical finding in 9 of the 12 dogs in this

group. Additional signs included painful (n = 6) or enlarged (n = 2)

abdomen, jaundice (n = 2), diarrhea (n = 2), lethargy (n = 2), and col-

lapse (n = 2). Clinically suspected diseases were neoplasm (n = 7), pan-

creatitis (n = 5), liver disease (n = 2), and intoxication (n = 2).

Grossly, the pancreas was thickened, lobules were prominent,

with ≥1 firm masses of variable size. Masses often had dark-brown

(hemorrhagic) and thickened interlobular septa (Figure 1C). In cases

with necrotizing steatitis, the adipose tissue was firm and white to

brown in color.

Histopathologically, pancreatic samples contained moderate (n = 4)

or severe (n = 8) inflammation in dogs of group 3. In 8 of 12 cases, tis-

sue sections with severe necrotizing-purulent steatitis also were sub-

mitted. In 1 dog, periductal inflammation was dominant whereas all

other cases had interlobular and intralobular inflammatory patterns.

In 6 dogs, inflammation of the pancreas and adipose tissue was

characterized as acute purulent with necrosis, and infiltration of the

interlobular septa and acinar parenchyma (intralobular) with neutro-

phils and few macrophages; (Figure 2C). Pancreatic samples of 5 dogs

had “acute-on-chronic” inflammation with areas of acute necrosis and

purulent inflammation next to granulation tissue and fibrosis. Inflam-

matory and fibrotic processes were present in adipose tissue as well

as in pancreatic parenchyma. Distribution was mainly interlobular and

multifocal intralobular (Figure 2D). The final diagnosis in 11 dogs was

moderate or severe acute pancreatitis.

One dog had moderate to severe chronic pancreatitis. Few mixed

inflammatory cells were present, and a large amount of fibrosis separated

the markedly atrophic pancreatic parenchyma (Figure 2E). The acinar cells

were unaffected and the cPLI concentration was within the reference

range (149.9 μg/L). The main clinical finding was a posthepatic jaundice.

In summary of groups 1-3, cPLI concentration of dogs with nor-

mal pancreas were significantly lower than those of dogs with mild

acute pancreatitis (P = .001) and those with moderate or severe acute

pancreatitis (P < .001; Figure 3). In 10 out of 11 dogs with moderate

or severe acute pancreatitis, high cPLI concentrations were detected

(sensitivity, 90.9%; 95% CI, 58.7%-99.8%). However, in 1 dog with

histopathologically confirmed severe acute pancreatitis, the cPLI con-

centration was within the reference range (107.8 μg/L; Table 1).

3.4 | Group 4—pancreatic neoplasms

The 12 dogs in this group were 5 to 14 years old (median, 11 years).

Eight dogs were females (6 intact, 2 spayed) and 4 were males

(1 intact, 3 neutered). Three dogs were Retriever breeds and 2 were

Terrier breeds. Vomiting was the main clinical finding in 8 of the

12 dogs in this group. Additional signs included anorexia (n = 3),

weight loss (n = 4), jaundice (n = 4), diarrhea (n = 2), lethargy (n = 1),

painful abdomen (n = 1), anemia (n = 1), and hematuria (n = 1). Clini-

cally suspected diseases were neoplasms (n = 11) and peritonitis

(n = 1). Laparotomy and tissue sampling or necropsy after euthanasia

were performed to confirm the diagnoses.

Five dogs suffered from acinar pancreatic carcinomas with

masses up to 8.0 × 4.0 × 4.0 cm or diffuse thickened areas with

homogenous white-brown cut surface and loss of lobular structure

(Figure 1D). In all pancreatic acinar carcinomas, the cPLI concentra-

tions were increased (median, 382.8 μg/L; range, 235.2-490.5 μg/L).

In 3 cases, carcinomas were accompanied by moderate or severe

focal necrosis and multifocal chronic mixed cellular inflammation

(Figure 2F). Only a small biopsy sample was available from a

13-year-old Yorkshire Terrier with a high cPLI concentration and

included a small portion of a neoplasm and a rim of normal pancre-

atic tissue with no associated inflammation.
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In a West Highland White Terrier with a 0.5 cm adenoma, mild

lymphoplasmacytic interlobular inflammation was present and the cPLI

concentration was normal (166.0 μg/L). A 14-year-old Labrador with

ductal pancreatic carcinoma had severe lymphoplasmacytic interlobular

inflammation with severe acinar atrophy and normal cPLI concentration

(19.2 μg/L). A 9-year-old poodle with ductal pancreatic carcinoma

without additional inflammation also had normal cPLI concentration

(131.4 μg/L).

Four dogs had pancreatic metastases of other carcinomas (gastric

carcinoma, n = 2; liver carcinoma, n = 1; unknown origin, n = 1) within

the pancreatic parenchyma. In 2 cases, the remaining pancreatic tissue

was normal or had mild neutrophilic infiltration of the interlobular

septa, and cPLI concentrations were within the reference range (42.5

and 110.1 μg/L, respectively). A Collie with gastric carcinoma metasta-

ses and mild interlobular and periductal pancreatitis had an increased

cPLI concentration (374.8 μg/L). One Golden Retriever had numerous

metastases of a hepatocellular carcinoma and multifocal areas of mod-

erate acute pancreatic necrosis, and the cPLI concentration was mark-

edly increased (>600 μg/L).

The cPLI concentrations of dogs with neoplasms were signifi-

cantly higher (P = .005) than those of dogs with normal pancreas

(group 1), but not different from dogs with mild (group 2) or moderate

or severe acute pancreatitis (group 3; Figure 3).

4 | DISCUSSION

In most cases, the diagnosis of acute pancreatitis is made based on his-

tory, and clinical and laboratory findings, including cPLI concentration.

Although histopathology is considered the gold standard, other diagnos-

tic tests were mostly validated by other methods because histopathol-

ogy was not available in most studies.12 Only 2 studies on pancreatic

lipase in dogs have been published, distinguishing cases with normal

pancreas or mild or severe pancreatitis based on histology.19,20 In our

study, we compared various histopathologically confirmed pancreatic

findings to results of an in-house cPLI test with good agreement. Speci-

ficity was 92.5% (95% CI, 79.6%-98.4%) and sensitivity was 90.9%

(95% CI, 58.7%-99.8%) in moderate or severe acute pancreatitis

(Table 1). The concentrations of cPLI in control dogs were significantly

lower than in dogs with mild pancreatitis, moderate or severe pancreati-

tis, or pancreatic neoplasms (Figure 3). In the veterinary literature,

depending on the cutoff, the sensitivity in mild pancreatitis was 43%

(>200 μg/L) or 21% (>400 μg/L).19 In moderate or severe pancreatitis,

sensitivity was 71% independent of the cutoff.19 With a cutoff of

200 μg/L, a previous study21 found a higher sensitivity (86.5%-93.6%)

for detection of acute pancreatitis than did our study (75%). Choosing

400 μg/L as a cutoff, sensitivity in the veterinary literature ranged from

33.0% to 90.9% and specificity from 74.1% to 90.0%.20-23 One study

found a markedly lower specificity of 66.3% to 77.0%.21

In our study, the median age of dogs with moderate or severe pan-

creatitis was 9 years, which is in accordance with the veterinary litera-

ture.28 Breed predispositions as described in the United Kingdom or

the United States were not found in our group of dogs with mild or

moderate or severe pancreatitis.30-32 The high number of Labrador

Retrievers and Terrier breeds in groups 1, 2, and 3 probably reflects

the frequency of these breeds within the dog population in Germany

and should not be interpreted as true breed predisposition. One

study described a pattern of periductal pancreatitis in Boxers and

Cocker Spaniels, but these breeds were not present in our popula-

tion.33 In our study, in contrast, a Mongrel and a Collie had

periductal pancreatitis.

As described in several studies, it is very important to differenti-

ate acute from chronic pancreatitis by means of histopathology.34,35

However, from the clinical perspective, acute phases of chronic pan-

creatitis will present similarly to acute pancreatitis.28,35 This was con-

firmed in 5 cases in group 3 with acute-on-chronic pancreatitis that

had increased cPLI concentrations. In contrast, 1 dog suffered from

moderate or severe chronic pancreatitis and had a normal cPLI

concentration.

One inconclusive case had moderate or severe acute pancreatitis

and normal cPLI concentration. Similar cases were evaluated in another

study, with no evident explanation.20 Two cases in group 1 had

increased cPLI concentration that were attributed to inflammation else-

where36 or to individual daily variation.37

A limitation of our study was its retrospective design that only

included the main findings and not treatment or follow-up

F IGURE 3 Dogs with mild
pancreatitis (group 2, n = 8), moderate or
severe acute pancreatitis (group 3, 11/12)
or neoplasm (group 4, n = 12) had
significantly higher values of canine
pancreatic lipase immunoreactivity (cPLI)
than dogs with histologically confirmed
normal pancreas (group 1, n = 40). Boxes
indicate the lower to upper quartile

(25th-75th percentile) and median value.
Whiskers extend to minimum and
maximum values, with outliers shown as
individual points (**P = .005, ***P = .001,
**** P < .001)
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information. However, in order to interpret cPLI concentration, all

diagnostic data (clinical findings, clinical pathology, histopathology)

must be taken into account. The few cases with mild (n = 8) and

moderate or severe (n = 12) pancreatitis, however, are similar to

those of other studies.12

Unlike in dogs, pancreatic ductal carcinomas in humans are com-

mon, whereas acinar carcinomas are rare.38 In people, pancreatic

enzyme measurement does not distinguish between ductal carcinoma

and other pancreatic conditions, such as chronic pancreatitis or mucin-

ous cystic lesions.39 However, serum lipase activity may be helpful for

the diagnosis and monitoring of patients acinar cell carcinoma.40 In 4 of

5 dogs with pancreatic carcinoma, serum lipase activity was increased.25

Also, dogs with secondary pancreatic neoplasms may have increased

cPLI concentrations.41 A main finding is that pancreatic acinar carcino-

mas may be accompanied by severe inflammation, which leads to

increased serum cPLI concentration. Tumors originating elsewhere

seemed to cause vascular embolism with subsequent ischemic necrosis

and pancreatitis. Primary or secondary neoplasms without associated

inflammation, on the other hand, did not result in increased cPLI con-

centrations. In conclusion, histopathological examination is necessary to

detect neoplasms, which may be clinically and serologically overlooked

because of overlapping inflammation.

In summary, in our study, high cPLI concentrations indicated

acute pancreatitis although underlying primary or secondary pancre-

atic neoplasms could not be completely ruled out. A negative cPLI test

result may miss some cases of acute or chronic inactive pancreatitis as

well as pancreatic neoplasms without inflammation. Thus, a combina-

tion of clinical examination, clinical pathology and histopathology

improves the diagnosis of inflammatory, degenerative, and neoplastic

pancreatic diseases in dogs.
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