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KEY POINTS

e Clinical diagnosis of pancreatitis is most accurate when a consistent clinical picture,
screening diagnostics, pancreas-specific testing, abdominal imaging, and a thorough
diagnostic evaluation are combined.

o All pancreatitis diagnostics have significant limitations and should always be interpreted
with caution.

o Alternate differential diagnoses in patients presenting with clinical findings, which might
be consistent with pancreatitis, may have secondary reactive pancreatitis, which can
mimic primary pancreatitis.

e The gold standard for pancreatitis diagnosis is histopathology, which has many limitations
constraining its utility in research and clinical practice.

INTRODUCTION

Acute pancreatitis remains one of the most common diseases encountered in com-
panion animal medicine. Based on the annual Banfield State of Health Reports,
pancreatitis has an annual population prevalence of approximately 0.25%, and ac-
counts for more than 10% of dogs hospitalized with gastrointestinal signs. This is
even more significant considering that the mortality rate for acute pancreatitis may
be 58%.'~* Although prognostic information is limited, these data emphasize the
impact that such a common disease can have on companion animals. The first step
in managing these patients is proper diagnosis.
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HISTOPATHOLOGY FOR DIAGNOSIS OF PANCREATITIS

Diagnosing pancreatitis is challenging. The historical gold standard for diagnosis is
identification of consistent inflammatory patterns on pancreatic biopsy.® Gross lesions
seen at biopsy, such as peripancreatic fat necrosis, congestion, and edema, are
neither specific nor sensitive (Fig. 1).5~° Histologically, acute pancreatitis is character-
ized by neutrophilic inflammation, edema, necrosis, and absence of permanent
changes to the pancreas. Chronic pancreatitis is characterized by lymphocytic inflam-
matory infiltrates and irreversible fibrosis and pancreatic atrophy (Fig. 2).%'"

Histologic assessment of pancreatic tissue requires surgical biopsy.'?~'* Historical-
ly, surgical biopsy of the pancreas was infrequently performed because of concerns
regarding patient stability, invasiveness of the procedure, and potential complications.
However, traditional surgical approaches for pancreatic biopsies are associated with
minimal complications when appropriate technique and tissue handling are used.'>~'®
More severe complications likely are secondary to surgical technique or other comor-
bidities.'*1720 Less invasive techniques including laparoscopic, endoscopic, and
ultrasound-guided biopsy?'~?° are currently used primarily in specialty practices and
academic settings.'®??72% Regardless of method, biopsy is still an invasive procedure
in patients that are ill and occasionally unstable.

Fig. 1. Intraoperative photographs of the canine pancreas demonstrate the range of
severity for congestion and edema, which are typically seen grossly. Figure 1A demonstrates
mild gross changes to the pancreas while Figure 1B demonstrates severe inflammatory
changes. (Photos courtesy of Dr Susan Johnson, DVM, MS, DACVIM.)
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Fig. 2. Severe, multifocal to coalescing, acute on chronic, suppurative to lymphoplasmacytic
pancreatitis with marked saponification of fat, parenchymal collapse, fibrosis, and ductular
metaplasia in a cat. Original magnification and stain used: 200x, H&E. (Photo courtesy of Dr
Megan Schreeg, DVM, PhD, DACVP.)

Despite being the gold standard, pancreatic biopsy is uncommonly indicated in the
diagnosis of pancreatitis in clinical patients, and there are no histopathologic lesions
that provide a definitive diagnosis. There is poor correlation between histopathology
and clinical diagnosis or other pancreatitis diagnostics.'’>>27 Inflammation in the
pancreas is not evenly distributed so the histopathologic diagnosis can vary based
on sampling location.’?> Nearly two-thirds of dogs without clinical suspicion of
pancreatitis may have histologic evidence of pancreatitis.’" Similarly, just more than
two-thirds of cats evaluated at necropsy had histologic evidence of pancreatitis and
half of these cats were considered clinically healthy.?” Lastly, inflammation in the
pancreas also can occur from diseases involving adjacent tissues, further compound-
ing the potential risk of false-negative and false-positive results based on pancreatic
biopsy.'"?%2° Multiple biopsies might improve diagnostic performance but are not
practical.

ALTERNATIVES TO HISTOPATHOLOGY: CLINICAL DIAGNOSIS

The alternative approach is to establish a clinical diagnosis using multiple factors to
increase the pretest probability for pancreatitis.>*° This includes signalment, clinical
signs, physical examination findings, supportive laboratory screening diagnostics,
pancreatitis-specific laboratory testing, consistent imaging findings (Fig. 3), and a
thorough diagnostic evaluation excluding alternate differential diagnoses.

The first step is recognizing the wide range of clinical presentations and disease
severity in dogs and cats with pancreatitis.®"*? Clinical signs vary by species, dura-
tion, and individual animal. Clinical signs in dogs include anorexia, vomiting, weak-
ness, diarrhea, polyuria and polydipsia, neurologic abnormalities, melena, weight
loss, hematemesis, and passage of frank blood in feces.®* Clinical signs are more
vague in cats with lethargy and anorexia being the most frequently observed. Clinical
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Fig. 3. Ultrasound images of the pancreas. (A) Right lobe of the pancreas in a normal dog.
(B) Right lobe of the pancreas in a normal cat. (C, D) Classic signs of pancreatitis in dogs
include pancreatic hypoechogenecity, pancreatic enlargement, and hyperechoic surround-
ing mesentery. (Images courtesy of Dr Eric Green, DVM, PhD, DACVR.)

signs including vomiting, weight loss, diarrhea, and dyspnea are observed in less than
half of feline cases.®®

Regardless of clinical signs at presentation, pancreatitis is a diagnosis of exclusion.
Once there is a clinical suspicion of pancreatitis, other differentials should be excluded
first because clinical signs associated with pancreatitis are nonspecific, pancreatitis
has a low prevalence, and diagnostic testing often is inadequate to achieve a definitive
diagnosis of pancreatitis.

Screening Evaluation

A complete blood count (CBC), biochemical profile, and urinalysis can provide sup-
portive evidence for a diagnosis of pancreatitis, complications associated with
pancreatitis, or other differential diagnoses, but results of these screening tests are
never pathognomonic for pancreatitis.

Complete blood count

Results of a CBC can be within normal limits with mild pancreatitis, but become
abnormal as disease severity increases. One of the most common findings is hemo-
concentration from dehydration, characterized by increased hematocrit or packed
cell volume and increased plasma proteins.®2:34-36 However, plasma proteins may
be within or lower than the reference interval because of decreased acute phase pro-
teins, such as albumin, and protein loss into inflammatory exudates through third
spacing.®32:34-%¢ The leukogram may be normal or consistent with a stress or inflam-
matory response that can include a neutrophilia with a left shift.®*234-3¢ Thrombocy-
topenia from consumptive processes, such as disseminated intravascular
coagulation, has also been reported in severe cases.®3234



Laboratory Diagnosis of Pancreatitis

Biochemical profile

Similar to a CBC, the biochemical profile does not provide a definitive diagnosis of
pancreatitis. The findings are generally nonspecific and interpretation should focus
on whether results are consistent with pancreatitis. Biochemical profiles are also use-
ful for screening for other differential diagnoses and concurrent disease.

The most frequently observed changes are increased liver enzymes and hyperbilir-
ubinemia. These findings are associated with pancreatitis or secondary effects on the
liver including inflammation, ischemia, toxic insults, or obstruction of the biliary sys-
tem.®2:37740 Other abnormalities include increased blood urea nitrogen from prerenal
azotemia and increased symmetric dimethylarginine from acute kidney injury (AKI)
associated with pancreatitis. These findings should be interpreted with urine-
specific gravity and monitored closely as hydration status is corrected.>>*! Although
symmetric dimethylarginine may provide information about AKI, clinical utility of this
finding in patients with pancreatitis currently is not well documented.*'

Electrolyte abnormalities are less frequently observed and tend to correlate with
more severe cases.®'*23%3942 Glycemic control, minerals, and electrolytes can be
dysregulated in pancreatitis, and management of these abnormalities requires a
patient-tailored approach. Hypocalcemia, which can occur from multiple mechanisms
in pancreatitis, may be a negative prognostic indicator in cats.®®

Urinalysis

There is limited information specifically characterizing urinalysis findings in dogs and
cats with pancreatitis.*> The most common findings on urine sediment and dipstick
evaluation include casts, bilirubinuria, and proteinuria. In addition to routine urinalysis,
dogs in one study were evaluated with urine protein creatinine and urinary y-glutamyl-
transaminase to creatinine ratios. Although a urine protein creatinine greater than 2
was associated with a worse prognosis, patient management was variable, limiting
interpretation of this finding.*® Although urinalysis cannot provide a definitive diag-
nosis of pancreatitis, urine-specific gravity in conjunction assessment of hydration
and renal health is helpful in monitoring these patients.

Additional screening diagnostics

Multiple studies have demonstrated increases in inflammatory cytokines and acute
phase proteins, such as C-reactive protein, associated with pancreatitis.**~*® These
are not routinely evaluated in clinical patients either because they are nonspecific or
are not readily available. Prolonged activated coagulation time, prothrombin time,
and partial thromboplastic time have been reported in pancreatitis.®’ Dogs and cats
with severe pancreatitis may have thrombocytopenia and elevated D dimers associ-
ated with disseminated intravascular coagulation.®’

Markers of Pancreatic Inflammation and Pancreatitis

The lack of a gold standard for pancreatitis limits the ability to evaluate diagnostic ac-
curacy of the current markers of pancreatitis. Despite the wide range of clinical
severity associated with this disease, pancreatitis is typically diagnosed when disease
severity is highest. As such, studies evaluating pancreatitis diagnostics are often most
representative of cases with greater disease severity and might be less accurate in
mild and nonclinical cases.

Biomarkers of pancreatitis

Amylase and lipase were two of the most commonly used markers of pancreatitis
before the advent of newer methods.*”-*® Depending on the reference laboratory or
in-house chemistry analyzer, these may still be a component of the initial laboratory
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assessment of suspected pancreatitis patients, but they have limited diagnostic sensi-
tivity and specificity in naturally occurring disease, despite different proposed diag-
nostic cutoffs.®4"~5" Poor diagnostic performance may be caused by lack of tissue
specificity and renal clearance of these enzymes.®52-%8

Amylase has not performed well enough to be used as a biomarker of
pancreatitis.®°0-4°

A wide variety of catalytic or immunologic lipase assays have been developed and
evaluated. Although the historical methods are less useful, newer assays show
improved clinical utility.®> Catalytic lipase assays are affected by the substrate used
and the reaction product detected in each assay platform. Newer immunologic assays
using antibody-based detection of specific epitopes make these assays more selec-
tive for the pancreas, which can improve diagnostic utility.®

In health, lipase from pancreatic acinar cells is not found in significant quantities in
circulation.®® However, pancreatic inflammation can cause large amounts to be
released into circulation, which can be measured.*%-¢%" |nitial catalytic lipase assays
based on hydrolysis of a specific substrate (1,2 diglyceride [1,2 DiG]) could not
adequately differentiate other isoenzymes or tissue sources, the effects of renal clear-
ance, or increased activity associated with abdominal surgical procedures.*”:62-64

DGGR lipase assays
Multiple different catalytic lipase assays have been developed and validated using
DGGR (1,2-o-dilauryl-rac-glycero glutaric acid-[6 methyl resorufin]-ester) substrate
with sensitivity ranging from 73% to 93% and specificity ranging from 53% to 66%
depending on cutoffs used.®?:%%56 One DGGR assay, the Precision PSL (pancreatic
sensitive lipase; Antech Diagnostics, Fountain Valley, CA), evaluated in 50 dogs with
either gastrointestinal disease or a clinical diagnosis of pancreatitis, had sensitivity be-
tween 86% and 90.0% and specificity between 64% and 74%.5°

Studies comparing DGGR assays, such as the Precision PSL, with other lipase as-
says, such as Spec PL (pancreas-specific lipase) assay from Idexx (Idexx, Westbrook,
ME), have shown moderate to substantial agreement between the assays.50:6567:68
However, the specificity of the DGGR assay has been questioned after a study in
exocrine pancreatic insufficiency dogs detected measurable lipase activity, indicating
that nonpancreatic sources were also measured.®® Other limitations of DGGR assays
include effects of heparinization of patients and only fair agreement with ultrasound
findings in pancreatitis cases.®®"° Despite the availability of multiple options, it is un-
known whether any one particular DGGR assay has better overall performance.

Triolein-based lipase assays

Validation of the V-LIP-P assay (Fujifilm Corporation, Minato City, Tokyo, Japan) was
completed in 73 dogs with gastrointestinal disease.”" Effects of lipemia and hemolysis
on results were not seen in dogs with naturally occurring hyperlipidemia.”® In 64 dogs
with clinical signs suggesting pancreatitis, sensitivity was 88% to 100% and speci-
ficity was 67% to 99%.”° Similar to DGGR assays, lipase could be detected in
exocrine pancreatic insufficiency dogs indicating a lack of pancreatic origin speci-
ficity.”?> The V-LIP-P assay has also been reported to exhibit good correlation with
canine Spec PL.%°

Immunologic lipase assays

Immunologic assays were designed for specificity based on the sequence of pancre-
atic lipase to avoid confounding results by nonpancreatic lipases.>'°%7476 There are
currently multiple immunologic lipase assays available.
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Spec PL. The Spec PL assays (Idexx), formerly Canine and Feline PLI, have been
replaced by the Spec cPL/fPL for dogs and cats, respectively.’>’” In these
assays, antibodies recognize two epitopes found only on pancreatic lipase.®>"8
These assays have undergone testing and validation with good results.”® Compar-
ative testing in dogs with gastrointestinal disease indicated that the Spec cPL
demonstrated the best overall performance compared with other immunologic
assays.”®

The Spec cPL and fPL tests are the most sensitive and specific for pancreatitis when
using separate diagnostic cutoffs to maximize performance.®3%:8%81 Sensitivity and
specificity vary based on whether clinical diagnosis or histopathology was used for
the gold standard diagnosis and severity of histologic lesions.®%8%8" The highest re-
ported specificity for the cPL ranges between 81% and 100%.26:30:47.51.53.76,80,62,83
The highest sensitivity for the cPL ranges between 70% and 92%.30-60:61

Despite reported sensitivity and specificity, the agreement between a clinical diag-
nosis of pancreatitis and Spec cPL results is moderate based on kappa statistics.®’
Poor correlation was found between Spec cPL results and ultrasound, similar to other
lipase assays.®* Lastly, sensitivity for cPL may be lower for chronic pancreatitis
because of less enzyme leakage associated with atrophy and fibrosis and presence
of concurrent disease.”®®! These points emphasize that all pancreatic tests have sig-
nificant limitations and must be interpreted in the context of the complete clinical
picture.

There is limited evidence regarding use of immunologic assays in diagnostic testing
for feline pancreatitis. The Spec fPL is the most sensitive and specific marker of exper-
imentally induced and naturally occurring pancreatitis with sensitivity between 54%
and 100% and specificity between 67% and 100%.8°5°" Sensitivity of fPL varies
with severity of lesions when using histopathology for diagnosis.?® Because of the
relative paucity of information for feline pancreatitis, diagnostic results should be inter-
preted with caution. Some of the complexities associated with the lack of data in feline
pancreatitis are discussed in a separate review.*?

Snap PL. The snap test for dogs, SNAP cPL (Idexx), is a semiquantitative immunologic
test that reports results as normal or abnormal. The lower diagnostic cutoff maximizes
sensitivity, which is between 91% and 94%.3%°2 There is fair to substantial agreement
between SNAP cPL and Spec cPL results from the same dog.®%°" However, the lower
diagnostic cutoff decreased specificity to between 71% and 78%.°° Based on these
results, a normal SNAP cPL can be used to exclude pancreatitis but an abnormal test
should prompt either the Spec cPL or other diagnostics to support a diagnosis of
pancreatitis. There are less data on the SNAP fPL but the manufacturer reports
82% to 92% agreement with Spec fPL. This test likely performs best in terms of diag-
nostic sensitivity similar to the SNAP cPL because of the diagnostic cutoff used, but
these data have not been published.3°

VetScan cPL Rapid Test. The VetScan cPL Rapid Test (Zoetis, Florham Park, NJ) is
another diagnostic option for measurement of canine pancreatic lipase.”® Partial vali-
dation has been completed, and sensitivity and specificity in a small clinical study
were between 74% and 83% and 77% and 84%, respectively.6®°% Although there
are currently no studies evaluating this test in large populations, there is strong agree-
ment between VetScan cPL Rapid Test results and Spec cPL results.®°

Vcheck canine pancreas-specific lipase assay. There is limited information published on
validation of the Vcheck cPL assay (Bionote, Hwaseong-si, Gyeonggi-do, South Ko-
rea) and no published data on its clinical use.”®
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Fig. 4. Fine-needle aspirate of the pancreas of a cat. (A) Degenerate and nondegenerate
neutrophils and intracellular rod-shaped bacteria consistent with septic pancreatitis.
(B-D) Acinar cells exhibit hyperplastic and degenerate changes typical of pancreatitis.
(Wright-Giemsa stain. Original magnification 1000x)

Interferences with immunologic lipase assays. Initial reports indicated that there was
minimal to no effect on pancreatic-specific lipase from renal failure.?:°* However,
other models of AKI and dialysis have shown increased pancreas-specific lipase.®>°°
Studies have demonstrated higher pancreas-specific lipase in dogs with azotemia
compared with dogs without honazotemia. %7

There are conflicting reports on whether manipulation and sampling of the pancreas
effects pancreas-specific lipase. There is no effect from fine-needle aspiration of the
pancreas in healthy animals, and there seems to be no effect during laparoscopic bi-
opsy of the pancreas in diseased states.'®2® However, endoscopic retrograde cholan-
giopancreatography caused temporary increases in pancreas-specific lipase
activity.®® These findings suggest that effects on pancreas-specific lipase depends
on tissue handling and disease state.

Reports vary on the effect of steroids on pancreas-specific lipase. Initial studies
showed no interference from long-term prednisone administration and no effects on
the pancreas in dogs.?3°° More recent studies in healthy dogs and those being treated
with prednisone for other diseases indicate that steroids or underlying disease may in-
crease cPL.%%1%0 pPancreatic-specific lipase is increased in dogs with diabetic ketoa-
cidosis and hyperadrenocorticism,'01:102

Increased pancreatic lipase has been reported with perfusion-related diseases
including myxomatous mitral valve disease, congestive heart failure, portal hyperten-
sion, infectious enteropathies (eg, parvoviral infection), systemic infections (eg, babe-
siosis and ehrlichiosis), gastric dilatation and volvulus, foreign bodies, and
intervertebral disk disease.®'103112
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Trypsin-like immunoreactivity

Trypsin-like immunoreactivity (TLI) has been evaluated as a biomarker of pancreatitis
based on increases with experimentally induced pancreatitis in dogs.®' TLI originates
from the pancreas, and clearance of TLI from circulation is by the kidneys.>":53:57:113
Tissue specificity of TLI is a major benefit over amylase and lipase, but diagnostic per-
formance of the assay in dogs was underwhelming with reported sensitivity for
pancreatitis between 36% and 47%.85%:°% TLI increases in experimentally induced
pancreatitis in cats, but frequency of concurrent disease involving the intestinal tract
and kidney limit specificity.5%:8590.114

Other markers

Other potential biomarkers for pancreatitis in dogs or cats include pancreatic elas-
tase-1,"" plasma and urine trypsinogen activation peptide,®*°%'1® peritoneal fluid
lipase,''” trypsin-a-antitrypsin,®''® phospholipase A,,'"® and A,-macroglobulin.’?°
The most promising results have focused on pancreatic elastase-1 and plasma and
urine trypsinogen activation peptide.>®°%%116 MicroRNAs have also been evalu-
ated.’?"-?2 However, there is limited evidence to support the use of any of these bio-
markers, and they are not considered routine tests for the diagnosis of pancreatitis.

Cytology

Fine-needle aspiration of the pancreas is a commonly used diagnostic in practice.
Recent studies have shown that this is a safe procedure, and most dogs suffering
complications were also affected by concurrent diseases, which may have increased
their risk.'® 24 Aspiration of normal pancreas should consist largely of pancreatic
acinar cells. In acute pancreatitis, there may be hyperplastic and degenerate acinar
cells, degenerate and nondegenerate neutrophils, and cellular and necrotic debris
(Fig. 4).72% Chronic pancreatitis is characterized by neutrophils and lymphocytes,
lower cellularity, and the presence of fibrotic tissue.'2® Cytology likely has similar lim-
itations as histopathology. Cytologic samples are reported to be diagnostic 73.5% of
the time, and cytologic results correlate with histopathology in 90.1% of cases.'?* Itis
also potentially helpful in septic inflammation or neoplastic processes (see Fig. 4).

123

SUMMARY

Diagnosing pancreatitis is challenging and is rarely confirmed by pancreatic biopsy.
Instead, diagnosis of pancreatitis is through a combination of consistent clinical find-
ings, screening diagnostics, pancreas-specific testing, imaging, and a thorough diag-
nostic evaluation to exclude differential diagnoses. All pancreatitis diagnostics have
significant limitations and should always be interpreted with caution to avoid
misdiagnosis.
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