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Abstract

Background: Hyperlipasemia is frequent in critically ill people without evidence of

acute pancreatitis (AP), and has been associated with increased morbidity and

mortality.

Objective: To evaluate the prevalence of hyperlipasemia at admission and develop-

ment of hyperlipasemia during hospitalization in critically ill dogs, explore factors

associated with hyperlipasemia, and evaluate association with outcome.

Animals: Critically ill, client owned dogs (n = 1360), presented on emergency and

admitted to the intensive care unit, that had 1,2-o-dilauryl-rac-glycero-3-glutaric

acid-(60-methylresorufin) ester (DGGR) lipase activity measured within 24 hours of

admission.

Methods: Retrospective cross-sectional study of clinical and laboratory records.

Results: The DGGR lipase activity was increased >3× the upper reference limit at

admission in 216/1360 (16%) dogs, of which 70/216 (32%) had a clinical diagnosis of

AP. Other primary conditions associated with hyperlipasemia were renal, endocrine,

and immune-mediated diseases, and upper airway obstruction. Predictors of hyper-

lipasemia at admission were prior glucocorticoid administration, vomiting and abdom-

inal pain, increased age, plasma bilirubin and creatinine concentrations, and

decreased hematocrit. Of dogs with repeat measurements, 78/345 (23%) had signifi-

cantly increased lipase during hospitalization, of which 13/78 (17%) had a clinical

diagnosis of AP. Other primary conditions associated with in-hospital hyperlipasemia

were renal and immune-mediated disorders. Predictors of developing hyperlipasemia

Abbreviations: ALP, alkaline phosphatase activity; ALT, alanine transaminase activity; AP, acute pancreatitis; CI, confidence interval; cPL, canine pancreatic-specific lipase; DGGR, 1,2-o-dilauryl-

rac-glycero-3-glutaric acid-(60-methylresorufin) ester; DKA, diabetic ketoacidosis; gGT, γ-glutamyl transferase activity; GLDH, glutamate dehydrogenase activity; HL group, hyperlipasemic group;

ICU, intensive care unit; IQR, interquartile range; NIL group, nonsignificant increase in lipase group; NL group, nonhyperlipasemic group; SIL group, significant increase in lipase group; URL, upper

reference limit.
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during hospitalization were hemodialysis events, increased plasma bilirubin and creat-

inine concentrations, and decreased hematocrit. Hyperlipasemia both at admission

and during hospitalization was associated with longer hospitalization and higher

mortality.

Conclusions and Clinical Importance: Significant DGGR-hyperlipasemia is frequent in

critically ill dogs and associated with a variety of nonpancreatic conditions and nega-

tive outcome.

K E YWORD S

canine, cPL, DGGR, ICU, lipase

1 | INTRODUCTION

Increased serum pancreatic enzyme activities, namely hyperlipasemia

and hyperamylasemia, occur in 14%-80% of people with no prior pan-

creatic disease in intensive care units (ICU), depending on study popu-

lation and enzyme activity cut-offs.1-3 Some of these patients may

develop acute pancreatitis (AP) while undergoing treatment for an

unrelated disorder, mainly because of splanchnic ischemia, sepsis, or

drug administration. However, only up to 35% of patients with pan-

creatic hyperenzymemia have clinical and imaging findings consistent

with AP.2,4,5 In others, clinically irrelevant hyperenzymemia is

suspected and is believed to be associated with a variety of disorders,

including head injury or intracranial events, hepatobiliary disease,

malignancy, diabetic ketoacidosis (DKA), bowel obstruction, perfora-

tion, or both, and renal disease.1,3,4,6-8 Some studies have reported

longer hospital stays4 or higher mortality6 in patients with pancreatic

hyperenzymemia, but others contradict these findings.9 Given that a

diagnosis of AP in both people and dogs relies largely on a combina-

tion of clinical signs, measurement of pancreatic enzymes, and diag-

nostic imaging,10 distinguishing true AP from clinically irrelevant

hyperenzymemia is particularly challenging in critically ill individuals in

the face of comorbidities with clinical signs that may mimic AP.

The most commonly used assays in the diagnostic evaluation of

AP in people are serum amylase and lipase activities,10 but canine

pancreatic-specific lipase concentration (cPL) is currently regarded as

the most accurate blood test in dogs, whereby concentrations

≥400 μg/L are reported to have sensitivities and specificities of 21%-

78% and 80%-100%, respectively, with sensitivity increasing with

severity of disease.11-15 A point-of-care test (SNAP cPL) for patient-

side measurement of cPL has been developed, using a cutoff of

≥200 μg/L, which reportedly has higher sensitivity (82%-93%) but

lower specificity (59%-74%).13,16 These studies also indicated poor

performance of the 1,2-diglyceride lipase assay for the diagnosis of

AP. However, evaluation of the more recently validated 1,2-o-

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

lipase assay17 found high agreement with cPL.18

Besides AP, conditions associated with increased lipase activity or

cPL in dogs include septic peritonitis, gastrointestinal foreign body,

gastric dilatation-volvulus, gastroenteritis, pancreatic or hepatic

neoplasia, cardiac disease, DKA, obesity, Ehrlichia canis or Babesia rossi

infection, hyperadrenocorticism, and glucocorticoid administra-

tion.16,19-29 Some of these disorders may cause secondary AP because

of diffuse abdominal inflammation, pancreatic hypoperfusion or ische-

mia and reperfusion.16 However, the clinical relevance of hyper-

lipasemia in many cases remains unclear, as does the influence of

renal disease on lipase activity.

Although an association between hyperlipasemia and certain spe-

cific conditions has been investigated in dogs, the prevalence of

hyperlipasemia in critically ill dogs in the ICU is unknown, and factors

associated with hyperlipasemia in these dogs remain to be elucidated.

Given the incorporation of lipase assays in routine biochemical pro-

files at some institutions, including ours, such knowledge is important

to help assess the relevance of hyperlipasemia in critically ill dogs.

Therefore, our aims were to: (a) evaluate the prevalence of

DGGR-hyperlipasemia in critically ill dogs at admission and during

hospitalization, (b) determine factors associated with hyperlipasemia,

and (c) evaluate the association between hyperlipasemia and duration

of hospitalization and mortality. We hypothesized that DGGR-

hyperlipasemia is frequent in critically ill dogs with disorders unrelated

to AP and is associated with increased duration of hospitalization and

mortality.

2 | METHODS

The electronic medical records and laboratory database were retro-

spectively searched for dogs presented to the Small Animal Clinic,

Vetsuisse Faculty, University of Berne, Switzerland between April

2015 and April 2017. All dogs presented during this period were

included in the study if they were considered critically ill and if a

plasma biochemical profile that included DGGR-lipase was performed

within 24 hours of admission. Dogs were considered critically ill based

on emergency presentation and immediate admission to the ICU,

regardless of clinical signs or affected organ system. For dogs that

were admitted on >1 occasion during the study period, only the most

recent admission was included.

Data collected included signalment, clinical signs at admission

considered consistent with AP (anorexia, vomiting, abdominal pain,
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diarrhea),30 clinical diagnosis, treatment with glucocorticoids within

7 days before admission, duration of hospitalization, and outcome

defined as discharge or death or euthanasia. All clinical diagnoses of AP

were made by a board-certified internal medicine or emergency and crit-

ical care specialist, or an intern or resident under their close supervision.

Cases were considered to be primary AP if a clinical diagnosis of AP was

recorded as the primary clinical diagnosis, and secondary AP if it was

suspected to have developed during hospitalization in dogs with another

primary clinical diagnosis. Results of ultrasonographic examination, per-

formed by a board-certified radiologist or a diagnostic imaging resident

under direct supervision of a board-certified radiologist, were included if

performed within 48 hours of admission.

Clinicopathologic data collected included initial and all further

measurements of DGGR-lipase activity using a previously validated

assay,17 as well as simultaneous automated measurements of hemato-

crit (ADVIA 2120i, Siemens Healthcare, Zürich, Switzerland) and

selected biochemistry analytes (Cobas c501, Roche Diagnostics, Basel,

Switzerland), including alanine transaminase activity (ALT), albumin,

alkaline phosphatase activity (ALP), bilirubin, creatinine, C-reactive

protein, γ-glutamyl transferase activity (gGT), and glutamate dehydro-

genase activity (GLDH). Samples were submitted for simultaneous

Spec cPL measurements (IDEXX Diavet, Bäch, Switzerland) at the clini-

cians' discretion; published cut-offs for normal results (0-200 μg/L),

equivocal (201-399 μg/L), and consistent with pancreatitis (≥400 μg/L)

were used.15 In addition, abdominal surgery, anesthesia and hemodial-

ysis performed between initial and subsequent DGGR-lipase measure-

ments were documented.

Dogs were categorized into the hyperlipasemic (HL) group if

DGGR-lipase activity measured within 24 hours of admission

exceeded 3× the URL (>324 U/L) and into the nonhyperlipasemic

(NL) group if they had DGGR-lipase activity within 3× of the upper

reference limit (URL, <325 U/L). This cut-off was chosen based on the

definition of clinically relevant hyperlipasemia used in previous studies

in people and dogs.5,7,8,10,30,31 For those dogs with subsequent

DGGR-lipase measurements during hospitalization, the first result

measured within 24 hours of admission served as baseline, and only

the highest repeated measured activity was additionally included in

the data analysis. A clinically relevant in-hospital increase in DGGR-

lipase was arbitrarily defined as a value >3× the URL and also >2× the

value at admission, and dogs were thus further grouped as nonsignifi-

cant increase in lipase (NIL) group or significant increase in lipase (SIL)

group (Figure 1).

2.1 | Statistical analysis

Statistical analysis was performed using MedCalc Statistical Software

version 17.8.1. Data were assessed for normality using D'Agostino-

F IGURE 1 Flow diagram documenting case enrollment and classification. Dogs initially assessed for eligibility included all dogs presented to
our institution between April 2015 and April 2017 which had a DGGR lipase measurement performed in our laboratory as part of their current
visit. URL, upper reference limit
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Pearson tests and by evaluation of normal plots. Because most data

were non-normally distributed, nonparametric analyses were per-

formed. Comparisons between groups were analyzed using chi-

squared tests and Mann-Whitney tests for categorical and ordinal

data, respectively. The association between demographic, clinical and

clinicopathologic factors and lipase groups was evaluated using uni-

variate logistic regression. Predictors significantly associated with

lipase groups were further analyzed using multivariate logistic regres-

sion in a stepwise selection fashion. Spearman's rank correlation was

used to assess the association between DGGR-lipase activity and

plasma creatinine concentrations. Cohen's kappa was used to assess

agreement between a clinical and sonographic diagnosis of

AP. Statistical significance was set atP < .05 throughout.

3 | RESULTS

3.1 | Study population demographics

During the study period, 4074 DGGR-lipase assays were performed

on 2856 dogs. Of these, 1360 dogs met the inclusion criteria. Dogs

represented 172 breeds, the most common being mixed breed

(n = 191), Labrador Retriever (n = 79), French Bulldog (n = 55), York-

shire Terrier (n = 54), Chihuahua (n = 48), Golden Retriever (n = 47),

Bernese Mountain dog (n = 44), Jack Russell terrier (n = 43), and Ger-

man Shepherd (n = 35). Data regarding age, sex, and body weight at

admission were missing from the medical records in 11, 3, and

77 dogs, respectively. Data from the remaining dogs are presented in

Table 1.

3.2 | Differences between lipase groups

The DGGR-lipase activity measured at admission ranged from 7 to

19 700 U/L. A total of 1144 (84%) dogs were assigned to the NL

group, of which 843 (62%) and 301 (22%) had DGGR-lipase activities

below the URL and between 1× and 3× the URL, respectively. A fur-

ther 216 (16%) dogs, with DGGR-lipase activities >3× the URL, were

assigned to the HL group (Table 1, Figure 1).

The median age of dogs in the NL group was slightly lower than

in the HL group, but no difference between the groups was found for

sex or body weight (Table 1). Dogs in the HL group were significantly

more likely to have clinical signs considered consistent with AP than

were dogs in the NL group (Table 1), and more commonly had several

of these signs (data not shown). Data regarding previous drug admin-

istration were available for 1357 dogs. A total of 93 dogs had received

glucocorticoids, of which 69/1142 (6%) and 24/215 (11%) were in the

NL and HL groups, respectively. Glucocorticoids administered before

presentation included both prednisolone and dexamethasone, and

were prescribed to dogs in all disease categories, but predominantly in

dogs with immune-mediated and lung disease, as well as

gastroenteritis.

T A B L E 1 Clinical data from 1360 critically ill dogs with DGGR-lipase activities at admission within 3× (NL group) and above 3× (HL group)
the upper reference limit

Variable All dogs NL group HL group P value

Number of dogs 1360 1144 (84%) 216 (16%)

DGGR-lipase, U/L

range 7-19 700 7-295 369-19 700

median (IQR) 71 (38-174) 59 (35-113) 1140 (566-2081)

Age, median (IQR), years 7.5 (3.6-10.3) 7.2 (3.3-10.1) 8.7 (5.5-10.9) <.001

Body weight, median (IQR), kg 18.0 (7.8-30.0) 18.5 (7.9-30.0) 14.9 (7.4-30.0) .342

Sex

Female 647 (433 spayed) 556 (367 spayed) 91 (66 spayed) .08

Male 710 (341 castrated) 585 (269 castrated) 125 (72 castrated)

Clinical signs at presentation

Anorexia 393 (29%) 318 (28%) 75 (35%) .04

Vomiting 575 (42%) 452 (40%) 123 (57%) <.001

Diarrhea 322 (24%) 254 (22%) 68 (32%) .003

Abdominal pain 233 (17%) 182 (16%) 51 (24%) .006

Diagnosis of acute pancreatitis

Clinical 95 (7%) 25 (2%) 70 (32%) <.001

Sonographic 102/720 (14%) 55/572 (10%) 47/148 (32%) <.001

Duration of hospitalization, median (IQR), days 4 (3-7) 4 (3-6) 5 (3-8) .006

Mortality 325 (24%) 255 (22%) 70 (32%) .001

Abbreviation: IQR, interquartile range.
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