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Abstract

Background: Hyperlipasemia has been reported in dogs with acute kidney injury

(AKI) but associations with AKI severity, hemodialysis (HD) treatment, and outcome

have not been extensively evaluated.

Objectives: Investigate the prevalence and clinical relevance of hyperlipasemia in

dogs with AKI, treated with and without HD.

Animals: Client-owned dogs (n = 125) with AKI.

Methods: Retrospective data extraction from medical records, including signalment,

cause of AKI, duration of hospitalization, survival, plasma creatinine concentration,

and 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester (DGGR) lipase

activity at admission and throughout hospitalization.

Results: A DGGR-lipase activity >3� the upper reference limit (URL) was found in

28.8% and 55.4% of dogs at admission and during hospitalization, respectively, but

only 8.8% and 14.9% of dogs, respectively, were diagnosed with acute pancreatitis.

Hyperlipasemia >10 � URL was observed in 32.7% of dogs during hospitalization.

The DGGR-lipase activity was higher in dogs with International Renal Interest Society

(IRIS) Grades 4–5 than Grades 1–3, but correlation between DGGR-lipase activity

and creatinine concentration was poor (rs = .22; 95% confidence intervals [CI], 0.04–

0.38). Treatment with HD was not associated with DGGR-lipase activity independent

of IRIS grade. Survival to discharge and 30 days after admission was 65.6% and

59.6%, respectively. High IRIS grades (P = .03) and high DGGR-lipase activity at

admission (P = .02) and during hospitalization (P = .003) were associated with

nonsurvival.

Conclusions and Clinical Importance: Hyperlipasemia is frequent and often marked

in dogs with AKI despite only a minority being diagnosed with pancreatitis. Hyperli-

pasemia is associated with AKI severity but not independently with HD treatment.

High IRIS grade and hyperlipasemia were associated with nonsurvival.

Abbreviations: AKI, acute kidney injury; AKI/CKD, acute on chronic kidney disease; AP, acute pancreatitis; CI, confidence intervals; CKD, chronic kidney disease; cPL, canine pancreas-specific

lipase (Spec cPL, IDEXX laboratories); DGGR-lipase, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester lipase; HD, hemodialysis; IQR, interquartile range; IRIS, International Renal

Interest Society; URL, upper reference limit.
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1 | INTRODUCTION

Acute kidney injury (AKI) and acute pancreatitis (AP) are common dis-

eases in dogs, which may occur independently or as comorbidities.

Indeed, concurrent AP was reported in 14%–34% of dogs with AKI or

acute on chronic kidney injury (AKI/CKD),1-4 and concurrent AKI was

found in 26% of dogs with AP.5 A clinical diagnosis of concurrent AP

in dogs with AKI is challenging because of nonspecific and overlapping

clinical signs. The most common biomarkers for AP currently used in

dogs are lipase activity using the 1,2-o-dilauryl-rac-glycero glutaric

acid-(60-methylresorufin) ester assay (DGGR-lipase) and concentra-

tions of canine pancreas-specific lipase (cPL; Spec cPL, IDEXX

laboratories),6-8 both of which may be affected by extrapancreatic dis-

eases.9-12 In particular, increased cPL concentrations or lipase activity

have been reported in dogs with kidney disease,13-15 with cPL con-

centrations ≥400 μg/L in 21/30 dogs with severe AKI in 1 study.14

However, most studies showed poor correlation between plasma cre-

atinine concentrations and either lipase activity or cPL

concentrations.16-18

Increased pancreatic enzyme activity is common in people with

kidney failure, and although an increased risk of AP is associated with

kidney disease,19-21 hyperenzymemia without clinical evidence of AP

is also frequently observed.22,23 Thus, the extent to which hyperenzy-

memia is caused by decreased renal clearance of pancreatic enzymes

or concomitant pancreatic injury remains unclear in many cases. How-

ever, several studies have shown a link between treatment with

hemodialysis (HD) and hyperlipasemia or hyperamylasemia or both in

people, which has been variably attributed to hemodynamic factors,

subclinical pancreatitis, heparin treatment, and decreased kidney

function.24-28

Little information is available about hyperlipasemia in dogs under-

going HD. One study showed cPL concentrations ≥400 μg/L in 33/53

dogs with AKI undergoing HD, but found no association with out-

come.15 However, cPL concentrations were measured within 7 days

before or after admission, and thus an association between HD treat-

ment and hyperlipasemia was unclear. In another study of dogs with

AKI or AKI/CKD undergoing HD, 6/40 dogs had concurrent AP, which

was associated with nonsurvival.2

We have anecdotally observed severe hyperlipasemia in several

dogs undergoing HD at our institution, particularly in dogs with lepto-

spirosis, but the clinical relevance of this finding is unclear. Our aims

were thus to investigate the prevalence of increased DGGR-lipase

activity in dogs with AKI treated with and without HD, and to evalu-

ate the clinical relevance of hyperlipasemia and its association with

severity of kidney disease, treatment modality, and outcome. We

hypothesized that increased DGGR-lipase activity would be frequent

in dogs with AKI, and that hyperlipasemia would be associated with

HD, more severe kidney injury, and negative outcome.

2 | MATERIALS AND METHODS

The medical records and clinicopathologic database were retrospec-

tively reviewed for dogs presented to the Small Animal Clinic, Vet-

suisse Faculty, University of Bern, Switzerland, between August 2018

and February 2021. Dogs were included in the study if AKI was diag-

nosed at admission, and if both DGGR-lipase activity and plasma cre-

atinine concentrations were measured from the same blood sample

within the first 24 hours of admission. Dogs presented for CKD were

not considered eligible. Dogs also were excluded if they had a prior

history of pancreatitis, if they were considered to have primary AP at

admission, or if medical records were incomplete. For dogs presented

on more than one occasion for AKI, only data from the first admission

were included. For dogs receiving plasma exchange treatment, only

admission data were included, because plasma exchange may

decrease plasma lipase activity.29

A diagnosis of AKI was made by a board-certified internist or a

primary clinician working under their direct supervision, and generally

was based on recent history, compatible clinical signs (e.g., lethargy,

anorexia, vomiting, diarrhea, weakness, oliguria, or anuria), supportive

ultrasonographic findings (e.g., renomegaly, hyperechoic renal corti-

ces, renal pelvic dilatation, and perirenal effusion), and supporting

clinicopathologic evidence (e.g., azotemia, hyperkalemia, hyperphos-

phatemia, isosthenuria or minimally concentrated urine, glucosuria,

cylindruria).30 Likewise, a clinical diagnosis of secondary AP at

admission or AP developing during hospitalization was made by a

board-certified internist or primary clinician under their direct super-

vision, and generally was based on a combination of clinical signs,

cPL or DGGR-lipase results or both, and ultrasonographic findings.

All ultrasonographic examinations were performed by a board-

certified radiologist or imaging resident under their direct supervi-

sion. The decision to perform HD was made by a board-certified

internist specialized in veterinary nephrology and HD, and generally

depended on clinical status, disease severity, response to conserva-

tive treatment, and owner agreement. Intermittent HD was per-

formed as previously described, using citrate or a mixture of heparin

and citrate as anticoagulant.31

Data collected included signalment, cause of AKI, duration of hos-

pitalization, outcome (all-cause mortality including euthanasia) to dis-

charge and 30-day outcome from day of admission, plasma creatinine

concentrations, and DGGR-lipase activities at admission and through-

out the period of hospitalization, treatment modality (conservative or

HD), diagnosis of concurrent AP at admission or developing during

hospitalization, and results of necropsy examinations where available.

Measurement of lipase activity was performed by the Clinical

Diagnostic Laboratory, Vetsuisse Faculty, University of Bern,

Switzerland using a commercial assay (LIPC, Ref. 03029590, Roche

Diagnostics, Basel, Switzerland) based on the previously validated
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DGGR method,6 using a clinical chemistry analyzer (Cobas c501,

Roche Diagnostics, Basel, Switzerland) according to the manufac-

turer's instructions, using lithium–heparin plasma samples. This is a

catalytic colorimetric assay in which the DGGR substrate is cleaved by

lipase in presence of colipase and bile salts. The substrate is preferen-

tially hydrolyzed by pancreatic lipase, making it more specific for the

detection of pancreatic lipase activity compared to 1,2-diglyceride-

based assays.6 During the study period, DGGR-lipase activity was

measured in all plasma samples submitted for biochemical analyses to

the diagnostic laboratory, but results were reported only if assays

were specifically requested by clinicians. Plasma DGGR-lipase activity

thus was measured regardless of clinicians' suspicion of pancreatic

disease and only on plasma left over after all requested analyses were

performed. The reference interval for DGGR-lipase activity (25–

180 U/L) was previously established in-house using samples from

67 healthy adult dogs. Activities of DGGR-lipase were categorized

into lipase Grade 1 (≤3� upper reference limit [URL]; ≤540 U/L),

lipase Grade 2 (3–10 � URL; 541–1800 U/L), lipase Grade 3 (10–

30 � URL; 1801–5400 U/L), and lipase Grade 4 (>30 � URL;

>5400 U/L). For in-hospital DGGR-lipase activities, the maximum of

DGGR-lipase measurements excluding the initial admission measure-

ment was used for data analysis.

Plasma creatinine concentrations were measured on the same

chemistry analyzer using a commercial enzymatic kit (CREP2, Ref.

03263991, Roche Diagnostics, Basel, Switzerland). All analyses were

performed on heparinized plasma samples. Grading of AKI was per-

formed at admission as well as during hospitalization for each dog

according to guidelines of the International Renal Interest Society

(IRIS; http://www.iris-kidney.com, last accessed July 2022), and dogs

were grouped into mild to moderate AKI (IRIS Grades 1–3) or severe

AKI (IRIS Grades 4–5). For data analysis, in-hospital IRIS grades corre-

sponded to the maximum IRIS grade measured at any time point

including the initial admission IRIS grade. Causes of AKI were grouped

into infectious and noninfectious etiologies.

The study design was approved by the hospital board, and signed

owner consent for the use of medical data and surplus samples for

research was obtained for all dogs.

2.1 | Statistical analysis

Data analysis was performed using commercial software (MedCalc

Statistical Software version 20.011, MedCalc Software Ltd, Ostend,

Belgium; https://www.medcalc.org; 2022) and, for Fisher's exact

tests, online statistical software (http://vassarstats.net/ and https://

astatsa.com/FisherTest/ last accessed October 2022). Data were ana-

lyzed for normality using Shapiro-Wilk tests and by examining normal-

ity plots. Because most data were not normally distributed,

nonparametric analyses were performed. Continuous variables were

reported as median, range and interquartile range (IQR), and differ-

ences between groups were analyzed using Mann-Whitney tests. Cat-

egorical variables were reported as numbers and percentages, and the

differences between groups were analyzed using chi-squared or

Fisher's exact tests, where appropriate. Wilcoxon's signed rank tests

were used for comparisons between DGGR-lipase activity at admis-

sion and during hospitalization. Spearman's rank was used to assess

the correlation between DGGR-lipase activity and plasma creatinine

concentrations. Odds ratios for 30-day survival were calculated for

dogs in different IRIS groups and for dogs with different lipase grades

during hospitalization. Statistical significance was set at P < .05.

3 | RESULTS

3.1 | Animals

An initial 136 dogs met the inclusion criteria. Dogs were excluded for

a prior history of pancreatitis (n = 3), a primary diagnosis of AP at

admission (n = 5), and insufficient data in the medical records (n = 3).

The final dataset therefore consisted of 125 dogs (Figure 1). Dogs

considered to have primary AP at admission all were presented with

severe clinical signs and imaging findings consistent with AP but only

mild to moderate AKI, except for 1 dog with diabetic ketoacidosis, AP

and severe AKI. Dogs represented 58 breeds, the most common being

mixed breed (22/125; 17.6%), Labrador Retriever (17/125; 13.6%),

and Malinois (5/125; 4%), with <5 each of other breeds. The median

age was 5.8 years (range, 0.2–18.6; IQR, 2.9–9.6). There were

62 females (40 spayed) and 63 males (26 neutered).

The cause of AKI was unknown (29/125; 23.2%), leptospirosis

(23/125; 18.4%), intoxication (14/125; 11.2%), pyelonephritis

(13/125; 10.4%), sepsis (8/125; 6.4%), postoperative AKI (6/125;

4.8%), and ≤ 5 cases of other etiologies (including glomerulonephritis,

neoplasia, heat stroke, immune-mediated disease, cardiovascular dis-

orders, borreliosis, babesiosis, snake bite, liver failure, leishmaniosis,

and AKI secondary to ureteral obstruction). There were 74/125 dogs

(59.2%) in the noninfectious and 51/125 dogs (40.8%) in the infec-

tious etiology group. Eleven dogs (8.8%) had a diagnosis of secondary

or concurrent AP at the time of admission.

3.2 | Admission DGGR-lipase activities and plasma
creatinine concentrations

At admission, DGGR-lipase activity ranged from 13 to 13 788 U/L

(Table 1). The DGGR-lipase activity was ≤3 � URL (lipase Grade 1) in

89/125 (71.2%) dogs. Hyperlipasemia >3 � URL was present in

36/125 (28.8%) dogs; consisting of 25/125 (20.0%) dogs with lipase

Grade 2 (3–10 � URL), 10/125 (8.0%) dogs with lipase Grade 3 (10–

30 � URL), and 1 dog with lipase Grade 4 (>30 � URL).

Plasma creatinine concentrations at admission ranged from 0.49 to

19.75 mg/dL (43–1746 μmol/L; median, 5.38 mg/dL [476 μmol/L]; IQR,

3.25–8.46 mg/dL [287–748 μmol/L]), with 13/125 dogs (10%) classified

as IRIS Grade 1, 15/125 (12%) as Grade 2, 26/125 (21%) as Grade

3, 50/125 (40%) as Grade 4, and 21/125 (17%) as Grade 5. A significant

difference was found (P = .03) in admission DGGR-lipase activity

between dogs in admission IRIS 1–3 and those in admission IRIS 4–5
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groups (Table 1). However, the correlation between admission DGGR-

lipase activity and admission plasma creatinine concentration was poor

(rs = .22; 95% confidence intervals [CI], .04–.38). No significant difference

(P = .22) was found in admission DGGR-lipase activities between dogs

with infectious and those with noninfectious causes of AKI (Table 1).

3.3 | Duration of hospitalization and follow-up to
discharge

The duration of hospitalization ranged from 1 to 26 days (median,

6 days; IQR, 3–10 days). Dogs survived to discharge in 82/125 cases

(65.6%). These were 64/89 (71.9%) dogs with DGGR-lipase Grade

1, 14/25 (56%) dogs with Grade 2, and 4/10 (40%) with Grade 3. The

only dog admitted with lipase Grade 4 died within 24 hours of admis-

sion. Median admission DGGR-lipase activity was significantly higher

(P = .02) in nonsurvivors than in survivors (Table 1).

3.4 | Subsequent DGGR-lipase measurements

One-hundred six dogs had at least 1 DGGR-lipase activity measure-

ment during hospitalization after the initial admission measurement.

Of these, data for 5 dogs receiving plasma exchange were excluded

(Figure 1). The remaining 19/125 dogs either died or were discharged

without subsequent measurements of DGGR-lipase activity. For the

101 dogs included with in-hospital measurements, the median number

of measurements after admission DGGR-lipase activity was 3 (IQR, 2–

6.5 measurements). A total of 56/101 dogs (55.4%) had hyperlipase-

mia >3 � URL on at least 1 subsequent measurement, including

33/101 (32.7%) dogs with DGGR-lipase activity >10 � URL, and

17/101 (16.8%) dogs with DGGR-lipase activity >30 � URL. Admis-

sion DGGR-lipase activity was significantly (P < .001) lower than in-

hospital activity (Table 2). The maximum of all DGGR-lipase activities

measured occurred at admission in 20/101 (19.8%) dogs, of which

3 dogs were in the HD group, and subsequently in 80/101 (79.2%)

dogs; in 1 dog, admission and in-hospital DGGR-lipase activities were

the same. Likewise, the in-hospital lipase grades were significantly

higher than admission grades (P = .005), whereby lipase increased by

at least 1 grade from admission in 49/101 (48.5%) dogs but decreased

in only 7/101 (6.9%) dogs (Figure 2). Median time for DGGR-lipase

Eligible dogs
(n=136)

Included dogs
(n=125)

Excluded dogs (n=11)
• History of AP (n=3)
• Primary AP at admission (n=5)
• Insufficient medical records (n=3)

Admission IRIS grade 1–3
(n=54)

Admission IRIS grade 4–5
(n=71)

Admission DGGR-lipase 
≤3x URL (n=42)

Admission DGGR-lipase 
≤3x URL (n=47)

Admission DGGR-lipase 
>3x URL (n=12)

Admission DGGR-lipase 
>3x URL (n=24)

In-hospital  
DGGR-lipase 

≤3x URL (n=24)

In-hospital  
DGGR-lipase 

>3x URL (n=6)

In-hospital  
DGGR-lipase 
≤3x URL (n=5)

In-hospital  
DGGR-lipase 

>3x URL (n=4)

Excluded (plasma 
exchange; n=2)

Subsequent 
measurement 

(n=32)

Subsequent 
measurement

(n=10)

In-hospital  
DGGR-lipase 

≤3x URL (n=14)

In-hospital  
DGGR-lipase 

>3x URL (n=29)

In-hospital  
DGGR-lipase 
≤3x URL (n=2)

In-hospital  
DGGR-lipase 

>3x URL (n=17)

Subsequent 
measurement

(n=45)

Subsequent 
measurement

(n=19)

Excluded (plasma 
exchange; n=1)

Excluded (plasma 
exchange; n=2)

F IGURE 1 Flow diagram of dogs with acute kidney injury stratified by IRIS grades at admission, with admission and in-hospital DGGR-lipase
activities. AP, acute pancreatitis; DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester; IQR, interquartile range; IRIS,
International Renal Interest Society; URL, upper reference limit.

TABLE 1 DGGR-lipase activities at admission in 125 dogs with
acute kidney injury.

Dog groups n (%)
DGGR-lipase activity (U/L),
median (Min; IQR; Max)

All dogs 125 (100%) 177 (13; 82–674; 13 788)

Admission IRIS Grades 1–3 54 (43.2%) 146 (13; 64–424; 5116)*

Admission IRIS Grades 4–5 71 (56.8%) 240 (17; 93–801; 13 788)*

Noninfectious causes

of AKI

74 (59.2%) 149 (29; 78–507; 13 788)

Infectious causes of AKI 51 (40.8%) 249 (13; 86–789; 5116)

Survival to discharge 82 (65.6%) 144 (13; 79–484; 5116)†

Nonsurvival to discharge 43 (34.4%) 268 (17; 114–880; 13 788)†

Note: The same superscript symbols denote data that differed

significantly.

Abbreviations: DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-
methyresorufin) ester; IQR, interquartile range; IRIS, International Renal

Interest Society.
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activity to peak was 2.7 days after admission (IQR, 0.6–4.7 days). In

total, 33/101 (32.7%) dogs received HD and 68/101 (65.3%) did not.

The highest in-hospital DGGR-lipase activity was measured after initi-

ation of HD in 31/33 (94%) dogs undergoing HD.

A significant difference was found in in-hospital DGGR-lipase

activity between dogs with in-hospital IRIS Grades 1–3 and those

with IRIS Grades 4–5 (P < .001). However, no difference was found in

admission DGGR-lipase activity between dogs with in-hospital IRIS

Grades 1–3 compared to those with IRIS Grades 4–5 (P = .16;

Table 2).

Between dogs treated with and without HD, no difference was

found in admission DGGR-lipase activity (P = .44) or lipase grades

(P = .36), but a significant difference was found in in-hospital DGGR-

lipase activity (P = .01; Table 2) and grades (P = .01; Table 3). No dif-

ference was found in in-hospital DGGR-lipase grade (Table 3) or activ-

ity (P = .21 for IRIS Grades 1–3 and P = .41 for IRIS Grades 4–5)

between dogs treated with or without HD within each of the 2 in-

hospital IRIS groups evaluated separately.

A clinical diagnosis of concurrent AP at admission was made in

7/101 (6.9%) dogs, including 3/21 and 4/7 dogs with admission lipase

Grades of 2 and 3, respectively. During hospitalization, AP developed

in an additional 15/101 (14.9%) dogs, which were 1/45, 3/23, 3/16

and 8/17 dogs with in-hospital lipase Grades 1, 2, 3, and

4, respectively.

No difference was found between either admission (P = .42) or

in-hospital (P = .2) lipase grades in dogs with an infectious and those

with a noninfectious etiology of AKI.

3.5 | Outcome

The 30-day outcome for dogs with at least 1 in-hospital DGGR-lipase

measurement was available in 94 dogs, of which 38 (40.4%) died

within 30 days of admission (Table 2). The DGGR-lipase activity both

at admission (P = .02) and during hospitalization (P = .003) was signif-

icantly associated with 30-day outcome (Table 2). Lipase grades also

differed significantly during hospitalization (P = .002) but not at

admission (P = .08) between survivors and nonsurvivors at 30 days

(Figure 3), whereby 53/77 (68.8%) dogs with in-hospital lipase grades

of 1, 2, or 3 survived compared to only 3/17 (17.6%) dogs with an in-

hospital lipase Grade 4.

In addition, significantly longer 30-day survival (P = .03) was

found in dogs with in-hospital IRIS Grades 1–3 compared to IRIS

Grades 4–5, whereby 25/33 (75.8%) and 31/61 (50.8%) survived,

respectively (Figure 4). The odds ratio for death within 30 days was

3.0 (95% CI, 1.2–7.8) for dogs with in-hospital IRIS Grades 4–5 com-

pared to those with in-hospital IRIS Grades 1–3 (P = .02). The odds

ratio for death within 30 days was 10.3 (95% CI, 2.7–39.2) for dogs

TABLE 2 DGGR-lipase activity at admission and during hospitalization in 101 dogs with acute kidney injury, for which repeated lipase
measurements were performed.

Dog groups n (%)

DGGR-lipase activity (U/L), median (Min; IQR; Max)

Admission In hospital

All dogs 101 (100%) 151 (13; 82–632; 5186)* 854 (25; 195–2511; 19 857)*

In-hospital IRIS Grades 1–3 36 (35.6%) 136 (13; 66–510; 3911) 239 (46; 126–543; 18 441)†

In-hospital IRIS Grades 4–5 65 (64.4%) 224 (17; 87–412; 5186) 1474 (25; 452–4382; 19 857)†

No hemodialysis 68 (67.3%) 183 (13; 82–712; 5186) 351 (25; 157–2052; 18 441)‡

Hemodialysis 33 (32.7%) 133 (40; 82–394; 4218) 1415 (49; 700–4789; 19 857)‡

Survival (30 days) 56 (59.6%) 132 (13; 79–419; 4183)† 768 (25; 163–1743; 8323)§

Nonsurvival (30 days) 38 (40.4%) 347 (17; 111–882; 5186)† 1709 (53; 395–8295; 19 857)§

Note: Survival data were available for 94 dogs. The same superscript symbols denote values with a significant difference.

Abbreviations: DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester; IQR, interquartile range; IRIS, International Renal Interest

Society.

F IGURE 2 DGGR-lipase grades at admission compared to grades
during hospitalization in 101 dogs with acute kidney injury. Grade
1, DGGR-lipase activity ≤3 � URL (upper reference limit); Grade
2, 3–10 � URL; Grade 3, 10–30 � URL; Grade 4, >30 � URL. DGGR,
1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester.
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with in-hospital lipase Grade 4 compared to dogs with other grades

(P < .001). When evaluating only dogs within the in-hospital IRIS 4–5

group, the odds ratio for death within 30 days was 9.7 (95% CI, 1.9–

48.3; P = .01) for dogs with in-hospital lipase of Grade 4 compared to

dogs with lipase Grades 1–3 (Figure 4).

For dogs undergoing HD, 18/33 (54.5%) survived to 30 days. Of

these, only 1 dog had a plasma creatinine concentration >5 mg/dL

(>442 μmol/L) and thus would have been considered dialysis-

dependent at 30 days,15 although dialysis was not continued at the

owner's request.

Necropsies were performed in 9 dogs, with no signs of gross or

microscopic pancreatic abnormalities in 6, of which 3 had an

in-hospital DGGR-lipase Grade 1, 2 had Grade 2, and 1 had Grade 3;

none of these were considered clinically to have AP. The 3 remaining

dogs had a clinical diagnosis of AP during hospitalization, all with in-

hospital lipases of Grade 4, including the dog with the highest mea-

sured DGGR-lipase activity of the study population. Histopathological

examination of the pancreas determined that 1 of these dogs had

extensive necrosis of peripancreatic fat and 1 dog had a grossly nodu-

lar pancreas, but no histopathological abnormalities of the pancreas

itself were found in either. The last dog had histologic evidence of

mild interstitial edema but no inflammation or parenchymal changes

were observed.

4 | DISCUSSION

In our study, hyperlipasemia >3 � URL at admission and during hospi-

talization was found in 28.8% and 55.4%, respectively, of dogs pre-

senting with AKI, and was associated with both high IRIS grade and a

TABLE 3 Grades of DGGR-lipase activity during hospitalization in 101 dogs treated with and without hemodialysis for acute kidney injury,
stratified by in-hospital IRIS Grades 1–3 versus IRIS Grades 4–5.

Dog groups Groups

DGGR-lipase activity grades (n)

PGrade 1 Grade 2 Grade 3 Grade 4

All dogs No hemodialysis 38 11 10 9 .01

Hemodialysis 7 12 6 8

In-hospital IRIS Grades 1–3 No hemodialysis 26 5 1 3 .99

Hemodialysis 1 0 0 0

In-hospital IRIS Grades 4–5 No hemodialysis 12 6 9 6 .18

Hemodialysis 6 12 6 8

Note: Grade 1, DGGR-lipase activity ≤3 � URL (upper reference limit); Grade 2, 3–10 � URL; Grade 3, 10–30 � URL; Grade 4, >30 � URL.

Abbreviations: DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester; IQR, interquartile range; IRIS, International Renal Interest

Society.

F IGURE 3 30-Days outcome in 94 dogs with acute kidney injury and different grades of DGGR-lipase activities, (A) at admission, and
(B) during hospitalization. Lipase Grade 1, DGGR-lipase activity ≤3 � URL (upper reference limit); Grade 2, 3–10 � URL; Grade 3, 10–30 � URL;
Grade 4, >30 � URL. DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester.
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negative outcome. To our knowledge, ours is the first study to exam-

ine the prevalence and development of hyperlipasemia, measured by

the DGGR-lipase assay, in dogs with AKI both with and without HD

treatment.

We found prevalences of hyperlipasemia in dogs with AKI similar

to those reported in a previous study, which described cPL concentra-

tions ≥400 μg/L in 62% of 53 dogs with AKI undergoing intermittent

HD.15 However, cPL concentrations in that previous study were mea-

sured at any time within 7 days before or after admission, and an

association with either HD treatment or admission IRIS grades there-

fore cannot be inferred. Moreover, cPL concentrations were mea-

sured at the request of clinicians in the latter study, presumably

because AP was suspected, but DGGR-lipase was measured in our

study regardless of clinicians' suspected diagnoses. Similarly, another

study found cPL concentrations ≥400 μg/L either at admission or

within the first 8 days of hospitalization in 71% of 28 dogs with AKI

of IRIS Grades 3–5 not undergoing HD.14 Lipase activity also was

measured in that study and reported to be significantly higher in dogs

with AKI compared to healthy control dogs, but neither the assay

method nor the prevalence of increased lipase activity were disclosed.

Authors of both studies apparently interpreted increased cPL concen-

trations as evidence for pancreatitis,14,15 without describing what

other clinical data were used to support the diagnosis, despite cPL

being reported to be increased in many extrapancreatic diseases,

including gastrointestinal,32-34 infectious,11,12 and endocrine

disease,35 among others. In our study, a clinical diagnosis of AP was

only made in 8.8% and 14.9% of dogs at admission and during hospi-

talization, respectively, which is similar to previous studies in dogs

that reported concurrent pancreatitis in 15%2 and 14%4 of dogs pre-

senting with AKI treated with and without HD, respectively, but

somewhat lower than 2 studies describing AP in 22%3 and 34%1 of

dogs with AKI and AKI/CKD, respectively. However, a diagnosis of AP

in the face of AKI is challenging because clinical signs overlap and may

be concealed by the administration of antiemetics and analgesics.

Additionally, the suboptimal sensitivity of abdominal ultrasound exam-

ination limits its use as a diagnostic tool and, at our institution, ultra-

sound examination is rarely repeated in these patients during

hospitalization after an initial examination unless clinical signs change

substantially during hospitalization. The true prevalence of AP there-

fore may have been underestimated in our study, particularly because

ultrasonographic changes in AP may occur after the onset of clinical

signs.36 Moreover, because results of DGGR-lipase activity were not

reported unless the measurement was specifically requested, clini-

cians often were blinded to results, which may otherwise have

increased the prevalence of a clinical diagnosis of AP. Because histo-

pathological examination of the pancreas only rarely was performed

postmortem, the extent to which increased DGGR-lipase activity was

a consequence of AP in our study is not known. In people undergoing

HD for CKD or end-stage kidney disease, increased pancreatic

enzyme activities are reported in up to 80% of cases, but only occa-

sionally exceed 3–5 � URL and rarely surpass 10 � URL.22,28,37,38

Many of these studies found hyperlipasemia in the absence of clinical

evidence of AP,22,28,38 supporting our findings.

We observed a significant increase in DGGR-lipase activity during

hospitalization compared to admission, which was >3 � URL in 55%

of dogs. Moreover, DGGR-lipase activity was markedly increased

(>10 � URL) in 33% of dogs during hospitalization but in only 8% of

dogs at admission. This prevalence of in-hospital increases in DGGR-

lipase activity was higher than the 23% previously reported in dogs

presenting with critical illness of any cause, which included dogs pre-

senting with primary AP.16 Kidney disease was the most frequent

diagnosis in dogs with in-hospital DGGR-lipase increases in that study,

F IGURE 4 30-Days outcome in dogs with (A) IRIS Grades 1–3 (n = 33) and (B) IRIS Grades 4–5 (n = 61) and different grades of in-hospital
DGGR-lipase activity. Lipase Grade 1, DGGR-lipase activity ≤3 � URL (upper reference limit); Grade 2, 3–10 � URL; Grade 3, 10–30 � URL;
Grade 4, >30 � URL. DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(60-methyresorufin) ester; IRIS, International Renal Interest Society.
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and of dogs with kidney disease, approximately one-third had hyperli-

pasemia >3 � URL at admission and half had significant increases dur-

ing hospitalization, paralleling our findings.

We found that high DGGR-lipase activity at admission and partic-

ularly during hospitalization was associated with high IRIS grades,

although correlation of DGGR-lipase activity and plasma creatinine

concentrations at admission was poor. One previous study in dogs, in

which cPL concentrations ≥400 μg/L were measured within 1–8 days

of admission in 71% of 28 dogs with IRIS Grades 3–5, found a positive

correlation between cPL and plasma creatinine concentrations, which

was interpreted as evidence of predisposition to AP in dogs with

severe AKI.14 However, dogs with AKI were compared to healthy con-

trols and the extent to which the severity of AKI was associated with

increased cPL concentrations was not evaluated. Moreover, most

other studies showed poor correlation between plasma creatinine

concentrations and either DGGR-lipase activity or cPL concentrations

in dogs.17,18

We measured higher DGGR-lipase activity during hospitalization

in dogs receiving HD treatment compared to those treated conserva-

tively. However, no difference was found in DGGR-lipase activity

between the treatment groups when evaluated separately in dogs

with IRIS Grade 1–3 or IRIS Grade 4–5, respectively. This finding sug-

gests that only the severity of AKI but not treatment modality itself

was associated with high DGGR-lipase activity. However, only 1 dog

in the IRIS 1–3 group underwent HD, and thus statistical analysis

within this IRIS group was likely underpowered, potentially leading to

type II statistical error. The only previous study evaluating lipase in

dogs undergoing intermittent HD found no association between cPL

≥400 μg/L and dialysis-dependency at 30 days, but it is not clear from

the study design how many measurements were performed before or

after HD, and thus the relationship between cPL and HD itself cannot

be evaluated.15 Only 1 dog in our study would have been considered

dialysis-dependent at 30 days, and thus evaluation of any association

between hyperlipasemia and 30-day dialysis dependency was not pos-

sible. Similarly, in a study of uremic people, 80% were found to have

hyperlipasemia with higher enzyme activity in patients with more

severe kidney impairment, but no difference was found between pre-

dialysis and postdialysis activities.28

In some studies in human medicine, however, an increase in post-

dialysis lipase activity was found when heparin was used as an antico-

agulant for HD,26 likely because of heparin-induced release of

lipoprotein lipase or hepatic lipase or both. In cats and dogs, the use

of heparin also leads to increases of DGGR-lipase activity, but these

were short-lived (<20 minutes) and of minimal magnitude with a

median increase from 49.8 to 54.1 U/L in dogs.39 Because we use cit-

rate or a mixture of citrate and heparin as anticoagulant at our institu-

tion and previously reported heparin-induced increases in lipase were

minimal compared to the increases we observed during hospitaliza-

tion, heparin-induced release of nonpancreatic lipases was unlikely to

be a clinically relevant factor affecting lipase activity in our study.

Previous studies have reported increased lipase activity or cPL

concentrations in dogs with a variety of infectious disorders, including

ehrlichiosis, babesiosis, and parvovirosis.11,12,32 Infectious disease

therefore may have contributed to hyperlipasemia in some dogs in

our study, but we found no difference in DGGR-lipase activity

between dogs with and without an infectious cause of AKI. However,

not all dogs were tested for all possible infectious agents, and there-

fore some underlying infectious etiologies may have been missed.

Overall survival (66% to discharge and 60% to 30 days) was simi-

lar to or higher than that previously reported for dogs with AKI both

with and without HD, which ranges from 27% to 76%.2,3,14,15,40,41

However, survival was defined differently among studies, and some

studies only included dogs undergoing HD whereas others only evalu-

ated dogs not treated by HD. In addition, some studies enrolled only

dogs with IRIS Grades of ≥3. Thus, direct comparison among studies is

difficult. Additionally, we found that hyperlipasemia was associated

with lower survival to discharge and at 30 days after admission. More-

over, only 18% of dogs with severe in-hospital hyperlipasemia

(>30 � URL) survived to 30 days, representing an >10� higher odds

of negative outcome compared to lower lipase grades. Although nega-

tive outcome at 30 days also was associated with IRIS grades, as pre-

viously described,1 extremely high in-hospital DGGR-lipase activity

was associated with poor outcome for dogs within IRIS groups 4–5.

This observation suggests that severe hyperlipasemia may be an inde-

pendent predictor of survival in dogs with severe AKI, rather than

merely mirroring IRIS grades. Similarly, DGGR-lipase activity was sig-

nificantly higher in nonsurvivors in a study of 100 dogs with

AKI/CKD.1

Our study had some limitations. The timing and frequency of

measurements of DGGR-lipase was not standardized and assays were

performed only if clinicians submitted samples for biochemical ana-

lyses, presumably to monitor patient progress. Dogs with higher IRIS

grades and those receiving HD thus were more likely to have frequent

samples analyzed than those in lower IRIS grades or those not receiv-

ing HD. Because only the maximum measured DGGR-lipase after

admission was used for data analysis of in-hospital lipase activity, this

design feature may have favored increased DGGR-lipase activity in

these dogs, because peak lipase activity would more easily be found.

Likewise, the maximum of in-hospital measurements was compared to

a single analysis at admission, favoring higher measurements during

hospitalization compared to admission. Additionally, the decision to

perform HD was not only based on medical indication but also on

owner financial constraints and ethical perceptions. Therefore, not all

dogs for which HD was considered medically indicated subsequently

were treated with HD. Furthermore, the review of medical records to

determine whether dogs were considered to have concurrent AP or

AP developing during hospitalization may have been biased by a lack

of standardized criteria for a diagnosis of AP. Lastly, only few nonsur-

vivors underwent necropsy examination. For these reasons, the

degree to which hyperlipasemia reflected AP in our study remains

unclear.

In conclusion, hyperlipasemia, including severe hyperlipasemia, was

frequent in dogs with AKI at admission and during hospitalization, despite

only a minority being considered clinically to have AP. Hyperlipasemia

was associated with the severity of AKI but was not independently asso-

ciated with HD treatment. Extreme hyperlipasemia (>30 � URL) was
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associated with increased odds of all-cause mortality at 30 days. Addi-

tional studies are needed to evaluate the underlying causes for marked

hyperlipasemia in dogs with AKI and to assess the extent to which clini-

cally relevant AP is a contributing factor.
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