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Background: b-hydroxybutyrate (BOHB) concentrations have not been quantified in dogs with acute pancreatitis (AP).

Objective: The aim of this study was to investigate BOHB concentrations in dogs with AP.

Animals: A total of 154 client-owned dogs without DM.

Methods: Prospective clinical study. Dogs were enrolled into 1 of 3 groups: AP, sick without an AP diagnosis, or fasted.

Dogs were diagnosed with AP (44) if they had vomiting or anorexia, and either ultrasonographic findings consistent with AP

or increased pancreatic lipase. Sick dogs without AP (68) had vomiting or anorexia but a diagnosis of AP was either not sus-

pected or was excluded based on ultrasonographic findings or a normal pancreatic lipase. Dogs without anorexia or vomiting

that were fasted for over 10 hours for a procedure were also enrolled (42). BOHB was measured on whole blood with a por-

table ketone meter. The Kruskal-Wallis test was performed to compare BOHB in the 3 groups. Pair-wise comparisons were

performed using the Mann-Whitney test and Bonferroni corrected P-values are reported.

Results: Median BOHB concentration was significantly higher in dogs with AP (0.3 mmol/L, range 0–2.9 mmol/L)

compared to sick dogs without AP (0.20 mmol/L, range 0–0.9 mmol/L, P = .007) and fasted dogs (0.1 mmol/L, range

0–0.4 mmol/L, P = .0001). Median BOHB concentration was significantly higher in sick dogs without AP compared to fasted

dogs (P = .0002).

Conclusions and clinical importance: In dogs without DM, BOHB is significantly higher in dogs with AP compared to

other dogs. The diagnostic utility of this finding remains to be investigated.
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Diabetic ketoacidosis (DKA) is a life threatening
diabetic complication characterized by excess

b-hydroxybutyrate (BOHB) production. Many dogs with
DKA also have acute pancreatitis (AP), and in humans,
AP is characterized by excess BOHB production.1–3 If
dogs with AP have excess BOHB production, it may be
difficult to determine the cause of increased BOHB con-
centration in dogs that have concurrent DKA and AP.

The pathogenesis of ketonemia in humans with AP is
incompletely understood. One explanation is that excess
alcohol consumption can cause both ketonemia and
AP. However, ketonemia occurs in humans with AP
that have not consumed excess alcohol.2,3 Another
explanation is that markedly increased pancreatic lipase
(PL) results in peripancreatic or systemic lipolysis,
which leads to ketone production.2 Anorexia, vomiting
and dehydration, all common clinical sign in AP, can

also contribute to ketone synthesis.3 Finally, in human
beings without DM, AP is associated with insulin resis-
tance, which can promote lipolysis and ketonemia.4

Increased BOHB concentrations in humans occur in
non-pancreatic disorders in association with starvation
(especially in pregnancy), persistent hypoglycemia,
hyperthyroidism, low carbohydrate and high protein
diets, toxicities (salicylate, isopropyl alcohol, isoniazid),
inborn errors of metabolism and sepsis.5–9 In dogs,
BOHB concentrations are increased with DKA, diabetic
ketosis without acidosis, well-regulated DM, inflamma-
tory bowel disease and in dogs fed diets with high dia-
cylglycerol or medium chain triacylglyceride.10–16

A total of 41% of dogs with DKA have concurrent
AP.1 Therefore, an investigation into whether AP alone
can cause increased BOHB concentrations is of interest. If
AP causes an increase in BOHB, then dogs with DM and
concurrent AP could be misdiagnosed with diabetic keto-
sis or DKA when the reason for the ketosis is actually AP.

Point-of-care ketone meters are inexpensive and are
quick and easy to use. Their use has been validated in
dogs with DKA, and whole blood BOHB concentra-
tions measured with a point-of-care ketone meter have
been shown to be well correlated with measurements
obtained with a biochemical analyzer.10–12

The goal of this study was therefore to determine
whether dogs with AP and without diabetes mellitus
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(DM) have higher point-of-care ketone meter measured
BOHB concentrations compared to other sick or fasted
dogs without DM.

Materials and Methods

A prospective clinical study was performed. Dogs with anorexia

or vomiting were enrolled in the study from the population of cli-

ent-owned dogs examined at the Matthew J. Ryan Veterinary

Hospital of the University of Pennsylvania between July 2013 and

November 2014. Dogs were classified into 1 of 3 study groups.

The first group comprised dogs with anorexia or vomiting and a

diagnosis of AP. The second group included dogs with anorexia or

vomiting in which a diagnosis of AP was excluded or not sus-

pected by the attending clinician. The third study group included

dogs that were fasted for at least 10 hours and had no anorexia or

vomiting. These dogs were fasted for the purpose of performing a

diagnostic test, surgery or dental care.

Inclusion criteria for dogs that were classified as having AP

were clinical signs consistent with the disease (anorexia or vomit-

ing), and ultrasonographic findings suggestive of AP or high PL

measured either as an abnormal SNAP cPL or as pancreatic lipase

immunoreactivity (PLI) >400 mcg/L.a,b

Ultrasonographic reports finalized by a radiologist who is board

certified by the American College of Veterinary Radiology, were

reviewed and pancreatic ultrasonographic findings were recorded.

Ultrasonographic findings were defined as suggestive of AP if dogs

had at least 2 of the 4 following ultrasonographic changes:

enlarged pancreas, heteroechoic pancreas, hypoechoic pancreas or

hyperechoic peripancreatic mesentery.

Inclusion criteria for enrolment into the sick group of dogs

without a diagnosis of AP were clinical signs of anorexia or vomit-

ing. Dogs with anorexia or vomiting were chosen for this compar-

ison group, because their clinical signs are similar to those

exhibited by dogs with AP. In addition, a diagnosis of AP was

either not suspected by the attending clinician or excluded based

on PL measurement or abdominal ultrasound findings. PL mea-

surements were defined as inconsistent with a diagnosis of AP, if

SNAP cPL was normal or if PLI was <200 mcg/L.a,b Ultrasono-

graphic findings were defined as inconsistent with a diagnosis of

AP if dogs had only one or none of the following 4 ultrasono-

graphic changes: enlarged pancreas, heteroechoic pancreas, hypoe-

choic pancreas or hyperechoic peripancreatic mesentery. The

decision whether to measure PL or have an abdominal ultrasound

performed was made by the attending clinician and not by the

authors. The final medical record diagnoses of sick dogs with vom-

iting or anorexia and no diagnosis of AP were recorded. Dogs

were enrolled into the fasted group if they were fasted for at least

10 hours and had no anorexia or vomiting.

Dogs were excluded from the study if they were <1 year old or

had DM. Dogs were also excluded if they had incidental ultra-

sonographic findings supportive of a diagnosis of AP, but did not

have clinical signs suggestive of the disease. Finally, dogs were

excluded if they were suspected of having AP, but PL was not

measured and an abdominal ultrasound was not performed.

A drop of whole venous blood, from a blood sample collected by

direct venipuncture for the purpose of other diagnostic testing, was

immediately used to measure BOHB using a point-of-care ketone

meter.c Dogs were not subjected to venipuncture solely for the pur-

pose of this study, and blood was used only if it was being drawn

for other diagnostic testing. The study protocol was approved by

the University of Pennsylvania Institutional Animal Care and Use

Committee, and owners gave consent for venipuncture for the pur-

pose of diagnostic testing suggested by the attending clinician. The

point-of-care ketone meter was operated in accordance with the

manufacturer’s recommendations except that venous rather than

capillary blood was used.17 The point-of-care ketone meter was

calibrated in accordance with the manufacturer’s instructions with

manufacturer-provided control solutions at the onset of the study

and each time a new box of 10 test strips was opened.17

Additional data including history, physical examination find-

ings, and laboratory and imaging test results were recorded when

available in the medical record. Duration of hospitalization, the

numbers of hours a dog had anorexia or fasting at the time BOHB

was measured, and outcome (survival to discharge from the hospi-

tal versus death) was also noted.

A power calculation was performed based on data reported in

another study which established a reference range of 0.02 to

0.15 mmol/L for serum BOHB based on measurements from 50

healthy dogs.10 Using this reference range and assuming a normal

distribution in which the reference range is two standard deviations

(SD) above and below the mean, it was calculated that mean serum

BOHB concentration in healthy dogs is 0.085 mmol/L and the SD is

0.032 mmol/L.10 It was also assumed that the SD of the BOHB con-

centrations measured on whole blood by the point-of-care ketone

meter would be similar to the SD of the BOHB concentrations mea-

sured on serum by a biochemical analyzer.10 Using these numbers,

the sample size required to detect a difference of at least 0.1 mmol/L

between BOHB concentrations measured in the 3 groups of dogs was

calculated. The smallest measurable unit in the ketone meter used is

0.1 mmol/L. The calculation with a power of 0.8 and type I error rate

of 0.05, resulted in a required sample size of 25 blood samples in each

group. However, additional samples from eligible dogs were analyzed

as they became available until the end of the allocated research time.

Whole blood venous BOHB concentrations were not normally

distributed as determined by the Shapiro-Wilks test, so the non-

parametric Kruskal-Wallis test was used for the initial comparison

of BOHB concentrations in the 3 groups, and the Mann-Whitney

test was performed for follow-up pair-wise comparisons if the P-

value of the Kruskal-Wallis test was <0.05. Each P-value was mul-

tiplied by 3 to get the Bonferroni corrected P-value and a P-value

<.05 was considered significant.

Spearman’s correlation was used to assess if there was an associ-

ation between BOHB concentration and duration of hospitalization

or hours fasted in all 154 study dogs. For dogs with AP and sick

dogs without a diagnosis of AP, Spearman’s correlation was also

used to assess associations between BOHB and total white blood

cell count, serum glucose, cholesterol, or lactate concentrations,

venous pH, body temperature, an overweight or obese body condi-

tion, and outcome. Several clinicopathologic parameters were

compared between the 3 groups using the Kruskal-Wallis test and

pair-wise comparisons using the Mann-Whitney test for groups that

were significantly different. These variables included age, body tem-

perature, duration of hospitalization, total white blood cell count,

alkaline phosphatase activity, venous pH, and concentrations of

serum glucose, alanine amino transferase, total bilirubin, choles-

terol, and lactate. Fisher’s exact test was used to assess if there was

a significant difference in outcome between the 3 groups. All statis-

tical analyses were performed using a statistical software package.d

Results

One hundred and fifty-four dogs were enrolled in the
study: 68 sick dogs without a diagnosis of AP, 44 dogs
with AP, and 42 fasted dogs. Median BOHB concentra-
tion was significantly higher in dogs with AP (0.3 mmol/
L, range 0–2.9 mmol/L) compared to sick dogs without a
diagnosis of AP (0.2 mmol/L, range 0–0.9 mmol/L,
P = .007) and compared to fasted dogs (0.1 mmol/L,
range 0–0.4 mmol/L P = .0001, Fig 1). Median BOHB
concentration was also significantly higher in sick dogs
without a diagnosis of AP compared to fasted dogs
(P = .0002). When 154 study dogs were analyzed
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together, a weak but significant association was detected
between a longer duration of hospitalization and
increased BOHB concentration (P = .0044, r = 0.22).

The highest concentration of BOHB measured in the
fasted group was 0.4 mmol/L. Ten dogs (23%) with a
diagnosis of AP had a BOHB concentration
>0.4 mmol/L, while only 5 dogs (7%) of sick dogs
without a diagnosis of AP had a BOHB concentration
>0.4 mmol/L. Only one study dog had a BOHB
concentration >2.0 mmol/L, and this dog was in the AP
group (BOHB concentration was 2.9 mmol/L).

No significant associations were found between BOHB
concentrations and hours fasted, overweight or obese
body condition, body temperature, or outcome. White

blood cell count, venous pH, and concentrations of glu-
cose, lactate, and cholesterol were also not associated
with BOHB concentration in dogs with AP or sick dogs
without a diagnosis of AP. However, in comparison to
fasted dogs, dogs with AP and sick dogs without a diag-
nosis of AP had significantly higher body temperature,
significantly higher white blood cell counts, significantly
longer duration of hospitalization, significantly worse
outcome, significantly higher alanine aminotransferase
activity, significantly higher total bilirubin concentration,
and significantly higher alkaline phosphatase activity
compared to fasted dogs (Tables 1 and 2). None of these
values were significantly different when comparing dogs
with AP to sick dogs without a diagnosis of AP. How-
ever, dogs with AP were significantly older than sick dogs
without a diagnosis of AP (Table 1). Venous pH and con-
centrations of lactate, cholesterol and glucose were not
significantly different between any of the groups of dogs.

The diagnosis of AP was based on clinical signs and
ultrasound findings in 24 of 44 dogs (54%), clinical signs
and abnormal SNAP cPL in 10 of 44 dogs (23%), clini-
cal signs, ultrasound findings, and PLI of 1000 mcg/L in
4 of 44 dogs (9%), clinical signs, ultrasound findings,
and abnormal SNAP cPL in 3 of 44 dogs (7%), and
clinical signs with PLI>400 mcg/L in 3 of 44 dogs (7%).
In 3 dogs with PLI>400 mcg/L, PLI concentrations were
493 mcg/L, 792 mcg/L, and 1000 mcg/L.

Two dogs in which BOHB was measured were
excluded from the study. Both were excluded because
they had incidental ultrasonographic findings supportive
of a diagnosis of AP but did not have clinical signs sug-
gestive of the disease. BOHB concentrations in these
dogs were 0.2 mmol/L and 0.3 mmol/L and one of
these dogs had pancreatic neoplasia.

Discussion

Median venous blood BOHB concentration was signif-
icantly higher in dogs with AP compared to sick dogs
without a diagnosis of AP and fasted dogs without vom-
iting or anorexia. However, from a clinical perspective,

Fig 1. Box and Whisker plot of Beta-hydroxybutyrate (BOHB)

concentrations in dogs with acute pancreatitis (AP), sick dogs

without AP (SD), and fasted dogs (FD). The line within the box

represents the median, the box represents the interquartile range,

whiskers represent the most extreme values within 1.5 of the

nearer quartile, and the single points represents an outlier. Median

BOHB concentration was significantly higher in dogs with AP

compared to sick dogs without a diagnosis of AP (P = .007) and

compared to fasted dogs (P = .0001). Median BOHB concentra-

tion was also significantly higher in sick dogs without a diagnosis

of AP compared to fasted dogs (P = .0002).

Table 1. Age, hours of anorexia or fasting, overweight or obese body condition, body temperature, duration of hos-
pitalization and survival to discharge in dogs with acute pancreatitis (AP), sick dogs without a diagnosis of AP, and
fasted dogs.

Age (years,

median range)

Hours of

anorexia

Overweight

or obese

body condition

Body temperature

(°F [°C],
median, range)

Duration of

hospitalization

(days, median range)

Survival to

discharge

Dogs with AP (44) 10 (1.4–15.2) 24 (5–120) 15 (34%) 101.6 [38.7]

98.6–103.9 [37.0–39.9]
2.5 (0–10) 36 (82%)

Sick dogs without

a diagnosis of AP (68)

7.3 (1.2–18.5) 22 (6–120) 21 (31%) 101.4 [38.6]

97.6–105 [36.4–40.6]
2.0 (0–10) 61 (90%)

Fasted dogs (42) 9 (1–15.2) 14 (10–48) 11 (26%) 101.0 [38.3]

98.6–102.8 [37–39.3]
1.0 (0–7) 42 (100%)

P-value* .041

.0091a
NA .679 .019

.012b

.009c

.0001

<.0001b

<.0001c

.008

.006b

.043c

aSignificantly different between dogs with AP and sick dogs without a diagnosis of AP.
bSignificantly different between dogs with AP and fasted dogs.
cSignificantly different between sick dogs without a diagnosis of AP and fasted dogs.
*P-value <.05 was considered significant
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the difference in median BOHB concentration between
the 3 groups of dogs was small (0.1 mmol/L). It is gener-
ally accepted that a BOHB concentration greater than or
equal to 2 mmol/L is consistent with a diagnosis of DKA
in dogs that also have hyperglycemia and acidemia.18,19

Therefore, an AP related increase of 0.1 mmol/L in the
concentration of BOHB is unlikely to contribute to a
false diagnosis of DKA in a dog with DM and AP. How-
ever, 10 dogs with AP (23%) had a BOHB concentration
>0.4 mmol/L, while only 5 sick dogs without a diagnosis
of AP (7%) had a BOHB concentration >0.4 mmol/L,
and none of the fasted dogs had a BOHB concentration
>0.4 mmol/L. While some dogs with AP can have a high
enough BOHB concentration to confound the diagnosis
of diabetic ketosis in a dog with concurrent DM it is unli-
kely that an increase in BOHB concentration alone
would prompt a false diagnosis of DKA. In order for a
diagnosis of DKA to be established, venous pH must be
low. However, median venous pH was normal in dogs
with AP and was not significantly different than median
venous pH in dogs without a diagnosis of AP. Future
studies in dogs with DKA or diabetic ketosis with and
without concurrent AP are indicated to further
investigate BOHB concentrations in dogs with these
comorbidities.

A weak association between BOHB concentration
and duration of hospitalization was identified in this
study, but the causality of this association is not

known. It is possible that prolonged hospitalization
reflects prolonged anorexia, which leads to an increase
in BOHB concentration. Conversely, it is possible that
dogs with higher BOHB concentration had a more
severe illness that resulted in prolonged hospitalization.
Future larger studies focusing on dogs with AP may be
able to determine if there is an association between the
severity of AP and BOHB concentration.

The point-of-care ketone meter was chosen for this
study because it is quick, easy, inexpensive, and conve-
nient, and has been shown to correlate well with the
gold standard biochemical analyzer in dogs.11,20 The
meter works by facilitating an enzymatic reaction in
which BOHB is the substrate, and an electric current
proportional to BOHB concentration is generated as
BOHB is metabolized.11

The main limitation of this study is that the diagnosis
and exclusion of AP were not definitive. Ideally, all
dogs diagnosed with AP would have had clinical signs
consistent with the disease, and ultrasonographic as well
as enzymatic evidence of AP. However, most of the dogs
diagnosed with AP had clinical signs consistent with the
disease, and either ultrasonographic findings consistent
with a diagnosis of AP or increased PL. Therefore, some
dogs could have been incorrectly diagnosed with AP.
While both the SNAP cPL and PLI can be useful for the
diagnosis of AP in dogs, some studies have reported
false-positive and false-negative test results.21–25 False-

Table 2. Comparison of selected clinicopathologic abnormalities in dogs with acute pancreatitis (AP), sick dogs
without a diagnosis of AP, and fasted dogs.

Variable

AP (44 dogs) Sick without AP (68 dogs) Fasted (42 dogs)

P-value*

Reference

rangeMedian Range Median Range Median Range

Serum Glucose

(mg/dL)

89 (n = 44) 45–154 90 (n = 68) 49–141 94 (n = 42) 75–134 .3 67–112

Cholesterol

(mg/dL)

233.5 (n = 36) 102–532 202.5 (n = 48) 65–461 219 (n = 33) 89–451 .3 128–317

Total Bilirubin

(mg/dL)

0.4 (n = 39) .1–22.1 0.3 (n = 54) 0.1–70.3 0.2 (n = 35) 0.1–0.8 .004

.05a

.0007b

.001c

0.1–0.5

Alanine

aminotransferase

(U/L)

75.5 (n = 42) 7–4352 75 (n = 56) 13–1616 43 (n = 37) 12–374 .02

.8a

.03b

.005c

16–91

Alkaline

phosphatase

(U/L)

251 (n = 42) 22–4248 147 (n = 54) 28–8414 68 (n = 37) 5–1187 .0001

.08a

<.0001b

.001c

20–155

Venous pH 7.4145 (n = 38) 7.2–7.645 7.402 (n = 49) 7.183–7.516 NA NA 0.7 7.35–7.45
Lactate (mmol/L) 1.7 (n = 35) 0.6–3.8 1.4 (n = 41) 0.2–4.8 NA NA 0.4 0–1.5
White blood cells

(9103/uL)

15.4 (n = 39) 4.88–34.3 14.4 (n = 54) 3.65–73.9 9.385 (n = 38) 5.44–32.7 .0001

.6a

.0001b

<.0001c

5.3–19.8

*The upper most P-value represents the value obtained when comparing all 3 groups with the Kruskal-Wallis test. The following 3

P-values (a, b, c) represent the Bonferroni corrected Mann-Whitney test for pair-wise comparisons between each of the two groups. A

P-value <.05 was considered significant.
aDogs with AP compared to sick dogs without a diagnosis of AP.
bDogs with AP compared to fasted dogs.
cSick dogs without a diagnosis of AP compared to fasted dogs.
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positive PL concentrations have been reported in up to
40% of dogs examined with acute abdominal disease.24

A 55% false-positive rate of SNAP cPL has also been
reported in dogs with hyperadrenocorticism and without
clinical signs of pancreatitis.25 Additionally, in the group
of sick dogs without a diagnosis of AP, AP was not
definitively excluded in all of the dogs. If the attending
clinician did not suspect AP, diagnostics excluding this
diagnosis were not pursued. Therefore, dogs with AP
could have been misclassified as not having AP. Alloca-
tion of dogs to the incorrect group could have decreased
the difference in BOHB concentration between dogs with
AP and sick dogs without AP.

It is concluded that BOHB concentration is significantly
higher in dogs with AP, compared to sick dogs without a
diagnosis of AP and fasted dogs. However, the magnitude
of this difference is small in most dogs. Therefore, the
increase in BOHB related to AP is unlikely to confound
the diagnosis of DKA or diabetic ketosis in most dogs.
The clinical significance of BOHB concentrations in other
inflammatory diseases and in dogs with concurrent AP
and DKA, or diabetic ketosis remains to be studied.

Footnotes

a SNAP cPL; IDEXX laboratories, Westbrook, ME
b Spec cPL; IDEXX laboratories
c Precision Xtra; Abbot Laboratories, Abbott Park, IL
d Stata 11.0 for Windows; Stata Corporation, College Station, TX
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