
UC Davis
UC Davis Previously Published Works

Title
Retrospective evaluation of acid–base analysis in dogs and cats with diabetic ketosis 
(2017–2021): 96 cases

Permalink
https://escholarship.org/uc/item/2t8145gk

Authors
Cuddy, Lindsay N
Hopper, Kate
Burkitt‐Creedon, Jamie M
et al.

Publication Date
2025

DOI
10.1111/vec.13447
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2t8145gk
https://escholarship.org/uc/item/2t8145gk#author
https://escholarship.org
http://www.cdlib.org/


Received: 1 September 2023 Revised: 15 November 2023 Accepted: 16 December 2023

DOI: 10.1111/vec.13447

R E T RO S P E C T I V E S T UDY

Retrospective evaluation of acid–base analysis in dogs and cats
with diabetic ketosis (2017–2021): 96 cases

Lindsay N. CuddyDVM1 Kate Hopper BVSc, PhD, DACVECC2

JamieM. Burkitt-CreedonDVM2 Steven E. Epstein DVM, DACVECC2

1VeterinaryMedical Teaching Hospital,

University of California, Davis, Davis,

California, USA

2Department of Veterinary Surgical and

Radiological Sciences, School of Veterinary

Medicine, University of California, Davis,

Davis, California, USA

Correspondence

Kate Hopper,William R. Pritchard Veterinary

Medical Teaching Hospital, University of

California, Davis, One Garrod Ave, Davis, CA

95616, USA.

Email: khopper@ucdavis.edu

Abstract

Objective: To describe the acid–base balance of diabetic animals with ketosis and to

identify underlyingmechanisms of acid–base changes using semiquantitative analysis.

Design:Retrospective study.

Setting:University teaching hospital.

Animals: Eighty-one client-owned dogs and 15 client-owned cats with diabetes and

concurrent ketosis presented to a university teaching hospital.

Interventions:None.

Measurements and Main Results: The medical records database was searched from

January 2017 through December 2021 for dogs and cats with diabetes mellitus and

ketones present in urine or blood samples that also had venous blood gas and serum

biochemical assays performedwithin 24 hours of each other. Traditional analysis iden-

tified normal acid–base status in 20% of dogs and 7% of cats. A simple metabolic

acidosis with an elevated anion gap was observed in 17% of dogs and 20% of cats, and

a metabolic alkalosis was present in 4% of dogs and 7% of cats. The semiquantitative

approach identified metabolic acid–base disorders in all animals. One or more acidi-

fying processes were evident in 100% of dogs and 100% of cats, 1 or more alkalotic

processes in 93%of dogs and 100%of cats, concurrent alkalotic and acidotic processes

in 85% of dogs and 100% of cats, and unmeasured anions in all cases.

Conclusions: Dogs and cats with diabetic ketosis can have variable and complex

acid–base disorders that may be better recognized using semiquantitative analy-

sis. Diagnostic criteria such as low pH or a high anion gap may prevent the clinical

recognition of diabetic ketoacidosis.

KEYWORDS

diabetic ketoacidosis, lactate, metabolic acidosis, semiquantitative acid–base analysis, traditional
acid–base analysis
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2 CUDDY ET AL.

1 INTRODUCTION

Diabetic ketoacidosis (DKA) is a severe, life-threatening complica-

tion of diabetes mellitus.1 Commonly reported abnormalities in dogs

and cats with DKA include acid–base and electrolyte derangements,

dehydration, azotemia, and hyperlactatemia.2

In people, the biochemical criteria for the clinical diagnosis of DKA

include hyperglycemia with a venous pH <7.3 and evidence of urine

or serum ketones.3 Although similar criteria have been applied in vet-

erinary medicine, hyperglycemia, a pH <7.3 to 7.35, and evidence of

ketones are considered core to the diagnosis; however, specific cut-

off values for biochemical parameters have varied among studies.1,4–6

When using such criteria, a high anion gap (AG) metabolic acidosis has

been reported as themost common acid–base abnormality in dogs and

cats with DKA.4,5 Despite the widespread understanding that DKA

causes acid–base derangements, to date, the actual acid–base disor-

ders present in dogs and cats with DKA have been poorly described in

the literature.

The origin of metabolic acidosis in patients with DKA is complex.

Despite common beliefs, ketone bodies are not acids, and the pro-

tons associatedwith their production come from concurrentmetabolic

changes, such as adipose tissue lipolysis.7 Animals with DKA may also

present with concurrent hyperlactatemia or uremia, both of which are

additional causes of metabolic acidosis.6 Conversely, processes that

cause metabolic alkalosis, such as hypochloremia due to gastric acid

loss or contraction alkalosis from hypovolemia, may be present simul-

taneously in animals with DKA, as has been reported in people.3,8–12

The presence of a concurrent alkalinizing process can result in the

absence of acidemia (the absence of a low pH) in animals with DKA.

The presence of a concurrent metabolic alkalinizing process can com-

plicate the clinical recognition of DKA andmay skew reporting of DKA

in the literature, which has generally used diagnostic criteria including

low pH.6

The semiquantitative approach to acid–base analysis identifies

metabolic acidifying and alkalinizing processes.13 The 5 processes

evaluated using the semiquantitative approach are changes in plasma

sodium, chloride and lactate concentrations, and serum phosphorous

and albumin concentrations.13 Given that animals with DKA can have

numerous concurrent electrolyte and metabolic derangements, the

semiquantitative approach to acid–base analysis may allow a better

understanding of the pathophysiology of this disease than traditional

acid–base analysis.

The primary objective of the current study was to describe the tra-

ditional and semiquantitative acid–base evaluations of diabetic dogs

and cats with ketosis. We hypothesized that diabetic dogs and cats

with ketosis would have complex metabolic processes with multiple

coexisting acidotic and alkalotic effects.

2 MATERIALS AND METHODS

The electronic medical records database of the University of Califor-

nia, Davis, William R. Pritchard Veterinary Medical Teaching Hospital

TABLE 1 Concurrent conditions of 81 dogs and 15 cats diagnosed
with diabetic ketosis.

Disease process Dogs,N (%) Cats,N (%)

Gastrointestinal disease 37 (45%) 6 (40%)

Renal or urinary disease 6 (7%) 3 (20%)

Neoplasia 6 (7%) 0

Hepatobiliary 3 (4%) 2 (13%)

Infectious 3 (4%) 2 (13%)

Endocrine 4 (5%) 0

Respiratory 3 (4%) 0

Intracranial 2 (3%) 0

Cardiovascular 0 1 (7%)

Other 17 (21%) 1 (7%)

was searched for dogs and cats with both point-of-care acid–base

and electrolytea,b,c and serum biochemistry panelsd,e performed dur-

ing a 5-year period occurring between January 2017 and December

2021, the results of which showed a blood glucose ≥11.1 mmol/L

(200 mg/dL), the presence of ketones in either serum or urine, and a

clinical diagnosis of diabetesmellitus. For the purpose of this study, the

disease process present in this patient population will be called dia-

betic ketosis. Exclusion criteria were a blood glucose <11.1 mmol/L

(<200 mg/dL)a,b,c, absence of ketones, or if there was no acid–base

and electrolyte panel in conjunction with a chemistry panel obtained

and run within 24 hours of each other. If the same patient fulfilled

these criteria more than once during the study period, only the first

visit was included. Demographic data including species, breed, age, sex,

reproductive status, and body weight were recorded. Additionally, the

clinical diagnosis, discharge status, presenting service, and duration of

hospitalization were recorded. Discharge status was reported as alive,

euthanized, or natural death.

Coexisting disease processes were categorized based on the diag-

nosis listed by the primary clinician in the medical record, as shown in

Table 1. For the purposes of the current study, the category of “gas-

trointestinal disease” included pancreatitis. If a disease process did

not fit one of the classifications listed, it was included in the “other”

category.

Traditional acid–base analysis and calculation of the AG were per-

formed using the pH, bicarbonate concentration, PvCO2, and the

sodium, chloride, and potassium concentrations measured or calcu-

lated by the blood gas machine. Semiquantitative acid–base analysis

was performed using the plasma lactate and electrolyte (Na+ and Cl−)

concentrations and standard base excess values from the blood gas

machine, while the albumin and phosphorous concentrations were

obtained from the serum biochemistry paneld,e.

2.1 Acid–base analysis

The blood gas analyzer calculated bicarbonate concentration and stan-

dard base excess using the Henderson–Hasselbalch and van Slyke
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CUDDY ET AL. 3

TABLE 2 Diagnostic criteria for traditional acid–base analysis.13

Dogs Cats

1. Simple disturbances

a. Metabolic acidosis: pH< 7.32, HCO3
−
< 18mmol/L,

PvCO2 = 40− (ΔHCO3
− × 0.7)± 3

b. Metabolic alkalosis: pH> 7.42, HCO3
−
> 26mmol/L,

PvCO2 = 40+ (ΔHCO3
− × 0.7)± 3

c. Respiratory acidosis: pH< 7.32, PvCO2 > 45mmHg,

HCO3
− = 22+ (0.15–0.35×ΔPvCO2)± 2

d. Respiratory alkalosis: pH> 7.43, PvCO2 < 37mmHg,

HCO3
− = 22− (0.25–0.55×ΔPvCO2) ± 2,ΔP

2. Mixed disturbances
Value in the secondary system not within predicted range
3. Metabolic acidosis further classified by anion gap:
AG= (Na+ +K+)− (HCO3

− +Cl−)

High anion gapmetabolic acidosis: AG> 23.5mmol/L

1. Simple disturbances

a. Metabolic acidosis: pH< 7.34, HCO3
−
< 18mmol/L

b. Metabolic alkalosis: pH> 7.43, HCO3
−
> 26mmol/L

c. Respiratory acidosis: pH< 7.34, PvCO2 > 39mmHg

d. Respiratory alkalosis: pH> 7.43, PvCO2 < 34mmHg

2. Mixed disturbances

Compensation was not calculated for cats; if abnormalities were present

in both PvCO2 andHCO3
− , it was reported as 2 coexisting abnormalities

(mixed disorder).

3. Metabolic acidosis further classified by anion gap

Metabolic acidosis associatedwith increased AG: AG> 20mmol/L

Metabolic acidosis not associatedwith increased AG: AG≤ 20mmol/L

Abbreviation: AG, anion gap.

equations.14,15 The analyzer used 0.03 mmol/L/mm Hg as the value

for CO2 solubility in plasma. Calculated acid–base variables were

derived from measured acid–base, metabolite, and electrolyte values

from previously established equations (Table 2).13 Plasma electrolyte

and lactate concentrations were measured in millimoles per liter,

serum phosphate concentrations were measured in milligrams per

deciliter, and serum albumin concentrations were measured in grams

per deciliter. A traditional acid–base diagnosis was made for each

dog and cat, as outlined in Table 2. The semiquantitative acid–base

diagnosis is outlined in Table 3.13 For venous canine blood, previ-

ously published reference intervals for pH, PCO2, bicarbonate, AG,

and electrolytes established by Vanova et al. were used.16 For venous

feline blood, reference intervals established according to the Ameri-

can Society for Veterinary Clinical guidelines, based on data from 40

healthy cats at the authors’ institution using the point-of-care blood

gas machine, were used.17 The mid-normal values used in the semi-

quantitative formulas were determined as the central values of the

appropriate reference intervals for themachine used.

2.2 Statistical methods

Normality was assessed with a Shapiro–Wilk testf. Normally dis-

tributeddata arepresentedasmean±SD, andnonnormally distributed

data are presented as median (range). Due to the low numbers of cats

included, all data for this species are presented asmedian (range).

3 RESULTS

A total of 152 dog and 53 cat patients were identified in the initial

database search. Seventy-one dogs and 38 cats were excluded due to

incomplete data or multiple visits; therefore, a total of 81 dogs and

15 cats were included in the study. The median age for dogs was 10

years (2–18 y), and the median body weight for dogs was 7.8 kg (2.4–

56.2 kg). There were 41 neuteredmale dogs, 33 neutered female dogs,

3 intact male dogs, and 4 intact female dogs. The population of 81 dogs

included 23 mixed breed dogs, 6 Chihuahuas, 6 Labrador Retrievers, 6

Toy Poodles, 4 Miniature Schnauzers, 3 Pomeranians, 3 Pugs, 3 Minia-

ture Poodles, 3 Yorkshire Terriers, 2 Jack Russell Terriers, 2 Miniature

Pinschers, 2 Norfolk Terriers, 2 West Highland White Terriers, and 1

each of multiple other breeds. The median age of cats was 10 years

(0.5–15 y), and the median body weight was 4.6 kg (1.9–9.8 kg). Of the

15 cats, there were 12 neuteredmale cats, 2 neutered female cats, and

1 intact female cat. Breeds included 9 domestic shorthairs, 2 domestic

medium hairs, 2 domestic longhairs, 1 Siamese, and 1 Bengal. Of the 81

dogs diagnosed with diabetic ketosis, 70 were presented through the

emergency service, 3 through the internal medicine service, 7 through

the ophthalmology service, and 1 through the neurology service. All of

the 15 cats diagnosed with diabetic ketosis were presented through

the emergency service.

Of the 81 dogs, 63 of 81 (78%) survived to discharge, 14 (17%)were

euthanized, and 4 (5%) died. Of the 15 cats, 14 of 15 (93%) survived

to discharge, and 1 (7%) was euthanized. The median duration of hos-

pitalization in dogs was 4 days (1–14 d), and the median duration of

hospitalization in cats was 5 days (1–11 d).

Forty-two of 81 (52%) dogs and 9 of 15 (60%) cats had been previ-

ously diagnosed with diabetes mellitus, with the remaining population

of each group being newly diagnosed at the time of presentation with

diabetic ketosis. Clinical diagnoses of concurrent diseases at the time

of diabetic ketosis diagnosis for both dogs and cats are summarized

in Table 1, with gastrointestinal diseases being the most commonly

identified coexisting comorbidity.

Acid–base, electrolyte, glucose, and plasma lactate values for all

dogs and cats are summarized in Tables 4 and 5. Four of the samples in

dogs were arterial, with the remaining samples in dogs and all cat sam-

ples being venous. Themedian pH in dogswas 7.259 (6.913–7.459) and

in cats was 7.236 (6.917–7.469), with 22 of 81 (27%) dogs and 3 of 15

(20%) cats having a pH >7.35. Traditional acid–base analysis revealed

anabnormality in65of81 (80%)dogs and14of15 (93%) cats,with sim-

ple disorders present in 57 of 81 (70%) dogs and 4 of 15 (27%) cats. A

metabolic acidosiswith increasedAGwas themost commonsimpledis-
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4 CUDDY ET AL.

TABLE 3 Formulas for semiquantitative acid–base analysis.13

Parameter Formula

Free water effect

Dogs 0.25× (measured [Na+]−mid-normal [Na+])

Cats 0.22 × (measured [Na+]−mid-normal [Na+])

Corrected chloride Measured [Cl−] × (mid-normal [Na+]/ measured [Na+])

Chloride effect Mid-normal [Cl−]− corrected [Cl−]

Phosphate effect 0.58× (mid-normal [phosphorous]−measured [phosphorous])

Albumin effect 3.7× (mid-normal [albumin]−measured [albumin])

Lactate effect −1 ×measured [lactate]

Sum of effects Sum= Freewater effect+ chloride effect+ phosphate effect+ albumin effect+ lactate effect

Unmeasured anion (XA) effect XA=Base excess− sum of effects

Semiquantitative acid–base analysisFree water effect
∙ Dilutional acidosis: Free water effect<–1.25mmol/L
∙ Contraction alkalosis: Free water effect>1.0mmol/L

Chloride effect:
∙ Acidosis: Chloride effect<–5.0mmol/L
∙ Alkalosis: Chloride effect>5.0mmol/L

Albumin effect:
∙ Acidosis: Albumin effect<–2.0mmol/L
∙ Alkalosis: Albumin effect>2.0mmol/L

Phosphorous effect:
∙ Acidosis: Phosphorous effect<–1.0mmol/L
∙ Alkalosis: Phosphorous effect>1.0mmol/L

Lactate effect:
∙ Acidosis: Lactate effect<–2.0mmol/L

Unmeasured anions effect:
∙ Unmeasured acids: XA= 0.5mmol/L
∙ Unmeasured alkalis: XA>0.5mmol/L

Note:Mid-normal valueswere determined as the central value of the reference interval. Albumin, g/dL; phosphorous,mg/dL; electrolytes and lactate,mmol/L.

order in both dogs and cats (Table 6). A total of 47 of 81 (58%) dogs and

12 of 15 (80%) cats had ametabolic acidosis as either a simple disorder

or part of a mixed disorder. A primary metabolic alkalosis was evident

in 3 of 81 (4%) dogs and 1 of 15 (7%) cats. Mixed disorders were more

common in cats (10/15 [67%]) than simple disorders. Traditional acid–

base analysis indicated a normal acid–base balance in 16 of 81 (20%)

dogs and 1 of 15 (7%) cats.

The semiquantitative approach identified metabolic acid–base dis-

orders in all 81 dogs and 15 cats, with 100% of dogs and cats exhibiting

at least 1 acidotic process (Table 7). The most common abnormalities

wereunmeasuredanions in100%ofdogs and cats, an alkalotic chloride

effect in 69 of 81 (85%) dogs and 14 of 15 (93%) cats, a dilutional aci-

dosis in 66 of 81 (81%) dogs and 10 of 15 (67%) cats, and lactic acidosis

in 45 of 81 (56%) dogs and 4 of 15 (27%) cats. One ormore quantifiable

alkalotic processes were present in 75 of 81 (93%) dogs and 15 of 15

(100%) cats. Concurrent alkalotic and acidotic processes were present

in 69 of 81 (85%) dogs and 15 of 15 (100%) cats.

4 DISCUSSION

The current study evaluates the acid–base balance in dogs and cats

with diabetic ketosis using both the traditional and semiquantitative

approaches. Metabolic acidosis as a sole disorder or as part of a

mixed acid–base disorderwas themost commonly identified acid–base

abnormality using traditional analysis. Complex acid–base abnormal-

ities were frequent in this population, whether the traditional or

semiquantitative approach was applied, with respiratory acid–base

changesandmultiple, concurrentmetabolic acid–baseprocesses found

to occur commonly. The signalment of the dogs and cats included in

this study is similar to previous reports, with older-aged patients being

more frequently affected than younger ones. The survival of animals

in this study was also similar to previous reports, although the dura-

tion of hospitalization for the current study population was shorter

than described in previous studies.1,18,19 Differences in length of stay

may have been due to differences in treatments and casemanagement

strategies among institutions. It is notable that previous studies were

published 10–29 years ago and thus may not reflect the current stan-

dard of care. Similar to previous veterinary literature, in the current

study, gastrointestinal conditions were the most commonly identified

coexisting disease processes in both dogs and cats.1,5,18,19 In tradi-

tional acid–base analysis, a high-AGmetabolic acidosis is the classically

described abnormality associated with DKA.20 This was largely true

in this study of animals with diabetes and ketosis, but only 17% of

dogs had a simple disorder of a high-AG metabolic acidosis. Thirty-

nine percent of dogs had a high AG metabolic acidosis when dogs
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CUDDY ET AL. 5

TABLE 4 Venous and arterial acid–base, electrolyte, and lactate
values in 81 dogs with diabetic ketosis.

Parameter Result

pH 7.253 (6.913–7.459)

PCO2 (mmHg) 34.2 (16.0–84.3)

Bicarbonate (mmol/L) 15.9 ± 6.7

Glucose (mg/dL)

(mmol/L)

466 (240–1057)

25.9 (13.3–58.7)

Sodium (mmol/L) 140 ± 8.5

Potassium (mmol/L) 3.8 ± 0.8

Chloride (mmol/L) 106 (69–127)

Chloride corrected (mmol/L) 105.4 (71.8–126.1)

Albumin (g/dL)

(g/L)

3.6 (1.7–4.8)

36 (17–48)

Lactate (mmol/L) 2.2 (0.5–8.4)

Base excess (mmol/L) −10.1 ± 7.9

Anion gap (mmol/L) 23.7 ± 7.2

Free water effect (mmol/L) −3.0 ± 2.1

Chloride effect (mmol/L) 10.1 (−10.6 to 43.7)

Albumin effect (mmol/L) 0.93 (−3.5 to 8.0)

Phosphate effect (mmol/L) −0.41 (−7.3 to 1.3)

Lactate effect (mmol/L) −2.2 (−8.4 to−0.5)

Sum of effects (mmol/L) 8.0 ± 7.5

Unmeasured anions (mmol/L) −15.6 (−49.7 to−3.9)

Note: Data are presented asmean± SD ormedian (range).

with simple and mixed disorders were considered together. Metabolic

acidosis with normal AG was a common finding in dogs, and approxi-

mately 16% of dogs and 7% of cats had a normal acid–base balance

with traditional analysis. Had the classic DKA diagnostic criteria of a

pH <7.35 been used, only 63% of dogs and 56% of cats in this study

would have been included. Animals with diabetic ketosis are expected

to have a metabolic acidosis, although the ketone bodies acetoac-

etate, β-hydroxybutyrate, and acetone are not acids. The production

of hydrogen ions is the result of concurrent metabolic derangements

such as adipose tissue lipolysis, β-oxidation, and increased coenzyme

A synthesis.7 As a result, the presence of ketones coincides with an

increased acid load in the body.Despite this, animals can present in dia-

betic ketosis with a normal or even a high pH, as demonstrated by the

results of this study.

Metabolic alkalosis has been previously reported in patients with

DKA in both the human8–12 and veterinary6 literature. In the current

study, a metabolic alkalosis was evident in 5 (6%) dogs and 2 (13%)

cats as either a primary disorder or part of a mixed acid–base abnor-

mality. Because pH is used as part of the diagnostic criteria to identify

patientswithDKA in the veterinary literature, it is likely thatmany pre-

vious studies would not have included this subset of patients, despite

the fact they had diabetic ketosis. The underlying causes of metabolic

alkalosis in the dogs and catswith diabetic ketosis in this study are best

explained using the semiquantitative approach to acid–base analysis.

Unlike traditional acid–base analysis where evaluation of metabolic

acid–base balance relies on bicarbonate concentration, which reflects

the cumulative impact of all major, coexistingmetabolic acid–base pro-

cesses, the semiquantitative approach allows for the identification of

individual processes contributing to the overall metabolic acid–base

status. All animals in this study had at least 1 metabolic acid–base

abnormality identifiedwith the semiquantitative approach. In contrast,

20% of dogs and 7% of cats were found to have a normal metabolic

acid–base balance with the traditional analysis. An alkalotic effect

associated with a decrease in corrected chloride concentration was

themost commonly identified quantifiable alkalotic effect. This is most

likely due to gastric loss of hydrochloric acid through vomiting, which

is consistent with gastrointestinal problems being the most common

concurrent disease processes in this population. Concurrentmetabolic

alkalosis with the metabolic acidosis associated with ketosis can lead

to a final pH that is normal or elevated, as seen in several animals in this

study, further emphasizing the limitation of using blood pH as part of

the diagnostic criteria for DKA.

A common acidifying effect identified by semiquantitative analysis

in this population of dogs and cats with diabetic ketosis was dilu-

tional acidosis, evidenced by hyponatremia. Dilutional acidosis can

be most simply explained by the expansion of the extracellular fluid

space with nonbicarbonate-containing fluid, leading to dilution of the

bicarbonate concentration and a subsequent acidosis. More complex

explanations of this acid–base process are available elsewhere.22,23

Hyponatremia is expected in the hyperglycemic patient secondary to

hyperglycemia-induced free water shifts from the intracellular space

to the extracellular space.24 Hypoalbuminemia leading to an alkalotic

albumin effect occurred in 30% of dogs in the current study, which

is most likely the consequence of the concurrent disease processes.

In comparison, hypoalbuminemia was uncommon in cats with diabetic

ketosis in this study.

In acid–base evaluation, the presence of unmeasured anions indi-

cates the presence of added acids in the system. A common method

used for identification of unmeasured anions is theAG.25 The expected

concentrations of electrolytes and bicarbonate for the specific ana-

lyzer will dictate the expected reference interval for the AG.25 An

increased AG was present in approximately 40% of dogs and 67%

of cats in this study. Because ketones were present in all animals

in this study, it would be expected that they would all have an

elevated AG, considering ketones are anions notmeasured in the acid–

base/electrolyte or serum biochemistry panels. The reference interval

for a normal AG is wide enough, however, that a patient could have

some increase in unmeasured anions without exceeding the high end

of the reference interval for AG. Additionally, when using traditional

acid–base analysis, the sensitivity of the AG to detect the presence

of unmeasured anions is reduced by concurrent hypoalbuminemia.26

The high prevalence of hypoalbuminemia in dogs in this study sug-

gests that many dogs with diabetic ketosis could be misidentified as

non-ketotic if traditional acid–base analysis and AG were used as the

primary screening tool for diabetic ketoacidosis. The use of AG alone

to rule out the presence of unmeasured anions in suspectedDKA is not

recommended based on the results of the current study.
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6 CUDDY ET AL.

TABLE 5 Venous acid–base, electrolyte, and lactate values in 15 cats with diabetic ketosis.

Parameter Median

Interquartile

range Range

pH 7.236 7.068–7.299 6.917–7.469

PCO2 (mmHg) 36.2 30.3–41.2 20.6–47

Bicarbonate (mmol/L) 13.2 9.7–17.9 6.7–32.7

Glucose (mg/dL)

(mmol/L)

489

27.1

266–582.5

14.7–32.4

243–1451

13.5–80.6

Sodium (mmol/L) 144 141.5–150 131–169

Potassium (mmol/L) 3.4 3.05–3.75 2.3–5.3

Chloride (mmol/L) 96 93.5–105.5 74–127

Chloride corrected (mmol/L) 104.5 97.2–110.1 85.3–116.1

Albumin (g/dL)

(g/L)

3.6

36

3.3– 39

33– 39

2.7–4.1

27–41

Lactate (mmol/L) 1.7 1.55– 2.1 1.0 –5.7

Base excess (mmol/L) −14.5 −17.05 to−7.35 −23 to 8.6

Anion gap (mmol/L) 28.9 21.1– 33.5 18.4 –43

Free water effect (mmol/L) −2.31 −2.86 to−0.99 −5.2 to 3.2

Chloride effect (mmol/L) 18.6 12.9– 25.8 6.9–37.7

Albumin effect (mmol/L) −0.7 −1.7 to 0.6 −2.6 to 2.6

Phosphorous effect (mmol/L) 0.7 −0.1 to 1.3 −5.3 to 2.2

Lactate effect (mmol/L) −1.7 −2.1 to−1.6 −5.7 to−1.0

Sum of effects (mmol/L) 16.6 9.2–20.8 2.8–32.6

Unmeasured anions (mmol/L) −29.5 −31.8 to−23.0 −47.3 to−9.0

TABLE 6 Traditional acid–base diagnosis of 81 dogs and 15 cats
with diabetic ketosis.

Acid–base diagnosis Dogs,N (%) Cats,N (%)

Normal acid–base balance 16 (20%) 1 (6.7%)

Simple disorders 57 (70%) 4 (27%)

Respiratory acidosis 10 (12.3%) 0 (0%)

Respiratory alkalosis 1 (1%) 0 (0%)

Metabolic acidosis with normal AG 14 (17%) 0 (0%)

Metabolic acidosis with elevated AG 29 (36%) 3 (20%)

Metabolic alkalosis 3 (4%) 1 (7%)

Mixed disorders 8 (10%) 10 (67%)

Respiratory acidosis withmetabolic

acidosis and normal AG

2 (3%) 0 (0%)

Respiratory acidosis withmetabolic

acidosis and elevated AG

1 (1%) 4 (27%)

Respiratory alkalosis withmetabolic

acidosis and normal AG

1 (1%) 2 (13.3%)

Respiratory alkalosis withmetabolic

acidosis and elevated AG

2 (3%) 3 (20%)

Respiratory acidosis withmetabolic

alkalosis

2 (3%) 0 (0%)

Respiratory alkalosis withmetabolic

alkalosis

0 (0%) 1 (7%)

Abbreviation: AG, anion gap.

TABLE 7 Semiquantitative approach acid–base diagnosis of 81
dogs and 15 cats with diabetic ketosis based on venous or arterial
blood gas and biochemical evaluation.

Metabolic acid–base diagnosis Dogs,N (%) Cats,N (%)

One ormore acidotic processes 81 (100%) 15 (100%)

One ormore alkalotic processes 75 (93%) 15 (100%)

Both alkalotic and acidotic processes 69 (85%) 15 (100%)

Dilutional acidosis 66 (82%) 10 (67%)

Acidotic chloride effect 1 (1%) 0 (0%)

Alkalotic chloride effect 69 (85%) 14 (93%)

Acidotic albumin effect 6 (7%) 3 (20%)

Alkalotic albumin effect 25 (32%) 1 (7%)

Acidotic phosphate effect 25 (27%) 2 (13%)

Lactic acidosis 45 (56%) 4 (27%)

Unmeasured anions 81 (100%) 15 (100%)

Unmeasured cations 0 (0%) 0 (0%)

All animals in this study had unmeasured anions identified using the

semiquantitative approach to acid–base analysis, suggesting that this

method has a greater sensitivity to detect unmeasured anions than

AG, a finding consistent with previously reported data.25 The calcu-

lated unmeasured anion effect is not influenced by the presence of
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hypoalbuminemia, which should improve its performance in a critically

ill patientpopulation comparedwith theAG.However, it is important to

note that the calculationof unmeasuredanionsby the semiquantitative

method has not been rigorously evaluated for its accuracy to detect a

known quantity of unmeasured anions across a variety of conditions.

The presence of ketosis in a sick diabetic patient with a normal or

increased pH raises the question of terminology. There have been sug-

gestions to use “diabetic ketosis” or “diabetic ketoalkalosis” instead of

DKA in these situations.8,27 The aberrant metabolism associated with

the production of ketones is associated with increased acid produc-

tion and, as such, it seems reasonable to call this disease process DKA,

regardless of the concurrent pH.28,29 More importantly in the clinical

setting, however, is to recognize that patients with DKA can have com-

plex disease states and variable acid–base balance in order to avoid

misdiagnosis.

This study has several limitations. First, we allowed up to 24 hours

between point-of-care acid–base, electrolyte, and plasma lactate mea-

surements and collection of the serum biochemistry sample. We

cannot rule out the possibility that therapies given between the 2 sam-

ple collections may have influenced the results or led to discordant

findings. However, it is standard practice at the authors’ institution to

draw heparinized, serum, and EDTA whole blood samples simultane-

ously at the time of initial IV catheter placement, so it is likely thatmost

analyzed values resulted from a single blood draw from each patient.

Another limitation is the small number of cats included in this study; a

larger study population should be evaluated to confirm these findings

in this species.

In conclusion, this study demonstrates that dogs and cats with the

acid-producing condition of diabetic ketosis can have variable acid–

base abnormalities and that mixed acid–base disorders are commonly

identified. The use of a low pH or a high AG as part of the diagnostic

criteria for DKA may prevent the clinical recognition of this disease

process. The semiquantitative approach demonstrated that dogs and

cats with DKA commonly have multiple coexisting acid–base abnor-

malities, and this approachmay help clinicians tailor the diagnostic and

therapeutic plan for an individual patient.

AUTHOR CONTRIBUTIONS

Lindsay N. Cuddy: Data curation; formal analysis; writing—original

draft; writing—review and editing. Kate Hopper: Conceptualiza-

tion; formal analysis; writing—review and editing. Jamie M. Burkitt-

Creedon: Writing—review and editing. Steven E. Epstein: Conceptual-

ization; formal analysis; writing—review and editing.

CONFLICT OF INTEREST STATEMENT

Dr. Burkitt-Creedon andDr. Epstein are editors of the Journal but only

participated in the peer reviewprocess as authors. The authors declare

no other conflicts of interest.

ORCID

LindsayN.CuddyDVM https://orcid.org/0009-0003-5499-1292

KateHopperBVSc, PhD,DACVECC https://orcid.org/0000-0003-

3658-5840

JamieM.Burkitt-CreedonDVM https://orcid.org/0000-0003-3726-

0706

StevenE. EpsteinDVM,DACVECC https://orcid.org/0000-0001-

6126-6695

ENDNOTES
aABL 705, RadiometerMedical A/S, Copenhagen, Denmark.
bABL 800, RadiometerMedical A/S.
cABL 815, RadiometerMedical A/S.
dChemistry analyzer, Hitachi 917, RocheDiagnostics, Indianapolis, IN.
eChemistry analyzer, Hitachi c501, RocheDiagnostics.
fGraphPad Prism 9.0 La Jolla, CA

REFERENCES

1. Hume DZ, Drobatz KJ, Hess RS. Outcome of dogs with diabetic

ketoacidosis: 127 dogs (1993-2003). J Vet Intern Med. 2006;20:547-
555.

2. Efstathious SP, Tsiakou AG, Tsioulos DI, et al. A mortality prediction

model in diabetic ketoacidosis. Clin Endocrinol. 2002;57:595-601.
3. Svart MV, Voss TS, Bayat M, et al. Rare presentations of ketoacido-

sis: diabetic ketoalkalosis and ketoacidosis secondary to fasting and

muscular dystrophy. Clin Diabetes. 2015;33(1):37-39.
4. Bruyette DS. Diabetic ketoacidosis. Semin Vet Med Surg.

1997;12(4):239-247.

5. Diehl KJ, Wheeler SL. Pathogenesis and management of diabetic

ketoacidosis. In: Kirk RW, Bonagura JD, eds. Kirk’s Current Veteri-
nary Therapy XI, Small Animal Practice. 11th ed. WB Saunders Co;

1992:359-363.

6. Duarte R, Simões DMN, Kanayama KK, et al. Acid-base abnormalities

in dogswithdiabetic ketoacidosis: a prospective studyof 60 cases.Braz
J Vet Res Anim Sci. 2012;49(4):325-332.

7. Green A, Bishop RE. Ketoacidosis—where do the protons come from?

Trends Biochem Sci. 2019;44(6):484-489.
8. Kumar V, Nanavati SM, Komal F, et al. Ketoalkalosis: masked presen-

tation of diabetic ketoacidosis with literature review. J Endrocr Metab.
2017;7(6):194-196.

9. Elisaf MS, Agathoklis AT, et al. Acid-base and electrolyte distur-

bances in patients with diabetic ketoacidosis. Diabetes Res Clin Pract.
1996;34:23-27.

10. Watanabe Y, Noda K, Akazawa K, et al. Two cases of type 1 diabetic

women with diabetic ketoacidosis presenting as alkalaemia. Diabetes
Res Clin Pract. 2009;83(2):54-57.

11. Jerrard D, Hanna J. Diabetic ketoacidosis with alkalemia. Am J Emerg
Med. 2001;19(6):521-522.

12. Kamel KS,HalperinML. Acid-base problems in diabetic ketoacidosis.N
Engl J Med. 2015;325(6):546-554.

13. Hopper K, Epstein SE, Kass PH, et al. Evaluation of acid-base disorders

in dogs and cats presenting to an emergency room. Part 1: compar-

ison of three methods of acid-base analysis. J Vet Emerg Crit Care.
2014;24:493-501.

14. Siggaard-Andersen O. The van Slyke equation. Scand J Clin Lab Invest
Suppl. 1977;146:15-20.

15. Siggaard-Anderson O, Fogh-Andersen N. Base excess or buffer base

(strong ion difference) as a measure of non-respiratory acid-base

disturbance. Acta Anaseth Scan. 1995;39:123-128.
16. Vanona-Uhrikova I, Rauserova-Lexmaulova L, Rehokova K, et al.

Determination of reference intervals of acid-base parameters in

clinically healthy dogs. J Vet Emerg Crit Care. 2017;27:325-332.
17. Friedrichs KR, Harr KE, Freeman KP, et al. ASVCP reference interval

guidelines: determination of de novo reference intervals in veterinary

species and other related topics. Vet Clin Pathol. 2012;41(4):441-453.
18. Macintire DK. Treatment of diabetic ketoacidosis in dogs by contin-

uous low-dose intravenous infusion of insulin. J Am Vet Med Assoc.
1993;202(8):1266-1272.

 14764431, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vec.13447 by U

niversity O
f C

alifornia - D
avis, W

iley O
nline L

ibrary on [23/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0009-0003-5499-1292
https://orcid.org/0009-0003-5499-1292
https://orcid.org/0000-0003-3658-5840
https://orcid.org/0000-0003-3658-5840
https://orcid.org/0000-0003-3658-5840
https://orcid.org/0000-0003-3726-0706
https://orcid.org/0000-0003-3726-0706
https://orcid.org/0000-0003-3726-0706
https://orcid.org/0000-0001-6126-6695
https://orcid.org/0000-0001-6126-6695
https://orcid.org/0000-0001-6126-6695


8 CUDDY ET AL.

19. Durocher LL, Hinchcliff K, DiBartola S, et al. Acid-base and hormonal

abnormalities in dogs with naturally occurring diabetes mellitus. J Vet
InternMed. 2008;232(9):1310-1320.

20. Ettinger SJ, Feldman EC, Cote E. Diabetic ketoacidosis and hyper-

glycemic hyperosmolar syndrome. In: Ettinger SJ, Feldman EC, Cote E,

eds. Textbook of Veterinary Internal Medicine Expert Consult. 8th ed. WB

Saunders Co; 2017:1574-1587.

21. Lumb AB, Thomas CR. Changes in the carbon dioxide partial pressure.

In: Lumb AB, Thomas CR, eds. Nunn and Lumb’s Applied Respiratory
Physiology. 9th ed. Elsevier Co; 2017:268-272.

22. Doberer D, Funk G-C, Kirchner K, et al. A critique of Stewart’s

approach: the chemicalmechanismof dilutional acidosis. Intensive Care
Med. 2009;35(12):2173-2180.

23. Gattinoni L, Carlesso E,Maiocchi G, et al. Dilutional acidosis: where do

the protons come from? Intensive CareMed. 2009;35(12):2033-2043.
24. Rose BD, Post TW. Hyperosmolal states—hyperglycemia. In: Rose BD,

Post TW, eds. Clinical Physiology of Acid-Base and Electrolyte Disorders.
5th ed.McGrawHill; 2000:578-596.

25. Hopper K, Epstein SE, Kass PH, et al. Evaluation of acid-base disorders

in dogs and cats presenting to an emergency room. Part 2: comparison

of anion gap, strong ion gap, and semiquantitative analysis. J Vet Emerg
Crit Care. 2014;24(5):502-508.

26. FeldmanM,SoniN,DicksonB. Influenceof hypoalbuminemiaorhyper-

albuminemia on the serumanion gap. J Lab ClinMed. 2005;146(6):317-
320.

27. Nanavati S, Kumar V, Melki G, et al. Diabetic ketoalkalosis: misnomer

or undiagnosed variant of diabetic ketoacidosis. BMJ Case Rep. 2018.
28. Bruskiewicz KA, Nelson RW, Feldman EC, et al. Diabetic ketosis

and ketoacidosis in cats: 42 cases (1980-1995). J Am Vet Med Assoc.
1997;211(2):188-192.

29. Weingart C, Lotz F, Kohn B. Measurement of β-hydroxybutyrate in

cats with nonketotic diabetes mellitus, diabetic ketosis, and diabetic

ketoacidosis. J Vet Diagn Invest. 2012;24(2):295-300.

How to cite this article: Cuddy LN, Hopper K,

Burkitt-Creedon JM, Epstein SE. Retrospective evaluation of

acid–base analysis in dogs and cats with diabetic ketosis

(2017–2021): 96 cases. J Vet Emerg Crit Care. 2025;1-8.

https://doi.org/10.1111/vec.13447

 14764431, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vec.13447 by U

niversity O
f C

alifornia - D
avis, W

iley O
nline L

ibrary on [23/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/vec.13447

	Retrospective evaluation of acid-base analysis in dogs and cats with diabetic ketosis (2017-2021): 96 cases
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Acid-base analysis
	2.2 | Statistical methods

	3 | RESULTS
	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	ENDNOTES
	REFERENCES




