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Abstract

Background: Acute kidney injury (AKI) is a common, potentially fatal condition.

Objectives: To characterize the etiologies, clinical and clinicopathologic findings, hos-

pitalization period, and outcome of dogs with AKI and to identify markers of negative

prognosis.

Animals: Two hundred forty-nine client-own dogs diagnosed with AKI and hospital-

ized at a veterinary teaching hospital.

Methods: Retrospective study. Search of medical records for dogs with AKI.

Results: Common clinical signs included lethargy (225/249, 90%), anorexia (206/249,

83%), and vomiting (168/249, 68%). Etiologies included ischemic/inflammatory

(144/249, 58%), infectious (19/249, 8%), nephrotoxicosis (14/249, 6%), or other

(13/249, 5%). Hospital-acquired AKI was diagnosed in 9% (23/249) of the dogs.

Median presentation and peak serum creatinine (sCr) concentrations were 4 mg/dL

(range, 1.1-37.9) and 4.6 mg/dL (range, 1.1-43.1), respectively. Dogs were classified

to AKI grades as follows: Grade I, 6 (2%), Grade II, 38 (15%), Grade III, 89 (36%),

Grade IV, 77 (31%), and Grade V, 39 (16%). One hundred and sixty-four (66%) dogs

survived. There was a positive association between death and AKI grade (P = .009).

The case fatality rate was higher among dogs with anuria compared with dogs with-

out anuria (50% vs 28%, respectively; odds ratio [95% confidence interval]: 2.5

[1.39-4.6]; P = .002). Forty-seven (18.8%) dogs underwent hemodialysis, of which

60% survived.

Conclusion and Clinical Importance: Two-thirds of dogs with AKI survived. Hospital-

acquired AKI was common. The severity of AKI, as reflected by presence of anuria,

AKI grade, and other body organs involvement, was associated with the outcome.
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1 | INTRODUCTION

Acute kidney injury (AKI) leading to severe uremia is associated with

high morbidity and death.1,2 Despite advances in management of AKI

and the increased availability of renal replacement therapies, the over-

all case fatality rate remains as high as 45% to 60% for dogs managed

medically or with hemodialysis.1-4

Multiple factors are involved in the pathophysiology of AKI in

dogs. The most common etiologies include ischemia, inflammation,

exposure to nephrotoxins, and infectious diseases.1,3,5 These influ-

ence the outcome of animals with AKI. Yet, despite comprehensive

diagnostic workup, in a substantial portion of animals with AKI the eti-

ology is unknown at presentation and remains unknown throughout

the disease course, thus in these cases the etiology cannot contribute

to prognostic projections.2

Hospital-acquired AKI is not considered a leading etiology for AKI in

veterinary medicine. Conversely, it is a common cause of AKI in human

patients, and even a mild increase in serum creatinine (sCr) concentration

during hospitalization increases the risk for in-hospital death.6,7 Over

recent decades, advanced treatment options (eg, ventilation) became

available for veterinary patients, resulting in longer hospitalization periods

and management of animals with multiple problems and comorbidities,

similarly to human medicine. Such intensive care, along with the establish-

ment of more sensitive criteria, increased awareness and new guidelines

for the diagnosis of AKI have likely led to higher prevalence and aware-

ness of hospital acquired AKI.8

In previous studies of AKI in dogs, the degree of azotemia, ane-

mia, proteinuria, electrolyte abnormalities, decreased urine produc-

tion, increased anion gap, and involvement of other (ie, extra renal)

organ systems were identified as risk factors for death.1,8 Among

these, anuria is a relatively consistent risk factor for death.1,8,9

The last large-scale retrospective study evaluating AKI in dogs

was published approximately 25 years ago.1 Since then, multiple

changes have occurred in veterinary medicine, including a shift in

etiologies,2,3 new guidelines for the diagnosis and management of

AKI, and advancement in therapeutic capabilities, all of which poten-

tially influence the outcome of dogs with AKI.

The objectives of this study were to: (a) characterize the etiology,

clinical and clinicopathologic findings and outcome in a large cohort of

dogs diagnosed with AKI and (b) identify risk factors for death.

2 | MATERIALS AND METHODS

2.1 | Dogs and definitions

The medical records of dogs diagnosed with AKI at the Koret School of

Veterinary Medicine, The Robert H. Smith Faculty of Agriculture, Food

and Environment, Hebrew University of Jerusalem, were retrospectively

reviewed (years 2015-2021). Data extracted from the electronic medi-

cal records included signalment, history and physical examination find-

ings at presentation, CBC, serum biochemistry, urinalysis, urine culture,

blood gas analysis, blood pressure measurements, ultrasonographic

findings, hospitalization length, and outcome. AKI was diagnosed based

on the presence of acute onset of clinical signs consistent with AKI (eg,

anuria, oliguria, polyuria, vomiting, inappetence) and based on the Inter-

national Renal Interest Society (IRIS) guidelines for diagnosis and grad-

ing of AKI. Dogs with a previous diagnosis of chronic kidney disease

(CKD) or ultrasonographic evidence consistent with CKD (eg, small

irregular kidneys, decreased cortico-medullary distinction10) were

excluded, as were dogs with post-renal azotemia. Anuria was defined as

urine production <0.1 mL/kg/h for >6 hours or by ≥12 hours without

urination in hospitalized animals receiving fluids IV. Hospital acquired

AKI was defined as an increase in sCr of ≥0.3 mg/dL within 48 hours,

while receiving fluids IV.8

2.2 | Etiology and concurrent diseases

The etiology of AKI was classified as inflammatory/ischemic (ie, systemic

underlying inflammatory process with suspected decreased tissue perfu-

sion), infectious, nephrotoxic, other, or unknown. Inflammatory causes

included pancreatitis, peritonitis (eg, septic or chemical), pyometra, severe

gastroenteritis, myositis, pneumonia, disseminated intravascular coagula-

tion, diabetic ketoacidosis, snake envenomation, and heatstroke. Pancrea-

titis was diagnosed based on compatible history, clinical signs, and

ultrasonographic findings, or by increased serum 1,2-o-dilauryl-rac-glycero

glutaric acid-(60-methylresorufin) ester (DGGR)-lipase activity (reference

interval [RI], <108 U/L).11,12 Nephrotoxicosis was defined on the basis of

recent ingestion of grapes/raisins, or overdose of non-steroidal anti-

inflammatory drugs. Infectious causes included pyelonephritis and lepto-

spirosis. Pyelonephritis was diagnosed based on a positive urine culture,

urine sediment findings (ie, pyuria and bacteriuria), and ultrasonographic

findings consistent with pyelonephritis, as described.13,14 Leptospirosis

was diagnosed if the titer of a single microscopic agglutination test (MAT)

was ≥1 : 800 without recent history of vaccination, or when seroconver-

sion in paired MAT titers (ie, fourfold increase between the first and sec-

ond samples) was documented. “Other” etiology included AKI secondary

to hypercalcemia and glomerulopathies, diagnosed based on the presence

of high magnitude proteinuria (urine protein to creatinine ratio [UPC] > 2)

after exclusion of extra-renal causes. When 2 presumptive causes were

present concurrently, the primary cause was used for analysis.

Survivors were defined as animals that were discharged from the

hospital and were still alive for at least 14 days after discharge. Non-

survivors either died or were euthanized because of lack of improve-

ment and poor prognosis, despite treatment during hospitalization.

Dogs were excluded from the study if euthanized within the first

24 hours of admission.

2.3 | Collection of samples and laboratory
methods

Blood samples for CBC (Advia 120 or 2120, Siemens, Erlangen,

Germany; Abacus Junior Vet, Diatron, Wien, Austria) and serum

chemistry (Cobas 6000, Roche, Mannheim, Germany) were collected
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at presentation in potassium-EDTA and plain tubes with gel separa-

tors, respectively, and analyzed within 60 minutes from collection.

CBC and serum chemistry from referring clinics were considered only

if obtained ≤24 hours before admission. Urine samples were obtained

within 24 hours of presentation by cystocentesis for urinalysis, includ-

ing dipstick chemistry (Urilux, Roche, Mannheim Germany), measure-

ment of specific gravity by refractometry, sediment evaluation, which

was done either by experienced laboratory personnel or automatically

(SediVue Dx, IDEXX Laboratories, Westbrook, ME), and aerobic bac-

terial culture and sensitivity. Pyuria and hematuria were defined as

the presence of >5 leukocytes or erythrocytes, respectively in a high-

power field. Proteinuria was defined as a urine dipstick result of ≥1+

(ie, >30 mg/dL). UPC (Cobas Integra 400 Plus or Cobas 6000, Roche,

Mannheim, Germany) was only measured in dogs with severe protein-

uria (urine dipstick result +4), inactive sediment, and when glomerular

disease was suspected as the inciting cause for AKI.

2.4 | Blood pressure measurement and therapy

Blood pressure was measured with an oscillometric blood pressure

monitoring device (Midmark, Cardell touch, USA), using protocols rec-

ommended by the ACVIM Consensus Guidelines.15 The first docu-

mented blood pressure measurement within 24 hours of admission

and before the use of any vasoactive drugs was considered as blood

pressure upon arrival. The highest recorded measurement throughout

hospitalization was considered as maximal systolic (SBP) and diastolic

blood pressure (DBP).

2.5 | Statistical analysis

The distribution pattern of continuous variables was assessed using

the Shapiro-Wilk test. Since some data did not distribute normally,

data are presented as median and range and the Mann-Whitney

U-test was used to compare continuous variables between 2 groups.

The χ2 or the Fisher's exact tests were used to examine the associa-

tion between 2 categorical variables. Variables associated with death

were included in a forward multivariable logistic regression analysis to

further examine their association with the outcome. The Hosmer and

Lemeshow test was used to assess the goodness of fit. Receiver oper-

ating curve analysis was used to determine sensitivities and specific-

ities for outcome prediction. The optimal cut-off point was selected

as the value associated with the least number of misclassification. All

tests were 2-tailed, and in all, P < .05 was considered significant. Ana-

lyses were performed using a statistical software package (SPSS 22.0

for Windows, IBM Corp., Armonk, New York).

3 | RESULTS

The medical records search yielded 605 dogs with a suspected diag-

nosis of AKI during the study period. One hundred and fifty dogs were

excluded because of post-renal azotemia or because of missing data

in their medical records necessary to establish a reliable diagnosis of

AKI. In addition, 206 dogs were excluded because of findings sugges-

tive of pre-existing CKD. Subsequently, 249 dogs met the inclusion

criteria and were included in the statistical analysis.

One hundred and sixty-four (66%) dogs survived and 85 (34%)

dogs did not survive, of which 34 (40%) dogs died and 51 (60%) dogs

were euthanized during hospitalization.

3.1 | Signalment

The cohort included 121 males (castrated, 63; 52%) and 128 females

(spayed, 99; 77%). The most common breeds were mixed (n = 107),

German shepherd (n = 14), Labrador retriever (n = 10), Cavalier king

Charles spaniel and Yorkshire terrier (n = 7, each), Shi-tzu and Maltese

(n = 6, each), Golden retriever, Husky, Poodle, Border collie, Vizsla,

Pincher, and Pitbull (n = 5, each). There was no median age difference

(P = .18) between survivors (72 months; range, 1-216 months) and

non-survivors (84 months; range, 2-174 months), and no difference

(P = .29) in median body weight between survivors (19.3 kg; range,

1.2-75.8) and non-survivors (21.3 kg; range, 1.6-64.2).

3.2 | Clinical presentation

The most common clinical signs at presentation were lethargy,

anorexia, vomiting, diarrhea, polyuria, and polydipsia (Table 1). Diar-

rhea was more frequent (P = .001) among non-survivors, while the

proportions of the other clinical signs did not differ significantly

between the outcome groups (Table 1).

Median respiratory rate at presentation was higher (P = .05) among

non-survivors (36 breaths/min; range, 20-160) compared with survivors

(32 breaths/min; range, 9-88). No difference was found in the median

heart rate (P = .11) and rectal temperature (P = .05) at presentation

between survivors (120 beats per minute [bpm]; range, 56-270 vs

38.2�C; range, 34.3-40.6) and non-survivors (120 bpm; range, 28-240

vs 37.9�C; range, 35.2-40.8). Anuria was documented in 62 (25%) of

245 dogs. The case fatality rate was higher among dogs with anuria

compared with dogs without anuria (50% vs 28%, respectively; odds

ratio [OR], 2.5, 95% confidence interval [95% CI], 1.39-4.6, P = .002).

3.3 | Etiology

The etiology of AKI was not determined in 59 (24%) dogs. The most

common putative etiologies were ischemic/inflammatory (58%), infec-

tious (8%, of which 16 dogs [84%] with leptospirosis and 3 dogs

[16%] with pyelonephritis), and nephrotoxicosis (6%; Table 2).

Hospital-acquired AKI was documented in 23 (9%) of 249 dogs; in

5 (22%) of which, AKI was attributed to general anesthesia performed

immediately before the diagnosis. The overall case fatality rate of

hospital-acquired AKI was 44% and was not significantly different
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compared to the overall case fatality rate of other etiologies combined

(P = .32).

Pancreatitis was diagnosed in 54 (22%) of 249 dogs, and there

was no difference in the proportion of dogs diagnosed with pancreati-

tis between survivors and non-survivors (P = .85).

3.4 | Hematology and serum biochemistry findings

Anemia (hematocrit, <37.1%) was documented in 67 (32%) of

212 dogs and was more common in non-survivors compared with sur-

vivors (29/69 [42%] vs 41/143 [29%], P = .05; Table 3). Platelet count

was significantly (P < .001) lower in non-survivors (138 � 103/μL;

range, 8-668 � 103/μL) compared with survivors (216 � 103/μL;

range, 20-1509 � 103/μL), and the proportion of thrombocytopenia

was higher (34/67 [51%] and (32/143 [22%], respectively, P < .001;

Table 3).

Activities of ALP, ALT, AST, GGT, and concentration of bilirubin

were significantly higher in non-survivors, whereas blood-pH, bicar-

bonate, albumin, and total protein were significantly lower

(Table 4).

Median concentration of sCr at presentation of all dogs was

4.1 mg/dL (range, 1.1-37.9; Figure 1), increasing to a peak of

4.6 mg/dL (range, 1.1-43.2). While median sCr concentration at pre-

sentation did not differ significantly between the outcome groups,

median peak sCr (Figure 1) and the last median sCr during hospitaliza-

tion (discharge or death) were significantly (P < .001) higher in non-

survivors compared with survivors (5.4 mg/dL [range, 0.8-20.9] vs

1.2 mg/dL [range, 0.3-6.7], respectively). Maximal documented sCr

was used for classifying dogs to IRIS grades: Grade I, 6 dogs (2%),

Grade II, 38 dogs (15%), Grade III, 89 dogs (36%), Grade IV, 77 dogs

(31%), and Grade V, 39 dogs (16%). The case fatality rate of dogs with

Grade I, Grade II, Grade III, Grade IV, and Grade V was 1/6 (17%), 8/

38 (21%), 23/89 (26%), 36/77 (47%), and 17/39 (44%), respectively.

The overall case fatality rate significantly increased with IRIS AKI

grade (P = .009). Maximal sCr as a predictor of the outcome had an

area under the ROC curve of 0.65 (95% confidence interval,

0.58-0.73). A cut-off point of 5.3 mg/dL was associated with sensitiv-

ity and specificity of 64% and 66%, respectively.

3.5 | Urinalysis

Median USG of all dogs was 1.018 (range, 1.006-1.050) with no dif-

ference between the outcome groups (P = .69). The most common

urinalysis abnormalities were proteinuria (based on urine dipstick),

hematuria, pyuria, and bacteriuria (Table 5). Proteinuria was docu-

mented in 111 (80%) of 139 dogs with available urinalysis and was

significantly more common (P = .03) in non-survivors (34/37 dogs,

92%) compared with survivors (77/102 dogs, 75%). Eleven dogs had a

UPC measurement with a median UPC of 2.78 (range, 1.1-21.3).

Cylinduria was present in 22 (16%) of 140 dogs including the follow-

ing types: granular (13 dogs; 59%), hyaline (4 dogs; 18%), RBC (1 dog;

5%), and not specified (4 dogs; 18%). Glucosuria, in the absence of

hyperglycemia, was documented in 34 (25%) of 138 dogs. Urine cul-

ture (n = 77) was positive in 14 (18%) dogs with no difference in the

proportion of a positive urine culture between the outcome groups

(P = .52). Bacterial isolates included Escherichia coli (9 dogs; 64%),

Klebsiella Pneumoniae (3 dogs; 21%), and Pseudomonas Aeruginosa

(1 dog; 7%). One isolate was not specified (7%).

TABLE 1 Clinical findings at
presentation in dogs with acute kidney
injury

Clinical sign All dogs, n (%) Survivors, n (%) Non-survivors, n (%) P-value

Lethargy 225 (90) 146 (89) 79 (93) .32

Anorexia 206 (83) 134 (82) 72 (86) .43

Vomiting 168 (68) 113 (69) 55 (66) .68

Diarrhea 102 (41) 55 (34) 47 (56) .001

Polyuria 46 (19) 35 (21) 11 (13) .11

Polydipsia 44 (18) 34 (21) 10 (12) .08

Note: Other clinical signs reported in less than 20 dogs, included: hematochezia (n = 18), melena (n = 13),

seizures (n = 9), icterus (n = 8), hematemesis (n = 7), coughing (n = 6), petechiae and pigmenturia

(n = 5, each).

TABLE 2 Putative etiologies of AKI
in 249 dogs

Etiology All dogs, n (%) Survivors, n (%) Non-survivors, n (%)

Ischemic/inflammatory 144 (58) 91 (56) 53 (62)

Unknown 59 (24) 38 (23) 21 (25)

Infectious 19 (8) 17 (10) 2 (2)

Toxic 14 (6) 11 (7) 3 (4)

Othera 13 (5) 7 (4) 6 (7)

Abbreviation: AKI, acute kidney injury.
aIncluding hypercalcemia (7 dogs) and glomerulopathies (6 dogs).
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3.6 | Blood pressure

One hundred and twenty-four dogs had documented blood pressure at

presentation with overall median SBP of 143 mm Hg (range, 60-

240 mm Hg) and DBP of 88 mm Hg (range, 23-170 mm Hg). No signifi-

cant difference was found for initial SBP or DBP between the outcome

groups (P = .16, .43, respectively). Twenty-eight (23%) dogs were

hypertensive (SBP > 160 mm Hg) at presentation, increasing to 64%

(134/210 dogs) during hospitalization.

3.7 | Dialytic intervention

Forty-seven (18.8%) dogs were treated with hemodialysis as follows:

24 (51%) dogs received continuous renal replacement therapy (CRRT),

17 (36%) dogs received intermittent hemodialysis (IHD), and 6 (13%)

dogs were treated with both modalities. Dogs managed by hemodialy-

sis had significantly higher peak sCr concentration compared with

dogs treated conventionally (10.1 mg/dL; range, 5.5-43.2 vs 3.9 mg/

dL; range, 1.1-21.0, respectively; P < .001). There was no difference in

case fatality rate between dogs managed conventionally or with

hemodialysis (67% vs 60%, respectively, P = .31).

3.8 | Hospitalization

The overall median hospitalization period was 5 days (range, 0-72).

Non-survivors had a shorter median hospitalization period compared

with survivors (2 days, range, 0-24 vs 6 days, range, 0-72, receptively;

P < .001). Hospitalization was significantly longer (P = .01) among

dogs with an infectious etiology (median 9 days, range, 1-17) com-

pared with a toxic etiology (median 2.5 days, range, 0-17) and ische-

mic/inflammatory etiology (median 4 days, range, 0-24). During

hospitalization, survivors had lost 0.4 kg (range, �16.2 to +3.6), which

represented 2% decrease in the median body weight over the hospi-

talization period, while non-survivors did not have a change in median

weight (median, 0.0, range, �6.2 to +7.5 kg).

3.9 | Multivariable analysis

In the multivariable analysis including albumin, maximal sCr, ALT, total

bilirubin, RBC, platelet count, total solids, respiratory rate, anuria, and

diarrhea, only albumin concentration (P = .002), anuria (P = .002), and

diarrhea (P = .003) remained significant risk factor for death.

4 | DISCUSSION

Acute kidney injury is a common diagnosis in veterinary practice and

is associated with high morbidity and death. Dogs sustaining AKI

often require prolonged hospitalization, which is associated with sub-

stantial financial investment, and are at risk of developing CKD.1T
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Information regarding the case fatality rate and tools to assess the

prognosis are needed for both clinical decision making and guidance

of owner expectations. The ongoing shift in AKI etiologies,2 establish-

ment of new guidelines for the diagnosis and management of AKI,16

and advancement in therapeutic capabilities (mostly the increased

availability of renal replacement therapies) have all potentially enabled

better outcome of dogs sustaining AKI in recent years. Indeed, the

current study demonstrates a relatively low case fatality rate. The

main negative prognostic indicators in this study were AKI grade,

anuria, diarrhea, high respiratory rate, anemia, thrombocytopenia,

lower albumin concentration, increased activities of liver and biliary

enzymes as well as bilirubin concentration, and metabolic acidosis.

Some of these risk factors are surrogate markers for the diseases

severity and others for complications and extra-renal organs

involvement.

The etiology was identified in 76% of the dogs in the study; how-

ever, some of the etiologies should be regarded as putative since it is

not always feasible to prove cause and effect relationship.

Inflammatory and ischemia were combined into 1 category as these

conditions often coexist, making it impossible to determine the pri-

mary cause for AKI. Unknown etiology of AKI was not associated with

a worse outcome, thus it should not be considered a negative prog-

nostic factor. Ischemic/inflammatory conditions, followed by infec-

tious causes and nephrotoxicosis, were the most common etiologies

herein, in agreement with previous studies.1,3,5,17 The proportion of

AKI etiologies might vary among different geographical areas, possibly

influencing the outcome of dogs with AKI. For example, none of the

dogs in this study was diagnosed with ethylene glycol intoxication, a

severe nephrotoxicosis that typically carries a grave prognosis.5,18,19

Leptospirosis, which is associated with a favorable outcome, was diag-

nosed in only 6% of the dogs, likely because of the relatively low prev-

alence of leptospirosis in our geographical region along with the

introduction of multivalent vaccination.

The case fatality rate of dogs with an infectious etiology was not

different compared to dogs with non-infectious etiologies, inconsis-

tent with some previous studies,2,3,19 possibly because of the overall

relatively good outcome in this study compared with other studies.

The favorable outcome of dogs with an infectious etiology in previous

studies is likely due to the nature of the injury (ie, reversible) and the

availability of a specific treatment directed at elimination of the

underlying cause (ie, leptospirosis, pyelonephritis).

Hospital acquired AKI was a relatively common cause of AKI, in

accordance to the trends in human patients, accounting for 9%

(23/249) of the cases in this study. This probably results from an

intensive and prolong hospitalization time, as well as new guidelines

for the diagnosis of AKI, sensitizing clinicians to the importance of

small changes and trends in sCr during hospitalization.8,9 Hospitalized

animals often sustain severe inflammatory response and are prone to

hemodynamic instability, both of which make these animals suscepti-

ble for developing AKI.

The most common clinical signs of AKI in this study were not spe-

cific and included lethargy, anorexia, vomiting, diarrhea, anuria, poly-

uria, and polydipsia, consistent with previous studies.1,2,20 These

clinical signs result from accumulation of uremic toxins, other body

organs involvement, as well as comorbidities and complications. The

proportions of most clinical signs did not differ significantly between

the outcome groups. The proportion of diarrhea was higher in non-

survivors, potentially as a result of direct gastrointestinal damage sec-

ondary to the presence of uremic toxins, and thus correlates with the

degree of azotemia, or from complications such as pancreatitis or gas-

trointestinal edema due to overhydration. Severe diarrhea might also

be the primary cause for illness, resulting in fluid loss and dehydration

that may incite AKI. Higher respiratory rate was also associated with

higher case fatality rate, consistent with a previous study.2 Possible

mechanisms include pulmonary edema due to overhydration, non-car-

diogenic pulmonary edema (resulting from severe inflammation or less

likely pneumonitis), or hemorrhage.

Anuria was documented in 25% of dogs and significantly associ-

ated with case fatality rate. Decreased urine production is a consistent

negative prognostic indicator in both animals and humans with

AKI.1,8,9,21 It is likely that decreased urine production is also a marker

F IGURE 1 Serum creatinine concentration at presentation of
survivors and non-survivors. Data are presented as boxes and
whiskers. Each box includes the interquartile range, the horizontal line
within a box represents the median, and the whiskers represent the
range. Outliers are depicted by circles

TABLE 5 Urinalysis abnormalities in dogs with AKI

Analyte Positive result, n (%)

Proteinuria 111/139 (80)

Hematuria 74/140 (53)

Pyuria 66/140 (47)

Bacteriuria 45/140 (32)

Bilirubinuria 39/138 (28)

Epithelial cells 37/139 (27)

Glycosuria 34/138 (25)

Urobilinogenuria 29/138 (21)

Positive urine culture 14/77 (18)

Cylinduria 22/140 (16)

Crystalluria 12/140 (8.5)

Abbreviation: AKI, acute kidney injury.
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of the disease severity.5 Accumulation of uremic toxins in anuric and

oliguric dogs is likely more rapid, resulting in severe azotemia, conse-

quently, leaving only a narrow window of opportunity for recovery in

the absence of dialytic intervention.

In agreement with previous studies in both dogs1,2 and humans,22

anemia at presentation was recognized as a negative prognostic fac-

tor. Anemia is traditionally considered a feature of CKD rather than

AKI; however, dogs with AKI admitted to secondary or tertiary refer-

ral centers in particular develop anemia because of several mecha-

nisms including bleeding (eg, gastrointestinal), anemia of inflammation,

decreased erythropoietin production (preventing adequate response

to the developing anemia), as well as cumulative blood loss because of

repeated sampling. It is possible that anemia associated with

decreased oxygen delivery to body organs, including the kidneys, is at

least partially responsible for the outcome of these dogs.23

Lower platelet number and thrombocytopenia were also more

common among non-survivors. Although thrombocytopenia is a com-

mon feature of leptospirosis,20 the case fatality rate of dogs diagnosed

with infectious etiology was lower compared with other etiologies,

thus the case fatality rate of animals with thrombocytopenia cannot

be explained by leptospirosis-associated thrombocytopenia, in accor-

dance with human literature.24 Thrombocytopenia could be a compli-

cation of the kidney injury itself or an independent risk factor for the

development of AKI, as has been demonstrated in people.25 Other-

wise it could be attributed to the underlying illness or coagulation dis-

orders (eg, DIC), which have been shown to be associated with

increased case fatality rate in dogs with AKI.2

In accordance with previous reports,2,26 sCr concentration at pre-

sentation was not associated with death; therefore, prognosis should

not be determined based on sCr at presentation. However, both peak

sCr as well as IRIS AKI grade were associated with case fatality rate in

this study. The severity of azotemia and the IRIS grade delineate the

window of opportunity for recovery, as uremic toxins are distributed

throughout body water (ie, all body organs), subsequently leading to

organ dysfunction and death. Therefore, animals with severe uremia

and high IRIS grade are less likely to survive, especially in the absence

of dialytic intervention. Although the degree of azotemia is a proxy to

the disease severity, it does not indicate the potential for reversibility

of the injury, which is highly dependent on the underlying cause.18,19

Lower venous blood pH and bicarbonate were common and asso-

ciated with a worse short-term outcome in this study, likely rep-

resenting the degree of kidney dysfunction. Serum phosphorus

concentration, on the other hand, was not associated with the out-

come herein, as opposed to the results of the previous large scale

cohort of 99 dogs with AKI.1 It is likely that similar to sCr, variables at

presentation do not represent the severity of the injury, either

because the disease is progressing or because the animal has not

reached a steady state.

Activities of ALP, AST, ALT, GGT, and concentration of bilirubin

were significantly higher in non-survivors. This could be indicative of

the severity of the disease manifested by extra-renal complications or

otherwise reflect complications such as pancreatitis and liver injury,

which might have been more severe in these dogs, attributing to their

worse outcome.17,27,28 It has been shown that the number of organs

affected by the diseases is positively associated with case fatality

rate.2

The most common urinalysis abnormalities were proteinuria,

hematuria, pyuria, and bacteriuria. Proteinuria was more common than

previously reported.1 UPC was not available for most dogs, since ani-

mals with AKI are not in steady state, thus this variable is not being

evaluated routinely in our institution in dogs with AKI, unless primary

glomerular disease is suspected. Glucosuria in the absence of hyper-

glycemia was detected in 25% of the dogs, comparable to the inci-

dence reported previously.1 Cylindruria, on the other hand, was only

documented in 16% of the cases, which is lower than previously

reported.1 These findings demonstrate once again the insensitivity of

these markers for AKI.

In this study, the prevalence of systemic hypertension in dogs

with AKI was relatively low at presentation compared with previous

reports, but increased substantially during hospitalization, consistent

with previous reports.16,29 The increase in the occurrence of hyper-

tension during hospitalization might relate to overhydration. Hydra-

tion status is a very subjective measure, which was assessed by

multiple clinicians during the study period; therefore, these data were

not included in the study because of potential bias. Nonetheless, clini-

cians should be extremely aware of the risk of overhydration and its

consequences including hypertension. Despite its potential for damag-

ing target organs, including the kidneys,15 there was no association

between systemic hypertension and survival in this study, potentially

because of close monitoring and prompt treatment. Our findings sup-

port the necessity for frequent blood pressure monitoring of hospital-

ized dogs with AKI, even if systemic hypertension is not documented

at presentation.

Conventional medical management of AKI is aimed at identifying

and eliminating the underlying cause along with supportive therapies

in accordance to the clinical and clinicopathological consequences of

uremia, as well as presence of complications. When the injury is

severe and medical management is unlikely to control the conse-

quences of the disease, renal replacement therapies are indicated. The

latter expand the window of opportunity for recovery and thus are

expected to improve the outcome.5 The availability of renal replace-

ment therapies is increasing in veterinary medicine worldwide, how-

ever is still limited because of the need for costly equipment and

trained personnel. In this study, 19% of the dogs underwent hemodi-

alysis, emphasizing the frequent utility of this therapeutic interven-

tion. The overall case fatality rate of dogs treated with hemodialysis

(40%) is comparable to reports in human patients (32%-53%),30 and

apparently lower than previously reported in dogs managed with

hemodialysis (48%-56%).2,18 Although there is a trend in recent years

to initiate hemodialysis earlier, the perceptible favorable outcome of

dogs treated with hemodialysis in this study cannot be attributed to a

lower severity compared with previous reports, as sCr was compara-

ble (10.1 mg/dL vs 9.7 mg/dL).2 It might be attributed to the overall

enhanced care and improved knowledge and techniques of extracor-

poreal therapies. The case fatality rate of dogs managed with hemodi-

alysis was not higher compared to the overall case fatality rate of
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animals managed medically, despite a significantly higher median sCr

in the former. This finding is not in agreement with a previous report,3

but emphasizes the therapeutic potential of this modality, as most ani-

mals managed by hemodialysis were not expected to survive without

dialytic intervention.

The overall case fatality rate in the present study was 34%, which

is lower compared with previous studies of dogs with AKI, reporting

case fatality rate (including euthanasia) ranging from 45% to

62%.1-3,5,17,31,32 A plausible explanation for the favorable outcome is

earlier diagnosis as a result of implementation of the IRIS AKI guide-

lines. Indeed 6 dogs were diagnosed with grade I AKI. Early diagnosis

promotes early intervention and close monitoring, potentially

preventing the diseases to progress further, before the injury becomes

irreversible and the window of opportunity for recovery narrows. The

lack of irreversible etiologies, such as ethylene glycol intoxication,

probably affected the outcome of this cohort. Finally, the higher sur-

vival rates might be a consequence of the significant developments

that occurred in the veterinary field over the past few decades includ-

ing the introduction of more advanced therapies and intensive care,

comparable to human medicine.30,33

Our study has several limitations, mainly because of its retrospec-

tive nature. The availability of complete medical records before refer-

ral was variable and some data were missing from the medical

records, weakening the power of some statistical analyses, and possi-

bly precluding identification of some causes of AKI, risk factors, and

prognostic indicators. Although our institution admits first opinion

cases, it is mainly a secondary and a tertiary referral center, thus cases

reviewed might not accurately represent cases of AKI observed in

general clinical practice. Classification of some etiologies cannot be

proved and should be regarded as putative. Treatment of dogs with

AKI, both during hospitalization and after discharge, was performed

by different clinicians, which possibly impacted the outcome. None-

theless, guidelines for AKI treatment in our hospital are rather uni-

form. This study describes the short-term outcome only, and studies

evaluating the long-term outcome of these dogs are warranted.

Finally, consistent with other studies of AKI, euthanized dogs were

not excluded, potentially negatively influencing the overall case fatal-

ity rate. We have tried to overcome this limitation by excluding ani-

mals that were euthanized within the first 24 hours from

presentation. Yet it is likely that some of the euthanized dogs might

have survived providing that euthanasia was not an option, potentially

affecting the risk analysis.

In conclusion, the case fatality rate of dogs with AKI is more

favorable than have previously documented. Hospital-acquired AKI is

common and likely increasing as medical treatment advances. This

study identified several negative prognostic indicators of the severity

of the disease (as reflected by presence of anuria, peak sCr concentra-

tion, AKI grade, the degree of acidemia), emphasizing the need for

early diagnosis. Other negative prognostic indicators are likely surro-

gate markers for presence of complications and extra-renal organs

affected by the disease. The utility of extracorporeal therapies and its

favorable outcome as part of the management of AKI in referral cen-

ters is also demonstrated.
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