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Abstract

Background: Information regarding long-term outcome of dogs recovering from

acute kidney injury (AKI) is limited.

Objectives: Determine the long-term outcome of dogs recovering from AKI and iden-

tify predictors for serum creatinine concentration (sCr) normalization and long-term

outcome.

Animals: One hundred thirty-two dogs with AKI that survived ≥30 days postdischarge.

Methods: Retrospective study. Search of medical records of dogs diagnosed with

AKI that survived to discharge. Follow-up data were retrieved from medical records

and by telephone interviews with the owners or primary care veterinarians or both.

Results: Estimated median survival time (MST) was 1322 days (95% confidence inter-

val [CI], 1147-1626), and 76% of the dogs were alive at last contact. Normalization of

sCr was documented in 55% of the dogs at discharge and in additional 20% during

the follow-up period. The proportion of dogs with sCr normalization decreased with

increase in AKI grade (P = .02). Long-term survival was not associated with sCr nor-

malization (P = .63). Etiology was associated with the long-term outcome (P = .004).

Conclusion and Clinical Importance: Long-term survival of dogs with AKI is longer

than previously described. Normalization of sCr in 99 dogs (75%) occurred, either at

discharge or within the follow-up period. Normalization of sCr was not associated

with long-term survival. Estimated MST of dogs with sCr normalization was not dif-

ferent compared with dogs that developed azotemic chronic kidney disease (CKD),

presumably because of slow CKD progression rate. Etiology is an important factor

determining sCr normalization and long-term survival, emphasizing the importance of

the reversibility of renal injury rather than its severity.
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1 | INTRODUCTION

Acute kidney injury (AKI) is characterized by sudden onset of renal

parenchymal injury, and often is associated with decreased renal func-

tion, retention of uremic waste products, as well as fluid, electrolyte,

and acid-base imbalances.1 Disruption of homeostasis and accumulation

of uremic toxins are associated with damage to various body organs.

Consequently, morbidity and mortality rates remain high despite inten-

sive treatment.2,3 Short-term prognosis of AKI is affected by multiple

factors including the etiology (which influences the reversibility of the

injury), comorbidities, complications, and treatment options.3,4 In 2 large

scale studies of AKI in dogs managed medically or by hemodialysis,

short-term mortality rates were 56% (56/99 dogs) and 47% (86/182

dogs), respectively.2,3 In the former study, 19/43 dogs (44%) that were

discharged from the hospital had serum creatinine concentration (sCr)

within the reference range during the follow-up period, whereas in the

remaining 56% sCr remained above the reference range, and subse-

quently these dogs were diagnosed with chronic kidney disease (CKD).

The long-term outcome however was not evaluated in this study.

Other veterinary studies have been focused mainly on a single

etiology, and only short-term outcome has been reported. In a study

evaluating the long-term outcome of dogs managed by intermittent

hemodialysis, 49/93 dogs (53%) were discharged, and the overall

1-year survival was 33% (31/93 dogs).5 Furthermore, this study found

that the median overall and renal-related survival times were signifi-

cantly longer for dogs with underlying infectious etiology compared

to other etiologies.

Information regarding the long-term prognosis of AKI is important

for both clinicians and owners. Such data would aid clinicians in deci-

sion making and guiding owners' expectations, because AKI is associ-

ated with high treatment costs and euthanasia might be considered.

Moreover, these data will assist clinicians in tailoring long-term moni-

toring regimens and possible therapeutic interventions for dogs recov-

ering from AKI. Our objectives were to determine the long-term

outcome of dogs recovering from AKI, assess the proportion of dogs

with normalization of sCr at discharge and during the follow-up

period, and identify prognostic factors for both normalization of sCr

and long-term outcome.

2 | MATERIALS AND METHODS

2.1 | Case selection

Medical records of dogs presented to the Koret School of Veterinary

Medicine, The Robert H. Smith Faculty of Agriculture, Food and Envi-

ronment, Hebrew University of Jerusalem, diagnosed with AKI and

that survived to discharge, between the years 2015-2021, were

reviewed retrospectively. Acute kidney injury was diagnosed based on

the International Renal Interest Society (IRIS) guidelines, and included

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

anuria, oliguria, polyuria, vomiting, inappetence) and acute onset of

azotemia after exclusion of postrenal causes.1,6 The maximal

documented sCr during hospitalization was used to classify dogs

according to IRIS AKI grades. Dogs with a previous diagnosis of CKD

or ultrasonographic evidence consistent with CKD (eg, small irregular

kidneys, decreased cortico-medullary distinction7) were excluded, as

were dogs with postrenal azotemia.

2.2 | Medical records

Data extracted from the medical records included signalment, history,

physical examination findings, CBC, serum biochemistry, urinalysis,

urine culture, blood gas analysis, blood pressure measurements, ultra-

sonographic findings, and hospitalization duration. Dogs were excluded

from analysis if they did not survive to discharge or died within

30 days after discharge.

The etiology of AKI was classified as follows: (1) inflammatory/

ischemic (ie, systemic underlying inflammatory process with suspected

decreased tissue perfusion), (2) infectious, (3) nephrotoxic, (4) other, or

(5) unknown. Pancreatitis was included in the inflammatory/ischemic

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

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

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

interval, <108 U/L) or some combination these.8,9 Nephrotoxicity was

diagnosed based on a history of recent (<72 hours before presentation)

exposure to a nephrotoxin. Infectious causes included pyelonephritis

and leptospirosis. Pyelonephritis was diagnosed based on urine sedi-

ment findings (ie, pyuria and bacteriuria), positive urine culture and ultra-

sonographic findings.10,11 Leptospirosis was diagnosed if the titer of a

single microscopic agglutination test (MAT) was ≥1:800 without recent

(<12 months) history of vaccination, or when seroconversion in paired

MAT titers (ie, 4-fold increase between the first and second samples)

was documented.12 Other etiology included AKI secondary to hypercal-

cemia or glomerulopathies, diagnosed based on the presence of marked

proteinuria (urine protein-to-creatinine ratio [UPC] >2) after exclusion of

extrarenal causes. Hospital-acquired AKI was diagnosed based on an

increase in sCr of ≥0.3 mg/dL within 48 hours during hospitalization

while receiving fluids IV.13 If ≥2 etiologies were present, the primary

cause was designated as the etiology for statistical analysis.

2.3 | Laboratory evaluation

Blood samples were collected in potassium-EDTA tubes for CBC

(Advia 120 or 2120, Siemens, Erlangen, Germany; Abacus Junior Vet,

Diatron, Wien, Austria), and whole blood samples in plain tubes with

gel separators for serum biochemistry (Cobas 6000, Roche, Mann-

heim, Germany). Samples obtained in-house were analyzed within

60 minutes after collection. The CBC and serum biochemistry

results from referring clinics were considered if obtained ≤24 hours

before admission or during the follow-up period. Cystocentesis was

used to collect urine samples for dipstick chemistry (Urilux, Roche,

Mannheim Germany), measurement of specific gravity by refractome-

try, sediment evaluation, which was done either by experienced
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laboratory personal or automatically (SediVue Dx, IDEXX Laboratories,

Westbrook, ME), and bacterial culture. Pyuria and hematuria were

defined as presence of >5 WBCs or RBCs, respectively, per high-power

field (hpf). Proteinuria was defined as a urine dipstick result of ≥1+ (ie,

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

Mannheim, Germany) only was 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 | Follow-up

Dogs discharged from the hospital but not surviving 30 days post-

discharge were excluded from the study and the minimum follow-up

time was 30 days. Follow-up data were obtained from the electronic

medical records or by telephone interview with the owner or primary

care veterinarian or both, and included follow-up date, status of the

dog (ie, alive, dead, euthanized), sCr, and whether the dog had another

episode of AKI during the follow-up period.

Long-term survival of dogs was calculated as the number of days

from discharge until the last follow-up date, death, or euthanasia. Dogs

were diagnosed and classified by CKD stage based on the IRIS CKD

staging system only if sCr measurements were available >3 months

after discharge and only if sCr was stable (<10% change between at

least 2 measurements >1 month apart). Normalization of sCr was

defined as sCr <1.4 mg/dL at discharge or during the follow-up period.

Dogs eligible for CKD staging in which normalization of sCr was

documented were classified as CKD Stage 1.

2.5 | Statistical analysis

Continuous variables (eg, age, blood pressure, kidney function vari-

ables) were assessed for normality using the Shapiro-Wilk test. Con-

tinuous variables are presented as median and range and categorical

variables as proportions. Because many variables were not normally

distributed, the Mann-Whitney U test was used to compare continu-

ous variables between the 2 groups. Chi-squared or Fisher's exact

tests were used to examine the association between 2 categorical var-

iables. Kaplan-Meier analysis was performed to assess long-term out-

come, and the log-rank test was used to determine the effect of

categorical variables (eg, pancreatitis, etiology, acute on chronic kid-

ney disease [ACKD], AKI grade) on outcome. Dogs alive at last follow-

up were right censored. Cox regression was used to assess the associ-

ation of continuous variables (eg, age, blood pressure, kidney function

test results) at presentation and maximal documented sCr during hos-

pitalization) with both sCr normalization and long-term outcome. Cox

regression also was used to perform multivariable analysis and further

assess the relationship between variables found to be associated

(P < .1) with long-term outcome in the univariate analysis. All tests

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

were performed using a statistical software package (SPSS 22.0 for

Windows, IBM Corp., Armonk, N.Y., USA).

3 | RESULTS

3.1 | Animals and etiology

Medical records search yielded 249 dogs with AKI during the study

period, of which 85 dogs did not survive to discharge or 30 days post-

discharge, and 32 dogs were lost to follow-up. Thus, 132 dogs met

the inclusion criteria and were included, of which 63 were males

(36 castrated, 57%) and 69 were females (54 spayed, 78%). The

most common breeds were mixed (61 dogs; 46%), German shepherd

(9 dogs, 7%), Cavalier King Charles spaniel and Yorkshire terrier

(5 dogs each, 4%), Siberian Husky, Labrador retriever, and Maltese

(4 dogs each, 3%). Median age was 72 months (range, 1-216 months),

and median weight at presentation was 19.3 kg (range, 1.2-75.8 kg).

Etiologies were ischemic/inflammatory (70 dogs, 53%) including

pancreatitis (21 dogs, 16%), postanesthesia (14 dogs, 11%), severe gas-

troenteritis (8 dogs, 6%), peritonitis (6 dogs, 4%), heat stroke and severe

bleeding (5 dogs, 4% each), diuretic treatment for heart failure (3 dogs,

2%), snake envenomation and myositis (2 dogs, 2% each), pyometra,

cycad poisoning, road trauma and cardiac tamponade (1 dog each, 1%

each); infectious (15 dogs, 12%), including leptospirosis (14 dogs, 11%)

and pyelonephritis (1 dog, 1%); nephrotoxicosis (7 dogs, 5%), including

nonsteroidal anti-inflammatory drug (NSAID) overdose (6 dogs, 5%), and

grape or raisin ingestion (1 dog, 1%). Other etiologies (4 dogs, 3%)

included hypercalcemia (3 dogs, 2%) and glomerulopathies (1 dog, 1%).

The etiology of AKI was unknown for the remaining dogs (36 dogs,

27%). Hospital-acquired AKI was diagnosed in 13 (10%) dogs.

3.2 | Normalization of sCr and laboratory findings
during hospitalization

Median sCr at presentation was 3.8 mg/dL (range, 1.1-37.9 mg/dL),

increasing to 4.1 mg/dL (range, 1.1-43.2 mg/dL) during hospitalization.

Maximal measured sCr during hospitalization was used to classify dogs

by IRIS grades as follows: Grade I, 5 dogs (4%); Grade II, 25 dogs (19%);

Grade III, 47 dogs (36%); Grade IV, 35 dogs (26%); and Grade V, 20 dogs

(15%). Twenty-seven dogs were managed using hemodialysis. Median

sCr at discharge was 1.3 mg/dL (range, 0.4-6.7 mg/dL). The sCr had nor-

malized in 72 dogs (55%) by the time of discharge. Sixty dogs (45%)

were discharged with sCr >1.4 mg/dL, of which 27 dogs (45%) had nor-

malization of sCr during the follow-up period, documented between

2 and 1072 days after discharge. Overall, sCr normalized in 99 dogs

(75%), either at discharge or during the follow-up period, of which

76 dogs (76/99, 77%) were alive at the time of last contact.

The sCr at presentation was significantly (P < .001) lower in dogs

that experienced sCr normalization at any time point during the

follow-up period (median, 3.3 mg/dL; range, 1.1-15.9 mg/dL) com-

pared to dogs without normalization of sCr (median, 7.2 mg/dL; range,

1.5-37.9 mg/dL). Similarly, maximal sCr during hospitalization was

lower in the former group (median, 3.7 mg/dL; range, 1.1-18.3 mg/dL)

compared with the latter (median, 7.2 mg/dL; range, 2.1-43.2 mg/dL;

P < .001; Figure 1).
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The proportion of dogs with sCr normalization (either at discharge

or during the follow-up period) decreased significantly with increase

in IRIS AKI Grade (P = .001; Figure 2). The proportion of dogs

with sCr normalization was lower in dogs managed by hemodialysis

(27 dogs) compared with dogs managed medically (59% vs 84%,

respectively; P = .05). Serum creatinine concentration normalized in

47%, 100%, 81%, 50%, and 72% of dogs with infectious, nephrotoxic,

ischemic/inflammatory, other, and unknown etiology, respectively,

with significant differences in the proportion of sCr normalization

among AKI etiologies (P = .02).

3.3 | Long-term outcome

One hundred dogs (76%) were alive at last follow-up with an esti-

mated median survival time (MST) of 1322 days (95% confidence

interval [CI], 1147-1626 days; Figure 3). The proportion of dogs lost

to follow-up after discharge was 10% (13/132) at 3 months, 11%

(14/132) at 6 months, 12% (16/132) at 12 months, 32% (42/132) at

2 years, and 35% (47/132) >24 months after discharge. Thirty-two

(24%) dogs died during the follow-up period, of which 16 dogs (50%)

died naturally, whereas 15 dogs (47%) were euthanized (in 1 dog data

regarding the cause of death were missing). Of the 32 dogs that died

during the follow-up period, 12 died because of nonurinary related

causes (hemoabdomen, cardiac tamponade, neoplasia, and post sei-

zure), 10 dogs died due to further progression of their kidney disease,

and in 10 dogs the cause of death could not be verified. After dis-

charge, the proportion of surviving dogs was 95% (125/132 dogs) at

3 months, 90% (118/132 dogs) at 6 months, 87% (115/132 dogs) at

12 months, and 81% (107/132) at 24 months. The remaining 5%

(7/132 dogs) died >24 months after discharge. A significant associa-

tion was found between age and long-term outcome (P < .001; hazard

ratio, 1.015; 95% CI, 1.008-1.022).

Clinical signs at presentation, hypertension, and pancreatitis were

not associated with sCr normalization or long-term survival. No signifi-

cant association was found between long-term survival and IRIS AKI

grade (P = .06). No difference was found in long-term survival between

dogs managed medically or using hemodialysis (P = .15). No association

was identified between long-term survival and normalization of sCr at

any time (P = .63), but significant differences in long-term survival were

found among the AKI etiologies (P = .004; Figure 4); none of the dogs

with infectious etiology died during the follow-up period.

Dogs in which sCr did not normalize during follow-up period had

median sCr concentration of 1.9 mg/dL (range, 1.4-6.5 mg/dL) at last

follow-up. In 32 dogs, sCr was not stable during the follow-up period,

hence these dogs were not classified by CKD Stage, and 14 of these

dogs experienced a continuous decrease in sCr up to 3 months after

discharge. Sixty-four dogs had stable sCr ≥3 months after discharge

F IGURE 1 Maximal sCr during
hospitalization in dogs with and
without normalization of sCr. The box
represents the second and third
quartiles. The horizontal line within the
box represents the median. The
whiskers represent the range, and the
circles indicate outliers. sCr, serum
creatinine concentration

F IGURE 2 Association between International Renal Interest Society
AKI Grade and sCr normalization at both discharge and during the follow-
up period. AKI, acute kidney injury. sCr, serum creatinine concentration
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and were classified by IRIS CKD stages as follows: 49/64 dogs (77%)

were classified as IRIS CKD stage 1 and 15/64 dogs (23%) were classi-

fied as IRIS CKD stage 2.

Sixty-five dogs with sCr normalization at any time had sufficient

follow-up data (ie, ≥ 1 sCr after sCr normalization) to assess whether

azotemia recurred, and azotemia was documented in 9 of these dogs

(14%), 219-1077 days after discharge.

3.4 | AKI during the follow-up period

Fourteen dogs (11%) developed another episode of AKI (ie, ACKD) during

the follow-up period, within a median time of 222 days (range,

4-1309 days). These dogs were significantly (P = .01) older (124 months;

range, 10-174 months) compared to dogs that did not develop ACKD

(median, 72 months; range, 1-216 months). The etiologies of ACKD were

ischemic/inflammatory (9 dogs, 64%) including pancreatitis (4 dogs, 29%)

and diuretic treatment for heart disease (2 dogs, 14%), acute hepatitis

(1 dog, 7%), severe gastroenteritis (1 dog, 7%), and immune-mediated

hemolytic anemia (1 dog, 7%). The etiology for ACKD was unknown in

5 (36%) dogs. No difference was found in the proportion of dogs that

developed ACKD between dogs with or without normalization of sCr at

any time (10% vs 12%; P= .75). Long-term survival of these dogs was sig-

nificantly shorter (P < .001; hazard ratio, 3.7; 95% CI, 1.8-7.8) compared to

dogs that did not develop ACKD (median, 677 days; 95%CI, 397-957 days

vsmedian, 1549 days; 95%CI, 1322-1778 days, respectively).

F IGURE 3 Long term follow-up in
dogs surviving acute kidney injury

F IGURE 4 Association between
etiology of acute kidney injury and
long-term survival. AKI, acute kidney
injury
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3.5 | Multivariable analysis

In a multivariable Cox regression model including age, ACKD, etiology

and AKI Grade, only age (P < .001) and etiology (P = .02) remained

statistically significant whereas ACKD did not (P = .07).

4 | DISCUSSION

Dogs that recovered from AKI and survived >30 days had a good

long-term prognosis in our study. Normalization of sCr was docu-

mented in 75% of the dogs, either at discharge or during the follow-

up period.

Acute kidney injury is a severe syndrome, often requiring pro-

longed and costly hospitalization, with overall mortality as high as

45% to 62%, even with advanced treatment.2,3,14-16 Despite its acute

nature and potential for reversibility, AKI also may affect long-term

outcome, because not all surviving dogs regain completely normal kid-

ney function. The latter sustain CKD and as such, are prone to pro-

gression, because CKD in dogs is progressive in nature, and thus is

expected to influence long-term survival. This information likely influ-

ences decision making of both clinicians and owners once AKI has

been diagnosed. Currently, large scale studies describing the long-

term outcome of dogs recovering from AKI are lacking.

In our study, the estimated MST of dogs recovering from AKI

was 1322 days (95% CI, 1147-1626 days), longer than previously

described in veterinary studies.2,5 This rather long survival time is

probably an underestimation of the actual MST, because many of the

dogs were still alive at last follow-up. In accordance with previous

studies, sCr normalized in approximately half of the animals by the

time of discharge.2,17 However, our results further documented that

sCr normalization occurs in many dogs after discharge. Indeed, sCr

normalized during the follow-up period in 45% of the dogs discharged

with sCr above the reference range, and subsequently sCr normalized

in 75% of the dogs, which is a higher proportion than previously

described (44%).2

As might be expected, the proportion of dogs with sCr normaliza-

tion decreased significantly with increase in IRIS AKI grade (Figure 2).

Yet, long-term survival was not associated with IRIS AKI Grade. The

magnitude of azotemia during AKI represents the severity of kid-

ney dysfunction, but not necessarily the potential for reversibility,

which is highly influenced by the underlying cause.18 The role of

etiology in AKI recovery and short-term outcome has been well

established in several studies,3,5 and also is documented here by

differences in the proporations of dogs with sCr normalization

among different AKI etiologies. In our study, the effect of etiology

on long-term outcome also is demonstrated. Etiology affects the

nature of the injury and the availability of specific treatments to

eliminate the underlying cause. It is likely that some etiologies

exert their effect also after recovery from the acute insult (e.g.,

glomerulopathies) whereas others do not (e.g., infectious).

The time until sCr normalization during the follow-up period var-

ied, and could not have been assessed very accurately because

normalization occurred between 2 succeeding visits. Because of the

nature of our study, the time interval between visits was not constant

and was sometimes long. In some dogs, sCr normalized within a few

days after discharge, whereas in others normalization was docu-

mented after several months. These results suggest that renal recov-

ery and repair processes after AKI may last weeks to months before a

new steady state is reached.

During AKI recovery, 2 separate processes may occur: renal repair

and activation of compensatory mechanisms in the remaining neph-

rons (ie, compensatory hypertrophy). Renal repair processes include

repopulation of the tubules by regenerating epithelial cells that also

undergo maturation.19,20 Under certain circumstances, these repair

mechanisms may lead to maladaptive renal changes, resulting in per-

sistent renal dysfunction and CKD.19,21 Simultaneously, compensatory

hypertrophy and hyperfiltration occur, as the surviving nephrons com-

pensate for the loss in renal functional mass.22,23 Compensation pro-

cesses might result in a gradual decrease in sCr over months after the

abrupt impairment in kidney function.24 The term AKD (acute kidney

disease) has been proposed to represent the time window after AKI

during which renal pathophysiologic processes may be active and

ongoing.19,25-27 The prolonged recovery phase documented in our

study is consistent with guidelines used in humans, indicating that

CKD can only be diagnosed after AKI when azotemia persists and is

stable for >3 months.28 This guideline also should be considered in

veterinary medicine, because the time for sCr normalization in our

cohort was as long as 3 months. This new information regarding the

extended recovery process should be taken into consideration before

making final diagnoses and clinical decisions.

Despite the high proportion of dogs with resolved azotemia, it is

plausible that irreversible parenchymal damage and decreased renal

function are present in dogs with apparent clinical recovery and nor-

malization of biochemical variables. These changes might not be

reflected in traditional renal functional markers (eg, sCr and symmetric

dimethylarginine), and thus a diagnosis of CKD stage 1 should be made

in all dogs recovering from AKI. Dogs with CKD are at increased risk

for developing uremic crises (ie, ACKD),29 thus recognition of stage

1 CKD, including routine monitoring, is important. Indeed, the propor-

tion of dogs developing another episode of AKI was not different

between dogs that had normalization of sCr and dogs that did not.

Increased owner awareness about mild clinical signs is important,

because it also has been shown that ACKD carries a guarded long-term

prognosis in both dogs and cats.30,31 Early diagnosis of ACKD will facili-

tate therapeutic intervention and might improve outcome. The fact that

14% of the dogs with sCr normalization had recurrence of azotemia

further supports the notion that despite apparent complete recovery

from AKI, dogs with sCr normalization after an AKI episode should be

considered as stage 1 CKD (or at least to have higher risk for CKD and

ACKD), and thus should be monitored and treated appropriately. Dogs

diagnosed with another episode of AKI during the follow-up period in

our study were significantly older compared to dogs that did not, and

therefore older dogs recovering from AKI may need closer monitoring.

Dogs without normalization of sCr >3 months after the acute

insult were considered to have azotemic CKD (stage 2 or higher). The
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MST of these dogs is apparently longer than is reported for dogs with

CKD, and likely results from a slow CKD progression rate in dogs

recovering from AKI.32,33 The reason for this apparently slower pro-

gression might be related to the degree of compensatory hypertrophy

and the processes governing progression in CKD. It is possible that,

once substantial kidney function is regained (as occurred in our study),

compensatory maladaptive processes that occur in further progres-

sion of CKD23 do not occur to their full extent, or do not occur at all.

Indeed, in our study, azotemic dogs eligible for CKD staging only were

classified as IRIS CKD stage 1 or 2. Another potential explanation for

the apparently slow progression may be related to CKD etiology. The

etiology of CKD often is unknown at the time of diagnosis, but likely

exerts its negative effect on kidney function throughout the disease

course, contributing to further progression of the disease. These fac-

tors might not be present in dogs with CKD after AKI, and therefore

would not promote progression, and thus, in the absence of compen-

satory hypertrophy and activation of maladaptive processes, kidney

function may remain relatively stable. Another plausible explanation

for the lack of difference in survival time between dogs with or with-

out normalization of sCr relates to the fact that half of the dogs dis-

charged with sCr above the reference range showed a decrease in sCr

during the follow-up period. Thus, sCr normalization potentially also

had occurred in these dogs, but was never documented. The notion of

slow CKD progression after AKI also is supported by the fact that

12/22 dogs (55%) with a known cause of death during the follow-up

period died of causes unrelated to their kidney disease, and only

10 dogs died or were euthanized because of CKD progression.

Our study had some limitations, mostly related to its retrospec-

tive design. Incomplete medical records might have weakened the

power of some statistical analyses. Classification of some etiologies

could not be proven and these therefore were presumed. It is possible

the severity of azotemia at presentation was affected by dehydration

in some of the dogs, but because evaluation of hydration status is

very subjective and was assessed by multiple clinicians during the

study period, we elected not to include this information. The follow-

up period varied among dogs, because some were discharged only

months before final analysis, resulting in a relatively short follow-up

period, and other were still alive years after discharge, and censored,

possibly underestimating MST. After discharge, monitoring and treat-

ment of dogs were performed by different clinicians, at primary care

clinics, using different machines (with potentially different reference

ranges), which possibly affected our results. We did not use breed-

specific reference ranges to define sCr normalization although a sCr

<1.4 mg/dL could be considered high for some (especially miniature)

breeds, thereby overestimating sCr normalization. Relevant kidney

function variables (eg, blood urea nitrogen concentration, urine spe-

cific gravity) were not evaluated consistently during the follow-up

period and thus could not be included in the overall assessment of

kidney function. Differentiation between renal and nonrenal related

death during the follow-up period was not always possible. Because

most of the dogs had normalization of sCr and some of the other dogs

were not eligible for CKD staging, the number of dogs that were

included in the CKD staging was relatively low.

In conclusion, our findings suggest that dogs recovering from

AKI have a relatively good long-term outcome. In most of the dogs,

sCr normalized at discharge, and a substantial number of dogs expe-

rienced sCr normalization within the following weeks to months

after discharge. Normalization of sCr was less likely to occur with

increasing IRIS AKI grade, but normalization was not associated with

long-term survival, suggesting slow progression rate of CKD after

AKI. Significant differences in sCr normalization and long-term sur-

vival were observed among AKI etiologies, emphasizing the impor-

tance of reversibility of renal injury rather than the severity of renal

dysfunction during AKI to the long-term outcome. These findings

should facilitate clinical decision making and provide owner guidance

during hospitalization as well as dictate long-term monitoring of

dogs with AKI.
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