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Abstract

Background: Serum symmetric dimethylarginine (SDMA) concentrations are consid-

ered a biomarker for renal dysfunction in dogs and humans with acute kidney injury

(AKI). No studies have assessed SDMA in cats with AKI.

Hypothesis/Objectives: SDMA correctly identifies cats with azotemic AKI.

Animals: Fifteen control cats, 22 with novel AKI, 13 with acute on chronic-AKI (AoC)

and 19 with chronic kidney disease (CKD).

Methods: Retrospective study. Cats with azotemia (serum creatinine concentrations

>1.7 mg/dL) were defined as having AKI or CKD based on history, clinical signs, clinico-

pathological findings and diagnostic imaging, and classified using the International Renal

Interest Society (IRIS) grading/staging systems. Serum SDMA concentrations were com-

pared between groups with nonparametric methods, and correlations assessed using

Spearman's correlation coefficient. Data are presented as median [range].

Results: SDMA concentrations were 11 (8-21) μg/dL, 36 (9-170)μg/dL, 33 (22-75) μg/dL

and 25 (12-69) μg/dL in control, novel AKI, AoC and CKD cats. SDMA concentrations

were significantly higher in cats with novel AKI (P < .001), AoC (P < .001) and CKD

(P < .01) compared to controls. SDMA concentrations were significantly higher in cats

with more advanced AKI (IRIS grade IV-V) compared to less severe AKI (IRIS grade II).

Serum creatinine and SDMA concentrations had a significant correlation in cats with

novel AKI (rs = 0.826, n = 22; P < .001) and a significant correlation when all cats across

all 4 groups were considered together (rs = 0.837, n = 69; P < .001).

Conclusions and Clinical Importance: Serum SDMA concentrations are elevated in

cats with established AKI (novel and AoC) and CKD, providing evidence for use of

SDMA as a biomarker for AKI in cats.
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1 | INTRODUCTION

Acute kidney injury (AKI) is defined as an abrupt reduction in renal fil-

tration and function, characterized by hypercreatinemia and altered

urine volume.1,2 Case fatality can reach 74% when renal replacement

therapy is required in human AKI,3,4 and 53.1% in conservatively-

treated cats with AKI,1 despite advances in medical care5 and the

reversibility of early AKI.6 The gold-standard for diagnosing a decline

in renal function in chronic kidney disease (CKD) is measurement of

glomerular filtration rate (GFR) through inulin or iohexol clearance,

but this is time-consuming, technically challenging and impractical.7-11

There is currently no gold-standard for diagnosing AKI.5 Current rec-

ommendations utilize hypercreatinemia as an estimate of GFR (along-

side changes in urine output) to diagnose and grade the severity of

AKI.12-15 However, hypercreatinemia is an insensitive biomarker of

decreased GFR, especially in AKI16 due to the nonlinear relationship

with GFR.17 Hypercreatinemia is only identified when approximately

75% of renal function has been lost,7,18 and is a late marker of disease

(increasing 48-72 hours after injury)19 affected by extrarenal factors

such as diet, hydration status and muscle mass.8,9,18 Creatinine pro-

duction by muscle decreases in AKI,20 further reducing the sensitivity

of creatinine for detecting AKI.

Previously researched novel veterinary renal biomarkers include

urinary or serum cystatin C (cysC),21-23 and other urinary biomarkers

(neutrophil gelatinase-associated lipocalin [NGAL]),24-26 kidney injury

molecule-1 (KIM-1),27,28 interleukins 6 and 18 (IL-6, IL-18),29,30 alka-

line phosphatase (ALP),30,31 heat-shock protein (HSP),16,30 retinol-

binding proteins (RBP)26,32 and gamma-glutamyl transpeptidase

(GGT);30,31 however, these biomarkers are not readily available to

practitioners and do not serve as robust biomarkers of AKI. Further-

more, many of these are markers of renal cell damage rather than

being a measure of function (as for creatinine and symmetric dimethy-

larginine [SDMA]).

Symmetric dimethylarginine (SDMA) is a by-product of intranuc-

lear protein methylation carried out by all nucleated cells,9 primarily

excreted by renal filtration9 and less influenced by muscle

mass9,10,33,34 than serum creatinine concentrations. Increases above

reference interval occur when there is a smaller reduction in GFR

(average 40% reduction in cats and dogs, 24% in cats alone).9,35 In

humans, serum SDMA concentrations correlate highly with GFR as

measured by inulin clearance11; in cats, a linear relationship has also

been observed between GFR and reciprocal serum SDMA concentra-

tion.10 Previous studies have shown that serum SDMA concentration

is considered a marker of early kidney disease in cats,9 dogs,36 and

humans,37 and it also increases in dogs with AKI.6 No studies have yet

evaluated serum SDMA concentrations as a biomarker of AKI in cats.

The aims of this study were to evaluate serum SDMA concentra-

tions in cats with azotemic AKI (both novel and acute on chronic),

CKD and controls to assess its suitability as a biomarker for AKI, and

to assess the correlation between serum creatinine and SDMA con-

centrations in these groups. We hypothesized that serum SDMA con-

centrations would be increased in cats with azotemic AKI and CKD,

and would be correlated with severity of AKI (as defined by

International Renal Interest Society [IRIS] grading), thus confirming it

as a marker of severity of renal dysfunction in AKI.

2 | MATERIALS AND METHODS

2.1 | Case selection

Cases were included after a database search of cats attending a Uni-

versity teaching hospital that had serum creatinine concentration

measured between 2016 and 2020. Information was recorded for

each case: signalment, age, historical signs, reason for biochemistry

analysis, serum creatinine concentration, urinalysis (including urine

specific gravity [USG]), imaging findings and survival to 30 days after

discharge. Cases were excluded from analysis if records were incom-

plete, or if no stored residual serum samples were available. Cases

were also excluded if clinically relevant comorbidities known to influ-

ence serum SDMA concentrations were identified, including systemic

inflammation38,39 (documented as elevated serum amyloid A concen-

trations), hyperthyroidism40,41 and neoplasia.42,43 Formal institutional

approval was granted by the ethics and welfare committee at the Uni-

versity teaching hospital.

Control cases included cats that had been referred to the Univer-

sity teaching hospital but had no evidence of azotemia (defined as

serum creatinine concentration <1.7 mg/dL [upper limit of laboratory-

specific reference interval]) and that had adequate urine concentrating

ability (USG >1.035). To be included, cases must have had hematol-

ogy, biochemistry and urinalysis performed, with no evidence of sys-

temic inflammation (serum amyloid A concentrations within reference

interval [<0.5 mg/dL]).

Cats presenting with azotemia were defined as having novel AKI if

they met inclusion criteria of (as defined in a previous study assessing

serum SDMA concentrations in dogs with AKI and CKD)6; acute history

and clinical signs of AKI in a previously healthy cat, history of exposure

to nephrotoxic agents or toxins (including general anesthesia), compati-

ble imaging findings (ie, renomegaly with medullary rim sign), compatible

laboratory changes (including, but not limited to, a combination of; azo-

temia, hyperphosphatemia, metabolic acidosis, hypocalcemia and hyper-

kalemia), USG <1.035 (unless laboratory changes and imaging findings

were present that were compatible with AKI) and a marked improve-

ment in azotemia (>50% reduction in serum creatinine concentration, or

resolution of azotemia) within 30 days of discharge (in survivors). For

inclusion, cats that were anuric at presentation did not require urinaly-

sis. Cats with suspected pyelonephritis that had a history of recent anti-

biotic administration did not require a positive urine culture result to be

included, if other imaging and laboratory findings were consistent with

pyelonephritis (ie, pyelectasia, active urine sediment, clinical and clinico-

pathological improvement after antibiotic administration). Cats deemed

to be hypovolemic (azotemic cats with a USG >1.035 showing an

improvement in serum creatinine after normalization of hydration sta-

tus) were differentiated from cats with AKI (azotemic cats with a USG

of <1.035), and the hypovolemic cats were excluded. The AKI group

was further graded based on current IRIS guidelines,13 and according to
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survival to 30 days after discharge vs nonsurvival to 30 days after

discharge.

Cats with previously stable CKD that had an acute deteriora-

tion in renal function (suggesting an acute exacerbation) with sub-

sequent resolution to previously stable levels were included in the

acute on chronic AKI group (AoC). In order to be classified as AoC

(and in accordance with previous studies), cats were included in

this group if they had acute onset of compatible clinical signs,

alongside a previous diagnosis of CKD (based on persistently ele-

vated serum creatinine concentrations) with a concurrent increase

in serum creatinine concentration of >25% above the previously

documented baseline, and abdominal ultrasonography findings

compatible with CKD (including increased renal echogenicity,

reduced corticomedullary differentiation, decreased renal size, or

irregular renal contour).44

Cats with stable CKD were included if they had stable azote-

mia (defined as a <25% increase in serum creatinine concentra-

tions over a 1 year time period). Cats were included if they were

managed with medication (including angiotensin converting

enzyme inhibitors), a protein-restricted prescription diet, or a

combination of medication and dietary modification. Newly diag-

nosed CKD cases were included if azotemia was present on at

least 2 samples taken >7 days apart without evidence of dehydra-

tion on clinical examination, in conjunction with reduced urine

concentrating ability (USG <1.035) and imaging findings consis-

tent with CKD (ie, decreased renal size with loss of corticomedul-

lary definition), if abdominal ultrasonography was performed. Cats

with a positive urine culture were excluded from the CKD group

due to the possibility of pyelonephritis resulting in AoC (rather

than stable CKD).

2.2 | SDMA analysis

Blood samples were collected from cats during hospitalization, and

serum was harvested within 2 hours of sample collection. Residual

serum was frozen and stored at �80�C within 24 hours of biochemi-

cal analysis. SDMA concentration was measured from 50 μL serum

samples using an immunoassay method as previously described34

(IDEXX Laboratories, Wetherby, UK).

2.3 | Statistical analysis

Data are reported as median [range] unless otherwise specified. Sta-

tistical analysis was performed using commercially available software

(SPSS v27 and GraphPad Prism). Since the data were not normally dis-

tributed (based on Shapiro-Wilk and Kolgomorov-Smirnov tests), the

Kruskal-Wallis test with Dunn's multiple comparisons test was used

to compare serum creatinine and SDMA concentrations between con-

trol, AKI, and CKD groups. The correlation between serum SDMA and

creatinine concentrations was determined using Spearman's correla-

tion coefficient. Association between serum creatinine and serum

SDMA concentrations with survival to 30 days after discharge were

investigated using univariable logistic regression analysis. Statistical

significance was defined as P < .05.

3 | RESULTS

Two hundred ninety-seven azotemic cat records were initially screened

for study inclusion. Of the records with complete medical data and

stored serum, 79 cats with suspected AKI and 36 cats with CKD were

initially identified. The main reason for exclusion was subsequent reclas-

sification as hypovolemic (n = 30) or final diagnosis of neoplasia

(n = 14) in the AKI group, and comorbid disease such as hyperthyroid-

ism (n = 8), or congestive heart failure (n = 5) and concurrent medica-

tion unrelated to CKD treatment such as prednisolone (n = 4) in the

CKD group. Sixty-nine cats were included in the study; 15 control cats,

22 cats with novel AKI, 13 cats with AoC, and 19 cats with CKD. There

were 1 male entire, 30 male neutered and 38 female neutered cats with

a median age of 8 [0.6-18.5] years. Seventy-seven percent of cats were

Domestic Short or Longhaired, and the remaining 23% were pure

breeds (3 British Shorthaired, 2 Ragdoll, 2 Persian, 2 Siamese, and 1 each

of the following breeds: Burmese, Birman, Korat, Egyptian Mau, Bengal,

Scottish Fold, and Exotic). Baseline clinicopathological data for all cats

at inclusion are summarized in Table 1. Cats with CKD were signifi-

cantly older than both control cats and cats with AKI, but otherwise

there were no significant differences in signalment between the groups.

Twenty-two cats with AKI (63%) had no previous history of CKD

(novel AKI group) and 13 cats with AKI (37%) developed AKI as an

acute on chronic episode (AoC group). Within the novel AKI group,

36% (n = 8) were classified as IRIS grade II AKI, 9% (n = 2) as IRIS

grade III AKI, 32% (n = 7) as IRIS grade IV AKI, and 23% (n = 5) as IRIS

grade V AKI. Within the AoC group, 23% (n = 3) were classified as

IRIS grade II AKI, 31% (n = 4) as IRIS grade III AKI, 23% (n = 3) as IRIS

grade IV AKI, and 23% (n = 3) as IRIS grade V AKI. The underlying

cause for AKI (when both groups were considered together) was iden-

tified in 30/35 cats, and included ureteral obstruction (n = 11), ure-

thral obstruction (n = 7), urogenital tract trauma (n = 2),

pyelonephritis (n = 3), recent general anesthesia (n = 1), NSAID toxi-

cosis (n = 2), sepsis or systemic inflammatory response syndrome

(SIRS; n = 2), and renal thromboembolism (n = 2).

Within the CKD group, 52% (n = 10) were classified as IRIS stage

2 CKD, 32% (n = 6) were classified as IRIS stage 3 CKD, and 16%

(n = 3) were classified as IRIS stage 4 CKD.

Serum SDMA concentrations were significantly higher in cats

with novel AKI (36 [9-170] μg/dL; P < .001), AoC (33 [20-75] μg/dL;

P < .001) and CKD (25 [12-69] μg/dL; P < .01) compared to control

cats (11 [8-21]μg/dL). There was no difference in serum SDMA con-

centrations between cats with novel AKI or AoC (P = .422), or

between cats with novel AKI and CKD (P = .132), but there was a sig-

nificantly higher serum SDMA concentration in cats with AoC than

cats with CKD (P = .003). Serum SDMA concentrations were within

reference intervals in 4/22 cats with novel AKI and 5/19 cats with

CKD, and were elevated in 3/15 control cats. When considering the
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novel AKI group only (Figure 1), serum SDMA concentrations were

significantly higher in cats with IRIS grade IV AKI (45 [13-69] μg/dL;

P = .015) and IRIS grade V AKI (70 [40-170] μg/dL; P = .003) com-

pared with cats with IRIS grade II AKI (1611-32 μg/dL). There were

only 2 cats with IRIS grade III AKI, which had SDMA concentrations

of 9 μg/dL and 18 μg/dL. Serum SDMA concentrations were signifi-

cantly higher in cats with IRIS stage 4 CKD compared to cats with

IRIS stage 2 CKD (44 [27-69] μg/dL vs 1712-25 μg/dL; P < .05).

Serum SDMA concentrations in cats with IRIS stage 3 CKD (2713-45

μg/dL) were not significantly different to those of cats with IRIS

stage 2 or 4 CKD.

Serum creatinine and SDMA concentrations showed a strong

positive correlation in the novel AKI group (rs = 0.826, n = 22;

P < .001) and a strong positive correlation when all cats across all

4 groups were considered together (rs = 0.837, n = 69; P < .001).

Survival data (alive or dead 30 days after discharge) were avail-

able for all cats in the novel AKI group. Fifteen cats with novel AKI

(68%) survived to 30 days after discharge and 7 cats with novel AKI

(32%) did not survive to 30 days after discharge. Serum SDMA con-

centration, serum creatinine concentration and serum potassium con-

centration were not associated with nonsurvival to 30 days after

discharge (Table 2).

4 | DISCUSSION

In this study, we retrospectively evaluated serum SDMA concentra-

tions in cats with known azotemic AKI, to assess whether serum

SDMA concentration is a useful biomarker of renal dysfunction in

AKI. Serum SDMA and creatinine concentrations were significantly

higher in cats with renal azotemia (due to both novel AKI and AoC,

and CKD) compared to control cats. Both serum creatinine and SDMA

concentrations are markers of GFR9,10 although serum creatinine con-

centration is affected by some extrarenal factors in human and veteri-

nary species8 which could make it a weaker biomarker.8 Serum SDMA

concentrations are elevated in dogs with AKI6 and humans with

reduced GFR11; however, this is the first study to demonstrate that

serum SDMA concentrations are elevated in cats with AKI. Given that

TABLE 1 Clinical and clinicopathological data of control cats and cats with AKI and CKD

Control cats median (range) Novel AKI cats median (range) AoC-AKI cats median (range) CKD cats median (range)

Age (y) 7.6 (0.6-13.8)

n = 15

6.3 (1.0-14.0)1

n = 22

8.0 (1.20-16.0)

n = 13

11.0 (4.8-18.5)1

n = 19

Bodyweight (kg) 2.8 (1.7-5.0)

n = 10

4.3 (3.8-6.1)

n = 6

4.6 (2.6-5.6)

n = 9

4.4 (2.7-5.9)

n = 9

Creatinine (mg/dL) 1.17 (0.80-1.55)1,2,3

n = 15

5.17 (1.73-20.20)1

n = 22

3.99 (2.31-18.39)2

n = 13

2.52 (1.79-12.76)3

n = 19

USG 1.043 (1.035-1.050)1,2,3

n = 15

1.023 (1.010-1.050)1

n = 20

1.015 (1.010-1.030)2

n = 13

1.019 (1.008-1.029)3

n = 19

SDMA (μg/dL) 11 (8-21)1,2,3

n = 15

36 (9-170)1

n = 22

33 (20-75)2,4

n = 13

19 (12-69)3,4

n = 19

Note: Kruskal-Wallis test with post hoc Dunn's test for multiple comparisons was performed. Values with same superscript numbers are significantly

different to one another.

Abbreviations: AKI, acute kidney injury; AoC, acute on chronic acute kidney injury; CKD, chronic kidney disease; SDMA, serum symmetric

dimethylarginine; USG, urine specific gravity.

F IGURE 1 Serum SDMA concentrations in cats with novel AKI,
stratified by IRIS grade. The Kruskal-Wallis test with Dunn's multiple
comparisons test was used to compare serum SDMA concentrations
between groups. AKI, acute kidney injury; SDMA, serum symmetric
dimethylarginine

TABLE 2 Univariable logistic regression analysis of the
association between baseline serum SDMA, creatinine and potassium

concentrations in cats with novel AKI, with survival to 30 days
postdischarge

Confidence interval (CI) 95%

Odds ratio Lower Upper P-value

SDMA 1.003 0.976 1.031 .82

Creatinine 1.000 0.998 1.002 .83

Potassium 1.395 0.572 3.403 .46

Abbreviations: AKI, acute kidney injury; SDMA, serum symmetric

dimethylarginine.

1672 LOANE ET AL.



many cats in this study with AKI had no prior history of renal dysfunc-

tion (or thus reduced GFR), this provides proof of concept for further

studies evaluating the utility of serum SDMA concentrations as an

early biomarker for diagnosis of nonazotemic AKI (grade I) in cats,

before traditional markers of renal dysfunction such as serum creati-

nine concentrations are elevated.

Serum SDMA concentrations were significantly higher in cats

with more severe AKI (demonstrated by higher IRIS AKI grades) com-

pared to less severe AKI (demonstrated by lower IRIS AKI grades).13

Although this has not been demonstrated beforehand in cats, this is

an expected result given that AKI is defined as an abrupt reduction in

renal filtration1 and serum SDMA concentration is a marker of filtra-

tion with a linear relationship to GFR.8-10 In this study serum SDMA

concentration was different between cats with IRIS grade IV/V AKI

and cats with IRIS grade II AKI. This demonstrates that as well as

being elevated in cats with AKI, the degree of elevation in serum

SDMA concentrations is proportional to the degree of renal dysfunc-

tion present.

In this study, serum SDMA concentration had a strong positive

correlation with serum creatinine concentrations in novel AKI cats.

Serum concentrations of SDMA and creatinine also showed strong

positive correlation in all groups (control, CKD, AoC and novel AKI).

The strength of this correlation with serum creatinine concentration

in AKI cats suggests that serum SDMA concentration is a biomarker

of azotemic AKI in cats. We also postulated that the significant corre-

lation of serum SDMA concentration with serum creatinine concen-

tration seen across all groups supports the correct categorization of

cases retrospectively and reduces the chance that cases were misclas-

sified, thus validating the stringent inclusion criteria laid out in the

materials and methods. Compared to this study, a previous study

found a weaker positive correlation between serum concentrations of

SDMA and creatinine (r = 0.4) in dogs with AKI compared to CKD

(r = 0.74), despite the fact that this correlation would be expected to

be the converse since lower muscle mass in dogs with CKD would be

expected to weaken this relationship.6 It has previously also been sug-

gested that extrarenal factors can influence serum SDMA concen-

trations in dogs with both AKI and CKD.6 Furthermore, it could be

postulated that the cats with AKI in our study presented at a later

stage relative to the Dahlem study, thus allowing time for both

markers to equilibrate in the extracellular fluid or total body water

after a decline in GFR, which could account for the stronger corre-

lation in our study sample. However, due to the retrospective

nature of this study, we cannot be certain of when the insult result-

ing in AKI occurred and therefore cannot draw any conclusions

about whether timing of presentation has affected the correlation

between serum concentrations of SDMA and creatinine in cats with

AKI in this study.

In this study, some cats with both AKI and CKD had a serum

SDMA concentration within the reference interval, despite fulfilling

the inclusion criteria of azotemia (4/22 cats in the novel AKI group,

18%; 5/19 cats with CKD; 26%). Some of nonazotemic control cats

also had serum SDMA concentrations outside of the reference inter-

val (3/15 control cats, 20%). This has also been reported in a previous

study assessing SDMA in dogs with AKI and CKD6 where the discrep-

ancy was postulated to be due to laboratory error, or normalization of

GFR before normalization of serum creatinine concentrations after

renal injury (where serum creatinine concentration usually lags

behind).6 In contrast, a previous study identified serum SDMA con-

centrations as having a sensitivity of 100% and specificity of 91% for

CKD in cats, and no cats with high serum creatinine concentrations

had normal serum SDMA concentrations.9 We postulate that the dis-

crepancy between serum SDMA and creatinine concentrations in our

study reflects the fact that no test has 100% sensitivity or specificity,

and the normal serum SDMA concentrations in some AKI and CKD

cats were therefore considered to be false negatives. The cats with

normal serum SDMA concentrations in our study had SDMA concen-

trations near the upper limit of the reference interval (novel AKI 12

[9-14] μg/dL; CKD 13 [12-13] μg/dL), which could reflect analytical or

biological variability. Equally, the cats with elevated serum SDMA con-

centrations in our control group had SDMA concentrations close to

the upper limit of the reference interval (SDMA 17 [15-21] μg/dL).

Previous studies have documented a biological variability of serum

SDMA concentrations in healthy geriatric cats of 1.54 μg/dL,9 so it is

possible that these values within (and outside) the reference interval

in our study (for azotemic and control cats respectively) are due to

normal biological variability. It is possible that despite a measured

serum SDMA concentration within the reference interval, due to

intraindividual variability there could have been a clinically relevant

increase in serum SDMA concentration. Serum SDMA concentration

has lower interindividual variability compared to serum creatinine con-

centrations (due to effects of age, sex and lean muscle mass on serum

creatinine concentrations) but increased intraindividual variability,

leading to the limitation that if a serum SDMA concentration falls

within the population-based reference interval but outside of the indi-

vidual homeostatic setpoint for SDMA, it could be falsely interpreted

as normal (ie, a false negative result).45 In a clinical setting, previous

measurements of serum creatinine and SDMA on file from previous

health checks can be used to assess what is considered to be normal

for an individual animal and can be used to assess clinically relevant

changes by use of reference change values (RCVs). Use of RCVs for

serum biomarkers (including serum creatinine and SDMA) improves

their specificity and sensitivity as markers of GFR in individual ani-

mals, thus alleviating some of the inherent inaccuracies of clinical bio-

markers in individual animals that are analyzed based on population-

based reference intervals. Our findings could also reflect dispersion,

which is the range of possible results that are feasible for a given sam-

ple based on a combination of analytical and biological variation. Dis-

persion is at least 40% for a serum SDMA concentration (both point

of care and commercial laboratory measurements) of 14 μg/dL in cats,

which means that a measured serum SDMA concentration of greater

than or equal to 20 μg/dL is required to have confidence (with a 95%

statistical probability) that serum SDMA concentrations are truly

increased above the reference interval.46 Equally a cat with subnormal

GFR could have a serum SDMA concentration as low as 8 μg/dL.46

Dispersion and biological variability applies to azotemic as well as con-

trol cats in this study.
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No baseline serum biochemical biomarker (serum SDMA, creati-

nine, potassium concentration) was associated with nonsurvival to

30 days after discharge. This study also reported a higher AKI survival

rate (68%) than previous studies (36%-47%).47,48 Disease etiology is a

known prognostic factor in AKI47,49-52 with obstructive cases having a

higher reported survival rate than infectious, hemodynamic and toxic

causes.53 Although we postulated that the higher AKI survival rate

seen in our study could be due to the high proportion of cats with AKI

secondary to urinary obstruction (ureterolithiasis and urolithiasis—

12/22 cats with novel AKI, 55%), no significant association was found

when survival to 30 days after discharge was compared between cats

with obstructive or nonobstructive AKI (data not shown). We postu-

lated that the lack of significant association between serum biochemi-

cal markers and survival documented in our study (which differs to

what has been previously reported),47,53 is most likely related to the

small study size, thus increasing the likelihood of type 2 error. Serum

potassium concentration is a prognostic indicator in cats with AKI,

with a 57% decrease in chance of survival seen with every unit

increase (mEq/L) in potassium.47 Oliguria and anuria are negative

prognostic indicators in AKI,47 and decreased urine production leads

to hyperkalemia, given that renal excretion is the major mechanism

for removing potassium from the body,54 and thus any AKI etiology

that leads to prolonged oliguria/anuria is likely to predispose to hyper-

kalemia. It is therefore postulated that the improved survival docu-

mented in this study related to timely relief of obstructive AKI; given

that serum potassium concentration was not significantly elevated in

this group of cats when compared to the nonobstructive cohort (data

not shown), which may indicate that these cats did not demonstrate

clinically relevant oliguria/anuria (especially if unilateral ureteral

obstruction was present, which we documented as a common cause

of obstructive AKI this cohort of cats). However, timing of obstruction

relief and comparison to survival was not specifically evaluated in this

study, due to the retrospective nature of the study design. The results

from this study are, however, in keeping with 2 previous studies

assessing prognostic factors in cats with AKI, which found no associa-

tion with serum potassium or creatinine concentrations.48,52

Despite finding significant differences in serum SDMA concentra-

tions in cats with AKI, this study has several limitations. The first limi-

tation is the retrospective nature of the study, and the small number

of cases included, thus increasing the possibility of type 2 error.

Future prospective or multicenter studies are required to recruit a

larger number of cases for further analysis. Despite the small sample

size, AKI was defined using stringent inclusion criteria to try and

reduce the risk of falsely including cases that were hypovolemic/

dehydrated (ie, with prerenal causes of azotemia) rather than suffering

from renal injury (AKI). In order to differentiate, we defined AKI as an

increasing serum creatinine concentration despite fluid therapy and

normal hydration status. It is, however, possible that some of the pre-

renal azotemic cats which were excluded did have AKI. It has previ-

ously been documented that serum SDMA concentrations can be

influenced by prerenal factors and volume status,55 thus highlighting

the importance of assessing a concurrent USG (where available) in

order to exclude cats with prerenal azotemia from our study.

Concurrent USG was an inclusion criterion in this study, and cats with

concentrated urine were excluded from the AKI group in order to

avoid falsely including dehydrated or hypovolemic cats that did not

have AKI but might have had an elevated SDMA concentration due to

prerenal azotemia alone. Due to the retrospective nature of the study,

it was also unknown when serum samples were obtained in relation

to the onset of renal injury, which could influence the strength of the

correlation between serum SDMA and creatinine concentrations; ide-

ally future prospective studies are required to standardize timing of

samples. In addition, AKI cases with concurrent systemic inflammation

(defined as an elevated serum amyloid A concentrations) were

excluded. Although some underlying etiologies of AKI can be proin-

flammatory, and this exclusion criteria could therefore have led to less

AKI cases being included, these cases were excluded because sys-

temic inflammatory disorders are associated with increased serum

SDMA concentrations38,39 even in nonazotemic cats, which could

therefore confound our SDMA results. Ideally, future prospective

studies are required in order to include cases with AKI due to a proin-

flammatory etiology.

GFR was also not directly measured in the present study; AKI and

CKD were both defined by the presence of azotemia (ie, elevated urea

and creatinine) for study inclusion. However, serum creatinine concentra-

tions are known to be an insensitive marker for reduced renal function;

gold standard measurement of renal function in CKD includes GFR

assessment via inulin or iohexol clearance7-11 but this was not carried out

in our cohort of cats. Serum creatinine and SDMA concentrations are not

an accurate reflection of GFR in AKI (when there is no steady-state equi-

librium).6,12 This ultimately means that any new renal biomarker that is

assessed (such as SDMA in this paper) is compared to serum creatinine

concentrations, a suboptimal marker of renal function. It has long been

known that serum creatinine concentration is only elevated when greater

than 75% of renal function has been lost7,18; as such, a large proportion

of cats with early AKI will be missed in clinical practice, and will not have

been included in this study. However, our study design allowed assess-

ment of serum SDMA concentrations as a novel biomarker in cats with

known/advanced AKI, in order to prove that serum SDMA concentrations

are correlated with serum creatinine concentration in this cohort of cats.

Further studies are required to assess serum SDMA concentrations as an

early biomarker of AKI in prospective studies.

Obstructive causes of AKI were included in the study design, in

order to evaluate the serum SDMA concentrations in a representative

cohort of cases likely to be seen in clinical practice. It is possible that

these cases could have hypercreatinemia simply as a result of

decreased GFR associated with obstruction rather than AKI per

se. However, even in human medicine, there is a lack of a gold stan-

dard to define AKI, and GFR measurement is only appropriate in well-

hydrated stable patients. There is difficulty distinguishing between

intrinsic renal damage (histological AKI) and physiological decreases in

renal perfusion (functional AKI) in a clinical setting.5 It is likely that a

subset of these cats included in our study will have developed intrinsic

renal injury secondary to obstructive AKI.

Finally, due to the retrospective nature of this study, euthanasia

is likely to have influenced case fatality rates. Unfortunately and due

1674 LOANE ET AL.



to the often delayed detection of AKI in dogs and cats, prognosis can

be guarded, and this is likely to affect client decisions about whether

to pursue treatment.

Future studies of serum SDMA concentrations in cats with AKI

would appear warranted on the basis of our findings. Serum SDMA con-

centrations were not sequentially measured during hospitalization or the

recovery phase to assess whether this provides any further prognostic

information, or indicates cats which are more likely to survive AKI, due

to the retrospective nature of the study and the inconsistency of sample

timings. This was considered to be outside the scope of this current

study; however, this would be interesting to assess in future studies. In

addition, given that our study has indicated that serum SDMA concen-

trations correlate with serum creatinine concentrations in a cohort of

cats known to have AKI, further studies are required to analyze serum

SDMA concentrations in cats with early AKI (including hospital-acquired

and IRIS grade I AKI) to explore if elevated serum SDMA concentrations

are a more sensitive biomarker of AKI.
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