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Abstract

Kidney disease is common in companion animals, and traditionally diagnosed with serum

creatinine concentration (sCr), blood urea nitrogen, and abnormal urinalysis findings. Sym-

metric dimethylarginine (SDMA) is a novel kidney biomarker that reflects glomerular filtration

rate, increasing earlier than sCr with acute kidney injury and chronic kidney disease. This

prospective study compared accuracy and precision of two commercial SDMA assays, the

IDEXX SDMA Test and the DLD SDMA ELISA, relative to the established reference

method, liquid chromatography/mass spectrometry (LC-MS). Thirty canine and 30 feline

pooled serum samples were used to evaluate accuracy compared to LC-MS. Pooled canine

samples with a low SDMA concentration and pooled feline samples with a high SDMA con-

centration were used to evaluate precision. Using a best fit linear model, the IDEXX SDMA

Test resulted in a slope of 1.06 and an intercept of 0.34, with R2 = 0.99, and the DLD SDMA

ELISA resulted in a slope of 0.37 and an intercept of 11.33, with R2 = 0.27, when compared

to LC-MS. Estimated bias over a clinically relevant range for SDMA (10–45 μg/dL) was

1–2 μg/dL for the IDEXX SDMA Test, while DLD SDMA ELISA showed considerable bias,

5–8 μg/dL. Day-to-day precision analysis of the low SDMA concentration samples showed

7.7% total coefficient of variation (CV) for the IDEXX SDMA Test and 31.1% for the DLD

SDMA ELISA. For the high SDMA concentration samples, total CV was 2.3% for the IDEXX

SDMA Test and 28.2% for the DLD SDMA ELISA. In this study the IDEXX SDMA Test was

more accurate and more precise in macroscopically normal serum than the DLD SDMA

ELISA when compared to the reference method of LC-MS. The IDEXX SDMA Test is more

suitable for clinical use in the diagnosis and monitoring of kidney disease in dogs and cats.

Introduction

Kidney disease is common in small animals, with chronic kidney disease (CKD) recognized as

an important cause of morbidity and mortality in cats [1, 2] and dogs [3]. Early diagnosis and
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nutritional management of kidney disease are recommended to slow progression and improve

survival time of cats [2, 4, 5] and dogs [6] diagnosed with CKD. Early decreases in glomerular

filtration rate (GFR) are not readily recognized by the commonly used diagnostic tests, includ-

ing sCr and blood urea nitrogen (BUN) [7–9]. Symmetric dimethylarginine (SDMA) is a

methylated form of arginine found within all nucleated cells that is released into circulation

after proteolysis, then excreted through the kidneys, and correlates well with GFR in people

[10], dogs [3,11], and cats [12–13]. SDMA has been shown to increase earlier than sCr in cats

[13] and dogs with CKD [3] and studies have demonstrated that SDMA increases when there

is 25%- 40% decrease in GFR [3,11,13]. SDMA is also more specific than sCr, being less

impacted by extrarenal factors including body condition and advanced age [14–17]. Since

SDMA is not affected by lean body mass [14,15] it is potentially more reliable for assessing kid-

ney function in animals with conditions that result in muscle loss, such as feline hyperthyroid-

ism or advanced CKD. In 2015 IRIS amended the CKD guidelines to incorporate SDMA,

along with sCr, for the diagnosis and treatment of CKD in dogs and cats, noting that SDMA

may be a more sensitive indicator of kidney function than sCr [18], and that SDMA may be

used as an adjunct to sCr to guide treatment for patients with low body-condition scores, in

which sCr may underestimate the degree of renal dysfunction [18].

Liquid chromatography- mass spectrometry (LC-MS) analysis for SDMA is considered the

gold standard due to its accuracy and precision, but is costly, time-consuming, and is not readily

available [19]. Veterinary clinicians need a cost-effective, timely, and accurate test to maintain

SDMA as an essential part of a routine chemistry profile. The objective of this prospective study

was to evaluate and compare the accuracy and precision of two commercially available SDMA

assays, the IDEXX SDMA Test and DLD SDMA ELISA, in cats and dogs, relative to LC-MS,

established as the reference method. The IDEXX SDMA Test is a novel, high-throughput, com-

petitive, homogeneous immunoassay for SDMA that was validated on serum and plasma from

cats and dogs, both in healthy and CKD populations, according to CLSI standards [20, 21] The

SDMA Microtiter Plate ELISA test manufactured by DLD Diagnostika GMBH is designed for

measuring SDMA in human samples, and is being offered by some veterinary laboratories.

Materials and methods

Sample selection and preparation

Individual serum samples from 209 dogs and from 234 cats were used in the study. Each sam-

ple was obtained and submitted to an IDEXX commercial reference laboratory by a practicing

veterinarian during the normal diagnostic workup and monitoring of clinically well and ill

dogs and cats in his or her care. All samples were obtained on the consent of the pet owner.

After submission and analysis, ownership of the samples transferred to IDEXX as per terms of

the service contract. The study was approved by the IDEXX Laboratories Animal Welfare

Review Committee and complies with its guidelines.

Samples were required to have SDMA and SCr levels determined, a minimum serum vol-

ume of 0.5 mL, and minimal lipemia, icterus or hemolysis. SDMA was determined using a

commercially available high-throughput immunoassay (IDEXX SDMA Test; IDEXX Labora-

tories Inc., One IDEXX Drive, Westbrook, Maine 04092, USA). SCr were determined by a col-

orimetric method, Jaffe’s reaction using picrate at alkaline pH [22] (Beckman Coulter, Inc,

Brea CA). Samples submitted to an IDEXX commercial laboratory that met the above condi-

tions were then stratified by SDMA concentration into 4 ranges (0–14 μg/dL, 15–25 μg/dL,

26–50 μg/dL, and> 50 μg/dL) and randomly selected from within each range. This was to

ensure that selected samples had SDMA concentrations that spanned a wide analytic range.

Selected samples were stored for a maximum of 7 days. Each sample was identified by the
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breed, age, and sex of the dog or cat from which the sample was obtained. To ensure privacy,

demographic information on the pet, pet owner, or veterinarian who submitted the sample

was not collected.

Once weekly, all samples were sent to a central facility (IDEXX Laboratories, Inc., West-

brook, ME) for study preparation. Samples were stored at -20˚C for a maximum of 21 days

prior to preparation. Using the IDEXX SDMA Test measurements from the reference labora-

tory, individual canine samples and feline serum samples were combined to create 35 canine

and 35 feline pooled serum samples containing a minimum of 2.0 mL. Between 2 to 4 individ-

ual serum samples were combined for each pooled serum sample. The SDMA concentration

in each pooled serum sample was determined using LC-MS following previously described

methods [11]. The mean value of 3 LC-MS determinations per sample was used. Thirty canine

pooled serum samples and 30 feline pooled serum samples were then selected based on the

LC-MS measured SDMA concentration to ensure that the selected samples spanned a wide

dynamic range. Paired samples were aliquoted, labeled with the same unique identification

and frozen at -80˚C.

Additional individual canine serum samples were pooled to obtain a bulk sample with low

SDMA concentration (target: 10 to 15 μg/dL) and individual feline serum samples were pooled

to obtain a bulk sample with high SDMA concentration (target: 30 to 35 μg/dL). To reach the

target concentration for the high SDMA bulk sample, exogenous SDMA was added. The

SDMA concentration in each bulk serum sample was determined using the mean of 3 LC-MS

determinations following standard techniques noted previously. Sixty samples of each bulk

serum sample were aliquoted, labeled with a unique identification, and frozen at -80˚C.

One set of each of the individual canine accuracy samples (n = 30), the feline accuracy sam-

ples (n = 30), the pooled canine low SDMA samples (n = 30) and the pooled feline high SDMA

samples (n = 30) were shipped frozen to the Fredrikstad Dyrehospital veterinary facility using

overnight international shipping. Eight samples (2 canine accuracy, 2 feline accuracy, 2 canine

low precision, 2 feline high precision) were randomly selected and submitted daily over 15 days

to a Laboklin commercial laboratory (Laboklin GmbH&Co. KG, Steubenstraße 4, D—97688

Bad Kissingen, Germany) for evaluation of SDMA and sCr concentrations. Measurement of sCr

was performed to ensure the clinical integrity and identity of the analyzed samples that were

submitted masked to the two laboratories. SDMA was determined by a commercial competitive

ELISA method using the microtiter plate format, DLD SDMA ELISA, (DLD Diagnostika

GmbH, Adlerhorst 15, D-22459 Hamburg, Germany) and reported as mmol/L. SCr concentra-

tions were determined by a colorimetric method (Jaffe Gen.2, Roche Diagnostics) and reported

as μmol/L. Samples were thawed and shipped on ice Monday through Thursday of each week to

the commercial laboratory using standard overnight delivery methods. Samples were masked so

that only the species from which the sample was obtained was provided to the laboratory.

The retained, paired samples were submitted to an IDEXX commercial laboratory (IDEXX

Laboratories, Inc. 52 Church Hill Rd, Newtown, CT 06470) for evaluation of IDEXX SDMA

Test and sCr concentrations. Eight samples were submitted over 15 days following the same

submission order as used previously. SCr concentrations were determined by the Jaffe reaction

as previously described and reported as mg/dL.

Samples were processed and evaluated by the Laboklin and IDEXX commercial laboratories

within 3 months and 5 months of the date of sample collection, respectively.

Statistical analysis

Prior to analysis, SDMA and sCr concentrations obtained from the Laboklin Laboratory were

converted using standard unit conversion from mmol/L to μg/dL and μmol/L to mg/dL,
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respectively. To evaluate assay accuracy, difference plots and ordinary linear regression were

used to examine bias and correlation to the reference standard. To evaluate assay precision,

standard deviations for total, within, and between day precision were estimated using

restricted maximum likelihood (REML) variance components analysis. Outliers were removed

to ensure the data sets correctly represented the study population, using the extreme studen-

tized deviate (ESD) test [23]. SCr of samples were compared between laboratories using scatter

plot and rank correlation.

Results

Accuracy

The ranges of SDMA concentrations measured by LC-MS for the 30 individual canine and 30

individual feline samples were 9–51 μg/dL and 10–55 μg/dL, respectively. The accuracy of the

two SDMA diagnostic methods is illustrated in Fig 1. Outlier analysis resulted in the removal

of one measure in the DLD SDMA ELISA group, as shown in Fig 1(B). The best fit linear

model for the IDEXX SDMA Test resulted in a slope of 1.06 (95% CI: 1.03, 1.08), an intercept

of 0.34 (95% CI: -0.25, 0.92) with R2 = 0.99. The residual standard error was 1.13. The best fit

linear model for the DLD SDMA ELISA resulted in a slope of 0.37 (95% CI: 0.21, 0.53), an

intercept of 11.33 (95% CI: 7.52, 15.14) with R2 = 0.27. The residual standard error was 7.19.

Regression analysis confirmed that the species from which the serum was obtained was not sig-

nificant factor for either the IDEXX SDMA Test or the DLD SDMA ELISA method. For clar-

ity, slopes and intercepts with 95% confidence intervals for the best fit linear models were

determined for both canine and feline samples individually as shown in Table 1.

The bias of the two SDMA diagnostic methods is illustrated in Fig 2. The best fit linear

model for the IDEXX SDMA Test resulted in a slope of 0.06 (95% CI: 0.03, 0.08) and an

Fig 1. Accuracy of two SDMA diagnostic methods compared to the reference standard (LC-MS). (A) The IDEXX SDMA Test. (B) The DLD SDMA ELISA

method. Solid line represents best fit linear model; shading represents 95% confidence interval around the line. Dashed line is the line of equality. Outliers are

represented by �.

https://doi.org/10.1371/journal.pone.0205030.g001
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intercept of 0.34 (95% CI: -0.25, 0.92). The best fit linear model for the DLD SDMA ELISA

resulted in a slope of -0.63 (95% CI: -0.79, -0.47) and an intercept of 11.33 (95% CI: 7.52,

15.14). For clarity, slopes and intercepts with 95% confidence intervals for the best fit linear

models were determined for both canine and feline samples individually as shown in Table 1.

Minimal bias was noted for the IDEXX SDMA Test, as compared to the DLD SDMA ELISA

(Table 2).

Table 1. Slopes and intercepts with 95% confidence intervals for the best fit linear models determined for all samples and for canine and feline samples

individually.

Model Test Species Slope (95% CI) Intercept (95% CI) R2

Accuracy IDEXX SDMA Test Overall 1.06 (1.03, 1.08) 0.34 (-0.25, 0.92) 0.99

Canine 1.07 (1.04, 1.10) 0.33 (-0.42, 1.07)

Feline 1.04 (1.00, 1.08) 0.50 (-0.44, 1.45)

DLD SDMA ELISA Overall 0.37 (0.21, 0.53) 11.33 (7.52, 15.14) 0.27

Canine 0.36 (0.15, 0.56) 10.52 (5.51, 15.53)

Feline 0.40 (0.13, 0.68) 11.76 (5.68, 17.84)

Bias IDEXX SDMA Test Overall 0.06 (0.03, 0.08) 0.34 (-0.25, 0.92) N/A

Canine 0.07 (0.04, 0.10) 0.33 (-0.42, 1.07)

Feline 0.04 (0.00, 0.08) 0.50 (-0.44, 1.45)

DLD SDMA ELISA Overall -0.63 (-.079, -0.47) 11.33 (7.52, 15.14) N/A

Canine -0.64 (-0.85, -0.44) 10.52 (5.51, 15.53)

Feline -0.60 (-0.87, -0.32) 11.76 (5.68, 17.84)

N/A = not applicable.

https://doi.org/10.1371/journal.pone.0205030.t001

Fig 2. Bias of two SDMA diagnostic methods–difference from the reference standard (LC-MS). (A) The IDEXX SDMA Test. (B) The DLD SDMA ELISA

method. Solid line represents best fit linear model; shading represents 95% confidence interval around the line. Dashed line is the line of equality. Outliers are

represented by �.

https://doi.org/10.1371/journal.pone.0205030.g002
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The comparison of sCr between laboratories is show in Fig 3. Strong correlation was seen

between the sCr results from both Laboklin and IDEXX laboratories (Spearman’s rank correla-

tion, ρ = 0.96).

Precision

The SDMA concentration in the pooled serum samples was measured by LC-MS and was

determined to be 11.8 μg/dL (target: 10 to 15 μg/dL) for the pooled canine serum sample and

31.6 μg/dL (target: 30 to 35 μg/dL) for the pooled feline serum sample. The day-to-day preci-

sion of the two SDMA diagnostic methods is show in Fig 4. Outlier analysis resulted in the

removal of one measure in the IDEXX SDMA Test group, as shown in Fig 4(C).

The total variation by assay for each pooled serum sample, along with the within- and

between-day assay variation and total coefficient of variation are found in Table 3.

Table 2. Systematic bias calculated from fit lines of IDEXX SDMA Test and DLD ELISA SDMA compared to

LC-MS over a clinically relevant range of SDMA concentrations.

Systematic Bias (μg/dL)

SDMA Value

LC-MS

IDEXX SDMA Test DLD ELISA SDMA

10 μg/dL 0.94 5.03

14 μg/dL 1.18 2.51

20 μg/dL 1.54 -1.27

30 μg/dL 2.14 -7.57

45 μg/dL 3.04 -17.02

Negative numbers indicate the assay is under recovering SDMA with respect to the reference (LC-MS)

https://doi.org/10.1371/journal.pone.0205030.t002

Fig 3. Comparison of creatinine (sCr) measures between laboratories. Dashed line is the line of equality.

https://doi.org/10.1371/journal.pone.0205030.g003
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SDMA and sCr sample measures for each laboratory are found in S1 Dataset.

Discussion

The diagnosis of kidney disease is multifaceted, including assessment of patient signalment,

history, clinical signs, physical examination findings, and results of diagnostic testing,

Fig 4. Day-to-day precision of two SDMA diagnostic methods compared to the reference standard (LC-MS). (A) The IDEXX SDMA Test–

Feline sample, 31.6 μg/dL (LC-MS). (B) The DLD SDMA ELISA method–Feline sample, 31.6 μg/dL (LC-MS). (C) The IDEXX SDMA Test–Canine

sample, 11.8 μg/dL (LC-MS). (D) The DLD SDMA ELISA method–Canine sample, 11.8 μg/dL (LC-MS). Outliers are represented by �.

https://doi.org/10.1371/journal.pone.0205030.g004

Table 3. Variation by assay for each pooled serum sample.

Method Species Mean (μg/dL) Coefficient of Variation

Total

Standard Deviation

Total

(95% CI)

Standard Deviation

Within-Day

(95% CI)

Standard Deviation

Between-Day

(95% CI)

IDEXX SDMA Test Low Canine 13.0 7.7% �1.0

(0.8, 1.4)

0.7

(0.5, 1.0)

0.7

(0, 1.1)

DLD SDMA ELISA Low Canine 11.9 31.1% 3.7

(2.9, 5.3)

2.5

(1.8, 3.8)

2.8

(0, 4.1)

IDEXX SDMA Test High Feline 34.7 2.3% 0.8

(0.5, 1.5)

0.8

(0.4, 1.8)

0.1

(0, 0.5)

DLD SDMA ELISA High Feline 26.2 28.2% 7.4

(5.7, 10.4)

5.3

(3.9, 8.2)

5.1

(0, 7.6)

�Total SD including outlier = 2.28 (1.8, 3.0)

https://doi.org/10.1371/journal.pone.0205030.t003
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including hematology, biochemistry, urinalysis, medical imaging and ancillary evaluations

such as blood pressure measurement. Veterinary clinicians utilize laboratory assessment of

sCr and BUN to diagnose kidney disease, analytes which have been shown to be insensitive,

late markers of kidney dysfunction [7–9, 22] and non-specific, namely, influenced by extrare-

nal factors [22]. SDMA is a more sensitive and earlier indicator of kidney function that can

indicate progressive kidney function loss before other parameters and is less influenced by

extra-renal factors [3, 11, 13–15]. Accurate and precise SDMA measurements are needed to

optimize patient diagnosis and management based on standardized IRIS CKD staging and

individual patient concerns. When compared to SDMA measured by LC-MS on the same indi-

vidual patient samples, IDEXX SDMA Test results showed strong agreement. In this study

SDMA concentrations measured with the IDEXX SDMA Test were substantially more accu-

rate and more precise in macroscopically normal serum than those measured with the DLD

SDMA ELISA when compared to the reference method of LC-MS.

Bias of a diagnostic test can negatively impact appropriate medical interpretation. For the

IDEXX SDMA Test estimated bias over the clinically relevant range (10–45 μg/dL) was 1 to

3 μg/dL. In contrast, the DLD SDMA ELISA showed considerable bias over the clinically rele-

vant range, from 5 to -17 μg/dL. For the IDEXX SDMA Test a small proportional bias was

noted for canine and feline samples near the cutoff of 14 μg/dL, (Fig 2(A)); whereas, the DLD

SDMA ELISA revealed a moderate bias (Fig 2(B)). The biases reported for the DLD SDMA

ELISA not only impact the accurate assessment of kidney function in individual diagnostic

tests, but also alter the therapeutic recommendations and laboratory monitoring of patients

for progressive kidney disease. Near the SDMA cutoff of 14 μg/dL the DLD SDMA ELISA can

overestimate or underestimate kidney function, which could lead to a false positive diagnosis

of kidney disease, or perhaps more importantly, a failure to diagnose early kidney disease.

Missed opportunities to identify and treat reversible causes and contributors to progressive

kidney disease may negatively impact patient outcome. At concentrations of SDMA� 30 μg/

dL the DLD SDMA ELISA had a negative bias of� 7.57 μg/dL (Table 2), which could lead to

incorrect assessment of moderate to severe kidney disease, as kidney function is overestimated.

The difference in systematic bias between the two methods supports the clinical use of the

more accurate IDEXX SDMA Test rather than DLD SDMA ELISA.

Using a reliable, precise SDMA assay for patient monitoring is essential to recognize clini-

cally significant differences between consecutive laboratory tests. For any analyte, imprecision,

that is, specific assay variation, combined with biological variation, contributes to the expected

variation of a given result that occurs independent of disease or dysfunction. The level of

imprecision that is acceptable can vary throughout the assay range, and can depend on the

clinical utility of the analyte. When calculating the analytical/functional sensitivity of an

immunoassay, at some point, as the analyte concentration decreases, the imprecision increases

and the signal is essentially lost in the noise of the assay. This point, referred to as the lower

limit of quantitation, is often set at an imprecision (Coefficient of Variation) of< 20%, and is

regarded as the absolute highest imprecision that would be tolerated in a meaningful immuno-

assay result [24]. At higher analyte concentrations, imprecision of less than 10% would be

ideal [25].

The IDEXX SDMA Test showed excellent precision day- to- day and across the 15- individ-

ual- day period for measurements of a single, pooled high SDMA sample (Fig 4(A)) and low

SDMA sample (Fig 4(C)) determined by LC-MS as the reference standard. As shown in

Table 3 total standard deviation for the pooled samples was estimated as� 1.0 μg/dL. By con-

trast DLD SDMA ELISA measurements were imprecise within days and across 15 days of time

(Fig 4(B) and 4(D)), and total standard deviation was estimated as 3.7 μg/dL for low SDMA

and 7.4 μg/ for high SDMA concentrations (Table 3). In the laboratory evaluation of kidney
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function a high degree of imprecision could result in a failure to diagnose kidney disease,

either acute or chronic, or to recognize disease progression. Either might result in more poor

patient outcomes from lack of appropriate medical intervention. With an imprecise SDMA

measurement that is falsely increased, over-diagnosis of kidney disease or disease progression

could lead to unnecessary patient testing or hospitalization that also causes unwarranted

expense and owner concern. This could result in loss of owner confidence in the veterinarian’s

decision-making and could interfere with owner compliance and appropriate patient care.

Data in Fig 3 show good correlation between paired sCr measured concurrent with IDEXX

SDMA Test and DLD SDMA ELISA at their corresponding commercial laboratories. The pur-

pose of evaluating serum creatinine at each laboratory was to ensure the clinical integrity and

identity of the analyzed samples that were submitted masked to the Laboklin and IDEXX labo-

ratories and not to compare analytic methodologies. Although a reference method was not

used, the strong correlation between methods supports that proper sample handling/labeling

was used throughout the study. If the disagreement between SDMA methods were the result of

sample mishandling/mislabeling, we would not expect to see such strong correlation of serum

creatinine.

Despite careful attention to design there were some limitations inherent in this study. Sam-

ples were analyzed routinely in blinded fashion at two commercial laboratories rather than

side-by-side. While IDEXX SDMA testing was performed on a single instrument with stan-

dard quality control guidelines, the authors had no control over laboratory specimen process-

ing or instrument control for analysis of the DLD SDMA ELISA at Laboklin laboratory;

procedural information was limited to that provided in the manufacturer’s package insert.

This study does not compare analytical performance with common sample interferences such

as lipemia, icterus, or hemolysis that are encountered routinely in clinical practice as only mac-

roscopically normal samples were used. Finally, all serum samples were frozen prior to testing.

Previous studies have shown that dog serum SDMA concentrations remain stable for 7 days at

room temperature, 20˚C and for 14 days at 4˚C, with insignificant loss after exposure to 3

freeze-thaw cycles [11]. To the authors’ knowledge there are no published data on the effects of

storage or freeze-thaw cycles on cat SDMA concentrations, or long-term storage of dog sam-

ples. Such studies could be performed at a future date; however, the current study was designed

to minimize sample handling differences during processing and reanalysis that might affect

sample integrity: all samples compared to SDMA LC-MS were handled in similar fashion.

Conclusions

In this study SDMA concentrations measured with the IDEXX SDMA Test were more accu-

rate and more precise in macroscopically normal serum than those measured with the DLD

SDMA ELISA when compared to the reference method of LC-MS. The IDEXX SDMA Test is

more suitable for clinical use in the diagnosis and monitoring of kidney disease in dogs and

cats.

Supporting information

S1 Dataset. SDMA and SCr results from both Laboklin and IDEXX Laboratories.

(CSV)

Acknowledgments

The authors wish to thank Martine Lund Ziener and colleagues and staff at Fredrikstad Dyre-

hospital for help with sample handling and data collection.

Comparative performance of IDEXX SDMA Test for measuring SDMA in dogs and cats

PLOS ONE | https://doi.org/10.1371/journal.pone.0205030 October 15, 2018 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205030.s001
https://doi.org/10.1371/journal.pone.0205030


Author Contributions

Conceptualization: Donald McCrann, Julie Cross, Hanne Friis.

Data curation: Rachel Murphy.

Formal analysis: Donald McCrann, Corie Drake.

Funding acquisition: Hanne Friis.

Investigation: Rie Ernst, Julie Cross, Marilyn Strong-Townsend, Rachel Murphy.

Methodology: Donald McCrann, Julie Cross, Michael Coyne.

Project administration: Rachel Murphy.

Resources: Julie Cross, Marilyn Strong-Townsend.

Visualization: Michael Coyne, Corie Drake.

Writing – original draft: Jennifer Ogeer, Michael Coyne, Celeste Clements.

Writing – review & editing: Rie Ernst, Jennifer Ogeer, Donald McCrann, Julie Cross, Marilyn

Strong-Townsend, Hanne Friis, Michael Coyne, Celeste Clements, Corie Drake, Rachel

Murphy.

References
1. American Association of Feline Practitioners / Academy of Feline Medicine Panel Report on Feline

Senior Care. J Feline Med Surg. 2005; 7(1):3–32. https://doi.org/10.1016/j.jfms.2004.04.004 PMID:

15742502

2. Ross SJ, Osborne CA, Kirk CA, Lowry SR, Koehler LA, Polzin DJ. Clinical evaluation of dietary modifi-

cation for treatment of spontaneous chronic kidney disease in cats. J Am Vet Med Assoc. 2006; 229

(6):949–57. https://doi.org/10.2460/javma.229.6.949 PMID: 16978113

3. Hall JA, Yerramilli M, Obare E, Yerramilli M, Almes K, Jewell DE. Serum concentrations of symmetric

dimethylarginine and creatinine in dogs with naturally occurring chronic kidney disease. J Vet Intern

Med. 2016; 30(3):794–802. https://doi.org/10.1111/jvim.13942 PMID: 27103204

4. Elliott J, Rawlings JM, Markwell PJ, Barber PJ. Survival of cats with naturally occurring chronic renal fail-

ure: effect of dietary management. J Small Anim Pract. 2000; 41:235–42. PMID: 10879400

5. Harte JG, Markwell PJ, Moraillon RM, Gettinby GG, Smith BH, Wills JM. Dietary management of natu-

rally occurring chronic renal failure in cats. J Nutr. 1994; 124 Suppl 12:S2660–2.

6. Jacob F, Polzin DJ, Osborne CA, Allen TA, Kirk CA, Neaton JD, et al. Clinical evaluation of dietary mod-

ification for treatment of spontaneous chronic renal failure in dogs. J Am Vet Med Assoc. 2002: 220

(8):1163–70. PMID: 11990962

7. Bovee KC, Joyce T. Clinical evaluation of glomerular function: 24-hour creatinine clearance in dogs. J

Am Vet Med Assoc. 1979; 174(5):488–91. PMID: 447579

8. Riviere EJ, Carver MP, Coppoc GL, Carlton WW, Lantz GC, Shy-Modjeska J. Pharmacokinetics and

comparative nephrotoxicity of fixed-dose versus fixed-interval reduction of gentamicin dosage in subto-

tal nephrectomized dogs. Toxicol Appl Pharmacol. 1984; 75(3):496–509. PMID: 6474477

9. Finco DR, Brown SA, Vaden SL, Ferguson DC. Relationship between plasma creatinine concentration

and glomerular filtration rate in dogs. J Vet Pharmacol Ther. 1995; 18(6):418–21. PMID: 8789693

10. Kielstein JT, Salpeter SR, Bode-Boeger SM, Cooke JP, Fliser D. Symmetric dimethylarginine (SDMA)

as endogenous marker of renal function-a meta-analysis. Nephrol Dial Transplant. 2006; 21(9):2446–

51. https://doi.org/10.1093/ndt/gfl292 PMID: 16766542

11. Nabity MB, Lees GE, Boggess MM, Yerramilli M, Obare E, Ratikin A, et al. Symmetric dimethylarginine

assay validation, stability, and evaluation as a marker for the early detection of chronic kidney disease

in dogs. J Vet Intern Med. 2015; 29(4):1036–44. https://doi.org/10.1111/jvim.12835 PMID: 26079532

12. Braff J, Obare E, Yerramilli M, Elliott J, Yerramilli M. Relationship between serum symmetric dimethylar-

ginine concentration and glomerular filtration rate in cats. J Vet Intern Med. 2014; 28(6):1699–701.

https://doi.org/10.1111/jvim.12446 PMID: 25272985

Comparative performance of IDEXX SDMA Test for measuring SDMA in dogs and cats

PLOS ONE | https://doi.org/10.1371/journal.pone.0205030 October 15, 2018 10 / 11

https://doi.org/10.1016/j.jfms.2004.04.004
http://www.ncbi.nlm.nih.gov/pubmed/15742502
https://doi.org/10.2460/javma.229.6.949
http://www.ncbi.nlm.nih.gov/pubmed/16978113
https://doi.org/10.1111/jvim.13942
http://www.ncbi.nlm.nih.gov/pubmed/27103204
http://www.ncbi.nlm.nih.gov/pubmed/10879400
http://www.ncbi.nlm.nih.gov/pubmed/11990962
http://www.ncbi.nlm.nih.gov/pubmed/447579
http://www.ncbi.nlm.nih.gov/pubmed/6474477
http://www.ncbi.nlm.nih.gov/pubmed/8789693
https://doi.org/10.1093/ndt/gfl292
http://www.ncbi.nlm.nih.gov/pubmed/16766542
https://doi.org/10.1111/jvim.12835
http://www.ncbi.nlm.nih.gov/pubmed/26079532
https://doi.org/10.1111/jvim.12446
http://www.ncbi.nlm.nih.gov/pubmed/25272985
https://doi.org/10.1371/journal.pone.0205030


13. Hall JA, Yerramilli M, Obare E, Yerramillie M, Jewell DE. Comparison of serum concentrations of sym-

metric dimethylarginine and creatinine as kidney function biomarkers in cats with chronic kidney dis-

ease. J Vet Intern Med. 2014; 28(6): 1676–83. https://doi.org/10.1111/jvim.12445 PMID: 25231385

14. Hall JA, Yerramilli M, Obare E, Yu S, Jewell DE. Comparison of serum concentrations of symmetric

dimethylarginine and creatinine as kidney function biomarkers in healthy geriatric cats fed reduced pro-

tein foods enriched with fish oil, L-carnitine, and medium-chain triglycerides. Vet J. 2014; 202(3):588–

96. https://doi.org/10.1016/j.tvjl.2014.10.021 PMID: 25458884

15. Hall JA, Yerramilli M, Obare E, Yerramilli M, Melendez LD, Jewell DE. Relationship between lean body

mass and serum renal biomarkers in healthy dogs. J Vet Intern Med. 2015; 29(3):808–14. https://doi.

org/10.1111/jvim.12607 PMID: 25913398

16. Pedersen LG, Tarnow I, Olsen LH, Teerlink T, Pedersen HD. Body size, but neither age nor asymptom-

atic mitral regurgitation, influences plasma concentrations of dimethylarginines in dogs. Res Vet Sci.

2006; 80(3):336–42. https://doi.org/10.1016/j.rvsc.2005.07.005 PMID: 16182327

17. Moesgaard SG, Holte AV, Mogensen T, Molbak J, Kristensen AT, Jensen AL, et al. Effects of breed,

gender, exercise and white-coat effect on markers of endothelial function in dogs. Res Vet Sci. 2007; 82

(3):409–15. https://doi.org/10.1016/j.rvsc.2006.09.003 PMID: 17092526

18. International Renal Interest Society. IRIS Staging of CKD [Internet]. 2017 [cited 2018 Sep 21]. Available

from: http://iris-kidney.com/pdf/IRIS_2017_Staging_of_CKD_09May18.pdf.

19. Relford RL, Robertson JE, Clements CA. Symmetric dimethylarginine: improving the diagnosis and

staging of chronic kidney disease in small animals. Vet Clin North Am Small Anim Pract. 2016; 46

(6):941–60. https://doi.org/10.1016/j.cvsm.2016.06.010 PMID: 27499007

20. Prusevich P, Patch D, Obare E, Cross J, Xie M, Yerramilli M, et al. Validation of a novel high throughput

immunoassay for the quantitation of symmetric dimethylarginine (SDMA) [abstract]. Clin Chem 2015;

16 Suppl 2015:S135.

21. Patch D, Obare E, Prusevich P, Xie M, Yerramilli M, Farace G, et al. High throughput immunoassay for

kidney function biomarker symmetric dimethylarginine (SDMA) [abstract]. Clin Chem 2015; 16 Suppl

2015:S135.

22. Braun JP, Lefebvre HP, Watson ADJ. Creatinine in the dog: A review. Vet Clin Path. 2003; 32(4):162–

79.

23. Clinical and Laboratory Standards Institute. Evaluation of Precision of Quantitative Measurement Pro-

cedures; Approved Guideline–Third Edition. CSLI document EP05-A3. Wayne (PA): The Institute;

2014.

24. Armbruster DA, Pry T. Limit of blank, limit of detection and limit of quantitation. Clin Biochem Rev. 2008;

29 Suppl 1:S49–52.

25. Wu JT. Quantitative immunoassay: a practical guide for assay establishment, troubleshooting and clini-

cal application. Washington (DC): AACC Press; 2000.

Comparative performance of IDEXX SDMA Test for measuring SDMA in dogs and cats

PLOS ONE | https://doi.org/10.1371/journal.pone.0205030 October 15, 2018 11 / 11

https://doi.org/10.1111/jvim.12445
http://www.ncbi.nlm.nih.gov/pubmed/25231385
https://doi.org/10.1016/j.tvjl.2014.10.021
http://www.ncbi.nlm.nih.gov/pubmed/25458884
https://doi.org/10.1111/jvim.12607
https://doi.org/10.1111/jvim.12607
http://www.ncbi.nlm.nih.gov/pubmed/25913398
https://doi.org/10.1016/j.rvsc.2005.07.005
http://www.ncbi.nlm.nih.gov/pubmed/16182327
https://doi.org/10.1016/j.rvsc.2006.09.003
http://www.ncbi.nlm.nih.gov/pubmed/17092526
http://iris-kidney.com/pdf/IRIS_2017_Staging_of_CKD_09May18.pdf
https://doi.org/10.1016/j.cvsm.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27499007
https://doi.org/10.1371/journal.pone.0205030

