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Abstract 

Background Canine heartworm disease (CHD) caused by Dirofilaria immitis remains a common preventable disease 
with increasing incidence in some parts of the USA. The treatment guidelines of the American Heartworm Society 
(AHS) currently recommend monthly macrocyclic lactone administration, 28 days of doxycycline given orally every 
12 h and three injections of melarsomine dihydrochloride (1 injection on day 2 of treatment followed 30 days later 
by 2 injections 24 h apart). Minocycline has also been utilized when doxycycline is unavailable. The systemic effects 
of CHD, which particularly impact cardiac and renal function, have been described, with infected dogs often expe-
riencing renal damage characterized by an increase in serum concentrations of renal biomarkers. Although the AHS 
treatment protocol for CHD has been shown to be safe and effective in most cases, the potential for complications 
remains. No study as of yet has evaluated changes in symmetric dimethylarginine (SDMA), a sensitive marker of renal 
function, during treatment for CHD. The purpose of the present study was to evaluate renal function in dogs by meas-
uring serum creatinine and SDMA concentrations during the adulticide treatment period.

Methods Serum creatinine and SDMA concentrations were measured in 27 client-owned dogs affected by CHD 
at the following time points: prior to starting doxycycline or minocycline therapy (baseline), during doxycycline or 
minocycline therapy (interim), at the time of the first dose of melarsomine (first dose), at the time of the second dose 
of melarsomine (second dose) and at the dog’s follow-up visit after treatment, occurring between 1 and 6 months 
after completion of therapy (post-treatment). Concentrations of creatinine and SDMA were compared between time 
points using a mixed effects linear model.

Results Mean SDMA concentrations following the second dose of melarsomine were significantly lower (−1.80 ug/dL, 
t-test, df = 99.067, t = −2.694, P-Value = 0.00829) than baseline concentrations. There were no other statistically significant 
differences in the concentration of either biomarker between the baseline and the other time points in CHD dogs undergo-
ing treatment.

Conclusions The results suggest that the current AHS protocol may not have a substantial impact on renal function.
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Background
Canine heartworm disease (CHD) caused by Dirofilaria 
immitis remains a common, preventable disease, the inci-
dence of which is increasing in some parts of the USA 
despite the availability of prevention measures [1]. Treat-
ment protocols for CHD vary according to geography, 
client compliance and veterinarian recommendations 
[2]. The American Heartworm Society (AHS) currently 
recommends treatment with macrocyclic lactone admin-
istered at monthly intervals, 28 days of twice-daily doxy-
cycline 10 mg/kg body weight (BW) administered orally, 
and three deep intramuscular injections of melarsomine 
dihydrochloride at days 60, 90 and 91 of treatment [3]. 
This protocol has been shown to be effective and safe for 
the treatment of adult heartworms in dogs with CHD [3].

Although treatable, CHD can impact organ function 
in dogs before and after therapy. Evaluation of cardiac 
biomarkers, specifically cardiac troponin I (cTnl), myo-
globin and D-dimer, has suggested the presence of myo-
cardial injury and heart failure in both acute and chronic 
CHD infections [4]. Renal damage and dysfunction have 
also been demonstrated with an increase in specific 
serum biomarkers, including serum urea nitrogen and 
creatinine, and the development of proteinuria in some 
dogs [5]. In one study, 19% of dogs with CHD had pro-
teinuria identified during the pre-treatment diagnostic 
evaluation, with 4.2% of the dogs having elevated concen-
trations of either serum creatinine or symmetric dimeth-
ylarginine (SDMA) [5].

Although shown to be overall safe and effective, adul-
ticide treatment of CHD can result in several compli-
cations during the treatment period, regardless of the 
treatment protocol. These complications include conges-
tive heart failure, thromboembolic disease and kidney 
dysfunction [6]. One study demonstrated that blood urea 
nitrogen (BUN) and creatinine concentrations remained 
within the respective reference intervals during the AHS-
recommended treatment period, suggesting that renal 
function, although impacted by the disease process, is 
not further impacted during therapy for CHD [7].

Creatinine has been the primary biomarker for glomer-
ular filtration rate (GFR) and, therefore, kidney function 
for decades, but it is susceptible to extra-renal factors, 
including changes in muscle condition of the animal [8]. 
A further limitation of creatinine as a biomarker is that 
its concentration does not increase above the reference 
interval until roughly 75% of the functional nephrons 
have been lost [9–11], thereby limiting its usefulness for 
early detection of renal dysfunction. Another common 
marker of renal function is urine concentrating ability, 
or urine specific gravity (USG). However, impaired uri-
nary concentrating ability is not observed until roughly 
two-thirds of functional nephrons have been lost [12, 

13]. SDMA is a biomarker of GFR that has been shown 
to increase above its reference interval earlier than cre-
atinine in cases of renal impairment, with one study 
reporting increased SDMA concentration approximately 
17  months prior to increased blood creatinine concen-
tration [14]. As such, SDMA has recently been included 
in the chronic kidney disease (CKD) staging system set 
forth by the International Renal Interest Society [15].

Along with the ability to detect smaller decreases in 
renal functional mass, SDMA concentrations are sub-
jected to fewer extra-renal factors, as these are not 
affected by lean body mass [16]. Additionally, SDMA was 
found to be evaluated in dogs with heartworm disease, in 
which its concentrations were elevated in both asympto-
matic and symptomatic dogs compared to heartworm-
negative controls even though creatinine concentrations 
were not significantly different between the groups [17]. 
Because renal function must be significantly compro-
mised to impact creatinine concentrations, the impact 
of the AHS treatment protocol on renal function is not 
completely known. One study that evaluated the renal 
function of dogs undergoing therapy using the AHS 
protocol—i.e. by measurement of creatinine and BUN 
concentrations as well as urinary protein-to-creatinine 
ratio—found no changes in these parameters during 
therapy [7]. To date, however, there have been no studies 
evaluating SDMA in dogs undergoing treatment for CHD 
using the AHS protocol.

The purpose of the present study was to evaluate renal 
function in dogs by measuring SDMA and creatinine 
concentrations during the adulticide treatment period. 
Specifically, we sought to determine whether SDMA or 
creatinine concentrations increase from baseline during 
treatment with doxycycline or minocycline or at the first 
or second dose of melarsomine in subsequent visits.

Methods
Study population
This retrospective study was performed using banked 
serum samples collected from 27 client-owned dogs 
infected by D. immitis that participated in an unrelated 
prospective study evaluating the efficacy of doxycycline 
and minocycline as part of the heartworm treatment 
protocol [18]. The dogs included in that study lived in an 
endemic area, with 2.17% of the population testing posi-
tive for CHD in 2021 (range: 1–27%)[19], and were pre-
sented to the university primary care center for treatment 
of CHD following diagnosis by their local primary care 
veterinarian. Dogs were recruited for that previous study 
following diagnosis.

The diagnosis of heartworm infection was estab-
lished based on the presence of circulating antigen in 
serum samples, as determined by using the DiroCHEK® 
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Heartworm Antigen Test Kit (Synbiotics Corp., Zoe-
tis Inc., Kalamazoo, MI, USA). The serum samples were 
also evaluated by the modified Knott test to determine 
the presence or absence of microfilaria, as previously 
described [18]. After diagnosis, the dogs were rand-
omized to receive 10 mg/kg BW or 5 mg/kg BW of either 
doxycycline or minocycline as the treatment for Wol-
bachia (various brands used based on availability). All 
dogs received once-monthly ivermectin/pyrantel (Heart-
gard Plus®; Boehringer Ingelheim, Duluth, GA, USA) 
for a total of 6 months, 28 days of tetracycline treatment 
according to randomization and the three-dose proto-
col of 2.5  mg/kg BW melarsomine dihydrochloride for 
the treatment of heartworm disease based on the AHS 
guidelines [3]. Dogs received either Immiticide® (Merial 
Limited, Duluth, GA, USA) or Dirobran™ (Zoetis Inc.) 
according to the availability of these products.

Dogs were followed throughout the course of treat-
ment, with blood samples collected and banked at the 
various time points described in section  Sample collec-
tion and storage. The collection of samples used in the 
present study was approved by the University of Geor-
gia’s Clinical Research Committee, the Hospital Board 
and the University of Georgia Research Foundation prior 
to the start of the original study [18].

Sample collection and storage
Serum samples were collected at each of the follow-
ing time points, as previously described (Fig. 1; [18]): (i) 
immediately prior to beginning doxycycline or minocy-
cline therapy (baseline); (ii) around day 28 (range: day 
14–35) of treatment with doxycycline or minocycline 
(interim period); (iii) at the time of administration of the 
first melarsomine injection (first dose period); (iv) at the 
time of administration of the second melarsomine injec-
tion (second dose period); and (v) around day 120 (range: 
day 120–180 [months 1–3]) following the dogs’ third 
dose of melarsomine (post-treatment period)

For each dog, multiple blood samples were collected on 
separate occasions (as outlined above) during the interim, 
first dose, second dose, and post-treatment periods. After 
blood collection, blood was allowed to clot, and serum 
was separated out. Serum samples were stored at − 80 °C 
until they were shipped to IDEXX laboratories (West-
brook, ME, USA) on dry ice for further analysis.

Creatinine and SDMA
Serum creatinine concentrations were determined by 
a colorimetric method, namely Jaffe’s reaction using 
picrate at alkaline pH, with changes in color measured 
on a Beckman Coulter spectrometer (Beckman Coul-
ter, Inc., Diagnostics Division, Brea, CA, USA). Serum 
SDMA concentrations were determined using a commer-
cially available high-throughput immunoassay (IDEXX 
SDMA® Test; IDEXX Laboratories, Inc., Westbrook, ME, 
USA).

Statistical analysis
The primary research questions explored in this study 
focused on changes in serum SDMA and creatinine 
concentrations between the various time points dur-
ing treatment and a baseline measurement taken before 
treatment. For each dependent variable (serum SDMA 
and creatinine concentrations), a mixed effects linear 
model was fit with a fixed effect of time point and ran-
dom intercepts for each animal. Hypotheses were tested 
by constructing the appropriate contrasts of model 
parameter estimates.

In the study for which the samples were originally col-
lected, dogs received two different antibiotics, doxy-
cycline and minocycline, at two different dosages: 5 or 
10 mg/kg BW. Data pertaining to doxycycline and mino-
cycline dosage were merged, and the SDMA and creati-
nine results collected in the present study were used to 
test the secondary hypothesis of whether dosage affects 
the change in analyte concentration between the base-
line and interim time points. Mixed effects linear models 
were fit for each analyte with fixed effects time point and 
dosage, with dosage nested within time point, and ran-
dom intercepts for each animal.

Statistical analyses were performed using commer-
cially available software: R software environment (2022; 
https:// www.R- proje ct. org/) and GraphPad Prism for 
Mac, version 9.4.1 (GraphPad Software, Inc., La Jolla, 
CA, USA). A significance level of 0.05 was used for all 
analyses.

Results
Of the data for this study are comprised of longitudi-
nal results from 27 dogs receiving treatment for heart-
worm disease. The number of observations (categorized 

Fig. 1 Overview of time points for the study from which banked samples used in the present study were collected. tx, Treatment

https://www.R-project.org/
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as mentioned in section  Methods) for each dog varied 
between 7 and 18, with a median of 10 observations.

The 27 studied dogs were of varying breed, 12 were 
female and 15 were male and their ages ranged from 1 to 
8 years (mean age: 4 years). Seven dogs were treated with 
doxycycline 10  mg/kg BW twice daily, six were treated 
with doxycycline 5  mg/kg BW twice daily, six were 
treated with minocycline 10  mg/kg BW twice daily and 
eight were treated with minocycline 5  mg/kg BW twice 
daily. Throughout the course of treatment, there were no 
significant changes in body weight. Staging diagnostic 
results did not have any significant bearing on the study 
at hand or on patient outcome during the course of treat-
ment and are not reported.

A significant decrease in SDMA concentrations below 
the baseline value was observed following the third 
dose of melarsomine (−1.80 ug/dL, t-test, df = 99.067, 
t = −2.694, P-Value = 0.0083). There were no other sig-
nificant changes in serum concentrations of creatinine 
(t-tests Interim: 0.07 mg/dL, df = 95.811, t = 1.446, 
P-Value = 0.1515; First dose: 0.09 mg/dL, df = 94.446, t 
= 1.759, P-Value = 0.0818; Second dose: −0.07 mg/dL, df 
= 95.947, t = −1.326, P-Value = 0.1878; Post-treatment: 
−0.06 mg/dL, df = 94.363, t = −1.176, P-Value = 0.2424) 
or SDMA (t-tests Interim: 0.30 ug/dL, df = 99.020, t = 
0.474, P-Value = 0.6368; First dose: 0.316 ug/dL, df = 
96.690, t = 0.498, P-Value = 0.6194; Post-treatment: 
−0.481 ug/dL, df = 96.847, t = −0.766, P-Value = 0.4457) 

during the course of treatment between the baseline 
and other timeoints (Figs.  2, 3). Significant differences 
in SDMA (t-test, −1.77 ug/dL, df = 24.180, t = −0.934, 
P-Value = 0.3580) or creatinine concentrations (t-test, 
0.17 ug/dL, df = 27.485, t = 0.842, P-Value = 0.4069) dur-
ing the treatment phase (baseline to interim) were also 
not found for dogs receiving 10 mg/kg BW compared to 
5 mg/kg BW of doxycycline or minocycline. 

Serum creatinine and SDMA concentrations were 
above the reference interval (as outlined by the Inter-
national Renal Interest Society [IRIS] guidelines) at 
baseline or during treatment for a total of five and two 
dogs, respectively, with each dog having only one to 
two instances at which elevations in these biomarkers 
were noted. All elevations were mild, never exceeding 

Fig. 2 Predicted medians with 90% prediction intervals of serum 
creatinine concentrations for dogs receiving treatment for canine 
heartworm disease (n = 27) are shown at each experimental time 
point. Baseline evaluation occurred before treatment; interim 
evaluation occurred from day 14 to day 35 of treatment while the 
dogs were receiving antibiotics; first dose evaluation occurred on 
day 60 at the time of the first melarsomine injection; second dose 
occurred on day 90 at the time of the second melarsomine injection; 
and post-treatment evaluation occurred between months 1 and 3 
following the dogs’ third dose of melarsomine (Post)

Fig. 3 Predicted medians with 90% prediction intervals of serum 
SDMA concentration for dogs receiving treatment for canine 
heartworm disease (n = 27) are shown at each experimental 
time point. See Fig. 2 caption for definition of time period. SDMA, 
Symmetric dimethylarginine

Table 1 Number of dogs and overall percentage of sample size 
for which serum creatinine and symmetric dimethylarginine 
concentrations were above the reference interval at each time 
point before and during treatment

Values in table are presented as the number of dogs at that time point 
showing an elevation in serum creatinine concentration and/or serum SDMA 
concentration, with the percentage of total number of dogs in parentheses

SDMA Symmetric dimethylarginine

Time point Serum creatinine 
concentration

Serum SDMA 
concentration

Baseline ½7 (3.70%) 0/27 (0%)

Day 28 of treatment 3/27 (11.11%) 0/27 (0%)

First melarsomine injection 3/27 (11.11%) 2/27 (7.41%)

Second melarsomine injection 0/27 (0%) 0/27 (0%)

Post-treatment 0/27 (0%) 0/27 (0%)
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parameters for IRIS stage 2. No dog had elevations of 
both serum creatinine and SDMA concentrations at any 
time. The number of dogs for which serum creatinine 
and SDMA were above the reference interval at each 
time point during treatment is summarized in Table 1.

Discussion
Multiple studies have demonstrated the association 
between heartworm infection and renal damage, specifi-
cally potentiated by immune complex deposition in the 
glomerular basement membrane after D. immitis infec-
tion, leading to proteinuria [20–23]. Chronic interstitial 
nephritis and glomerulosclerosis with amyloidosis have 
also been described [21, 24–26]. The presence of micro-
filaria has been thought to be a potentially important 
factor leading to proteinuria in some studies [27], while 
the results of other studies suggest that Wolbachia may 
contribute to immune-mediated kidney disease in CHD 
[24, 27–29]. All dogs in the present study tested micro-
filaria positive, but since proteinuria was not evaluated, 
it is unclear whether this positivity played a role in any 
changes to renal values or specific renal pathology in the 
present population.

Studies have shown that SDMA has been shown to be 
a more sensitive marker for monitoring and identifying 
decreased renal function because of its earlier elevation 
with excretory renal impairment [30] and the absence 
of any influence of lean body mass on its concentration 
[31]. In the present study, a significant decrease in SDMA 
values was observed following the third dose of mel-
arsomine (−1.80 ug/dL, t-test, df = 99.067, t = −2.694, 
P-Value = 0.0083), but given that none of the dogs had 
an elevated SDMA value at baseline, this decrease is 
clinically insignificant. No other statistically signifi-
cant changes in serum SDMA (t-tests Interim: 0.30 ug/
dL, df = 99.020, t = 0.474, P-Value = 0.6368; First dose: 
0.316 ug/dL, df = 96.690, t = 0.498, P-Value = 0.6194; 
Post-treatment: −0.481 ug/dL, df = 96.847, t = −0.766, 
P-Value = 0.4457) or creatinine (t-tests Interim: 0.07 mg/
dL, df = 95.811, t = 1.446, P-Value = 0.1515; First dose: 
0.09 mg/dL, df = 94.446, t = 1.759, P-Value = 0.0818; Sec-
ond dose: −0.07 mg/dL, df = 95.947, t = −1.326, P-Value 
= 0.1878; Post-treatment: −0.06 mg/dL, df = 94.363, t 
= −1.176, P-Value = 0.2424) concentrations were docu-
mented at any time point during the heartworm treat-
ment protocol, indicating that utilization of ivermectin/
pyrantel and doxycycline or minocycline at 5–10 mg/kg 
BW twice daily (q12) for 28 days, and three injections of 
melarsomine at 2.5  mg/kg BW per dose did not cause 
detectable renal dysfunction that could be appreciated by 
changes in SDMA or creatinine concentrations.

The main limitation of this study was the lack of urine 
samples available for analysis. Proteinuria has been a 

significant concern in dogs with CHD in previous stud-
ies, with one study showing its presence in about 19% of 
dogs with heartworm disease [5]. Another study showed 
membranous glomerulonephritis in five dogs with 
CHD, with renal histopathology confirming an immune 
complex form of glomerulonephritis induced by the 
D. immitis infection along the epithelial side of the glo-
merular basement membrane [20]. Ideally, the present 
study would have analyzed urinalyses in each dog along 
with their serum renal values to evaluate proteinuria and 
urine concentration throughout the course of treatment 
as well. These data would have provided further insight 
as to whether any azotemia noted was renal in nature as 
well as whether treatment affected the kidneys at a glo-
merular permeability level, as evidenced by an increase 
in proteinuria. Samples used for the present study were 
originally collected for a prior study published in 2018 
evaluating the efficacy of minocycline as a substitute for 
doxycycline during the AHS treatment protocol at vary-
ing doses [18]. For this reason, only blood samples were 
available at the studied time points, and no urine was 
available for analysis. Proteinuria and USG were, there-
fore, not evaluated.

Another limitation of the present study is the different 
types and doses of antibiotics administered. Statistical 
analysis was performed to determine whether there was a 
significant difference between the four antibiotic groups 
(5 mg/kg BW minocycline q12h, 10 mg/kg BW minocy-
cline q12h, 5 mg/kg BW doxycycline q12h, 10 mg/kg BW 
doxycycline q12h), but given the small sample sizes, a dif-
ference could not be detected.

Because systemic arterial hypertension is a well-known 
risk factor for progression of CKD and proteinuria [32–
34], in addition to the above parameters, the IRIS kidney 
guidelines recommend sub-staging renal disease accord-
ing to severity of hypertension [15]. There are significant 
associations between CHD and pulmonary hypertension 
in dogs [35]. One study also describes systemic hyper-
tension in dogs with CHD, with 21.3% of dogs having a 
systolic blood pressure > 160 mmHg [5]. Including blood 
pressure measurements at each time point in future stud-
ies would be beneficial for complete characterization of 
systemic factors that might be affecting renal function 
or contributing to proteinuria, as well as help further 
characterize associations between CHD and systemic 
arterial hypertension. Given that the present study was 
performed retrospectively on banked samples, it was not 
possible to evaluate systemic blood pressure and urine. 
The overall sample size was also small.
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Conclusions
Overall, an increase in the renal markers SDMA and cre-
atinine in dogs as a result of heartworm treatment was 
not observed in this study. Although further research is 
needed to more fully evaluate the overall effect that treat-
ment of heartworm disease has on renal function, par-
ticularly regarding glomerular permeability, the results 
of the present study indicate that the current AHS guide-
lines for treatment appear not to significantly impact 
renal function, as assessed by surrogate markers of GFR, 
indicating a high margin of safety. There is therefore no 
immediate indication based on these data to change the 
current treatment protocol for CHD.

Abbreviations
AHS  American Heartworm Society
CHD  Canine heartworm disease
SDMA  Symmetric dimethylarginine

Acknowledgements
Not applicable.

Author contributions
CAMV: interpretation of data, design of figures, and drafted the work. AGM: 
acquisition of data, interpretation of data, and revision of the work. BNL: 
analysis of data, design of figures, and revision of the work. MC: analysis of 
data, interpretation, and revision of work. CD: analysis of data, interpretation, 
and revision of work. RM: analysis of data, interpretation, and revision of work. 
IGR: conception and study design. ARM: study design. All authors read and 
approved the final manuscript.

Funding
IDEXX Laboratories, Westbrook, ME, USA.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Collection of samples was approved by the University of Georgia Clinical 
Research Committee, UGA College of Veterinary Medicine Hospital Board 
and the University of Georgia Research Foundation. Animal participation was 
approved by animal owners.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Small Animal Medicine and Surgery, College of Veterinary 
Medicine, University of Georgia, Athens, GA, USA. 2 Department of Clinical Sci-
ences, College of Veterinary Medicine, Colorado State University, Fort Collins, 
CO, USA. 3 IDEXX Laboratories, Westbrook, ME, USA. 4 Department of Infectious 
Diseases, College of Veterinary Medicine, University of Georgia, Athens, GA, 
USA. 

Received: 23 December 2022   Accepted: 16 April 2023

References
 1. Drake J, Wiseman S. Increasing incidence of Dirofilaria immitis in dogs 

in USA with focus on the southeast region 2013–2016. Parasit Vectors. 
2018;11:39. https:// doi. org/ 10. 1186/ s13071- 018- 2631-0.

 2. Dixon-Jimenez AC, Coleman AE, Rapoport GS, Creevy KE, Roth I, Correa 
M, et al. Approaches to canine heartworm disease treatment among 
alumni of a single college of veterinary medicine. J Am Anim Hosp Assoc. 
2018;54:246–56. https:// doi. org/ 10. 5326/ JAAHA- MS- 6601.

 3. American Heartworm Society. Current canine guidelines for the preven-
tion, diagnosis, and management of heartworms (Dirofilaria immitis) 
infection in dogs. 2020. https:// d3ft8 sckhn qim2. cloud front. net/ images/ 
pdf/ AHS_ Canine_ Guide lines_ 11_ 13_ 20. pdf? 16055 56516. Accessed July 1 
2022.

 4. Carreton E, Morchon R, Montoya-Alonso JA. Cardiopulmonary and 
inflammatory biomarkers in heartworm disease. Parasit Vectors. 
2017;10:534. https:// doi. org/ 10. 1186/ s13071- 017- 2448-2.

 5. Carreton E, Falcon-Cordon Y, Rodon J, Matos JI, Morchon R, Montoya-
Alonso JA. Evaluation of serum biomarkers and proteinuria for the early 
detection of renal damage in dogs with heartworm (Dirofilaria immitis). 
Vet Parasitol. 2020;283:109144. https:// doi. org/ 10. 1016/j. vetpar. 2020. 
109144.

 6. Calvert CARC. Heartworm disease. In: Tilley L, Smith F, Oyama M, Sleeper 
M, editors. Manual of canine and feline cardiology. 4th ed. Philadelphia: 
Saunders; 1988. p. 183–99.

 7. Carreton E, Morchon R, Simon F, Juste MC, Gonzalez-Miguel J, Montoya-
Alonso JA. Evaluation of cardiopulmonary biomarkers during classic adul-
ticide treatment versus the American Heartworm Society recommended 
treatment protocol in dogs infected by Dirofilaria immitis. Vet Parasitol. 
2014;206:55–9. https:// doi. org/ 10. 1016/j. vetpar. 2014. 08. 015.

 8. Braun JPLH, Watson AD. Creatinine in the dog: a review. Vet Clin Pathol. 
2003;32:162–79.

 9. Chertow GMBE, Honour M, Bonventre JM, Bates DW. Acute kidney injury, 
mortality, length of stay, and costs in hospitalized patients. J Am Soc 
Nephrol. 2005;16:3365–70.

 10. Uchino SBR, Bagshaw SM, Goldsmith D. Transient azotemia is associated 
with a high risk of death in hospitalized patients. Nephrol Dial Transplant. 
2010;25:1833–9.

 11. Wald RQR, Luo J, Li P, Scales DC, Mamdani MM, Ray JG. Chronic dialysis 
and death among survivors of acute kidney injury requiring dialysis. 
JAMA. 2009;302:1179–85.

 12. Elliott J WA, Lefebvre HP. Using urine specific gravity. 2022. http:// www. 
iris- kidney. com/ educa tion/ renal_ bioma rkers. html. Accessed July 1 2022.

 13. Williams TL, Archer J. Evaluation of urinary biomarkers for azotaemic 
chronic kidney disease in cats. J Small Anim Pract. 2016;57:122–9.

 14. Yerramilli MYM, Obare E, et al. Symmetric dimethylarginine increases 
earlier than serum creatinine in dogs with chronic kidney disease. J Vet 
Intern Med. 2014;28:1084–5.

 15. International Renal Interest Society (IRIS). Treatment recommendations 
for CKD in dogs. 2019. http:// www. iris- kidney. com/ pdf/ IRIS- DOG- Treat 
ment_ Recom menda tions_ 2019. pdf. Accessed July 1 2022.

 16. Relford R, Robertson J, Clements C. Symmetric dimethylarginine: improv-
ing the diagnosis and staging of chronic kidney disease in small animals. 
Vet Clin North Am Small Anim Pract. 2016;46:941–60. https:// doi. org/ 10. 
1016/j. cvsm. 2016. 06. 010.

 17. Choi BS, Moon H, Suh SI, Hyun C. Evaluation of serum symmetric 
dimethylarginine in dogs with heartworm infection. Can J Vet Res. 
2017;81:228–30.

 18. Savadelis MD, Day KM, Bradner JL, Wolstenholme AJ, Dzimianski MT, 
Moorhead AR. Efficacy and side effects of doxycycline versus minocycline 
in the three-dose melarsomine canine adulticidal heartworm treat-
ment protocol. Parasit Vectors. 2018;11:671. https:// doi. org/ 10. 1186/ 
s13071- 018- 3264-z.

 19. Companion Animal Parasite Council (CAPC). Parasite prevalence maps: 
heartworm canine. https:// capcv et. org/ maps#/ 2022/ all- year/ heart worm- 
canine/ dog/ united- states/ georg ia/ 416- clarke- county. Accessed July 1 
2022.

 20. Casey HWSG. Membranous glomerulonephritis in dogs infected with 
Dirofilaria immitis. Vet Pathol. 1975;12:111.

 21. Paes-de-Almeida EC, Ferreira AM, Labarthe NV, Caldas ML, McCall JW. Kid-
ney ultrastructural lesions in dogs experimentally infected with Dirofilaria 

https://doi.org/10.1186/s13071-018-2631-0
https://doi.org/10.5326/JAAHA-MS-6601
https://d3ft8sckhnqim2.cloudfront.net/images/pdf/AHS_Canine_Guidelines_11_13_20.pdf?1605556516
https://d3ft8sckhnqim2.cloudfront.net/images/pdf/AHS_Canine_Guidelines_11_13_20.pdf?1605556516
https://doi.org/10.1186/s13071-017-2448-2
https://doi.org/10.1016/j.vetpar.2020.109144
https://doi.org/10.1016/j.vetpar.2020.109144
https://doi.org/10.1016/j.vetpar.2014.08.015
http://www.iris-kidney.com/education/renal_biomarkers.html
http://www.iris-kidney.com/education/renal_biomarkers.html
http://www.iris-kidney.com/pdf/IRIS-DOG-Treatment_Recommendations_2019.pdf
http://www.iris-kidney.com/pdf/IRIS-DOG-Treatment_Recommendations_2019.pdf
https://doi.org/10.1016/j.cvsm.2016.06.010
https://doi.org/10.1016/j.cvsm.2016.06.010
https://doi.org/10.1186/s13071-018-3264-z
https://doi.org/10.1186/s13071-018-3264-z
https://capcvet.org/maps#/2022/all-year/heartworm-canine/dog/united-states/georgia/416-clarke-county
https://capcvet.org/maps#/2022/all-year/heartworm-canine/dog/united-states/georgia/416-clarke-county


Page 7 of 7Vetter et al. Parasites & Vectors          (2023) 16:191  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

immitis (Leidy, 1856). Vet Parasitol. 2003;113:157–68. https:// doi. org/ 10. 
1016/ s0304- 4017(03) 00020-7.

 22. Grauer GF, Culham CA, Dubielzig RR, et al. Experimental Dirofilaria 
immitis-associated glomerulonephritis induced in part by in situ forma-
tion of immune complexes in the glomerular capillary wall. J Parasitol. 
1989;75:585–93.

 23. Aikawa MAC, Powers KG. Dirofilariasis. IV. Glomerulonephropathy induced 
by Dirofilaria immitis infection. Am J Trop Med. 1981;30:84–91.

 24. Simpson CF, Gebhardt BM, Bradley RE, Jackson RF. Glomerulosclerosis in 
canine heartworm infection. Vet Pathol. 1974;11:506–14.

 25. Grauer G. Reassessment of “normal” values in dogs and cats with chronic 
kidney disease. http:// www. iris- kidney. com/ educa tion/ ckd_ asses sment_ 
levels. html. 2022.

 26. Shirota K, Takahashi R, Fujiwara K, Hasegawa A. Canine interstitial nephri-
tis with special reference to glomerular lesion and filariasis. Jpn J Vet Sci. 
1979;41:119–29.

 27. Morchón RCE, Carretón E, Grandi G, González-Miguel J, Montoya-Alonso 
A, Simón F, et al. Anti-Wolbachia surface protein antibodies are present in 
the urine of dogs naturally infected with Dirofilaria immitis with circulat-
ing microfilariae but not in dogs with occult infections. Vector Borne 
Zoonotic Dis. 2012;12:17–20.

 28. Kramer LH, Tamorozzi F, Morchón R, López-Belmonte JL, Marcos-
Atxutegi C, Martín-Pacho JR, et al. Immune response to and tissue 
localization of the Wolbachia surface protein (WSP) in dogs with natural 
heartworm (Dirofilaria immitis) infection. Vet Immunol Immunopathol. 
2005;106:303–8.

 29. Hormaeche M, Carretón E, González-Miguel J, Gussoni S, Montoya-Alonso 
JA, Simónet F, et al. Proteomic analysis of the urine of Dirofilaria immitis 
infected dogs. Vet Parasitol. 2014;203:241–6.

 30. Nabity MB, Lees GE, Boggess MM, Yerramilli M, Obare E, Yerramilli M, et al. 
Symmetric dimethylarginine elevation validation, stability, and evaluation 
as a marker for the early detection of chronic kidney disease in dogs. J Vet 
Intern Med. 2015;29:1036–44.

 31. Braselton WE, Stuart JK, Kruger JM. Measurement of serum iohexol by 
determination of iodine with inductively coupled plasma-atomic emis-
sion spectroscopy. Clin Chem. 1997;43:1429–35.

 32. Brown SAC, Bagley R, Carr A, Cowgill L, Davidson M, Egner B, et al. Guide-
lines for the identification, evaluation, and management of systemic 
hypertension in dogs and cats. J Vet Intern Med. 2007;21:542–58.

 33. Mentari ERM. Blood pressure and progression of chronic kidney disease: 
importance of systolic, diastolic, or diurnal variation. Curr Hypertens Rep. 
2004;6:400–4.

 34. Wehner A, Hartmann K, Hirschberger J. Associations between proteinuria, 
systemic hypertension and glomerular filtration rate in dogs with renal 
and non-renal diseases. Vet Rec. 2008;162:141–7. https:// doi. org/ 10. 1136/ 
vr. 162.5. 141.

 35. Serrano-Parreño B, Carretón E, Caro-Vadillo A, Falcón-Cordón Y, Falcón-
Cordón S, Montoya-Alonso JA. Evaluation of pulmonary hypertension 
and clinical status in dogs with heartworm by Right Pulmonary Artery 
Distensibility Index and other echocardiographic parameters. Parasit Vec-
tors. 2017;10:106. https:// doi. org/ 10. 1186/ s13071- 017- 2047-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s0304-4017(03)00020-7
https://doi.org/10.1016/s0304-4017(03)00020-7
http://www.iris-kidney.com/education/ckd_assessment_levels.html
http://www.iris-kidney.com/education/ckd_assessment_levels.html
https://doi.org/10.1136/vr.162.5.141
https://doi.org/10.1136/vr.162.5.141
https://doi.org/10.1186/s13071-017-2047-2

	Evaluation of renal values during treatment for heartworm disease in 27 client-owned dogs
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Sample collection and storage
	Creatinine and SDMA
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


