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Background: Cardiac troponin I (cTnI) is a polypeptide found specifically in cardiac muscle tissue that has been used as a

diagnostic and prognostic indicator of cardiomyopathy. Increases in cTnI are associated with myocardial pathologic processes.

However, high serum cTnI concentrations have been observed in normal Greyhounds.

Hypothesis: We hypothesized that Greyhounds have cTnI concentrations higher than non-Greyhound dogs, and that a

separate reference range should be established for Greyhounds.

Animals: Blood samples were collected from the jugular vein from a group of 20 healthy Greyhound blood donors.

Methods: Analysis of serum cTnI was performed with an immunoassay system with a detection level of 0.01 ng/mL, as

described previously. The Greyhound values were compared with 2 groups of Boxers with and without arrhythmogenic right

ventricular cardiomyopathy (ARVC), and to a group of non-Boxer control dogs from a previous study.

Results: The mean cTnI concentration in Greyhounds was significantly higher (P o .0001) than that in non-Greyhound

control dogs, although not significantly different from normal Boxers (P 5 .50), or Boxers with ARVC (P 5 .58). Greyhound

serum cTnI concentrations were in the range found in Boxers with ARVC. The proposed reference range for cTnI in Grey-

hounds is 0.05–0.16ng/mL.

Conclusions and Clinical Importance: Greyhounds have a reference range for serum cTnI concentrations that differs from

that of other previously published reference ranges for dogs of other breeds. Until a broader database and more precise ref-

erence range can be established, caution should be exercised in interpreting serum cTnI concentrations in Greyhounds with

suspected cardiac disease.
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R
etired racing Greyhounds have increased in popu-
larity as pets over the last several years, there is

some evidence that many of their physiological and clin-
icopathologic variables differ from those of other breeds.
Red blood cell (RBC) count; packed cell volume; mean
corpuscular hemoglobin concentration; sodium, chlo-
ride, bilirubin, and creatinine concentrations; and
aspartate aminotransferase activity are higher in Grey-
hounds than in non-Greyhound breeds.1,2 Platelet
counts, total protein, globulin, a- and b-globulin,3 and
thyroid hormone concentrations are also lower in Grey-
hounds than in non-Greyhounds.4,5 These findings have
led to interest in defining normal reference ranges for
other variables in Greyhounds.
Cardiac troponin I (cTnI) is a polypeptide found spe-

cifically in cardiac muscle tissue.6 Serum concentrations
of this protein have been used as a diagnostic and prog-
nostic indicator of heart disease in humans, and more
recently, in dogs. High concentrations of cTnI have been
observed in association with several pathologic condi-
tions, including babesiosis, doxorubicin cardiotoxicity,
mitral valve disease, subaortic stenosis (SAS), dilated
cardiomyopathy (DCM), pericardial effusion, gastric di-
latation-volvulus (GDV), cardiac contusions,7–14 and

arrhythmogenic right ventricular cardiomyopathy
(ARVC) in Boxers.15 In human patients with acute myo-
cardial injury or infarction, the concentration of cTnI
has been shown to correlate positively with the size of the
infarct.6 In people, initial increases in cTnI occur
3–12 hours postinfarction, and peak at 24 hours.6 Once
the inciting cause is stabilized, concentrations return to
normal in 5–10 days. Chronic increases in cTnI are asso-
ciated with a chronic or ongoing pathologic process.6

However, we occasionally have observed high serum
cTnI concentrations in normal Greyhounds examined at
the Ohio State University Veterinary Teaching Hospital
(OSU-VTH).

Studies of cardiovascular anatomy and physiology
have shown that Greyhounds have a higher heart weight-
to-body weight ratio than non-Greyhounds, as well as
higher left ventricular free wall thickness; many Grey-
hounds have functional murmurs with no detectable
structural or physiologic abnormalities.16–20 We recently
reported that Greyhounds have significantly higher ver-
tebral heart scores (VHS) than other dogs.21 Considering
these data, we hypothesized that Greyhounds have cTnI
concentrations higher than those in non-Greyhound
dogs, and that a separate reference range should be es-
tablished when evaluating cTnI in Greyhounds with
potential cardiac disease.

Materials and Methods

The Greyhounds used in this study were blood donors from the

OSU-VTH Blood Donor Program or participated in a student

driven spay and neuter program, both of which are approved by

the Laboratory Animal Care and Use Committee. In addition,

signed owner consent was obtained for the study. All Greyhounds

were retired healthy racers fostered in homes for at least 1 year.

They were current on vaccinations, and were receiving either mil-

bemycina or ivermectinb monthly for heartworm prophylaxis, and
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fipronyl,c or imidacloprid and permethrind for flea control. All were

serologically negative for Dirofilaria immitis and Ehrlichia canis,

and were free of external and intestinal parasites. The blood donors

also tested serologically negative for Babesia canis. During their ini-

tial physical examination, blood samples were obtained from the

jugular vein by a 21G butterfly catheter and Vacutainer tubes,e or

20-G needle and a 12-cc syringe. Samples were allowed to clot in

serum separator Vacutainer tubes. Samples were centrifuged and

serum removed. Serum was aliquoted into 0.5mL amounts, placed

in storage at �80 1C for 3–10 months, and thawed only once at the

time of analysis.

Twenty healthy Greyhounds were selected for this study; on car-

diac examination, most Greyhounds had normal blood pressure

and the previously described murmur,21 but had no arrhythmias,

gallop rhythms, pulse deficits, or jugular vein distention or pulsa-

tion. Their age range was 5–9 years, with an average age of 6.6 years.

There were 3 intact males, 5 castrated males, 7 intact females, and

5 spayed females. The control dogs were part of a previously re-

ported study comparing cTnI concentrations in Boxers with and

without cardiomyopathy.15 None of the normal dogs in the previous

study had evidence of cardiac abnormalities on echocardiogram or

electrocardiography (ECG), and had an age range of 3–7 years (ref-

erence range, 5.6 years). They included the following breeds:

Australian Shepherd (n 5 1), Labrador Retriever (n 5 2), Collie

(n 5 1), and mixed (n 5 6). In addition, we compared our results to

the other 2 groups of Boxers with and without ARVC from the pre-

vious study.15

Analysis of serum cTnI concentrations in all samples from Grey-

hounds and from the previous study15 was performed with an

immunoassay system with a detection limit of 0.01 ng/mL, as de-

scribed previously.f,15

Normality was evaluated with the D’Agostino method.

A Welch’s t-test assuming unequal variancesg was used to compare

the concentration of cTnI between Greyhounds and non-Grey-

hound controls, Greyhounds and normal Boxers, and Greyhounds

and Boxers with ARVC. A test also was used to compare the cTnI

concentrations in male versus female Greyhounds and in blood do-

nors versus Greyhounds in the spay and neuter clinic. Significance

was set as P o .05.

Results

The mean cTnI concentration in Greyhounds was sig-
nificantly higher (Po .005) than that in non-Greyhound
control dogs (Fig 1). The mean cTnI concentration was
not significantly different between Greyhounds and nor-
mal Boxers (P 5 .36), or Greyhounds and Boxers with
ARVC (P 5 .48) (Fig 1). The mean cTnI concentration
in the Greyhounds was 0.10 ng/mL (median 0.08 ng/mL;
range, 0.03–0.57 ng/mL). The reference range for cTnI in
our population of Greyhounds calculated by 25 and 75%
percentiles was 0.06–0.1 ng/mL.
There were no significant differences in cTnI concen-

tration between male and female Greyhounds (P 5 .42),
nor between the blood donor Greyhounds and those in
the spay and neuter program (P5 .55). The mean cTnI
concentrations were 0.02 ng/mL (median, 0.02 ng/mL;
range, o0.01–0.05 ng/mL) in non-Greyhound control
dogs, 0.08 ng/mL (median, 0.085; range, 0.02–0.11 ng/
mL) in normal Boxers, and 0.12 ng/mL (median, 0.13;
range, 0.04–0.19 ng/mL) in Boxers with ARVC. Twelve
of the 20 Greyhound cTnI concentrations (60%) were
within or above the range of the Boxers with ARVC
(ie 0.08–0.16 ng/mL) (Fig 1).

Discussion

Greyhounds have developed many adaptational phys-
iologic traits that are different from other breeds and
should give them an advantage as racing dogs. They have
developed a unique musculoskeletal conformation, lar-
ger myocardial muscle mass, and higher concentrations
of RBC and hemoglobin to increase their exercise effi-
ciency. Many of these adaptations have led to differences
in their hematologic and biochemical variables, some of
which are only now beginning to be understood.

Reference ranges for serum cTnI concentrations have
been determined for humans and dogs22,23; but some of
these studies were done by different instrumentation and
reagents. Serum troponin concentrations have been eval-
uated in dogs with the following diseases: babesiosis,
doxorubicin administration, mitral valve disease, SAS,
DCM, pericardial effusion, gastric dilatation-volvulus
(GDV), cardiac contusions, and ARVC in Boxers.7–15

In humans, cTnI concentrations consistent with acute
myocardial infarction have been reported after high-level
exertion.24 Although many of the Greyhounds in this
study were serologically negative for B. canis, none had a
history of chemotherapy administration, and all were
healthy based on cardiac auscultation.

A limitation of this study is that only half of the Grey-
hounds had cardiac evaluations with ECG and blood
pressure determinations. Interestingly, the female Grey-
hound with a serum cTnI concentration of 0.57 ng/dL,
the only outlier in the group, had a normal physical ex-
amination, blood pressure, and ECG (data not shown).
Because all of the Greyhounds used were retired racers, it
is unlikely that persistently increased concentrations
would be present because of their high-performance
training. In addition, there were no significant differences
in cTnI between the blood donor Greyhounds, that had
lived in homes for over a year, and the Greyhounds in the
spay and neuter clinic. The latter had raced more re-
cently, but a detailed history was not available.

Fig 1. Box-and-whisker plot depicting the cTnI concentrations

in normal Greyhounds, non-Greyhound dogs, Boxers with ar-

rhythmogenic right ventricular cardiomyopathy (ARVC), and

normal Boxers. Whiskers represent the 2.5% and 97.5 percentiles.
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The cTnI concentration was above the upper limit of
the reference range (0.11 ng/mL) in 5/20 Greyhounds
(25%), and 12/20 Greyhounds (60%) had cTnI concen-
trations above the previously published reference range
of 0–0.07 ng/mL.22 We have shown that clinically normal
Greyhounds have higher cTnI concentrations than other
apparently normal dogs; their serum cTnI concentration
is in the range found in Boxers with ARVC. This high
concentration may be because of their larger heart
weight-to-body weight ratios, an adaptational mecha-
nism for high-stress physical performance. Despite the
fact that none of these dogs were in racing condition or
performing at the time, breeding would favor dogs with
the capacity for high-stress performance, regardless of
their actual activity level.
Although unlikely the fact, the cTnI concentration in

normal Greyhounds was similar to that in Boxers with
ARVC could indicate that these dogs have an as yet un-
determined underlying myocardial pathology. However,
all Greyhounds in this study were healthy, had no ar-
rhythmias on auscultation, and remained asymptomatic
months after completing the study. Myocardial histo-
pathology (ie, endomyocardial biopsies) would have spe-
cifically addressed this issue. However, in a study of
necropsies in 230 former racing Greyhounds, only 4%
had histologic evidence of myocardial pathology (eg,
infarcts).25 Additional studies to compare serum cTnI
concentrations in racing Greyhounds versus noncompet-
ing or show Greyhounds may identify other differences in
reference ranges among Greyhounds, as occur in people.24

Currently, practicing veterinarians frequently obtain
plain thoracic radiographs in dogs with heart murmurs.
In Greyhounds, those radiographs may lead to an inaccu-
rate interpretation of cardiomegaly, if nonbreed-specific
canine reference ranges for VHS are used.26 Occasion-
ally, serum cTnI concentration will be used to ascertain
whether or not a dog with a heart murmur and card-
iomegaly has myocardial disease. Consequently, a
variable proportion of normal Greyhounds could be er-
roneously diagnosed as having myocardial disease based
on the presence of a heart murmur, an apparently higher
than normal VHS, and high serum cTnI concentration.
The reference range for serum cTnI concentrations in
Greyhounds differs from that of other breeds. Until a
larger database can be established and a more precise
reference range is widely available, caution should be ex-
ercised in interpreting serum cTnI concentrations in
Greyhounds with suspected cardiac disease.

Footnotes

a Interceptor, Novartis, Greensboro, NC
bHeartgard, Merial, Iselin, NJ
c Frontline, Merial Duluth, GA
dK9 Advantix, Bayer, Shawnee Mission, KS
eBD Vacutainer, Franklin Lakes, NJ
fUnicel DXI, Beckman Coulter, Fullerton, CA
gGraph Pad Software, San Diego, CA

Acknowledgment

Supported in part by the Savannah and Barry French
Poodle Memorial Fund.

References

1. Porter JA, Canaday Jr WR. Hematologic values in mongrel

andGreyhound dogs being screened for research use. J AmVetMed

Assoc 1971;159:1603–1606.

2. Steiss JE, Brewer WG, Welles E, Wright JC. Hematologic

and serum biochemical reference values in retired Greyhounds.

Compend Contin Educ 2000;22:243–248.

3. Fayos M, Couto CG, Cline Iazbik MC, Wellman M. Serum

protein electrophoresis in retired racing Greyhounds. Vet Clin

Pathol 2005;34:397–400.

4. Gaughan KR, Bruyette DS. Thyroid function testing in

Greyhounds. Am J Vet Res 2001;62:1130–1133.

5. Sullivan PS, Evans HL, McDonald TP. Platelet concentration

and hemoglobin function in Greyhounds. J Am Vet Med Assoc

1994;205:838–841.

6. Drzewiecki GM, Li JK-J. Analysis and Assessment of

Cardiovascular Function. New York: Springer-Verley New York

Inc; 1998:133.

7. Schober KE, Cornand C, Kirbach B, et al. Serum cardiac

troponin I and cardiac troponin T concentrations in dogs with gas-

tric dilatation-volvulus. J Am Vet Med Assoc 2002;221:381–388.

8. Oyama MA, Sisson DD. Cardiac troponin I concentration in

dogs with cardiac disease. J Vet Intern Med 2004;18:831–839.

9. Lobetti R, Dvir E, Pearson J. Cardiac troponins in canine

babesiosis. J Vet Intern Med 2002;16:63–68.

10. Shaw SP, Rozanski EA, Rush JE. Cardiac troponin I and T in

dogs with pericardial effusion. J Vet Intern Med 2004;18:322–324.

11. Selting KA, Lana SE, Ogilvie GK, et al. Cardiac troponin I

in canine patients with lymphoma and osteosarcoma receiving do-

xorubicin: Comparison with clinical heart disease in a retrospective

analysis. Vet Comp Oncol 2004;2:142–156.

12. Schober KE, Kirbach B, Oechtering G. Noninvasive assess-

ment of myocardial cell injury in dogs with suspected cardiac

contusion. J Vet Cardiol 1999;1:17–25.

13. Spratt DP, Mellanby RJ, Drury N, et al. Cardiac troponin I:

Evaluation of a biomarker for the diagnosis of heart disease in the

dog. J Small Anim Pract 2005;46:139–145.

14. DeFrancesco TC, Atkins CE, Keene BW, et al. Prospective

clinical evaluation of serum cardiac troponin T in dogs admitted to

a veterinary teaching hospital. J Vet Intern Med 2002;16:553–557.

15. Baumwart RD, Orvalho J, Meurs KM. Evaluation of serum

cardiac troponin I concentration in Boxers with arrhythmogenic

right ventricular cardiomyopathy. Am J Vet Res 2007;68:524–528.

16. Pape LA, Price JM, Alpert JS, Rippe JM. Hemodynamics

and left ventricular function: A comparison between adult racing

Greyhounds and Greyhounds completely untrained from birth.

Basic Res Cardiol 1986;81:417–424.

17. Snyder PS, Sato T, Atkins CE. A comparison of echocardio-

graphic indices in the non-racing, healthy Greyhound to reference

values from other breeds. Vet Radiol Ultrasound 1995;36:387–392.

18. Page A, Edmunds G, Atwell RB. Echocardiographic values

in Greyhounds. Aust Vet J 1993;70:361–364.

19. Carew ME, Covell JW. Left ventricular function in exercise-

induced hypertrophy in dogs. Am J Cardiol 1978;42:82–88.

20. Gunn HM. Heart weight and running ability. J Anat 1989;

167:225–233.

21. Fabrizio F, Baumwart R, Iazbik MC, et al. Left basilar sys-

tolic murmur in retired racing Greyhounds. J Vet Intern Med

2006;20:78–82.

22. Sleeper MM, Clifford CA, Laster LL. Cardiac troponin I in

the normal dog and cat. J Vet Intern Med 2001;15:501–503.

89Greyhound Cardiac Troponin Levels



23. Adin DB, Milner RJ, Berger KD, et al. Cardiac troponin I

concentrations in normal dogs and cats using a bedside analyzer.

J Vet Cardiol 2005;7:27–32.

24. Fortescue EB, Shin AY, Greenes DS, et al. Cardiac troponin

increases among runners in the Boston Marathon. Ann Emerg Med

2007;49:137–143.

25. Schoning P, Cowan LA. Gross and microscopic lesions of

230 Kansas Greyhounds. J Vet Diagn Invest 1993;5:392–397.

26. Marin L, Brown J, McBrien C, et al. Vertebral heart size

in retired racing Greyhounds. Vet Radiol Ultrasound 2007;48:

332–334.

90 LaVecchio et al


