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Abstract: This study evaluated the levels of cardiac biomarkers in dogs with either pulmonic stenosis or aortic stenosis
and the correlation between biomarkers and the severity of stenosis assessed by the echocardiography. To achieve this
study goal, 38 dogs (10 healthy control dogs, 15 dogs with pulmonic stenosis and 13 dogs with aortic stenosis) were
examined. The jet velocity and pressure gradient in this study population were measured by echocardiographic
estimation, after which the study group was subdivided by the severity of stenosis. The plasma cardiac troponin I
(cTnI) and N-terminal pro-brain natriuretic peptide (NT-proBNP) were measured in this study group. The median
concentrations of cTnI and NT-proBNP of the disease group were significantly higher than those of the control group,
and these increased gradually as stenosis worsened. The severity of stenosis and the concentrations of cTnI and NTporBNP were also found to be significantly correlated. Finally, the plasma cTnI and NT-proBNP tests were found
to beneficial for differentiating clinical patients, predicting the progression of disease, and monitoring the outcome
of interventional therapy for stenosis.
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troponin I (cTnI) are the common cardiac biomarker assays
for estimation of the cardiac remodeling by valvular stenosis
[3, 22]. Those methods were well described in human with
congenital valvular stenosis [7]. However, only few studies
have been conducted for assessing those methods in dogs
with valvular stenosis. Therefore, in this study, we evaluated
changes in level of cardiac biomarkers in dogs with CVOTS
and the correlation between levels of biomarkers and the
severity assessed by the echocardiography.

Introduction
Congenital ventricular outflow tract valve stenosis (CVOTS)
is the most common congenital heart defects in dogs and
characterized by ventricular hypertrophy due to increased
ventricular afterload and wall stress [19]. The CVOTS is
largely divided into aortic stenosis (AS; left ventricular outflow tract stenosis) and pulmonic stenosis (PS; right ventricular outflow tract stenosis) and is further divided into
subvalvular, valvular and supravalvular types, depending on
the location of stenotic lesion in the outflow tract.
In these diseases, the heart is gradually hypertrophied, if
the pressure overload exceeds the adaptive mechanism, causing ventricular filling defect by marked ventricular hypertrophy and increased diastolic stiffness [15]. Furthermore, marked
increased wall stress results in marked reduction of ejection
fraction, subsequently causing heart failure. The degree of
valvular stenosis can be estimated by echocardiography and
cardiac biomarker assays [5, 6, 13, 21]. The jet velocity,
mean transvalvular gradient and relative wall thickness are
the most common echocardiographic method for estimation
of the severity in valvular stenosis [3, 22], while the N-terminal pro-brain natriuretic peptide (NT-pro BNP) and cardiac

Materials and Methods
Animals
Dogs with either AS (n = 13) or PS (n = 15) were further
divided into subgroups based on the pressure gradient of jet,
that is, mild < 60 mmHg (G1), moderate 60−100 mmHg
(G2), and severe > 100 mmHg (G3). Ten normal healthy
dogs were also enrolled in this study. Table 1 summarized
demographic features of this study population. Only dogs
diagnosed as congenital isolated type of PS or AS were
included in this study. Any dogs with secondary and compound type of PS or AS were excluded (KIACUC-16-0094).
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Table 1. Demographic distribution and biomarker concentration in this study population
Group

Subgroup

Normal
(n = 10)
Pulmonic
stenosis (PS)
(n = 15)

G1
G2
G3

Aortic
stenosis (AS)
(n = 13)

G1
G2
G3

AS- pres- Troponin I
sure gradient (cTnI)

N-terminal pro-brain
natriuretic peptide
(NT-ProBNP)

Age

Body
weight

PS-peak

PS- pressure
gradient

AS-peak

8
(6–13)

3.4
(2.3–9.8)

0.69
(0.5–1.32)

1.9
(1–7)

0.93
(0.69–1.26)

3.4
(1.9–6.4)

0.01
(0.01–0.03)

395
(125–760)

–
–
–
–
–
–

–
–
–
–
–
–

0.08*
(0.03–0.12)
0.12*,†
(0.08–0.15)
0.15*,†
(0.08–0.98)

1000*
(575–1780)
1405*,†
(650–3100)
2800*,†
(2200–3500)

2.96*
35*
0.11*
(2.72–3.81) (30–58) (0.03–0.58)
4.45*,†
79*,†
0.16*,†
(4.17–4.80) (70–92) (0.07–1.25)
123*,†
1.25*,†
5.54*,†
(5.11–6.12) (104–160) (0.31–3.4)

900*
(620–1800)
1639*,†
(850–2505)
3550*,†
(1250–8500)

1
(1–9)
1
(0.8–10)
3
(0.4–5)

5.6
3.08*
37.9*
(3.4–12) (2.61–3.45) (27.2–52.1)
4.3
4.44*,†
78.9*,†
(2.6–14) (4.33–4.67) (75–87)
125.4*,†
2.6
5.6*,†
(2.1–5.6) (5.17–6.71) (106–180)

3.5
(2–6)
0.4
(0.3–0.4)
1
(0.5–3)

3
(2.5–5)
12.8
(3.5–34)
15
(3.5–34)

–
–
–
–
–
–

–
–
–
–
–
–

G1, mild; G2, moderate; G3, severe. *p < 0.05 normal vs. disease group. †p < 0.05 mild vs. severe group. Median (range).

Echocardiographic estimation of valvular stenosis
Echocardiographic measurements were performed with an
ultrasound machine (X-300; Simens, Germany) with a 3–9
MHz phase-array transducer. Aortic jet velocity and mean
transaortic gradient were measured at aortic valve level of
left apical 5 chamber long axis plane, using continuous wave
Doppler echocardiography, while pulmonic jet velocity and
mean transpulmonic gradient were measured at pulmonic
valve level of the right parasternal short axis plane, using
continuous wave Doppler echocardiography.
Cardiac biomarker assays
Blood samples were collected from either jugular or cephalic vein in blood tubes and were centrifuged within 30 min
after collection and the plasma was separated. Plasma cTnI
concentration was determined using a human Access AccuTnI
assay (Beckman Coulter, USA), which has been validated
previously in dogs [21]. Plasma NT-proBNP concentrations
were determined using an enzyme immunoassay for canine
NT-proBNP (Cardiopet proBNP; IDEXX Laboratories, USA),
which has been validated previously in dogs [10].
Statistical analysis
All values are expressed as median (min-max). A KruskalWallis test was used to analyze distributed data among groups
(age, body weight, echocardiographic variables, plasma NTproBNP and cTnI concentrations) followed by Dunn’s test
for multiple comparisons. The Spearman method was used to
test for correlations between cardiac biomarkers and body
weight, age, and echocardiographic variables. A value of p <
0.05 was considered to indicate statistical significance.

Results
The PS groups consisted of 5 mild, 5 moderate and 5
severe PS dogs, while the AS groups consisted of 4 mild, 4
moderate and 5 severe AS dogs (Table 1). Age of the control
group (11.9 ± 3.1 yrs) was much older than the PS group
(3.3 ± 2.5 yrs) and the AS group (1.8 ± 1.0 yrs) (Table 1).
Maltese and Shih Tzu were predominant in the PS group,
whereas toy Poodle was predominant in the AS group.
The median peak velocities (pressure gradient) of PS in mild,
moderate and severe groups were 3.08 m/sec (38 mmHg),
4.44 (79 mmHg) m/sec and 5.60 (125 mmHg) m/sec, respectively, while that of normal group was 0.69 m/sec (1.9
mmHg). The median peak velocities (pressure gradient) of
AS in mild, moderate and severe groups were 2.96 m/sec (35
mmHg), 4.45 (79 mmHg) m/sec and 5.54 (123 mmHg) m/
sec, respectively, while that of normal group was 0.93 m/sec
(3.4 mmHg; Table 1).
The median concentration of cTnI of PS in mild, moderate
and severe groups were 0.08 (range, 0.03–0.12), 0.12 (range,
0.08–0.15) and 0.15 (range, 0.08–0.98) ng/mL, respectively,
and were significantly higher than normal group 0.01 (range,
0.01–0.03) ng/mL (p < 0.05; Table 1, Fig. 1). The median
concentration of cTnI of AS in mild, moderate and severe
groups were 0.11 (range, 0.03–0.58), 0.16 (range, 0.07–1.25)
and 1.25 (range, 0.31–3.4) ng/mL, respectively and were also
significantly higher than normal group (p < 0.05; Table 1,
Fig. 1). The cTnI concentrations were not correlated to age
(r = −0.331) and body weight (r = 0.396), while those in the
PS (r = 0.700) and AS groups (r = 0.763) were well correlated to the severity of stenosis (Fig. 2).
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Fig. 1. The concentrations of NT-proBNP (A) and cTnI (B) in this study population. *p < 0.05 normal vs. disease group. †p < 0.05
mild vs. severe group.

Fig. 2. The correlation assessment between the severity of stenosis and concentration of biomarkers in this study population. A, AS
vs. NT-proBNP; B, PS vs. NT-proBNP; C, AS vs. cTnI; D, PS vs. cTnI.

The median concentration of NT-proBNP of PS in mild,
moderate and severe groups were 1000 (range, 575–1780),
1405 (range, 650–3100) and 2800 (range, 2200–3500) pmole/L,
respectively, and were significantly higher than normal group
395 (range, 125–760) pmole/L (p < 0.05; Table 1, Fig 1). The
median concentration of NT-proBNP of AS in mild, moderate and severe groups were 900 (range, 620–1800), 1639
(range, 850–2505) and 3550 (range, 1250–8500) pmole/L,
respectively, and were also higher than normal group (Table
1, Fig 1). The NT-proBNP concentrations were not correlated to age (r = −0.369) and body weight (r = 0.280), while
those in the PS (r = 0.834) and AS groups (r = 0.815) were
well correlated to the severity of stenosis (Fig. 2).

Discussion
Continuous wave (CW) Doppler echocardiography is the
easiest and most reliable diagnostic method for grading the
severity of valvular stenosis. The pressure gradient (PG)
across the stenotic valve has been found to be well correlated to the severity of stenosis [22, 25]. Therefore, in this
study, we sub-grouped our study population, based on the PG
across the stenotic valve. According to human guideline [3],
the severity of AS was graded into < 30 mmHg in mild, 30–
50 mmHg in moderate, and > 50 mmHg in severe, while that
of PS was < 36 mmHg in mild, 36–64 mmHg in moderate,
and > 64 mmHg in severe. Although dogs with either AS or
PS with PG < 60 mmHg are mostly clinically asymptomatic,
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this study population was divided by different categorization. Recent studies found that Doppler-derived PG > 60
mmHg was associated with poor prognosis [11]. Since our
categorization was more focused on clinical status, the levels
of cardiac biomarker (e.g., cTnI and NT-proBNP) were more
clearly reflected the severity of stenosis in this study.
Cardiac biomarker assays are rapidly replacing to conventional diagnostic imaging for predicting the progression of
heart diseases in human. Because this assay requires tiny
amount blood samples and no training, it is most useful for
large scale screening and cardiac emergency. The cTnI and
NT-proBNP are the most commonly performed cardiac
biomarker assays in human and are all validated in dogs with
heart diseases [5, 8, 21].
There are 3 types of cardiac troponin complex in mammalian heart (cTnI, cTnT, and cTnC). The cardiac troponins are
involved in the regulation of excitation-contraction coupling
of the sarcomeric proteins and are easily released into blood
stream in response to sarcomeric injury [9]. Increased levels
of circulating cTnI or cTnT are a diagnostic indicator for
myocardial injury in heart diseases in human [1, 17]. Since
the canine cTnI has close homology to human cTnI, the cTnI
concentration can be measured using human immunoassays
for cTnI. In this study, we used human immunoassay kit
(previously validated in dogs; 20) and found this test kit
could produce reliable and reproducible results in dogs.
Recent study for evaluating diagnostic value of cTnI in dogs
with chronic mitral valvular insufficiency (CMVI) found the
cTnI was significantly higher in the CMVI dogs than healthy
dogs and was gradually higher as the disease was progressed
[14]. Another recent study evaluating cTnI in dogs with various heart diseases also found a good diagnostic value for
detecting heart disease. In that study, the median concentrations of cTnI were 0.14 ng/mL (range, 0.03–1.88 ng/mL) in
cardiomyopathy, 0.11 ng/mL (range, 0.01–9.53 ng/mL) in
CMVI, and 0.08 ng/mL (range, 0.01–0.94 ng/mL) in subaortic stenosis, while that of cTnI in most healthy dogs was
< 0.03 ng/mL [20]. Our study results were well agreed to the
previous studies [20]. The median value of cTnI in the mild
PS and mild AS dogs was 8–11 times higher than healthy
dogs, suggesting this test is discriminative asymptomatic AS
or PS dogs from healthy dogs. Furthermore, the cTnI concentration was gradually higher, as the stenosis was worsened,
suggesting this test also has a good prognostic value in clinical PS or AS dogs. Although our study revealed the PG
across the stenotic valve was closely correlated to the level of
cTnI, other study only found modest correlation with the
ventricular wall thickness [20]. Since our study population
consisted of only AS, instead of subaortic stenosis, the trend
on cardiac remodeling by pressure overload might be different and thus the degree of myocardial injuries might be much
severe in the AS. Therefore, in our study, the PG was more
well-correlated with the cTnI concentration. One study found
circulating TnI concentrations were positively correlated with
age [14]. However, our study could not detect any influence

on the cTnI concentration from age, although our healthy
control dogs were much older than the PS and AS dogs. The
number of healthy control was insufficient to conclude that
there was no influence from the age of study groups.
Circulating NT-proBNP is a byproduct from cleavage of
BNP, which is released from brain and ventricle in response
to increased myocardial wall stress from increased cardiac
loading conditions [12]. Therefore, the plasma concentrations of both BNP and NT-proBNP are generally elevated in
patients with congestive heart failure from any causes [2, 18].
Those tests are currently used for large scale screening in
large population, for diagnosis of acute onset of CHF, and for
the prediction of clinical outcome [4]. One veterinary study
also found the NT-proBNP is independently predictive of
survival in dogs with CMVI [16]. One recent study also found
the plasma NT-proBNP levels were significantly higher in
dogs with PS [13]. Right ventricular pressure overload by the
PS is thought to be a cause of secretion of NT-proBNP [26].
One human study also revealed the right ventricular pressure
overload could increase plasma BNP concentrations, even in
patients with asymptomatic right ventricular heart diseases
[24]. As noticed in other studies, we also found the levels of
NT-proBNP were higher in dogs with PS. The levels of NTProBNP were closely associated with the PG across the
stenotic valve in this study, suggesting a good prognostic
marker for the progression of PS or for the outcome of interventional balloon valvuloplasty in dogs. To date, no study
has been conducted to evaluate plasma NT-proBNP levels in
dogs with AS, although the NT-proBNP could be higher in
the AS, due to left ventricular pressure overload by the left
ventricular obstruction. This study has firstly proved that the
levels of NT-proBNP were closely correlated to the severity
of AS in dogs.
There are several study limitations. Firstly, because our
study population was limited by the small sample size, there
would be the possibility for misinterpretation by gender,
breed, age, and body weight. Due to small sample size, there
might be type I error on interoperation of this study result.
Secondly, some dogs with PS or AS were under cardiac medication (e.g., β-blockers, calcium-channel blockers) which
could affect significantly loading conditions. Therefore, there
is possibility for under-estimation of cTnI and NT-proBNP
levels in these dogs. Thirdly, because the echocardiographic
measurement for PG often leads overstatement of the severity of the stenosis [23], more accurate assessment using invasive catheterization on the stenotic lesion might be necessary
to obtain more precise estimation of severity of stenosis.
Lastly, the increased cTnI and NT-proBNP levels in this
study population might be also influenced by non-cardiac
causes (e.g. renal diseases, infections, and dehydration; 5, 6),
although we excluded any dogs having signs of other systemic diseases prior to study.
In conclusion, this study evaluated the diagnostic value of
cardiac biomarkers in dogs with either PS or AS and the correlation between levels of biomarkers and the severity
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assessed by the echocardiography, and found the plasma cTnI
and NT-proBNP were discriminative for dogs with heart disease from healthy dogs and were well correlated to the severity
of stenosis.

References
1. Adams JE 3rd, Bodor GS, Dávila-Román VG, Delmez
JA, Apple FS, Ladenson JH, Jaffe AS. Cardiac troponin I.
A marker with high specificity for cardiac injury. Circulation
1993, 88, 101-106.
2. Atisha D, Bhalla MA, Morrison LK, Felicio L, Clopton P,
Gardetto N, Kazanegra R, Chiu A, Maisel AS. A
prospective study in search of an optimal B-natriuretic
peptide level to screen patients for cardiac dysfunction. Am
Heart J 2004, 148, 518-523.
3. Baumgartner H, Hung J, Bermejo J, Chambers JB,
Evangelista A, Griffin BP, Iung B, Otto CM, Pellikka PA,
Quiñones M. Echocardiographic assessment of valve
stenosis: EAE/ASE recommendations for clinical practice. J
Am Soc Echocardiogr 2009, 22, 1-23.
4. Bhalla V, Willis S, Maisel AS. B-type natriuretic peptide:
the level and the drug-partners in the diagnosis of congestive
heart failure. Congest Heart Fail 2004, 10 (1 Suppl 1), 3-27.
5. Boswood A, Dukes-McEwan J, Loureiro J, James RA,
Martin M, Stafford-Johnson M, Smith P, Little C, Attree
S. The diagnostic accuracy of different natriuretic peptides in
the investigation of canine cardiac disease. J Small Anim
Pract 2008, 49, 26-32.
6. Cemri M, Arslan U, Kocaman SA, Cengel A. Relationship
between N-terminal pro-B type natriuretic peptide and extensive
echocardiographic parameters in mild to moderate aortic
stenosis. J Postgrad Med 2008, 54, 12-16.
7. Chin CWL, Djohan AH, Lang CC. The role of cardiac
biochemical markers in aortic stenosis. Biomarkers 2016, 21,
316-327.
8. DeFrancesco TC, Rush JE, Rozanski, EA, Hansen BD,
Keene BW, Moore DT, Atkins CE. Prospective clinical
evaluation of an ELISA B-type natriuretic peptide assay in
the diagnosis of congestive heart failure in dogs presenting
with cough or dyspnea. J Vet Intern Med 2007, 21, 243-250.
9. Fishbein MC, Wang T, Matijasevic M, Hong L, Apple
FS. Myocardial tissue troponins T and I. An immunohistochemical study in experimental models of myocardial
ischemia. Cardiovasc Pathol 2003, 12, 65-71.
10. Hezzell MJ, Boswood A, Chang YM, Moonarmart W,
Souttar K, Elliott J. The combined prognostic potential of
serum high-sensitivity cardiac troponin I and N-terminal proB-type natriuretic peptide concentrations in dogs with
degenerative mitral valve disease. J Vet Intern Med 2012, 26,
302-311.
11. Johnson MS, Martin M, Edwards D, French A, Henley
W. Pulmonic stenosis in dogs: balloon dilation improves
clinical outcome. J Vet Intern Med 2004, 18, 656-662.
12. Kim HN, Januzzi JL Jr. Natriuretic peptide testing in heart
failure. Circulation 2011, 123, 2015-2019
13. Kobayashi K, Hori Y, Chimura S. Plasma N-terminal pro
B-type natriuretic peptide concentrations in dogs with pulmonic

227

stenosis. J Vet Med Sci 2014, 76, 827-831.
14. Ljungvall I, Höglund K, Tidholm A, Olsen LH, Borgarelli
M, Venge P, Häggström J. Cardiac troponin I is associated
with severity of myxomatous mitral valve disease, age, and
C-reactive protein in dogs. J Vet Intern Med 2010, 24, 153159.
15. Matsuo T, Carabello BA, Nagatomo Y, Koide M,
Hamawaki M, Zile MR, McDermott PJ. Mechanisms of
cardiac hypertrophy in canine volume overload. Am J
Physiol 1998, 275, H65-74.
16. Moonarmart W, Boswood A, Luis Fuentes V, Brodbelt D,
Souttar K, Elliott J. N-terminal pro B-type natriuretic
peptide and left ventricular diameter independently predict
mortality in dogs with mitral valve disease. J Small Anim
Pract 2010, 51, 84-96.
17. Morrow DA. Troponins in patients with acute coronary
syndromes: biologic, diagnostic, and therapeutic implications.
Cardiovasc Toxicol 2001, 1, 105-110.
18. Nakamura T, Sakamoto K, Yamano T, Kikkawa M, Zen
K, Hikosaka T, Kubota T, Azuma A, Nishimura T.
Increased plasma brain natriuretic peptide level as a guide
for silent myocardial ischemia in patients with nonobstructive hypertrophic cardiomyopathy. J Am Coll Cardiol
2002, 39, 1657-1663.
19. Oliveira P, Domenech O, Silva J, Vannini S, Bussadori R,
Bussadori C. Retrospective review of congenital heart disease
in 976 dogs. J Vet Intern Med 2011, 25, 477-483.
20. Oyama MA, Sisson DD. Cardiac troponin-I concentration in
dogs with cardiac disease. J Vet Intern Med 2004, 18, 831839.
21. Oyama MA, Solter PF. Validation of a commercially available
human immunoassay (AccuTnI, Beckman Coulter, Inc.) for
the measurement of canine cardiac troponin-I. J Vet Intern
Med 2003, 17, 437-438.
22. Richards KL. Assessment of aortic and pulmonic stenosis
by echocardiography. Circulation 1991, 84 (Suppl I), I182187.
23. Silvilairat S, Cabalka AK, Cetta F, Hagler DJ, O’Leary
PW. Echocardiographic assessment of isolated pulmonary
valve stenosis: which outpatient Doppler gradient has the
most clinical validity? J Am Soc Echocardiogr 2005, 18,
1137-1142.
24. Tulevski II, Groenink M, van Der Wall EE, van
Veldhuisen DJ, Boomsma F, Stoker J, Hirsch A, Lemkes
JS, Mulder BJ. Increased brain and atrial natriuretic
peptides in patients with chronic right ventricular pressure
overload: correlation between plasma neurohormones and
right ventricular dysfunction. Heart 2001, 86, 27-30.
25. Valdes-Cruz LM, Horowitz S, Sahn DJ, Larson D,
Oliveira Lima C, Mesel E. Validation of a Doppler
echocardiographic method for calculating severity of discrete
stenotic obstructions in a canine preparation with a pulmonary
arterial band. Circulation 1984, 69, 1177-1181.
26. Yoshimura M, Yasue H, Okumura K, Ogawa H,
Jougasaki M, Mukoyama M, Nakao K, Imura H. Different
secretion patterns of atrial natriuretic peptide and brain
natriuretic peptide in patients with congestive heart failure.
Circulation. 1993, 87, 464-469.

