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The objective of the present study was to evaluate the diagnostic efliciency of the new
cardiac-sp€ciffc marker troponin T (cTnT) conpar€d $ith the conv€ntional narkers creatine kinase (CK)
and lactat€ dehydrogenase (LDH) in detecting myocardial injry in dogs with clitrical sisns and symptoms
of various forms of cardiac diseases includins congestive heart failur€ (CHF). The rcsults showed that in
animals with clinical valvular heart disease (n = 20)! clinical ca.diac arrhythmias (n = 1l) and heartworrn
infection (r = 10) without clinical h€art failure, as well as in dogs with clitrical CHF (tr = 18), th€re was no
significant differenc€ eith€r in th€ activity of CK or LDH. Levels of cTnT in dogs with CHB on the oth€.
hand, were much higher than those in the other 3 groups, Th€ majority of the 18 dogs with CHF had
detectable levek ofcTnT, with 6 of fhem (33 7. ) showing values €xceeding the upper ref€renc€ limit of 0.10
ng/ntl. The overall m€ar cTnT level in this animal group ws3 0.204 ng/ml, Th€s€ results may imply that
CHF in dogs is associated with a small release of cardiac t.oponin T indicaaive of minor myocardial c€ll
damage.
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INTRODUCTION
Congeslive hean failue (CHF) is a frequent

ctinical sequel of several cardiac disorders in human rz

as well as in animals.sa Apart from ischemic hea
disease. $hich rarel)  occur.  in smai lanimdl \pecie' .
the common cardiac causes of heart failure in small
animals including dogs are dilated cardiomyopalhy,
valvular heart disease and cardiac arrhythmias.a In'
fection with heartworms represcnts another frequent
form ofcanine cardiac disease that may lead to right
ventricular dysfunction and heart failure.5

Over the past decade, the pathophysiologl
cal mechanisms underlying impaired ventricular
function in CHF have been to a certain extent eluci
dated. The current concepts of the pathogenesis of
heari lailure rest on ventricular remodeling and neu_
roendocrine activation of the renin angiotensin and
sympathetic systems wilh cytokine Foduction.'r It

. has been shown in experimenial models that release
of syslemic neurohormone such as norepinephnne
results in progressive myocyte damage with loss of
cardiac myocytes by apoptosis and necrosis 6' The
q estion thus anses, as to whether myocardial cell
in jury induced by norepinephrine or cytotoxic
cytokines in heait failure is associated wilh the re-
lease of cardiac marker proteins into the circulation.

The aim of the present study was to assess
the extent of myocyte danage in heart failure by
measuring enzymatic activilies of the conventional
cardiac markers creatine kinase (CK) and lactare de-
hydrogenase (LDH) as well as concentations of the

heart-specific contraclile protein troponin T (cTnT)
in dog, presenl ing ro rhe ho.prtal  $ i lh cl in ical  . ign.
and syrnptoms of CHn Levels of these marker pro
teins were also compared wilh those found in dogs
$ilh other cardrac dbea5es wirhour .evere ventricu
lar dysfunction.

MATERIALS AND METHODS

Study Subjects
The study consisted of59 consecutive cases

of dogs brought to the Veterinary Teaching Hospital,
Kasetsart University, between January and June 2000
for ctinical evaluation and aeatment of suspected
cardiac diseases. The diagnosis of cardiac disoders
was made on the basjs of clinical signs and synp
loms as well as ofresults obtained from radiographic
and electrocardiographic assessment. Congestive
heart failure (CHF) was diagnosed by the presence of
cough, dyspnoea, hepatomegaty, peripheral (ventral)
edema and rsci les as sel l  ar by radiographic et i
dence of pulnonary congestion, pleural effusion and
cardiac enlargement. Infection with hea(worms was
defrned as the presence of microf i lar iae in peri-
pheral blood smear examination and a positive heart-
worm antigen test kit (Witness).

Final diagnoses were 20 cases of dogs with
valvular hean disease (vHD). |  0 wi lh hearlsorm in-
fection (HWI), l1 with cadiac arrhythmias (CAR)
and 18 cases of animals with CHF of various etiolo-
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gios (3 dogs wilhVHD,4 wilh HWI and 1l with un-
known cause, probably of idiopalhic dilated cardr-
omyoparhyr.  The age and seighr rdnges of lhe Jni-
mals studied werebetween l-16 years and 2-35 kilo-
grams, respectively.

Laboratory Proc€dureg
Venous blood ssmptes were collected from

anirnals on arrival at the hospitat and the serum ob-
tained was immediately frozen at 20uC until analy-
sis of the biochemical parameterc which was per-
formed within 3 days of the blood sampling proce-
dure. Levels oI total cholesterol and triglycerides were
measured by standa.rd enzlmatic methods. The ac-
tivity of enzynes alanine aminotransferase (ALT),
aspartate arninotransferase (AsT), lactate dehydro-
genase (LDH) and creatine kinase (CK) as well as
levels of blood urea nitrogen (BUN) and creatinine
were determined by enzymatic colorimetric tests.
Total protein and albumin concenlrations were mea-
sured by using the biuret and bromocresol green
melhods, respectively. Measurements of all blood
chemistry parameters were peribrmed on an aulo-
mated chemical analyzer (Hitachi 717).

Determination of cardiac troponin T (cTnT)

_concentration wa.s perforned with a third-generation
c I  nT rmmunoassay on an immunoanalyzer Llecs).o
2010 (RocheDiagnostic). The test is based on newly
developed electrochemiluminescent technology.6
This assay shows vir lual ly no cross-react iv i ty
(< 0.01E") between the cardiac and skeletal muscle
troponin T isoform. The analytical sensitivity and
the upper limjt of the reference range is 0.01 and
0.10 ng/ml, respectively. In the present study, a cTnT
level below the lower deleclion limit of the assay
{< 0.01 ngml, was considered aq undeleclable.

Statistical Analysis
Data are presented as mean ! standard de-

viaiion. The significance in the difference in resuhs
among lhe 4 srud) gruups were derermined usrng
analycrc ol  !anance. A p value ol  < 0.05 wa\ conei-
dered to indicate a significant difference-

RESULTS

The mean levels of selected bjochemical pa,
rameters in the 4 groups of animals studied are shown
in Table I . Dogs with CHF demonstrated a lower con-
centration of albumin compared with animals witir
other cardiac diseases, but the difference achieved
slatisiical significance only wiih the group of dogs
wilh valvular heart disease. On the other hand, there
were no significant differences in the levels of other
blood chemisFy variables among the 4 animal $oups.

Comparisons of the activity of cardiac en-
zymes CK and LDH in the 4 srudy groups arc dis'
played in Table 2. Although higher values of CK
were observed jn dogs with CHF than those in other
groups. rhe differences did nor reach slarislical sig-
nificance. Similarly, the relatively high LDH actr-
vity found in animals with valvular heart disease did
not differ significantly from those in the other 3
groups. In conrxast, dogs with CHF exhibited on
average a much higher cTnT concentration than those
in other groups, reaching a statistical significant dif-
ference when conpared to tie group of animals with
valvular heart disease.

Table 3 demonstntes the number and per-
centage ofanimals in each study group stratified ac-
cording to cToT concentrations, It can be seen that
the majority of dogs with valvular heart disease and
cardiac arrhythmias, and a certain number of those
infected with heartwoms displayed undet€ctable
cTnT concentralions of < 0.010 ng/ml. An inqeased
cTnT level (> 0.100 ns/ml), on the other hand, was
observed only in the group of dogs with CHF, wrh
concenrrarions ranging from 0.167 ro 1.20 ng/ml.

Follow-updara were available from l2 ani
mals 1 to 4 weeks after lreatment. The 4 dogs \rith an
iniiial cTnT level of < 0.01 ng/ml remained unde'
tectable at follow-up. Of the remaining 8 animals
with detectable or increased cTnT concentations, 6
including 3 dogs with CHF showed a decline in cTnT
to levels in the reference range. One dog (with the
highest cTnT concentration of 1.20 ng/ml) died sud-
denly 2 months after treatment.
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Tabl€ 1. Mean (t SD) levels of selected biochemical parameters in the 4 grorps of animals studied

vHD (n = 20) HwI(n= 10) CAR (n= 1l) cHF(n = 18)

Alil(ru/L)

AST(ruL)

Albumin (s/dl)

Total protein (g/dl)

Choleslerol (mgdl)

Triglycerides (mg/dl)

Bl-rN (rns/dl)

Creatinine (mg/dl)

8 3  1 1 6

5 6  r 4 o

3.2 !0.6
' l .1: lo-9

201t:76

2 3  ! 2 0

0 - 9 1 0 . 5

1 2 0  i  1 1 9
' 7 1 !  7 6

2.'7 LO.3
'7.6 !  1.4

239 ! 60

9 9 r 5 0

2 /  ! 9

1 - 2 ! O . 4

'78+'72

39  t za

3.1 r 0.4
'7 .8 ! 1.2

193 r 104
'72 ! 16

2 3  ! 2 2

0.9 i  0 .3

108 t  74

84 r 103

2 . 6 r O . 6 *

6.6 !  1.4

184 ! '19

9 5 r 6 1

3 9  ! 2 9

1.3 : t  0.9

Abbreviation : VHD = valvular heart disease ; HWI = heartworm infection i CAR = cardiac anhythnia:
CHF = congestive hean failure.
*p= 0.016 compared with VHD Croup.

Tabl€ 2. Comparison of mean (t SD) levels of cardiac marker proteins in ihe 4 study groups

vHD (n=20) HwI (n= 10) CAR(n=1r) CHF(n= 18)

cK (ru,4-)

LDH(ru,4-)
cTnT(ns/ml)

429 !416

9'73 i:10'74

0.013 i  0.025

206 ! 162

519 t  438

0.012 r 0.012

3'78 1524

447 ):288

0.007 r 0.012

'711! 1602

898 r 1004

0.204 i 0.353+

*p= 0.04 versus VHD group.



Siriraj Hosp Gaz
Vol. 53, No.3, March 2001

Biochemical Evidence of Myocardial
C€ll Damage in Hcart Failure I

Kosit Sribhen,ctal.112

Table 3. Number (percentage in parenlhesis) o{ animals in thc 4 sludv groups slratified according to cardiac

lroponin T levels.

Cardiac rroponin T concentration*

Non"detectrble Detcctable

vHD (n = 20)

HwI (n= 10)

CAR(n= l l )

cHF (n = 18)

t3 (65q.)

4 Goqa)

8 (73E )

4 (22qo)

'1 (3sEo)

6 (607.)

3 (275a)

I (44%)

0 (oEo)

o (oE)

0 (oEo)

6 (33Eo)

*Non-deteclable= <0.010, detectable=0010' 0 100, increase=> 0 100ng/ml

DISCUSSION
We have demonslralcd in this canine model

of cardiac injury $at a significant number of dogs
with clinical signs and symptoms ofCHF displaved
increase.d cTnT serum concentration indicative of
rnyocardial cell damage- As indicated by a mean
cTnT level of 0.204 ng/ml. however. the exlent of
myocyte damage is usually minimal and is much less

than that usually observed after ischemic myocaF
dial injury.' The majority of dogs with CHF. on lhe
olher hand, exhibited either non-detectable or de'
tectable cTnT concentration not exceeding the up-
per limit of normal value._ 

Durins the Dasl decade. research into the
pathophysiolog-y of heart failure bas been locused
on the detrimental effect of enhanced sympaihehc
drive on the myocardium lthas been shown both in
animal modelslo and in hunaDs with heart failurer
lhar levels of norepinephrrne werc ' rgnrf iLanrl)  in-
creased and this enhanced sympathetic activ,ty was
even observed in the eariy and asymplomatic slage
of heart failure.lrD Since the aclivalion oflhe sym_
patheric syslem has been \ho$n lo result  In an in-

crease in heart rate and oxygen consumplion as well
as in nyocardial ischemiar'rr, the stuchrral integrity
ofthe myocyles can be lost and necrosis can occur

The cardioloxic eftbct of norepinephrine has
previously been experjnlentally demonstmtcd ln
several small animal species iDcluding dogs. Mann
et al.'415 reported ihat norepinepbrine treatment lcd
to an overall significant release oI cardiac enzyrne
CK into cardiac nyocyte culturcs and there was a
concentration-dependent increase in CK released
into the medi m. However sincc CKhas been found
in a significant arnount in skeletal rnuscle, measure
ment ofthis enzyme is not a specific melhod for de_
tecring damage to lhe myocardium. Thus, the high
CK activity found in present study nay possibly bc
due to skeletal muscle injury occuring during re
srrJ 'nr or rhe dnrmal.  "  Thc enTyme LDH. hkewbe. is
not a specific marker ofnyocardial damage because
tbis enzyme is also abundantly presenr in several
Lissues olher than myocardium. As in our study, an
increase in LDH activily has been repoted in pa-
tients with valvular heart disease.i?

Troponin Tis a constjiuentoftroponin com
plex which regulates the interaction ol aclin and
nyosin in st aled muscle. Tesis based on enzyme-
linked immunoso$ent assay (ELISA) and a novel
technology ol electrochemiluminescence have been
developed which show virlually no cross reacnvrty
between the cardiac and skeletal muscle lroponin T
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isoform. Several recent trials conducted in humans
have demonstrated that cTnT has a higher diagnos-
tic performance over CK in detectrng small darnage
10 myocardial tissue.l&'o We have performed a siudy
on 72 dogs without and wilh heariworm infection,
but without clinical sjgns and symptoms of severe
cardiac dysfunction using a second-generation TnT
assay and found no significant difference in cTnT
levets belween the 2 groups". The results indicate
thal the presence of heartworms per se, withoutcaus-
ing sevcro ventricular dysfunction, is not associated
with a significant myocardial cell damage.

To our knowledge. there have been lwo
tdals investigaling the frequency of increased cTnT
concentrat ion in pat ients with cHF. By using a
second-generation TnTELISA and a cul offvalue of
0.10 ng/nl, Missov and Mair" reported that 5 of33
patients (15%) with CHFshowcd an increased cTnT
level. Setsuta et al.:3, on the olherband, demonstrated
that the majority (52%) of CHF patients displayed
detectable (> 0.02 ns/n1) cTnT concentratrons. The
corresponding values frorn our study using a third-
generauon TnT as.a) felecuochcmilunine'(cnr a'
say) were higher, i.e. 337, using a cut-off value of
0.10 ng/ml and 567, with a value of0.02 ng/nl. we
have a1 present no explanation for these differences
bul the mean cTnT level in our study of0.204 ng/ml
is only rninirnally higher ihan thai reponed by Missov
and Man (0.140 nglml). It is possible that dogs
reacled more deleteriously 10 the cardiotoxic effeci
of adrenergic overdrive than humans.

Nevertheless, it should be noted that only
one-lhird of our dogs with CHF displayed an rn-
creased cTnT concentralion, despite the fact that all
an,mal.  in f i r .  sroup clear l)  .howed Ll ,nrcdl  s igns
anc . l  mprom. of CHll  One pos. ible e\planduon r.
thal cTnT may not represent a sensitive indicator of
myocardial damage in heart failure, sinceithas been
shown in a srudy by Voss et al.q that the myocardial
content of this contractile protein was significantly

decreased both in humansand animals witi ventrrcu,
lar dysfunction compared with normal corFols.
Whe(hef the novel marker of CHF brain naniureuc
peptide (BNP)'�4 is a mofe sensitive marker of ven-
tricular dysfunction remains 10 be determined in
future investigations.

An appdent limitation of our study, apmr
from the small sample size, js that the diagnosis of
CtlF was made on clinical grounds withoutinforma-
tions from Ieft venlricular functron parameters (i.e.
echocardiography). However, echocardiographic
assessment of ventricular function is at present not
routinely performed in the Veterinary Hospital and
thus can not be used as a diagnostic criterion in the
present study. Another limitation was the fact that
w e  d i d  n o t  m e a . u r e  C K - M B .  a r  p r e ' e n l  c o n s r -
dered to be the "gold slandard" biochemical method
for detection of damage to nyocardial lissue. Untike
in humans, however, this isoenzyme is present only
in a small amount in the myocardium ofanimals. In
addition, unlikc the troponins. the immunoassays
developed for human application are too selective
for epitopes on the human forrn ofCK-MB and will
no1 even cross react to an appreciable cxlenr wirb
CK MB lrom higher primates.r( Thus, measurement
ofCK MB may not represent a sensitive meftod for
derecr ion of myocJrdial  ddmJge in anrmal specie,.

CONCLUSION
Results from the present study have shown

that the majorily of dogs with congestive heart
failure displayed a detectable cardiac troponin T
serum concentralion and a signifi cantnumberof these
animals exhibited a small increase in this cardiac-
specific contractile prctein indicarive ofminor nyo-
cardial danage. Future clinical lrials should focus
on investigating the prognostlc role of increased
cTnT concenfation in patients with congestive hean
failurc.
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