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Introduction and objective. The usefulness of
prolonged troponin-T (TnT) monitoring in outpatients with
nonischemic heart failure (HF) is not clear. The aim of this
study was to investigate the incidence, prognostic value,
and determinants of a raised TnT level.

Methods. The study involved 80 outpatients (age
56[14] years, 69% male) with chronic stable HF (mean left
ventricular ejection fraction, 24[9]; 51 in New York Heart
Association class Il and 29 in class lll) of non-ischemic
origin, as confirmed with coronary angiography. The TnT
level was measured at study entry and at every outpatient
visit (median interval, 3.1 months; interquartile range
[IQR], 1.8-5.0 months) in a follow-up period of 22.2(10.6)
months. Patients were TnT+ if the level was measurable
(ie, >0.01 ng/mL).

Results. At study entry, 7 (9%) patients were TnT+. By
5 years, the cumulative incidence had reached 53%, and
the median TnT level was 0.059 ng/mL (IQR, 0.023-0.100
ng/mL; range, 0.013-0.500 ng/mL). Beta-blocker therapy
was associated with a reduction in incidence (hazard ratio
[HR]=0.220; 95% confidence interval [CI], 0.089-0.540;
P=.001) while the incidence increased with the N-terminal
probrain  natriuretic  peptide  (NT-proBNP) level
(HR=1.005; 95% CI, 1.001-1.010; P=0.021). During
follow-up, 14 (17.5%) patients had a cardiac event (ie, 9
cardiac deaths and 5 urgent transplants); these occurred
in 12 (50%) of the 24 TnT+ patients versus 2 (3.6%) of
the 56 TnT- patients (P<.001). After adjustment, Cox
multivariate analysis showed that being TnT+ was a
predictor of an adverse event (HR per 0.01 ng/mL=1.359;
95% Cl, 1.037-1.782; P=.026), independently of the NT-
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proBNP level (HR per 500 pg/mL=1.057; 95% ClI, 1.023-
1.092; P=.001).

Conclusions. A measurable TnT level was frequently
observed during clinical monitoring of outpatients with
non-ischemic HF and indicated a poor prognosis, even
when the level was low.

Key words: Heart failure. Troponin T. Prognosis. NT-
proBNP.

Valor de la determinacidn seriada de troponina
T en pacientes ambulatorios con insuficiencia
cardiaca no isquémica

Introduccion y objetivos. El valor del seguimiento
prolongado de las determinaciones de troponina T (TnT)
en pacientes ambulatorios con insuficiencia cardiaca no
isquémica no esta aclarado. Estudiamos la incidencia de
las concentraciones aumentadas de TnT, sus determi-
nantes y su valor prondstico.

Métodos. Se incluyé a 80 pacientes ambulatorios (56
+ 14 anos; el 69% varones) con insuficiencia cardiaca
cronica (fraccion de eyeccion del ventriculo izquierdo,
24% + 9%), situacion estable (NYHA 11, 51; NYHA llI, 29)
y etiologia no isquémica confirmada por coronariografia.
Los valores de TnT se midieron a la inclusiéon y en cada
visita ambulatoria (mediana, 3,1 [intervalo intercuartilico,
1,8-5] meses), durante un seguimiento de 22,2 + 10,6
meses. Se definid TnT+ como aquella detectable (> 0,01
ng/ml).

Resultados. En la visita inicial 7 (9%) pacientes pre-
sentaban TnT+, y la incidencia acumulada a 5 ahos al-
canzo6 el 53%, con una mediana de 0,059 (intervalo inter-
cuartilico, 0,023-0,1; minimo, 0,013; maximo, 0,5) ng/ml.
La incidencia de TnT+ estuvo disminuida en caso de tra-
tamiento con bloqueadores beta (hazard ratio [HR] =
0,220; intervalo de confianza [IC] del 95%, 0,089-0,540;
p = 0,001) y aumentada en relacion con el nivel de
NT-proBNP (HR = 1,005; IC del 95%, 1,001-1,010; p =
0,021). Presentaron eventos durante el seguimiento 14
(17,5%) pacientes (9 muertes cardiacas y 5 trasplantes
urgentes), que ocurrieron en 12 (50%) de 24 con TnT+
frente a 2 (3,6%) de 56 con TnT— (p < 0,001). Tras el
ajuste multivariable de Cox, la aparicion de TnT+ fue pre-
dictora de eventos adversos (0,01 ng/ml: HR = 1,359; IC
del 95%, 1,037-1,782; p = 0,026) con independencia del
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NT-proBNP (500 pg/ml: HR = 1,057; IC del 95%, 1,023-
1,092; p = 0,001).

Conclusiones. En el seguimiento ambulatorio de pa-
cientes con insuficiencia cardiaca no isquémica, la apari-
cién de TnT+ es frecuente e identifica un peor prondstico,
incluso con bajas concentraciones.

Palabras clave: Insuficiencia cardiaca. Troponina T. Pro-
nostico. NT-proBNP.

ABBREVIATIONS

HF: heart failure

IQR: interquartile range

NT-proBNP: N-terminal probrain natriuretic peptide
ROC: receiver operating characteristic

Tn: troponin

TnT: troponin-T

INTRODUCTION

In spite of the numerous therapeutic advances, the
prognosis for heart failure (HF) continues to be poor.! It
is important to develop awareness of the prognostic factors
in this clinical setting, as these can easily be reproduced,
and will help us to identify patients with the most
unfavourable clinical evolution. Cardiac troponin (Tn)
is a specific, sensitive marker of damage to the
myocardium the introduction of which into clinical
practice has changed the definition and management of
acute coronary syndromes.??

A variable percentage of patients hospitalized as a
result of acute HF (23%-80%) have detectable levels of
Tn, which appears to be related to the severity of the
clinical condition and a higher incidence of death and
re-hospitalization as a result of HF during follow up.**
It has been suggested that the presence of myocyte necrosis
phenomena during acute decompensation may be
contributing to the progression of the disease. The
aetiology of HF in these studies was predominantly
ischemic.*” With regard to patients with stable and out-
patient HF, there are fewer data on the value of Tn, and
these have also been gathered predominantly from
populations with predominantly ischemic aetiology.!%!?
On the other hand, in these studies Tn was measured
transversally meaning the usefulness of prolonged Tn
monitoring in patients with dilated nonischemic
cardiomyopathy and its incidence was not clarified.'?

The hypothesis of our study was the long-term
monitoring of troponin values (TnT) in an outpatient
clinic and in a population whose HF was not caused by
ischemia, which may be helpful for prognostic
stratification and clinical management. We therefore

studied the incidence of its positivisation (TnT+), its
clinical determinants and its prognostic value in long-
term follow-up.

METHODS
Study Population

The study population consisted of 80 consecutive
patients, attending an outpatient service specializing
in HF during 2002-2004 and meeting the following
criteria: a) an established diagnosis of chronic HF'3;
b) stable clinical situation, without hospitalization
during the previous 3 months and functional class of
the New York Heart Association (NYHA) II-IIT (II/111
51/29); ¢) diagnosis of systolic function defined as a
left ventricular ejection fraction (LVEF) <40% in the
ultrasound study performed during the month prior to
their inclusion; and d) nonischemic aethiology defined
in all patients as the concurrence of absence of a history
of ischemic cardiopathy and absence of coronary
lesions. All patients had at least 1 coronary angiographic
study and the study excluded all those with coronary
lesions of any severity or with any history of acute
coronary syndrome, as well as those on chronic
haemodialysis. The aethiology was established as
idiopathic in 62 (78%), of patient, valvular in 8 (10%),
familiar in 6 (7%) and alcoholic in 4 (5%).

Their parameters and clinical, ECG, and analytical
characteristics were included with the data from the initial
visit. Patients were subsequently monitored at the
outpatient clinic with an average frequency of 3.1 months
(1.8-5.0 months). At each visit, the clinical evaluation
included evaluation of the clinical status and blood
samoling for TnT determination. All the patients had a
conventional ECG during the month before they were
included in the study (Sonos 550, Phillips, Andover,
Massachusetts). The left ventricular ejection fraction was
calculated using the modified Simpson method, using
image with second harmonic second, and the projections
and standard measurements were performed for the study
of anatomy and cardiac function.'* The written, informed
consent was obtained from all patients before they were
included in the study.

Laboratory Parameters

Blood samples were obtained by venous puncture when
the patients arrived to surgery, between 8 am and
10 am, fasting and after resting for 20 minutes. The cardiac
TnT was measured using Electrochemiluminescence
Immunoassay with a Roche Elecsys 2010 (Roche
Diagnostics, Manheim, Germany) modular analyser. The
detection limit provided by the supplier was <0.01 ng/mL
and the variability coefficient was 5.6% to 0.04 ng/mL.
Raised TnT was defined in accordance with the supplier,
as a percentage value in excess of 99 percentile (>0.01
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ng/mL) obtained from a population of 1951 healthy
volunteers.'> The patients with a value of >0.01 ng/mL
during the follow-up period were identified as TnT+,
while patients with values <0.01 ng/mL during the entire
follow-up period were classed as TnT-. Additionally, the
index of TnT was calculated as the relationship between
TnT maximum/0.01 ng/ml.'° The plasma levels of NT-
proBNP were diagnosed using the test “proBNP assay”
using the Elecsys 2010 (Roche Diagnostics. Manheim,
Germany) analyser. The precision of the assay was from
1.8% at 800 pmol/L to 2.7% at 20.7 pmol/L and the
detection limits were 0.6 pmol/L and 4130 pmol/L. The
conversion ratio of pmol/L to pg/ml was x8457. The
haemoglobin and hematocrit concentrations were
determined with the automatic haematological analyser
XE-2100 (Symex, Kobe, Japan) and the biochemical
measurements were obtained with the Roche/Hitachi
Modular analyser (Roche diagnosis, Manheim, Germany).
The glomerular filtration rate (GFR) was calculated using
the simplified MDRD formula (mL/min/1.73 m?, 186.3
X [plasma creatinine]—1.154 X [age]-0.203) (the correction
factor for women was x0.742).

Follow-up and Clinical Events

All patients were followed up, obtaining the vital status
of all of them. The main events in the study were death
for cardiac causes, defined as death due to heart failure
and/or sudden death and the need for emergency heart
transplant, the decision for which were not influenced
by any of the biochemical findings of the study. Patients
dying from non-cardiac causes or elective transplant were
followed up until death, but this was not considered an
event.

Analysis of Results and Statistics

Test the normality of the distribution of the quantitative
variables was checked using Kolmogorov-Smirnov test;
the variables with abnormal distribution were expressed
as medium [interquartile range, IQR], the rest as mean
(standard deviation [SD]) for quantitative variables and
number (%) for qualitatives. At baseline level, the
comparison of quantitative variables among patients with
TnT+ y TnT- was performed using the Wilcoxon Student
t test for independent samples, as appropriate, and the
Fisher’s test for qualitative variables. The variables with
P<.1 in the univariable analysis, were introduced in the
Cox multiple regression for the identification of TnT+
predictors. The Kaplan-Meier analysis and the statistical
log rank were used for the description of the accumulated
incidence of TnT+ and the differences between groups.
The association between levels of TnT and the appearance
of events is studied using the Wilcoxon test for
independent samples and the receiver operating
characteristic curve (COR). The Cox regression analysis
was used for the univariable study of event predictors.
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The variables with P<.1 in the univariable were introduced
in a multivariable Cox model, that was also adjusted by
known risk factors (LVEF, class NYHA) and by the
baseline characteristics associated in a significant manner
with TnT+. The TnT+ and the TnT index were introduced
separately into the model. The adherence to the proposed
proportionality of risks was checked using logarithmic
representations of the accumulated risks, the analysis of
the Schoenfeld residuals and the Ln representation (-Ln
S[t]) for each variable after its categorization. The event-
free survival after the appearance of an initial TnT+ value
was studied using Kaplan-Meier curves and the log rank
statistic.

A P<.05 was considered significant. The statistical
analysis was performed using the statistical software
package for social sciences (SPSS v. 14.0 for Windows,
SPSS Inc., Chicago, Illinois, USA).

RESULTS
Clinical Characteristics and TnT+

The study population consisted of 80 patients, whose
clinical characteristics are set out in Table 1. At the initial
visit, 7 patients (8.7%) presented TnT+. The Kaplan-
Meier analysis showed an accumulated incidence of TnT+
of 52.8% at 5 years during the follow up (Figure 1). In
TnT+ patients, the levels measured presented a median of
0.059 ng/mL (IQR, 0.023-0.100; minimum, 0.013; and
maximum, 0.500). At baseline, the variables associated
with the appearance of a TnT+ were: raised NT-proBNP
levels, deteriorated renal function with greater figures of
plasmatic creatinine, and a lower rate of glomerular
filtration and a lower percentage of beta-blocker use
(Table 1). The aetiology of the cardiomyopathy (P=.44)
and the time of evolution of the disease since diagnosis
was similar in patients with TnT+ as opposed to TnT-
(6.4 [4.9] vs 7.3 [5.4] years; P=.491). The interval of
time between analyses did not show differences (3.0 [1.9-
4.8] vs 3.1 [1.8-5.1] months; P=.640). In a multivariate
model, the level of NT-proBNP was associated with a
greater risk of TnT+ (P=.021; HR, 1.005, 95% CI, 1.001-
1.010) while receiving beta-blockers was a protector and
was associated with a lower risk of positivization (P=.001;
HR, 0.220; 95% CI, 0.089-0.540), with renal function
parameters failing to reach significance (P>.4). Figure
2 shows the accumulated incidence of the TnT+ according
the presence or absence of beta-blocker treatment and/or
NT-proBNP above the median (839 pg/mL) (log rank
<0.001). All (100%) patients with raised NT-proBNP
and absence of beta-blockers presented TnT+.

Prognosis and TnT

During the clinical follow-up (median, 28.5 months
[IQR, 12.9-39.4]), a total of 14 (17.5%) patients presented
adverse clinical events: 9 cardiac deaths (2 sudden deaths
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TABLE 1. Clinical Characteristics

Total population (n=80) TnT: (n=214) TnT- (n=5) P
Age,y 56 (14) 59 (16) 55 (13) 18
Sex, % men 55 (69) 16 (67) 39 (70) .79
IMC, kg/m? 28 (25-31) 27 (26-29) 28 (25-32) .54
Diabetes mellitus 22 (27) 9(37) 13 (23) 19
Hypertension 32 (40) 10 (42) 22 (39) .84
Active smoker 14 (17) 2 (8) 12 (21) .20
Hypercholesterolaemia 26 (32) 5(21) 21 (37) 14
NYHA 1I/111, % 64/36 66/34 59/42 .56
Previous hospitalisations for HF 26 (33) 12 (50) 16 (29) .06
Duration HF, y 7.0(5.2) 6.4 (4.9) 7.3 (5.4) 49
LVEF, % 23.6 (9.4) 23.5(9.0) 23.7 (9.6) .96
Auricular fibrillation 15 (19) 3(13) 12 (21) .53
Chronic pneumopathy 4 (5) 1(4) 3 (5) .82
Creatinine, mg/dL 1.0 (0.8-1.2) 1.2 (0.9-1.5) 1.0 (0.8-1.2) .01
GFR, mL/min/1.73 m? 74 (60-89) 64 (45-77) 77 (63-96) .01
Troponin T, ng/mL 0.01 (0.0-0.02) 0.06 (0.02-0.10) - <.001
NT-proBNP, pg/mL 839 (321-2218) 2312 (1619-3537) 542 (245-1243) <.001
C-reactive protein, mg/dL 0.5(0.2-0.9) 0.6 (0.3-1.2) 0.4 (0.2-0.8) 10
Haemoglobin, g/dL 14 (1.5) 13.7 (1.7) 14.2 (1.4) 15
Sodium, mEq/L 139 (3.5) 139 (4.7 139 (2.9) .59
Uric acid, mg/dL 6.9 (2.3) 7(2.9) 6.6 (1.9) 13
Beta-blockers 66 (82) 16 (67) 50 (89) .02
ACE inhibitors/ARA 11 80 (100) 24 (100) 56 (100) 1
ASA diuretics 70 (87) 22 (92) 48 (86) 71
Statins 18 (22) (25) 12 (21) 72
Spironolactone 51 (64) 4 (58) 37 (66) .50
Anticoagulation 40 (50) 3 (54) 27 (48) 81
Antiaggregation 17 (21) 6 (25) 11 (20) .59

The values are expressed in mean (standard deviation), median (interquartile range), and number (%). BMI indicates body mass index; NYHA, New York Heart
Association; HF, heart failure; LVEF, left ventricular ejection fraction; GFR, glomerular filtration rate; NT-proBNP, N-terminal probrain natriuretic peptide type B; ACEI,
inhibitors of angiotensin-converting enzyme; ARAII, angiotensin Il receptor antagonists.
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Figure 1. Accumulated incidence of
troponin T>0.01 ng/mL (TnT+).
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and 7 due to refractory heart failure) and 5 emergency
code heart transplants; and no patients presented acute
coronary syndrome. The levels of TnT were the highest
in patients developing events (P<.001) (Figures 3A and
3B). The ROC analysis of the levels of TnT showed an
area under the curve of 0.83 (95% CI, 0.71-0.95) (P<.001)
for the detection of events during the follow up (Figure
4). The optimum cut off point was a detectable value of
TnT (>0.01 ng/mL or TnT+), with a sensitivity of 86%,
specificity 82%, positive predictive value 50% and
negative 96%.

During the follow-up, the adverse events occurred in
12 (50%) of 24 patients with TnT+ compared with 2
(3.6%) of 56 with TnT- (P<.001). Of the patients with
TnT+, 7 (29%) died of cardiac causes and 5 (21%)
required an emergency heart transplant. The Kaplan-
Meier survival analysis (Figure 5) showed that the first
adverse event occurred in the fourth month of follow up
after positivization of TnT, the survival being significantly
decreased among patients with TnT+ (log rank <0.001).
The results of the Cox regression analysis for the
appearance of events is set out in Table 2; after adjusting
the multivariable model, a value of TnT+ (>0.01 ng/mL)
was the most powerful predictor of adverse events (model
1), and when considering the TnT index (model 2), this
showed that each increase of 0.010 ng/mL in the TnT
was associated with a 36% increase in the risk of adverse
events (Table 2).
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and/or NT-proBNP >median (839
pg/mL).
DISCUSSION

This study evaluated the usefulness of monitoring TnT
in an outpatient population with nonischemic HF and
severe systolic dysfunction. In this population we found
that: a) the frequency of positivization of TnT occurs in
a high population of patients during a broad time range;
b) the risk of positivization was greater in the presence
of greater severity of the clinical situation and greater
myocardial stress (NT-proBNP) while the use of beta
blocker therapy was associated with lower levels of risk;
c¢) the appearance of a TnT+, even at low levels, led to a
poor prognosis, which is independent of other clinical,
analytical and ECG variables; and d) after the positivization
of the TnT, the occurence of the adverse events occurs
after several months (>4 months), which could be
interpreted as an opportunity to treat these patients more
intensely.

Prevalence, Frequency, and Determinants

The majority of the information is drawn from
transversal prevalence studies, that show variable
percentages (15%-80%) depending on the population
evaluated.*¢-111120 Most studies were performed with
hospitalized populations with acute HF, where the greatest
prevalence is reported (45%-80%).*>%16-1° There are fewer
data gathered from outpatient populations with stable
HF: Missov? (n=33; 55% ischemic) found a prevalence
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Figure 4. Analysis of the characteristic operator/receptor curve for the
levels of troponin T and the appearance of events during the follow-up.

of 15%, Perna et al'®(n=115; 50% ischemic) of 32% and
Hudson et al'' (n=136; 62% ischemic) of 24%; which
suggests a lower prevalence in the out-patient setting.
Our study showed a prevalence at inclusion of only 9%,
which could be due partly to the absence of coronary
disease, as some authors have suggested the frequency
is higher in the presence of ischemic aetiology.”*!

On the other hand, different works have shown an
association between TnT+ and lower LVEF, worse NYHA
class, greater BNP, and deterioration of renal function.!!1¢
These associations suggest that the variability of
prevalence is also a consequence of the differences in
the severity of the HF syndrome. Thus, recently Miller
et al describe a frequency of TnT+ of 54% in 190 out-
patient patients, most of them with ischemic aetiology
(55%)."> However, this work included patients who had
recently been hospitalised with acute HF, all of whom
were in NYHA III-IV and with associated deterioration
of renal function (TFG, 45 mL/min/1.73 m?). Compared
to this, our population did not present recent
hospitalizations, the majority (64%) were in NYHA 11

TABLE 2. Variables Associated With a Higher Risk of Adverse Events in the Cox Regression Analysis

Univariable Multivariable (Model 1)° Multivariable (Model 2)°
P HR (95% Cl) P HR (95% Cl) P
TnT+, >0.01 ng/mL <.001 14.3 (2.87-71.4) .001 - -
TnT index, x0.01 ng/mL .004 - - 1.359 (1.037-1.782) .026
NT-proBNP, 500 pg/mL <.001 1.036 (1.000-1.074) .060 1.057 (1.023-1.092) .001
Age,y .037 1.042 (1.003-1.064) .030 0.982 (0.943-1.023) 372
Haemoglobin, g/L .040 0.659 (0.442-1.029) .067 0.810 (0.514-1.278) .348

NT-proBNP indicates N-terminal probrain natriuretic peptide type B; TnT, troponin T; TnT indexed, TnT peak/0.01 ng/mL. *Adjusted by class NYHA, LVEF, GFR,

previous hospitalisations due to heart failure and beta blocker treatment.

Rev Esp Cardiol. 2008;61(7):678-86 683



Pascual-Figal DA et al. Troponin-T Monitoring in Outpatients With Nonischemic Heart Failure

and the GFR was clearly greater (74 mL/min/1.73 m?).
In the light of all these findings, it seems to be that the
characteristics of the population and the severity of the
HF syndrome determine the variability in the prevalence
described for TnT+.

The greatest contribution of our work is the description
of the frequency or positivization of TnT during the long-
term follow-up. The accrued frequency is high (53%)
but during a wide range of time (5 years). Previously,
only the work carried out by Miller et al had contributed
data regarding monitoring TnT.!> However, as has been
indicated, in this study, the initial prevalence was already
high, being 54%, and reaching 71% after 2 years of
follow-up. The increased severity of the HF syndrome
appears to be responsible for the high initial prevalence,
however, the annual rate of incidence was similar; being
8.2% in the work by Miller and 8.9% according to our
findings.

An important finding of our study is the decreased risk
of the appearance of a TnT+ in patients receiving treatment
with beta-blockers, which, together with the increased
risk associated with NT-proBNP, was independent after
the multivariable adjustment. The association between
the levels of NT-proBNP and TnT has been described in
a standard manner by several authors,”!”!° showing a
greater degree of ventricular stress. However, none of
the studies have shown the protective effects of beta-
blockers on positivization of TnT, and consequently of

684 Rev Esp Cardiol. 2008;61(7):678-86

1007 [ ! | 93%
90- :
80 ;
70 5
= 4
S 60 E
= i :
B 50 E Log rank, <0.001 45%
s !
E 40-
g 1
30 !
20 5
10-
I L L L L L B Figure 5. Kaplan-Meier survival curves
0 3 6 9 12 15 18 21 24 27 30 33 for the appearance of events from the
Months first value of troponin T >0.01 ng/mL
(broken line) versus all the troponin
values T<0.01 ng/mL (red line).

myocyte necrosis. It is a known fact that circulating
catecholamine are predictors of the severity and prognosis
in HF?? and that in other clinical situations, a high
adrenergic influx can lead to cardiomyopathy with
myocyte necrosis even in the absence of coronary
disease.?* In experimental models the stimulation of
the B1 receptors leads to necrosis and apoptosis, leading
to progressive of dysfunction and adverse ventricular
remodelling.?>?" In animal models of HF, blocking the
B1 receptors protected against necrosis and apoptosis of
the cardiomyocytes, suggesting this blockade as one of
the mechanisms explaining the benefits of beta-
blockers.?®?’ Our Study illustrates this protection in a
clinical setting, regardless of the NT-proBNP level, and
supports that in all the aetiopathogenic mechanisms
suggested, excess 1 stimulation might be the main
cause contributing to nonischemic myocardial damage
in HE.

Prognosis

Our work confirmed the significant association between
the presence of TnT+ levels and a worse prognosis in
patients with nonichemic HF. During recent years, the
presence of TnT+ in hospitalized patients with acute HF
has been related to a greater frequency of death, transplant
and rehospitalization due to HE.*® In the outpatient setting,
raised levels have also been associated with adverse
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events.'%!2 In our work, the levels of TnT detected were
minimum (range, 0.013-0.500) and independently of the
amount, the presence of measurable levels (>0.01 ng/mL)
is associated with increased risk, which was independent
of other clinical, analytical, and ECG variables. The
prognostic value of TnT, even minimum detections, has
also been shown by others, and in the case of the TnT
the majority of authors describe an increase risk after it
is detected. 57101117

One interesting observation is the timeline of
appearance of the events after TnT+ has been detected.
In earlier studies, the appearance of events is earlier and
described during the first month, however, the results of
this are not comparable as these are prevalence studies
on hospitalized populations with predominantly ischemic
aetiology.5%1%!! Tn our study, the events occurred as from
the fourth month after TnT+ was detected, although we
cannot rule out the possibility that close monitoring meant
this was detected sooner before the occurrence of the
first event. In any case our work shows that in the
outpatient population with HF, the detection of TnT+
can open a therapeutic window during which the treatment
given to patients can be intensified, thus helping to
improve their prognosis.

The results obtained from this study draw attention to
the importance and usefulness of monitoring TnT when
following up outpatients with chronic stable HF. In our
opinion, from all the findings described, it is evident that
TnT is a useful tool in this area. In the future, the use of
more sensitive methods for detecting TnT and their
integration together with the measurement of NT-proBNP
could contribute to new applications. One advantage of
TnT is the absence of a variable cut-off point or population
dependent cut-off point, meaning that a single detection
is associated with increased risk, while the cut-off point
for BNP is dependent on the population being tested.*
In our analysis, both were quantitative predictors of risk,
which, together with the numerous works identifying
both as independent prognostic markers, suggests there
is a need to use both jointly.

Limitations

The main limitation of the study was the selective
nature of the population, which could have led to a bias
that interfered with the extrapolation of the results to
other populations. On the other hand, the analytical
monitoring was not standard and, although programmed
every 3 months, it must be acknowledged that there was
a variable inherent to the healthcare practices themselves,
neither could we exclude that although all the samples
were outpatient and scheduled, some were taken during
phases of decompensation. Lastly, the observational
nature of the association between beta-blockers and a
decreased elevation of TnT, does not enable us to infer
the protective role of the same, but establishes the need
to investigate this aspect more deeply.

CONCLUSIONS

In outpatients with stable chronic HF of a nonischemic
nature, the detection of TnT, even at low levels, means
an increased risk of adverse cardiac events, which is
independent of other clinical, analytical and ECG
variables. Treatment with beta-blockers had a protective
effect, which was independent of the level of NT-
proBNP.

REFERENCES

1. Rodriguez-Artalejo F, Banegas JR, Guallar-Castillén P.
Epidemiologia de la insuficiencia cardiaca. Rev Esp Cardiol.
2004;57:163-70.

2. Santal6 Bel M, Guindo Soldevila J, Ordéiiez Llanos J. Marcadores
biolégicos de necrosis miocdrdica. Rev Esp Cardiol. 2003;56:
703-20.

3. Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, Galvani M,
et al. Universal definition of myocardial infarction: Kristian Thygesen,
Joseph S. Alpert and Harvey D. White on behalf of the Joint
ESC/ACCF/AHA/WHF Task Force for the Redefinition of
Myocardial Infarction. Eur Heart J. 2007;28:2525-38.

4. La VL, Mezzena G, Zanolla L, Paccanaro M, Varotto L, Bonanno
C, et al. Cardiac troponin I as diagnostic and prognostic marker in
severe heart failure. J] Heart Lung Transplant. 2000;19:644-52.

5. Setsuta K, Seino Y, Takahashi N, Ogawa T, Sasaki K, Harada A,
et al. Clinical significance of elevated levels of cardiac troponin T
in patients with chronic heart failure. Am J Cardiol. 1999;84:
608-11.

6. Ishii J, Nomura M, Nakamura Y, Naruse H, Mori Y, Ishikawa T, et
al. Risk stratification using a combination of cardiac troponin T and
brain natriuretic peptide in patients hospitalized for worsening chronic
heart failure. Am J Cardiol. 2002;89:691-95.

7. Taniguchi R, Sato Y, Nishio Y, Kimura T, Kita T. Measurements
of baseline and follow-up concentrations of cardiac troponin-T and
brain natriuretic peptide in patients with heart failure from various
etiologies. Heart Vessels. 2006;21:344-49.

8. Sato Y, Yamada T, Taniguchi R, Nagai K, Makiyama T, Okada H,
et al. Persistently increased serum concentrations of cardiac troponin
t in patients with idiopathic dilated cardiomyopathy are predictive
of adverse outcomes. Circulation. 2001;103:369-74.

9. Logeart D, Beyne P, Cusson C, Tokmakova M, Leban M, Guiti C,
et al. Evidence of cardiac myolysis in severe nonischemic heart
failure and the potential role of increased wall strain. Am Heart J.
2001;141:247-53.

10. Perna ER, Macin SM, Canella JP, Augier N, Stival JL, Cialzeta JR,
etal. Ongoing myocardial injury in stable severe heart failure: value
of cardiac troponin T monitoring for high-risk patient identification.
Circulation. 2004;110:2376-82.

11. Hudson MP, O“Connor CM, Gattis WA, Tasissa G, Hasselblad V,
Holleman CM, et al. Implications of elevated cardiac troponin T in
ambulatory patients with heart failure: a prospective analysis. Am
Heart J. 2004;147:546-52.

12. Miller WL, Hartman KA, Burritt MF, Grill DE, Rodeheffer RJ,
Burnett JC, Jr., et al. Serial biomarker measurements in ambulatory
patients with chronic heart failure: the importance of change over
time. Circulation. 2007;116:249-57.

13. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda
M, et al. Guias de Practica Clinica sobre el diagndstico y tratamiento
de la insuficiencia cardiaca crénica. Summariced version (update
2005). Rev Esp Cardiol. 2005;58:1062-92.

14. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, et al. Recommendations for chamber quantification:
areport from the American Society of Echocardiography’s Guidelines
and Standards Committee and the Chamber Quantification Writing

Rev Esp Cardiol. 2008;61(7):678-86 685



Pascual-Figal DA et al. Troponin-T Monitoring in Outpatients With Nonischemic Heart Failure

16.

17.

18.

20.

21.

Group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology.
J Am Soc Echocardiogr. 2005;18:1440-63.

. Wallace TW, Abdullah SM, Drazner MH, Das SR, Khera A, McGuire

DK, et al. Prevalence and Determinants of Troponin T Elevation in
the General Population. Circulation. 2006;113;1958-65.

La VL, Mezzena G, Ometto R, Finocchi G, Bedogni F, Soffiati G,
et al. Detectable serum troponin I in patients with heart failure of
nonmyocardial ischemic origin. Am J Cardiol. 1997;80:88-90.
Sato Y, Taniguchi R, Makiyama T, Nagai K, Okada H, Yamada T,
etal. Serum cardiac troponin T and plasma brain natriuretic peptide
in patients with cardiac decompensation. Heart. 2002;88:647-48.
Perna ER, Macin SM, Cimbaro Canella JP, Szyszko A, Franciosi
V, Vargas MW, et al. Importance of early combined N-terminal
pro-brain natriuretic peptide and cardiac troponin T measurements
for long-term risk stratification of patients with decompensated heart
failure. J Heart Lung Transplant. 2006;25:1230-40.

. Horwich TB, Patel J, MacLellan WR, Fonarow GC. Cardiac troponin

I is associated with impaired hemodynamics, progressive left
ventricular dysfunction, and increased mortality rates in advanced
heart failure. Circulation. 2003;108:833-38.

Missov E, Mair J. A novel biochemical approach to congestive heart
failure: cardiac troponin T. Am Heart J. 1999;138:95-9.

Miller WL, Hartman KA, Burritt MF, Burnett JC, Jr., Jaffe AS.
Troponin, B-type natriuretic peptides and outcomes in severe heart
failure: differences between ischemic and dilated cardiomyopathies.
Clin Cardiol. 2007;30:245-50.

686 Rev Esp Cardiol. 2008;61(7):678-86

22.

23.

24.

25.

26.

217.

28.

29.

30.

Cohn JN. Structural basis for heart failure. Ventricular remodeling
and its pharmacological inhibition. Circulation. 1995;91:2504-7.
Beranek JT. Cardiomyocyte apoptosis contributes to the development
of catacholamine cardiomyopathy. Clin Chim Acta. 2001;308:183-86.
Banki NM, Kopelnik A, Dae MW, Miss J, Tung P, Lawton MT, et
al. Acute neurocardiogenic injury after subarachnoid hemorrhage.
Circulation. 2005;112:3314-19.

Communal C, Singh K, Pimentel DR, Colucci WS. Norepinephrine
stimulates apoptosis in adult rat ventricular myocytes by activation
of the beta-adrenergic pathway. Circulation. 1998;98:1329-34.
Mann DL, Kent RL, Parsons B, Cooper G. Adrenergic effects on
the biology of the adult mammalian cardiocyte. Circulation.
1992;85:790-804.

Jane-Wit D, Altuntas CZ, Johnson JM, Yong S, Wickley PJ, Clark
P, et al. Beta 1-adrenergic receptor autoantibodies mediate dilated
cardiomyopathy by agonistically inducing cardiomyocyte apoptosis.
Circulation. 2007;116:399-410.

Prabhu SD, Wang G, Luo J, Gu Y, Ping P, Chandrasekar B. Beta-
adrenergic receptor blockade modulates Bcl-X(S) expression and
reduces apoptosis in failing myocardium. J Mol Cell Cardiol.
2003;35:483-93.

Sabbah HN, Sharov VG, Gupta RC, Todor A, Singh V, Goldstein
S. Chronic therapy with metoprolol attenuates cardiomyocyte apoptosis
in dogs with heart failure. J Am Coll Cardiol. 2000;36:1698-705.
Bayes-Genis A. NTproBNP circulante, un nuevo biomarcador para
el diagndstico del paciente con disnea aguda. Rev Esp Cardiol.
2005;58:1142-44.



