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Background: Prolonged duration of the QRS complex is a prognostic marker in patients with heart
failure (HF), whereas electrocadiographic markers in HF with narrow QRS complex remain unclear.
We evaluated the prognostic value of the T-wave amplitude in lead aVR in HF patients with narrow
QRS complexes.

Methods: We examined 331 patients who were admitted to our hospital for worsening HF (68 ±
15 years, mean ± standard deviation) from January 2000 to October 2004 who had sinus rhythm
and QRS complex <120 ms. The patients were categorized into three groups according to the peak
T-wave amplitude from baseline in lead aVR: negative (<–0.1 mV; n = 209, 63%), flat (–0.1–0.1 mV;
n = 64, 19%), and positive (>0.1 mV; n = 58, 18%).

Results: During a mean follow-up of 33 months, 113 (34%) patients had all-cause death, the
primary end point. After adjusting for clinical covariates, flat T wave (hazard ratio [HR] 1.86, 95%
confidence interval [CI] 1.42–2.46), and positive T wave (HR 6.76, 95% CI 3.92–11.8) were inde-
pendent predictors of mortality, when negative T wave was considered a reference.

Conclusions: As the peak T-wave amplitude in lead aVR becomes less negative, there was a
progressive increase in mortality. The T wave in lead aVR provides prognostic information for risk
stratification in HF patients with narrow QRS complexes.
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Heart failure (HF) is a major public health prob-
lem in developed countries.1,2 Despite significant
improvement in drug therapies, morbidity and
mortality of HF remain high, with 1-year mor-
tality >30% and 1-year readmission rates >50%.
The search for a better risk predictor is still un-
der way.1,2 Risk stratification in HF using the
12-lead electrocardiogram (ECG) has been exten-
sively studied.2–4 Certain ECG abnormalities, such
as wide QRS complex,5 prolonged QT interval,6,7

and low QRS voltage,8 have been associated with
higher mortality in HF patients. Recent studies fo-
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cused on prolonged QRS duration in patients with
reduced left ventricular ejection fraction (LVEF)
because electrical ventricular dyssynchrony man-
ifests in ECG as a prolonged duration of the QRS,
and cardiac resynchronization therapy reduces the
occurrence of death or worsening HF requiring hos-
pitalization.9 However, prognostic ECG markers in
HF patients with narrow QRS complexes remain
unclear.

Lead aVR is largely ignored in interpreting 12-
lead ECG, whereas it has been reported to provide
useful diagnostic, as well as prognostic information
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in various myocardial diseases.10,11 ST elevation
in lead aVR in acute coronary syndrome indicates
left main coronary artery obstruction or unstable
angina in three-vessel disease, and this finding is
predictive of poor prognosis.12–18 It has been re-
ported that P-wave morphology and polarity helps
to differentiate the origin of the atrial tachycardia,19

and larger R-wave amplitude in lead aVR corre-
lated with a higher risk of recurrent arrhythmia in
patients with Brugada-type ECG.20 Positive T wave
in lead aVR is an uncommon finding with unclear
significance in the absence of bundle branch block.
Recently, Tan et al. demonstrated that positive T
wave in lead aVR correlated with cardiovascular
death in male veterans.21 Little published data are
available as to T-wave amplitude in lead aVR offer
prognostic value to hospitalized HF patients with
narrow QRS complexes. The aim of the present
study was to determine the independent contribu-
tion of the T-wave amplitude in lead aVR to the
risk of mortality and readmission to the hospital in
HF patients compared to other established markers
of HF severity.

METHODS

Patient Population

Consecutive patients hospitalized for overt clin-
ical decompensation of HF from January 2000 to
October 2004 were considered for the study. To
identify eligible patients, admissions were screened
daily in two phases.22 First, patients were identified
by an admission diagnosis or radiographic signs of
HF on the admission chest x-ray. Second, patients
who met the aforementioned conditions had their
medical records reviewed within 2 days of admis-
sion to verify the presence of HF, based on the pub-
lished criteria.23 We excluded patients in whom HF
developed after admission (i.e., in-hospital compli-
cation), who were ≥95 years or <20 years of age,
and those with severe primary pulmonary disease,
congenital heart disease, active myocarditis, severe
hepatic or renal disease, or malignancy. Patients
were also excluded if they had undergone coronary
revascularization or had had an acute myocardial
infarction, unstable angina, or cerebral ischemic
event within the previous 2 months. Patients with
atrial fibrillation or flutter, QRS duration ≥120 ms,
implanted pacemaker or defibrillator, and preexci-
tation syndrome were also excluded.21 The study
protocol was approved by the ethical committee

of our institution. All patients provided written in-
formed consent.

Analysis of 12-Lead ECG

The 12-lead ECG recording was made before
discharge from the hospital at a paper speed of
25 mm/s (Fukuda Denshi, Tokyo, Japan). QRS du-
ration and left ventricular hypertrophy were evalu-
ated using the Sokoloff-Lyon criteria determined by
the ECG computer. Physicians unaware of the clin-
ical outcomes (EW and KS) performed ECG anal-
yses using digital calipers on a 12-lead ECG and
magnified to 200% of normal size. The T-wave am-
plitude was measured as the value of the largest
deflection above and below the baseline in a win-
dow spanning from 80 ms after the end of QRS to
the end of the T wave. Patients were classified into
three groups according to the T-wave amplitude;
negative (<–0.1 mV), flat (–0.1–0.1 mV), or positive
(>0.1 mV) (Fig. 1). The QT interval was defined
as the time between QRS onset and the point at
which the isoelectric line intersected a line drawn
tangentially to the maximal downslope of the T
wave and was heart rate corrected using Bazett’s
formula. A mean QTc interval was calculated from
all QTc intervals measured. When the T wave was
interrupted by the U wave, the end of the T wave
was defined as the nadir between the T wave and
U wave. To assess the interobserver (EW and KS)
and intraobserver reliability of the ECG analysis,
the same recordings of 100 ECGs were interpreted
at an interval of 1 month; the correlation coeffi-
cients for T-wave amplitude measurement were
0.99 and 0.98, respectively.

Blood Test and Echocardiography

Blood test and two-dimensional echocardiogra-
phy were performed before discharge from the
hospital. The plasma B-type natriuretic peptide
(BNP) level was determined using the Shionoria kit
(Shionogi, Tokyo, Japan). A single echocardiogra-
pher who was blinded to the patients’ clinical infor-
mation performed offline echocardiographic analy-
sis using a Sonos 5500 (Hewlett Packard, Palo Alto,
CA, USA). Left ventricular systolic function was
assessed by the LVEF calculated by the biplane
Simpson’s method of discs.

Follow-Up and End Points

Research coordinators and physicians recorded
baseline data for all patients at the time of
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Figure 1. T-wave morphology in lead aVR. The patients were categorized into
three groups according to the peak T-wave amplitude from baseline: negative T
wave, <–0.1 mV; flat T wave, –0.1 mV–0.1 mV; and positive T wave, >0.1 mV.

enrollment including patient demographics, past
medical conditions, and current medication. Dur-
ing the follow-up period, patients or their families
were periodically sent a questionnaire and inter-
viewed by telephone. The primary end point of the
study was all-cause death, and the secondary end
point was a composite of cardiovascular death or
unplanned rehospitalization for worsening HF. The
cause of death was determined from medical charts
or by direct communication with patients’ gen-
eral practitioners or families. Cardiovascular death
includes death due to HF, acute myocardial infarc-
tion, aortic dissection, stroke, and systemic em-
bolism. Hospitalization for HF was defined as re-
quiring intravenous administration of diuretics.

Statistical Analysis

We performed a full data set analysis for all
outcomes without imputation of missing values.
Differences in the baseline characteristics of the
three groups were tested using the one-way anal-
ysis of variance, and categorical data were eval-
uated by chi-square tests with Yates’ correction.
Associations of the T-wave amplitude in lead aVR
with the end points were analyzed using the Cox
proportional-hazards regression model and pre-
sented as a hazard ratio (HR) and 95% confidence
interval (CI). The HR for a continuous variable
refers to the HR per unit of the analyzed vari-
able unless otherwise specified. In the multivari-
ate models, HRs were adjusted for the age; sex;
ischemic etiology of HF; body mass index (BMI);
New York Heart Association (NYHA) class II/III
or IV; LVEF; diastolic blood pressure; BNP; and
the use of angiotensin-converting enzyme inhibitor
(ACE-I) or angiotensin II receptor blocker (ARB),
or beta-blocker at discharge from hospital. These

covariates were selected based on the significance
in baseline clinical characteristics of the patients or
possible confounding factors. Time-to-event curves
describing the proportion of patients, remaining
alive during the follow-up period were calculated
by the Kaplan-Meier method and compared with
the log rank test. Quantitative data were expressed
as mean ± standard deviation. The BNP level
was transformed to natural logarithms because of
the skewed distribution. We used the JMP 8 pro-
gram (SAS Institute, Cary, NC, USA) for statisti-
cal analyses. A value of P < 0.05 was considered
significant.

RESULTS

During the recruitment period, 432 consecutive
patients were assessed for enrollment eligibility.
We excluded 101 patients due to predetermined
criteria, resulting in a total of 331 patients enrolled
in the study.

Baseline Clinical Characteristics
of the Patients

The baseline clinical characteristics of the three
groups of patients are listed in Table 1. The pa-
tients included in the final analysis were aged 68 ±
15 (range, 21–94) years, and 188 (54%) were male.
No significant differences were found between the
groups in regard to age, medical history and behav-
ior, HF etiology, LVEF, and ln BNP. Significant dif-
ferences were found in regard to sex, BMI, NYHA
class, and diastolic blood pressure.

Survival Analysis

Over the follow-up period of 33 ± 23 months
(range, 1–75 months), there were 113 (34%)
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Table 1. Baseline Characteristics of Patients

Negative T Wave Flat T Wave Positive T Wave P-Value

n (%) 209 (63) 64 (19) 58 (18)
Age (years) 67 ± 15 67 ± 17 71 ± 14 0.166
Sex (%male /%female) 63/37 45/55 47/53 0.009
Medical history and behavior (%)

Diabetes mellitus 41 41 34 0.683
History of hypertension 60 55 60 0.714
Prior myocardial infarction 51 47 57 0.541
Prior CABG or PCI 50 45 51 0.748
Stroke 2 1 1 0.787
Current or past smoker 35 31 40 0.581
Prior hospitalization for HF 8 7 9 0.881
HF etiology, % ischemic 51 47 57 0.541

Physiological and functional assessments
BMI (kg/m2) 22.8 ± 3.4 21.6 ± 4.3 21.4 ± 1.6 0.002
NYHA class II, III/IV (%) 92/8 80/20 55/45 <0.001
LVEF (%) 46 ± 15 44 ± 14 42 ± 13 0.212
LAD (mm) 37 ± 7 37 ± 7 37 ± 6 0.765
Systolic blood pressure (mmHg) 113 ± 19 113 ± 26 109 ± 21 0.309
Diastolic blood pressure (mmHg) 65 ± 11 59 ± 12 60 ± 11 <0.001

ECG findings
QRS duration (ms) 100 ± 11 98 ± 11 99 ± 11 0.371
QT interval (ms) 407 ± 53 396 ± 55 411 ± 56 0.306
QTc interval (ms) 447 ± 49 456 ± 55 453 ± 58 0.431
LVH (%) 64 62 53 0.285
ln BNP (pg/mL) 5.16 ± 1.24 5.32 ± 1.10 5.44 ± 1.33 0.243

Medications (%)
Beta-blocker 76 74 70 0.646
ACE-I/ARB 78 72 62 0.135
Loop diuretics 84 80 74 0.391
Spironolactone 54 53 40 0.318
Digoxin 17 20 19 0.784
Calcium-channel blocker 26 25 26 0.990
Nitrate 35 39 33 0.882
Statin 30 27 24 0.804

Negative T wave indicates T-wave amplitude in lead aVR <–0.1 mV, flat T wave:–0.1–0.1 mV, positive T wave: >0.1 mV. CABG =
coronary artery bypass graft; PCI = percutaneous coronary intervention; HF = heart failure; BMI = body mass index; NYHA =
New York Heart Association; LVEF = left ventricular ejection fraction; LAD = left atrial dimension; QTc = rate-corrected QT
interval; LVH = left ventricular hypertrophy; BNP = B-type natriuretic peptide; ACE-I = angiotensin-converting enzyme inhibitor;
ARB = angiotensin II receptor blocker. Data represent mean ± standard deviation or frequency.

all-cause deaths, 91 (27%) cardiovascular deaths,
and 185 (56%) unplanned rehospitalizations due to
worsening HF.

Primary End Point

The survival duration of the 113 nonsurvivors
was 15 ± 16 months. The incidence of all-cause
death was as follows: negative T wave, 14%; flat T
wave, 56%; and positive T wave, 83% (P < 0.0001).
Cox proportional-hazards regression analysis of the
flat T wave in lead aVR was shown in Table 2. Mul-
tivariate analysis revealed that flat T wave, age,

NYHA class III or IV, diastolic blood pressure, ln
BNP, and the use of beta-blocker or ACE-I/ARB
were independent predictors of the primary end
point when negative T wave was taken as a refer-
ence. Table 3 presented Cox proportional-hazards
regression analysis of the positive T wave in lead
aVR. Multivariate analysis revealed that indepen-
dent predictors of the primary end point were pos-
itive T wave, age, NYHA class III or IV, diastolic
blood pressure, ln BNP, and the use of ACE-I/ARB,
when negative T wave was taken as a reference.
Figure 2A shows the Kaplan-Meier survival curves
of the three groups.
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Table 2. Hazard Ratios of the Primary End Point of Flat T Wave

Univariate Multivariate

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Negative T wave 1 – 1 –
Flat T wave 2.30 (1.80–2.95) <0.001 1.86 (1.42–2.46) <0.001
Age 1.03 (1.02–1.06) 0.001 1.02 (1.00–1.04) 0.036
Sex 0.80 (0.49–1.30) 0.360 1.05 (0.59–1.88) 0.875
Ischemic etiology of HF 1.46 (0.89–2.39) 0.131 1.23 (0.69–2.21) 0.490
BMI 0.92 (0.53–1.10) 0.429 1.01 (0.47–1.78) 0.778
NYHA class III or IV 11.7 (4.81–24.7) <0.001 5.69 (2.08–14.2) 0.001
LVEF 0.99 (0.98–1.01) 0.521 0.98 (0.90–1.01) 0.539
Diastolic blood pressure 0.94 (0.91–0.96) <0.001 0.95 (0.93–0.98) 0.006
ln BNP 1.76 (1.40–2.21) <0.001 1.22 (1.20–1.92) <0.001
Beta-blocker 0.55 (0.32–0.91) 0.019 0.52 (0.29–0.90) 0.020
ACE-I/ARB 0.51 (0.31–0.88) 0.015 0.43 (0.24–0.79) 0.007

Abbreviations as in Table 1. Negative T wave in lead aVR was taken as a reference. CI = confidence interval.

Table 3. Hazard Ratios of the Primary End Point of Positive T Wave

Univariate Multivariate

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Negative T wave 1 – 1 –
Positive T wave 10.3 (6.45–16.6) < 0.001 6.76 (3.92–11.8) < 0.001
Age 1.04 (1.02–1.06) <0.001 1.02 (1.01–1.05) 0.027
Sex 0.72 (0.46–1.12) 0.148 0.99 (0.58–1.68) 0.978
Ischemic etiology of HF 1.69 (1.07–2.70) 0.023 0.90 (0.51–1.58) 0.709
BMI 0.77 (0.40–1.16) 0.178 1.06 (0.78–1.60) 0.772
NYHA class III or IV 35.2 (16.5–74.3) <0.001 5.91(2.49–14.1) <0.001
LVEF 0.99 (0.98–1.01) 0.446 0.99 (0.97–1.01) 0.195
Diastolic blood pressure 0.95 (0.92–0.97) <0.001 0.97 (0.95–0.99) 0.013
ln BNP 1.79 (1.46–2.20) <0.001 1.45 (1.17–1.83) <0.001
Beta-blocker 0.49 (0.29–0.78) 0.003 0.42 (0.25–1.29) 0.338
ACE-I/ARB 0.34 (0.21–0.54) <0.001 0.42 (0.26–0.71) 0.001

Abbreviations as in Table 1. Negative T wave in lead aVR was taken as a reference. CI = confidence interval.

Secondary End Point

The incidence of the secondary end point was
as follows: negative T wave, 57%; flat T wave,
78%; and positive T wave, 91% (P < 0.001). Cox
proportional-hazards regression analysis of the flat
T wave in lead aVR was shown in Table 4. Mul-
tivariate analysis showed that flat T wave, age,
NYHA class III or IV, diastolic blood pressure, and
ln BNP were independent predictors of the sec-
ondary end point when negative T wave was taken
as a reference. Table 5 presented Cox proportional-
hazards regression analysis of the positive T wave
in lead aVR. Multivariate analysis revealed that in-
dependent predictors of the secondary end point
were positive T wave, age, NYHA class III or IV, ln

BNP, and the use of ACE-I/ARB, when negative T
wave was taken as a reference. Figure 2B shows the
Kaplan-Meier survival curves of the three groups.

DISCUSSION

In the present study, we examined whether the
T-wave amplitude in lead aVR provides prognostic
information for hospitalized HF patients with nar-
row QRS complexes. Our novel finding based on
the 12-lead ECG was that the T-wave amplitude
in lead aVR is predictive of total mortality in HF
patients. This result holds true for the combined
risk of cardiovascular death and rehospitalization
due to worsening HF. Our findings highlight the
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A: Primary end point B: Secondary end point
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Figure 2. Kaplan-Meier estimates of the survival rates. (A) Primary end point. As the peak T-wave amplitude in
lead aVR becomes less negative, there was a progressive increase in all-cause death. (B) Secondary end point. As
the peak T-wave amplitude in lead aVR becomes less negative, there was a progressive increase in the combined
risk of cardiovascular death and unplanned rehospitalization for worsening heart failure. The n denotes the number
of the patients in a subgroup, and the number of patients who reached the end point during the observation period
is in parentheses.

Table 4. Hazard Ratios of the Secondary End Point of Flat T Wave

Univariate Multivariate

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Negative T wave 1 – 1 –
Flat T wave 1.30 (1.10–1.53) 0.002 1.21 (1.01–1.43) 0.040
Age 1.02 (1.00–1.03) 0.002 1.01 (0.99–1.02) 0.124
Sex 0.98 (0.72–1.34) 0.919 0.91 (0.64–1.30) 0.601
Ischemic etiology of HF 1.63 (1.21–2.22) 0.001 1.36 (0.98–1.92) 0.068
BMI 0.93 (0.65–1.11) 0.955 0.90 (0.74–1.36) 0.731
NYHA class III or IV 7.67 (3.41–14.9) <0.001 6.18 (2.56–13.3) 0.002
LVEF 0.99 (0.98–1.00) 0.323 0.99 (0.98–1.00) 0.243
Diastolic blood pressure 0.97 (0.95–0.98) <0.001 0.98 (0.96–0.99) 0.003
ln BNP 1.32 (1.16–1.50) <0.001 1.26 (1.10–1.44) <0.001
Beta-blocker 0.90 (0.67–1.22) 0.516 0.81 (0.58–1.13) 0.225
ACE-I/ARB 0.79 (0.56–1.13) 0.200 0.70 (0.48–1.02) 0.064

Abbreviations as in Table 1. Negative T wave in lead aVR was taken as a reference. CI = confidence interval.

need to consider patients with positive deflection of
the T wave in lead aVR for assessment of the ther-
apeutic options that might modify the prognosis.

The positive T wave in lead aVR has been
reported to have prognostic significance by Tan
et al.21 In an observational study of 24,270 male
veterans, they investigated the association between
abnormal findings in all 12 leads of the ECG (i.e.,
LVH, Q waves, QRS duration, QT interval, and ST
depression) and cardiovascular mortality after ex-
cluding hospitalized patients, atrial fibrillation, and
paced rhythms. A positive T wave in lead aVR had

a prevalence of 7.3% and the relative risk for car-
diovascular mortality came out to be 5.0 when neg-
ative T wave was taken as a reference. They also
showed that T-wave amplitude in lead aVR was
an independent predictor of cardiovascular death
in the multivariate analysis, whereas ST elevation
in lead aVR was not. Our study confirmed and ex-
tended the prognostic value of T-wave amplitude in
lead aVR for hospitalized HF patients irrespective
of sex or etiology of HF. We also showed that the
T-wave amplitude became less negative, mortality
progressively increased. The T-wave morphology
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Table 5. Hazard Ratios of the Secondary End Point of Positive T wave

Univariate Multivariate

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Negative T wave 1 – 1 –
Positive T wave 2.63 (1.88–3.62) <0.001 1.79 (1.21–2.61) 0.003
Age 1.02 (1.01–1.04) <0.001 1.02 (1.01–1.03) 0.002
Sex 0.87 (0.65–1.18) 0.374 0.88 (0.63–1.22) 0.437
Ischemic etiology of HF 1.79 (1.27–2.35) <0.001 1.27 (0.90–1.81) 0.160
BMI 0.88 (0.57–1.17) 0.731 0.90 (0.55–1.29) 0.536
NYHA class III or IV 19.2 (9.88–35.3) <0.001 7.38 (3.42–15.2) <0.001
LVEF 0.99 (0.98–1.01) 0.156 0.99 (0.98–1.00) 0.130
Diastolic blood pressure 0.98 (0.97–0.99) <0.001 0.99 (0.97–1.00) 0.151
ln BNP 1.34 (1.19–1.52) <0.001 1.20 (1.06–1.37) 0.004
Beta-blocker 0.80 (0.58–1.08) 0.138 0.90 (0.65–1.24) 0.533
ACE-I/ARB 0.57 (0.41–0.81) 0.002 0.60 (0.42–0.87) 0.007

Abbreviations as in Table 1. Negative T wave in lead aVR was taken as a reference. CI = confidence interval.

in lead aVR, in addition to conventional predictors
such as age, NYHA class, or BNP, has been shown
to provide significant prognostic information.

Previously, van Domburg et al.24 reported the
prognostic importance of the cardiac infarction in-
jury score (CIIS) in 3395 postmyocardial infarction
patients enrolled in the ASPECT trial.25 The CIIS
is an ECG scoring system, originally designed by
Rautaharju 26 and constructed to increase the diag-
nostic yield of the ECG in patients with suspected
acute myocardial infarction. The CIIS is composed
of selected ECG characteristics and combined into
a single score. Notably, Rautaharju et al. showed
that the T-wave amplitude in lead aVR enhances
the predictive accuracy in acute myocardial infarc-
tion. van Domburg et al.24 found that the prognos-
tic value of the CIIS persists after adjusting for the
clinical and demographic variables by multivariate
analysis, and also noted that the amplitude of the
T wave in aVR makes a substantial contribution
to the improvement in overall survival and infarct-
free survival.

Lead aVR, which gives information from the
right upper side of the heart, has been considered to
provide reciprocal information from the left lateral
side of the heart, being already covered by leads
aVL, II, V5, and V6.27 Because of the observational
nature of the present study, whether flat or posi-
tive T waves in lead aVR are a part of the mech-
anisms underlying increased mortality in HF pa-
tients, or if it is merely a marker of poor prognosis
among them, is not clear. The prognostic value of
T-wave amplitude in lead aVR was independent of
LVEF, BNP, and HF etiology. Thus, this finding is

not a simple reflection of impaired ventricular per-
formance or the characteristics of known cardiac
diseases, though we cannot exclude the possibility
that the T-wave amplitude identifies patients with
other unmeasured differences in disease severity
that influence survival in this population.

Study Limitations

Several important limitations exist for our re-
sults. First, the small number of patients and the
fact that our patients were recruited among those
admitted to university hospital for HF, which may
constitute a selection bias. Second, the exclusion
of patients with clinical conditions potentially as-
sociated with a higher mortality, such as atrial fib-
rillation or cardiac pacemaker, may also add bias
to our results. In HF patients, hemodynamic or
electrophysiological variables can be modified by
several factors, such as the etiology and stage of
HF, and the therapeutic interventions applied over
time. Whether serial measurement of the T wave
in lead aVR is useful in predicting the subsequent
clinical course or patient survival is not known.

CONCLUSIONS

Our study shows that T-wave amplitude in
lead aVR is associated with an increased risk
of mortality and readmission to the hospital for
HF. This simple and useful ECG finding provides
complementary prognostic information for the risk
stratification of HF patients with narrow QRS
complexes.
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