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ABSTRACT

INTRODUCTION Many clinical settings lack the necessary resourc-
es to complete angiographic studies, which are commonly used to
predict complications and death following acute coronary syndrome.
Corrected QT-interval dispersion can be useful for assessing risk of
myocardial infarction recurrence.

OBJECTIVE Evaluate the relationship between corrected QT-interval
dispersion and recurrence of myocardial infarction in patients with ST-
segment elevation.

METHODS We conducted a prospective observational study of 522
patients with ST-segment elevation myocardial infarction admitted con-
secutively to the Camilo Cienfuegos General Provincial Hospital in Sancti
Spiritus, Cuba, from January 2014 through June 2017. Of these, 476
were studied and 46 were excluded because they had other disorders.
Demographic variables and classic cardiovascular risk factors were in-
cluded. Blood pressure, heart rate, blood glucose, and corrected and un-
corrected QT-interval duration and dispersion were measured. Patients
were categorized according to the Killip-Kimball classification. Associa-
tion between dispersion of the corrected QT-interval and recurrence of
infarction was analyzed using a binary logistic regression model, a re-
gression tree and receiver operator characteristic curves.

INTRODUCTION

Cardiovascular diseases are the most frequent cause of death
worldwide. Eighty percent of deaths due to heart attacks occur
in middle- and low-income countries.[1] In Cuba, the heart dis-
ease mortality rate was 241.6 per 100,000 population in 2017; the
rate for ischemic heart disease was 156.7, including mortality of
chronic cases and from acute episodes; mortality rate from myo-
cardial infarction (MI) was 71 per 100,000 population. In 2017,
Sancti Spiritus Province had a crude mortality rate from heart
disease of 231 per 100,000 population, age adjusted to 100.8 per
100,000 population.[2]

Among patients with acute coronary syndrome (ACS) the propor-
tion with ST-segment elevation myocardial infarction (STEMI)
ranges from 29% to 47%. Moreover, STEMI is the most severe
of MI.[3] Although STEMI frequency is generally decreasing,[3]
risk of death and complications following a STEMI is high despite
diagnostic and treatment advances. In-hospital fatality varies from
4% to 12% for European Union countries, where 1-year mortality

IMPORTANCE Easily measured with equipment readily
available even in low-resource clinical settings, corrected
QT-interval dispersion following ST-elevation myocardial
infarction offers a reliable and simple predictive tool for
assessing myocardial infarction recurrence risk.

RESULTS Patients with recurrent infarction (56; 11.8%) had higher
average initial blood glucose values than those who did not have
recurrence; the opposite occurred for systolic and diastolic blood
pressure and for left ventricular ejection fraction. Dispersion of the
corrected QT-interval was a good predictor of infarction recurrence ac-
cording to a multivariate analysis (OR = 3.09; 95% CI = 1.105-8.641;
p = 0.032). Cardiac arrest is the variable that best predicts recurrence.
No recurrence of infarction occurred in 97% of patients without car-
diac arrest, left ventricular ejection fraction >45% and corrected QT-
interval dispersion <80 ms.

CONCLUSIONS Risk of infarction recurrence is low in patients
without cardiac arrest, with left ventricular ejection fraction >45%
and with dispersion of corrected QT-interval <80 ms. Patients with
corrected QT-interval dispersion 280 ms have greater risk of recur-
rence of infarction, which suggests that this variable could be used
for stratification of risk following ST-segment elevation myocardial
infarction.
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among STEMI patients is 10%.[4,5] Post-STEMI readmission
rates are high, about 15.4%, with 26.6% of readmissions due to
recurrent ischemia.[6]

Prognosis for STEMI patients relates to the probability of develop-
ing short- or long-term complications and depends more on condi-
tions upon admission than on prior coronary risk factors.[7—10]
According to international Ml treatment guidelines, conditions as-
sociated with poor outcomes are advanced age, development of
some degree of heart failure, decreased ventricular function, dia-
betes, treatment strategy and type of hospital where the patient is
treated.[5,11] Brogan[12] describes multiple models for stratifying
risk of death and complications following Ml that include variables
such as troponin levels and coronary angiography data, but these
are not always available in internal medicine and cardiology ser-
vices in middle- and low-income countries.[13,14]

Acute myocardial ischemia changes QT-interval (QTi) duration.
Although the causal mechanisms are controversial, a rise in
repolarization heterogeneity of the ventricular myocardium in-
creases the difference between maximum and minimum QTi,
referred to as QT-interval dispersion (QTd).[15,16] QTi is mea-
sured by electrocardiogram (ECG) from initiation of the QRS
complex to the point where the T wave returns to the isoelectric
line. This interval corresponds to potential action duration, and
includes ventricular depolarization and repolarization.[16—18]
Corrected QTi (QTc) is the duration of this parameter, adjusted
for heart rate.[17]
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The dispersion of corrected QT-interval (QTdc) measures sever-
ity of coronary artery damage.[19-22] Values >59 ms have been
associated with myocardial viability,[23] which makes QTdc a
plausible predictor of Ml recurrence. Higher QTdc is related to
complications such as malignant ventricular arrhythmias,[24—26]
but its relationship to recurrent ischemia has been less studied.

In a 2007 study, Kenigsberg[27] modified the classic ischemic
cascade concept by demonstrating that the first indication of
coronary occlusion is QTc prolongation. Acute ischemia causes
an increase in potassium concentrations and shortening of repo-
larization time that leads to slow conduction and decreased excit-
ability. Response to this damage is greater in the subepicardium
than in the subendocardium and causes repolarization dispersion.
Lack of homogeneity and increased spatial dispersion of repolar-
ization results in increased QTdc in patients with ischemic heart
disease.[16,28] Such physiological and pathological effects of
acute ischemia support using QTdc as an important predictor of
MI recurrence. Moreover, QTdc is obtained from surface ECG and
is a simple, low-cost tool that can be useful in assessing risk of Ml
recurrence in STEMI cases, especially in low- and middle-income
countries.

Recurrent MI, defined as a repetition of the signs and symptoms
of acute heart failure in the first 28 days following an initial MI,
carries a worse prognosis, including increased risk of death.[29]
In recurrent MI, there is reocclusion of the affected artery, whether
from initial non-reperfusion or associated with thrombosis from
an implanted stent. Nowinski[30] demonstrated that when inflat-
ing the balloon during percutaneous coronary intervention (PCI)
in patients with myocardial ischemia, immediate changes occur
in ventricular repolarization and QTi is prolonged. Such changes
persist for minutes and even hours. These findings suggested that
QTi could be used as an early marker of acute and transitory myo-
cardial ischemia, easily detected on a surface ECG, and useful for
prognosis in middle- and low-income countries where therapeutic
and diagnostic alternatives described in international guidelines
are not always available.[4,11]

The objective of this paper is to evaluate the relationship between
QTdc and MI recurrence in patients with ST-segment elevation
myocardial infarction.

METHODS

Design and study population We conducted a prospective ob-
servational study of all STEMI patients admitted to the coronary
care unit of Camilo Cienfuegos General Provincial Hospital (HG-
PCC) in Sancti Spiritus, Cuba, January 1, 2014 through June 30,
2017. The study enrolled 522 patients, of which 46 were excluded
later for the following reasons: 13 for left bundle branch block; 11
for previous atrial fibrillation; 14 receiving pharmacological treat-
ments that prolong QTi; and 8 with life expectancy less than 1 year
due to non-cardiac conditions that could trigger MI recurrence.
The final study group consisted of 476 patients with an average
age of 67.4 years (SD = 13.8); 304 (63.9%) were men.

STEMI was diagnosed by pain typical of heart failure with new
ST-segment elevation >0.2 mV, measured from point J on =2 pre-
cordial leads, or 0.1 mV on =2 standard leads.[4,11,29] Recur-
rence was diagnosed by the same criteria within the first 28 days
following initial MI1.[29]

Variables Demographic variables were age, sex and skin color
(white, mestizo/mixed or black). Cardiovascular risk factors were
hypertension (HT), prior ischemic heart disease, lipid metabolism
disorders (cholesterol >6.71 mmol/L and triglycerides >1.60 mmol/L
in women and >1.88 mmol/L in men, according to established refer-
ence values), smoking, history of diabetes, and obesity (defined as
body mass index >30 kg/m?). Clinical variables were systolic and
diastolic blood pressure (BP) and heart rate on admission.

The Killip-Kimball[31] classification was used to assess the de-

gree of acute heart failure according to the following criteria:

1) Class |. No heart failure. No clinical signs of cardiac decom-
pensation.

2) Class Il. Heart failure. Diagnostic criteria include rales, third
heart sound gallop and pulmonary venous HT, and pulmonary
congestion with wet rales in the lower half of the lung fields.

3) Class lll. Severe heart failure. Obvious pulmonary edema
with rales in all lung fields.

4) Class IV. Cardiogenic shock. Clinical signs include hypoten-
sion (systolic BP <90 mmHg) and evidence of peripheral va-
soconstriction, such as oliguria, cyanosis and sweating.

Laboratory variables were hemoglobin, blood glucose, leukogram,
creatinine and creatine kinase (CPK); CPK was repeated at 6,
12, 24 and 48 hours, and the maximum value was used. Venous
blood samples taken within 24 hours of patient admission dur-
ing initial MI were processed with the High Technologies COBAS
¢311 automated analyzer (Hitachi, Tokyo, Japan).

Reperfusion strategy was thrombolysis with 1,500,000 IU intra-
venous Heberkinasa (recombinant streptokinase, Heber Biotec
SA, Cuba).[32] In no case was primary coronary intervention per-
formed as established by international guidelines for Ml treatment,
as no hemodynamic service was available.[4,11] Infarction location
was determined by admission ECG and classified using Bayés de
Luna’s criteria (large anterior, mid-anterior, apical anterior, septal,
inferior, inferolateral and lateral wall).[33] Complications studied
were new-onset atrial fibrillation determined by surface ECG, car-
diac arrest on admission, and death. Once hemodynamic stability
was attained without signs of hypotension, extreme bradycardia
or arrhythmias that could endanger the patient’s life, a transtho-
racic echocardiogram was performed using the ProSound Alpha 5
(ALOKA, Japan), and left ventricular ejection fraction (LVEF) was
determined by the biplane Simpson method.[34]

Electrocardiographic variables A 12-lead ECG was performed
upon admission before thrombolysis, repeated after 90 minutes
and then every hour for the first 6 hours. Electrocardiographic
variables were based on the first ECG in non-thrombolysed
cases and on the 90-minute ECG in the other patients. ECG
was recorded at a sweep speed of 25 mm/s with 10 mm/mV
standardization using a CardiocidBB electrocardiograph (Cen-
tral Digital Research Institute, Cuba)[35] with a band-pass filter
that restricts frequencies to a spectrum of 0.05-150 Hz, and a
comb filter for hum at 60 Hz. Two observers manually and inde-
pendently measured the following parameters on all ECG leads
with a magnifying lens:[19,20,36]

1) QTi: QT interval, corresponding to the time in milliseconds
from initiation of QRS complex to T wave termination, defined
as the point when the T wave returns to the isoelectric line,
or the nadir between T and U waves whenever the latter was
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present.[16,17] It was measured for all leads and the average
calculated;

2) QTc: QT interval corrected following Bazett’s formula;[18]

3) QTd: Difference between the maximum and minimum QTi
measured on 12 ECG leads; and

4) QTdc: Difference between corrected maximum and minimum
QTi measured on the 12 ECG leads.

Data collection settings and procedures Patient assessment
and followup were carried out by cardiologists. Hospital stays
lasted five to seven days. Followup was done for one month after
discharge, with hospital outpatient visits on days 15 and 28. MI
recurrence was diagnosed during this period. Data were collected
on forms that included study variables.

Data analysis A database was created in SPSS statistical soft-
ware, version 21.0 for Windows. Continuous data were summa-
rized with means (m) and standard deviations (SD). Absolute
numbers and percentages were used for categorical data. The
Kolmogorov-Smirnov test was used to verify distribution normal-
ity. Comparison of quantitative variables among groups, when
these followed a normal distribution, was done with the Student
t test for independent samples; if distribution was not normal, the
non-parametric Mann—Whitney U test was used.

To verify strength of association among qualitative variables
(sex, skin color, risk factors, Killip-Kimball class, reperfusion
strategy and complications), the non-parametric Pearson chi
square test was used. To measure association between a con-
tinuous quantitative variable (QTdc) and an ordinal qualitative
variable (Killip-Kimball class), the Spearman correlation coeffi-
cient was used. For all statistical tests, a significance threshold
of p = 0.05 was applied.

To obtain the QTdc cutoff point with best metric properties (sensi-
tivity and specificity), a receiver operator characteristic curve was
constructed. With these results, a value of 80 ms was determined
and used to dichotomize the variable and include it in a logistic
regression model together with other binary predictors (cardiac
arrest, systolic BP <100 mmHg, LVEF <45%, Killip-Kimball Class
I1- 1V, blood glucose =11 mmol/L, and large anterior Ml). Epidat
3.1 statistical software was used to calculate sensitivity, specific-
ity, positive predictive value (PPV) and negative predictive value
(NPV) for Ml recurrence of a QTdc greater or lesser than 80 ms.

To assess the independent role of QTdc in prediction of recur-
rent MI, a binary logistic regression model was fitted, in which
MI recurrence was considered the dependent (dichotomous)
variable. Estimated coefficients were expressed as odds ratios
(OR) with their respective 95% confidence intervals (95% CI).
For inclusion of covariates in the logistic regression model to-
gether with QTdc, three criteria were applied: clinical or ana-
tomic functional significance, statistical significance in the prior
bivariate analysis and a principle of parsimony (Occam’s razor)
to prevent inclusion of redundant variables. The variables in-
cluded were cardiac arrest on admission, QTdc, systolic BP,
LVEF, Killip-Kimball class, location of infarction and blood glu-
cose. To identify whether QTdc contributes predictive capacity
when cardiac arrest has occurred and LVEF values are <45%, a
regression tree model was constructed using variables included
in the logistic model.

Ethics The study design respected the Helsinki Declaration
principles[37] and was approved by the HGPCC's ethics com-
mittee. Each patient was informed of the study details and their
written consent was obtained; in extremely serious cases or
loss of consciousness, an immediate relative provided written
informed consent. The study design did not include manipula-
tion of variables, and the hospital’s established MI treatment
protocol was observed. To respect privacy and confidentiality,
databases used coded information, without names or patient
identifiers.

RESULTS

MI recurrence was seen in 56 (11.8%) patients; 17 (30.4%) had
recurrence before hospital discharge, and the remainder within
the following 28 days. Average age and sex distribution were simi-
lar in both groups. Relative frequency of recurrence did not differ
by skin color. Nor did cardiovascular risk factors (HT, diabetes,
dyslipidemia, tobacco use, prior ischemic heart disease and obe-
sity) differ between patients with and without MI recurrence.

Reperfusion by thrombolysis was performed in 82.1% of patients
without MI recurrence and in 76.8% of patients with recurrence.
Thrombolysis was not used in 88 patients for various reasons: 41
(46.6%), prolonged ischemia; 12 (13.6%), recent use of Heberki-
nasa; 11 (12.5%), transient ischemic attack in the preceding 6
months; 9 (10.2%), cerebrovascular accident; 6 (6.8%), refractory
cardiogenic shock; 5 (5.7%), known bleeding disorders; and 4
(4.5%), gastrointestinal bleeding in the previous month. Although
not included in Table 1, this distribution was similar in both patient
groups.

Mean blood glucose on admission was higher in patients with re-
currence of acute coronary syndrome (ACS). Mean BP and mean
LVEF recorded during admission were lower in this group of pa-
tients. In patients with recurrent MI, atrial fibrillation and cardiac
arrest were frequent complications and mortality was significantly
higher. The most frequent initial infarction location for patients
with recurrent MI was the large anterior myocardium, while the
inferior myocardium was the most frequent location for those with-
out recurrent Ml.(Table 1).

A positive correlation was observed between degree of heart
failure (Killip-Kimball class) and QTdc (Spearman rho 0.697,
p <0.001). Patients with cardiac arrest had higher QTdc means
(m = 94.7, SD = 30.9) compared to the others (m = 63.9,
SD = 29.5) with p = 0.001. Cases with recurrent ischemia
and cardiac arrest also had higher QTdc means (m = 105.0,
SD = 22.3) when compared to those without cardiac arrest
(m=75.7, SD = 21.2).(Table 2).

Calculation of covariate-adjusted ORs based on the logistic re-
gression model showed a significant association between QTdc
and Ml recurrence (OR = 3.09; 95% Cl = 1.105-8.641; p=0.032)
which, although much lower than that attributable to cardiac arrest
history (OR = 51.22; 95% CI = 16.72-156.97), suggests a mar-
ginal predictive effect for QTdc.(Table 3).

The QTdc cutoff point had a sensitivity of 66.1% and specificity of
68.1%. (Table 4) The probability of infarction not recurring in pa-
tients with QTdc <80 ms is higher (NPV = 93.8%) than the prob-
ability of recurrence in patients with QTdc 280 ms (PPV =21.9%).
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Table 1: Baseline characteristics of patients Table 2: QTdc means and standard deviations in

Variable Recurrent Ml No recurrent Mi &?Itli.enlt(s. wlith"ar;d w':h O:'.t Mi re:urrence accorfdingdt.o

56 (11.8%) 420 (88.2%) a:ﬁ:g; imball classification and occurrence of cardiac
Demegraphie variables
Age 69.8 (SD = 13.6) 67.1(SD=13.8) 0.166 Variable

Male sex 34 (60.7%) 270 (64.3%) s
Female sex 22 (39.3%) 150 (35.7%) '
Skin color: white 37 (66.1%) 279 (66.4%) 0.958 Class | 65.1 (SD = 21.6) 41.8 (SD = 18.6)
Skin color: mestizo/mixed 13 (23.2%) 103 (24.5%) 0.829  Class I 94.9 (SD = 11.0) 83.1 (SD = 19.3)
Skin color: black 6 (10.7%) 38 (9.0%) 0.692 Class Il 107.9 (SD = 24.1) 85.3 (SD = 20.2)
Cardiovascular risk factors Class IV 76.7 (SD = 3.2) 93.1 (SD = 29.4)
Hypertension 44 (78.6%) 328 (78.1%) 0.935 S o 06975 b <0.001
Diabetes mellitus 21 (37.5%) 121 (28.8%)  0.19 pearman fno: ©.5977 p <L.
Dyslipidemia 11 (19.6%) 64 (15.2%)  0.408

: 0 0 :
Emo!(mg T 30 (53.6%) 186 (44.3%) 0.191 (a.‘,rar;dsltac 105.0 (SD = 22.3) 43.5 (SD = 4.6)

revious ischemic hea 30 (53.6%) 176 (41.9%)  0.100 :
disease No cardiac 75.7 (SD = 21.2) 63.1 (SD = 29.9)
Obesity 3 (5.4%) 30(7.1%) 0.609  amest : . : :
Clinical variables Studentt 5.0p<0.001DM=294 -7.7p<0.001 DM =-19.6
Heart rate 80.3 (SD = 24.1) 78.8(SD=23.0) 0657  test 95%Cl=17710410 95%Cl=-253t0-139
SYStOII? BP 97.5(SD = 36.3) 1186 (SD =37.2) <0.001 DM: difference between means QTdc: corrected QT interval
Diastolic BP 57.3 (SD = 24.8) 71.6 (SD =23.6) <0.001 = spearman correlation between QTdc and left ventricular ejection
Killip-Kimball class fraction
Class | 16 (28.6%) 219(52.4%) oo o )
Class II-IV 40 (71.4%) 201 (47.9%) . Table 3: Logistic regression model results
Reperfusion strategy n p 95% CI*
Thrombolysis 43 (76.8%) 345 (82.1%) 0.332 values m
None 13 (23.2%) 75 (17.9%) )
Cardiac arrest on

Laboratory variables admission 51.22 <0.001 16.71 156.96
Hemoglobin g/L 11.6 (SD = 1.8) 11.4(SD=1.7) 0432 p——— Py Qp— e
Blood glucose mmol/L 11.2 (SD =2.3) 9.3(Sh=2.7) 0,000 _
Leukogram x 10°/L 10.1(SD = 2.2) 10.1(SD=2.0) 0.884 SVSE’"C BP <100 117 0688 054 256
Creatinine pmol/L 966 (SD=257)  90.6(SD=25.8) 0422 9
Total peak CPK UI/L 1929.2 (SD = 590.4) 1934.9 (SD = 528.8)  0.941 LVEF <45% 270  0.019 118  6.18

Electrocardiographic variables Killip-Kimball Class

0.48 0.229 0.15 1.58

Measured QTi 436.9(SD=57.6) 394.8(SD=49.7) <0.001 IV

Corrected QTi 493.2 (SD =63.7) 444 .1 (SD =66.3) <0.001 Extensive anterior

Measured QTd 784(SD=213) 558 (SD=252) <0.001 location O =
QTdc 88.8(SD=26.0)  62.9(SD=29.8) <0.001  Biood glucose >11

0.84 0.662 0.38 1.83

Other variables mmol/L
LVEF 40.4 (SD =11.8) 48.6 (SD =10.6) <0.001 Constant 0.04 <0.001

Complications

. . BP: blood pressure; LVEF: left ventricular ejection fraction; QTdc:
Newly appearing atrial

. 16 (28.6%) 33 (7.9%) <0.001 corrected QT-interval dispersion
fibrillation *Regression parameter estimates: B, p values, odds ratios (OR) and
Cardiac arrest 25 (44.6%) 5(1.2%) <0.001 95% confidence interval (Cl)
on admission 27 e .
Deaths 14 (25.0%) 47 (11.2%) 0.008 Table 4: Sensitivity, specificity and predictive values of

Location of infarction QTdc cutoff point for STEMI recurrence

Large anterior 17 (30.4%) 48 (11.4%) Recurrent Ml | No recurrent Ml
37

Apical anterior 4 (7.1%) 50 (11.9%) >80 ms 132 169
Mid-anterior 10 (17.9%) 86 (20.5%) (66.1%) (31.4%) (35.5%)
Inferior 14 (25.0%) 192 (45.7%) < 19 288 307
Inferior plus right ventricle 2 (3.6%) 8(19%) 00 =eoms (33.9%) (68.6%) (64.5%)
Inferolateral 5 (8.9%) 24 (5.7%) Total o5('3 4020 4076
Lateral 3 (5.4%) 10 (2.4%) (100%) (100%) (100%)
Septal 1(1.8%) 2 (0.5%) Sensitivity: 66.1%
Specificity: 68.6%
BP: blood pressure; CPK: creatine kinase; LVEF: left ventricular ejection fraction; Positive predictive value: 21.9%
QTd: QT-interval dispersion; QTi: QT interval; QTdc: corrected QT-interval. Negative predictive value: 93.8%
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The regression tree model showed that cardiac arrest is the vari-
able with greatest predictive capacity for Ml recurrence. In cases
that did not experience cardiac arrest (446 patients, 93.7%), LVEF
>45% was an important predictor of non-recurrence. Ninety-sev-
en percent of patients without cardiac arrest, with LVEF >45% and
QTdc <80 ms did not have MI recurrence. This model correctly
classified 92.4% of cases overall (sensitivity 44.6%; specificity
98.8%).(Figure 1).

DISCUSSION

QT is an electrocardiographic indicator of regional differences
and their heterogeneity during cardiac repolarization.[16,18]
QTdc is a predictor of ventricular arrhythmias,[24-26] an indi-
cator of myocardial viability[23,38-40] and more recently, it has
been considered an indicator of successful reperfusion and as-
sociated with greater severity of coronary artery disease (CAD).
[19-22,41]

Since myocardial ischemia occurs in viable tissue with signifi-
cant CAD, QTdc should be a good predictor of MI recurrence.
However, no studies were found assessing its prognostic ca-
pacity.

Jensen[39] demonstrated a QTdc decrease following recanali-
zation of the affected artery and George[40] found a greater re-

duction of this electrocardiographic parameter following PCI as
compared to fibrinolysis. Eslami[41] also demonstrated a signifi-
cant QTdc reduction following PCI (5.8 ms mean compared with
3.6 ms, p <0.001). These studies showed that when the artery is
successfully opened through primary coronary intervention—the
suggested treatment in international guidelines—[1,9] ventricular
repolarization homogeneity is reestablished between the affected
myocardium’s different zones. QTdc values found in this study
suggest absence of flow reestablishment in the artery responsible
for infarction.

This study’s results show high QTdc values, which were higher
in patients with MI recurrence. This coincides with Pekdemir,[42]
who demonstrated a relationship between QTd >40 ms and ap-
pearance of new ACS and death, despite a normal initial ECG.
Furthermore, Machin[43] found infarction recurrence within 30
days following initial Ml in 26% of cases, of which 86% presented
increased QTd with a significant association (p = 0.009).

QTdc has also been associated with myocardial viability, a nec-
essary condition for recurrence of angina. Once the necrotic
scar forms, recurring ischemic episodes are very unlikely. Us-
ing low-dose dobutamine (10 mg), Moreno[23] found significant
differences in QTdc between patients with viable and nonviable
myocardium (m =86.1, SD = 30.8 and m = 60.0, SD = 20.1 ms re-

spectively; p = 0.013) and concluded

that a QTdc >59 ms predicts greater

Figure 1: Classification tree for identification of recurrence predictors

Node 0
No recurrent M| 420 (88.2%)

Predlcted
Observed | Does not Percentage
recur correct

Does not

Recurrent MI 56 (11.8%)
Total 476 (100%)

98.8%
recur
Recurs 31 25 44.6% Cardiac arrest
Chi square = 157.9, p = <0.001
S 937%  6.3% 92.4% . P
percentage |

Node 1 No cardiac arrest
Recurrent MI 31 (7.0%)
No recurrent Ml 415 (93.0%)
Total 446 (93.7%)

LVEF
Chi square = 5.4, p=0.020

Node 2 Cardiac arrest
Recurrent MI 25 (83.3%)
No recurrent M1 5 (16.7%)
Total 30 (6.3%)

Node 3 LVEF >45%
Recurrent MI 15 (5.0%)
No recurrent MI 285 (95.0%)
Total 300 (63.0%)

QTdc
Chi square = 9.9, p = 0.002

Node 4 LVEF <45%
Recurrent MI 16 (11.0%)
No recurrent MI 130 (89.0%)
Total 146 (30.7%)

Node 5 QTdc 280 ms
Recurrent MI 8 (12.7%)

Node 6 QTdc <80 ms
Recurrent MI 7 (3.0%)
No recurrent MI 230 (97.0%)
Total 237 (49.8%)

No recurrent MI 55 (87.3%)
Total 63 (13.2%)

MI: Myocardial infarction, QTdc: Corrected QT interval difference, LEVF: Left ventricular ejection fraction

myocardial viability. lkonomidis[44]
and Lancellotti[45] also found higher
QTd in patients with viable myocardi-
um. If these results are considered, it
can be assumed that STEMI patients
with QTdc =80 ms also presented vi-
able myocardium.

High QTdc values have been associ-
ated with greater severity of coronary
disease. Akgumus found significantly
higher QTdc in patients with 3-vessel
disease than in patients with
1-vessel disease (m = 68, SD = 32
and m = 50, SD 32 ms; respectively;
p =0.001).[20] In another study, how-
ever, relating severity of CAD to this
electrocardiographic parameter in
patients with chronic ischemic heart
disease, Stankovic found higher val-
ues in patients with affected vessels
as compared to those with three af-
fected vessels.[19]

Several factors have been asso-
ciated with greater QTdc during
acute ischemia. Thus, it is uncertain
whether higher QTdc predicts higher
risk for ischemic patients or is the
expression of other cardiovascular
risk factors such as hyperglycemia,
obesity and left ventricular hyper-
trophy.[19] The results of this study
show an association between Killip-
Kimball class and greater QTdc, both
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of which are evidence of a greater degree of heart failure. In a ret-
rospective study, Chavez-Gonzalez[46] found the variables most
associated with a QTdc >50 ms were ischemic heart disease (OR
4.2; 95% CI 1.84-10.13; p = 0.001), hypertension (OR 3.56; 95%
Cl 1.73-7.34; p = 0.001) and diabetes mellitus (OR 3.21; 95% ClI
1.46-7.05; p = 0.002), which supports a hypothesis of association
of greater morbidity with greater repolarization dispersion.

Mortality in our study population was higher in patients with Ml recur-
rence, consistent with findings by Jiménez-Candil[47] who included
patients with non-ST-segment elevation ACS. This author found
that QTc 2450 ms was a predictor of independent risk of death or
recurrent ischemia (adjusted OR 3.8; 95% CI 2.5-6.5; p <0.001).
Another study conducted in Santa Clara, Villa Clara Province, Cuba
by Rodriguez Gonzalez[48] found QTdc >50 ms associated with
greater mortality and incidence of a new ACS within 30 days of hos-
pital discharge. Our results suggest the importance of evaluating

QTdc with risk stratification following STEMI, especially in patients
without cardiac arrest on admission and with LVEF >45%, which
characterized most patients in this study. A study limitation was that
primary percutaneous coronary intervention was not performed
and therefore it was not possible to correlate QTdc values with the
severity of coronary disease. Nevertheless, these results could
be useful for low- and middle-income countries in need of quality,
low-cost medical care alternatives.

CONCLUSIONS

Risk of infarction recurrence is low in patients without cardiac ar-
rest, with left ventricular ejection fraction >45% and with disper-
sion of corrected QT-interval <80 ms. Patients with QTdc =280 ms
have a greater risk of MI recurrence, which suggests the utility of
this parameter for risk stratification after STEMI in settings with
limited resources. A\
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