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ORIGINAL ARTICLE
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ABSTRACT

OBJECTIVE: Our aim was to examine the effect of transient myocardial ischemia on
QT interval and QT interval dispersion in patients presenting with unstable angina.

METHODS: We studied 31 patients (mean age 64=10, 22 men, 16 with an old myocar-
dial infarction, 6 with previous coronary bypass surgery) admitted with unstable an-
gina manifestations. Patients with a history of complex ventricular ectopy, malignant
ventricular arrhythmias, advanced congestive heart failure or antiarrhythmic drug
therapy were excluded. The uncorrected and corrected QT interval and QT disper-
sion were measured during angina as well as after the relief of pain.

RESULTS: The RR intervals were not significantly changed by the ischemic event
(879x121 ms at rest to 877x173 ms during angina). However, both the uncorrected
and corrected QT intervals were significantly increased during angina (from 41045
ms and 440+41 ms at rest to 425+53 ms and 46042 ms during angina respectively,
p<0.05 for both). Similarly, both the uncorrected (QTy) and the corrected (QTcy) QT
dispersion values were significantly prolonged during ischemia (QT4: 58%23 ms at
rest to 83+33 ms during ischemia, p<0.001, QTcy: 63+26 ms at rest to 95+36 ms dur-
ing ischemia, p<0.001). The observed increment in the QT and QTcy provoked by
ischemia was not different among the unstable angina patients with and without old
myocardial infarction.

CONCLUSION: Transient myocardial ischemia besides an increase in the QT and QTc
intervals provokes an increase in both the corrected and uncorrected QT interval
dispersion. Under certain circumstances, this may contribute to the genesis of serious
reentry ventricular arrhythmias.

INTRODUCTION

Patients with acute coronary ischemia are at increased risk for sudden cardiac death

Conflict of interest: None declared; Sources of financial support: None declared



QT DISPERSION IN UNSTABLE ANGINA PATIENTS

mainly due to ventricular fibrillation.! This risk is higher among
patients with a previous history of myocardial infarction.?
Experimental studies suggest that ventricular repolarization
can be unfavorably altered by acute coronary ischemia.** In
the clinical setting, there is a clear tendency towards increase
of QT dispersion in coronary artery disease,’ in acute myocar-
dial infarction,® as well as during ischemia induced by balloon
inflation during angioplasty,”® by exercise stress testing or atrial
pacing,*!* or during reperfusion following angioplasty.'! Such
an increase of the QT dispersion has been associated with a
high incidence of malignant ventricular events in most clinical
studies.>1* 14

The purpose of this study was to explore the impact of tran-
sient myocardial ischemia on QT dispersion among patients
presenting with unstable angina.

METHODS

PATIENTS

Our study population consisted from 31 patients with
known coronary artery disease (history of previous myocardial
infarction and/or coronary artery stenoses >75% involving one
or more major vessels in coronary angiography). Patients were
admitted at the hospital ward or the Intensive Care Unit with
the diagnosis of unstable angina, namely accelerated angina at
rest of less than 10 min, associated with transient ischemic ST
and T-wave changes, subsiding to the administration of nitro-
glycerin and not associated with myocardial enzyme elevation.
Patients with a QRS duration >120 msec due to underlying
bundle branch block or a major intraventricular conduction
delay, or patients with atrial fibrillation, excessive sinus tachy-
cardia, an evolving acute myocardial infarction, electrolyte
aberrations or frequent premature complexes were excluded.
None of these patients was treated with antiarrhythmic drugs
or had New York Heart Association congestive heart failure
symptoms > class II.

12-LEAD ELECTROCARDIOGRAM

This was performed at a paper speed of 25mm/sec (sen-
sitivity 10mV/cm) during and 15 minutes after the relief of
angina using the same lead position while the patient was still
in bed. Care was taken to relieve patient’s anxiety so the heart
rate did not exhibit great fluctuations during the study. Apart
from nitroglycerin, no other cardio-active medications were
used for the relief of pain.

QT DISPERSION CALCULATION

All electrocardiograms were analyzed manually by two
independent and experienced investigators in a blind fashion.
The following 3 intervals were calculated for each electrocar-
diographic lead: RR, QT and corrected QT (QTc) interval.

For the calculation of the latter, Bazett’s formula (QTc=QT/
RR%) was used taking into account the RR interval before
the measured QT interval. The end of the T-wave was defined
as the point of return to the isoelectric TP baseline or in the
presence of a well defined U-wave, at the nadir between the
T and U waves. In case of flat T-wave changes, where difficul-
ties to define the end of the T-wave were encountered, the
measurements were omitted. Care was taken to complete the
measurements in at least 10 of the 12 available leads.

The maximum QT interval was considered as QT interval
and the maximum QTc interval was taken as QTc interval.
As QT dispersion was defined the difference between the
maximum and minimum observed QT intervals in any leads.
As QTc dispersion was defined the corresponding difference
of the corrected QTc intervals. Both the interobserver and
intraobserver variability were examined in 10 records.

STATISTICAL ANALYSIS

All of the data were collected and quantitative data were
expressed as mean + standard deviation. Paired t-tests were
used to compare mean values within subjects (pre and post
angina) and student’s t-tests were used to compare means
between independent populations. Data analyses were per-
formed using SPSS (Statistical Package for Social Sciences)
version 15 software (Chicago, IL). Values of P<0 .05 were
considered significant.

RESULTS

PATIENTS

All 31 patients fulfilled the entry criteria. The mean age
was 64+10 years (range 42-90 years old) with 22 patients be-
ing males. More than half of the studied patients (16/31,52%)
had a previous history of myocardial infarction (anterior in 7,
posterior in 8 and non-Q wave in 1) while 6 of the patients
(19%) underwent coronary artery bypass surgery in the past.
The mean left ventricular ejection fraction was well preserved
(50£10%, range from 30 to 65%). No difference was observed
in age, gender, ejection fraction, history of diabetes and hy-
pertension, as well as use of b-blockers and renin-angiotensin-
aldosterone blockers between patients with and those without
previous myocardial infarction (Table 1).

RR, QT AND QTC CHANGES DURING ISCHEMIA

The mean RR interval was slightly decreased from
879+121 msec at rest to 877+173 msec during angina. The
mean maximum QT interval was increased from a value of
410=+45 msec at rest to a value of 425+53 msec during angina
(p<0.05). Similarly, the mean maximum QTc was increased
from 440+41 msec at rest to 460+42 msec during angina
(p<0.001) (Table 2, Figure 1).
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TABLE 1. Clinical characteristics of the study patients
according to the presence or not of previous myocardial
infarction.

Patients with Patients without

previous previous
myocardial myocardial
infarction infarction
(n=16) (n=15) P

Age (yrs) 64.9+12.3 62.2+7.4 0.49
Males (%) 62.5 80 0.29
CABG (%) 19 7 0.32
Ejection fraction 47.4%8 52.8+4 025
(%)
Hi f

istory of 50 47 0.85
hypertension (%)
History of diabetes 25 20 074
(%)
RAAS block

OCKErs 81 80 093

(%)
b-blockers (%) 100 100 1
Diff in QT,

ifference nQTs 6 82257 220£254  0.60
(ms)
Diff in QT
mls)erence nQTe 592343 300£261 079
(

CABG= coronary artery bypass surgery; RAAS = renin-angiotensin-
aldosterone system; QTy = QT dispersion; QTcs = corrected QT
dispersion

TABLE 2. Electrocardiographic parameters during and 15
minutes after the relief of angina.

Rest Angina P
RR 879.3+121 877.4+174 0.93
QTmax 410+45 425+53 0.012
QTcmax 440+41 460+42 <0.001
QT 58+23 83+33 <0.001
QTcq 63+26 95+35 <0.001

QTcmax=corrected QTmax; QTy=QT dispersion; QTc,=corrected
QT dispersion

CHANGES IN THE QT DISPERSION PROVOKED
BY ISCHEMIA

The mean uncorrected QT dispersion (QT,) was increased
from 58+23 msec at rest to 83+33 msec during ischemia
(p<0.001). Similarly, the mean corrected QTc dispersion
(QTcy) value was also increased from 63+26 msec at rest
to 95+36 msec during ischemia (p<0.001) (Table 2, Figure
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FIGURE 1. Differences in QT and QTcprovoked by ischemia in
patients with unstable angina.

QTe (ms)

2). The observed difference in QT4 and QTcy with ischemia
(AQT4and AQTcy) was >20 msec in 21 (68%) and 20 (65.4%)
patients respectively. These increments in QT were not differ-
ent between patients with and those without previous history
of myocardial infarction. Specifically, the AQT, provoked by
ischemia in patients with an old myocardial infarction (n=16)
was similar to AQT, observed in patients without a previous
myocardial infarction (n=15) (26.8+25.7 vs. 22.0+25.4 msec,
p=0.60). Similarly, AQTc, provoked by ischemia was not dif-
ferent between patients with and those without a previous
history of myocardial infarction (32.9+34.3 vs. 30.0£26.1
msec, p=0.79) (Table 1).

INTER AND INTRAOBSERVER VARIABILITY

In 10 re-examined paired-records the observed values were
in good agreement both within the same observer (differences
of less than 3%) as well as between 2 observers (differences
of less than 5%).
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FIGURE 2. Differences in QT and QTcyprovoked by ischemia
in patients with unstable angina.

DISCUSSION

The results of this study demonstrate that transient
myocardial ischemia can induce a temporary increase in the
repolarization dispersion among patients presenting with
unstable angina. Indeed a significant increase in the QT and
corrected QTc dispersion was noted during the angina attack.
No difference in the increase of QT dispersion was evident
between patients with and those without a history of a previous
myocardial infarction.

QT dispersion is increased in the acute phase of myocardial
infarction, while there seems to be a trend towards lower or
even similar values in the chronic phase of myocardial infarc-
tion and in other chronic forms of ischemic artery disease
possibly due to the spontaneous dynamicity or to revasculari-
zation procedures.®"* Moreover, an increase of QT dispersion
has also been demonstrated during ischemia induced during
angioplasty,”® during reperfusion following angioplasty,'! or
by exercise stress testing or atrial pacing.”'® Changes of QT

dispersion have also been correlated with improvement of left
ventricular contractility after infarction and with the degree of
improvement of left ventricular function after revasculariza-
tion.'*"” In parallel, treatment has been shown to decrease QT
dispersion, e.g., after successful reperfusion after thromboly-
sis,'® revascularization with angioplasty'® or coronary artery
bypass grafting."”

In the present study, the mean QT and QTc dispersion
at rest were slightly prolonged at values commonly observed
among patients after a myocardial infarction.>'>* These indices
of a repolarization dispersion abnormality were unfavorably
affected by transient myocardial ischemia. Notably, there was
no difference in the increase of QT dispersion between patients
with and without a history of a previous myocardial infarction.
The ischemia induced increment in the QT and QTc dispersion
was of rather small magnitude (a mean increase of 25 and 35
msec respectively) not reaching grossly abnormal values such
as those observed in patients with long QT syndrome or in pa-
tients presenting with an acute myocardial infarction, namely
patients at higher risk for the development of polymorphic
ventricular tachycardia or/and ventricular fibrillation.'>!*!
However, one cannot ignore the potential significance of
an unfavorable repolarization pattern induced by transient
ischemia among unstable angina patients who are also at risk
for sudden cardiac death.>"

This ischemia induced abnormality in the dispersion of
the repolarization could be one of the multiple potential
pathogenic mechanisms predisposing coronary artery disease
patients to reentry ventricular arrhythmia. Previous studies
have shown that antiarrhythmic drugs such as type IA agents
can also lead to similar increments of QT dispersion when
given to coronary artery disease patients.”” It is possible that
the combination of an acute ischemic event in the presence of
a type I antiarrhythmic agent could lead to marked regional
differences in the ventricular repolarization process. This could
provide an explanation to the surprisingly increased incidence
of sudden cardiac death observed among patients treated
with antiarrhythmic medication in the late myocardial infarc-
tion period.” A number of other transiently altered variables
could also operate in the complex process leading to malignant
electrical instability. Indeed, changes in the autonomic tone,
increased catecholamine levels, electrolyte abnormalities, such
as hypokalemia and hypomagnesemia, or acute increases in
the afterload could also contribute to a further worsening of
an ischemia induced unfavorable repolarization pattern.***
Revascularization procedures are known to decrease the
incidence of sudden cardiac death among specific coronary
artery disease populations.” Successful thrombolytic treatment
has also decreased the mortality in both the acute and late
myocardial infarction period.®** Such a treatment has been
associated with a decrease in the QT dispersion.'”® Thus one
could anticipate that restoration of coronary blood flow can
ameliorate the regional ventricular repolarization differences.
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Among our patient population, we did not observe any
malignant ventricular arrhythmia during the acute ischemia
event. This probably reflects the magnitude of the repolariza-
tion dispersion induced by ischemia. The mean QT and QTc
dispersion observed during ischemia was 88 and 93 msec
respectively. All of our patients were promptly treated in a
general hospital environment without taking any antiarrhyth-
mic agents and nor demonstrating any significant electrolyte
abnormality or hemodynamic aberration. Thus in the absence
of any other corroborating factors, the observed increase in the
repolarization dispersion was not arrhythmogenic.

The main limitation of the present study is the lack of a con-
trol group. Moreover, data regarding structural left ventricular
adaptations, that influence QT dispersion and distribution, are
also lacking. Manual measurements of the QT interval are not
considered as accurate as computer guided measurements even
though available automatic methods have not proven their su-
periority.'*** Furthermore, the definition of the end of T wave
may be even more difficult during the ischemia when T wave
changes are common, a fact that also bias the blinding process.
Nevertheless, both the intraobserver and interobserver vari-
abilities were acceptable. Another point of criticism could be
raised from the limitations of using the Bazett’s formula for
estimating the corrected QT values.*'*> However, the mean RR
interval during ischemia was not shortened and furthermore
both the uncorrected and the corrected were at the same
direction. Finally, the 15 minute waiting period for repeating
the ECG although guided by ST segment changes resolution
may not reflect the real time required for the repolarization
changes to be completely resolved.

In this study we observed a temporary increase in the
ventricular repolarization dispersion induced by transient
myocardial ischemia among patients presenting with unstable
angina. This observation may provide a further insight into
the mechanism leading to reentry ventricular arrhythmias and
should emphasize the important role of restoring coronary
blood flow in unstable angina patients.
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