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The Analysis of the Corrected QT-Interval Increases Exercise Stress Test
Capability to Detect Significant Coronary Artery Disease

El analisis del intervalo QT corregido incrementa la capacidad de la ergometria para
diagnosticar enfermedad arterial coronaria significativa

NORMA CRUDOM™AC, JUAN GAGLIARDIMTAC, JOSE L. CASTELLANOM™AC, ALFREDO PIOMBOM™AC, MIGUEL A. RICCITELLIMTAC

ABSTRACT

Background: The clinical usefulness of exercise stress testing to indicate the presence and functional severity of coronary
artery stenoses is limited by the relatively low sensitivity and specificity of ST-segment depression. Therefore, the modifica-
tions of other electrocardiographic variables during exercise, which may provide additional and complementary information
to ST-segment depression, should be investigated. It has been demonstrated that the corrected QT interval (QTc) prolonga-
tion is the earliest event during the first stage of transmural ischemia.

Obijectives: The aim of this study was to investigate whether modifications of the QTc interval induced by maximal exercise
(QTec,,,,) together with ST-segment depression > 1 mm can increase the capability of the stress test to detect significant coro-
nary artery disease and if other signs may also provide useful information to identify these patients.

Methods: One hundred and sixty six patients with ST-segment depression > 1 mm during exercise or during the recovery
stage of a stress test underwent coronary angiography. They were divided into two groups: Goup I (GI): 118 patients with
QTec,, interval prolongation and Group II (GID): 48 patients with normal QTc_ . shortening. Clinical, stress test-related and
electrocardiographic parameters and coronary angiography were analyzed to identify the presence of significant coronary
artery disease.

Results: Significant coronary artery disease was detected in 102 of the 166 patients included in the study (61.4%), all from
GI. Group I showed high prevalence of patients with significant coronary artery disease (86.4% vs. 0%; p < 0.001), low
ischemic threshold, late recovery of ST-segment depression, wider QRS , complex, chronotropic incompetence and low ex-
ercise capacity. During graded exercise stress testing, GII patients presented greater prevalence of severe hypertension and
ST-segment depression < 1 mm two minutes after exercise. Increased QTc . interval resulted as an independent predictor
of coronary artery disease (p < 0.001).

Conclusions: QTc . prolongation plus ST-segment depression > 1 mm produced a considerable increase in the capability of
exercise stress testing to detect significant coronary artery disease, which was absent in all the patients with ST-segment
depression and normal QTc . shortening.

Key words: Exercise Stress Test - QTc Interval - ST-segment Depression.
RESUMEN

Introducciéon: La utilidad clinica de la capacidad de la ergometria para indicar la presencia y gravedad funcional de las ob-
strucciones coronarias se ve limitada por las relativamente bajas sensibilidad y especificidad del infradesnivel del segmento
ST (infra-ST), lo cual hace necesaria la investigacion de las modificaciones de otras variables electrocardiograficas durante el
esfuerzo que puedan aportar informacion adicional y complementaria a la del infra-ST. Se ha demostrado que el evento mas
temprano en la primera fase de la lesion transmural es la prolongacion del intervalo QT corregido (QTc).

Objetivos: Investigar si las modificaciones del intervalo QTc inducidas por el esfuerzo maximo (QTc_, ) sumadas al infra-ST
> 1 mm permiten incrementar la capacidad de la ergometria para diagnosticar la presencia de enfermedad arterial coronaria
significativa y si otros signos pueden aportar también informacién 1til para identificar a estos pacientes.

Material y métodos: Ciento sesenta y seis pacientes con infra-ST > 1 mm durante la fase de ejercicio y/o recuperacién de
una ergometria a los que posteriormente se les realizé una coronariografia se distribuyeron en dos grupos: Grupo I (GI): 118
pacientes que mostraron prolongacién del intervalo QTc, _, y Grupo II (GII): 48 pacientes que acortaron normalmente el
QTc_, . Se analizaron parametros clinicos, ergométricos y electrocardiogréficos y la angiografia coronaria para comprobar la
presencia de enfermedad arterial coronaria significativa.

Resultados: En 102 de los 166 pacientes incluidos (61,4%) se diagnostic6 enfermedad arterial coronaria significativa, todos
ellos pertenecientes al GI. E1 GI mostré alta prevalencia de pacientes con enfermedad arterial coronaria significativa (86,4%
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vs. 0%; p < 0,001), bajo umbral isquémico, recuperacién tardia del infra-ST, mayor ensanchamiento del complejo QRS

max’

incompetencia cronotrépica y baja tolerancia al gjercicio. Durante la prueba ergométrica graduada los pacientes del GII pre-
sentaron mayor prevalencia de hipertensién arterial grave y el infra-ST < 1 mm en el segundo minuto del posesfuerzo. El
incremento del intervalo QTc . resulté un predictor independiente de enfermedad coronaria (p < 0,001).

Conclusiones: La prolongacién del intervalo QTeméx sumado al infra-ST > 1 mm increment6 notoriamente la capacidad de
la prueba ergométrica graduada para diagnosticar la presencia de enfermedad arterial coronaria significativa, patologia que
estuvo ausente en todos los pacientes con infra-ST que acortaron normalmente el QTc_ . .

Palabras clave: Prueba ergométrica graduada - Intervalo QTc - Infradesnivel del ST.

Abbreviations

CAD Coronary artery disease
HR Heart rate
PMHR Predicted maximal heart rate

HT Hypertension
ST-dep ST-segment depression

INTRODUCTION

The ST-segment depression (ST-dep) observed in
stress testing, either during exercise or in the im-
mediate recovery period, is considered an electro-
cardiographic sign of subendocardial ischemia and a
predictor of acute coronary events. It has also been
shown that the magnitude, the extent in the number
of electrocardiographic leads involve d and the ST-dep
appearing early during exercise stress test (EST), pro-
vide valuable information which can improve the ef-
ficiency of risk stratification and the management of
patients with coronary artery disease. (1-4)

However, the clinical usefulness of exercise stress
testing to indicate the presence and functional severity
of coronary artery stenosis is limited by the relatively
low sensitivity and specificity of ST-dep. Therefore,
the modifications of other electrocardiographic vari-
ables during exercise, which may provide additional
and complementary information to ST-dep, should be
investigated. (5-7)

Previous studies have demonstrated that prolon-
gation of the corrected QT interval (QTc) is the ear-
liest event following the occlusion of an epicardial
coronary artery in all patients, occurring before elec-
trocardiographic ST-segment and T-wave changes,
ischemia-related left ventricular functional changes
and the presence of clinical symptoms as angina or
dyspnea. (8, 9)

Considering these observations, the aim of the pre-
sent study was:

a) To investigate whether modifications of the QTc
interval induced by maximal exercise (QTc,,,) togeth-
er with ST-dep > 1 mm can increase the capability of
EST to detect significant CAD and thus reduce the
number of test-related false positive results.

b) To determine if other electrocardiographic and
clinical signs observed during peak exercise or imme-
diate exercise recovery may also provide useful infor-
mation to identify patients with significant coronary
artery stenosis and high ischemic risk.

METHODS
This observational and retrospective study enrolled 166

EST Exercise stress test

QTc Corrected QT-interval

QTc,,. QTc interval induced by maximal exercise
BP Blood pressure

consecutive patients with the following inclusion criteria: a)
ST-dep > 1 mm at 80 ms after the J point in two or more con-
secutive leads during active exercise or in the recovery stage
of an EST (10), and, b) a coronary angiography performed
within 6 months after EST.

Patients were divided into two groups based on the modi-
fications of QTc interval duration during EST:

Group I (GI): 118 patients (71.7%) with QTc interval
prolongation induced by maximal exercise (QTc__ ).

Group II (GID): 48 patients (28.3%) with normal QT¢c
shortening during active exercise.

Patients with history of myocardial infarction within one
month before the study, QRS > 0.11 s, baseline QTc interval
> 0.44 s, valvular heart disease or cardiomyopathies, Wolf-
Parkinson-White syndrome, atrial fibrillation, frequent and
complex ventricular arrhythmias, those receiving medica-
tion or with conditions affecting automatism, conduction
and/or ventricular repolarization, or inability to interpret
or perform measurements in the electrocardiogram during
EST were excluded from the study.

The main reasons to perform EST were: regular moni-
toring of patients with history of acute coronary events or
who had previously undergone invasive procedures; evalua-
tion of functional capacity before joining a gym or perform-
ing competitive sports; evaluation of chest pain under study
and of the ischemic threshold in patients with coronary ar-
tery disease and symptoms of angina or dyspnea.

The EST was performed using a cycle ergometer con-
nected to a computer-based system with capability of con-
tinuous monitoring and 12-lead electrocardiogram recording
at a speed of 25 mm/s at the end of each stage, in addition
to heart rate (HR) and blood pressure (BP) measurements.
A continuous and progressive two-phase protocol was used,
consisting in: the active exercise phase, with 3-minute stages
with progressive loads of 150 kgm, and the recovery phase,
with three stages of 1 minute followed by two stages of 3
minutes.

During EST, it was assumed that patients presented: a)
hypertension (HT), when maximal BP was > 220/115 mm
Hg; b) abnormal BP response, when BP did not increase in
two or more successive stages; ¢) low ischemic threshold,
when ST-dep was present with or without angina at a work-
load < 300 kgm/min; d) low functional capacity with exercise
intolerance when maximum workload was < 300 kgm/min,;
and e) late recovery of ST-dep when it persisted > 6 minutes
in the recovery phase. (11, 12)

In each group, the presence of ST-dep < 2 mm and ST-
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dep > 2 mm at 80 ms after the J point, greater ST-dep at the
second minute of the recovery period and ST-dep < 1 mm at
the second minute of repolarization was evaluated. (1, 7, 11)
The number of patients that: a) reached 85% of the predict-
ed maximal heart rate (MHR) calculated with the Robinson
formula; (13); b) did not reach 62% of the predicted MHR
because of beta blocker treatment; (14) and, c¢) presented
angina and/or ventricular arrhythmias during EST, was es-
tablished in each group.

Using the computer-based system, which stores the elec-
trocardiographic records of each EST stage, two independ-
ent observers calculated average values, expressed in mil-
liseconds, of the following electrocardiographic parameters,
during three consecutive cycles, in leads V4, V5 and V6 at
baseline, at the end of the maximal workload achieved and at
the second minute of the recovery period: RR interval (RR),
PR interval (PR); (15) QRS-complex (QRS) duration; (16)
QT interval (QT) measured from the beginning of the QRS
to the end of the T-wave defined as the intersection of the
tangent between the apex of the curve between the T and U
waves and the downslope of the T wave; QTc calculated ac-
cording to Bazzet’s formula (QT/\/RR); (17) the presence of
QTc_, > 458 ms and > 470 ms (18, 19) and the magnitude
of the ST-dep at 80 ms after the J point.

In the coronary angiography, significant coronary artery
stenosis was defined as > 70% for the coronary arteries and
> 50% for the left main coronary artery.

Statistical analysis

Categorical variables are presented as frequencies with the
corresponding percentage. Continuous variables are ex-
pressed as mean =+ standard deviation (SD) and median (in-
terquartile range), as applicable.

Discrete variables were analyzed with the chi square
test.

For continuous variables, the t test for two independent
samples or the Kruskal-Wallis test were used, depending
on their distribution. A paired t test was used to compare
intragroup differences of continuous variables. Stepwise
multivariate logistic regression was used to determine the
independent value of QTc__ prolongation for the diagnosis
of coronary artery disease. A p value < 0.05 was considered
statistically significant.

Sensitivity, specificity, positive predictive value and neg-
ative predictive value provided by QTc prolongation at maxi-
mal exercise or at the second minute of the recovery period
were evaluated for the diagnosis of significant CAD.

RESULTS

Patients were divided into two groups according to
QTc, at peak exercise and/or at the second minute of
the recovery period: GI, which included 118 patients
with QTc_, prolongation and GII, with 48 patients
with QTc_, normal shortening.

Table 1 summarizes the clinical characteristics of
both groups. There was no age difference between both
groups. In GI, the prevalence of male gender was high-
er; the presence of angina or dyspnea as a reason to
perform the study was significantly more common, and
the prevalence of obesity was greater, but that of smok-
ing was lower. There were no significant differences in
the rest of the coronary risk factors considered.

A history of acute coronary syndrome was more

common in GI and thus these patients were receiving
more antiischemic drugs.

The angiography showed significant coronary ar-

tery stenosis in 61.4% of patients (n = 102). Although
the prevalence of significant CAD was lower in women
(14.4% vs. 72%; p = 0.002), the extent and severity of
coronary artery stenosis was greater, with significant
3-vessel disease (47.1% vs. 12.9%; p = 0.001).
Table 2 shows data of the exercise stress tests and
electrocardiograms in both groups. Patients in GI pre-
sented more frequently ST-dep > 2 mm (p < 0.001),
ischemic threshold < 300 kgm/min (p < 0.0001); late
recovery of ST-dep (p < 0.001); greater ST-dep in the
recovery period (p = 0.008); prolonged QRS _, (p =
0.01) and maximal stress test workload < 300 kgm/
min (p = 0.01). Also, 53 patients in GI (44.9%) pre-
sented significant QTc_, prolongation > 458 ms and
in 25 patients (21.2%) QTc_, was > 470 ms.

Patients in GII had greater prevalence of severe
HT during peak exercise associated with greater ST-
dep (p < 0.0001). In this group, there was a greater
proportion of patients who had normal ST or ST-dep
< 1 mm in the second minute of the recovery period
(p < 0.001) and of those with 1 to 9 mm ST-dep (p <
0.001).

Table 3 summarizes the distribution of significant
CAD findings according to QTc response during ac-
tive exercise. Coronary angiography showed signifi-
cant CAD in 86.4% of GI patients while none of the
patients in GII had significant coronary artery steno-
sis (p < 0.001). Therefore, QTc prolongation during
peak exercise or at the second minute of the recov-
ery period, associated with ST-dep > 1 mm presents a
sensitivity of 86.4% (95% CI 80.3-92.6), a specificity of
100%, a positive predictive value of 100% and a nega-
tive predictive value of 75% (95% CI 64.4-85.6) for the
diagnosis of significant CAD. Maximal QTc interval
resulted as an independent and statistically signifi-
cant predictor of CAD (p < 0.001) (Table 4).

DISCUSSION

Previous studies and meta analyses (6, 20, 21) have
established that the sensitivity of ST-dep to diagnose
significant CAD during the active phase or the recov-
ery period of EST ranges between 60% and 70%, and
may reach 80% in patients with 3-vessel disease or left
main coronary artery stenosis, as the sensitivity of ST-
dep would be directly related with the magnitude and
extent of subendocardial ischemia. (22)

In our population, only 102 (61.4%) of 166 patients
that presented ST-dep > 1 mm during active exercise
or during the recovery period of an EST had evidence
of significant CAD in the coronary angiography. This
result is near the lower limit of the values reported
by previous studies and would be due to the fact that
our catheterization laboratory protocol is more selec-
tive, as it considers that >70% stenosis is significant
instead of >50% as has been reported in most of the
cited studies. This relatively low percentage of pa-
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Group |

(n=118)
Age, years 56.9 £ 7.1

n %

Male 93 83.8
Female 25 21.2
Reasons for ordering the study
Control 56 47.4
Functional capacity 5 43
Chest pain under study 41 34.7
Angina/dyspnea 16 13.6
Risk factors
Hypertension 75 63.6
Diabetes 15 12.7
Dyslipidemia 83 70.3
Current smoking 61 51.6
Family history 34 28.8
Obesity 50 42.3
> 3 risk factors 61 51.6
Normal treatment
Antiischemic drugs 69 58.5
Antiplatelet and/or anticoagulation agents 71 60.1
History of acute coronary syndrome 63 53.3
Significant coronary artery disease 102 86.4

tients with significant coronary artery stenosis signif-
icantly increased (from 61.4% to 86.4%) when QTc_,_
prolongation was added to ST-dep > 1 mm. This result
is similar to that of a previous study, (23) which cor-
related the increase in the duration of the QTc inter-
val induced by exercise with the presence of ischemic
areas in exercise myocardial perfusion scintigraphy.

In addition, ST-dep > 2 mm at 80 ms after the J
point demonstrated higher capability to diagnose sig-
nificant CAD when ST-dep recovered > 6 minutes after
exercise, it occurred in patients who reached a work-
load < 300 kgm/min (low ischemic threshold), (11, 12)
it was associated with longer duration of the QRSmax
(16) and when ST depression was greater during the
recovery period of the EST.

On the contrary, a marked statistical difference in
the absence of significant CAD was observed in pa-
tients with normal ST or ST-dep < 1 mm in the sec-
ond minute of the recovery period, and in those with
greater ST-dep during active exercise associated with
severe BP increase. (24)

The high prevalence of low ischemic threshold, low
exercise capacity and chronotropic incompetence in GI
patients (11-14) is coincidental with that of previous
studies which have demonstrated that these param-
eters are markers of extensive coronary artery disease
and are independent predictors of high ischemic risk

Table 1. Clinical characteristics

Group 1l p ! c
(n=48) of patients according to cor-
rected QT interval during ex-
ercise stress test
58.1+7.2 0.32
n %
18 37.5
< 0.001
30 62.5
12.5 < 0.001
14.6
31 64.6
4 8.3
33 68.7 0.52
8 16.6 0.5
29 60.4 0.21
33 68.7 0.05
21 43.7 0.06
1" 22.9 0.01
18 37.5 0.09
16 333 0.003
23 47.9 0.14
13 27.1 0.002
0 0 < 0.001

and greater mortality.

Thus, QTc . prolongation plus ST-dep > 1 mm
improved the diagnostic capacity of EST, with a sen-
sitivity of 86.4% and a specificity of 100%. The posi-
tive predictive value of QTc_, is 100%, with no false
positive results, but it does not detect all the patients
with CAD because its sensitivity is 86%. The negative
predictive value was 75% (64% to 85.6%) due to the
presence of a few false negative results.

Previous studies have demonstrated that acute
myocardial ischemia prolongs the duration of the
QTec interval because it increases the heterogeneity
of ventricular repolarization by producing dispersion
in the duration of the action potentials stimulated by
the adrenergic stimulus, increased extracellular po-
tassium and focal myocardial fiber hypopolarization.
It was also demonstrated that during percutaneous
coronary intervention, the QT interval presented sig-
nificant prolongation immediately after balloon infla-
tion that persisted for minutes or even hours. (25) The
longer QTc_, duration during EST is produced by a
similar mechanism. (8, 26) Based on these findings,
we assume that QTc___prolongation induced by exer-
cise during EST could be considered an early indica-
tor of transient acute myocardial ischemia, and that
longer duration of the QTc_ ,_would be related with
more extensive and significant coronary artery steno-
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Table 2. Exercise stress test and Group Il
electrocardiographic results in (n=48)
both groups ms
Baseline PR 166.4 + 13.1 162.7 + 16.3 0.12
PR max 151.9 £ 27.2 143.1 £21.1 0.07
Baseline QRS 829+ 10.8 80.3+10.4 0.16
QRS max 87.1+12.3 784 +£13.6 < 0.001
Baseline QTc 408.5 = 19.0 430.4 +11.7 < 0.001
QTc max 4519+ 18.8 405.8+15.0 <0.001
n % n %
ST-dep 1 to 9 mm 50 423 37 77.1 < 0.001
ST-dep =2 mm 68 57.7 11 229 <0.001
Greater ST-dep in recovery period 32 27.1 4 8.3 0.008
Reached > 85% predicted MHR 41 34.7 28 58.3 0.005
Reached < 62% predicted MHR 19 16.1 2 4.1 0.03
Maximum workload < 300 kgm/min 18 15.2 1 2.1 0.01
Ischemic threshold < 300 kgm/min 26 22.03 0 0 < 0.001
HT 51 43.2 38 79.2 <0.001
PR max / baseline PR > 1 39 33.1 9 18.7 0.06
1 QRS 68 57.7 18 37.5 0.01
ST-dep < 1 mm at 2nd minute of recovery period 20 16.9 36 729 <0.001
Abnormal BP response 4 34 1 2.1 0.66
Late recovery of ST-dep 27 22.8 0 0 < 0.001
QTc max > 458 ms 53 44.9 0 0 < 0.001
QTc max > 470 ms 25 21.2 0 0 0.001
Angina and/or dyspnea 37 31.3 17 35.4 0.61
Ventricular arrhythmia 29 24.5 9 18.7 0.42
QTc: Corrected QT-interval. ST-dep: ST-segment depression. MHR: Maximal heart rate. HT: Hypertension. BP:
Blood pressure

Table 3. Distribution of significant coronary artery disease accord-
ing to corrected QT response during exercise stress test associated
with ST-segment depression > 1 mm

ST-dep > 1 mm +

ST-dep > 1 mm +

the endothelial dysfunction related with the X syn-
drome (27) that affects myocardial microcirculation
and produces different degrees of myocardial ischemic
involvement. This ischemia delays ventricular repo-
larization and alters its regional homogeneity, but is

("LQIT ]c ) (nl ﬂcs) not associated with the presence of severe stenosis of

— o o the coronary arteries.
ST CAD 102 (86.4%) 0 (0%) The low number of patients and of women in-
102 (61.4%) cluded is a limitation of the study; yet, the differences
Non-significant CAD 16 (13.6%) 48 (100%) between the groups are very clear. Due to the retro-

64 (38.6%)

QTc: Corrected QT-interval. ST-dep: ST-segment depression. CAD: Coronary
artery disease

sis. This would explain why a longer QTc_,_>458 ms,
and particularly >470 ms demonstrated to be an in-
dependent predictor of high ischemic and arrhythmo-
genic risk. (18, 19)

In the 16 patients with prolonged QTc , during
EST associated with ST-dep but with no angiograph-
ic evidence of significant CAD, we consider that the
pathophysiological mechanism could be attributed to

spective nature of this study these findings should be
confirmed by larger prospective investigations.

CONCLUSIONS

QTc_, prolongation plus ST-dep > 1-mm produced a
significant increase in the capability of EST to detect
significant coronary artery disease. ST-segment de-
pression >1 mm, regardless of its magnitude, that is
associated with normal QTc_,_shortening, would not
be related with the presence of significant CAD.
ST-dep > 1 mm at maximal workload coincidental with
severe increase in BP (severe HT) and rapid ST-dep
normalization at the second minute of the recovery
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A. Univariate analysis Table 4. Exercise stress test
Coronary artery ~ Without coronary p_redictors c_)f c_oronary arter_y
i ST disease. Univariate and multi-
(n=102) (n = 64) variate analyses
n % n % p OR 95% Cl
ST-dep (1 to 9 mm) 50 49.0 48 75.0 0.001 0.32 0.15-0.67
ST-dep > 2 mm 68  66.7 16 25.0 <0.0001 4.64 2.23-9.73
Greater ST-dep in recovery period 32 314 7 10.9  0.004 3.72 1.43-
Reached > 85% predicted MHR 41 402 37 57.8 0.04 0.49 10.04
Reached < 62% predicted MHR< 19 186 5 7.8 0.08 2.70  0.25-0.97
Maximum workload < 300 kgm/min 18 176 2 3.1 0.01 6.64 0.88-8.80
HT 52 510 39 609 0.27 0.67 1.40-43.0
PR max / baseline PR > 1 39 382 15 234 0.15 1.75 0.34-1.32
1 QRS 68  66.7 28 43.8  0.005 2.57 0.83-3.72
ST-dep < 1 mm at 2nd minute of 20 196 47 734 <0.0001 0.09 1.29-5.16
recovery period 0.04-0.20
Angina or dyspnea 37 363 23 359 0.9 1.01 0.50-2.05
Ventricular arrhythmia 29 284 14 219 0.4 1.46 0.66-3.24
B. Multivariate analysis
] 95% Cl 95% Cl
ST>2mm 2.48 2.16a3.8 0.001
QTc prolongation 2.27 1.16 a 3.37 < 0.001
QTc: Corrected QT-interval ST-dep: ST-segment depression MHR: Maximal heart rate HT: Hypertension.

period was highly prevalent in patients without sig-
nificant coronary artery stenosis.
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