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Abstract

The frontal QRS-T angle is one of the markers of ventricular repolarization. We sought to assess the effects of myocardial
perfusion defect on QRS-T angle in patients with prior anterior myocardial infarction (MI). Seventy-one patients with prior
anterior MI and 71 age- and sex-matched control subjects having no myocardial perfusion defect were selected. Frontal
QRS-T angle was defined as the absolute value of the difference between the frontal plane QRS axis and T-wave axis. The
extent of myocardial perfusion defect was determined using myocardial perfusion single-photon emission computed tomogra-
phy (SPECT). The extent of myocardial perfusion defect of patients with prior anterior MI was 21.8 + 13.7%. Frontal QRS-T
angle was significantly larger in patients with prior anterior MI than control subjects (82°+49° vs 30° +26°, p <0.001).
Prevalence of abnormal frontal QRS-T angle defined as more than 90° was significantly higher in patients with prior anterior
MI than control subjects (42% vs 4%, p <0.001). Multivariate linear regression analysis showed that age (8=0.18, p =0.02)
and myocardial perfusion defect (f = 0.46, p=0.02) were independent determinants of frontal QRS-T angle. Our results
suggest that the extent of myocardial perfusion defect is an independent determinant of frontal QRS-T angle in patients with
prior anterior MI.
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Introduction

The frontal QRS-T angle defined as the absolute value of the
difference between QRS axis and T-wave axis on 12-lead
electrocardiogram (ECG) is one of markers of ventricular
repolarization [1-5]. Abnormalities in QRS-T angle may
reflect electrical instability, placing patients at high risk for
ventricular arrhythmias and sudden cardiac death. Although
myocardial infarction (MI) is a major structural heart disease
altering ventricular repolarization, the association between
the extent of myocardial perfusion defect and QRS-T angle
remains to be investigated.
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ECG-gated myocardial perfusion single-photon emission
computed tomography (SPECT) is a unique modality which
enables us to evaluate myocardial perfusion and left ventric-
ular function simultaneously [6-8]. In the present study, we
sought to assess the effects of myocardial perfusion defect
on QRS-T angle in patients with prior anterior MI using
myocardial perfusion SPECT.

Methods
Patients

Between November 2014 and October 2016, 983 patients
underwent ECG and myocardial perfusion SPECT for eval-
uating coronary artery disease. Of these, 88 patients with
anterior MI beyond at least more than 12 months after the
onset were retrospectively selected. Patients with bundle
branch block and those undergoing hemodialysis or car-
diac surgery were excluded. Finally, 71 patients with prior
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anterior MI were enrolled in this study. For controls, 71 age-
and sex-matched subjects having no myocardial perfusion
defect were selected. Informed consent was obtained from
all patients.

ECG

A standard 12-lead ECG was recorded at a paper speed of
25 mm/s and an amplification of 10 mm/mV at the time of
MPS. QRS axis and T-wave axis were automatically meas-
ured. According to previous reports [1-5], frontal QRS-T
angle was defined as the absolute value of the difference
between the frontal plane QRS axis and T-wave axis. When
QRS-T angle was more than 180°, it was adjusted to the min-
imal angle using (360° — angle). QRS-T angle more than
90° was considered abnormal based on previous studies [9].

Myocardial perfusion SPECT

All patients fasted overnight, and underwent myocardial
perfusion SPECT synchronized with the electrocardio-
gram [7, 8]. Adnosine was infused over 6 min (120 pg/kg/
min), and T1-201 (111 MBq [3.0 mCi]) was injected 3 min
after the initiation of adenosine infusion. The stress-T1-201
SPECT acquisition was started 5 min after the stress test.
Four hours later, redistribution T1-201 SPECT images were
obtained. SPECT images were acquired with a dual-detector
90°y-camera (Brightview X; Philips). Images were acquired
with the following parameters: 36 total projections; 180°
from right anterior oblique to left posterior oblique and a
noncircular orbit; 64 X 64 matrix; 6.4 mm pixel size; 16

frames per cardiac cycle with retrospective electrocardio-
gram gating; low-energy, high-resolution collimation; and
40 s per stop. Images were reconstructed using ordered-sub-
set expectation maximization (iteration, 2; subset, 9) with a
Butterworth filter (order, 8; cutoff frequency, 0.50 cycles/
pixel for stress image and 0.45 cycles/pixel for redistribu-
tion image).

Analysis of myocardial perfusion SPECT

Semiquantitative visual interpretation of SPECT images was
performed with the short and vertical long axes divided into
17 segments. Each segment was scored using a 5-point scor-
ing system (0, normal uptake; 1, mildly reduced uptake; 2,
moderately reduced uptake; 3, severely reduced uptake; and
4, absence of detectable radiotracer in a segment) [10, 11].
The extent of myocardial perfusion defect was determined by
the summed redistribution score (SRS) using the following
formula: myocardial perfusion defect (%) = SRS x 100/68.
Left ventricular end-diastolic volume (LVEDV), end-sys-
tolic volume (LVESV) and ejection fraction (LVEF) were
obtained from redistribution images using Quantitative gated
SPECT (QGS) (Cedars-Sinai Medical Center, USA) [6].

Statistical analysis

Continuous variables are shown as mean + SD, and cat-
egorical variables are shown as frequencies and percent-
ages. Continuous variables were compared by Wilcoxon test.
Categorical variables were compared by Chi-square test or

Table 1 Patient characteristics

Variable Patients with prior anterior ~ Control subjects P value
MI (n=71) (n=171)
Age (years) 71+8 71+8 0.94
Male gender 21 (30%) 21 (30%) 1.00
BMI (kg/m?) 2444 24+4 0.97
Hypertension 65 (92%) 44 (62%) < 0.001
Diabetes 35 (49%) 18 (25%) 0.003
Atrial fibrillation 7 (10%) 1 (1%) 0.02
Serum creatinine (mg/dl) 1.0+0.4 1.0+0.4 0.28
Myocardial perfusion SPECT
SSS 19.0+9.4 1.1+1.6 < 0.001
SRS 14.8+9.3 0 < 0.001
Myocardial perfusion defect (%) 21.8+13.7 0 < 0.001
LVEDV (ml) 104 +61 59+16 < 0.001
LVESV (ml) 63 +53 22+10 < 0.001
LVEF (%) 44+13 65+10 < 0.001

MI myocardial infarction, BMI body mass index, SPECT single-photon emission computed tomography,
SSS summed stress score, SRS summed rest score, SDS summed difference score, LVEDV left ventricular
end-diastolic volume, LVESYV left ventricular end-systolic volume, VEF left ventricular ejection fraction
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Fisher’s exact test. Correlations between QRS-T angle and
clinical variables such as myocardial perfusion defect were
assessed by Pearson’s correlation test. Multivariate linear
regression analysis was performed to determine variables
associated with QRS-T angle. Differences were considered
significant if the p value was < 0.05. Statistical analysis was
conducted using JMP 11 software (SAS Institute, Tokyo,
Japan).

Results
Patient characteristics

Patient characteristics are shown in Table 1. Patients with
prior anterior MI had hypertension, diabetes and atrial fibril-
lation more frequently than control subjects. The extent of
myocardial perfusion defect of patients with prior anterior
MI was 21.8+13.7%. LVEDV (104 +£61 ml vs 59+ 16 ml,
p<0.001) was significantly larger, and LVEF (44 +13% vs
65+10%, p<0.001) was significantly lower in patients with
prior anterior MI compared with control subjects.

Effects of myocardial perfusion defect on frontal
QRS-T angle

QRS axis, T-wave axis and frontal QRS-T angle of patients
with prior anterior MI and control subjects are shown in
Fig. 1. Patients with prior anterior MI had smaller QRS
axis and larger T-wave axis compared with control sub-
jects. Consequently, frontal QRS-T angle was significantly
larger in patients with prior anterior MI than control subjects
(82°+£49° vs 30°+26°, p<0.001). Prevalence of abnormal
frontal QRS-T angle was significantly higher in patients
with prior anterior MI than control subjects (42% vs 4%,
p<0.001). There was a significant correlation between the
extent of myocardial perfusion defect and frontal QRS-T
angle (r=0.62, p<0.001) (Fig. 2). Age (r=0.18, p=0.03),
LVEDV (r=0.38, p<0.001), LVESV (r=0.40, p <0.001),
and LVEF (r = — 0.51, p<0.001) were also significantly
associated with frontal QRS-T angle (Table 2).

Determinants of frontal QRS-T angle

Multivariate linear regression analysis was performed to
determine factors associated with frontal QRS-T angle.
Age (f = 0.18, p=0.02) and myocardial perfusion defect
(f = 0.46, p=0.02) were independent determinants of fron-
tal QRS-T angle (Table 3, model 3).
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Fig.1 Comparisons of QRS axis, T-wave axis and frontal QRS-T
angle between patients with prior anterior myocardial infarction and
control subjects

Discussion

In the present study, we demonstrated the following: (1)
patients with prior anterior MI had larger QRS-T angle com-
pared with control subjects; and (2) the extent of myocardial
perfusion defect was an independent determinant of frontal
QRS-T angle.

When there is an imbalance of electrical activation and
recovery of the ventricles, QRS axis and T-wave axis are
no longer aligned, the QRS-T angle widens. Frontal QRS-T
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Fig.2 Correlation between the extent of myocardial perfusion defect
and frontal QRS-T angle (r=0.62, p<0.001)

Table 2 Correlations between frontal QRS-T angle and clinical vari-
ables

Variable r P value
Age 0.18 0.03
BMI — 0.01 0.90
Serum creatinine 0.12 0.19
Myocardial perfusion defect 0.62 < 0.001
LVEDV 0.38 < 0.001
LVESV 0.40 < 0.001
LVEF - 0.51 < 0.001

LVEDYV left ventricular end-diastolic volume, LVESV left ventricu-
lar end-systolic volume, LVEF left ventricular ejection fraction, BMI
body mass index

angle can be easily calculated from a 12-lead ECG as the
absolute value of the difference between the frontal QRS
axis and T-wave axis. Frontal QRS-T angle plays a role in
quantifying the extent of abnormal repolarization before

overt ECG changes appear [1-5], and has been shown to
predict total mortality in the general population [2], in dia-
betes mellitus [3], in congestive heart failure [4] or in acute
coronary syndrome [5].

Abnormalities in QRS-T angle are possibly related to
underlying structural heart diseases. A recent study has
shown that patients with abnormal QRS-T angle have prior
MI more frequently than those with normal QRS-T angle in
the diabetic population [3]. In the present study, we showed
that patients with prior anterior MI had larger QRS-T angle,
and higher prevalence of abnormal QRS-T angle compared
with control subjects. We further demonstrated that the
extent of myocardial perfusion defect was associated with
frontal QRS-T angle in patients with prior anterior MI using
myocardial perfusion SPECT.

Sudden cardiac death is mainly caused by ventricular
arrhythmias, accounting for approximately 50% of all car-
diac mortality [12]. Several studies using cardiac magnetic
resonance imaging have assessed the association between
myocardial scar size and ventricular arrhythmias [13, 14].
Zeidan-Shwiri et al. examined patients with prior MI who
received an implantable cardioverter defibrillator (ICD), and
showed that infarct gray zone and MI core were predictors of
appropriate ICD therapies [13]. Scott et al. also reported that
the extent of LV scar was associated with the occurrence of
ventricular arrhythmias in a cohort of ICD recipients [14].
Their results may be explained by the widening of QRS-T
angle in proportion to the extent of myocardial perfusion
defect as shown in the present study. Considering these
studies and our results, frontal QRS-T angle may be useful
in predicting the occurrence of ventricular arrhythmias in
patients with prior anterior MI. Further studies are neces-
sary to clarify the linkage of frontal QRS-T angle with the
extent of myocardial perfusion defect and the occurrence of
ventricular arrhythmias. In addition, frontal QRS-T angle is
a simple ECG marker, and its follow-up may contribute to
estimate the risk at that time in each case.

Table 3 Multivariate linear

. . . Variable Model 1 Model 2 Model 3

regression analysis to determine

factors associated with frontal P value p P value p P value

QRS-T angle
Age 0.16 0.02 0.17 0.02 0.18 0.02
Male 0.002 0.97 — 0.007 0.92 - 0.04 0.59
BMI 0.03 0.65 0.03 0.64 0.04 0.54
Hypertension 0.046 0.53 0.05 0.50 0.03 0.71
Diabetes 0.13 0.06 0.13 0.08 0.13 0.07
Atrial fibrillation - 0.05 0.50 - 0.05 0.52 - 0.07 0.31
Myocardial perfusion defect 0.57 < 0.001 0.55 < 0.001 0.46 < 0.001
LVEDV 0.04 0.64 - 0.01 0.91
LVEF - 0.18 0.15

LVEDV left ventricular end-diastolic volume, LVEF left ventricular ejection fraction, BMI body mass index
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There were several limitations in this study. First, we
included only patients with prior anterior MI. It remains
unclear whether our findings can be applied to patients
with prior inferior MI. Further studies should be per-
formed to clarify the association between frontal QRS-T
angle and MI location. Second, generally, women have a
smaller QRS-T angle than men [1]. We could not evaluate
QRS-T angle separately by gender because of small sample
size. Finally, redistribution images were obtained 4 h after
the stress test. Twenty-four hour late images enhance the
detection myocardial viability after MI [9].

In conclusion, our results suggest that the extent of
myocardial perfusion defect is an independent determinant
of frontal QRS-T angle in patients with prior anterior MI.
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