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Abstract Selvester QRS scoring system has an advantage
of being inexpensive and easily accessible for estimat-
ing myocardial infarct (MI) size. We assessed the correla-
tion and agreement between QRS score and total perfusion
deficit (TPD) calculated by quantitative gated single-pho-
ton emission computed tomography (QGS) in patients
with prior anterior MI undergoing coronary intervention.
Sixty-six patients with prior anterior MI and 66 age- and
sex-matched control subjects were enrolled. QRS score
was obtained using a 50-criteria and 31-point system. QRS
score was significantly higher in patients with prior ante-
rior MI than control subjects (12.8 £ 8.9 vs 1.1 + 2.7 %,
p < 0.001). In overall patients (n = 132), QRS score was
correlated well with TPD (r = 0.81, p < 0.001). This good
correlation was found even in patients with TPD <40 %
(n = 126) or in patients with TPD <30 % (n = 117). In
overall patients, MI size estimated by QRS score was
7.0 &+ 8.8 %, which was significantly smaller than TPD,
11.4 = 14.0 % (p < 0.001). Bland—Altman plot showed that
there was an increasing difference between QRS score and
TPD with increasing MI size. When Blant—Altman plots
were applied to patients with TPD <40 % and further in
patients with TPD <30 %, the difference between QRS
score and TPD became smaller, and the agreement became
better. In overall patients, QRS score was correlated well
with QGS measurements, such as end-diastolic volume
(r = 0.62, p < 0.001), end-systolic volume (r = 0.67,
p < 0.001), or ejection fraction (r = —0.73, p < 0.001). Our
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results suggest that QRS score reflects TPD well in patients
with prior anterior MI, whose TPD is less than approxi-
mately 30 % even in the coronary intervention era.
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Introduction

The 12-lead electrocardiogram (ECG) is a routine exami-
nation in diagnosing coronary artery disease [1]. R-wave
regression and pathologic Q wave can appear after myo-
cardial infarction (MI). Selvester et al. developed a quan-
titative QRS scoring system for estimating MI size based
on these ECG variables [2—-6]. This measurement has an
advantage of being inexpensive and easily accessible. On
the other hand, the role of quantitative gated single-photon
emission computed tomography (SPECT) is well estab-
lished for evaluating MI size [7]. Total perfusion deficit
(TPD) is a quantitative and reliable parameter representing
both severity and extent of myocardial perfusion abnormal-
ity [8.9]. It is important to reexamine the accuracy of QRS
score in comparison with TPD as the reference standard for
estimating MI size in the coronary intervention era [10-
14]. In this study, we assessed the correlation and agree-
ment between QRS score and TPD in patients with prior
anterior MI undergoing coronary intervention.

Methods
Patients

Between September 2013 and August 2015, 985 patients
underwent ECG and SPECT for evaluating coronary artery
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Table 1 50-criteria, 31-point Lead Criteria Points Lead Criteria Points
Selvester QRS scoring system

[max.points] [max.points]

I Q> 30 ms 1 V2 posterior | R/S>1.5 1

[2] R/IQ<1 1 [4] R > 60 ms 2

R<0.2mV } 1 R>2.0mV 2

11 Q> 40 ms 2 R >50 ms i 1

(2] Q=30 ms } 1 R>1.5mV 1

aVL Q> 30 ms 1 Qand S<0.4 mV 1

[2] R/Q<1 1 V3 any Q ] 1

aVF Q>50 ms 3 (1] R <20 ms 2 1

[5] Q> 40 ms ]» 2 R<02mV | 1

Q>30 ms 1 V4 Q>20 ms 1

RIQ<2 2 [3] R/S<0.5 2

RIQ<1 } 1 R/IQ<0.5 2

RIS<1 r 1

RIQ<1 1

R<0.7mV 1

V1 anterior | any Q 1 V5 Q>30 ms 1

(1] (3] RIS<1 ] 2

V1 posterior | R/S>1 1 R/Q<1 2

[4] R >50 ms i 2 R/S<2 - 1

R>1.0mV 2 R/IQ<2 1

R>40 ms i 1 R<0.7mV 1

R>0.6 mV i 1 Vé Q>30 ms 1

Qand S<0.4 mV 1 (3] R/IS<1 ] 2

V2 anterior | any Q i 1 R/IQ<1 2

[1] R<10 ms 1 R/IS<3 - 1

R<0.1mV C RIQ<3 1

RV2<RV1mV | 1 R<0.6 mV 1

Brackets only the criterion yielding the highest amount of points

disease. Of these, 79 patients with prior anterior MI beyond
at least more than 12 months after the onset were retro-
spectively selected. Prior anterior MI was confirmed by
the medical records of chest pain for more than 30 min,
elevation of serum creatine kinase to more than twice the
normal upper limit, and a culprit lesion of the left anterior
descending artery on angiography. The following patients
were excluded: those with atrial fibrillation (n = 3); bundle
branch block (n = 3); hemodialysis (n = 3); and no emer-
gency coronary intervention (n = 4). Finally, 66 patients
with prior anterior MI were enrolled. Sixty-six age- and
sex-matched control subjects who had no myocardial
damage or ischemia assessed by SPECT were selected.
Informed consent was obtained from all patients with prior
anterior MI and control subjects.

@ Springer

ECG

A 12-lead ECG was recorded before SPECT at a paper
speed of 25 mm/s and an amplification of 10 mm/mV. The
Selvester QRS scoring system was used to estimate MI size
[2-6]. With visual inspection, Q-, R- and S-wave ampli-
tudes, Q- and R-wave durations, and R/Q and R/S ratio
were measured and checked against the established criteria.
QRS score was obtained using a 50-criteria and 31-point
system (Table 1). All measurements were performed by the
same experienced cardiologists blinded to patient charac-
teristics-. The inter- and intra-observer variability for the
repeated measurements of QRS score in 40 patients were
0.23 +£ 0.80 and 0.30 +£ 0.69, respectively. Each point was
designed to represent 3 % MI of the left ventricle [2-6].
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Table 2 Patient’s

CC Patients with prior MI (n = 66) Control subjects (n = 66) p value
characteristics
Age (years) 71.3+£8.7 713 £ 8.8 0.97
Female gender 18 (27.3 %) 18 (27.3 %) 1.00
Height (cm) 161.0 £9.0 159.3 £ 15.5 0.46
Weight (kg) 613+ 11.7 61.9 £ 13.0 0.80
Body mass index (kg/m?) 23.6 £3.7 25.9 +£10.1 0.31
Hypertension 42 (63.6 %) 36 (54.5 %) 0.29
Diabetes 28 (42.4 %) 14 (21.2 %) 0.0089
QGS variables
Sum of rest score 13.3£9.8 0 <0.001
End-diastolic volume (ml) 100.0 £ 61.5 597+ 174 <0.001
End-systolic volume (ml) 61.7 554 22.3 £ 10.1 <0.001
Ejection fraction (%) 443 + 14.0 63.8+10.3 <0.001
Total perfusion deficit (%) 20.8 & 14.5 20£1.9 <0.001

MI myocardial infarction, QGS quantitative gated single-photon emission computed tomography

Thallium-201 gated SPECT

All patients fasted overnight, and underwent stress-redistri-
bution thallium-201 (T1-201) gated SPECT [15, 16]. Aden-
osine was infused at 120 pg/kg/min over 6 min. This is the
usual dose clinically used in Japan. T1-201 (111 MBq) 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 images were also
obtained. ECG-gated myocardial perfusion images were
acquired with a dual-detector 90°y-camera (Brightview X
Philips). Images were acquired with the following param-
eters: 36 total projections; 180° from right anterior oblique
to left posterior oblique and a non-circular orbit; 64 x 64
matrix; 6.4 mm pixel size; 16 frames per cardiac cycle;
low-energy, high-resolution collimation; and 40 s per stop.
T1-201 SPECT images were acquired with a 10 % sym-
metric window over the 80 keV TI-201 photopeak. Images
were reconstructed using ordered-subset expectation maxi-
mization (iteration, 2; subset, 9) with a Butterworth filter
(order, 8; cut-off frequency, 0.50 cycles/pixel for stress
image, and 0.45 cycles/pixel for redistribution image). No
scatter or attenuation correction was applied.

Quantitative analysis

TPD represents both the extent and severity of a perfu-
sion defect [8, 9]. Quantitative analysis of TPD was per-
formed on redistribution image using a commercially avail-
able software package [quantitative gated SPECT (QGS),
Cedars-Sinai Medical Center, Los Angeles, CA]. TPD was
calculated as the percentage of the total surface area of the
left ventricle below the pre-defined uniform average devia-
tion threshold. In this study, TPD was defined as the refer-
ence standard method for estimating MI size. End-diastolic

volume (EDV), end-systolic volume (ESV), and ejection
fraction (EF) were also obtained.

Statistical analysis

Continuous variables are shown as mean = SD, and cat-
egorical variables are presented as frequencies and percent-
ages. Continuous variables were compared by the Kruskal—
Wallis test. Categorical variables were compared by the
Chi-square test. Correlations between QRS score and QGS
measurements were assessed by Pearson’s correlation test.
Agreements between the two methods were assessed by the
Bland-Altman plot showing the difference and the limits
of agreement. Multiple linear regression analysis was per-
formed to determine which variables were significantly asso-
ciated with TPD. Differences were considered significant
if the p value was <0.05. Statistical analysis was conducted
using the JMP 11 software (SAS Institute, Tokyo, Japan).

Results
Patient characteristics

Patient characteristics are shown in Table 2. There was no
significant difference in body mass index between patients
with prior anterior MI and control subjects. Compared with
control subjects, patients with prior anterior MI had higher
TPD (20.8 & 14.5 vs 2.0 = 1.9 %, p < 0.001), larger EDV
(100.0 £ 61.5 vs 59.7 £ 17.4 ml, p < 0.001), larger ESV
(61.7 £ 55.4 vs 22.3 £ 10.1 ml, p < 0.001), and lower EF
(44.3 £ 14.0 vs 63.8 £ 10.3 %, p < 0.001) (Fig. 1). QRS
score was significantly higher in patients with prior ante-
rior MI than control subjects (12.8 £ 8.9 vs 1.1 + 2.7 %,
p <0.001) (Fig. 2).
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Fig. 1 QGS measurements in a patient with prior anterior myocardial
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Fig. 2 Comparison of QRS score between patients with prior ante-
rior myocardial infarction and control subjects. Data are shown as
mean (SE)

QRS score and QGS variables

In overall patients (n = 132), QRS score was correlated
well with TPD (r = 0.81, p < 0.001) (Fig. 3). This good
correlation was found even in patients with TPD <40 %
(n = 126) or in patients with TPD <30 % (n = 117).

In overall patients, MI size estimated by QRS score was
7.0 £ 8.8 %, which was significantly smaller than TPD,
11.4 + 14.0 % (p < 0.001). The difference between QRS
score and TPD was —4.5 %. Bland—Altman plot showed
that there was an increasing difference between QRS score
and TPD with increasing MI size (Fig. 4). When Blant—Alt-
man plots were applied to patients with TPD <40 % and
further in patients with TPD <30 %, the difference between
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QRS score and TPD became smaller, and the agreement
became better.

In overall patients, QRS score was correlated well with
QGS measurements, such as EDV (r = 0.62, p < 0.001),
ESV (r = 0.67, p < 0.001), or EF (r = —0.73, p < 0.001)
(Fig. 5). Multiple linear regression analysis showed that
only QRS score was significantly associated with TPD
(Table 3).

Discussion

In this study, we demonstrated the following: (1) QRS
score was correlated well with TPD as the reference stand-
ard for estimating MI size in patients with prior anterior MI
undergoing coronary intervention, (2) the agreement was
acceptable in patients with TPD less than approximately
30 %, and (3) QRS score also reflected surrogate measure-
ments of MI size, such as EDV, ESV, or EF assessed by
QGS.

Recent studies have assessed the correlation between QRS
score and delayed enhancement magnetic resonance imaging
(DE-MRI) which allows for direct measurement of MI size.
They have shown that QRS score is correlated with % MI by
DE-MRI with correlation coefficients ranging from 0.39 to
0.57 in the acute phase and 0.43-0.74 in the chronic phase
[6, 17, 18]. It is well known that the QRS scoring system
permits acceptable levels of both intra- and inter-observer
agreement, and QRS score can be reproducibly performed
[3]. Therefore, the variations in the correlation coefficients
between QRS score and DE-MRI might be caused by the
lack of consensus on post-processing of DE-MRI resulting
in different standards of measurement of MI size [19, 20].
TPD is a reliable parameter automatically quantified using
QGS, and we used TPD as the reference standard for esti-
mating MI size. In this study, we first compared QRS score
with TPD, and demonstrated that QRS score was correlated
well with TPD with high correlation coefficient of 0.81. Our
results strongly suggested the accuracy of QRS scoring sys-
tem for estimating MI size even in the coronary intervention
era. We also assessed the agreement between QRS score and
TPD, and demonstrated that QRS score increasingly under-
estimated MI size with increasing MI size. Our results may
be supported by some studies using DE-MRI [5]. Engblom
et al. showed that, in patients with prior anterior MI, QRS
score reflected MI size well in the middle segments, whereas
increasingly underestimated MI size in the apical segments
with increasing MI size [5]. According to our results and the
previous studies, QRS score appears to underestimate MI
size at least in patients with large MI which involves apical
segments. This would be a limitation of QRS scoring sys-
tem which estimates MI size electrocardiographically. How-
ever, it is noteworthy that both correlation and agreement
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Fig. 3 Correlations between
QRS score and total perfusion
deficit (TPD) in overall patients,
in patients with TPD <40 %
and in patients with TPD

<30 %

Fig. 4 Agreements between
QRS score and total perfusion
deficit (TPD) in overall patients,
in patients with TPD <40 %
and in patients with TPD

<30 %

are acceptable in patients with TPD less than approximately
30 %, indicating that QRS score can be clinically applied
to patients with non-large anterior MI. The ECG is easily

QRS score (%)

QRS score (%)

QRS score-TPD

QRS score- TPD

70 4

60 4

50 A

40

20 4

30 -

-30 4

-60 4

30 4

-30 4

-60 -

50 4

r=0.81
p<0.001 0 |

QRS score (%)

M ¢ o0 Overall Patients with
° patients TPD<40%
. (n=132) (n=126)
[ [ ] [ ] °
® had * Patients with
e M TPD<30%
XX . (n=117)
[ XX ] ® O 00 0O [ ]
[ ] [ ] [ ]
0 10 20 30 40
TPD (%)
30 -
1.96 SD = 12.4
______ s
g{'.’f. T g
COPUI, 50N S y :
R R SR e WP
* o o0 °° g
'"""".""0'""."":"o"i""""_'{éé’éb=_21_3 8 o o ° -1.96SD =-17.8
d . . o -30 -
° (] °
-60
(QRS score + TPD)/ 2 (QRS score + TPD)/ 2
1.96 SD =9.1
Mean =-23 Overall Patients with
patients TPD<40%
196 SD =-136 (n=132) (n=128)
[
¢ Patients with
TPD<30%
(n=117)
(QRS score+ TPD)/ 2

in the coronary intervention era.

accessible to the clinicians, and QRS scoring system is help-
ful in estimating MI size or EF during the follow-up period
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Table 3 Univariate and multivariate linear regression analyses to
determine variables associated with total perfusion deficit

Variables Univariate Multivariate
r pvalue B p value
Age 0.08 0.35
Female —0.05 0.55
BMI —0.10 0.28
Hypertension —0.03 0.76
Diabetes 0.20 0.054 —-0.03 0.66
% MI of LV by QRS score 0.81  <0.001 0.80 <0.001

BMI body mass index, MI myocardial infarction, LV left ventricle

There were several limitations in this study. First, we
included only patients with prior anterior MI, and did not
assess the accuracy of QRS score in patients with prior
non-anterior MI. Second, most of our patients underwent
coronary intervention during the study period, and we have
few clinical data of patients not undergoing coronary inter-
vention. We could not examine the accuracy of QRS score
in these patients. Finally, the small sample size was a major
limitation of this study.

In conclusion, our results suggest that QRS score reflects
TPD well in patients with prior anterior MI, whose TPD is
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less than approximately 30 % even in the coronary inter-
vention era.
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