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A B S T R A C T

Background: Sudden death can occur in some patientswith non-sustained ventricular tachycardia (NSVT)
after myocardial infarction (MI) in those with coronary artery lesions (CAL) caused by Kawasaki disease
(KD). The aim of this study was to determine the risk factors for NSVT in the late period after KD by
technetium-99m-tetrofosmin myocardial perfusion imaging (MPI).
[41_TD$DIFF]Methods: We retrospectively analyzed the relation between the appearance of NSVT and the findings in
MPI single-photon-emission computed tomography (SPECT) in 75 patients (55 males and 20 females)
who had had CAL caused byKD. All the patients had undergoneMPI and 24-hHolter electrocardiogramat
the same time between 2003 and 2012. The age at MPI ranged from 2 to 44 years (median 19 years), and
the time from the onset of KD to MPI ranged from 1 to 44 years (median 18 years). We evaluated extent
score (ES), summed rest score (SRS), summed stress score (SSS), summed difference score (SDS), and left
ventricular ejection fraction (LVEF) by quantitative gated SPECT software. We analyzed which factors
related to NSVT using multivariate logistic regression. Further, we calculated the cut-off point for NSVT
using receiver operating characteristic curve.
[42_TD$DIFF]Results: The affecting factors were ES (OR [43_TD$DIFF], 0.63, 95%CI, 0.35–0.92, p = 0.013) and the interval from the
onset of KD to MPI (OR [44_TD$DIFF], 0.82, 95%CI, 0.69–0.96, p = 0.004). The cut-off points for ES and the interval from
the onset of KD were 11% (AUC, 0.931, p < 0.001) and 18 years (AUC, 0.732, p = 0.007), respectively.
[45_TD$DIFF]Conclusions: ES is the strongest parameter for predicting NSVT in the late period. In patients with post-
KD, adolescence and young adults with ES �11% are at risk of fatal ventricular arrhythmia.

© 2018 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
Introduction

Coronary artery lesions (CAL) caused by Kawasaki disease (KD)
havebeen themost commonlyassociated complications that can lead
to ischemic heart disease including myocardial infarction (MI) or
sudden death [1,2]. Several articles describing adult patientswho had
fatal ventricular tachycardia (VT)many years after presumedKDhave
beenpublished [3]. Further, we reported that sudden death can occur
in patients with non-sustained ventricular tachycardia (NSVT) and a
lowleftventricularejection fractionafterMI [4].Ameansofpredicting
risk ofNSVTwould be useful in the follow-up and themanagement of
this population. Technetium-99m-tetrofosmin myocardial perfusion
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imaging (MPI) is promising in this respect.MPI has beenperformed in
patients with coronary artery disease, and myocardial ischemia,
perfusion defects, and low left ventricular function. Further, single-
photon emission computed tomography (SPECT) score such as
summed stress score inMPI predicts cardiac events and theprognosis
of the patient with coronary artery diseases, and they have become
major determinants for risk stratification of future cardiac events [5–
7]. We investigated the factors related to the occurrence of NSVT in
patients with CAL after KD using MPI.

Materials and [46_TD$DIFF]methods

Study population

We retrospectively analyzed 75 patients (55 males and
20 females) with CAL caused by KD who had undergone gated
reserved.
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Fig[1_TD$DIFF]. 1. Calculation of extent score. In each short-axis image, the ischemic lesions
were analyzed in the circumferential area. Hypoperfusion less than 2 standard
deviation from the mean was defined as an ischemic lesion, and its dimension was
extent. Summation of the extent from apical layer to basal layer was defined as an
extent score [8].
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MPI-SPECT at rest and under stress within a day and 24-hour
Holter electrocardiogram within one year of the MPI between
2003 and 2012 in the National Cerebral and Cardiovascular Center
of Japan. The age at the onset of KD ranged from 2 months to
12 years (median 17 months). All 75 patients had the diagnosis of
CAL confirmed by selective coronary angiographies. They had had
no cardiac event between MPI and 24-hour Holter electrocardio-
gram. The periods from the onset of KD to MPI ranged from
9months to 44 years (median 18 years). Of the 75 patients,16 (21%)
had had previous MI caused by KD. Three patients had had
repetitive MI. The diagnosis of MI was based on symptoms
including chest pain, changes in a 12-lead electrocardiogram, and
myocardial enzyme elevation [4]. Asymptomatic coronary occlu-
sion and segmental stenosis found unexpectedly by CAG were not
included as MI in this study. The interval from the onset of KD to
the initial MI ranged from 2 months to 8 years with a median of
1 year, and the interval from MI to MPI was 6 months to 27 years
with amedian of 15 years. Twenty-sevenpatients (36%) underwent
coronary artery bypass grafting (CABG). There was no death in this
population during our study period. Beta-blockers, angiotensin-
converting enzyme inhibitors, angiotensin II receptor blockers, and
potassium channel blockers were administered in 20 (27%), 11
(15%), 2 (3%), and 6 (8%), respectively.

[47_TD$DIFF]Technetium-99m-tetrofosmin myocardial perfusion single photon
emission computed tomography

All the patients underwent gated MPI-SPECT with technetium-
99m-tetrofosmin administered by intravenous injection at rest and
stress in a day. Sixty-six patients underwent exercise stress, and
nine patients did drug stress. In cases with exercise stress, patients
pedaled a bicycle ergometer for about 7 min [48_TD$DIFF]. The exercise stress
was controlled by the bicycle pedal heaviness according to
patient's physical strength. Endpoints of the exercise stress
included achievement of 85% of age-adjusted maximum heart
rate, more than 2 mm ST segment elevation, anginal attack such as
chest pain, and physical limitation. In cases with drug stress,
dipyridamole of 0.56 mg/kgwas administered over 4 min [48_TD$DIFF]. The total
dose of technetium-99[49_TD$DIFF]m was decided depending on body weight
and age, and ranged from296-MBq to 740-MBq. One-quarter of the
total dose was injected at stress, and about 3 h [50_TD$DIFF]later, the remaining
three-quarters was injected at rest. Approximately one hour after
each injection, SPECT was performed using a dual-head angular
rotating g-camera (VERTEX[51_TD$DIFF]+MCD; ADAC Laboratories located in
540 Alder Dr.Milpitas, CA [52_TD$DIFF]95035, USA) equippedwith a low-energy
general-purpose collimator. Image acquisition parameters were
180� (30 steps; 6� per step) using 64 � 64 matrix and 20% main
window centered at the photopeak energy of technetium-99 [53_TD$DIFF]m
(140 keV). At each projection, a total of 8 individual electrocar-
diographic gated frames or cardiac cycles were acquired (50 beats
per step).

We evaluated extent scores (ES), summed rest scores (SRS), and
left ventricular ejection fractions (LVEF) at rest, and also evaluated
summed stress scores (SSS) and summed difference scores (SDS) at
stress. The definition and cases of ES are shown, respectively (Figs.
1 and 2). ES was the ratio of hypoperfusion area less than
2 standard deviations to total area in polar map [8]. Actually, ES
was automatically calculated by quantitative perfusion SPECT
software developed by Cedars-Sinai Medical Center located in
8700 Beverly Blvd[54_TD$DIFF], Los Angeles, CA [55_TD$DIFF]90048, USA.

LVEF was automatically measured from the reconstructed
short-axis images by applying quantitative gated SPECT software
also developed by Cedars-Sinai Medical Center. The software
operates in 3-dimensional space. It distinguishes between
endocardial and epicardial surfaces for all gating intervals in the
cardiac cycle. And then it calculates the left ventricular cavity
volumes, and derives the global LVEF from the end-diastolic and
end-systolic volume without operator interaction.

We also assessed SRS as a quantification of myocardial
perfusion defect at rest using a polar map consisting of
20 segments. An extent of perfusion defect on each segment
was automatically scored on a scale ranging from 0 to 4 points
compared with that of normal perfusion. Zero points and 4 points
were equivalent to full perfusion and no perfusion, respectively.
SRS was the total of each segment score. These scores were also
automatically calculated by the quantitative perfusion SPECT
software. SSS at stress was calculated as the same as SRS at rest,
and SDS was the difference between SSS and SRS.

24-hour Holter electrocardiogram

Two-channel 24-hour electrocardiogram recordings were
recorded. We assessed ventricular arrhythmia by computer with
manual review. Ventricular arrhythmias were classified as isolated
premature ventricular contraction (PVC), couplets, NSVT, and VT.
NSVT was defined as self-terminating bursts of 3 beats or more
consecutive PVCs lasting less than 30 s[56_TD$DIFF].

We divided the patients into two groups. Group one was the
patients with NSVT, and group two was the non-NSVT patients.
Patients who had had VT before were included in the NSVT group.
We investigated the risk factors for the occurrence of NSVT by
univariate and multivariate logistic analyses. Further, we investi-
gated the relation between ES and ventricular arrhythmia.
Furthermore, we calculated the cut-off points of influencing
factors about the occurrence of NSVT using receiver operating
characteristic (ROC) curve.

Statistical analysis

JMP10 (SAS Institute Inc., Cary, NC, USA) was used as statistical
software. We considered statistical significance at p < 0.05.

Results

The results of ventricular arrhythmia were as follows. No PVC,
isolated PVC, and couplets were detected in 32 patients (43%),
21 patients (28%), and 12 patients (16%), respectively. NSVT was
detected in 10 patients (13%). Two patients who had undergone
implantable cardioverter-defibrillator (ICD) because of VT were
included inNSVTgroup. The numbers of non-NSVTandNSVTgroup
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Fig [2_TD$DIFF]. 2. The findings in 99mTc-myocardial perfusion imaging. Abbreviations: MPI, myocardial perfusion imaging; KD, Kawasaki disease; MI, myocardial infarction; SRS, summed
rest score; LVEF, left ventricular ejection fraction; QGS, quantitative gated single-photon emission computed tomography; NSVT, non-sustained ventricular tachycardia; VT,
ventricular tachycardia; PVC, premature ventricular contraction.
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were 65 patients and 10 patients, respectively. The characteristics
and the results in MPI are shown in Table 1.

The parameters for the occurrence of NSVT by the univariate
and multivariate logistic analyses are shown in Table 2. In the
univariate analysis, the significant parameters were the interval
from KD to MPI (OR, 0.91, 95%[57_TD$DIFF]CI, 0.84–0.98, p = 0.007), previous
CABG (OR, 0.19, 95%[58_TD$DIFF]CI, 0.04–0.76, p = 0.018), the use of antiar-
rhythmic agents (OR, 0.06, 95% [59_TD$DIFF]CI, 0.01–0.26, p < 0.001), ES (OR,
0.82, 95%[60_TD$DIFF]CI, 0.73–0.90, p < 0.001), quantitative gated SPECT-LVEF
(OR, 1.10, 95%[61_TD$DIFF]CI, 1.04–1.19, p = 0.001), SRS (OR, 0.79, 95%[62_TD$DIFF]CI, 0.68–
0.90, p < 0.001), and SSS (OR, 0.83, 95% [63_TD$DIFF]CI, 0.73–0.91, p < 0.001). In
the multivariate analysis, the significant parameters for the
occurrence of NSVT were the interval from KD to MPI (OR, 0.85,
Table 1
Characteristics and results of MPI in non-NSVT and NSVT patients.

*
[5_TD$DIFF]Non-NSVT NSVT

Median (range)

Patient ([6_TD$DIFF]n) 65 10
Male, n (%) 50 (77%) 5 (50%)
Age at MPI (years) 19 [7_TD$DIFF](2–40) 31 (18–45)
Interval from KD to MPI (years) 17 [8_TD$DIFF](1–37) 26 (12–44)
Previous myocardial infarction, [9_TD$DIFF]n (%) 12 (18%) 4 (40%)
Previous CABG, [9_TD$DIFF]n (%) 20 (31%) 7 (70%)
Antiarrhythmic agent, [9_TD$DIFF]n (%) 12 (18%) 8 (80%)
Extent score 4 [10_TD$DIFF](0–31) 24 (7–43)
QGS-LVEF (%) 65 [11_TD$DIFF](33–98) 53 (23–70)
Summed rest score 0 (0–21) 11 (1–41)
Summed stress score 5 (0–27) 16 (4–41)
Summed difference score 3 (0–11) 4 (0–7)

NSVT, non-sustained ventricular tachycardia; [12_TD$DIFF]MPI, myocardial perfusion
imaging; [13_TD$DIFF]KD, Kawasaki disease; CABG, coronary artery bypass grafting; [14_TD$DIFF]QGS,
quantitative gated single-photon emission computed tomography; [15_TD$DIFF]LVEF, left
ventricular ejection fraction.
[16_TD$DIFF]* Non-NSVT, no premature ventricular contraction, isolated premature
ventricular contraction and couplets [17_TD$DIFF].
95% [64_TD$DIFF]CI, 0.69–0.96, p = 0.004) and ES (OR, 0.63, 95% [65_TD$DIFF]CI, 0.35–0.92,
p = 0.013).

We investigated the relation between ES and ventricular
arrhythmia. The results are shown in Fig[1_TD$DIFF]. 3. The higher ES and
the longer interval from the onset of KD, the more NSVT appeared.

We analyzed the cut-off points of ES and the interval from the
onset of KD (Table 3). The cut-off points for ES and the interval from
the onset of KDwere 11% (AUC, 0.931, p < 0.001) and 18 years (AUC,
0.732, p = 0.007), respectively.

Discussion

This study clarified that ES in MPI and the interval from the
onset of KD were significantly related to the occurrence of NSVT in
patients with CAL caused by KD. We hypothesized that the
extension of myocardial involvement and the lasting time after the
myocardial scarring could have an effect on the incidence of NSVT
in this population. In this study, ES was a more important risk
factor for NSVT than SRS. It suggests that NSVT is more dependent
on the extension of a myocardial injury rather than the depth of
that, because ES reflects only the area of myocardial involvement,
whereas SRS is a combined score that integrates both the area and
the depth. For instance, a single segment of full thickness MI will
generate the same SRS as 4 segments of very mild scarring,
however, ES alone can differentiate between these two scenarios
better and this may be the reasonwhy it can be better at predicting
ventricular arrhythmia. One of the mechanisms for VT in the late
period afterMI is reentry between fibrosis developing in the infarct
area and the normal myocardium [9]. Therefore, it seems that the
greater the borderline area composed of bundles of viable
myocytes embedded in regional scars spread, the higher the
reentrant ventricular arrhythmia can occur.

In adult patients with post-MI caused by atherosclerosis, NSVT
is confirmed as an independent risk factor for total and sudden
death following the acute event [10,11]. Furthermore a low LVEF
with NSVT is also a risk factor in the late period afterMI [12,13]. It is
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Fig [1_TD$DIFF]. 3. Relation between extent score and ventricular arrhythmia. Most of non-
sustained ventricular tachycardia group was existed in the right upper corner. [3_TD$DIFF]
Abbreviations: MPI, myocardial perfusion imaging; KD, Kawasaki disease; NSVT,
non-sustained ventricular tachycardia; [4_TD$DIFF]PVC, premature ventricular contraction.

Table 2
The parameters for the occurrence of NSVT.

[18_TD$DIFF]Univariate Multivariate

Variables Odds ratio 95%CI [19_TD$DIFF]p value Odds ratio 95%CI [19_TD$DIFF]p value

Interval from KD to MPI 0.91 [20_TD$DIFF]0.84–0.98 0.007 0.85 0.69–0.96 0.004
Previous myocardial infarction 0.34 [21_TD$DIFF]0.08–1.50 0.15
Previous CABG 0.19 [22_TD$DIFF]0.04–0.76 0.018
Antiarrhythmic agent* 0.06 0.01–0.26 <0.001
Extent score 0.82 0.73–0.90 <0.001 0.63 [24_TD$DIFF]0.35–0.92 0.013
QGS-LVEF 1.10 [25_TD$DIFF]1.04–1.19 0.001
Summed rest score 0.79 [26_TD$DIFF]0.68–0.90 <0.001
Summed stress score 0.83 [27_TD$DIFF]0.73–0.91 <0.001
Summed difference score 0.95 [28_TD$DIFF]0.74–1.24 0.68

NSVT, non-sustained ventricular tachycardia; [29_TD$DIFF]CI, confidence interval; [30_TD$DIFF]KD, Kawasaki disease; MPI, myocardial perfusion imaging; [31_TD$DIFF]CABG, coronary artery bypass grafting; [32_TD$DIFF]
QGS, quantitative gated single-photon emission computed tomography; [15_TD$DIFF]LVEF, left ventricular ejection fraction.
[33_TD$DIFF]* Beta-blocker and potassium channel blocker[34_TD$DIFF].
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known that SPECT scores in MPI are good predictors of the
prognosis in patients with coronary artery disease [14,15]. We
conclude that the predictors of prognosis by SPECT scores in MPI
may reflect the occurrence of fatal ventricular arrhythmia due to
myocardial involvement rather than coronary artery events such as
MI. On the other hand, late gadolinium-enhanced cardiacmagnetic
resonance has excellent sensitivity and specificity for detecting
myocardial scars and quantifying the core scar and border zone
[16]. Late gadolinium-enhanced cardiac magnetic resonance has
been shown to detect ventricular tachycardia-associated scars.
Therefore, a magnetic resonance study reported that late
gadolinium-enhanced cardiac magnetic resonance has become a
useful tool for predicting cardiac events [17]. ES in MPI may be also
corresponding to late gadolinium-enhanced cardiac magnetic
resonance. Although isotope examination has demerits of the risk
of radiation and the expensive cost, it has merits that the
Table 3
Cut-off points of the parameters.

Variables [35_TD$DIFF]Cut-off points AUC p value

Interval from KD to MPI 18 years 0.732 0.007
Extent score 11% 0.931 <0.001

MPI, myocardial perfusion imaging; KD, Kawasaki disease; [36_TD$DIFF]AUC, area under the
curve.
examination is possible in patients with either device implantation
or allergy to contrast.

Usually, the appearance of arrhythmia in children is rare except
for hereditary arrhythmia caused by genetic syndrome. The
prevalence of arrhythmia increases with aging, because most of
the occurrence of arrhythmia is related to the myocardial
involvement. It is speculated that the reentry in the late period
after MI occurs for many years in children with CAL caused by KD.
Therefore, the interval from the onset of KD can become the other
important factor for the occurrence of NSVT in this population.
Strictly, it is the interval from the exposure of myocardial
involvement. Myocardial involvement caused by KD can be also
induced by asymptomatic coronary artery complete occlusion, not
only symptomatic myocardial infarction.

From the results of this study, we must take care of fatal
ventriculararrhythmia inadolescenceandyoungadultpatientswith
ES [66_TD$DIFF]� 11%. Myocardial involvement due to coronary artery involve-
ment inthispopulationmustbeminimized.Thecut-offpoints intwo
significant risk factors are of clinical importance to identify these
high-risk patients because optimal medical and device therapy
substantially lower the risk. Antiarrhythmic agents such as
amiodarone in patients with NSVTmay be needed. Further, in some
patientswithlowLVEFandNSVT, ICDmightbeacandidate toprevent
sudden deaths due to fatal ventricular arrhythmia in the future.

Study [67_TD$DIFF]limitations

Although the left ventricle in the imaging ofMPI is detected, the
right ventricle cannot be detected in ordinary cases. Therefore, it is
unknown what is the relation of the findings of MPI and the
occurrence of PVC originating from the right ventricle. That is a
limitation in this study.

Conclusion

The appearance of NSVT can occur in patients with myocardial
involvement more than 11% of ES in the late period more than
18 years after the onset of KD. ES is the strongest parameter of
predicting NSVT in the late period.
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