
RESEARCH ARTICLE Open Access

Assessing left ventricular systolic function
in children with a history of Kawasaki
disease
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Abstract

Background: The incidence of Kawasaki disease (KD) is increasing. Indeed, KD has become the most common
cause of acquired heart disease in children. Previous studies have well summarized the acute phase left ventricular
(LV) systolic dysfunction using speckle tracking echocardiography (STE); however, changes in LV systolic function
after long-term follow-up remain unclear.

Methods: One hundred children with a history of KD, but without coronary artery aneurysms, were enrolled. These
children were divided into two subgroups based on the presence or absence of coronary artery dilatation (CAD).
The duration of follow-up was > 7 years. The control group consisted of 51 healthy children. The LV myocardial
strain were measured by two- and three-dimensional STE.

Results: Two-dimensional STE not only revealed that LV longitudinal strain decreased in part of segments in both
KD groups, but also showed that global strain decreased in the KD group with CAD compared to the controls (P <
0.05). Global longitudinal strain (GLS), global circumferential strain (GCS), global radial strain (GRS), and global area
strain (GAS) were obtained by 3D STE. Compared to the controls, GLS and GAS decreased in both KD groups (P <
0.05). GCS and GRS decreased in the KD group with CAD, but was unchanged in the KD group without CAD (P <
0.05).

Conclusions: LV systolic dysfunction in children with KD and CAD was more severe than KD children without CAD
compared to healthy children. This dysfunction can be assessed by LV regional and global myocardial strain using
two- and three-dimensional STE.
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Background
Kawasaki disease (KD) is an acute self-limited vasculitis
that affects children, 85% of whom are < 5 years of age [1].
The incidence of KD has increased in the last three de-
cades [2], making KD the most common cause of acquired
heart disease in children [3]. KD mainly affects small- and
medium-sized arteries, especially coronary artery. KD

causes coronary artery lesions (CALs), including coronary
artery dilatation (CAD) and coronary artery aneurysms [2].
The American Heart Association (AHA) algorithm,

which was designed to improve the diagnosis for KD
uses echocardiographic evidence of decreased left ven-
tricular (LV) systolic function as supporting criteria [4].
The LV ejection fraction (LVEF) is the most commonly
used conventional parameter to quantify global LV sys-
tolic function in children with KD; however, previous
studies have usually demonstrated normal LVEF in the
acute phase [5, 6]. Speckle tracking echocardiography

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: xiabeimd@163.com
Department of Ultrasound, Shenzhen Children’s Hospital, Shenzhen, China

Lin et al. BMC Cardiovascular Disorders          (2020) 20:131 
https://doi.org/10.1186/s12872-020-01409-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-020-01409-0&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:xiabeimd@163.com


(STE) has recently been shown to be a reliable method
with which to assess LV systolic function and deform-
ation through LV myocardial strain [7–9].
Since 2010 several studies have revealed impaired LV

myocardial strain among children with KD in the acute
phase using STE [5, 6, 8, 10]. Although myocardial func-
tion and coronary artery diameter in most patients have
recovered after treatment [6, 8], there is evidence of on-
going myocardial and coronary arterial structural alter-
ations in the long-term [11–13]. Few studies have focused
on LV myocardial strain of children with a history of KD
after long-term follow-up using STE, especially children
with KD but without CAD [7–9]. Excluding coronary ar-
tery aneurysms, whether or not there is a long-term effect
of CAD on LV myocardial strain is unclear. In this study
we assessed LV myocardial strain of children with a his-
tory of KD, and with or without CAD, using two- and
three-dimensional (2D and 3D) STE.

Methods
Subjects
Between February 2017 and February 2018, 100 children
with KD (70 males and 30 females; mean age, 140.77 ±
25.48 month; age range, 90–215 months) were enrolled
in this study for evaluation of LV myocardial strain at
Shenzhen Children’s Hospital. All participants had a his-
tory of KD and fulfilled the diagnostic criteria for KD
[4]. Participants with KD and coronary artery aneurysms
were excluded (Aneurysms were defined by a Z-score ≥
2.5). According to AHA guidelines, the participants were
divided into two subgroups based on the presence of
CAD. Patients without CAD were defined by a Z-score
always < 2, while patients with CAD were defined by a
Z-score of 2 to < 2.5 [14]. The interval from the onset to
the start of this study was > 7 years. All participants re-
ceived standard treatment and no participants had intra-
venous immunoglobulin (IVIG) resistance. The control
group consisted of 51 age- and gender-matched healthy
children who underwent echocardiography for evalu-
ation of a cardiac murmur during school. Based on
echocardiographic, electrocardiogram, and myocardial
enzyme biochemical testing, the 51 children in the con-
trol group were all considered healthy.

Echocardiography examination
Echocardiographic evaluation was performed in the left
lateral recumbent position using a Vivid E9 (GE Health-
care, Horten, Norway) with M5S and 4-V phased-array
matrix transducers. All images and measurements were
obtained from standard views according to the recommen-
dations of the American Society of Echocardiography for
chamber quantification. All images and datasets were
digitally stored.

Routine 2D echocardiographic images were obtained
in the parasternal and LV apical views. The LV end-
diastolic dimension and left atrial anteroposterior di-
mension were obtained in the parasternal long-axis view.
The LA boundary was delineated manually in the apical
long-axis, four-chamber, and two-chamber views using
customized software (details below). The software auto-
matically measured the left atrial maximum volume
(LAVmax) and left atrial minimum volume (LAVmin)
[15]. LV end-diastolic volume, LV end-systolic volume,
stroke volume, and LVEF were obtained using the bi-
plane modified Simpson’s method. The peaks of early
velocity (E wave) and late diastolic velocity (A wave)
across the mitral valve were obtained. The ratio between
the E and A waves (E/A) was calculated.
Tissue Doppler imaging was performed at the base of

interventricular septum (septal parameters), at the lateral
wall of the LV (lateral parameters) and at the anterolat-
eral wall of the RV. Gain was minimized to obtain clear
signals, and images were recorded at 100 mm/s. Myocar-
dial velocity during systole (s’), early diastole (e’), and
late diastole (a’) were measured [8].
The mitral annular plane systolic excursion (MAPSE)

and tricuspid annular plane systolic excursion (TAPSE)
were measured by two-dimensional echocardiography–
guided M-mode recordings from the apical 4-chamber
view as previously recommended [16–18].

Two-dimensional STE longitudinal strain
Two-dimensional echocardiographic images of three car-
diac cycles were obtained at a frame rate of 60–90 frames
per second from the LV apical long-axis, four-chamber,
and two-chamber views. The images were analyzed offline
using customized software (EchoPAC V113; GE Health-
care). The LV endocardial boundary was manually delin-
eated; the software automatically drew the LV epicardial
boundary. The width of the region of interest was manu-
ally adjusted when necessary. The software automatically
divided the LV myocardium into 17 segments, then gener-
ated curves for LV longitudinal strain [19].
The peak systolic strain was defined as the maximum

value during the LV systolic phase. The regional longitu-
dinal peak systolic strain was obtained in all 17 seg-
ments. In the LV apical long-axis, four-chamber, and
two-chamber views, three types of global longitudinal
strain (GLS) were obtained (GLS_LAX, GLS_A4C, and
GLS_A2C) [6]. The software exported an averaged glo-
bal LV myocardial strain, including all 17 segments and
designated 2D GLS.

Global 3D STE strain
Using a phased-array matrix transducer, the LV apical
long-axis, four-chamber, and two-chamber views were
demonstrated in the 4D mode, then “Large mode” was
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selected. The entire LV was depicted in the screen. The
highest frame rate as possible (> 25 frames/sec) was ac-
quired. The next step involved entering the “full volume
mode”, acquiring six cardiac cycles sub-volumes to gen-
erate the pyramidal full-volume data set.
Four different components of global strain (global longi-

tudinal strain [GLS] (Fig. 1), global circumferential strain
[GCS], global radial strain [GRS], and global area strain
[GAS]) were obtained by 3D STE. Customized software
was used to automate the definition of the LV endocardial
boundary with manual adjustment if necessary [20].

Reproducibility
Ten subjects were randomly selected from each KD
group to assess inter- and intra-observer agreement of
3D strain analysis for GLS, GCS, GRS and GAS,
blinded to the previous results and using new arbi-
trary images. For the inter-observer variability assess-
ment, the first observer performed the analyses. The
second observer repeated the analyses within 24 h.
For assessment of intra-observer variability, the ana-
lyses were repeated twice by the first observer within
1 week. The reproducibility results were analyzed
using a coefficient of variation and standard errors of
the mean and intraclass correlation coefficients with
95% confidence intervals.

Statistical analysis
Continuous parameters are expressed as the mean ±
standard deviation. Categorial parameters are expressed as
frequencies. Differences in continuous parameters among
the three groups were analyzed using one-way analysis of

variance. Differences in continuous parameters between
the two groups were analyzed using independent-sample
t-tests. Differences in categorial parameters between the
two groups were analyzed using Fisher’s exact test. Gen-
eral linear models were used to estimate the correlation
between the altered segments of 2D region strain and the
site of CAD. To assess the ability of 2D GLS, 3D GLS, 3D
GCS, 3D GRS and 3D GAS, receiver operating character-
istic (ROC) curves were computed and the area under the
curve (AUC) was obtained. A two-tailed P < 0.05 was used
to define statistical significance. Statistical analysis was
performed using SPSS version 17.0 software.

Results
Clinical features
One hundred children with a history of KD and 51
healthy children were enrolled (Table 1). In the group of
KD with CAD, 76% (41/54) were male, compared with
63% in the KD without CAD group and 67% in the con-
trol group. The differences among the groups with re-
spect to age, heart rate, systolic blood pressure, diastolic
blood pressure, body surface area, interval from onset-
to-exam, interval from onset-to-IVIG treatment, and
treatment strategy of using cardiovascular drugs (includ-
ing three strategies: “Aspirin is administered at 80 to 100
mg/kg per day in 4 doses with IVIG”, “low-dose aspirin
(3 to 5 mg/kg per day)”, and “2 to 6 mg/kg per day in 3
divided doses” [4], details are shown in Table 1) were
not statistically significant (P > 0.05). The complete KD
accounted for 33% in the KD with CAD group, com-
pared with 46% in the KD without CAD group.

Fig. 1 The difference of GLS between the KD with CAD group, KD without CAD group and the control group. a KD with CAD patient. b KD
without CAD patient. c normal children. CAD: coronary artery dilation; GLS: global longitudinal strain; KD: Kawasaki disease
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Parameters of echocardiography
The differences among the groups with respect to LV
end-diastolic dimension, left atrial dimension, left atrial
volumes, LV end-diastolic volume, LV end-systolic vol-
ume, stroke volume, LVEF, E wave, A wave, E/A, any tis-
sue Doppler values, MAPSE, and TAPSE were not
statistically significant (P > 0.05; Table 2).

LV myocardial strain using 2D STE
For regional strain, the differences among the groups with
respect to basal anterior segment, basal anterolateral seg-
ment, mid-inferoseptal segment, mid-inferior segment,
and all apical segments were not statistically significant
(P > 0.05) (Table 3). Compared to the control group, the
strain values regarding the basal inferoseptal segment,
basal inferolateral segment, mid-anterior segment, mid-
inferolateral segment, and mid-anterolateral segment de-
creased in the KD with CAD group but was unchanged in
the KD without CAD group (P < 0.05). The strain values
of the basal anteroseptal segment, basal inferior segment,
and mid-anteroseptal segment decreased both in the KD
with and without CAD groups, compared to the control
group (P < 0.05).
The difference of 2D regional strain occurred in the

mid-inferolateral segment and mid-anteroseptal segment
which were assigned to the left circumflex coronary artery
between the KD with and without CAD groups (P < 0.05)
[21]. However, these decreasing had no involvement with
left circumflex coronary artery (mid-inferolateral segment:
P = 0.128; mid-anteroseptal segment: P = 0.249).
For global strain, the differences among the groups

with GLS_A2C were not statistically significant (P >

0.05). Compared to the control group, GLS_LAX, GLS_
A4C, and 2D GLS decreased in the KD with CAD group
but was unchanged in the KD without CAD group (P <
0.05). There was a difference between males and females
in the KD with CAD group, but no difference in the KD
without CAD and control group (Supplement Table S1).
The correlation between 2D GLS and the interval from
onset to exam is shown in Supplement Table S2.

LV myocardial strain using 3D STE
Compared to the control group, the GLS and GAS de-
creased in the KD with and without CAD groups (P <
0.05). GCS and GRS decreased in the KD with CAD
group but was unchanged in the KD without CAD group
(P < 0.05; Table 4). There was a difference between
males and females in the KD with CAD group, but no
difference in the KD without CAD and control group
(Supplement Table S1). The correlation between 3D
STE parameters and the interval from onset to exam
were in Supplement Table S2.

ROC curve for the detection of LV dysfunction between
KD with CAD and the controls
ROC curve analysis (Table 5) revealed that 3D GLS had
a better ability to identify KD than 2D GLS, 3D GCS, 3D
GRS, and 3D GAS (AUC = 0.819 vs. 0.684, 0.747, 0.712,
and 0.717, respectively). The cut-off value for 3D GLS
was − 17.50%.

Reproducibility
Inter- and intra-observer variability was good for all 3D
global strains (Supplement Table S3).

Table 1 Clinical features of three groups

KD with CAD (n = 54) KD without CAD (n = 46) Controls (n = 51) P

Male 41 (76%) 29 (63%) 34 (67%) 0.350

Age (months) 139.44 ± 25.27 144.41 ± 26.98 138.90 ± 24.46 0.510

Heart rate (bmp) 78.83 ± 10.59 75.56 ± 10.63 74.37 ± 14.50 0.150

SBP (mmHg) 108.20 ± 13.77 111.59 ± 12.92 110.63 ± 10.63 0.375

DBP (mmHg) 60.96 ± 11.59 61.09 ± 13.89 64.74 ± 9.76 0.188

BSA (m2) 1.35 ± 0.23 1.41 ± 0.22 1.34 ± 0.22 0.323

Interval from onset to exam (months) 116.83 ± 18.04 118.00 ± 20.93 / 0.765

Interval from onset to IVIG treatment (days) 10.36 ± 4.76 8.53 ± 3.34 / 0.145

Treatment strategy of using cardiovascular drug (1a/2b) 5/49 4/42 / 0.922

Dipyridamolec 23/54 24/46 / 0.339

Complete KD 18 (33%) 21 (46%) / 0.208

BSA body surface area; CAD coronary artery dilation; DBP diastolic blood pressure; IVIG intravenous immunoglobulin; KD Kawasaki disease; SBP systolic
blood pressure
a: Aspirin is administered at 80 to 100 mg/kg per day in 4 doses with IVIG, continue high dose aspirin until day 14 of illness and 48 to 72 h after fever cessation.
When high-dose aspirin is discontinued, clinicians begin low-dose aspirin (3 to 5 mg/kg per day) and maintain it until the patient shows no evidence of coronary
changes by 6 to 8 weeks after the onset of illness. After 6 to 8 weeks, aspirin is adjusted to a lower dose (2 to 3 mg/kg per day) until 6 months [4]
b: Clinicians begin low-dose aspirin (3 to 5 mg/kg per day) and maintain it until the patient shows no evidence of coronary changes by 6 to 8 weeks after the
onset of illness. After 6 to 8 weeks, aspirin is adjusted to a lower dose (2 to 3 mg/kg per day) until 6 months [4]
c: 2 to 6 mg/kg per day in 3 divided doses [4]

Lin et al. BMC Cardiovascular Disorders          (2020) 20:131 Page 4 of 9



Discussion
The etiology of KD is unknown, but is more preva-
lent in Asians and Asian-Americans. Between 4000
and 10,000 new cases of KD are diagnosed each year
in Americans and Asians [22, 23]. Although only
8.1% of patients have CALs in the acute phase, 32–
50% of KD patients have coronary artery dimensions
within the normal range, but with serial measure-
ments demonstrate reductions in luminal dimensions
suggestive of dilation using the patient as his or her
own control, which may indicate that CAD may be
more common than previously thought [14]. In the
pre–IVIG era, coronary artery aneurysms occurred in
20 to 25% of KD patients in the acute phase [24].
The incidence of coronary artery aneurysms decreased
to less than 5% after use of IVIG which became more
widespread in the 1990s [25].

In the acute phase, KD not only induces vasculitis
(causing CALs), but also affects the pericardium (causing
pericardial effusions) [26], endocardium (causing valvul-
itis and valvar regurgitation) [26], and myocardium
(causing myocarditis and systolic ventricular dysfunc-
tion) [10], as detected by echocardiography. A number
of previous studies have focused on acute phase LV sys-
tolic dysfunction. LV myocardial strain obtained by STE
in the acute phase is well-documented [5, 6, 8, 10]. Lon-
gitudinal strain is a more sensitive indicator of myocar-
dial involvement in KD [5]. LV myocardial longitudinal
strain is decreased at the onset of KD. Six-to-8 weeks
after the timely administration of IVIG, myocardial
strain, as an index of LV systolic function, has recovered
[6, 8, 10]. When KD patients are subdivided into patients
with and without CAD, both subgroups had similar lon-
gitudinal strain [5, 26]. This interesting result may

Table 2 Parameter of echocardiography

KD with CAD (n = 54) KD without CAD (n = 46) Controls (n = 51) F P

LVEDD (mm) 42.19 ± 3.43 41.46 ± 3.62 41.64 ± .3.47 0.600 0.551

LAD (mm) 23.57 ± 2.17 23.72 ± 2.81 24.05 ± 3.03 0.440 0.648

LAVmax (mm3) 29.64 ± 5.75 31.02 ± 5.64 29.40 ± 5.63 1.130 0.324

LAVmin (mm3) 11.38 ± 2.65 12.01 ± 2.61 11.27 ± 2.60 1.130 0.325

LVEDV (ml) 67.65 ± 15.93 68.08 ± 15.40 67.97 ± 19.32 0.015 0.992

LVESV (ml) 24.57 ± 7.40 24.61 ± 6.47 25.36 ± 8.21 0.188 0.836

SV (ml) 43.09 ± 9.58 43.46 ± 10.08 42.61 ± 12.35 0.089 0.926

LVEF (%) 64.02 ± 4.33 63.89 ± 4.12 62.64 ± 4.63 1.561 0.213

E wave (m/s) 1.01 ± 0.15 1.05 ± 0.13 1.06 ± 0.18 1.969 0.144

A wave (m/s) 0.59 ± 0.13 0.59 ± 0.12 0.60 ± 0.13 0.265 0.775

E/A 1.81 ± 0.52 1.85 ± 0.40 1.82 ± 0.38 0.124 0.890

Lateral s’ (cm/s) 8.49 ± 1.13 8.59 ± 0.93 8.34 ± 1.08 0.682 0.511

Lateral e’ (cm/s) 14.37 ± 2.42 15.10 ± 2.25 14.52 ± 2.38 1.331 0.267

Lateral a’ (cm/s) 6.33 ± 1.58 6.21 ± 1.27 6.49 ± 1.66 0.419 0.664

Lateral E/e’ 7.13 ± 1.31 7.03 ± 1.08 7.25 ± 1.24 0.391 0.676

Lateral e’/a’ 2.38 ± 0.59 2.50 ± 0.45 2.33 ± 0.49 1.264 0.288

Septal s’ (cm/s) 6.64 ± 1.96 7.24 ± 2.35 6.98 ± 2.19 0.993 0.376

Septal e’ (cm/s) 13.10 ± 2.95 13.44 ± 2.31 13.79 ± 2.52 0.897 0.413

Septal a’ (cm/s) 6.02 ± 1.55 5.68 ± 1.74 5.83 ± 2.31 0.394 0.677

Septal E/e’ 8.21 ± 2.73 8.00 ± 1.67 8.04 ± 2.34 0.114 0.894

Septal e’/a’ 2.34 ± 0.96 2.61 ± 1.01 3.01 ± 1.93 2.865 0.060

RV s’ (cm/s) 9.07 ± 2.70 9.28 ± 2.79 9.49 ± 2.85 0.301 0.741

RV e’ (cm/s) 15.72 ± 2.47 15.05 ± 2.77 15.72 ± 2.83 0.994 0.375

RV a’ (cm/s) 6.38 ± 1.57 6.48 ± 1.39 6.32 ± 1.55 0.142 0.867

RV e’/a’ 2.62 ± 0.81 2.47 ± 0.87 2.71 ± 1.13 0.760 0.469

MAPSE 13.02 ± 1.74 13.09 ± 1.71 13.06 ± 1.78 0.021 0.979

TAPSE 20.32 ± 4.32 20.76 ± 3.68 20.22 ± 3.84 0.252 0.781

CAD coronary artery dilation; LAD left atrial dimension; LAV left atrial volume; LVEDD left ventricular end-diastolic dimension; LVEDV left ventricular end-diastolic
volume; LVEF left ventricular ejection fraction; LVESV left ventricular end-systolic volume; KD Kawasaki disease; MAPSE mitral annular plane systolic excursion; RV
right ventricle; SV stroke volume; TAPSE tricuspid annular plane systolic excursion

Lin et al. BMC Cardiovascular Disorders          (2020) 20:131 Page 5 of 9



indicate that CAD did not aggravate LV systolic dysfunc-
tion in the acute phase.
The Japanese Circulation Society concluded that

cardiovascular symptoms in KD patients only appears
two decades after the onset of the disease [27]. Thus,
assessing LV systolic function in subclinical children
with a history of KD, seems to be quite necessary. Few
previous studies have focused on LV systolic function
changes in patients with KD after long-term follow-
up, although four studies assessed LV myocardial
strain [28–31]. The results are conflicting. Compared
to healthy children, Friesen et al. [28] reported a

significant decrease in LV mid-anterior segment using
cardiac magnetic resonance imaging (CMRI). Bratis
et al. [29] showed no significant changes in GLS using
CMRI. Dedeoglu et al. [30] demonstrated that a sig-
nificant decrease of strain in the basal inferoseptal
segment, basal anterolateral segment, apical septal
segment, apical inferior segment, and GLS_A2C. No
changes have been found in GLS_A4C or GLS_LAX.
Yu et al. [31] used 3D STE and revealed a significant
decrease in 3D GRS and 3D GAS. These four studies
mainly focused on the effect of coronary artery aneu-
rysms on LV myocardial strain. In addition, due to the

Table 3 LV myocardial strain using 2D STE

2D STE KD with CAD (n = 54) KD without CAD (n = 46) Controls (n = 51) F P

Regional

Basal anterior (%) −19.50 ± 9.24 − 21.72 ± 4.95 − 21.51 ± 4.03 1.785 0.171

Basal anteroseptal (%) −19.80 ± 3.48* − 19.24 ± 4.68# − 21.75 ± 4.36 4.938 0.008

Basal inferoseptal (%) −17.81 ± 2.60* −18.33 ± 2.45 − 19.24 ± 3.01 3.691 0.027

Basal inferior (%) −19.91 ± 3.45* −19.91 ± 3.08# −22.00 ± 3.54 6.482 0.002

Basal inferolateral (%) −16.69 ± 6.80* −17.78 ± 4.48 −19.88 ± 4.63 4.559 0.012

Basal anterolateral (%) −17.65 ± 5.91 −20.04 ± 7.06 −19.94 ± 4.57 2.743 0.068

Mid anterior (%) −21.24 ± 4.42* − 21.93 ± 5.44 −23.73 ± 3.70 4.129 0.018

Mid anteroseptal (%) −21.19 ± 4.01* −21.02 ± 5.31# − 23.06 ± 4.16 3.198 0.044

Mid inferoseptal (%) −21.57 ± 2.46 −26.30 ± 29.61 −22.31 ± 2.66 1.154 0.318

Mid inferior (%) −23.06 ± 4.27 −23.33 ± 3.02 − 23.49 ± 3.08 0.203 0.817

Mid inferolateral (%) −18.48 ± 5.97*† −20.54 ± 3.78 −21.02 ± 3.61 4.441 0.013

Mid anterolateral (%) −19.11 ± 5.94*† −21.28 ± 5.12 −21.75 ± 4.14 3.933 0.022

Apical anterior (%) −20.81 ± 6.17 −21.78 ± 6.29 −22.53 ± 8.94 0.738 0.480

Apical septal (%) −22.28 ± 4.04 −23.15 ± 4.56 − 23.47 ± 4.58 1.040 0.356

Apical inferior (%) −22.91 ± 4.95 −24.20 ± 4.29 −23.65 ± 4.43 1.000 0.370

Apical lateral (%) −20.37 ± 4.85 −22.04 ± 4.82 −22.37 ± 4.12 2.846 0.061

Apex (%) −21.76 ± 4.12 −22.74 ± 4.43 −23.14 ± 4.20 1.463 0.235

Global

GLS_LAX (%) −18.81 ± 6.71* −20.45 ± 3.18 −21.69 ± 2.72 5.059 0.007

GLS_A4C (%) −19.80 ± 2.85*† −21.20 ± 2.75 −21.28 ± 2.33 5.082 0.007

GLS_A2C (%) −21.46 ± 3.00 −21.98 ± 2.84 −22.74 ± 2.75 2.616 0.075

2D GLS (%) −20.29 ± 2.38*† −21.20 ± 2.34 −21.84 ± 2.18 6.025 0.003

*KD with CAD group vs. control, P < 0.05; #KD without CAD group vs. control, P < 0.05; † KD with CAD group vs. KD without CAD group, P < 0.05. CAD coronary
artery dilation; GLS_A2C global longitudinal strain_apical two-chamber; GLS_A4C Global longitudinal strain_apical four-chamber; GLS_LAX global longitudinal
strain_long-axis; KD Kawasaki disease; STE speckle tacking echocardiography

Table 4 LV myocardial strain using 3D STE

3D STE KD with CAD (n = 54) KD without CAD (n = 46) Controls (n = 51) F P

GLS (%) −16.09 ± 3.00*† −17.91 ± 4.50# −19.84 ± 2.73 15.504 < 0.001

GCS (%) −15.85 ± 3.31*† −18.48 ± 7.20 −19.00 ± 3. 38 6.335 0.002

GRS (%) 45.46 ± 9.54*† 50.80 ± 14.29 53.73 ± 11.17 6.753 0.002

GAS (%) −27.26 ± 4.51* −28.11 ± 8.24# −31.02 ± 4.50 5.775 0.004

*KD with CAD group vs. control, P < 0.05; #KD without CAD group vs. control, P < 0.05; † KD with CAD group vs. KD without CAD group, P < 0.05. CAD coronary
artery dilation; GLS global longitudinal strain; GCS global circumferential strain; GRS global radial strain; GAS global area strain; KD Kawasaki disease; STE speckle
tacking echocardiography
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small sample size in each study, subtle LV systolic
dysfunction may not have been detected.
Echocardiography is a fast, noninvasive, and accurate

imaging modality to diagnose KD. Meanwhile, follow-up
using echocardiography is a convenient method for clini-
cians. The weakness of 2D STE is that different planes
are obtained in different cardiac cycles, whereas 3D STE
is able to obtain each plane in the same cardiac cycle.
Thus, 3D STE is expected to be a more accurate and
sensitive modality to detect subclinical myocardial dys-
function than 2D STE [32].
Our study assessed regional and global LV myocardial

strain using 2D STE and 3D STE. For 2D regional strain,
we found only the mid-inferolateral and mid-anteroseptal
segments decreased in the KD with CAD group compared
to the KD without CAD group. For 2D global strain, we
found a significant decrease in GLS_A4C, GLS_LAX, and
2D GLS in the KD with CAD group compared to the con-
trols; however, we did not find a difference between the
KD without CAD group and the controls using 2D global
strain. Then, 3D STE was performed. As might have been
expected, we revealed that GLS and GAS decreased in KD
without CAD group compared to the controls. We also
found 3D GLS to be a better parameter (larger AUC) to
detect LV systolic dysfunction than other 3D global strain,
which showed that 3D GLS was gradually reduced in the
three groups. The reason for the difference between the
KD group and the controls is that myocarditis has been
well-documented in 50–70% of KD patients in the acute
phase with or without CALs [10, 14, 33]. KD-induced
myocarditis may result in long-term sequelae [11, 12]. Per-
sistent myocardial abnormalities (myocarditis and fibrosis)
have been observed by autopsy and biopsy in children
without coronary aneurysms even after 11 years from the
onset of KD [11]. Second, KD makes the incidence of ab-
normal electrocardiograms (right axis deviation and in-
complete right bundle-branch block) three times higher
than normal high-school students [34]. The aforemen-
tioned mechanical and electrical disturbances due to KD
could cause LV systolic dyssynchrony, which further leads
to a decrease in LV systolic function [35]. Third, some

previous studies revealed that myocardial blood flow and
myocardial flow reserve were reduced in the KD with and
without CAD group [36, 37]. This may be the reason why
stain parameters of 2D SDE and 3D STE decreased in the
KD with and without CAD groups, compared to the con-
trol group. Fourth, the previous study also revealed that
the vasoconstriction and vasodilatation of coronary arter-
ies were impaired in the KD with CAD group but un-
changed in the KD without CAD group after the long-
term onset of KD [38]. This coronary microvascular dys-
function was related to myocardial ischemia, as confirmed
in previous studies [39, 40]. This means KD with CAD
and KD without CAD groups may have different degrees
of coronary microvascular dysfunction detected by several
methods. It can explain why some stain parameters of 2D
SDE and 3D STE decreased in the KD with CAD group,
compared to the KD without CAD group.
This study had limitations. We did not include KD

children with persistent or regressive coronary artery an-
eurysms. Therefore, the KD children without CAD can-
not be compared with the persistent coronary artery
aneurysm subgroup or regressive coronary artery
aneurysm subgroup. We cannot further verify the hy-
pothesis that the severity of CALs is positively correlated
with the degree of LV systolic dysfunction.

Conclusion
LV systolic dysfunction of KD children with CAD was
shown to be more severe than KD children without
CAD compared to healthy children. This dysfunction
can be detected by 2D and 3D STE using LV regional
and global myocardial strain.
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