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Abstract This study aimed to investigate left ventricular

myocardial deformation in children with Kawasaki disease

during the acute phase of their illness. A total of 50 patients

and 35 normal control subjects were assessed. Data were

obtained from the patients during the acute and convales-

cent phases of Kawasaki disease. Analyses of myocardial

deformation [strain (e), strain rate (SR)] was performed

using two-dimensional speckle-tracking imaging in three

directions (longitudinal, circumferential, and radial) at the

basal and mid levels of the left ventricular myocardium.

Basal longitudinal e (P \ 0.001) and midlongitudinal e
(P \ 0.0001) were lower during the acute phase of the

disease than in the control subjects and associated with

serum albumin level and left ventricular mass index

(LVMI). Midlongitudinal SR (P \ 0.0001) was lower

during the acute phase of Kawasaki disease than in the

control subjects and associated with LVMI. Decreased

systolic SR was not detected in any direction. In conclu-

sion, left ventricular longitudinal systolic e was signifi-

cantly decreased during the acute phase of Kawasaki

disease. This may be a result of myocardial swelling from

myocarditis during the acute phase of the disease.
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Decreased myocardial contractility caused by myocarditis

is common during the acute phase of Kawasaki disease

[7, 8], and such decreased contractility is included in the

criteria for the diagnosis of an incomplete attack of the dis-

ease [9]. Thus, evaluation of myocardial contractility is an

important step in the initial diagnosis of Kawasaki disease.

Recently, myocardial deformation analyses, including

strain (e) and strain rate (SR) imaging, have been applied in

clinical practice, especially for evaluation of systolic con-

tractile function [2]. In pediatric clinical practice, myo-

cardial deformation analysis has been used to diagnose

various heart problems in children [12].

This study aimed to investigate left ventricular myo-

cardial deformation in children with Kawasaki disease

during the acute phase of the illness and to explore any

relationships between such deformation and clinical, lab-

oratory, and other echocardiographic variables.

Materials and Methods

Subjects

The study subjects consisted of 50 children registered at

Konkuk University Hospital from December 2007 through

February 2009 and at the Asan Medical Center from March

2009 through September 2009. All the subjects fulfilled the

diagnostic criteria for Kawasaki disease, which required

more than four principal criteria and a fever duration

longer than 4 days [9]. In addition, all the subjects had

undergone initial echocardiographic examination before

intravenous immunoglobulin infusion therapy during the

acute phase and were examined again echocardiographi-

cally during the convalescent phase 6–12 weeks after the

onset of disease.
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The control group comprised 35 children of comparable

age who had been referred to the aforementioned two hospi-

tals for evaluation of a cardiac murmur during the study period

and for whom no evidence of cardiac disease was found by

clinical and echocardiographic examinations. The institu-

tional review boards of our two hospitals approved this study.

Demographic and laboratory data were surveyed by a

review of medical records. Four patients were nonre-

sponders to initial intravenous immunoglobulin. None of

the patients had a familial history of Kawasaki disease, and

one patient had recurrent disease.

Echocardiographic Examinations

The subjects were prepared for echocardiography by

administration of a sedative or antipyretic, as required. All

echocardiographic examinations were performed by one

echocardiographer (J.J.Y.), who obtained images using a

Vivid 7 Vantage machine (GE Vingmed, Horten, Norway)

equipped with 7- and 5-MHz transducers. Still images

(two-dimensional, M-mode, and Doppler images) from

apical four-chamber and parasternal long- and short-axis

views and moving images (C3 cardiac cycles, 40–100

frames/s) were stored for analyses of myocardial defor-

mation from apical four-chamber, two-chamber, and long-

axis views and from basal and midlevel parasternal short-

axis views on magneto-optical discs.

Still images were obtained during the phase of end

expiration, but respiratory control was not possible during

the acquisition of moving images. Measurements were

performed offline using EchoPAC PC version 7.0.0 (GE

Vingmed, Horten, Norway) by another author (H.S.C.)

blinded to the patient or control status of the study subjects.

Left ventricular dimensions were measured from the

standard M-mode using the parasternal long-axis view

according to the recommendations of the American Society

of Echocardiography [10]. Fractional shortening was cal-

culated from these dimensions. Left ventricular mass was

calculated using the formula derived by Devereux and

Reichek [3], and the index was obtained by dividing the

calculated mass by the body surface area. Doppler inter-

rogation of the mitral valve was performed according to

conventional guidelines [1]. The ratio of peak early dia-

stolic velocity of mitral inflow (E) to mean early diastolic

tissue velocity of six basal segments (Em) was calculated.

Analyses of Myocardial Deformation

Analyses were performed from two-dimensional strain data

using speckle-tracking imaging. Data were approved when

the values for all six segments were considered acceptable

by the software or when a value of any one segment (fewer

than two segments) was rejected by the software but

tracking of that segment was admissible (Fig. 1). For six

patients, longitudinal analysis data from apical four-

chamber images were abandoned because of failure to meet

the preceding conditions.

All three directional (longitudinal, circumferential, and

radial) data of myocardial deformation were measured in

basal and mid levels, and the intrinsically negative measured

data were converted to absolute values. In the measurement

of basal-level data, the value of longitudinal Em was recor-

ded for calculation of the aforementioned E/Em ratio.

In analyzing deformation, strain (e), systolic strain rate

(SR), and early diastolic SR were calculated by averaging the

measured values from six segments (anteroseptal, ante-

rior, lateral, posterior, inferior, and septal segments) in the

respective three directions at two levels of the myocardial wall.

Reproducibility Test of Myocardial Deformation

Analyses

For 15 randomly selected subjects, two authors (Y.B.K and

H.S.C.) analyzed the moving images of midventricular

segments to determine inter- and intraobserver variability.

The percentage precision [5] of the measurements is shown

in Table 1.

Statistical Analysis

All the data are presented as means ± standard deviations.

All the statistical analyses were performed using SAS

version 9.1 (SAS Institute, Cary, NC), and statistical sig-

nificance was reflected by a P value less than 0.01. Chi-

square analysis was used to determine whether the gender

distribution differed between the patients and the control

subjects. Unpaired Student’s t tests were used to compare

numeric variables between patients and control subjects, and

paired t tests were used to compare echocardiographic data

obtained during the acute and convalescent phases of dis-

ease. Correlations between myocardial deformation data that

showed a significant difference between patients and control

subjects were assessed together with clinical, laboratory,

and echocardiographic variables using Pearson’s correlation

analysis.

Results

The demographic and anthropometric data of the patient and

control groups did not differ significantly (Table 2). The

clinical and laboratory data obtained during the acute phase

of Kawasaki disease are shown in Table 3. Table 4 presents

two-dimensional, M-mode, and flow Doppler echocardio-

graphic measurements, and the results of left ventricular

myocardial deformation measurements appear in Table 5.
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Comparison of Data Between Groups

When we compared measurements obtained during the

acute and convalescent phases in the Kawasaki disease

group, we found that heart rate (P \ 0.0001), left anterior

descending coronary diameter (LAD; P \ 0.0001), right

coronary diameter (RCA; P \ 0.001), left ventricular mass

(P \ 0.0001), left ventricular mass index (P \ 0.0001),

left atrial minimal dimension (P \ 0.0001); E-wave peak

velocity (P \ 0.01), mitral inflow A-wave peak velocity

(P \ 0.001), E/Em ratio (P \ 0.001), and mid circumfer-

ential SR (systolic: P \ 0.01; early diastolic: P \ 0.01),

were significantly higher, whereas fractional shortening

(P \ 0.01), basal longitudinal e (P \ 0.001), and midlon-

gitudinal (P \ 0.001) e were significantly lower during the

acute phase.

When measurements obtained during the acute phase of

Kawasaki disease patients were compared with those of

control subjects, we found that heart rate (P \ 0.0001),

coronary diameters (left main coronary artery [LMCA]:

P \ 0.01; LAD: P \ 0.01; RCA: P \ 0.01), left ventricu-

lar mass index (P \ 0.0001), E/Em ratio (P \ 0.0001), and

Tei index (P \ 0.01) were significantly higher, whereas

fractional shortening (P \ 0.01), basal longitudinal e
(P \ 0.001), basal circumferential e (P \ 0.01), midlon-

gitudinal e (P \ 0.0001), and midlongitudinal early

Fig. 1 Examples of two-dimensional strain analysis through speckle-

tracking imaging. a Circumferential and radial analyses in the basal-

level left ventricular myocardium. For all the segments, speckle

tracking was approved by the software. b Longitudinal analysis of the

left ventricular myocardium at the apical four-chamber view. In the

basal lateral segment, speckle tracking was rejected by the software,

but data from this analysis were approved by the authors because

tracking of that segment was determined to be acceptable

Table 1 Percentage precision (%)

Intraobserver Interobserver

Longitudinal

e 3.6 6.6

SR, systolic 5.5 9.3

SR, early diastolic 4.3 12.6

Circumferential

e 4.8 13.4

SR, systolic 9.5 28.3

SR, early diastolic 10.1 19.5

Radial

e 14.9 22.6

SR, systolic 15.1 18.9

SR, early diastolic 10.1 19.9

e strain, SR strain rate

Table 2 Demographics and anthropometric data

Kawasaki disease

group (n = 50)

Control group

(n = 35)

No. of males 24 17

Age (years) 2.20 ± 1.97 2.64 ± 1.63

Body weight (kg) 12.2 ± 5.2 13.7 ± 4.6

Height (cm) 83.8 ± 15.7 92.4 ± 16.2

Body surface area (m2) 0.53 ± 0.16 0.59 ± 0.15

Values are means ± standard deviations

Table 3 Laboratory features of 50 Kawasaki disease patients

C-reactive protein (mg/dl) 10.98 ± 8.87

WBC (9103/mm3) 15.87 ± 5.42

Hemoglobin (g/dl) 10.96 ± 1.25

Platelets (9103/mm3) 335.4 ± 73.2

Albumin (g/dl) 3.39 ± 0.69

Alanine aminotransferase (U/l) 126.7 ± 144.4

Na? (mEq/l) 134.9 ± 2.8

Pyuria: no. of patients (%) 20 (40)

WBC white blood cell count

Values are means ± standard deviations
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diastolic SR (P \ 0.01) were significantly lower in the

patients.

Analyses of Correlation Between Left Ventricular

Deformation and Other Variables During the Acute

Phase of Kawasaki Disease

We attempted to correlate clinical, laboratory, and echo-

cardiographic variables and four myocardial deformation

data during the acute phase of Kawasaki disease, which

showed significant difference between the patients and the

control subjects. Basal longitudinal e was related to white

blood cell (WBC) count (R = -0.54; P \ 0.001), serum

albumin level (R = 0.41; P \ 0.01), and left ventricular

mass index (R = -0.44; P \ 0.01). Basal circumferential

e was related to fractional shortening (R = 0.46;

P \ 0.001). Midlongitudinal e was related to albumin level

(R = 0.52; P \ 0.001) and left ventricular mass index

(R = -0.43; P \ 0.01). Midlongitudinal early diastolic SR

was related to age (R = -0.39; P \ 0.01), left ventricular

end systolic dimension (R = -0.44; P \ 0.01), and left

ventricular mass index (R = 0.40; P \ 0.01).

Analysis of the correlation between echocardiographic

variables and deformation data also was performed for the

data of the convalescent phase and for the control subjects,

but no significant relationship was observed.

Discussion

Significantly decreased longitudinal e was observed in both

basal and mid myocardium during the acute phase of

Kawasaki disease. Serum albumin level and left ventricular

mass index were significantly related to it. We previously

reported that left ventricular mass index was increased and

associated with serum albumin level during the acute phase

of Kawasaki disease [14]. In that report, we hypothetically

concluded that elevation of the left ventricular mass index

during the acute phase of Kawasaki disease is due to

myocardial swelling from increased vascular permeability.

Furthermore, it was reported by Terai et al. [11] that

increased vascular leakage can cause hypoalbuminemia.

Therefore, it is presumed that decreased longitudinal e in

this study was the result of myocardial wall motion dis-

turbance from the elevation of the left ventricular mass

index. Also, decreased longitudinal e should be regarded as

a myocardial functional disturbance in the Kawasaki

myocarditis, because the diameters of coronary arteries

were not related to it in this study and because elevation of

the left ventricular mass index is an index of geometric

change in myocarditis.

In this study, we used speckle tracking methods instead

of the spectral Doppler method to measure Em value. The

Em value measured through the speckle tracking method

Table 4 Between-group comparisons of two-dimensional, M-mode, and flow Doppler echocardiographic data

Acute phase (n = 50) Convalescent phase (n = 50) Control group (n = 35)

Heart rate (bpm)a,b 128.9 ± 20.7 106.9 ± 11.4 107.3 ± 14.4

LMCA diameter (mm)a 2.22 ± 0.40 2.12 ± 0.46 1.95 ± 0.37

LAD diameter (mm)a,b 1.83 ± 0.38 1.61 ± 0.32 1.58 ± 0.36

RCA diameter (mm)a,b 1.71 ± 0.43 1.47 ± 0.25 1.44 ± 0.30

LV mass (g)b 39.0 ± 15.4 34.3 ± 13.4 35.6 ± 14.1

LV mass index (g/m2)a,b 71.7 ± 13.2 60.2 ± 10.5 59.5 ± 12.2

LV diastolic dimension (mm) 30.7 ± 5.6 30.7 ± 4.9 31.1 ± 5.0

LV systolic dimension (mm) 20.8 ± 5.0 20.0 ± 3.7 19.7 ± 3.3

Fractional shortening (%)a,b 32.7 ± 6.0 35.1 ± 3.8 36.4 ± 5.6

LA maximum dimension (mm) 21.1 ± 3.7 20.3 ± 3.4 21.4 ± 3.5

LA minimum dimension (mm)b 14.0 ± 3.1 12.3 ± 2.5 12.9 ± 2.8

E-wave peak velocity (m/s)b 1.11 ± 0.18 1.02 ± 0.12 1.07 ± 0.15

A-wave peak velocity (m/s)b 0.87 ± 0.18 0.71 ± 0.15 0.74 ± 0.19

E/A ratio 1.37 ± 0.38 1.49 ± 0.29 1.52 ± 0.38

E/Em ratio (m/cm)a,b 21.5 ± 4.7 19.2 ± 3.9 18.4 ± 4.0

Tei indexa 0.37 ± 0.09 0.34 ± 0.08 0.31 ± 0.08

bpm beats per minute, LMCA left main coronary artery, LAD left anterior descending coronary artery, RCA right coronary artery, LV left

ventricular, LA left atrial, E peak early diastolic velocity of mitral inflow, A peak velocity of diastolic atrial mitral inflow, Em mean early diastolic

tissue velocity of six basal segments

Values are means ± standard deviations
a P \ 0.01 for control group versus the acute phase in the Kawasaki disease group
b P \ 0.01 for acute versus convalescent phase in the Kawasaki disease group
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usually is lower than the value measured through spectral

Doppler method [4]. Therefore, the E/Em ratio in our study

appeared to be higher than the usual value, even among the

control subjects.

The higher E/Em ratio and the increased left atrial

minimal dimension observed during the acute phase of

Kawasaki disease relative to controls may reflect increased

left ventricular end diastolic pressure during the acute

phase of Kawasaki disease [7]. Decreased midlongitudinal

early diastolic SR during the acute phase of the disease also

may reflect left ventricular diastolic dysfunction. Although

it showed growth impact (association with age) and was

not significantly related to other diastolic function indices,

it was related to the left ventricular end systolic dimension

and the left ventricular mass index. Additionally, in our

previous report [14], we observed a significant relationship

between the left ventricular mass index and several other

diastolic function indices during the acute phase of

Kawasaki disease.

Systolic SR usually has been regarded as the most sig-

nificant index of left ventricular contractility among the

indices obtained from myocardial deformation analyses

[6, 13]. But we could not identify decreased systolic SR in

any direction in basal and mid level myocardium.

Decreased left ventricular fractional shortening has been

shown to result from the decreased systolic myocardial

contractility, caused by myocarditis, during the acute phase

of Kawasaki disease [8]. We observed the same finding

during the acute phase of the disease. Therefore, the

analysis of systolic SR seems not to be a better method than

other conventional echocardiographic methods for detect-

ing decreased myocardial contractility during the acute

phase of Kawasaki disease.

This study had two limitations. First, the data set used

for analysis was not complete. For six patients, longitudinal

deformation analyses had to be excluded due to failure of

imaging approval. Second, parts of the results for the

reproducibility tests were unsatisfactory.

Conclusion

Left ventricular longitudinal systolic e was significantly

decreased during the acute phase of Kawasaki disease and

associated with serum albumin level and left ventricular

mass index. This may be a result of myocardial swelling

from myocarditis during the acute phase of Kawasaki

disease.

Table 5 Between-group

comparison of left ventricular

myocardial deformation

e strain, SR strain rate

Values are means ± standard

deviations
a P \ 0.01 for the control group

versus the acute phase in the

Kawasaki disease group
b P \ 0.01 for the acute versus

the convalescent phase in the

Kawasaki disease group

Acute phase

(n = 50)

Convalescent phase

(n = 50)

Control group

(n = 35)

Basal longitudinal

ea,b 19.2 ± 3.5 21.7 ± 2.9 22.2 ± 3.1

SR, systolic (/s) 1.90 ± 0.45 1.85 ± 0.33 1.88 ± 0.24

SR, early diastolic (/s) 2.50 ± 0.61 2.76 ± 0.53 2.76 ± 0.51

Basal circumferential

ea 18.0 ± 3.5 19.0 ± 2.4 20.3 ± 3.3

SR, systolic (/s) 2.0 ± 0.44 1.99 ± 0.41 2.0 ± 0.27

SR, early diastolic (/s) 2.83 ± 0.65 2.80 ± 0.53 2.95 ± 0.59

Basal radial

e 51.8 ± 16.8 56.4 ± 13.5 54.2 ± 16.0

SR, systolic (/s) 2.75 ± 0.80 2.55 ± 0.62 2.54 ± 0.50

SR, early diastolic (/s) 3.22 ± 1.33 3.33 ± 1.14 2.79 ± 0.95

Mid longitudinal

ea,b 19.5 ± 3.1 21.6 ± 2.4 22.9 ± 2.1

SR, systolic (/s) 1.65 ± 0.26 1.55 ± 0.17 1.59 ± 0.18

SR, early diastolic (/s)a 2.46 ± 0.46 2.58 ± 0.51 2.78 ± 0.48

Mid circumferential

e 15.6 ± 3.2 16.0 ± 2.2 15.9 ± 3.3

SR, systolic (/s)b 1.84 ± 0.47 1.66 ± 0.30 1.73 ± 0.33

SR, early diastolic (/s)c 2.30 ± 0.61 2.09 ± 0.43 2.06 ± 0.47

Mid radial

e 55.4 ± 16.2 58.2 ± 16.0 57.1 ± 15.2

SR, systolic (/s) 2.72 ± 0.75 2.51 ± 0.45 2.42 ± 0.47

SR, early diastolic (/s) 3.88 ± 1.59 3.46 ± 1.17 3.30 ± 1.21
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