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What is already known ABSTRACT
on this topic?
Objective: This study aimed to determine the possibility of subclinical myocardial dysfunction

« Theinvolvement of the cardiovas- detected by strain echocardiography in the late period of children with Kawasaki disease.
cular system is the determinant of
prognosis in Kawasaki disease. Material and Methods: The study enrolled 30 patients with Kawasaki disease with a follow-up
» Ithas been reported that, even in period of at least 12 months and 30 healthy age- and gender-matched children. During the

patients without coronary artery
involvement, the disease may
cause cardiovascular morbidity
and mortality in the late period.
 Strain echocardiography is a
new echocardiographic meth-

follow-up period, standard echocardiography, pulsed and tissue Doppler, and strain echocar-
diography were recorded for both groups.

Results: The mean age at the time of the diagnosis was 2.6+2.3 years (2 months-11 years). The
mean follow-up period after the diagnosis was 3.55+2.20 years. Conventional echocardiogra-

od that makes it possible to phy, M mode, pulsed and tissue Doppler values, and myocard performance index did not re-
evaluate the regional function veal significant differences. Left ventricle strain and strain rate parameters obtained by apical
and deformation and the glob- four-, three-, and two-chamber views did not show statistical differences between patients and
al function of the ventricles. controls. There was a positive correlation between the duration of follow-up and global four-

and three-chamber longitudinal strain and global longitudinal strain values (r=0.465, p=0.010;
r=0.414, p=0.023; r=0.492, p=0.006, respectively), whereas global radial strain showed nega-
tive correlation (r=-0.517, p=0.003).
What this study adds on
this 1opic? Conclusion: The analysis of systolic strain and strain rate did not detect a subclinical myocardial
dysfunction in the long-term follow-up of Kawasaki disease. However, strain values showed
variability with the follow-up periods, which indicates that Kawasaki disease might cause left

« The goal of our study was to de- . . X . . .
ventricular dysfunction in the later phases. Therefore, a follow-up of children with a diagnosis

termine the potential subclinical

or asymptomatic myocardial dys- of Kawasaki disease is of capital importance.
function in long-term follow-up of
patients with Kawasaki disease. Keywords: Kawasaki disease, left ventricular function, speckle tracking imaging, strain

» We aimed to show the efficien-
cy of strain and strain rate in
detecting subclinical myocardi- .
al dysfunction and their role in Introduction
the follow-up of these patients.
Kawasaki disease (KD) is a self-limited acute vasculitis of childhood that predominantly
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o - the incidence of coronary artery aneurysms from 25% to approximately 4% (1). New dilations
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that in patients even with no coronary artery involvement, the
disease may cause cardiovascular morbidity and mortality in
the late period (3).

There are studies in the literature analyzing the left ventricu-
lar myocardial changes in the acute phase of KD by various
echocardiographic methods. There are limited data about the
cardiac functions after the acute phase of the disease. Sub-
clinical myocardial dysfunction cannot be detected by conven-
tional echocardiography. However, we did not detect studies
describing the long-term follow-up results of ventricular myo-
cardial changes before the patients experience the common
morbidities of adulthood, such as obesity, hypertension, and
atherosclerosis.

Strain echocardiography is a new reliable echocardiographic
method that makes it possible to evaluate the regional func-
tion and deformation and the global function of the ventricles.
There are few studies about left ventricular (LV) myocardial
deformation in the long term of KD. Therefore, the aim of our
study was to determine the potential subclinical or asymptom-
atic myocardial dysfunction in long-term follow-up of patients
with KD using two-dimensional (2D) strain echocardiography.
In addition to conventional echocardiographic methods, we
aimed to determine the possibility of subclinical myocardial
dysfunction detected by strain echocardiography in the late
period of children with KD.

Material and Methods

Study population

The study consisted of 30 patients diagnosed with KD at our
department between 2005 and 2012 and 30 age- and gen-
der-matched healthy children. All patients fulfilled the diagnos-
tic criteria for KD. All patients had intravenous immunoglobulin
(IVIG; 2 g/kg) and oral aspirin (80-100 mg/kg/day). Oral as-
pirin dose was reduced to 3-5 mg/kg/day 48 to 72 hours after
the cessation of fever and completely stopped after the echo-
cardiographic evaluation at the end of the eighth week, which
revealed no persistence of coronary artery dilation. Medical
records of the patients, including age at diagnosis, duration of
the disease and follow-up, and therapy, were evaluated.

We used standard echocardiographic imaging rather than tis-
sue Doppler, strain, and strain rate (SR) at the acute and sub-
acute phase of KD in these patients. Patients with a follow-up
period of at least more than 12 months after the diagnosis were
included in the study. Standard and tissue Doppler and strain
and SR echocardiograms were performed after 3.55+2.20
years of follow-up of patients with KD.

The control group consisted of 30 age- and gender-matched
children referred to the department of pediatric cardiology
for evaluation of cardiac murmur. Children who had cardiac,
rheumatic, endocrinologic, renal or other chronic diseases
were excluded from the study.

All procedures performed involving human participants were
in accordance with the ethical standards of the local ethics
committee and with the 1964 Helsinki Declaration and its lat-
er amendments. The study was approved by the ethics com-
mittee of Kocaeli University Research and Application Hospital

(KAEK/2011/46). Written informed consent forms were obtained
from the parents and/or relatives of all the patients in the study.

Echocardiographic examination

Transthoracic echocardiography recordings were obtained by
a single operator from all the children. Echocardiography con-
sisting of transthoracic 2D and Doppler scans was performed
for all patients with Vivid 7 Dimension (GE Vingmed Ultrasound,
Horten, Norway). A 2.5 MHz probe was used. We used midaz-
olam (0.3 mg/kg intranasal) for sedation of the children as re-
quired.

Conventional 2D echocardiography

Lateral decubitus position; apical four-, three-, and two-cham-
ber; and parasternal short-axis (papillary muscle level) views
of the left ventricle were taken at end-expiratory apnea. From
each view, three cardiac cycles were stored in cine-loop for-
mat for subsequent offline analysis by investigators blinded to
patient data. The following parameters were measured ac-
cording to the established criteria by the American Society of
Echocardiography (4). M-modes of 2D images were obtained
from the parasternal long-axis views. Interventricular septal
wall thickness, LV posterior wall thickness, and LV internal di-
ameters were measured in all children. Systolic functions of the
left ventricle were assessed by using shortening fraction, ejec-
tion fraction, and LV myocardial performance index (Tei index).

Pulsed Doppler and tissue Doppler echocardiography

By positioning the sample volume at the tips of the mitral leaf-
lets from apical four-chamber views, pulsed Doppler recording
of tfransmitral flow velocities was made. The measurements in-
cluded peak atrial filling wave (A), peak early LV filling wave
(E), isovolumic relaxation time, and deceleration time. Tissue
Doppler imaging was analyzed to obtain peak systolic, early
diastolic (E") and late diastolic (A’) annular velocities, and myo-
cardial performance index (Tei index) from the lateral mitral
annulus.

Two-dimensional speckle tracking echocardiography

Apical four-, three-, and two-chamber views were used to ob-
tain longitudinal strain and SR of the left ventricle. Parasternal
short-axis views at the level of the papillary muscle were uti-
lized to obtain circumferential and radial strain and SR. Imag-
es of three cardiac cycles (60-90 frames/s) were uploaded to
EchoPAC version 6.1.0, GE Vingmed Ultrasound USA software
for analysis of speckle tracking-based myocardial mechanics.
The software automatically split up the images into six distinct
segments, which were defined and entitled by the Cardiac Im-
aging Committee of the Council on Clinical Cardiology of the
American Heart Association (4). These segments were used to
calculate longitudinal, radial, and circumferential strain values.
Averages of the six segments in the short-axis and four-cham-
ber views were taken to obtain global strain. Coronary artery
dilations detected by echocardiography were assessed ac-
cording to the criteria set by the Japanese Ministry of Health
(5). Echocardiograms were recorded and interpreted by expe-
rienced cardiologists.

Statistical analysis

Statistical analyses were performed using SPSS 20.0 (Statisti-
cal Product and Service Solutions Company, Armonk, NY, USA).
Continuous variables were expressed as meanzstandard de-
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viation. Differences between two groups were analyzed using
the independent samples t-test. To analyze the associations
between continuous variables, Pearson’s correlation was used.
A p-value <0.05 was considered as statistically significant.

Results

Clinical features

The patient group consisted of 18 (60%) males and 12 (40%) fe-
males. The male to female ratio was 1.5. The mean age at the
time of the diagnosis was 2.6+2.3 years (2 months-11 years).
Five of the subjects were <6 months old, 21 of them were 6
months to 5 years old, and four were >5 years old.

Mean admission time after the onset of disease was 8.6+3.5
days. A total of 20 (66.6%) patients were diagnosed as KD in the
acute phase of the illness (first 10 days) and 10 (33.3%) in the
subacute phase of the disease (after 10 days). Of the 30 pa-
tients, 25 (83%) were diagnosed with typical KD and five (17%)
with incomplete KD. All patients had IVIG (2 g/kg) and oral as-
pirin (80-100 mg/kg/day). The starting day of the treatment
was 8.6+3.5 (4-15) days. A repeating dose of IVIG was given
to four patients because of persistent fever. Echocardiographic
exams revealed pericardial effusion in six patients and mild mi-
tral regurgitation in the acute phase. Transient coronary artery
dilation was detected in three patients (10%), but no coronary
artery aneurysms were observed. All three patients with cor-
onary artery involvement were male, and they were all diag-
nosed as incomplete KD. We did not encounter the persistence
of coronary artery dilation in their long-term follow-up.

We interpreted the long-term cardiac findings of 30 patients
with KD in our study, and a control group consisting of 30
healthy subjects was formed. The mean time of follow-up after
the diagnosis was 3.55+2.20 years. We did not find a substan-
tial difference in terms of the ECG findings of the two groups.

Table 1. Comparison of left ventricle M mode and pulsed wave
Doppler variables between groups

Variables Patients Control p
(n=30) (n=30)

LVDd (mm/m?) 43.07+8.92 44.91+7.21 0.385
LVIDs (mm/m?) 27.21£5.32 28.72+4.70 0.249
FS (%) 36.03+3.39 36.21£3.83 0.848
LVMI (g/m?) 66.73+27.10 61.66+19.11 0.405
E (m/sec) 1.00£0.15 1.01£0.16 0.647
A (m/sec) 0.61+0.12 0.60£0.12 0.780
E:A 1.75+0.40 1.74+0.34 0.844
DT (msec) 118.80+24.30 118.50+22.1 0.969
E’ (m/sec) 0.18+0.03 0.18+0.03 0.671
A (m/sec) 0.11:0.17 0.09:0.13 0.608
E"A 2.80+0.70 2.74+0.70 0.714
S (m/sec) 0.08+0.01 0.09+0.02 0.113

A, peak velocity of late transmitral flow; A, peak velocity of diastolic mitral
annular motion as determined by pulsed wave Doppler; DT, deceleration
time; E, peak velocity of early diastolic transmitral flow; E’, peak velocity of
early diastolic mitral annular motion as determined by pulsed wave Doppler;
E:A, ratio of E to A; E":A| ratio of E' to A'; FS, fractional shortening; LVDd, left
ventricular internal dimension at end-diastole; LVIDs, left ventricular internal
dimension at end-systole; LVMI, left ventricular mass index, S: Systolic
myocardial velocity.

Conventional 2D echocardiography

There was no substantial difference between the left ventricle
M mode values of both groups. Systolic dysfunction was not
detected in any patient. Conventional echocardiography did
not reveal a significant difference between the M mode and
pulse wave tissue Doppler, E and A waves, E/A ratio, and de-
celeration values of both groups (Table 1).

Tissue Doppler echocardiography

Early diastolic wave, A’ E'/A’ ratio, systolic myocardial velocity,
and myocardial performance index (Tei index) values obtained
by tissue Doppler imaging did not show any significant differ-
ences between the groups (Table 1).

Two-dimensional speckle tracking echocardiography
Strain and SR parameters obtained by apical four-, three-, and
two-chamber views were not statistically different between pa-

Table 2. Comparison of left ventricle longitudinal strain
S (% .
X %) Patients Control
View Segment | SR (n=30) (n=30) P
1/8) - -
. S | -20.62+5.71 | -21.53+5.94 | 0.550
Apical
Apical SR | -1.43:0.39 | -1.43:+0.36 | 0.989
four- Mid S | -21.81+2.85 | -21.88+2.52 | 0.919
1
chamber SR -1.40%0.22 -1.36x0.19 | 0.521
(Septal) Basal S | -20.13+3.14 |-20.34£3.40| 0.803
asa
SR | -1.36x0.19 | -1.38+0.26 | 0.700
. S | -17.47+7.64 | -18.70+6.83 | 0.516
Apical
Apical SR | -1.29+0.46 | -1.41+0.48 | 0.321
four- Mid S | -17.89+6.16 | -17.33+4.80 | 0.696
1
chamber SR -1.46+£0.45 | -1.47+0.52 | 0.890
(Lateral) Basal S | -18.7126.61 | -17.15+5.05 | 0.308
asa
SR | -1.82+0.69 | -1.80+0.75 | 0.933
. S | -22.17+4.92 | -22.94+3.84 | 0.503
Apical
Apical SR | -1.56+0.37 | -1.57+0.39 | 0.860
two- Mid S | -24.41%2.79 | -23.52+3.36 | 0.273
1
chamber SR -1.57+0.20 -1.57+0.27 | 0.996
(Inferior) Basal S | —24.12+3.44 | -22.99+3.87 | 0.236
asa
SR | -1.62+0.30 | -1.63+0.29 | 0.965
. S | -17.80+6.36 | -19.16+5.76 | 0.389
Apical
Apical SR | -1.26:0.39 | -1.37:0.51 | 0.367
two- Mid S | -19.56%5.57 | -19.74+5.06 | 0.896
1
chamber SR -1.33+£0.39 -1.38+0.40 | 0.614
(Anterior) Basal S | -22.30%6.39 | -21.55+6.42 | 0.652
asa
SR | -1.84+0.50 | -1.75+0.51 | 0.469
. S | -19.23%+5.76 | -20.03%6.21 | 0.605
Apical
Apical SR | -1.42:0.39 | -1.45:0.39 | 0.775
three- Mid S | -14.84%6.76 | -16.45+4.93 | 0.296
1
chamber SR | -1.21:0.35 | -1.27+0.39 | 0.509
(Posterior) Basal S | -12.26£7.92 | -12.96+8.76 | 0.736
asa
SR | -1.53+0.58 | -1.60+0.49 | 0.601
Asical S | -21.18+5.49 | -21.81+6.33 | 0.681
H Ica
Apical P SR | -1.37:0.35 | -1.52:0.37 | 0.128
three- , S | -21.76:4.73 | -22.43:5.22 | 0.608
chamber | Mid
- SR | -1.38+0.35 | -1.39:+0.29 | 0.940
(Anterior
septal) Basal S | -21.16+4.95 | -21.75+4.80 | 0.641
SR | -1.47+0.40 | -1.47+0.34 | 0.976
S, strain; SR, strain rate.
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tients and controls (Table 2). Radial and circumferential peak
systolic strain values also did not differ between the two groups.
Moreover, detailed segmental analysis of strain was not dif-

Table 3. Comparison of global strain values, TEl index, EF, and

FS
Values Patients Control p
(n=30) (n=30)

Global four-chamber LS -19.47+3.56 -19.08+3.11 | 0.658
Global two-chamber LS -21.86+3.23 -22.03+£2.81 | 0.826
Global three-chamber LS | -18.36+3.73 -19.25+3.88 | 0.368
Global RS 48.70+18.30 | 44.35+20.50 | 0.499
Global CS -15.79+3.40 | -16.64+5.30 | 0.463
Global LS -19.91+2.74 -20.12+x2.66 | 0.747
Tei index 0.34+0.06 0.36+0.10 0.459
EF 66.33+4.42 66.65+4.76 0.791
Shortening fraction 36.03+3.32 36.21£3.83 | 0.848

CS, circumferential strain; EF, ejection fraction; FS, fractional shortening; LS,
longitudinal strain; RS, radial strain.
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Figure 2. Correlation analysis between global radial strain and follow-up

ferent between the groups. We found no statistical differences
between the patients and the control group in terms of global
strain values, Tei index, and fractional shortening (Table 3).

There was a positive correlation between follow-up period and
global four- and three-chamber longitudinal strain and global
longitudinal strain values (r=0.465, p=0.010; r=0.414, p=0.023;
r=0.492, p=0.006, respectively) (Figure 1), whereas global ra-
dial strain showed negative correlation (r=-0.517, p=0.003)
(Figure 2). The study indicated a negative correlation between
the risk factor of lower hemoglobin levels related to the car-
diovascular system involvement in KD and the four-chamber
global longitudinal strain (r=-0.444, p=0.014). There was also
a positive correlation between the erythrocyte sedimentation
rate and the four-chamber global longitudinal strain (r=0.383,
p=0.037).

Discussion

Cardiovascular system involvement is the major factor affect-
ing mortality and morbidity during the acute and long-term fol-
low-up of patients with KD. Coronary artery lesions may lead to
sudden death and ischemic heart disease in the long term (6).
Patients who had been diagnosed as KD regardless of having
coronary artery lesions bear the risks of obesity, dyslipidemia,
and hypertension. As adults, these patients will present with
cardiovascular complications such as endothelial dysfunction,
atherosclerosis, and ischemic heart disease (7).

During the acute phase of the disease, myocarditis may give
rise to ventricular dysfunction, which is attributed to myocardi-
al edema and inflammation that lead to diastolic dysfunction.
Ajami et al. (8) used the Tei index for estimating global myo-
cardial dysfunction in patients with KD. The Tei index increased
before IVIG treatment and decreased significantly after it. They
also observed a decreased ejection fraction (EF) and fractional
shortening (FS) during the acute phase in 35.7% of patients.

Our study showed that LV functions did not differ between chil-
dren with a history of KD and healthy children in the late peri-
od of follow-up. We also detected normal Tei index during fol-
low-up and no significant difference compared with the control
group. These results suggest that cardiac functions of children
with KD are not affected in the long term.

Because the number of patients with coronary artery involve-
ment was quite low (there were only three patients with cor-
onary artery dilation and none of the patients had coronary
artery aneurysms), statistical analysis could not be performed
between the two groups because of the small sample size.
Larger series are needed to evaluate the outcome of cases with
coronary artery lesions.

Speckle tracking imaging via echocardiography is a new and
useful technique to evaluate global and regional myocardial
deformation (9). Few studies have evaluated LV longitudinal
systolic strain in children with KD during acute and convales-
cent phases.

A vast majority of patients with KD exhibit normal conventional
echocardiographic metrics of cardiac function, such as EF and
FS (10). Despite normal LV systolic function by routine echo-
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cardiographic measurements, patients with KD may have re-
duced longitudinal LV myocardial strain and SR, which may be
more sensitive indicators of myocardial inflammation. This may
provide supportive criteria to avoid delayed diagnosis of KD.
Three recent studies have demonstrated lower (i.e., less nega-
tive) mean global longitudinal strain in cohorts of patients with
acute-phase KD relative to controls (9-11).

We did not detect a significant difference one year after the
onset of the disease between the patient and control groups
in terms of strain values. Our data is supported by the fact that
there are certain variations in the normalization of deformation
by the convalescent phase of KD. Similarly, Xu et al. (11) demon-
strated that at 6-8 weeks after the onset of KD, all LV strains
had recovered to normal. Moreover, Frank et al. (9) studied 41
patients with KD and measured myocardial strain and SR by
velocity vector imaging from pretreatment and convalescent
echocardiograms. Their patients showed a significant range
of myocardial strain on the acute-phase echocardiography.
Those patients with initially lower strain improved significant-
ly by the convalescent echo, whereas those with higher strain
showed much less change or even a lower strain value at the
later time point. The results were similar when using either lon-
gitudinal or circumferential strain. However, they also empha-
sized that strain may be affected by interstitial inflammation/
edema, whereas SR may not be affected unless actual myo-
cyte injury occurs. This fact is supported by Yu et al. (12), who
identified depressed strain but not SR in the patients compared
with controls during the acute phase, whereas McCandless et
al. (10) found both strain and SR to be depressed in acute KD.
As we do not have the echocardiographic values of patients
in the acute phase of the disease, our study has no power to
compare the changes between the acute phase of the disease
and long-term course or the variations in the acute phase in
terms of strain and SRs. On the other hand, compared with the
studies aforementioned, our study is unique as all of the previ-
ous studies concentrated on the acute phase of the disease. In
contrast, we investigated changes in the long-term follow-up
period.

Although we did not detect myocardial dysfunction during our
follow-up, we cannot conclude that these patients will not en-
counter any complications owing to KD. In our study, none of the
patients had coronary artery aneurysms. Coronary artery dila-
tion, which was detected in three patients, fully regressed. We
know that even coronary artery aneurysms regress to normal
internal lumen. The prognosis for adults who recovered from
KD without coronary aneurysms is suggested to be good, but
longitudinal studies have not been performed to test this hy-
pothesis. Patients with either transient coronary artery dilation
or no coronary artery luminal changes as noted on echocardi-
ography after acute KD in childhood are currently recommend-
ed fo require no pharmacological therapy beyond 6-8 weeks
after the acute episode, no invasive cardiologic testing, and
ongoing cardiovascular risk factor assessment and counseling
at 3- to 5-year intervals. However, in case-control cross-sec-
tional studies of a small number of patients, subtle ongoing
abnormalities have been variously and sometimes inconsis-
tently reported. Relative to controls, these include decreases in
high-density lipoprotein, increases in markers of inflammation,
the presence of varying degrees of endothelial dysfunction in
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both the coronary and systemic arteries, decreases in arterial
compliance and distensibility, decreases in myocardial blood
flow reserve, increases in carotid intima-media thickness (IMT)
and myocardial fibrosis, and alterations in the coronary artery
microvasculature (13-16).

Follow-up evaluations should be made during childhood, and
it seems rational fo continue this periodic re-assessment into
adulthood. There are other options that can be useful in fol-
low-up of patients with KD. Coronary artery calcium score by
computed tomography may be useful as arterial calcification is
a feature of the vascular lesions of KD. Late myointimal thicken-
ing of the coronary arterial wall can be detected by intravas-
cular ultrasound. Non-invasive assessments of endothelial cell
functions such as brachial artery flow-mediated dilation and
structural assessments such as carotid IMT remain research
tools at this fime with uncertain prognostic significance (17).

Our study, which evaluated late-term cardiac functions,
showed no significant differences between patient and control
groups in terms of strain and SR values. Regional myocardial
functions of our asymptomatic cases were found to be normal.
Because the involvement of distal parts of the coronary arteries
may occur in the acute phase of the disease, and conventional
methods could not detect this, it was suggested that 2D speck-
le tracking echocardiography (STE) could show subclinical
changes. However, no finding that reflects ischemia on cardi-
ac segments was discovered. This circumstance indicates that
the regional myocardial functions in the long term are normal.
Thus, by taking into consideration the study conducted by Yu et
al. (12), our study supports the idea that impairment of strain
values in the acute phase occurs secondary to myocarditis.

Dedeoglu et al. (18) reported that LV strain was impaired in
the apical and basal segments of patients with antecedent KD
during midterm follow-up by using STE. In this study, the me-
dian follow-up period was similar to our study. Seven patients
had persistent coronary artery involvement. Although there was
no significant difference in strain values between patients with
KD with and without coronary aneurysms in left LV segments,
impairment of basal and apical segments of the left ventricle
may be due to cardiovascular sequelae in these patients.

Lin et al. (19) reported that patients with KD with coronary ar-
tery dilation had lower global strain values according to the
control group. Two-dimensional and three-dimensional (3D)
strain echocardiography was performed, and the duration of
the follow-up time was more than 7 years. Left ventricle strains
were normal in children without coronary artery dilations in the
long term, similar to our study.

In our study, a positive correlation was determined between
the duration of follow-up and global longitudinal strain, global
four chamber longitudinal strain, and global three-chamber
longitudinal strain values. In contrast, the duration of follow-up
and global radial strain values showed a negative correlation.
Initially, this result was attributed to the judgment that strain
values in children might vary with increasing age. However,
with the help of a thorough analysis of the literature, it was no-
ticed that Sato et al. (20) had reported that peak systolic strain
values in childhood did not vary with age or heart rate. Left
ventricular strain may be influenced by age, gender, heart rate,
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blood pressure, and body surface area. Dallaire et al. (21) re-
ported statistically significant associations between body size
and strain values in children and also recommended using
strain values normalized to body surface area. There are re-
cent studies that have demonstrated maturational changes in
LV deformation indices with somatic growth. Lorch et al. (22)
found that LV longitudinal strain did not change significant-
ly with age. Furthermore, longitudinal SR changed with age,
highest in infancy then decreased until the age of 10. Klitsie et
al. (23) also reported no linear relation between age and most
global peak strain parameters. Kaku et al. (24) demonstrated
that after 2-3 years of age, the normal range of deformation
did not vary significantly according to those in young adults by
using 3D echocardiography. According to these studies, there
are still arguments on the standardization of normal strain
echocardiographic values in children. Although data quality
has improved in the recent studies, available pediatric nomo-
grams for LV strain and SR are heterogeneous and therefore
limited. In our study, although LV strain values evaluated by 2D
STE did not reveal any difference between patients and con-
trols, increased values of longitudinal strain were observed by
increasing follow-up period. An increase in longitudinal strain
value, which is expressed as a negative mathematical value,
implies less shortening of LV myocardial fibers. Therefore, this
result considers subclinical impairment of myocardial functions
with increased duration of follow-up. These findings support
the results of studies in adults who had KD in their childhood.
The negative correlation between duration of follow-up and
radial strain, which is expressed as a positive mathematical
value, has also been interpreted similarly. In our study, the
finding of normal cardiac functions in the long term may be
related to the timing of diagnosis and treatment of the disease.

It was reported in children with a diagnosis of KD that they had
an increased risk of atherosclerosis and cardiovascular morbidi-
ty in adulthood even if they had no coronary involvement initially.
Normal strain values were detected in all patients in this study.
However, this result does not denote that these children are not
under risk for cardiovascular diseases in adulthood.

In contrast, variation in the strain values by the duration of fol-
low-up, which is at least one year in our study, gives rise to the
thought that LV systolic functions are impaired independently of
coronary artery involvement in KD. Therefore, the follow-up of
children with a diagnosis of KD is of capital importance. Although
the echocardiographic examinations are found to be normal
in late childhood and even in adulthood, follow-up should be
sustained, and, in symptomatic patients, further examinations
should be planned in recognition of coronary artery disease.

Study Limitations
We do not have the echocardiographic values of patients in the
acute phase of the disease. Our study has no power to com-
pare the changes between the acute phase of the disease and
long-term course or the variations in the acute phase in terms
of strain and SRs.

There were only three patients with coronary artery dilation
and none of the patients had coronary artery aneurysms. Be-
cause of the small sample size, the statistical analysis could not
be performed between the two groups.

Conclusion

Although there was no difference between groups by strain
parameters, this study is one of the very few studies which in-
vestigates the late-term findings of KD by 2D strain echocar-
diography. Although we were not able to detect myocardial
dysfunction by echocardiographic methods in patients with
KD, strain values showed variability with the follow-up period,
which indicates that KD might cause LV dysfunction in the lat-
er phases. Therefore, it appears that they should be kept un-
der control for possible cardiovascular complications. More
detailed results could be obtained by studies including bigger
populations and longer follow-up periods.
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