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Abstract Kawasaki disease (KD) is characterized by

myocarditis and left ventricular dysfunction during the

acute phase of the illness. Despite treatment with intra-

venous immunoglobulin (IVIG), a significant number of

patients are IVIG resistant. We evaluated KD patients in

the acute phase of illness using tissue Doppler imaging

(TDI) to assess whether myocardial dysfunction may pre-

dict IVIG resistance. All patients with acute KD presenting

to Children’s Hospital Colorado from February 2007

through March 2014 were included in this study and un-

derwent echocardiograms with TDI evaluation at diagno-

sis. Patients were divided into two groups: IVIG resistant

and IVIG responder. Group differences were assessed us-

ing Wilcoxon–Mann–Whitney and Chi-square testing.

Receiver operating characteristic (ROC) curve analysis

was utilized to determine threshold values of TDI mea-

surements associated with IVIG resistance. Fifty-one age-

matched IVIG resistant patients were compared to 51 IVIG

responder patients [median age, IQR 44.57 (20.13–77.07)

vs. 33.49 (17.30–62.89) months, p\ 0.44]. There were

significant differences in the septal and mitral early dias-

tolic velocities (E0) (p\ 0.001 and p\ 0.01), respectively.

ROC analysis demonstrated that tricuspid E0 \0.15 cm/s,

septal E0\0.12 cm/s, and mitral E0\0.16 cm/s were good

predictors of IVIG unresponsiveness (AUC = 0.66, 0.66,

and 0.70, respectively). There were no differences between

the systolic velocities and late diastolic velocities (A0).
IVIG resistant KD patients present with significantly

greater diastolic dysfunction compared to responders in

patients with KD. TDI may be a useful tool to differentiate

KD patients at higher risk of IVIG resistance.
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Introduction

Kawasaki’s disease (KD) is an acute vasculitis of unknown

etiology that presents in children of all ages, but primarily

occurs in children under the age of 5 years [20]. The pri-

mary blood vessels affected are the medium-sized arteries,

most notably the coronary arteries, resulting in coronary

artery lesions (CAL) in 25 % of untreated patients [20].

KD is now the leading source of acquired heart disease in

children [17, 28]. Prior studies have clearly identified the

presence of myocardial involvement in the acute phase of

KD, specifically myocarditis that has been shown to be

associated with subclinical and clinical left ventricular

dysfunction [2, 9, 11, 12, 14, 16, 18, 27]. Standard therapy

for patients with acute KD is treatment with intravenous

immune globulin (IVIG) which reduces the risk of CAL

from 25 to 5 % [19]. However, 10–15 % of patients fail to

respond or develop recrudescent fever; these patients are

characterized as IVIG resistant and ultimately require re-

peat IVIG dosing or a second line therapy [13]. Prior

studies from Japan have used scoring systems such as
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Egami, Sano, and Kobayashi scores to predict IVIG re-

sistance; however, these scoring systems had low sensi-

tivity in the heterogeneous population and were unable to

identify IVIG resistant patients in the North American

cohort [6–8, 15, 22, 24, 26]. Currently, we lack tools to

predict IVIG resistant among KD patients.

Tissue Doppler imaging (TDI) allows for direct mea-

surement of myocardial velocities and is now considered a

standard technique in many echocardiographic laboratories

for further assessment of systolic and diastolic ventricular

function. TDI has been shown to be abnormal in patients

with KD in the acute and convalescent phases [1, 25].

However, differences in myocardial velocities from TDI

between IVIG responders and IVIG resistant children with

KD have not been well investigated. This study evaluated

myocardial function in KD patients during the acute phase

of the illness using TDI to determine whether the presence

of ventricular dysfunction prior to treatment may help

predict IVIG resistance.

Methods

Patients

This retrospective case control study was conducted at

Children’s Hospital Colorado in patients diagnosed with

acute KD at Children’s Hospital Colorado from February

2007 through March 2014. All patients were diagnosed by

pediatric infectious disease physicians; patients met the

standard American Heart Association criteria [21] case

definition for acute KD. All patients received standard

treatment with IVIG (2 g/kg IV over 12 h) and high-dose

aspirin (80 mg/kg/day divided every 6 h). IVIG resistance

was defined as a fever C38.3 �C occurring beyond 36 h

after the end of IVIG infusion up to 7 days after comple-

tion of the infusion. An IVIG responder was defined as a

KD patient who had a good clinical response to IVIG and

did not have persistent or recrudescent fever. Age-matched

(±6 months) controls were IVIG responders who presented

within 6 months of the matched IVIG resistant case pa-

tients. Demographic data, treatment with IVIG, and

echocardiographic data were included. Coronary artery

lesions (CAL), defined as coronary arteries with a Boston

z score [2.5 or aneurysms demonstrated on echocar-

diography, were compared within the resistant and re-

sponder KD groups. This study received approval from the

Colorado Multiple Institutional Review Board.

Echocardiograms

Complete echocardiograms were performed at diagnosis.

Echocardiograms were performed using the GE Vivid 7

cardiac ultrasound system (GE, Horten, Norway) and the

appropriate size transducers for pediatric patients. Left

ventricular ejection fraction was obtained from M-mode.

TDI was obtained with a sample volume placed at the

tricuspid, septal, and mitral annuli in the apical four

chamber view (Fig. 1). The TDI systolic (S0), early dias-

tolic (E0), and late diastolic (A0) velocities were averaged

over three cardiac cycles and recorded from each patient.

Nasal versed was used in children for anxiolytics in chil-

dren who were too inconsolable to lay still for the entire

study. Fused TDI E0 and A0 velocities from tachycardia

were excluded from analysis.

Statistical Analysis

The data were tested for normality. Non-normally dis-

tributed continuous data are presented as median (in-

terquartile range), and categorical data are presented as

frequency (percentage). Group differences were assessed

using Wilcoxon–Mann–Whitney and Chi-square analyses.

Receiver operating characteristic (ROC) curve analysis

was utilized to determine the threshold values of TDI

measurements associated with unresponsiveness to IVIG.

CALs were compared within IVIG resistant and responder

groups. A sub analysis of IVIG resistant patients presenting

with significant CAL compared to those without was

similarly assessed using Wilcoxon–Mann–Whitney and

Chi-square analyses. All analyses were performed using

Statistical Analysis System (version 9.3; SAS Corporation,

Cary, NC). A p value\0.05 was considered significant.

Fig. 1 Tissue Doppler imaging. Tissue Doppler imaging in the apical

four chamber view: A0 late diastolic velocity, E0 early diastolic

velocity, S0 systolic velocity
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Results

Three hundred and fifty patients with acute KD were

identified, and 51/350 (15 %) were identified as IVIG re-

sistant. There were 43 % of IVIG resistant and 33 % of

IVIG responder patients who had incomplete KD at diag-

nosis. Table 1 shows the characteristics of the patients.

Fifty-one IVIG resistant patients were age matched with 51

IVIG responder patients [median age, IQR 44.57

(20.13–77.07) vs. 33.49 (17.30–62.89) months, p\ 0.44].

There were 34 males in responder group versus 33 males in

the resistant group. No significant differences were iden-

tified in terms of age or gender. Analysis of the echocar-

diographic data demonstrated significant differences in the

septal and mitral early diastolic velocities (E0) (p\ 0.001

and p\ 0.01) between the two groups (Table 1). ROC

analysis identified tricuspid E0 \0.15 cm/s, septal E0

\0.12 cm/s, and mitral E0 \0.16 cm/s were reasonable

predictors of IVIG unresponsiveness (AUC = 0.66, 0.66,

and 0.70, respectively) (Fig. 2). There were no differences

between the systolic velocities (S0), tricuspid E0, or late

diastolic velocities (A0). Although there were significant

differences in the incidence of CAL (p\ 0.001) between

the resistant and responder groups, there were no sig-

nificant differences between the TDI velocities in patients

with or without CAL compared in the two groups

(Tables 1, 2). Within the resistant group, there were no

significant differences in the TDI velocities between pa-

tients with and without CAL (Table 2). Within the re-

sponder group, statistical analysis could not be performed

because of the small number of CAL patients in this group.

The ejection fraction was normal in both groups; however,

there was a statistically significant difference between the

two groups (p\ 0.02) with the left ventricular ejection

fraction lower in the resistant group compared to the re-

sponders (Table 1).

Discussion

Our study demonstrated that IVIG resistant KD patients

present with significantly greater diastolic dysfunction

compared with IVIG responders. A well-documented

clinical manifestation of KD is the onset of myocarditis.

Myocarditis manifests itself in the form of tachycardia and

depressed ventricular function and occurs in approximately

Table 1 Patient characteristics

and tissue Doppler imaging

values

Resistant (N = 51) Responder (N = 51) p value

Age [months (IQR)] 44.57 (20.13–77.07) 33.49 (17.30–62.89) 0.44

Male gender [number (%)] 33 (64.71 %) 34 (66.67 %) 0.83

MV S0 (cm/s) 0.08 (0.07–0.10) 0.09 (0.08–0.10) 0.15

MV E0 (cm/s) 0.15 (0.12–0.17) 0.16 (0.15–0.18) 0.01

MV A0 (cm/s) 0.06 (0.05–0.09) 0.07 (0.06–0.09) 0.66

Sep S0 (cm/s) 0.07 (0.07–0.09) 0.08 (0.07–0.09) 0.38

Sep E0 (cm/s) 0.11 (0.10–0.14) 0.14 (0.12–0.15) 0.001

Sep A0 (cm/s) 0.08 (0.06–0.10) 0.07 (0.06–0.08) 0.29

TV S0 (cm/s) 0.12 (0.11–0.14) 0.13 (0.12–0.15) 0.18

TV E0 (cm/s) 0.15 (0.13–0.17) 0.17 (0.15–0.19) 0.05

TV A0 (cm/s) 0.10 (0.09–0.14) 0.10 (0.09–0.13) 0.93

LV EF (%) 67 % (52–76) 70 % (60–81) 0.02

CAL [number (%)] 16 (31.37 %) 3 (5.88 %) 0.001

A0 late diastolic velocity, CAL coronary artery lesion, E0 early diastolic velocity, MV mitral valve, S0

systolic velocity, Sep septal, TV tricuspid valve

Fig. 2 Receiver operating characteristics curves. Receiver operating

characteristics (ROC) of early diastolic velocities of the tricuspid,

septal, and mitral valves
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50 % of patients diagnosed with KD during the acute phase

[14]. The changes in ventricular function generally im-

prove post-IVIG therapy as systemic inflammation sub-

sides [9, 14]. In our study cohort, there was a significantly

depressed early diastolic (E0) velocity at the septal and

mitral annuli in the resistant group, indicating more im-

paired left ventricular relaxation compared to the responder

group. Our findings are consistent with a previous study by

Amoozgar et al. [1] that during the acute phase of KD, the

early diastolic velocities (E0) at the septal and mitral annuli

were significantly diminished compared to diastolic func-

tion 4 weeks after IVIG treatment. Another study by

Kurotobi et al. [10] demonstrated that children with KD

had left ventricular diastolic dysfunction that was associ-

ated with elevated brain natriuretic peptide. Takeuchi et al.

also found that left ventricular dysfunction was associated

with elevated brain natriuretic peptide and that the left

ventricular dysfunction improved during the convalescent

phase; however, they did not find any difference in the

diastolic parameters between nonresponders and IVIG re-

sponders [25]. Our study differed from Takeuchi et al.

study because we had larger sample size and were able to

demonstrate the difference in diastolic parameters between

the resistant and responder groups. Early diastolic E0 at the
tricuspid valve approached significance (p value of 0.05)

but was not statistically significant; however, if the sample

size of our IVIG resistant patients were larger, then perhaps

there would have been significance as the AUC of the

tricuspid valve E0 demonstrated reasonable predictor of

IVIG resistance.

A second finding in our study demonstrated that the

diastolic dysfunction found in KD patients may be a con-

sequence of inflammation of the myocardium rather than

the effects of macrovascular changes in CAL. In our cohort

of patients, there were more CAL in the resistant group, but

there were no significant differences in the TDI velocities

between patients with CAL and patients with normal

coronary arteries within the resistant group. Our study is

similar to the previous study reported by Selamet et al. [23]

in that patients with KD had impaired relaxation during the

acute phase. Myocardial biopsy done by Yutani et al. [29]

demonstrated myocardial abnormalities, including fibrosis

and cellular disarrangement that were detected at all time

periods after onset of KD and that their severity was not

related to the presence of CAL. We were not able to

demonstrate that the presence of CAL was the cause of

diastolic dysfunction in patients with KD but rather a result

of inflammation of the entire myocardium and microvas-

cular changes in the coronary arteries.

Lastly, our study showed that TDI may be a useful tool

in the identification of IVIG resistant patients. Because

long-term consequences of CAL include thrombosis,

stenosis, and myocardial infarction, early identification of

IVIG resistant patients might allow adjunctive therapy in

these high-risk patients to decrease the risk of CALs [4, 5].

Risk scoring system in Japan has been used to identify

IVIG resistance with good sensitivity and specificity [6, 7,

15, 22]. However, Tremoulet et al. [26] demonstrated that

the Egami score used in 362 children in San Diego County

had low sensitivity (38 %) and good specificity (84 %) to

detect IVIG resistance. Sleeper et al. [24] also showed that

the use of Japanese risk scoring system in the North

American population with mixed ethnicity would exclude

most patients who were at low risk of IVIG resistance but

would not capture most patients who may benefit from

more intensive monitoring of their condition and requiring

additional therapy to interrupt their disease process. In their

conclusion, risk scoring systems for IVIG resistance de-

veloped in Japan have a low sensitivity (\45 %) and a

good specificity (85–87 %) when applied to the North

American cohort [24]. Interestingly, their study found that

male sex and albumin were two independent risk factors

for IVIG resistance and these factors were not included in

the Japanese risk scoring system [24]. Their study high-

lighted the need for better identification of high-risk pa-

tients who may benefit from IVIG re-treatment. In a

retrospective analysis of KD children diagnosed from 2002

to 2006, Ashouri et al. [3] found low albumin level, higher

band counts, and higher number of abnormal coronaries on

echocardiography independently identified high-risk pa-

tients for IVIG resistance. Two-third of our IVIG resistant

patients were male, and our ROC analysis demonstrated

that echocardiographic findings of tricuspid, septal, and

mitral TDI velocities were associated with IVIG resistance.

These findings suggest the potential for use of TDI to help

identify IVIG resistant patients earlier in order to provide

optimal treatment to turn off inflammation to prevent CAL.

Table 2 Incidence of coronary artery abnormality (nonresponders

resistant patients only)

CAA (N = 16) No CAA (N = 35) p value

MV S0 0.08 (0.07–0.10) 0.09 (0.07–0.10) 0.8544

MV E0 0.13 (0.11–0.16) 0.15 (0.13–0.17) 0.0822

MV A0 0.06 (0.05–0.09) 0.06 (0.05–0.09) 0.6301

Sep S0 0.07 (0.07–0.09) 0.07 (0.07–0.09) 0.7455

Sep E0 0.10 (0.08–0.11) 0.12 (0.10–0.14) 0.0531

Sep A0 0.08 (0.06–0.10) 0.08 (0.06–0.10) 1.0000

TV S0 0.12 (0.11–0.14) 0.13 (0.11–0.14) 0.5824

TV E0 0.15 (0.10–0.18) 0.16 (0.14–0.17) 0.4663

TV A0 0.11 (0.10–0.17) 0.09 (0.09–0.12) 0.3062

A0 late diastolic velocity, E0 early diastolic velocity, MV mitral valve,

S0 systolic velocity, Sep septal, TV tricuspid valve
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Study Limitations

Our study had several limitations. First, because it is a

retrospective study, it may have been subject to selection

bias; however, patients were selected based on their diag-

nosis and responsiveness to the IVIG. Second, TDI ac-

quisition in children with KD may be difficult during the

acute phase when patients were fussy, inconsolable, and

tachycardic; however, the echocardiograms were obtained

when patients were asleep, distracted, or intranasal versed

was used for anxiolytics. Third, fusion of E0 and A0 ve-
locities was excluded from analysis, but this accounted for

only 1 % of our patient population, and acquisition of TDI

velocities was obtained as parallel as possible to limit the

inaccuracies of the velocities obtained.

Conclusions

In summary, this study found that IVIG resistant patients

had more diastolic dysfunction than IVIG responder pa-

tients and suggests that the diastolic dysfunction may be a

consequence of myocarditis rather than coronary artery

involvement. TDI may be a useful diagnostic tool in the

early identification of IVIG resistant patients, and a

prospective study should be done to validate the usefulness

of TDI in predicting IVIG resistance. Early identification of

patients at high risk of IVIG resistance may lead to de-

velopment of adjunctive therapeutic approaches to de-

crease the risk of CALs and deleterious effect of coronary

artery dilation in the long-term follow-up of these patients.
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