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Noncoronary Cardiac Abnormalities Are Associated
With Coronary Artery Dilation and With Laboratory
Inflammatory Markers in Acute Kawasaki Disease
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Objectives We explored the association of noncoronary cardiac abnormalities with coronary artery dilation and with labora-

tory inflammatory markers early after Kawasaki disease (KD) diagnosis.

Background

Left ventricular (LV) dysfunction, mitral regurgitation (MR), and aortic root dilation occur early after diagnosis:

their associations with coronary artery dilation and inflammatory markers have not been well-described.

Methods

Centrally interpreted echocardiograms were obtained at KD diagnosis and 1 and 5 weeks after diagnosis on 198

subjects in the National Institutes of Health-sponsored Pediatric Heart Network KD pulsed steroid trial. Regres-
sion models were constructed to investigate the relationships among early LV dysfunction, MR, and aortic root
dilation with coronary artery dilation and laboratory inflammatory markers.

Results

At diagnosis, LV systolic dysfunction was present in 20% of subjects and was associated with coronary artery

dilation, seen in 29% (p — 0.004). Although LV dysfunction improved rapidly, LV dysfunction at diagnosis pre-
dicted greater odds of coronary artery dilation at 1 and 5 weeks after diagnosis (5-week odds ratio: 2.7, 95%
confidence interval: 1.2 to 6.3). At diagnosis, MR was present in 27% of subjects and aortic root dilation was
present in 8%; each was associated with larger coronary artery size at diagnosis. Left ventricular dysfunction was
associated with higher erythrocyte sedimentation rate and, at diagnosis only, lower serum albumin; MR was as-
sociated with higher erythrocyte sedimentation rate and lower albumin at all times. Aortic root size had little

association with inflammatory markers.

Conclusions

Noncoronary cardiac abnormalities are associated with coronary artery dilation and laboratory evidence of in-

flammation in the first 5 weeks after KD, suggesting a shared inflammatory mechanism. (Trial of Pulse Steroid

Therapy in Kawasaki Disease [A Trial Conducted by the Pediatric Heart Network]; NCT00132080)

(J Am Coll

Cardiol 2011;57:86-92) © 2011 by the American College of Cardiology Foundation

Kawasaki disease (KD) is an acute, self-limited febrile
illness of unknown etiology. Although coronary artery
sequelae are responsible for the major morbidity and mor-
tality of KD, acute KD is often accompanied by noncoro-
nary cardiac abnormalities, including left ventricular (LV)
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dysfunction, valvar regurgitation, pericardial effusion, and
aortic root dilation (1-7). Both the vasculitis that leads to
coronary artery sequelae and these noncoronary cardiac
abnormalities might be consequences of an initial immune-
mediated response (1,8-11). Although prior studies have
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confirmed a relationship between inflammatory changes in
acute KD and the risk of coronary artery dilation (12-18),
no consistent relation has been found between LV dysfunc-
tion, valvar regurgitation, and aortic root dilation and
coronary artery dilation or systemic inflammatory markers
(4-7,9,19-21). The existence of such a relation might have
mechanistic implications for understanding KD and its
consequences.

We sought to analyze the relationship between echocar-
diographic evidence of noncoronary cardiac abnormalities
with coronary artery dilation and echocardiographic evi-
dence of noncoronary cardiac abnormalities with markers of
systemic inflammation during the first 5 weeks after KD
diagnosis. We hypothesized that: 1) noncoronary cardiac
abnormalities and coronary artery abnormalities are correlated
early after KD diagnosis; and 2) LV systolic dysfunction, mitral
regurgitation (MR), and aortic root dilation in acute KD are
associated with laboratory evidence of systemic inflammation.

Methods

The National Heart, Lung, and Blood Institute-sponsored
Pediatric Heart Network multicenter, prospective, random-
ized trial of pulsed steroid therapy in primary treatment of
KD produced a well-characterized database of clinical data
and centrally interpreted echocardiographic findings at the
time of KD diagnosis (baseline) and at 1 and 5 weeks after
diagnosis (22). We used the KD trial database to analyze the
relationships of LV systolic dysfunction, the incidence of
MR, and aortic root dimension with coronary artery dilation
and with systemic inflammatory markers. Trial eligibility,
enrollment, and procedures have been reported (22). Briefly,
between December 2002 and December 2004, 199 consent-
ing subjects from 8 North American centers who met
specific study criteria for KD (1,23) and were between days
4 and 10 of illness were enrolled at the time of KD
diagnosis. One subject withdrew shortly after consent, and
no echocardiograms were submitted. Mean age of the 198
remaining subjects was 3.3 = 2.2 years (16% under 1 year),
and 63% were boys. Two subjects who met KD diagnostic
criteria were later identified as having had herpes simplex
virus and Ebstein-Barr virus, respectively; these subjects
remain in the dataset, although their exclusion did not affect
the results. The study was approved by the institutional
review board or ethics committee of each center.

Echocardiographic methods. Echocardiograms were per-
formed with pre-specified protocol guidelines (22); children
unable to cooperate were sedated according to local practice.
All baseline echocardiograms were performed within 48 h of
trial randomization. Follow-up echocardiograms were per-
formed 1 week (mean 7.8 * 1.8 days, n = 198) and 5 weeks
(mean 36.5 *= 4.3 days, n = 195) after randomization.
Echocardiograms were centrally interpreted by a single core
laboratory reviewer who was blinded to subject identity,
treatment group, and illness day. Measurements of LV
dimensions, LV fractional shortening (FS), aortic root dimen-
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Abbreviations
and Acronyms

BSA = body surface area

sion, and coronary artery segment
diameters were made. The severity
of valvar regurgitation was qual-
itatively assessed by color Dopp-
ler imaging, with notation made
if there was at least mild MR or
aortic regurgitation. A pericardial
effusion was considered present if
its maximal dimension was at least
1 mm in any imaging plane.
LVEFS, aortic root dimension,
and the incidence of valvar re-
gurgitation and of pericardial
effusion were reported as part of
the trial results (22).

Echocardiographic measure-
ments of LV dimensions, aortic
root dimension, and proximal
left anterior descending and right coronary artery segments
were transformed to z-scores (SD U) on the basis of body
surface area (BSA) (12). Maximum coronary artery z-score
was defined as the greater of the z-scores relative to BSA of
either the proximal left anterior descending or right coro-
nary artery segment. Coronary artery dilation was defined as
present if the maximum coronary artery z-score of the
subject was >2. Normal values for LVES are age-dependent
(24). For this reason, LV systolic dysfunction was defined as
an age-adjusted LVFS z-score <—2 (i.e., a LVFS measure-
ment that was more than 2 SDs below the mean for age).
Statistical methods. Data from both KD trial arms were
combined for this study analysis, because there were no
differences in echocardiographic parameters between treat-
ment groups (22). An exploratory analysis was performed to
assess whether baseline LVFS varied according to timing of
the baseline echocardiogram with respect to intravenous
immune globulin (IVIG) infusion (i.e., whether the echo-
cardiogram was performed before, the day of, or after
IVIG); because no correlation was found, this was not
explored further (Online Appendix).

Longitudinal mixed model regression analyses were con-
ducted that examined the association between LVFS
z-score and continuous maximum coronary artery z-score
and the association between aortic root size and maximum
coronary artery z-score. Interactions with study visit (time)
were fit to assess the existence of differential correlations by
time.

Logistic regression was used to determine whether the
presence versus absence of baseline LV dysfunction, MR, or

Cl = confidence interval
CRP = C-reactive protein
ESR = erythrocyte
sedimentation rate

FS = fractional shortening

IVIG = intravenous immune
globulin

KD = Kawasaki disease
LV = left ventricular

MR = mitral regurgitation
OR = odds ratio

WEBC = white blood count

aortic root dilation could predict those subjects who had
coronary artery dilation (defined as z-score >2) at baseline
and at 1- and 5-week follow-up.

Multivariate longitudinal mixed regression models were
constructed for 3 outcomes: LVFS z-score, aortic root
z-score, and the presence of MR to estimate associations
with laboratory measures of inflammation: white blood

count (WBC), erythrocyte sedimentation rate (ESR),
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Echocardiographic Parameters by Time Since Randomization

Parameter Baseline Week 1 Week 5 p Value
LVFS (%) 36.0 = 6.2 (189) 38.7 = 5.0 (186) 37.8 = 5.4 (185) NS
LVFS z-score —0.32 + 2.22* (189) 0.70 = 1.651 (186) 0.38 = 1.931(185) <0.001
LV end-diastolic dimension z-score 0.54 = 1.161 (189) 0.28 = 1.201% (186) 0.31 = 1.141 (185) 0.007
LV end-systolic dimension z-score 0.45 = 1.541 (189) —0.20 = 1.34* (185) 0.04 = 1.32 (185) <0.001
Aortic root z-score 0.81 + 0.851 (162) 0.94 = 0.821 (169) 0.84 = 0.871 (175) 0.129
Maximum coronary artery z-score 1.65 = 1.481(195) 1.73 = 1.831 (190) 1.35 + 1.811 (190) <0.001

Values are mean = SD (number of observations). Differs significantly from nermal population mean, *p < 0.05; p < 0.001; 1p < 0.01. The p value

from longitudinal model assessing linear change over time.

C-reactive protein (CRP), albumin concentration, platelet
count, hemoglobin concentration, hematocrit, and neutro-
phil count. Several clinical variables, including time since
randomization (study visit), sex, and age, were also evalu-
ated as potential correlates. Interactions between study visit
and laboratory measures were examined. For all analyses, we
considered p < 0.05 to represent a significant association.

Results

LV systolic dysfunction and coronary artery dilation in
acute KD. At baseline, mean LVFS z-score was significantly
lower than expected for a normal age-matched population, and
LV dysfunction (age-adjusted LVFS z-score <<—2) was
present in 20% of subjects (Tables 1 and 2). Left ventricular
function improved rapidly over time; among subjects defined as
having LV dysfunction at baseline, 89% had normal LV
systolic function by Week 5. Baseline LV end-diastolic and
end-systolic dimension z-scores were higher than normal,
indicating ventricular dilation (Table 1).

Longitudinal mixed regression modeling found a weak
but significant inverse association between FS z-score and
maximum coronary artery z-score across all time points: for
each unit increase in FS z-score, coronary artery z-score
decreased 0.05 U (n = 559 observations on 198 subjects,
estimated slope = SE —0.051 = 0.024, p = 0.033) (e,
better LV systolic function was associated with smaller
coronary artery z-scores). |here were also significant but
weak correlations between LV end-diastolic and end-
systolic dimensions with maximal coronary artery z-score at
baseline; these correlations were weaker or nonexistent at

follow-up.

Table 2 Percentage of Subjects With
Abnormal Echocardiographic Values

Parameter Baseline Week 1 Week 5
LVFS z-score <—2 20% (189) 4% (186) 10% (185)
Aortic root z-score =2 8% (162) 9% (169) 10% (175)
Maximum coronary artery 29% (195) 29% (190) 18% (190)
z-score >2
Mitral regurgitation 27% (193) 15% (197) 9% (195)
Aortic regurgitation 1% (191) 1% (197) 1% (195)
Pericardial effusion 2% (195) 3% (195) 0% (195)

LVFS = left v fractional shortening.

Patients with LV dysfunction at baseline, compared with
those with normal LV function, had greater odds of having
coronary artery dilation at baseline (odds ratio [OR]: 2.9,
95% confidence interval [CI]: 1.4 to 6.2, p = 0.004) and at
1 week (OR: 2.5, 95% CI: 1.1 to 6.3, p = 0.016) and
5-week follow-up (OR: 2.7, 95% CI: 1.2 to 6.1, p = 0.019)
(Fig. 1). Thus, the presence of LV dysfunction at baseline
predicted baseline and early convalescent (1- and 5-week)
coronary artery dilation.

As noted in Newburger et al. (22), there were 4 patients
who developed coronary artery dilation >4 mm in any
coronary artery segment (“aneurysm”), excluding potentially
pre-existing, isolated left main coronary artery abnormalities
in 2 patients; none developed “giant” (>>8 mm) aneurysms.
Three of 4 patients who developed aneurysms had severe
baseline LV dysfunction, with FS z-scores of —3.8, —5.8,
—2.9, and 1.4. Increased baseline LVFS z-score was pro-
tective against development of a coronary artery aneurysm
(OR: 0.62/U increase in z-score, 95% CI: 0.40 to 0.97, p =
0.035).

LVFS Z<-2

%1 LVFS Z>=-2

OR=29
50 OR=25

40 A

30

20

10 9

Maxirnurn Coronary Artery Z score = 2 (%)

0 -
.of Patients 37 152 37 146 37 145

=z
o

Baseline Week 1 Week 5

Coronary Artery Dilation by Initial LVFS zScore

QOdds ratio (OR): p = 0.002 at baseline; p = 0.016 at Week 1; p = 0.019 at
Week 5. The ORs shown here are from logistic regression models with maxi-
mum coronary artery zscore >2 as the outcome. LVFS = left ventricular frac-
tional shortening.
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L1 CR<I  Multivariate Model for LVFS zScore

Variable Slope = SE p Value

ESR, mm/h —0.009 + 0.003 0.007
WBC (10%/mm?®) X visit 0.033
Week 0 0.016 = 0.03 0.561
Week 1 0.079 = 0.04 0.047
Week 5 0.11 + 0.06 0.048
Albumin (g/dl) x visit 0.008
Week 0 0.51 + 0.23 0.028
Week 1 —0.47 +0.34 0.172
Week 5 —-0.66 + 0.42 0.117

The model is based on analysis of 507 echocardiograms from 3 time points (visits). Due to the
pi of i i k y parameters and visit, main effect estimates for these
terms in the model are not shown.

LVFS = left ventricular fractional shortening.

Association of LV systolic dysfunction with laboratory
and clinical markers. Table 3 presents a multivariate
model for LVFS z-score incorporating the 3 independent
correlates of LV systolic dysfunction: higher ESR (at all
time points; p = 0.007), higher WBC (at 1- and 5-week
follow-up; p = 0.047 and p = 0.048, respectively), and
lower serum albumin concentration (at baseline; p = 0.028).
CRP was inversely correlated with LVFS z-score in univar-
late analysis (p = 0.044), but because CRP and albumin
were correlated in this dataset, CRP did not remain as an
independent correlate of LVFS z-score in the multivariate
model.

Presence of MR and coronary artery dilation. At least
mild MR was noted in 27% of subjects on their baseline
echocardiogram; the incidence of MR rapidly decreased by
1- and 5-week follow-up (Table 2) (p << 0.0001). No subject
had severe MR. Subjects with MR at baseline had greater
baseline coronary artery size when compared with those
subjects without baseline MR (mean maximum coronary
artery z-score 1.99 * 1.57 vs. 1.51 = 1.42, respectively, p =
0.04), as seen in Figure 2. Unlike LV dysfunction at
baseline, the presence of MR at baseline did not predict
coronary artery dilation or the presence of coronary artery
aneurysms at follow-up.

Association of the presence of MR with laboratory and
clinical markers. Table 4 presents the multivariate model
for the presence of MR versus clinical/laboratory data.
Elevated ESR (p = 0.020), lower albumin (p = 0.003), and
female sex (p = 0.019) were independently correlated with
the presence of MR, regardless of study visit. After adjust-
ment for laboratory values, there remained a trend toward
an inverse association between the presence of MR and
study visit (p = 0.068). Mitral regurgitation did not
correlate with CRP, WBC, or degree of anemia.

Aortic root and coronary artery dilation in acute KD.
Mean aortic root z-scores were significantly higher than
normal at baseline and at 1- and 5-week follow-up, with
8%, 9%, and 10% of subjects found to have aortic root
z-scores at or above 2 at baseline and 1 and 5 weeks,
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respectively (Tables 1 and 2). Aortic root z-scores did not
vary significantly between study visits.

Longitudinal mixed regression modeling of the associa-
tion between aortic root and coronary artery size at all time
points revealed a moderate association between maximum
coronary artery z-score and aortic root z-score: for every
1-U increase in aortic root z-score, maximum coronary
artery z-score increased by 0.3 U (n = 505 observations on
193 subjects, estimated slope * SE: 0.30 = 0.08, p =
0.0003). There was no interaction with study visit, indicat-
ing that the association exists at all time points.
Association of aortic root size versus laboratory and
clinical markers. In a multivariate model constructed ex-
ploring associations of aortic root size, there were significant
independent effects of time (aortic root z-score highest at
baseline; p = 0.017) and sex (aortic root z-score higher for
boys, 1.04 = 0.07 vs. 0.52 £ 0.09 for girls; p < 0.0001).

There were 2 marginal associations between aortic root size

Table 4 Multivariate Model for Presence Versus
Absence of at Least Mild Mitral Regurgitation

Variable Odds Ratio 95% CI p Value
Visit 0.068
Week 0 vs. Week 1 1.70 1.04-2.79 0.035
Week 0 vs. Week 5 1.14 0.52-2.51 0.739
Week 1 vs. Week 5 1.49 0.34-1.32 0.248
Female 2.02 1.12-3.66 0.019
ESR, mm/h 1.48% 1.06-2.07 0.020
Albumin, g/dl 0.40 0.22-0.73 0.003

Model is based on lysis of 527 ech
in erythrocyte sedimentation rate (ESR).
Cl = confidence interval.

iograms from 3 time points (visits). *Per 50-U increase
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and laboratory inflammatory markers: there was a weak
positive correlation between albumin and aortic root z-score
at baseline only (p = 0.052), and there was a trend toward
a positive correlation between ESR and aortic root size (p =
0.093), with a 0.2-U increase in aortic root z-score per each
100-mm/h increase in ESR.

Discussion

We found that noncoronary cardiac abnormalities, includ-
ing early LV systolic dysfunction, the presence of MR, and
aortic root dilation, are common in acute KD and are
associated with coronary artery dilation during the first 5
weeks after KD diagnosis. Acute LV systolic dysfunction
and the presence of MR are associated with laboratory
evidence of inflaimmation, including elevated ESR and
decreased serum albumin, whereas aortic root dilation
shows little correlation with these markers. These findings
suggest that noncoronary cardiac abnormalities and coro-
nary artery dilation in acute KD share a common but
complex etiologic mechanism that relates to systemic in-
flammation. Further investigation of this mechanism might
help in understanding the long-term consequences of KD,
which might not be isolated to those subjects with signifi-
cant residual coronary artery dilation (25).

Histological evidence of cardiac inflammation has been
demonstrated in almost all subjects with acute KD when
assessed by endomyocardial biopsy (26), and in a majority of
subjects when assessed by WBC-labeled radionuclide stud-
ies (27-29); acute LV dysfunction has also been reported
(4,5,28-30). We detected a 20% incidence of acute LV
dysfunction; prior investigators detected a higher incidence
of LV dysfunction (5), but this and prior studies were based
on different definitions of ventricular dysfunction or used
ventricular function assessment techniques not widely avail-
able in clinical practice. Acute LV dysfunction in KD is
typically transient, as opposed to late onset or chronic LV
dysfunction that might result from coronary insufficiency
and/or myocardial fibrosis. We detected a rapid improve-
ment in LV function, similar to prior studies (4,5), within 1
week of IVIG therapy. Rapid improvement in LV function
is unique when compared with other etiologies of myocar-
ditis in which function improves more slowly and less consis-
tently. This rapid LV function improvement has led some
investigators to postulate that acute LV dysfunction in KD is
modulated by immune-mediated processes related to neutral-
ization of circulating toxins or activated cytokines (5).

Prior studies have failed to consistently establish an
association between LV dysfunction and coronary artery
dilation, despite the high prevalence of LV dysfunction early
after KD diagnosis. Hsu et al. (29) found that patients with
carditis (as diagnosed by abnormal radionuclide-labeled
WABC scans) had lower ejection fractions and larger coro-
nary arteries when assessed within 1 week of KD diagnosis.
In contrast, Anderson et al. (31) and Newburger et al. (4)
found no relationship between LV dysfunction and coro-
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nary artery dilation in acute KD. These 2 studies used
Japanese Ministry of Health criteria for coronary abnormal-
ities (23) rather than the more sensitive BSA-adjusted
coronary artery z-scores (32) used in our current study; this
might explain why we detected an association between LV
dysfunction and coronary artery dilation while prior studies
did not.

We found ESR, WBC, and albumin to be associated
with LV dysfunction at some or all time points in the first
5 weeks of illness. Few prior studies have demonstrated any
association between systemic inflammatory indexes and LV
dysfunction. Newburger et al (4) did not detect any relation
between LV function and laboratory inflammatory markers.
Moran et al. (5) also found no association between baseline
levels of acute phase reactants and LV contractility but did
demonstrate concordance between clinical and myocardial
response to IVIG therapy. Yoshikawa et al. (33) found that
LV dysfunction was associated with an increase in CRP in
3 of 4 KD subjects assessed but only after IVIG infusion.
Again, these differences might be attributable to differing
methods of L.V function assessment.

Mild or moderate MR occurred in approximately one-
quarter of subjects and was associated with laboratory
evidence of acute inflammation. To the best of our knowl-
edge, our study is the first to demonstrate an association
between acute MR and laboratory inflammatory markers.

Our incidence of acute MR (27%) was similar to the 23%
reported by Giddings et al. (20) but lower than the 47%
reported by Suzuki et al. (34). These differences might
be because different treatment eras were examined or because
qualitative rather than quantitative definitions of MR were
employed. Mechanisms for MR in acute KD might also be
different from mechanisms for MR present after the acute KD
episode (35). Our study did not investigate the mechanism of
MR or its persistence beyond 5 weeks after acute KD.

Aortic root dilation was associated with coronary artery
dilation early after KD diagnosis. The degree of aortic root
dilation that we found early after KD diagnosis was similar
to that reported by Ravekes et al. (7). They did not detect
any association between aortic root dilation and coronary
artery dilation, but BSA-adjusted coronary artery z-scores
were not examined. Qur study and Ravekes et al. (7) showed
that the degree of aortic root dilation remained constant
between Weeks 1 and 5 after KD diagnosis. We could not
confirm their finding that aortic root dilation persisted 1
year after KD, because our patients were not followed
beyond Week 5.

Our finding of a weak correlation between larger baseline
aortic root size and higher serum albumin (in contrast to the
correlation between baseline LV dysfunction and lower serum
albumin) is consistent with there being a different temporal
course and/or etiology for these 2 findings. These differences
suggest that LV dysfunction, MR, aortic root dilation, and
coronary artery dilation might share slightly different inflam-
matory mechanisms. As noted by Ravekes et al. (7), prior
pathologic studies have suggested that microvascular vasculitis
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(relating to coronary artery dilation) occurs within 10 days of
KD onset, whereas vasculitis involving larger arteries (poten-
tially relating to aortic root dilation) occurs on Days 12 to 25
into the course of KD. An alternate explanation for the
temporal differences of aortic root and coronary artery dilation
might be a limited capacity for great artery remodeling,
perhaps because there is more connective tissue and less
muscularization of the aortic wall. Further research into these
differences might help in understanding the long-term vascular
sequelae of KD.

We found that acute MR was more common in girls with
KD, whereas aortic root size adjusted for BSA was larger in
boys. These observations have not been demonstrated pre-
viously, although male sex has been associated with “higher-
risk” KD. It is unclear whether sex differences represent
differing genetic susceptibilities to inflammatory responses
in acute KD or whether these differences are spurious. This
is another area that might relate to potential long-term
cardiovascular effects of KD.

Although 20% of subjects had baseline LV dysfunction,

no subject was coded by site investigators to have congestive
heart failure, perhaps because this would have been difficult
to differentiate from symptoms like tachycardia and tachy-
pnea due to fever, anemia, and/or dehydration. Also, be-
cause identification of congestive heart failure was not a trial
aim, coding for congestive heart failure could have been
incomplete. Similarly, many acute KD patients have heart
murmurs due to fever and anemia; the presence of an MR
murmur was not assessed during this trial.
Study limitations. Because the randomized trial of pulsed
steroids in KD was designed to evaluate acute changes
associated with treatment, long-term follow-up is not avail-
able. All patients in this study were treated with IVIG
within the first 10 days of illness onset, and there were few
patients with coronary artery aneurysms; it is possible that
the associations between cardiac and laboratory parameters
might have been even stronger in a sicker group of children.
Finally, this study has reported correlations between param-
eters but cannot establish causality.

Conclusions

Noncoronary cardiac abnormalities are associated with cor-
onary artery dilation and with laboratory evidence of inflam-
mation in the first 5 weeks after KD diagnosis. Future
studies should explore shared inflammatory mechanisms
that might underlie these associations and help in under-
standing the long-term consequences of KD.
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