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Abstract Clues to predict the response to intravenous immunoglobulins (IVIG) and the
development of coronary artery abnormalities (CAA) in children with Kawasaki syndrome (KS)
are still undefined. We examined retrospectively the medical charts of children hospitalized
between February 1990 and April 2009 with diagnosis of KS. A total of 32 Italian patients with
a mean age of 23.8 months were analyzed and all received IVIG according to 2 schemes: 0.4
o/kg/day for 5 days or 2 g/kg in a single infusion, combined with oral acetylsalicylic acid.
General, clinical and laboratory data were registered. Each patient was evaluated with
echocardiography at admission, then with three-day and weekly frequency respectively during
hospital stay and for the first 6-8 weeks since onset, and finally with a regular 6-12 month
follow-up over time, according to patient risk stratification. Five patients showing significantly
higher values of C-reactive protein at admission were IVIG-resistant after the first infusion
(p=0.04) in comparison with the remaining 27. Five patients out of 32 developed CAA, with no
statistical significance when analyzed for IVIG dosage or 1VIG-resistance. The demonstration
of CAA was significantly higher in children aged less than 12 months (p=0.037). Our
experience, limited to a single-centre cohort of 32 patients with KS, though treated with 2
different IVIG schemes, has shown that higher values of C-reactive protein and younger age at
onset are nodal points in determining respectively a failure in the response to IVIG and an

increased occurrence of CAA.
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Introduction

More than 40 years after the original description by the Japanese pediatrician
Tomisaku Kawasaki about the clinical signs of Kawasaki syndrome (KS) we are still
unable to define its etiology, understand the nature of endothelial damage, predict the
responsiveness to treatment or the risk of its vascular complications. Although initially
recognized as benign, this syndrome was subsequently acknowledged to have serious
cardiovascular concerns, gaining the worldwide interest of pediatricians and pediatric
cardiologists [1,2]: nowadays KS is the most common cause of acquired pediatric heart
disease in the developed world [3,4].

Diagnosis of KS requires that fever persisting for 5 days or more is accompanied
by at least 4 of the following 5 clinical signs: polymorphous rash, bilateral conjunctival
congestion, oral mucosal changes, non-purulent cervical lymphadenitis, abnormalities in
the peripheral extremities and perineum [5]. High-dose intravenous immunoglobulins
(IVIG) are the most effective treatment to reduce KS acute symptoms and prevent the
occurrence of coronary artery abnormalities (CAA), which develop in 15 to 25% of
untreated children and even in 5-10% of children adequately treated [6]. However, 5-
15% of patients with KS do not respond to IVIG and this category shows the highest
risk of developing CAA or even ischemic heart disease [7].

Attempting to identify which patients should be unresponsive to treatment or
predicting the ones who might display a significant risk of developing cardiologic
sequelae are two issues of outstanding priority, still unresolved in the medical literature.
Aim of our evaluation was to study retrospectively a cohort of Italian patients with
diagnosis of KS, hospitalized in a single-centre during a period of 18 years, and analyze
their general, clinical and laboratory data as possible predictors for resistance to IVIG

and for CAA occurrence.

Cohort of patients, methods and statistical evaluation



A retrospective review of patients’ medical charts was carried out for all
children admitted to our Department between February 1990 and April 2009 and
discharged from hospital with diagnosis of KS. Each chart was examined by both a
pediatrician and a pediatric cardiologist. A written informed consent was obtained by
each family. Exclusion criteria for our evaluation included prior treatment with IVIG or
systemic steroids, presence of another disease known to mimic KS, previous diagnosis
of KS and the presence of contraindications to IVIG or acetylsalicylic acid (aspirin).
Atypical forms of KS were excluded by our study.

Thirty-two Italian children were considered in our evaluation. For each patient
the following data were collected: age, sex, clinical signs and all laboratory data at
diagnosis, illness days before IVIG, IVIG dose, eventual 1VIG additional dose, CAA at
the time of diagnosis or over follow-up. Iliness day 1 was defined as the first day of
fever. Unresponsiveness to IVIG was defined as persistent fever (> 37.5°C) over 24
hours after the first IVIG infusion [8]. For nonresponder patients one supplementary
dose of IVIG was administered. Cardiologic evaluation and serial echocardiograms
were performed at KS recognition after hospital admission, then with 3-day frequency
during hospitalization and with weekly frequency over the first 6-8 weeks. After
discharge periodic cardiologic evaluations were performed according to each patient’s
risk stratification at intervals of 6-12 months.

Normality of distribution was assessed through the use of the Kolmogorov-
Smirnov test. Categorical data were compared using Fisher's exact test. Continues
variables, normally distributed, were analysed using Student’s t-test. Data that were not
normally distributed were compared by using the Mann-Whitney U test. P-values < 0.05
were considered statistically significant. All tests were two-tailed and the statistical
analysis was performed with the Statistical Package for Social Sciences (SPSS) 11.0

program for Windows (Chicago, Illinois).

Results



Thirty-two patients included in our analysis (20 males and 12 females,
male/female ratio: 1.7/1) had a mean age of 23.8 months and were of Italian ancestry.
Median age at diagnosis was 17,5 months, ranging from 2.3 to 80.2 months. All patients
had fever (ranging from 38.2 to 40.1°C) and its median duration was 7 days (range 5-18
days). IVIG were administered to all patients: 10 children, treated before 1999, received
400 mg/kg/day for 5 days and 22 children, treated after 1999, received 2 g/kg in a single
12 hour-infusion. IVIG were given at a variable time since disease onset and were
associated with oral high-dose aspirin (50-100 mg/kg/day) during the acute phase,
followed by low-dose aspirin (3-5 mg/kg/day) for a variable period, depending on the
echocardiographic results. None of patients who had recovered completely from the
original episode had a recurrent disease.

Five patients (15.6%) out of the initial cohort were IVIG-resistant and the
remaining 27 responded completely to the first IVIG infusion. Table 1 shows the
comparison between the groups of IVIG-responders and nonresponders as for general
and laboratory data. Table 2 lists the distribution of KS clinical signs between IVIG-
responder and nonresponder groups. There was no statistically significant difference in
age, sex, clinical signs and laboratory results between the two groups. Nonresponders
were diagnosed and treated in a most precocious time when compared with responders:
the median day of illness at which IVIG were infused in nonresponders was earlier than
in responders (5 vs 7 days, p=0.08); in addition, the nonresponder group showed
significantly higher C-reactive protein (CRP) in comparison with responders (p=0.04).

Five (15.6%) out of the 32 patients developed CAA, defined as coronary
dilations more than 2 standard deviations (SD) higher than the expected mean, after
body surface area adjustment. Ten patients with no apparent involvement of coronary
arteries presented an endothelial brightness at a qualitative echocardiographic
assessment. The proportion of CAA in IVIG-nonresponders was higher than in
responders, though with no statistical significance (20% [1/5] vs 14.8% [4/27], p=1). In
particular, 6 patients had an incomplete form of KS and 2 of them displayed CAA.

Ten children treated before 1999 received IVIG at the dose of 400 mg/kg/day for

5 consecutive days, according to the clinical practice of that period: we observed a



higher percentage of IVIG-nonresponders in this group than in the 22 children treated
with a single IVIG infusion of 2 g/kg after 1999, though with no statistical significance
(20% [2/10] vs 13.6% [3/22], p=1). Although there was a trend for patients in the first
group to have more CAA than those in the second one (respectively 30% [3/10] vs 9%
[2/22]), this difference was not statistically significant (p=0.30), maybe due to the
limited number of patients. In addition, patients with CAA had higher levels of white
blood cell count at diagnosis in comparison with those without CAA (23.70 x 10%/1 vs
16.05 x 10%1, p=0.01). At a long-term follow-up all CAA resolved completely in all
patients, even in the youngest patient, who had an incomplete clinical presentation.
Eleven patients (34.4%, 6 males and 5 females) out of the cohort were less than
1 year old: 2 (18.2%) of this 11 children were IVIG-nonresponders in comparison with
3/21 nonresponder aged more than 1 year (14.3%) with no statistical significance (p=1).
The incidence of CAA was significantly higher in the group of less than 1-year-old
children in comparison with the group of children over 1 year (36.4% [4/11] vs 4.8%
[1/21], p =0.037). Table 3 shows the comparison of general and laboratory data with
regard to the occurrence of CAA. Figure 1 shows the relationship between age at

diagnosis and occurrence of CAA.

Discussion

Many clinicians have been making outstanding efforts to uncover the mysteries
behind KS, though the definition of its outcome remains hazy, even for cases with
echocardiographically normal coronary arteries. Even if KS remains a self-limited
panvasculitis involving small and medium-sized muscular arteries in children of all
ethnic backgrounds, the disease bears an intrinsic risk of severe cardiovascular sequelae:
a continuous spectrum ranging from no apparent involvement in the majority of patients
to the presence of multiple giant aneurysms is recognized [9]. The primary end-point of
treatment in KS is the prevention of any vascular injuries and the risk of developing
CAA is clearly decreased by IVIG administration during the acute phase [10]. In the last
decade a single high-dose IVIG infusion (2 g/kg of body weight) has been considered
the gold-standard treatment for KS [11].



It is widely known that more than 10% of KS patients fail to defervesce with
initial IVIG treatment [12]. Egami et al showed that resistance to IVIG treatment can be
predicted evaluating age, illness days, platelet count, serum transaminase level and CRP
[13]. A multivariate analysis by Sano et al in 112 patients with KS, who received IVIG
within 2 days, selected high CRP, total bilirubin and aspartate aminotransferase as
independent predictors of low rate of response to initial 1VIG treatment, finding that
patients with at least two increased predictors of the three might result unresponsive to
IVIG [14]. Failure of a single IVIG dose might occur in up to 11.6% of KS patients,
especially if displaying low hemoglobin, high neutrophil count and low albumin [15]. In
the most recent medical literature it has been accepted that an anticipated identification
of IVIG-nonresponders might decrease the overall incidence of CAA through a “most
intense” treatment and that the main predictor of CAA occurrence is the overall duration
of fever longer than 8 days [16].

In our evaluation 32 Italian patients with KS had a median duration of fever of 7
days: 15.6% of them were nonresponders to the initial IVIG infusion, receiving a
second IVIG dose which led to disease remission, and the same percentage (15.6% of
the cohort) developed CAA. There was no statistically significant difference for
children treated with the two IVIG regimens both for the percentage of nonresponders
and the occurrence of CAA. In addition, sex ratio in the nonresponder group showed
that males were more represented than females (4 males to 1 female). IVIG-responders
had a lower CRP (p=0.04) and showed a tendency to a longer duration of fever before
IVIG infusion, when compared with the nonresponder group. The overall “amount of
inflammation” resulted critical both for response to therapy and for development of
CAA, as demonstrated by higher CRP levels in nonresponders and white blood cell
count in patients with CAA. As observed in previous studies, we have found a higher
incidence of CAA in IVIG-nonresponders compared to responders (20% vs 14.8%),
though without statistical significance: this might be explained by the small sample
studied, including incomplete forms and cases treated beyond 10 days of fever.
However, children with less than 1 year have developed CAA in a higher statistically

significant percentage if compared with children over 1 year of age (36.4% vs 4.8%,



p=0.037). This observation has been confirmed by studies of surveillance in larger
groups of patients with KS from Japan, Korea and Taiwan [17-19]. Possible genetic
variants in the major histocompatibility complex region that are associated with KS
might influence the responsiveness to IVIG and the development of CAA [20,21].
Limitations of the present report are common to most retrospective studies, though we
want to underline the small number of patients, all deriving from a single-centre, and
the administration of two different IVIG schemes.

It is known that at least transient CAA might develop in approximately 5-10%
and giant aneurysms in 1% of children with KS despite prompt treatment with IVIG:
these ones must be given within 7 to 10 days to be most effective in preventing the
development of CAA. In addition, very young infants, especially those exhibiting an
incomplete clinical KS presentation, have the highest rate of CAA and for this reason
echocardiography should be performed on any infant younger than age 6 months with
fever duration exceeding 7 days, increased CRP or no other explanation for the febrile
illness [22]. The relationship between the duration of illness before treatment and the
frequency of occurrence of CAA was examined by Baer et al, who emphasized the
relevance of the initial echocardiography as an adjunctive diagnostic test especially for
incomplete forms of KS [23].

Coronary artery assessment by echocardiography needs to quantify internal
coronary artery diameters: commonly used definitions have relied on the Japanese
Ministry of Health criteria, which arbitrarily defined CAA as a maximum absolute
internal diameter superior than 3 mm in children aged less than 5 years or superior than
4 mm in children aged more than 5 years [24,25]. In 1998 de Zorzi et al reported that
internal diameters of coronary arteries of KS patients adjusted for their body surface
area, as z-scores calculated using a non-linear regression model, were significantly
larger than normal non-febrile controls and that 27% of patients classified as having
“normal” coronary arteries according to the Japanese Research Committee criteria
would have had at least one coronary abnormality by their new criteria [26]. An
increase in CAA recognition has been attributed to the widespread use of de Zorzi’s

criteria, which led to the discovery of larger body surface area-adjusted dimensions of



coronary arteries in all phases of KS. Newer data are delineating vascular abnormalities
as perivascular echogenicity or brightness, luminal irregularities and abnormal vessel
tapering of the coronary arteries even in those KS patients in whom CAA were never
detected and endothelial dysfunction is believed to be crucial to the pathogenesis of
coronary vasoconstriction and myocardial ischemia [27,28]. During KS acute phase we
observed a perivascular endothelial brightness of coronary arteries in 10 out of 32
patients, which did not evolve to any dilations: we used de Zorzi’s criteria to measure at
baseline left main and proximal right coronary artery dimensions in centimetres (normal
values do not exist for distal segments of the circumflex artery), considering body
surface area for each patient, and finding that 2/5 children having CAA did not meet the
1984 Japanese Ministry of Health criteria. In all our patients we observed the
echocardiographic resolution of CAA, in accordance with a host of literature data
related to large numbers of patients confirming that coronary ectasia or small coronary
aneurysms have a good prognosis and a greater chance to undergo total regression.

In consideration of the overall risk of long-term cardiac sequelae, combined with
the risk of a premature accelerated atherosclerosis and its consequences, we strongly
believe that multicenter randomized clinical trials are needed to establish the best
strategy to manage high-risk patients with KS, i.e. the youngest ones, by stricter
monitoring or eventual administration of additional antinflammatory therapies, though
the optimal surveillance modalities are still far to be unraveled especially for low-risk

patients.
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Table 1. Comparison of general and laboratory data in the IVIG-responder and IVIG-
nonresponder groups of patients with Kawasaki syndrome.

IVIG- IVIG- p
responders nonresponders
(n=27) (n =5)
Sex (M/F) 16/11 4/1 0,6370
Median age in months (min-max) 16,77 23,07 0,48*
(4,07-80,23) (2,3-36,73)
Patients with less than 1 year, n (%) 9 (33%) 2 (40%) 1o
Median day at IVIG infusion (min-max) 7 (4-18) 5 (5-11) 0,080
White blood cell count (x 109/I), 16,5 (9,74-38,61) 13,2 (6,47-24) 0,22*
median (min-max)
Neutrophil count (%), mean = SD 69,32 £ 13,9 75 + 8,46 0,400
C-reactive protein (mg/l), median (min-max) | 105 (17,40-232) 197,5 (94-209) 0,04*
Hemoglobin (g/dl), mean £ SD 10,84 +1,02 10,36 + 1,07 0,340
Platelet count (x 107/1), median (min-max) 384 (65 -723) 426 (306-761) 0,51*
Albumin (g/dl), mean £ SD 3,82 +0,59 3,58 + 0,311 0,400
Sodium (mEg/l), mean + SD 134,18 + 3,45 132+ 2,55 0,190
Aspartate aminotransferase (1U/1), 35 (11-654) 45 (23-101) 0,80*
median (min-max)
Alanine aminotransferase (1U/l), 18 (9-548) 88 (22-225) 0,1*

median (min-max)

* according to Mann-Whitney test
O according to Student’s t-test
O according to Fisher's exact test




Table 2. Distribution of clinical signs in the acute phase of Kawasaki syndrome
between IVIG- responder and IVIG-nonresponder groups.

IVIG- IVIG- p°
responders nonresponders
(n=27) (n=5)

Sterile conjunctivitis, n (%) 22 (81%) 3 (60%) 0.30
Cervical lymph node enlargement, n (%) 19 (70%) 3 (60%) 0.64
Erythema of lips/oral cavity, n (%) 23 (85%) 5 (100%) 1
Abnormal extremities/perineum, n (%) 18 (67%) 3 (60%) 1
Polymorphous rash, n (%) 22 ( 81%) 5 (100%) 0.56

O according to Fisher's exact test




Table 3. Comparison of general and laboratory data in patients with Kawasaki
syndrome with regard to the occurrence of coronary artery abnormalities.

Patients Patients with p

without coronary

coronary abnormalities

abnormalities (n=5)
(n=27)

Sex (M/F) 19/8 2/3 0.31o
Median age in months (min-max) 21,3 (3,3-80,23) 6,9 (2,30-48,23) 0.06*
Patients with less than 1 year, n (%) 7 (26%) 4 (80%) 0.037o
Median day at IVIG infusion (min-max) 7 (5-18) 11 (6-11) 0.1*
White blood cell count (x 10%/1), 16,05 + 4,67 23,70 £ 10,34 0.010
mean + SD
Neutrophil count (%), mean = SD 70,19 £13,88 70,72 £ 10,45 0.94¢
C-reactive protein (mg/l), median (min- 121,88 98,12 (19-146) 0.61*
max) (17,40-232)
Hemoglobin (g/dl), mean + SD 10,77 + 0,98 10,76 + 1,43 0.98¢
Platelet count (x 107/I), median (min-max) 384 (173-761) 415 (65-486) 0.80*
Albumin (g/dl), mean £ SD 3,77 £0,54 3,84+0,71 0.80
Sodium (mEg/l), mean + SD 133,78 + 3,36 134,2 + 3,96 0.800
Aspartate aminotransferase (1U/l), 37 (19-654) 23 (11-103) 0.12*
median (min-max)
Alanine aminotransferase (IU/1), 40 (9-548) 17 (11-115) 0.24*

median (min-max)

* according to Mann-Whitney test
O according to Student’s t-test
O according to Fisher's exact test




Figure 1. Relationship between age (in months) at diagnosis of Kawasaki syndrome and
occurrence of coronary artery abnormalities.
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