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Abstract

Studies have shown that recurrent Kawasaki disease (KD) is a risk factor for resistance to initial intravenous
immunoglobulin (IVIG) therapy and development of coronary artery lesions (CALs). However, current real-world
outcomes of recurrent KD patients remain unclear. The objective of this retrospective study was to elucidate the
outcomes of recurrent KD patients in the era of 2 g/kg IVIG therapy. Data were included from 201 KD patients who
underwent acute-phase treatment from January 2009 to September 2020, with 184 (91.5%) receiving 2 g/kg IVIG
therapy. The patients were divided into 7 with (recurrent group) and 194 without (nonrecurrent group) recurrent KD. At
the first onset, the rates of initial 1VIG therapy resistance (28.6% vs. 21.5%, P = 1.000), rescue therapy (14.3% vs.
14.4%, P = 1.000), and CALs (0.0% vs. 2.6%, P = 1.000) were similar between the recurrent and nonrecurrent groups.
The rates of initial IVIG therapy resistance (14.3% vs. 21.5%, P = 1.000), rescue therapy (14.3% vs. 14.4%, P = 1.000),
and CALs (0.0% vs. 2.6%, P = 1.000) were also similar between the recurrent group at the second onset and the
nonrecurrent group at the first onset. KD recurrence may no longer be a risk factor for developing CALSs in the era of 2
a/kg IVIG therapy, unless CALSs appear at the initial episode.
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1. Introduction

Kawasaki disease (KD) is a form of acute febrile systemic vasculitis that primarily affects children younger than
5 years [1]. Coronary artery lesions (CALS) are a severe complication of KD.

Recurrent KD is defined as a recurring presentation of another episode after 2 months from the first one [2, 3].
The incidence of recurrence is high among those with cardiac sequelae during the first episode [2, 3]. Compared with
patients who do not experience recurrence, patients with recurrent KD are more likely to be older, fulfill the atypical
KD case definition, and develop CALs despite intravenous immunoglobulin (IVIG) treatment [4, 5].

Studies have shown that recurrent KD is a risk factor for CAL development [2-7]. However, an epidemiological
study suggested that KD recurrence is no longer a risk factor for developing cardiac complications, unless cardiac
sequelae appear at the initial episode [8].

The objective of this study was to elucidate the real-world outcomes of recurrent KD in the era of 2 g/kg IVIG
therapy.

2. Participants and Methods

Our institutional ethics committee approved the study protocol and waived the requirement of patient consent
due to the retrospective nature of the study.

This study included data from 215 patients who underwent acute-phase treatment for KD between January 2009
and September 2020 (Fig. 1). KD was diagnosed based on the criteria (Japanese, fifth edition) mentioned in the
diagnostic guidelines for KD until August 2019 and on the revised criteria (Japanese, sixth edition) from September
2019 [9, 10]. A total of 14 patients with complications before initial therapy or with follow-up periods of < 2 months
were excluded (Fig. 1). Six patients with complications before initial therapy had no KD recurrence.

The remaining patients were divided into two groups: those with (recurrent group, n = 7) and those without
(nonrecurrent group, n = 194) recurrent KD (Fig. 1). The outcomes included the rates of IVIG resistance, rescue
therapy, and CALSs.

2.1. Initial Therapy

During the study period, a single 1VIG infusion of 2 g/kg/dose was given as initial therapy starting on day 5 of
the illness, whenever possible [11]. Patients without inflammation or complications at presentation received acute-
phase therapy without IVIG [11]. Between January 2009 and November 2017, anti-inflammatory drugs (aspirin or
flurbiprofen) were initiated within 24 h after the initial IVIG infusion ended [12]. Aspirin and flurbiprofen were
started at 30 and 3—5 mg/kg/day, respectively, and decreased to 5—10 and 3 mg/kg/day, respectively, once the patient
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was afebrile [12]. Each treating physician chose aspirin or flurbiprofen after considering the patient’s liver function
and the risk of Reye syndrome during influenza season. After December 2017, low-dose aspirin (5 mg/kg/day) was
begun on days 8—10 of illness after completion of IVIG infusion, including the second course of therapy [11].

2.2. Rescue Therapy

The decision to use rescue therapies in resistant patients was made 48 to 72 h after completion of the initial
IVIG infusion. Physicians made this decision using comprehensive clinical parameters, including body temperature,
major KD symptoms, general condition, and laboratory data [11]. Course 2 of therapy comprised rescue IVIG
infusion at 2 g/kg/dose, and course 3 was an ulinastatin infusion, third course of IVIG therapy, or plasma exchange
[11].

2.3. Diagnosis of CAL

CALs were diagnosed using echocardiography based on the Japanese criteria reported by Kobayashi, et al. [13].
A CAL was diagnosed if any examination showed an internal lumen diameter of > 3 mm in a patient younger than 5
years or a diameter of > 4 mm in a patient older than 5 years if the internal diameter of a segment was at least 1.5
times that of an adjacent segment or if the lumen appeared irregular. A transient CAL was defined as the
disappearance of a CAL within 30 days of the illness.

2.4. Statistical Analysis

Statistical analyses were conducted using Stat Flex Version 6 for Windows (Artech Co., Ltd., Osaka, Japan).
Chi-square, Fisher exact, and Mann—Whitney U tests were used as appropriate, with sample size considerations. P <
0.05 was considered statistically significant.

3. Results

The recurrent group included 7 patients (2 males and 5 females) (Table 1). A total 7 of 201 (3.5%) patients had
KD recurrence. Age at the first KD onset was < 3 years in 6 of 7 patients (Table 1). Six of the seven patients had two
onsets of KD, and one patient (patient number 1) had three onsets of KD (Table 1). The median interval from the
first to the second onset was 4 months (range: 3 months —2 years and 5 months), and 6 of 7 patients (85.7%) had an
interval of < 2 years between the first and second onset (Table 1). No patients in the recurrent group had incomplete
KD (Table 1). Six of seven patients in the recurrent group had a negative family history of KD. One patient (patient
number 7) had a positive family history of KD regarding her older brother.

All 7 patients in the recurrent group received 2 g/kg/dose 1VIG therapy on days 5-7 of illness, and 5 of them
(71.4%) responded at the first onset (Table 2). Six of seven patients (85.7%) responded at the second onset (Table 2).
One patient (patient number 5) received acute-phase treatment including 2 g/kg IVIG therapy with concomitant use
of medium-dose aspirin at the second onset in another hospital (Table 2). No patients in the recurrent group had CAL
at <1 or 1 month after KD onset (Tables 2 and 3).

The rates of initial IVIG therapy resistance (28.6% vs. 21.5%, P = 1.000), rescue therapy (14.3% vs. 14.4%, P =
1.000), and CALs (0.0% vs. 2.6%, P = 1.000) were similar between the recurrent and nonrecurrent groups at the first
onset (Table I11). The rates of initial IVIG therapy resistance (14.3% vs. 21.5%, P = 1.000), rescue therapy (14.3%
vs. 14.4%, P = 1.000), and CALs (0.0% vs. 2.6%, P = 1.000) were also similar between those of the recurrent group
at the second onset and the nonrecurrent group at the first onset.

4. Discussion

The main findings of this study were that no patients with recurrent KD had CALs at both initial onset and
relapse, and the rates of CALs were similar between the recurrent and nonrecurrent groups (Tables 2 and 3). KD
recurrence may no longer be a risk factor for developing CALs, unless CALs appear at the initial episode.

Previous studies have shown that KD recurrence was a risk factor for CAL development [2-7]. An
epidemiological study in recurrent KD patients between 1989 and 1992 showed that 32 of 68 (47%) patients with
cardiac sequelae after the initial onset and 78 of 491 (16%) patients without cardiac sequelae after the initial onset
went on to suffer cardiac sequelae after the second onset, and that both proportions were higher than the proportions
in all KD patients [6].

The main pathological finding of KD is systemic vasculitis [1]; therefore, two attacks of vasculitis damage the
vascular wall more than only one attack [7]. This is considered as the main reason for the high prevalence of CALs
in recurrent KD patients [7]. In fact, 2 of 5 patients (40%) with recurrent KD between 1991 and 2003 had medium-
size CALs one month after both the first and second episodes in our department in a previous study [5]. During one
patient’s second onset of KD, a CAL recurred on the same portion of the coronary artery where an initial CAL had
regressed after the first onset [5]. Additionally, no patients with recurrent KD had CALs both during the first onset
and relapse of KD (Table 2).

The mainstay of current standard therapy in the acute-phase of KD is 2 g/kg IVIG, and evidence has established
its efficacy in CAL suppression [14]. Conversely, 2 g/kg IVIG was not widespread as acute-phase standard therapy
for KD before 2003. Of the 201 patients in this study, 184 (91.5%) received 2 g/kg IVIG therapy (Table 3). This may
be a reason for the different outcomes in recurrent KD patients between previous studies and the present study. In
fact, recent study regarding real-world outcomes of recurrent KD demonstrated similar rates of CALs among the first
and second onsets of recurrent KD and single-onset KD [3].
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Adding medium or high-dose aspirin to 2 g/kg IVIG therapy is controversial at present [15]. A randomized
controlled trial on the effectiveness of IVIG monotherapy versus IVIG combined with high-dose aspirin in the acute
KD stage is ongoing [16]. Studies suggested that aspirin may inhibit CAL prevention and that delayed use of aspirin
(DUA) may be beneficial for the suppression of CALs and prevention of coronary artery stenosis in patients with
KD [12], [17-19]. Furthermore, a recent study showed favorable medium-term outcomes of CALs in KD patients
who received 2 g/kg IVIG with DUA [11]. The use of 2 g/kg IVIG therapy with DUA in the present study may be an
additional reason for the favorable outcomes in patients with recurrent KD.

Between 1993 and 1994, the incidence of recurrent KD was high among patients with cardiac sequelae during
the first KD episode [2]. However, an epidemiological study in patients between 2003 and 2012 showed that the
presence of cardiac sequelae during the initial episode of KD did not affect the incidence of recurrence [20].
Widespread use of 2 g/kg 1VIG therapy might have changed the incidence of recurrent KD among those with cardiac
sequelae during the first episode.

An epidemiological study showed that risk factors for recurrent KD included male sex, age < 3 years, and initial
IVIG therapy resistance [20]. In the present study, 6 of 7 patients (85.7%) with recurrent KD had their first KD onset
under the age of 3 years (Table I). However, the age at first KD onset was similar between the recurrent and
nonrecurrent groups (Table Il1). The rates of male gender and initial 1VIG therapy resistance in patients with
recurrent KD were 2 of 7 (28.6%), and these rates were similar between the recurrent and the nonrecurrent groups
(Table I11). One study showed a lower rate of male gender and similar rate of IVIG therapy resistance in recurrent
KD patients compared with the nonrecurrent KD population [3].

A nationwide epidemiological survey of KD in Japan (2015-16) showed a 4.2% prevalence of KD recurrence
[21]. Another epidemiological study showed that the incidence of recurrent KD has remained largely unchanged
over the past 30 years [20]. The rate of KD recurrence in the present study and in the study conducted among KD
patients in our department in 1991-2003 was 3.5% (7/201) and 3.6% (5/139), respectively [5]. These findings were
consistent with those of the previously mentioned studies [20, 21].

One study showed that 21 of 22 (95.5%) recurrent KD patients during 20022010 had an interval of < 2 years
between the first and recurrent episodes of KD, and the mean interval value was 12.0 months [3]. An
epidemiological study demonstrated the average interval between two episodes in recurrent KD patients during
1989-1994 was 1.78 years [6]. In the present study, 6 of 7 (85.7%) recurrent patients had an interval of < 2 years
between the first and recurrent episodes (Table ). The median interval between the first and second episodes among
patients with recurrent KD in our department during 1991-2003 and 2009-2020 was 1 years and 3 months (range: 5
months-5 years and 10 months) and 4 months (range: 3 months—2 years and 5 months), respectively [5]. Although
not statistically significant, the interval between the first and second episodes for recent patients with recurrent KD
was shorter compared with that of patients during 1991-2003.

One patient (patient number 1) had a third onset of KD (Table 1). A previous study conducted in our department
reported one other patient with a third onset of KD [5]. These two patients had an interval between the second and
third onset of 3 and 6 years, respectively. Case reports also demonstrated two recurrent KD patients had a third onset
of KD at 3 and 5 years, respectively, after the second onset [22, 23]. Physicians may need to be vigilant for a third
onset more than 2 years after a recurrent KD patient’s second onset.

One study reported a child with recurrent KD and a positive family history of KD [22]. An epidemiological
study showed that a positive family history of KD was a risk factor for KD recurrence [24]. However, a recent study
regarding real-world outcomes of KD in families suggested that a positive family history of KD was not a risk factor
for KD recurrence, and that further studies are warranted to elucidate the risk of KD in families in the era of 2 g/kg
IVIG therapy [25]. In fact, in the present study, a total 6 of 7 patients (85.7%) in the recurrent group had a negative
family history of KD.

The limitations of this study include the small sample size and the retrospective study design.

5. Conclusion

No patients with recurrent KD had CALSs at both initial onset and relapse, and the rates of CALs were similar
between the recurrent and nonrecurrent groups in the era of 2 g/kg IVIG therapy. KD recurrence may no longer be a
risk factor for developing CALs in the era of 2 g/kg IVIG therapy, unless CALs appear at the initial episode.
Appropriate acute-phase treatment utilizing 2 g/kg IVIG therapy at the first KD onset may lead to favorable
outcomes in KD recurrence.
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Fig-1. Study profile

KD patients who received acufe-phase therapy between

January 2009 and September 2020

n=215

Excluded patients

n=14

Patients with complications before
initial therapy (CAL: 4 patients, heart

failure: 1 patient, status epilepticus 1

patient)

Patients with follow-up periods < 2

months (§ patients)

Recurrent group
n=7

MNonrecurrent group

n=104

KD: Kawasaki disease, CAL: coronary artery lesion.

Table-1. Baseline Characteristics of Patients with Recurrent Kawasaki Disease

Patient Gender Age Interval from first | Major signs
onset

Patient 1 Female

First onset lyand3m 6

Second onset lyand 7 m 4m 5

Third onset 5yand4m 4yand1lm 6

Patient 2 Female

First onset lyand 7 m 6

Second onset 4yand0Om 2 yand 5m 6

Patient 3 Female

First onset 4yand 1l m 6

Second onset 5yand2m 3m 6

Patient 4 Male

First onset 2yandOm 6

Second onset 2yand3m 3m 6

Patient 5 Male

First onset 2yand1m 5

Second onset 2yand 1l m 10 m 5

Patient 6 Female

First onset lyand7m 5

Second onset lyand10m 3m 5

Patient 7 Female

First onset 2yandOm 6

Second onset 2yand5m 5m 5

Pt: patient, KD: Kawasaki disease, Age: age at KD onset, y: years, m: months,
Interval: interval period of KD onset between the first and the second patient,

Major signs: numbers of KD major signs.
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Table-2. Treatment and Outcomes of Patients with Recurrent Kawasaki Disease

Patient IVIG (start day of illness) Aspirin/ flurbiprofen CAL
Patient 1
First onset Nonresponder (5) Flurbiprofen None
Second onset Responder (5) Flurbiprofen None
Third onset Responder (5) Medium-dose aspirin None
Patient 2
First onset Responder (7) Flurbiprofen None
Second onset Responder (5) Medium-dose aspirin None
Patient 3
First onset Responder (7) Flurbiprofen None
Second onset Responder (5) Flurbiprofen None
Patient 4
First onset Nonresponder (5) Medium-dose aspirin None
Second onset Responder (5) Medium-dose aspirin None
Patient 5
First onset Responder (5) Low-dose aspirin None
Second onset Responder (5) Medium-dose aspirin# None
Patient 6
First onset Responder (6) Low-dose aspirin None
Second onset Responder (6) Low-dose aspirin None
Patient 7
First onset Responder (6) Low-dose aspirin None
Second onset Nonresponder (5) Low-dose aspirin None

Pt: patient, IVIG: intravenous immunoglobulin therapy,

CAL: coronary artery lesion.
#: concomitant use with 1VIG.

Table-3. Comparison of Clinical Findings between Recurrent Group and Nonrecurrent Group at the First Onset

Variables Recurrent group | Nonrecurrent group | P-value
(n=7) (n =194)

Male gender 2 (28.6%) 97 (50.0%) 0.445
Age at KD onset (months) 24.0 (19.0-24.8) 27.5 (14.0-47.0) 0.699
Incomplete type 0 (0.0%) 39 (20.1%) 0.350
Low-dose aspirin/ 3 (42.9%)/ 37 (19.1%)/ 0.720
medium-dose aspirin/ 1 (14.3%)/ 95 (49.0%)/

flurbiprofen 3 (42.9%) 62 (32.0%)

IVIG 7 (100.0%) 177 (91.2%) 0.643
Day of illness at initial IVIG therapy 6.0 (5.0-6.8) 5.0 (5.0-6.0) 0.320
Nonresponder 2 (28.6%) 38 (21.5%) (n=177) | 1.000
Rescue therapy 1 (14.3%) 28 (14.4%) 1.000
For nonresponder 1 (14.3%) 22 (11.3%) 1.000
For relapse 0 (0.0%) 5 (2.6%) 1.000
For responder 0 (0.0%) 1 (0.5%) 1.000
CAL 0 (0.09%) 5 (2.6%) 1.000
Less than one month after KD onset 0 (0.0%) 5 (2.6%) 1.000
One month after KD onset 0 (0.0%) 2 (1.0%) 1.000
Recurrence 7 (100.0%) 0 (0.0%) <0.001
Follow-up periods (months) 17.0 (7.8-86.8) 41.0 (14.0-61.0) 0.913

Data are presented as n (%) or median (interquartile range).
Incomplete type: major signs of KD < 4, KD: Kawasaki disease,
IVIG: intravenous immunoglobulin, CAL: coronary artery lesion.
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