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Different subgroups regarding the absence of rescue therapy in
intravenous immunoglobulin-resistant Kawasaki disease
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Abstract : The objective of this study is the description of clinical outcomes regarding the absence of rescue
therapy of intravenous immunoglobulin (IVIG)-resistant Kawasaki disease. | investigated the clinical outcomes
of 33 IVIG-resistant patients who received the initial single IVIG therapy with the delayed use of anti-
inflammatory drugs (DUA). These patients were divided into two groups: 11 patients who received rescue
therapies (rescue group) and 22 patients who did not receive rescue therapy (non-rescue group). One patient of
rescue group developed coronary artery lesions (CAL). None of the patients of non-rescue group developed
CAL. The prevalence of persistent fever between rescue and non-rescue groups at 3 days and 4 days after initial
IVIG therapy was 100% vs. 77% ( P = 0.144 ) and 100% vs. 18% ( P < 0.001 ), respectively. The C-reactive
protein value, neutrophil counts, serum albumin levels, and sodium levels were significantly different between
two groups at median 3 days after initial IVIG therapy. Two-thirds of the I\VIG-resistant patients diagnosed at 24
h after completion of the initial IVIG therapy with DUA did not develop CAL after 30 days of illness without
rescue therapies. The rescue therapy at this time may lead to overtreatment.
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I INTRODUCTION

Kawasaki disease is an acute systemic vasculitis of unknown cause that mainly affects infants and
children [1]. Coronary artery lesions (CAL) are one of the most important complications of this disease, and an
intravenous immunoglobulin (IVIG) resistance is one of the most important factors for CAL development
during the acute phase of Kawasaki disease. However, the clinical outcomes of 1VIG-resistant Kawasaki disease
have not been established.

The recent Japanese guidelines for the acute-phase treatment of Kawasaki disease recommended the
initiation of the rescue therapies at 24 h after completion of the initial IVIG therapy [2]. However, a recent study
showed that fever in the first 36 h following the initial IVIG therapy completion was not predictive of CAL [3].
This study recommended refraining from rescue therapies until 36 h after completion of the initial IVIG therapy.
Another recent study defined the IVIG-resistant patients as those with persistent fever who failed to achieve
defervescence within 48 h after completion of the initial IVIG therapy [4]. The description of the clinical
outcomes of the IVIG-resistant patients may lead to the appropriate timing of the rescue therapies for these
patients.

Recent studies have disclosed that aspirin and flurbiprofen appeared to have a negative impact on the
suppressive effects of initial 1VIG therapy for CAL development during the acute phase of Kawasaki disease
and that an initial single IVIG therapy dose with the delayed use of anti-inflammatory drugs (DUA) might be
effective for CAL suppression [5, 6]. The clinical outcomes of the IVIG-resistant patients who received the
initial IVIG therapy with DUA remain unclear.

The hypotheses of this study were that a subgroup of the 1\VVIG-resistant patients diagnosed at 24 h after
completion of the initial IVIG therapy with DUA don’t develop CAL after 30 days of illness without rescue
therapies and that the rescue therapy at this time may lead to overtreatment.

The objective of this study is the description of clinical outcomes of 1VIG-resistant Kawasaki disease
after initial IVIG therapy with DUA and clarification of useful cut-off values of laboratory tests for rescue
therapies.

1. METHODS
This retrospective study included 144 consecutive patients who had received an initial 2 g/kg/dose of
IVIG therapy with DUA (aspirin or flurbiprofen) for Kawasaki disease between January 2004 and September
2015 at the Department of Pediatrics, Aomori Prefectural Central Hospital. Anti-inflammatory drugs were
initiated within 24 h after the end of initial IVIG infusion [5]. The diagnosis of Kawasaki disease was based on
Japanese Criteria (Fifth Edition) [7].
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In this study, recurrence and relapse were defined differently. When Kawasaki disease recurred after an
initial disappearance of the major symptoms and improvement in the test results, it was defined as a recurrence.
If there is an interval of at least two months from the onset of the first Kawasaki disease illness to onset the new
episode, it was defined as recurrence [8]. If a child became afebrile during the acute phase, an exacerbation or
reappearance of major symptoms without other pyrogenic disease was defined as a relapse. Defervescence was
defined as body temperature < 37.5 °C for 24 h, and the time of the defervescence was defined as when the body
temperature became < 37.5 °C. IVIG-resistance was defined if fever persisted or had reappeared at 24 h after
first-line treatment [2].

I excluded 29 patients who received concomitant IVIG and anti-inflammatory therapy, four patients
who had developed CAL before the start of therapy, and seven patients with disease recurrence and one patient
who developed left ventricular dysfunction because of their greater prevalence of CAL [9, 10, 11].

The 33 IVIG-resistant patients were divided into two groups: a rescue group, comprising 11 patients
who received the rescue therapies for the initial IVIG therapy resistance, and a non-rescue group, comprising 22
children who did not receive the rescue therapy for the initial IVIG resistance.

The Egami score, which is the risk score for prediction of IVIG-resistance using the clinical findings
including age, illness days, platelet count, alanine aminotransferase, and C-reactive protein (CRP), was
evaluated before initial IVIG therapy [12].

2.1. Anti-inflammatory Drugs Therapy and Initial IVIG Therapy

The choice between aspirin and flurbiprofen was made by each doctor after considering the patient’s
liver function and the risk of Reye syndrome during the influenza pandemic. Flurbiprofen had been used in
cases of severe aspirin hepatotoxicity in Japan and Reye syndrome is not mentioned as the adverse effects and
precautions of flurbiprofen [13]. Flurbiprofen was more commonly used before 2009 because of advantage for
hepatic dysfuntion and Reye syndrome. Aspirin was more commonly used after 2009 because aspirin use was a
global standard for Kawasaki disease. Aspirin was initiated at a dose of 30 mg/kg/day and decreased to 5—10
mg/kg/day when the patients became afebrile. Flurbiprofen was initiated at a dose of 3-5 mg/kg/day and
decreased to 3 mg/kg/day when the patients became afebrile.

During the study period, an initial IVIG regimen of 2 g/kg/dose starting on day 5 of the illness was
used as first-line therapy when possible. The regimen of the initial IVIG therapy with DUA was used after 2004.
A part of patients received this therapy with DUA between 2004 and 2008. The choice between DUA and the
concomitant use of anti-inflammatory drugs was made by each doctor during this period. After 2009, the initial
IVIG therapy with DUA was used for all patients [5].

2.2. Rescue Therapy

The decision for rescue therapies in resistant patients was made between 48 and 72 h after the end of
the initial 1VIG therapy. The decision was made comprehensively according to clinical parameters, including
body temperature, major symptoms of Kawasaki disease, general condition, and laboratory data. There were no
definite cut-off values of laboratory tests during this study.

The blood samples were taken 2—4 days after initial 1VIG therapy and the samples just before
decision were used for study. CRP ratio was defined as ratio of CRP values after/before initial IVIG therapy
[14].

Second-line therapy was rescue IVIG therapy, and third-line therapy was ulinastatin infusion. Plasma
exchange was adopted after 2014 as another third-line therapy option. This regimen has been approved in
Aomori Prefectural Central Hospital [14, 15]. Written informed consent was obtained from the parents or
guardians of all children before the initial therapy [5, 6].

2.3. Diagnosis of CAL

CAL was diagnosed by echocardiography as follows [16]. CAL was diagnosed when any of these
examinations showed an internal lumen diameter = 3 mm in a patient < 5 years of age or a diameter = 4 mm in
a patient = 5 years of age; if the internal diameter of a segment was at least 1.5 times as large as that of an
adjacent segment; or if the lumen appeared irregular. Transient CAL was defined as the disappearance of CAL
within 30 days of the illness.

Myocardial ischemia due to CAL is one of the most important complications caused by Kawasaki
disease. Long-term follow-up studies have shown that a maximum CAL size >5 mm was a statistically
significant predictive risk factor for myocardial ischemia, and that all CAL <5 mm in size regressed to normal
size [17]. Another study reported that the threshold diameter for acute phase CAL that developed into
subsequent stenosis was 6.0 mm [18]. Therefore, the prevention of CAL of >5 mm may be an important goal in
the acute treatment of Kawasaki disease to prevent coronary artery stenosis in later stages of the disease [19]. In
this study, CAL were evaluated by mm for the entire population because of the goal to the prevention of
coronary artery stenosis in later stages.

2.4. Statistical Analysis
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Statistical analyses were performed with StatFlex Version 6 for Windows (Artech Co., Ltd., Osaka,
Japan). Chi-square test, Fisher’s exact test, and Mann—Whitney U test were used as appropriate with a specific
sample size calculation. A value of P < 0.05 was considered statistically significant.

. RESULTS

Thirty-three among 144 patients (23 %) were resistant to the initial 1VIG therapy. The 33 patients
included 17 boys and 16 girls. The median age was 2 years 10 months (range, 3 months—12 years 4 months).

The severity of Kawasaki disease before initial IVIG therapy, as evaluated using the Egami score [12],
was significantly different between the two groups. The patients of the rescue group were more severely ill than
those of the non-rescue group (Table 1). Sex, age of onset, the prevalence of incomplete type, were not
significantly different between the two groups (Table 1). The laboratory findings except leukocyte count were
not significantly different between the two groups before initial IVIG therapy (Table 1). The leukocyte count of
the non-rescue group was significantly higher than that of the rescue group (Table 1).

Table 1. Comparison of the clinical findings and laboratory values before initial IVIG therapy between rescue
and non-rescue groups

Rescue Vs. Non- P value
group (n rescue
=11) group (n
=22)
Sex (male) 4 (36%) 13 (59%) 0.218
Age of onset (m) 24 (3- 35.5 (4-95) 0.194
48)°
Egami score 4 (1-4) 2 (0-4)* 0.023
Incomplete type 2 (18%) 3 (14%) 0.550
Day of illness at 5 (4-7)* 5 (4-9)* 0.130
sampling for
laboratory tests
Laboratory findings
CRP 12.76 (3.93-21.87)* 8.46 (1.14-24.83)° 0.070
(mg/dL)
Leukocyte 10300 (5900- 15299 (7400-30900)* 0.007
count 17100)*
(/mm®)
Neutrophil count 7119 (4325-15390)* 11256 (5013-16730)* 0.052
(/mm®)
(n=9) | (0=19) |
RBC 4.30 (3.76-5.31)° 4.235 (3.62-4.70)* 0.954
(x10™/L)
Hematocrit 35.3(30.2-40.9)* 33.35(29.1-36.4)* 0.401
(%)
Platelet (/mm®) 284000 (52000-521000)* 311500 (200000- 0.349
685000)*
Albumin 3.2(2.4-3.8) 3.45(2.7-4.1) 0.099
(g/dI)
Total 0.9 (0.49-3.76)* 0.6 (0.27-3.28)* 0.104
bilirubin
(mg/dL)
(n=21) |
AST 73 (23-648)* 40.5 (18-387)? 0.268
(IU/L)
ALT 124 (11-485) 71 (10-271)° 0.252
(IU/L)
Na 134 (127-138)* 134.5 (132-138)* 0.110
(mEg/L)

a: median (minimum-maximum ); Incomplete type: patients with fewer than four major symptoms; IVIG:
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intravenous immunoglobulin; CAL: coronary artery lesions; CRP: C-reactive protein; RBC: red blood cell
count; AST: aspartate aminotransferase; ALT: alanine aminotransferase; Na: serum sodium.

The prevalence of the type of anti-inflammatory drugs (aspirin or flurbiprofen), and the start day of the
initial IVIG therapy were not significantly different between the two groups (Table 2).

Table 2. Comparison of the treatment and laboratory information after initial IVIG therapy between rescue and
non-rescue groups

Rescue Vs. Non- P value
group (n rescue
=11) group (n =
22)
Initial IVIG
Start day of illness 5 (4-7)° 5 (5-9)° 0.162
Aspirin 4 (36%) 11 (50%)
Flurbiprofen 7 (64%) 11 (50%) 0.712
Defervescence
Day of illness 11(9- 8 (7-12)* 0.001
16)?
Duration from start of initial I1VIG | 6 (4-9) 3(2-5)? <0.001
therapy (days)
Patients with persistent fever
2 days after initial | 11 22 (100%) 1.000
IVIG (100%)
3 days after initial | 11 17 (77%) 0.144
IVIG (100%)
4 days after initial | 11 4 (18%) <0.001
IVIG (100%)
5 days after initial | 6 (55%) 1 (5%) 0.003
IVIG
6 days after initial | 6 (55%) 0 (0%) <0.001
IVIG
7 days after initial | 4 (36%) 0 (0%) 0.008
IVIG
Laboratory findings
Days after IVIG 3 (2-4) 3 (2-4) 0.718
CRP 9.33 (2.86-20.58)" 4.23 (0.23-9.88)* 0.003
(mg/dL)
CRP ratio 0.76 (0.53-1.39)* 0.47 (0.20-1.13)* 0.001
Leukocyte 11500 (5100- | 9500 (4600-19000)* 0.258
count 20600)*
(/mm?)
‘ (n=21) |
Neutrophil count (/mm?®) 9545 (1530-16274)% | 5672 (1449-9500)* 0.029
\ (n=20) |
RBC 3.9 (3.31-4.58)* 4.1 (3.66-4.8) 0.100
(x10%/L)
\ (h=21) |
Hematocrit 31.8(26.3-37.1)* 32.2 (30.6-40.6)* 0.204
(%)
‘ (n=21) |
Platelet (/mm®) 293000  (131000- | 380000 (227000- | 0.071
558000)* 687000)*
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\ (h=21)
Albumin 2.4 (1.9-3.1)° 2.9 (2.5-4.0)* 0.002
(g/d1)
\ (n=21) |
Total 0.4 (0.10-1.43)° 0.4 (0.17-1.15)° 0.268
bilirubin
(mg/dL)
(=9 | (n=19) |
AST (IU/L) 52.0 (20.0-127.0)* | 37.0 (18.0-171.0)® 0.422
ALT (IU/L) 61.0 (19.0-178.0)* | 38.5 (9.0-194.0) 0.131
Na (mEg/L) 134.0 (129.0- | 135.0 (133.0-141.0)* | 0.030
137.0)°
(n=21)
CAL before 30 di 1 (9%) 0 (0%) 0.333
CAL after 30 di 1 (9%) 0 (0%) 0.333

a: median (minimum-maximum ); IVIG: intravenous immunoglobulin; CAL: coronary artery lesions; CRP: C-
reactive protein; RBC: red blood cell count; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
Na: serum sodium.

C-reactive protein ratio was defined as ratio of CRP values after/before initial IVIG therapy.

All of 11 patients in the rescue group received the rescue IVIG therapies at median 9th (range, 7th—
11th) day of illness for the initial IVIG therapy resistance and duration between the first and second IVIG
therapies were median 3 (3—4) days. Two of 11 patients received the third-line therapy; one patient received
ulinastatin infusion, and another patient received the plasma exchange. Among the patients that received a third-
line therapy, one patient received corticosteroids after the ulinastatin infusion because of prolonged fever and
intractable arthralgia [20]. Ten of 11 patients in rescue group received two doses of 2 g/kg/dose IVIG therapies.
One patient who received plasma exchange received a third dose of IVIG therapy as fourth-line therapy [20].
None of the patients in rescue group received the rescue therapy for relapse of the disease.

None of the patients in the non-rescue group received rescue therapies for resistance and all of these
patients recovered by themselves without further treatment for resistance. Only one patient in the non-rescue
group received the rescue IVIG therapy for relapse of the disease after 13 days from initial IVIG therapy.

The day of illness to day of defervescence in the rescue group was more than that in the non-rescue
group (Table 2). The duration from the start of initial IVIG therapy to defervescence in the rescue group was
significantly longer than that of the non-rescue group (Table 2). The prevalence of the patients with persistent
fever after initial 1VIG therapy in the rescue group was significantly higher than that in the non-rescue group
after 4 days from the start of initial IVIG therapy (Table 2). The prevalence of CAL before and after day 30 was
similar between the two groups (Table 2).

The patient with CAL in the rescue group had CAL on day 8, and this 2-year-old girl received a plasma
exchange on day 9 at the hospital of Hirosaki University School of Medicine for 3 days. Her CAL diameters of
right proximal artery were 4.8 mm and 2.9 mm on day 21 and 40 of her illness, respectively. However,
echocardiography on day 52 of illness showed the regression of CAL and normal internal coronary artery size.
The selective coronary arteriogram performed at 7 months after the disease onset revealed no abnormal findings.
Thereafter, she had been followed up without medication. Her clinical course had been uneventful at 1 year 3
months after the disease onset.

The time of the laboratory findings in the two groups were median 3 days after the start day of the
initial IVIG therapy, and the times were similar between the two groups (Table 2). The following laboratory
findings after initial IVIG therapy were significantly different between the rescue and non-rescue groups: CRP
levels, CRP ratio, neutrophil counts, serum albumin levels, and serum sodium levels (Table 2).

The CRP ratio cut-off value of < 0.50 excluded all 11 patients in the rescue group and included 13 non-
rescue group patients of 33 IVIG-resistant patients (39%).

V. DISCUSSION
This study identified the two-thirds of the patients who were diagnosed as 1VV1G-resistant at 24 h after
the completion of the initial 1\VVIG infusion and did not have associated CAL after 30 days of illness without the
rescue therapies. This finding is consistent with the results of the recent study; fever in the first 36 h following
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the initial IVIG therapy completion was not predictive of CAL, although all patients diagnosed with 1VIG
resistance in this study received rescue therapy [3].

The establishment of the appropriate rescue therapies is important for suppression of CAL and for
safety of the treatment in the acute phase of Kawasaki disease. This study showed that the clinical outcomes of
the two subgroups in the IVIG-resistant patients were significantly different and that these two groups could be
separated at 3 to 4 days after initial IVIG therapy.

The data regarding Egami score, defervescence, and laboratory tests suggested that the patients of the
rescue group were more severely ill than those of the non-rescue group (Table 1, 2). However, the prevalence of
CAL were similar between the two groups (Table 2). These findings suggested that the rescue therapies at 3 to 4
days after initial IVIG therapy were effective for the suppression of CAL in the rescue group patients. On the
other hand, none of the patients in the non-rescue group received rescue therapies for resistance and all of these
patients recovered by themselves without further treatment for resistance. This finding suggested that the
decision of rescue therapies at 3 to 4 days after initial 1\VIG therapy was appropriate for the patients in the non-
rescue group.

The appropriate decision for rescue therapies leads to the appropriate use of IVIG and to the avoidance
of the risk of rescue therapies. The recent 22nd nationwide survey of Kawasaki disease in Japan showed that
16% of patients received the rescue 1VIG therapy for initial IVIG therapy resistance and that 3% of patients had
associated CAL after 30 days of illness [21]. In this study, the prevalence of rescue IVIG therapy for initial
IVIG therapy resistance was 8% (11/144), and the prevalence of CAL after 30 days and after one year of illness
were 1% (1/144) and 0%, respectively. These findings also suggested that the decision at 3 to 4 days after the
start of initial IVIG therapy might be useful for the safe and effective rescue therapies for suppression of CAL.

Not only IVIG therapy-resistant patients but also IVIG therapy—responsive patients developed CAL
caused by Kawasaki disease [20, 22]. This means that the pathway of fever development may not be completely
consistent with that of CAL development. Therefore, the factors except body temperature should be considered
at the decision for rescue therapy. These factors may be general condition and laboratory findings.

The previous study showed the usefulness of CRP and neutrophil count for the decision for rescue
therapies [23]. These factors were also significantly different between the rescue and non-rescue groups in this
study. Furthermore, the CRP ratio was useful for the detection of the non-rescue group patients; 39% of the non-
rescue group patients were detected from the 1VIG-resistant patients by using CRP ratio. The previous study
showed the usefulness of the CRP for prediction of the clinical course after initial 1VIG therapy and CAL
development among IVIG-resistant patients [4, 14, 24, 25]. The CRP ratio may be useful for determining
unnecessary rescue therapies for the prevention of CAL after 30 days of illness. Critical decision for the
appropriate rescue therapies can prevent the risk caused by the therapies and unnecessary use of IVIG.
Currently, IVIG therapy, corticosteroid, infliximab, and plasma exchange have been used for rescue therapy.
However, these therapies have the risk of anaphylaxis, possible development of CAL, infusion-associated
reaction, and shock, respectively [2, 26]. The refraining from corticosteroid use might be one of the factors for
the favorable outcomes of CAL in this study [26].

The optimum start time of the initial IVIG therapy for the prevention of large CAL of internal diameter
> 5 mm caused by Kawasaki disease has not been established. An epidemiological study in 15,940 patients in
Japan showed that receipt of initial 1VIG therapy before day 5 of the illness was significantly associated with
IVIG non-response and CAL [22]. Another study reported that there was no evidence that IVIG therapy on day
4 or earlier had greater efficacy in preventing cardiac sequelae than therapy on days 5-9, and that early
treatment would more likely require rescue IVIG therapy [27]. The favorable outcome of CAL and the low
prevalence of rescue IVIG in this study showed that the start time on day 5 was not too late to prevent large
CAL caused by Kawasaki disease.

V.  CONCLUSIONS

Two-thirds of the IVIG-resistant patients diagnosed at 24 h after completion of the initial 1\VIG therapy
with DUA did not develop CAL after 30 days of illness without rescue therapies. The rescue therapy at this time
may lead to overtreatment.

The data regarding Egami score, defervescence, and laboratory tests suggested that the patients of the
rescue group were more severely ill than those of the non-rescue group. However, the prevalence of CAL were
similar between the two groups. These findings suggested that the rescue therapies at 3 to 4 days after initial
IVIG therapy were effective for the suppression of CAL in the rescue group patients. On the other hand, none of
the patients in the non-rescue group received rescue therapies for resistance and all of these patients recovered
by themselves without further treatment for resistance. This finding suggested that the decision for rescue
therapies at 3 to 4 days after initial IVVIG therapy was appropriate for the patients in the non-rescue group. Three
to 4 days after initial IVIG therapy with DUA may be appropriate for the decision for rescue therapies for 1VIG-
resistant patients with Kawasaki disease.
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The limitation of this study was the small number of patients. The efficacy and safety of the strategy of

this study should be investigated by large size study.
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