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Clinically Useful Predictors of Resistance to Intravenous
Immunoglobulin and Prognosis of Coronary Artery Lesions
in Patients with Incomplete Kawasaki Disease

Kee Hyun Cho, MD and Soo Jung Kang, MD

Department of Pediatrics, CHA Bundang Medical Center, CHA University, Seongnam, Korea

Background and Objectives: The prevalence of incomplete Kawasaki disease (iKD) is progressively increasing. We aimed to retrospectively
investigate the predictors of intravenous immunoglobulin (IVIG) resistance in iKD patients and compare them with those of IVIG resistance
in complete Kawasaki disease (cKD) patients. We also compared the prognosis of coronary artery lesions (CALs) between the IVIG non-re-
sponders and responders in both iKD and cKD groups.

Subjects and Methods: A total of 234 cKD and 77 iKD patients were treated with IVIG between February 2009 and April 2012. Among
these 311 patients, we reviewed the data of 77 iKD patients and 75 age-matched cKD patients.

Results: Patients with iKD having an elevated neutrophil count {percentage of segmented neutrophils (SEG%) >79.0} were at risk of IVIG
resistance, while patients with cKD having SEG% =>79.25 and serum total bilirubin (TB) =0.56 mg/dL were at risk of IVIG resistance as
shown by multivariable logistic regression analysis. Fractional changes of laboratory data before and after IVIG treatment showed that C-
reactive protein (CRP) and N-terminal B type natriuretic peptide (NT-proBNP) levels were significantly elevated in IVIG non-responders of
the iKD group, whereas erythrocyte sedimentation rate was significantly elevated in IVIG non-responders of the cKD group. Among the pa-
tients who had CALs at 10 months after the start of illness, the z scores of coronary arteries were higher in IVIG non-responders of the iKD
group, when compared with IVIG non-responders of the cKD group.

Conclusion: Elevated SEG%, changes in CRP and NT-proBNP levels may help in early detection of IVIG resistance in patients of the iKD
group, which may aid in predicting the prognosis of CALs in these patients. Further studies with a larger number of patients are warranted.
(Korean Circ J 2014;44(5):328-335)
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in young children. According to the 2004 American Heart Associa-
tion (AHA) guidelines for the diagnosis of KD, complete KD (cKD) is
characterized by fever, changes in the extremities, polymorphous
exanthem, bilateral bulbar conjunctival injection without exudate,

Introduction

Kawasaki disease (KD) is an acute systemic vasculitis that occurs
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changes in lips and oral cavity, and cervical lymphadenopathy
(>1.5 cm in diameter).” Patients with only two or three principal
clinical features of KD in addition to fever are considered to have
incomplete KD (iKD) when the other possible causes of fever have
been excluded.” The reported prevalence of iKD has increased from
15% to 47% since the publication of 2004 AHA guidelines.*®
Asingle dose (2 g/kg) of intravenous immunoglobulin (IVIG) in-
fusion in combination with aspirin has been the standard treatment
for KD." However, after initial treatment with IVIG, approximately
10-20% of KD patients have persistent or recrudescent fever, and

1)7

they are said to show resistance to IVIG."”® Since prolonged fever
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can lead to increased prevalence of coronary artery lesions (CALs)
in patients with KD,** resistance to IVIG may be a risk factor for
the development of CALs. Identification of patients who are at risk
of IVIG resistance would ultimately aid in the prevention of CALs.
Although several scoring systems have been developed for predict-
ing IVIG resistance in patients with ckD,'*"? these scoring systems
have limitations in predicting resistance to IVIG because of their
low sensitivity. In addition, previous studies do not provide any in-
formation on the prevalence as well as on the prognosis of CALs in
patients with iKD who show IVIG resistance.?¥
of this study was to determine the clinically useful predictors of IVIG
resistance in patients with iKD as well as to compare and evaluate
the prevalence and prognosis of CALs in patients with iKD and cKD.

® Therefore, the aim

Subjects and Methods

We retrospectively reviewed the medical records of patients di-
agnosed with KD at CHA Bundang Medical Center after receiving
approval for the study from the Institutional Review Board of the
same center. A total of 234 cKD and 77 iKD patients were treated
with IVIG between February 2009 and April 2012. Among these 311
patients, we reviewed the laboratory measures and echocardio-
graphic data of 77 iKD patients and 75 age-matched cKD patients.

Children with fever lasting 5 days or longer and at least 4 of the
5 principal clinical criteria of KD were defined as the cKD group,
and children with 2 or 3 principal clinical criteria with fever lasting
5 or more days were defined as the iKD group with the exclusion
of other alternative diagnosis.” To exclude other febrile illnesses re-
sembling KD, we performed serum titers for antistreptolysin-0, anti-
Epstein-Barr virus antibodies, anti-Mumps virus antibodies, anti-
mycoplasma antibodies, multiplex polymerase chain reaction for
common respiratory viruses (respiratory syncytial virus, parainflu-
enza, influenza, metapneumovirus, rhinovirus) from nasopharyn-
geal aspirates, urinalysis, urine culture, and neck ultrasonogram
results were reviewed to rule out suppurative lymphadenitis. All of
the patients received 2 g/kg of IVIG in a single dose at the time of
diagnosis, and were treated with high dose oral aspirin (80 mg/kg/
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day) until afebrile for 3-4 days and thereafter they were given low
dose aspirin (5 mg/kg/day). Serial echocardiograms were done ini-
tially, after 3 months, and after 10 months to obtain the internal di-
ameter of coronary arteries in both iKD and cKD groups. We mea-
sured the internal diameter of the proximal right coronary artery
(RCA), proximal left anterior descending coronary artery (LAD), and
left main coronary artery (LM). Patients were classified as having
CALs when z scores of coronary arteries were found to be 2.5 or
more in one or more of the RCA, LAD, and LM. The z scores of coro-
nary arteries were obtained by using the measured dimensions of
coronary arteries as well as the nonlinear regression equations
based on the body surface area.’

Patients were defined as IVIG non-responders when they had per-
sistent or recrudescent fever =36 hours after completion of initial
IVIG infusion.” Patients in both the iKD and cKD groups were divided
into IVIG non-responders and IVIG responders. Demographic vari-
ables studied were age, sex, duration of fever before and after initial
treatment, and prevalence of IVIG resistance. Blood samples were
obtained from patients before and at a median of 2 days after ini-
tial IVIG infusion. Laboratory variables studied were white blood
cell count, percentage of segmented neutrophils (SEG%), hemoglo-
bin, platelet count, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), serum albumin, serum total bilirubin (TB), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), serum sodi-
um, N-terminal B type natriuretic peptide (NT-proBNP), and gamma
glutamyltransferase levels. In addition, to evaluate the treatment
response after IVIG, we also compared the value of the fractional
change (FC) of each variable as previously described by Mori et al™
FC was defined as follows:

FC=Y-X/X
in which X represents laboratory data before IVIG and Y represents
data at 2 to 3 days after IVIG treatment."

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) v. 20.0 for windows (SPSS, Chicago, IL,
USA). Data are expressed as mean+tstandard deviation, percentage,
or medians with the 25th and 75th percentiles in square brackets
where appropriate. Comparison between variables was made with

Table 1. Demographics of patients with incomplete KD and age-matched patients with complete KD

Incomplete KD (n=77) Complete KD (n=75) p
Age (months) 329542451 35.55+28.67 0.573
Median (interquartile range) 28 (11-45) 30 (18-52)
Male, n (%) 45 (58.4) 39 (52.0) 0.425
Pre-IVIG fever (days) 6.612.1 6.3%1.7 0.324
Post-IVIG fever (days) 1.7£09 1.8%1.0 0.139
IVIG resistance, n (%) 9(11.7) 8(10.7) 0.842

Data are expressed as mean£SD or median with the 25th and 75th percentiles in square brackets. *p<0.05. KD: Kawasaki disease, IVIG: intravenous immu-
noglobulin, Pre-IVIG fever: duration of fever until 1st IVIG, Post-IVIG fever: duration of fever until 2nd IVIG
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the Mann-Whitney U test for continuous variables and the chi-
square test for categorical variables. To determine the predictive
factors for IVIG resistance, we performed multivariable logistic re-
gression analysis. To determine the cutoff value of each variable pri-
or to multivariable logistic regression analysis, receiver operating
characteristic curves (ROC) were used. Results were expressed as
an odds ratio with a 95% confidence interval. A p of <0.05 was con-
sidered to be statistically significant.

Table 2. Prevalence of 5 principal symptoms in patients with incomplete
Kawasaki disease

Non-responders  Responders

(n=9) (n=68)
Conjunctival injection, n (%) 9 (100) 61(89.7)
Changes in lips and oral cavity, n (%) 9 (100) 61(89.7)
Polymorphous exanthem, n (%) 8 (88.9) 36 (52.9)
Cervical lymphadenopathy 0(0) 18 (26.5)

(>1.5 cm in diameter), n (%)

Changes in extremities, n (%) 0(0) 7(10.3)

Non-responders: IVIG non-responders, Responders: IVIG responders. IVIG:
intravenous immunoglobulin
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Results

A total of 152 patients diagnosed with KD were enrolled in this
study. Demographic variables are shown in Table 1. Of these, 77
patients (50.6%) were included in the iKD group, and 75 patients
(49.3%) were included in the cKD group. Of these 152 KD patients,
84 patients were boys (55.3%) and 17 patients (11.2%) were IVIG
non-responders. There was no significant difference in the preva-
lence of IVIG resistance between the iKD and cKD groups. Two pa-
tients had persistent fever after second infusion of IVIG and were
treated with third IVIG infusion at =36 hours after completion of
second IVIG treatment. Among the 5 principal symptoms of KD,
conjunctival injection, changes in lips and oral cavity, and polymor-
phous exanthem were predominant in IVIG non-responders of the
iKD group (Table 2). Comparison of laboratory data before initial IVIG
treatment between the IVIG non-responders and the IVIG respond-
ers in the iKD and cKD groups is shown in Table 3. In the iKD group,
the IVIG non-responders showed higher percentage of segmented
neutrophils (SEG%) and TB before initial IVIG treatment compared
to the IVIG responders; while in the cKD group, the IVIG non-re-
sponders showed higher AST and ALT levels and lower serum sodi-

Table 3. Comparison of demographic, clinical, and laboratory features before initial treatment with IVIG in patients with incomplete and complete KD

Incomplete KD Complete KD
Non-responders Responders p Non-responders Responders p
(n=9) (n=68) (n=8) (n=67)

Age (months) 36.44+21.65 32.491+24.97 0.471 35.25+11.06 35.58+30.15 0.537

Age <12 months, n/total (%) 1/9 (11.1) 16/68 (23.5) 0.674 0(0) 15 (22.4) 0.345
Male, n (%) 3(33.3) 42 (61.8) 0.152 6(75) 33 (49.3) 0.265
Pre-IVIG fever (days) 6.11£2.32 6.69£2.05 0.085 5.13%£0.35 6.46£1.73 0.003*
Post-IVIG fever (days) 17109 1.8£1.0 0.139*
Sampling day of illness (days)* 4221244 5.1511.63 0.087 4.5010.76 5.87%£1.83 0.014*
WBC count (/mm?) 16507.781+5608.45 14800.74£7190.59 0.270 16523.75+6950.54 14222.69+5597.75 0.386
SEG% 80.791£7.92 60.99+17.03 0.001* 79.20111.74 62.87114.63 0.003*
Hemoglobin (g/dL) 11.70£0.72 11.38+0.95 0.337 12.051£0.94 11.44+0.95 0.084
Platelet count (x10°/mm?) 326.67£118.23 375.50£116.56 0318 360.00£108.56 403.82£137.84 0.332
ESR (mm/hr) 67.00+27.47 67.77126.14 0.947 55.00£22.95 65.851+26.62 0.367
CRP (mg/dL) 9.47£9.05 7.94%5.80 0.794 8.0914.23 9.10£7.20 0.945
Albumin (g/dL) 401040 3.92+0.36 0.796 3.88£0.50 3.88+0.33 0.786
TB (mg/dL) 1.47£1.50 0.49£0.66 0.004* 2.17+1.88 0.51£0.53 0.017*
AST (IU/L) 99.67+112.68 51.04£69.42 0.094 130.25+£137.19 66.22+101.84 0.003*
ALT (U/L) 106.441+126.87 65.60+81.57 0.461 149.00£100.54 91.451149.02 0.011*
Serum sodium (mEg/L) 135.11+3.76 137.40+2.88 0.096 133.25+1.98 136.81£2.95 0.001*
NT-proBNP (pg/mL) 1114.57+569.95 1393.31£4665.10 0.118 1150.38£699.81 833.21£1060.30 0.190
GGT (IU/L) 73.71£57.72 58.08%75.71 0.225 106.50%£74.73 61.94£71.09 0.089

Data are expressed as mean+SD. *p<0.05, *p of comparison between IVIG non-responders in the incomplete and complete KD group, *Sampling day of ill-
ness: day of sampling calculated as days elapsed from the first day of illness. KD: Kawasaki disease, Non-responders: IVIG non-responders, Responders:
IVIG responders, IVIG: intravenous immunoglobulin, WBC: white blood cell, SEG%: percentage of segmented neutrophils, ESR: erythrocyte sedimentation
rate, CRP: C-reactive protein, TB: total bilirubin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, NT-proBNP: N-terminal pro-B-type natri-
uretic peptide, GGT: gamma glutamyltransferase
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um levels in addition to higher SEG% and TB compared to the IVIG
responders. Comparison of laboratory data after initial IVIG treat-

ment showed no significant differences between IVIG non-re-

sponders and IVIG responders in both KD groups. To determine the
cutoff value for predicting IVIG resistance, SEG% and TB before IVIG
treatment in the iKD and cKD groups were assessed by ROC analy-
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sis. After multivariable logistic regression analysis, SEG% =79%
was identified as a significant independent predictor of IVIG resis-

tance in the iKD group with a sensitivity of 66.7% and specificity
of 86.8%, SEG% >79.25% and TB >0.56 mg/dL were identified as
significant predictors in the cKD group with a sensitivity of 75.0%
and specificity of 95.50% (Table 4). FCs of laboratory data before

Table 4. Multivariable logistic regression analysis of predictors of IVIG resistance in patients with incomplete and complete KD

. Incomplete KD . Complete KD
Variables p Variables p
OR (95% CI) OR (95% CI)
SEG% =79.0 5.76 (1.015-32.684) 0.048" SEG% >79.25 6.248 (1.004-37.394) 0.045"
TB (mg/dL) =0.49 6.06 (0.985-37.242) 0.052 TB (mg/dL) >0.56 7.018 (1.120-43.975) 0.037*

*p<0.05. KD: Kawasaki disease, SEG%: percentage of segmented neutrophils, TB: total bilirubin, OR: odds ratio, Cl: confidence interval

Table 5. Comparison of fractional changes of laboratory values before and after initial treatment with IVIG in patients with incomplete and complete KD

FC of incomplete KD

FC of complete KD

Non-responders Responders p Non-responders Responders p
(n=5) (n=34) (n=7) (n=19)
Sampling day of illness (days)* 7.3312.78 7.5611.83 0.649 7.25%£1.28 8.05£1.94 0.237
WBC count (/mm?) -0.25171+0.4740 -0.3413+0.2482 1.000 -0.2175%+0.2288 -0.1977£0.4125 0.778
SEG% -0.2296%0.1723 -0.3101£0.2920 0.554 -0.1799%0.1367 -0.1111£0.1382 0.152
Hemoglobin (g/dL) -0.0932+0.5924 -0.0514£0.0745 0.275 -0.0818%0.0633 -0.049210.0621 0.188
Platelet count (X 10°/mm?) -0.0047+0.2027 0.1531£0.2716 0.207 0.0995+0.3653 0.3108+0.6100 0.231
ESR (mm/hr) 0.4761%0.3585 0.2960+0.3996 0.331 1.0723%0.8353 0.2582+0.5338 0.018*
CRP (mg/dL) -0.2022£0.2612 -0.4919£0.4398 0.035* -0.1279+0.6787 -0.5523%+0.3215 0.15
Albumin (g/dL) -0.2110£0.1259 -0.3022+0.3493 0.923 -0.1585+0.2033 -0.1479%0.0408 0.413
TB (mg/dL) -0.3658+0.4308 -0.3015%0.6474 0912 -0.5132%0.2772 -0.5485+0.5055 0.530
AST (IU/L) -0.4378%0.5180 -0.2541£0.4161 0:355 -0.4378+0.5196 0.0242+1.0204 0.310
ALT (IU/L) -0.4124%0.3513 -0.1386£0.8192 0.590 -0.2358+£0.9318 -0.1686+0.4332 0.152
Serum sodium (mEq/L) NA -0.0968+0.3002 NA -0.3233+0.5862 0.0299+0.0272 0.400
NT-proBNP (pg/mL) 2.16421+2.5125 0.1279+1.4604 0.048* -0.2281£0.5122 -0.3672%0.1407 1.000
GGT (IU/L) -0.1244+0.3185 -0.6780£0.3022 0.143 -0.2106£0.3774 -0.3760£0.2873 0.800

Data are expressed as mean+SD. FC=(Data at 2 to 3 days after IVIG)-(Data before IVIG)/Data before IVIG. *p<0.05, 'Sampling day of illness: day of sampling
calculated as days elapsed from the first day of illness. IVIG: intravenous immunoglobulin, KD: Kawasaki disease, FC: fractional change, Non-responders IVIG
non-responders, Responders: IVIG responders, WBC: white blood cell, SEG%: percentage of segmented neutrophils, ESR: erythrocyte sedimentation rate,
CRP: C-reactive protein, TB: total bilirubin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, NT-proBNP: N-terminal pro-B-type natriuretic
peptide, GGT: gamma glutamyltransferase, NA: data not available

Table 6. Prevalence of coronary artery lesions (defined as z scores of coronary arteries >2.5) over time in patients with incomplete and complete KD

Incomplete KD Complete KD
Non-responders Responders 2 Non-responders Responders g
1st echoCG, n/total(9%) 5/9 (55.6) 16/68 (23.5) 0.057 3/8 (37.5) 13/67 (19.4) 0.356
lliness day* 14.6717.6 14.1+£83 0.628 159+8.4 134174 0.404
2nd echoCG, n/total(%) 4/6 (44.4) 10/57 (17.5) 0.087 1/7 (14.3) 11/49 (22.4) 1.000
lliness day* 81.22%10.1 93.26£108.3 0.729 77571249 94.45+69.8 0.439
3rd echoCG, n/total(%) 3/5 (60) 7/36 (19.4) 0.083 1/2 (50) 4/23 (17.4) 0.367
lliness day* 347.40+150.6 369.30+244.2 0.910 330.00£107.5 390.64+226.5 0.821

Data are expressed as meanSD. *lliness day is defined as days elapsed from the 1st day of illness at the time of echocardiogram. KD: Kawasaki disease,
Non-responders: IVIG non-responders, Responders: IVIG responders, EchoCG: echocardiogram
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Table 7. Z-scores of coronary arteries in patients with incomplete and complete KD having coronary artery lesions (defined as z scores of coronary ar-

teries >2.5) at 10 months after onset of illness

Age at diagnosis KD group and

Duration of fever at initial

(months) response to IVIG IVIG treatment (days) ZRCA 2LAD M

Patient 1 27 iKD, non-responder 7 3.423949* -1.363157 1.146133
Patient 2 18 iKD, non-responder 5 2.362579 1.804112 3.046189"
Patient 3 6 iKD, non-responder 5 4.436193% 1.112013

Patient 4 28 cKD, non-responder 5 2.711001* 2.996131* 1.554693
Patient 5 68 iKD, responder 8 0.227991 2.880977* 0.131706
Patient 6 25 iKD, responder 7 1.000000 3.597832* 2243240
Patient 7 24 iKD, responder 8 3.243072* 2.160919 0.470827
Patient 8 16 iKD, responder 6 3.124056* 1.958074 1.106439
Patient 9 12 iKD, responder 5 3.098234* 1.116169 1.349241
Patient 10 7 iKD, responder 5 2.597510* 0.907215 0.933081
Patient 11 3 iKD, responder 6 7.670466" 0.874777 3.069431
Patient 12 57 cKD, responder 7 4.328161* 1.607479 1.801289
Patient 13 40 cKD, responder 7 2.849234* 0.516995 2.402510
Patient 14 n cKD, responder 7 3.012348* 2.627536% -0.552672
Patient 15 9 cKD, responder 5 4371071* 0.057369 -1.186972

*Z score 22.5. KD: Kawasaki disease, iKD: incomplete Kawasaki disease, cKD: complete Kawasaki disease, non-responder: IVIG non-responder, responder:
IVIG responder, RCA: right coronary artery, LAD: left anterior descending artery, LM: left main coronary artery, IVIG: intravenous immunoglobulin

and after IVIG treatment showed that CRP and NT-pro BNP levels
were found to be significantly elevated after IVIG treatment in IVIG
non-responders of the iKD group, whereas ESR was found to be
significantly elevated in IVIG non-responders of the cKD group
(Table 5).

Follow-up echocardiogram was performed at 3 months (71-91
days) in 63 iKD and 56 cKD patients, and at 10 months (260-432
days) in 41 iKD and 25 cKD patients. The prevalence of CALs over
time tended to be higher in the IVIG non-responders compared to
the IVIG responders in the iKD group, when compared to those in
the cKD group (Table 6). Individual z-scores of coronary arteries in
patients with CALs in both the iKD and cKD groups after 10 months
of follow-up showed that the RCA (n=7/10 vs. 5/5) was the most
frequently involved coronary artery and the LM (n=1/10 vs. 0/5)
was the least frequently involved coronary artery in both groups.
Among the IVIG non-responders in both groups, z-scores of coro-
nary arteries in patients of the iKD group were higher than those
in patients of the cKD group. Among the IVIG responders, one pa-
tient in the iKD group showed a z score of the RCA >7 (Table 7).

Discussion

We found that elevated SEG% predicted IVIG resistance in the
iKD group with higher sensitivity than the published scoring sys-
tems, while elevated SEG% and TB predicted IVIG resistance with
higher sensitivity in the cKD group compared to the iKD group. FCs

http://dx.doi.org/10.4070/kc}.2014.44.5.328

of laboratory data before and after IVIG treatment showed that
CRP and NT-pro BNP levels were found to be significantly elevated
after IVIG treatment in IVIG non-responders of the iKD group, where-
as ESR was found to be significantly elevated in IVIG non-respond-
ers of the cKD group.

We found that in the iKD group, IVIG non-responders showed
worse prognosis of CALs over time compared to IVIG responders,
as indicated by the higher prevalence of CALs in IVIG non-respond-
ers over time and higher z scores of coronary arteries over time,
while in the cKD group, no significant difference was found be-
tween IVIG non-responders and IVIG responders.

This is the first study to investigate and compare the predictors
of IVIG resistance in both the iKD and cKD groups. Previously pub-
lished studies on predictors of IVIG resistance have focused only

7)10-12

on patients with cKD.”"*'" Among the published studies, the
value of elevated SEG% in predicting IVIG resistance in cKD patients
has also been reported by Durongpisitkul et al.” They reported an
IVIG treatment failure rate of up to 11.6% in KD, and also that a high
neutrophil count (>75%), low hemoglobin (<10 g/dL), and a low al-
bumin level were associated with the requirement for retreatment
with IVIG.” However, they excluded the patients with iKD in their
study. We found that elevated SEG% was also valuable for predict-
ing IVIG resistance in the iKD group with a sensitivity of 66.7%. Our
results also support the finding that leukocytosis is a characteristic
finding during the acute phase in KD patients, especially the domi-
nance of polymorphonuclear leukocytes.' Predictors of IVIG

www.e-kcj.org
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resistance in patients with cKD who remained febrile on the 6th
day of IVIG treatment have been studied by Fukunishi et al."® with
the exclusion of patients with iKD. They reported elevated CRP, lac-
tate dehydrogenase, or low hemoglobin value as risk factors for IVIG
resistance with 84.6% sensitivity and 87.0% specificity.'® Although
in our study, CRP levels at 2 days after initial IVIG treatment in the
IVIG non-responders appeared to remain higher compared to
those in the IVIG responders of the iKD group, the difference failed
to reach statistical significance. The difference in the value of CRP
for predicting IVIG resistance between the study by Fukunishi et al."®
and our study can be explained by the difference in the IVIG infusion
protocol (400 mg/kg/day for 5 days in the study by Fukunishi et
al.™), resulting in the shorter duration of fever before second IVIG
treatment in our study group and possibly lower levels of CRP. In
addition, CRP tends to rise later during the course of the disease;"”
therefore, its use as a predictor of IVIG resistance may be limited
during the early course of KD. However, the FC of CRP was signifi-
cant in the iKD group in our study; hence, FC of CRP may be useful
as a predictor of IVIG resistance as proposed by Kim et al."® Kim et
al. suggested that elevated SEG%, CRP, and NT-proBNP would be
predictive values for necessitating IVIG retreatment in cKD patients.
Our study group also included patients with iKD, and thus there
are limitations in applying the results of the study by Fukunishi et
al." to the patients with iKD. Of note, Ashouri et al.” included pa-
tients with iKD in their study for assessing IVIG unresponsiveness,
but their study does not provide information about the predictive
factors of IVIG resistance in the iKD group.

The significance of other laboratory parameters such as serum
NT-proBNP levels in predicting IVIG resistance was determined in
patients with iKD as well as in patients with cKD in our study. After
IVIG treatment, NT-proBNP levels remained higher in the IVIG non-
responders (3038.20+4360.80 pg/mL) compared to IVIG respond-
ers (683.53+671.93 pg/mL; p=0.053) in the iKD group of our study,
but the results narrowly failed to reach statistical significance. How-
ever, the FC of NT-proBNP was significant in IVIG non-responders
in the iKD group. As previously suggested by Kim et al.' FC of NT-
proBNP might be useful in predicting IVIG resistance in iKD pa-
tients, but, the small number of patients in our study limits the gen-
eralizability and utility of our findings. However, the FC of NT-
proBNP was not significant in predicting IVIG resistance in cKD in
our study, which may be explained by the late sampling date from
the start of illness. The degree of inflammation may have de-
creased over time. The clinical usefulness of NT-proBNP levels in
diagnosing KD has been demonstrated by McNeal-Davidson et al.*%;
however, in their report, the difference in NT-proBNP levels be-
tween IVIG non-responders and IVIG responders did not reach sta-
tistical significance. In addition, the relative lack of value of TB in
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predicting IVIG resistance in iKD patients compared with cKD pa-
tients in our study may be correlated with more systemic inflam-
mation in cKD patients compared with iKD patients since elevated
TB levels probably reflect inflammation of the bile duct.?”

Our results suggest that IVIG resistance can lead to worse out-
comes of coronary artery lesions in patients with iKD compared to
patients with cKD. In our present study, IVIG non-responders in the
iKD group showed consistently higher prevalence of coronary artery
lesions over time compared to those in the ckKD group. We found
that in the cKD group, the relationship between IVIG resistance and
CALs seemed to be nonlinear, as reported by Kobayashi et al." Con-
flicting reports on the outcomes of CALs in patients with iKD have
been published previously.*®"
prevalence of CALs in patients with iKD has previously been reported
to be delayed diagnosis of KD and resulting treatment delay.? So-
nobe et al.?) reported that fewer patients with iKD received IVIG
treatment compared to patients with cKD, and the prevalence of
CALs in KD tended to increase as the number of symptoms decre-

122 A possible cause of increased

ased. The duration of fever has been known to be associated with
the prognosis of coronary artery lesions.'” Yeo et al."® reported that
prolonged inflammatory challenge of coronary arteries due to pro-
longed fever increases their vulnerability to dilatation. Since all of
the patients in our study, in both the iKD and cKD groups, received
IVIG treatment, and since the duration of fever before initial IVIG
treatment was not significantly different, higher z scores of coro-
nary arteries in IVIG non-responders in the iKD group might not be
due to missed treatment or longer duration of fever but due to el-
evated SEG%. Manlhiot et al.” reported that despite delayed diag-
nosis of iKD, a similar response to IVIG treatment and similar out-
comes of coronary artery lesions are observed in patients with iKD,
and they emphasized that iKD and cKD are two sides of the same
coin. Interestingly, in our present study, although the duration of fe-
ver before treatment was shorter in the iKD group compared with
that in the study by Manlhiot et al.” we observed worse outcomes
of coronary artery lesions in IVIG non-responders in the iKD group
only. Therefore, we speculate that worse outcomes of coronary ar-
tery lesions in IVIG non-responders in the iKD group only might be
due to an intrinsic difference that led to incomplete presentation of
KD.

In our study, 2 patients who failed to respond to second IVIG
treatment received third IVIG treatment. One patient was lost to
follow-up, and the other showed CAL in the RCA after 10 months.
Although the evaluation of efficacy of steroid treatment in pre-
venting CALs is beyond the scope of the present study, conflicting
results of steroid treatment in IVIG non-responders still exist, there-
by influencing the clinical judgement for treating IVIG non-respond-
ers with steroids. Kobayashi et al.'”” suggested early administration
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of prednisolone in addition to IVIG in IVIG non-responders. On the
other hand, Millar et al.** reported that pulsed doses of methylpred-
nisolone as a rescue therapy for IVIG non-responders might impair
regression of the coronary artery wall.

There are several limitations to our study. First, our study is a ret-
rospective study, so we did not have a separate validation dataset
for validating the predictive value of elevated SEG% in predicting
IVIG resistance in a separate iKD group. Second, this is a single-cen-
ter study with a small number of patients. Furthermore, in our study,
many patients with KD were lost to follow-up; therefore, unfortu-
nately, echocardiography data at the 3-month and 10-month fol-
low-up are limited to a few patients. Third, since we tried to select
age-matched patients, we did not enroll all of the cKD patients at
our institution; therefore, there may be an unknown selection bias.
Lastly, we cannot rule out the possibility that at least some patients
with iKD in our study might not have had KD but another illness
closely resembling KD. We hopefully minimized this possibility by
carefully trying to exclude patients with a more plausible cause of
other febrile illnesses.

In conclusion, we demonstrated that elevated SEG%, changes in
CRP and NT-proBNP may help in early detection of IVIG resistance
in patients of the iKD group, which may aid in predicting the prog-
nosis of CALs in these patients. Elevated SEG% may be a useful pre-
dictor of IVIG resistance in patients with iKD. Patients with iKD who
are show IVIG non-responders may present with worse prognosis
of CALs at follow-up compared to patients with cKD. A better un-
derstanding of the pathogenesis of KD will help to elucidate the
mechanism underlying IVIG resistance in patients with iKD, and to
identify other important factors that will help in selecting the pa-
tients at risk in this group. Further study in a larger group of pa-
tients is warranted to determine the plausibility of our findings.
Furthermore, our results may be beneficial for selecting patients
with iKD who are at risk of IVIG resistance during the early stage
of the disease to allow for considering a more advanced therapy.
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