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Long Term Follow-up Study of Patients with Kawasaki Disease

Jee Won Park, Euncho Chung, Kichurl Park, Young Taek Jang, Sin-Ae Park

Department of Pediatrics, Presbyterian Medical Center, Jeonju, Korea

Purpose: To investigate the long-term prognosis of patients with Kawasaki disease in Korea, and discuss the need for long-term follow-up.
Methods: The subjects were 48 patients among 354 who had been hospitalized due to Kawasaki disease, and who consented to echo-
cardiography and exercise challenge testing. The mean duration from the onset of disease to follow-up testing after rehospitalization was
11.6 years (8.2-17.0). Patients without coronary artery aneurysms at the initial presentation of the disease were classified in group 1, and
patients with small aneurysms were in group 2. Test abnormalities and differences between the two groups were analyzed.

Result: There were no significant differences in the results of follow-up echocardiography and exercise challenge testing between the two
groups. Although no abnormal findings were noted at follow-up in most patients, a 9-year-old boy in group 2 showed coronary artery dila-
tion. The exercise test indicated normal results in both groups, and echocardiography results were also normal in 100% of cases in group 1
and 93.3% of cases in group 2.

Conclusions: As some patients with coronary aneurysms showed coronary artery dilation, we believe that long-term follow-up may be
selectively required in patients with coronary artery complications.

Key Words: Kawasaki disease, Long-term prognosis, Coronary aneurysm, Echocardiogram, Exercise challenge testing
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Table 1. Clinical Chracteristics of Subjects at the Time of Diag-
nosis with Kawasaki Disease
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Characteristics Number (%)

Total number Table 2. Comparison of Clinical Characteristics of Patients with
Age Coronary Artery Aneurysm Versus without Coronary Artery
<6 months 48 (100%) Aneurysm at the Time of Diagnosis with Kawasaki Disease
6 months to 1 years 3(6.3%) Characteristics Group 1 (n=33) Group 2 (n=15) P-value
>1 years 12 (25.0%) Age (months) 22.91+£13.49 31.33+24.20 0.223
Sex 33 (68.8%) Male 19 (57.6%) 14 (93.3%) 0.032
Male Atypical KD 8 (24.2%) 5 (33.3%) 0.759
Female 33 (68.8%) Duration of fever (day) 6.00+1.44 7.33+4.43 0.273
IVIG 15(31.3%) Hemoglobin (g/mL) 11.05+0.86 10.77+0.91 0.309
1 dose Hematocrit (%) 31.53+5.54 31.47+2.26 0.965
2 doses 46 (95.8%) White blood cell (/mm) 13670+3801 14233+7324 0.782
CA 2 (4.2%) Segment neutrophil (%) 57.42+17.87 59.07+18.14 0.770
Present Platelet (x10°/mm’) 300.18+68.17 357.00+123.58 0.046
Absent 15(31.3%) CRP (mg/dL) 6.09+3.27 7.18+3.56 0.303
Pericardial effusion 33 (68.8%) ESR (mm/hr) 64.24+28.72 87.27+33.07 0.018
Valve regurgitation 5(10.4%) AST (IU/L) 65.33+65.94 121.47+162.39 0.093
MR (grade 1) 11(22.9%) ALT (IU/L) 80.39+103.13 115.07+£166.68 0.381
TR (grade 1) 6 (12.5%) Albumin (g/L) 3.65+0.48 3.56+0.32 0.488
AR (grade 1) 5(10.4%) Pyuria 9(27.3%) 6 (40.0%) 0.585

Abbreviations: IVIG, Intravenous immune globulin; CA, Coronary artery aneurysm;
MR, Mitral requrgitation; TR, Trivial regurgitation; AR, Aortic regurgitation.
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Abbreviations: KD, Kawasaki disease; CRP, C-reactive protein; ESR, Erythrocyte
sedimentation rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase
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Table 3. Comparison of Follow-up Clinical Characteristics and Echocardiogram of Patients with Coronary Artery Aneurysm Versus

without Coronary Artery Aneurysm
Mean=SD
Group 1 (n=33) Group 2 (n=15)

Characteristics

Adjusted Mean+SD*
Group 1 (n=33) Group 2 (n=15)

P-value'

Age (months) 166.39+38.36 162.13+36.68 0.719°
Interval (months)’ 143.48+32.81 130.80+30.54 142.48+2.60 133.01+3.86 0.048
Height (cm) 157.61+13.58 158.07+£14.91 157.21+1.44 158.94+2.14 0.505
Weight (kg) 51.06+13.43 52.67+15.40 50.75+1.93 53.35+2.86 0.456
BMI 20.24+3.14 20.76+3.90 20.22+0.59 20.81+0.87 0.578
Body surface area (m?) 1.49+0.25 1.51+0.28 1.48+0.03 1.52+0.05 0.460
SBP (mmHg) 115.09+10.44 114.13£11.13 114.97£1.78 114.40+2.64 0.857
DBP (mmHg) 66.39+10.40 65.00+8.80 66.31+1.70 65.18+2.53 0.71
Heart rate (/min) 99.88+18.05 96.20+14.37 100.09+2.81 95.75+4.17 0.393
LCA diameter (mm) 3.30+0.37 3.49+0.48 3.30+0.07 3.50+0.10 0.089

Z-score -0.08+0.63 0.20+0.69 -0.08+0.11 0.20+0.17 0.178
RCA diameter (mm) 2.80+0.35 3.00+0.44 2.80+0.06 3.01+0.10 0.070

Z-score 0.06+0.61 0.45+0.83 0.06+0.12 0.44+0.17 0.084

*Adjusted for age Mean+SD by ANCOVA: Covariance Analysis.
'P-value are confined to Adjusted Mean=-SD.
*Values are not adjusted for age.

JInterval means duration from the onset of Kawasaki disease to follow-up testing after rehospitalization.
Abbreviations: BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; LCA, Left main coronary artery; RCA, Right coronary artery.

Table 4. Comparison of Exercise Test of Patients with Coronary Artery Aneurysm Versus without Coronary Artery Aneurysm

Mean+SD Adjusted Mean+SD*
Characteristics P-value'
Group 1 (n=33) Group 2 (n=15) Group 1 (n=33) Group 2 (n=15)
Endurance time (min) 10.76+0.69 10.57£1.01 10.75+0.14 10.58+0.20 0.478
Peak heart rate 186.67+18.18 178.00+19.71 186.81+3.21 177.70+4.77 0.120
Percentage PHR 90.41+8.95 85.84+8.93 90.43+1.57 85.80+2.33 0.107
HR baseline 103.45+18.56 98.13+15.79 103.66+2.96 97.69+4.39 0.266
HR stage1 120.97+17.30 119.67£19.94 121.18+3.02 119.20+4.48 0.716
HR stage2 138.45+17.79 135.33+24.22 138.63+3.40 134.95+5.05 0.549
HR stage3 161.09+19.73 154.27+24.45 161.22+3.69 153.98+5.47 0.279
HR stage4 182.55+21.87 176.33+21.40 182.61+3.81 176.19+5.66 0.352
Systolic BP Pre 114.42+10.76 113.20+13.97 114.29+1.98 113.49+2.93 0.822
Systolic BP Recovery 134.91+25.72 128.93+22.99 134.63+4.16 129.54+6.18 0.498
Diastolic BP Pre 66.58+10.73 66.13+11.49 66.47+1.85 66.37+2.75 0.978
Diastolic BP Recovery 69.67+8.00 66.93+10.09 69.6+1.53 66.97+2.27 0.332

*Adjusted for age Mean+SD by ANCOVA: Covariance Analysis.
'P-values are adjusted for age.
Abbreviations: PHR, Peak heart rate; HR, Heart rate; BP, blood pressure.

www.piv.or.kr

167



PEDIATRIC
INFECTION
& VACCINE

S Hrh
SE 53 L A9 (Table 4), F-AWoly} ST £4 3}
Aol B4 T4 P45 Eier FEolv el
S Hole gobe it o G
EARE o, 13 23¢9 A7+ AlZH(endurance

time) 3} A9HE, $257], o] ¢h7] Bt W F o Aol
=g
k-

__18)

ZFAIHE 19670 AR Hxg By o]F
AAA 0z o] gelH glom Sl N E 1973
do] Hx Byst 9o o5z’ o W7 wygel A%
Z7bele A1 Rolw o’ 2011d 1Fe® I 5
Al o]l Zof 107 W W Eo] 134480 AA A
dr geow =i’ sl det vy 45
S} BEuRe ool dA 5o = WA F
719} oFFA 7o) AEt 4 et o]o] FheiAlT] W) of
s}, Qldora) Wl 34, 918 Qxbe} dlZelx), X 8A]Y
2w u) A sl Ee] tek AT 5 sl Ho
& Awkd ) A7) Sk o)l w Yo

e 7o) sl HaE F 47de] Xk,
oAl Ao FA7|o) tiHsHs Aeky x5 W ola}
A7) o] AL X3 2ARL 72 AYs= A
o] FadllA T Y} YR} w5 oML o]d T
3 FeAe AT S

i_.

2L | ST F47] Woll 2% 264 Slolo
L1 ol FAAES AU AU ALY A

HIX[E 2| 4211 7127 | Z0te] F7| of|=0i| CHeh i+

= 229 pEY 294 Adstn FHHAE 6719
o

3 2 u\d Holter FAALe} H-3}

AAA}Y SHE o] AHA 9% H7tol| A A= Ak 3
7] FA Az59d s
A= 20 A9 333t

2013d Y¥E A73}3] (Japanese Circulation Society,
jCS)elE" B e mel A3 AEE suw
Eiete] Ztol=aikle AAET B o] 3l
oW 1A, IAA o] Joirt 'y 309 ] A EW
2HAIZ BRE 19A9}F 29A] BF 324 #3 7|He

of Azt AAEE WA NG5, BaA] FHAR
& AEs fgom, AF Pz $EPE AAEE S
AL AISIL T} 3TAE BAEAFIE B 1-2d F
Y GA, T AAESE AESSh FRAREG 718
AAR Sha Se] SEbEA SERRNAE PAE
F7behe AL AT BAHA 23 FAFI} ol
Qow 45, BaEe] Pato] MAS ST T
st olFelME SR fiel wet P ARHe

32
o K o

=
Hu

9 A7 AL 91E RS F8 HEgd oA
o] #a) oo} BEWe] P ojnw 97
Bala glon dyke] wWalsd wslel BaE
o] Waol i 5 AR A 2R 2pAE] T2
14 20 A3} 2ol 7} A7) Aot} HE 199}
=7 9lo]A] 1994 AHA o A= 1 o]
AANE dBH o= s AL ARA B
0134 JCSol M= 51dzte] =8 7dA el digh 7o =)l
& ANBIL ATk ol F Wske Tt B 6%
of it Thksl V120 ATATE Wl F Ao KAl
obd el Tt FolEe] 10 o4 BT
Fol O A7k ulEeta 5] AYAT BREol o)
A7) A% A7t BES) Joo B o] Ff ol AF
Bol2 fos MEZAE AHF A3 71elAT]H
WA AHA 9195 1979} 20H7) Expo) A 3|27
& Zxgad g 299 A 9ee A1
A

vl AR gt AAe FARE ARE A4St

o M
=
i

—_

Loﬁﬁl‘{[‘ﬁ}-ﬂﬂl@
[\)Béuﬁ
P o, = off I ol

o

il 2

o

]

R

www.piv.or.Kr



Pediatr Infect Vaccine Vol.22, No.3, 2015

o]l QS = st H 3dntth Al =
AstzAb A 7EIAL| S Fo R Q1% e
FAIE0] 1994-1996 A %0l 5.4% A 21} 2009-2011
ol Lowz Fastgnt”. ddHe s FHEE S
B 7FeATIE Sholrt ditkolal WY S 2EY A
7} QukslE|H A 1 H]go] Frtekal 9l Aotk
AA7A] ZrAL7IH O] 7] dlFol disl dEE A=
=< ATAket 7“} ol E}E‘r E}okff} 4 Zjiﬂr% H
o] gt} Kato , Nakamura =< 7}9}A}7]
Joz 10d oA A7 =4 #=3 4
HZo] Y AL o] T AMYES FUHE B
°olA] %bﬁ *ma&hﬂ%l A8-2 ¥ 13k a1 Hohls
Denrns =2 719} HAEE R A ES
2 Azget &5 —‘?—0}74/\}2 Alegst Az
-t 494‘310 oS HolA %9%%2 L
t}. Rhodes 52 % F-ahAtol A 4 of
A HAE o R AFFUFRE TR SAp o] Apol7t
NAIL 5% ST 4o WstE Yepd oot glith=
i}

e £ orfr
bt du

ofs

AN

(

il

13
O
i)

izl

o

o

AE 1A H Tierney 5 & Ao AL} A% &

3 J AR AT BIEA A WA7)50) B

o= o] ATRFILL
AT A7ANE By B
oA 1 2] B

A skenl &

2 fEs
Ak, 57), o] At Wshs 13 279 fol3

ol 7t 219t
T} Suzuki 57 W 119 F FHB RN, B
Tl 29 AArolets Hah Ul 2SubabelA vt
o ¥ R /)% ool Ye-g WusHT lemura B
Fuj57l A Y ol Fol= A wute] v]FE Ho|w o
of B BEe] % % ol oL BIYL
RIS} &= Furuyama Paridon”” =2 z7] AAf
F47] WdE deist Bl AT BRI
Aol YATE AWE BuEHIL Gravel T

e T ofn-et FHHA e AAHE b

= AN AR ol dndE HAlSE Hils)
| FH e 2oL A s

e meto g Jlopaly|Wo] weta 20 o)k AF}

t

a2 ™ r:i 2 0}4 o m{n
o o
N

I~

WWW.piv.or.Kr

PEDIATRIC
INFECTION
& VACCINE

@

wo] WAt a7 2% A

A 2% ob 3 2557 AR 6% F A4 84
Hof AHA 91915 297¢l| sjdat 184 7]
g} AAPY B g AAS BT

oAl =

T AREE Y 2] ADE ARSI
A

A of
=)
mlo

fe

2 ool
2 At o 1
N
% ox
B
)
-~ Nlo
G i
fd
i3
O:
of
=)
S
)
o
32
o

H
9,
o
N

o] Hl g d¥] 5& W
.

o] = %HM 7hebat7| g gobse] A7) el of
& S el m=go] HaAk AFstglont Tl 7]
A ool ﬁ?om FEH A7 A A7 54 A
Abell 52l @ Sholel] =3hel Az AelA 82t Ao
BAA Bl Y& F Yk, ATl FeId Foh] 24
7k A& A3}, Aol Feolg Ak F ek A
FA] FEr FHZ(AEA, FEA s B9 A
SH, AWERF) 5ol FurE fAoprh YAk Mol
ATARAE %H@oﬁloﬂ Ao, 5 xwvu *
A #EE FF TR 3T o s S
& A7t %%61 ofsFofAof stv, B s e
3L RS 7l BAES YRS we TEsta 4
ol e 5% o] Aaspe £ G| sl

T2 Fe A HF FAHRD A2 e A
o] a7#t 11 9] ZhekApr] el A1k o
T7F wEH st *‘7lb 2 AR 5
79l el A sk A7 9 Zlo

0
O

=

References

1. Taubert KA, Rowley AH, Shulman ST. Seven-year national

169



PEDIATRIC
INFECTION
& VACCINE

10.

11.

12.

survey of Kawasaki disease and acute rheumatic fever. Pediatr
Infect Dis J 1994;13:704-8.

Dajani AS, Taubert KA, Gerber MA, Shulman ST, Ferrieri P,
Freed M, et al. Diagnosis and theraphy of Kawasaki disease
in children. Circulation 1993;87:1776-80.

Melish ME. Kawasaki syndrome. Pediatr Rev 1996;17:153-
62.

JCS Joint Working Group. Guidelines for diagnosis and
management of cardiovascular sequelae in Kawasaki disease
(JCS 2013). Digest version. Circ ] 2014;78:2521-62.

Suzuki A, Yamagishi M, Kimura K, Sugiyma H, Arakaki Y,
Kamiya T, et al. Functional behavior and morphology of the
coronary artery wall in patients with Kawasaki disease as-
sessed by intravascular ultrasound. ] Am Coll Cardiol 1996;
27:291-6.

Temura M, Ishii M, Sugimura T, Akagi T, Kato H. Long term
consequences of regressed coronary aneurysms after Kawa-
saki disease: vascular wall morphology and function. Heart
2000;83:307-11.

Furuyama H, Odagawa Y, Katoh C, Iwado Y, Ito Y, Noriyasu
K, et al. Altered myocardial flow reserve and endothelial
function late after Kawasaki disease. ] Pediatr 2003;142:149-
54.

Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y,
et al. Long-term consequences of Kawasaki disease. A 10- to
21-year follow-up study of 594 patients. Circulation 1996;94:
1379-85.

Nakamura Y, Aso E, Yashiro M, Tsuboi S, Kojo T, Aoyama Y,
et al. Mortality among Japanese with a history of Kawasaki
disease: results at the end of 2009. ] Epidemiol 2013;23:429-
34.

Suda K, Iemura M, Nishiono H, Teramachi Y, Koteda Y,
Kishimoto S, et al. Long-term prognosis of patients with
Kawasaki disease complicated by giant coronary aneurysms:
a single-institution experience. Circulation 2011;123:1836-
42.

Selamet Tierney ES, Gal D, Gauvreau K, Baker AL, Trevey S,
O’Neill SR, et al. Vascular health in Kawasaki disease. ] Am
Coll Cardiol 2013;62:1114-21.

Kim GB, Han JW, Park YW, Song MS, Hong YM, Cha SH, et
al. Epidemiologic features of Kawasaki disease in South Korea:
data from nationwide survey, 2009-2011. Pediatr Infect Dis |
2014;33:24-7.

170

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

HIX[E 2| 4211 7127 | Z0te] F7| of|=0i| CHeh i+

Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani
LY, Burns JC, et al. Diagnosis, treatment, and long-term
management of Kawasaki disease: a statement for health
professionals from the committee on rheumatic fever, endo-
carditis, and Kawasaki disease, council on cardiovascular
disease in the young, American Heart Association. Pediatrics
2004;114:1708-33.

Kamiya T, Kawasaki T, Okuni M, Kato H, Baba K, Nakano
H. Report of subcommittee on standardization of diagnostic
criteria and report of coronary artery lesions in Kawasaki
disease. Research committee on Kawasaki disease of the
Ministry of Health and Welfare. 1984. pp. 1-10.

de Zorzi A, Colan SD, Gauvreau K, Baker AL, Sundel RP,
Newburger JW. Coronary artery dimensions may be mis-
classified as normal in Kawasaki disease. ] Pediatr 1998;133:
254-8.

Armstrong WE Pellikka PA, Ryan T, Crouse L, Zoghbi WA.
Stress echocardiography: recommendations for performance
and interpretation of stress echocardiography. Stress Echo-
cardiography Task Force of the Nomenclature and Standards
Committee of the American Society of Echocardiography. J
Am Soc Echocardiogr 1998;11:97-104.

Dajani AS, Taubert KA, Takahashi M, Bierman FZ, Freed
MD, Ferrieri P, et al. Guidelines for long-term management
of patients with Kawasaki disease. Report from the Committee
on Rheumatic Fever, Endocarditis, and Kawasaki disease,
Council on Cardiovascular Disease in the young, American
Heart Association. Circulation 1994;89:916-22.

Kawasaki T. Acute febrile mucocutaneous syndrome with
lymphoid involvement with specific desquamation of the
fingers and toes in children. Arerugi 1967;16:178-222.

Park JS, Seo CJ, Cho SH, Lee DB. Clinical observation of
mucocutaneous lymph node syndrome: 5 cases. ] Korean
Pediatr Soc 1973;16:61-7.

Rhim JW, Youn YS, Han JW, Lee SJ, Oh JH, Lee KY. Changes
in Kawasaki disease during 2 decades at a single institution
in Daejeon, Korea. Pediatr Infect Dis ] 2014;33:372-5.

Kim JJ, Hong YM, Yun SW, Han MK, Lee KY, Song MS, et
al. Assessment of risk factors for Korean children with Ka-
wasaki disease. Pediatr Cardiol 2012;33:513-20.

Kim T, Choi W, Woo CW, Choi B, Lee ], Lee K, et al. Predic-
tive risk factors for coronary artery abnormalities in Kawa-
saki disease. Eur ] Pediatr 2007;166:421-5.

www.piv.or.Kr



Pediatr Infect Vaccine Vol.22, No.3, 2015

23.

24.

25.

26.

27.

28.

PEDIATRIC

Kim JW, Goo HW. Coronary artery abnormalities in Kawasaki
disease: comparison between CT and MR coronary angio-
graphy. Acta Radiol 2013;54:156-63.

Ha KS, Jang G, Lee ], Lee K, Hong Y, Son C, et al. Incomplete
clinical manifestation as a risk factor for coronary artery
abnormalities in Kawasaki disease: a meta-analysis. Eur J
Pediatr 2013;172:343-9.

Joo H]J, Song MS, Kim CH. Follow-up method in patients
with Kawasaki disease who had no coronary artery abnor-
malities in the convalescent period. Korean J Pediatr 2005;
48:165-73.

Paridon SM, Galioto FM, Vincent JA, Tomassoni TL, Sul-
livan NM, Bricker JT. Exercise capacity and incidence of
myocardial perfusion defects after Kawasaki disease in children
and adolescents. ] Am Coll Cardiol 1995;25:1420-4.

Gravel H, Dahdah N, Fournier A, Mathieu ME, Curnier D.
Ventricular repolarisation during exercise challenge occur-
ring late after Kawasaki disease. Pediatr Cardiol 2012;33:728-
34.

Hohls A. Cardiovascular follow-up 10-15 years post Kawa-
saki disease. Heart Lung Circ 2012;21:5143-S316.

OOF
A=

INFECTION

& VACCINE

Bh= Alolut.
el slebb o2 Qe 35470 4
= gk, Wy e Aol 2
A TAEUR YR B 17
A 12 0] Holot o Aol 5 KA
2 7] FAEH ] ool BT

WWW.piv.or.Kr

e b oo

of

-

29.

30.

31.

32.

33.

34.

Sxi: S Zskap] Hofe] 47) ol Tl s dohaa 4]

PEDIATRIC
INFECTION
& VACCINE

Dunning DW, Hussey ME, Riggs T, Bestervelt R, Goerke
C. Long-term follow-up with stress echocardiograms of
patients with Kawasaki’ disease. Cardiology 2002;97:43-8.
Rhodes ], Hijazi ZM, Marx GR, Fulton DR. Aerobic exercise
function of patients with persistent coronary artery aneu-
rysms secondary to Kawasaki disease. Pediatr Cardiol 1996;
17:226-30.

Zanon G1, Zucchetta P, Varnier M, Vittadello F, Milanesi
O, Zulian E Do Kawasaki disease patients without coronary
artery abnormalities need a long-term follow-up? A myo-
cardial single-photon emission computed tomography pilot
study. ] Paediatr Child Health 2009;45:419-24.

Burns JC, Shike H, Gordon JB, Malhotra A, Schoenwetter M,
Kawasaki T. Sequelae of Kawasaki disease in adolescents and
young adults. ] Am Coll Cardiol 1996;28:253-7.

Satoda M, Tatsukawa H, Katoh S. Images in cardiovascular
medicine. Sudden death due to rupture of coronary aneurysm
in a 26-year-old man. Circulation 1998;97:705-6.

Tsuda E, Kamiya T, Ono Y, Kimura K, Echigo S. Dilated co-
ronary arterial lesions in the late period after Kawasaki dis-
ease. Heart 2005;91:177-82.

2] ghke] 9ol s =olakaat

n

220t HAapel el Al] 52t Fot 4878 tiAte.
ARS 271 70A] ot 11,6(8.2—17.09) st v
FMETF AU SIS 2702 FLESo] A7 A AL
=3

171



