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Abstract

Background: The efficacy of high-dose intravenous immunoglobulin (IVIG) treatment for acute-
stage Kawasaki disease patients has become widely recognized. However, in the case of refractory
Kawasaki disease, alternative treatment should be considered to prevent coronary artery abnormality
(CAA). Here, we present several cases of Kawasaki disease in children treated with plasma ex-
change (PE). Methods: We retrospectively reviewed the medical records of 5 subjects who had been
unresponsive to [VIG treatments and treated with PE consecutively. Results: The fever subsided and
the other clinical manifestations were improved after PE in all cases. In two cases, giant coronary
artery aneurysms were detected on echocardiographic follow-up study. Conclusion: PE should be a
method with promising efficacy and might be considered in refractory Kawasaki disease patients for
whom other treatment options have failed.

Keywords: Kawasaki Disease; Immunoglobulins, Intravenous; Plasmapheresis

ME

A Uglo] LelAA e FA A4l BHYUCE, R of2l okgol A WAyshe Lo}
AN FHY PUse] M B9 ARl PelA YUk 19679 RS B o] smich
7L S5 Qom], AR ke Fotol A Hel 25.0%7H B Bl BT
% 9lo] 1 F040] HE 1 UEH1 2L A EY RS B 934 F49 228 ok
o TS Y5 A 9L B U 1 B40] lom, WA B 14 ARE 1
8% 39 W FREAY FoI2 F47] /91 ool 18 e} FRBA A ad
7H 9% ol H F47] Boto] o 8597t WY FREe FolS WL Yout, o] F 10%-15%
o B 27 e 2Egel Azl sk 3%-10%014] WEEH PEFol WASH: Ao


https://crossmark.crossref.org/dialog/?domain=pdf&date_stamp=2023-6-30&doi=10.59492/kd.2023.1.1.e8

Plasma Exchange Treatment in Kawasaki Disease Patients l(awasa kl D IS

Conflict of Interest
No potential conflict of interest relevant to
this article was reported.

Funding
No funding source relevant to this article was
reported.

Acknowledgements
Not applicable.

Authors’ Contributions

Conceptualization: Yu JJ.

Data curation: Jun HO, Yu JJ.

Formal analysis: Yu JJ.

Investigation: Jun HO, Yu JJ.

Methodology: Jun HO, Shin EJ, Back JS, Yu
JJ, Kim YH, Ko JK.

Visualization: Jun HO.

Writing - original draft: Jun HO, Yu JJ.

Writing - review & editing: Jun HO, Shin EJ,
Back JS, Yu JJ, Kim YH, Ko JK.

Ethics Approval

Research was conducted according to all
ethical standards. This study was approved
by the Institutional Review Board (IRB) of the
Asan Medical Center, KOREA (Approval No.
20230080).

https://www.e-kd.org

2 HE JuH3-6]. o]0 AW A Eo|E ZZA(methylprednisolone pulse) 88, &+
AZFAEHA] A8 Al(neutrophil elastase inhibitor), & AFP]E710] A 2| &E(anti-cytokine
antibody therapy), ¥ AAA(immunosuppressants) 52| Th¥st A5 E0] tigtoz
AAEIL ot 11 71-, A5ad} F LR o) tfeh FEgE A7t o] Foi A A] ot 7] ntrt
TFSHA AR DL Q= Aot} @7 w2 19959 Y& WY S2EY A 71
A7 glot thA o & AR o] 9 [7], °F 13072 HY 2=&d AT/ 7ItA] gotE o
O 2 AT AtollA] 7EpAb | 9] A B ofy et TAtEH S HA ol oA 9
0] ZRIE oL, o]% o]2] A7 Al Axtof thgt AL A7} HilEA] gkol AR v A
ShH o2 AP Qe8] 20099 1¥5-H 20184W 12¥€71A] L&A 59359] HY 2

A 7HtA Y ool Al @4 wekeo] AlgH FHA[9], Kim ol 23t Aol gJst
o= 2012958 20178714 9v| Sl % nehke Al Adee BaEA] ookt

¢

(=R
H ri

He FREYU AP 7IeAIolM 28 nds AR 4352 nE Y e fle
U, @Y FAo= AT 4 Qls G o] EAFE e HaEdoly IEG A2 A
O|E7IRl 59 28 A o= Aot AddHE AT w12], o2 A o] A==
YIS A Y IF A B7F SAEA vt s o] ERlE A S4Ed &
HE Al ABEIL Al Slre TS ZAN ISR 2oy SAsH 45 AR ©
g 71Eez s EH13

20069 1¥5H 20169 297H4] 7IbA M5 2Tl Al ZoAhE 9 Aol Al Tof A
PYAEE W2 got F 27] AW A FEEY A5 gt & 4 wdeS A9 T2
59| gohs o ® o7 5 FFH O T FARSHYIH

7FepAb7IH o] Aek7|&2 u)=k A%} 58] (American Heart Association)9] AH7]&&
SH14l. &, 5Y ool o] Qlal 54 A% 8, At 49 HeKdeY &,
g, g@7] 5, 7 OA), 149 I, 45 Fxd v, £&30] MsiFA79) &3] A4 7
T Zx, oFF471Y SUE 9 I9FHA) 5 57 F8 3 F 47HA o] TES B¢

=]

[e] =] ‘Z’_ - =
st B do] 23 gof 25 27] A5e 18T 1Y 225dQ g/kgS Fol &
O

g 13852 o2 AEAEdouble lumen dialysis catheter)Ql Quinton catheter

APE AL goto] AlFH YolF 1LEsto] SHiEAW 22 LUl kS 4
Jotet. B4 W2 SHF 4AHA 3U7E AFE AL 18] S wekg2 7} ghopo] Al of
v Aike F B4 1-1.54 B lolA AlP=Qich. COBE Spectra AHIE ©-&5H3aL Al
5 29%(priming fluid)2.& ¥ (red blood cell, RBO)E B3 &N(replacement fluid)2
2 A1A 524 B&(fresh frozen plasma, FFP)& Z42 AR&319 2 Anticoagulant Citrate
Dextrose Solution(ACD-A citrate solution)& °]-&sto] &1 Q& A3t dvt4

o] & 27] ¥hg9] AutS al chlorpheniramine maleate™} hydrocortisone succinate

https://doi.org/10.59492/kd.1.1.e8 2/9



Plasma Exchange Treatment in Kawasaki Disease Patients l(awasa kl D IS

https://www.e-kd.org

w
(@]
o
c
8
o
il
)
_>‘4_|4
i“
il
>
o2ty
ol
ol
¥Q,
[
2}
:?L_‘,
i)
&
E
ofl
£
o
=)
o
4o
:?L_',
i
l
p
s
i
o

(calcium gluco-

rlot
o,
1o
i}
o
2
b
)
lo
Ll
i
o,
oX
[
N
1o
RIS
N
ok
o,
L
N,
1= [ilN
rd
I
m
2
e 2 ot
Q. el fr
Jr o ofy
- o>,
N Kl
-+ ok
PR
2L flo ¢
L e
B =

o
rE
il
oZ
f
Jz
= i
BN
>,
_O|L
38,
N
) l.),],

7l HgEREd AR A9 24 weE A9 A Axent

S~
af
>
o2
_?L

B &
)

w
o
o>,
P
oo

|
i

o)
iy

oZ
f
o
f
ot
o
—Orl"
Q
=
N
o
o
Hu
—{O‘t
)
e
o,
=
() R
T
=
wo o
o,
o
[
ach

AN ste] TgEE Huo) Wst olRE 24 BANA. B
A, FASHY WEE, S BAERo] dhate]
]
=
o
°

offt
=
o
o, &
10
o,
N
rir
%
N
i

>,
o2
ol
el
38
=
[\
o
rOlA
i)

E

[e]
i, o 2

Dallaire 50| ARk 714 z-score 2.5 0]/
[15,160], 43 WHol 8 mmE Z¥sh= 7 FaTH14]. AAM
H FEEY A7 A9 4 weks A9 Ao N AAE v R
2Ll , AT 81E&(%), AE+ IS (erythrocyte sedimentation rate, ESR), C-8F
i (C-reactive protein, CRP), aspartate transaminase(AST)/alanine transaminase
(ALT), & ¥g)&¥(total bilirubin, TB)S ZAFSI
2 A= A=oMbE Y 7|24 2] 919 3] 9] 51 Hhol AJg¥stItH2023-0080).

>
offt
=)

)

L AoE oty

o
i
o

T

Ly
e
e
9
o
)
i oE

o Hu
nel o
o

7

>

o

do o B ki
EAh)
i o
- B
B

21

% 599 Flol & oy, Ak A1) Bt AP 48.570 €0l oH, 159 FhofoflA| 7}
199 7192 o] ERIFUT. o] BF 27| AT A] 7t 9] AT &S Tt
Eoto] AF 7RMIHoR ATEY, 13 (52 ¥ S2EAQ g/kg)S Fo Lo
o, 57 So} B 27| X & A HY S2EAT A A& oAl E A it (acetylsalicylic
acid)(3-5 mg/kg/day)°]l Tt 379 oAz WY SR EAT FHIAHRO|E
(Corticosteroid) A QWO 2 22} A 55 AP, 212 SolofA= HY SEEH B
QWog 27 A8 A T 33} ARE FE|FAHZ0| =7 BojHr} FE|FAH RO EE
B glopof A Ff AE|2olE 4 2H(30 mg/kg) O & FoIstFal, Fof o]F o] o
= 2 P BAoy BE £ o|j2 Fo] Adste] 23 £ 37t A=}t AufstelS
ottt sk 5o AFgAo] e AL Hrsto] F 304 S4HoR F
&2 APstd oy, YA 28 9A% infliximab X &(5 mg/ke)7t HA AlFE A
infliximab o] o]0 o] A& o] FH o T wees AlPstlon, A%
S A9 o] F HE FolA 7t Y AT ST EE ] o] BAESI B
39 Fot= A B WekE AP & SZFQ BEO] AAMS B, 219 Fotof| A= 297t
W& AW § ARE FEO}
I3 o3 I 7RSS B

&2 oS A% oFE ARE FH0 &

A=]Qlon, BE gotoA A weked A Azt AP iR Aokt 14} A&
o, F 399 ool A B wiE

Ao ESE e A9 19, & I A

A,
ol
o

ST
R

b

o
=
e
]

=

o

38
/__Q\
=
&
el
o
k|
rik
5
e}
)
EO.‘_L'
of M
olN
o
il
rir
B
oH.
1o
1ol
e
N
[0 oy o
o

https://doi.org/10.59492/kd.1.1.e8 3/9



Plasma Exchange Treatment in Kawasaki Disease Patients

Kawasaki Dis

(A) (B)
Plasma exchange E E E
® Infliximab (5mg/kg) +~ | Plasma exchange g g é
c
o o
% mPD pulse (30mg/kg) ﬂ ﬂﬂ g mPD pulse (30mg/kg) ﬂﬂ
©
o ]
E | e 2g/kg) ﬂ ﬂ & | vie 2g/xe) ﬂﬂ
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 12 3 4 9 10 11 12 13 14 15 16 17 18
T ke o Feer | Fever
Fever day Fever day
© (D)
Plasma exchange g é g
Infliximab (5mg/kg) ﬂ
Plasma exchange E EE € | mPD pulse (30mg/kg) ﬂ ﬂ
o
+ £ | High Dose Aspirin
g mPD pulse (30mg/kg) ﬂﬂ E (80mg/kg/day)
<
§ IVIG (2g/kg) ﬂ ﬂ F | viG (2g/kg)
=
Pl 1 2 5 45 6 7 8 o 1011 12 13 12 15 16 17 18 1 1.2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18
o Fever | Fever S ke
Fever day Fever day
(E)
Plasma exchange E E g
-
g | mPD pulse (30mg/kg) ﬂ ﬂ ﬁ
£
R (Zg/kg)ﬂ ﬁ
£
12 8 9 10 11 12 13 14 15 16 17
o Fever  Fever

Fever day

Fig. 1. Clinical course of five subjects treated with plasma exchange. After the initial IVIG treatment, alternative treatments for refractory Kawasaki
disease were conducted sequentially with mPD, infliximab and plasma pheresis according to fever day in subject number 1, 2, 3, 4, and 5 (A, B, C, D, and E,

respectively). IVIG: intravenous immunoglobulin; mPD: methylprednisolon.
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Table 1. Clinical characteristics of five subjects treated with plasma exchange

Subject number No. 1 No. 2 No. 3 No. 4 No. 5
Age (months) 58.08 66.56 38.83 53.55 25.56
Clinical presentation Complete Complete Complete Complete Complete
Recurrent illness Yes (5mo) No No No No
Tx 1 IVIG (D5) IVIG (D6) IVIG (D5) IVIG (D6) IVIG (D4)
(fever day) o IVIG (D8) IVIG+mPD (D7) IVIG+mPD (D8) IVIG+mPD (D10) IVIG (D6)
3¢ mPD (D9) PE (D14) PE (D14) Infliximab (D14) mPD (D9)
4" Infliximab (D14) PE (D15) PE (D13)
5" PE (D16)
CAA Pre-IVIG Normal Normal Normal Normal Normal
(mm (z score)) Post-IVIG Normal Normal
Pre-PE AN (D14) AN (D14) Normal AN (D14) Normal
LAD (3.06(2.63)) RCA (4.13(3.31)) LAD (6.2(6.56))
LMCA (4.47(3.90)
RCA (4.1(3.58))
Follow up AN Resolved Normal AN Normal
<3 month LAD (6.25(6.56)) LMCA (3.6(2.55))
GA RCA (3.1(2.68))
RCA (9(7.47)) GA
Follow up AN Normal Normal LAD (8.2(6.98)) Normal
1 year LAD (4.6(4.62)) Resolved
GA LMCA, RCA
RCA (9.3(7.42)) GA
LAD (8.7(8.16))

Tx: treatment; IVIG: intravenous immunoglobulin; mPD: methyl prednisolone; PE: plasma exchange; CAA: coronary artery abnormality; LMCA: left main coronary artery; LAD: left
anterior descending coronary artery; RCA: right coronary artery; AN: aneurysm; GA: giant aneurysm.
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Table 2. Laboratory characteristics of five subjects treated with plasma exchange

Laboratory findings No. 1 No. 2 No. 3 No. 4 No. 5
WBC Pre-IVIG 8,600 17,300 (85.6) 16,600 (91.4) 18,800 (93.0) 12,200 (68.4)
(S/e“gL%) PostIVIG 16,500 18,900 (79.2) 12,200 (72.4) 23,580 (90.0) 7,800 (54.7)
Pre-PE 23,800 (73.1) 22,100 (61.7) 11,900 (60.9) 39,500 (81.9) 21,400 (62.2)
Post-PE 8,700 (58.5) 7,400 (63.5) 6,800 (30.1) 11,300 (45.9) 10,200 (26.4)
ESR Pre-IVIG 74 50 92 120 51
(mmhr) PostVIG 134 93 9% 105 43
Pre-PE 89 95 120 . 21
Post-PE 57 30 8 .
CRP Pre-IVIG 2215 14.18 21.27 20.96 8.54
(mg/dL) PostIVIG 26.71 21.30 7.56 23.78 4.70
Pre-PE 10.79 4.49 8.54 6.06 0.38
Post-PE 0.65 0.88 06 0.21 0.38
B Pre-IVIG 29 14 42 5.1 1.0
(mg/dL) Post-VIG 12 0.1 03 27 08
Pre-PE 07 0.1 04 12 0.2
Post-PE 06 03 03 06 0.2
AST/ALT Pre-IVIG 28/50 47174 1221108 21/36
(1ui) Post-IVIG 16/22 53/199 23/35 45/27 .
Pre-PE 53/82 32136 26/17 55/53 26/17
Post-PE 38/49 30/38 407 58/69 34/21

IVIG: intravenous immunoglobulin; PE: plasma exchange; WBC: white blood cell; Seg: segmented neutrophil; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TB: total

bilirubin.
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