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Background: Intravenous immunoglobulin (IVIG) is an effective treatment for Kawasaki disease. However, se-
vere Kawasaki disease can be refractory to IVIG. The aim of the present study was to investigate the efficacy and
safety of slow plasma exchange plus continuous hemodiafiltration (SPE+CHDEF) for severe Kawasaki disease.
Materials and Methods: Since September 2007, we have performed SPE+CHDF for severe Kawasaki disease
in 12 cases at our facility.

Results: With respect to cardiac function before SPE+CHDE, atrial natriuretic peptide (ANP) values
(222.4+172.9pg/mL), brain natriuretic peptid (BNP) values (425.8+605pg/mL) and cardiothoracic ratio
(56.3%5.6 %) were high in all patients. There were no significant changes in heart rate or systolic blood pressure
at L h and 3 h after SPE-+CHDF compared with results before therapy. There were no cases of intravascular cath-
eter infection, ventilator-associated pneumonia cases or requirement for inotropic agents. All patients became
afebrile 1-4 days (median, 1 day) after SPE+CHDE However, we performed additional treatment in two cases
due to recurrence. Seven cases with a coronary artery lesion before SPE+CHDF regressed within 1 year.
Conclusion: Plasma exchange is effective for the treatment of severe Kawasaki disease. However, many cases of
severe Kawasaki disease involve hemodynamic failure. Our data suggest that SPE+CHDF can be used to safely
perform plasma exchange in these cases.
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Table 1 Patient Characteristics
Patient Gender Age at onset Body weight (kg) Start of IVIG (day) Treatment before PE
1 Female 4m 5.9 ) IVIG 2+ASA
2 Male 6m 6.1 5 IVIG 1+ASA
3 Male 6m 7.6 5 IVIG 1+IFX+ASA
4 Male 6m 8.6 3 IVIG 2+ASA
5 Male 7m 6.8 5 IVIG 2+IFX+ASA
6 Male Ty3m 10.0 7 IVIG 2+IFX+ASA
7 Male 2yTm 12.6 5 IVIG 2+IFX+ASA
8 Male 2y5m 134 4 IVIG 2+IFX+ASA
9 Female 3yOm 12.8 6 IVIG 2+IFX+ASA
10 Female 3y2m 10.9 4 IVIG 2+IFX+ASA
11 Female 3y4dm 15.6 3 IVIG 2+IFX+ASA
12 Male 5y7m 27.0 6 IVIG 1+ASA+PCPS

ASA, aspirin; IFX, infliximab; IVIG, intravenous immunoglobulin; PCPS, percutaneous cardio pulmonary support.

. ﬂ- || CHDF ||-
=1 T |

FFP
12 ml/kg/hr

Plasma removal
10 ml/kg/hr

20 ml/kg/hr

Qp Qe+ Qp

26 ml/kg/hr

Replacement fluid

4 ml/kg/hr

Vascular access
Plasma separator
Hemofilter

Anticoagulant
Replacement fluid

6.5Fr Double-lumen intravenous catheter
GDK-615PN (Gambro K.K., Tokyo, Japan)
polyethylene plasma separator

OP-02W (Asahi Kasei Medical, Tokyo, Japan)
PMMA membrane hemofilter

CH-03N (Toray Medical, Tokyo, Japan)
Nafamostat mesilate

CHDF: electrolyte solution

PE: FFP

Fig. 1 Operating conditions of SPE+CHDF

SPE was performed over 8h, using 80mL/kg of fresh frozen plasma (FFP), approximately 1-fold the circulating blood
volume. One course: SPE+CHDF was performed daily for 3 consecutive days. Slow plasma exchange in combination
with CHDF could reduce the side effects of FFP such as hypernatremia, hypocalcemia, metabolic alkalosis and a sharp
decrease in colloid osmotic pressure. CHDF, continuous hemodiafiltration; FFP, fresh frozen plasma; PMMA, polymethyl
methacrylate; Qg, blood flow late; Qp, dialysate rate; Q, filtration rate; SPE, slow plasma exchange.

&, IVIGIC X Z2BIMARZITS. S HICHEE& 7%
24 W DOWE S CiFEAE 7213 CRP DK FAV R WIS
&, infliximab (IFX) 5721795 . IFX &5 D05+
FEG] (1 AR, TEEMEEAYESOHD X721 IFX A
o7 BEYE) s & L, SPE+CHDF Zjitif 7 L 7z.

SPE-+CHDF O IERMER, IR ZIEIC
BEND EHE6EIRONE, WEARIL KOS & L
7=,

M i 3% 1< 351 % SPE+CEDF D flifT /7 %2 19
(Fig. 1.

(REEIRIBRICRT T 222 TOMNKE LT, D 7D
VEEFIGEE, NI A ERE OGRS 2 69 %

BRNRBERSBFEME $£31E ¥55

BB RETHIfTT 5. 2) NAFa5—=T71AA
T—T7IVHIER, KJEWWE - HgziTy, Ta—H4
A R R CHifF$%. 3) SPE+CHDF % fifTHd, $#H
e N LS B 2170, B EIARIE - Foniik
JEE=XV V%75, 4) SPEICHWT, HEE KT
D7 T B Tz DITHEE MAE (fresh frozen
plasma: FFP) TiEH#i9 5.

R, JHERBIREZ IS I SRl & LT, 1) SPE
13 8 BERILL AT TREIRICITS . 2) FLUIIEBR ik
|mMNDinniz®, SPE & CHDF O[EIE&IN % & AR LR
GRIMERIEER 2U, FFP2U, 7%mREE/KET U L
KV 20mL, ~\/8U > 2ml) TTI9A4IV7F



249
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HHOMHZ, “TFEEAEERAETRL, HEHAIRET
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BEbhE LT
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CHDEF ZfiifT L C &7z, ZOBE, 26T
D & [FEZS THifT U7z
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1. EE) | BREEDOEEEIC DT

SPE-+CHDEF fiii {7 i DO REM BT W2 k9. 2
FEEXH ML 61.5+16.8%, F S HLaR A I3 06 1E 4 8
b111=13% TdH -7z LA L, ANPfE GEH <
3pg/mL) (& 1071 9 5] (222+173 pg/mL), BNP f#i (il
H fE<18pg/mL) & 11 f1f 7110 B (426+605pg/mL)
THITEME, O GERE<55%) & 12 i+ 8 f
(56.3+5.6%) THifET&H>7z (Table 2).

F 7z, Ht il (EHAE 33~41%) 1326 (27.1+13.5%),
Alb i (IEH M 3.9~5.0g/dL) 1&261 (2.2+0.4g/dD,
17 Na ffi (EH il 138~145mEq/L) & 12 filrf 9 4]
(134.4+3.0mEq/L) TIETH -7z (Fig.2).

2. SPE+CHDF OEfT&IcDWNT

INAFaT—=T7 v ANT—TIVIE, NEEIRIC 9
Bil, KEEEARIC 2 FIR4E L7z, 16, PCPS [AIE8IC
PSE+CHDF a8 Efeemt Uz, A& 86.5
*+15.1mL/kg, JEERIMAERIC RS 2 MG R D b i
1.600.30, [MAEASHRE M TR 1 8.01.7 K¢ C
& -7z, SPEICHFH L7z CHDF Ol bE (Qp+
Qp) &, 29.1%6.1mL/kg/h TdH -7z (Table 3).
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Table 2 The cardiac function before SPE+CHDF in these cases

Patient LVEF (%) LVDd (% of normal)  ANP (pg/mL) BNP (pg/mL) CTR (%)
1 73 98 34 36 49
2 63 123 349 1402 62
3 69 92 393 201 49
4 71 93 104 43 51
5 69 128 1290 159 55
6 70 122 NA 196 50
7 61 117 NA NA 59
8 65 118 564 775 62
9 66 107 70 14 58
10 60 106 89 72 60
11 60 104 113 62 56
12 10 129 218 1725 65

Mean+SD 61.5+16.8 11113 222+173 426+605 56.3+5.6

ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; CTR, cardiothoracic ratio; LVEF, left ventricular ejection fraction,

LVDd, left ventricular end-diastolic diameter; NA, not available.

© 2015 Japanese Society of Pediatric Cardiology and Cardiac Surgery



250

(%) Ht (mEq/1) Na (%) PT %
404 150+ 120+ *
1
35 . 100+ o ®
140 * . 80 2 *
B - ogle
104 . .o ot . °.
.
254 see
130 * 40+
*
204 . 20
.
15 T T 120 T T 0 T T
Before PE  After PE Before PE  After PE Before PE  After PE
(g/d) Alb (mg/dl)  Total calcium (mg/dl)  Fibrinogen
50 —* 10+ 8004 ___*
* .
. e 0 .
4 94 e . 600
. . .
.
3 * N 81 3 e 5 400 s
o * ceFe®
. [ *E—
2 ,i 7 200- *ge
*
1 T T 6 T T 0 T T * p<005
Before PE  After PE Before PE  After PE Before PE  After PE

Fig. 2 Effects on hematocrit, biochemistry and coagulation factor in SPE+CHDF

Alb, albumen; CHDF, continuous hemodiafiltration; Ht, hematocrit; PT, prothrombin time; SPE, slow plasma exchange.

Table 3 Summary of the operating conditions of SPE+CHDF in these cases

Vascular access Volume of plasma CHDF QD+QF Operating time Total volume of plasma removed/

Pt . Puncture ite femoved (mUkg)  (mUkg/h) of PE (h) patient's circulating volume
1 6.5Fr WV 86.4 339 9 158
2 6.5Fr vV 60.0 410 6.5 112
3 6.5Fr FV 82.6 372 10 137
4 6.5Fr Fv 88.2 27.6 55 153
5 6.5Fr n 82.4 265 8 158
6 6.5Fr Ry, 1100 320 9 2.03
7 6.5Fr WV 77.0 222 6.5 145
8 6.5Fr v 84.0 239 8.5 1,60
9-1 6.5Fr WV 57.0 203 5 117
9-2 6.5Fr WV 87.5 203 75 179
10 8Fr xY 104.0 26.6 75 2.15
1 8Fr WV 97.0 2838 9 193
12 Connected to PCPS 741 29.7 10 1.49
Mean+SD 86.5+15.1 29.1+6.1 8.0+17 1.60+0.30

CHDF, continuous hemodiafiltration; FV, femoral vein; IJV, internal jugular vein; PCPS: percutaneous cardiopulmorary support;
PE, plasma exchange; Qp, dialysate rate; Qg, filtration rate.

SPE+CHDF fitif 11 #% T DO DZAL 271 T . il %, 3 RO EDOZLRIE, ThZh

1T & L U= et T 1 Wefil%, 3 Wiz o OfAaZE b —0.93%+8.47%, 7.80*+11.00% CHIcHEEXEH >
RiF, FTNFN—-0.74+9.48%, 2.27+10.48 % TIic 7=,
B R oz, K, ffTal e Heig U7z hErT 1 ICUAZEIAM 1 4~16 ({4 HR, AL
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W s FI R & 2~13 (PUefE4) HIA, SPE+CHDF
TS N TIFREER £ TOWIRIZ 0~8 (HRfE 1)
HETH - 7z.

SPE+CHDF Zfiif THIC, SROAIZEH U7 Efe
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4. SPE+CHDF oB&#ittlicDWNT

SPE+CHDF (&, 7~13J% H (FHRE 1055 H) I
fiitt & N7z. SPE+CHDF %175 T & T, BERhE
1~4H (PR 1 H) THEALZ. 12604 106]T
BB ICSEZ T EME E B B8R 2 A & B3I i
BT TE. HRODEIAEERE L Uz 2 4
AT EBIRIR A 258 72 H, SPE+CHDF Z17
9 T & TV fe AU IREA Ui BRI 22 DI K 72 Hi 9
BTN TER. &5, SPE+CHDF fiif A 8l
NRIRA 72388 T 7 BlE, 1 4ELLNIC 26 Tt BhiRis 2
HYEHE L7z (Table 4).

JITES R VLA U Tz 2D R OSER 12 1%, 55 6 9%
HIZ)IIE R & 2 & N IVIG EEDMThb iz, LH
L, DEMES 2y 7 (EEBHSE 10%) ZHAEL
fetzdh, H7IKHICPCPS BHE L, HIKHANS
SPE+CHDF Z#iH 3 [alfififT L7z. SPE+CHDF %Z17
5 LT, KRR S0%ICEL, H13WHIC
PCPS S EEfi T X 7.

HRR U Tz B hNiER 2 B L Uiz 2 SER DR
ZoR9. JEWI51E, 5 11%% H i< SPE+CHDF 7% i
H2mfif7d % & T AR L. L LFE

Table 4 Efficacy of SPE+CHDF

JEFEEN, FEB 2RO L Tc s, 5627 %
HICA78A RyOVARHE, B3B3 WEANSY 71X
RY G2 JEAI9&, %119 HIC SPE
+CHDF %z H 2 [[lffif7 L 72T & TV o T AfRER L
Tz UMD UNIRHEI AL 27D IRX #5217 - 1z
WREAD TN Tz, T DT, 822 W HICHE SPE+
CHDF Z{TWMREA L7z, LA LEM Lz AT
A RIOVAEE =215 7.

SPE+CHDF #ii 1% Tl T E e RIEET A b A1 A
Vi, 1L-6 MENZN 2572248 pg/mL (n=
4, range 12~499pg/mL), 5.04.8 pg/mL (n=4, range
1.3~4.6pg/mL), TNF-a % Z 11 & 11 4.9+2.4pg/mL
(n=4, range 2.3~7.7pg/mL), 5.0%3.5pg/mL (n=
3, range 1.7~8.7pg/mL), IFN-y 2 Z 11 Z 11 0.24+
0.05pg/mL (n=5, range 0.2~0.3U/mL), 0.36*0.5
(n=5, range 0.1~1.3U/mL) T, {RIEHIETOHE
2o

z £

WitiE ThE T U 72 B IR 1C 5™ % SPE+CHDF
i, RIEFEBICIEEMEE Bz, SR UIBIAREZ 2
L LIIERICBOTE, Vo fz AR LBk
WDKK MG S LN TE. &5IZ, SPE+
CHDF Jief TRl ek BRI 2 2 3D 1 i, 1 AN
2FICHBIREENEE Lz, coT s, HE
%51 3513 % SPE+CHDEF &, RIEDILEHE & et
HRIRZE DIRIRAE T2 IS 2 8RR S e, &5
I SPE+CHDF 3 IVIG R [FX & 5 T &E LW E

Start of Duration for

Maximum coronary artery size (Z score)

Defervescence from Additional treat-

Patient o (day)  PE (days) Acute period Late periog _ the start of PE (day)  ment after PE

1 12 5 LMT 3.1mm (4.9), RCA 3.3mm (7.0) Regression 4 IVIG
2 7 3 LMT 3.0mm (4.6), RCA 2.6 mm (4.0) Regression 1 IVIG
3 11 3 No dilatation 1 IVIG
4 8 3 LCX 3.3mm (5.2) Regression 1 IVIG
5 11 2 LMT 2.9mm (4.1), RCA 3.1mm (5.0) Regression 1 mPSL, cyclosporin
6 11 3 No dilatation 1 IVIG
7 13 2 CX 2.6mm (2.7), RCA 4.8mm (6.6) Regression 2
8 9 3 No dilatation 1 IVIG

9-1 13 2 LMT 4.0mm (4.9), RCA 3.9mm (6.2) 1 IFX

9-2 22 3 LMT 4.1mm (5.1), RCA 5.0mm (8.7) Regression 2 mPSL

10 9 3 No dilatation 3 IVIG

11 8 3 No dilatation 1 IVIG

12 9 3 LMT 3.6mm (2.2) Regression 2

IFX, Infliximab; LAD, left anterior descending coronary artery ; IVIG, intravenous immunoglobulin; LCX, Left circumflex coronary
artery; LMT, Left main trunk; mPSL, methylprednisolone; RCA, Right coronary artery.
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Tt T A% COOEE - IR =1 B R AT 7 -
7z. SPEIXFFP CE#{T Z LT, 747V ./ —
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CHDF ZfiffHid % & T, KEFFPEETEC %5
F U D LIWE, KAV Y LE, K77V 2 il
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T, "X M7 Uw MERZZEEDEE AT iz,
MW T —7 )V « A TP AR EE e, i
BBIRERAYE D FIERERN T - Tz, N TR FLHAR,
ICU #H{E HEUZ EWIE T % T LW LRIHiTTS
5T EMNTER YR TERAILRALDANEIC X 5
FHREOANRIERIANDIEFE LT, [AED 74T SPE+
CHDF Z%Z&IATH TENTETVS 22, coc
Ens, LB TiTo> TW5 SPE+CHDF DfitifT /7%
&, TEERBIAENE U < ANLE IR FLIERE AR T
b, RETHIICMFR 21T TN TEBZHIET
H%.

UL, SRIOME T EE) B ISR LT SPE
Bk & bE#g U7z SPE+CHDFE O A& PEE R L TV
V. Sk, X 0B TR RIS O T )51k
ZRE LT EEN R E NS,

JHIRHRIC X % PE OFHBEIFIEBH S MCENTY
TV, YA MhA VEEEERETH S8, PEIFR
JEMEY A ALV BRZBAOTESEICHEELTVS
LI ENTLS B,

UiRR CHIENEY A N H A 2 I T & T EE) | 1R
FHEF O M JEEE X, 1L-6, TNF-a, IFN-phVIEH i &
DEWER R U, —J5T, RIEWY A S AL Vb
il & 7% 0 MIREEREE TY A R H A D EREDREEN SR
& 7% % Septic shock & Fri U CHIE) s D ZEREME Y
A S AA VBRI & EE 5> TS B,

AR, PEE, HCOPUEK, REEEIR, SIEMEY A
k1A > DBRZEIC K 2 WSS ORI R LM
FBEANORENREETN TS 27 £z, Ik
DORRMIMTIE, 2MIC CDI4+HER "~ 71T 7 —
VBEXU CD3+T Y /SEKD NE-xB DIEMEAL A 5
N, YA MhAVBIETFZREI YA M hA VL
KGR EMEENTVS 2.

TDT eh b, JIKRKICEHD) % PE DVERIREE,
BN Y A N A 2 ZBRET Z8FICmA T, Ml
PERIEANBI G URIEZ AL S B 2 TR E N
3.
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E
a

f&

2013 D SRR DRI TR S Nix W ELE
JIIRERR IS % PE DMRBREIL & 720, SEIL< 11D
NZAHEENSH 2. L L, FIE)EE IS OEEIR R
B, 5 o it OALE % £ OIFEREIHEA B> 2 as
ARl EENTVDS. £z, AHRICHTS
PE (&, fBERMREA/NE JEEREIER ZTHX B %]
REMEN D 5 IRENRIGIETH . o ehb, &
JENNIREHEIC 09 % PE &, Y4Bt THifT LT\ % SPE+
CHDE WEHEAED—DOTHBEABNS. &
5I, (EERBIEEN RLE IIERI AL I PE 2175
Bk, NRETRTEEESS NI bRE DR R B
BN E R, IR E TXOEMER -« N T
WO - JEBRBIEEDE =RV VU RITW, LRTEITH
LCHaEE L CREEITH) CEAEETH S EZ
5.
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