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Abstract

As a major organ dysfunction, some patients with Kawasaki disease (KD) present with hypotension
or shock, known as KD shock syndrome (KDSS). Organ dysfunction is also seen in macrophage
activation syndrome (MAS), complicating KD (MAS-KD). Both KDSS and MAS are rare but po-
tentially life-threatening complications of KD that require early recognition. In practice, however,
KDSS and MAS can sometimes be overlooked in patients with KD. Here, we describe a 13-year-old
boy who presented with prolonged fever, rash, and red eyes, and subsequently developed hypoten-
sion. He was diagnosed with KDSS and received inotropic agents and intravenous immunoglobulin
(IVIG) treatment. However, his clinical and laboratory features deteriorated, and he met the diag-
nostic criteria for MAS. KDSS and MAS-KD share many overlapping features in terms of organ
dysfunction. A diagnosis of KDSS is made when a patient with KD shows cardiac dysfunction, such
as shock. If a KD patient displays multi-organ dysfunction, such as hematologic, hepatic, renal, or
neurologic symptoms, they should be diagnosed with MAS-KD. As demonstrated in this case report,
some KD patients may present with both cardiac and multi-organ dysfunction and require prompt
and proper treatment for both.

Keywords: Kawasaki Disease; Multiple Organ Failure; Kawasaki Disease Shock Syndrome; Mac-
rophage Activation Syndrome.
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ol B 571 ELET 20% ol Asho] EuHE 4= Ql=H, ol& eI £3FFF
(Kawasaki disease shock syndrome, KDSS)o|g}al gtc}H?2,3]. KDSSS @5tz o= <t
& (hemodynamically stable) KD v} A4l AFHHS, 45D o]4Hcoronary artery
abnormalities, CAAs) ¥ AMFA HZZE(intravenous immunoglobulin, IVIG) #
P39 Hrrt Alstrtal g2 A AtH4]

gAAx 45 6:rL(macroplrlalge activation syndrome, MAS)2 o|x}4] E1gH4] g
Z A HZ(hemophagocytic lymphohistiocytosis, HLH)S] ot Fej&, T A2} tjAA
7} A E o] dhYsHE g5 dAolTH5]. MASE RAE ] o= o vy, Egas
2 717 A(organ dysfunction)g £ 5hH, Y, TF, 9 FHElA F2S] HA%
HE FHOE YERITH6,7]. &oF MASS] S3F Q12 A Aof B8/ W& A(systemic
juvenile idiopathic arthritis, sJTIA)¥ A4l S/ FIA(systemic lupus erythematosus,
SLE)ot}. 2 KDofl &8%E MASMAS complicating KD, MAS-KD) K317} Z7}5bdA,
KD+ 4xof MASO| Al fiA= &9t edlo] = 3ItH7). KD W}OHH KDSS &2 MAS9] A3 2

A7k EBAR, KDSSS MAS7H SA10] BAISH: 9% Be S2rhs-101. £ G7NH, A
A KDSSSF MASZ} 7] S| KD 3418 23513 47127 S KDSS2 11459

TAE olfstarzt stet, B A= 7MEE sty FAARHEY QAFATA QUS| 9] 591
vhorow, B 52}+9] 9= AHAE ATHIRB No. HC23Z1S10023).

S

13A4] & S g, O 2 Ad SEE A0 gt SRk 35 A EYY(fever of
unknown origin)& A% B ALt} Al Al FA, A, v]PESH E GOl
A SR 01”01 1L, A T Fof Trho] A4E o] EYstitt. U
o] oA /\V}H‘ﬂ < o A Lstl=t o] 2AEA] ¢, o Ad

25t 390] WAso] KD %7} o) BUSL. 357 F 2L 9] I AEeofe
o] HEL gt Aol AL 159 em(50-75th percentile), BF-Al= 42 kg(15-25th
percentile) ¥t

YU &Y ? =T

[ :i

gQF 110/80 mmHg, A¥ 1043]/&, 554 223]/&, A2 38.3C
o|itt. AlA ZlzhoA] et T} MAlo] X/ TR, &do) WA FFo] TAE
P& f ot9] ¥zt AE Fxd Hdi= Il EHFA I EM4 14.5 ¢/dL, W
T 5,260 /pL(EFT 77%, BEF 10%), B4 106,000 /pLolal, BT AEE 29
mm/hr, C-¥F3eH(C-reactive protein, CRP) 58 mg/L(AF <5.0 mg/L), aspartate
aminotransferase(AST) 26 U/L, alanine aminotransferase(ALT) 75 U/L, &+*% 3.3
g/dLolSit. AWAAR} 39St Aol olido] gllth. AR 4 9 AAR 270
KD X@71&S F506HA Xoto], AdzS0 AAE Adstal 44 YA (ampicillin-
sulbactam) A2 & A|&sH3AT)
=9 TE0400)& o AL A= Fo o A2 R, I8 i—r—o}oﬂ‘:} ‘]Zﬂ Zl
2o A AEY(74/38 mmHg)ZH H1H(140-1603] /%), W1 55(28-343]/H)o] & L
<9 TX0 43 9 7] §7F BAE AT AR HARllE CAAsE wwxﬂ"h 4h 75“& o
FH(grade 11I), $ 2% FF(grade 1I) © 4 mm A4 ZE(pericardiac effusion)e] 1=
o} 4k S A A 5o FHrH 0 & QHYE|A| o}, 3Rtz FEAAR o] AE]o] FQF

ek
=
2

https://doi.org/10.59492/kd.1.1.e11 2/7



Organ Dysfunction in Kawasaki Disease '(awasa kl DIS

&5 (dopamine 10 ug/kg/min)E Tttt £t FRALA vtfE ALt 47H4] 5
Q YAZARS HESH= AAY(complete) KDE A5t} IVIG(Q2 g/kg/dose)d} ofAT (50
mg/kg/day) ARE F7FIAt. WEF &3 7S WiAIE 5= §lol, B A(cefotaximeTt
amikacin)®= A SF T}

de 49A, EAFSALY IVIG A& & P Al20] HYEo] YhBAR Fokgdth. 1%
YU o ol WEEA o, o o] oA AIAE Q-
KD A&E 9o F HA IVIGE Foistqint. o] ¢ &9 I A2 Wobs A9t 38T ©]
g o] oFF 2-33] WA B, SR BRG] R IHSHEE 2 cm, ¥R
3 cm)}E B FHHA AAE ABE QT &, Y] A 9 HAM A2 MAS A7
& M F S7THAIE - AGEs Y, vl @84S, S4AW S E 1S
(hyperferritinemia) - W3+ tHTable 1).

A 7LA|, 1&F FHFAL AH EO|E(intravenous methylprednisolone [[VMP] 30
mg/kg/day for 5 days; maximum 1,000 mg/dose) XA7E A& sFHI U OLARE =
2 ISl 11 5 ZAko] AP T oA ofekER] kot7] wiZell, MASOl| et 7H4 A
AHll, E583)2t A= (0, etoposide)= AHTHA] kgt 4 AAF230 HARA Agh 4
At AF Qo AgaAE Hd, AP AAE A0 A 1394 EHsqinh AHE
o]E+& Z7Hprednisone 1 mg/kg/day)= Hgsto] 3577+ -85 & A} Fof A FHsI3ATH
QoA AlFRt A2 HAIA CAAs ZEFFSte] AFA BT ol dadS glla 1d
F27|17F 53t KD, KDSS S MASY] AL = GUSict.

2 ZE-S(refractory)

N

C

2%

KD 3A7F iAo & foJu)st &3 S48 B uf KDSSol2kal Astt3]. ‘Kawasaki

Table 1. Diagnostic criteria for MAS, principal features of severe KD, and clinical and laboratory data of our patient

Diagnostic criteria for MAS [5,18] Severe KD (i.e., KDSS or refractory KD) [6,13] 13-year-old boy in this study
Persistent fever Fever unresponsive to IVIG treatment Persistent fever despite 2nd IVIG treatment
Splenomegaly Splenomegaly Hepatosplenomegaly
Cytopenia in = 2 cell lines” Platelets < 300,000/uL? Leukocytes, 3,930 /uL; platelets, 59,000 /uL
(Elevated AST or ALT as supportive evidence) ALT >80 U/L? ALT, 97 U/L

CRP =8 mg/dL? CRP, 247 mg/dL
Triglyceride > 265 mg/dL or fibrinogen < 150 mg/dL"  Dyslipidemia Triglyceride, 338 mg/dL
Ferritin > 500 ng/mL" Ferritin > 144 ng/mL Ferritin, 790 ng/mL
Soluble IL-2 receptor (sCD25) >2,400 U/mL High IL-18 and IL-18 INR, 1.37 (normal 0.85-1.13)
Decrease or absent natural killer cell activity NA NA
Hemophagocytosis in BM, liver, or lymph nodes 4.8% in KDSS and 6.3% in refractory KD [17] NA
(Organ dysfunction as a principal feature)
Hematologic, hepatic, and neurologic symptoms: In KDSS [3]: cardiac (100.0%), respiratory Shock requiring dopamine infusion, coagulopathy

common

(50.0%), hematologic (54.8%), renal or neurolog- (elevated INR), hepatic (elevated ALT), and ICU

Cardiac, respiratory, and renal dysfunctions in severe ic (18.4%), gastrointestinal (74.6%), and derma-  admission
MAS

tologic (76.9%)

" The 2016 consensus criteria for MAS complicating sJIA [18] have different cut-off values: hyperferritinemia (ferritin > 684 ng/mL) plus any two of four criteria (Platelets < 181,000 /
WL, AST > 48 IU/L, triglycerides > 156 mg/dL or fibrinogen < 360 mg/dL).

% Egami’s scoring system for refractory KD [6].

MAS: macrophage activation syndrome; KD: Kawasaki disease; KDSS: Kawasaki disease shock syndrome; IVIG: intravenous immunoglobulin; AST: aspartate transaminase; ALT: al-
anine transaminase; CRP: C-reactive protein; IL: interleukin; BM: bone marrow; INR: international normalized ratio; NA: not available; ICU: intensive care unit; sJIA: systemic juvenile

idiopathic arthritis.
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disease shock syndrome’(KDSS)°|2H= €0+ 200949 Kanegaye et al.[4]0] @Fs4 0
QHg A KD} 517 flsf A= ARESHITE. ofofl 9HA 2002, Wil A Lee et al.[11]
o] B4 &3 % (toxic shock syndrome, TSS) 542 YeRd KD &85 R 113t v} Q)
2 479 SEEA= #4710 KDY 8 4SS EA7100 vlid] A A IVIG A=
E WS 4 ATk shA|RE =] g At[12]914], KDSS B4k 1/3 o)== £424 KD 9
857 glol &3 FA4do] AdP=|o] KDSSS ey} X 57t A A= detar Barstgict. AR
oA, KDSS= 8/ £dvt TSSE 2918 4= ATH11,13). wehA KDF8 d458e 2
o|x] grEjEtE, QI Pl &3, AFA 9 ARt 23] F44E UEli= 4Lof 9 FAE A
KDSS 7Fs/d< arefsfof gttH13].

KDSS&= £ F/3°] gl it
AldFo] Alste] ¥, damta
SioH2,3l. AEH 9 1 9 F837(&3], @A}, 557], A4A 9 A9 75
KDSS9] 34l A4/ golAlgt, dut KD gHAtoll= EETH12,13]. T3 38 7ol Ao
o], KDSS9| $% AF(G.24)S KD % AR Q2. 4M)ET ErH14]. 571} /1% 72X
Lok 2o]lE Hof gk, A& W tivt 5ol 86l KDe= HEA, KDSS= g3}
FOMAOHA] QAF(HARIE 1.1%-1.4%)°1= dHH R 5T v53} {4, §9] 5|4
AFZJ(IIHE 5.1%-7.0%)° Eotth4, 14]. o]2|3t FEEH«= 54 AR, dF AZ7E2
KDSSZ ¥¥t KDeb= =3 ¥ o] A0 = 7hesfjof hthal =43t

KDSS&t vRi7HA =, MASE KD SHAtoll A A7 Rs_t 23t S & Shutol 5], MAS-
KD+ EotAl= SARHIAERIE 1.1%-1.9%), Aetdt 2|57t AA=H EFTT JSArTE

13.0%)5 2T 4 AH15,160]. 2EHA gh= T, vgHd], daitas 52 75 °]
7

De}= thE EAS HQlth ¥y KD H]sf KDSSE %
4 1 AEFo W

—_— E
i jzi =+
(L Hoflo o

)

O:

=
&=

A 2 FE9 3xpe} o], KD X g0l E Eotal A=A 3 A4 AshA&x= T
d, HAHY &2 @AAS)E Bolv A, WS 23S MASY AEAARE AlYdljof
SreH171.

KD Ao 4] KDSS9F MAS7F BAlo A8 =9 S&Ha1 2740] QITH8,9]. F 34 B
&35 ZFE A7 R A FAEFS B & S92 FAAY, Lin et al.[819] 574
4 92 SR 22487 glo] MASE Ak, IVIGSF IVMP A &S %ok}, Pilania et
al.[919] 5A] F2t 3k= AREH o R £ A%t AFPES B, IFYANA 11T
(hemophagocytosis)& &<13tH1L, IVIGR} IVMP &9 37}& cyclosporine 3709 X &&
woith & $A= HLH-2004 Aet7]&7} 20169 sJIAC] EE MAS(MAS complicating
sJIA; MAS-sJIA) A@7|E[18], 55 TEsE3ith. MAS-KD Adoll= o2 4919 oAy
HLHS} F-AFsHA|, =412 2]718F5] (Histiocyte Society)?] HLH-2004 7| 71 @ol A&
st} AH71E 87H4] F 57HA] o]4-E ThEotH MAS 32 HLH= A sith5-7]. HLH-2004
A7|& 5 interleukin-2 48412} natural killer A& EAE HAR= AUt Qw7|HoA &
3] Algshe AARFEO] ofyn], HLH-2004 AH7]&S Eo|rt EX|ut Atjdog mzi:
7} Qb= Aol ITH18]. 20169 MAS-sJIA A7 MAS-KDo] 94 E= 3kxlo]A]
A&5h7] 4L A7 Erhs ARo] Jou, sJIA 9] 2w S ZAR HEEH ] wieol
KD 3ol Al a2 2-8517]ofl= gHAI7E YTt 7). A &3 SHo)A = MAS-KDS 93l ¥=
= e o] §17] o], €A HLH &2 o2 Rlo] 2lgt 0|2k HLHS| A 2R3H-S
MAS-KD 2|&o] A-&stal JleH15,16]. < AAH Fd1Z AH19]°] ©=2H, MAS-KD

https://doi.org/10.59492/kd.1.1.e11 417
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221o] oF 1/32 HLH-2004 A 2A1H0 2 403 sist ey A28 w1, Yz 2/3 84
52 9712 "R A A8 E Woptt

KDSSe MASS] #AIE A7|154 SHol|A ofafd 4= k. H@Tol 4371 F9hd o s
A £x3(septic shock)ZHil sh= AAH, KDoJl 2371 FREEH KDSSel2tal sty s @ 3o
A, 717154, AT T2 A o) gat 22 th7| 7|5 R0l SRR, 7]
7155 H £33 (multi-organ dysfunction syndrome, MODS) S4t sj@Zo]gtal it} o]
o} fFAFHA, KDOll tH7] 715540] BHIEH, o]& MODS &4 KDZ A 9lsfof gt} =,
MASE KD Aol #A37Hs5t MODS % 8kl ZlolthFig. DI10]. & Agte] AfAde &
o] A77F E 8 o5kA g, At EFIQl & 3T (cytokine storm syndrome, CSS)°] 354 1
271 02 A= ATHI]. KDSS2F MAS 2] f-AHd o] @7] wf2e], Table 1] Wrehdl AA
g 5Y3 WSS o] 8sle] F e vwdt & Qo EFgAaFolu 1HEAESE0] 7|
Fbo] o AL F A% 7] TS5 E Aol & et A o2 o AZITH6). Fig. 200+ FH S
FSEE Holk o3 AghI KDE, AXASH A7 RH 9] gt Frof wh} (1) IVIG-
1S KD, (2) A=ES KD, (3) HIHE8A B7174 KD, (4) KDSS, 123 (5) MAS-KD, 5

S

[

Sepsis with cardiac dysfunction KD with cardiac dysfunction

Cardiac dysfunction (shock) (i.e., septic shock) (i.e., KD shock syndrome)

Sepsis with multi-organ dysfunction | KD with multi-organ dysfunction

) .
Multi-organ dysfunction (i.e., sepsis with MODS) (i.e., KD with MODS = MAS-KD)

® hematologic, hepatic, renal or neurologic

Fig. 1. The relationship between Kawasaki disease (KD) shock syndrome (KDSS) and macrophage
activation syndrome (MAS) is illustrated. As sepsis plus shock is called septic shock, sepsis plus multi-
organ dysfunctions (e.g., hematologic, hepatic, renal, or neurologic) is called sepsis with multi-organ dysfunction
syndrome (MODS). Similarly, as KD with shock is called KDSS, KD with multi-organ dysfunctions should be
defined as KD with MODS. MAS is a well-known fatal form of KD with MODS [10].

(1) KD, responsive to IVIG therapy

duapUY

(2) KD, unresponsive to IVIG therapy
(i.e., refractory KD, ~20% of total KD)

(3) KD with organ dysfunction, non-cardiac
(e.g., hematologic, hepatic, renal or neurologic)

(4) KD with cardiac dysfunction
(i.e., KD shock syndrome, ~7% of total KD)

(5) KD with multi-organ dysfunction
(i.e., KD with MODS = MAS-KD, ~2% of total KD)

Fig. 2. Kawasaki disease (KD) can be classified according to the severity of systemic inflammation and
organ dysfunction: (1) KD, responsive to intravenous immunoglobulin (IVIG) therapy, (2) KD, unresponsive
to IVIG therapy, (3) KD with organ (non-cardiac) dysfunction, (4) KD with cardiac dysfunction, and (5) KD with
multi-organ dysfunction.
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N o2 BRIt

239 e 9 A4S &3 S-S Hol S8 A&7 /St =19 KDSS A
< S B4 7 E okt ddSAILt
ARA VIG A5 T Y2 Ao HE2 2E=A] ottt F HA] VIG X =2ol|%= 7]
&5 B, ISy 2 8ARTASE Hol, MAS AEAARE A9ttt MASE d4H4
07 94sh= Ao] F83H, ol AAE0] IA| MAS-KDet thE 4of FAJAE A o] 2}
/3 HLHE A @ot3710 7Fsot3ieH17,20]. =9] S E.11(8,9]19 5 UsHA, & S9] A=
HLH-2004 7]&3} 201618 MAS-gJIA 7% 258 T=553ich 183 AHZ20|E A& 3YUA
HE QAT SAE Q) A E Aol §1%17] wiEol, 24873 HLHO Higt &
A7 Ark= AlggskA] ekoktt. MASO] gt vl gt AAF Ak o] d+9] 7P & Alghdolot.
MAS-sJIA A5 913t =3E A17F AFE AT AAH, MAS-KD 49| 2435k Xe4], A
=24 WS Ao et A7t " aohekal Bt

2E

~

)7}
d
A

R

KD kAol Al dgsta 227} PR3 KDSSo| WAie 4= it KD Aol A, Eot
St gE oz MASO] TS| & gttt B Lo A AL KDSSeF MAS7E €74
£ 7|&tt &3 A2 AASAIL A WA IVIG A=

i

o Hor |
O ol oF d

mJ
o

i

ol

13A] E2 3] S|
o AEES KD tigt A4 A gol Etotal 29 A4 E A 44
Elo] MASE Ha=|Qlet. & S8 2kxpet o], KDSSSF MAS7F &Alell At KD SAbE2
KDSSoll tigt 24 &5tz A 2|9} 3], MASO] tigt =2 Wz 44 X587} Basit.
KDSSF MASSH #AIE olsfiste A2 7 A3ke] Bej7|d Aot AT, 54 Fo] =&
g Aojtt.

ol
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