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Regression of Massive Cardiac Rhabdomyoma Causing Circulatory Collapse
with Everolimus Therapy
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We report the case of a newborn who showed rapid regression of cardiac rhabdomyomas associated with tuber-
ous sclerosis (TS) following everolimus therapy. The newborn was diagnosed with TS based on fetal echocardi-
ography and fetal magnetic resonance imaging that showed multiple cardiac rhabdomyomas, a subependymal
nodule, and multiple retinal hamartomas. One of the cardiac rhabdomyomas was very large, but there was
no evidence of severe inflow or outflow tract obstruction, valvular dysfunction, or arrhythmia. His condition
was stable for 10 days after birth. However, the newborn suffered circulatory collapse on the 11th day of life.
He required intensive care, including mechanical ventilation and infusions of milrinone. Everolimus therapy
was started on the 19th day of life as a rescue treatment. Echocardiography showed rapid regression of cardiac
rhabdomyomas and improvement of cardiac function within a few weeks. This case demonstrated the efficacy of
everolimus therapy for TS-related cardiac rhabdomyomas.
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FEHEIMERE(LAE (tuberous sclerosis: TS) (&S D
2 R L9 S AR G AEEERERETH S,
JRPEE TS HIHE{E T TH % TSCI, TSC2 #ix
TTHD, TNHOEFICKD, MBS mE 4
IC B 2 FHiK 7 Td % mTOR (mammalian target
of rapamycin) MEEEMLEI NS T LT, @FED
e EY 2 ik 7z [ 3 V.

#2111 mTOR [HE#H¥E T % everolimus (&, HHINT
mTOR I U CHEERAIC M &, 57 A i oD 14 il 72 110
L, MEFHEZHESTS. ZOME TSITHES A
IR EISHIRZE DR IR C & . THREEIPERE(LSEIC fF
5 R FEMIRETEEME (subependymal giant cell
astrocytoma: SEGA) |, [#§EAPERE(LAEIC F S B
filENfifE (renal angiomyolipoma : B AML) | 12k L
THIHE « SERDEGEES N TV DY, DB L o
TEMAIEENTHS.

SEEAE, GENICTER L, TERBHEZRTIZE
EUR R DsARASOT I & 0F TS BB U, S#esh Tld
H % HRER DTz 8 everolimus 2 L, G O/
& MATEIREDUGE 2 1S TIERIZREER LD T, & T 0
WA E 572 2 2 TS 5.
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BE L Hiim o B

SR © 1Rl 24 JERFICHE R T O — OIS 2 e .
TEMfR 33 HERFICHBE UL MRI 7 A7 UK = JE i Bk
sz RO Tz, TS hEEbN Iz, DIEE A
FEWIC 2, GENIC2MHOF 4 @ZEHTH, Z
DS BHEND 1 EIIIER 35 B DREF T 37X31 mm
CIERICERTH D, AEMCTEN UEAERZRED
To. BRYZE CCREIRS & #RE S omiiid g
NBIMETMETHD > 7o, SIFIFLO MR S 94 e RS
DR TH->T=M, 1R 36 BRI AR ENICE
{ELTHY, FENEBICX D EFEENIZEZERFHD
KRt ZbeE 2Tz, AR, MimREmck o
FEBANORTEAM KT XN E S NS ATREMED &
WE BN NEREN R <, HAEROIEERRBHE S EIH
L, sk e UCHRIGEIIC X %4 FYIBEZ 3R L
T RIMFRHERO 72D E T HNIE PGEL & 51 &
ZHREREERF D ZERB LTV, ERHERICEL
WIBBRAR 2T I - 728 E i Z DRI B S R & 15 L
OGBS A TREAR e B X T2, Tads, AERFRH
PP E DRI I o 7.
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fEfa 378 4 H, 5 EYIFATHA. Apgar score (&
150 8 51, 5/ 8 i TH D, IEIXFED T - 7z,
BERR 5 51.0cm, 1A 2,930g, 1AiR 36.8 £,
DA 120/57 THE, PEIER 30~40/57, R BHAR AL
FAIRE (Sp0O2) 98%. Ml PRULETE, O
HEMWTlahotz, JEE D DER, [ 72 il
I, REICHS DT EZEDT.
BREMR . MEMETIEHS MR BEATREZRED &
Mo Tz, BRI AT A 08T, MAEBERIZESET &
RF— A7 00, KA E & eictEL
To. DIO—MRATIE, BEZEHED BRI 2
(36X30mm, 11X8mm), HEMWIC 2d (11X15mm,
8X3mm) DS RSz, AR KRR
ootz WEIRODIE SR — I IERHTZ> 7=,
SIS e AR, A=A ENEEICTEREE N, A
FYREARMZE (LVEDD) 11.5mm GifiE# ik 78%)
ERRNEDTH e, EREEHEE (EF) 51%,
IR M A RSN CTh - 7z, a5, HRHMTT
LU 72988 MRI T 5mm O _EA& NEHiZ 58 72 53,
SEGA EiZiah oz, Fiz, BRRIEICK 288 TS
FEPEREREERRAE 2GR T2 Y, Z O M RE{LIiE DB
SHEGHIER, B AML Z&DRo - 72

BERRAEB (Fig. 1)

HZERED B BIIRE MR EAEREMNTH O, £
FE 5 ONEFTEE MR THRIEERIIHERF TE TV /e,
PGE1 #&5.131707, GO HREMEZ AL TR
RABIRT S L. Hill OO I—R#E
TIE LVEDD 13.4mm GIEH{ELL 89%), EF 70% &
A RN K 2 RTEFRIE RO L E Z 5N UWH
ZidTz (Fig. 3A). %z, MifBHEGUK IO H
SICEIIRE MR e DI LIz o 7z, Him 51CH)
IR D EIRESEZ R UT=hY, S DGR EhREDZE
LidERd -t 7rua—7 v 7THINTH#E 1012,
i MO0 MRI Z 17 Uz, UL, Hii 111 60/
LD Z W & PRI RS, MR AT A M TR
BT Y R=Y A%, DT O—MRE TIIREHET)
DEEK 2R, EF 15% THo1z. DL EDIMK
B TRIER GO FAHERS I S e & B2 1,
K OENME TEEMEZ(LZFED TN o7, 5
OHHEARDREKROERE LA EEZ SN, TR
i, FRE N LPEURE FERIAG, 72 0.2pug/kg/min T 3
WD O EREIMG Uiz, 1BPERAGAIE EF 20% 12
JEIC FRZRD I RRIIREN TH -7z T EA
NDEFESMT A E LT, everolimus D57 HGd % T
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Fig. 1 Clinical course

The patient required intensive care due to severe heart failure on 11th day of his life. Following initiation of everolimus
therapy on 19th day, the heart failure gradually improved. Finally, he could be discharged from our hospital on 93rd day.
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Fig. 2 Changes of Cross-sectional area of the tumor

We started everolimus with the dosage of 1 mg/m?day at first, but required to increase the drug up to 2.5mg/m?/day to
keep the target trough level. According to the elevation of trough level of everolimus, the tumor was getting small.

Fig. 3 Echocardiographic appearance

(A) At birth. The largest cardiac rhabdomyoma occupied most of the RV, size 36 X30mm. (B) Day90. The tumor signifi-
cantly regressed. LA=left atrium; LV =Ieft ventricle; RA=right atrium; RV=right ventricle; Tm=tumor.
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Lz, MISIMER L 52 - DIBREBEBERBROA
ARGRREHRE R A 2 HHICE L, WO ZTTV,
XEHICKBFEZMETz. FTz, everolimus O E IR
LCidigipeHE Lie. Hilm 19 &0, Xilik2) 2%
FICUC Img/m’/day 73 1 THE =B L. HEE
7tz 5~15ng/mL Li%GE, 4 FINRE, 5 EHN
IRERTD & Z 772 HlE LHEZ#HE L. Yed -
FED T EAMEONT T XD EZHE LT
A, 2.5mg/m’/day & L7z& TATHEE N 7 iz A
LD, RAKMNCIEBAM R TH % 1 mg/m?/day
iR E UCGBRBIR R TR Lie. 1), THBOR
KRB 36 mm,  PUENT SR C I U 72 i 555 K i Al
1,000mm?® ZHZ T\ /zhd, Fig. 2189 K HIC evero-
limus FAATRARS Y XM MeEm & 7z 0, Hi 351
1& 496 mm* LB LURIC K T Lz, BB Offi/INC
PEOVDFEREE IR ZICE L, HE 42 I KE D TRET
Hote. HiEHRIIVY /2% 0.1 pg/kg/min ICIHERET D
L BICEERY A V% 0.05mg/kg/day THARBHER,
KA —)ILONIRE 0.02mg/kg/day & D&
SRE LTz, AT o—)Lid 1 EBC LI X265
EICHEL, Hils55 051 0.1mg/kg/day & U, HERF
e Uk Hii60 TV /ORG24 T, Hillb 68
XOEENY X V7% 0.1mg/kg/day ICHIR LTz, T DR
GO RIZE L, DR UCEEITH D, RE
BheRoNE X oIk &b, His 93 1Bk
Elre. 75, BEEEOTI—METIE, EF 54%ICE
THE LTV (Fig 3B).

z ¥

TS P MAwhkesR, BZRg, B, W, T L COEZE
L OMBREMRZEZ R E T 2IRETH D, ZTOH

Table 1 Diagnosis of TS

JE 1359 6,000~10,000 HAIC 1l e ENn 3 V. EHiFE
¥ & LT TSCL, TSC2 s T FEI N TV S, H
PaRBIEELOERE L 50, BFHEORK 2/3 132298
ZRICEBIMFEH & N Y. BWEHEIZ IR &/
FEREM DD P (Table 1), KfEk2D, & LLIE
KR 1 DE/MER 2 DTHER LB EN B Y. AR
FIZ BV TR OIERSUTIEDZ A, LR FSHEH, £
FEVERIEE AR 2 BR D, KIEIR3 DAEHT R &h
5 TS &gl Uz, Ml RS MR LAE O SIS 75
<, MFHICHIELEE D EBbNnTz-.

ORI, BB R 5 LR 2 bF 5 4E i &
TBTSDIEIRD 1 DTHH, ZFOREMEIL 50~
60% L EHLNTVS Y. K50%HMHRBHT S LW
bRTWVE Y A, FIHER - RARKAEZ G 506,
mERYRZ AT 56, BOENRERZHT 56T
W&, ZERIED ) 27 OBUED SHRHNYIRDEE S N
%Y. LAL, BbUHEZET % 42 0BT L
FHiZfT, ik 3 AL Lt L OMELH D ©,
FHic2BINMmTE S DI TldAw.

ASER T H s 11 1S OB RERUH IE A R A & &
A BNAEIEONEZEDTEN, TORbE & FRERIC,
HAEEZ TR R L, Ei%d 2 REE O 2 B TR
FERRITIEMOMENDH S, B ZIXTHR 8) 1T E
NZIEGITIX, Hih 8 ICIEERfkeZ sk L, iR
EELUT. BAEEREARMNES T35 2 O
EMEISTETWZE DD, BRFAZWZ % DN DR
WMTHBLBLEZLNDH, HEHOEZ A, A%E
Bl BT IE, His 10 1 MRI 1T O 7= &b S s 5 7=
HRALTED, THUCKBZEMEROMHE —H &
BoTWBARENIEIRH 5.

KR 72 B IR & 9 % DA % everolimus
Dvowpgie LTk, WEANTHY, h7ras3y -

Major features

Minor features

Hypomelanotic macules (=3)
Angiofibromas (=3)

Ungual fibromas (=2)

Shagreen patch

Multiple retinal hamartomas
Cortical dysplasias

Subependymal nodules (SEN)
Subependymal giant cell astrocytoma (SEGA)
Cardiac rhabdomyoma
Lymphangioleiomyomatosis (LAM)
Angiomyolipomas (=2, AML)

“Confetti” skin lesions
Dental enamel pits (>3)
Intraoral fiboromas (=2)
Retinal achromic patch
Multiple renal cysts
Nonrenal hamartomas

« definite diagnosis: 2 major features or 1 major feature with =2 minor features.

- possible diagnosis: Either 1 major feature or =2 minor features
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IV U EEFCHETBERARIIAT T —E-1II
FHEESE « FIIPRIE « N—2EWEI: & OSEYIHAEE, 1A
SHBNEEREA & Vo BN E X 5D, DIlidk]
BUTHRED S, DAREREZRSGVE DN S EE
BEDETIERDENMIRICE > TRKEWVTED, —
R & DOAERIEENE L TV 20 EIRNS D5 L
V. HERGI TSR TO N TIE R R LY
J U EERET 3T LTV e AEEREIRE DR 7 A Tz
W, NLTREERN S OBz 5 RS 5Ichizb, —&
PEERRAE 2K LTV % Tz OGO IME B & & 2
everolimus &5 2 IRWr U7z, EHE R OLDAEIEIRD H

DIz 5 & everolimus MMl TERWVIRIE T, k
WO REH Z BIAMI IO AN 5 BB Z R L
TS 2, BRGNS LODRYIBZ LTy
YIbk24T5 C L BEINT 2 T MBI ENED, HiHG
AP BRI R 2 ok U 72355 OIS VAT RED
Eoh, BBAIZOMIGE BN, BRTEIHED
HILGEB EEbNns.

Everolimus (& ¥ [1 mTORBH &= 3 T &H b, TSCI1,
TSC2 #Efn D& FIC X 0 BEE ML E fz mTOR
RIRICHIHIT % T & T, TSISRES B & 5 s
ZORENNGETE 5. ENTI, TSICHEHT S
SEGA & AML ICH#)ISM D 2 1Zh, D - BRAE%ZD
A SOSANH & UC, K 7-HORYIBRAGER Ml - 7L
i, RN WSS 2 PUER & LT oML
5. WHTHRBOEIGE TCHEHATNSED, EF
W EFLLE LT, TSISHE S Dl E I M3 %
EROMENARSND XS ITHK -7z, 2011 4 Tiberio
SO 7 ZEYIDIC, SEGA E AMLICAHd 3
RERGTREIC R LT, EAERIDOX 1, BiFES T
T3 3 % ASRRASUT I IS 0 U T O MV U
DEMEENTNS 257 (Table 2).

TS IC 31) % everolimus DA F 1% 7% L 1= Fge 12

T b5 74l 5~15ng/mL A HELE Sz &y
5, BETRBREKE LTCofiEMHuLENTY
. YRGS REICOVTIEMEIC K > THRZ D,
SENEHK 2) ZBEICRE LT, kT, 1.5~
2mg/m*/day TR L 7z & T 5, RBHHED R
5 T 7fH108ng/mL & BHE EE L & o Tz,

1 mg/m*/day TOHRGHAEMHERT N TV, BLd
L mg/m®/day TG ZFIME LA, Bo7iE Dl
HEE LAMEENT, #RIEEAT 2.5mg/m*/day %
TOHEZE L. TOFKRE LT, KEROREFITIE
JEEHEF R TH > 126 DDOIFERITEL D V7> Tz DI
XU, BEFITIEEROR2ZE2LTED, HEEM
RO T SIINAENE U TWIZATREEDNE Z 5N
7z. Everolimus MM HEE X VEEE TH O &5 R H0H
FTHI5 HERID I E T eE8H b, BHAICHEIM
HRIE 2 RS B Te DICHIIAR G 2 fE ] & & ISkt
T 2RENDH B E Db

“al, everolimus & UC, 77« = b—)VEE 5mg®
(N T4 AT 7 —x) ZfEH L 15HD
13,5478 L IEWICEMETH O, £l b T Tz
FIHP ORI BRI N/, 0.05mg %
1a& LT 100 afifl L, aEcHEZEmT % &0
5 TRZ{T-> Tz,

Everolimus OFIWEH & LT, &ARIMAE, &Ik,
MEREA, BFRERESLES, SuRslHNC SR 9 % A 48
Fong., AEFITE, MEMEICKZERNRE=
2 2T ATOHL D EEIHES IEHRZITS T M
TE.

RIS DWW T RIS K > TRIR 5. DR
iR DA/ & IMATEIRED UGE Z iR T & T A TR E
ERTTDHEDONZ VA, Table 2 1CF1F % Casel T
& SEGA D& &5 T &5, WRUTIEDNE/ N
A, IRBBHMATIE & 7 o Te R O AR UGE Utk

Table 2 List of the case of everolimus therapy for cardiac rhabdomyoma

Diagnosis Tumor Largest Severe Severe . Drug Duration
Case Sex Age of TS SEGA AML number d_tumor h_eart obstruction Arrhythmia dosage ) _of . Outcome
iameter failure administration

1 Ref. 8) M 10 days + + — 1 ? + — — 0.5mg going alive

2  Ref.9) M 14 days + + + 8 12mm — — — ? ? alive

3 Ref. 10) F 10 days + — — 3 ? — + 0.25mgx2 4 weeks alive
(2 day/week)

4 Ref.2) ?  2days + — — ? 37mm — + — 1.5-2mg/m? 19 days alive

5 Ref. 11) F 20 days + — — 6 16mm — + — 0.65mg/m? 34 days alive

6  Ref. 12) F 4 days + ? ? 5 27mm — + — 0.65mg/m? 81 days alive

7  Ref.13) F 21 days + — — 1 ? — + — 3mg/m? going alive

8 Ref.5,14) M 0day + — — 8 25mm — + — 0.25mgx4 2.5 months alive
(2 day/week)

9 Ref.7) M 7 years + + — 1 ? — — — ? going alive

10 M 19 days + — — 4 36mm + — — 1mg/m? 3.5 months alive

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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EWREG ML TS, Case9 37 & ZE SEGA D
Bt LT E N8O TH - . RIEFICDNT
&, SEGA ®& AML O&HZiokh>lcl ehb
CRBEEISDVE <, IERIC @il 72 38D Tz H B iR/ NE D
EFADBIRN EE Z, BRI MITHIREDUE &R
B, DEOIEGIEH HEERFET 2L DD, M
FLA R AREBMND RIFIC 7K o 7oK s TOH IR 2
FtU7z. XemliZa3 A TH O, midko#ATTEE %S
L, FAFILIEE DR ITXTHIRLIEFSETRTEL
7z.

HHNFIEICH 12 D BT X2 IIIESEOFHEKOMS
TdH5. Case7 ICBWTIE, 4:1% 3 HMT everolimus
O¥E 2R, SN &G SRI A OUE 25
el DG E% 3 H TV e ARG Zi Lz
W, Hikt% 2 HE CHE ORI Rzl -0, FE
THEZE L. FER%IGES MO N 2388
7278, 17% % Tld everolimus & 5 % fkfi 3 % fi#t &
%> 7. mTORHFHEL G H 1%, SEGA DA
IOV TIRIEAH D 19, DB L TE
FTDIVRINDHBEZBNST28, HIHZEORERIC
DVWTETERSHIRT 2080 H 5. Kz, Ok
BOTEIZ BNENET 5 ENKLHIBEN TV S 28,
A [al D fEEAE/ MBI U T & 9 XTH everolimus D%
REFWETEZRWAREEEH D, SEROMEGIDOFER
WNEETHS.

=R
Li=] an

R DRSSO I & 0F TS ;ISR L, fmoiz
& everolimus Z{HH L, MO/ & MATHEIRED
EIGTIER 7 REER LTz, TS D 2 BERGTIED R
BEO—DE LTHMTH SRR E Nz, AR
JEGID & 5 I i 3R BREIC I AN EN R & T ADD
D, FAEWRM, HhOAEERELTWSEIICHEHT
22t 0EEZLN, AEOME L EZH THEK
BIEFIOERED NS,

FlastER
AEIEDNT, FRINEHEMK (COD 1370,

T &
C DL DFEFRRIC THlZ RS LT\ 5.

51 Ak

D) Wr R AR JEREE=, & 1 AEETERE BRI
S BRI ORESS D 3 JER. HAEEN] - BRI E S
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