Pediatric Cardiology and Cardiac Surgery 33(3): 221-227 (2017)

ERIERE

EARE P S PRaRiE 1 RIS S 0F L7z
Al AR i = 1S\ OO W R B2 D5 SR

JRE HET Y, SR AR D, A D, L g
D i R R A A N5 8
RS > 5 —

The Effect of Upfront Combination Therapy for Pulmonary Arterial Hypertension
Associated with Hereditary Hemorrhagic Telangiectasia Type-1:
A Girl with a Novel Mutation in the Endoglin Gene
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Endoglin (ENG) and ACVRLI are causative genes for hereditary hemorrhagic telangiectasia (HHT); ENG causes
HHT type 1 and ALKI causes HHT type 2. In some cases, HHT is complicated by pulmonary arterial hyperten-
sion (PAH). Although there are some reports on PAH in patients with HHT type 2, very few exist for PAH in
patients with HHT type 1. Here, we report the case of a 7-year-old girl who was diagnosed of a novel mutation
in the ENG gene and PAH on the basis of active diagnostic imaging and gene analysis performed because of
a family history of HHT. Upon admission, her status was evaluated as WHO functional class 2. A right-heart
catheterization test led to the diagnosis of PAH. The mean pulmonary artery pressure, pulmonary vascular
resistance, and pulmonary capillary wedge pressure was 50 mmHg, 11.8 WU/m?, and 9mmHg, respectively.
Hereditary PAH is generally associated with poor prognosis. Our patient received upfront combination therapy
with bosentan, tadalafil, and beraprost, which improved her status to WHO functional class 1 and her mean pul-
monary artery pressure to 35 mmHg. Although upfront combination therapy with oral medication was effective
in the short to medium term in our case, long-term observation is also necessary.

Keywords: hereditary hemorrhagic telangiectasia, pulmonary arterial hypertension, endoglin,
upfront combination therapy, pulmonary arteriovenous malformation

Endoglin (ENG) (& ACVRLI & JITBARNE i PE B M HA5RIE (hereditary hemorrhagic telangiec-
tasia: HHT) OBFEETTH O, THZFNHHT 14, 28I N5, HHT Tl&, MTHBH
FBARMEAE LERE (PAH) 2609 5 LB TN T05. £<IE HHT 2 BUcAfFL, HHT 18I
BT HEDRIFLALRMEETN TV, 5lH, HHT OFEREZ & LIl UIB 5 PR &
ORI 72 RN K O ENG B 7A RIS KU PAH OMEESIICE > 72 7 B E B LTz, )
IS WHO BREDHH 2 FETH o 7o, DA 7 — T )V Tl P BIIR A 50 mmHg, il &1
11.8WU/m?, FlBIIRELAIE 9mmHg T b PAH OFFRCoH - 7z, —HUCEHEY: PAH B TR R &
EN, RV RY, ZETT 1)V, XFTOR MK ZYA0REEZIT> 7L T 5, WHO B6ES
FUE 1 EICUGEEL, FEMEIIRE S 35 mmHg &k Uic. AR TIERRITEIC X 2 W0 SaEDVE
W SHHICIZARI TH - 12, SR ERIMNGEENRELEEZ ENS.
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EARE I PE B i SR 9RAE  (hereditary hemor-
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KRR WA V== T D, KEEw CT H
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5N, MidfEENEDNIZC &h S YR EENZ2
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Zid® 7z (%DLCO 7.51 mL/min/mmHg, Tifll# D
58.1%). OIS ERIAFE CHBROL, A0
FETOME T Wz, PH & LTFELERWVATA
Th-ole. ZTDWK, FRODIEMGS TE R OEX
W HEEK) OfERHDD. 6 7S ralEtid 435m

-0 O

.‘ ‘definite’ HHT

Fig. 1 Family pedigree
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Fig. 2 Non-contrast computed tomography (CT) scan of the patient’s chest at the time of screening for

pulmonary arteriovenous fistula

The CT scan showed pulmonary artery dilation (arrows) and fistulas (arrows).

Fig. 3 Contrast-enhanced computed tomography scan

Two pulmonary arteriovenous fistulae (arrows) were confirmed (4mm in the right S9 and 8mm in the left S10).

Fig. 4 Contrast-enhanced computed tomography scan of the abdomen (A) and head (B)

A hepatic arteriovenous small fistula (arrows: left hepatic vein to portal vein) and cerebral arteriovenous fistulae (arrows),
6 mm in diameter, in the anterior parietal artery to cortical vein (arrows) were observed.
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# (Fig. 5 Tl&, FHM#IKE (mPAP) 50mmHg
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XD, Curacao DZWIEHED #ZyE7- L, HHT & 2ZW
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© 2017 Japanese Society of Pediatric Cardiology and Cardiac Surgery



224

50
BNP

40

30

20

0
Headache

0

BP 104/43mmHg 86/58mmHg

98/48mmHg

|_, sme/kg
4.5mg/kg

3mg/kg
Bosentan 1.5mg/kg

1mg/kg

Tadalafil 0.5mg/kg
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I Beraprost _1lpg/kg

I furosemide+spironolactone

On admission

(study 1)
PAP(S/D/M mmHg) | 62/40/50
PCWP(mmHg) 9
CI(L/min/m) 3.45
PVR(WU/m) 11.8
Qp/Qs 0.86

Fig. 5 Clinical course

3 months after studyl

| 10 months after studyl |

57/40/47 48/26/35
8 4
4.62 4.83
8.0 5.6

Study 1: Upon hospital admission on room air. Study 2: 3 months after triple-combination therapy on room air. Study 3:

10 months after triple-combination therapy on room air.

PAP, pulmonary arterial pressure; S, systolic; D, diastolic; M, mean; PCWP, pulmonary capillary wedge pressure; Cl,

cardiac index; PVR, pulmonary vascular resistance
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DS HYREE R T AT & & Uiz, FIIRAL R
vy BRY, RRTT )V, NTTOAREIEIEA L
7z (Fig.5). "> &k 1.5mg/kg (432 4 BH%)
KOBL, MEMT - GRS O BN R C
B UMD 3mg/kg E TR L. XX T 7«
Wik 05mg/kg (31 WIEME) KOMEEL, HH%E
WKCBEWIROHIRZRD 7 72/ 7 2 YNz 2
B LD, ORI EEERL U TIHEKRDOFRA 1E7%
{1mgkg 1) FTHWELKL. TuXAY 171
> (PGI2) (IEFHIRBED Hif0 s oD VU 2 7 3
RENTY, FFETRESARONT T X
lug/kg (573) THIMELz. XTI A MIEET
KR 22 X5 T )V 2B LTHREL, A
FBAGG 3 D H#%ICIE 6 AT 501 m X TUE
Lic. FTOBEICARANKD TLETL DB < OAIC
oll LOREDH D, EHRHRENICIZEYINES)
Mif FHREA R AMA(E L7z L HERI E N, WHO e/ 48 1
JEETUELLEEZ SN, FARHOL.OAT—T
JURi#E Tld mPAP & 50 25 47mmHg L 8GHICZ L
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, WAVAVEETHATLBBEZ, TR 00X
T/ —=)UEHFEA L REEICEE, ¥Rt 2%
INRIDARIEYREH AT A R T A2 CERK 27 FGET
HA/NRIEIRAR Y 2) 255 6mg/kg (/72) T
WE Uz RS 10 WHBROLH LA T — T IVIRE
T3 mPAP I 35mmHg £ Tuks& U, HIMEIR O 5
EIEARETH - Teledd, NXT T M 3ug/kg (533)
EFTHRELK 30A%, 100AZOHELHT—T
JURRE TIERRBFAYIC mPAP, CI, PVR IZW 3N b ols
ZRLUTWz (Fig. 5). 6 MRt D SpO, K
FIXTBEHIR TAETH o 2. FofrhIC ENTIEER AR
Wizt > 22— CRIB T T TS N, OB L [RIZS
B TH 5 ENG D intron7 DFRZ R (c.992-1G>A)
HFAEET N (Fig.6), HHT 1 B &M L7z,

z £

WO ENG B s 12 8% 45 HHT 1 B &0f
U7ePAH O 1 & ih %2 s U7z, TGE-BRZ 7 AHE
B8 57 l&, BMPR2, ACVRLI, ENGZMWE L T
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ENG: NM_001114753: ¢€.992-1G>A(IVS7-1G>A)

exong|intron7  (Reverse strand)

GAGGTCTGCAGCCTACCACL(%TGTGGGGTAGCAGAGGC

G'GGTCTGG-’GCCT‘G('CITGTGGGGT‘GC"G‘GGC
20 2n

C>T H

181

Fa17 A
pt(child)

G'GGTCTGC*GCCT-‘CC'C.I’GTGGGGT‘GC'G“GGC‘

81 191

F416
Affected father

201 n
C>T H

GAGGTCTGCAGCCTAC(ACCTGTGGGGTAGCAGAGGC

181

Control

201 2n

Fig. 6 Clinical sequencing of the ENG gene from the peripheral blood of our patient and her father
A novel mutation (c.992-1G>A) was noted in intron 7 of the gene.

B0, BEEMEPAH S HHT ORIEICELBE S LT
W3, BAKMYIC & BMPR2 D75 513 8 {5 1 PAH @
FIRETH O, HFEM PAH BE D 26% CTlHE SN
% %. ACVRL % ENG OZ%2 5 PH & HHT Ic &
fff L72 PAH & L CEEEPAH ICHHEN TV 5.
ACVRL *® ENG & Z 1 ALK1 # - & Endoglin &
HZI—RLTHEH, INSOFEHIZFEICHEBECE
WT 18, 2By T 2—7/t UTIEMT %. ALK1
EFIIZA Smadl/5/8 7V VB & ¥ Smad4 /T L
MEHAE, WNEMIEH 2 L O, M IEE D
hEZREEE%. —77, Endoglin #11& Smad2/3
&) VL E 8% T L C Smad4 IS B A
BEErAEMHGmIc@ <. LAhLENS NS IZHH
IZ, ALK1 HEHMMEH A2, Endoglin & H AL
BRI E Vo Te K5 il & 29 DI Tld%RL,
ALK1 #H, Endoglin & F3tIC TGF-BREES THE A 7%
U A2 Rl - i & v o 7l i 2 - T 5.
DE D INHIFR U TIERA, WEMIEE> 2k
OFFOFIENH LINT V AZRL > TS EHELE N
TWBMNFERIEHIH L TR, KT H 30,
ACVRLI *® ENG DZE 5T & © ¥EBEER A & D I #
XN, MEBRROFEICEHEZE/-L, HHTICH
JAMEFEE LT PAHRIEICEIS5 35 LEZ 5N
6 6—9).

HHT IC&0f L7z PAH DI & AL X HHT 2 81D

HIETHD, HHT 1 TOHEENETHITN7
FlOHTH S (Table D', AJER| & HbE 7= 8 FEH
IZBWT ENG BIaFA4 SO I E—E OB EE 2 58
Wi otz AGERITIE PAH I A T IkEhER IR,
BT s KX OHFfcE 2z 50 L Tz, —J7,
RSN FIREDO ARG L TH D, FHUELETFER
TH-> TEEBAMIE /L > TV, HHT T ENG,
ACVRLI B TZA BRI T 5 RO Z RN H S
ENTW5%. Hotspot 3{FERET, IXTD exon T
DOEENREINTED, NTOLRRICKBZEETE
HAHHT DR TH B EHHSN TS V. %
7z 8 FEHI DWWV N E L WikF D mPAP (% 40 mmHg L/
LTHY, 5B 4FIHVNTINC PAH ZFIE L T e,
ACVRLI1 %% €D (HHT 2 BICAPFLTz) PAH &£
HTIE, BWHHANEETHZ I ETRARTH S
L &N, ACVRLI ZH D7\ PAH H#3#5 & i U T
IR, MM LRSI 5 MG E RETH
%Y. ULHNLUHHT 15U H0E L7z PAHICODWT D
WEFZEAE L, WEDFRIZOVTIIAHTH
%. TOSIEFNCIBNTIX, 5.7 FEDOBISHAR T
BHEEHNIERSH TR, LA L HHT 1% Tl PH
EADFIEY A7 IZENE DDV AFIET S & F
BARREREINTVZEDEH D, KNEHITESHE
LI EEVE ISR #Z X 5 2010,
SEEIFEIC HHT B35 7% & D/hRICxd % HHT 2t
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Table 1 Cases of pulmonary arterial hypertension associated with HHT type 1

References Age (year)/sex (:::]ﬁz) Treatment Per'i:(?(ljl/c())\ztggme Location '(\:/Ll:;z’téor; Nucleotide change
4) 57/male 48 Bosentan 5 years/alive Exonb Frameshift c.682_686delTCGGC
Sildenafil
4) b9/female 41 — 5 years/alive Exon10 Frameshift c.1334delT
6) 34/female 46 Epoprostenol unknown/alive Exon11 Frameshift c.1410delG
17) 1 month/male 45 — 9 years/alive Exon12 Branch site c.1742-22T>C
7) 3month/male 45 Bosentan 10 years/alive
Calcium blocker
18) 18/female 11 Vardenafil unknown/alive Exon14 Frameshift c.1804delA
18) 8/male 53 Vardenafil unknown/alive Exon8 Missense c.788T>A
Calcium blocker
Our patient 7/female 50 Bosentan 1 year/alive Intron7 Splice site c.992-1G>A
Tadalafil
Beraplost

DIZDDAT ) ==V T DO TIEHEL L TR
HHT &2l & Nz R TIRIEEMEERE R LTz
BOIRBRIF 5% LLLETH D, 1ZIFRH 40 % F Tl
S OIEIREHEMEEE NS, B OV TIREIE
ZWr & 0 LERIRZW, FrhighivgEs A7) —=
VHTBTEPERENTVAA Y, HHT D% D
JEIRIFEER & L BTSN >TL 2 DMEL,
/NIRRT EE L WIS D20 EICHEREEEIRE D4
FO SRR LI TH 5. HHT ICA PS5 PAH
IZOWVWTH, FIHZKHNHETH . HHT ICEHT
% PAH OHEIX 1% AT & Wb, [ERERMEEIZR
HTH2 Y. HHT B&Ic B 20T a—Ic k% PH
ATV =2V T DNV LTziEIc X% &, 44
9% (20%) 1T T O— 0D =4 F i i i 37 5ok i
FRZFESD, 9534 %) BDPAH TH-o iz it
WMENZH W, 111 40 HHT BEOERBFZHA L
TR Tl PAH BFEIELED o 72 Y. AREHIO X S
CRIGRED RIS, SFRED X 7V —= > 7 %217
ST ELREBETHZN, JHREWCITA S0, LT
O—IC kB PHDRY Y —= 2 T 5% DHET
H%. TDHIZIE HAT L ENizBE T3
T+ BEie, BiEh v IRV, HHT
THHIL 3 2MERRRIEA T ) —= > T O FEICD
WTHIRE 2 2D T RKIEICHR DR LI 5 Z LAV
REAT Ot RIS & O PAH O FHAZN, SN
ANICDIah3 Elbns.
BBEICHLTRBRI Y FEY V2R EREHHE
(ERA), RARYITATI—+H 5FHFHFHK (PDE5D,
NT 77X ML TiTo 7z, B4 PHIGREESEIE
PAH ##H D QOL L AGFREZEHICHEHEL TV 5.
HHT I & f U7z PAH S & IS0 2 5 3R 1&, el
BHPBELNTWVWEZEEHDMEE DRV, ERA,
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PDE5I, PGI2 IC KX % BiFIHE > Al O ff FH #iEH
HHT I &0 U7z PAH ISR R 72 7R U Tz &9 25l
HEBHEENED, co=ZFEHHALZRSECN
FTICR AV HimOAGHEIC XD, BROVUE
DL —F O HERE W TwaEn Y. £z,
HHT IZ &6t L7z PAH TlRIME K SIEICZ LN &
MY LIAEEE S TH 5 LT T
% 7. PGR2 MO AMHENEZE NS A, HHT 1
A 2NN T PGI2 BHE SR WA Z2 1T - TG
D5 B HHT 1 CcHmMZELizEdT5HEERS
Nz, BEMEPAHREINA VR TTHB T M5,
WICHEL RO AT /) —)VE A &SI i < D
Hz—)7, HIMCFELUANSERICREGT ST N
YEND. BLIAEFNCBNTE FERREOA RN
ZZEL, ERA £ PDESIICHIZ, NT TR k7
MOEPREICHERE LAEMN 5 0FH L ERA & PDE5SI O
BERER L THEE L. SVBRIERDOSES X
U mPAP (3 50 " 5 35mmHg \, PCWP 39/ 5
4mmHg "\, PVRIZ 11.8 1 5 5.6 WU/m’ "\, CI &
3455 4.83L/min/m> \N& F— X DRELE LN
7z. WHO HEEEDHE 1 [ OB IS BV TIRA NS R
Yt Rl 111 R o i o O | S PAQTINY -
AT —T IVREZFTE L, MREERAET 2 BRI
ZOMD PGI2 $F] GidsE, R FEESE, WA, #%
M IP ZAMGEIRIIEEIEE) ~NDOLEHEE 5%
BRENDDEEZS.

AGEF OB ARED 5 B 1D (S10) &, HEE
8mm, MAFNKIE 4mm THo 7z, BHEIMEOERX
M 20~30mm LU B WIEFEABIREEAS 3mm DL E
O FENE IR X 30~40% L A ELE A €0 i i o5
{KEEZRIME 2 4E U % &S SN TH D ERIER N
N5, —5T, MigiEzaor L ziishEivEc B
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ENG Z H7% € D HHT 181 & 4F L 7z PAH I R
L, RSN RS X 2 90 RELE 2 T 72 9)
HDTOMETHS. HHT DAY —=FIc kb H
JC PH OBWNICE D, WI0FHREE TR, S il
a7z g8 Tz, 5%t BIARBISE X UEH)
DERIC K ZBEIDRETH 5.
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AN DV THR T NEFEHE (COD 13780,
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