





Patient Profile (2007)

Age/Sex
40Y, F

Blood Pressure 160/98 mmHg

C.C/Onset

DOE (NYHA functional class 1), 4YA Heart Rate 92 bpm

Past medical history Respiratory Rate 24 /min

N/S

Body Temperature 37.1°C

Family history
N/S




Initial Workup

Initial Chest X-ray Initial Chest CT



CBC, Chemistry

WEC {Qn}[ChemPR-1],Blood
RBC (Qn)[ChemR-].Blood

Hb (Qn}[ChemR-1].Blood

Hct (Qn)[ChemR-1].Blood
MCV (Qn)[ChemR-1],Blood
MCH (Qn}[ChemR-1].Blood
MCHC (Qn)[ChemER-].Blood
RDW (Qn)[ChemR-].Blood
Platelet {Qn)[ChemR-].Blood

45
465
12.9
39.0
B3.9
XIT
331
181
229

Total calcium (Qn}{ChemER-].Blood
Phosphorus (Qn)[ChemR-]. Blood
Glucose (Qn)[ChemR-1],Blood
Creatinine (Qn}[ChemR-1],Blood

BUN {Qn}[ChemR-I],Blood

Uric acid {@n}[ChemE-], Blood

Total cholesteral {Qn) [ChemB-].Blood
Total protein (Qn}[ChemR-1].Blocd
Albumin {Qn)[ChemR-]. Blood
ASTISGOT) {Cn}ChemFR-I1.Blood
ALT(SGPT) {Qn}[ChemR-1],Blood
Allaline phosphatase (Qn)[ChemFR-1],Blood
¥-GT (Qni[ChemR-I].Blood

Total bilirukin {(Qn)[ChemR-1],Blood
Sodiurn {Qn)[EM], Blood

Potassium (Qn)[EM].Blood

Chloride {Qn)[EM].Blood

Total CC2 {CGn}IChemR-1].Blood
eGFR{MDRD) (Qn).Blood

2.3
38
106
0.7
14
3.1
148



Transthoracic Echocardiography

n
c
k4
[
=

TR Vmax 3.4 m/s, PG 46 mmHg
Mild resting PH

Slightly decreased RV contractility
Normal LA/LV




Pulmonary Function Test

Flow
16+
121 Spirometry
T Ref Pre Pre Post Post Post
Meas % Ref Meas % Ref % Chg
81 FvC Liters 3.41 3.21 94 3.18 93 -1
FEV1 Liters 2.65 2.42 91 2.44 92 1
FEV1/FVC % 77 75 77
4 FEF25-75% L/sec 3.10 1.92 62 2.09 67 9
IsoFEF25-75 L/sec 3.10 1.92 62 2.07 67 8
PEF L/sec 6.08 6.68 110 7.16 118 7
0 . FET100%  Sec 9.46 10.91 15
FVL ECode 000000 000000
Mvv L/min 106
-4+ f BPM
-8+
-12

2 0 %Iolumg 6 8




Right Heart Catheterization (2008)

RHC result A\ Diagnostic Dilemma

PAWP 23 mmHg
— post-capillary pattern

mPAP 35 mmHg

PAWP 23 mmHg e CT2& GGO + septal thickening
- pvoD HiX| =7t

CcO 6.8 L/min

e Vasodilator X| & E &,
At EHA




Clinical Progress



Re-workup (2018)

RHC results

MRAP
mPAP
PAWP
cO
PVR
ScvO,

35 mmHg
23 mmHg
6.8 L/min

6 mmHg
39 mmHg
10 mmHg
6.0 L/min
4.7 WU

67%



(42 PARK, MI KYEONG, F50 AMC ECHO 6
26)

36002841 03/20/2017 13:40:12

TTE results X
TR Vmax 3.4m/s 3.7m/s
PG 46 mmHg 55 mmHg
Resting PH mild moderate
RA/RV Sl. decreased Normal

LA/LV Normal Normal (5‘2’ PARK, MI KYEONG, F50 AMC ECHO 6 M5Sc

<Y 36002841 03/20/2017 13:37:02 USR Cardiaca




Diagnosis of IPAH

e Pre-capillary PAH, PVR 4.7WU
> IPAH 7| & %’—.‘, PvOD Hij A| =

Q Macitetan X| & A|%&f (2017.057)




Development of New Symptom (2018)

Recurrent epistaxis

Vital sign

I BP 150/76 mmHg
I HR 87bpm

I RR 20/min

IBT37.1°C

Nasal examination :
multiple telangiectatic lesions




CBC

ACO0BZ WEC (Qni[ChemR-1.El... 4.1 4 10 ®10°/uL
AC0030 RBC (Qn)[ChemRALBL.. 3.65 4 54 X104

BCO018 Iron {Qni{ChemR-11.BL... 16 50 130 wg/dL
ACO0ZT Hb(Qn)ChemR-l.Blocd 6.5 12 16 g/dl

BCO019 TIBC{Qni[ChemR-I.Bl... 526 280 400 ug/dL
AC00S2 Hct (Qn}ChemRB-(].Blood 24.0 36 48 %

BCOO71 Ferntin {Qn).Blood 4.4 10 290 ng/ml |

ACO157 MCV (Qn)[ChemR-].B... 65.8 20 100 Al =|
ACD158 MCH (Qni[ChemR-I1.B... 17.8 26 32 Pg
ACD15% MCHC (Gn)[ChemR-],... 27.1 32 36 %
ACD123 RDW (Qn)[ChemR-].B... 226 115 145 %
ACO093 Platelet (Qni[ChemR-... 254 150 350 x10%uL

Diagnosis of IDA
— Started iron supplement




Outside EGD (2024)

oy

Multiple angiodysplasia in stomach, duodenum; erosion at antrum
- s/p APC, endoscopic clipping (2024.12)




Hepatic Arterioportal Shunts (2025)

2025.5 Adrenal CT 2025.12 Liver dynamic CT




Curacao’s diagnostic criteria for Hereditary Hemorrhagic Telangiectasia (HHT,
Rendu-Osler-Weber syndrome)

(Shovlin C.L. et al., . Am. J. Med. Genet. 91:66-67, 2000)

@pistaxis: spontaneous, recurrent nose bleeds
@Telangiectases: multiple, at characteristic sites (lips, oral cavity, fingers, nose)

isceral lesions such as gastrointestinal telangiectasia (with or without bleeding),
pulmonary arteriovenous malformation (AVM), hepatic AVM, cerebral AVMs, spinal AVM

4. Family history: a first degree relative with HHT according to these criteria

Diagnosis of HHT
Definite: 3 criteria are present
Possible or suspected: 2 criteria are present
Unlikely: <2 criteria are present




Gene Mutation Tests (2025)

ACVRL1 gene mutation ENG gene mutation

ZUAFH © ACYRAT gene nutaiton HAMHE 0 ENG gene mutation

FCHH i i i i . . . . .
SR UG o g g e TICHHE  Hereditary hemorrhagic telangiectasia
ERl e :

St TR T Tloket T P soaenting

= = == ~

OMIM Dizease : #187300 =T HFAl AFOFAH| = A0 =

OMIM Gene @ +G01284 Trlj‘z'_' ' .:..|:|—|I'I|—r.:.'|'r._-|

GereBank NT @ NE_009549.1 aH : FB

GeneBank MM MM_DO0DZ20.3 DH'M DiSEﬂ.SE ' #IE?EDD

[Result] .

Heterozyaous LP, ©.920C=4 (p.A30TE) was detected in ACWRLI. EEAEBEﬁEENT *1 3}13884?D a0

[Interpretation] : B '

lg Hered|t)ary Henorrhagic Telangiectasia 2 (HHT2)= ACWRLT (activin & receptor, tvpe |1-like 1) FEX2] SHHE0H 2| GeneBank HW @ NM_OO0118.:3

2 AEVRLI =TSl SHE0| WSS ZUSEI| 2ASHH, AVRLT KT 10HE] exon 3 exon-intron boundary® THER 221 E [HESL”t] i . . .

S THssUL Mo mutation was detected in coding region of EWG gene.
iogjﬁﬁa‘ = 23, 2 ZAHETHE ARLY FEARR] ewon?HIA c,9200=4 (P Ala307GI0) (p ASOTE) HO|E 0HEERZR

C.920C=4 (p, &307E) (rs863223411 )= Clinvart 22 H0|2 E0F HWO|Z, likely pathogenic (LP, PH1 PM2Z PP3 PPRI2E 2

B %EEDI&HH( I3

4, 2 HMAFFS ACVRLY SFAIS| ©.0200=4 (p.A307E) OIETEF LP SHEH0 M| 2|E HHT2 EHRHULICH

5, HEFAEH HE R0 2RELCH

—> Diagnosis of HHT type 2




Summary of Clinical Timeline

2007 2008 2018-2024 2025
_xF “RHC A|&H -PH 5} - Recurrent - ACVRL1 mutation
-DOE mPAP 35 - mPAP 39 epistaxis

PAWP 23 PAWP 10 - Angiodysplasias > HHT2 2%
- PH 2|4 PVR 4.7 on EGD
> ZutatE - IDA
- IPAH RICt - Hepatic AP shunts
- Macitentan




Current Status (2026)

 Macitentan for 9 years, stable course without significant worsening
* ACVRL1 mutation = On family genetics consultation

e Last TTE (2026.3)
 Enlarged RV with preserved contractility
 mild PH (TR Vmax 3.1m/sec, no IVC plethora)
LA enlargement, normal LV

TiIsO8 Mi14 TIS0.5 MI 0.1

M3 M4
31mis +69.3

mmHg

g
\\!'_}- g

--400

o L
100mm/s ' 70bpm







Patient Profile (2026.4)

Age/Sex
52Y, F

C.C/Onset
Epistaxis, 4YA

Past medical history
IPAH

Family history
N/S

Blood Pressure
Heart Rate

Respiratory Rate

Body Temperature

104/62 mmHg

60 bpm
16 /min

36.3 °C




Past history

1995 4l S hemoptysis 2d, IPAH £ EF Warfarin =&
2005 f/up loss
2013.8 hemoptysis= A Ll &

TTE & PH &3t E| O volibris £2F > 671l & = f/up loss
2018.5 X| & CA| |ISHH LY, volibris R EF2F > 37HE = loss
20225 D2 Ef 3 S5 H=.

CHA| 22 =8 AlZF Opsumit £ > 1708 2 loss

2026.4 HH =2

r°
dl
=)
Hu
=
I
[0




Chest PA

2026.4 2022.5




CBC, Chemistry

WEC (Qn}[ChemR-I],Blocd
RBC (Qn)[ChemR-].Blood

Hb {Qn}{[ChemP-1],Blood

Hct {Qni[ChernR-1].Blood
MCV (2n)[ChemR-1].Blood
MCH (Qn)[ChemR-].Blood
MCHC {Qni[ChernR-1].Blood
RDW {Qn)[ChemR-1],Blood
Platelet {Qn}[ChemR-1],Blood

5.2
436
12.8
390
89.4
29.4
32.8
13.2
169

Total calcium {Qn)ChemR-11.Blood
Phasphorus (Qn)[ChemR-1],Blood
Glucose (Qn)[ChemR-1], Blood
Creatinine {Qn}[ChemR-].Blood
BUN (Qn)[ChemE-],Blood

Uric acid (Qn)[ChemR-1].Blood
Total cholesterol {Qn)[ChemPR-].Blood
Total protein (Qn}[ChemE-].Blood
Albumin (Qn)[ChemPR-1].Blood
AST(SGOT) {Qn}[ChemR-1]. Blood
ALTISGPT) (Gn)[ChemER-1].Blood
Allaline phosphatase (Qn)[ChemR-1],Blood
¥ GT (Qn)ChemR-1].Blocd

Total bilirubin {Qn)IChemR-I1.Blood
Sodiumn (Qn}[EM].Blood

Potassium (Qn)[EM].Blood
Chloride {Qn)[EM].Blood

Total COZ (Qn)[ChemF-].Blood
CRP {Qn).Blocd

eGFR{CKD-EPI) (Qn).Blood
eGFR{MDRD) (Qn).Blood

3.6
2.8
143
0.71

106
240
0.09

38
=60(26)



Nasal examination

No evidence of
telangiectatic lesions




Pulmonary Function Test

Spirometry
Ref Pre Y%Pre Post Y%Post “%Chg
FVC 331 298 90 3.18 9% 6
FEV1 2.73 2.51 92 2.60 a5 4
FEVA/FVC 81 84 104 82 101 -3
FEF25-75 2.75 2.78 101 267 a7 -4
B — IsoFEF25-75 278 3.24 16
Fiv ex == Pre PEF 575 6.99 122 7.23 126 3
A ) FET100 551 4382 -13
61| E ATSO05 201 201 0
| ‘*K\ Mvv 97.96
f
4 Y Diffusion
hY Ref Pre %Pre Post %Post %Chg
2 T, pLco 200 13.4 67
LN DL Adj 20.0 13.4 67
s, Wil L] DLCO/VA 4.52 2.61 58
0= ; T DLIVA Adj 261
I:‘M. 2 f 4 & DLCO ECode 0
e ) VA 4.70 5.13 108
21 L e, ] e 3.31 293 88
3 R BHT 12,07
4 - Lung Volume
Ref Pre %Pre Post %Post %Chg
TLC 471 4.97 106
& ve 3.31 302 91
Ic 2.04 1.11 54
FRC PL 261 3.86 148
&- Vig 4.07
ERV 1.02 1.92 188
RV 1.7 1.94 114
RVITLC 36.38 39.09 107

L Vol ECode 1




Chest CT, AP CT




Right Heart Cathetherization

— Resistance
Pressure 55 19 | 23
MPA e .
saturation 77.5 PVR{(Wood units)iby indirect fick) 448
Pressure 54 19 | 33 PVR{Wood units)(by thermodilution) 4.7
RPA : -
saturation SVR{Wood units) 12.08
o o Fressure | PVR index{Wood units) B.96
saturation SVR index{Wood units) 2033
Pressure | ;
Lt PAWE . Rp/R= 0.34
saturation
Frassure & 9 | ¥
i PAWP -
saturation
conclusion ] Mo evidence of pulmonary hypertension

(W] Pre - capillary pulmonary hypertension

[ Isclated post - capillary pulmonary hypertension

[] Combkined post - and pre - capillary pulmonary hypertension

(] Exercise pulmonary hypertension

[m] Cther

vasoreactivit test result: negative




Transthoracic Echocardiography

TISO4 MI14

58 bpm

60/ 53 FPS

Mild resting PH, mild TE (TR Vmax 3.1 m/sec)
Normal LV/RV

TIS0.5 MI 0.1

+ TR Vmax M4
Vmax 31m/segs
Max PG 37.5 mmHg B

| --400
" 100mm/s ' * 61bpm




Gene Mutation Tests (2026)

ACVRL1 gene mutation

=

FE © ACYRA! gene mutaiton

Hereditary Hemarrhagic Telandiectasia
P OACYRLT on 1291313,

H © PCR-Sequencing

PO Sedencine
ERENACHE SR

oo
=
=
=
b
H
=

T

x|
H
H

==

O:qo02dors 0

El

B
OMIM Disease @ #187300
L +A01284
¢ MG_009549 1
GeneBank MM MM_0O00Z20.3

[Result]
Heterozygous LP, c.1120C=T (p.R374W) was detected in ACYRLI.

[Interpretation]
1. Hereditary Hemorrhagi

c AI—DHAH;‘(.“
I=-like 1) STAkE] SH4

'ectasia% SHFH2Z, MWL {activin & receptor, tvpe

i (HHTZ 3=
[ZILCE (1),

2, ACYRLL JTIFS| SHH0| S5 2251 5HH, ACYRLT TR 10M2] exon H exon-intron boundarydl CHER
HIEE FAeISULCEH

3. HWIME 24 B, 2 FAMHATHE GORLT FERL] exongl A o 1120T=C (p.Argd?4Trp) (p.RIT4N) HO0IS 0|HE
grfz 2 sUnt

. 1120C>T {p RI74Y) (rs28036401 )= Berg N S0| HTTZ EAtHAM A S EIEH HO|E, |ikely pathogenic (LP, PHI PMZ2
PHE PP3 PF5) (2,30

4. 2 ZAHAR

5 FHETE AN E FEAEN ERELCH

mnr
=
o
=
=
=]

ENG gene mutation

T ENG _g;né _mutat ian

-
=

 Hereditary Hemarrhagic Telangiectasia
. EMG on 9q34.11

$ ¢ PCR-Sequencing

S e s

FE

OMIM Dizease : #F187300
OMIH Gene @ +131195
GeneBank NT @ MGE_009551 .1
GeneBank MM @ MM_0OO115.3

[Result]
Mo mutation was detected in coding region of EMG gene.

=
L IEEHDE  0f

Dxdooxdord Oy

A

[Interpretation]

1. Hereditary hemorrbagic telangiectasia 1 (HHTT, or Osler-Weber Rendu syndrome}2 A2IME SHFHZ=E, ENG

{endogliny =R SEHOIH 2[ELICH (1],

2, E&?r}’;;"ﬂﬂ SHAH0| 5 ZHFT| HEHH, ENG FEIRE) 147 exon X exon-intron boundarvt| CHEF 24714 E
= BMoIs

3, BrME 2M A, = AAHETE BN SRR 22 exon ¥ exon-intron boundarytlad EO1 HO|TF AR
RN

&HEHQAFU'IQIFE EWG S A2 coding region . exon-intron boundary2| splicing junctiondlAM2) HEHH|E
B, 2 ZAHHARIE ACYRLI ST AR2| c.1120C>T (p.RI74W) O|HEEAL LP SESEO|H 2|5t HHTZ ZHAFLIC

—> Diagnosis of HHT type 2



H7H Assessment)
# IPAH (1998);: 2013 volibris BIH= ., 2018 =, 2022 opsunit 12HE =M

-» PAH associated with HHT2




PART 111

Disease Review

HHT and PH



Hereditary Hemorrhagic Telangiectasia
(Osler-Weber-Rendu Disease)
* Multisystemic vascular dysplasia
* Autosomal dominant
 1/5000-8000 worldwide
* Pathogenic mutations
* ENG (HHT1)
-95% of all HHTs
 ACVRL1 (HH2)
« SMAD4, GDF2 ...




. HHT
PathogenESIS (mutated genes)

ENG -
(HHT1, 45%

ACVRL1
(HHT2, 45%)

SMAD4
(JP/HHT, 1-2%)

Target gene
regulation

Robert, F., Desroches-Castan, A., Bailly, S. et al. Future treatments for hereditary hemorrhagic telangiectasia. Orphanet J Rare Dis 15, 4 (2020).



Diagnosis : Curacao Diagnostic Criteria

Curacgao’s diagnostic criteria for Hereditary Hemorrhagic Telangiectasia (HHT,
Rendu-Osler-Weber syndrome)

(Shovlin C.L. et al., . Am. J. Med. Genet. 91:66-67, 2000)

@Epistaxis: spontaneous, recurrent nose bleeds m/c’ ~Q59;

@Telangiectases: multiple, at characteristic sites (lips, oral cavity, fingers, nose)
70%
Visceral lesions such as gastrointestinal telangiectasia (with or without bleeding),
@Imonary arteriovenous malformation (AVM), hepatic AVM, cerebral AVMs, spinal AVM
15% ~ 45% 70%"~ ~20%

4. Family history: a first degree relative with HHT according to these criteria

Diagnosis of HHT
Definite: 3 criteria are present
Possible or suspected: 2 criteria are present
Unlikely: <2 criteria are present




HHT1 vs HHT2

HHT1 HHT2

Mutation ENG ACVRL1
Symptoms

Epistaxis ++, Younger +++, Older

Pulmonary AVM 50-70% 5-10%

Cerebral AVM 10% 1%

Hepatic AVM 40% 60%

Gl bleedings 5% 15%

PH +, post-capillary HOHF ++, post-capillary HOHF, PAH
Prognosis Good Good (sl. Better)




HHT1 vs HHT2

HHT

(mutated genes)
BMP9
/ BMP10
GDF2 I| | ‘S‘l's
(HHTS5, <<1%) ey
[ Endoglin
(]
ALKllg BMPR2
\/§3d 1,5,9
Endothelial Cell

ACVRL1
(HHT2, 45%)

SMAD4
(JP/HHT, 1-2%)

* ENG: co-receptor
- E= RO 2 g2t O =M Z5HA B

- Mutation = large AVMs (lung, cerebral)

* ACVRL1: key type | receptor
- A, DM WO M 20| ZoHA o

- Mutation =2 small vessels malformations

- hepatic AVMs, small vesseli occlusions



HHT1 vs HHT2 PAH HHT

ENG
TGF-B BMP9/GDF2
L i

ALKS \

TBR2 BMPR2 |=» BMPR2 [ SMAD1.5.8 \

: l SMAD2,3 “k% SMAD4 €= SMAD4

1 1 Endothelial cell
Cell cycle arrest Proliferation
SMC proliferation

l K > Smooth muscle celb
e e S e

§ . e -

Vorselaars VMM, Hosman AE, Westermann ClJ, Snijder RJ, Mager JJ, Goumans MJ, Post MC. Pulmonary Arterial Hypertension and Hereditary Haemorrhagic Telangiectasia.
IntJ Mol Sci. 2018 Oct 17;19(10):3203.




PH in HHT

@ Post-capillary PH (more common)

- Hepatic AVMs + anemia - High-output heart failure (HOHF)
- Elevated PAWP, high cardiac output

- HHT2 > HHT1

@ Pulmonary Arterial Hypertension (PAH) (less common)
- Pathogenic mutation of ACVRL1

— obliterative vasculopathy of small pulmonary arteries
- Pre-capillary pattern: elevated PVR, normal PAWP
- Clinically indistinguishable from IPAH
- Only in HHT2




PH in HHT

HHT1/HHT2

Large AVMs

HHT2

4

ACVRL1 malfunction

Shunting - High-output

\4

4

BMP signaling malfunction

HOHF

4

4

Proliferative endothelial signaling

Post-capillary PH

\4

PAH




Patient with HHT and High Pretest Probability of PH

PH in HHT i

|
RHC mPAP > 20 mmHg

Precapillary Postcapillary
PAWP = 15 mmHg PAWP > 15 mmHg
PVR>2WU PVRs2WU

* Multiple etiologies may coexist in a single patient "
- complete hemodynamic profiling Supportive Therapy

Oxygen supplementation
Treat iron deficiency anemia

.
(RHC) is encouraged S HOHF
* Vasoreactivity testing Determine liver AVM burden
+ PAH-specific therapy (based : Diuretics and salt/water
on patient risk profile) restriction
« Diuretics and salt/water [ Q >4 « Anti-angiogenic therapy
. [ . restriction "
* Treatm hould be individualized - - e e
re a t e n t S O U e I n IVI U a I Ze * 'a‘:cg,:;:zsg;as:':m" for . LI‘;E! transplantation for
refractory cases
CTEPH Left-Sided Heart Disease
* PTEA Ay
« Nonsurgical candidates: (_ > ?é::'ﬁgﬁzf?"d salt/water
mattimodalocigiat and BbA - « Guideline-directed medical
« Oral anticoagulation (based therapy
on patient tolerance and HHT- e Ao
el a‘: ed bleeding events) « Mitigate cardiac risk factors

Hypoxic Lung Disease

« Pulmonary function tests

« High-resolution computed
tomography

« Guideline-directed and
etiology-specific
management

« +/-Inhaled treprostinil




Summary

PAH can precede overt HHT manifestations by decades.

ACVRL1 mutation with PAH is clinically indistinguishable from IPAH.

PH in HHT has multiple etiologies.

e Early genetic diagnosis matters.
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Thank you for your attention!
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