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[Abstract]  Chronic thromboembolic pulmonary hypertension (CTEPH) is a potentially life-
threatening pulmonary vascular disease, which belongs to the fourth largest category of pulmonary
hypertension as defined in the 2022 European Society of Cardiology guidelines. Percutaneous balloon
pulmonary angioplasty (BPA) is an interventional technique.which uses continuous and phased balloon
expansion to treat the narrowed site under pulmonary angiography guidance, providing a completely new
therapeutic method for CTEPH patients who are unable to receive surgical treatment and for CTEPH
patients who have post-surgical residual pulmonary hypertension. This paper comprehensively introduces
the interventional therapeutic technology of BPA, focusing on the development history, the clinical
indications and the development of operative technique of BPA, meanwhile, the latest development of BPA
in the treatment of CTEPH is also introduced.

[Key words)

percutaneous balloon pulmonary angioplasty; chronic thromboembolic pulmonary

hypertension;interventional therapy

General review ¢

& Ve M A # %€ PE I 3h Bk & (chronic
thromboembolic pulmonary hypertension, CTEPH) ifi
W 2P i #4 22 Cacute pulmonary embolism, PE)
ALK . BARKER S PE BE 2 hisE 2593097
J i AR B 2 AR T B 2 AR R il 3l ik AT Rl A
B2 By A ZE A 78 BEL A 0L P DE R AR I B L 38 AP
& J& Ry i sh ik & & (pulmonary hypertension, PH) .

DOI:10. 3969/j. issn. 1008-794X. 2025. 03. 019
E£TH: EXREAMNFESFZEHT A (82071875)

CTEPH {1 fili 2 ik A6 255 31 A= B 27 2Ig A5 45 4 30T 3 1l
1Y BEL 2 P i A R s I A M Y L TR
Z 4 PE 85 AN JEAT W FL It 30 ik s ) Bl U5 DA
i CTEPH 1y & 75 AR AME#f &' . H . CTEPH
BT J7 34 4 il S ik R SR R Cpulmonary
endarterectomy, PEA) | 8 [ 25 W35 97 N & J #k 3%
fifi 5 Bk % JE A (balloon pulmonary angioplasty,

EF AL 100029 bt A BERE R A B AL o 22 0T = Be A A2 97 R

HEINMEE : G E-mail: maxi8238(@ yahoo. com



AT 2223 2025 45 3 A% 34 45 3] ] Intervent Radiol 2025, Vol. 34, No. 3

— 325 —

BPA). PEA Fitm 254 697 CTEPH fy 5 2 )y
2 AHH T CTEPH %9 57 5 19 95 3L AE B2 784k L LU
EWFRYT TR IEANRRIE T AN AL . 1 BPA
EREEZIIF TR CTEPH BE W E LI
LR B B KRR AN ATFAR TR A
AUA] %25 1 sk e 75 1 B, ok 0 4% 2 i 1L 4 IR A B AT
BT R, AR SCKE N BPA & st B2 3 o7 UE 3 it & F
A F AR K 45 7 1 R B AR HE BPA X — £ R K H A
1HY7 CTEPH vy ki

1 BPAWERRBREMIK

2001 4 Feinstein % 5 — Wk & % XL F BPA
1GY7 CTEPH BE RS 4RIE T 18 BICE TR
CTEPH ## 2 BPA JaY7 5 . F- 4 ili 3 bk 'k . WHO
ifigsr 95 6 min 247 R (6MWD) 45 5 3415
P st 45 L R BPA X # ¥ CTEPH & HAK
GFEYIT R, A 1 0 B R A T Y i K
b (reperfusion pulmonary edema, RPE), X 1 3 4
T EE AL <, 30 d BET- R K 5.5% . FHIFRE
BPA Y897 I R 296 B L 55 169 01 i & A= 5 B Tl
THTTIZ MG R R . 2012 4 Mizoguchi %57 %
68 il i A1 HJC ¥ F ARG I CTEPH & & Sk
LW AW AT BPA RYT . R B /DR R
T fife B pe 7 1% [ B 5 oA B E 0 /0 7 i I 5 45 47 . B
Ja JUAE  BPA BOR &t — R 50 i ke gk, JF & 0E & A=
R FRM., EHZ 20 BPA BRI E . BEAF
R IR 97 %, I ) F1 2 B B 03 1Y R i RPE
R AR R R BEAR . P4l BPA %) CTEPH 197
%, Kennedy %040 A 40 T 52 %1 763 6] (8 & F
TTEEFESPr . S5 R BoR, #222 BPA JRY7 I CTEPH
FBE Y 45 T AR (6MWD - 35 ifi 2 Jik Fe 7 K il 1fi
ERH AR T W . 2022 AF KM O IS
22 (ESO) Jifi 8 Ik & 1512 16 98 B IE 20 BPA 94 A
CTEPH J&YTIY T A . AR PEUIRE H [ ok
FAM CETPH B & E %L m 259, BPA 5H
A I RN G PR LB FE 4 R I R R P R
AHEG  BPA AT ER L4 A BE i 22 BPA 16T J5 1Y F
Y43 Jili 2 ok s e I B Ry b 3

Zx Lk B H RS 56T RS B 8 L TR
PRIFARIH KAE & A R R F, BPA [ % 4 PE LA 3%
PEAE R TR, BPA IEZE WKy CTEPH
U ) — e A AT RE R 2 ARYT IR TR
Tk FARM CTEPH BH M EAF%,

2 BPA BEHIRERF

CTEPH J& PH fi§ F 2 2 —77 11, e —
AaEs PRGN PH R, X T PE # &, T
i PEAL H & ey CTEPH By Al gedE. 2022 4F ESC
Wt Bl ke He 2 b e e B i PE B DL R IS
BN % p& CTEPH: OPE 8 & Ml 3h bk CT i 4 h
B B CTEPH A G S 27 AR 52 A (B0 88 75 .0 3l
P Ak 00 it 2 ok Wi 46 K F 60 mmHg; @ PE 3 #F
S A AE W I PR X sk 2 g R s © B CTEPH fa [
M2 uk & CTEPH i 9743 B JCAE IR f 5

i CTEPH 835 #0047 % kPP A% Fn 48 B
IR PEA T AT . X FHEAR LR FAR
5t PEA JXURS /4R 25 LU &5 09 (835 7] % 8 AT BPA JRYT
CL AR AR KT BP, ##il BPA R A
S AT (B PEA) . H BT B = A R0IE 983
W1 BPA w3k 25 5 2 (1 8 % 28 8, @ 1 W] 17 BPA
BB F G Ol T8 40 1 T I A A9 3 o i R
Joikfik X ) CTEPH (3% ; @ PEA A9 XU /3K 25 L
ANFRAR R R8 38 O dn s A8 A EL I 3 31 ) 2% 32 40 5
s N G IFAE T AT A% = 1 F R AR 45D s @ PEA R 5
Feek /2R Mg Ik = 8 #E s @PEA F R K WG
17 BPA T4 Ry J % s @ PEA KRG 1A 5% B %
KE 0B © X 25 PIETT RN AER R

3 BPAFARAXMBE
3.1 BPA RFEi#E&

PEPEVE T 20 ok 1 5% b S50 BPA 855 — 25, 17
it 3 ik 38 5% R B9 B B9 AL 4G O i 2 BPA A9 Il 45
O MR i RN R A 10 I BR4E A5 RS-, il 3 ik
T 5 0] R AR S B AL W B0 Dk A F 25 A . R AT Y E Y
BRI SE AERERAESE, R EW .
Bh ks 5% B F AR WISET- 308 0. 2%, R ™ & PH
B ER L TATR
3.2 BPA FAREKRE

BPA FARIG 7 H 0929 5K il 3h ik Bk 2 05 42
35 4R A I 9 R 3 e A 0 S B Aar s AT
B0, BPA F ARG N O & IR I7 /Y
Jits B Jik s A% 5 @ T 22 % 2ok B A B FE i A 5 D 3K 4
P IR g A8 LAWK 520 L4 00 I . — RT3k il R
ARG S Y HE T R 25 00 Il o 2E AT R 9T . M i
T OB R i A P R &Y R
ML B 7 2 03 5 o W S R4S e R Y oM
T SR T 2R M FARD



— 326 —

AT 2223 2025 4E 3 A% 34 45 3] ] Intervent Radiol 2025, Vol. 34, No. 3

CTEPH & 35 Jifi i, 45 95 22 25 7 40 45 BF R 5 A2
(A B WUIRE S (B B YR AP ZEH 28 (C R 58
SV FERAE (D R AT d g A (E BDY, AR
A5 T RN O R AR A e
LSBT 97 ) CTEPH B3 19 500 IRF AR
JPRE (GBI 1936 MR kb)), &5 R 7R A-D B 28 v
T B it 2 ik 3 i » 7R AR A7 T B il B ik DA
K A FIUFD B AR B BPA B3 R L I kAT
Kb FRAR AR, D BRI E R AR (1 B D) R 0 K T
HoAthgig A 26 8, 55 Ab o B A2 BIF 50 8 s A A7 F 3 i
sk B 22 /4 Bl s Bk T R E E SOk o B
CTEPH . ¥ 5 k57 F i Bt 3h ik DA F 2 3 9 3
SN JE RN CTEPHY™ . [ B HC 4 T PR 4L 1Y
KU SHLE R B R, PR CTEPH 5 Hog W
1o 1 il 3 BT 34 R Rt E s 8. 3 4 R B R I 26
FBH BT 55 R UL T T AR Xk R
() T I A W K 25 A

Xt BPA AR M, 58 4 1 28 02 I Pk Rk 1
A% G H 2 i Bl Bk Al /DS 43 S P € S . 2015
4, Kawakami B BA 5 T 280 7 9 26 5| 5 5 22 356 )
23 P JE 9 A8 5 2022 4, Marukyan 482 9 IR i
T T — 00 33 il 3h kO B 4y S 5E 4 T E R AR Y R
151152023 47, |6 N 2 5 iE — 25 0 P 2 0 A8 AR 4 1 A
S IE A PEAT 022 A RY, Sk v A ZE AU 5 B R, 5] Sk
P ZE R C AL, L 11 P4 SE D ; A JE A 2K B 5 BPA 193R
I7 ) 23R AH O, 2 TI0I B B e A Al Sy O R % . DA b
F7E 2, H ArBkEEY 7k B 68 2 1k il B 3h ik 79 43 52
SR, [F] PAT SE95 78 3 — X A0 10 8 T i e .
Sk 3t PG il A B R S A D B ik B i 4 1 3D B
o AT (R 5 A PR e 4 b ok B M A
3.3 BPA J7fi

2 BPAWRIT I sh Bk 5 BRI A S TEF AR R
R 200k 52 3 e 5 A IE R RS TR A B DT B B A AR
B K. NIRRT RCR T2 B 2k
11 BPA YT . 387 TR MR B T CTEPH
FBE B AR R IR B F1 2E R L R &
W AR E T 3~ 10 WITRED .
3.4 CTEPH WZ32 697

PEA R J5 84 PH T3 I R % 157 i D i [ 252
Yanaka % 4[] B AFF 55 %0 4 E B T PEA RJ5
B BPA G /E R CTEPH W7 BRI & —Fh A
RCH A AR W AT Ak 4 PH Fiz shig . 5
HN TR BEPERF ST IESE AL T 36 Bl A RERE 2 4L
A B CTEPH #23#% . 7 BPA RETZ D% 3 A

Kawakami

FIBPGOA YT . LA ESIE BPA 5 F) B PG IK 5 229497
(4 Ve 5 A e . BRoT g R WL KIS br (2
5 i 20 bk R I 148 BH 0 B 6oMWD 55) 7E BPA IR
ST IR — 0 B8 B R PSR BPA J7 51iR 9T
B A NP S B T i — 2 gk es. HETX F
CTEPH W22 58697 (A D m /ANFEAR 0 5%, B =
2RI RCT Bk it — Bk B 4 5867 A
QT o o

4 BPA STRIEMH A E

TESFJE BPA BYHIIH . &Aoo i 3 7177 M
iz By R A AR AR . B JLAERE
E WA CTEPH #F 58 19 i — 2B A K A 250
(446 b5 # AT LA 7 5000 8 BPA HUS 5 5 . Inami
eI gy A 54 B R R 525 SR I A L
BPA AR5 AR 5 09 il i 8 53 9 0F- 43 40 A PEAl L i 5
SR TN 0 | R @ S B e S s e S UL iER i
FEIRIT AR . S A, 4 F 58 CTPA K& MRI % 5%
G2 PPAG T AR T S IR A 0 BN R ST R R A
FOTFH BPA JF°"

S8 A VAR YT I B I A AR R 2 L BB R Y I IR B )
2 K3z iR v A I R TR R AR AT Ak Y
ili 0 bk 43 3 K SF- T e AR 5 97 8 6. Suruga 4P
BT 58 42 P S5 A8 Ji I AF 5% . & BRAR YT 56 4 M FE R
A R R B Ik 88 260, HLAHXT T36 97 Il BE K- 19
P SE 95 A5, I BB 2 ik 7K S 14 PR 6005 A8 2896 97 I - SR M
& AT B0 38 g P 1 [ s il I 9 A R ] R R =
B ERmEeWE . 445108 CTEPH 5
JE I CTEPH fy LA DA 3l ik 43 9 43 303X — A
JE 5081 BPA 1 S8 8 X 6 F £ T W kb #E AT IR T A
I T S 2 0 R T B0 IOk 7 i 0 JUE e B8 R
PRSEIR T T W B e 28 B 41 /N9 43 32, I B ) 2%
(18 B3 T S I B A L ) s ik 7 A I e PR
5 BPA FARZ[BHHHE

5.1 BPA Bk
WA B W G ) %) JE 3R #% (non-slip element
percutaneous  transluminalangioplasty = scoring

balloons, NSE PTA) &—Fl iy 3 1~ J& Je ot {4 4 i i
BRAE T LB 1k BRAE7E P 5K 1M 45 i & R v sh . A
JRER P I H] T 28 B 5 IR 3 Bk /e A6 97 JF AR5
T H AR U7 0 W B A R R 9T R
Takigami 277 & ¥ NSE PTA 5k 4 | T BPA,
£ BPA G 97 v, 5 3% 38 BR % A0 b, NSE PTA 3k 4



AT 2223 2025 45 3 A% 34 45 3] ] Intervent Radiol 2025, Vol. 34, No. 3

— 327 —

E B It 20 K R 7 0T TE 3 22 . HS IR
BHMEERZIIWKT 1 B, NSE PTA BR$¥ET T
EOE B DN B 1 . SR B e 0 il 3 ik e
FVE T 2% B 5 B3O R s 45 . Pk, NSE
PTA 7] figi& T4 BPA IGY7 )5 WL EE T . M A
I8 T 58 4 A 26 B g AR i AR A b L EEE PH
WY 5K . A AR A B A BR . BB YT 5 il 30 ik
o SE I ) A RE FE 20 9 5K L R R Wy BB 2 0 S A Z
IR BR A 1 42 A R AT Bk
5.2 BPA ENERA

JUGE AR i 20 Ik 8 52 AT LA S 7 s R 04 7 R0
KA AXTE R AR RS AATERZE. L
T Wi 2 4% (optical coherence tomography, OCT)
VE SRR 24 006 2 AR FAR L BAT S 3h 285 1 &
VS 0 W R S g 20 TR) B 3 L AT [X 40 ) 28 781 oy
MRy EE Sy A B4 BPA 2L EEE L . BN — TR
O AIFGERT 12 5] JE] R AL i 3 Jok il 44 28 2 Y 61 S
FBL A 3l Bk ¥ 47 3 52 F OCT K gx , 45 3R B on OCT fE
TR T 275 S Lt 3 K A M R A BE I A5 48 L X T B AR
<2 mm f J] B AR 12 R ORI i T A A
OCT RESEAGIN Y 15 52 12 I i A . Rk 75 22k
— I REEA R IIE OCT 15 BPA AR i FH Y 2 42
R AE B P, I PN BB A (intravascular ultrasound,
IVUS) Jli A5 2 I FH 2 26 7 0 5 787 T g 1 8 250 A 75 4
AE A CRIAR KD o DI A8 1A 8 A R A 0 457 Jis /N
ERELSH AN A2 EOR . HAT 3R A 5C 1 4
HARME R IF T T e85 18 A3k 2 K/ 1 i 321
AR TVUS W AT DU i 48 (A 56 42 21 i v B 22
5 BOR R 7 5 it 41 BPA By T B,
5.3 BPA 5 Il #i i 4 7 % (functional flow rate,

FFR)

LA, 15 45 FALFE FER 7E N 09 80 30K (19
. BPA 13 %] T # K Y % . Bashir %5 58 &
B L BRAE L R A 7E BPA R fli
300 emK ¥ Radi JE J1 § 2% (pressure line, MN) %
b9 A% o DA W 0 9 7 7 v e T 0 . i 5 R B
T BPA FARM I KAEAMRTT R85 & 1 5 22 il ]
A K BPA AR ffi J 07 5 22 W AR 48 - O X L fii 3
Jok . 3 T8 o A Tl s A8 67 B 5 ) 26 i A AIF Y
YESE X T M sh ik & 0 >35 mmHg W) 8 & 8% A&
325 By fil 1) ok S ¥ 4% il 76 35 mmHg LU, 7] DL
B> RPE 1) & AN s QK 1 T 22 0] LUl 35 BR 4
AL AR L T AT AL A e T 22 D R . ST RS, S A
BRI BPA $AR 24 i 52 4f, O R0 & AR R

StFARGEFE AR CTEPH / CTEPD il PTE 5 &
s Frse ) PH,BPA BK& 25 W iR 97 v AE S —Fpal 47
HIRIT R £

6 RE

BPA A AR T 2 56 AN BT R CTEPH &

& B il Bl Jok s g 0t A B g . BPACYR Y T A%

JE2 T A R IE R 4R A R 2 R R O

2 AR R AR 2K Rk ¥ BPA FOR g, [ 15 4% A

FORAR T B0 IVUS,OCT %y BPA 136 7 2 41

TEAFRY TR 51 Rk i — 20 5 R R N A

X BPA FARMH8 T {6 . BPA py ik — 0 & W

TN e Bl K A2 B AL AT SRS B B 3R . B Ik R

AR 3 AR e A 28 R P ZE 1 B R R 10 T i B

3G i e it B ik 3 32 ) AR AR AR SR HE AT AR AR T

VEFE B A - QA E BPA IR YT Mg T AT X Y

B K e vty 1M A8 99 78 5 BSR4l B

J¥ ] PEA BPA FI#E 0] 25 9)iR 97 4% . BPA £ 1

B R AP T RO et Hie T AT E 2 0 R

LA T BE M L 2 P L BE AL BRAE 5 R 2F — 2D

W] BPA 7 CTEPH /9 5 {36 97 5 W K IF & AE #9 4k

P T 58 45 i R [R) L

(& % x #t]

[1] Kim NH, Delcroix M, Jenkins DP, et al. Chronic
thromboembolic pulmonary hypertension [ J ]. J Am Coll
Cardiol ,2013,62:D92-D99.

[2] Mullin CJ, Klinger JR. Chronic thromboembolic pulmonary
hypertension[ ] ]. Heart Fail Clin,2018,14:339-351.

[3] LangI,Meyer BC,Ogo T,et al. Balloon pulmonary angioplasty
in chronic thromboembolic pulmonary hypertension[]]. Eur
Respir Rev,2017:160119.

[4] Feinstein JA,Goldhaber SZ,Lock JE,et al. Balloon pulmonary
angioplasty for treatment of chronic thromboembolic
pulmonary hypertension[J]. Circulation,2001,103:10-13.

[5] Mizoguchi H,Ogawa A, Munemasa M, et al. Refined balloon
pulmonary angioplasty for inoperable patients with chronic
thromboembolic pulmonary hypertension[ J]. Circ Cardiovasc
Interv,2012,5:748-755.

[6] Kennedy MK, Kennedy SA, Tan KT,et al. Balloon pulmonary
angioplasty  for  chronic ~ thromboembolic ~ pulmonary
hypertension; a systematic review and meta-analysis [ ] ].
Cardiovasc Intervent Radiol,2023,46.:5-18.

[7] Humbert M,Kovacs G, Hoeper MM, et al. ESC/ERS scientific
document group. 2022 ESC/ERS guidelines for the diagnosis

and treatment of pulmonary hypertension[]]. Eur Heart J,



(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

328 —

AT 22235 2025 4F 3 A48 34 %% 3 W] ] Intervent Radiol 2025, Vol. 34, No. 3

2022,43:3618-3731.

Kawakami T, Matsubara H, Shinke T, et al. Balloon
pulmonary angioplasty versus riociguat in inoperable chronic
thromboembolic pulmonary hypertension ( MR BPA): an
open-label, randomised controlled trial [ J ]. Lancet Respir
Med,2022,10:949-960.

Jais X, Brenot P, Bouvaist H, et al. Balloon pulmonary
angioplasty versus riociguat for the treatment of inoperable
chronic thromboembolic pulmonary hypertension (RACE) : a
multicentre, phase 3, open-label, randomised controlled trial
and ancillary follow-up study[]J]. Lancet Respir Med, 2022,
10:961-971.

o BB TR AF L BREEN 3 K RUE ARG 9T I o 1
L A P il 2 Tk e P ) 22 4 M R AR LT . A AU 2 O
#2,2023,32.746-749.

Pang W, Zhang Z,Wang Z, et al. Higher incidence of chronic
thromboembolic  pulmonary  hypertension  after acute
pulmonary embolism in asians than in europeans: a meta-
analysis[J]. Front Med (Lausanne) ,2021,8:721294,
Velazquez M, Maneiro N, Lareo A, et al. Selective segmental
pulmonary angiography: anatomical, technical and safety

aspects of a must-learn technique in times of balloon
pulmonary angioplasty for chronic thromboembolic pulmonary
hypertension[ J]. ] Clin Med,2021,10:3358.

MORRE. 5K PR SR AR, G BRIl i RIE AR R T R
IR A 2 I 2 ok o R 2 BT A AT A 2k kL 2022,
31:627-629.

Karyofyllis P, Demerouti E, Giannakoulas G, et al. Balloon
pulmonary  angioplasty in patients with chronic
thromboembolic pulmonary hypertension in Greece:data from
the Hellenic pulmonary hypertension registry[J]. ] Clin Med,
2022,11.2211.

Kataoka M, Inami T, Kawakami T, et al. Balloon pulmonary
transluminal pulmonary

angioplasty (' percutaneous

angioplasty ) for  chronic  thromboembolic  pulmonary
hypertension: a Japanese perspective [J ]. JACC Cardiovasc
Interv,2019,12.1382-1388.

Inami T, Kataoka M, Shimura N, et al. Pulmonary edema
predictive scoring index (Pepsi) ,a new index to predict risk of
edema and improvement of

reperfusion  pulmonary

hemodynamics in percutaneous transluminal pulmonary
angioplasty[J]. JACC Cardiovasc Interv,2013,6:725-736.
Kawakami T, Ogawa A, Miyaji K, et al. Novel angiographic
classification of each vascular lesion in chronic thromboembolic
pulmonary hypertension based on selective angiogram and
results of balloon pulmonary angioplasty[ J]. Circ Cardiovasc
Interv,2016,9:e003318.

Kaldararova M, Simkova I, Bohacekova M, et al. Central
versus Peripheral CTEPH-Clinical and Hemodynamic
Specifications[ ] ]. Medicina (Kaunas),2022,58;1538.
Kawakami T, Kataoka M, Arai T, et al. Retrograde approach

in balloon pulmonary angioplasty: useful novel strategy for

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

chronic total occlusion lesions in pulmonary arteries[J]. JACC
Cardiovasc Interv,2016,9:e19-¢20.
Marukyan N, Simakova M, Moiseeva O, et al. Transbronchial
guidance for balloon pulmonary angioplasty in CTEPH: the
safe guidewire passage through the occlusion [ J]. JACC
Cardiovasc Interv,2022,15:e25-¢26.
Yang T,Li X,Luo Q,et al. Angiographic classification of total
occlusion and its implication on balloon pulmonary angioplasty
[JJ. ESC Heart Fail,2024,11:795-804.
Ghofrani HA, Kim NH. Medical and interventional therapies
for inoperable CTEPH : a necessary combination? [J]. Lancet
Respir Med,2022,10:926-927.
Yanaka K, Nakayama K, Shinke T, et al. Sequential hybrid
therapy with pulmonary endarterectomy and additional balloon
pulmonary angioplasty for chronic thromboembolic pulmonary
hypertension[J]. ] Am Heart Assoc,2018,7:e008838.
Tsukada J, Yamada Y, Kawakami T, et al. Treatment effect
prediction using CT after balloon pulmonary angioplasty in
chronic thromboembolic pulmonary hypertension [ ] ]. Eur
Radiol,2021,31:5524-5532,
E B 3RIR e, EEHE G5 3B L W B ik Bk Ik BUB R R IT
5P I A A 2 M I 20 Ik e L O 3D O A AR A B g LT . A
SER M 2% 75,2024 ,47 :120-125.
Suruga K, Shimokawahara H, Miyagi A, et al. Flow grade-
based success rates,complication rates,and balloon pulmonary
angioplasty patency for total occlusions[]]. Can J Cardiol,
2023.:S0828-282X(23)01974.
Takigami M, Tsubata H,Nakanishi N,et al. The effectiveness
of scoring balloon angioplasty in the treatment of chronic
thromboembolic pulmonary hypertension[ ] ]. PLoS One, 2022,
17 :e0263244.
Matsukawa R, Kozai T, Tokutome M, et al. Plaque
modification using a cutting balloon is more effective for
stenting of heavily calcified lesion than other scoring balloons
[J]. Cardiovasc Interv Ther,2019,34;325-334,
Souteyrand G, Amabile N, Mangin L, et al. Mechanisms of
stent thrombosis analysed by optical coherence tomography:
insights from the National PESTO French registry[ J]. Eur
Heart J,2016,37.1208-1216.
Hong C,Luo FQ,Liu CL,et al. Clinical study of optical coherence
tomography in the diagnosis of peripheral pulmonary artery
thrombus[ J]. Thromb Res,2018,161:52-59.
Gall H, Hoeper MM, Richter M]J, et al. An epidemiological
analysis of the burden of chronic thromboembolic pulmonary
hypertension in the USA, Europe and Japan[]]. Eur Respir
Rev,2017,26:160121.
Bashir R, Noory A, Oliveros E, et al. Refined balloon
pulmonary angioplasty in chronic thromboembolic pulmonary
hypertension: initial results of U. S. regional program[ ] ].
JACC Adv.2023,2:100291.

Qi H 38 2024-02-20)

RSG5





