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Abstract Pulmonary hypertension (PH) is a hemodynamic disease characterized by persistently elevated

pulmonary artery pressure. The clinical manifestations of PH patients are related to the severity of abnormal
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right ventricular function and right heart failure. Echocardiography has the advantages of convenience and
non-invasiveness, and can be used to evaluate cardiac structure and function, and measure pulmonary artery
pressure. It has become the preferred examination method for PH. With the continuous development of
echocardiography technology, real-time three-dimensional echocardiography, three-dimensional speckle
tracking technology, and echocardiography contrast have all played important roles in the diagnosis of PH.
Echocardiography combined with other auxiliary examination methods can obtain more effective information

in the examination of PH patients, providing evaluation basis for the diagnosis, treatment, curative effect

evaluation and prognosis of PH patients.
Keywords pulmonary hypertension (PH);

graphy (RT-3DE);

fifi %5 JE (pulmonary hypertension, PH) J& — #f
o JPE L 3L 3 3 A IR A 2 R AN () 286 AL g 5 | S it i
AR BT BE O Ak TS SO I A BEL ) 14 hn A e 2l
WKIE T ARG IR S HEY . ERECRE T & A 0
548 I 45 SF £ fii 3 Bk & ( mean pulmonary arterial
pressure, PAPm)>20 mmHg Bl [ 2 Wiy PH, %%
45 il T 48 1 48 A2 JR (pulmonary arterial wedge pres-
sure, PAWP) K Jiifi & 4 1fiL % B J7 (pulmonary vascu-
lar resistance, PVR) A6 PH HAK4> K . & 40 1ML & A
PH(PAPm>20 mmHg . PAWP<(15 mmHg.PVR=>
3 Wood units) | JK 372 1 & 40 1fL % )5 PH (PAPm >
20 mmHg ,PAWP >15 mmHg .PVR<(3 Wood units) ,
R4 M E 40 & #i/F PH (PAPm > 20 mmHg,
PAWP>15 mmHg.PVR=3 Wood units)"**', #
LB EZ 2 W PH R E b A 7 0, 60T PH B 1)
G2 W 2 H

BRI O B 37 2 2 (European Society of Cardiology,
ESC) % A 1) f5e 87 R 30 Jik &5 532 W7 36 97 45 v ) K
PH 438 F K 25— ifi 31 ik % 1 (pulmonary arterial
hypertension, PAH) (2.0 959 il 41 UK 4 | Il 1
9 R JE N ke 2 AR SR M PHYY . I
Hr PAH & PH e UL — il 2158 A0 B fil =6 40
IMAE R PH . LA i 487 WA 4 il 87 B R R If A8 1) J5
B A b R AT 1 — 2R 30 7 G EE AR 4k A 2 6 A
O PN AL AR TR B, fe 4 5 BUI B KO T E R A
LIRS,

PH ] & A AEAL AT AR W B B EL A &2 2% . 48
B B OB KA % e, PH R4 P A &
HR I R Y S TR AR B L R R A 7 i 2 4
3026 ~5004 i RGN 38 50 04, 5 0L kR
AT Y 2 N s 7E 2 W B b, B R L L
o A6 B2 T 1 AR I DR B O HE I 8 s iR
JUG IS S 77 BT s e ik 52 s i B 2 5 S5 [ml 0 i, £ i
— RN R 2 A U R O e B [ i 3

echocardiography;
three-dimensional speckle tracking technology (3D-STE) ;

real-time three-dimensional echocardio-

echocardiography contrast

38 m , il 2 bk s g 25 3 T L BE TS & PAH f&
G Rl Sy gy A L E A fe K A AR L A
frde 4t BRE R YUY IR A JF PH B A LTS
Y 30%~56% . HILIET-F L 11 % ~28% . ;= {H%E
T2RE 2 PH 51E B 470 %08,

1 BERREENSES N A

PH, L H & PAH HA & Sum b o F .
I PH 1297 5 W 5 8 5 10112 W, 0 g 78 9 AR v AN 1)
A BB 12 W, 9 BB SR BOR B0 T BRI L A
AU RCE RS . B 08 F kAR PH B H
i A 1 3, 78 PH OB 2000 A L PR PR A R e 1
Bt v b R 4 AR DY L SR A A AR 2 W PH
Aof A, 2 3040 BH 1 R AR B 1 680 T 2 B0 B o i
1 g S B0 Bl Bl kO i RE 1S e, E B B AR P
P BRSO S S5 A0 S8 B PAH &
BE— 30, A FE 8 7 0 B B R A A 58 PAH IS OL T .
45 25 30 0 #5247 O A I i LU B2
B, M HBEVE S PAH & TR M & A O %
M K PAH 2 W8 &R,

2 BROHEITESERRER

2.1 =R EE R E

8 7 O 3 PR A B8 il 30 Bk IR 4 . (pulmonary arte-
rial systolic pressure, PASP) & i of = 22 iR i
W& 1 i 3 (tricuspid regurgitation velocity, TRV) 3%
W, PAH=4X (TRV)® +47.0 J5 J&, #7550 3h K
PPAG PH 55— 2 & TRV, % TRV<C2.8 m/s
o PASP<C36 mmHg i, PH 2 Wi iy v] A (K5
IO 45 4 HAb R 75 0 3y [ 46 B (g & 5 R A O = T
JEE AT B TR T S kR R R A RE PR R A 4



EAEE % 2024 4F58 7 %% 3] BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

o« 12 o

) FIW R BAFAE PH # TRV I <<2.8 m/s H&
FFHEREIR, 8 H TRV IE{E R 2. 9~3.4 m/s
HEAAIFRHE W tn, PH 12 W ny v] Ge vy
JEs# TRVIEE N 2.9~3. 4 m/s HEHFHERH
fehr .8 E TRV IE{E >3, 4 m/s. PH 2 Wi i 7l fE 1
N W L,

&1 TRV ZE PH KM EE

. AL 2 PH 2 W )
TRV(m/s) PH n] G
) 8 75 7 AR B R AE
<2, 8 B eIk ¥ % B
<2, 8 BJGIE " o
2.9~3.4 7 R
2.9~3.4 " =
>3.4 N (=95

2. TRV: Z R B % E7#,; PH M & E
— M IE BT . TRV HU= 2 U 18 I 45 1 d5c K AE
CPET TAD 5 25 W I 52 0 58 R B0 0 AN S I, B 3~ 10 A4S
WAy -0, o TRV Al 50 3h ik & /0 1& 4%
PEa G . JCH] AT 0 = D) RE R A5, JC A O & S B0 ik

-

/" Rv \
SRR

— POk = 3 ‘ B
"'ii‘- EE-HESTR /‘ = =

./ ".

B TC by & ] o0 %5 () BB 328 g 14 43 U, JC R AR
R L (B 2 R 1) . A R I ) IR i 18 #h s
o0 ZE N I B A 1 U (L 1B) 5 I B R FR R A7 a0
PR 4 R 25 i AE PASP. 4 A7 76 =[] B e 45 43 0 Jii
HBk A0 B B A0 s A R L O AT 40 S8 3 4 R 5 R
VLA R A 26 A5 s 43 o T I A 1 R 22 B SR A7
HEHLREREZ (8 1C~1E) ., It I 3 Z 245 5% 7
BT TS PSR Ao 0 2R T . R AR L 1 (- it
IO U o I B AT A O ) 43 U > a0 5 RO k- A 0 =
T (P TF) o s S B 1 2 (A 25 A 9 345 1) o

JE 223X — FH O ME & s AN AN T T B a4 i 4
JE 24 FIET 5 2 01 e Bt 0 5 2 A0 B s
FEF 5B e T AR I A 5 3O 25 1R liERY o6
Foo WO, A0 SR B O B A I A U D, 25 R
Jits 20 Jik P D8RG, H SR AR A AR 52 5 200 3 I, 25 3K
3 IR D FRAIE P 11 1 e B2 AR 5 AR il 478 45 i 25 3 AIK
25 B Bl bk B IG5 F B — AR M S IR L AR T R 2
L E HTE AR SR KR TC VA 0 R £ A
B, At 2 30 2 Jok e i AR 1 17 10

TE s A ZAMEDI T A = QR VA 5 B 20 % B A BURE I W AT A 22 O A0 IR IR 25 Ce M FTE A = f
D3 53 W I 575 A 40 9 500 0 U ML R = AR EIR SR 5 D 3E S 2 A s 40 R DN AT B 22 R AR IR S A0 B R 22 Bl ad =R

e RVALE; AO:FHFE 3k

AR I VA AT A5 A B0 O = AR U 28 5 B SDRGENR-A 0 M s TRV : ZRIMIR B IR s LA A0 RACH L LV:
O

Bl 1 D& TRV PPAH it 8h bk He

2.2 DEHEXER

FEEREN IR IR iR LR PN S N [N Y OP 2
ARMIRE S 7, S B E . A0 % A& T
R ALTE EF 5K 51 20 % i O s A0 3 TR ) ad R

SRHE B RO, DEREEENHOES LD
FIIRTHERZ (B 2 AL EMmMOTEE . A
0 E /220 LK HAR e B0 42 I B L (4V) T
W, T A IERE A 0. 6~1, 2 el >1, W 5E ¥



MABE 2% 2024 4F%8 7 %% 31 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

FAIC-S NN X (T RS =R rivk s ¥ 2. IR = oy Tt B2 N T
S AU T 00 £, 3 3] 7 AT 4 A 30 R 5 R I T S e
HAMR(c/d) o= 1T % B A0 EHA;
d =17 FZM 2L EEEE 2B) . Y018
=100 BB R R S IS L 5 D) T A A
OEHBY R, R, Z2ZEER D78 (E
20) UL RIH PH D E AR IEME A, HEFELLE
EJE B KT, o0 % i O 1 BN AS BEAR g b o2 e A &5
AR R NS o N 5 A N B SR =
H I A Ge A 220 28 J Bl I B0 4 0 28 i 00 4 B0 77

EREREF

¢ 13

TER KRR ZE (B 2D) . Hop il A7 — FRe ik 19 A =
Bk Az RIVTE Il 3 Bkoke 2E 11 A0 . PAH 28 9K i
WEAEREIER . B, A ik PAH, £ %= 0L
HRIz Bl HG R A = RE S = A e PR Az Bl i R R . ek
55 .38 3k M ORI &, AT SR A 0 AR s B il ek
B BB, T =R is s M 4 27 BARES 4
BIFR A “McConnel ”fE (] 2E.F), 7E i sl ik & 51 109
N A OO RE S Z W, I TE X G LT,
A DLBE R DU 4E 8 (] 2G) BeoO Wik Fil ) / 90 1] D) 68 4
WAy = Rm R LI Re 284k (& 2HD

e T AR TR 43 3
FAC 36%

HAAOESELERLRBUERZE; B AO0E MO R ZEE; C.PH B A0 W EY K, %01 W

T AEERAZDFE; D YA OERERY Kt Ao E 2 AR s L0 E R B E~F. 760 sh ki et

DR R AZ Bl 0 ) S R 55 . = AR IS B R O EIRAS; G U4ER B I A D E AR H s a0 B & 9 e T

BRI ISR T iR 40 % % PAH W5E M ; RV A 0% s LV AOE s FAC: I B 708 GLS: BEG 1) 4 D) ik
B2 il H B A0 2 AR

2.3 FhEhBkHEEIER

AU B A Al Bl Jok A A4 B S AR A T
SRR B AT RERR A2 WA . ™ PAH
T L BT ) F O e e S 5 4 il sl T I I 3 7
T3 B 8] 45 46 (<C105 mis) 8 A 558 afin 9 f 3E E ist i)
43 B 308 DAL K it 2l JOk A 4 J01 00 3 s B T B A
)¢ R R A S U AN (ANl Rl s T B TP

il 20 Wk 3R 3 98 T T B Ml sl ik & ke R0 R A sl ik
EPORR W K J7 . 2 &7 ok L A 30 kO B U R >
2.2 m/s, EPSRAR MY IE S 3d 15 mmHg B B 42 7R
PAH,

WA A3 Bl Bl ik P A 4 e K il 3 ik o 25 R 4 22
(AR BR A O o B G il 0 JikoAe: € T 515 PAH 5 -l 3
ik 7 7 T 1 st DR AR A B 0 i 496 3 ) 19 4 5 22, vl



EAEE % 2024 4F58 7 %% 3] BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

o 14 -

ek 3 3 bk 2 i 3 bk 0 R g e Y I A3 I s iR A
— A3 O D R A R il Bl Tk sk R Ik M B PAHL i
KBHE Z RIS K E T Koy 3 AR W
2.4 THEBEKTAER

HbEEPH 2K P B — A EEEE O3S
0, B3 o F B #R ik (inferior vena cava, IVC) N &
HIRBGRAG A B RN (2>, TVC AR i —
M e 8 & T )i AR I AL BT H L~
2 cm b, HIEEH T IVC KHIN &, Z# <. IVC
HAE>2.1 em SRR IVC 3R <50 % Bk 5
o A B T BRI N R 0 3 0 4 R0 I O V) T
I, 290 B WA AR A B T A > 18 em® BUIAR R
FU>11 em®/m® A A4 BB K. T s 8 ik 3 s 5
BB ARG AT B R R R 3CHF PH 4R AE ., #5 B H A
PR 2%, o W8 3 6 ik Y 5 B 528 b, W) AT DA
P BEA B IE S 8 mmHg #EATA . A B IEH)
VAW AFE R IR OO LA 2 45 i ik o e S L = T
s 5 IOk 5 B 0 2 A AE T L S I A R il Ik e R
N B

®2 AFEEMBE
£ b TRk AR TR b R s R
(mmHg) (cm) Y%
3(0~5) <2.1 >50
8§(5~10) <2.1 <50
8(5~10) >2.1 >50
15(10~20) >2.1 <50

T PO AT R KO A A0 B R —
U Sy A A R L LA A T B AR AR AR SRR
S PRI RT B L A% Y R VAR AT B R A A A
PR B, TVC 78— K WK R BEAR 7R 22 5 e 4T
IR KR SR B P A0 s R AR N B IR
EE RN AL GARTRAS A F SR -0 A I 1 = i
Ik 1) B 20 AR R P U0 T P I DU B 2 TS R H
AR, A TR A ), G AR OR 2k R AR AR TR
s e K R AT = R P AR L L) S BIE A T i Tk N A
K AR A AL U A7 By 7

RIF R =R T/EM 2 E 2% #H Huguet
RO A AT AR VR PR T R P R T 4
P50 M, I — 25 b R A I 1
B B o AR 5 AN S 3 P e ok 4 o R 1Y A A 3
17 H B (B 3A~3B) , B 4n SR 2 T s Dk Oz v 1 3
FEARAETE MR 5y B 2 B0, A HF 53 op o0 3 2 DU 4 3l 25
P E T R ORI AR 4R (& 3C~3D)
I 38 3t 56 1 A g S BT s i bk 43 S B
% PAH [BH N FE# KA BB R B,

B AR 5 A7 Dy K /NI o 38w KR A5 s 1] B 1144 1 A0
A3 1) R W A B K il Sl bk ¢ R 3 B L 4o mT L H
1] A5 9 43 T Uk W A0 s B PR T R 1 S AEL s i) By
o] 22 By i, W& 7 A B s g 38 i (Il 3ED . M AR 7E s
Vi) B 7% SR, 4 R 7R DA A AE — s DR, DU AT
A U 5 LR T 1) 32 B0 )y ) R ) W 2 s () I ke it
P18 3 T 34 2 T M e I e 3 R I 9 o 5 T T R R B

AR
BRARESES

T A~ B =275 PRAG T B # R AV AL T B 5 C~ Do DU 3 5 WEE T I # Ik A BUE A 5 .24 55 6] B bl A D7 o™ 1) 22
W 3275 A5 by 0 38 i85 5 B 18] B 430 o 78 24 A3 T 378 A DR I I RN K RV DS LV D E; RAH L LAL O
K3 ddad R R K 2 A0 B DA I R R



MABE 2% 2024 4F%8 7 %% 31 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

3 e EZCEREEFSE N

PR — B A PH 0 28 75 15 » = 2Rk I 0
(B0 T 2R bR AR AR G450 % il 3l Bk T i i Jk
A0 P4 . EAT PH G A8 59 5 HE 8 75 91 4G I
TR — A0 B — =R — A0 = — i Sl ko —
it s Jok — FfE A — 20 57 MRS A A R A Y HL A T
BT XS PH 8O ME B R i A8 01 DL AT TR A T4

4 BEFRAETEEMSERHEA
i {E

4.1 EHZ=ZHFBEFOHERR

SERY = 4k 75 .0 3l ®] (real-time three-dimen-
sional echocardiography, RT-3DE) 1] i it 4= & FH K
PRB R I, X A 0 2 A AT = 4 ST AR R SR
AL O ER S R TEWAT PH 88 L 0% E
oy By O XY, BFgE & B RT-3DE X%t Ay
AU 8 BT B R U R A4 00 2 AR PP B o, LD
S fE, Lattanzio % #f 55 % W], RT-3DE 1k
PAH E#H A= RE M A & AL, 5.0 R R L 4R ik
BE R B A B E — . Ostenfeld %Y HF 57 R W,
it RT-3DE 45 (1) 47 0> % 5t 1 43 %% (right ventric-
ular ejection fraction, RVEF) 5 PASP X fili If. % [H
SRR SE, Hal i RT-3DE 3845 19 47 25 A1 S 8 dis o
AE Sz e £ 5 L S0 U Bl ) A RS L U B B A b T
PH B F RS T MK . 481, RT-3DE W B A7 — & &)
BRAE 491 G HC A A0 2800 A IR S 7S T TS S — 4 7
OB AE PR AT O 5 DY BE DY A7 AE — 5 R R
4.2 ZHRREEREELONE

O B 1M 438X Cejection fraction, EF) & B AR i
TR B AL A N BEAE Sy Bl DA O 5 W D) BE Y
FEAR L U A i R L AE R OB R L R
A AT R A E RO WU B T W R I EF B
B O D BERAR T . ML EF ARt 3 AN — 2 #
B0 S RE AL o PR A O I AT AT i A AR B 1 o 98 LA
W00 BE BT B AR Ok, B R B A A B
(speckle-tracking echocardiography, STE) £ R &
J#& . STE fe #E8f 73 Br O B 1 S R 380 L iz 3l T g
L0 MEZ) BE (9 PP 4 F EF . STE J& 48 il i &
WiIE 50 JILIZ 3 00 B 01 AT 28 0 B, R0 IUIE A2
PEAT AR 223 80 LA A R AR & WL 23 A L B A5 B
7 R V7B AR AE S R R SRR AR O LR AR AR
DA B PP O B BE S Bl 2 T L T IR AR AR K

e 15

22 ) AR L S 32 AR AR AL I SF- T i 3l O
ARz NI, STE 8 MESE A FOFEAG O LT IR
A, UG 5 BL IR0 1 JE 1 35 i R AE AR A0 LA A5 A
WL PH B O = R 0.0 LIS 3 B | R A i1
78 A BRI, U LUA O 5 R IR U 2 R ok e hy
3 I, STE A OCKL M 48 b5 ol I T X 4> PH B #
FIIE H B

=Yk BT S 3B B B R (three-dimensional speckle-
tracking echocardiography, 3D-STE) [q]iif F 3 4~ 1E
AV T HEAT RO AR I ) 2 H 45 G\ ) A (longi-
tudinal strain, LS) 48[ i 2% (radial strain, RS).JA
[\ W A8 (circumferential strain, CS) M I )W 48 (Carea
strain, AS)AF, M OCSEE L BE 2538 B 0 3 E
ST R % WA TH , BE N O E DIRE R H S0 = EA R
2 AN PR ASLS Al CS Y
REAIR 5 P T XU (Y 385 AR O, 1 28 (T B4 £ /1 PH
AW E. B AS & 7% 5 RVEF AR5
AOAROCHE  IX R W] 3D AT A 19 AS 7T e B WAL A 0 &
Wt 45 T il T 45 SR A — A LB AR AR . Lee %5
WFoe s B wos , fE 5 B PAH B 4 f =4k LS
BERAR WP E R PAH B CS A RS i S W]
Bt HA O =48 LSS 6 448 X175
(6 minutes walk distance, 6MWD) BH A1 ¥ & T
T4 LS. HETA K 3D-STE S8 1A PH B &4
L ZYIfe KU J7 RS S T2 L X T 3D-STE
SR 2D-STE B AL #, i AF e — 5", D
LA 28 7 A5 48 Bt A7 A8 ELAME TS e, LS b0 Ll
245 SBF 1L 1 VA B R AR LA S A0 % DR B
BT T8 AR W] 7 A — o AR S L 3 |
TR 4 R S AR I AS T R A0 E ) RE kAR 4R AL T
ZS%ERYY . Molnar 25 % B, 32480 1 47 0 %
=4 AS.LS KIS PH BH SET o KU A
5%.3D-STE (5 A BY T #2 = PH & A0 E A
TS P HER M AR 8 T SR R,
4.3 ALEZFEEZER

B 75 I 5 e — WA AR A Ty ik, = T A IO
R I R | SRR S N R SN 318 - N
AT ARG HH R €8, 22 5 9 P L & 3% /) B (B LA
P A ZEDEAG PH OB A0 s 50 5 Tt A7
BAEM . A0 E PAH M2 W A
AR A KO A R A TR I 55 K Bl ik
L Pl 1) TR UL %5 B i 3 Jok PN B vk R L BFE A 0
14 [ 5 12 3 Sl bk P HE BRROE L DL B AR R I B T2
K kKA 18 2243 . WA PAH B9 RS . — i
TEOLT S 22 ) A7 43 O P 48 4 8 75 sF £0 2 3% i) iR



EAEE % 2024 4F58 7 %% 3] BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

o 16

) AL B Ik 3 o DAY 580 A7 6 = - 3l ok 4 OF o
JE PAH BB 53U, #5258 4 A7 1) 2 53 WL I ) R
20 PH™

5 OHEEmEIRSEBEOIEE PH 2
i B B9 3 Bk

O JIE #% 32 #% (cardiac magnetic resonance ima-
ging, CMR) B A H: i 25 8] 73 B 32 | ey R SR A ]
oA R T A A i DR DN A 2 T R Y R ARG A T
PEE L RO I A A 2 R R T I 9 2 4 A HfE FE
CMR AT HI T PH (B IFAG 2 . % H CMR 7]
B AAT RS O Bl JA I A BB L N ITTIE Al PHE
HOIREIRE O BRSNS ko SOE 55, #FSR
@R PAH SBE AT O EREPEMN F, CMR 5%
R T AW =4e = kA, HEE R 24 PAH &
B O TP ARSI, O JIE A 75 7E LU0 R #5
MEXT A 0 38 i KT AR HEAT I S o PR A 2 AR A A 0
PR AR L M CMR UG A 52 838 1 AL A JIE A 7% 1Y
LW L BE SRR T AL A O =AU TR

CMR $FE I8 Bx B AR W] JE 70 B0 28 AR K Ry 7B
O NLIE B PRE L I AT FE A5 0 % D RE & A W B A 2 i
T 0 5 R R AR, AR R A B gE R L R
A5 BN LI AR B 4 BV I 3 K IE CMR LR
G ] G2 g A R R AR I (R O 3R A 5 2D ar Bk
AR A5G BV C L 1) 2R DL 2= SE O Y AR o L A
PAH 35470 % Yy ge Son 78 2 5 PP rf B e BE v
B

6 4ZHiE

PH % & f& 12 Wi 98 b5 4 46 O 2 BE 7 ¢,
6MWD , & 3 7 %t I 44 IK 77 & (amino-terminal pro-
brain natriuretic peptide, NT-proBNP) Ifil i& 7K 3 A&
MR e A G A L3 E L CMR) . Ho i A L 3l
YESN PH Y8 L0 A T B, Al i o e 508 00, PE Al PH
FETERY AT BEPE T ¥R A i M . 3 4F ok BE & | A5 B HOR
M) &, JLH & 3D-STE, M+ .0 8l K 7] 2 PH 112 W
FEBE S Z A B LU T I PR B8 52 A 24 T 750F1 8
il PH A8 1 17 o e it R R AR R

2 E k-

[1] Maron B A, Brittain E L, Choudhary G, et al. Redefin-

ing pulmonary hypertension[]J]. Lancet Respir Med,
2018, 6(3): 168-170.

[2] Simonneau G, Montani D, Celermajer D S, et al. Hae-
modynamic definitions and updated clinical classification
of pulmonary hypertension[J]. Eur Respir J. 2019, 53
(1): 1801913.

[3] Brugger N, Lichtblau M, Maeder M, et al. Two-di-
mensional transthoracic echocardiography at rest for the
diagnosis, screening and management of pulmonary hy-
pertension[ J ]. Swiss Med Wkly, 2021, 151: w20486.

[4] Humbert M, Kovacs G, Hoeper M M, et al. 2022
ESC/ERS Guidelines for the diagnosis and treatment of
pulmonary hypertension [ J]. Eur Heart J, 2022, 43
(38): 3618-3731.

[5] Ruopp N F, Cockrill B A. Diagnosis and treatment of
pulmonary arterial hypertension: a review[]J]. JAMA,
2022, 327(14) . 1379-1391.

[6] Hassoun P M. Pulmonary arterial hypertension[J]. N
Engl ] Med, 2021, 385(25): 2361-2376.

[7] Kylhammar D, Hesselstrand R, Nielsen S, et al. An-
giogenic and inflammatory biomarkers for screening and
follow-up in patients with pulmonary arterial hyperten-
sion[]]. Scand ] Rheumatol, 2018, 47(4); 319-324.

[8] Kariyawasam S, Brown J. Pulmonary arterial hyperten-
sion in pregnancy[J]. BJA Educ, 2023, 23(1): 24-31.

[9] Kiely D G, Condliffe R, Webster V, et al. Improved
survival in pregnancy and pulmonary hypertension using
a multiprofessional approach[J]. BJOG, 2010, 117(5):
565-574.

[10] Zhou Q. Peng P, Liu X Y. et al. Evaluation of maternal
and fetal outcomes in pregnancy complicated with pul-
monary arterial hypertension [ J ]. Ann Palliat Med,
2021, 10(2): 1404-1410.

[11] Regitz-Zagrosek V, Roos-Hesselink ] W, Bauersachs J,
et al. 2018 ESC Guidelines for the management of cardi-
ovascular diseases during pregnancy[ J]. Eur Heart J,
2018, 39(34): 3165-3241.

[12] Revuz S, Decullier E, Ginon I, et al. Pulmonary hyper-
tension subtypes associated with hereditary haemorrhag-
ic telangiectasia: Haemodynamic profiles and survival
probability[ J ]. PLoS One, 2017, 12(10): e0184227.

[13] Meinel K. Koestenberger M, Sallmon H., et al. Echo-
cardiography for the assessment of pulmonary hyperten-
sion and congenital heart disease in the young[J]. Diag-
nostics (Basel) , 2020, 11(1): 49.

[14] Lowe S A, Steinweg K E. Review article: Management
of hyperemesis gravidarum and nausea and vomiting in
pregnancy[J]. Emerg Med Australas., 2022, 34(1): 9-

15.



BB

2024 4F5E 7 4 31 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 3

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Sonaglioni A, Cassandro R, Luisi F, et al. Correlation
between Doppler echocardiography and right heart cath-
eterisation-derived systolic and mean pulmonary artery
pressures: determinants of discrepancies between the
two methods[J]. Heart Lung Circ., 2021, 30(5): 656-
664.

Galie N, Humbert M, Vachiery J L, et al. 2015 ESC/
ERS Guidelines for the diagnosis and treatment of pul-
monary hypertension: The Joint Task Force for the Di-
agnosis and Treatment of Pulmonary Hypertension of
the European Society of Cardiology (ESC) and the Eu-
ropean Respiratory Society (ERS): Endorsed by: Asso-
ciation for European Paediatric and Congenital Cardiolo-
gy (AEPC), International Society for Heart and Lung
Transplantation (ISHLT)[J]. Eur Heart J, 2016, 37
(1): 67-119.

Valente A M, Cook S, Festa P, et al. Multimodality
imaging guidelines for patients with repaired tetralogy of
fallot: a report from the American Ssociety of Echocar-
diography: developed in collaboration with the Society
for Cardiovascular Magnetic Resonance and the Society
for Pediatric Radiology[J]. J Am Soc Echocardiogr,
2014, 27(2) . 111-141.

Schneider M. Binder T. Echocardiographic evaluation of
the right heart[J]. Wien Klin Wochenschr, 2018, 130
(13-14); 413-420.

De Vecchis R, Baldi C, Giandomenico G, et al. Estima-
ting right atrial pressure using ultrasounds: an old issue
revisited with new methods[J]. J Clin Med Res, 2016,
8(8): 569-574.

Huguet R, Fard D, d”Humieres T, et al. Three-dimen-
sional inferior vena Cava for assessing central venous
pressure in patients with cardiogenic shock[J]. J Am
Soc Echocardiogr, 2018, 31(9): 1034-1043.

Ahmad A. Li H, Zhang Y T. et al. Three-dimensional
echocardiography assessment of right ventricular vol-
umes and function: technological perspective and clinical
application[ J]. Diagnostics, 2022, 12(4): 806.

Lang R M, Badano L P, Mor-Avi V, et al. Recommen-
dations for cardiac chamber quantification by echocardio-
graphy in adults: an update from the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging[J]. J Am Soc Echocardiogr,
2015, 28(1): 1-39. el4.

Lattanzio M, Scelsi L., Golino M, et al. Assessment of
right ventricle in pulmonary arterial hypertension with
three-dimensional echocardiography and cardiovascular
magnetic resonance J]. ] Cardiovasc Med, 2021, 22
(12): 929-936.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

o 17

Ostenfeld E, Werther-Evaldsson A, Engblom H, et al.
Discriminatory ability of right atrial volumes with two-
and three-dimensional echocardiography to detect elevat-
ed right atrial pressure in pulmonary hypertension[ ] ].
Clin Physiol Funct Imaging, 2018, 38(2): 192-199.
Otani K, Nabeshima Y, Kitano T, et al. Accuracy of
fully automated right ventricular quantification software
with 3D echocardiography: direct comparison with car-
diac magnetic resonance and semi-automated quantifica-
tion software [J]. Eur Heart ] Cardiovasc Imaging.,
2020, 21(7): 787-795.

Kass D A, Maughan W L, Guo Z M, et al. Compara-
tive influence of load versus inotropic states on indexes
of ventricular contractility: experimental and theoretical
analysis based on pressure-volume relationships[J]. Cir-
culation, 1987, 76(6) . 1422-1436.

Hieda M, Sarma S, Hearon C M Jr, et al. Increased
myocardial stiffness in patients with high-risk left ven-
tricular hypertrophy: the hallmark of stage-B heart fail-
ure with preserved ejection fraction[]]. Circulation,
2020, 141(2) . 115-123.

Roof SR, Tang L. F, Ostler ] E, et al. Neuronal nitric
oxide synthase is indispensable for the cardiac adaptive
effects of exercise[ J]. Basic Res Cardiol, 2013, 108
(2): 332.

Pastore M C, Mandoli G E, Contorni F, et al. Speckle
tracking echocardiography: early predictor of diagnosis
and prognosis in coronary artery disease[ J]. Biomed Res
Int, 2021, 2021: 6685378.

da Costa Junior A A, Ota-Arakaki ] S, Ramos R P, et
al. Diagnostic and prognostic value of right ventricular
strain in patients with pulmonary arterial hypertension
and relatively preserved functional capacity studied with
echocardiography and magnetic resonance[ J]. Int J Car-
diovasc Imaging., 2017, 33(1). 39-46.

Cameli M, Mondillo S, Galderisi M, et al. Speckle
tracking echocardiography: a practical guide[J]. G Ital
Cardiol, 2017, 18(4): 253-269.

Gullo A L, Rodriguez-Carrio J, Gallizzi R, et al. Speck-
le tracking echocardiography as a new diagnostic tool for
an assessment of cardiovascular disease in rheumatic pa-
tients[ J]. Prog Cardiovasc Dis, 2020, 63(3): 327-340.
Werther Evaldsson A, Ingvarsson A, Smith J G, et al.
Echocardiographic right ventricular strain from multiple
apical views is superior for assessment of right ventricu-
lar systolic function[J]. Clin Physiol Funct Imaging,
2019, 39(2): 168-176.

Li Y M, Wang T, Haines P, et al. Prognostic value of

right ventricular two-dimensional and three-dimensional



[35]

[36]

[37]

[38]

[39]

[40]

2024 4F%E 7 %% 3 BACHU MEDICAL JOURNAL, 2024, Vol. 7. No. 3

18 -

speckle-tracking strain in pulmonary arterial hyperten-
sion: superiority of longitudinal strain over circumferen-
tial and radial strain[J]. J Am Soc Echocardiogr, 2020,
33(8): 985-994. el.

Smith B C, Dobson G, Dawson D, et al. Three-dimen-
sional speckle tracking of the right ventricle: toward op-
timal quantification of right ventricular dysfunction in
pulmonary hypertension[J]. J Am Coll Cardiol, 2014,
64(1): 41-51.

Lee M M Y, Brooksbank K J M, Wetherall K, et al.
Effect of empagliflozin on left ventricular volumes in pa-
tients with type 2 diabetes, or prediabetes, and heart
failure with reduced ejection fraction (SUGAR-DM-HF)
[J]. Circulation, 2021, 143(6): 516-525.

b3 e SR R N VRN N BT N R Tl = =
D EFEMAOE SR RLT ], Ol i A R A, 2021, 40
(11). 1179-1182.

Vijitac A, Onciul S, Guzu C, et al. Forgotten no more-
the role of right ventricular dysfunction in heart failure
with reduced ejection fraction: an echocardiographic per-
spective[ J]. Diagnostics, 2021, 11(3): 548,

Molnar A a, Santa A, Merkely B. Echocardiography
imaging of the right ventricle: focus on three-dimension-
al echocardiography[ J]. Diagnostics (Basel), 2023, 13
(15): 2470.
oA, R

B Bk A0, AR R IEAN Al S K e IR AR

[41]

[42]

[43]

[44]

[46]

HERLEINREMOI R BT S E¥ A,
2019, 3(23): 10-11.

R, TPRIA. GO R IR R, R
fF AR, 2022, 31(5): 452-455.

Kroon S, Van Thor M C J, Vorselaars VM M, et al.
The use of echo density to quantify pulmonary right-to-
left shunt in transthoracic contrast echocardiography
[J]. Eur Heart J Cardiovasc Imaging, 2021, 22(10):
1190-1196.

Borgquist R, Haugaa K H, Gilljam T, et al. The diag-
nostic performance of imaging methods in ARVC using
the 2010 Task Force criteria[ J|. Eur Heart J Cardiovasc
Imaging, 2014, 15(11); 1219-1225.

EBF, SRLL, B, O NERE IR AR e 4 = 4k
75 X 3l bk s AR A O = SRR IR BOR LT I
PRANSE B0 S 2 24 3, 2021, 20(19) ¢ 2113-2116.

Shehata M L, Harouni A A, Skrok J, et al. Regional
and global biventricular function in pulmonary arterial
hypertension: a cardiac MR imaging study[ J]. Radiolo-
gy, 2013, 266(1): 114-122.

BEE, OB B . S RS USRS A
ol Jos{ 1 12 Bl A 1 O JUE R iR H 52 0 50 X T A i 2 K
FEREL A AR A E L] w2 g,
2022, 13(10): 114-120.

DA B 4 2024-02-07



