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ABSTRACT
Objective To explore the evaluation value of real-time three-dimensional echocardiography (RT-3DE)
combined with cardiac magnetic resonance imaging (CMRI) for right ventricular systolic function in
patients with moderate and severe pulmonary arterial hypertension (PAH). Methods A total of 25
patients with moderate PAH and 25 patients with severe PAH in the hospital were enrolled as study
[ and study II groups between August 2017 and August 2019, respectively. A total of 30 healthy
controls during the same period were enrolled as control group. The patients in study [ group
and study [l group underwent routine echocardiography [right ventricular index of myocardial
performance (RIMP), right ventricular fractional area change (RVFAC), systolic peak velocity of
tricuspid valve (S'), tricuspid annular plane systolic excursion (TAPSE)], RT-3DE and CMRI examination
(RIMP, RVFAC, S', TAPSE), while control group underwent routine echocardiography and RT-3DE. The
evaluation value of RT-3DE combined with CMRI for right ventricular systolic function in patients with
moderate to severe PAH was analyzed. Results The differences in RVESV, TAPSE, RVEDV and RVFAC
among study [ group, study I[ group and control group were statistically significant (P<0.05). The
correlation coefficients between TAPSE, RIMP, RVFAC, S' and RVEF in study [ group and study I[
group were 0.568, -0.712, 0.757 and 0.406, respectively (P<0.05). RVFAC, RIMP and S' had the best
correlation with RVEF in study [ group, study II group and control group, respectively (P<0.05).
There was no significant difference in the examination results between RT-3DE and CMRI in study
group (P>0.05). Conclusion RT-3DE combined with CMRI can more accurately evaluate right ventricular
systolic function in patients with moderate and severe PAH. which can provide important basis for
clinical evaluation.
Keywords: Three-dimensional Echocardiography; Pulmonary Arterial Hypertension; Cardiac MRI; Right
Ventricular Systolic Function

FfinBk & E (pulmonary arterial hypertension, PAH)$gMizhEKERET E &4 2R
REHN—FFIERE, SIEHKLE—MEDROMER, ISREa0EE, BEREEER
B, FERDBENESRE". HREE, PEEPAHEEENERBRENS LI
RS, [EPAHEEAOTEERS SEFNTERE. MEHwAesEEsYY, =
B L s (three-dimensional echocardiography, RT-3DE)A]E¥AILE =475
g4, WeNELIhAEEEEEEA, LI EIR(Cardiac mri, CMR)RERGS
WES MFAZMRE, SEIETFNOEEMENSITEY, ELRAREET,
AR FA T RT-3DEEESCMRIN M EEPAHE EAE IR EEHTHRN, KFTHIS
FREZ FEMES

1 BREAE
1.1 —R¥K 20178 A E2019F8A AR, BEREPAHEES2SBIENMR
H1. HRAN, F30FIFRHEAREEEICE (EANTIRA,
MRAMNIGAE: BWHE (FukEEREIZHMSET T HKEIR) FPAHIIZ

WEAT R HEBRATE A BRPAHSNE MO IR E S ; SHBNE; BREE RS

) AMRAMACESE;, SHEB®ERE, FESEATARE. RIEBEXDIRIT
ECBHARADPARA | [FEhBUR4EE (pulmonary arterial systolic pressure,
PASP): 50mmHg~70mmHg] . HARAI [PASP>70mmHg] . FARA 1 BiE124,
LTM136; Fi812~68%, F19(38.20114.29)%; WA 1 B146, L116l; Fi
12~67%, F15(38.32+14.41)%; STHRAE 4146, LE166l; Fi811~68%5, FiY
(38.26+14.09)%, =H—mRAEFBITAEER(P>0.05).
1.2 {XBE7E
1.2.1 Y28 RAGE Vivid i BLEHEBAEIZIN, ZRTIMRX%, MFE1.5~3.6MHz, =
IRk, $1%F2.0~4.0MHz, ECE#BA TR, NA4D Auto RVQIHE1TEIG D . KA
GE-HD X L5THAHRIFEN, FEEGE ADWA.2 TEuh, M AHargUSHEHITSENE,
1.2.2 SMBAEOIERN BEIFEML, AMSSIREANBEEWER. &FKEKRER,
HEAEERLEA 2D 8 (right ventricular area change fraction, RVFAC)= (477K K&
m—B % RER) AFKRERX100%, RANREBE=RXBERARRRE. GEEDN
PASP, BRTDIRX, FAZE=ZXRMAMIZK, MNE=ZRIEHIME, ER=ZRBKSE
HAIBR(S' ), MBOEZFEUNSEHEARY 8] (ventricular isometric systolic time, IVCT).
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£ REF3KEARTIE] (isometric diastolic time , IVRT). St E)
(Ejection time, ET), HEAZELAMINIEE (right ventricular
myocardial work index, RIMP)=(IVCT+IVRT)ET. BEMZ
B, FALE=ZRBMIZXME=ZRMUKGHA(I# (systolic
displacement of tricuspid valve, TAPSE).

1.2.3 RT-3DE#E BEEFEMI, BRA=#Rk, XREEL3
MOCHEABHNAELE=ZH#EMEHERE. BREEGSABE
T{Euh, FA4D Auto RVQEHITERALEWAEKIAER (right
ventricular end-systolic volume , RVESV). ADOEEFKKER
A(right ventricular end-diastolic volume , RVEDV). AIDE
S £ (right ventricular output per stroke, RVSV). &l
=5 Mm 5% (right ventricular ejection fraction , RVEF).

1.2.4 CMRIE BEIFEMU, RAGE-HD X L5TH IR
HTIRE, H5840mT/m, TIREISO0MT/(m:s), BE8mm,
EBiEE2mm, EEHARE4ms, [EFEEILTms, HEH
40cmX40cm, MB35 cmX35cm, EBEAL5°, BREMOHE
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ElGXEGE ADWA 2 TEuh #1747, FIBargUSHENERFH

RVSV. RVEF. RVESV. RVEDV,
iﬁ%tﬁﬁﬁ*ﬁﬁﬂ&ﬁ—@i%ﬁﬁ, BEEB N O AN

FE¥)E.

1.4 it A% FBSPSS 20.08 5 #7494, HEHIEUT

BWEHEIEE(x £s)WARRT, AEILLREARE, HXH%

PR EAPearsontis, LUP<0.05MANEREERITEEN,
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2.1 RT-3DEE&5CMRIB % nEL. E2,

2.2 HRAS5SRAEMBEOSE. RT-3DEHAXESH
tb# =4EERVEDV. RVESV. TAPSE. RVFACERHEE
(P<0.05); EXBASHRA . NEBASHRAINH, RVEF.
RIMPEINERIBE (P<0.05), EMRAI. HRAIHERF
BHE (P>0.05); RVSV. S’ REMNBAHASHRAINTERHEE
(P<0.05), &L, &2,

o
E1 RT-3DEFI{%. B2 CMRIE{R °
Rl ARASHRAEAEE OHEEXSHLRAM(QR)
285 Bil%k S (cm/s) RIMP TAPSE(mm) RVFAC(%)
XTERZA 30 14.06£3.53 0.41%+0.03 21.03+2.56 45,9614.20
HRA | 25 12.161+3.51 0.561+0.12 17.161+1.68 38.57+4.45
BR4All 25 11.24+3.28 0.58+0.18 14.12+2.44 33.82+4.11
t1/P1 2.211/0.090 6.614/0.000 6.480/0.000 6.324/0.000
t2/P2 0.997/0.323 0.462/0.646 5.131/0.000 3.921/0.000
t3/P3 3.046/0.004 5.098/0.000 10.181/0.000 10.778/0.000
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R2 ARASHRART-3DEMEX S LRHEM(QR)

4831 %  RVEDV(mL) RVESV(mL) RVSV(mL) RVEF(%)
WA 30 61.10%15.28 26.32+16.33 31.15%8.12 52.17%5.15
HRA] 25  85.36%18.75 52.86+18.92 32.19+8.11 37.26+4.95
FiZAll 25  113.83%18.76 88.86+14.51 34.92+4.78 35.44+421
t1/P1 5.289/0.000 5.609/0.000 0.472/0.639 10.880/0.000
t2/P2 5.367/0.000 2.302/0.026 1.450/0.154 1.400/0.168
t3/P3 5.289/0.000 4.402/0.000 2.043/0.046 13.013/0.000
o tL/PL: WERASHRA | LR t2/P2: BIA | SHISA [1EER; t3/P3: XARARMGITA I ik,

2.3 fR4ART-3DESCMRIBXSHELE HRAFRT-3DES
CMRIE MMM X S HERERHRBR (P>0.05), K3,

%3 HRART-3DESCMRIAX S LB (n=50)

Eistin RT-3DE CMRI t P

RVSV/mL  48.75%+14.23 45.61+12.44 1.745 0.243
RVEF/%  35.63%+8.57 33.75+10.49 0.981 0.323
RVESV/mL 85.62+36.39  91.31146.41 0.682 0.497
RVEDV/mL 120.42%49.58  124.36+57.75  0.366 0.715

2.4 BAXERFRENEXELH ERT-3DESEMEBE LTHE
minE+H, MEBEFRE, RIMP. TAPSE. RVEDV. RVFAC.
RVEF. S° . RVESV5PASPHYIEXZ % 51790.598. - 0.618.
0.843. -0.717. -0.882. -0.341. 0.720(P<0.05), TAPSE.
RIMP. RVFAC. S SRVEFRIAEXZREH5150.568. - 0.712.
0.757. 0.406(P<0.05),

IfHBZEH, TAPSE. RIMP. RVFAC. S° S5RVEFHIHEXZHR
oA M0.739. -0.678. 0.781. 0.567(P<0.05); WA I
t, FRWRIEREAEX RS F70.632. - 0.779. 0.345,
0.621(P<0.05); FIZSARIIoh, HRYRIEARMAERRE D3N
0.368. -0.569. 0.654. 0.725(P<0.05)
33t

HRFELE, AOENIESEEOIRREBEUR—B
WRAM, FER, AFESESMOIRMGEENREXERE
HEIAMNEN, AORBESSHPEEPAHBSE. HENE
BER, NTEHEEPAHEEAOINEERES AT 2R RS
E2umlrMEasEEE ", RT-3DE. CMRIYAIX DL
EEHTRISENNE, NISKISTFhEEPAHIEHARHEN
EpsEEa", MHRITRT-3DERARBESCMRIFLEPAHEES
FIRGETHAEINE, FHHILERT.

KFRERETR, F4HRVESV. TAPSE. RVEDV. RVFAC
EYESEE, TMHRATRT-3DESCMRIK LR E 217
2, ENBASHRA . HBASHIAINH, RVEF. RIMP
BYESEE; RVSV. S MENBASHRA hESHE,
IR RRT-3DER REESCMRITT SRR E M Nh EEPAHE S
AR, WIIEIRER, AISENRE. REBER, a8
SHEEPAHEE DR TFRBEERRRENT HE A,
SHRALERFRENOIEE., LERFUEA, REIEEHE
= Z5EET K", MRT-3DERARBEACMRIEFAKIEST
BGME SHUR, TN B R B EEE S NOE
BEAMO =SB, FBARETI Y, NEHERKIE, M
Higzs" Y,

BN, RAREEESHERER, ERT-3DESEMBE
OENERNKESD, B ETAPSE. RIMP. RVFAC. S° 5RVEFHY
HXAE#HDF790.568. -0.712. 0.757. 0.406(P<0.05), IR
B, ARA . HARAIPHZILRVFAC. RIMP. S° 5RVEF#E

9 -

XURIF, HERKHIN0.781. -0.779. 0.725, KA
AR DG E RN EEPAHERE 5 F 8 AAEIRAIEEEE
SR, SEEMERORNRVFAC. RIMP. S’ , EEFTES
S EEESHALEES. BREATFEA, HOE0HA
Mg S, OIAEERA, aOBERTAY, B4, EH
5548 1. FASAAIl. XEBAT, RVEFSS MIBXMHBAEET
Hihigtn, RAS MREALERBINEETRER, LM
BIEMEN EE T ENE, EERAEES TESRIFESE
MINEEEH, BN ARHELEEN. REAEHER,

22 PRk, RT-3DERARBLACMRITHREHRE MNP E
EPAHEEMNAEZIRIETIEE, BalfEE Mg OB It
gggrm@@%ﬁﬁ—ﬁWMEEWﬁm%,ﬁm%ﬁmﬁﬁ
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