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The study of CMR based right ventricular-pulmonary arterial coupling in the assessment

of CTD-PH risk stratification

MA Kefan', LIU Wangyan", WANG Qiang’, SUN Xiaoxuan®,ZHU Yinsu', XU Yi'
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Nanjing 210029, China

[Abstract] Objective: To investigate the value of cardiac magnetic resonance (CMR) based right ventricular - pulmonary arterial
coupling (VAC) parameters in assessing risk stratification of connective tissue disease -related pulmonary hypertension (CTD-PH).
Methods: The clinical and CMR data of 62 patients with CTD-PH between June 2018 and April 2022 were retrospectively analyzed
and they were divided into group 1(low-risk and low-to-moderate-risk patients ,n=39)and group 2(moderate-to-high-risk and high-risk
patients, n=23) according to risk stratification, and the patients’ right and left ventricle-related volumeltric and functional parameters,
left ventricular tissue characterization parameters and VAC were statistically analyzed. The optimal model was sought to predict CTD-
PH risk stratification. Results: The differences in right ventricle - related volumetric and functional parameters, and tissue
characterization parameters of the right ventricular insertion were statistically significant in the two groups of patients with CTD-PH
(P < 0.05). The right ventricular end-diastolic point (RVIP) volume index (RVEDVI)and VAC were independent predictors, and the
combination of RVEDVI and VAC had the best predictive accuracy (AUC=0.839,95% CI:0.735~0.944, P < 0.001). Conclusion:
Right ventricle-related volumetric and functional parameters , and RVIP tissue characterization parameters can be used to assess CTD-
PH risk stratification ; the combination of RVEDVI and VAC improves the accuracy of assessing risk stratification.
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il ) fik &5 & (pulmonary hypertension, PH) J& 4§
e VIR A A7 O 48 T 8 P 28 i s Dk s g =
25 mmHg, 3= Iy il 3 Jik F 3 M 1t 487 BE. 3 16
BEAT TR o 45 2 2H U o A DG 1 it 30 K v
(pulmonary hypertension associated with connective
tissue disease, CTD-PH ) J& PH H i) — Ffi ik 2 Y |
HAUG 22, WA Sk b BRATAT A A A7 0 3 g
BILT- o AEBFAITRHEH , X CTD-PH #EAT /&
773 9 F=S NTTITD.O 7i  g X 10 = T
H i XS CTD-PH f& K 73 J2 WA 1) 2 80 2 A 46
WHO /L HIRE 32 6 min 25471256 1 i 5 fii 1) 44 Ik
(brain natriuretic peptide , BNP) it N 7 3 Hii 1) 4 BK Hij
& (N - terminal proBNP, NT - proBNP) -4l 2022 4E
ESC/ERS 515 O BUKRXLE BN T PH I H 1B
Hat (o — SRR R AR A — R MR . o0
JiE 7 Fe 9% (cardiac magnetic resonance, CMR) AJ D)
AR EUA 0 % (right ventricle, RV)IE 2 (ZHE LA L
e % (left ventricle, LV ) 4 8122 55 S %5, L H 2
A 02 il s JJKAREK (right ventricular-pulmonary arte-
rial coupling, VAC) AJ LA 5z W A .0 2 5% fili 2 ik & 7
e EETIRE . AL CMR S 506 1EA, PH XU
W () e PN (A H AR AR 22
BCMR, WS IAE CTD-PH fER M Z AU

1 X&MFE

1.1 %

[ JB 4 4347 2018 4F- 6 H—2022 4 4 H 7E R 1t =
BFR 2255 — B 2 B AT CMR A8 1 62 151 H 25 () ife
PRI CMR %5k, g AbRIE : OBBIS W N 25 45 4 21
PRI s QL B B2 WA PH, BN 45 3 it 3 fik
JEJ3 > 35 mmHg ", H 5 CMR i B [|] [1] i A
i 2 J s QfE R 43 2 AR 5 CMR K62 (] B i [R] AN i
1A H o HEBRBRE : OBk CTD-PH 4P H A A [ fili
Bl ik i @B AN e LR AT S Ab By
Bro AR EE AR )= A QA 1
5 16 16 53 )2 AR AE L H AR AE 1) 8 39 i), Hovb, &
384, T 1401, 4E 8 16~72 % s QA 2 B GG 202 N
i e RGN 23 0], S otk AR IR 14~66 %
FE R 702 1 AR T IE PR I3 177 fE R o )2 S5 )
T B A S R L AR B ) K, (o
VRIS B 5
12 F#k

K 3T G 3R (MAGNETOM Skyra, Siemens 23
AP AARHS 18 38 1B AR L BRI G LT T4

%1 CTD-PHEKRSE
Table 1 Risk stratification of CTD-PH

I1 )2 e PiRfe hEfe BfE
83 (451) 1 2 3 4
WHO.LDIREM . Tkl — I} \%
6 min AATIRK (m)  >440  320~440 165~319 <165
BNP(ng/L) <50  50~199 200~800 >800
NT-proBNP(ng/L) <300 300~649 650~1100 >1 100

PR . IR SSFP 1] RAE LG
3L (PG L =0 PU RO ) B A %
BOARFPEY AL, EEHRSEISE . TR 3.4 ms,
TE 1.4 ms, #LEF (FOV)380 mmx380 mm , 5% 5 Ji B4
256x256, FA 47°, )5 8 mm, JZ[IFE 2 mm, T1
PRATHEE SR AR AT S 3 S X6 LS 15~20 min A
[ 457 B YO0 JUE R IS O TP S Lo R 3 )23 i il
&, A MOLLLF 814k 15 , 2 S 4045 : TR
2.9 ms, TE 1.15 ms, FOV 360 mm X360 mm, %4 %
192172, FA 35° /A2 1.3 mmx 1.3 mmx8.0 mm.,

B K15 T A CVI42 8 AF (Circle Cardiovascular
Imaging, JIN &) P £ 2200 Z 1L 53 2L (LV ejection
fraction, LVEF) 750 Z &7 sk AR W S FUHE £ (LV end
diastolic volume index, LVEDVI) | 2.0 & W46 AR W 25
FFEEL(LV end systolic volume index, LVESVI) \Ze.l»
= B 235 20 (LV stroke volume index, LVS-
V1) 2O DRSS (LY cardiac index, LVCL) A5.0»
% YF i 4> X (vight ventricular ejection fraction,
RVEF) fi L EEF IR A FHE A (RV end diastolic
volume index, RVEDVI) 470> 25 i 4 R B 25 45 2L
(RV end systolic volume index, RVESVI) | YN
FHET B (RV stroke volume index, RVSVI) (7
D EODAEFEEL(RV cardiac index, RVCD) 70> Z >
AL FE %0 (RV myocardial mass index, RVMMI) , Jf:
TR RVSVI S RVESVI Y HUHAFEI VAC, DL ESHEL
AR MAHEATAR L (B 1) . TEPACSEIR RS
ot IRl B UM AN SN =5 5 NI AN T e I ]
/2] ROLI & A7 .00 % b M il AR AN 2 (A1 14T 25
HIJS TUE , JEARIE A 2, H5E AR 1 A0 i A2 R
(extracellular volume, ECV) (K 2)

ECV=(1/4 385 0 LT 1= 14056 0 WLUT1)/ (1734
SR S I L T 1= 1/490 1 0 1 T1) > (11— 21 248 fifg s F2) %
100% , 702 38 AT IR0 4R T1AEHCEF i AR
PN
1.3 “it5s%

K HISPSS 26.0 A AT GE A0 o 1 LEAE
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Figure 1 Contouring of the left and right ventricle

- g A BB r . :
2,528 SER IR N R AR 2SO R T HEA T ) ), S0 X3 5 TR , R DX 48
G s Z= RS TUE R 1322 ms, A7 D AR AT TN 1 565 ms; B: 3458 /5 T1 BHS /R Z 10 T1EH 659 ms, 470 AT TS 631 ms;
C: 5 AR PR ELD: 5 BRI
B2 AOEBANIBRNEERNITARG TIEMNNE

=

CTD-PH %,

7 - _h LCA !. Y 4 p
AAHLE LA APIETI

Figure 2 Measurement of T1 values of the right ventricular insertion point and interventricular septum before and after in-

jection

B bR 22 (x £ 5) Fom , WA Jh ST BEAS ¢ K
B AT W 2 B) 25 S LB A R R A 3 e (%)
Fo , 8 1 5 K 56 B Fisher A% B K6 56 2517 0 40 1)
Z S, BB Logistic 437 H1 P < 0.10 f 75
WA Z K ZR 3T, 3T 9B I Lk 2 Wb Jr 22 1%
JI R T >10 B 258 22 B < 0.1 B9 728 4, i FH Logistic [f]
i A5 0] 09 45 2] #5000 PH 1 K 73 )2 A9 Logistic 5
YOG P80 ASE AR ) 2 8 43 0l E AT ROC 46
Srfr, TR RERME. P<005 HZERA %I

2 # R

2.1 BFRA ARSI
PN EEAE B WA 2, PR AR ] A
Z2 1 A (body surface area, BSA) Tl B 227,41 &

G TR LG S . SA AL, R R
16 £8 2 1 NT-proBNP Ft 5 8 B i (P < 0.001) , H.
WHO 0> Zfig 3 A W9 a5 IV 2% 0 b7 38 5 (P <
0.001),
22 WS EHMAME AL R
WAL 22 A7 O BB DI RE S B0 L3 WL 3=
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e K TH AR L2 BB A 1 T A LR T RVEF F
VACR T4 1 83 KRS E e 4l n) 22 7 5t
2R SL(P>0.05),
2.3 S ULLL S AR LRI AR
PO IIH A =S E R LR 4. 0%
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WA Geit2E 22 5, M FFERIAG T1{E A ECV{H
TEMZ EITCE 72 X (P> 0.05)
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2.4 by ETRMIBEA 6 ik

{8 H Logistic &AL Ml , 75t RVEDVIFI VAC
SRR IX 4 CTD-PH f& [ 43 )2 A il <7 700 5+
(5), FFEFTRM CTD-PH G 43 )2 F B -4 i s
AI(F6). ROC AT R iZ ISRl R4
X 4rfE 11, AUC } 0.839 (95%CI: 0.735~0.944, P <

0.001) ; Hosmer- Lemeshow 5 5 {7~ i 45 7 B 4%
B R HERE 11 ()*=1.889, P=0.984) . HF A Tl A5
AL sl RVEDVI EX VAC [ T 0 AR 7R 45 351 2
17 ROC {h£2 347 , B6-5 RVEDVI I VAC T 1 56 43
JZI AUC frem (26, 813) o il Z K 56%F 3 4L
AUC AT T HL A, B BRI St (P >

R2 PRMKEREHE

Table 2 Basic characteristics of subjects

S8 2H 1(n=39) 20 2(n=23) E P

L[ n(%) ] 38(97.4) 23(100.0) — 1.000
I (P % £ 5) 37.67 = 14.50 41.17 + 14.09 -0.930 0.356
BSA(m?,% +5) 1.55+0.13 1.50 + 0.12 1.264 0.211
W sE (mmHg, % + 5) 118.69 + 15.64 110.96 + 18.46 1.759 0.084
#7KE (mmHg, % + 5) 77.67 +17.36 73.91 = 12.57 0.905 0.369
NT-pro BNP(ng/L,% + s) 595.69 + 817.12 3334.80 +2217.05 -5.701 <0.001
WHO LIRS (/N D) [n(%) ] 7(17.9) 21(91.3) 31.435 <0.001
B [n(%) ]

AREMEA BRI 22(56.4) 5(21.7) 7.074 0.008

THRLRGAE 10(25.6) 5(21.7) 0.120 0.729

ARG AR 6(15.4) 6(26.1) 0.487 0.485

®3 WMARMNOEBRXFR.INESHILE

Table 3 Comparison of biventricular related volumetric and functional parameters between two groups (¥ +s)

ZH 41 1(n=39) 4 2(n=23) 1l P18
LVEF(%) 57.09 = 13.48 55.19 +9.83 0.591 0.552
LVEDVI(mL/m®) 66.27 + 16.25 58.17 + 13.37 2.019 0.054
LVESVI(mI/m?) 27.77 + 8.47 25.97 +7.87 0.829 0.405
LVSVI(mL/m?) 38.50 + 13.53 32.21+9.45 1.965 0.062
LVCI[L/(min+m’) ] 2.79  0.87 241 +0.67 1.822 0.081
RVEF(%) 41.64 +12.13 29.09 + 10.83 4.090 0.001
RVEDVI(mL/m?) 87.23 £ 21.17 124.85 + 45.69 -3.721 0.001
RVESVI(mI/m?) 51.47 = 18.62 91.24 + 4491 -4.047 <0.001
RVSVI(mI/m?) 35.76 = 11.75 33.62 +12.86 0.672 0.498
RVCI[L/(min-m?) ] 2.62+0.76 2.48 +0.83 0.656 0.508
RVMMI(g/m?) 11.46 + 5.04 19.05 + 8.98 -3.722 0.001
A0 R (em?) 19.11 + 6.25 26.04 +9.85 -3.033 0.005
ESGLEIEISD: 154.14 = 27.42 182.26 +21.22 -4.224 0.001
VAC 0.78 + 0.36 0.44 +0.22 4.018 0.001

F4 WHBLOERRZSHILER
Table 4 Comparison of left ventricular tissue characterization parameters betwoon two groups (x£s)
24 4 1(n=39) 4 2(n=23) !l PIH
WA T1AE wve(ms) 1476.85 + 119.11 1593.39 + 179.49 -2.775 0.009
ECVinr(%) 41.87 £ 6.37 4735 £9.47 -2.726 0.008
WA T1{E vs(ms) 1318.74 + 96.64 1323.09 + 61.45 -0.193 0.847
ECVis(%) 30.93 +3.95 31.89 +5.56 -0.789 0.433
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Table 5 Univariate and multivariate analysis of CMR parameters in CTD-PH patients

2 LASES ZNE T

= OR 95%CI P{s OR 95%CI Pis
LVEF 0.987 0.946~1.030 0.552 — — —
LVEDVI 0.964 0.930~1.001 0.054 — — —
LVESVI 0.973 0.911~1.038 0.405 — — —
LVSVI 0.957 0.913~1.002 0.062 — — —
LVCI 0.539 0.269~1.079 0.081 — — —
RVEF 0.915 0.868~0.964 0.001 — — —
RVEDVI 1.042 1.017~1.068 0.001 1.031 1.005~1.057 0.019
RVESVI 1.055 1.025~1.086 <0.001 — — —
RVSVI 0.985 0.943~1.029 0.498 — — —
RVCI 0.798 0.408~1.558 0.508 — — —
RVMMI 1.181 1.067~1.307 0.001 — — —
A0 pr KR 1.121 1.035~1.213 0.005 — — —
2 ) B £ 1.043 1.018~1.068 0.001 — — —
VAC 0.017 0.002~0.192 0.001 0.054 0.004~0.703 0.026
WA T v 1.006 1.001~1.010 0.010 — — —
ECVivw 1.103 1.018~1.194 0.016 — — —
WIHE T1AE ws 1.001 0.995~1.007 0.845 — — —
ECVis 1.047 0.934~1.174 0.429 — — —

*6 BATMEE L HMEARVEDVIE VAC Flill PH 100 7 RVEDVIAVAC
VoA = ] R © | __RVEDVI
Table 6 Comparison of joint prediction model with 80 — VAC
RVEDVI or VAC alone for predicting PH risk 3 604
stratification ;ﬁ(
i R R g 1]

24 AUC  95%CI  ABrE

(%) (%)
RVEDVI+VAC 0.839 0.735~0.944 053 652 923
RVEDVI 0.779 0.650~0.908 110.85 652  84.6
VAC 0.803 0.693~0.912 0.53 739 795

MRS — . R R R E I RVM-
MIE— 230K, )BT PH AR RS2 4 O & R 4
TR S IR A A O B R R TR Y
SR AL R S B T X — R

0 x"’ T T T T
0 20 40 60 80 100
1=RE5BE (%)
B3 FUARE S #hE A RVEDVIS VAC B ROC HiZ%
Figure 3 ROC curves of joint prediction model and

RVEDVI or VAC alone
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{HATRE T VAC 4 28 20 2008 T fili =6 40 il A5 4R
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