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Research on the application of phase contrast MRI in evaluating the prognosis of CTD-PAH
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[Abstract] Objective: To explore the application value of pulmonary blood flow parameters based on phase contrast magnetic
resonance imaging (PC - MRID) in assessing the prognosis of patients with connective tissue disease - associated pulmonary arterial
hypertension (CTD-PAH). Methods: A retrospective analysis was conducted on the clinical data and cardiac magnetic resonance
(CMR) parameters of 136 patients with CTD-PAH, as well as the main pulmonary artery (MPA) blood flow parameters measured by
PC-MRI. Based on the follow-up results, patients were divided into two groups: the group with clinical deterioration events and the
group without clinical deterioration events. The comparison of CMR indicators between the two groups was conducted using either
the independent sample ¢-test or the Mann-Whitney nonparametric test. Independent predictors of endpoint events were screened by

Cox proportional hazards regression. Subsequently, patients were grouped based on the optimal cut-off point of the receiver operating
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characteristic (ROC) curve, and Kaplan-Meier survival analysis was used to verify the prognostic differences. Results: Compared with
the group without clinical deterioration events, patients in the group with clinical deterioration events showed decreased left ventricular
stroke volume index;, left ventricular ejection fraction, right ventricular ejection fraction, left ventricular cardiac index, main pulmonary
artery peak velocity, main pulmonary artery mean velocity (MPAMV). Additionally, they exhibited increased right ventricular end -
diastolic volume index(RVEDVD), right ventricular stroke volume index; right ventricular myocardial mass index, and ventricular mass
index. These differences were statistically significant (all P < 0.05). Cox regression analysis indicated that the MPA MV and RVEDVI
were independent predictors of clinical deterioration events in patients with CTD-PAH. Kaplan-Meier survival analysis showed that the
incidence of clinical deterioration events increased when the MPAMYV was <6.65 cm/s and the RVEDVIwas =110.24 mL/m*(all P <0.001).

Conclusion: RVEDVI and MPAMV measured by phase contrast sequences are valuable for predicting clinical deterioration events in

CTD-PAH patients. Additionally, using both indicators together can further enhance predictive accuracy.

[Key words] connective tissue disease; pulmonary arterial hypertension; cardiac magnetic resonance; phase contrast; prognosis
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A positioning line of 1.5~2.0 cm was set on the pulmonary valve at the long axis of the biplane MPA (A, B) and perpendicular to the MPA blood

flow direction to obtain the phase comparison image of the MPA layer; outline the region of interest(C), and finally obtain the MPA flow velocity curve(D).
1 MPA PC-MRI 3 E L KM E 75 7%

Figure 1 MPA PC-MRI scanning location and measurement method
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Table 1 Comparison of CMR parameters between the groups without and with clinical deterioration events among
CTD-PAH patients

Variable .Wit}.wut clinical With clinical deterioration 7 p
deterioration events(n=99) events(n=37)
LVEF[ % ,M(P:s,Pss) | 58.56(52.41,63.28) 54.18(43.10,60.71) -2.051 0.040
LVEDVI(mL/m’,% % 5) 65.96 = 19.52 60.78 + 14.95 1.462 0.146
LVESVI[ mL/m*, M(Pss, Pss) | 27.00(21.30,33.86) 28.18(22.43,36.27) -0.570 0.569
LVSVI(mL/m*,x +s) 37.02 £ 11.85 32.27 +11.06 2.116 0.036
LVCI[L/(min-m*) ,x + 5] 2.76 £ 0.84 2.31 +0.66 2.924 0.004
RVEF(%,x +s) 37.54 + 12.84 31.97 £ 13.32 2.228 0.028
RVEDVI[mL/m>, M(P»s, Pss) ] 89.40(77.52,115.53) 112.92(86.47,134.93) -2.589 0.010
RVESVI[ mL/m*, M(Pss, Pys) ] 54.79(42.15,71.77) 71.06(53.80,109.04) -3.005 0.003
RVSVI(mL/m*,x +s) 35.69 £ 13.93 35.00 £ 12.36 0.262 0.794
RVCI[L/(min-m?) ,x + 5] 2.67 +0.99 2.50 £ 0.72 1.104 0.273
RVMMI[ g/m*, M(P>s, Pss) ] 11.06(7.58,15.51) 15.27(10.57,20.17) -2.920 0.003
VMI[M(Pas, Prs) | 0.24(0.17,0.39) 0.37(0.25,0.55) -3.055 0.002
MPA/AAod[ M(Pss, Pss) ] 1.17(1.03,1.36) 1.19(1.04,1.33) -0.523 0.601
MPAPV (cm/s % + ) 68.13 £ 19.26 57.57 £ 15.51 2.989 0.003
MPAMYV (cm/s,x +s) 8.26 +3.22 5.81+2.23 4.260 <0.001

MPAd: diameter of the main pulmonary artery; MPA/AAod: main pulmonary artery to ascending aorta diameter ratio.

\ 3 2 164 246 328 410 492 5

L\
¥ 1: 30.75mm §
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70 142 213 284 355426 497 568 639 710
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A-D: Case 1,a 44-year-old woman with CTD-PAH without clinical deterioration events. RVEF:54%; RVEDVI: 85.85 mL/m’; MPAMV: 11.02 cm/s;
MPA diameter: 3.08 cm; MPA/AAod: 1.28. E-H: Case 2, a 34-year-old woman with CTD-PAH who experienced disease progression requiring rehospita-
lization. RVEF: 16.5% ; RVEDVI: 225.32 mL/m*; MPAMV: 4.36 cm/s; MPA diameter: 3.86 cm; MPA/AAod: 1.59. In Fig. A and E, red and green

contour lines represent LV endocardium and epicardium respectively ; yellow and blue contour lines represent RV endocardium and epicardium
respectively. In Fig. C and G, the yellow lines 1 and 2 represent main pulmonary artery and ascending aorta diameter respectively.
B2 RAESEZEIGEKENSEHECTD-PAH EE 88 EHFHIE

Figure 2 Typical case charts of CTD-PAH patients in the groups without and with clinical deterioration events
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Table 2 Univariate and multivariate Cox regression analysis of clinical deterioration events in 136 CTD-PAH patients

) Univariable Multivariable
Variable
HR(95%CI) P HR(95%CI) P
LVEF 0.967(0.940-0.995) 0.021 - -
LVEDVI 0.987(0.968-1.006) 0.168 - -
LVESVI 1.002(0.973-1.031) 0.907 - -
LVSVI 0.967(0.939-0.996) 0.028 - -
LVCI 0.532(0.341-0.829) 0.005 - -
RVEF 0.973(0.949-0.998) 0.033 - -
RVEDVI 1.011(1.004-1.018) 0.001 1.009(1.001-1.016) 0.018
RVESVI 1.011(1.005-1.017) < 0.001 - -
RVSVI 1.000(0.976-1.025) 0.970 - -
RVCI 0.922(0.642-1.324) 0.660 - -
RVMMI 1.055(1.019-1.092) 0.002 - -
VMI 5.189(1.672-16.109) 0.004 - -
MPA/AAod 0.969(0.269-3.493) 0.962 - -
MPAPV 0.977(0.959-0.995) 0.014 - -
MPAMV 0.791(0.699-0.896) <0.001 0.814(0.717-0.925) 0.002
2.4 A HEESH 100
43 W% MPAMV . RVEDVI J% 7 2 f B £ 1 73 I
221 ROC #h 2k (18] 3), 45 R /R BL A AL 1 ROC il g0l
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Figure 3 ROC curves of RVEDVI, MPAMYV, and the

combined model
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Table 3 ROC analysis of RVEDV,MPAMYV, and the combined model

Variable Cut-off AUC Sensitivity Specificity Youden index
MPAMV 6.65 cm/s 0.728 0.703 0.687 0.390
RVEDVI 110.24 ml/m* 0.645 0.541 0.717 0.258
Combined model -0.77 0.748 0.865 0.586 0.451

*: The combined model showed significantly higher AUC than RVEDVI(DeLong test, P=0.02).
A 100 B 100
3 I —— MPAMV>6.65 cm/s 2 I — RVEDVI<110.24 mL/m’
% 30 — MPAMV=6.65 cm/s % 30 — RVEDVI=110.24 mL/m’
2 | T—r T 2 |
3 <
s 60 < 60
2. 2
g E
= 40 ™ T 1 E 40
2 L E L
9] N
20 L 1 L 1 L 1 L 1 L 1 200 L 1 L 1 L 1 L 1 L 1
0 20 40 60 80 100 0 20 40 60 80 100
Time(months) Time(months)
Number at risk Number at risk
MPAMYV (em/s) RVEDVI(mL/m*)
>6.65 79 44 18 9 1 0 <110.24 88 54 20 11 1 0
<6.65 57 29 9 4 1 0 =110.24 48 19 7 2 1 0
4 EHTFMPAMV(A)FARVEDVI(B)#) CTD-PAH &% #) Kaplan-Meier 4 75 f £
Figure 4 The Kaplan-Meier survival curves of CTP-PAH patients based MPAMYV (A) and RVEDVI(B)
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