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Combined ECG parameters (S I mv, S V émv, and P V 1ms) with transthoracic
echocardiography for constructing a screening model for pulmonary arterial

hypertension: a case-control study

Ma Yuanqiuzi], Zhu Tao™’, Chen Yanxiu™’, Wang Xingpeng2'3, Li Huakangz’3 ]Department of Health
Management, “Department of Cardiovascular Medicine, Center for Chronobiology and Cardiometabolic Disease ; ‘Key
Laboratory of Ministry of Education for Geriatric Cardiovascular and Cerebrovascular Diseases, First Affiliated

Hospital, Army Medical University (Third Military Medical University) , Chongqing, China

[Abstract] Objective Pulmonary arterial hypertension (PAH) is a cardiovascular disorder
characterized by progressive elevation of pulmonary vascular resistance and increased right ventricular
afterload. Right heart catheterization (RHC) currently serving as the diagnostic gold standard for PAH, is an
invasive procedure with inherent risks, whereas transthoracic echocardiography (TTE) is susceptible to
multiple interfering factors when estimating pulmonary artery pressure (PAP). This study aims to construct a
noninvasive screening model for PAH by integrating electrocardiography (ECG) and TTE parameters, thereby
improving the early detection rate of PAH. Methods A retrospective case-control study was conducted on
the patients hospitalized and undergoing RHC in Department of Cardiovascular Medicine of our hospital from
August 1, 2014 to May 31, 2021. According to RHC results, the participants were divided into a PAH group
(mean PAP =20 mmHg) and a control group (mean PAP <20 mmHg). Baseline demographic data,
comorbidities, serum biochemical indicators, ECG parameters, TTE assessment of PAH and RHC findings
were collected. ECG indicators with favorable diagnostic performance were screened by ROC curve analysis.
A combined model was constructed by integrating ECG parameters and echocardiographic findings, and
corresponding statistical analyses were performed to evaluate its diagnostic efficacy. Results Regarding
baseline characteristics, the PAH group exhibited significantly advanced age (P=0. 004), higher proportion of
hypertension (P=0. 021), increased CHA 2DS>-VASc score (P<0.001) and HAS-BLED score (P<0. 001) for
atrial fibrillation, and elevated b-type natriuretic peptide (BNP) level (P<0. 001) than the control group. For
ECG parameters, obviously higher values of P Il ms (P<0.001), P Il mv (P<0.001), PV 1ms (P<0.001),
PV Imv (P<0.001), RV Imv (P<0. 001), R V2mv (P=0. 011), S I mv (P<0. 001), SV 6mv (P<0. 001), V 1R/S
(P<0.001), V2R/S (P=0.002), V6R/S (P=0.044), ST Il mv (P=0.028), ST mv (P=0.007), STavFmv
(P=0.001), STV Imv (P=0. 019) and ST V 2mv (P=0. 015) were observed in the PAH group than the control
group. ROC curve analysis on the statistically significant ECG parameters and TTE for PAH prediction
revealed that S I mv, SV 6mv and PV 1ms exhibited favorable diagnostic efficacy, with AUC values of 0. 854
(95%CI: 0. 803 to 0. 904), 0. 865 (95%CI: 0. 817 to 0. 914) and 0. 739 (95%ClI: 0. 658 to 0. 812), respectively,
while TTE yielded an AUC value of 0. 614 (95%CI: 0. 534 to 0. 694) for predicting PAH. The combined
model constructed by integrating TTE results with S I mv, SV 6mv, and P 'V 1ms yielded an AUC value of
0. 874 (95%CI: 0. 827 1o 0.921). Under the premise of the specificity approaching 100% (maximized within
the actual data distribution), the sensitivity was maximized at a cutoff value of 0. 894, with a sensitivity of
0. 656, a positive predictive value of 1. 000, and a negative predictive value of 0. 470, demonstrating superior
predictive efficacy over any single ECG or TTE parameter. Conclusion The non-invasive model constructed
based on ECG parameters (S I mv, SV 6mv, and PV Ims) integrated with TTE estimation for PAH presents
good screening performance for PAH, and has certain value for clinical promotion.

[Key words| pulmonary  hypertension;  right  heart  catheterization;  echocardiography;

electrocardiography; combined model
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Figure 1 Flowchart of patient enrollment, exclusion, and grouping in the study
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Figure 2 ROC curves of the selected ECG parameters and transthoracic echocardiographically estimated PASP
(TTE PASP) for predicting PAH
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x1 MRS EASMRABEELTN . SHEREIWEERHABELLE [41(%), M(Py, P,) ,xs]
Tablel Comparison of baseline characteristics, comorbidities, and laboratory indicators between the PAH group and the

control group [n(%), M(P,;, P,;) ,%+s]

Characteristics Control group(n=54) PAH group(n=187) X2 P
Age 51.00 (45. 00, 57.00) 54.00 (49. 00, 64.00) -2.912 0. 004
Gender 0. 180 0.671
Male 14 (25.93) 54 (28.88)
Female 40 (74.07) 133 (71.12)
CHA,DS,-VASc score 3.00(2. 00,4. 00) 3.50(2.00,4. 00) -10. 926 <0. 001
HAS-BLED score 1.00 (0, 1.00) 1.00 (1.00, 1.00) -10. 914 <0. 001
Comorbid diseases
NYHA 1.00 (1. 00, 2.00) 2.00 (1. 00, 2.00) 4 479. 000 0.171
Hypertension 7 (12.96) 53(28.34) 5.300 0.021
Diabetes 4(7.41) 12 (6.42) 0.761
TIA 3(5.56) 9 (4.81) 0.734
CAD 5(9.26) 29 (15.51) 1.350 0.245
Peripheral vascular disease 12 (22.22) 54 (28.88) 0.933 0.334
Medication history
Warfarin 3(5.56) 17 (9. 09) 0.578
Heparin 10 (18.52) 39 (20. 86) 0.141 0.707
Asprin 17 (31.48) 59 (31.55) 0. 000 0.992
Clopidogrel 18 (33.33) 81(43.32) 1.725 0. 189
NOAC 0 5(2.67) 0. 590
Laboratory examination
APTT/s 28.20 (26. 60, 29. 40) 28.20 (26. 10, 30. 80) -0. 607 0. 544
PT/s 10. 80 (10. 40, 11.20) 11.10 (10. 60, 11.70) -2.985 0. 003
Fib/(g/L) 2.15(1.79, 2.51) 2.37(1.94, 2.76) -2.599 0. 009
INR 0.94 (0. 89, 0.97) 0.96 (0.92, 1.02) -3.098 0. 002
RBC/(x10"*/1) 4.36+0. 45 4.310. 53 0.593 0. 555
HB/(g/L.) 131. 00 (123. 00, 138.00) 131. 00 (122. 00, 142.00) -0.616 0.538
WBC/(x10°/L) 5.44 (4.41, 6.10) 5.33(4.63, 6.78) -0. 868 0. 386
Neutrophil/(x10°/L) 2.88(2.31,3.73) 2.93(2.43, 3.98) -0. 985 0.325
Percentage of neutrophil/% 55.40 (47. 60, 62.10) 55.90 (49. 60, 62.90) ~1. 080 0. 280
PLT/(x10°/L) 195. 00 (162. 00, 241.00) 187. 00 (158. 00, 227. 00) 0.732 0. 464
Cr/(pmol/L.) 61.00 (55. 60, 70.20) 63. 00 (55.00, 75.90) -1.294 0.196
GFR/(mL/min/1. 73 m”) 100. 44 (93. 08, 106. 36) 97.81 (86. 60, 105. 64) -0.616 0.538
Glu/(mmol/L) 4.91(4.56, 5.30) 4.90 (4.56, 5.41) -1. 006 0.314
Glu 2 h/(mmol/L) 6.70 (5.52, 8.19) 6.81(5.38, 7.37) -7.709 <0. 001
HBAlc/% 5.60 (5.50, 5.90) 5.70 (5.40, 5.90) -8.598 <0. 001
TC/(mmol/L) 4.46 (3.91, 4.93) 4.17 (3. 66, 5.02) -0. 940 0.347
TG/(mmol/L) 1.14 (0. 80, 1.49) 1.13 (0. 88, 1.53) -2.407 0.016
HDL-¢/(mmol/L) 1.2610. 24 1. 2320. 30 0.737 0. 463
LDL-¢/(mmol/L) 2.64(2.35,3.09) 2.65(2.24,3.15) -1.679 0. 093
BNP/(pg/mL) 35.00 (14. 80, 70. 80) 84.60 (34.90, 194.50) -10. 304 <0. 001

PAH: pulmonary arterial hypertension; NYHA: New York Heart Association;

NOAC: non-vitamin k antagonist oral anticoagulants

TIA: transient ischemic attack; CAD: coronary artery disease;
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Table 2 Comparison of ECG parameters (multi-lead wave amplitudes, durations, ST-segment deviations, and T-wave)

between the PAH group and the control group [n(%), M(P,,P,,) ]

Characteristic Control group(n=54) PAH group(n=187) Xz P
TTE 28 (51.85) 147 (78.61) 15. 086 <0. 001
QRS axis 52.00 (18. 00, 76.00) 64. 00 (25. 00, 89.00) -1. 685 0.092
Pl ms 97.50 (89. 00, 100. 50) 101. 00 (91. 00, 109. 50) -4.207 <0. 001
Pl mv 0.09 (0.06, 0.11) 0.12(0.08, 0.14) -5.136 <0. 001
PV 1ms 73. 00 (62. 50, 84.00) 90. 00 (76. 00, 102.00) -6. 820 <0. 001
PV Imy 0.05 (0.03, 0.08) 0.07 (0.05, 0.10) -5.828 <0. 001
RavRmv 0. 14 (0.09, 0.22) 0.16 (0. 10, 0.25) -1.490 0. 136
RV Imv 0.17 (0. 10, 0.27) 0.31(0.15, 0.56) 4. 420 <0. 001
RV 2mv 0.45(0.27, 0.65) 0.58 (0.33, 0.94) -2.535 0.011
ST my -0.26 (-0.34, -0.13) 0.23 (-0.11, 0.39) -8.014 <0. 001
SVémv -0.22 (-0.32, -0.13) 0.21 (-0.09, 0.46) -7.853 <0. 001
VI1R/S 10 (18.87) 96 (51.34) 17. 654 <0. 001
V2R/S 6 (11.11) 61 (32.62) 9. 658 0.002
V6R/S 0 14 (7.49) 0. 044
V1 Q wave 8 (15.09) 22 (11.76) 0.419 0.518
ST I mv 0(0,0) 0 (-0.02, 0.01) 1.412 0. 158
ST Il mv 0 (-0.02, 0.01) -0.01 (-0.04, 0) 2.203 0. 028
ST mv 0 (-0.02, 0) -0.01 (-0.04, 0) 2.713 0. 007
STaVLmv 0 (0, 0.01) 0 (-0.01, 0.01) 0.673 0.501
STaVFmv 0 (-0.01, 0) -0.01 (-0.04, 0) 3.252 0. 001
STV Imv 0 (0, 0.02) 0 (-0.01, 0.01) 2.339 0.019
STV 2mv 0.01 (0, 0.04) 0 (-0.03, 0.03) 2.428 0.015
STV 3mv 0 (0, 0.02) 0 (-0.03, 0.03) 1. 074 0.283
STV 4mv 0 (-0.02, 0.01) 0 (-0.04, 0.02) 0. 557 0.577
STV 5mv 0(-0.01, 0) 0 (-0.03, 0.02) 0. 465 0.642
STV émv 0 (-0.02, 0) 0(-0.02, 0) 1.003 0.316
T1 inversion 0 6(3.21) 0.343
TII inversion 1(1.89) 10 (5.35) 0. 464
Ta VL inversion 2(3.77) 4(2.14) 0.616
TV 3 inversion 5(9.26) 33 (17.65) 2.220 0. 136
TV 4 inversion 3(5.56) 34 (18.18) 5. 140 0.023
TV 5 inversion 2(3.70) 26 (13.90) 4. 245 0.039
TV 6 inversion 0 18 (9.63) 0.016
RBBB 14 (25.93) 68 (36.36) 2.034 0. 154

TTE: transthoracic echocardiography; PASP: pulmonary artery systolic pressure; RBBB: right bundle branch block

0. 894, X i Y 7 B Ky 0. 656, F5 F B 4 1. 000, PPV
1. 000,NPV 4 0. 470, 1ZZ5 LV, 72 SLE A T, HAIAHEHERR PAH, T 45 & RHC PPAl . B TH—
RETRTC B B 61, BT A AR 0 o S B ) SR B 3 o0 F IR LB S A 4 b T, 0 A% A R A, HL K
2 PAH. HIY BB AS 53 =0. 894 B, Al HE WL 3.

A PAH FHE , Jo75 #E—2547 RHC ; 11 % AU 7543 <0. 894
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Table 3 ROC analysis of ECG and TTE indicators

Variable AUC(95%CI) Sensitivity ~ Specificity
ST my 0. 854(0. 803—0.904) 0.701 1. 000
SVémy 0. 865(0.817—0.914) 0.701 0.979
PV 1ms 0.735(0. 658—0. 812) 0.639 0.771
RVimv 0. 692(0. 619—0. 764) 0.471 0. 868
PV Imv 0.675(0.582—0. 768) 0. 839 0. 458
STavFmv 0. 645(0.573—0.718) 0.578 0.741
Pl ms 0.635(0. 548—0.723) 0. 500 0.771
ST mv 0.621(0. 547—0. 696) 0. 604 0. 667
STV Imv 0. 616(0. 537—0. 695) 0. 342 0. 887
RV 2mv 0.611(0.533—0. 690) 0.398 0. 833
TTE 0. 614(0. 534—0. 694) 0. 760 0. 468

ROC: receiver operating characteristic; AUC: area under the curv;

TTE: transthoracic echocardiography

3 itig
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Figure 3 Comparison of ROC curves between the combined

model and individual parameter for predicting
PAH
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g L A2
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Table 4 ROC analysis results and optimal cutoff values of the combined model and individual parameters for predicting PAH

Variable AUC(95%CI) Sensitivity Specificity Cutoff PPV NPV
ST mv 0. 854(0. 803—0.904) 0.701 1. 000 -0.025 1. 000 0. 505
SV6mv 0.865(0.817—0.914) 0.701 0.979 -0.015 0.991 0. 500
PVims 0.735(0. 658—0. 812) 0. 639 0.771 84.500 0. 907 0.398
TTE 0. 614(0. 534—0. 694 0. 760 0. 468 0. 500 0. 824 0.373
Union 0.874(0. 827—0.921) 0. 656 1. 000 0.89%4 1. 000 0. 470

PPV : positive predictive value; NPV : negative predictive value
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