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Abstract Objective: To investigate the impact of stimulus to left ventricular activation time(sti-LVAT) on

the mid-to long-term prognosis of left ventricular function after pacemaker therapy in patients with heart failure.
Methods: A retrospective analysis was conducted on 89 patients who underwent pacemaker implantation with a
high ventricular pacing ratio at our hospital from January 2019 to May 2023. According to the pacing site, they
were divided into the LBBAP group(n =42), RVSP group(n =13), and RVAP group(n =34). Differences in
baseline data, intraoperative electrophysiological parameters, and postoperative 6-month left ventricular function
parameters were compared among the three groups. Results: The LBBAP group had the shortest pacing QRSd
during the procedure, followed by the RVSP group and RVAP group. Significant differences in unipolar imped-
ance during the procedure were observed among the three groups(P =0.005). Compared to baseline, the LBBAP
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group had a significant decrease in LVEDD, LAD, and NT-proBNP after 6 months [LVEDD: (48.12+6.51)
mm vs (50.45+7.96) mm, P=0.001; LAD: (40.05+5.92) mm vs (42.02=+7.20) mm, P =0.002; NT-
proBNP: 219.50(89. 75, 472.50) pg/mL vs 1 166.50(683. 75, 2 125.00) pg/mL, P=0.001], and a significant
increase in LVEF [(62. 954-4.99) % vs (58.3149.36) %, P<C0.001]. The RVAP group had a significant in-
crease in LAD [(42.82+5.24) mm vs (41.06+5.59) mm, P =0.009] and a significant decrease in LVEF
[(56.91£7.18)% vs (60.38£7.13)%, P =0.041] after 6 months; there were no significant changes in
LVEDD, LAD, and LVEF in the RVSP group after 6 months. During the procedure, the LBBAP group had the
shortest sti-LVAT [(74.45+12.90) ms], followed by the RVSP group [ (94. 69£11.00) ms] and RVAP group
[(100.21411. 44) ms], with significant differences among the three groups (P<C0.001). Linear regression anal-
ysis showed that sti-LVAT was positively correlated with In(NT-proBNP) ., LVEDD, and LAD after 6 months (»
=0.674, 0.512, 0.400, P<C0.001), and negatively correlated with 6-month LVEF (= —0.510, P<C0.001).
Multivariate linear regression analysis showed that sti-LVAT could positively predict 6-month NT-proBNP (b =
0.051, f=0.646, P<C0.001) and LVEDD values (b=0.157, $=0.423, P<(0.001). Conclusion: LBBAP can
significantly improve left ventricular function and reduce ventricular remodeling after pacemaker therapy in pa-

tients with heart failure. sti-LVAT has good predictive value for left ventricular function in patients with heart
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failure and a high ventricular pacing ratio.

Key words left bundle branch area pacing; right ventricular septum pacing; right ventricular apex pacing;

left ventricular activation time; left ventricular function; ventricular remodeling
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Figure 1 Sti-LVAT measurement in three pacing methods
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Table 1 Comparison of clinical baseline characteristics BIC%) X +S.M(Py s Pys)
1 H LBBAP 41 (42 fi) RVSP 41 (13 i) RVAP 4 (34 #i) P
RS/ % 72.21+10. 00 70.00410. 15 76.2647.05 0.086
PER ¢ 22(52.38) 6(46.15) 16(47.06) 0.870
o5 1M 32(76.19) 10(76.92) 29(85.29) 0. 670
W DR J5 17(40. 48) 2(15.38) 9(26.47) 0.208
eI 8(19.05) 2(15.38) 3(8.82) 0.461
i A5 5 5(11.90) 1(7.69) 0(0.00) 0.096
2 4 11(26.19) 3(23.08) 6(17.65) 0.653
I35 WL/ (pemol /LD 81.55(66.90.95. 45) 75.60(63.45,81.50) 76.35(66.50,111.45) 0.451
BN/ (U/LD 23.00(16. 75,34. 25) 23.00(14.50,35.50) 20.00(12. 25,24, 25) 0.334
NT-proBNP/(pg/mL) 1 166.50(683.75,2 125.00) 1 010.00(577.50,1 605.00) 1 075.00(684.50,2 212.50) 0. 855
QRS A FR /ms 122. 31436, 66 117.92430. 03 113.18£30.01 0.497
L B ]
LVEDD/mm 50.45 4 7.96 49.31 £ 5.81 50.21 & 6.36 0. 879
LAD/mm 42.02 & 7.20 39.62 & 5.47 41.06 & 5.59 0.478
LVEF/% 58.31 4 9.36 58.92 & 7.97 60.38 4 7.13 0. 560
CO/(L/min) 3.63(3.02,4.25) 3.48(2.94,4.38) 4.35(3.27,5.30) 0.112
MR V¥ 53 2% 1 1 0. 404
TR F-3 53 % 1 1 0 350
x2 3HERPHEXSHALEER
Table 2 Comparison of intraprocedural parameters among the three groups
W% X =S, M(P,; ,Pys)
T H LBBAP 4] (42 fi) RVSP 41 (13 i) RVAP 4 (34 D P
F RS E] /min 135.00(113. 75,181. 25) 115.50(87.50,172.50) 102. 50(85.00,125.00)  <C0.001
QRSd/ms 107.00(99. 75,121. 25) 160. 00(126.00,168. 50) 164.50(153.00,178.25)  <C0. 001
sti- LVAT/ms 74.45412. 90 94. 69411. 00 100. 21411, 44 <£0. 001
XU R 4 2 32(76.19) 12(92. 31) 28(82. 35) 0.471
FOELE ¥4
R A/ mV 11.80(7.90,15.00) 11.80(9.10,15.05) 12.50(8.98,14.63) 0.854
AR e/ V 0.60(0.50,0. 80) 0. 60€0.50,0. 70) 0.55(0.50,0. 83) 0.599
BB/ Q 727.00(589. 00,850, 00) 780. 00(520. 00,855, 50) 842.00(751.50,993. 25) 0.005
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Table 3 Comparison of baseline data and 6-month follow-up results of echocardiography parameters and NT-proBNP in
BCY%) . X +S . M(Pys s Pry)

three groups

TiH Lk ARG 6 4~ H P {H
LBBAP 44 (42 i)
LVEDD/mm 50.4547.96 48.1246.51 0.001
LAD/mm 42.0247. 20 40. 0545, 92 0.002
LVEF/% 58.3149. 36 62.9544. 99 <<0. 001
CO/(L/min) 3.63(3.02,4.25) 5.08(4.47,5.57) <0. 001
MR ¥ #)53 % 1 0 0.003
TR 3453 9% 1 1 0.352
NT-proBNP/(pg/mlL) 1 166.50(683.75,2 125.00) 219.50(89. 75,472, 50) 0.001
RVSP 41 (13 )
LVEDD/mm 49,3145, 81 51.0045. 60 0. 363
LAD/mm 39,6245, 47 39.3146.49 0. 803
LVEF/% 58.92+7.97 56.54=£7. 10 0. 140
CO/(L/min) 3.48(2.94,4.38) 4.65(4.18,5.45) 0.001
MR - ¥ 43 2% 1 1 1. 000
TR V34574 1 1 0.584
NT-proBNP/(pg/mL) 1 010.00(577.50,1 605.00) 780. 00(530. 00,1 900. 00) 0.561
RVAP 41 (34 i)
LVEDD/mm 50.2146. 36 51.9145.67 0.058
LAD/mm 41.0645.59 42.82+5.24 0.009
LVEF/% 60.3847.13 56.9147.18 0.041
CO/(L/min) 4.35(3.27,5.30) 4.87(4.23,5.58) 0. 050
MR 343 9 1 1 0. 044
TR “FH#) 5% 1 1 0. 020
NT-proBNP/(pg/mL) 1 075.00(684. 50,2 212, 50) 1 407.00(852. 75,2 707.50) 0. 397
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Y=0.05332*X+1.710

Y=-0.2004*X+75.24

Y=0.1386"X+28.91

Y=0.1895"X+33.45

80 60 80
£
2 g £
60 550 360
> < w
= 40 T 40 240
< < m
i o i Y
220 230 {720
¥
1 1 J 1 1 J 1 1 J 1 1
50 100 150 0o 50 100 150  20p 50 100 150 0Op 50 100
sti-LVAT/ms sti-LVAT/ms sti-LVAT/ms sti-LVAT/ms

2 AR sti-LVAT 5R G 6 4~ B NT-proBNP 7k I F .0 [ #8 75 5 #0 B 48 S5t 4 47

Figure 2 Correlation analysis between intraoperative sti-LVAT and postoperative NT-proBNP levels and cardiac ultrasound

parameters at 6 months
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Table 4 A multiple regression model for NT-proBNP levels at 6 months after surgery

i H B BE B ¢ P F W5 R*
sti-LVAT 0.051 0.007 0. 646 7. 860 <<0.001 12. 684 0.443
LR 0.016 0.012 0.107 1.327 0.188

QRSd 0.005 0. 004 0.121 1.237 0.219

A Hj LVEF —0.007 0.069 —0. 045 —0.468 0.641

A7 LAD —0.006 0. 020 —0.030 —0.323 0.747

Afii LVEDD —0.001 0.021 —0.004 —0.035 0.973
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Table 5 A multiple regression model for LVEDD levels at 6 months after surgery

i H B BE B t P F WS R?
sti-LVAT 0. 157 0.029 0.423 5.355 <C0. 001 14.352 0.477
RS —0. 047 0.054 —0. 069 —0.871 0. 386

QRSd 0.024 0.017 0.128 1.417 0. 160

AHT LVEF —0.273 0.069 —0.362 —3.923 <C0. 001

AHF LAD 0.122 0.081 0.124 1.518 0.133

AHF In(NT-proBNP) 0.184 0.662 0.024 0.278 0.782
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