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Abstract

Objective: Through description and analysis, this study found the preoperative influencing factors
of permanent pacemaker implantation after transcatheter aortic valve replacement, in order to
play a reference role for clinicians to determine the preoperative evaluation, surgical operation or
the timing of permanent pacemaker implantation of transcatheter aortic valve replacement. Me-
thods: 73 patients who underwent transcatheter aortic valve replacement in the Department of
cardiovascular surgery of the Affiliated Hospital of Qingdao University from September 2017 to
April 2021 were retrospectively analyzed. Their medical history and preoperative examination
data were collected. The independent influence of various factors was tested by independent
sample t-test, chi square test and binary logistic regression. Results: In the 73 study population,
the pacemaker implantation rate after transcatheter aortic valve replacement was 20.5%; There
were significant differences in preoperative complete right bundle branch block (p < 0.001), se-
vere aortic valve calcification (p = 0.028), valve oversize rate (p = 0.002), post dilation balloon size
(p = 0.037) and age (p = 0.037) between pacemaker implantation group and non pacemaker im-
plantation group; Binary logistic regression analysis showed that preoperative complete right
bundle branch block (p = 0.014), severe aortic valve calcification (p = 0.019) and valve oversize
rate (p = 0.021) were independent influencing factors of permanent pacemaker implantation after
transcatheter aortic valve replacement. Conclusion: Preoperative complete right bundle branch
block, severe aortic valve calcification and valve oversize are independent risk factors for perma-
nent pacemaker implantation after transcatheter aortic valve replacement.
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1. 5|8

X T AR T A v i v e 1R B S KOIRE EE, 2 5 2 B ik B 45 R (Transcatheter Aortic
Valve Replacement, TAVR) TV 9 B ik (1T AR 7 SR [ 1], (R AR 4% G I M 3= 20 ik e B #e R (Surgical
Aortic Valve Replacement, SAVR), TAVR AJ& 7K ARHIAS AN K AERE (2], X—Hae —MERRE
A, TAVR FAR A N TIRBEAE N 5 K 58 X BBl A 2R 428 m) S 0 Tl e A0 TAE X 3. 2 IR 3R
B[2] [3] [4], SRR X R 25 5 2 5 A s S ARG, N IR ISR N o %o o] R 2 A AU 5 R AR, 2
16 s EAL TR 2 P I TR B R GBS I FE R . TAVR FARMN TR AR, BIEK
FIERFEZMK . Sudhakar Subramani 5 A\ [S|HELECRE R, B MK IR L FE 8 AR N R DU BR B K =0 0E
o EAMAO LI AL FE[6] [7] [8] [9197R, TAVR AR JE A K A4 35 1 J LA TR 8] 256 55 P ML AN
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REE A PR . RAETSE AR S B AR ESBESA. AN TIR R BOR R 5
fHE 5 TAVR ARJFAEN K A 25 AR FT 5200 D8 2 7 [ P R R RIS . ASHIE Tl X 55 8 K Y s
B e 0o L AN BRI AR KA 3 TAVR TR E BEAT [RUBERT 7T, #R1F TAVR ARJEAE A K AR R85 AT
SRR, Ay B0 R AR RORATHE S AR S A K AR S E R TS %

2. ik
2.1. ARFR

2017 £ 9 H 16 HZ 2021 4 4 H 30 H, 3G 80 AAEFK A0 (T B K& = Be L L& 4 BH AT TAVR
FAR o I [E] B NG LN A e B 2 . FHEBR AR BT R AN K A28 2 ], FaisREy sk Rl
ANNTHNE 3 45, ARJ5—FEHEM O ZENK AR 18], KRBT RFAR 1 F], 6 73 Fld
HHENBE 8T AR TAVR A TIRBSAE ) TAE BREE A O BEfAEH 24[10], TAVR FAREZLFEMC 5
OEZMES, FEESEHSXEBE, AR FRHRR 161 F S 0 ahid A K AR R . Bk
B ok Ja vl REXT RO A — B, (BN TR B R, B ARG R Zk AR
WHIATH TN TAVR FAREAMTINSH, FrHRIZKEE . BF L EIT TAVR FARYEF B K%
Bt Jeg 2= Bt O ML AP TAVR TR B BAPEAl 5 P 37 B0 258 S K 8 At [ . I B R /e R B AT
CT. O, DHE%SG AR, JFRE A RS EH CT RERGMAT IS . KRG EE
A 7 A N K AGEE 1 2% ph PR e o 0 Y RE OO I AR TR L Sk e . ASHIF SO AL T B RS M B E R A B R
R A,

2.2. HERBIERIR

RHTTE ML RS AL F A S B AR+ = FECC B E RS W A8, Fra B ER O =
SERU A o BB IRAS A5 X 359 3 2 ok R AR - % FG B 3 XA AR B S S AKIRR[10]. BN KHEA TEA5 4L
KABAR Sy G EATUN B A 7] Bl R N RPEAS 3RA o RIS K2R (Valve Oversize Rate, Oversize)[fI 1154,
[(FEANN LIRS/ E BN BRI A ELAT) — 1] * 100%. 7E TAVR FARH, FFIKIIAE OR8], (E/EOE
ok, AT SERACA RN, FI KR EARLE CT 1G4 RS, HHAZHAL
PN, HOR KB SR RN . RS AT MR EAE N 5 BREEY TR AN TR BRI /N AR AT TAVR HI A%
FKITIRHRIE
23. Gt A

FiFA Geit 774 ] IBM SPSS 26.0 #fF 58 s e iR I Xt HERME A DU TR 7 B S B AR TE 2
PERYIG, SR IEA S A TR VORME T REAR ¢ K36, ARSE 7 22 7 MERY IO 45 S PRSI p {8, %
AT IEAS G I VORME ] Mann-Whitney U K o THECZRREE A YR 1R 07 KBk AT FLA R AR
. TGS EAAN p AT 0.05 AL L. A 2RI BTN IC logistic [A1V737E— 255l
TAVR A JE AN K A 58 ik 57 5 R 2%

3. &R

AR SRR AT TSN N A N A R SN AL . 7E 73 BN R NEE T, B
FNZE A 20.5% (15/73).

3.1. HEHHER
73 2T B A TR BRRE S M IES R IR | R, AR TR BUE M, R R A E ke
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FERNARIES AT . HADI M T R BOR N IEZS MR o 35X 1E 251 20 A [0 5 R i Ak 7 A
ARG, S5 20 B ARSI — R R P EIRH T2 7 (p = 0.037), 7£ BMI. EfbFEhR.

OB AR R IES AT R LA R . W KR, B IkERIE N AR ES i, i
i Mann-Whitney U #6556, 75 BT K% (p = 0.002). G4 ERIE KN (p = 0.037)E M A h AR I HA St

Table 1. Normality test of measurement data (Bayesian factor independent sample test)

F 1. W EENRIESMALE (T E IR ARL)

U i R tfH REMECUR)
PR I R 2 0.028 3.489 0.001
RS 1.581 1.566 0.122
BMI 3.367 0.852 0.397
Tidr BRFE R/ 1.011 -1.867 0.066
G ERFE R/ 0.637 -2.138 0.036
F AR K (min) 3.666 0.73 0.468
ARG R 4.082 -0.54 0.591
NG IEASE ) 4.502 —0.266 0.791
RETR A 4.022 -0.57 0.571
ARATHLE 3.497 -0.8 0.426
AR AT Vmax 1.407 -1.65 0.103
AR HI Pmax 0.909 -1.933 0.057
ARl LVEF 4.105 0.528 0.599
A LVDd 3.656 0.734 0.465
ARHETIVS 2.54 1.169 0.246
RAT RV m 5 4.408 0.344 0.732
RAT LA 75 & 4.428 0.328 0.744
ARHT RA K42 3.773 -0.685 0.496
KA PASP 4.645 0.007 0.995
EURO 45 4.625 0.099 0.922
Table 2. Comparison results of measurement data with normal distribution
F2. ESHHNITEERLRER
A AENLH1S) R AR HNZ(S8) pfH
(%) 76.93 +£3.56 7426 + 6.34 0.037
BMI (%) 2443 +3.71 23.49+3.84 0.397
g Bk P& K /N (mm) 9.87 +10.97 15.24 £9.67 0.066
F AR K (min) 142 +75.85 130.09 + 50.36 0.572
AT EL R (mmol/L) 1231 +4.18 13.46 +7.91 0.591
VNG IEARTSE= )L 30.47 +22.19 32.97 +34.52 0.791
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Continued
RETRER 8.80 +3.59 9.62+5.25 0.571
ARHTHLEF 79.58 +33.90 119.20 + 190.04 0.426
AHT Vmax (m/s) 3.48+1.77 425+1.56 0.103
RH Pmax (mmHg) 59.47 +41.28 81.67 +39.26 0.057
RHT LVEF (%) 52.93+9.33 5121+11.73 0.599
AR#T LVDd (cm) 536+ 0.69 521+0.71 0.465
AT IVS (cm) 1.37+0.27 1.29+0.20 0.336
ARHT RV A 542 (cm) 2.77+0.56 2.74+0.26 0.823
AHT LA #I 5 1%(cm) 4.54+0.50 4.49 +0.49 0.744
AT RA K42 (cm) 4.71£0.42 4.83 +0.64 0.494
AR AT PASP (mmHg) 44.13 £13.02 44.10 +£16.20 0.995
EURO ¥4) 7.53+£3.62 7.43 £3.57 0.922

3.2. HHEBERER

PR P T BB L s e 3. JEI X BRME FHAS SRR RS, AR EOR, AN
FELE AR BT 58 4 A7 o1 S A% S BHI (40.0% vs 5.2%, p = 0.001)F1 5 kA5 1L (p = 0.008)FEAESi it 2 25 7 o 7
ARSI HBAE AR, MR SR SO BRI . R T A AR SR BRI A BRI
TR ES KIS S TAVR RJG& T ZK ARSI RO 5 A BATHE 32 Sl 5 44, 7 Fi 8 P55 4

WAIHE R FEES AL —0p KRR, WAHTIREILH Gt % 7 (p = 0.028).

Table 3. Comparison results of counting data

=3 T HAEREERER

AN LL(15) R AR AE A ZH(58) pfa
5k 9 (60.0%) 40 (69.0%) 0.726
Z Ik 14 (93.3%) 54 (93.1) 1.000
JE TR BREETI 5K 7 (46.7%) 42 (72.4%) 0.113
FETR RIS 5K 0 14 24.1%) 0.080
LA 3 (20.0%) 13 (22.4%) 1.000
o I 0.484
T e I R 5(33.3%) 26 (44.8%)
mEE 1 4% 1 (6.7%) 1 (1.7%)
mEILE 2 2% 2 (13.3%) 10 (17.2%)
B 3 2% 7 (46.7%) 21 (36.2%)
gk /L7 6 (40.0%) 26 (44.8%) 0.737
LR 7 (46.7%) 24 (41.4%) 0.712
NGIRVY 4(26.7%) 14 (24.1%) 1.000
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AR R 0 8 (13.8%) 0.289
DAFFA S 4(26.7%) 19 (32.8%) 0.888
ARETEMEOH 14 (93.3%) 54 (93.1%) 1.000
AHT1E AVB 0 5 (8.0%) 0.545
ARHT I AVB 0 0
A HT LBBB 0 1(1.7) 1.000
A7 RBBB 6 (40.0%) 3 (5.2%) 0.001
ARFT IE T 0 1(1.7) 1.000
TS N E 9 (60.0%) 49 (84.5%) 0.083
A5 FE U 0.596
TR 11 (73.3%) 29 (50.0%)
BRI s 1 (6.7%) 2 (3.4%)
R EEE A I 2 (13.3%) 17 (29.3%)
B - o B A U 1 (6.7%) 8 (13.8%)
o R A U 0 1(1.7%)
o - B A U 0 1 (1.7%)
BAV K 0.619
7 BAV 12 (80.0%) 33 (56.9%)
Type0 BAV 1(6.7%) 8 (13.8%)
RN Typel 0 6 (10.3%)
LN Typel 0 2 (3.4%)
RL Typel 2 (13.3%) 9 (15.5%)
ARG MR FERE 0.146
R 6 (40.0%) 39 (67.2%)
B-rE 4 (26.7%) 5 (8.6%)
s 4 (26.7%) 8 (13.8%)
- HE 1 (6.7%) 4(6.9%)
HE 0 2 (3.4%)
F BRI 0.008
x 4(26.7%) 8 (13.8%)
B 1 (6.7%) 25 (43.1%)
s 1 (6.7%) 10 (17.2%)
Y 9 (60.0%) 15 (25.9%)
Bk E AL 9 (60.0%) 15 (25.9%) 0.028
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3.3. Logistic EJ3ZER

I A A Gt 2 R R RN T Logistic [IHH, PLAR G & A RN K A 1 2% 4 A
B, DIRAT AL RSO S ES OB EES . B R, 5 kBB, FRh AR
5 7. JC Logistic [H Y , H| i & PR 20 7K A28 A [ 820 7 FH - 2233 Hosmer-Lemeshowz £ 55,
ZERNp = 0.811, Wi 4 i, BB It logistic [A1 VAR 5552 BRI S e 0L & BUR BT . Logistic
BASE RN 5 fs, @RER, RET5EatAA WSO SR 2 TAVR ARJGHEAK A R R AL
LA R 2K, OR {H 16.598, 95% CI N[1.765, 156.07], p=0.014. Vi8] TAVR RuiA 5624 i % S
i P R R JE RN R A RS 88 R R 3 2 AR Wi VB 5 A A TR S A% 5 BHLA R AR 19 16.598 fir o Bk
FEE540 2 TAVR AR JEHE N K A 7§20 R 25, OR {H 7.205,95% CI JN[1.387,37.429],p = 0.019.
LB TAVR A FTE 2 B B 8 A 1) 2 2 R BKIREA E LR 7.205 fiF. IS RS2
TAVR RGN K A28 M52 m K 2, ORfH 1.117, 95% CI N[1.017, 1.227], p =0.021. #iHHi%
PRI 1S KRR R 1%, REEANK AR PRI 11.7%. FBAEH KR EE R NE T [
A HTIE, AP 2& TAVR RGN K AREZEPIARTTMA S WE R . RATEeva i3k SMa . £330
i e 26 A Ak R RS KR OR (I KT 1, LI =ANR R AR R .

Table 4. Hosmer-Lemeshow test

4. B - SRiBHRL

7 S B
4.487 8 0.811

Table 5. Binary logistic regression analysis

%% 5. ZJT logistic [@VI5

EXP(B)I 95%E 17 [X [A]

S
i
=

Exp(B)

TRR R
ARG 56 A A RS AL SRR (1) 0.014 16.598 1.765 156.07
T BN i E AL 0.019 7.205 1.387 37.429
SV NS 0.021 1.117 1.017 1.227
JEAERFE RN 0.998 0.388 0
Ga 0.305 1.085 0.929 1.266

4. Vg

FEAM T, @I O TAVR FAREE R8T, TR TAVR ARG A K A LA B A 15200
R, FHUFER: 1) A0 TAVR RJEKAREENEAEENFN 20.5%; 2) RETEEMELARL
i S RE A < 2 S bk R A5 AL AR KR & TAVR ARG N K AGE I 88 (L S22 3) A G
kBRI KNI EE S TAVR AJ5 & EK ARG, (HARERCAMAL M R

HAT, TAVR ARJEHE A KA S 00 B R 5t A AR AN ERT LS %, EENERZMARK
IR TR o BARIE AN I G — PR AR TR B ARIUE [11] [12], & 0o B4 as N (R 48 A A
MLEATYER], AR, AR FAS HF A K A RS2 Y Yasser Sammour [12]F1 Sudhakar
Subramani [5]55 A it 5 () TAVR AR5 &SN FRBEARLL, JHER | k2 T B
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SEAPEAT RS AL T B /& TAVR AR5 7K ARSI A AN IS, T R 28 o 25 S BRREAL TOo JI 1 e R T
BRI E, RO T O R LT gs R R o, 50 ME ) %% I TH AR S AH 4R . 7RO ERIfE S R G,
TR T P B AX . 7E TAVR FARF, N I 52 3L 4% 17) S8 ) [ e 78 B A4 E sl kA
ML E . BT AN RIS SC AR B He il A0 10 4% 5 R B0 %A% 3 B DA 22 T 7 K R 2 1 2 22
JRER o AR A AR D A AR A5 T B LSy, RSN . CAMEER . SRR K, 1A
NIEBCNEE ARG . A5 T Koch = M4Ru, [MIRT N7 88 S W, B His . FBERF TR
LR YL N = (R R [ 13], ZERRS 25 (A1 B 5 T 7 [R) P E T I AE LS 2 [A) G b 20 70 N e B RSGETE T
M. N TS E S RS R L, 5S8R L T2, TAVR KA R LT
RIS IO 236 R AE RAE 4%~65% [12], A0 38.36%. AL, TAVR FARA G A IR 7 2856} %2 18] B i
BIE 2 5y 1 56 A Ve e R SOAE S BRLA B = 88 s A% R, B R R AR 56 4 1 e RS A% 5 L PR 28 B 1 o
BB A e A R SR SR, A A RS AR BT, R AR = B s =A% 5 B A o 7 Bk A
AR . J3ANEIE Ashraf Hamdan 55 N[O FT, 5905 = 11 R AR M N T A0 AR N R 52 02
TAVR RJGK ARAEEAN M EZ K K. a8 RS TAVR RJERA 72 RS R 2 =5 =
& FRHAAR G, (R AT T RO E AR A BRI, AR 0 = (A B A I s b AT kR, B 7E BUJS I 9T
HEAT AN . BT LATEARRIRS &, RIS A E 58 VA RS S PH , ROy R85 0 = (]
FE, AF4utiR N TR B, FRIRATEE R O PR AR B 5K A BT 7K A 2% 0 F R HES

T B kO A5 4k TAVR AJSHE N K A28 MR RIS A 2 . Yoshio Maeno [8]F1 Esseim
Sharma [7]55 AN IAA BRI 40, I H AR TE bR B I X 38540 2 TAVR A J5HE N K A8 25 1 0 5793
MR TobRBNKELE A O BT, N TR R 5K B 1 3 3 A Ao B i) = [R] F 5 1), o0 6
I 2 1) B (5 TR AR, 38 A% S PHME A &% 4 o Luca [14]40 Fujita [15158 NAAA, 22 5@ RBIKIRE R B9454L
B GE A A A SRR B AR R 1 22 D IR B A5 AL, = TAVR RJE T ER A2 M e R & . Al 1A
e IR KR A5 4k 25 T BON IR fh O VR, 75 N IR 17 JC e IR 2 Ak Bl A TG e IR 20 Bk
KBRS EAL K . [FIRE, Torb BNk T 7 A IR == (B B, AT 520 J5 2 4% 5 o Taishi Okuno 55 A[16]
T T ) e 0 FE A HE S A AR BOER BRI, FEARTR R G 77 B K A 2R R . FEBRATT BB T
el R IEE S TAVR RJGHEAK ARSI W oCE . 455Nt SBEAER A R, o/
TE R Bl kRS A4 BYOE TR R SRS AL, 3 B BS540 7T 3 RN TR B (1) o P R ORI 2 i, 368 ot =2
BNTKHEER . = B] f B /e D = M IE A S5 R, S8 TAVR RJGHENK ARSI, M
1M 9 TAVR FARJGAE N K A28 AR AT 5 e PN 35

PR K2 TAVR ARG RN R A S 2% ST 52 ma R 2 [FIRE, ARIE TAVR FAR B IAE N SR 22,
N LR 42 ) 5 T 0 [ e 7 AR BT B o o SR N AR EL 1 4R 3 S RO RO FE BBk, 0
N LIRSS AR 1) S TR, N RS T 6 B B EEA K Ja BB 4R 55 R 0o, ki 1 1% 3 o 9 A=
J5 B AL PR POREZ RO, BT ARE EK AR AR R K . Nazif S8 AN[17)R3L, N T EAM A=
it TE EAR 0 PG K AT PARCR TAVR AR JEHE A K AR TR 25 . Jared 55 A[6] M ZE B kil 52
(Sinus of Valsalva, Valsalva 5%, VEIRS)E T, KN TG B E MR LA 2 TAVR
ARG HENKAGRFLAS PSR 2R, JF H LG, AREENK AR REMER K . X Lerf i Al
AW FEIMREL KR AR AR, (B F iR T2 . AW R 557 1K 2 Al
PRAC TR o BT DS BN RIS R % T BRI TAVR ARGk AR RN o FAT TR R K
BAAFHENKABEERCRET. ROC 4k, SRWE 1. @5 REnrE, [HaEaivER
8.75% o WL X E L KRTE 8.75% AT — ¥k, 223 -RITREE, 45 BASR B A G243 L(p = 0.001),
ZERWE 60 (HRARFIFATESIREA S 27 H BN, 772 8E LSRN, =R KT
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HE, AT Bl X 8 S AR ZR & 13 I EE R o MR/ & S EOR G AIR  IBEE i
AREEBAERNE, FEPAREME CT L HLEEHIE. I DR EFH AT PP R 5 135 0
RIEL KR KT 8.75%, ARHNIE SR AL B, A Ja N VIS B8 % 5 B Ak

0.8

0.6 ‘—

w1

0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
A
Figure 1. Valve oversize rate and ROC curve of permanent pa-
cemaker

B 1. MRS KR MK AL ROC Bk

Table 6. The valve oversize rate was 8.75%

2 6. MBS AR 8.75% IR ER

AR A (15) R AR ZH(58) pfE
ML KRR KT 8.75% 15 (100.0%) 32 (53.4%) 0.001

Ja ERBEY 5k K/ NRER 225 Logistic FIH TG, A& TAVR ARJEHE A K AR 2% 10752 00 ]
Fo REMHEREEY K@ ER R AT ERA TR, AR AR EA N RS 5K, AT
CANA AT 2 3 B . A HEREE Y sk N SR B RIS AR A S,
BREEJG 95K R /MKIER NN THEE R N e, SR JE RS R A D 244 5 B G B oG

AR R TAVR FRIEN—THHEAFAR, FAREEUA SAVR BlEE /D ASLigi
O EE B TAVR FARZEW TR B A I NI S0, B g NAIE T IR0 B B B AR A5 5 B ik 2 1
AEEOR (RS GIEIROR AR, TSR R, B p [EERFUEMITNEE, FEAREWR
RS ESSEVER . 4, R AR, AW AN SRR A A0 3 3 Bk SC P A 4
BT, 5 AE B AN 4 (095 B A AN [ 3 R D0 e B0l 22 e, 5 SR AT RE H B ok A R
RATHT. B TAVR FARMIG KR, 5K B0 R A 8 e VR B 1A o 80 9, 45 31058 fin Je
HEAEAIEE R A, A PR SRR 00 I = A B A B R A TR S, BT AR, A
CAIRAF N A, FRATPREAE J5 S A SG3 0 o - AT 0T 783 18 o
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5. &t

ARSEIHE T T I FERAEILBEAT TAVR FARIEE ARG BN K AEBES KA EEER, 5 HARET5E

VAR SR . EEBORE 5. MRBGL KR TAVR AR K AR 85 IS R 2
FAREIARRTRA R R EREE, WG IF 2R R 08, AR O R AL 500
B IF BEAT AR AR BT AE S, ARG R AR R B b A% S BRI I, AT RIZIREAT /K R RIS A A . MR, 7T
I B S 10 25 A 200 L 22 38 [ IO RT3 T » S5 A5 TR 477 S B Lo LK i 05 Je AT 1R - 223 Auffiet
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