DOI : 10.6314/JIMT.202202_33(1).01 SRS

2022 33 :1-8

S Bn AR R Y AT

B 12

A% 12

W-EV LTS LA T I ANk e
BT X

]

AT B LR A e TR KB TR RA D 508 APERRCEEESY T
K3 o BFE 50 FH o A5 L4 (lead) BAA B A A S F 09 1% o ik B A % (pacemaker) & K
M E T BB RANETRE ATA% c R RRGERS EROHERERB S ACEA
RO IR E R T EF SRR AR IER 0 ARB TR SRR ESR R AR
R A B AR AMEIR © B R o A XEIE T SRR B O RR S EAT R AR

FB S H btk o AR & AT 6

BAsEER - O ETESS (Cardiac pacemaker)

MBS/ DIFEI122S (Leadless pacemaker)

75 KR EE# (His bundle pacing)

ZLSRSZHEHE (Left bundle branch pacing)

——

Rl

Il

ANCOEHRAE > B2 21 A 2R A D882
Mg o THIRS d DUR LRI - R 8%
e m % e Hh B R AR B 2 T B Lo gk BT AR 2R A9
o FRIR LB B FEFEAR AN (NationalInpatient
Sample) (943 H7 » H 1993 4F 2 2009 4 [ - 3
H 290 EEBI AR AN DIBETEZR B (Y
N Ry 55.6%) » i LU e BU 0 g B AR 2R
(DDD) BN i 2« MAEEHE » 2 RAER IR
g S HIRE By 2000 2 4000 446 Ol i A 28
ToRAE RERHEIEHE > o T8 —E M - L
EiERE S R EE TR R - DR
DEREAE ~ A B PERY LB ER 28 DU IA R O =
Ry EIRE S o [RIh - ASCREH 1S A DR R 2N 1Y

R - L HRAER RIS - BB AT R E
s - DUBIRERC It SRS BT A - SR fibys B
FfiaHE -

DREET 1RSI RS

DEETER 2R AT — MR IR 1
A - FELLZ AT - HRNOESRIEEE - %
= it T B R N ZE T B - PO
1932 4% » Hyman B HlIHE H 356 B CAF 1090k
PR —HE AR AR - BET [ R IE R L
FRIIIRAE © o SR H B AHEL R0 AR Ry 52
B EE i o BR 5% 0 Zoll BERMBEH T 48 iz B 4
DBREERESS - W DnyiE— S R E E RO EE
1EBkEIR ks - HBEIHTREHES @ Rl E iR
PEEFREPERY O R 7 o BAELEIRE - LBSMELE

WA T RIGE ABFUE C & dTILEBAIE 138 58 AR KR B T SR T T N RHER i o 7



2 SEE]

iy PR S8 280 2% et 20 L ik T 12 2 208 PR P 1 < ¥
R FEERF » 8325 R lds Ty B4
ot fIH 10% HE A B4 B EHE (conduction
system) HY 328 K¢ 5 25 FHET - Kyt Lillehei B fil
AT T —FPREAR o TR L LB 8 S R
ARG TR SR o HL 2% BE R R U O EE v Y B
gt fREE T EIRAVIRML - SRR E HEI RSB A
] 38 3 JJ (Medtronic) F R & & - 1958 4+ 15
R A0 B B R 2 FE A 8 AR R B U © Rune
Elmqvist 2 Ake Senning fy—%4[K5¢ 2 B = &
REL 87 1710 S5 75 e B FE B A O M 2  #K
H—Aw B — % 7 26 RETHRSERT
iy » 3l HL A 3 86 % ° -

Htg » LAV BREJINELR - 11
ALl (transvenous) ~ B EHL (& E B
A~ RErERE/N ~ EZHREETIEE ) ICR » R
e AL I ET RSB - K1 - OF %
SEAY R AR W e F T - TSR ET A - DA
B 5T R iE (A A L MR s 75
TS RE T -

S ORETRARAAESR

AR DUSR R it RS 7 Z MR
B A A O T L A A 9 0
Fet o 6L ILTTHERY G ik A T AT R
AT BT -

— ~ FEAEHORRETR 2R I BERIH3EIE

SIS - KA OB T A
S AR OFRAE - BERFILE 1%-6% ZH - 1R
165 28 A IR ) 7T 0 R ST~ r R e 0
IR OF B AEAN RN ~ MLff ~ ERREEE 51T
IR ~ Lol 2R FL R D B HEE » T RIS S5
7 GRS A R R R ~ SBR[ EF K I
FREIRAE » DURIRBELRR T S B AT = Sk I -
W SR A OF B0 H AL FR AR R~ B T S AN E
BURRS B LI 5 -

= EROREERR I ENRRERE
RO ET R O E B EN A OE -
R R 0 R A 3 A TR - A < R A AE SR R

FRAT %

(His-Purkinje system) * 32 % 7 /Lo 28 WU B9 48 3
MO ERHEIIAED (dyssynchrony)
R b DAY » 56 {8 38 R B Ak P S Y S [ A
(electrical and mechanical dysynchrony) f3g L
ZFE H Y (remodeling) » HRIEZ TEM RIS - B2
B0 = R (>40%) K = RO = e R
i J7 BB DR D ZE T RE R Ry Ja g 1012 e
& pacemaker 35 % U g 5= 0 I 0 0 fitg T
O B A 1B 15 % (Cardiac Resynchronization
Therapy, CRT) © CRT {RIEFHSMNE N — 4R 25
JIREH (coronary sinus) FYFFAR S SZ A » L EAR R
Gy SYINe=E ¢ Sl v SUINEY 1IF e
PREABE 8 BDRHE M BN A 88 THIR K CRTP REFH
[RIAG L 25 R 495 Y Lo L9 %8 (pacing-induced
cardiomyopathy)'? o i —25#l » B LEE S
GF7E RS RHET I A » 2 X KB PR BE B B 5E
B CRT RECE LI UEIR A RYARA T OIS
LMEIIRE T ¢ (NYHA functional class) ~ [KL0EE
UAERER DU RSB LR 4 0 2019 HErh 8 R i
B DRI ERTIRG [ AR S R R R
H99R A A6 T CRT BYIEIE 15« JR1M » CRT AR
NEARE B 583 - BRIK ERIE =2 h0
A A CRT BYIR PR R AE 3% 2 BE R (Non-
responder) ° H AJHERY R R FEA B[R A =
#C## (biventricular pacing) ~ MR ILM: /Co L7 488 B
U W URIR DA R 068 5 B et AR B IR 49 =2 DAt
TEAEE -

K > Rl (B AR E ARG EE » F2fik 5
AR~ AR OB - O RETER S
BT EFHHT R -

DIEETERRFEE (B—)
— ~ HELR DIEENERS (Leadless cardiac pace-
maker)

RS C Mk BT AR 2 F TR DA AR B R 2N Y
MEZR - KB R 28 BV B G T IR M A — B B AR Ay 2&
B HEEREEA - EEE O BT ey 2
&R (Pocket) HY 18 2% - i b 74 5i kS (Abbott)
7% A Y Nanostim™ L Kz 225 JJ (Medtronic) 2
F] B9 Micra™ w9 i 74 b 0 {H 17 35 K] Ry 78 b Y
BT SR H T 85 - PR B B O R A B =0



SR B A 2R R AT R 3

J& VVIR » B A5 0028 B AR R FE ~ R F 3T AR
e 2 S B 75 oK 1 3 %800 3 - /£ LEADLESS 11
trial (Nanostim ™) K Micra ™ [l Rt B o
WA SRR 2 B A = (P B S AR (95.8% &
99.2%) DA AEAT %568 75 A8 RERR e 19 B AR B
(Threshold)'”"'8 o —TERFFELLER T 718 {3252 i
UL AR 23 B2 1436 A7 R ETEL 2SN R
Bl BR s AR LM R 2R R A KA A
1 (5.8% vs 9.4%) S 1 (0.56% vs 4.9%) ff 5%
fiE - HAR SRR E A OB - Hb o
DF BERE YRR F 2k AR IR U AR ~ i
AT O RE DU R GE R 3 2R 10 -

IR AR 28 VVIR) YRR, -
H BB A A A0 5 BEED A O O R AR Y
WA - BE L BFENFM (AV synchrony) #f2
BEERZR T RAR BB EE - HR T2 FE=E
EERHET S - MR LET AR 0T VVI(R) 1
e GEUL B L EA IR - SO R

URAIREAR B » BFSE7REEUR VVI(R) iR ERAY T
15 3R IEZF ML 20« Ryt » 3E3J7 (Medtronic)
2N )Y Micra™ fHUH TG - 8 FR R = il
TS JRGIHI 2% (Accelerometer) » Micra™ HEE %
B IHEER 2 2= A AIRS (AV interval) » #EI5E
15 7 Z W [F) 25 Wi (VDD mode) © R ERFTEEE
T TR BRI Micra™ BEIR F B =W [E K%
89.2%1%

JHE LA L ik BT 1 2 TR 5 2 G DA R fie
IR E AR A —Nig s - BHRKE
e 28 AR E R R MR v DL S B R 2R Y R Bt
TR B B - FERAK » BAM S HARFRE EE
RO ET AN AVEET - G ER SRRV
JR ELIESH AR MR LR AT RF AR, 2

=~ H KREBIEETEES (His bundle pacing, HBP)
PRAEIRRE S - {25 Y B 01 o SR A o e
B R - DUB R B RIS B DR - 2

B— : LIRENEBEVINER ©
(A) BIRENERSS © (B) FEEHRENESS ; (C) FEREBEIRS ; (D) ZRMEHENERSS ©



4 SEE]

R B PRVERY L - SERRAIEE SIS A
B © 1967 4F- » Scherlag E AFEEN V) B LEEE
T 7 RO FRE A AR B 1 L R AH BT QRS
RURE ~ Ui ~ DU M R B ) 2yl 2 .

33 1% 0 ERMIARE A S B - Pramod
Deshmukh % A%y 12 #1810 Fr BRBIHYR A E
RNz Vot N G e e S S R i

A BLE AR ZURERR K L B B 3R DU 7 2K
CBEIHEDIRERYHES 2 o 75 IRAGIE PR RE BT B
BRI B » A B Ay X TR A T Sk RO DR 1) 2 A
(longitudinal dissociation)?® o =H[I » #& HH B R i
A 02 b i B ) 7y ERC SRR AGE TR S JR A e ~ Rl
BB SR EEE T IR /K S R B - $ 0t - S fEE
WL 288 A Ty 30T Ui ) 75 ERE » 7R B Al 5 L IR B
i o Y 3 i HE AL A B SR L B 7 ~ RS
(left and right bundle branch) * FEA /24 LZER[E]
kg - ERIRIFFEEEE - G L= AR
RIAR 20% B A » $232 70 FORGEE PR R 29 A
HEAR ERSE TR ~ KLLEIEERE R T+ #CFy
L ZEHIEZS (biventricular pacing) Z f7 & ER IR
R 2T o SRR E A - B R IR
FRAR T AR EE B PR IS DARR K - RSB
) B AT R R B AR B HL R A (SelectSecure™
Model 3830 lead and sheath) BE+E & I E i FOR
R FR A 2R AR 28 o 1R ELARR I B iy B 9

FRAT %

HRuGy + BEBCE (R R R 2R AH L - CE A I
AU AR IR ATE 80% DL L - HER
Y P S 2 8 RS R AR [ 272070 « BR T 36
FIIRFESN - FHZJ3243F] (BIOTRONIK) R
i KA P 2 UBHEE o H Selectra 3D %if
Bl Solia S R B B2 L EUS W25 YA
B+ RS AR SKRESE HERR IR B A BE 1 ageese o1
RIBEEREE (R —) B
B SR B M E AU RE W o0 Ry Wl - R ME A IR
PR (Selective His bundle pacing, S-HBP) Ei
JEEEEME A IR EE#8 (Non-selective His bundle
pacing, NS-HBP) « S-HBP {&+5 2 fill i f# 52 2 %5
RRAR S » A b AR — B R F AT A (]
B2 (CEA A B SRR I SRR SH T PR AR
fF ) 9 QRS HUKE ; 1fif NS-HBP 1 » & 38U 5
A TR B S H R A O UHEE - 0
|+ QRS HYHYRERE Ko v FAR SR B YL 35 Y
Rl A (fusion) * A QRS Hij 2 Bl —H¥E ML FHEAL
(pre-excitation) FYfEME & 3% (pseudo-delta wave) °
ER VA RO S S I RE R A IR
PR R AEARERE o HHR A FROR A DS {3
B R AE TR R M A IR i - 8K 2 By
L UM A8 F A ERR B - AT 4 s BE
B AREEARTEIER IR LR © Lustgarten S A FAE
ZEWFFEFE B - A0 = (M BE RE LR T S B IRF A

”r— @ LHESRIFMERIERIZM ZS R O\ BENEEE adapted from Vijayaraman et al.*?

RAE

T B~ A< FRRBAE ORI (SRSCEBEIHTY BBB)

1EH QRS

LRI QRS EHIRIEH L

QRS fEIEHAL

S-HBP 1A 2 QRS RAFEEL 1. FAEHFEAHIN % QRS [HPE = H-QRS *
HHME AR S E AR

H-QRS #H[F] » HHE A

1. EEEATIR % QRS Mg =5 >
H-QRS » HHR AN SE

SRR ive 2. LA R ] B BT L 2= AR (A
2. LNFERE 2B IALE 3 L QRS BE/IMASE QRS 2. L A B LA L AR
ot 4. GRE A BAEMBEIE (/250 3. QRS BURRELFUEAHIA]
3. 24 QRS AUREE 7 SEAH[A] RAEM G H AR ER LR 4 B9 RAGE MBI (E (71K
4. B9 RAGEE AR SCEBEIHAY ) BIE HOREA A SRS ERERH Y )

NS-HBP 1. @AM ¥ % QRS k@ /N 1. B 4 &2 M 3¢ 2 QRS [A] B& /N By 1. @ HE S 3¢ % QRS [ /M

JA H-QRS » HfH A LA

H-QRS « HE AT B &

H-QRS - H v DA SR

Rl & e 2. LR S AR E A 8 I
2. P PR ] 2 3 AR R DR 2. L PR P B 52 B P P R L
L= AR 3. 24 QRS ' =7t QRS LA

98]

4. H e I ey B E (2
1 Ry A 22 Bl Ay ER AL A
fH)

. QRS FEBIF LT 4. H =6 B RAEMEIE (2R kA
DERA - RAGE A ORI 4. A RIE A ROV ABIE (251
R AL S PRI RIE )

w

. QRS FEHRF ST

o500 28 Bl R HUEL A 5 fF 3R
SRR TRRIE )




R A R TR 5

TP i 7 A EC AR AR ] 2 o 55— B BB R AR
R R R W A O R AR L =
HIAN G WeHiE ** - Dominik Beer S5 A AEREZL T
gt > LR (NS-HBP, n=232; S-HBP, n=118)
AZKZETR (all-cause mortality) SRR
BeZ KR A ERIR R » W 2 B R R A B
A HCRET SRR 22 RS 22 S -

TR 7 R 95 77 1 2 Bl PASEE P 2 22
ﬁz 36 :

—~ BEHEEAGIFEOEINREAE
(LVEF 36~50%) » 30 T8 45 .0 = # 3R KR
40% e

T~ R P BEEA A B2 T = A R R R
Bl Eiif o s 7

= ~ {ERy CRT A E IR AR A B (K
Ji

M

E R E I CRT YL R WK M8 > /N
W 5e 25 B HBP ] DUig 6 QRS [HIFE ~ dE L=
SERE IR B A0 2 4 1 433 5% o [ BRI A CRT B2
HBP Y E 2 LEEE - H R A #RZ R B FE A% IR
il B# o Lustgarten 52 A 56 21 A A & L e
1T CRT B HBP YA X 3@ (crossover test) * fA
—IEHBHER - RIRETEFEHY O IRAEIR B A
FHFHIST BRI E P - 2019 4F » His Bundle
Pacing vs. Coronary Sinus Pacing for Cardiac
Resynchronization Therapy (His-SYNC) trial*%4?
s TEE R - 2O REERE S
DA B s i = B9 B PR S0 4 AT 38 JE A 92 v 2R
T 41 738 & CRT 0T S i AT 2L B B
53 ks HBP Bl CRT FfHGHE - By T RESZERIH 2L
BTG - A e B (KR 1/3) W A 3% 4 ki
(crossover) HUERGE o TEAABEAX BRI S3Hr b » AN
& LB B M43 BT (intention to treat) BUE T

= ERZEBORSHRS0BNEN ©

G ET BRI AT (Per protocol) + B #H 7K HBP fE
BH7209 QRS MR LA R el B 2 iy /e L S H
G338 o AR R E T RERG B EHETE
B oo

% 0 i IR R AR A 22
f o A6 S B B Ay S R DUHE RS AR @ HYER
BRRKE ~ RS R B DU IIRERE ¥ - N
anfer - EHHAEFEMER OB - HBP ERRE T
— P R i o ARIELRARENUR CRT 1F F 5 A
AR —RREH - AR E AR RIBE R 53k
WFsesR it A JIrvEE R -

=+ AR X (Left bundle branch pacing,

LBBP)

e RSB (LBBP) 22 K50 2= 78 il il 3
O 72 RS B — R Ef R 2 SR 4+ (R Ry — AT
EA RO - R TS 0 E
R - EABE L FIKEH
RO B R R 2 % - R E T U5 10mm JiE 3%
B S ~ RS o AHELA B S A2 i 75 IR
IR 3 B 72 R SRS A R At T ol & SE R
72 [ 2 B AL AT B AR 42 o #5 HH Medtronic 3830
SelectSecure™ pacing lead 2% » BRHER 540
AFKE T A 1.0 E 1.5em & » BHLEREY
A I WEE A B8 A A RS AL o TR
gt 5 3 B i S 5 A 2 P IR B A » L
el A IR A E A ER S /e R SOSMi BAH
HHEREB « SRy E A B - FFLIEEER
S0 L EE LR (intra-cardiac electrogram) JITEARE
WPR(ERT) AR () BER VI EMmEIE
B RS EEH A (RBBB) 5 (=) 2 R 3ZER
% (LBB potential) /002 aH5% 20-35 2 5 (=)
i EE R SRR R B EE R R S

P TEE

B LR

SR QRS 2RI (pLVAT) 4L

S-LBBP AEFHAHI I 2 QRS [HFFEL LB-QRS  Ef V1 23 sR'  H NS-LBBP 8% S-LBBP * pLVAT {#F5 1~

FHIA - HH AR SR LR

NS-LBBP 1. iR %E QRS BIAMME 6 . M VI 2B gR B A LE T EHEHS (LV septal pacing) 8 i 2

2. /L P o ] S B R R L e
LR

NS-LBBP * pLVAT HF[E#i%E




6 ]

(Selective left bundle branch pacing, S-LBBP) £
JEEIE M 2 WS AL (Non-selective left bundle
branch pacing, NS-LBBP) iy i #2 5 (P9 ) f8 3%
V5 B V6 Eh - LRI 2 QRS LRIEE (Peak
LV activation time) FYFEIFE/NY 80 ZFP - FEEAL
BB B - fE RS AR D B AR ] E
80% LA I - Bij® LBBP FYERIR 4% » REGE/NEY
(975 1 B FE 82 60— — - RiTHE W JE 87K LBBP
REMA X QRS [HIBE ~ Tk A Wi R 1 72 0 = A
(LV end systolic volume) » tiE /7.0 & H 4338
Bl EIERR Y7 o FEEGIA HBP » 55— R B
(B 95 86~ LBBP RECCEMRIR YA L=
Bt 93338 RO FEEEAR - B AT HY R iR
(Amplitude) 5 51K HASERIRLIERI(HE *°

e RSB 2 A R BRI b FE n LA
Bage o MRIPE - LEFRIEZRAL - RRREIIR
LR ARG R 72 R A AT RERY DR BEIE * - £
EREIIEEAE - BB RS (aniEE HARRYRE
1H ) BLR AR B S EAMTHIRT -

& RE

TREEH - OBREN A R A B R T — R
537k - PRI ORIABEARZR » g
RO BB R R AR A B RE Ty & TR A TR £
REOMEER - FEE R RZE BRI - A BEPERE
AT AR R I 5 BN A R - AHEHE AR
BRAE A Bl Ayt 2 BLHERS - AE A AR > O
Bt A A RERE S SRR T 3 -

e

. Bradshaw PJ, Stobie P, Knuiman MW, et al. Trends in the
incidence and prevalence of cardiac pacemaker insertions in
an ageing population. Open heart. 2014; ed2014:¢000177.

. Greenspon AJ, Patel JD, Lau E, et al. Trends in permanent
pacemaker implantation in the United States from 1993 to
2009: Increasing complexity of patients and procedures. J
Am Coll Cardiol 2012;60:1540-5.

3. Lin YS, Chen TH, Hung SP, et al. Impact of pacemaker lead

characteristics on pacemaker related infection and heart

\

—_

[\

perforation: A nationwide population-based cohort study.
PLoS One 2015;10:¢0128320.

4. Wu VC, Chang SH, Kuo CF, et al. Suicide death rates in
patients with cardiovascular diseases - A 15-year nationwide
cohort study in Taiwan. J Affect Disord 2018;238:187-93.

5. Verma N, Knight BP. Update in cardiac pacing. Arrhythm

FRAT %

Electrophysiol Rev 2019;8:228-33.

6. Hyman AS. Resuscitation of the stopped heart by intracardial
therapy: II. experimental use of an artificial pacemaker. Arch
Intern Med 1932;50:283-305.

7. Zoll PM. Resuscitation of the heart in ventricular standstill by
external electric stimulation. N Engl J Med 1952;247:768-
71.

8. Aquilina O. A brief history of cardiac pacing. Images Paedi-
atr Cardiol 2006;8:17-81.

9. Mulpuru SK, Madhavan M, McLeod CJ, et al. Cardiac
pacemakers: Function, troubleshooting, and management:
Part 1 of a 2-part series. ] Am Coll Cardiol 2017;69:189-210.

10.Sweeney MO, Hellkamp AS, Ellenbogen KA, et al. Adverse
effect of ventricular pacing on heart failure and atrial fibril-
lation among patients with normal baseline QRS duration
in a clinical trial of pacemaker therapy for sinus node
dysfunction. Circulation 2003;107:2932-7.

.Khurshid S, Epstein AE, Verdino RJ, et al. Incidence and pre-
dictors of right ventricular pacing-induced cardiomyopathy.
Heart Rhythm 2014;11:1619-25.

12.Kiehl EL, Makki T, Kumar R, et al. Incidence and predictors
of right ventricular pacing-induced cardiomyopathy
in patients with complete atrioventricular block and

1

—

preserved left ventricular systolic function. Heart Rhythm
2016;13:2272-8.
13.Khurshid S, Obeng-Gyimah E, Supple GE, et al. Reversal
of pacing-induced cardiomyopathy following cardiac resyn-
chronization therapy. JACC Clin Electrophysiol 2018;4:168-
77.
14.Jaffe LM, Morin DP. Cardiac resynchronization therapy:
History, present status, and future directions. Ochsner J
2014;14:596-607.
15.Wang CC, Wu CK, Tsai ML, et al. 2019 Focused update of
the guidelines of the Taiwan Society of Cardiology for the
diagnosis and treatment of heart failure. Acta Cardiol Sin
2019;35:244-83.
16.Daubert JC, Saxon L, Adamson PB, et al. 2012 EHRA/HRS
expert consensus statement on cardiac resynchronization
therapy in heart failure: Implant and follow-up recommenda-
tions and management. Europace 2012;14:1236-86.
17.Reynolds D, Duray GZ, Omar R, et al. A leadless intracardiac
transcatheter pacing system. N Engl ] Med 2015;374:533-41.
18.Reddy VY, Exner DV, Cantillon DJ, et al. Percutaneous
implantation of an entirely intracardiac leadless pacemaker.
N Engl J Med 2015;373:1125-35.
19.Cantillon DJ, Dukkipati SR, Ip JH, et al. Comparative study
of acute and mid-term complications with leadless and trans-
venous cardiac pacemakers. Heart Rhythm 2018;15:1023-30.
20.Greenspon AJ, Patel J, Lau E, et al. Trends in permanent
pacemaker implantation in the United States 1993-2009:
Increasing complexity of patients and procedures. J Am Coll
Cardiol 2012; 60(16): 1540-5.
.Chinitz L, Ritter P, Khelae SK, et al. Accelerometer-based
atrioventricular synchronous pacing with a ventricular

2

—_

leadless pacemaker: Results from the Micra atrioventricular
feasibility studies. Heart Rhythm 2018;15:1363-71.
22.Steinwender C, Khelae SK, Garweg C, et al. Atrioventricular



SRR 5 031 R 7

synchronous pacing using a leadless ventricular pacemaker:
Results from the MARVEL 2 study. JACC Clin Electro-
physiol 2020;6:94-106.

23.Bhatia N, El-Chami M. Leadless pacemakers: A contempo-
rary review. J Geriatr Cardiol 2018;15:249-53.

24.Scherlag BJ, Kosowsky BD, Damato AN. A technique for
ventricular pacing from the His bundle of the intact heart. J
Appl Physiol 1967;22:584-7.

25.Deshmukh P, Casavant DA, Romanyshyn M, et al.Direct
His-bundle pacing: A novel approach to cardiac pacing in
patients with normal His-Purkinje activation. Circulation
2000;101:869-77.

26.Narula OS. Longitudinal dissociation in the His bundle.
Bundle branch block due to asynchronous conduction within
the His bundle in man. Circulation 1977;56:996-1006.

27.Abdelrahman M, Subzposh FA, Beer D, et al. Clinical
outcomes of His bundle pacing compared to right ventricular
pacing.J Am Coll Cardiol 2018;71:2319-30.

28.Gammage MD, Lieberman RA, Yee R, et al. Multi-center
clinical experience with a lumenless, catheter-delivered,
bipolar, permanent pacemaker lead: Implant safety and elec-
trical performance. Pacing Clin Electrophysiol 2006;29:858-
65.

29.Sharma PS, Dandamudi G, Naperkowski A, et al. Permanent
His-bundle pacing is feasible, safe, and superior to right
ventricular pacing in routine clinical practice. Heart Rhythm
2015;12:305-12.

30.Huang W, Su L, Wu S, et al. Benefits of permanent His
bundle pacing combined with atrioventricular node ablation
in atrial fibrillation patients with heart failure with both
preserved and reduced left ventricular ejection fraction. J Am
Heart Assoc 2017;6.

31.Marcantoni L, Zuin M, Baracca E, et al. Implantation
technique of His bundle pacing. Herzschrittmacherther
Elektrophysiol 2020;31:111-6.

32.Vijayaraman P, Dandamudi G, Zanon F, et al. Permanent His
bundle pacing: Recommendations from a Multicenter His
Bundle Pacing Collaborative Working Group for standardi-
zation of definitions, implant measurements, and follow-up.
Heart Rhythm 2018;15:460-8.

33.Lustgarten DL, Crespo EM, Arkhipova-Jenkins I, et al.
His-bundle pacing versus biventricular pacing in cardiac
resynchronization therapy patients: A crossover design
comparison. Heart Rhythm 2015;12:1548-57.

34.Zhang J, Guo J, Hou X, et al. Comparison of the effects
of selective and non-selective His bundle pacing on
cardiac electrical and mechanical synchrony. Europace
2018;20:1010-7.

35.Beer D, Sharma PS, Subzposh FA, et al. Clinical outcomes of
selective versus nonselective His bundle pacing. JACC Clin
Electrophysiol 2019;5:766-74.

36.Kusumoto FM, Schoenfeld MH, Barrett C, et al. 2018 ACC/
AHA/HRS guideline on the evaluation and management
of patients with bradycardia and cardiacconduction delay:
A report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines
and the Heart Rhythm Society. Circulation 2019;140:e382-
e482.

37.Vijayaraman P, Subzposh FA, Naperkowski A. Atrioven-
tricular node ablation and His bundle pacing. Europace
2017;19:iv10-iv6.

38.Ajijola OA, Upadhyay GA, Macias C,et al. Permanent His-
bundle pacing for cardiac resynchronization therapy: Initial
feasibility study in lieu of left ventricular lead. Heart Rhythm
2017;14:1353-61.

39.Upadhyay GA, Vijayaraman P, Nayak HM, et al. On-
treatment comparison between corrective His bundle pacing
and biventricular pacing for cardiac resynchronization:
A secondary analysis of the His-SYNC Pilot Trial. Heart
Rhythm 2019;16:1797-807.

40.Upadhyay GA, Vijayaraman P, Nayak HM, et al. His correc-
tive pacing or biventricular pacing for cardiac resynchroniza-
tion in heart failure. J Am Coll Cardiol 2019;74:157-9.

41.Subzposh FA, Vijayaraman P. Long-term results of His
bundle pacing. Card Electrophysiol Clin 2018;10:537-42.

42.Ponnusamy SS, Arora V, Namboodiri N,et al. Left bundle
branch pacing: A comprehensive review. J Cardiovasc
Electrophysiol 2020;31:2462-73.

43.Padala SK, Ellenbogen KA. Left bundle branch pacing is the
best approach to physiological pacing. Heart Rhythm O2
2020;1:59-67.

44.Huang W, Wu S, Vijayaraman P, et al. Cardiac resynchroniza-
tion therapy in patients with nonischemic cardiomyopathy
using left bundle branch pacing. JACC Clin Electrophysiol
2020;6:849-58.

45.Vijayaraman P, Subzposh FA, Naperkowski A, et al. Prospec-
tive evaluation of feasibility and electrophysiologic and
echocardiographic characteristics of left bundle branch area
pacing. Heart Rhythm 2019;16:1774-82.

46.Chen K, Li Y, Dai Y, et al. Comparison of electrocardiogram
characteristics and pacing parameters between left bundle
branch pacing and right ventricular pacing in patients receiv-
ing pacemaker therapy. Europace 2019;21:673-80.

47.Li Y, Chen K, Dai Y, et al. Left bundle branch pacing for
symptomatic bradycardia: Implant success rate, safety, and
pacing characteristics. Heart Rhythm 2019;16:1758-65.

48.Wu S, Su L, Vijayaraman P, et al. Left bundle branch pacing
for cardiac resynchronization therapy: Nonrandomized
on-treatment comparison with His bundle pacing and
biventricular pacing. Can J Cardiol 2020;37(2):319-28.



R RIE%

New Era of Cardiac Pacemaker

Yu Liao'2, and Ju-Yi Chen'2

"Division of Cardiology, Department of Internal Medicine,
National Cheng Kung University Hospital;
2College of Medicine, National Cheng Kung University, Tainan

The world population is aging in developed and developing countries, which drives the increasing demand in
cardiac pacemaker. In the past fifty years, traditional cardiac pacemakers with leads in right atrium and ventricle
significantly improved the quality of life and prognosis of patients with bradycardia. Nevertheless, complications and
pacemaker-induced cardiomyopathy promoted the advancement in recent years, especially the birth of leadless
pacemaker and physiological pacing system. In this article, we summarized the history and progress of cardiac
pacemaker, in order to update the knowledge and provide better treatment option for patients. (J Intern Med Taiwan
2022; 33: 1-8)



