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ESC GUIDELINES
@ E S C European Heart Journal (2021) 00, 1—94

European Society  doi10.1093/eurheartj/ehab364
of Cardiclogy

2021 ESC Guidelines on cardiac pacing and
cardiac resynchronization therapy

Developed by the Task Force on cardiac pacing and cardiac
resynchronization therapy of the European Society of Cardiology (ESC)

With the special contribution of the European Heart Rhythm
Association (EHRA)

Depuis 1958 (épicardique)
1965 (endocavitaire)

1 MILLION de PM /an
70000 en france

% primo implantation

Table |

Classes of recommendations

Classes of recommendations

2016

Class Il

Class lla

Class llb

Class Il

Definition Wording to use

Evidence and/or general agreement
that a given treatment or procedure is
beneficial, useful, effective.

Conflicting evidence and/or a divergence of opinion about the usefulness/
efficacy of the given treatment or procedure.

Weight of evidence/opinion is in Should be considered
favour of usefulness/efficacy.

Usefulness/efficacy is less well

established by evidence/opinion. _

Evidence or general agreement that the
given treatment or procedure is not
useful/effective, and in some cases

may be harmful

@ESC 2021

PACEMAKER MARKET, BY REGION(USD BILLION)
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Indications

* Troubles conductifs : BAV et dysfonction sinusale
* Resynchronisation cardiaque
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Troubles conductifs

Evaluation patient avec bradycardie et symptdmes évocateurs

4 )

7
* Frequence (. N (e di hi
. . .
verité , Contexte infectieux Cardiopathie
séverité durée . -
. Anomalies e CMI, valvulopathie
clrconstances . .
- biologiques e CMH Amylo B [ N
e [acteurs . \ . or SND
, Maladie de systeme e Endocardite  ineinsc
d e C I e n C h a nts : , . Idiopathic (ageing, degenerative) + +
—_y (Sclérodermie, lupus, ifrcsonfschaema : :
d Ct VI te, St rESS, . Cardiomyopathies + +
o Sinus node AVE ::‘;;‘:;‘ L Sarcoil d ose ) Genetic disorders + +
bradycardia Others Infiltrative diseases
z:::::,e:“,i,_ i ita Zu;cle T‘elaxams i = Sarcoidosis + Gy
on-dihydropyridine calcium channel + + P:::Z: : : Amyloidosis L +
::;:opa + _ Tifagrelor . ; + + Haemochromatosis e A
or:-dine : + - Z;ﬁ:i:jsmcmemds t :_ Collagen vascular diseases
::;::::hmlu X . Hy antagorists = + Rheumatoid arthritis G +
onedarone + + :::::: :::mm * . Scleroderma + +
:::‘de : : ::e"i‘ rionkde * * N Systemic lupus erythematosus + +
rtezomib + + .
Ealenone i i Capeciabine % - ’ Recommendations for laboratory tests Storage disases s i
;;x::: : : Cisplatin + = a Neuromuscular diseases + +
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e - - Inerleukin-2 + - specific laboratory tests are recommended in SIEENEC = ¥
;;-ioid p— + - Methotrexate * - . . .. .. . Lyme disease - +
_ Mitroxantrone + + patients with clinical suspicion for potential
Erotanns * * Paclitaxel + - 0 - . Diphtheria = +
enytoin + + Ritusimab . . underlying causes of reversible bradycardia (e.g. C Toxoplasmosi
lective serotonin reuptake inhibitors - +* . . . . . .. . OXOpESOSS = E
e — _ . :’::dm:e i : g thyroid function tests, Lyme titre, digitalis level, Congenital heart diseases + +
. racycline - ~
DT x - Taxane = + B potassium, calcium, and pH) to diagnose and

AVB = atrioventricular block.

90—94

treat these conditions.

=~
[=]
&
@]
et
@



Troubles conductifs

ECG

Troubles de |la conduction:
Noeud sinusal

-Dysfonction Sinusale symptomatique

*Spontanée ou induite par un traitement nécessaire
(maladie de l'oreillette)

-Syncope inexpliquée avec TRSC >800 ms lla

-Insuffisance chronotrope (80% de la FMT) symptomatique
Spontanée ou induite par un traitement lla

Oreillette
droite
J <
Noeud sinusal V & L
Oreillette
i =8 gauche
Noeud auriculo- i
ventriculaire
Tronc du
faisceau de His
Ventricule
gauche

Branches du
faisceau de His

Figure A

Ventricule
droit
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Troubles conductifs
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BAV 3 or 2"d degré type 2 (mobitz)

i N N, r\________
*Paroxystique ou permanent
*Symptomatique ou non I
FA avec BAV 3™ degré
*Symptomatique ou non I
BAV 2nd degré type 1 (luciani wenckebach)
Symptomatique /si infra ou intra hissien lla

Oreillette
droite

Noeud sinusal

S gauche
Noeud auriculo-

ventriculaire

Tronc du
faisceau de His

Ventricule
gauche

Branches du
faisceau de His

Figure A

Ventricule
droit
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Troubles conductifs

Recommendations for pacing in patients with bundle
branch block

Recommendations Class® Level®

In patients with unexplained syncope and bifas-
cicular block, a pacemaker is indicated in the

presence of either a baseline HV of 270 ms, sec-

s

|Esl \RAnY (SRR RESC) SIS WA MRS S8

ond- or third-degree intra- or infra-Hisian block

during incremental atrial pacing, or an abnormal
119,120

response to pharmacological challenge. 'A—Nl' 35 gis SR jani SR REE EE pREEL
Pacing is indicated in patients with alternating - B ﬂﬁ*f‘— Jv/‘:" (‘“{(“JW‘ ‘J(“HA“ :

BBB with or without symptoms.

Pacing may be considered in selected patients

with unexplained syncope and bifascicular block
without EPS (elderly, frail patients, high-risk and/
or recurrent syncope).*"?

Pacing is not recommended for asymptomatic
BBB or bifascicular block."'*#"212
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Troubles conductifs

Fonction de |la cardiopathie

Laminopathie LMNA _

BAV 1¢" et BBG | +/- DAI

Maladies neuro musculaires (myotonie dystrophique)

PR long, BBG : HV>70ms I
Symptomatique ou non

Sarcoidose Malgré le TTT immuno supresseur

BAV permanent ou parox
Si FEVG< 50% CRT-P

N R

BAVc persistant 24-48h post op I
BB alternant post TAVI

BBD préexistant et aggravation BB lla



Table 8 Choice of ambulatory electrocardiographic 0 '
monitoring depending on symptom frequency __,\A/\JL\', THE 1NEs
Frequency of o
symptom Massage smN i
Daily 24-h Holter ECG or in-hospital telemetric . g o A d——
or carotidien : "
monlmnng
Everyd48-72h 24—48—72 h Holter ECG » 3sec symptomatique
Every week 7-day Holter ECG/external loop recorder/ > 6 sec asymptomatique
external patch recorder
Every month External loop recorder/external patch 5
recorder/handheld ECG recorder ﬁ
<1 per month IR 4

ECG = electrocardiogram; ILR = implantable loop recorder.

Holter

Recommendation

Class® Level®
Ambulatory ECG monitoring is recommended in
the evaluation of patients with suspected brady- c

cardia to correlate rhythm disturbances with
sg.vmpt-::-ms.?3

SYNCOPE
Age> 40 ans

Epreuve
. d’effort

Recommendations

Exercise testing is recommended in patients
who experience symptoms suspicious of brady-

cardia during or immediately after
62,7480

exertion.

In patients with suspected chronotropic incom-

petence, exercise testing should be considered
7475

to confirm the diagnosis.

TILT TEST : réponse
cardio inibitrice

In patients with intraventricular conduction dis-

ease or AVB of unknown level, exercise testing
may be considered to expose infranodal
block 6777°

Troubles conductifs

DESC 2021




Modes de stimulation

Mode de

stimulation
optimal

Dysfonction

. BAV
sinusale
Modes de stimulation |
[ [
persistante paroxystique persistant paroxystique
|
[
V:ventricule  V: ventricule T : déclenche R : asservi .
A: oreillette A : oreillette I : inhibition DDD (R) +PCS DDD (R ) +PCS DDD (R ) VI (R ) si FA DDD +PCS
D : les deux D : les deux D : double
O : aucune O : ancune O : aucune

* PCS : préservation de la conduction spontanée



Resynchronisation cardlaque CRT-P O T v
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-BAV (indication a PM ) I
*FEVG< 40%
Quelque soit le stade NYHA

-INSUFFISANCE CARDIAQUE I
*FEVG<35%
*QRS >150 ms et BBG

QRS >130 ms et BBG lla
QRS> 150 ms et BBD

FA et ablation NAV
*FEVG < 40% I
*FEVG < 50% lla
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Shared decision making Other factors in favor
of choosing
CRT-P rather than CRT-D:

Patient with
indication for CRT

* Non-ischaemic
cardiomyopathy

« Short life expectancy

» Major comorbidities

 Poor renal function

Shared decision making « Patient preference

CRT-D

o Myocardial Fibrosis on CMR °
W
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Nouvelles techniques : stimulation des systemes des conduction

e Stimulation hissienne :

e Stimulation branche gauche sl 00

faisceau de His

Sonde de
) _ _ 8. Conduction intrinséque stimulation A. Conduction intrinséque stimulation ;::‘"':':um -
Préservation de 'activati@c de branche gauche) de la branche gauche  (complexes QRS fins) de la branche gauche

w —“‘Y\/—T\r stimulation de la branche gauche (S8G) stimulation du faisceau de His (SFH)
5 i N ; - -

avL ] ; :

stimulation VD P S
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Dans les deux cas, la SBG donne lieu a des complexes QRS étroits stimulés, ia V6 _| |
avec un aspect de bloc de branche droit incomplet.



CENTRAL ILLUSTRATION Left Bundle Branch Area Pacing for Cardiac Resynchronization Therapy

Left Bundle Branch Area Pacing for Ch W Card
Cardiac Resynchronization Therapy LSl CENTRAL ILLUSTRATION: Death or Heart Failure Hospitalization

QRS Duration
170 -

160 -
150 +
140 - *
130 A
120 A
110 -
100 -

Left Bundle Branch
Area Pacing 85%
(277/325)

His Bundle

Atrioventricular
node

All LBBB Non-LBBB
Left Ventricular Ejection Fraction
50 -

* * *

40 4
30 -
20 -

10 -+

04

Al LBBB Non-LBBB

*p<0.01 m Baseline m Post-Left Bundle {

Vijayaraman, P. et al. J Am Coll Cardiol EP. 2021;7(2):135-47.

BBG : facteur prédictif indépendan

e |
Clinical Outcomes Of Left Bundle Branch Area Pacing Compared To Right Ventricular Pacing:
Results From The Geisinger-Rush Conduction System Pacing Registry

Time to Death or Heart Failure Hospitalization
All Patients (n =1,778)

= LBBAP
-— (VP

(382 pts)

5 HR: 1,495 (95% Ck: 1.2131.842)
0,
FEVG<35 A)g 0.0 P <0.001 te Outcome:
0 H 2 3 4 5 Upgrade to Biventricular Pacing)
Tiene to Death or HFH
BvP 981 728 546 352 166 18
LBBAP 797 574 342 152 18 0 ‘\M’,‘
23.3%
. , , Left Bundle Branch Area
Biventricular Pacing (BVP) Pacing (LBBAP) HR 0.461
P <0.001
R Ahlarad
~IILBOAP
7% 1095
ays
66 2
148 17

Vijayaraman P, et al. J Am Coll Cardiol. 2023;82(3):228-241.

.2022;19 (1) :3-11



https://www.sciencedirect.com/journal/heart-rhythm
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Recommendations for substantial ventricular pacing

COR

Recommendations

References

2a

reduce the risk of PICM.

1. In patients with an indication for permanent pacing with an LVEF 36%-50% who
are anticipated to require substantial ventricular pacing, CPP is reasonable to

2b

. In patients with normal LVEF who are anticipated
ventricular pacing, it may be reasonable to treat pi

risk of PICM.

p—
HBP™ o
LBBAP* S

Recommendations for LBBB, sinus rhythm, QRS duration =150 ms, NYHA class I-IV symptoms

COR LOE Recommendations References
1. In patients with LVEF < 35%, sinus rhythm, LEBB with QRS duration=150ms,and '
NYHA class II-IV symptoms on GDMT, CRT with BiV pacing is indicated to improve
symptoms and reduce morbidity and mortality.
2. In patients with LVEF <35%, sinus rhythm, LBBB with QRS duration 2150 ms, and ~ Hpp*-"® ™™=
NYHA class II-1V symptoms on GDMT, CSP with HBP with LBBB correction or LBBAP  LaBAP™-“*<7=55%
2a C-LD is reasonable if effective CRT cannot be achieved with BiV pacing based on
anatomical or functional
criteria.

Conduction system pacing In France In 2022: a snapshot survey from the e
Working Group of Pacing and Electrophysiology of the French Society of Cardiolagy.

Product data from a CSP-specific lead

2018 2020 2re1 2002

November 2022
120 respondents (101 centers)

Left bundle branch area pacing

i *o‘k__ > Current indications
» Cornpleta AV black [76%)
» After failura of coronary
snue lead [T1%)

3 ’ @ Forceived limitations
ML sbsesol guidaing or
: | CONSENSUS 13136)
" » Lack of technical
FUSNE vaiing 3%y
N [ ] implantation criteria
* R-wave peak time In V,
< 80-90 ms {70%)
» Terminal Rr wana in V,
185%)

His bundle pacing

g &2 Current indications
1 » Cornplets AV block [26%)
* After failura of coronary
—h B sinus lead {27%)
|
| .| & Percoived limitations
.l * Bad pacirg and sensing
paramaters (45%)
1 ‘h’” & * Increased precadure
v curation (£136)

~4-— | || Implantation criteria
~ *ORS duration < 120 ms
{100%)
* His thresnoks < 2V/1ms
@1%)

REEIF g

2023 HRS/APHRS/LAHRS guideline on cardiac
physiologic pacing for the avoidance and
mitigation of heart failure



Recommendations for using leadless pacing (leadless
pacemaker)

Recommendations Class® Level®

PM sans sonde : pace maker monochambre
. . Leadless pacemakers should be considered as an
* *
M ICra ou VD D M ICra AV alternative to transvenous pacemakers when no

upper extremity venous access exists or when
risk of device pocket infection is particularly
high, such as previous infection and patients on

hae modialysis."‘s“"?_so""so

Impossibilité d’abord veineux
In.feCtl?n de Ioge ) . alternative to standard single-lead ventricular
Dialysé avec ATCD infectieux pacing, taking into consideration life expectancy

4547 —50

Leadless pacemakers may be considered as an

@ ESC 2021

and using shared decision-making.

A. RA and RV LPs B. LPs implanted in RA and RV

RA: 32.3mm (1.27in)

B

RV: 38.0mm (1.50in)

Micra AV >> VDD mode AVEIR DR study (n=550) >> DDD mode

i -
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Conclusion

* La stimulation cardiaque est une technique mature dont les
indications relevent d’un bilan cardiologique exhaustif

* Les nouveautés technologiques permettent d'améliorer les modes de
stimulation
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Supplementary Table 5 Genes responsible for inherited bradyarrhythmia

Inheritance Atrial phenotypes
mode

lon channels

HC M4 AD Sinus bradycardia

SCNSA ADIAR Sinoatrial blodk, AF,
atrial standstll

SCN10A AD AF?

SCN1B AD

KCNJ2 AD

CACNAID  AD Sinus bradycardia

KCNK1T7 AD
TRPM4 AD
POPDC1 AR

PoPDC2't AR
Caleium-handling proteins on the sarcoplasmic reticulum
RYR2 AD Sinus bradycardia

CASQ2 AR Sinus bradycardia

Gap junction channel

GJAS AD

Cardiac hormone

NPPA AD Atrial standstill, Bi-atrial dilatation
Transcription factors

TBXS AD ASD, AF

Nuclear membrane component

LMNA AD Sinus bradycardia
Membrane adaptor protein

ANK2 AD Sinus bradycardia
Sarcomere protein

MYHé AD Sinus bradycardia, AF, ASD
MYH7 Sinus bradycardia, AF

Conduction
disease

PCCD, AVB

BBB

PCCD, AVB, BBB
PCCD, AVB, BBB
AVB

AVB

PCCD, AVB, BBB

AVB

PCCD, AVB

PCCD

Ventricle phenotypes Additional phenotypes

LVNC, Brs
LT3, BrS, DCM

BrS?

BrS

LQTY (ATS), SOT, Brs Periodic paralysis
Drysmorphic features
Congenital deafress

Limb-girdle muscular

dystrophy

CPVT, ARVC

CPVT

V5D Hand anomalies (heart-hand
syndrome)

DCM Laminopathies including
muscular dystrophy and
Hutchinson-Gilford progeria
syndrome

LQT4

HCM, DCM

HCM, DCM

£ ESC 2021

Société Francaise
de Cardiologie

Rythmologie - Stimulation cardiaque
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