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1958: First implanted pacemaker

Engineer Cardiologist Patient

Elmquist Senning Larsson



59 years later...

...cardiac pacing is the only effective
treatment for symptomatic bradycardia

— in SSS improves quality of life

— in AV block not only improves quality of life but

also prognosis

Eur Heart J 2013; 34: 2281-2329



“Innocence questioning”




THE MUSCULAR REACTIONS OF THE MAMMALIAN VEN-
TRICLES TO ARTIFICIAL S8URFACE STIMULI
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ficial stimuli have not been studied with the degree of precision that the
subject merits. This is due partly to the fact that, until recently, we
have possessed no graphic appliances capable of recording the ventricular
contractions in an accurate manner. The details of the premature con-
traction curve, the latent period, the extent of the refractory phase, the
physiological conditions affecting it, the factors determining effectiveness
or ineffectiveness of premature beats, ete., can be accurately analyzed only
when a contraction curve is recorded on which the beginning and end of
systole are clearly indicated and on which the separate phases of systole
and diastole are clearly demarcated as well. Such a record is supplied
by the optically recorded intraventricular pressure curve supplemented
for special purposes by similar pressure eurves from the auricle and
aorta (Wiggers, 1921).

Ezperimental procedures. The heart was exposed in dogs under mor-
phine and chloretone anesthesia and after the institution of artificial
respiration. Whenever possible, the pericardium was left intact and
small glits were made for the insertion of the optical manometer and the
application of electrodes. One optical manometer was inserted into the
left ventricle and another was introduced into the aorta so that the cannula
was placed just outside of the semilunar valves. For special purposes,
the experiments were varied by recording the second pressure curve from
the other ventricle or from the left auricle. The theory, construetion and
application of these instruments as well as the nature of the optical curves
recorded and the eriteria that they contain for determining the consecutive
phases of the heart eyele have been previously described (Wiggers, 1914,
1921 a, b, 1924). A reasonable familiarity with these communications
is essential in order to follow the data and conclusions presented in this
paper.

Induction shocks were applied to the left ventricle by means of two
emall hook-electrodes, well insulated except for their ends. These were

346



DAVID trial

Patients with indications for ICD implantation randomized to:
VVI (40/min) vs. DDDR (AV delay 180ms and lower rate 70/min)

0.4+

Relative Hazard (85% CI), 1.61 (1.06-2.44)

o
=

Cumuiative Probatility
o o
i >

...more patients died or developed heart failure with prevention of bradycardia
by DDDR-ICDs than with VVVI-ICDs that basically did not pace

Wilkoff B et al, JAMA. 2002;288:3115-3123



The culprits...

...for worse outcomes were not the devices but the physicians
who did not reprogramme dual-chamber ICDs and thus
caused unnecessary RVP



MOST trial

Proportion event-free

e CUM%VP £ 40
— = =Cum%VP > 40

0 12 24 % 4¢

...in patients with sinus node disease and narrow QRS at baseline, unnecessary
RVP (DDDR mode) increased the risk of HF hospitalization and AF compared to
VVI mode

Patients without substrate (normal EF, no history of HF or Ml, and normal
baseline QRSd) had a correspondingly low risk of HFH

Sweeney M et al, Circulation. 2003;107:2932-2937



MADIT Il study
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PATIENTS AT RISK PATIENTS AT RISK
VP >= 50% 198 G (0.25) 42 (0.33) 12 (047) VP >= 50% 18 0B (0.25) 34 (0.39) 10 (0.39)
VP < 50% 368 240 (013) 182 (020) 50 (0.26) VP < 50% 369 239 (044) 126 (022) 44 (0.32)

Patients who were predominantly paced had a higher rate of new or worsened

heart failure and were more likely to receive therapy for VVT/VF

Steinberg J et al, J Cardiovasc Electrophysiol 2005;16:359-365



MADIT Il study — long-term f-up

0.6 1

Unadjusted P<0.001

Cumulative Probability of Mortality

Patients at Risk Years

Among ICD recipients, high RVP'is associated with a significant increase in the
risk of long-term mortality and with attenuated device efficacy

the detrimental effects is the result of years of large amount of RVA pacing

Barsheshet A et al, Heart Rhythm 2011,8:212-218



RV Pacing has adverse effects...

Trial No. of Patients Mean Age (y) Mean FU (y) LA Diameter LV Function CHF AF
Tantengco et al.?® 24 19.5 9.5 NA i 2 pts NA
Karpawich et al.#? 14 15.5 55 NA Altered Histology NA  NA
Thambo et al.?0 23 24 10 NA DS NA NA
Tse et al.®! 12 72 1.5 NA L/MPD NA NA
Hamdan et al.®2 13 66 NA* NA L/1+SNA NA NA
DAVID3® 506 64 1 NA NA 1 NA
MADIT [137-38 Substudy 567 64 1.7 NA NA t NA
Wonisch et al.3? 17 59 0.25 NA NA i NA
Thackray et al.4? 307 72 52 NA MNA t g

MOsTH! 1,339 74 6 NA NA 1 1

Nielsen et al.*? 177 74 29 1 il NA 1

O’Keefe et al.** 59 69 15 NA } NA NA

Manolis AS, PACE 2006; 29:298-315



IS THERE PATHOPHYSIOLOGICAL
EXPLANATION?



When we implant a pacemaker...

Pacemaker

Pulse
generator



LBBB vs. RVA pacing ECG
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Heterogeneous electrical activation

Late activation

LBBB or a high percentage of RV apical pacing causes

delayed electrical activation of the LV




Mechanical dyssynchrony
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Detrimental effects of RV pacing

Dyssynchronous
electrical activation

}

LV mechanical dyssynchrony

}
LV mechanical disadvantage
Impaired and | efficiency: right
myocardial ward shift of pressure- Increase
perfusion volume relation in wall
l stress

LV adverse remodeling
and asymmetrical

hypertrophy
Neurohormonal and S

sympathetic activation




HOW TO AVOID THESE
DETRIMENTAL EFFECTS?



23 years ago...

Cardiac Resynchronization Therapy



CRT: “pacing to correct dyssynchrony”

Late activation

Early activation



Trial (ref) No. Design NYHA | LVEF QRS Primary Secondary endpoints Main Findings
endpoints
MUSTIC-SR5? 58 Single-blinded, 11 =35% =150 6MWD MNYHA class, Qol, CRT-P improved 6MWD,
crossover, peak VO,LV volumes, NYHA class, QolL, peak VO,,
randomized CRT vs. MR hospitalizations, reduced LV volumes and MR
OMT, 6 months mortality and reduced hospitalizations
PATH-CHF 41 Single-blinded, Hi—=v NA =150 Peak VC)Z, NYHA class, QolL CRT-P improved NYHA class,
crossover, MWD hospitalizations QoL and 6MWWD and reduced
randomized RV vs. hospitalizations
LV vs. BiV,
12 months
MIRACLE* 453 Double-blinded, Hi—=v =35% =130 NYHA class, Peak \.r"f.:)2 LVEDD, CRT-P improved NYHA class,
randomized CRT wvs. 6MWD , QoL LVEF, MR QoL and 6MWD and reduced
OMT, 6 months clinical composite LVEDD, MR and increased LVEF
response
MIRACLE-ICD5* 369 Double-blinded, H—-v =35% =130 NYHA class, Peak VO, CRT-D improved NYHA class,
randomized 6MWD , QolL LVEDD, LVEF, MR Qol, peak \afC)2
CRT-D vs. ICD, clinical composite
6 months response
CONTAK-CD5? 490 Double-blinded H=1— =35% =120 NYHA class, LV volume, LVEF CRT-D improved 6MWD,
randomized v eMWD , QolL composite of NYHA class, Qol,

Strong evidence that CRT reduces mortality and hospitalization,

iImproves cardiac function and structure,

in symptomatic chronic HF patients despite OMT,
severely depressed LVEF (i.e.<35%) and complete LBBB

CARE-HF3¢ 813 Double-blinded Hi—v =35% =120 All-cause All-cause mortality, CRT-P reduced all-cause
randomized mortality or NYHA class, QolL mortality and hospitalization
OMT vs. CRT-P hospitalization and improved NYHA class and
29.4 months Qol
REVERSES®! 610 Double-blinded, 1= =40% =120 % worsened LVESY index, CRT-P/CRT-D did not change
randomized by clinical heart failure the primary endpoint and did
CRT-ON vs. composite hospitalizations and not reduce all-cause mortality
CRT-OFF, endpoint all-cause mortality but reduced LVESY index and
12 months heart failure hospitalizations.
MADIT-CRT®® 1820 Single-blinded, -1 =30% =130 All-cause All-cause mortality CRT-D reduced the endpeoint
randomized mortality or and LVESV heart failure hospitalizations or
CRT-D vs. ICD, heart failure all-cause mortality and LVESV.
12 months hospitalizations CRT-D did not reduced
all-cause mortality
RAFT®2 1798 Double-blinded, 11— =30% =120 All-cause All-cause mortality CRT-D reduced the endpeoint

randomized CRT-D
vs. ICD
40 months

mortality or
heart failure
hospitalizations

and cardiovascular
death

all-cause mortality or heart
failure hospitalizations. In
NYHA Ill, CRT-D only reduced
significantly all-cause mortality



CRT... is now part of standard HF care

Recommendations

CRT is recommended for symptomatic patients with HF in sinus rhythm with a QRS duration 2150 msec and LBBB QRS
morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality.

CRT should be considered for symptomatic patients with HF in sinus rhythm with a QRS duration =150 msec and non-LBBB
QRS morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality.

CRT is recommended for symptomatic patients with HF in sinus rhythm with a QRS duration of 130-149 msec and LBBB QRS
morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality.

CRT may be considered for symptomatic patients with HF in sinus rhythm with a QRS duration of 130-149 msec and non-LBBB
QRS morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality.

5

Ponikowski P et al, Eur Heart J. 2016;37:2129-200



The hypothesis

Should all patients with a pacemaker indication
receive a CRT to avoid the detrimental effects of RV

apical pacing?




WHAT IS THE EVIDENCE FOR PTS
WITH REDUCED LVEF?



HOBIPACE

= ‘; Randomization Cross-Over
: S
e 8
@ -l! 5
5 & é RV-pacing
= =3
e E <
®
....... BV-pacing .
+ Echo « PM-FU « PM-FU + PM-FU « PM-FU
* NYHA « AVDO * AVDO * Qol.-score
class - Qol-score* * Qol-score « NYHA class
*« CPET* + NYHA class * NT-proBNP
- J + NT-proBNP « Echo
Y + Echo + CPET
Optimization of drug therapy, - CPET - Patient’s
cardioversion attempt preference

A small (30 pts) but the first RCT that compares BiV pacing with

conventional RV pacing in pts with LV dysfunction and a standard
indication for antibradycardia pacing

Kindermann et al, ] Am Coll Cardiol 2006;47:1927-37



HOBIPACE

>

450

400

350 r
p<0.0002

J_ 2 =

| oy | e
p=0.048 p<0.0002
p<0.0002

=y
(=]
T

E
@
E
2
o
>
L 300 p=0.025 _ p<0.001
s
2 250 ‘|’ T 24
0
g200f —— T S 22 F
< 150 | i E 20+
L2 J_ clemicadad £
£ 100} = 18+
$ I L E i
£ S0r c 16
3 o T

0 : : : : : AT Y T N B ———— R SRR

preop RVP BVP preop RVP BVP g 1 ==
5 12
2 i

B S 10} J_

60 o
- s 8
§ [=1]
= 50 > 6
S o
8 T x 4°Ff
£ 40 ) <0.0003
£ T e 2f A
Qo
.%,3' 30 N - = 0
2 RVP BVP
2 20
T
2
g

o

precp RVP BVP preop RVP BVP

BiV pacing was superior in reduction of LV volumes, and improvement of LVEF,

quality of life, maximal and submaximal exercise capacity

Kindermann et al, ] Am Coll Cardiol 2006;47:1927-37



COMBAT

A 35- B 300,
30 P=0.0225 250 P=0.0460
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In 60 pts after a follow-up period of 17 mo there were significant

improvements in QoL, FC, LVEF, and LV end-systolic volume
with BiVP compared with RVP

Martinelli Filho et al, J Card Fail. 2010;16:293-300



The first large prospective RCT

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Biventricular Pacing for Atrioventricular
Block and Systolic Dysfunction

Anne B. Curtis, M.D., Seth J. Worley, M.D., Philip B. Adamson, M.D.,
Eugene S. Chung, M.D., Imran Niazi, M.D., Lou Sherfesee, Ph.D.,
Timothy Shinn, M.D., and Martin St. John Sutton, M.D.,
for the Biventricular versus Right Ventricular Pacing in Heart Failure
Patients with Atrioventricular Block (BLOCK HF) Trial Investigators

BiV vs. conventional RV apical pacing among patients with AV block I-1ll,

HF (NYHA I-Ill), and subnormal LVEF (<50%)
691 pts, 37 mo follow-up, mean QRS 124 ms, mean LVEF 40 *+ 8%, and
most patients NYHA I-1I

Curtis A et al, N Engl J Med 2013;368:1585-93



BLOCK-HF

100

100+,
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L L . No. at Risk
g;"irt‘t:{';”t'r?gﬂf'”g w o 2 = 7 2 4 Biventricular pacing 349 271 195 134 91 52 17
gpacing Right ventricular 342 248 180 121 88 54 22

pacing

CRT was associated with a statistically significantly lower incidence (26% risk

reduction) of the primary composite endpoint of all-cause death, HF-related
urgent care visit, and >15% increase in LVESVi and a 27% risk reduction in all-
cause mortality and HF-related urgent care

Curtis A et al, N Engl J Med 2013;368:1585-93



BLOCK-HF

PP = 0.998 PP = 0.964 PP =0.842 PP = 0.727

6.5

Observed Mean Improvement in QOL * SE

6 Months 12 Months 18 Months 24 Months
(n =304, 289) (n =274, 273) (n =237, 244) (n =214, 218)

15~

CRT improved QOL and heart failure status, compared with RV pacing

Curtis A et al, ] Am Coll Cardiol 2016;67:2148-57



BLOCK-HF — echo substudy

LVESVI LVEDVI
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BiV pacing results in reverse structural and functional LV remodeling,

whereas traditional RV pacing does not

Sutton M et al, Circ Heart Fail. 2015,;8:510-518



BLOCK-HF message

For patients who require chronic RV pacing,
treatment with CRT leads to:

* significant improvement of LV function

 reduction of adverse clinical events

— even in patients with milder forms of HF and less severe
LV dysfunction



FDA approval

Gc the October 8, 2013 advisory meeting membes
voted that the benefits (as evidenced by a small
reduction in occurrence of heart failure-related
urgent care) outweigh the risks (LV lead-related
complications as well as potentially more often
pulse generator replacements) in a population
that is restricted to those who require a
significant amount of RV pacing.




Evidence for the guidelines...

Studies No. of patients | Echo, ESY | Echo, EF | QoL scores | NYHA class | Clinical outcome
(%) (%) (%) (%)

Patients with moderate/severe systolic dysfunction, CRT vs RV

HOBIPACE™ 30 -9 +22 -19 -24 Patient’s preference: 67% CRT, 7% RV (P = 0.0002)

COMBAT'* 60 24 -21 -47 -24 Worsening HF or hospitalization: 3 vs. 8 patients

BLOCK HF'2. 126 691 - - - - Significant 28% reduction in the combined primary endpoint of
mortality, heart-failure related urgent care, and increase in LV
end-systolic volume

CRT rather than RV pacing is recommended for patients with HFrEF regardless of NYHA class who have an indication for ventricular |
pacing and high degree AV block in order to reduce morbidity. This includes patients with AF (see Section 10.1).

Brignole M et al, Eur Heart J. 2013; 34:2281-2329
Ponikowski P et al, Eur Heart J. 2016;37:2129-200



WHAT IS THE EVIDENCE FOR PTS
WITH NORMAL EF?



CRT for bradycardia and normal EF
PACE trial

A EF = 70.0% EF = 54.5% EF = 45.5% EF = 40.9%
ESV =13.2 ml ESV =28.7 ml ESV = 37.8 ml ESV=445ml

Baseline 1 year 2 year 4 year
B EF = 62.4% EF = 62.2% EF = 63.0% EF = 64.0%
ESV =23.2ml ESV =227 ml ESV =223 ml ESV =213 ml

Baseline 1 year 2 year 4 year

In 177 pts at 1 year, conventional RVA pacing resulted in adverse LV remodeling and

in a reduction in the LVEF, but these effects were prevented by BiV pacing

Yu CM et al, N Engl ] Med 2009;361:2123-34
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PACE trial at 2 years...

—&—BIiV il RVA

P < 0.001 vs.

e e The adverse effect of RVA
pacing on LV systolic
function and remodeling
observed at the first year

T continue to progress over
| the second year.

On the contrary, the
protective effect of BiV

pacing persists over time

Chan YS et al, Eur Heart J 2011,;32:2533-40.



At 3 years...

o Left Ventricular Ejection Fraction % Left Ventricular Endsystolic Volume
304 p=0.03
™ p=0.40
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Adverse remodeling observed during 3 years of RV pacing in 55 pts, was

prevented by BIV pacing

Albertsen et al, Eur ] Echocardiogr 2011;12:767-72.



The evidence is not yet strong...

Patients with preserved systolic function, CRT vs RY

Albertsen'®

50

+5

PAC E-.H. 130

177

22

+13

Mo difference

Hospitalization for HF: 6 vs. 7% (ns)

PREVENT-HF?

108

-5

+7

Worsening of HF: 6 vs. 14% (ns)

* PACE trial and Albertsen et al. failed to demonstrate a
clinical benefit of CRT in patients with preserved LVEF

* PREVENT-HF, another small multicenter study of 108 pts
with AV block, NYHA I-1l and normal LVEF, failed to show LV
volume differences >12 mo between RV apical and BIV

pacing




BioPace study

1810 patients

RV Group BiV Group:
908 patients 902 patients

Is BiV pacing superior to RV pacing in patients with AVB who require
permanent ventricular pacing?

Blanc JJ, ESC Congress 2014



BioPace study

RV BiV
T,?B':‘:L 908 902
(50.2%) | (49.8%)

* Age [year] 73.549.2 73.3£9.3 73.8:9.0 0.27
* Men 68.3% 67.4% 69.2% 0.42

* % Ventricular
pacing at 1 month

+ LVEF [%] 55.4:12.2  55.5:¢12.4 55.3:121  0.95

88.2 86.3 90.1 0.07

* QRS Duration [ms] 118.4130.5 118.8+30.3 118.1+30.8 0.61

* Underlying Cardiac

= 63.1% 63.0% 63.3% 0.92
Disease

+ Atrial Fibrillation 24.9% 24.8% 24.9% 0.96

LEEB 17.2% 18.3% 16.6%

the BioPace study cohort is quite different from the BLOCK-HF study

population

Blanc JJ, ESC Congress 2014



BioPace study

HR 0.87, 95%-Cl: [0.75; 1.01

HR 0.92, 95%-Cl: [0.73; 1.16

LVEV < 50% (571/1810) . e [ ]
HR 0.88, 95%-Cl: [0.72; 1.07

LVEV >50% (1239/1810) . 0=0,18 [ ]

| I I | I | I | I I
s 06 0¥ 08 08 10 11 12 14 14 15

BiV better RV better
———_— BioPace @

After 5.6 yrs a non statistically significant trend in favor of BiV over RV pacing

in combination of time-to-death or first hospitalization due HF

Blanc JJ, ESC Congress 2014



BLOCK-HF vs. BioPace

The discrepancy may be due at least in part to
different patient characteristics:

— BLOCK HF appeared to have sicker patients with
a lower average LVEF, more LBBB, and more AF



If LV function is normal...

Event-free survival (%)

Event-free survival (%)

...development of clinically relevant LV systolic dysfunction is a
rather infrequent event irrespective of pacing indication and
cumulative percentage of RV pacing (only 6%)

...no significant difference in death from any cause and development of
severe LV dysfunction requiring upgrade to BiV pacing between pts
implanted for AVB and pts implanted for SND

Ebert M et al, ] Am Heart Assoc. 2016;5:e003485



HOW TO APPROACH THE PATIENT
WITH INDICATION FOR CARDIAC
PACING?



A practical approach

Consider BiV if:
Permanent AV block
LVEF <40%
Life expectancy >3 years

Low LVEF and planned AV node ablation for AF



AVJ ablation & pacing

A bbb LA

Right
atrium ——=

AV
node

Electric current
destroys the AV node

Catheter-



AVJ ablation & pacing

CRT RV pacing Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
AVAIL 2010 8 119 2 34 125% 1.14[0.25,5.13) -
Eur HeartJ 2011 10 97 7 89 30.0% 1.31[0.52, 3.30) g —
MUSTIC-AF 2002 1 25 0 18  30% 219(0.09,50.93) ¢ »
OPSITE 2005 0 26 2 26 33% 0.20[0.01,3.97) ¢
PAVE 2005 13 146 19 106 51.1% 0.50 [0.26, 0.96) -
Total (95% CI) 413 273 100.0% 0.75[0.43, 1.30] -
Total events 32 30
Heterogeneity. Tau*= 0.04; Chi*= 4.39, df= 4 (P = 0.36); F= 9% :IJ 1 032 0=5 ; i 5 10:
Test for overall effect Z=1.03 (P=0.30) " " Favors CRT Favors RV pacing
CRT RV pacing Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
APAF 2011 3 97 12 89 36.7% 0.23(0.07,0.79) 2
MUSTIC-AF 2002 3 43 10 44 373% 0.31 [0.09, 1.04) L
OPSITE 2005 3 26 3 26 26.0% 1.00(0.22, 4.50] b4
Total (95% CI) 166 159 100.0% 0.38 [0.17, 0.85] B
Total events 9 25
Heterogeneity: Tau®= 0.08; Chi*= 2.36, df= 2 (P = 0.31); F= 15% 0=1 0?2 0?5 : 5 é 140

Test for overall effect. Z= 2.34 (P=0.02)

Favors CRT Favors RV pacing

CRT resulted in a non-significant reduction in mortality and

a significant reduction in hospitalizations for HF

Stavrakis S et al, Europace 2012;14:1490-1497




The challenge...

e ...is to detect progressive LV dysfunction even
if patients remain asymptomatic, with
regular echocardiographic follow-up

* ...s0 that upgrading to BiV pacing can be
implemented without delay if evidence of LV
adverse remodeling and reduced LVEF is
present



CRT procedure




The risks...

r)- Jf-n-' y
Reglstry

Patient Event Rates (%)

CRT upgrade Single PM/ICD No lead

or revise to Dual PM/ICD (2/45)
(81/434)  upgrade or revise
(26/234)

major complication risks for CRT system upgrade have been reported

to be as high as 19%

Poole et al, Circulation 2010;122:1553-61



Take home...

* In a limited number of patients CRT
could be proposed as a first line option

* In patients with AV block and RV pacing
do not follow only pacing parameters
but also LV function and keep in mind
that upgrading to CRT remains an
option







Other options...
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...pacemaker algorithms that reduce VP



Pacemaker algorithms...

VPEM Control Odds ratio QOdds ratio

Study or subgroup Events Total Events Total Weight M—H, random, 95% CI M-H, random, 85% ClI

Boriani 19 398 20 385 16.3% 0.91[0.48, 1.74] —d—

Botto 31 299 22 306 20.1% 1.49 [0.84, 2.64] T

Chen 1 196 6 189 1.7% 0.16 [0.02, 1.31] =

Davy 6 141 3 135 3.7% 1.96 [0.48, 7.98] —_—

Stockburger 26 314 a0 318 21.5% 0.87 [0.50, 1.50]

Sweeney 26 530 29 535 22.0% 0.90 [0.52, 1.55] 33

Thibault 17 191 20 182 14.7% 0.79 [0.40, 1.56]

Total (95% CI) 20869 2050 100.0% 0.97 [0.74, 1.28] ]

Total events 126 130

Heterogeneity: t2=0.01; y2=6.59, df=6 (P=0.36); 2=9% I I I I

Test for overall effect: Z=0.20 (P=0.84) 0.01 0.1 1 10 700
Favours VPRM  Favours control

...did not improve clinical outcomes and were not superior to standard DDD

programming in reducing incidence of persAF, all-cause hospitalization, and
all-cause mortality in patients with preserved LV function

Shurrab et al, Europace 2017;19:282-288



15t AV block

* Intrinsic 15t AV block:

— for PQ>230 ms, prevention of RVP likely not
useful

 Paced 1t AV block:

— for PQ>270 ms after atrial pacing, prevention of
RVP likely not useful
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Alternative RV pacing sites
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Apical vs. Non-apical pacing

Study Yo

1D WMD (95% CI) Weight
Length of follow-up= 12 months E

Leong (2010) S — 8.00 (3.78, 12.22) 7.20
Cano 0. (2010) § S S 3.60 (-0.25, 7.45) 7.36
Gong X. (2009) __._. 1.90 (-0.56, 4.36) 7.88
Flevari P. (2009) : —#—> 16.00 (13.85, 18.15) 7.97
Nowak EL. (2008) R 6.00 (-0.44, 12.44)  6.13
Tse HF. (2002) . S 9.00 (7.21, 10.79) 8.06
Subtotal (I-squared = 93.8%, p=0.000) <::‘:__"‘___> 7.53 (2.79, 12.27) 44.60
Length of follow-up <12 months i

Kypta A. (2007) —~— 0.00 (-3.97, 3.97) 7.31
Occetta E. (2006) R e 3.40 (—2.07, 8.87) 6.61
Victor F. (2006) — 1.00 (-3.52, 5.52) 7.06
Victor F. (2006) — i 5.00 (1.38, 8.62) 7.45
Stambler BS. (2003) — g 1.90 (~4.20, 8.00) 6.30
Bourke JP. (2002) * —3.00 (-11.34, 5.34)  5.21
Victor F. (1999) e 0.00 (-5.33, 5.33) 6.68
Victor F. (1999) - i —2.00 (-12.76, 8.76)  4.18
Mera F. (1999) : - 8.00 (-1.73, 17.73) 4.60
Subtotal (l-squared = 0.0%, p=0.438) <>E 1.95(0.17,3.72) 55.40
Overall (I-squared = 89.3%, p=0.000) ~<j> 4.27 (1.15, 7.40) 100.00
MNOTE: Weights are from random effects analysis i

—1:3.1 0 1S|.1

LVEF higher with apical pacing LVEF higher with non-apical pacing

...data regarding exercise capacity, functional class, quality of life, and

survival were limited and inconclusive

Shimony et al, Europace 2012;14: 81-91



Protect-Pace study

High-grade AV block & preserved EF >50%
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RVA Septal

*No significant change in individual patient’s LVEF during follow-up
*No significant differences in HF hospitalizations, mortality, or BNP

*A significantly greater time to place the lead in the RV high septal with
longer fluoroscopy times

Kaye et al , Eur Heart J. 2015;36:856—-62






