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WHY... Avoid Ventricular Apical Pacing?

Effects of RV Apical pacing

?



Relationship between duration of mechanical 
asynchrony and heart failure development
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WHY... Avoid Ventricular Apical Pacing?

?



Cumulative percentage RVP (%RVP) 1395 pts. 

association between %RVP and HF and cardiac death, Results: follow-up 5.8 y 

104 HF deaths and 144 cardiac deaths. 

%RVP was associated with HF- and cardiac death in  unadjusted and adjusted analyses 

Linear association between %RVP and HF- and cardiac death. 

constant increase of 8% risk of HF death per 10% increase in RVP.
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Risk of HFH Relative to a DDDR Patient  
with Cum % VP = 0

Risk of HFH increased between 0% and 40% Cum VP, but was level 
at Cum%VP above 40%.   
Risk can be reduced to about 2% if ventricular pacing is minimized.

MOST  Sub-Study


Chart7

		0		0		0		40		40		40

		40		40		40		100		100		100



hr1

lcb1

ucb1

hr2

lcb2

ucb2

Cum%VP

Risk of HFH relative to
DDDR patient with Cum%VP=0

1

-0.0504

2.0504

5.3694

4.3557

6.3831

5.3694

4.319

6.4198

5.7377

4.724

6.7514



Fig 1

		





Fig 1

		0		0		0		40		40		40

		40		40		40		100		100		100



a

hr1

lcb1

ucb1

hr2

lcb2

ucb2

Cum%VP

Risk of HFH relative to
DDDR patient with Cum%VP=0

1

-0.0504

2.0504

5.3694

4.3557

6.3831

5.3694

4.319

6.4198

5.7377

4.724

6.7514



Fig 2 (HFH)
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Fig 3 (AF)
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0.90209

0.83716

0.81466

0.90209

0.83716

0.81466

0.89795

0.82775

0.80408

0.89795

0.82775

0.80408

0.89381

0.81824

0.7935

0.89381

0.81824

0.7935

0.88956

0.80872

0.78277

0.88956

0.80872

0.78277

0.8853

0.79874

0.77205

0.8853

0.79874

0.77205

0.88104

0.78863

0.76086

0.88104

0.78863

0.76086

0.87679

0.77649

0.74797

0.87679

0.77649

0.74797

0.87249

0.76333

0.73238

0.87249

0.76333

0.73238

0.86813

0.75017

0.71259

0.86813

0.75017

0.71259

0.86361

0.73486

0.691

0.86361

0.73486

0.691

0.85452

0.71737

0.66632

0.85452

0.71737

0.66632

0.84528

0.69687

0.84528

0.69687

0.84066

0.67637

0.84066

0.67637

0.83559

0.64819

0.83559

0.64819

0.83053

0.61578

0.83053

0.61578

0.82492

0.58337

0.82492

0.58337

0.81898

0.81898

0.81287

0.81287

0.80671

0.80671

0.80056

0.80056

0.7943

0.7943

0.78768

0.78768

0.78071

0.78071

0.77368

0.77368

0.76436

0.76436

0.75492

0.75492

0.74499

0.74499

0.73387

0.73387

0.72258

0.72258

0.7099

0.7099



		DDDR-HF								VVIR-HF								DDDR-AF								VVIR-AF								DDDR/HFH

		vpcat40		mnths		survrate				vpcat80		mnths		survrate				vpcat		mnths		survrate				vpcat		mnths		survrate				line1		hr		lcb		ucb

		0		0		1				0		0		1				0		0		1				0		0		1				0		1		-0.0504		2.0504

		0		0.55738		1				0		0.29508		1				0		0.09836		1				0		0.03279		1				40		5.3694		4.319		6.4198

		0		0.55738		0.99286				0		0.29508		0.99767				0		0.09836		0.99286				0		0.03279		0.98485

		0		1.77049		0.99286				0		0.39344		0.99767				0		0.16393		0.99286				0		0.06557		0.98485				line2		hr		lcb		ucb

		0		1.77049		0.98571				0		0.39344		0.99534				0		0.16393		0.98571				0		0.06557		0.98105				40		5.3694		4.3557		6.3831

		0		3.14754		0.98571				0		0.72131		0.99534				0		0.4918		0.98571				0		0.22951		0.98105				100		5.7377		4.724		6.7514

		0		3.14754		0.97852				0		0.72131		0.99299				0		0.4918		0.97852				0		0.22951		0.97721

		0		18.29508		0.97852				0		1.27869		0.99299				0		0.68852		0.97852				0		0.2623		0.97721				VVIR/HFH

		0		18.29508		0.97008				0		1.27869		0.9906				0		0.68852		0.97132				0		0.2623		0.97335				line1		hr		lcb		ucb

		0		26.13115		0.97008				0		1.5082		0.9906				0		0.88525		0.97132				0		0.32787		0.97335				0		1		-0.0124		2.0124

		0		26.13115		0.95954				0		1.5082		0.98582				0		0.88525		0.96413				0		0.32787		0.9656				80		1.3913		0.3789		2.4037

		0		40.2623		0.95954				0		1.86885		0.98582				0		0.95082		0.96413				0		0.55738		0.9656

		0		40.2623		0.94143				0		1.86885		0.98343				0		0.95082		0.95693				0		0.55738		0.96172				line2		hr		lcb		ucb

		0		48		0.94143				0		4.19672		0.98343				0		1.14754		0.95693				0		0.65574		0.96172				80		1.3913		0.346		2.4366

		1		0		1				0		4.19672		0.9809				0		1.14754		0.94974				0		0.65574		0.95782				100		4.2426		3.1973		5.2879

		1		0.03279		1				0		7.60656		0.9809				0		1.31148		0.94974				0		0.81967		0.95782

		1		0.03279		0.99823				0		7.60656		0.97822				0		1.31148		0.93535				0		0.81967		0.95391				DDDR/AF

		1		0.13115		0.99823				0		7.93443		0.97822				0		1.37705		0.93535				0		1.04918		0.95391				line1		hr		lcb		ucb

		1		0.13115		0.99646				0		7.93443		0.97551				0		1.37705		0.92815				0		1.04918		0.94999				0		1		-0.008		2.008

		1		0.16393		0.99646				0		8.19672		0.97551				0		1.44262		0.92815				0		1.11475		0.94999				85		2.3891		1.3811		3.3971

		1		0.16393		0.99292				0		8.19672		0.97279				0		1.44262		0.92096				0		1.11475		0.94603

		1		0.4918		0.99292				0		8.45902		0.97279				0		1.60656		0.92096				0		1.14754		0.94603				line2		hr		lcb		ucb

		1		0.4918		0.99115				0		8.45902		0.97007				0		1.60656		0.91376				0		1.14754		0.94207				85		2.3891		1.3564		3.4218

		1		0.72131		0.99115				0		11.2459		0.97007				0		2.06557		0.91376				0		1.18033		0.94207				100		2.1985		1.1658		3.2312

		1		0.72131		0.98938				0		11.2459		0.96732				0		2.06557		0.89937				0		1.18033		0.9302

		1		1.14754		0.98938				0		12.45902		0.96732				0		2.16393		0.89937				0		1.21311		0.9302				VVIR/AF

		1		1.14754		0.9876				0		12.45902		0.9645				0		2.16393		0.89218				0		1.21311		0.92622				line1		hr		lcb		ucb

		1		1.31148		0.9876				0		12.59016		0.9645				0		2.4918		0.89218				0		1.40984		0.92622				0		1		-0.0067		2.0067

		1		1.31148		0.98582				0		12.59016		0.96168				0		2.4918		0.88498				0		1.40984		0.92223				80		1.7545		0.7478		2.7612

		1		1.47541		0.98582				0		13.14754		0.96168				0		3.40984		0.88498				0		1.54098		0.92223

		1		1.47541		0.98404				0		13.14754		0.95886				0		3.40984		0.87773				0		1.54098		0.91824				line2		hr		lcb		ucb

		1		1.5082		0.98404				0		13.44262		0.95886				0		4		0.87773				0		1.57377		0.91824				80		1.7545		0.7225		2.7865

		1		1.5082		0.98226				0		13.44262		0.95602				0		4		0.87048				0		1.57377		0.91425				100		1.704		0.672		2.736

		1		1.93443		0.98226				0		14.62295		0.95602				0		5.01639		0.87048				0		1.67213		0.91425

		1		1.93443		0.98047				0		14.62295		0.95316				0		5.01639		0.86322				0		1.67213		0.91025

		1		1.96721		0.98047				0		17.57377		0.95316				0		5.7377		0.86322				0		2.81967		0.91025

		1		1.96721		0.97868				0		17.57377		0.95009				0		5.7377		0.85597				0		2.81967		0.90617

		1		2.29508		0.97868				0		17.67213		0.95009				0		11.37705		0.85597				0		2.85246		0.90617

		1		2.29508		0.97688				0		17.67213		0.94701				0		11.37705		0.84859				0		2.85246		0.90209

		1		2.62295		0.97688				0		20.65574		0.94701				0		13.44262		0.84859				0		3.2459		0.90209

		1		2.62295		0.97508				0		20.65574		0.94371				0		13.44262		0.84115				0		3.2459		0.89795

		1		3.21311		0.97508				0		24.72131		0.94371				0		24.06557		0.84115				0		3.40984		0.89795

		1		3.21311		0.97328				0		24.72131		0.9399				0		24.06557		0.83089				0		3.40984		0.89381

		1		3.27869		0.97328				0		25.21311		0.9399				0		24.16393		0.83089				0		5.14754		0.89381

		1		3.27869		0.97148				0		25.21311		0.93605				0		24.16393		0.82063				0		5.14754		0.88956

		1		3.40984		0.97148				0		26.06557		0.93605				0		26.39344		0.82063				0		5.18033		0.88956

		1		3.40984		0.96787				0		26.06557		0.93212				0		26.39344		0.80954				0		5.18033		0.8853

		1		3.54098		0.96787				0		28.7541		0.93212				0		35.40984		0.80954				0		5.7377		0.8853

		1		3.54098		0.96426				0		28.7541		0.92776				0		35.40984		0.79335				0		5.7377		0.88104

		1		4		0.96426				0		29.01639		0.92776				0		36.22951		0.79335				0		5.86885		0.88104

		1		4		0.96064				0		29.01639		0.92339				0		36.22951		0.7761				0		5.86885		0.87679

		1		4.39344		0.96064				0		33.34426		0.92339				0		36.95082		0.7761				0		6.13115		0.87679

		1		4.39344		0.95883				0		33.34426		0.91779				0		36.95082		0.75805				0		6.13115		0.87249

		1		4.62295		0.95883				0		38.95082		0.91779				0		48		0.75805				0		6.88525		0.87249

		1		4.62295		0.95702				0		38.95082		0.91094				1		0		1				0		6.88525		0.86813

		1		5.21311		0.95702				0		41.86885		0.91094				1		0.03279		1				0		10.2623		0.86813

		1		5.21311		0.9552				0		41.86885		0.90329				1		0.03279		0.98361				0		10.2623		0.86361

		1		5.47541		0.9552				0		46.32787		0.90329				1		0.06557		0.98361				0		11.54098		0.86361

		1		5.47541		0.95337				0		46.32787		0.89336				1		0.06557		0.96721				0		11.54098		0.85452

		1		6.42623		0.95337				0		48		0.89336				1		0.13115		0.96721				0		11.93443		0.85452

		1		6.42623		0.95155				1		0		1				1		0.13115		0.95082				0		11.93443		0.84528

		1		8.2623		0.95155				1		0.13115		1				1		0.19672		0.95082				0		12.16393		0.84528

		1		8.2623		0.94971				1		0.13115		0.99438				1		0.19672		0.93443				0		12.16393		0.84066

		1		9.60656		0.94971				1		0.19672		0.99438				1		0.4918		0.93443				0		16.91803		0.84066

		1		9.60656		0.94787				1		0.19672		0.98295				1		0.4918		0.91803				0		16.91803		0.83559

		1		10.59016		0.94787				1		0.32787		0.98295				1		0.55738		0.91803				0		17.34426		0.83559

		1		10.59016		0.94602				1		0.32787		0.97703				1		0.55738		0.90164				0		17.34426		0.83053

		1		11.11475		0.94602				1		0.36066		0.97703				1		0.91803		0.90164				0		21.21311		0.83053

		1		11.11475		0.94416				1		0.36066		0.97111				1		0.91803		0.88525				0		21.21311		0.82492

		1		13.44262		0.94416				1		0.42623		0.97111				1		1.11475		0.88525				0		22.85246		0.82492

		1		13.44262		0.94229				1		0.42623		0.96512				1		1.11475		0.86885				0		22.85246		0.81898

		1		13.70492		0.94229				1		0.65574		0.96512				1		2.95082		0.86885				0		24.32787		0.81898

		1		13.70492		0.94042				1		0.65574		0.95889				1		2.95082		0.85246				0		24.32787		0.81287

		1		15.57377		0.94042				1		0.72131		0.95889				1		6.03279		0.85246				0		24.52459		0.81287

		1		15.57377		0.93846				1		0.72131		0.95266				1		6.03279		0.83541				0		24.52459		0.80671

		1		16.81967		0.93846				1		0.78689		0.95266				1		8.13115		0.83541				0		25.34426		0.80671

		1		16.81967		0.93647				1		0.78689		0.94635				1		8.13115		0.81836				0		25.34426		0.80056

		1		16.85246		0.93647				1		0.81967		0.94635				1		8.19672		0.81836				0		26.29508		0.80056

		1		16.85246		0.93448				1		0.81967		0.94004				1		8.19672		0.80131				0		26.29508		0.7943

		1		17.86885		0.93448				1		0.98361		0.94004				1		11.27869		0.80131				0		27.04918		0.7943

		1		17.86885		0.93244				1		0.98361		0.93365				1		11.27869		0.78426				0		27.04918		0.78768

		1		18.55738		0.93244				1		1.04918		0.93365				1		11.80328		0.78426				0		29.11475		0.78768

		1		18.55738		0.93035				1		1.04918		0.92725				1		11.80328		0.76683				0		29.11475		0.78071

		1		18.95082		0.93035				1		1.08197		0.92725				1		20.36066		0.76683				0		29.5082		0.78071

		1		18.95082		0.92824				1		1.08197		0.92081				1		20.36066		0.74665				0		29.5082		0.77368

		1		19.04918		0.92824				1		1.11475		0.92081				1		24.78689		0.74665				0		35.08197		0.77368

		1		19.04918		0.92613				1		1.11475		0.91438				1		24.78689		0.71999				0		35.08197		0.76436

		1		19.63934		0.92613				1		1.31148		0.91438				1		27.04918		0.71999				0		35.60656		0.76436

		1		19.63934		0.924				1		1.31148		0.9077				1		27.04918		0.68868				0		35.60656		0.75492

		1		20.98361		0.924				1		1.37705		0.9077				1		35.31148		0.68868				0		36.03279		0.75492

		1		20.98361		0.92177				1		1.37705		0.90098				1		35.31148		0.65042				0		36.03279		0.74499

		1		22.65574		0.92177				1		1.70492		0.90098				1		48		0.65042				0		40.29508		0.74499

		1		22.65574		0.91942				1		1.70492		0.89399				2		0		1				0		40.29508		0.73387

		1		22.95082		0.91942				1		1.93443		0.89399				2		0.03279		1				0		41.11475		0.73387

		1		22.95082		0.91707				1		1.93443		0.88673				2		0.03279		0.93548				0		41.11475		0.72258

		1		23.18033		0.91707				1		3.54098		0.88673				2		0.09836		0.93548				0		44.22951		0.72258

		1		23.18033		0.91471				1		3.54098		0.87881				2		0.09836		0.91373				0		44.22951		0.7099

		1		25.90164		0.91471				1		5.04918		0.87881				2		0.45902		0.91373				0		48		0.7099

		1		25.90164		0.91215				1		5.04918		0.87036				2		0.45902		0.90285				1		0		1

		1		26		0.91215				1		5.80328		0.87036				2		0.68852		0.90285				1		0.03279		1

		1		26		0.9096				1		5.80328		0.86182				2		0.68852		0.89197				1		0.03279		0.99187

		1		27.90164		0.9096				1		14.22951		0.86182				2		0.81967		0.89197				1		0.06557		0.99187

		1		27.90164		0.90675				1		14.22951		0.85203				2		0.81967		0.8811				1		0.06557		0.98367

		1		29.14754		0.90675				1		14.2623		0.85203				2		1.11475		0.8811				1		0.13115		0.98367

		1		29.14754		0.9038				1		14.2623		0.84224				2		1.11475		0.87022				1		0.13115		0.97541

		1		31.60656		0.9038				1		19.86885		0.84224				2		1.27869		0.87022				1		0.16393		0.97541

		1		31.60656		0.90068				1		19.86885		0.83003				2		1.27869		0.85934				1		0.16393		0.96714

		1		31.63934		0.90068				1		29.11475		0.83003				2		1.31148		0.85934				1		0.36066		0.96714

		1		31.63934		0.89755				1		29.11475		0.81199				2		1.31148		0.84846				1		0.36066		0.95873

		1		31.83607		0.89755				1		34.88525		0.81199				2		1.96721		0.84846				1		0.55738		0.95873

		1		31.83607		0.89441				1		34.88525		0.78879				2		1.96721		0.83758				1		0.55738		0.95032
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24 studies (n = 1,628 patients)

PACE 2015; 38:1121–1136

group 1 where studies reported a difference (in favor of RVNA pacing)

group 2 where studies reported no difference between pacing sites.

poor baseline LVEF (<40%) in combination with greater than 12 months 

follow-up was three times more common in group 1 compared to group 

2 



Effect of Pacing the Right Ventricular Mid-
Septum Tract in Patients with Permanent Atrial 
Fibrillation and Low Ejection Fraction. 

Muto, JCE 2007









A. Pure HIS Pacing:
• Isoelectric interval between 

pacemaker spike and QRS 
complex (corresponding to the 
HV interval)

• QRS identical to native one
• Pacing output maneuver useful 

but not mandatory. In our 
experience with testing at the 
maximum output of 10 V at 1.5 
ms pure His pacing widens the 
QRS at high output in about two-
thirds of cases while in one-third 
the QRS does not change at 

maximum output

B. Pure paraHisian Pacing
• Isoelectric interval between spike and 

QRS is never observed
• Maximal output: Narrowing of QRS 

proving the existence of fusion

C. Pseudo (or false) paraHisian Pacing 
• Rx position very close to His area
• A small His potential may be recorded 
• Maximum output maneuver produces 

a wide QRS complex with LBBB 
morphology and normal (right inferior) 
frontal plane axis. 

• No narrowing of QRS with any pacing 

output



Narrow QRS (pure His).

Slight enlargement of QRS (pure His with pre-
excitation of right ventricle) 

Slight enlargement of QRS (paraHisian 
with fusion between His bundle and 
myocardial activation) 

Wide QRS LBBB morphology with 
frontal plane axis in the same quadrant 
as the normal QRS complex (paraHisian 
with loss of His capture or pseudo-

paraHisian at all pacing out- puts) 



RV apical pacing His bundle pacing



• 18 pts 
• Narrow QRS (<120 ms)
• Chronic AF
• Dilated cardiomyopathy of 

any origin 
• LV ejection fraction < 

40%
• NYHA III-IV

• AV nodal ablation
• Implanted with VVI-R
• 14 pts stimulated 
• 12 successfully 

implanted with screw-
lead

• 2 pts had lead 
dislodgement

• 2 pts died
• 9 pts in f.u. 



Direct His-Bundle pacing

Before DHBP After DHBP



J Cardiovasc Electrophysiol 
2006:17;29-33



JACC 2006



Intra LV ms 
post pacing

Apex vs
Septal

Septal vs 
His Apex vs His

Cut-off value  
Intra-LV >40 ms

N pts (%)
p

Apex 39±18
p=0.34

p=0.004

27 (50.0)

p=0.001Septal 34 ±25
p=0.2

13 (29.4)

His 27 ±11 7 (15.9)

PACE 2010; 33:566–574)



Intra-LV
Degree of change 
Better: more-20 ms 
Maintained: -20+20 ms
Light: 21-40 ms 
Moderate: 41-60 ms 
Severe: >60 ms

p=0.02 p=0.04

P<0.005 P=0.01

PACE 2010; 33:566–574)


Chart1

		RVA		RVA		RVA		RVA		RVA

		RVS		RVS		RVS		RVS		RVS

		HA		HA		HA		HA		HA



<-20

-20; +20

21-40

41-60

>60 ms

0

0.7037

0.1852

0.0926

0.0185

0.0455

0.7045

0.1591

0.0227

0.0682

0.0455

0.9318

0.0227

0

0
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				RVA		RVS		HA

		<-20		0.00%		4.55%		4.55%

		-20; +20		70.37%		70.45%		93.18%

		21-40		18.52%		15.91%		2.27%

		41-60		9.26%		2.27%		0.00%

		>60 ms		1.85%		6.82%		0.00%

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.







EUROPACE 2008 10,580-587



EUROPACE 2008 10,580-587



Echocardiography 2010;27:1219-1227)

HIS

RVOT

RA

RVA
The time-rotation degree curve for all the 6 segments at base level 

31 pts referred for elective EP 









Permanent His Bundle Pacing is Feasible, Safe and Superior to Right Ventricular 

Pacing in Routine Clinical Practice



Circulation 1977;56;996-1006



J Cardiovasc Electrophysiol 2006:17;29-33



J Cardiovasc Electrophysiol 2006:17;29-33





Heart Rhythm in Press, 2015









Patients Clinical Caracteristics His –bundle Pacing

Number of patients 369

Male gender 218 (59.1%)

Age – years, mean (±SD) 75.4 ± 8.1

Hypertension 335 (91.1%)

Diabetes mellitus 111 (30.1%)

Ischemic  cardiopathy 83 (22.5%)

Atrial Fibrillation 118 (33.9 %)

Pre-implant LVEF (%) 54.6 ± 12

QRS duration-ms, mean (±SD) 124 ± 31

DHBP 210 (57%)

Pacing Indication

SN dysfunction 89 (23.3%)

AV conduction disease 188 (20.9%)

AF with slow ventricular rate 95 (25.7%)



Mean Follow-up  (years) 6.4±2.7

N of patients followed 327

Patients lost at follow-up 42 (11%)

EF  at follow-up 55.9±12

QRS duration (ms, mean±SD) 129±33

VP % (mean) 90.5

≥90% of VP 233 (71%)

AP % (mean) 29 %

AT/AF (mean) 28 %

100% of AT/AF 126 (38%)

Mean longevity of 1°device (y) 5.5±2.2

Death (any cause) 68 (20.8%)

CV death (ictus/HF) 8 (2.4%)



Patients with ≥1 Device Replacement N. 172 (52.6%)

EOL 150 (87%)

NON EOL 22 (12.8%)

- Malfunction n. 11

- Infection n. 5 

- Up-grading (a CRT-P/D) n. 6 


Grafico1

		N. 0

		N. 1

		N. 2

		N. 3



Device replacement

N° of device replacement

155

142

29

1



Foglio1

				Device replacement

		N. 0		155

		N. 1		142

		N. 2		29

		N. 3		1

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.







0 20 40 60

SR

DR

BIV

Type of device (%)

Synus rhythm 

Atrial fibrillation 

N. AF 
(%)

RS
(%)

SR 25 6.8 0

DR 180 16.8 32

BIV 163 2.2 42


Grafico1

		SR		SR

		DR		DR

		BIV		BIV



Synus rhythm

Atrial fibrillation

Type of device (%)

0

6.8

32

16.8

42

2.2
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				Atrial fibrillation		Synus rhythm

		SR		6.8		0

		DR		16.8		32

		BIV		2.2		42

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.







basal Follow-up P

QRS (ms) 124 ± 31 129±33 0.127

EF 54.6 ± 12 55.9±12 0.793



KEY POINTS 

• Apical right ventricular pacing is detrimental for LV function leading to an increased rate of HF 

hospitalization 

• Alternative right ventricular pacing sites have been explored during time

• Not uniform data have emerged from clinical small studies

• There are some evidences that His pacing preserves LV function and have a better prognosis

• These promising results have to be confirmed in large randomized clinical trials



Thanks for 
your attention
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