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Avoid Ventricular Apical Pacing?

Effects of RV Apical pacing
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Avoid Ventricular Apical Pacing?

Relationship between duration of mechanical
asynchrony and heart failure development

Onset of RVA pacing

Cardiac pump function (A.U.)

| Heart failure

Time (~ 5 years)

This relationship, derived from various randomized clinical trials, indicates that attempts to avoid asynchronous activation may decrease the
risk for developing heart failure most in patients requiring pacing for a longer time (children) and in patients with already-reduced pump
function. A.U. = arbitrary units; RVA = right ventricular apex; Cum%VP = cumulative percent ventricular pacing.

J Am Coll Cardiol 2006;47:282— 8 ’?



International Journal of Cardiology 185 (2015) 95-100

Contents lists available at ScienceDirect

CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locatefijcard

Risk of heart failure- and cardiac death gradually increases with more @Cmm
right ventricular pacing*'
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Fig 2 (HFH)
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Fig 3 (AF)
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0.8557

0.91425

0.86417

0.8557

0.91025

0.85526

0.84586

0.91025

0.85526

0.84586

0.90617

0.84626

0.83555

0.90617

0.84626

0.83555

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

		1		33.08197		0.89441				1		48		0.78879				2		2.4918		0.83758				1		0.85246		0.95032

		1		33.08197		0.89106												2		2.4918		0.82671				1		0.85246		0.94191

		1		33.83607		0.89106												2		2.98361		0.82671				1		0.88525		0.94191

		1		33.83607		0.88757												2		2.98361		0.81568				1		0.88525		0.9335

		1		34.39344		0.88757												2		3.14754		0.81568				1		0.95082		0.9335

		1		34.39344		0.884												2		3.14754		0.80466				1		0.95082		0.92494

		1		35.21311		0.884												2		3.83607		0.80466				1		1.11475		0.92494

		1		35.21311		0.88036												2		3.83607		0.79349				1		1.11475		0.91629

		1		35.96721		0.88036												2		4.39344		0.79349				1		1.31148		0.91629

		1		35.96721		0.87658												2		4.39344		0.78231				1		1.31148		0.90765

		1		38.06557		0.87658												2		5.44262		0.78231				1		1.44262		0.90765

		1		38.06557		0.87243												2		5.44262		0.77097				1		1.44262		0.899

		1		43.27869		0.87243												2		6.06557		0.77097				1		1.63934		0.899

		1		43.27869		0.86694												2		6.06557		0.75963				1		1.63934		0.89036

		1		43.47541		0.86694												2		9.11475		0.75963				1		2.03279		0.89036

		1		43.47541		0.86139												2		9.11475		0.74812				1		2.03279		0.88172

		1		43.80328		0.86139												2		9.7377		0.74812				1		2.39344		0.88172

		1		43.80328		0.85576												2		9.7377		0.73661				1		2.39344		0.87299

		1		44.62295		0.85576												2		12.13115		0.73661				1		2.78689		0.87299

		1		44.62295		0.84973												2		12.13115		0.72511				1		2.78689		0.86417

		1		45.57377		0.84973												2		19.14754		0.72511				1		3.01639		0.86417

		1		45.57377		0.84309												2		19.14754		0.71142				1		3.01639		0.85526

		1		48		0.84309												2		24.4918		0.71142				1		3.54098		0.85526

																		2		24.4918		0.69364				1		3.54098		0.84626

																		2		26.91803		0.69364				1		6.36066		0.84626

																		2		26.91803		0.67437				1		6.36066		0.83716

																		2		48		0.67437				1		7.34426		0.83716

																										1		7.34426		0.82775

																										1		8.68852		0.82775

																										1		8.68852		0.81824

																										1		8.98361		0.81824

																										1		8.98361		0.80872

																										1		12.16393		0.80872

																										1		12.16393		0.79874

																										1		13.67213		0.79874

																										1		13.67213		0.78863

																										1		23.5082		0.78863

																										1		23.5082		0.77649

																										1		23.86885		0.77649

																										1		23.86885		0.76333

																										1		24.16393		0.76333

																										1		24.16393		0.75017

																										1		28.19672		0.75017

																										1		28.19672		0.73486

																										1		30.19672		0.73486

																										1		30.19672		0.71737

																										1		35.60656		0.71737

																										1		35.60656		0.69687

																										1		38.68852		0.69687

																										1		38.68852		0.67637

																										1		41.80328		0.67637

																										1		41.80328		0.64819

																										1		42.2623		0.64819

																										1		42.2623		0.61578

																										1		42.29508		0.61578

																										1		42.29508		0.58337

																										1		48		0.58337

																										2		0		1

																										2		0.03279		1

																										2		0.03279		0.99174

																										2		0.06557		0.99174

																										2		0.06557		0.98333

																										2		0.09836		0.98333

																										2		0.09836		0.97493

																										2		0.22951		0.97493

																										2		0.22951		0.96645

																										2		0.2623		0.96645

																										2		0.2623		0.9579

																										2		0.29508		0.9579

																										2		0.29508		0.94934

																										2		0.95082		0.94934

																										2		0.95082		0.94063

																										2		1.08197		0.94063

																										2		1.08197		0.93192

																										2		1.37705		0.93192

																										2		1.37705		0.92296

																										2		1.86885		0.92296

																										2		1.86885		0.91364

																										2		2.36066		0.91364

																										2		2.36066		0.90422

																										2		2.7541		0.90422

																										2		2.7541		0.8946

																										2		2.85246		0.8946

																										2		2.85246		0.88498

																										2		2.98361		0.88498

																										2		2.98361		0.87526

																										2		3.14754		0.87526

																										2		3.14754		0.86553

																										2		3.44262		0.86553

																										2		3.44262		0.8557

																										2		3.57377		0.8557

																										2		3.57377		0.84586

																										2		5.5082		0.84586

																										2		5.5082		0.83555

																										2		5.67213		0.83555

																										2		5.67213		0.81466

																										2		5.93443		0.81466

																										2		5.93443		0.80408

																										2		6.59016		0.80408

																										2		6.59016		0.7935

																										2		7.27869		0.7935

																										2		7.27869		0.78277

																										2		7.37705		0.78277

																										2		7.37705		0.77205

																										2		12.81967		0.77205

																										2		12.81967		0.76086

																										2		17.83607		0.76086

																										2		17.83607		0.74797

																										2		23.93443		0.74797

																										2		23.93443		0.73238

																										2		29.08197		0.73238

																										2		29.08197		0.71259

																										2		30.13115		0.71259

																										2		30.13115		0.691

																										2		34		0.691

																										2		34		0.66632

																										2		48		0.66632






Is RV OT or Septal Pacing Superior to RVA Pacing?

Mixed Results in Chronic Clinical Studies
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Beneficial effects of right ventricular non-apical

vs. apical pacing: a systematic review and

meta-analysis of randomized-controlled trials

Avi Shimony'2*, Mark ] Eisenberg!, Kristian B. Filion3, and Guy Amit?

Table 2 Randomized-controlled trials that compared the effects of right ventricular apical pacing (n = 277) and right
wventricular non-apical pacing (n = 297) on left ventricular ejection fraction

Author

Leang et al 2010

Cano et al. 2010
Gong et al. 2009
Flevari et al 200%
Kypta et al. 2008
Oechetta et gl 2006
Victor et al. 2006
Victor et al. 2006

Lewicka-MNowak et al
2006

Stambler et al. 2003
Tee et al 2002
Bourke et al. 2002
Victar et al. 1999
Victor et al. 1999
Mera et al. 199%

LWEF as an inclusion
criterion

Yes =45
s <45
[

Tes <40
Yes =50
Mo
Tes =40
Tes <40
Mo

Mode of LWEF
assessPment

Echocardiography

Echocardiography
Echocardiography
Echocardiography
Echocardiography
Echocardiography
Muclear imaging

Muclear imaging

Echocardiography

Echocardiography
Muclear imaging®
Muclear imaging
Muclear imaging
Muclear imaging
Muclear imaging

Follow-up
(months)

12
12
12
3h

11-53°

Baseline LYEF (%)

(mean + SD)

RYA

600 4+ 60

619 4+ 6.3
675 + 6.4
4304+ 4.3
590 + 110
51% 4+ 88
520 + 60
IBO+50
560 + 110

Stated as “similar
570 4+ 120
B10490

510 4 50
270490

Mot measured

RVMA

6104+ 9.0

642 4 8.0
68.3 4 6.4
500 4 4.9
550 4 11.0
519 4 8.8
520 4 6.0
380 4 5.0
540 4 7.0

590 4 14.0
430 4+ 6.0
510 4 5.0
0430

Final LVEF (%)

(mean + SD)

RVA RYMNA
520490 #00470
629479 6H65472
65.7 + 6.6 676+ 52
430431 590430
5704100 5704100
500479 534479
590470 520460
370440 420450
470480 5304920
4104134 4384 144
470430 560410
480 4100 450490
480470 480450
3004100 280490
4304100 5104140

LVEF, left ventricular ejection fraction; RVA, right ventricular apese; BVMA, right ventricular non-apess 50, standard deviation.
“Baseline LVEF was measured by echocardiography and final LVEF was measured by nuclear imaging

ECriginal study had two periods of follow-up (3, 18 months). The results of the longer follow-up could not be used due to insufficient data.
“Since follow-up period ranged from 11 1o 53 months, the data from Leong et al. were pooled together with those studies with a long-term follow-up, ie. =12 months.



Beneficial effects of right ventricular non-apical
vs. apical pacing: a systematic review and
meta-analysis of randomized-controlled trials

Avi Shimony!?*, Mark ) Eisenberg!, Kristian B. Filion?, and Guy Amit?

Study %

D WD (95% CI) Weight
Length of follow-upz12 months i

Leong (2010) -E—a.— 8.00 (3.78, 12.22) 7.20
Cano Q. (2010) —H:— 3.60 (—0.25, 7.45) 7.38
Gong ®. (2009) ——o—é 1.90 (—0.56, 4.36) 7.88
Flewvari P. (2009) i —&-»16.00 (13.85, 1815) 797
Mowak EL. (2006) — 6.00 (—0.44, 12.44) 6.13
Tse HF. {2002) E — 9.00{7.21,10.79) 8.08
Subtotal (I-squared = 93.8%, p=0.000) -'-:;i::";:— 7.53(2.79,12.27) 44.60
Length of follow-up <12 months i

Kypta A. (2007) —4—§ 0.00 (—3.97, 3.97) 7.31
Occetta E. (2008) ——-v—i— 3.40 (—2.07, 8.87) 6.61
Victor F. (2006) —4-—5— 1.00 (-3.52, 5.52) 7.06
Victor F. (2006) —:u— 5.00 (1.38, B.62) 7.45
Stambler BS. (2003) ——4—5— 1.90 (—4.20, 8.00) 6.30
Bourke JP. {2002) + E —3.00(-11.34,5.34) 521
Victor F. (1999) — 0.00 (-5.23, 5.33) 6.68
Victor F. (1999) + ' —2.00(-12.76,8.76) 418
Mera F. {1999) ; + 8.00(—1.73, 17.73) 4.60
Subtotal (I-squared = 0.0%, p=0.438) {}E 1.95 (0,17, 3.72) 55.40
Overall (l-squared = 89.3%, p=0.000) {:_t:::- 4.27 (1.15, 7.40) 100.00
NOTE: Weights are from random effects analysis i

—1:3.1 0 18!.1

LVEF higher with apical pacing

LVEF higher with non-apical pacing




PACE 2015; 38:1121-1136

REVIEW

The Effect of Right Ventricular Apical and Nonapical
Pacing on the Short- and Long-Term Changes in Left
Ventricular Ejection Fraction: A Systematic Review

and Meta-Analysis of Randomized-Controlled Trials

MOHAMMAD AKHTAR HUSSAIN, M.D.,* LUIS FURUYA-KANAMORI, M.Er1,, M.P.H.,t
GERALD KAYE, M.D. #,§ JUSTIN CLARK, B.A.,{ and SUHAIL A.R. DOI, Pu.D.t

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

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

N

24 studies (n = 1,628 patients)

t ES (95% Q) % Shudy : ES (5% Q) iw
Tse % — .3.00 {_g 76, ga i Tse (2002) | ——=—: -1000 (18635, -385) 3
Occhetta —t— 150 (-260, § 129 Ccohetts —+or— |-180(-600, 220) 848
Victor ( ) —.— 400 ( 117, 683) 1347 Victor ] .- 100 {-358, 1% 1928
Lm’ —— -HII{-!H 333 487 Levacks-Nowak (2008) | —a—: 900 (-1404_ -3 442
Flevan —a—| 700 ( 082,1318) 320 Fievan (2009) —t- | 400 (-1038, 239) 33
Cano (201 .- 230 (4034, 494 1617 Cano (2010) =9~ | 000 (-285, "05&1 1907
eong (201 -um,-a 19, 1?5' 1452 Leong (2010) —a— 00 (-1084,-5 1561
Zhang (201 092 (-290, 108) 2647 Zhang (2012) .- 528 (-790.-266) 1840
Molna (2014) 400 ( 122, 678) 104 Molna (2014) ide—| 200(-153, 553) 175
Overall 110 (082, 3.03) 10000 i
082152, p=0.01, 135890 ( 03) Mnmm.lﬂuﬂ <+ 331 (-619,-043) 10000
group 1 where studies reported a difference (in favor of RVNA pacing) =15 <10 5 0 §
Tiop Parsl &
; ES(95% C1) % Waght
Study ES(OS%CH) %W Quy | —Fe——| 200 (asr, 108 207
i R & Victor (199%) - 200 (-990 290 270
Victor (2006a) 000 (204 204 702 Victor (1999a) 100 (<419 219 590
Kypta (2006) -200 (-601, 201) 426 ",q""'?.ﬁtmmm g 40 (408220 4%
“‘tm g%i-;% ;ﬂ :5?' 6 (2009) ;II (<148 468 &M
Gong m " -2139, Gong (2009) AW (-Amam nNm
ﬁmwmtglﬂ 1m{4 ?'-IH:'III "‘Eﬁ m sen (2012) * |gw (4 752 120
Koys (2014 200 (395,008 169 g Dby 4% (200, 140 N0
Zhang (2014) 400 (-767..033) 452 m:ﬂ'ﬂ, 20 (AT4-0W BN
g SRR i iy e 2
Overal -028 (-276, 2200 10000 Overat
Q=75 29. p=0 00, 12=85% De99.61, p=0.00, =89% 041 (-233 319 Wo00
0 5 l'.'l 5 group 2 where studies reported no dlﬁereng(;t')'etween pacing sites. 40 5 0 5 10



TABLE 1
Patient’s Characteristics

Group A (RVMS)

Group B (RVA)

Patients (number) 113
Mean age {years) 69 + 10
NYHA class 29+04
EF (%) 2842
Coronary artery disease (n) 54
Valvular disease (n) 14
Hypertension (n) 82
Myocardial infarction (n) 36
Cardiac surgery (n) 21

120

T1+8
Ix05

2742

57

11

79

44

16

Clinical characteristics in Group A and Group B were similar.

NYHA Class

|+ Group A RVMS —=— Group B RVA |

35 a4 33 ——=33 35
33—+ E =7 : a0
2,5 25
2 \\“'-»—1—3—_ 20
1,5 3 il FL +1,7 15
1 10
0,5 5
0 - - - 0
Implantation & months 12 menths 12 months

Ejection Fraction

|+Grnup ARVMS —=— Group B RVA |

i =275 =27 — .06 |
Implantation & months 12 menths 18 menths




A new integrated approach to improve left

ventricular electromechanical activation during
right ventricular septal pacing

Gianni Pastore'*, Silvio Aggio', Enrico Baracca', Gianluca Rigatelli',
Francesco Zanon!, Loris Roncon', Franco Noventa?, and S. Serge Barold?
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Table | Baseline patient characteristics
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Variable

R¥S
F + EF
approach

R¥S
F approach
n=93

n=63

Clinical data
Gender (male)
Age (years)
Hypertension
Caronary disease
Electrocardiographic data
QRS width (mms)
Mormal QRS

Complete RBBB/
bifascicular block

Camplete LEBB
Echocardiographic data

LVEF (%)

LVEDV (mLim?)
LVESY (ml/m?)
Intra-LV (ms)
Intra-LV =40 ms

EML (ms)

42 (66.6%)
786 + 72
52 (82.5%)
18 (28.6%)

1326 + 276
25 (39.7%)
27 (42.6%)

1 (17.5%)

619 + 70
602 + 168
237 + 106
276 + 187

9 (142%)
1695 + 199

61 (592%)
779 + 64
77 (828%)
25 (269%)

1339 + 302
36 (36.7%)
40 (43.0%)

17 (183%)

614 + 7.1
603.3 + 152
237 + 91
275 4 159

14 (15.00%)
168.8 + 247

0.89
0.56
0.96
0.82

0.80
0.98

0.66
0.97
0.98
0.95
0.96
0.95
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ventricular electromechanical activation during
right ventricular septal pacing

Gianni Pastore'*, Silvio Aggio', Enrico Baracca', Gianluca Rigatelli',
Francesco Zanon!, Loris Roncon', Franco Noventa?, and S. Serge Barold?
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REVIEW ARTICLES
Direct His Bundle and Parahisian Cardiac Pacing

Francesco Zanon, M.D.,* and S. S. Barold, M.D.t
Ann Noninvasive Electrocardiol 2012;17(2):70-78

A. Pure HIS Pacing: B. Pure paraHisian Pacing

C. Pseudo (or false) paraHisian Pacing
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Permanent, Direct His-Bundle Pacing

A Novel Approach to Cardiac Pacing in Patients With Normal
His-Purkinje Activation

Pramod Deshmukh, MD; David A. Casavant, MS;
Mary Romanyshyn, CRNP: Kathleen Anderson, BSN

(Circulation. 2000:101:869-877.)
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A Feasible Approach for Direct His-Bundle Pacing Using A New
Steerable Catheter to Facilitate Precise L.ead Placement

FRANCESCO ZANON, M.D., ENRICO BARACCA, M.D., SILVIO AGGIO, M.D.., GIANNI
PASTORE. M.D., GRAZIANO BOARETTO. B.S., PAOLA CARDANO, PH.D..* TIZIANA
MAROTTA, PH.D..* GIANLUCA RIGATELLIL M.D.. EE.S.C., FA.C.C.. MARIAPAOLA
GALASSO, M.D., MAURO CARRARO, M.D.. and PIETRO ZONZIN. M.D.

From the Division of Cardinlogy, Rovigo General Hospital, Rovigo, Tialy, and “Medtronic Italia, Milan, lialy
CARDIOLOGIA ROVIC




Prevention of Ventricular
Desynchronization by Permanent

Para-Hisian Pacing After Atrioventricular

Node Ablation in Chronic Atrial Fibrillation

A Crossover, Blinded, Randomized
Study Versus Apical Right Ventricular Pacing

Eraldo Occhetta, MD, Miriam Bortnik, MD, Andrea Magnani, MD,
Gabriella Francalacei, MDD, Cristina Piccinine, MD, Laura Plebani, PHD, Pacle Marino, MD, FESC

Novara, Italy

Table 3. Functional and Echocardiographic Diata Regarding
Baseline Conditions, Para-Hisian Stimulation, and Right
Ventricular _-'-"L|.11|:a1l Pau:ing of the 16 Patients in the S'ruv:l_v

Hisian/Para-  Right Apical

Baseline Hisian Pacing Pacing
MNYHA tunctional class  2.33 = 0.6 1.75 = 047 2504
fi-min walk test (m) 378 60 431 = 73 360 + 71
QoL (score) 325+ 15 16.2 £ 8.7 206 £ 8.5
LV-EDV (inl) 98.8 *+ 29.6 93.2 X 26.6 994 + 33.1
LV-ESV (ml) 49.3 + 25.0 447 + 176 50.9 + 23.2
LVEF (%) 2.0 + 9.1 534 = 7.9 500 = 7.9
MR degres 168 * 0.6 1.22 = 0.8 193+ 1
TR degree 162 + 0.7 1.46 = 0.5% 1.93 0.7
PAPs {mm Hg) 32.7 * 5.6 329+ 61 H[ITTER

*p = 0.05 para-Hisian pacing vs. baseline; $p = 0.03 para-Hisian pacing vs. apical
pacing and ve, baseline, 3p = 0.05 para-Hisian pacing v=. apical pacing.

LV-EDV = left ventricular end-diastolic volime; LVEF = left ventrioular
gjection fraction; LV-ESV = lett ventricular end-systolic volume; ME = mitml
repurgitation; NYHA = MNew York Heart Association; PAP = systolic pulmonary
pressure; (ol = quality of lite; TR = tricuspid regurgitation.



Variability of Left Ventricular Electromechanical
Activation during Right Ventricular Pacing: Implications
for the Selection of the Optimal Pacing Site

GIANNI PASTORE, M.D.,* FRANCESCO ZANON, M.D.,* FRANCO NOVENTA, M.D.,t

Cut-off value
Intra LV ms Apex vs  Septal vs

¢ . Septal Hi Apex vs His Intra-LV >40 ms p
ost pacin is
post p g epta N pts (%)
Apex 39+18 27 (50.0)
4 p=0.34
Septal A= " p=0.004 13 (29.4) p=0.001
p=y.

His 27 +11 7 (15.9)

O] Intra-LV baseline
EH Intra

p=0.001 p=0.06

p=0.99

35

Intra-LV ms

% -%

30

?'%
25 ¢ 1

20 : . : :
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Variability of Left Ventricular Electromechanical

Activation during Right Ventricular Pacing: Implications
for the Selection of the Optimal Pacing Site

GIANNI PASTORE, M.D.,* FRANCESCO ZANON, M.D.,* FRANCO NOVENTA, M.D.,t

P<0.005

p=0.02 p=0.04

Intra-LV
Degree of change

Better: more-20 ms
Maintained: -20+20 ms
Light: 21-40 ms
Moderate: 41-60 ms

Severe: >60 ms

RVA RVS HA
<-20 "-20;+20 ®21-40 ®41-60 ®>60 ms




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



Foglio1

				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.






Direct His bundle pacing preserves coronary perfusion

compared with right ventricular apical pacing: a
prospective, cross-over mid-term study

Francesco Zanon'™, Enrico Bacchiega', Lucia Rampin?, Sivio Aggio', Enrico Baracca',
Gianni Pastore!, Tiziana Marotta?, Giorgio Corbucci?, Loris Roncon', Domenico Rubello?,

and Frits W. Prinzen*

Table 4 Perfusion difference for each segment

Base Mid Apical Apex
Antero-basal 0 0 —0.166 -0.41
Antero-septal 0.16 0 -0.25 -0.75
Infero-septal -0.16 -0.75 -0.91
Inferior -0.16 -0.5 -0.5
Infero-lateral -0.25 —-0.08 -0.16
Antero-lateral 0 0 -0.16

For each ventricular segment the difference in perfusion is expressed as
mean of all the differences in perfusion related to that segment.

Europace
doi:10.1093 /europace/eun089 =
B0 2 Ty europace/ e 580-587

Table 2 Global perfusion score

Mean Mean A% of
perfusion perfusion perfusionin 3
during DHBP during RVAP months

1 0.05+0.22 0.1+04 -0.05

2 1.1+1.2 1.25+1.1 -0.15

3 0.3+05 1.25+1.4 -0.95

4 0.6+0.8 1.3+1.1 -0.7

5 01+04 0.5+0.8 -0.4

6 0 0 0

7 0.15 + 0.36 0.6+0.8 —-0.45

8 0.75+0.9 0.8+1 -0.05

9 04+0.8 0.45+0.9 -0.05

10 1.65 + 1.6 1.65+ 1.6 0

1 0.15+0.3 0.25+0.4 -0.1

12 0.1+0.3 0.4+0.5 -0.3

Total 0.445+0.503 0.713+0.533 —0.26666

mean + SD + 0.306




Direct His bundle pacing preserves coronary perfusion
compared with right ventricular apical pacing: a
prospective, cross-over mid-term study

Francesco Zanon'™, Enrico Bacchiega', Lucia Rampin?, Sivio Aggio', Enrico Baracca',
Gianni Pastore!, Tiziana Marotta?, Giorgio Corbucci?, Loris Roncon', Domenico Rubello?,

and Frits W. Prinzen*
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Number of patients with dyssynchrony 6/12 = 50% in RVAP group
Mumber of patients with dyssynchrony 0/12 = 0% in DHBP group
Detted line represents threshold for dyssynchrony (SD of EMD 22 ms)
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Acute Mechanical Effect of Right Ventricular Pacing
at Different Sites Using Velocity Vector Imaging

Ling Ji, M.M.,* Wenzhi Hu, M.D.,{ Jing Yao, M.D.,” Jian Yu, M.D.,{ Chun Chen, M.D.,*
Yonghong Yong, M.M.,* Lei Zhou, M.D.,* and Di Xu, M.D.*

[ SO SR T S R

Rotation and Twist of LV Short-Axis

RA Pacing His Bundle Pacing RVOT Pacing RVA Pacing
LV twist () 1703 +7.62 16.08 +5.87 8.76 +3.20° 9.09+ 235"
Peak apical rotation (") B.52+6.53 9.77 £4.01 512+3.28 4,84 +2.01
Peak basal rotation () —B8.51+3.10 —6.30+2.00 -3.59+1.12* —4.25+1.29°
*Compared with RA pacing, P = 0.05.
m >~ A | ;| N/ o
Radial Strain at Each Wall of LV Short-Axis
RA Pacing His Bundle Pacing RVOT Pacing RVA Pacing
Anteroseptal (%) 22.01 £5.76 21.37+6.83 11.11+8.127 10.33 £ 8.957
Anterior (%) 2011 +7.55 19.21 £ 5.44 10.454+7.211 13.55+9.167
Lateral (%) 17.31+£7.32 18.76 £7.34 16.22 £ 6.53 17.03+7.02
Posterior (%) 18.32+8.76 17.21 +£8.11 Iadi-E 111 14.44:&5.8?’_‘
Inferior (%) 20.26 £10.22 19.11 +6.77 14.16 £ 6.45" 11.54 £ 8.367
Septal (%) 21.66+6.57 2011 +£7.11 12.33 £ 8.641 10.92 4+ 6.541
Average (%) 19.28 £ 6.36 19.16+9.10 13.784+5.767 124347437
AS-P delay by RS (ms) 105.57 £ 21.91 114.86 + 20.89 165.86 + 33.46* 176.5+49.11"
SDtss by RS (ms) 30.254+8.65 34.67 +6.28 39.76 + 8.90* 4533 4+£11.53

*Compared with RA pacing, P < 0.05.
"Compared with RA pacing, P < 0.01.
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Hisian area and right ventricular apical

pacing differently affect left atrial function:
an intra-patients evaluation

Gianni Pastore'*, Silvio Aggio', Enrico Baracca', Chiara Fraccaro!, Claudio Picariello',

Loris Roncon', Giorgio Corbucci?, Franco Noventa?, and Francesco Zanon'
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Figure 4 Intra-patient variation of LA passive emptying fraction



The risk of atrial fibrillation during right
ventricular pacing

EUROPEAN
SOCIETY OF

Europace
doi:10.1093/europace/euv268

—_———_y——

Gianni Pastore'™, Francesco Zanon', Enrico Baracca', Silvio Aggio', Giol
Variable RY pacing site P
e " “] ........................... T {14&} ......................... s {“ 5‘}

Clinical data
Age (years) 741+ 85 769+70 7914183 0.011
Male gender 96 (64.9%) 96 (68.6%) 97 (51.3%) 0.001
BBB 48 (32.4%) 97 (69.3%) 128 (67.7%) 0.001
Previous history of AF 39 (26.4%) 23 (16.4%) 32 (16.9%) 0.052
Beta-blocker use 26 (17.6%) 23 (16.4%) 32 (16.9%) 0.363
ACE-ARB use 100 (67.6%) 98 (70.0%) 118 (62.4%) 0.359
Amiodarone use 6 (4.0%) 6 (4.3%) 7 (3.7%) 0,993
AR-1C/use 10 (6.8%) B (5.7%) 4 (2.1%) 0.098
Coronary disease 37 (25.0%) 45 (32.1%) 41 (21.7%) 0.136
Hypertension 126 (85.1%) 124 (B8.6%) 163 (B6.2%) 0.618
Diabetes 36 (24.3%) 38 (27.1%) 44 (23.3%) 0.729

Echocardiographic data
LVEF (%) 6247 60 + 8 60+7 0.013
LVEDY (mLim?) 64.1 + 144 59.6 + 153 628 + 141 0.083
LA (mm) 476 + 81 465+ 78 482 + 8.1 0.382
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Longitudinal Dissociation in the His Bundle

°® ° . [
American Heart ”
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Learn and Live.. within the His Bundle in Man
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A Feasible Approach for Direct His-Bundle Pacing Using A New
Steerable Catheter to Facilitate Precise Lead Placement

FRANCESCO ZANON. M.D., ENRICO BARACCA. M.D., SILVIO AGGIO, M.D., GIANNI
PASTORE. M.D., GRAZIANO BOARETTO. B.S.. PAOLA CARDANO, PH.D..* TIZIANA
MAROTTA, PH.D..* GIANLUCA RIGATELLI, M.D., EE.S.C., FA.C.C., MARIAPAOLA
GALASSO, M.D., MAURO CARRARO, M.D.. and PIETRO ZONZIN, M.D.

From the Division of Cardiology, Rovigo General Hospital, Rovigo, [taly. and “Medtronic Italia, Milan. Italy
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A Feasible Approach for Direct His-Bundle Pacing Using A New
Steerable Catheter to Facilitate Precise Lead Placement

FRANCESCO ZANON. M.D., ENRICO BARACCA. M.D., SILVIO AGGIO, M.D., GIANNI
PASTORE. M.D., GRAZIANO BOARETTO. B.S.. PAOLA CARDANO, PH.D..* TIZIANA
MAROTTA, PH.D..* GIANLUCA RIGATELLI, M.D., EE.S.C., FA.C.C., MARIAPAOLA

GALASSO, M.D., MAURO CARRARO, M.D.. and PIETRO ZONZIN, M.D.

From the Division of Cardiology, Rovigo General Hospital, Rovigo, [taly. and “Medtronic Italia, Milan. Italy
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Ventricular resynchronization therapy by direct
His-bundle pacing using an internal cardioverter
defibrillator

Rafael Barba-Pichardo®, Ana Manovel Sanchez, Juan M. Fernindez-Gémez,
Pablo Morifia-Viazquez, José Venegas-Gamero, and Manuel Herrera-Carranza
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His-bundle pacing versus biventricular pacing in cardiac
resynchronization therapy patients: A crossover design
comparison @ © @

Daniel L. Lustgarten, MD, PhD, FHRS, ! Eric M. Crespo, MD, MPH, FHRSL,1
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				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.
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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.
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