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Assessment of Regional Wall
Motion Using Strain Doppler
Imaging During Right Ventricular
Bifocal Pacing in a Patient With
Severe Congestive Heart Failure: A
Case Report
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A 79-year-old man presented with dilated cardiomyopathy and chronic atrial fibrillation. A DDD pace-
maker was implanted due to sick sinus syndrome. His left ventricular gjection fraction was 23%. He was
repeatedly admitted with congestive heart failure. Although cardiac resynchronization therapy was
attempted, insertion of a pacing lead into the coronary sinus failed. Right ventricular bifocal pacing was
done. The QRS width was shortened to 155msec during bifocal pacing and 157 msec during right ventricu-
lar outflow pacing from 221 msec during right ventricular apical pacing. Heart failure was improved from
New York Heart Association class[] to[J . Regional wall motion was assessed by strain of the myocardi-
um. Bifocal pacing increased stroke volume due to improvement of longitudinal dyssynchrony of the sep-
tal and lateral walls. Bifocal pacing is effective for patients with severe congestive heart failure in whom
biventricular pacing therapy has failed. Strain Doppler imaging is useful for the assessment of regional

wall motion during cardiac pacing.
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WEchocardiography, transthoracic (strain imaging)

mHeart failure, treatment (car diac resynchronization therapy)

WM yocardial contraction (regional wall motion)
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Right ventricular
apical pacing

QRS 221 msec

Right ventricular
outflow tract pacing

QRS 157 msec
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Right ventricular
bifocal pacing

QRS 155 msec
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Fig. 1 Conventional lead electrocardiograms during right ventricular apical pacing, right ventricu-
lar outflow, and right ventricular bifocal pacing
QRS width was shortened to 155msec during bifocal pacing and 157 msec during right ventricular outflow
pacing from 221 msec during right ventricular apical pacing.
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Table 10 Measurements during right ventricular apical pacing, right ventricular outflow, and right ventricular bifocal

pacing
QRS widthl msec O Stroke volumg& miO O Interventricular delai] msec O
RVAQO 2210 61.7+ 0.6 O 93.4+ 11.30
RvOTO 1570 67.6+ 0.0 O 79.5+ 20 O
BF 155 68.9+ 1.2 78.2+ 10.2

RVAO right ventricular apical pacing; RVOTO right ventricular outflow tract pacing; BFO bifocal pacing.

Table 20 Assessment of regional wall motion during right ventricular apical pacing, right ventricular outflow, and
right ventricular bifocal pacing

Septal wall Lateral wall
Base Middle Apex Meant SD Base Middle Apex Meant SD

Whole heart

Straify %0 O g g | g ] O d O O
RVAQO 01050 0820 01600 0115+ 030 01010 0550 0550 070+ 110 093+ 0.90
RvOTO 0o10 0360 01390 0O89+130 01960 0O740 01040 0125+ 04 0O010.7+ 0.50
BF 0115 041 0147 0101+ 12 0157 046 0169 0124+ 23 0113+ 10

Interval between Q-Wave of surfate ECG arid peak strail QPSIO msecO U O d O g
RVADO 4030 3730 2760 351+ 660 56601 4460 4230 478+ 770 415+ 240
RVOTO 3460 3430 3760 355+ 180 5030 5300 4200 484+ 5701 420+ 9 O

BF 330 326 293 316+ 20 513 483 513 503+ 17 410+ 21
Intraventricular contraction delajl mseclI] ad ad
RVAQO 127+ 15 O 153+ 6 O 290+ 20 O
RvVOTO 43+ 230 110+ 10 O 197+ 20 O
BF 43t 51 40+ 26 230t 62

ECGUO electrocardiogram. Other abbreviationsasin Table 1.
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< Fig. 2 Strain analysis of the left ventricle during each pacing method
A: Right ventricular apical pacing. During right ventricular apical pacing, contraction of the lateral wall
was o late that the lateral wall was stretched in the early phase of contraction. The peak strain was delayed
in both basal sides of the lateral and septal walls.
B: Right ventricular outflow pacing. Contraction of the basal septal walll yellow line[ivas earlier during
right ventricular outflow pacing than during right ventricular apical pacing.
C: Right ventricular bifocal pacing. During right ventricular bifocal pacing, the peak strain in the septal
walll red, blue, yellow linelor lateral walll purple, orange, greenCvas resynchronized. This fact indicates
longitudinal dyssynchrony of the left ventricle was improved compared to right ventricular apical pacing
and right ventricular outflow pacing.

J Cardiol 2004 Aug; 44 21 65-71



70 oooooooo Ood

oooobooboboooboz20b0b0oboboobgn
OOPachonO0 000000000000 OOOODO
0o00o0ooD0o0o0ooooooooooo™ooo
ooobo0oooobObOooooboboOoOoersUgO
gbiooooooooobobooooooooooo
goboONaOOODOOOOOOODOOODOoOOD
gooogo
gboboboboooogoobobobobooboo
gboboooooobooboboboboboooogo
gbobooooooboobobobobooooogo
goboodboboobuoobbooboooboon
goboodboboobuoobbooboooboon
goboooobbooboboouobbooooobo
goboobobooboobbooboooboon
O0o000*o000000o00oooooooon
oooboboobz20b00ooobobbooooDboo
goboobbooboobbooboooboon
goboobbooboobbooboooboon
goboobbooboobbooboooboon
goboobbooboobbooboonooboon
goooooobobobobbbbbbooooooobb

goboooboooobooooooooooboooon
goboooboooobooooooooooboooon
goboooboooobooooooooooboooon
oboooooooomoobooooboooooon
goboooooooboooooooooon
ubooooooz20000000000b000D00
goboooboooobooooooooooooon
goooooobooobooobooovwooon
00000000000 0o®™0o0D20000000
gobooobooooooooooooooooon
gobooooooooooooooooobooooon
gobooooooooooooooooobooooon
gobooooooooooooooooobooooon
gobooooooooooooooooobooooon
oobooooooooobo

gooog

oo200000000000b0obDoobDOoDog
goboogooboobbooboobbooboon
goboooboobbooboobbooboon
gobooooboobon

gooogd

oopDoOoDooOooowooboOoobOoOoooooooDpbbO0OO0O0ODOOO0ODOODOODDO
gboobooooooobooo2wdooooodboooooooooooooooooood
gbooobooodoooodbobooobooooboboboooooersOoooooooood
U00221msecd 000000000000 157msec 00200000000 155msect 000
gobOoOOdONYHAOOOODOOOODOOOOOOOOoOOoooooooooooboooosoooa
uo3gbooooboodilemiobOOO0OOOCOO0OO0OO0O0OOOOO0OOOOOOOOOOOOO0OO
bobooz200c000oo0oobo0ooocob0oOoOoOoO0bOOoOoOoOobOOobOoboOobOobObOOoOOoDOn
obooobooooooooboboooooooOooOoOooboOooz20000O000b0O0OO0OOOOOOO
gobooooooooobobocoOoboooboooooooOoOoobOOoOoOoOboOooboOoOooobooonoao
oobooooboooooooooood

J Cardiol 2004 Aug; 44/ 2[1 650 71

oo

10 Gras D, Mabo P, Tang T, Luttikuis O, Chatoor R, Pedersen
AK, Tscheliessnigg HH, Deharo JC, Puglisi A, Silvestre J,
Kimber S, Ross H, Ravazzi A, Paul V, Skehan D:
Multisite pacing as a supplemental treatment of congestive
heart failure: Preliminary results of the Medtronic Inc.
inSync Study pacing. Pacing Clin Electrophysiol 1998; 21:

22490 2255

200 Cazeau S, Leclercqg C, Lavergne T, Walker S, Varma C,
Linde C, Garrigue S, Kappenberger L, Haywood GA,
Santini M, Bailleul C, Daubert JC, for the Multisite
Stimulation in Cardiomyopathie§] MUSTICOStudy
Investigators: Effects of multisite biventricular pacing in
patients with heart failure and intraventricular conduction
delay. N Engl JMed 2001; 344: 8730 880

J Cardiol 2004 Aug; 441 21 65-71



30 Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon
AR, Loh E, Kocovic DZ, Packer M, Clavell AL, Hayes DL,
Ellestad M, Trupp RJ, Underwood J, Pickering F, Truex C,
McAtee P, Messenger J, for the MIRACLE Study Group:
Cardiac resynchronization in chronic heart failure:
Multicenter InSync Randomized Clinical Evaluation. N
Engl JMed 2002; 346: 18451 1853

40 Bradley DJ, Bradley EA, Baughman KL, Berger RD,
Calkins H, Goodman SN, Kass DA, Powe NR: Cardiac
resynchronization and death from progressive heart failure:
A meta-analysis of randomized controlled. JAMA 2003;
289: 7300 740

500 Barin ES, Jones SM, Ward DE, Camm AJ, Nathan AW :
The right ventricular outflow tract as an alternative perma-
nent pacing site: Long-term follow-up. Pacing Clin
Electrophysiol 1991; 14: 306

601 Guidici M, Thornburg GA, Buck DL, Coyne EP, Walton
MC, Paul DL, Sutton J: Comparison of right ventricular
outflow tract and apical lead permanent pacing on cardiac
output. Am J Cardiol 1997; 79: 2090 212

70 de Cock CC, Meyer A, Kamp O, Visser CA : Hemody-
namic benefits of right ventricular outflow tract pacing:
Comparison with right ventricular apex pacing. Pacing Clin
Electrophysiol 1998; 21: 5360 541

800 Buckingham TA, Candinas R, Schlapfer J, Aebischer N,
Jeanrenaud X, Landolt J, Kappenberger L : Acute hemody-

J Cardiol 2004 Aug; 44 21 65-71

obz20000000000000000 71

namic effects of atrioventricular pacing at differing sitesin
the right ventricle individually and simultaneously. Pacing
Clin Electrophysiol 1997; 20: 9090 915
90 Victor F, Leclereq C, Mabo P, Pavin D, Deviller A, de

Place C, Pezard P, Victor J, Daubert C: Optimal right ven-
tricular pacing site in chronically implanted patients: A
prospective randomized crossover comparison of apical and
outflow tract pacing. J Am Coll Cardiol 1999; 33: 3110
316

100 Pachon JC, Pachon EL, Albornoz RN, Pachon JC,
Kormann DS, Gimenes VM, Medeiros PT, Silva MA,
Sousa JE, Paulista PP, Souza LC, Jatene AD: Ventricular
endocardial right bifocal stimuration in the treatment of
severe dilated cardiomyopathy heart failure with wide
QRS. Pacing Clin Electrophysiol 2001 ; 24: 13690 1376

110 Nakao M, Nogami A, Yaginuma K, Shiba Y, Sugiyasu A,
Usui T, Yumoto K, Abe S, Tamaki T, Kato K: Right ven-
tricular bifocal pacing for congestive heart failure due to
dilated cardiomyopathy. J Arrhythmia 2003; 19: 4710 475

120 Edvardsen T, Skulstad H, Aakhus S, Urheim S, Ihlen H:
Regional myocardial systolic function during acute
myocardial ischemia assessed by strain Doppler echocar-
diography. JAm Coll Cardiol 2001; 37: 7260 730

130 Seeley RR, Stephens TD, Tate P :in Anatomy&
Physiology, 6th Ed. McGraw-Hill Science/Engineering/
Math, 2002; Chapter 2



