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Biventricular Pacing
John A. Jarcho, M.D.
This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the author’s clinical recommendations.

A 55-year-old man who had had an anterior-wall myocardial infarction six months
previously is admitted with an exacerbation of congestive heart failure. An electrocardiogram shows sinus rhythm with a left bundle-branch block; an echocardiogram
demonstrates a left ventricular ejection fraction of 25 percent. He is treated with furosemide, lisinopril, and carvedilol. However, during an office visit three months later,
he reports persistent shortness of breath with mild exertion. He is referred to a cardiologist, who recommends implantation of a biventricular pacemaker.

The Cl inic a l Probl e m
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One quarter to one third of patients with heart failure have left bundle-branch
block.1-3 In an Italian series of 5517 outpatients with heart failure, 25 percent had
left bundle-branch block.2 An analysis of data on 2708 patients with moderateto-severe heart failure participating in the Beta-Blocker Evaluation of Survival Trial
(BEST) showed that 34 percent of the men and 23 percent of the women had left
bundle-branch block.3
Patients with heart failure who have left bundle-branch block have a poorer
prognosis than those without left bundle-branch block. In the series of Italian patients, the rate of death from any cause at one year was 16.1 percent for those with
left bundle-branch block and 10.5 percent for those without it (hazard ratio for
death, 1.70; 95 percent confidence interval, 1.41 to 2.05). The risk of sudden death
was likewise significantly higher at one year among those with left bundle-branch
block (7.3 percent vs. 4.9 percent; hazard ratio, 1.58; 95 percent confidence interval, 1.21 to 2.06).2 Other studies have reached similar conclusions.1,4

pathoph ysiol o gy a nd effec t of ther a py
Electrical depolarization is normally initiated throughout the cardiac ventricles by
the His–Purkinje system (Fig. 1A and 1B). In patients with left bundle-branch
block, conduction of the wave of depolarization in the left ventricle is markedly altered, proceeding from the anterior septum through the left ventricular myocardium to the inferior and lateral left ventricular walls (Fig. 1C).5,6 As a result, left ventricular contraction is dyssynchronous, with the interventricular septum contracting
before the left ventricular free wall.7-9 Dyssynchronous contraction is mechanically
inefficient, leading to decreases in the left ventricular ejection fraction (LVEF) and
cardiac output.10
These observations led to the concept that simultaneous pacing of both the left
and right ventricles (biventricular pacing) to resynchronize ventricular contraction
(cardiac-resynchronization therapy, or CRT) might be beneficial in patients with
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heart failure. With biventricular pacing, separate
pacing leads are placed to stimulate the right and
left ventricles, with pacing through each lead timed
to coordinate electrical activation (Fig. 1D, and the
interactive graphic available with the full text of
this article at www.nejm.org). The right atrium is
also paced, with a short atrioventricular pacing
delay to ensure consistent pacing of the ventricles.
The effect of biventricular pacing is lost if sinus
beats reach the ventricles through the native conduction system.
Although biventricular pacing does not restore
the physiologic conduction pattern, it eliminates
the delay in electrical activation of the left ventricular free wall.7 The duration of the QRS interval on the surface electrocardiogram tends to
decrease with biventricular pacing,11 although
this effect is variable and does not appear to correlate well with the improvement in systolic function.12 Mechanical rather than electrical synchrony
appears to be the crucial factor in achieving a
benefit.7,13
Hemodynamic responses to biventricular pacing include an increase in the rate of rise of left
ventricular pressure, as well as increases in pulse
pressure, left ventricular stroke work, and cardiac
index and a decrease in pulmonary-capillary wedge
pressure.12,14,15 Echocardiographic studies demonstrate that the magnitude of mitral regurgitation is reduced.16 Remarkably, CRT improves ventricular function without increasing myocardial
energy consumption, in contrast to the effect of
inotropic agents such as dobutamine.17,18 In addition, CRT may reverse left ventricular remodeling
over time.19,20

CL INIC A L e v idence
The initial randomized trials of CRT involved no
more than 500 patients and lasted less than one
year.21-25 These trials enrolled patients with New
York Heart Association (NYHA) class III or IV
heart failure, with other requirements typically
including sinus rhythm, an LVEF of 35 percent or
less, and a QRS interval of at least 120 msec. These
trials confirmed that the physiological effects of
CRT were associated with increases in functional
capacity and improvements in the quality of life.
Such changes could be demonstrated as early as
one month after the device was implanted.24
Two subsequent trials, Comparison of Medical Therapy, Pacing, and Defibrillation in Heart
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Failure (COMPANION) and Cardiac Resynchronization–Heart Failure (CARE-HF), evaluated the
effect of CRT on survival.26,27 As in most of the
earlier trials, enrollment criteria included sinus
rhythm, an NYHA class of III or IV, an LVEF of 35
percent or less, and a QRS interval of at least 120
msec. In both trials, the risk of death from any
cause was reduced by CRT as compared with no
pacing; this difference was not significant in the
COMPANION trial (hazard ratio, 0.76; P = 0.06),
but it was significant in the CARE-HF study (hazard ratio, 0.64; P<0.002).

cl inic a l use
The indications for CRT include dilated cardiomyopathy (ischemic or nonischemic), an LVEF of
35 percent or less, a QRS interval of at least 120
msec, and NYHA class III or IV heart failure despite optimal medical therapy.26,27 Optimal medical therapy should include at least loop diuretics
for volume overload, a beta-blocker, and an angiotensin-converting–enzyme inhibitor or angiotensin II–receptor blocker.28 Increased risks of bleeding or infection are relative contraindications, as
is the presence of any other major life-limiting
medical condition, such as advanced cancer. It has
been suggested that patients whose heart failure
is severe enough to require parenteral inotropic
therapy should not receive a biventricular pacemaker.6 Candidates for CRT may need a device
with both cardiac-resynchronization and cardioverter–defibrillator functions; most candidates for
biventricular pacing are also candidates for a defibrillator.29
The implantation of a biventricular pacemaker
requires a method for pacing the left ventricle.
In the standard approach, a specifically designed
pacing lead is inserted into the mouth of the
coronary sinus (in the right atrium) and advanced
posteriorly around the atrioventricular-valve ring.
The lead is then passed into a venous branch
running along the free wall of the left ventricle
(Fig. 1D).30 In some patients, the left ventricular
electrode cannot be properly positioned through
the coronary sinus; minimally invasive thoracic
surgical techniques have been used for lead placement in such patients.31
No specific preparation is required before the
implantation of a biventricular pacemaker. A patient receiving anticoagulation should have such
therapy withheld and a normal coagulation pro-
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file documented. Implantation is performed by a
cardiologist or cardiac surgeon with the patient
under local anesthesia. After the pacemaker has
been implanted, some patients report symptomatic improvement almost immediately, although
it is unclear how much of this effect is psychological. As noted above, in clinical trials, objective
evidence of functional improvement has been
documented as early as one month after implantation.24 An electrocardiogram is obtained to
document the new baseline appearance with pacing. Care of the incision site used for the implant
is similar to that for other pacemakers.
Patients who receive a biventricular pacemaker
must undergo periodic clinical evaluation as well
as have the device evaluated by a cardiologist with
expertise in CRT management. Lead impedance,
device programming, and battery life are all
checked on a regular basis. In addition, however,
some functional features of the device can and
should be assessed by all clinicians caring for the
patient. These include, in particular, an evaluation for symptoms of heart failure and electrocardiogram review. If the patient has had no
improvement in functional status for the first
month after implantation, the device may not be
functioning properly or the programming of the
device or lead position may not be optimal. Likewise, if after a period of clinical improvement,
the patient has a sudden worsening of symptoms,
the function of the device should be reassessed.
The electrocardiographic findings should typically remain unchanged from the post-implantation baseline findings, with pacing artifacts present for all QRS complexes. Complete loss of the
pacing artifact is unusual with biventricular pacemakers, since the two separate ventricular leads
rarely fail simultaneously. Instead, lead disruption
or malfunction, which is seen more often with the
left than with the right ventricular lead, may be
evidenced by widening of the QRS complex with
or without a clinically significant shift in the
QRS axis.32 However, it is not always possible to
recognize loss of left ventricular pacing from the
surface electrocardiogram alone.
As with all permanent pacemakers, replacement of the pacemaker pulse generator is routinely
required when the battery reaches the end of its
service life, usually after four to seven years, depending in part on whether the device includes a
defibrillator. In contrast, the pacemaker leads are
usually permanent, provided that they are func-
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Figure 1 (facing page). The Cardiac Conduction System
and Biventricular Pacing.
The cardiac conduction system is designed to initiate depolarization of the cardiac ventricles widely and synchronously. Panel A shows the anatomy of the system, with
the locations of the atrioventricular (AV) node, the bundle of His, and the right and left bundle branches. With
normal conduction, the left and right ventricles are depolarized simultaneously, with consequent simultaneous contraction (Panel B). In Panel B, yellow areas are
the sites of earliest depolarization (at the terminal
ramifications of the conduction system), with successive regions of depolarization shown in orange, red,
and pink. In the setting of left bundle-branch block,
the right ventricular free wall and the interventricular
septum are depolarized rapidly (Panel C). There is a
clinically significant delay in the depolarization of the
left ventricular free wall. As a result, left ventricular
contraction is dyssynchronous. In Panel C, the sites
of earliest depolarization are yellow and are all in the
right ventricle; successive regions of depolarization
are shown in orange, red, pink, purple, and blue. With
CRT, pacemaker leads are situated to stimulate both
ventricles, thus bypassing the conduction block in the
left bundle branch (Panel D). Simultaneous depolarization and simultaneous contraction of the ventricles is
restored. In Panel D, the sites of early depolarizations
are yellow and are near the tip of both pacemaker leads
as well as in the branches of the normally conducting
right bundle-branch system. Successive regions of depolarization are shown in orange, red, pink, and purple.

tioning properly. Lead extraction (because of fracture, loss of insulation, infection, or malfunction)
may be difficult, especially if fibrosis of the pacing site has occurred. During extraction of the left
ventricular lead there is a risk of coronary-sinus
laceration. However, reports from institutions with
experience in lead extraction demonstrate that
the procedure can be performed safely.33,34
In the long term, CRT may be discontinued if
no clinical benefit is evident or if complications
associated with the device occur. Complications
can include lead failure, device infection, and
atrial dysrhythmias, with device tracking of the
atrial rate. In one study, temporary interruption
of biventricular pacing was quite common, occurring in 36 percent of patients by 2.5 years after
implantation.35 In most cases, it was possible to
reinitiate biventricular pacing after correction of
the specific problem.

a dv er se effec t s
The most common problem encountered with
CRT is the inability to implant the left ventricular
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lead successfully, usually because of unfavorable
coronary venous anatomy. Proximity to the left
phrenic nerve, and the resulting uncomfortable
diaphragmatic stimulation during pacing, also
limits the number of acceptable pacing sites in
some patients. In a systematic review that included all the major trials except the CARE-HF trial,
the device was successfully implanted in 90 percent of attempts.36 In the CARE-HF trial, implantation was successful in 97 percent of patients, al-

n engl j med 355;3

though in 10 percent, more than one attempt was
necessary before the procedure was successful.27
More serious complications have also been
reported during the implantation of a biventricular pacemaker. In the Multicenter InSync Randomized Clinical Evaluation (MIRACLE), COMPANION,
and CARE-HF trials, coronary-sinus dissection occurred in 0.3 to 4.0 percent of patients and coronary-vein or coronary-sinus perforation occurred
in 0.8 to 2.0 percent.24,26,27 Perforation of the coro-
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nary venous system can result in hemopericardium
with tamponade; such sequelae were reported in
less than 1 percent of patients in these trials.
Other complications included pneumothorax,
complete heart block, and asystole. In the systematic review cited above, the rate of periprocedural death was 0.4 percent (13 of 3245 patients).36
Dislodgment of the left ventricular pacing lead
is a frequent problem after successful implantation of a biventricular pacemaker, occurring in
nearly 10 percent of patients.27,36 As described in
the Clinical Evidence section, the most common
consequence of the loss of left ventricular pacing
is exacerbation of heart failure. Infection of the
device, usually of the pacemaker pocket, and the
development of atrial arrhythmias have been
noted.
External electromagnetic fields may interfere
with the function of pacemakers, and all patients
should be warned about this possibility.37,38 Such
interference can be induced by cellular telephones,
electronic security systems, and industrial equipment such as power cables and electrical motors.
Potential sources of interference in the medical
setting include magnetic resonance imaging, therapeutic use of electric current (e.g., electrocautery,
cardioversion or defibrillation, and transcutaneous electrical nerve stimulation), and therapeutic
radiation.

A r e a s of Uncer ta in t y
Several areas of uncertainty remain. It has not
been established whether CRT is beneficial in
patients with mild heart failure (NYHA class II),
since only two small trials have included such
patients.23,39 In these analyses, CRT did not significantly improve functional status or the quality of
life, although it did increase left ventricular volumes and, in one trial, LVEF. The Multicenter Automatic Defibrillator Implantation Trial–Cardiac
Resynchronization Therapy (MADIT-CRT) and the
Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction (REVERSE) trial
will evaluate the role of implantable cardioverter–
defibrillators with or without CRT in large cohorts
of patients with NYHA class I or II heart failure.
CRT does not result in significant clinical improvement in 20 to 30 percent of patients.13,40
Although there may be various explanations for
this observation, it has been suggested that an
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increased QRS interval may not be the best criterion for benefit from CRT. In several small, uncontrolled studies involving patients with wide QRS
complexes, echocardiographic evidence of ventricular dyssynchrony was more predictive of benefit from CRT than was the duration of the QRS
interval.13,41,42 It has therefore been proposed that
guidelines for the selection of candidates for CRT
should suggest the use of echocardiography to
identify dyssynchrony.40 However, none of the major clinical trials of CRT used echocardiographic
measures of dyssynchrony as the principal criteria
for enrollment. Furthermore, it is not clear which
echocardiographic variables should be used to
select candidates for CRT.
The benefit of CRT in patients with atrial fibrillation has not been extensively investigated. A
number of small studies (fewer than 200 patients)
suggested that CRT improved functional capacity and the quality of life in these patients.43-47 In
most cases, ablation of the atrioventricular node
was performed to ensure complete control of ventricular activation.

Guidel ine s
The 2002 joint guidelines of the American College of Cardiology, the American Heart Association, and the North American Society of Pacing
and Electrophysiology endorse the use of CRT in
patients with medically refractory, symptomatic,
NYHA class III or IV disease and a QRS interval
of at least 130 msec, a left ventricular end-diastolic
diameter of at least 55 mm, and an LVEF of 30
percent or less.48 Similar recommendations have
been made by the Canadian Cardiovascular Society49 and the European Society of Cardiology.50
These guidelines were refined by an April
2005 American Heart Association Science Advisory,28 which stated that “optimal candidates for
CRT have a dilated cardiomyopathy on an ischemic or nonischemic basis, an LVEF ≤0.35, a QRS
complex ≥120 ms, and sinus rhythm, and are
NYHA functional class III or IV despite maximal
medical therapy for heart failure.”

R ec om mendat ions
The patient described in the vignette meets all
the recommended criteria for CRT: he has an ischemic cardiomyopathy with an LVEF of 35 percent
or less and sinus rhythm with a left bundle-branch
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block (by definition, with a QRS interval of at least
120 msec). I would make certain that his medical
therapy is optimal. If he has any evidence of volume overload on physical examination, his furosemide dose should be increased and his doses
of lisinopril and carvedilol should be increased to
the maximum tolerated (or to a maximum of 40 mg
once daily and 25 mg twice daily, respectively). If

he remains symptomatic (NYHA class III or IV) despite this regimen, he should receive a biventricular pacemaker. Since this patient also satisfies
criteria for the implantation of a cardioverter–defibrillator,26,29,51 he should receive a device with
both capabilities.28
No potential conflict of interest relevant to this article was
reported.

References
1. Shamim W, Francis DP, Yousufuddin

M, et al. Intraventricular conduction delay: a prognostic marker in chronic heart
failure. Int J Cardiol 1999;70:171-8.
2. Baldasseroni S, Opasich C, Gorini M,
et al. Left bundle-branch block is associated with increased 1-year sudden and total
mortality rate in 5517 outpatients with congestive heart failure: a report from the Italian network on congestive heart failure.
Am Heart J 2002;143:398-405.
3. Ghali JK, Krause-Steinrauf HJ, Adams
KF, et al. Gender differences in advanced
heart failure: insights from the BEST study.
J Am Coll Cardiol 2003;42:2128-34.
4. Iuliano S, Fisher SG, Karasik PE, et al.
QRS duration and mortality in patients
with congestive heart failure. Am Heart
J 2002;143:1085-91.
5. Wyndham CR, Smith T, Meeran MK,
Mammana R, Levitsky S, Rosen KM. Epicardial activation in patients with left bundle branch block. Circulation 1980;61:696703.
6. Auricchio A, Abraham WT. Cardiac
resynchronization therapy: current state
of the art: cost versus benefit. Circulation
2004;109:300-7.
7. Turner MS, Bleasdale RA, Vinereanu
D, et al. Electrical and mechanical components of dyssynchrony in heart failure
patients with normal QRS duration and
left bundle-branch block: impact of left
and biventricular pacing. Circulation 2004;
109:2544-9.
8. Grines CL, Bashore TM, Boudoulas H,
Olson S, Shafer P, Wooley CF. Functional
abnormalities in isolated left bundle branch
block: the effect of interventricular asynchrony. Circulation 1989;79:845-53.
9. Wyman BT, Hunter WC, Prinzen FW,
McVeigh ER. Mapping propagation of mechanical activation in the paced heart with
MRI tagging. Am J Physiol 1999;276:H881H891.
10. Abraham WT, Hayes DL. Cardiac resynchronization therapy for heart failure.
Circulation 2003;108:2596-603.
11. Ricci R, Pignalberi C, Ansalone G, et
al. Early and late QRS morphology and
width in biventricular pacing: relationship
to lead site and electrical remodeling. J Interv Card Electrophysiol 2002;6:279-85.
12. Kass DA, Chen CH, Curry C, et al. Improved left ventricular mechanics from
acute VDD pacing in patients with dilat-

ed cardiomyopathy and ventricular conduction delay. Circulation 1999;99:156773.
13. Bax JJ, Bleeker GB, Marwick TH, et al.
Left ventricular dyssynchrony predicts response and prognosis after cardiac resynchronization therapy. J Am Coll Cardiol
2004;44:1834-40.
14. Cazeau S, Ritter P, Lazarus A, et al.
Multisite pacing for end-stage heart failure: early experience. Pacing Clin Electrophysiol 1996;19:1748-57.
15. Leclercq C, Cazeau S, Le Breton H, et
al. Acute hemodynamic effects of biventricular DDD pacing in patients with endstage heart failure. J Am Coll Cardiol
1998;32:1825-31.
16. Breithardt OA, Sinha AM, Schwammenthal E, et al. Acute effects of cardiac
resynchronization therapy on functional
mitral regurgitation in advanced systolic
heart failure. J Am Coll Cardiol 2003;41:
765-70. [Erratum, J Am Coll Cardiol 2003;
41:1852.]
17. Nelson GS, Berger RD, Fetics BJ, et al.
Left ventricular or biventricular pacing
improves cardiac function at diminished
energy cost in patients with dilated cardiomyopathy and left bundle-branch block.
Circulation 2000;102:3053-9.
18. Sundell J, Engblom E, Koistinen J, et
al. The effects of cardiac resynchronization therapy on left ventricular function,
myocardial energetics, and metabolic reserve in patients with dilated cardiomyopathy and heart failure. J Am Coll Cardiol 2004;43:1027-33.
19. St John Sutton MG, Plappert T, Abraham WT, et al. Effect of cardiac resynchronization therapy on left ventricular size
and function in chronic heart failure. Circulation 2003;107:1985-90.
20. Zhang Q, Fung JW, Auricchio A, et al.
Differential change in left ventricular mass
and regional wall thickness after cardiac
resynchronizaton therapy for heart failure.
Eur Heart J 2006;27:1423-30.
21. Cazeau S, Leclercq C, Lavergne T, et
al. Effects of multisite biventricular pacing
in patients with heart failure and intraventricular conduction delay. N Engl J Med
2001;344:873-80.
22. Auricchio A, Stellbrink C, Sack S, et al.
Long-term clinical effect of hemodynamically optimized cardiac resynchronization
therapy in patients with heart failure and

n engl j med 355;3

www.nejm.org

ventricular conduction delay. J Am Coll
Cardiol 2002;39:2026-33.
23. Higgins SL, Hummel JD, Niazi IK, et
al. Cardiac resynchronization therapy for
the treatment of heart failure in patients
with intraventricular conduction delay
and malignant ventricular tachyarrhythmias. J Am Coll Cardiol 2003;42:1454-9.
24. Abraham WT, Fisher WG, Smith AL, et
al. Cardiac resynchronization in chronic
heart failure. N Engl J Med 2002;346:184553.
25. Young JB, Abraham WT, Smith AL, et
al. Combined cardiac resynchronization
and implantable cardioversion defibrillation in advanced chronic heart failure: the
MIRACLE ICD Trial. JAMA 2003;289:268594.
26. Bristow MR, Saxon LA, Boehmer J, et
al. Cardiac-resynchronization therapy with
or without an implantable defibrillator in
advanced chronic heart failure. N Engl J
Med 2004;350:2140-50.
27. Cleland JGF, Daubert J-C, Erdmann E,
et al. The effect of cardiac resynchronization on morbidity and mortality in heart
failure. N Engl J Med 2005;352:1539-49.
28. Strickberger SA, Conti J, Daoud EG, et
al. Patient selection for cardiac resynchronization therapy: from the Council on
Clinical Cardiology Subcommittee on Electrocardiography and Arrhythmias and the
Quality of Care and Outcomes Research
Interdisciplinary Working Group, in collaboration with the Heart Rhythm Society. Circulation 2005;111:2146-50.
29. Bardy GH, Lee KL, Mark DB, et al.
Amiodarone or an implantable cardioverter–defibrillator for congestive heart
failure. N Engl J Med 2005;352:225-37.
[Erratum, N Engl J Med 2005;352:2146.]
30. Saxon LA, Ellenbogen KA. Resynchronization therapy for the treatment of heart
failure. Circulation 2003;108:1044-8.
31. Navia JL, Atik FA, Grimm RA, et al.
Minimally invasive left ventricular epicardial lead placement: surgical techniques
for heart failure resynchronization therapy. Ann Thorac Surg 2005;79:1536-44.
32. Yong P, Duby C. A new and reliable
method of individual ventricular capture
identification during biventricular pacing
threshold testing. Pacing Clin Electrophysiol 2000;23:1735-7.
33. Tyers GF, Clark J, Wang Y, Mills P,
Bashir J. Coronary sinus lead extraction.

july 20, 2006

Downloaded from www.nejm.org at KAISER PERMANENTE on July 21, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

293

CLINICAL THER APEUTICS

Pacing Clin Electrophysiol 2003;26:5246.
34. Kasravi B, Tobias S, Barnes MJ, Messenger JC. Coronary sinus lead extraction
in the era of cardiac resynchronization
therapy: single center experience. Pacing
Clin Electrophysiol 2005;28:51-3.
35. Knight BP, Desai A, Coman J, Faddis
M, Yong P. Long-term retention of cardiac
resynchronization therapy. J Am Coll Cardiol 2004;44:72-7.
36. McAlister FA, Ezekowitz JA, Wiebe N,
et al. Systematic review: cardiac resynchronization in patients with symptomatic heart failure. Ann Intern Med 2004;
141:381-90. [Erratum, Ann Intern Med
2005;142:311.]
37. Pinski SL, Trohman RG. Interference
in implanted cardiac devices. Pacing Clin
Electrophysiol 2002;25:1367-81, 1496-509.
38. Goldschlager N, Epstein A, Friedman
P, et al. Environmental and drug effects
on patients with pacemakers and implantable cardioverter/defibrillators: a practical
guide to patient treatment. Arch Intern
Med 2001;161:649-55.
39. Abraham WT, Young JB, Leon AR, et
al. Effects of cardiac resynchronization on
disease progression in patients with left
ventricular systolic dysfunction, an indication for an implantable cardioverter-defibrillator, and mildly symptomatic chronic
heart failure. Circulation 2004;110:2864-8.
40. Bax JJ, Ansalone G, Breithardt OA, et
al. Echocardiographic evaluation of cardiac
resynchronization therapy: ready for rou-

tine clinical use? A critical appraisal. J Am
Coll Cardiol 2004;44:1-9.
41. Penicka M, Bartunek J, De Bruyne B,
et al. Improvement of left ventricular function after cardiac resynchronization therapy
is predicted by tissue Doppler imaging
echocardiography. Circulation 2004;109:
978-83.
42. Pitzalis MV, Iacoviello M, Romito R,
et al. Ventricular asynchrony predicts a better outcome in patients with chronic heart
failure receiving cardiac resynchronization
therapy. J Am Coll Cardiol 2005;45:65-9.
43. Leclercq C, Walker S, Linde C, et al.
Comparative effects of permanent biventricular and right-univentricular pacing
in heart failure patients with chronic
atrial fibrillation. Eur Heart J 2002;23:
1780-7.
44. Garrigue S, Bordachar P, Reuter S, et
al. Comparison of permanent left ventricular and biventricular pacing in patients with heart failure and chronic atrial
fibrillation: prospective haemodynamic
study. Heart 2002;87:529-34.
45. Leon AR, Greenberg JM, Kanuru N, et
al. Cardiac resynchronization in patients
with congestive heart failure and chronic
atrial fibrillation: effect of upgrading to
biventricular pacing after chronic right
ventricular pacing. J Am Coll Cardiol 2002;
39:1258-63.
46. Leclercq C, Victor F, Alonso C, et al.
Comparative effects of permanent biventricular pacing for refractory heart failure
in patients with stable sinus rhythm or

chronic atrial fibrillation. Am J Cardiol
2000;85:1154-6.
47. Molhoek SG, Bax JJ, Bleeker GB, et al.
Comparison of response to cardiac resynchronization therapy in patients with sinus
rhythm versus chronic atrial fibrillation.
Am J Cardiol 2004;94:1506-9.
48. Gregoratos G, Abrams J, Epstein AE,
et al. ACC/AHA/NASPE 2002 guideline update for implantation of cardiac pacemakers and antiarrhythmia devices: summary
article: a report of the American College
of Cardiology/American Heart Association
Task Force on Practice Guidelines (ACC/
AHA/NASPE Committee to Update the
1998 Pacemaker Guidelines). Circulation
2002;106:2145-61.
49. Tang AS, Ross H, Simpson CS, et al.
Canadian Cardiovascular Society/Canadian Heart Rhythm Society position paper
on implantable cardioverter defibrillator
use in Canada. Can J Cardiol 2005;21:Suppl
A:11-8.
50. Swedberg K, Cleland J, Dargie H, et
al. Guidelines for the diagnosis and treatment of chronic heart failure: executive
summary (update 2005): the Task Force
for the Diagnosis and Treatment of Chronic
Heart Failure of the European Society of
Cardiology. Eur Heart J 2005;26:1115-40.
51. Moss AJ, Zareba W, Hall WJ, et al. Prophylactic implantation of a defibrillator
in patients with myocardial infarction and
reduced ejection fraction. N Engl J Med
2002;346:877-83.
Copyright © 2006 Massachusetts Medical Society.

POWERPOINT SLIDES OF JOURNAL FIGURES AND TABLES

At the Journal’s Web site, subscribers can automatically create PowerPoint slides.
In a figure or table in the full-text version of any article at www.nejm.org, click
on Get PowerPoint Slide. A PowerPoint slide containing the image, with its title
and reference citation, can then be downloaded and saved.

294

n engl j med 355;3

www.nejm.org

july 20, 2006

Downloaded from www.nejm.org at KAISER PERMANENTE on July 21, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

