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Abstract. Objective: The objective of this analysis was
to determine if there were differences in ventricular
reverse remodeling and 6-month outcome with cardiac
resynchronization therapy (CRT) among specific sub-
groups enrolled in the Multicenter InSync Randomized
Clinical Evaluation (MIRACLE) Study.

Background: Analysis of major subgroups receiving
CRT is important in determining who may be most
likely to benefit, since all patients who receive CRT do
not demonstrate improvement.

Methods: Differences in response to CRT between
subgroups based on baseline echocardiographic param-
eters, New York Heart Association (NYHA) class, age,
gender, beta blocker use, and etiology of heart failure
(HF) were analyzed for the clinical end points of the
study as well as 6-month HF re-hospitalization or death.

Results: The benefit of CRT over control was sim-
ilar in all subgroups with respect to all clinical
endpoints. However, non-ischemic HF patients had
greater improvements with CRT compared to ischemic
HF patients in left ventricular end diastolic volume
(P<0.001) and ejection fraction (EF) (6.7% increase vs.
3.2% [P<0.001]). Greater improvements in EF were also
seen in those patients with less severe baseline mitral
regurgitation (MR) (P<0.001). Women but not men re-
ceiving CRT were more likely to be event-free from first
HF hospitalization or death compared to the control
group (Hazard Ratio = 0.157).

Conclusions: The benefits of CRT with respect to EF
and reverse remodeling were greater in patients with
non-ischemic HF and less severe MR. Women may also
derive more benefit than men with respect to the occur-
rence of HF hospitalization or death.
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Introduction

Cardiac resynchronization therapy (CRT) has
been shown to be an effective treatment for pa-
tients with heart failure who remain symptomatic
despite optimal medical therapy. However, not all

patients who receive this therapy have the same
response. To date, there have been no large stud-
ies to determine if certain subgroups of patients
have a better response than others.

The Multicenter InSync Randomized Clinical
Evaluation (MIRACLE) was a prospective, ran-
domized, double-blinded study designed to demon-
strate the safety and efficacy of CRT in patients
with heart failure. A total of 453 patients with
moderate-to-severe symptoms of heart failure de-
spite optimal pharmacological therapy, ejection
fraction (EF) ≤35%, and QRS duration ≥130 ms
were randomized to either CRT or a control group.
Patients who received CRT had significant im-
provements in the primary end-points of New York
Heart Association (NYHA) functional class, qual-
ity of life and 6-minute walk distance [1]. The goal
of this analysis was to examine the homogeneity
of response to CRT within various patient sub-
groups.

Methods

The MIRACLE study design, patient population,
methods and results have been published previ-
ously [1]. In brief, 453 successfully implanted pa-
tients who met inclusion criteria were randomly
assigned either to CRT or a control group with
the intention of following the patients for at least
six months. Primary endpoints included changes
from baseline to six months for NYHA functional
class, quality of life measured by the Minnesota
Living with Heart Failure questionnaire, and dis-
tance walked in six minutes.
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Separate subgroup analyses were conducted for
each of eight baseline characteristics that were
prospectively identified: age (<65, ≥65 years),
gender (male, female), heart failure etiology (is-
chemic, non-ischemic), NYHA classification (III,
IV), left ventricular EF (<20%, ≥20%), mitral re-
gurgitation (MR) expressed as MR average jet
area (<6 cm2(mild), ≥6 cm2 (moderate to severe)),
location of implanted left ventricular lead (lateral,
other) and baseline beta blocker use (beta blocker,
no beta blocker). A nonparametric analysis of vari-
ance approach was used to compare treatments
(control, CRT) within each of the subgroups for the
three primary endpoints and the secondary end-
points of exercise time, relative peak VO2, QRS
width, EF, left ventricular end diastolic volume
(LVEDV), and MR after a rank transformation of
the data.

Cox regression techniques were used to com-
pare treatments within subgroups with respect
to the time of death, time to first hospitaliza-
tion for worsening heart failure and time of
death or first hospitalization for worsening heart
failure.

For each analysis, factors for treatment group,
subgroup, and the interaction between treatment
group and subgroup were included in the model.
Interactions determined to be significant were fur-
ther analyzed using a multivariate model adjust-
ing for baseline values of covariates (excluding MR
since baseline MR was only available for 346 pa-
tients) to determine if the interaction was still
significant after adjusting for baseline differences
between subgroups. When the interaction was sig-
nificant in the analysis of variance models, com-
parisons between treatment groups within sub-
groups were made using the Wilcoxon rank-sum
test. When the interaction term was significant in
the Cox regression models, comparisons between
treatment groups within subgroups were made us-
ing the log-rank test.

Statistical software from SAS, Inc (Cary, NC)
was used. P values <0.05 were considered sig-
nificant. All analyses were conducted retrospec-
tively and no adjustments due to multiplicity were
made to any P values.

Results

Baseline demographic data used to define patient
subgroups are shown in Table 1. After accounting
for missed follow-ups, patient deaths, and other
study withdrawals, a total of 416 patients com-
pleted the 6-month follow-up visit and were eval-
uated for at least one of the primary and/or sec-
ondary endpoints. However, all 453 patients in
the MIRACLE study were included in the time to
event analyses.

Table 1. Baseline demographic data

Control Treatment
Parameter (N= 225) (N= 228) p-value

Age ≥ 65 years old 52.9% 47.4% 0.280
Sex (% male) 68.0% 68.4% 1.000
Heart failure etiology

(% ischemic)
58.2% 50.4% 0.117

NYHA Class III 91.1% 90.4% 0.907
LVEF ≥ 20% 67.6% 69.7% 0.690
MR average Jet Area

≥ 6 cm2
48.8% 49.4% 0.996

LV lead location
(% lateral)

72.3% 76.8% 0.330

NYHA: New York Heart Association; LVEF: left ventricular ejection
fraction; MR: mitral regurgitation.

The benefit of CRT over control was similar
in all subgroups with respect to all primary end-
points. Specifically there were no significant sub-
group differences in response among treatment
groups based on NYHA class, EF, lead position or
beta blocker use. However, the effect of CRT on
changes in echocardiographic parameters demon-
strated significantly different results within cer-
tain subgroups, as shown in Table 2.

Both non-ischemic and ischemic heart failure
patients receiving CRT had statistically signifi-
cantly greater improvements in EF compared to
control patients, but the magnitude of improve-
ment was different. Non-ischemic heart failure

Table 2. Effect of CRT on efficacy endpoints—significant
subgroups

N Median Range p-value

Change in EF (%)—Non-ischemic patients
Control 71 −0.3 −20 to 15 <0.001
CRT 95 6.7 −16 to 41

Change in EF (%)—Ischemic patients
Control 99 −0.1 −13 to 26 0.007
CRT 92 3.2 −18 to 17

Change in LVEDV (cm3)—Non-ischemic patients
Control 71 6.6 −8.1 to 19.6 <0.001
CRT 95 −46.7 −69.1 to −30.0

Change in LVEDV (cm3)—Ischemic patients
Control 99 2.5 −4.0 to 15.7 0.013
CRT 92 −16.6 −27.2 to 2.8

Change in EF (%)—MR average jet area <6 cm2

Control 75 0.4 −20 to 15 <0.001
CRT 81 6.0 −16 to 24

Change in EF (%)—MR average jet area ≥6 cm2

Control 75 −0.5 −13 to 26 0.032
CRT 77 1.5 −18 to 27

EF: ejection fraction; MR: mitral regurgitation; LVEDV: left ventricular
end diastolic volume.
The data shown in the table are for all patients who had both baseline
and 6-month echocardiograms available for review.
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patients in the CRT group had a median abso-
lute increase of 6.7% in EF compared to a me-
dian absolute decline of 0.3% in the control arm
(P < 0.001). On the other hand, ischemic heart fail-
ure patients receiving CRT had a median absolute
improvement in EF that was approximately half
the improvement seen for non-ischemic heart fail-
ure patients receiving CRT (3.2%). The improve-
ment was still significantly better than the change
seen for ischemic heart failure patients who did
not receive CRT (P = 0.007).

The effect of CRT on changes in median LVEDV
again favored non-ischemic heart failure patients.
Both non-ischemic and ischemic heart failure pa-
tients who received CRT had significant decreases
in LVEDV compared to controls. However, non-
ischemic heart failure patients had a greater im-
provement in LVEDV compared to ischemic heart
failure patients.

CRT patients had a significant improvement in
EF and MR compared to control patients regard-
less of baseline MR. However, significant differ-
ences were observed in the degree of improvement.
The improvement in EF after CRT in the group
with less MR at baseline was more than twice the
improvement in the group with more MR at base-
line. Patients with a lower baseline MR average
jet area (<6 cm2) receiving CRT had a median ab-
solute increase in EF of 6% versus 0.4% in the con-
trol group (P < 0.001). On the other hand, patients
with a baseline MR average jet area ≥6 cm2 in
the CRT group had a median absolute increase in
EF of 1.5% compared to 0.5% in the control group
(P = 0.032).

In the analyses of time to clinical events, over-
all results previously reported showed no differ-
ence between treatment groups with respect to
death, but there were significant differences be-
tween CRT and control groups with respect to the
time to first heart failure hospitalization and sig-
nificant differences between groups with respect
to the combined endpoint of time to first heart
failure hospitalization or death (P = 0.03) [1]. In
the current analysis, there were interesting dif-
ferences in outcome based on gender. Baseline de-
mographic data for men and women are shown
in Table 3. Of note, men were older and more
often had ischemic HF. In this subgroup analy-
sis, a significant difference in the time to first
heart failure hospitalization, and the combined
endpoint of first heart failure hospitalization or
death, was seen only in women. This difference
remained even when controlling for age, etiol-
ogy of heart failure and other baseline variables.
Women receiving CRT show a statistically signifi-
cant difference in time to first heart failure hospi-
talization (log-rank chi-square test, P = 0.002) and
time to first heart failure hospitalization or death

Table 3. Baseline demographic data comparison, women vs.
men

Women Men
Parameter (N = 144) (N = 309) p-value

Randomization group
(% CRT)

50.0 50.5 1.000

Age (% ≥ 65 years old) 42.4 53.7 0.031
Heart failure etiology

(% ischemic)
29.2 66.0 <0.001

NYHA functional class
(% Class III)

88.9 91.6 0.455

EF (% ≥ 20%) 72.2 67.0 0.313
Baseline MR average jet

area (% ≥ 6 cm2)
41.4 53.0 0.053

LV lead location
(% lateral)

78.3 72.8 0.257

CRT: cardiac resynchronization therapy; EF: ejection fraction; LV: left
ventricular; NYHA: New York Heart Association Class; HF: heart fail-
ure; LVEDV: left ventricular end diastolic volume; MR: mitral regurgi-
tation; SD: standard deviation.

(log-rank chi-square test, P < 0.001) compared to
women in the control group. No differences were
seen among men for either endpoint. These differ-
ences in clinical events between woman and men
are clearly demonstrated in the Kaplan-Meier sur-
vival curves in Figures 1 and 2.

Discussion

The MIRACLE study showed that CRT improved
a number of measures of cardiac function and clin-
ical status in patients with moderate to severe
heart failure [1]. In the present analysis, signif-
icant differences in the primary endpoints were
consistent within all subgroups examined. How-
ever, there were differences in response within cer-
tain subgroups with respect to reverse ventricular
remodeling and LV function.

In our analysis of patients receiving CRT, both
non-ischemic and ischemic heart failure patients
had statistically significant improvements in EF,
as reported recently [2]. This is consistent with
other reports of improvement in EF with CRT [3–
6]. However, non-ischemic heart failure patients
had a greater improvement in EF than ischemic
heart failure patients. This finding is consistent
with previous studies that showed greater in-
creases in EF in patients with non-ischemic heart
failure than ischemic heart failure, although both
groups improved clinically with CRT [2,7]. Non-
ischemic heart failure patients may respond bet-
ter to CRT than ischemic heart failure patients
because ischemic heart failure patients tend to
have areas of regional rather than global dyssyn-
chrony from areas of ischemia or scar that may
be unresponsive to pacing and resynchronization.
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(A)

(B)

Fig. 1. (A) Kaplan-Meier estimates of time to first HF hospitalization for women. (B) Kaplan-Meier estimates of time to first HF
hospitalization for men.

Regardless of the severity of MR, patients re-
ceiving CRT had statistically significant improve-
ments in EF compared to the controls within each
subgroup. However, EF increased more from CRT
in patients with less baseline MR, than patients
with more baseline MR compared to their respec-
tive controls. Patients with less MR have been
shown to improve hemodynamics, systolic func-
tion and LV dimensions with CRT [8–10]. There is
one study, however, suggesting that patients with
less MR did not have clinical improvement from
CRT [11].

It is important to note that improvement in
EF does not necessarily correlate with an im-
proved clinical response. However, lower EFs
are known to be associated with increased mor-
tality [12–14]. Therefore, though mortality ben-
efits from CRT have recently been reported
[15], specific implications of EF and mortal-
ity risk in this CRT population have not been
elucidated. As with lower EFs, ventricular di-
latation has prognostic value. Studies of post
infarct as well as non-ischemic heart failure pa-
tients with LV dysfunction have demonstrated
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(A)

(B)

Fig. 2. (A) Kaplan-Meier estimates of time to first HF hospitalization or death for women. (B) Kaplan-Meier estimates of time to
first HF hospitalization or death for men.

an association between increased ventricular size
and cardiovascular events and mortality [16–18].
Cardiac resynchronization therapy leads to re-
verse ventricular remodeling as indicated by de-
creased left ventricular end-diastolic dimensions
(LVEDD) and left ventricular end-diastolic vol-
umes (LVEDV) [2,9,19,20]. Our analysis showed
that non-ischemic heart failure patients had
greater reductions in LVEDV after CRT. Some
have suggested patients with higher baseline
LVEDV are less likely to demonstrate reverse re-
modeling from CRT [10]. Others have shown that
patients with significant LV enlargement may be
unresponsive to the remodeling benefits of phar-

macologic therapy [21]. One could, therefore, ar-
gue that CRT should be implanted earlier in the
course of heart failure before remodeling becomes
too severe.

The presence of MR can significantly im-
pact morbidity, limit exercise capacity and cause
deterioration in cardiac hemodynamics [22–24].
Functional MR has been associated with cardiac
dilatation and is likely a result of the loss of
coordination between the closing and tethering
forces that act on the mitral valve [25,26]. Reduc-
tions in MR from CRT are likely due to the di-
rect mechanical effects of optimization of the AV
delay and improved inter- and intra-ventricular
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dyssynchrony [3,27] as well as reverse remod-
eling with reductions in LV dimensions chron-
ically [28]. In the original MIRACLE analysis,
there was a significant reduction in MR in those
who received CRT vs. control, suggesting that pa-
tients with significant valvular disease on the ba-
sis of ventricular dilatation might benefit from
CRT.

Recently, a meta-analysis of the CRT trials as
well as the Comparison of Medical Therapy, Pac-
ing, and Defibrillation in Heart Failure (COM-
PANION) study, suggested that CRT significantly
reduces all cause mortality and all cause hospi-
talization [15,29]. Our subgroup analysis shows
that the clinical endpoint of time to first heart fail-
ure hospitalization or the combined clinical end-
points of time to first heart failure hospitaliza-
tion or death within six months of implant were
significantly different in women, but no such dif-
ference was seen in men, even when accounting
for baseline differences in demographics and eti-
ology of heart failure. This is a unique finding
that bears further exploration in future clinical
trials.

Limitations

The major limitation of this analysis was its ret-
rospective nature. Therefore, it is difficult to de-
clare definitively that patients who fit into cer-
tain subgroups will respond better to CRT than
others. While our analysis suggests some differ-
ences, the initial study was not designed or pow-
ered to detect differences within subgroups. Sec-
ond, although the sample size of the original study
was large, dividing the study population into sub-
groups reduces sample size. Third, with multiple
subgroup analyses involving many comparisons,
there is a high chance of “false positives.” Fourth,
not all patients had data available for all anal-
yses. Fifth, improved echocardiographic parame-
ters do not necessarily correlate with improved
clinical effects or events, making it difficult to
definitively draw conclusions about symptomatic
improvement or morbidity.

Conclusions

Our analysis suggests that there are subgroup
differences in response to CRT as manifested
by improvements in echocardiographic param-
eters of LV function and reverse remodeling.
Although most patients receive benefit from CRT,
non-ischemic heart failure patients and women
may derive even more benefit. Based on our
analysis, further large-scale studies of subgroups
based on heart failure etiology and gender are
warranted.

References

1. 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. Cardiac resynchronization in
chronic heart failure. N Engl J Med 2002;346:1845–1853.

2. St John Sutton MG, Plappert T, Abraham WT, Smith AL,
DeLurgio DB, León AR, Loh E, Kocovic DZ, Fisher WG,
Ellestad M, Messenger J, Kruger K, Hilpisch KE, Hill MRS.
Effect of cardiac resynchronization therapy on left ventric-
ular size and function in chronic heart failure. Circulation
2003;107:1985–1990.

3. Porciani MC, Puglisi A, Colella A, Peraldo C, Gaita F,
Romano M, Pistis G, Curnis A, Sabini A, Musilli N, Paeletti
L, on behalf of the InSync Italian Registry Investigators.
Echocardiographic evaluation of the effect of biventric-
ular pacing: The InSync Italian Registry. Eur Heart J
2000;Suppl J(2):J23–J30.

4. Kerwin WF, Botvinick EH, O’Connell W, Merrick SH, De-
Marco T, Chatterjee K, Shciebly K, Saxon LA. Ventricu-
lar contraction abnormalities in dilated cardiomyopathy:
Effect of biventricular pacing to correct interventricular
dyssynchrony. J Am Coll Cardiol 2000;35:1221–1227.

5. Leclercq C, Cazeau S, Ritter P, Alonso C, Gras D, Mabo P,
Lazarus A, Daubert JC. A Pilot experience with permanent
biventricular pacing to treat advanced heart failure. Am
Heart J 2000;140(6):862–870.

6. Etienne Y, Mansourati J, Touiza A, Gilard M, Bertault-
Valls V, Guillo P, Boschat J, Blanc JJ. Evaluation of left
ventricular function and mitral regurgitation during left
ventricular-based pacing in patients with heart failure.
Eur J Heart Fail 2001;3:441–447.

7. Gasparini M, Mantica M, Galimberti P, Genovese L, Pini
D, Faletra F, Marchesina UL, Mangiavacchi M, Klersy C,
Gronda E. Is the outcome of cardiac resynchronization
therapy related to the underlying etiology? Pacing Clin
Electrophysiol 2003;26(Pt II):175–180.

8. Nelson GS, Curry CW, Wyman BT, Kramer A, Declerck
J, Talbot M, Douglas MR, Berger RD, McVeigh, ER, Kass
DA. Predictors of systolic augmentation from left ven-
tricular preexcitation in patients with dilated cardiomy-
opathy and intraventricular conduction delay. Circulation
2000;101:2703–2709.

9. Saxon LA, De Marco T, Schafer J, Chatterjee K, Kumar
UN, Foster E, for the VIGOR Congestive Heart Failure
Investigators. Effects of long-term biventricular stimula-
tion for resynchronization on echocardiographic measures
of remodeling. Circulation 2002;105:1304–1310.

10. Stellbrink C, Breithardt O, Franke A, Sack S, Bakker P,
Auricchio A, on behalf of PATH-CHF Investigators, Pochet
T, Salo R, Kramer A, Spinelli J. Impact of cardiac resyn-
chronization therapy using hemodynamically optimized
pacing on left ventricular remodeling in patients with con-
gestive heart failure and ventricular conduction distur-
bances. J Am Coll Cardiol 2001;38:1957–1965.

11. Reuter S, Garrigue S, Barold SS, Jais P, Hocini M,
Haissaguerre M, Clementy J. Comparison of characteris-
tics in responders versus nonresponders with biventricu-
lar pacing for drug-resistant congestive heart failure. Am
J Cardiol 2002;89:346–350.

12. Cohn JN, Rector TS. Prognosis of congestive heart failure
and predictors of mortality. Am J Cardiol 1988;62:25A–
30A.



Curtis, Sub-Analysis of the MIRACLE Study 113

13. Cohn J, Johnson G, the Veterans Administration Coop-
erative Study Group. Heart failure with normal ejection
fraction: The V-HeFT study. Circulation 1990;(81 Suppl
III)(III):48–53.

14. Ghali J, Kadakia S, Bhatt A, Cooper R, Liao Y. Survival
of heart failure patients with preserved versus impaired
systolic function: The prognostic implication of blood pres-
sure. Am Heart J 1992;123:993–997.

15. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA,
DeMarco T, Carson P, DeCarlo L, DeMets D, White BG,
DeVries DW, Feldman AM for the Comparison of Med-
ical Therapy, Pacing and Defibrillation in Heart Failure
(COMPANION) Investigators. Cardiac resynchronization
therapy with or without an implantable defibrillator in ad-
vanced chronic heart failure. N Engl J Med 2004;350:2140–
2150.

16. St John Sutton M, Pfeffer MA, Plappert T, Rouleau JL,
Moye LA, Dagenais GR, Lamas GA, Klein M, Sussex
B, Goldman S, Menapace Jr. FJ, Parker JO, Lewis S,
Sestier F, Gordon DF, McEwan P, Bernstein V, Braunwald
E. Acute Myocardial Infarction/Antiplatelet and Throm-
bolytic Therapy: Quantitative Two-Dimensional Echocar-
diographic Measurements Are Major Predictors of Adverse
Cardiovascular Events After Acute Myocardial Infarc-
tion: The Protective Effects of Captopril. Circulation
1994;89(1):68–75.

17. Norris RM, White HD, Cross DB, Wild CJ, Whitlock RM.
Prognosis after recovery from myocardial infarction: The
relative importance of cardiac dilatation and coronary
stenoses. Eur Heart J 1992;13:1611–1618.

18. Lee TH, Hamilton MA, Stevenson LW, Moriguchi JD,
Fonarow GC, Child JS, Laks H, Walden JA. Impact of left
ventricular cavity size on survival in advanced heart fail-
ure. Am J Cardiol 1993;72:672–676.

19. Lau CP, Yu CM, Chau E, Fan K, Tse HF, Lee K, Tang MO,
Wan SH, Law TC, Lee PY, Lam YM, Hill MR. Reversal
of left ventricular remodeling by synchronous biventric-
ular pacing in heart failure. Pacing Clin Electrophysiol
2000;23(Pt II):1722–1725.

20. Yu CM, Fung WH, Lin H, Zhang Q, Sanderson JE, Lau
CP. Predictors of left ventricular reverse remodeling after
cardiac resynchronization therapy for heart failure sec-
ondary to idiopathic dilated or ischemic cardiomyopathy.
Am J Cardiol 2003;91:684–688.

21. Levine TB, Levine AB, Bolenbaugh J, Stomel RJ. Impact of
left ventricular size on pharmacologic reverse remodeling
in heart failure. Clin Cardiol 2000;23:355–358.

22. Lamas GA, Mitchell GF, Faker GC, Smith Jr. SC, Gersh
BJ, Basta L, Moye L, Braunwald E, Pfeffer MA. Clinical
significance of mitral regurgitation after acute myocardial
infarction. Survival and Ventricular Enlargement Investi-
gators. Circulation 1997;96:827–833.

23. Tada H, Tamai J, Takaki H, Ohnishi E, Okano Y, Yoshioka
T. Mild mitral regurgitation reduces exercise capacity in
patients with idiopathic dilated cardiomyopathy. Int J Car-
diol 1997;58:41–45.

24. Pozzoli M, Capomolla S, Pinna G. Doppler Echocardio-
graphy reliably predicts pulmonary artery wedge pres-
sure in patients with chronic heart failure with and with-
out mitral regurgitation. J Am Coll Cardiol 1996;27:883–
893.

25. Kono T, Sabbah HN, Stein PD, Brymer JF, Khaja F. Left
ventricular shape as a determinant of functional mitral re-
gurgitation in patients with severe heart failure secondary
to either coronary artery disease or idiopathic dilated car-
diomyopathy. Am J Cardiol 1991;68:355–359.

26. Otsuji Y, Handschumacher MD, Schwammenthal E, Jiang
L, Song JK, Guerrero JL, Vlahakes GJ, Levine RA. In-
sights from three-dimensional echocardiography into the
mechanism of functional mitral regurgitation: direct in
vivo demonstration of altered leaflet tethering geometry.
Circulation 1997;96:1999–2008.

27. Breithardt OA, Stellbrink C, Kramer AP, Sinha AM,
Franke A, Salo R, Schiffgens B, Huvelle E, Auricchio
A. Echocardiographic quantification of left ventricular
asynchrony predicts an acute hemodynamic benefit of
cardiac resynchronization therapy. J Am Coll Cardiol
2002;40:536–545.

28. Breithardt OA, Sinha AM, Schwammenthal E, Bidaoui N,
Markus KU, Franke A, Stellbrink C. Acute effects of car-
diac resynchronization therapy on functional mitral regur-
gitation in advanced systolic heart failure. J Am Coll Car-
diol 2003;41:765–770.

29. Bradley DJ, Bradley EA, Baughman KL, Berger RD,
Calkins H, Goodman SN, Kass DA, Powe NR. Cardiac
resynchronization and death from progressive heart fail-
ure. A meta-analysis of randomized controlled trials.
JAMA 2003;89:730–740.


