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Introduction

Congestive heart failure is characterized
by progressive left ventricular dilation and
loss of contractile function, a condition re-
ferred to as “cardiac remodeling”1. The
severity of left ventricular remodeling has
been shown to carry an independent prog-
nostic value2. Recently, it has been demon-
strated that patients with congestive heart
failure and electromechanical delay benefit
from cardiac resynchronization therapy
(CRT) with synchronous biventricular pac-

ing. CRT improves the hemodynamic sta-
tus in acute clinical conditions3-5 and heart
failure symptoms, exercise capacity, quali-
ty of life and systolic function chronically6-8;
finally, a reduction in left ventricular diam-
eters and volumes has also been demon-
strated9-13.

The aims of the present study were: 1) to
demonstrate that heart failure progression
is characterized by progressive left ventric-
ular remodeling and an increased QRS du-
ration; 2) to test the hypothesis that CRT is
able to halt and possibly revert this process.
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Background. Cardiac resynchronization therapy (CRT) represents a new therapeutic modality of
proven efficacy for selected patients with heart failure and ventricular asynchrony. The aim of this
study was to assess the effects of CRT on clinical variables and cardiac remodeling in patients with
moderate-to-severe congestive heart failure and inter/intraventricular conduction delays.

Methods. Thirty-seven patients (32 males, 5 females, mean age 73 ± 7 years), in NYHA functional
class III-IV, with left ventricular ejection fraction (LVEF) ≤ 35%, QRS ≥ 150 ms, and left ventricular
end-diastolic diameter (LVEDD) ≥ 55 mm, underwent CRT by biventricular pacing (InSync, InSync
III, InSync ICD; Medtronic Inc.). Fourteen (37.8%) had a previous pacemaker, and 11 (29.7%) were
in permanent atrial fibrillation. The QRS width, NYHA functional class, LVEDD, left ventricular
end-systolic diameter (LVESD), left ventricular end-diastolic volume (LVEDV), left ventricular end-
systolic volume (LVESV), and LVEF were retrospectively evaluated in the period before CRT. For the
purposes of the present study, the pre-CRT period was divided in two: T-2 (from 6 to 3 years) and T-1
(from 3 years to CRT). Moreover, these parameters were measured at the time of CRT (T0) and
prospectively in the post-CRT follow-up (Tp).

Results. Before CRT, a progressive worsening of the parameters was observed. The QRS duration
steadily increased from T-2 to T-1 and T0 (both p = 0.000). The NYHA functional class increased from
T-2 to T-1 and T0 (both p = 0.000). LVEDD and LVESD also increased and were higher at T-1 (p = 0.001
and p = 0.000, respectively) and at T0 (both p = 0.000) compared to T-2. Similar results were observed
for LVEDV and LVESV. Finally, LVEF was higher at T-2 than T-1 and T0 (both p = 0.000). After CRT,
there was a reduction in the QRS duration and an improvement in the NYHA functional class com-
pared to T0 (both p = 0.000). LVEDD and LVESD were also reduced (p = 0.005 and p = 0.016, re-
spectively), LVEDV and LVESV decreased (both p = 0.000), and LVEF increased (p = 0.000) with re-
spect to T0. A highly significant correlation was found between LVEDD and LVESD both in the pre-
and post-CRT time intervals, with a non-significant difference between the two linear regression lines.
Similar results were obtained for the correlations between LVEDV and LVESV.

Conclusions. Congestive heart failure is associated with a progressive widening of the QRS com-
plex and a worsening of the clinical status and results in anatomic remodeling with deterioration of
the left ventricular function. CRT induces opposite changes in QRS duration, clinical status, and left
ventricular remodeling.
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Methods

Study population. In the period from July 1999 to
June 2002, 37 patients with moderate-to-severe con-
gestive heart failure were consecutively treated with
CRT. The etiology of heart failure was ischemic and
non-ischemic heart disease. Patients with a pacemaker,
implanted for conventional bradycardia indications,
and those with permanent atrial fibrillation were not ex-
cluded.

CRT was considered in the presence of the follow-
ing criteria: 1) NYHA functional class III or IV; 2) left
ventricular end-diastolic diameter (LVEDD) ≥ 55 mm;
3) left ventricular ejection fraction (LVEF) ≤ 35%; and
4) QRS width ≥ 150 ms. At the time of CRT, patients
were clinically stable for at least 1 month and were re-
ceiving optimized drug treatment for heart failure, in-
cluding at least diuretics, ACE-inhibitors or the equiva-
lent, and beta-blockers at the maximal tolerated dose.
The last two classes of drugs were intentionally left un-
changed until the first functional evaluation in order to
define the role of CRT per se.

Demographics and clinical variables of the study
population are reported in table I.

Implant procedure. Patients underwent implantation
of a cardiac resynchronization device (InSync, models
8040, 8042; InSync ICD, model 7272; Medtronic Inc.,
Milan, Italy). The pacemaker implantation technique in-
cluded a standard right atrial lead and a standard right
ventricular lead (when not previously present); a spe-
cialized left ventricular lead (Attain models 2187, 4189,
4191, 4193; Medtronic Inc.) was placed into a lateral or

postero-lateral cardiac vein through the coronary si-
nus14. In one patient, due to failure of transvenous place-
ment, the left ventricular lead (Capsure Epi model 5071,
Medtronic Inc.) was inserted in the left ventricular lat-
eral free wall via an epicardial approach15. The pacing
mode was DDD(R) with an atrioventricular delay opti-
mized by Doppler echocardiography16 or VVI(R) in pa-
tients with permanent atrial fibrillation.

Study design. Patients successfully implanted with a
CRT device underwent retrospective evaluation. The
QRS width, NYHA functional class, LVEDD, left ven-
tricular end-systolic diameter (LVESD), left ventricular
end-diastolic volume (LVEDV), left ventricular end-
systolic volume (LVESV) and LVEF were retrieved
from previous clinical files obtained during hospital-
izations or outpatient visits for heart failure in the 6-
year period prior to CRT. This pre-CRT period was di-
vided in the time intervals from 6 to 3 years (T-2) and
from 3 years to CRT (T-1). These parameters were also
evaluated at the time of CRT (T0) and during the post-
implant period (Tp), with a prospective follow-up
planned by the attending physician (Fig. 1).

Electrocardiographic and echocardiographic mea-
surements. The QRS width was derived from the 12-
lead electrocardiogram. After ventricular pacing, the
QRS width was measured from the spike to the end of
the QRS complex. All echocardiographic examinations
were recorded and images were stored in the echocar-
diography laboratory (Hires Cardio - SHS Multimedia,
version 1.0.124), as a routine practice since 1994.
Echocardiographic measurements of the left ventricu-
lar size were obtained at M-mode echocardiography
under two-dimensional guidance in the parasternal
long-axis view, in accordance with the guidelines of the
American Society of Echocardiography17. Biplane left
ventricular volumes were calculated from the 4-cham-
ber views, in accordance with the modified Simpson’s
rule18. The LVEF was calculated as follows: (LVEDV –
LVESV)/LVEDV � 100.

Echocardiographic data were analyzed off-line by
an independent observer blinded to the time-point be-
ing considered. Intraobserver variability for the mea-
surement of left ventricular diameters and volumes
were 1 and 3% respectively. All measurements were av-
eraged from three cardiac cycles in patients with regu-
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Table I. Demographics and clinical variables.

Age (years) 73 ± 7
Sex (M/F) 32/5
IHD/non-IHD 19/18
Sinus rhythm/permanent AF 26/11
Previous pacemaker 14 (37.8%)
ACE-inhibitors 25 (67.6%)
Diuretics 36 (97.2%)
Beta-blockers 14 (37.8%)
Aldosterone antagonists 28 (75.7%)
Digoxin 28 (75.7%)

AF = atrial fibrillation; IHD = ischemic heart disease.

Figure 1. Schematic representation of the different phases of the study. T-2 is the period lasting between 6 and 3 years before cardiac resynchronization
therapy; T-1 is the 3-year period before cardiac resynchronization therapy; T0 is the time of cardiac resynchronization therapy, and Tp is the post-car-
diac resynchronization therapy period.



lar rhythm and from five for those with irregular R-R
intervals due to atrial fibrillation. 

Statistical analysis. Continuous data are presented as
mean ± SD. Differences between variables at time in-
tervals were tested by using the general linear model
for repeated measurements. The correlation between
echocardiographic variables was evaluated using linear
regression analysis. The �2 statistic was used to de-
scribe the proportion of total variability attributable to
CRT on the linear regression between left ventricular
diameters and volumes. A p value ≤ 0.05 was consid-
ered as statistically significant.

Results

In the pre-CRT phase, the T-2 period was 51.8 ± 9.8
months with a mean of 3.2 ± 2.2 clinical files examined
for each patient; the T-1 period was 14.2 ± 10.6 months
and the number of clinical files analyzed was 4.0 ± 3.0
for each patient.

After CRT, a mean of 2.2 ± 1.4 files for each patient
was obtained during a follow-up of 8.2 ± 7.7 months.

Parameter changes over time and effects of cardiac
resynchronization therapy. Retrospective evaluation
showed a significant progressive worsening of the eval-
uated parameters. The QRS width increased from 151.0
± 24.2 ms at T-2 to 177.0 ± 23.0 ms at T-1 and 189.1 ±
35.4 ms at T0 (both p = 0.000). The NYHA functional
class worsened from 2.3 ± 0.5 at T-2 to 3.1 ± 0.5 at T-1
and 3.2 ± 0.5 at T0 (both p = 0.000). LVEDD and
LVESD progressively increased and were higher at T-1
(69.8 ± 6.0 mm, p = 0.001; and 56.7 ± 8.4 mm, p =
0.000, respectively) and T0 (69.8 ± 8.0 and 56.7 ± 7.2
mm, respectively; both p = 0.000) than at T-2 (64.4 ± 8.0
and 49.9 ± 7.8 mm, respectively). A similar trend was
observed for LVEDV and LVESV from T-2 (184.5 ±
44.6 and 122.4 ± 40.9 ml, respectively) to T-1 (216.7 ±
70.0 ml, p = 0.001; and 151.6 ± 50.0 ml, p = 0.000, re-
spectively) and T0 (235.8 ± 64.2 and 176.0 ± 54.9 ml,
respectively; both p = 0.000). Finally, LVEF was high-
er at T-2 (38.8 ± 8.3%) than at T-1 and T0 (29.9 ± 5.3 and
27.4 ± 6.0%, respectively; both p = 0.000) (Fig. 2).

CRT induced a dramatic change in all parameters. A
reduction in the QRS width (162.1 ± 13.3 ms, p =
0.000) along with an improvement in NYHA function-
al class (2.1 ± 0.2, p = 0.000) was observed from T0.
LVEDD and LVESD increased from T0 (66.1 ± 5.8 mm,
p = 0.005; and 53.6 ± 8.0 mm, p = 0.016, respectively).
LVEDV (175.3 ± 60.1 ml) and LVESV (117.8 ± 46.6
ml) were also smaller than at T0 (both p = 0.000); and
the LVEF increased to 32.8 ± 4.7% (p = 0.000) with re-
spect to T0 (Fig. 2).

These changes were observed in all patients, regard-
less of the etiology of cardiomyopathy, permanent atri-
al fibrillation, and previous conventional pacemaker.

Correlation between pre- and post-cardiac resyn-
chronization therapy left ventricular diameters and
volumes. A highly significant correlation was found
between 1) LVEDD and LVESD, and 2) LVEDV and
LVESV both in the pre- and post-CRT time intervals;
linear regression analyses were not influenced by CRT
(�2 = 0.003, p = 0.550; and �2 = 0.009, p = 0.189, re-
spectively) (Fig. 3).

Discussion

Our study shows that progression of congestive
heart failure is characterized by remodeling and dete-
rioration of the left ventricular systolic function. This
process is reversed by CRT, which improves systolic
function, decreases left ventricular volumes and re-
duces symptoms. In our patients, these changes were
achieved regardless of medical therapy with ACE-in-
hibitors or the equivalent and beta-blockers. Contrary
to previous studies9,10, in the early post-implant peri-
od, medical therapy was intentionally maintained un-
modified so that the confounding effect of increased
medical therapy (particularly beta-blockers) was
avoided.

It is important to note that our patient population
represents the “real word” of heart failure, with a mean
age almost 10 years higher compared to that reported
in the available randomized trials6-8. This aspect may
explain the relatively low percentage of patients on be-
ta-blocker therapy in our population and is consistent
with previous data showing a lower utilization of beta-
blockers in the elderly19.

ACE-inhibitors, beta-adrenergic blocking agents
and antialdosterone therapy are associated with a sig-
nificant reduction in morbidity and mortality in con-
gestive heart failure20,21; moreover, ACE-inhibitors and
beta-blockers have been shown to slow down, and in
some cases even reverse, cardiac remodeling21-23. In
previous studies performed on patients with congestive
heart failure and ventricular asynchrony, CRT on top of
optimized medical therapy was able to improve the
echocardiographic parameters of left ventricular re-
modeling9-12. Recently, a large study confirmed that
CRT caused significant reverse remodeling and that the
outcome was related to the degree of echocardiograph-
ic improvement13. Our study is unique in that we per-
formed a long retrospective analysis, showing evidence
of an association between clinical progression of heart
failure and cardiac remodeling. This progression was
not only halted but even reversed by CRT within a short
time. Moreover, CRT appeared to be equally effective
regardless of permanent atrial fibrillation, previous
conventional pacemaker implantation or ischemic eti-
ology of congestive heart failure. The latter finding is
not in agreement with previous works suggesting that
the benefit of CRT may be less in ischemic cardiomy-
opathy13. It is likely that the limited number of patients
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Figure 2. Changes in the QRS width, NYHA functional class, left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter
(LVESD), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV) and left ventricular ejection fraction (EF) before
(time T-2 and T-1) and after (time Tp) cardiac resynchronization therapy (time T0). * significant difference vs time T-2; 

§ significant difference vs time T0.



included in our series prevented us from appreciating
this difference.

Progressive QRS widening frequently develops in
patients with cardiomyopathy during the course of the
disease24. It is known that the magnitude of inter- and
intraventricular asynchrony is proportional to QRS du-
ration, and that the presence of left bundle branch block
determines a decrease in contraction performance and
an abnormal diastolic filling pattern25,26. The effects of
left bundle branch block on systolic and diastolic left
ventricular function may in turn induce or exacerbate
the remodeling process26,27. Thus, a vicious cycle of
progressive QRS widening and left ventricular dys-
function ensues. This pattern was evident in our pre-im-
plant echocardiographic data. The ability of CRT to in-
duce reverse remodeling may be attributed to enhance-
ment of the synchrony of contraction of the left ventri-
cle and between left and right ventricular systole28.
These effects are associated with a significant reduction

in left ventricular diameters and volumes9,11-13. Howev-
er, the modality of such a reduction after CRT has not
yet been investigated. We observed that the regression
line depicting the correlation between LVESD and
LVEDD (as well as volumes) in the pre-CRT period
showed an almost identical slope to that obtained after
CRT. This finding suggests, but does not prove, that at
least to some extent CRT actually acts as a true reverse
gear in the natural history of the remodeling process.

Study limitations. The first phase of the study was ret-
rospective. The data presented were collected in a rela-
tively small patient population, recruited over a long
time span and treated on the basis of conventional heart
failure therapy at the time of enrolment. The number of
observations for any time interval is not homogeneous
and data on concomitant mitral regurgitation and the
potential beneficial effects of CRT on this aspect were
not reported. Since patients undergoing CRT were
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Figure 3. Correlation between left ventricular diameters and volumes before and after cardiac resynchronization therapy. LVEDD = left ventricular
end-diastolic diameter; LVEDV = left ventricular end-diastolic volume; LVESD = left ventricular end-systolic diameter; LVESV = left ventricular end-
systolic volume.



closely monitored and followed after implantation, it
cannot be excluded that, as observed for other treat-
ments29, a more thorough medical control was per se
able to induce a significant clinical improvement. How-
ever, data on left ventricular remodeling suggest that
this mechanism, although present, is not sufficient to
explain the whole benefit observed with CRT.

In conclusion, the data presented demonstrate that
disease progression of congestive heart failure is asso-
ciated with left ventricular remodeling and that CRT is
effective in improving symptoms and reducing left ven-
tricular diameters and volumes. This mechanism can be
referred to a reverse remodeling. The reduction in NYHA
functional class and the improvement in systolic func-
tion become evident in the early follow-up period and
are maintained at 1 year. By this time, patients are re-
verted to the status they had 6 years prior to CRT.

Acknowledgments

The authors are very grateful to Mrs. Irene Bolgan
for her assistance with the statistical analysis presented
in this article.

References

1. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling - Con-
cepts and clinical implications: a consensus paper from an
international forum on cardiac remodeling. J Am Coll Car-
diol 2000; 35: 569-82.

2. Lee TH, Hamilton MA, Stevenson LW, et al. Impact of left
ventricular cavity size on survival in advanced heart failure.
Am J Cardiol 1993; 72: 672-6.

3. Gibson DG, Chamberlain DA, Coltart DJ, Mercer J. Effect
of changes in ventricular activation on cardiac haemody-
namics in man: comparison of right ventricular, left ventric-
ular, and simultaneous pacing of both ventricles. Br Heart J
1971; 33: 379-400.

4. Leclercq C, Cazeau S, Le Breton H, et al. Acute hemody-
namic effects of biventricular DDD pacing in patients with
end-stage heart failure. J Am Coll Cardiol 1998; 32: 1825-
31.

5. Auricchio A, Stellbrink C, Block M, et al. Effect of pacing
chamber and atrioventricular delay on acute systolic func-
tion of paced patients with congestive heart failure: the Pac-
ing Therapies for Congestive Heart Failure Study Group.
The Guidant Congestive Heart Failure Research Group.
Circulation 1999; 99: 2993-3001.

6. Auricchio A, Stellebrink C, Sack S, et al, for the Pacing
Therapies in Congestive Heart Failure (PATH-CHF) Study
Group. Long-term clinical effect of hemodynamically opti-
mized cardiac resynchronization therapy in patients with
heart failure and ventricular conduction delay. J Am Coll
Cardiol 2002; 12: 2026-33.

7. Cazeau S, Leclercq C, Lavergne T, et al, for the Multisite
Stimulation in Cardiomyopathies (MUSTIC) Study Investi-
gators. Effects of multisite biventricular pacing in patients
with heart failure and intraventricular conduction delay. N
Engl J Med 2001; 344: 873-80.

8. Abraham WT, Fisher WG, Smith AL, et al, for the MIRA-

CLE Study Group. Multicenter InSync Randomized Clini-
cal Evaluation. Cardiac resynchronization in chronic heart
failure. N Engl J Med 2002; 346: 1845-53.

9. Stellbrink C, Breithardt OA, Franke A, et al, for the Pacing
Therapies in Congestive Heart Failure (PATH-CHF) Inves-
tigators; CPI Guidant Congestive Heart Failure Research
Group. Impact of cardiac resynchronization therapy using
hemodynamically optimized pacing on left ventricular re-
modeling in patients with congestive heart failure and ven-
tricular conduction disturbances. J Am Coll Cardiol 2001;
38: 1957-65.

10. Yu CM, Chau E, Sanderson JE, et al. Tissue Doppler
echocardiographic evidence of reverse remodeling and im-
proved synchronicity by simultaneously delaying regional
contraction after biventricular pacing therapy in heart fail-
ure. Circulation 2002; 105: 438-45.

11. Saxon LA, De Marco T, Schafer J, Chatterjee K, Kumar
UN, Foster E, for the VIGOR Congestive Heart Failure In-
vestigators. Effects of long-term biventricular stimulation
for resynchronization on echocardiographic measures of re-
modeling. Circulation 2002; 105: 1304-10.

12. Duncan A, Wait D, Gibson D, Daubert JC, for the Multisite
Stimulation in Cardiomyopathies (MUSTIC) Trial. Left
ventricular remodelling and haemodynamic effects of mul-
tisite biventricular pacing in patients with left ventricular
systolic dysfunction and activation disturbances in sinus
rhythm: sub-study of the MUSTIC (Multisite Stimulation in
Cardiomyopathies) trial. Eur Heart J 2003; 24: 430-41.

13. St John Sutton MG, Plappert T, Abraham WT, et al, for the
Multicenter InSync Randomized Clinical Evaluation (MIRA-
CLE) Study Group. Effect of cardiac resynchronization
therapy on left ventricular size and function in chronic heart
failure. Circulation 2003; 107: 1985-90.

14. Daubert JC, Ritter P, Le Breton H, et al. Permanent left ven-
tricular pacing with transvenous leads inserted into the
coronary veins. Pacing Clin Electrophysiol 1998; 21 (Part
2): 239-45.

15. Cazeau S, Ritter P, Bakdach S, et al. Four chamber pacing
in dilated cardiomyopathy. Pacing Clin Electrophysiol
1994; 17 (Part 2): 1974-9.

16. Kindermann M, Frohlig G, Doerr T, Schieffer H. Optimiz-
ing the AV delay in DDD pacemaker patients with high de-
gree AV block: mitral valve Doppler versus impedance car-
diography. Pacing Clin Electrophysiol 1997; 20 (Part 1):
2453-62.

17. Sahn DJ, DeMaria AN, Kisslo J, Weyman AE. Recommen-
dations regarding quantitation in M-mode echocardiogra-
phy: results of a survey of echocardiographic measure-
ments. Circulation 1978; 58: 1072-83.

18. Schiller NB, Shah PM, Crawford M, et al. Recommenda-
tions for the quantitation of the left ventricle by two-dimen-
sional echocardiography. American Society of Echocardio-
graphy Committee on Standards, Subcommittee on Quanti-
tation of Two-Dimensional Echocardiograms. J Am Soc
Echocardiogr 1989; 2: 358-67.

19. Gupta R, Tang WH, Young JB. Patterns of beta-blocker uti-
lization in patients with chronic heart failure: experience
from a specialized outpatient heart failure clinic. Am Heart
J 2004; 147: 79-83.

20. Garg R, Yusuf S. Overview of randomized trials of an-
giotensin converting-enzyme inhibitors on mortality and
morbidity in patients with heart failure. Collaborative
Group on ACE-Inhibitor Trials. JAMA 1995; 273: 1450-6.

21. Gheorghiade M, Colucci WS, Swedberg K. Beta-blockers
in chronic heart failure. Circulation 2003; 107: 1570-5.

22. Doughty RN, Whalley GA, Gamble G, MacMahon S,
Sharpe N. Left ventricular remodeling with carvedilol in pa-
tients with congestive heart failure due to ischemic heart

C Bonanno et al - CRT-induced reverse remodeling

369



disease. Australia-New Zealand Heart Failure Research
Collaborative Group. J Am Coll Cardiol 1997; 29: 1060-6.

23. Greenberg B, Quinones M, Koilpillai C, et al. Effect of
long-term enalapril on cardiac structure and function in pa-
tients with left ventricular dysfunction. Results of the
SOLVD echocardiography study. Circulation 1995; 91:
2573-81.

24. Wilensky RL, Yudelman P, Cohen AI, et al. Serial electro-
cardiographic changes in idiopathic dilated cardiomyopa-
thy confirmed at necropsy. Am J Cardiol 1988; 62: 276-83.

25. Kerwin WF, Botvinick EH, O’Connell JW, et al. Ventricular
contraction abnormalities in dilated cardiomyopathy: effect
of biventricular pacing to correct interventricular dyssyn-
chrony. J Am Coll Cardiol 2000; 35: 1221-7.

26. Xiao HB, Lee CH, Gibson DG. Effect of left bundle branch

block on diastolic function in dilated cardiomyopathy. Br
Heart J 1991; 66: 443-7.

27. Askenazi J, Alexander JH, Koenigsberg DI, Belic N, Lesch
M. Alteration of left ventricular performance by left bundle
branch block simulated with atrioventricular sequential
pacing. Am J Cardiol 1984; 53: 99-104.

28. Yu CM, Fung WH, Lin H, Zhang Q, Sanderson JE, Lau CP.
Predictors of left ventricular reverse remodeling after car-
diac resynchronization therapy for heart failure secondary
to idiopathic dilated or ischemic cardiomyopathy. Am J
Cardiol 2003; 91: 684-8.

29. Oliva F, Latini R, Politi A, et al. Intermittent 6-month
low-dose dobutamine infusion in severe heart failure:
DICE multicenter trial. Am Heart J 1999; 138 (Part 1):
247-53.

370

Ital Heart J Vol 5 May 2004


