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Significant secondary, or ‘functional’, mitral regurgitation (MR) is

seen in 40% to 60% of patients with chronic heart failure (CHF) due

to left ventricular (LV) systolic dysfunction (LVSD) (1,2). Significant

MR decreases effective stroke volume, limits stroke volume adaptation

during exercise and predicts a worse outcome in patients with heart fail-

ure (2,3). MR increases during exercise in patients with systolic heart

failure (4-6), and although the degree of MR at rest is unrelated to that

during exercise (6), the presence of even mild MR at rest is associated

with a lower functional capacity (7,8). The degree of regurgitation at

rest relates directly to the impairment in exercise capacity (9). A signif-

icant increase in MR with exercise can lead to acute pulmonary edema

(10) and confers an adverse prognosis in CHF patients (11,12).

The severity of MR in CHF patients relates to the degree of dys-

synchrony both at rest and during exercise (13), and early reports of

biventricular (BiV) pacing have documented that cardiac resynchro-

nization therapy (CRT) was associated with reductions in MR (14).

Since then, further data have confirmed that univentricular left-sided

(15) and BiV pacing can reduce the degree of MR at rest acutely

(16,17) and chronically (18-20). In ‘responders’ to CRT, the MR

reduces in line with reverse LV remodelling (21) and correlates with

the degree of improved synchronicity when examined by tissue

Doppler imaging (20,21) and papillary muscle strain mapping (22).

There are two reports examining the effects of CRT on MR induced

by peak exercise (23,24), and one demonstrating reductions in MR

and dyssynchrony during heart rate-matched workloads in patients

following CRT (25). We aimed to add to the current literature on MR

in patients with resynchronization therapy. First, we contrasted the

impact of right ventricular (RV), LV and BiV pacing compared with

intrinsic conduction on the measures of MR at rest. Second, we exam-

ined the impact of submaximal exercise on the severity of MR during

the different pacing and conduction modes. The choice of a submaxi-

mal target allowed an equivalent workload to be maintained during

all measurement periods. Finally, we explored the impact of different

conduction and pacing modes, as well as exercise on measures of

CLINICAL STUDIES

©2008 Pulsus Group Inc. All rights reserved

KK Witte, Z Sasson, JA Persaud, R Jolliffe, RW Wald, JD Parker.
Biventricular pacing: Impact on exercise-induced increases in
mitral insufficiency in patients with chronic heart failure. Can J
Cardiol 2008;24(5):379-384.

INTRODUCTION: Mitral regurgitation (MR) in chronic heart failure

(CHF) patients frequently worsens with exercise. Cardiac resynchroniza-

tion therapy (CRT) reduces MR at rest, but its effects on exercise-induced

worsening of MR are incompletely explored. The present study examined

the influence of CRT on MR during submaximal exercise in CHF patients.

METHODS: Eleven patients with CHF who were treated with CRT

underwent echocardiography while performing steady-state exercise dur-

ing four conduction modes (intrinsic rhythm, right ventricular [RV],

biventricular [BiV] and left ventricular [LV] pacing). Measurements of MR

were jet area planimetry, effective regurgitant orifice area, peak MR flow

rate and regurgitant volume.

RESULTS: At rest and during exercise, there were no differences in dys-

synchrony between intrinsic rhythm and RV pacing. BiV and LV pacing

reduced dyssynchrony at rest and during exercise compared with intrinsic

conduction and RV pacing, and there were no differences in the magnitude

of these effects between these two pacing modes. At rest, RV pacing

increased MR compared with intrinsic conduction (MR regurgitant volume;

P<0.05), whereas BiV and LV pacing reduced MR (reductions in effective

regurgitant orifice area and jet area; P<0.02, and MR flow rate; P<0.05 with

BiV pacing from intrinsic conduction). MR significantly increased on exer-

cise with intrinsic rhythm and RV pacing, whereas with LV and BiV pacing,

there were no significant exercise-induced increases in any MR variable.

There were relationships between changes in measures of dyssynchrony and

reductions in MR at rest and during exercise.

CONCLUSIONS: CRT reduces MR at rest and during exercise, and pre-

vents exercise-induced MR. Reductions in MR during exercise correlate

with improvements in dyssynchrony.

Key Words: Cardiac resynchronization therapy; Heart failure; Mitral

regurgitation

Stimulation biventriculaire : Impact sur
l’exacerbation de l’insuffisance mitrale à l’effort
chez des patients atteints d’insuffisance cardiaque
chronique

INTRODUCTION : Chez les patients atteints d’insuffisance cardiaque

chronique (ICC), la régurgitation mitrale (RM) s’aggrave souvent à

l’effort. Le traitement par resynchronisation cardiaque (TRC) réduit la

RM au repos, mais ses effets sur l’aggravation de la RM à l’effort restent à

élucider. La présente étude s’est penchée sur l’influence du TRC sur la RM

durant un exercice modéré chez des patients atteints d’ICC.

MÉTHODES : Onze patients atteints d’ICC qui étaient traités par TRC

ont subi une échocardiographie d’effort à l’équilibre sous quatre modes de

conduction (rythme intrinsèque, stimulation ventriculaire droite [VD],

biventriculaire [BiV] et ventriculaire gauche [VG]). Les mesures de la RM

ont porté sur la planimétrie du jet passant, l’ouverture effective de

régurgitation mitrale, le flux de RM de pointe et le volume de régurgitation.

RÉSULTATS : Au repos et à l’effort, on n’a noté aucune différence de

dyssynchronie entre le rythme intrinsèque et la stimulation VD. La stimulation

BiV et VG a réduit la dyssynchronie au repos et à l’effort comparativement à la

conduction intrinsèque et la stimulation VD et on n’a observé aucune

différence quant à l’ampleur de ces effets entre les deux modes de stimulation.

Au repos, la stimulation VD a augmenté la RM comparativement à la

conduction intrinsèque (volume régurgitant, P<0,05), tandis que la stimulation

BiV et VG a réduit la RM (réduction de l’ouverture effective de régurgitation

et du jet passant, P<0,02 et du flux de RM, P<0,05 avec stimulation BiV par

rapport à la conduction intrinsèque). La RM a significativement augmenté à

l’effort avec le rythme intrinsèque et la stimulation VD, tandis qu’avec la

stimulation VG et BiV, on n’a noté aucune augmentation significative des

variables de la RM à l’effort. On a noté des liens entre les changements des

mesures de dyssynchronie et les réductions de la RM au repos et à l’effort.

CONCLUSIONS : Le TRC réduit la RM au repos et à l’effort et empêche

la RM induite par l’exercice. Les réductions de la RM durant l’exercice

sont en corrélation avec les améliorations de la dyssynchronie.
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ventricular dyssynchrony, and how changes in these variables relate to

changes in measures of the severity of mitral insufficiency.

PATIENTS AND METHODS
Patients
Patients who had recently undergone implantation of a CRT device

were eligible to participate in the study. All patients had a history of

advanced CHF secondary to systolic LV dysfunction due to ischemic

heart disease and an ejection fraction lower than 35%. All had been in

New York Heart Association class III at the time of implantation.

Patients were in normal sinus rhythm with preserved atrioventricular

conduction, and all had a left bundle branch block intraventricular con-

duction pattern with a QRS duration of greater than 130 ms. In addi-

tion, all patients had significant dyssynchrony on at least two of the

variables described below at the time of implantation, and objective evi-

dence of impairment of exercise capacity on exercise testing with meta-

bolic gas analysis. During the recruitment phase, consecutive patients

were approached at their follow-up appointment. Patients with muscu-

loskeletal disorders limiting exercise capacity (n=1), atrial fibrillation,

those with poor echocardiographic windows (n=1) or those residing in

another province (n=1) were not enrolled. Each patient underwent a

cycle-based peak exercise test to establish peak oxygen consumption and

maximal workload approximately one month following implantation of

their CRT device. At this time, two-dimensional tissue Doppler and

transmitral echocardiography were used to optimize intra-, inter- and

atrioventricular timing at rest, aiming for simultaneous radial and longi-

tudinal contraction and a normalized mitral inflow pattern. Patients

were not selected based on response to CRT. Written, informed consent

was obtained from all subjects. The study was approved by the human

subjects ethics review board of Mount Sinai Hospital, Toronto, Ontario.

Exercise echocardiographic procedures
Image aquisition: Within two months of implantation, patients were

brought to the echocardiography laboratory. Their devices were ran-

domly set to one of four modes: RV, BiV, LV pacing and no pacing

(intrinsic conduction [single-chamber ventricular pacemaking

30 beats/min]). Atrioventricular conduction was set to the same level

for each pacing mode (150 ms). The patient, echocardiographer and

supervising physician were blinded to the pacing mode. Resting

echocardiography was performed as described below (Vivid 7; Vingmed,

Norway), and the images were stored digitally on commercially avail-

able equipment (Echopac PC; Vingmed, Norway). The patient was

then asked to perform exercise in the supine position at 30% of the

peak workload achieved during the postimplantation assessment of

peak oxygen consumption using a commercial supine ergometry system.

This level of exercise was chosen to be lower than the anaerobic thresh-

old of all subjects, allowing it to be maintained for the time required to

achieve steady state (26) and record the images. A percentage of peak

workload was chosen to ensure that the same proportion of peak work

was being performed by all individuals during the test. During exercise,

but after at least 3 min (27), repeat echocardiography was performed.

After acquisition, the patient was allowed to rest for a minimum of

20 min, until basic hemodynamic variables had returned to resting lev-

els, and the pacemaker was reprogrammed to the next mode. This pro-

cedure was repeated until images had been acquired during rest and

steady-state exercise for each of the four modes of pacing. The order of

each of the subsequent pacing modes was also randomized. At the time

of the study, images were coded to ensure blinding of the reporter to

both pacing mode and rest or exercise. They were then analyzed offline.

Blinding was maintained until the end of the recruitment period.

Assessment of MR: In assessing the degree of MR, the recommenda-

tions of the American Society of Echocardiography (28) were used:

• Jet area by planimetry in the four-chamber view.

• The proximal isovelocity surface area (PISA) or flow

convergence. This calculation uses the velocity of the

regurgitant jet and the radius of the hemisphere of increasing

colour flow signal seen proximal to the regurgitant orifice (29).

Maximal effective regurgitant orifice area (EROA) can then be

derived using the equation:

EROA = (6.28r2×Va)/PkVreg,

where Va is the aliasing velocity at the orifice and PkVreg is the

peak velocity of the regurgitant jet on continuous wave Doppler

(30). This allowed recording of the MR flow rate from the PISA

calculation.

• The velocity-time integrals for aortic outflow, mitral inflow, and

the areas of the mitral and aortic valves to calculate LV inflow

and outflow volumes were measured; the difference between the

volumes was used to estimate MR volume (MRV) (31).

Assessment of dyssynchrony: The assessment of dyssynchrony

remains an expanding field. Electrocardiographic variables are not spe-

cific enough to predict either the presence of dyssynchrony or the

response to therapy (32-34). In addition to a left bundle branch block

on electrocardiogram, several methods were used to confirm intraven-

tricular and interventricular dyssynchrony in patients referred for CRT.

• M-mode echocardiography across the parasternal long-axis or

short-axis views identified intraventricular delays. A septal to

posterior wall motion delay of longer than 130 ms is generally

the accepted value for significant radial dyssynchrony (35).

• Tissue Doppler echocardiography of the mitral annulus

examines the longitudinal motion of the base of the heart.

Although the exact degree of lateral annular delay identifying

potential responders varies slightly among published articles,

longitudinal delays of time to peak velocity of systolic motion

that are longer than approximately 65 ms between the septal

and lateral portions of the mitral annulus are thought to

represent significant intraventricular dyssynchrony

(intraventricular delay) (36,37).

• Interventricular dyssynchrony can be measured by comparing

the timing of aortic outflow with that of pulmonary outflow.

This remains the simplest and most reproducible measure of

dyssynchrony, and a delay of longer than 40 ms was a criterion

for recruitment to a major randomized trial in CRT (38).

• In addition to the variables discussed above, tissue Doppler

imaging was used to examine longitudinal interventricular

dyssynchrony by looking at the time to peak velocity of the

systolic motion of the lateral portion of the mitral annulus, and

comparing this with the timing of systolic motion of the tricuspid

annulus in the four-chamber view (interventricular delay).

Other echocardiographic variables: RV systolic pressure at rest and

during exercise was estimated from the systolic transtricuspid pressure

gradient with the use of the modified Bernoulli equation. LV ejection

fraction was assessed using biplane-modified Simpson’s rule.

Statistical analysis
Results are reported as mean ± SE. Using a commercially available sta-

tistics program (Statview; SAS Institute, USA), the different pacing

modalities between subjects and the effects of exercise were compared.

ANOVA was used to examine the changes in MR and dyssynchrony

variables, comparing the three pacing modes against intrinsic conduc-

tion and each other. Multiple comparisons were compensated for using

Fisher’s protected least significant difference correction. Paired t tests

were used to examine changes within a pacing modality at rest and dur-

ing exercise. Simple linear regression was used to explore whether there

were systematic relationships between continuous variables. P<0.05

was considered to be significant.

RESULTS
Table 1 displays the characteristics of patients at baseline. The mean PR

interval was 184±34 ms. There was a small but nonsignificant increase
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in peak oxygen consumption at the one-month exercise test above that

performed preimplantation (10.7±1.6 versus 13.1±1.2; P not signifi-

cant). Two patients had no subjective improvement in symptoms.

The average heart rates at rest and during exercise were

67±1 beats/min and 90±2 beats/min, respectively. Systolic blood pres-

sure was 103±2 mmHg at rest and 123±2 mmHg during exercise.

There were no differences between pacing modes at rest or during

exercise for either of these variables.

Devices and implantation
All patients had LV leads placed transvenously using conventional

percutaneous methods. All but two patients received true bipolar

leads. In those with unipolar leads, the pacing circuit was programmed

to integrated bipolar (LV tip to RV coil).

Reproducibility of echocardiographic variables
Continuous and colour Doppler have previously been used as repro-

ducible methods for assessing MR during cycle exercise (39,40).

Two scans on each individual (one at rest and one during exercise)

were chosen at random to calculate a coefficient of variance for each

important MR variable. The coefficient of variance for jet area was

14% and 20% for the PISA-calculated EROA. MR flow rate and

MRV measurements yielded coefficients of variance of 21% and 26%,

respectively.

Dyssynchrony
Table 2 shows the resting and exercise dyssynchrony and the MR vari-

ables for intrinsic conduction. Tables 3 and 4 show the changes in dys-

synchrony variables from intrinsic conduction with the three pacing

modes at rest and on exercise. At rest, there were no significant differ-

ences in measures of dyssynchrony between intrinsic rhythm and RV

pacing. However, BiV and LV pacing reduced dyssynchrony compared

with both intrinsic conduction and RV pacing (Table 3). There were

no differences between LV pacing and BiV pacing.

During exercise, there were no differences in measures of dyssyn-

chrony between RV pacing and intrinsic rhythm or between LV and BiV

pacing (Table 4), and both LV and BiV pacing were associated with sig-

nificantly less dyssynchrony than intrinsic conduction and RV pacing.

MR
At rest, RV pacing tended to be associated with greater MR (MRV,

EROA and jet area) compared with intrinsic conduction. This

Mitral regurgitation and resynchronization therapy
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TABLE 1
Subject characteristics (n=11)

Characteristic Baseline value

Age (years) 59±2

Days after implantation 45±1

Height (cm) 170±1

Weight (kg) 90±2

Systolic blood pressure (mmHg) 103±2

QRS duration (ms) 172±3

Baseline creatinine (μmol/L) 135±4

Ischemic heart disease (n) 6

Left ventricular ejection fraction (%) 25±7

Peak oxygen consumption (mL/kg/min) 12.1±0.5

VE/VCO2 slope 38.2±1.1

Drugs

Furosemide*, mg 83±8

Angiotensin-converting enzyme inhibitor/ 11

angiotensin II inhibitor (n)

Spironolactone (n) 6

Beta-blocker (n) 11

Values are presented as mean ± SE unless indicated otherwise. *The mean
daily dose at implantation in furosemide equivalent. VE/VCO2 Ratio of venti-
lation to carbon dioxide production

TABLE 2
Echocardiographic characteristics at rest and during
exercise for intrinsic conduction

At rest During exercise P

SPWMD (ms) 217±67 194±78 NS

APD (ms) 58±28 38±24 NS

Longitudinal IV delay (ms) 66±36 44±37 NS

Longitudinal VV delay (ms) 81±51 85±46 NS

RVP (mmHg) 21±7 41±14 <0.005

MR EROA (cm2) 0.17±0.15 0.29±0.17 <0.005

MR flow rate (mL/s) 88±78 149±83 <0.02

MR regurgitant volume (mL) 24±27 45±30 <0.02

MR jet area (cm2) 5.0±4.0 8.6±4.8 <0.05

Values are presented as mean ± SE. APD Aortopulmonary outflow delay;
EROA Effective regurgitant orifice area; IV Intraventricular; MR Mitral regurgi-
tation; NS Not significant; RVP Right ventricular pressure; SPWMD Septal to
posterior wall motion delay; VV Interventricular

TABLE 3
Changes in dyssynchrony and mitral regurgitation (MR)
variables from intrinsic conduction at rest for each pacing
mode

RV pacing LV pacing BiV pacing

SPWMD (ms) –38±23 –145±56* ** –185±27* **

APD (ms) –10.9±9.4 –49.7±13.9* ** –35.8±10.5*

Longitudinal IV delay (ms) –18±12 –50±15 –75±29* **

Longitudinal VV delay (ms) –5±27 –48±25 –74±32

RVP (mmHg) 3.1±1.9 0.7±5.2 0.7±3.6

MR EROA (cm2) 0.003±0.01 –0.05±0.02 –0.09±0.03* **

MR flow rate (mL/s) –0.5±14.5 –27.4±8.9 –45.7±16.7* **

MR regurgitant volume (mL) 5.7±5.2* –5.3±3.7 –13.4±6.2**

MR jet area (cm2) 0.4±0.2 –1.0±0.4 –2.1±1.0* **

Values are presented as mean ± SE. APD Aortopulmonary outflow delay; BiV
Biventricular; EROA Effective regurgitant orifice area; IV Intraventricular; LV
Left ventricular; RV Right ventricular; RVP Right ventricular pressure;
SPWMD Septal to posterior wall motion delay; VV Interventricular. *P<0.05
from intrinsic conduction; **P<0.05 from RV pacing

TABLE 4
Changes in dyssynchrony and mitral regurgitation (MR)
variables from intrinsic conduction during exercise for
each pacing mode

RV pacing LV pacing BiV pacing

SPWMD (ms) –63±38 –220±45* ** –162±45*

Aortiopulmonary outflow –3.4±7.0 –46.0±13.9* ** –43.8±9.5* **

delay (ms)

Longitudinal IV delay (ms) 31±20 –90±23* ** –50±32

Longitudinal VV delay (ms) –22±20 –81±21 –52±24

RVP (mmHg) 2.7±1.9 –7.9±4.0** –7.8±4.5**

MR EROA (cm2) –0.03±0.03 –0.14±0.03* ** –0.13±0.03* **

MR flow rate (mL/s) –9.7±18.6 –64.5±21.3* ** –63.4±14.5* **

MR regurgitant volume (mL) –4.4±5.2 –21.4±5.2* ** –22.0±5.4* **

MR jet area (cm2) –0.3±0.9 –3.8±1.3* ** –3.7±1.1* **

Values are presented as mean ± SE. BiV Biventricular; EROA Effective regur-
gitant orifice area; IV Intraventricular; LV Left ventricular; RV Right ventricular;
RVP Right ventricular pressure; SPWMD Septal to posterior wall motion
delay; VV Interventricular. *P<0.05 from intrinsic conduction; **P<0.05 from
RV pacing
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difference was significant for MRV (Table 3). MR variables tended to

be lower than intrinsic conduction with both BiV and LV pacing, but

the greatest changes were seen with BiV pacing when all measures

except MRV were significantly lower.

Changes in MR induced by exercise were examined (by comparing

exercise with rest) for each of the conduction phases. Intrinsic rhythm

and RV pacing were associated with increases in MR, whereas there were

no significant changes in any of the MR variables during exercise with

LV and BiV pacing (Figure 1 and Table 5).

Measures of changes were not different in the two patients with no

subjective response compared with those who felt improved.

Correlations
Table 6 shows the correlations of changes in dyssynchrony with

changes in MR variables during rest and exercise. At rest, there were

modest but significant relationships between changes in aortopu-

lomonary outflow delay and changes in MR. The change in septal to

posterior wall motion delay also frequently correlated with changes in

MR variables. During exercise, changes in each dyssynchrony variable

(except longitudinal intraventricular delay) were significantly corre-

lated with changes in each of the MR variables.

RV systolic pressure increased significantly during exercise for all

conduction patterns, the greatest change being with RV pacing

(P<0.0001), and correlated directly during exercise with EROA

(r=0.60; P<0.0001) (Figure 2), MR regurgitant volume (r=0.56,

P=0.0004) and jet area (r=0.76; P<0.0001). RV systolic pressure also

correlated directly with changes in dyssynchrony variables during

exercise (r=0.65; P<0.0001, for change in aortopulmonary outflow

delay, and r=0.32; P=0.05 for change in septal to posterior wall motion

delay).

DISCUSSION
Our data demonstrate that LV and BiV pacing reduced MR at rest and

during exercise, and that CRT prevents the increase in MR on exer-

cise seen in patients with LV dysfunction. The present study also

demonstrated that the reductions in MR are systematically related to

the improvements in dyssynchrony indexes induced by CRT both at

rest and during exercise.

MR in CHF
Reducing the degree of MR is seen as an important goal in medical

and surgical therapies for heart failure (41). The increased volume by

the LV seen in patients with MR and LV dysfunction is thought to

contribute to adverse remodelling, leading to further dilation and

worsening of the MR. Patients with significant MR have a higher

symptom class and mortality, and more frequent admissions to hospi-

tal than those with lesser degrees of mitral incompetence (42-44).

Patients who have a large increase in MR during exercise, likely a con-

sequence of ventricular dilation due to increases in both preload and

Witte et al
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TABLE 5
Changes in mitral regurgitation (MR) variables during
exercise from rest for each pacing phase

Intrinsic
conduction RV pacing LV pacing BiV pacing

MR EROA (cm2) 0.13±0.03* 0.08±0.03* 0.06±0.02 0.05±0.02

MR flow rate (mL/s) 69.7±17.2* 45.3±20.5* 35.1±14.0 28.8±9.3

MR regurgitant 24.4±4.8* 15.1±5.0 8.9±2.5 5.6±3.0

volume (mL)

MR jet area (cm2) 4.4±0.6* 3.9±1.1* 1.2±1.0 1.6±0.8

Values are presented as mean ± SE. BiV Biventricular; EROA Effective regur-
gitant orifice area; LV Left ventricular; RV Right ventricular. *P<0.05 from rest

TABLE 6
Correlations between mitral regurgitation (MR) and
dyssynchrony variables at rest and during exercise

ΔΔ Aorto- ΔΔ Longi- ΔΔ  Longi-
pulmonary tudinal tudinal 

ΔΔ SPWMD outflow IV delay VV delay
MR variable (ms) delay (ms) (ms) (ms)

Rest

Δ MR EROA (cm2) 0.40* 0.52* 0.27 0.23

Δ MR flow rate (mL/s) 0.33** 0.38* 0.27 0.23

Δ MR regurgitant volume (mL) 0.32 0.59* 0.52* 0.34*

Δ MR jet area (cm2) 0.42* 0.51* 0.16 0.01

Exercise

Δ MR EROA (cm2) 0.38* 0.45* 0.17 0.31*

Δ MR flow rate (mL/s) 0.36* 0.38* 0.35* 0.31*

Δ MR regurgitant volume (mL) 0.39* 0.40* 0.20 0.49*

Δ MR jet area (cm2) 0.50* 0.41* 0.35* 0.40*

Data are presented as r values. EROA Effective regurgitant orifice area;
IV Intraventricular; SPWMD Septal to posterior wall motion delay;
VV Interventricular. *P<0.05; **P<0.02
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Figure 1) A and B Absolute increases from resting values of mitral valve

regurgitant volume and effective regurgitant orifice area (EROA) during

exercise between pacing modes. BiV Biventricular; LV Left ventricular; RV

Right ventricular. *P<0.05

r=0.60, P<0.0001

r=0.37, P<0.05
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Figure 2) Relationship between mitral valve effective regurgitant orifice

area (EROA) and right ventricular systolic pressure at rest (unfilled circles

and dashed trendline) (r=0.60; P<0.0001) and exercise (filled circles and

solid trendline) (r=0.37; P<0.05)
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afterload, have a higher mortality and morbidity than those with more

limited increases in MR (10,12).

Medical therapies have achieved some success in reducing MR and

preventing the adverse remodelling associated with it. In acute heart

failure with significant MR, dobutamine reduces the regurgitant frac-

tion and improves forward stroke volume (45). Nitroglycerine has also

been shown to reduce MRV and the regurgitant orifice area (46).

Long-term therapy with angiotensin-converting enzyme inhibitors

(47,48) and beta-blockers can reduce the degree of MR at rest and

during moderate exercise (49,50). Nevertheless, there are significant

numbers of patients with heart failure in whom significant MR persists

at rest and during exercise despite maximal medical therapy.

Functional MR in patients with heart failure is thought to be due to

poor mitral valve leaflet coaptation as a consequence of ventricular dila-

tion. However, in patients with LV dysfunction and left bundle branch

block, ventricular dilation is not the only mechanism involved. Intra-

and interventricular dyssynchrony are associated with MR (13) presum-

ably by interfering with the correct timing of coaptation of the mitral

valve leaflets (51). Although there are data suggesting that severe MR is

a predictor of poor response to CRT (52), there are now several studies

demonstrating that CRT acutely (16,17) and over prolonged periods

(18-20,38) improves MR at rest in patients with mechanical dyssyn-

chrony. Strain imaging has recently allowed confirmation that this is, at

least in part, due to improved timing of papillary muscle activation (22).

MR and CRT
The present study is the first blinded study to systematically examine

changes in MR at rest and during steady-state submaximal exercise,

with randomization of the four different conduction patterns

described (intrinsic conduction, RV pacing, LV pacing and BiV pac-

ing). Previous studies have shown reductions with CRT at rest: two

have examined the effects of CRT on MR after peak exercise (23,24)

and one at matched heart rates during exercise, which demonstrated

that although patients exercised more when their CRT devices were

active, they had less MR at peak (25). The present study adds to these

previous data in demonstrating that even at moderate workloads, rep-

resentative of daily activities, CRT almost completely eliminates the

increase in MR observed during both intrinsic conduction and RV

pacing. We have confirmed previous observations made at rest (22) –

that reductions in dyssynchrony relate to reductions in MR. We have

documented that reductions in measures of dyssynchrony are also cor-

related with the reduction in MR observed during exercise and con-

firmed previous observations that even after several months of

therapy, discontinuing biventricular stimulation leads to a worsening

of echocardiographic variables (53). Our data also confirmed previous

suggestions that CRT leads to a reduction in pulmonary artery pressure

during exercise (24), but we were able to suggest that this is related to

changes in MR.

Our study controlled the workload carefully to 30% of a previously

achieved peak to ensure that each patient performed the same work

during each phase. The order of the phases was randomized to reduce

carryover effects, and the analysis of the echocardiographs was

blinded. There were reductions in MR variables at rest and during

exercise with LV and BiV pacing compared with intrinsic conduction

(left bundle branch block) and RV pacing, although the impact of BiV

pacing was greatest. Both LV and BiV pacing prevented the exercise-

induced increases in MR that occurred during intrinsic conduction

and RV pacing.

From our data, it was apparent that the degree of MR related to the

degree of mechanical dyssynchrony, and while improvements of inter-

and intraventricular dyssynchrony with LV or BiV pacing correlated

with reductions in MR during rest, the relationship was most striking

during exercise. The present data also showed that although MR was

related to changes in intraventricular dyssynchrony as assessed by

M-mode echocardiography-measured posterior wall motion delay at

rest and during exercise, the most consistent relationship was between

changes in aortopulmonary delay and MR variables.

Limitations
The present study, although carried out in a double-blinded, random-

ized fashion, and with careful and reproducible data collection, was

performed on a small number of unselected patients. This limits the

applicability of the results obtained.

CONCLUSIONS
Our study demonstrated that in addition to the established benefits of

CRT on LV dyssynchrony, CRT also reduces MR at rest and during

exercise, and eliminates the increase in MR that occurs during exer-

cise. CRT also reduces the rise in pulmonary artery pressure during

exercise. Both of these effects may contribute to the improvements of

symptoms in CRT-treated CHF patients. The degree of MR and its

improvement by LV and BiV pacing is related to the improvement in

intra- and interventricular resynchronization.
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