
Volume 2 • Issue 1 • 1000138
J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal 

Research Article Open Access

Jain et al., J Cardiovasc Dis Diagn 2014, 2:1 
DOI: 10.4172/2329-9517.1000138

Research Article Open Access

Keywords: Cardiac resynchronization therapy; Mechanical
dyssynchrony; Low ejection fraction; Narrow QRS at rest

Introduction
Heart failure with systolic impairment is currently treated with 

a combination of medications and implantable devices. One such 
implantable device is the biventricular pacemaker. Biventricular 
pacemakers pace both the right and left ventricles simultaneously 
(as opposed to traditional pacemakers which pace from the right 
ventricle only). This approach is known as cardiac resynchronization 
therapy (CRT) [1,2]. According to current guidelines CRT should be 
considered in patients with New York Heart Association (NYHA) class 
II-IV symptoms, impaired systolic function (left ventricular ejection
fraction <30-35%), and interventricular conduction delay (QRS
duration of >120 msec) [3]. The benefit of CRT has been most clearly
demonstrated for patients with electrical dyssynchrony (i.e. QRS
duration >120 msec), there are, however, a large proportion of patients 
with normal QRS duration yet evidence of mechanical dyssynchrony
(MD) either at rest or upon exertion [4,5]. The utility of CRT in this
population is less well defined.

Methods
Patients were identified as they presented to the Heart Institute 

at Providence Hospital for insertion of an implantable cardioverter 
defibrillator (ICD) for primary prevention of sudden cardiac death over 
a 3 month period. Patients with left ventricular systolic dysfunction 
and ejection fraction (LVEF) <30%, symptoms consistent with New 
York Heart Association class II-IV, and QRS duration <120 msec on 
resting electrocardiogram were included. Written informed consent 
was obtained from all patients. Patients unwilling or unable to give 

informed consent or with contraindications to exercise stress testing 
were excluded. This study was approved by the Investigation Review 
Board of Providence Hospital and Medical Center.

Basic demographics, past medical history, and current medical 
therapies were collected prospectively at the time of enrollment. 
Medical therapy for heart failure was determined by the patient’s 
primary treating physician. At the time of enrollment New York Heart 
Association classification was determined and patients completed the 
Minnesota living with heart failure questionnaire (MLWHFq).

Mechanical dyssynchrony was evaluated with real time 3-dimential 
echocardiography. There are several ways to determine the mechanical 
dyssynchrony. But we chose to tissue Doppler difference in peak systolic 
velocity between two walls, because we felt it is easy to measure, reliable 
and reproducible. The time to peak systolic velocity was measured with 
Tissue Doppler. Mechanical dyssynchrony was defined as a time to 
peak systolic velocity delay greater than 65 msec from the earliest to 
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Abstract
Introduction: Cardiac Resynchronization Therapy (CRT) improves hemodynamics, symptoms, and overall 

mortality in patients with advanced heart failure (HF) and ventricular electrical dyssynchrony (QRS duration >120 
msec). Previous studies have shown that mechanical dyssynchrony (MD) may be present in up to 45% of patients 
with advanced HF and QRS duration <120 ms at rest. We determined whether activity induces MD in patients with 
QRS duration <120 msec. 

Methods: A total of 47 consecutive patients with left ventricular ejection fraction (LVEF) ≤ 30%, New York Heart 
Association (NYHA) class II-IV HF, and a QRS complex <120 ms were evaluated for MD at rest and exercise utilizing 
a modified Bruce protocol and three dimensional echocardiography. Time to peak systolic velocity was measured via 
Tissue Doppler and MD was defined as a time delay of >65 msec from peak systolic activation of the septal wall to 
the lateral wall of the left ventricle. Minnesota living with heart failure questionnaire (MLWHFq), EF and NYHA class 
were assessed to determine risk factors for exercise induced MD. 

Results: Of the 47 patients, MD occurred in 11 patients (23%) at rest and 5 patients (13%) at exercise. The 
mean time to peak systolic velocity in the rest and exercise dyssynchrony groups was 105 ± 32 msec and 124 
± 29 msec respectively, compared with 45 +/- 15 msec in patients not experiencing dyssynchrony. No patients 
experienced electrical dyssynchrony with activity. EF, NYHA class or MLWHF questionnaire were not predictive. 

Conclusion: MD with activity is not uncommon in patients with HF and a narrow QRS. MD should consider 
including patients with exercise induced MD as this population otherwise may go ignored. Additionally, patients with 
pre-existing electrical dyssynchrony who develop MD with exercise may benefit from optimization of their device 
settings to meet the potential hemodynamic challenge rendered by increased physical activity and heart rate.
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the latest ventricular wall segment (typically the septal wall and lateral 
wall of the left ventricle) activation using a standard 12-segment model. 

All patients underwent assessment of mechanical dyssynchrony 
at rest and with exercise. Exercise evaluation was performed using a 
standard treadmill exercise stress test with a modified Bruce protocol. 
The patients walked on the treadmill on symptom limited modified 
Bruce protocol. The indication for the stoppage of the exercise 
were achievement of the peak heart rate, fatigue, hypotension, 
significant arrhythmias or anginal chest pain. As per protocol, the 3D 
echocardiogram was obtained as early as possible after completion of 
the exercise portion of the stress test and the patient is able to lie back 
on the table (Within 10 to 15 seconds).

Results
A total of 47 patients completed the study protocol. Of these 47 

patients 20 (43%) had diabetes mellitus, 28 (60%) had documented 
coronary artery disease, 39 (83%) had hypertension, and 13 (28%) had 
chronic kidney disease stage III or worse (glomerular filtration rate <60 
mL/min/1.73 m2). In total 45 (96%) patients were taking an angiotensin 
system inhibitor, 45 (96%) were taking a beta-blocker, 43 (91%) were 
taking an aldosterone antagonist, and 38 (81%) were taking a statin.

Of the 47 patients who completed the study protocol 11 (23%) 
demonstrated MD at rest. Of the remaining 36 patients 5 (13%) 
demonstrated MD with exertion. No patients experience electrical 
dyssynchrony (QRS duration >120 msec). There were no significant 
differences in baseline demographics, MLWHFq score, or NYHA class 
among patients who did and who did not demonstrate MD at rest or 
with exercise. There were no differences in dyssynchrony between 
ischemic vs. non ischemic cardiomyopathy patients (Data not shown). 
The most common reason for stopping the exercise stress test in our 
cohort was reaching peak heart rate and patient fatigue. There were no 
differences noted among the different NYHA class patients. (Data not 
shown)

Of the patients who experienced MD at rest 7 (63%) had NYHA 
class II symptoms, 3 (60%) patients with MD only on exertion had 
NYHA class II symptoms, 20 (64%) patients without MD had NYHA 
class II symptoms, the remaining patients had NYHA class III or IV 
symptoms. The MLWHFq score for patients with MD at rest was 39 
± 5, MD with activity 33 ± 7, and no MD 41 ± 4 (Figure 1) (Tables 1 
and 2).

Discussion
A total of 47 consecutive patients were evaluated for dyssynchrony 

at rest and with exercise. There were 11 (23%) patients that experienced 
dyssynchrony at rest. Among the cohort, 14% (n=5) of patients 
experienced mechanical dyssynchrony with activity. No patients 
experienced electrical dyssynchrony with activity. There were no 
significant differences in demographics, MLWHF questionnaire, and 
NYHA class among patients that experienced mechanical dyssynchrony 
with exercise and those that did not.

Cardiac resynchronization therapy (CRT) improves hemodynamics 
and symptoms in patients with advanced heart failure (HF) and 
myocardial dyssynchrony [6]. The proposed mechanism includes 
both improved pump efficiency and reversal of deleterious myocardial 
remodeling. Results from mechanistic studies, observational 
evaluations, randomized controlled trials and their meta-analyses have 
consistently demonstrated significant improvement in quality of life, 
functional status, exercise capacity, hospitalization, and mortality in 
patients with New York Heart Association (NYHA) class III and IV 
HF and electrical dyssynchrony who are randomized CRT [7]. More 
recently the MADIT-CRT trial demonstrated improvement in all cause 
mortality and progression of heart failure in patients with NYHA 
class I and II, prompting expansion of CRT indications to include 
all patients with heart failure with impaired systolic function and left 
bundle branch block morphology on EKG [8]. 

There is a growing body of evidence demonstrating mechanical 
dyssynchrony in patients with normal QRS duration (<120 msec). The 

47 Prospective 
Patients

3-D Echocardiography 
at Rest

No Dyssynchrony at 
Rest (n=36)

+ Dyssynchrony at 
Rest (n=11)
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Treadmill Exercise
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+ Dyssynchrony 
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Figure 1: Patient Flow Through Study.
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prevalence in patients with NYHA class III or IV symptoms and normal 
QRS duration appears to be around 25-47% [4,9]. There is conflicting 
evidence regarding the benefit of CRT in this patient population 
with several studies suggesting clinical improvement with reversal 
of remodeling and one randomized controlled trial, however, found 
no clinical benefit [10-12]. The NARROW-CRT trial demonstrated 
improvement in heart failure symptoms without change in heart 
failure hospitalization or death in this patient population [13]. But the 
most recent study Cardiac Resynchronization Therapy in Heart Failure 
with a Narrow QRS Complex, which was halted early for futility by 
data and safety monitoring board. It concluded in patients with systolic 
heart failure and QRS duration of less than 130 msec, CRT does not 
reduce the rate of death or hospitalization for heart failure and may 
increase mortality [13]. 

Our current analysis identified an incidence of MD at rest of 
23% (on the low end of previous estimates). Prior studies assessed 
dyssynchrony at rest and thus may miss a subgroup of patients who 
have no dyssynchrony at rest but may develop dyssynchrony with 
activity. In our study group 5 patients (14%) developed MD with 
activity. It is unknown whether or not CRT would be of benefit in 
these patients. This thus identifies a subpopulation requiring further 
study regarding the utility of CRT. Additionally, patients with pre-
existing electrical dyssynchrony who develop MD with exercise may 
benefit from optimization of their device settings to meet the potential 
hemodynamic challenge rendered by increased physical activity and 
heart rate.

A recent case study describes a patient with a narrow QRS complex 
without LV dyssynchrony who experienced an acute exacerbation of 
HF following exercise. Analysis revealed that an increase in heart rate 
induced acceleration-dependent LBBB with severe LV dyssynchrony 
followed by acute HF and hemodynamic collapse. CRT prevented these 
adverse reactions [14,15]. Further research will determine if the optimal 
evaluation for CRT should include testing for LV dyssynchrony not 
only at rest, but also during exercise as to not miss this subgroup of 
patients who may benefit from therapy. 

There are several possible explanations for the exercise induced MD 
causing hemodynamic instability. Firstly it could be that an increase 

in heart rate on the already compromised left ventricle and its cardiac 
output. Secondly exercise induced rate dependent LBBB with severe 
left ventricular dyssynchrony followed by acute decompensation, 
heart failure and hemodynamic collapse (which none of our cohorts 
had). Thirdly, the theoretical possibility of inhomogeneous mechanical 
contractility because of worsening mitral regurgitation with exercise, 
increasing left atrial pressure, thereby more volume into left ventricle, 
increasing left ventricular end diastolic pressure, thus causing exercise 
induced mechanical dyssynchrony. 

Limitations
Prevalence studies only, no information on treatment effect.
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