Role of TDI in the assessment of cardiac resynchronization therapy
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Heart failure is a disease with high morbidity and mortality. It is also the commonest cause of medical ward admission in developed countries.  The incidence of heart failure has been increasing world-wide in the past two decades.  Studies observed that at least a quarter of patients with heart failure had evidence of electromechanical delay, commonly in the form of left bundle branch block or intraventricular conduction delay on surface electrocardiogram.  This condition results in asynchronous contraction, mitral regurgitation and was associated with a poor prognosis.  Cardiac resynchronization therapy has a potential role in these patients. 

Pacing for heart failure began with trials of dual chamber implantation in a small number of subjects with controversial results.  Electromechanical delay in the left ventricle was found to be a prominent feature in these patients, and hence the development of left ventricular pacing.  Initial trials implanted the left ventricular lead via epicardial route by a major surgery.  Subsequently the lead was implanted through the coronary sinus into the lateral or posterolateral cardiac vein.  Initial non-randomized, and subsequently multicenter clinical trials, consistently found the following benefits after biventricular pacing: improvement of symptoms and exercise capacity (6-minute hall walk distance), gain in ejection fraction as well as improvement of quality of life.  In addition, we have demonstrated that biventricular pacing increases diastolic filling time, reduces pre-systolic time, reduces mitral regurgitation, resolve pulsus alternans and decreases left ventricular volume (reverse remodeling).1  Recently our work also objectively demonstrated the mechanisms of benefit of cardiac resynchronization therapy, which include the regulation of regional wall contraction within the left ventricle so as to improve intraventricular synchronicity, as evident by tissue Doppler imaging (TDI).1  The interventicular synchronicity will also be improved after CRT.  Current recommendations for cardiac resynchronization therapy are patients with New York Heart Association class III / IV heart failure with widening of QRS in electrocardiography (>130ms) who remain symptomatic despite optimal anti-heart failure medications.  Lastly, the improvement of mortality and heart failure hospitalization by CRT was confirmed by a recent metaanalysis and the COMPANISON study.  The lecture will particularly focus on the role of echocardiography in patients received cardiac resynchronization therapy.  

There are key issue on CRT which need to be further addressed, this include how echocardiography will be used to increase the predictive value of responders of CRT and whether echocardiographic assessment of systolic asynchrony will be a better guidance for considering CRT than ECG, which include those with less wide and even narrow QRS complexes.  Our published data confirmed that echocardiographic assessment of systolic asynchrony is highly sensitive and specific for predicting volumetric responders of CRT, in particular the use of TDI.2  This is far better than the measurement of QRS complex duration in ECG to predict responders.  Based on TDI analysis of regional wall motion of the heart, we also explained the fact that biventricular pacing is superior to RV pacing as the latter will worsen systolic asynchrony by further delaying LV lateral wall contraction.3  The concept of considering CRT for patients with narrow QRS complexes budded out from the observation that systolic mechanical asynchrony is prevalent in patients with heart failure who had normal QRS complex duration, i.e. even without electrical delay.4  This implicates the potential beneficial role of CRT for such patients, which is currently the prime focus of clinical research.  Lastly, our unpublished data found that reverse remodeling is also evident in patients with less wide QRS duration (120-150ms).  This group of patients are less responsive than those with wide QRS duration of >150ms as systolic asynchrony is found to be less severe in the former group.  This stressed the importance of echocardiography in direct assessment of mechanical asynchrony in heart failure patients.     

References: 

1. Yu CM, Chau E, Sanderson JE, et al. Tissue Doppler echocardiographic evidence of reverse remodeling and improved synchronicity by simultaneously delaying regional contraction after biventricular pacing therapy in heart failure.  Circulation 2002;105:438-446

2. Yu CM, Fung WH, Lin H, et al.  Predictors of left ventricular reverse remodeling after cardiac resynchronization therapy for heart failure secondary to idiopathic dilated or ischemic cardiomyopathy.  Am J Cardiol. 2003; 91:684-8.

3. Yu CM, Lin H, Fung WH, Zhang Q, Kong SL, Sanderson JE.  Comparison of acute changes in left ventricular volume, systolic and diastolic functions, and intraventricular synchronicity after biventricular and right ventricular pacing for heart failure. Am Heart J. 2003; 145:E18 (full paper in internet). 
4. Yu CM, Lin H, Zhang Q, et al.  High prevalence of left ventricular systolic and diastolic asynchrony in patients with congestive heart failure and normal QRS duration.  Heart 2003; 89:54-60.  
5. Yu CM, Fung JWH, Chan CK, Chan YS, Zhang Q, Lin H, Yip GWK, Kum LCC, Kong SL, Zhang Y, Sanderson JE.  Comparison of efficacy of reverse remodeling and clinical improvement for relatively narrow and wide QRS complexes after cardiac resynchronization therapy for heart failure. J Cardiovas Electrophysio 2004; 15:1058-65.  

6. Yu CM, Fung JWH, Zhang Q, Chan CK, Chan YS, Lin H, Kum LCC, Kong SL, Zhang Y, Sanderson JE.  Tissue Doppler imaging is superior to strain rate imaging and post-systolic shortening on the prediction of reverse remodeling in both ischemic and non-ischemic heart failure after cardiac resynchronization therapy.  Circulation 2004; 110:66-73. 

