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Abstract: Objective to evaluate the short-term and long-term effects of cardiac resynchronization therapy in heart failure 

patients. Methods We continuous assessed forty-eight heart failure patients who underwent CRT implantation in our hospital 

from January 2008 to December 2012, evaluate/measure NYHA grade, left ventricular diastolic diameter (LVEDd), left 

ventricular ejection fraction (LVEF) and B-type natriuretic peptides (BNP) before cardiac resynchronization therapy and half 

year, one year, two years after cardiac resynchronization therapy. Results Compared to the results before cardiac 

resynchronization, half year, one year and two years later, NYHA grade, LVEF, LVEDd, BNP improved significantly (P <0.05); 

Compared to the results of half year after cardiac resynchronization therapy, one year and two years later, NYHA grade, LVEF, 

LVEDd, BNP also improved significantly (P<0.05); However, compared the results between one year and two years later after 

cardiac resynchronization therapy, there were no difference as to NYHA grade, LVEF, LVEDd and BNP (P>0.05). Conclusions 

CRT could improve cardiac function in patients with congestive heart failure, however, when we followed up the patients for two 

years, cardiac function did not improve further. 

Keywords: Cardiac Resynchronization Therapy, Cardiac Function, B-Type Natriuretic Peptides 

 

1. Introduction 

Cardiac resynchronization therapy (CRT) was an important 

way for the treatment of heart failure, By “resynchronizing” 

cardiac contraction through restoration of inter-/intra- 

ventricular and atrioventricular dyssynchrony, CRT could 

reduce hospitalization for heart failure and improve survival in 

patients with left ventricular systolic dysfunction and wide 

QRS[1] , These beneficial effects are related to left ventricular 

reverse remodeling and an improvement of left ventricular 

ejection fraction (LVEF) [2], Past studies had demonstrated its 

effectiveness in the treatment of heart failure [3], however, 

many studies had followed the patients for just six months, 

few studies have assessed left ventricular reverse remodeling 

over a very long period of time, Cappola TP et al[4] found 

CRT could promotes reverse remodeling after 6 months, 

Castellant P et al [5]
 
followed patients for 1, 6, and 12 months 

after CRT implantation, found LVEF all increased, but the 

study only compared the LVEF of 1 month, six months, and 12 

months with the LVEF before CRT implantation, there was no 

comparison between 1 month and six months or 1 month and 

12 months after CRT implantation, So we conducted 

continuous follow-up for half year, one year, two years after 

CRT implantation, besides compared the LVEF between 

pre-CRT implantation and post-CRT implantation, we also 

compared the LVEF between each visit post-CRT 

implantation, aim to reveal whether cardiac function could 

continuously improved after CRT implantation. 

2. Methods 

2.1. Study Population 

This was a single-center observational study. We 

continually enrolled 48 heart failure patients who underwent 
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CRT implantation in our center from January 2008 to 

December 2012, all patients met the following inclusion 

criteria：Dilated cardiomyopathy or ischemic cardiomyopathy, 

New York Heart Association (NYHA) functional class III or 

IV, left ventricular diastolic diameter (LVEDd) ≥ 55mm, left 

ventricular ejection fraction (LVEF) ≤ 35%, in sinus rhythm, 

QRS ≥ 120ms. All patients received optimal medical therapy 

before CRT device implantation. The following patients were 

excluded: 1) patients older than 75 years, 2) patients with 

atrial fibrillation, 3) serum creatinine > 265umol/l. 

2.2. Echocardiography 

The echocardiographic analyses were performed using a 

GE Vivid 7 system. M-ultrasound and two-dimensional 

ultrasound were performed, LVEF was calculated from the 

conventional apical 2- and 4-chamber images, using the 

modified biplane Simpson’s method, and the LV end-diastolic 

diameter was measured perpendicular to long axis of the LV at 

the level of the MV leaflet tips [6-7] 

2.3. B-Type Natriuretic Peptides Measurements 

Samples of EDTA-anticoagulated venous blood were 

obtained before CRT implantation, half year, one year, two 

years after CRT implantation, The BNP concentrations in 

plasma were determined using a 2-step microparticle enzyme 

immunoassay on an Abbott Ax Sym analyzer. 

2.4. CRT Implantation 

All leads were placed transvenously via the subclavian using 

fluoroscopy. The right ventricular lead was positioned in the apex, 

The right atrial lead was positioned in the appendage, 

Transvenous left ventricular lead positioning was guided by 

coronary sinus venogram, preferring a lateral or posterolateral 

vein as implantation site, depending on the ability to cannulate 

the veins, acquired acceptable pacing parameters, without 

diaphragmatic stimulation [8]. then we fixed the leads, connected 

the pulse generator (the Insync of Medtronic Company and 

Epic+HF and Frontier of St Jude Company), put the pulse 

generator into the subcutaneous pouch. atrial-ventricular (AV) 

delay and left-right ventricular (VV) delay were optimized using 

echocardiogram within one week after CRT implantation. 

2.5. Follow up 

NYHA class, echocardiographic variables such as LVEDd, 

LVEF, the plasma concentration of BNP were recorded before 

CRT device implantation, and repeated at half year, one year, 

two years after CRT implantation. 

2.6. Statistical Analysis 

All continuous values were expressed as mean ± standard 

deviation (SD). The data between groups were compared by 

impendent t-test, Statistical significance was assumed at a 

value of P< 0.05. All analysis were performed with the SPSS 

13.0 software package. 

3. Results 

3.1. CRT Implantation 

CRT were implanted in all forty-eight patients successfully, 

three patients experienced acute heart failure during surgery, 

after emergency rescue, CRT implantation was completed. In 

all the patients, RA and RV leads were inserted endocardially, 

Left ventricular leads were implanted to the posterolateral 

vein of coronary vein in thirty-five patients, in another thirteen 

patients, left ventricular leads were implanted to the lateral 

vein, Pacing and capturing function test were all well during 

surgery. There were no complication during surgery such as 

cardiac tamponade, diaphragmatic muscle stimulation and so 

on. 

3.2.    Follow up 

We completed two years follow up in forty patients, four 

patients were followed up for one year, two patients were 

followed up only for half years, two patients missed. 

3.3. NYHA Class, Echocardiography Parameters, BNP 

Compared to the parameters before CRT implantation, half 

year, one year, two years after CRT implantation, NYHA class 

all improved, LVEF increased, LVEDd decreased, the plasma 

concentration of BNP deceased (P all <0.05). Compared to the 

parameters after half year of CRT implantation, one year, two 

years after CRT implantation, NYHA class all improved, LVEF 

increased, LVEDd decreased, the plasma concentration of BNP 

deceased (P all <0.05). Compared between the parameters of 

one year and two years after CRT implantation, there were no 

significant difference as to NYHA class, LVEF, LVEDd, and the 

plasma concentration of BNP (P all >0.05). Table 1. 

Table 1. NYHA class, echocardiography parameters, BNP before CRT, half year after CRT, one year after CRT, two years after CRT. 

 pre-CRT half year after CRT one year after CRT two years after CRT 

NYHA 3.6±0.2 3.0±0.2a 2.8±0.3ab 2.9±0.2ab 

LVED (mm) 72.4±8.3 70.3±9.6 a 66.0±11.7ab 66.4±9.9ab 

LVEF (%) 28.6±9.7 33.4±11.8a 38.4±10.9ab 40.4±10.8ab 

BNP (pg/ml) 12630.3±3129.8 6570.7±2320.5a 3877.2±1110.5ab 3573.2±749.5ab 

a P<0.05 compared to pre-CRT; b P<0.05 compared to half year after CRT 

4. Discussion 

The findings in the current study can be summarized as 

follows: 1) CRT could improve cardiac function after six 

months, one year, two years; 2) Compared to six months after 

after CRT implantation, cardiac function could improve 
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continuously in one year and two years; 3) However, cardiac 

function did not continuously improve between one year and 

two years, as NHHA class, LVEF, LVEDd, BNP did not 

improved in two years after CRT implantation when compared 

to one year after CRT implantation. 

Nowadays, congestive heart failure remained difficult to 

handle with medical treatment, morbidity and mortality 

remained high, with the application of angiotensin converting 

enzyme inhibitors, angiotensin receptor antagonist, β-blockers, 

aldosterone receptor antagonist in clinical practice, the 

prognosis of heart failure had improved, however, there still 

some patients remained bad prognosis [9-10]. Often, There 

were dsynchronization between atrial-ventricular, inter 

ventricular, intra-ventricular in heart failure patients, while 

cardiac resynchronization therapy, besides the traditional 

pacing of right atrial and right ventricular, it adds left 

ventricular pacing, `so could restore the synchronization of the 

heart, increase cardiac output. Past studies had demonstrated 

that CRT could improve cardiac function, decreased mortality 

in heart failure patients [11]. St John Sutton M G et al [12]
 

studied 323 patients, 172 patients were randomized to CRT 

group and 151 patients randomized to the control group, after 

6 months, CRT was associated with reduced end-diastolic and 

end-systolic volumes, increased ejection fraction, this study 

just followed up the patients for 6 months. Gaspirini et al [13]
 

have demonstrated in a population of 48 patients with CRT 

that the greatest changes in LVEF and reverse remodeling 

usually occurred within the first 6 months but can continue ≥ 

2 years. In that study, LV end-systolic diameter decreased by 

approximately 35% at 12 months, but continued LV reverse 

remodeling occurred after 12 months allowing the LV 

end-systolic diameter to decrease by ≥ 50% of the initial 

volume. However, they did not compared LVEF and LV 

end-systolic diameter between 6 months, one year and two 

years. Our study conducted continuous follow-up in heart 

failure patients with CRT implantation, We found LVEDd 

decreased significantly after six months, one year and two 

years of CRT implantation, LVEF increased significantly. 

Compared to half year after CRT implantation, one year and 

two years later after CRT implantation, LVEDd decreased and 

LVEF increased further, while compared to one year after CRT 

implantation, left ventricular diameter, LVEF did not 

improved further in two years after CRT implantation, implies 

that CRT could not improve cardiac function continuously. 

Past studies found that, CRT could improve 

neurohormonal environment, reversed cardiac remodeling in 

the long time, which were independent of each cardiac cycle, 

even suddenly turn off CRT, the improvement of heart 

function will last for a certain time. At the same time, CRT 

was the backup support for drugs titrated to the maximum 

dose, especially for beta blockers. researches have found that 

about 50% heart failure patients who can not tolerate drugs 

therapy could tolerate drugs therapy after CRT implantation, 

the dose could be titrated [14]. Muraoka H et al [15] 

reported a HF patient with left bundle branch block due to 

nonischemic cardiomyopathy who received CRT 

implantation, 20 mg/day carvedilol was administered, after 

one year, LVEF improved partially from 7% to18%. HF 

symptom remained unchanged (NYHA class III), then the 

dose of carvedilol was titrated up to 40 mg/day, LVEF 

increased up to 34% along with improvement in the HF 

symptom (NYHA class I).Our studies found CRT along with 

drugs therapy could improve cardiac function, It's worth 

noting that with the time extension after CRT implantation, 

cardiac function did not improved further, the possible 

reason maybe that drugs doses had reached to a target dose. 

BNP and NT-proBNP levels are increased in heart failure, 

and correlate well with ventricular wall stress and severity of 

heart failure. Elevation of these peptides has a well 

established role for prediction of mortality for both acute and 

chronic heart failure situations [16-17]. Bakos Z et al [18]
 

found that BNP levels were significantly reduced in CRT 

responders compared to non-responders, and that the greatest 

reduction was seen in those patients who exhibited both a 

clinical and echocardiographic positive response. In contrast, 

patients with no BNP reduction had a poor prognosis with 

significantly higher mortality and heart failure 

hospitalizations. 

Our study found, BNP decreased significantly after half 

year, one year and two years after CRT implantation, implies 

cardiac function improved. While BNP did not decreased 

compared between one year and two years after CRT 

implantation, implies between one year and two years after 

CRT implantation, cardiac function did not improved, this was 

in accordance with echocardiography. 

Study limitations 

The first limitation of the present study is that this is a single 

center study and the number of patients included is relatively 

small. Secondly, Clinical response was based only in NYHA 

class improvement and did not include functional capacity 

evaluation and quality of life scores, and the definition of LV 

remolding used was limited to change in LV end diastolic 

dimensions, while LV volumes were not available. Thirdly, 

we did not conducted atrioventricular and interventricular 

optimization between one year and two years after CRT 

implantation, this may result in no improvement of cardiac 

function in two years after CRT.  

5. Conclusion 

CRT could improve the short term cardiac function in 

patients with hear failure, as half year after CRT implantation, 

cardiac function improved, and the improvement continued in 

the following one year and two years, as NYHA, LVEF, 

LVEDd, BNP all improved when compared to half year after 

CRT implantation, however, cardiac function did not 

improved continuously between one year and two years, as 

NYHA, LVEF, LVEDd, BNP did not improved compared to 

one year after CRT implantation. The sample size of our study 

was few, there were more challenges as for CRT application in 

clinical practice, large sample studies were needed in the 

future to demonstrated the efficacy of CRT in heart failure 

patients.  
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