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Characteristics of QT interval dynamicity in patients with heart failure

ZHOU Jian-hua, WU Hui-hui, LIU Yan, CHENG Chang-xia

Affiliated Taihe Hospital of Hubei Medicinal College[ 1. Cardiac Function Room：ZHOU Jian-hua，LIU Yan，CHENG Chang-xia； 2. General Surgery：WU Hui-hui]，Shiyan, Hubei, 442000, China

Corresponding author: WU Hui-hui, E-mail: syzhoujh@sina.com
Abstract: Objective: To study the characteristics of QT interval dynamicity in patients with heart failure (HF) and provide reference for predicting risk of sudden death in HF patients. Methods: A total of 80 inpatients with chronic HF from our department of cardiology were selected as HF group, and another 50 healthy volunteers were enrolled as healthy control group. All subjects received 24h ambulatory electrocardiography (ECG), surface ECG and echocardiography examination. Left ventricular ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), QT dispersion (QTd), index for heart rate variability-- standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN) and slope of QT/RR correlated linear were measured. Results: Compared with healthy control group, there were significant increase in LVESV [(34.0±8.3) ml vs. (90.4±15.4) ml], LVEDV [(86.0±32.2) ml vs. (150.3±30.4) ml], QTd [（35.6±8.5）ms vs.（46.6±10.4）ms], slopes of QTe /RR [(0.136±0.021) vs. (0.175±0.023)] and QTp/RR [(0.130±0.026) vs. (0.158± 0.033)], and significant decrease in LVEF [(60.6±8.4) % vs. (38.5±8.8) %], and SDNN [（140.3±53.3）ms vs.（100.4±40.3）ms] in HF group, P<0.01 all.. Conclusions: Instability of ventricular repolarization in patients with heart failure makes their QT/RR slope significantly higher than that of normal subjects.
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摘要: 目的：研究心衰患者QT间期动态性的特点，为预测心衰患者猝死风险提供参考。方法：从我院心内科住院病人选择80例慢性心衰患者（心衰组），并另选择50例健康志愿者（健康对照组），行24h动态心电图、体表心电图及心脏彩超检查，测量其左室射血分数(LVEF)、左心室舒张末期容量(LVEDV)、收缩末期容量(LVESV)、QT间期离散度（QTd）、心率变异性指标: 24h正常RR间期标准差(SDNN)、QT/RR相关直线的斜率。结果：与健康对照组比较，心衰组的LVESV[(34.0±8.3) ml比(90.4±15.4) ml]、LVEDV[(86.0±32.2) ml比(150.3±30.4) ml]、QTd[（35.6±8.5）ms 比（46.6±10.4）ms]、QTe/RR[(0.136±0.021)比(0.175±0.023)]和QTp/ RR[(0.130±0.026)比(0.158±0.033)]斜率显著增大; SDNN[（140.3±53.3）ms 比（100.4±40.3）ms] 和LVEF[(60.6±8.4)%比(38.5±8.8)%]显著降低 (P 均<0.01)。结论：心力衰竭患者心室复极的不稳定性使其QT/RR斜率明显高于正常者。
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Though medication and invasive treatment can improve quality of life in patients with heart failure (HF), the mortality is still high. A research indicated that sudden death may occur in 50% patients with NYHA class Ⅱ-Ⅲ [1]. Along with HF develops, cardiogenic death is almost unavoidable. It’s quite difficult to accurately predict outcomes according to severity of HF symptoms. HF would increase instability of repolarization [2], which may increase risk of malignant ventricular arrhythmias. QT interval is an important ECG index reflecting ventricular repolarization. QT dynamic index is a method quantifying variability of repolarization, which can be used to predict arrhythmias and risk of sudden death [3]. A prospective research assessed the relationship between QT dynamicity and cardiogenic death rate [4], and found that increase of QT dynamicity was related to overall mortality in patients after myocardial infarction with left ventricular ejection fraction (LVEF) 35%~40%. The present study observed changes of 24h QT dynamicity in 80 HF patients, and the results were reported as follow. 

1. Subjects and methods

1.1 Subjects

A total of 80 patients, who were diagnosed as HF (NYHA class Ⅱ-Ⅳ) and admitted in our department of cardiology from Oct 2010 to Oct 2012, were selected as HF group. The diagnostic standard for HF referred to reference [5], and HF was caused by various causes. There were 58 males and 22 females with age 60~86(70.5±13.3) years, course of disease was (70.6±88.2) months, and NYHA cardiac function class was (3.2±0.5) classes. A total of 50 cases took angiotensin converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB), 44 cases took β receptor blockers, 72 cases took digoxin and 80 cases took diuretics. Another 50 healthy volunteers were regard as healthy control group, including 35 males and 15 females with age 24~74(40.4±14.2) years. Exclusion standards were as follow: medical history of sudden cardiac death and anabiosis, patients who had received cardiac surgery and implantation of pacemaker, atrial fibrillation, patients whose over 10% QRS wave cannot be recognized accurately in ambulatory ECG and recording time of ambulatory ECG <1400 min. All patients completed echocardiography, surface ECG and ambulatory ECG examinations within 2d after admission, and their therapeutic plans were not interfered by the present study. 
1.2 Methods

1.2.1 Echocardiography: HP Sonos 5500 type Doppler echocardiographic instrument was used to perform two-dimension echocardiography, and left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV) and left ventricular ejection fraction (LVEF) were measured. In the present study, calculation of left ventricular volume was all performed using calculation method of left ventricular short axis diameter: V =  EQ \F(4,3) π· EQ 

 EQ \F(D,2) 

 EQ · EQ 

 EQ \F(D,2) ·D ≈ D3, D stood for ventricular short axis diameter. 

1.2.2 Surface ECG: Marquette-5000 ECG instrument (American GE Company) was used to record 12-lead simultaneous surface ECG, and QT dispersion (QTd) was measured. 

1.2.3 Ambulatory ECG: Marquette-3000 type ambulatory ECG instrument (American GE Company) was used to record ambulatory ECG. MARS 7.2 software (American GE Company) was used to analyze heart rate variability (HRV) index: standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN), slopes of QTe/RR (QTe was the duration from Q wave start to end-point of T wave) and QTp/RR (QTp was the duration from Q wave start to top of T wave). 
3. Statistical methods

SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), and its comparison was performed using t test. Numeration data was expressed as percentage and its comparison was performed using chi-square test. Correlation analysis between two groups was performed using rectilinear correlation analysis. P<0.05 was regard as possessing significant difference. 

2. Results

2.1 Surface ECG

    In surface ECG, no ventricular tachycardia and ventricular fibrillation were recorded in two groups. In HF group, there were nine cases (11.3%) with complete left bundle branch block, 11 cases (13.8%) with complete right bundle branch block and 20 cases (25%) with left ventricular hypertrophy complicated strain. 

2.2 Comparison of echocardiographic indexes between two groups

Compared with healthy control group, there were significant increase in LVESV and LVEDV, and significant decrease in LVEF in HF group, P<0.01 all. They were shown in table 1. 

Table 1 Comparison of echocardiographic indexes between two groups (
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	Group 
	Cases 
	LVEDV(ml)
	LVESV(ml)
	LVEF (%)

	Healthy control group
	50
	86.0±32.2
	34.0±8.3
	60.6±8.4

	Heart failure group
	80
	150.3±30.4△△
	90.4±15.4△△
	38.5±8.8△△

	t 
	
	11.414
	16.641
	14.171

	P
	
	0.0058
	0.0037
	0.0041


LVEDV: Left ventricular end-diastolic volume, LVESV: Left ventricular end-systolic volume, LVEF: Left ventricular ejection fraction. Compared with healthy control group,△P <0.05, △△P <0.01. Similarly hereinafter. 
2.3 Comparison of QTd indexes of ECG and ambulatory ECG between two groups 
Compared with healthy control group, there was increase in QTd and decrease in SDNN in surface ECG in HF group, P <0.01 both; there were increase in QTe/RR and QTp/RR in HF group (P<0.01 both). They were shown in table 2.  

Table 2 Comparison of indexes of ECG and ambulatory ECG between two groups (
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	Group 
	Cases 
	QTd(ms)
	SDNN（ms）
	QTe/RR slope
	QTp/RR slope

	Healthy control group
	50
	35.6±8.5
	140.3±53.3
	0.136±0.021
	0.130±0.026

	Heart failure group
	80
	46.6±10.4△△
	100.4±40.3△△
	0.175±0.023△△
	0.158±0.033△△

	t
	
	6.478
	3.415
	9.873
	5.382

	P
	
	0.0081
	0.0092
	0.0062
	0.0083


ECG: Electrocardiography, QTd: QT dispersion, SDNN: Standard deviation of normal to normal RR intervals calculated over the 24 h period, QTe/RR slope: Duration from Q wave starting to end-point of T wave, QTp/RR slope: Duration from Q wave starting to top of T wave. 

3. Discussion

QT dynamicity is an important index reflecting ventricular repolarization. In recent years, QT/RR slope started to become a frequently used index assessing dynamicity of ventricular repolarization. Some research observed that increased QT/RR slope reflects increase of cardiogenic death risk in long QT syndrome, dilated cardiomyopathy and/or HF [6]. Lots of researches indicated that QT/RR slope was better than QT, QTc and QTd, and it can reflect abnormal ventricular repolarization more comprehensively. Some research found that QT/RR slope was superior to QTd in predicting risk of non sustained ventricular tachycardia（NSVT）in patients with chronic heart failure [7]. In the present study, QTd and slopes of QTe/RR and QTp/RR of HF group were all significantly higher than those of healthy control group; its cause needs further research. 

Early activation of neurohumor combined sympathetic excitation is the main mechanism developing into HF. In ambulatory ECG, ambulatory repolarization is presented as QT/RR slope. Therefore, change of QT/RR slope reflects change of autonomic nervous system. In the present study, QT/RR slope significantly increased in HF group, suggesting that abnormal ventricular repolarization may exist in HF patients. Heart rate（HR）increase leads to QT interval excessively shorten or HR decrease leads to QT interval excessively prolong indicated that sympathetic tension increase or vagus tension increase respectively can also promote occurrence of ventricular arrhythmias [8]. When HF occurs, abnormal ventricular repolarization is related to prolonged action potential duration (APD) of myocardial cells. Some study compared HF dogs with normal dogs, epicardial myocardial refractory period significantly increased in the former, which can indirectly reflect abnormal myocardial repolarization [9]. 

Many recent researches proved that mortality risk of cardiovascular diseases can be predicted by QT dynamicity. A research indicated that QT/RR slope of patients with dilated cardiomyopathy was significantly higher than that of normal subjects, and suggested that based on LVEF≤35% and non sustained ventricular tachycardia, sudden death rates of QTe/RR≥0.210 and QTp/RR≥0.190 were 77.8% and 70.0% respectively [10]. It’s also observed that repolarization dynamicity index—QT/RR slope abnormally increased in myocardial infarction [11]. A study also observed that QT/RR slope of patients with hypertrophic cardiomyopathy was significantly higher than that of normal control group [12]. Cygankiewicz I et al. followed up and observed 651 HF patients for 44 months and found that QTe/RR slope >0.22 and QTp/RR slope >0.20 were related to overall mortality [8]. Thereby increased QT/RR slope in the present study may indicate increased risk of sudden death in HF patients. QT/RR measurement is simple and noninvasive, which can be regard as a good predictor for sudden death in HF patients and it can further increase predicting efficacy for sudden death and help to improve prognosis in HF patients when combined with LVEF etc. 
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