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Change of heart rate turbulence in coronary artery disease patients and its predictive value
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Abstract: Objective: To explore change of heart rate turbulence (HRT) in patients with coronary artery disease (CAD) and its predictive value. Methods: A total of 58 CAD patients were regard as CAD group. The 50 normal persons with negative CAG were regard as normal control group.

All subjects received 24h dynamic ECG, CAG and echocardiography examination. Left ventricular ejection fraction (LVEF) and HRT indexes were compared between two groups. Results: Compared with normal control group, there was significant rise in turbulence onset [TO, (-1.34±1.09)% vs. (2.32±0.60)%] and significant reduction in turbulence slope [TS, (11.14±2.27) ms/RR vs. (3.44±0.60)ms/RR] in CAD group, P<0.01 both; in CAD group, along with coronary artery lesion aggravated (single-, double-, multi-vessel coronary disease), there was significant rise in TO [(1.35±0.52)% vs. (2.56±0.83)% vs. (3.01±1.62)%] and significant reduction in TS [(6.49±1.79) ms/RR vs. (3.33±1.02) ms/RR vs. (1.66±0.30) ms/RR], the difference was significant in two-two comparison among all groups, P<0.05 or <0.01; compared with CAD without cardiac event group, there was significant rise in TO [(1.68±0.61)% vs. (2.24±0.24)%], and significant reduction in TS [(5.87±1.22) ms/RR vs. (1.65±0.23) ms/RR] and LVEF[(66.18±2.64)% vs. (56.36±3.34)%] in CAD with cardiac event group, P<0.01 all. Conclusion: Weakened HRT phenomenon exists in CAD patients. HRT can be treated as an index evaluating severity of CAD patients’ condition and an effective predicting index for recurrent cardiac events in CAD patients. 
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摘要: 目的: 探讨冠心病（CAD）患者窦性心率震荡(HRT)的变化及其预测价值。方法: 选择58例冠状动脉造影(CAG)证明的CAD患者为CAD组，另50例CAG阴性的正常人为正常对照组。对所有受检者进行24h动态心电图、冠状动脉造影及心脏彩超检查，比较各组左室射血分数（LVEF）、心率变异性指标等参数。结果：与正常对照组比较，CAD组震荡初始（TO）值明显升高[(-1.34±1.09)%比(2.32±0.60)%]，震荡斜率（TS）值明显降低[(11.14±2.27) ms/RR比(3.44±0.60)ms/RR],P均﹤0.01；在CAD组中随冠状动脉病变严重程度加重(单支、双支、多支病变)，TO值显著升高[(1.35±0.52)%比(2.56±0.83)%比(3.01±1.62)%],TS值[(6.49±1.79) ms/RR比(3.33±1.02) ms/RR比(1.66±0.30) ms/RR]显著降低,组间两两比较差异均有统计学意义（P﹤0.05或<0.01）；与无心脏事件CAD组比较，合并心脏事件CAD组TO值[(1.68±0.61)%比(2.24±0.24)%]明显升高、TS[(5.87±1.22) ms/RR比(1.65±0.23) ms/RR]、LVEF[(66.18±2.64)%比(56.36±3.34)%]显著降低（P均<0.01）。结论：CAD患者存在HRT减弱现象， HRT可作为评估CAD患者病情严重程度的指标及预测CAD患者发生再发心脏事件的指标。
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In recent years, morbidity and mortality rates of coronary artery disease (CAD) gradually elevate year by year. How to early recognize high-risk CAD patients always is a focused topic in cardiovascular area. In order to increase survival time and survival rate of CAD patients, clinical researches constantly search for methods and indexes screening CAD high-risk patients，who may  occur sudden death [1,. Now, the most frequently used high-risk predictors include heart rate variance (HRV), left ventricular ejection fraction (LVEF) and R-R cycle of ectopic beat etc., but these indexes are all lack of sensitivity and specificity in predicting CAD high-risk patients. Recently, foreign scholars proposed a new index—heart rate turbulence (HRT), and thought that it’s a new index different from traditional indexes and can be regarded as new index predicting cardiogenic death [1, 2]. HRT is a bidirectional physiological reaction of sinus node to premature ventricular contraction, and a rapid and sensitive reaction of autonomic nerves to endogenous stimulus, which is of important clinical significance for predicting sudden death risk of cardiovascular patients [2, 3]. The most frequently used equipment measuring HRT is dynamic electrocardiograph. HRT index mainly include turbulence onset (TO) and turbulence slope (TS), which possess higher predictive value compared with other traditional indexes [4] and can be used as an independent high-risk predicting index. 

1  Data and methods

1.1 Clinical data

CAD patients were hospitalized in CCU of our hospital from Jan 2013 to Apr 2014, and they possessed objective evidence such as typical clinical manifestations and characteristic dynamic changes of ECG etc. During hospitalization, they received coronary angiography (CAG), 24h dynamic ECG (DCG) and echocardiography. Patients with following diseases were excluded: rheumatic heart disease, connective tissue disease, heart failure, cardiomyopathy, hypertension with target organ damage, malignant tumor, diabetes mellitus, acute infection, surgery and wound etc. A total of 58 CAD cases with age 39~78(66.13±2.51) years were selected (CAG group, including 14 cases with single-vessel disease, 28 cases with double-vessel disease and 16 cases with triple-vessel disease). The 50 normal persons with negative CAG results  were regard as normal control group.

1.2 Measurement method

1.2.1 DCG measurement: All the 108 subjects wore 24h DCG recorder to record their DCG. The recorder was CB series DCG blood pressure recorder produced by Wuxi Zhongjian Keyi (Biox) Co., Ltd. the type was CB-1304-C. (1) Measurement of HRT indexes: It should be made sure that there was single premature ventricular contraction (premature ventricular contraction，PVC) in DCG recording, and 20 sinus rhythms after PVC at least; paired PVC, atrial premature beat, artificial artifact and T wave etc. were excluded. PVC coupling interval is ≤80% and compensatory interval is ≥120%. Each patient had PVC≥10 /24h meeting above standard. Computer analyzing software automatically analyzed all PVC during 24h, and calculated TO and TS. Exclusion standards were as following: basic rhythm was non sinus rhythm, Ⅱ° or complete sinoatrial or atrioventricular block, not PVC, incomplete DCG recording data; (2) HRV: the selected HRV index was standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN). R-R cycle of ectopic beat and SDNN can be automatically calculated via 24h DCG analyzing system. 

1.2.2 CAG measurement: Judging standard was diameter method. Positive was defined as coronary stenosis ≥50%, otherwise it’s negative. Number of diseased coronary artery was defined as number of coronary artery involved to left anterior descending artery (LAD), left circumflex coronary artery (LCX) and right coronary artery (RCA), left main was equal to LAD + LCX.

1.2.3 Measurement of LVEF: VIVID7 color Doppler ultrasonograph produced by American GE Company was used to examine left ventricular end-diastolic diameter and end-systolic diameter (LVEDd, LVESd). Simpson formula was used to calculate left ventricular volume, LVEF = (left ventricular end-diastolic volume – left ventricular end-systolic volume)/ left ventricular end-diastolic volume ×100%. A total of three continuous cardiac cycles were measured and the mean value was taken. 

1.3 Follow-up 

Patients were followed up via clinic service and telephone etc. The endpoint events were recurrent cardiac events, including recurrent myocardial infarction, recurrent angina pectoris, malignant arrhythmia and sudden cardiac death. According to cardiac events occurred or not during follow-up, CAD group was divided into CAD with cardiac event group and CAD without cardiac event group. Among the 58 CAD patients, a total of two cases dropped out, and there were 18 cases with recurrent cardiac events and 38 cases without recurrent cardiac events. 

1.4 Statistical methods

SPSS 13.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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Age TO TS LVEF SDNN Mean value of RR HRV
(years) (%) (ms/RR) %) (ms) interval(ms) index

CAD without cardiac e-

65.36+2. 87 1. 68+0.61 5.87+1.22 66.18+2. 64 142+21. 26 804.27+26.63 26.18+2.99
vent group(n=238)

CAD with cardiac event

66.91+2.32 2.24+0.2455  1.65%0. 23848 56,363, 3448 135+14. 33  858.82+33. 8644 26.18E3. 33
group(n=18)

t 2.01 3.75 14. 49 11.92 1. 26 6. 55 0

P 0.051 0. 001 0. 001 0.001 0.212 0. 001 1

LVEF.; Left ventricular ejection fraction, SDNN; Standard deviation of normal to normal RR intervals calculated over the 24 h period, HRV:

Heart rate variance. Compared with no cardiac event group A/AP<C0. 01.



), and its comparison between two groups was performed using t test. Comparison among multiple groups was used by analysis of variance, and the two-two comparison between two groups was performed using LSD-t test. P<0.05 was regarded as possessing significant difference. 

2  Results

2.1 Comparison of HRT indexes between CAD group and normal control group

    Compared with normal control group, TO significantly rose and TS significantly reduced in CAD group, P<0.05 both. They were shown in table 1. 
Table 1 Comparison of HRT indexes between CAD group and normal control group  

	Group 
	Cases 
	TO (%)
	TS (ms/RR)

	CAD group
	58
	2.32±0.60△△
	3.44±0.60△△

	Normal control group
	50
	-1.34±1.09
	11.14±2.27

	t
	
	22.01
	24.86

	P
	
	0.001
	0.001


HRT: Heart rate turbulence, CAD: Coronary artery disease, TO: Turbulence onset, TS: Turbulence slope. Similarly hereinafter. Compared with Normal control group, △△P<0.01.
2.2 Comparison of HRT indexes among groups with different number of diseased coronary vessels    

In CAD group, along with coronary artery lesion aggravated (single-, double-, multi-vessel coronary disease), there was significant rise in TO (single- < double- <multi-vessel coronary disease) and significant reduction in TS (single- > double- >multi-vessel coronary disease), the difference was significant in two-two comparison among all groups, P<0.05 or <0.01. They were shown in table 2. 

Table 2 Comparison of HRT indexes among patients with different degree of coronary stenosis in CAD group 

	Group 
	Cases 
	TO(%)
	TS (ms/RR)

	Single vessel disease
	14
	1.35±0.52
	6.49±1.79

	Double-vessel disease
	28
	2.56±0.83△△
	3.33±1.02△△

	Triple-vessel disease
	16
	3.01±1.62△△▲
	1.66±0.30△△▲▲

	F
	
	9.89
	69.29

	P
	
	0.002
	0.001

	t1/P1
	
	4.97/0.001
	7.31/0.001

	t2/P2
	
	3.67/0.001
	10.65/0.001

	t3/P3
	
	1.22/0.028
	6.36/0.001


Compared with singe vessel disease group, △△P﹤0.01; compared with double-vessel disease group, ▲P﹤0.05, ▲▲P<0.01. t1/P1: Comparison between single- and double-vessel disease group, t2/P2 : Comparison between single- and triple-vessel disease group, t3/P3 : Comparison between double- and triple-vessel disease group. 

2.3 Comparison of indexes between CAD with cardiac event group and CAD without cardiac event group 

Compared with CAD without cardiac event group, TO and mean value of RR interval significantly rose, TS and LVEF significantly reduced in CAD with cardiac event group, P<0.05 all; but there were no significant difference in age, SDNN and HRV index between two groups. They were shown in table 3. 
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3  Discussion

Recent researches indicated that a single PVC not only had accelerating effect on sinus heart rate, but also presented as multi-effects of acceleration and deceleration. After a single PVC, sinus heart rate accelerates at first, then sinus heart rate deceleration (biphasic flucturation-style) change occurs, this is called heart rate turbulence (HRT) [5]. Through analyzing ECG rhythm change caused by a weak endogenous stimulus---single PVC, HRT can be used to judge the integrity and stability of in vivo autonomic nervous system function in subjects. Occurrence mechanism of HRT is still not complete clear now. There are two main theories now, namely baroreflex theory and sinoatrial node artery traction theory. 

The present study analyzed data of 58 CAD patients and 50 normal persons, indicated that compared with normal control group, TO significantly rose and TS significantly reduced in CAD group, P<0.01 both, suggesting that HRT weakened in CAD patients.  

According to CAG results, CAD patients were divided into single-, double- and triple-vessel disease group. Compared with single-vessel disease group, TO significantly rose and TS significantly reduced in double- and triple-vessel disease groups, P<0.05 or 0.01, indicating that HRT were worse along with lesion severity aggravated, suggested that HRT was related to severity of CAD patients’ condition, TO and TS can predict autonomic nervous damage and its severity in CAD patients.

If CAD patients complicated with recurrent cardiac events, such as recurrent myocardial infarction, recurrent angina pectoris, malignant arrhythmia and sudden cardiac death etc., they can make coronary perfusion volume further decrease, myocardial necrosis area further expand, and patients’ prognosis would be worse. The present study indicated that compared with CAD without cardiac event group, TO significantly rose, TS and LVEF significantly reduced in CAD with cardiac event group, P<0.05 all; indicating that HRT can be regarded as one of indexes evaluating severity of CAD patients’ condition.

The sample volume in present study was relatively small and follow-up period was also shorter, so can’t fully reflect the whole process of CAD development; these need further study in the future. 
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