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Study of sinus heart rate turbulence for hypertensive patients with different level of blood pressure
Cai Yan, LI Dong-ye, Yuan Xiao-jing
Department of Heart Function, Central Hospital of Xuzhou City, Xuzhou, Jiangsu, 221009, China
Abstract: Objective: To observe the relationship among blood pressure, left ventricular hypertrophy (LVH) and sinus heart rate turbulence (HRT) in patients with essential hypertension (EH) and its clinical significance. Methods: A total of 125 EH patients received 24h ambulatory blood pressure monitoring, dynamic electrocardiogram and echocardiography examination in order to measure 24h mean blood pressure, turbulence onset (TO), turbulence slope (TS) and left ventricular mass index (LVMI). According to 24h mean blood pressure, patients were divided into hypertension stage 1 group (n=46), stage 2 group (n=41) and stage 3 group (n=38); according to LVMI, patients were divided into non- LVH group (n=74) and LVH group (n=51). TO and TS were compared among all groups. Results: TO: Compared with hypertension stage 1 and stage 2 group, there was significant increase in TO [(-2.48±1.75) % vs. (-1.86±1.19) % vs. (-0.87±1.14) %] in hypertension stage 3 group, and that of stage 2 group was significantly higher than that of stage 1 group（P<0.05～<0.01）; compared with non- LVH group, there was significant increase in TO [(-0.15±0.45) % vs. (1.08±1.19) %] in LVH group, P<0.01. TS: compared with hypertension stage 1 and stage 2 group, there was significant decrease in TS [(3.76±1.87) ms/RR interval vs. (2.33±1.48) ms/RR interval vs. (1.55±1.06) ms/RR interval] in hypertension stage 3 group, and that of stage 2 group was significantly lower than that of stage 1 group （P<0.05～<0.01）; compared with non- LVH group, there was significant decrease in TS [(4.76±1.75) ms/RR interval vs. (3.02±1.08) ms/RR interval] in LVH group, P<0.01. Conclusion: The higher the blood pressure is, the more abnormality the heart rate turbulence is; the heart rate turbulence abnormality of patients complicated with LVH is more severe than that of non- LVH patients in patients with essential hypertension, so heart rate turbulence is help to judge prognosis and guide treatment.
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摘要: 目的：观察原发性高血压患者血压水平及左室肥厚与窦性心率震荡（HRT）的关系及临床意义。 方法： 125例原发性高血压患者行24h动态血压、动态心电图及心脏彩超检查，测得24h平均血压、震荡初始（TO）、震荡斜率（TS）及左室质量指数（LVMI）。根据结果患者被分为血压1、2、3级三组（46例、41例、38例）和无左室肥厚（74例）、左室肥厚（51例）两亚组，比较各组患者的TO和TS值。 结果：TO值：高血压3级组TO值显著大于高血压2级及1级组[(-0.87±1.14) %比(-1.86±1.19) %比(-2.48±1.75) %]，且高血压2级组显著大于高血压1级组（P<0.05～<0.01）；左室肥厚组较无左室肥厚组TO值[(1.08±1.19) %比(-0.15±0.45) %]显著增大，差异有统计学意义（P<0.01）。TS值：高血压3级组TS值显著小于高血压2级及1级组[(1.55±1.06) ms/RR间期比(2.33±1.48) ms/RR间期比(3.76±1.87) ms/RR间期]，且高血压2级组显著小于高血压1级组（P<0.05～<0.01）；左室肥厚组较无左室肥厚组TS值[(3.02±1.08) ms/RR间期比(4.76±1.75) ms/RR间期]显著减小，差异有统计学意义（P<0.01）。 结论：原发性高血压患者血压越高，心率震荡异常越显著，合并左室肥厚者较无左室肥厚者心率震荡异常显著；心率震荡有助于判断预后，指导治疗。
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    Essential hypertension (EH) often causes a series of complications, such as myocardial hypertrophy and cardiovascular autonomic nervous disease. Sinus heart rate turbulence (HRT) is a bilateral physiological reaction of sinus node to premature ventricular contraction (PVC), and sensitive response of autonomic nerves to endogenous stimulus. In recent years, many researches proved that HRT is an independent index for predicting prognosis of cardiovascular diseases, such as myocardial infarction and heart failure etc [1-2]. The present study aimed at observing the relationship among blood pressure level, left ventricular hypertrophy (LVH) and HRT in EH patients, and further determined cardiac autonomic nervous injury condition in patients with hypertension of different severity. 

1  Subjects and methods

1.1  Subjects

    A total of 125 EH patients received treatment in our hospital from 2010 to 2012 were enrolled. All patients were accorded with diagnostic standard for hypertension in treatment guidelines of hypertension formulated by WHO/hypertension federation in 2004[3]. Exclusion standards were as follow: secondary hypertension, coronary heart disease, valvular heart disease, cardiomyopathy, and non sinus rhythm patients: atrial fibrillation, atrial flutter, atrioventricular block; no PVC and patients without complete recording data of dynamic electrocardiogram (DCG). There were 68 males and 57 females with age 34~78 (54.8±17.2) years. All patients didn’t take any drugs affecting autonomic nerves and heart rhythm within two weeks. 
1.2  Methods

(1) Ambulatory blood pressure monitoring: American SUNTUCH ambulatory blood pressure monitor was used. Recording time was 24h; blood pressure was measured every half hour in daytime (6:00~22:00), every one hour at night (22:00~6:00), and effective rate of measurement was all >95%. According to 24h mean blood pressure, patients were divided into stage 1 group (n=46, 140~159/90~99mmHg), stage 2 group (n=41, 160~179/100~109 mmHg) and stage 3 group (n=38, ≥180/110mmHg);(2) Echocardiography: Philips IE33 color Doppler ultrasonic diagnostic equipment was used to monitor the heart, measure interventricular septal thickness (IVST), left ventricular end-diastolic dimension (LVEDd) and left ventricular posterior wall thickness (LVPWT), and calculate left ventricular mass (LVM) and left ventricular mass index (LVMI). According to the criteria passed in ultrasound diagnosis special topic conference of Chinese medical association in 1983 and combined with other reference: male LVMI>125 g/m2, female LVMI>120 g/m2 and/or IVST>12 mm were regard as the standard for LVH [4], so patients were divided into non LVH group (n=74) and LVH group (n=51); (3) 24h dynamic electrocardiography: American Mortara DCG analyzing system was used to record, replay and analyze. Artefact and inference were removed through man-machine dialogue. PVC meeting the conditions (two pulses before PVC and 20 pulses after PVC were all sinus rhythm) were detected automatically by the analyzing system, and turbulence onset (TO) and turbulence slope (TS) were calculated [5]. TO was presented as mean RR interval of first two sinus QRS after PVC compensatory interval minus mean RR interval of first two sinus QRS before PVC, then their difference was divided by the latter. Neutral value of TO was 0, >0 means sinus heart rate deceleration in initial phase after one PVC, <0 means sinus heart rate acceleration in initial phase after one PVC. The first 20 RR intervals of sinus heart rhythm after PVC were measured, RR interval was regard as ordinate and serial number of RR interval was regard as abscissa to draw scattergram of RR interval. Then any five successive RR intervals of sinus QRS were used to calculate and make line of regression, the maximum forward direction slope among them was regard as TS. Neutral value of TS was 2.5 ms/RR interval, >2.5 ms/RR interval was regard as sinus heart rate deceleration and < 2.5 ms/RR interval was regard as no deceleration. 

1.3  Statistical method
SPSS 10.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), its comparison was performed using t test. P<0.05 was regard as possessing statistical significance. 
2  Results

2.1  Comparison of TO and TS among different hypertension stage groups  

    Compared with hypertension stage 1 and stage 2 group, there was significant increase in TO and significant decrease in TS in hypertension stage 3 group, and TO of stage 2 group was significantly higher than that of stage 1 group, TS of stage 2 group was significantly lower than that of stage 1 group, P<0.05~0.01. They were shown in table 1. 

Table 1  Comparison of TO and TS among three groups of different hypertension stage (
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	Group 
	Cases 
	TO (%)
	TS (ms/RR interval)

	Hypertension stage 1 group
	46
	-2.48±1.75
	3.76±1.87

	Hypertension stage 2 group 
	41
	-1.86±1.19△
	2.33±1.48△

	Hypertension stage 3 group
	38
	-0.87±1.14△△▲▲
	1.55±1.06△△▲▲

	t 1
	2.156
	2.213

	P 1 
	0.037
	0.042

	t 2
	5.213
	4.780

	P2 
	0.000
	0.000

	t 3
	3.056
	2.178

	P3 
	0.004
	0.007


TO: Turbulence onset, TS: Turbulence slope. Similarly hereinafter. Compared with stage 1 group, △ P<0.05, △△P<0.01, compared with stage 2 group, ▲ P<0.05, ▲▲P<0.01. (1, 2): t1, P1:  Comparison between hypertension stage 1 and stage 2 group, t2, P2: Comparison between hypertension stage 1 and stage 3 group, , t3, P3: Comparison between stage 2 and stage 3 group

2.2  Comparison of TO and TS between non LVH group and LVH group

Compared with non LVH group, there was significant increase in TO and significant decrease in TS in LVH group, P<0.05 both. They were shown in table 2.

Table 2  Comparison of TO and TS between non LVH group and LVH group (
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	Group 
	Cases 
	TO (%)
	TS (ms/RR interval)

	LVH group
	51
	1.08±1.19 △△
	3.02±1.08 △△

	non LVH group
	74
	-0.15±0.45
	4.76±1.75

	t 
	4.327
	3.433

	P
	0.000
	0.002


LVH: Left ventricular hypertrophy. Compared with non LVH group △△ P<0.01.
3  Discussion

    HRT is a phenomenon that heart rate accelerates at first, then decelerates after a PVC, which possesses typical features of biphasic fluctuation changes [6], is a two-way regulation reaction of electrocardio-rhythm motivated by a PVC and one of standards for judging the integrity and stability of autonomic nervous function in patients [7]. It’s free from influence of physiological reflex caused by external environment and stimulus in vitro and possesses better specificity [5]. HRT is mainly showed by TO and TS, whose normal existence indicates the integrity of autonomic nervous system, especially anti-arrhythmia protection mechanism of vagus nerves; their decrease or loss mean that this cardiac protection mechanism is impaired. There are certain inner connection between impaired balance of autonomic nervous tension and sudden cardiac death, and PVC itself is an arrhythmia, can increase risk of sudden death, which may be the pathophysiological basis of HRT for predicting the prognosis of organic heart disease [8]. 

HRT as an ECG index reflecting cardiac autonomic nervous function, its development mechanism is still not completely clear [9]. Now it’s thought that including those mechanisms such as sinus node shacking coupling effect, baroreflex effect etc, and most researches thought that baroreflex was the important mechanisms for HRT occurrence [10], namely anticipation PVC caused decrease of cardiac output, then artery blood pressure temporarily decreased, leading to mechanic stretch change of arterial wall, baroreceptors such as sinus caroticus and arch of aorta released impulse to medulla, increased sympathetic excitability and decreased vagus excitability, and heart rate increased, then increased cardiac output in complete compensatory period, so again led to vagus activity enhancement via above baroreflex arch, leading to decrease of sinus heart rate. 

Long-term elevated blood pressure can lead to ventricular myocardial hypertrophy and arterial vascular wall thickening, and damage, deformation of receptor distal end, afferent tonic impulse of sympathetic and vagus developing abnormality , baroreflex slowness, imbalance between sympathetic and vagus function, leading to HRT weakens or disappears. Results of the present study also indicated that the higher blood pressure was, the higher TO was and the lower TS was, the more significant HRT weakened, the more significant autonomic nervous function injury was; compared with normal left ventricle group, HRT significantly weakened in LVH group. Long-term hypertension also causes arteriosclerosis, leading to target organ such as cardio- and cerebrovascular system damage, namely before target organ damage occurs, autonomic nervous dysfunction has usually occurred [11]. Therefore, when treating hypertension in clinic, should be paid attention to cardiac autonomic nervous state improvement besides lower blood pressure, and guide medication intervention via early detection of HRT, and correct imbalance between sympathetic and vagus nerves, so  contributing to control blood pressure [12]. It may possess certain value for relieving target organ damage and improving prognosis of patients with hypertension. It still needs further large scale and long-term study on its predictive value for EH patients complicated with LVH
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