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Problem: premature ventricular beats



Relevance

 Mortality from MI in the post-infarction period remains quite
high. Also there is a high incidence of sudden coronary death
after MI [Graham R. et al. 2015];

 The new ECG parameter named “heart rate turbulence" (HRT)

was scientifically justified in 1999. It reflects a short-term

decrease in the heart rhythm with its subsequent increase

after the premature ventricular beat (PVB) [Schmidt et al.
1999];

 It was shown that worsening of HRT in patients with postMI
correlates with high CV risk [Ghuran et al. 2002, Bauer et al.

2008]. However, it is still unclear whether HRT reflects the
cardiovascular risk of patients without a history of MI



Relevance

F-inhibitors is a new class of antianginal drugs, 

the only representative of which is ivabradine. 

It is known that ivabradine positively affects 

HRV, reduces ventricular ectopic activity 

[Surovtseva et al., 2012]. The effect of 

ivabradine on HRT remains uninvestigated.



Heart rate turbulence (HRT) - barorexlex mediated short-time variability 

of  R-R interval after VPB [Schmidt et al, 1999]

2 parameters:

Turbulence onset - TO

TO = (RR1 + RR2) - (RR-2 + RR-1) (RR-2 + RR-1) × 100 (%)

RR-2 и RR-1 – interval before VBP RR1 и RR2 - two RR intervals followed after compensatory 
pause

Turbulence slope - TS

Calculation: using regression lines for each 5 RR intervals from 20 following for postVPB interval
(RR, turbulence slope is calculated). 

Maximal positive slope is TS
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HRT classes [Schmidt et al, 1999]

0 class: TO<0%, TS>2,5 msec / RR, both in norm;

1 class: TO>0% or TS<2,5 msec / RR one 

parameter pathological;

2 class:  TO>0%, TS<2,5 msec / RR – both 

parameters pathological



 Improve risk estimation of general and 

cardiovascular mortality in patients with 

ventricular premature beats using HRT,

To study of the impact of  If - inhibitor ivabradine 

in acute pharmacological test on circadian HRT

The aim of the study: 



Design

Patients without VPB (136 with MI, 37 without MI), 

n=173

Patients with VPB and HRT, n=173

Survival analysis in 4-5 years

Survival model

Risk scale of general mortality in patients with HRT

With MI, 

n=137

without 

MI, n=36

II stage: Acute pharmacological test of impact of 

ivabradine on HRT, n=23

I stage: screening of patients with CHD, n=3020 

Risk-scale of cardiovascular risk in patients with HRT

Integration of program in 24h ECG monitoring device «Incard»

Program of survival analysis in patients with CHD based on HRT



Inclusion and Exclusion criteria

Inclusion Exclusion

The established diagnosis of ischemic heart disease in

accordance with the criteria of the RSSC, 2008;

The presence of PVB according to 24 h ECG record

meeting the following requirements:

 RR intervals <2000 and >300 msec,

 PVB with the difference between the preceding

sinus intervals <200 msec,

 PVB with a difference of <20% from average of 5

consecutive sinus intervals,

 PVB with a prematurity index> 20% and a

postectopic interval that is longer than the mean RR

by 20% or more;

Patients at the time of the study received constant

antianginal therapy;

Age <75 years

Absence of exclusion criteria.

An established pacemaker;

Chronic heart failure NYHA III-IV;

Persistent forms of atrial fibrillation and flutter;

AB blockade 2-3 degrees;

Syndrome of sinus node weakness;

Complete blockade of the bundle branch legs;

Heart rate > 80 beats per minute);

Valvular pathology of the heart, cardiomyopathy;

Renal and hepatic insufficiency;

Alcohol abuse, drug addiction, central nervous system

pathology (oncological, metabolic, infectious, mental

and other diseases, brain trauma, depression, epilepsy,

dementia, transient ischemic attack, cerebral circulation

disorder).



24 h ECG monitoring device

«Cardiotechnics-04-8(M)»

HRT analysis program



HRT mortality modeling based on HRT

λ𝑖 𝑡 𝑥𝑖 = λ0 t ∗ e0,51∗𝑇𝑆𝐷+0,012∗𝑎𝑔𝑒.

Where 𝑇𝑆_𝐷 = 
1, если 𝑡𝑠 ≤ 2,5
0, если 𝑡𝑠 > 2,5

, а λ0 t − 𝑏𝑎𝑠𝑒 𝑟𝑖𝑠𝑘 , 𝑎𝑔𝑒 − 𝑎𝑔𝑒 𝑖𝑛 𝑦𝑒𝑎𝑟𝑠.

Several types of regression survival models were considered: Log-linear, Cox proportional 

hazard model, accelerated life model and exponential model.

As a result, the Cox proportional hazards model was the best model describing the 

survival process. We took into account the grouping by the presence / absence of a 

myocardial infarction in the anamnesis.

The model is generally significant: the calculated value of χ ^ 2 is 38.5, which exceeds 

the table value of 7.78, determined for degrees of freedom 4 and significance level 0.1. 



28 patients with HRT for test

Acute pharmacological test with 

f-inhibitor Ivabradine, n=23

Impact of ivabradine of HRT

II stage. Acute pharmacological test – impact of 

drugs on HRT



Population

Parameter VPB and CHD

(n=173)

CHD (n=173) p

Age, years 67,06±0,79 66,32±0,89 0,111

Gender (m/f) 106/67 109/64

Height, sm 169,6±1,8 171,96±1,27 0,084

Weight, kg 84,6±3,0 89,7±3,7 0,061

BMI, кг/м2 29,4±0,89 30,2±1,13 0,072

Coronoragraphy/bypass 23 (13,29%) 25 (78,6%)

Myocardial infarction, men 137 (79,19%) 136 (78,6%)

Arterial hypertension, men 130 (75,14%) 144 (83,2%)

Stroke, men 10 (5,78%) 13(7,5%)

Diabetes mellitus, men. 21 (12,13%) 21(12,1%)

Total cholesterol, Umol/l 4,78±0,08 4,82±0,1 0,107

LV ejection fraction, % 54,0±1,06 54,0±1,0 0,305



5 year mortality, %
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Cardiovascular mortality in both groups by year of 

observation (%).
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General mortality in FU period in patients with VPB

Parameter n, pat. 12

months

24

months

36

months

48

months

60

months

General 173 10 (5,8%) 11 (6,7%) 9 (5,8%) 12(6.9%) 4 (2,9%)

nTS 135 2(1,48%) 6(4,4 %) 8(5.9%) 6(4,4%) 4(3 %)

pTS 38 8(21%) 5(13,1 %) 1(2,6%) 6(15,8%) 1(2,6 %)



Mortality in 5 y in patients with pTS+nTS
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General mortality in pTS in compare with nTS in patients 

with CHD

Survival time p Mortality increase rate

12 months >0,05 -

24 months >0,05 -

36 months 0,000238 ↑11,59 (3,13-42,9)

48 months 0,0019 ↑4,53 (1,75-11,75)

60 months 0,000023 ↑4,994 (2,37-10,51)



Model Cardiovascular 

mortality

Post MI Non MI

N 173 133 40

Risk 1,549 1,67 -

EI 1,058-2,263 1,09-2,54 -

p 0,024 0,018 0,14

Risk and models of cardiovascular mortality in compare of 

pTS/nTS groups



Kaplan-Mayer survival curves in patients with CHD with nTS (red) and pTS (blue) in 

5 years

Risk increased > 1,549



Survival in groups with pТО+pTS versus nTO+nTS

Risk increased > 1,551 раз 



Patient’s data in the program and mortality risk estimation



Acute pharmacological test of Ivabradine on HRT

Stop of ECG 

monitoring
Washout period, 48h

24h ECG 

monitoring

0 h +3 h

Use of 7.5 mg Ivabradine

+24 h
+15 h

End of Ivabradine action



Parameter Before Ivabradine use After 

Ivabradine 

use

p

ТО, % -1,3±0,4 -2,8±0,8 0,049

TS,

msec/RR

12,2±2,8 15,6±4,0 -0,45

VPB, n/h 25,6±7,3 24,8±13,2 0,13

Dynamics of TO, TS and number of PVB in patients after 

Ivabradine use (n=23)
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Abnormal ТО in patients before and after 

Ivabradine
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Conclusions

1. In the group of patients with polymorphic PVB, 5-year-

old  total (26.6% vs. 21.4%) and cardiovascular mortality 

(19.1% vs. 13.3%) were higher than in the control group. 

2. Mortality in patients with CHD and PVB with nTS

compared with the pTS at 1 and 2 years of observation 

differed unreliably and reliably from the 3rd year of 

follow-up. The probability of death in the presence of 

pathological turbulence slope in compare with the 

normal turbulence slope increased after 3 years by 11.6 

times (CI 3.14-42.9), 4 years at 4.53 (1.75-11.75) and 5 

years - at 4.99 (2.37-10.51). 



Conclusions

3. In the presence of a history of MI in patients with a pTS in compared with 

the nTS, the differences in the Kaplan-Mayer survival curves (p = 0.0003) 

was shown; in the absence of MI the difference was less evident (p = 

0.003).

4. The presence of pTS increased the risk of cardiovascular death in 1.54 

times (CI 95%, 1.05-2.26); In patients with postMI - in 1,25 times (CI 0,85-

1,84). The presence of pTS+TO increased the risk of cardiovascular death 

in 1.551 times (CI 0.87-2.75).

5. In an acute pharmacological test in patients with CHD and PVB, 

ivabradine 7.5 mg did not change the number of PVB, but improved 

parameters of  heart rate turbulence - reduced the proportion of patients 

with a pathological turbulence onset by 11% (p = 0.049).



Thank you for attention !


