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SUMMARY 

The aim of this study is to assess the peculiarities of heart rate variability (HRV), hemodynamics and oxygen 
uptake data during functional testing procedures in post - MI patients at various risk groups and to use the infor-
mative values for optimisation the intensity of exercise training programme. The peculiarities and significance of 
heart rate variability, hemodynamics and O2 uptake data were assessed in 558 post - myocardial infarction patients, 
subdivided into low (group 1, 44 pts), intermediate (group 2, 221 pts) and high (group 3, 293 pts) risk groups. 
Clinical investigation, followed by typical instrumental (ECG, echocardiography etc.) was performed for every 
patient at the beginning of search. A computerised analysis of heart rate variability (SDNN, respiratory sinus arh-
ythmia  RA, HR power - spectrum components: very low frequency (VLFC), low frequency (LFC), and high fre-
quency (HFC), maximum HR values in response to the AOT (RRB), the extent of response ( RRB) as well as he-
modynamics (method rheografy) and oxygen uptake parameters (VE, VO2, VE/VO2, VE/VCO2) during an active 
orthostatic test (AOT), bicycle exercise or spiroergometric test was estimated. On the ground of the informative 
parameters of autonomic HR control, hemodynamics and O2 uptake responses to the workload, an algorithm for 
the optimisation of an exercise-training programme was proposed and used for training patients with coronary ar-
tery disease.  
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INTRODUCTION 
Risk stratification after myocardial infarction 

identifying patients at a high, intermediate and 
low risk for sudden death or reinfarction is an 
established principle for the management of the 
patients after MI and for the optimisation of the 
training programme during cardiac rehabilitation. 

Exercise training became popular and recom-
mended for patients recovering from myocardial 
infarction, coronary angioplasty, coronary artery 
bypass graft surgery and patients with stable an-
gina and compensate chronic heart failure [1, 2, 3, 
4, 5]. In selected subjects exercise training has 
been shown to improve impaired measures of 
cardiac autonomic function - baroreflex sensitiv-
ity and heart rate variability, and reduce the risk 
of sudden death after myocardial infarction [6]. 
Thus, exercise training of appropriate intensity 
may improve both exercise capacity and cardiac 
function of patients with prior myocardial infarc-
tion if the safe optimum training intensity is de-
termined for each patient according to their se-
verity of heart disease, exercise capacity, cardiac 
autonomic regulation, hemodynamic responses. 
The aim of this study is to assess the peculiarities 
of heart rate variability (HRV), hemodynamics 
and oxygen uptake data during functional testing 
procedures in post - MI patients at various risk 
groups and to use the informative values of func-
tional tests for optimisation the intensity of exer-

cise training programme. 
MATERIALS AND METHODS 

Clinical investigation, followed by typical in-
strumental (ECG, echocardiography etc.) was 
performed for every patient at the beginning of 
search. A computerised power spectral analysis of 
heart rate (HR) variability, hemodynamics and 
oxygen uptake parameters during an active or-
thostatic test (AOT), bicycle exercise or spiroer-
gometric test was estimated. Multistage bicycle 
ergometry in a sitting position, starting with 25 
W, increasing every 3 min until submaximum HR 
(75  of predicted HRmax) or exercise - limiting 
symptoms appear was performed [7]. During the 
testing, HR and stroke volume (SV) were con-
tinuously recorded by impedance cardiography. 
The cardiac output (CO) and total peripheral re-
sistance (TPR) were calculated. HR variability 
and hemodynamics characteristics were analysed 
using a computerised system. The autonomic HR 
control, the parasympathetic and sympathetic in-
teraction, were assessed using the heart rate vari-
ability (SDNN, respiratory sinus arhythmia - RA) 
and the HR power - spectrum analysis, with iden-
tifying three major oscillatory components - very 
low frequency (VLFC), low frequency (LFC), 
and high frequency (HFC) ones. The maximum 
HR values in response to the AOT (RRB), the ex-
tent of this response ( RRB) and HR values at 
peak of exercise (RR peak), as well as hemody-
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namic responses, were also assessed. The appa-
ra - 
to performer a gas exchange analysis. The fol-
lowing measurements were analysed: minute ven-
tilation (VE, l/min), peak O2 uptake (VO2 
ml/kg/min), CO2 production (VCO2, ml/min), ven-
tilatory equivalents (VE/VO2 or VE/VCO2) and 
O2 pulse. Anaerobic threshold (ATVO2) was de-

. al. 
recommendations [8, 9].  

Investigated were 558 pts after myocardial in-
farction (age 59.2 yrs). Thus, Q wave MI was in 
57,6  pts, without Q wave MI  in 42,4  pts. 
According to the NYHA classification, 40 pts 
were in NYHA class I, 282 pts in NYHA class II 
and 236 pts  in NYHA class III. The spiroer-
gometric test was performed in 90 post - MI pts. 
According to the level of the ejection fraction, 
exercise tolerance and ischemia on exercise test-
ing, symptomatic ventricular ectopic beats and 
the data of coronary angiography, the post - MI 
patients were stratified into low (44 pts), interme-
diate (221 pts) and high (293 pts) risk groups [10, 
11].  

Statistical analysis. The mean values of HRV, 
hemodynamics during the AOT and bicycle er-
gometry and oxygen uptake values were com-
pared between MI pts in various risk groups, us-
ing the Stu -parameters 
Spearman R correlation between the risk levels of 
the MI pts and all the investigated cardiovascular 
and metabolic parameters were evaluated. 

RESULTS AND DISCUSSION 
The peculiarities and significance of heart rate 

variability, hemodynamics and O2 uptake data 
were assessed in 558 post - myocardial infarction 
patients, subdivided into low (group 1, 44 pts), 
intermediate (group 2, 221 pts) and high (group 3, 
293 pts) risk groups. 

The comparison of variables of HR variability, 
obtained from time and frequency domain analy-
sis in resting, the workload conditions (Table 1) 
showed a more increased baseline heart rate and 
reduced HR during peak workload in group 3 
than in group 1 and group 2 pts. Heart rate vari-
ability (SDNN) and respiratory arhythmia (RA) 
were more reduced in group 3 pts (p<0.05) than 
in others. A very low frequency (VLFC) compo-
nent was higher and low (LFC) and high fre-
quency (HFC) components - more diminished in 
the HR power - spectrum at rest in 2 and 3 groups 
than in group 1 pts (p<0.05). The maximum HR 
response to the AOT ( according to RRB

 _
 index 

of parasympathetic reserve) and to workload 
( HR peak, ) was reduced in group 2 and 3 pts, 
as compared to group 1 pts. The characteristics of 
hemodynamics at rest and during response to 
workload were different correspondingly (Table 
2): SV and CO at rest and during peak load was 
smaller in groups 2 and 3 than in group 1 
(p<0.05). Total peripheral resistance was in-
creased at rest and an insufficient decrease during 
peak workload was established in group 2 and 3, 
than in group 1 (p<0.05). 

 
Table 1 

The variables of heart rate, heart rate variability, and power spectral components during 
functional tests in post - myocardial infarction patients depending on risk levels 

Parameters Low-risk pts 
n  44 

Intermediate -risk pts 
n  221 

High - risk pts 
n  293 

HR, ms 991.1  104.6        1018.0  141.3 923.3  125.8 ,  
HR peak, ms 495.5  68.2 573.4  101.6  603.5  84.1 ,  

HR peak,    49.0  7.3   43.2  9.7    33.0  9.7 ,  
SDNN, ms   32.4  15.3   36.4  14.8   27.7  11.3 ,  
RA, ms   35.9  22.9   35.8  14.3   24.6  4.1 ,  
VLF, ms   24.8  9.4   29.5  11.8    23.6  10.2  
LF, ms   13.7  7.2   14.5  6.9   10.4  6.3 ,  
HF, ms   14.3  10.3   14.2  6.5   10.2  5.1 ,  
VLF    60.7  19.2   65.3  12.3   73.3  10.9 ,  
LF    18.6  11.0   17.1  9.3   12.9  7.1 ,  
HF    20.4  15.3   17.0  10.4   13.2  7.5 ,  

RRB, ms  281.7 100.6 276.4  86.0 199.3  87.2 ,  
RRB,    28.0  7.1   26.7  7.9   20.8  7.7  

p<0.05 - between low and intermediate 
 - between low and high 
 - between intermediate and high risk groups 

 
On the ground of these results, we established 

that in the post - myocardial infarction patients at 
high risk for acute coronary events, increased 

baseline heart rate, incompetent HR response to 
the AOT and bicycle ergometry, depressed HR 
variability (SDNN<30 ms, RA<25 ms), due to 

6 



3 

 

reduced parasympathetic HR control (reduced 
RRB) and increased humoral one (VLFC  > 

70 ), and the predominance of adrenergic vaso-
constrictor influence (TPR) were appropriate. 
Reduced work capacity (kgm, MET) and dimin-
ished RPP (rate-pressure product) response, 
(p<0.05) and an insufficient decrease in TPR 

were established in the high and intermediate risk 
patients (p<0.05). Our data had showed that in the 
high-risk post - MI patients, a reduced hemody-
namic response to the workload is accompanying 
of diminished cardiovascular functional reserve 
within an increased impact of sympathetic and 
humoral HR control [12, 13]. 

 
 

Table 2 
The characteristics of hemodynamics and oxygen uptake during an exercise test 

in post - myocardial infarction patients depending on risk levels 

Characteristics Low - risk pts 
n  44 

Intermediate -risk pts 
n  221 

High - risk pts 
n  293 

SV, ml/min     96.1  26.9     86.3  26.3     68.7  19.8 ,  
SV peak, ml/min      94.1  26.7     87.7  27.4     69.3  22.2 ,  

SV peak,      60.9  41.3     43.8  43.9     27.5  25.7  
CO, l/min       5.6  1.3       5.2  1.1       4.6  0.9  
CO peak, l/min     11.4  3.3       9.6  3.4        6.9  2.5  

CO peak,    112.2  56.0     78.3  58.1     45.4  45.6  
TPR, dyn .s . cm-5 1341.6  232.1 1475.1  286.8  1754.1  503.4 ,  
TPR peak, dyn . s . cm-5   921.9  292.7 1089.9  292.8 1474.5  556.2 ,  

TPR peak,      30.1  20.1     26.1  21.2     11.0  30.1 ,  
CI, l/min/m2       2.7  0.5       2.7  0.6       2.5  0.5 ,  
CI peak, l/min/m2       5.6  1.7       5.0  2.0       3.7  1.4 ,  
RPP, mmHg.min-1     71.9  11.3     73.5  14.0     85.8  17.3 ,  
RPP peak, mmHg.min-1   225.1  54.0   181.6  45.3    162.3  38.5 ,  
peak VO2, ml/kg/min     23.5  3.2     17.9  2.9      15.2  4.6 ,  
ATVO2, ml/kg/min     21.9  2.8     16.7  3.0      12.9  4.5 ,  
peak VE/VCO2     31.4  4.1     32.5  4.4     37.4  7.6 ,  
O2 pulse     14.1  2.7     12.6  2.9      10.9  2.9 ,  
MET       5.2  1.0       4.4  0.9        3.3  0.8 ,  

p< 0.05 - between low and intermediate 
- between low and high 
- between intermediate and high risk groups 

 
The peak VO2 consumption values during 

workload were significantly lower (p<0.05) in 
groups 3 and 2 than in group 1. The oxygen up-
take values at the anaerobic threshold (ATVO2), 
O2 pulse at peak load were lower and the level of 
VE/VCO2 higher, in the high risk patients 
(p<0.05) and correspond with data of others [14, 
15].  

Spearman R correlation between the post - MI 
he values of HR vari-

ability, hemodynamics and oxygen consumption 
parameters was quite strong in the case of base-
line variables, the AOT and peak workload re-
sponses during the bicycle ergometry (Table 3). A 
negative correlation was found with the physical 
capacity (R -0.65), peak HR response (R -0.47 
with RR peak ), baseline respiratory sinus 
arhythmia (R -0.36 with RA), with the maximum 
HR responses to the AOT (R -0.33 with RRB 
and R -0.30 with RRB ). A positive correlation 
was found with peak HR (R 0.30 ), with VLFC 
(R 0.29 with VLFC ). On the other hand, the 
relationship was negative with baseline heart rate 

(R -0.26), baseline heart rate variability (R -0.24 
with SDNN, R -0.30, with HF, R -0.30 with LF, 
ms). A significant relation was found with hemo-
dynamic responses during a symptom - limited 
exercise test. A negative correlation was obtained 
with CO response (R -0.47 with CO ), with 
peak CO (R -0.47), response of SV (R -0.35), 
baseline and peak rate - pressure product (R -
0.32), and total peripheral resistance during work-
load (r -0.39). The patients risk level strongly 
correlated with the oxygen uptake values: with 
peak VO2 consumption (R -0.65), O2 uptake dur-
ing the anaerobic threshold (R -0.65), the ventila-
tory equivalents threshold (R -0.36 with 
VE/VCO2 and R 0.33 with VE/VO2) and O2 
pulse (R -0.32). 

Determined more informative parameters of 
autonomic HR control, hemodynamics and O2 
uptake were used in preparing an algorithm for 
the optimisation the intensity of the exercise 
training programme for the post - MI pts with a 
different risk level to training (Table 4). 
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Table 3 
e-

modynamics and O2 uptake during symptom - limited exercise test 
HR autonomic control: R Hemodynamics: R O2 uptake: R 
 Workload, kgm - 0.65    CO peak  - 0.47   VO2 peak, ml/kg/min - 0.65  
 RR peak  - 0.47   CO peak, l/min - 0.44   ATVO2, ml/kg/min - 0.65  
 RA, ms - 0.36   SV peak, ml/min - 0.35   VO2 peak, ml/min - 0.62  
 RRB, ms - 0.33    TPR peak  - 0.39   VE/VCO2   0.36  
 RRB,  - 0.30    SV peak  - 0.35   VE/VO2   0.33  
 RR peak, ms   0.30   RPP, mmHg min-1   0.32   O2 pulse - 0.32  
 HF, ms - 0.30   RPP peak - 0.32  
 LF, ms - 0.30    
 VLF, n.u.   0.29  
 HR, ms at rest - 0.26  
 SDNN, ms  - 0.24  
p < 0.05 

Table 4 
An algorithm for the optimisation of exercise programme on the ground of informative parameters of heart 

rate variability, hemodynamic, O2 uptake responses during an exercise test and physical capacity 
Characteristics Low - risk pts Intermediate - risk pts High - risk pts 

HR autonomic control: 
*HR variability (SDNN, ms) 
* RRB  
* HR peak,  

 
RR > 30 

 28 
> 45 

 
20ms  RR  30 

20  RRB  28 
45 - 35 

 
RR  20 

 20 
< 35 

Homodynamic: 
* SV peak,  
* CO peak,  
*  TPR peak,  
*RPP peak (mmHg min-1) 

 
> 40 
> 80 
> 30 
> 220 

 
40 - 30 
50 - 80 
20 - 30 

170 - 220 

 
< 30 
< 50 
< 20 

< 170 
O2 uptake: 
*VO2 peak (ml/kg/min) 
*VE/VO2 
*O2 pulse 
Tolerated workload 
(bicycle ergometry) 

 
> 20 
< 30 
> 14 

 125 W 

 
15 - 19 
30 - 35 
10 - 14 

75 - 100W 

 
< 15 
> 35 
< 10 

50W 3 min 

Exercise programme: 
* Relative intensity 
 
* Individual programme type 
 
* Medical supervision 
 

Moderate 60 - 80  
of VO2 max or HR 
max reserve ( ) 
Training 
( 4,3 MET) 
At the beginning of 
the training and 
changing of activity 
levels 

Moderate 50 - 75  of VO2 
max or HR max reserve 
( ) 
Sparing - training 
(2 - 4,3 MET) 
During the whole pro-
gramme 

Low intensity 40 - 60  of 
VO2 max or HR max re-
serve ( ) 
Sparing 
(2 MET) 
During the whole pro-
gramme 

CONCLUSIONS 
Increased baseline heart rate, depressed heart 

rate variability on account of diminished para-
sympathetic and intensified neurohumoral HR 
control was established for the high-risk post - 
myocardial infarction patients. Lower physical 
capacity, a reduced hemodynamics level at rest 
and a decreased chronotropic, hemodynamic and  

 
oxygen uptake responses to workload were de-
termined for the high and intermediate risk post - 
myocardial infarction patients. On the ground of 
the informative parameters of autonomic HR con-
trol, hemodynamics and O2 uptake responses to 
the workload, an algorithm for the optimisation of 
an exercise-training programme was proposed 
and used for training patients with coronary artery 
disease.  
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