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Introduction

Cardiac rehabilitation is a cornerstone of secondary
prevention after myocardial infarction, aiming to restore
exercise capacity, improve cardiovascular function, and

enhance quality of life.
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Introduction

While conventional training protocols in Poland include 22
training sessions in normoxic conditions, recent research has
explored the potential benefits of integrating normobaric hypoxia
simulating altitudes of 2000 to 3000 meters above sea level into

endurance training.

Aim of the study

Assesment of the impact of 22 day endurance training under
normobaric hypoxic conditions, while simulating altitudes of
2000m and 3000m, on excercise tolerance, cardiac function and
selected hematological parameters in men after myocardial

infarction
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The following question was presented:

* Which hypoxic conditions (2000 or 3000 meters above sea level)
during which interval training was performed on a cycle ergometer
proved to be the most effective in terms of exercise test results

and echocardiographic parameters of the heart?

Criteria for participation

* History of uncomplicated myocardial infarction, at least 4 weeks after

the event
* Men aged 35-75 years
* Eligibility for cardiac rehabilitation according to model A (=7 MET)
* Informed consent to participate in the study

* No active inflammatory diseases or other uncontrolled non-cardiac

conditions
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- Participants: 71 people

- Groups:

- hormoxia (control) 22 training sessions using an interval training

on a cycloergometer
- hypoxia (2000m)
- hypoxia (3000m)

Methods

* Training program:

Methods

- adaptation to the oxygen levels for 30 minutes before, and after

training

- resistance according to results of a stress test, then individually

selected

- 22 training sessions

- general endurance and resistance training with cycle ergometer

- based on Polish Society of Cardiology recommendations
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Methods

* Assessment before and after the training program:
- cardiopulmonary stress test CPET (75% HR,,.,)

- echocardiography

- blood parameters test (morphology, fibrinogen, cythokine TNFa

and interleukine IL 13 and IL10)

- blood saturation

®AalRuUS [l

* All patients had a water bottle for
rehydration

* Blood saturation and blood pressure were
monitored before adaptation, after
adaptation and after training
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Researches took place in the laboratory of
monitoring the physical effort and in a cabin of
artificial hypoxia at the Academy of Physical
Education in Katowice (Poland)

Results
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Results of
cardiopulmonary stress

test (CPET) Pkt 2000 m a.s.l 3000 m a.s.|
1 10.57=2.18 6744 | 1 | 9.98=111 =8 270
Test time F=6,74 F=8.2
[min] Tl 11,232230 | P=0.012 |y 11.341.61 P=0.007
5 1 | 6501420913 | F-7.267 | 1 | 448.41£107.06 | F-5.920
Distance
[m] | 713.162226.47 | P=0.009 [ 11 | 536.66:116.16 | P=0.005
4 ’] " ) 4 ! T
MET I 7.84+],32 F=0482 1 8.02+0.87 F ' 878
|mUkg/min] [ 11 7.95:1,67 P=04%0 [ 11 §.79:0,84 P=0,008
vE 1 | 8661%1915 | F=3.290 | 1 | 87.05:11.62 F=2.994
[Vmin] 1| 92.78:18.25 | P=0,074 [ 11 | 90.41:9.64 | P=0.093
: 1 27,344,671 | F=0.251 | 1 | 28.452,74 F=2218
‘()lpnli
P T 27.625,13 P=0,618 [ 11 | 29.15:2.61 P=0.146
1 34,40:6,25 F=3456 | 1 | 3568335 F=2216
BF [Vminl m 35335633 | P-0.079 [T | 3652335 | P-0.146
1 1.16:0,08 F=0,043 | 1 | 1,0620,10 F=4.942
RER - .
Tl 1,1520,34 P=0837 (11 0,98+0,09 P=0,033
1 1. 160,08 F=0.043 | 1 | 1L.0620,10 F=4.043
wE i 1.15+0.34 P=0.837 | 11 0.98:0,09 P=0,033
I 70,858,094 F=0632 | 1 | 70412723 F=00,000
HR e ) ’
|V/min] 1 70,00+8,82 P=0427 |1 70,42+7.46 P=1.000
I 136,30£15,79 | F=1.458 | 1 | 141.91+5.28 F=0.143
HRpuk
[1/min] | 135561512 | P=0.231 | I 14220:505 | P=0,679
2 +12, = 2 3 I C= 808
—— I 124071204 | F=0.002 | 1 | 133.88+7.43 F
[mmHg] m | 124,03£1121 | P=0.96! | 11 128242728 | P=0L035
718,22 =0 52+ F=§,207
F— I 70,7128,22 F=0,083 | 1 | 70.5225.15 F=6.29
[mmHg] 1 70.59:8,21 P=0774 | 11 66.47+4.93 P=0.001
o ] 175.48£3049 | F=3.423 | 1 | 184.26515.13 F=0381
BPSmax
[mmHg] | 1821183341 | P=0069 | IL | 1855621211 | P=0.54/
76.71£12.7 —1617 74,7134, =(0,258
— I 6,71£12.27 | F=1.61 1 | 74.7124.89 F=00,258
|mmHg] 1 74,41£11.21 P=0208 | 11 75.14+4,99 P=0614
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Parmeters 2000 m a.sd 3000 m a.s.l
1 6,36£1,32 F=0984 | 1 7,1041,12 F=0,005
WBC
e 1] 621=1.12 P=0325 ' 7.09£1.28 P=0.942
1 491036 F=0024 | 1 5,03+0,34 F=0,518
- 1] 4,92+0,35 P=0877 | N 5,09+0,38 P=0476
1 14,99+1,01 F=0051] 1 1541£1,04 F=0.660
HGB

1 15,02+1,00 P=03821 | N 15,56+1,03 P=0422
1 44,3642,79 F=0109 | 1 45,69+3.23 F=1,089

n 44,2642,21 P=0742 | N 46,29:2,79 P=0,304

11| 214,60£5222 | P=0,790 | 11 | 209,64+358]1 | P=0.527
1 3,350,71 F=0042 | 1 3.17+0,58 F=0,747

Fibryn. 333069 | P-0.838 [ 11| 3.00:048 | P-0.393
T | 814655521 | F-1.243 | 1 | 30,12:35.19 | F-0.024
LB T 388156982 | P-0.269 [ 11 | 310953536 | P-0.876
T | 396090 | F-3.698 | 1| 4.79:002 | F-0.347
L0 N 376087 | P-0.059 [T [ 477003 | P=0.559
1| 1457215,75 | F=0.011 | 1 | 11,75+15,06 | F=0.138
TNFa

1| 14391745 | P=0917 | I1 | 10,78+11,02 | P=0.712

s Results of

o 1 | 212915240 | F=0,071 | 1 | 213,64538,85 | F=0,407 blOOd teStS

Results of echocardiography

Parameters 2000 m n.p.m. 3000 m n.p.m.
1| 49.40:6,60 T | 93250 [ om0 | T 0.09:0.03 Fe0,574
F=6,133 F=3783 lateral | 1] 0.10:0,02 | 009003
e T 6147 &7 7714 *af) 45 4.
LVEDd [T S35 | o0 (W[ 0073 |, 00 : Pen P-0.453
1
1| 0.07:0,02 T 0,09:0.00
1 35804768 — 1 31614605 SRR : e F=4.811 = o F=2433
' 1| 37.29:8.73 U [ 332es.4 "septal SR e 0,032 G 0,128
YR P, 106 P=0,120 1 Fion b lis
1
1 3.00:2,39 I B. 183,77
& + b3 45 M - "
ol B PPN ] el PP P Sl o v i B
ESV | 1] S0.01%12.86 1| 5524217,20 o A1, = 643,
LVESV : o + Pe08ld e " P=0,201 P=0,514
O I P I 2 I P I L
EDV | 1| 108.86:25.13 W[ inn00e27.48 = : 1] 1192049 1 | 118055 T
DY : : P=0,578 P=0,223 L P=0.171 Pe0,455
1
1 sz [ (V] sodme3 T T 2i8se465 | | 1| Bers=A0z | _
wver [T| BRSSO 50654709 o TAPSE | 1| 22.09:5.27 el v e ez e
: P=0,109 P=0.874 SE P0),684 Pefl334
1
1 0,66:20,17 1 0,6440,14
F=0,650 F=4.912 ] 150360 | 1] 1632306 |
Fwg [T[ o@® |, [0 ¢7sw | oo i [T F29ll e 02
1 e P=0,093 P=0,365
1
1| 0.6450,18 T 0.68:0,22
Fe,175 F=i,293
" T| 0632021 W 071021
Lo . P=0.677 P=0,591
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rBlood saturation
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——— 77T T 7T T T

3 & 7 1 o3 W

3000m a.s.l.

Right after training

Training under normobaric hypoxia
leads to a drop in blood oxygen
saturation - the higher the simulated
altitude, the lower the saturation.
Still, values remained within safe
physiological limits.

. The decline is still within a tolerable

range, but shows greater stress on
oxygen delivery.

Conclusions

* Comparing the effects of both hypoxic trainings, higher
effectiveness was observed under conditions corresponding to an

altitude of 3000 m a.s.l.

* The hemodynamic parameters of the heart muscle changed
depending on the conditions in which the rehabilitation training

was carried out.

* Rehabilitation training conducted in different environmental
conditions over 22 days did not have a significant effect on

changes in blood test results.
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Summary

* Patients are tolerating hypoxia on 2000m a.s.l. much better than
3000m, which allows us to increase the resistance for more
challenging training, leading to improvement in recovery.

* Increasing hypoxia level can be used as another training
progressing tool.

* Trainings conducted were without any unexpected accidents, and
were beneficial for patients on every altitude.

Thank you for your attention!




