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FIRST EXPIERENCE OF HYPOXYHYPEROXYTHERAPY 
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The article presents first experience in using normobaric hypoxyhyperoxytherapy at the National M. M. Amosov Institute of Cardiovascular Surgery in patients with hypertension and stable coronary artery disease. Interval hypoxytherapy was performed using ReOxy – medical diagnostic device, which compares favourably with similar equipment by innovative SRT technology (self-regulated treatment).
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Contemporary medical practitioners come across long-forgotten methods of treatment and rehabilitation of patients. For instance, treatment with mountain air was recommended back in the 5th century BC by Hippocrates. Since then many scientists and innovators attempted to create an environment similar to that of the mountain climate where oxygen content is reduced down to 10-12%. The mid 20th century witnessed development of interest to aviation and diving, which motivated physiologists to search for ways of body adaptation to hypoxia. In 1985 hypoxicators were introduced into practice for preparation of hypoxic gas mixtures, and it was around that time that hypoxia came to be considered as a therapeutic factor in clinical practice [1–3]. 
Now in the 21st century medical community again comes back to the issue of hypoxic adaptation, which launches compensatory mechanisms in human body, only this time the researchers have more advanced equipment available.
Alfa Spa has offered us a unique opportunity to test innovative German equipment for interval hypoxyhyperoxytherapy – ReOxy with the unique SRT (self-regulating treatment) system.
Purpose of the Article – to present first experience in using hypoxyhyperoxytherapy at the National M. M. Amosov Institute of Cardiovascular Surgery of the National Academy of Medical Sciences.

Materials and Methods. We administered sessions of interval hypoxytherapy using ReOxy device for three weeks in seven patients with hypertension of various degree and coronary artery disease. Before and after the procedure the patients underwent standard 12 lead ECG and their blood pressure was measured. The procedure was administered in prone position: the patient put on a soft silicone mask, through which air with varying degree of oxygen content (from 10% to 37%) was supplied from the device passing through antibacterial filter. Initially hypoxia test lasted for ten minutes, during which oxygen concentration in the supplied air was gradually reduced, and therapeutic saturation was identified for each patient. Hypoxytherapy was performed with control of blood saturation using high-sensitivity pulse oximeter, heart rate, breathing rate and blood pressure. The essence of the procedure was a sequence of four-minute periods of hypoxia with alternating one-minute period of hyperoxia. Thanks to the unique SRT system, duration of hypoxia/hyperoxia periods varied depending on the patient’s tolerance to reduced oxygen concentration in view of hemodynamic parameters and compensatory capabilities of the body in order to prevent occurrence of tissue hypoxia. Purpose of the interval procedure was to simulate mountain climbing to 4,500 m elevation above sea level followed by quick descent: during one session the patient “ascended the mountain” 7-8 times, thus increasing his/her body’s adaptation capabilities. Modern software installed on ReOxy enables to register trends after each procedure and to make a summary report of all procedures for each patient in view of his/her hemodynamic response to hypoxia. 
Results and Discussion. Our interest in interval hypoxytherapy procedures was to study the effect of ischemic preconditioning in order to launch processes of long-term adaptation to stress exposure. Under the impact of hypoxytherapy one observes accumulation of metabolites with vasolidating effect (adenosine, prostacycline) in the myocardium, decrease in activity of the sympathoadrenal system, centralization of the blood flow and increase in blood flow rate per minute. Why did we choose patients with hypertension and stable coronary artery disease? Despite the unique nature of the German ReOxy device, we could not test a new treatment method on unstable patients getting ready for myocardial revascularization based on publications of other authors. That is why we chose patients with hypertension and verified small-scale damage to coronary arteries.  
On the whole the patients’ tolerance to the procedures was high. They noted considerable surge of energy, buoyancy, no angina attacks and disappearance of insomnia in most cases. Please find below supporting data we have obtained in the periprocedural period.
Along with absence of angina attacks of varying degree we have registered considerable ECG improvement in some patients after hypoxytherapy sessions. For instance, in patient D, 50 y.o., with CAD, microvascular angina and chronic smoker’s bronchitis, we registered reduction in hypoxia in the lateral region of the left ventricle already after the second session of ReOxy therapy (Fig. 1).   
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Fig. 1. ECG of the patient D, 50 y.o., before (А) and after (B) hypoxyhyperoxytherapy session
As a result of hypoxytherapy in patient Zh, 56 y.o., with moderate (up to 50%) coronary artery stenosis and hypertension, administered in the course of triple antihypertensive therapy, we registered insignificant decrease in blood pressure and ECG stabilization (Fig. 2, 3).
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Fig. 2. ECG of the patient Zh, 56 y.o., before (А) 
and after three hypoxyhyperoxytherapy sessions (B)
	Procedure No.
	1
	2
	3
	4

	Systolic blood pressure before (mm Hg)
	160
	190
	190
	165

	Diastolic blood pressure before (mm Hg)
	90
	110
	110
	90

	Systolic blood pressure after (mm Hg)
	165
	140
	150
	145

	Diastolic blood pressure after (mm Hg)
	90
	80
	90
	80


Fig. 3. Dynamics in blood pressure readings in the course of hypoxyhyperoxytherapy in patient Zh, 56 y.o., with the III degree hypertension 
One should note that decrease in blood pressure in patients with the III degree hypertension was not as efficient and quick as in patients with initial degree of hypertension. Probably they need more than 10 hypoxytherapy sessions. For instance, after 10 hypoxytherapy sessions in patients with the I and II degree hypertension we registered 50% decrease in dosage of antihypertensive drugs, and some patients demonstrated optimal blood pressure readings, so antihypertensive drugs were abandoned altogether. Durability of antihypertensive effect after hypoxyhyperoxytherapy requires further study. 
Hypoxytherapy indications include a wide range of psychoneurological abnormalities. For instance, we administered hypoxytherapy to patients with concurrent hypertension. Patient P, 70 y.o., with hypertension and functional class II stable angina (with moderate damage to coronary arteries – 30-50%) underwent the procedure on the next day after closed craniocerebral injury. The patient took nine sessions, but mostly on a shortened program due to decrease in saturation level below therapeutic threshold. SRT system switched the device off automatically and stopped supplying hypoxic air when saturation was less than 79%, therapeutic threshold for the patient being 84%. In case of abnormal hemodynamic readings the device beeps for 20 seconds, increases oxygen concentration, and if there is no medical personal attending to the patient the device switches off automatically so that the patient could breathe spontaneously. Despite availability of SRT technology, procedures should be supervised by medical personnel for the purpose of evaluation of all hemodynamic parameters at decreasing oxygen concentration.    
Hypoxytherapy was interrupted in this patient, since despite absence of angina and stabilization of blood pressure readings in the course of hypoxytherapy, he developed pronounced dizziness and occasional significant hypotension at the end of the procedures with blood pressure readings 80/40 mm Hg, though the patient perceived it as euphoria and flying sensation. Thus, recent closed craniocerebral injury even without pronounced neurological symptoms and changes in brain MRI impairs tolerance to hypoxia.      
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Fig. 4. Pronounced response to hypoxia in patient P, 70 y.o., after closed craniocerebral injury 
Patient X, 51 y.o., emotionally labile, with panic attacks, pronounced dyspnoea, with preserved contractile function of the left ventricle and intact coronary arteries according to angiography. During hypoxia test we witnessed decrease in oxygen saturation down to 69% at decreasing O2 concentration down to 14%, however increase in oxygen concentration up to 35% did not result in the patient’s improvement. Upon stabilization the patient underwent another test in order to identify therapeutic saturation level, yet the procedure had to be interrupted after 14 minutes due to pronounced response to hypoxia (fig. 5) – expressed by change in mental status phase, decrease in blood pressure down to 75/40 mm Hg, feeling of impending doom, arrhythmic heart function, blue lips; the patient tore the mask off her face, and the device switched off automatically.   
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Fig. 5. Hypoxytherapy session in patient X with panic attack
It is worth noting the effect of hypoxytherapy in the professional sportsman A, 56 y.o., who underwent a treadmill test, which revealed pronounced depression of ST segment in V3–V6 leads at stage III of the Bruce protocol. After exercise testing the patient underwent forty-minute session of interval hypoxytherapy followed by another round of treadmill test, which showed one-step increase in tolerance to physical exertion and decrease in ischemia-affected area according to ECG (Fig. 6.).
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Fig. 6. ECG of the patient A, 56 y.o., during treadmill test at step three of the Bruce protocol before (A) and after (B) hypoxytherapy session 
Further cardiac ventriculography in this patient showed multiple subocclusive lesions in coronary arteries requiring coronary bypass surgery. 

 High tolerance to interval hypoxytherapy in patients with pronounced coronary artery atherosclerosis increased their tolerance to physical exertion and considerably improved their general state. Before and after hypoxyhyperoxytherapy the patients had blood chemistry test with detailed lipid profile. After 10 sessions we registered slight decrease in glucose level and increase in calcium level, and no significant changes in lipid fractions. 
All things considered, hypoxyhyperoxytherapy sessions improve high level of compliance in patients with cardiovascular diseases and may be widely used in cardiology inpatient units and rehabilitation centres.  
Conclusions
1. Hypoxyhyperoxytherapy is effective in patients with the I and II degree hypertension. After 10 sessions we registered 50% decrease in dosage of antihypertensive drugs, and abandonment thereof at the initial stages (subject to stable optimal blood pressure readings).
2. In case of the III degree hypertension minimum 15-20 procedures are required to achieve more lasting effect of stable decrease in blood pressure. 
3. Patients note considerable surge of energy, buoyancy, no angina attacks and disappearance of insomnia in most cases.
4. Recent closed craniocerebral injury even without pronounced neurological symptoms and changes in brain MRI impairs tolerance to hypoxia.

5. After 10 procedures we registered no significant changes in body weight and lipid profile normalization reported by the equipment manufacturer and confirmed by a number of studies. 
6. We registered slight decrease in blood glucose level and increase in calcium level.
7. Bipolar disorder (manic depression) and panic attacks are contraindications to hypoxyhyperoxytherapy. We registered significant decrease in saturation (down to 69%) at О2 concentration decreasing  down to 14%, however increase in oxygen concentration up to 35% did not result in the patient’s improvement (pronounced response to hypoxia – expressed by change in mental status phase, decrease in blood pressure, tachycardia, feeling of impending doom, screaming, blue lips). 
8. We noted that subocclusive lesions in coronary arteries did not impair the patients’ tolerance to the procedure, but improved their tolerance to physical exertion.  
9. Hypoxyhyperoxytherapy sessions improve high level of compliance in patients with cardiovascular diseases.
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