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HEART RATE VARIABILITY IN THE PATIENTS WITH CORONARY
ARTERY DISEASE DURING SESSION OF HYPERBARIC
OXYGENATION THERAPY

Stepanov A.V.
Central Clinical Hospital Ne5, Kharkov

SUMMARY

Prior trials detected benefits from hyperbaric oxygenation therapy (HBOT) for patients with coronary ar-
tery diseases (CAD) and acute myocardial infarction. The aim of this study was to assess the changes in
ANS in patients with CAD during session of HBOT by using the technique of HRV. The patients with CAD
were subdivided into three groups in dependence of atmosphere pressure and contents of oxygen. We meas-
ured the total power (TP), low frequency component (LF) reflecting sympathetic and high frequency (HF)
reflecting vagal activity, autonomic balance (LF/HF ratio) and LF and HF in normalized units (LFn, HFn).
We observed significant increase under HBOT of TP, decreased LF/HF ratio because of changing in both
branch of AHS and parasympathetic activity increased more significant than decreased sympathetic activity.
In our point of view the changes in ANS depend of proportionally from oxygen tension in tissues coursed by
HBOT. Our preliminary results showed that measurement of HRV is helpful in monitoring not only the cir-
culation but also the common status of patients during the sessions of HBOT and it will be possible in the
future to modulate the protocols of HBOT individually for certain patient. Increasing of vagal activity and
total power with decreasing of sympathetic tone during of HBOT is the evidence of "relaxation" of circula-
tion and ANS which less stressed by monitoring the body oxygenation. Adjunctive HBOT can improve
prognosis in patients with CAD in various ways: the positive modifying of HRV is a sign of favorable chang-
ing in ANS; increasing of cardiac electrical stability; prevention of left ventricular dysfunction, progressing
in Killip class and ventricular ectopic activity and presence of late potentials; restores of sinus nodal cells to
neural modulations.
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INTRODUCTION

Hyperbaric oxygenation therapy (HBOT) is
inhalation of pure oxygen at great then 1
atmosphere absolute pressure (abs). Prior trials
detected benefits from HBOT for patients with
coronary artery diseases (CAD) [5] and acute
myocardial infarction [4]. HBOT increases
plasma concentration of dissolved oxygen, and
this effect may normalize or even increase
oxygen tension to hyperoxic levels in ischemic
tissue [2]. HBOT is a useful modality for
treatment of diseases in which tissue oxygen
availability is decreased. HBOT reduces the
ischemic effects of coronary artery occlusion in
animal and clinical studies [3]. But a little is
known about the influence of HBOT on
autonomic nervous system (ANS). The changes
in ANS have a high relation with cardiac
function and mortality [9, 10, 11, 13]. The heart
rate variability (HRV) as the one of potential
prognostic value of markers of autonomic
activity has gained progressive popularity [6,7].
Now HRYV is a proven tool for examining the
ANS [12].

OBJECTIVES

The aim of this study was to assess the
changes in ANS in patients with CAD during

session of HBOT by using the technique of
HRV.

MATERIAL AND METHODS

The study’s patients received HBOT as
adjunctive therapy of CAD and they were drawn
from the Cardiology Department of Central
Clinical Hospital N5, Kharkov. All patient were
in sinus rhythm and had CAD (stable angina
pectoris [-1II class NYHA), none had history of
diabetes mellitus or acute myocardial infarction
and receiving usual treatment. They were 28
patient (15 men and 13 women) in mean age
52+10 year. The patients were subdivided into
three groups.

The first group (9 patients) were pressurized
in hyperbaric chamber in 100% oxygen
atmosphere during 15-20 minute up to 1,5 abs
and remained at this pressure for 40 minutes (it
was isopression) and then depressurized during
15 minute period to normal atmosphere pressure.
Total time of HBOT was 70 - 80 minutes. Every
patient received 7-10 HBOT sessions in the same
time every day.

The second group (8 patients) had the same
protocol except pressure inside of chamber that
remained on normal atmosphere level. These pa-
tients stayed in HBOT chamber under 1,0 abs in
the atmosphere of 100% oxygen during 70 - 80



minutes. Every patient received 2 such oxygena-
tion therapy sessions in the same time of the day.

The third group (11 patients) stayed in supine
position like in HBOT chamber, but breathed
usual atmosphere air (20,9% oxygen under 1,0
abs) during 70 - 80 minutes. Each patient had
one investigation.

We used monoplace chamber “OKA-MT”
with 1m’ volume inside. Monitoring of electro-
cardiogram (ECG), noninvasive blood pressure
(before and after HBOT in supine position) was
performed during HBOT sessions.

HRV was calculated in general agreement
with the standards of measurement proposed by
Task Force of the European Society of
Cardiology and the North American Society of
Pacing and Electrophysiology [1]. The HRV was
recorded using computer based electrocardio-
graph system "Cardiolab 2000". In the first
group HRV was recorded during sessions before
HBOT, on the first minute of isopression under
the 1,5 abs and on 40th minute under 1,5 abs. In
the second group the HRV was recorded before
HBOT, on 15 and 55 minutes of the sessions. In
the third group the HRV was recorded on 6
minute after taking supine position and than on
15 and 55 minutes of the investigation. HRV
was analyzed on 5-minute period of stable ECG
recording for the frequency domain measures
with the use of fast Fourier transform. We
measured the total power (TP) of the R — R
interval (0-0.5 Hz) as overall heart rate variabi-
lity. The frequency ranges were subdivided into
0.03 — 0.15 Hz as a low frequency component
(LF) reflect sympathetic and 0.15 — 0.5 Hz as a
high frequency (HF) reflect vagal activity. TP,
LF, HF was expressed in absolute values (ms?).
We measured also the autonomic balance
(LF/HF ratio) and LF and HF in normalized
units (LFn, HFn respectively calculated as a
percentage of TP of the R — R interval, from
which the power of any component with a

frequency of less than 0.03 Hz was removed)
[1]. The results are given as mean + standard
deviation (SD). A p-value <0.05 was considered
significant.

RESULTS

Table 1 shows the HRV measurement for the
groups before and during investigation.

In the first group (HBOT) on the first minute
under 1,5 abs we observed significant increase of
TP by 99,3%, LF by 138%, HF by 67.6%.
Increase of LFn by 0.8% (p=0.26) and decrease
of HFn by 1.4% (p=0.32) and LF/HF ratio by
34,8% (p=0,176) was not significant. The
changes on the 40™ minute under 1,5 abs were
significant in all values compared with values
before HBOT. We observed significant increase
of TP by 153,3%, LF by 155%, HF by 252%,
HFn by 39.6%, and decrease of LFn by 25.9%
and LF/HF ratio by 61.1%.

In the second group (clean oxygen without
pressure) we found the same tendency with the
first group but less in values. On the 15" minute
of session significant increased the TP by 113%,
LF by 145%, HF by 63%, HFn by 18% and
decreased the LFn by 13% and LF/HF ratio by
52%. The changes on the 55" minute under 1,5
abs were following: TP increased by 136%, LF
by 142%, HF by 64%, HFn by 11% (not
significant), LFn decreased by 10% (not
significant) and LF/HF ratio by 48%.

In the third group (atmosphere air) on the 15"
minute of session the TP increased by 51%, LF
by 67%, HF by 96%, HFn by 23%, LFn
decrease by 19%, LF/HF ratio by 43%. The
changes on the 55" minute was not significant
but we found opposite tendency in changes,
compared with the first and second groups: LF
increase of by 13% and HF decrease by 12%,
LF/HF ratio increase by 19%.

Table 1
Values of HRVﬁin the groups expressed in mean + SD
Groups TP (ms~) LF2 LFn lg HFn LF/HF
(ms”) (nu) (ms”) (nu)
I | 1170+584 3783i20 63%1I5 2484i18 35+16 3.39+2.06
. II | 2332391 904+49 419+13 34+10%*
First (HBOT) 0 2 64+11%* 6 2.21;;1 .09
lIl %%6(&14 9691i72 47113 8797i40 49+14 1.3210.62
I éZlSin 3520il9 62122 4147i15 3819 29121
Second | II | 2584+10 | 86337 | 54+12 | 67331 4512 1.4 £0.7
(oxygenation) 94 1 8
II | 2870X12 | 852+56 67837 47+8* 1.5%0.7
1170 0 56+11%* 9
Third ] I | 124669 | 337%25 54+19 | 259X18 43+18 2125
(atmosphere's air) 3 0 6
11 %885i83 5639i4l 44+19 5071i25 53%18 1213
II | 1564193 | 501%35 61+20* | 339£15 38E19* 25+
I ]9* 8 8 2.4%*




I - Values before investigation.

II - Values in the first group on the first minute under 1,5 abs, in the second and third group on the 15" minute of investigations.
I - Values in the first group on the 40™ minute under 1,5 abs, in the second and third group on the 55™ minute of investigations.
* Not significantly changed compared with values before HBOT and investigation

DISCUSSION

As confirmed by other investigators, we
found HRV to be reduced in the patient with
CAD and with the signs of increased sympa-
thetic activity [8]. It has been hypothesized that
influences can make impairment of HRV may
predict acute myocardial infarction and sudden
cardiac death. This is the first study of record
changes in frequency domain measures of HRV
during HBOT. The analysis of HRV in the

patients of the first group during a HBOT
session showed significant changes. We observed
significant increase of TP and it components —
LF and HF. But if analyze LF/HF as marker of
sympathovagal balance and LFn and HFn we
could note that the LF/HF ratio decreased
because of changing in both branch of AHS and
parasympathetic  activity  increased more

significant (on 40%) than decreased sympathetic
activity (on 25%).

Fig. 1 - 3. Examples of changes of HRV status in some patients under affecting of different procedures.
Gray, black and white colors of different fields reflect VLF, LF and HF components respectively.
1a - HRV status in the patient of the first group before HBOT.
1b - Changes in HRV status after HBOT under 1,5 abs on 40™ minute for the same patient showed increase of TP, LF and

significant increase of HF component.



2a - HRV status in the patient of the second group before oxygenation without pressure.

2b - Changes in HRV status on 55" minute after oxygenation without pressure for the same patient of the second grope
showed the same tendency with the first group (Fig. 1b) but less in values.

3a - HRYV status in the patient of the third group at breathing of usual atmosphere air.

3b - Changes in HRV status on 55" minute for the same patient of the third grope showed the opposite tendency in changes,

compared with the first and second groups.

The changes of HRV in the patients of the
second group had the same tendency with the
first group but less in values. It seems to us
natural, because the quantity of oxygen in the
blood have a linear dependence from partial
pressure in breathing air according to the law of
Genre-Dalton. The main "job" of blood and
circulation is the transportation of oxygen to the
all tissues of the body and oxygen level in the
plasma monitoring very precisely, but in the
tissues because of infections and diseases this
vital tissue oxygen level can drop down to almost
zero! Oxygen transport is determined by the
percentage respired and the barometric pressure.
In usual air under 1 abs approximately patients
(people) receiving 20,9% of O, with oxygen
plasma tension about 95mm Hg. In hyperbaric
conditions the oxygen plasma tension increases
from values of 95 mm Hg to 673 mm Hg in
100% O, under 1 abs till 1053 mm Hg in 100%
O, under 1,5 abs, and this is increasing the
gradient or the transfer of oxygen into tissues.
Thus it is possible to suspect that extent of
changes in ANS within 1 hour HBOT depend
proportionally from oxygen tension in tissues. Of
course the vital importance of oxygen level can
obviously influent on status of ANS in common
and on the both it brunch. The changes of HRV
in the patients of the third group had statistically
insignificant negative tendency as to increasing
LF, LF/HF ratio and decreasing HF. We think
that changes in third groups reflect the normal,
usual variations in time and the first reaction in
supine position to the vagal activity changed by
hypersympathetic activity. >From this point of
view the use of HBOT for patient with CAD is
useful modality as adjunctive increasing of

and well understanding the changes in ANS will
help in management the patient that received
HBOT for a long time (it was reported about
more than 900 sessions for one patient). In some
patients that were not included in this study we
observed decreasing the TP and increasing the
LF/HF ratio and it was close correlated with

problems during the sessions such as
claustrophobia, pain in ears etc.
CONCLUSION

1. Our preliminary results showed that values of
HRYV increasing during the sessions of HBOT
and it measurement are helpful in monitoring
not only the circulation but also the common
status of patients.

2. The HRV measurement reflected the
effectiveness of the complex treatment of
patients with CAD.

3. Based on values of HRYV it will be possible in
the future to modulate the protocols of HBOT
individually for certain patient.

4. Increasing of vagal activity and total power
with decreasing of sympathetic tone during of
HBOT is the evidence of "relaxation" of
circulation and ANS which less stressed by
monitoring the body oxygenation.

5. Adjunctive HBOT can improve prognosis in
patients with CAD in various ways: the
positive modifying of HRV is a sign of
favorable changing in ANS (neurogumoral
and sympato-vagal interaction) [1]; increa-
sing of cardiac electrical stability; prevention
of left ventricular dysfunction, progressing in
Killip class [14] and ventricular ectopic
activity and presence of late potentials [1];
restores of sinus nodal cells to neural

parasympathetic activity. The studies of modulations [15].

influence of HBOT on organism is not finished
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BAPIABEJIBHICTh CEPIHEBOI'O PHUTMY Y MAIIIEHTIB 3
IMEMIYHOKO XBOPOBOIO CEPISI TPOTIAIOM CEAHCY
TIIEPBAPUYHOI OKCUT EHAIIII

Crenanos A.B.
IenTpanbHa kiiHiuHa JikapHs Ne 5, XapkiB

PE3IOME

[TonepenHi AOCHUDKEHHsS BUSBWIN MO3UTUBHI e(ekTH TrinepOapuyHOi OKCHreHaIi
(I'bO) y nauieHTiB 31 CTEHOKApAi€l0 Ta rOCTPUM IH(pAapKTOM MioKapaa. MeTa JaHOro
JNOCIDKCHHS - OLIHUTH xapal_cTic_L)B 3MIH B aBTOHOMHIA HEPBOBIA CHCTEMI éAHC) y
nauieHTiB 3 IXC npotsarom cecii ' BO, 3a naHuMu AMHaMIKKM MOKa3HUKIB BapiaOEIbHOCTI
cep

LEBOT'0 PUTMY. o ) .
[amientn 3 YXC Oynu po3MOJUIEHI HA TpU ?f)ylm 3aJIeXHO BiJ] THCKY y Oapoxamepi.
BHMl}EIOBaan_;I 3arajibHa NOTYXHICTh cnekTpy (TP), HU3bKOUAaCTOTHMM KOMIIOHEHT CHEK-
Tpy (LF) six BinoOpaskeHHs] CHMIIATHYHOTO 1 BUCOKOYACTOTHUN KOMIIOHEHT CIEKTPY &I{{F),
AK B1IOOpakeHHs1 BarycHoi aktuBHOCTI, Oananc AHC (LF/HF Bingnomenns) i LF ta HF y
HopMan3oBaHux oauHuuax (LFn, HFn). ) )

I'BO icrotHo 30utbTyBasia TP, 3MenmyBana LF/HF BinHOIIEHHS BHACTIIOK 3MEHIICH-
HSI CHMIIATUYHOTO 1 OUIBII ICTOTHOTO 30UIBIIEHHS TapacUMIIATUYHOIO TOHYCY.

Ha nam mormsia, 1i 3MiHM NPONOPLIiHHI 30UTBIIEHHIO HANpYTW KUCHIO B TKaHMHAaX
opraisMy mig BmmBoM ['BO. IlomepenHi pesymbraTu mnokasanu, mo 3miHE BCP
BIIOOpaXaloTh HE TUIBKM CTaH KPOBOOOIrYy, ajie TaKOXK 1 3arajbHUM, IHTETpaJlbHUN CTaH
opranizMy npotsiroM cecii I'bO, 1mo, MOXINBO, IO3BOJIUTH 1HAMBIAYaJlbHO 3MIHIOBATH
npotokosl I'bO. 30ublIeHHsT BaryCHOI aKTHBHOCTI 1 3arajibHOI MOTY>KHOCTI CIIEKTPY 3 OJ-
HOYAaCHUM 3MEHILEHHSAM CUMIIATUYHOro ToHYcy npotsarom I'BO - cBimourBo "penakcarii”
kpoBoobiry i AHC B yMOBax rinepokcureHarti. o

I'BO, Ha n0o#aTOK A0 CTaHAAPTHOI Tepamii, MOK€ MOKpPAaIyBaTH MPOrHO3 Y MALIEHTIB 3
IXC BHacmigoK JIEKUIBKOX MEXaHI3MIB: CIIPUATIINBA 3MIHA A}flg; 30UIbIICHHS €JIEKTPUYHOT
CTaOUIBHOCTI MIOKapJa, IONEPEPKEHHS PO3BUTKY JIBOLUIYHOUKOBOI AUCQYHKII 1
HEJOCTATHOCTI KPOBOOOIrY; BIIHOBICHHA YYTJIMBOCTI KIITHMH CHHYCOBOIO BYy3la [0
HEHPOHAIBHOT MO TYJIALIL.

K/IIO90BI C(CJIOBA: rinepbapuyHa OKCHUIEHAllid, IMIeMiyHa XBOpoba  cepi,
BapiaOeNIbHICTh CEPLEBOr0 PUTMY, aBTOHOMHA HEPBOBA CUCTEMA

BAPUABEJIBHOCTDb CEPAEYHOI'O PUTMA Y INTAHMEHTOB C
UIIEMUWYECKOMN BOJE3HBIO CEPIIA B TEUEHUHU CEAHCA
TUNEPBAPUYECKON OKCUI'EHALIMU

Crenanor A.B.
HentpansHas ximHIYecKast 0ompHUTIA No 5, XapbKoB

PE3IOME

Hpez[meCTBigomHe MCCIIEIOBAaHUS BBISIBUIIN MOJIOKUTENbHBI 3 ekt runepbapuieckoit
okcureHauuu (I'bBO) y manueHTOB cO cTeHOKapAWeWd M OCTPbIM HH(pApKTOM MHOKapAa.
Llenb TAaHHOTO HCCIICOBAaHUS - OLEHUTH XapakTep M3MEHEHWH B aBTOHOMHOW HEpBHOMN



cuctembl (AHC) y nanuentoB ¢ UBC B Teuenne ceccuu ['BO, mo maHHBIM AMHAMMKHU T10-
Kaszaresneil BapuaOeIbHOCTH CEPACYHOIO pUTMA.

[Marmentel ¢ UBC Obutn moapasfeneHsl Ha TPU TPYIIBL B 3aBUCHMOCTH OT pabouero
JABJICHUS B 6ap0KaMeEe. W3mepsimuch obmiast MOIHOCTH crnekrpa (TP), Hu3kodacToThIH
koMIioHeHT crekrpa (LF), kak oTpa)keHHe CUMMIATHYECKEr0 M BBICOKOYACTOTHIH KOMIIO-
HeHt crnekrpa (HF), kak orpaxkenue BarycHoit aktuBHocTH, 6amanc AHC (LF/HF otHome-
nue) u LF u HF B HopManuzoBanubix enunuinax (LFn, HFn). 'O cymecrBenHo yBenuuu-
Bana TP, ymenpmana LF/HF oTHoIIeHue BClenCTBHE yMEHBIIEHUS CUMIATHYECKETO WU
3HAYUTENBHO OOJiee CYIIECTBEHHOTO YBEJIWYEHHUsS MapacuMmaruieckero toHyca. C Hamel
TOYKH 3PEHUS 3TH U3MEHEHUS IPONOPLUOHAIBHBI YBEIIMUEHUIO HANIPSHKEHUSI KUCIOpOaa B
TKaHsax noj BosaeicteueM I'bO. IlpenBapurenbHble pe3ynbTaThl ITOKA3aIM, YTO U3MEHE-
Hust BCP oTpaxkaloT He TOJBKO COCTOSIHHE KpOBOOOpAIlEHHUs, HO TaKKe U oOliee, WHTe-
IpajgbHOE, COCTOSIHME OpraHu3Ma B TeueHue ceccuil I'bO, 4uro, BO3MOXKHO, MO3BOJIUT MH-
JIUBHIyaIbHO MOIYJIMpOBaTh poTokoid I'bO. YBenuuenue BarycHoi akTUBHOCTH U OOIIeH
MOIIIHOCTHU CIIEKTPA C OJJHOBPEMEHHBIM YMEHBIIEHUEM CUMIIATUUECKETO TOHYCA B TEUEHUE
I'BO - cBunerenscTBO "penakcanuu’ kpoBooOpamenus 1 AHC B yclnoBUsX THIIEpOKCHUTeE-
Halyu.

I'BO B omnoJiHEHNE K CTAaHJAPTHOM TEPAIIUU MOXET YIydllaTh IPOTHO3 y MALUEHTOB C
NBC BcencTBue HECKOJIBKMX MEXaHU3MOB: OnaronpustHoe u3meHenue B AHC; yBenuye-
HUE DJIEKTPUYECKON CTa0MIBHOCTH MHUOKap/a; MpeJoTBpaIlleHue Pa3BUTHUS JIEBOKETYI0U-
KOBOH JUCQYHKIMH M HEZOCTaTOYHOCTH KPOBOOOPAIIEHHUS; BOCCTAHABICHHE YyBCTBU-
TEIBHOCTH KJIETOK CUHYCOBOTO y3J1a K HEHPOHAIBbHOM MOIyJISALUH.

K/TFOYEBBIE C/IOBA: runepbapuueckasi OKCUT€HAIUs, HIIeMUUecKas 00Jie3Hb cep/la,
BapHabeNbHOCTh CEPACYHOr0 pUTMA, AaBTOHOMHOAsI HEPBHAsI CUCTEMa



