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To investigate the mechanism of the hyperbaric oxygenation (HBO) therapy efficacy, we assessed
oxygen dynamics and metabolism during HBO therapy (60 hours at 2 ATA) by near infrared spec-
troscopy (NIRS) and percutaneous blood gas partial pressure monitoring in 21 men and 2 women
aged 20~67 years (mean: 40.7 +15.4). Oxyhemoglobin (Oxy-Hb), deoxyhemoglobin (Deoxy-Hb), to-
tal hemoglobin (Total-Hb), and cytochrome aa3 (Cyt.Oxi.) were recorded at intervals of 10 seconds
from the rest period preceding HBO therapy until the measurements stabilized during rest after de-
compression. Percutaneous blood gas partial pressure (PtcO.), carbon dioxide partial pressure
(PtcCO.), oxygen partial pressure (PaQ,), carbon dioxide partial pressure (PaCO,), pH, bicarbonate
ion concentration (HCOs™), and base excess (BE) were also determined. The Oxy-Hb, Total-Hb, and
Cyt.Oxi. levels were significantly elevated and the Deoxy-Hb levels were significantly reduced dur-
ing the stable period preceding HBO therapy and the peak stable time during therapy. PtcO signifi-
cantly increased and PtcCO: significantly decreased during the stable period before HBO therapy,
the peak stable period during therapy, and immediately after the end of decompression. PaO, and pH
were significantly elevated and PaCO. was significantly reduced immediately before the start of
HBO therapy and immediately after the end of decompression. There were no significant differences
in BE or HCO;™ at any of the times measured. In conclusion, the oxidized Cyt.Oxi. levels increased
during HBO, substantiating a report on the dominance of reduced Cyt.Oxi. under homeostatic condi-
tions. The elevated Oxy-Hb and Total-Hb levels appear to reflect enhancement of oxygen metabo-
lism at the tissue level. HBO therapy appears to have little effect on acid-base equibrium, although it
markedly increased the PaO. levels and decreased the PaCO: levels.

Introduction

Hyperbaric oxygenation (HBO) is a therapeu-
tic modality by which a patient inhales 100% oxy-
gen under a hyperbaric environment. Boerema et
al” reported on the efficacy of HBO in an experi-
ment using piglets and proved that life can be
sustained by perfusion with a fluid without hemo-
globin (life without blood) under a hyperbaric

oxygen environment of 3 absolute atmosphere
(ATA) for alimited duration. In Japan, HBO has
been practiced for the past 35 years”™, during
which efforts have been made in areas such as
basic research, an expansion of the categories of
diseases to which the treatment can be applied,
examination of therapeutic results, and improve-

ment of the therapeutic devices used.
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For the physiological action mechanisms th-
rough which this therapeutic modality manifests
its éfficacy, the followings have been investi-
gated: @ improvement in hypoxia by administer-
ing a large quantity of dissolved oxygen; @ physi-
cal effect of dissolved oxygen and pressure; and
(® bactericidal effect brought about by oxygen
toxicity. A number of studies have been con-
ducted to verify the action mechanism involved
in HBO but because of the many restrictions
placed on studies under unique conditions associ-
ated with the HBO apparatus, there are many un-
answered questions.

The present study was conducted to examine
the mechanism that is responsible for the efficacy
of HBO. A specific method was employed: near
infrared spectroscopy (NIRS). Since a report by
Jobsis” in 1977, this method has been attracting
attention as a way to determine oxygen dynam-
ics and metabolism: it permits sequential determi-
nation of oxyhemoglobin, deoxyhemoglobin, and
the redox states of mitochondrial cytochrome
aa3” ™. Because of its low invasiveness, its area of
clinical application is being expanded” ™. To de-
termine the systemic oxygen dynamics simulta-
neously, a percutaneous gas partial pressure
monitor, which has been used mainly in neonatol-
ogy, was employed. This method enables one to
make continuous measurements; and for making
indirect measurements of arterial blood oxygen
and carbon dioxide partial pressures.

An instrument was developed that can be used
under HBO” ™", Until now, it was not possible to
conduct NIRS under HBO. The authors added in-
novations to the probes so that oxygen dynamics
can be examined by employing NIRS under HBO.
This represents a pioneering work for evaluating
oxygen dynamics and metabolism by using NIRS
while conducting HBO. The authors examined
oxygen dynamics and metabolism under this con-

dition from a new viewpoint and compared the

results with those of earlier studies.
Subjects and Methods

1. Subject

The subjects were 23 adults between 20 and 67
years (There were 21 men and 2 women, mean
age: 40.7 £ 15.4 years). None has a history of car-
diac or respiratory diseases and all were devoid
of lesions or vascular disturbances at the sites
where test readings were to be made. The group
included 5 patients with digestive system dis-
eases, 8 with orthopedic diseases, 2 with central
nervous system diseases, 2 with diseases related
to oral surgery, and 6 healthy adults. A complete
explanation was given to the patients and their
consents were obtained before starting the study.

2. Methods

For HBO, a T Model 2500B by Sechris was
used. Oxygen dynamics and metabolism were de-
termined during the treatment by employing
NIRS and the percutaneous gas partial pressure
method. With NIRS, the tissue levels of oxy- and
deoxy-hemoglobins (Oxy-Hb and Deoxy-Hb) and
the oxidative state of mitochondrial cytochrome
aa3 (Cyt.Oxi.) were continuously monitored
transcutaneously, based on the differences in ab-
sorbance of infrared rays (700 to 1,000 nm). Liv-
ing tissue includes components that absorb and
random reflect light; and changes in the oxygen
concentration alter the photoabsorptive charac-
teristics in some but not in others. In NIRS, the
former constitutes the subject of determination.
Specifically, Hb and Cyt.Oxi. are these compo-
nents.

A living system contains other substances that
also undergo changes in photic absorbance that
depend on the oxygen concentration; but this ab-
sorbance does not occur within the wavelengths
of near infrared rays. This is the starting point for
the development of the present method. In the
format adapted for the present method, those
with a constant photic absorbancy are subtracted
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as a fixed offset so that they will not affect the ab-
sorbance measurement in determining the ch-
anges in the concentration of the desired compo-
nents. By determining the amount of this “light
out”, the changes in the concentrations of Hb and
Cyt. Oxi. can be computed.

When a clear test sample is irradiated by light
with a wavelength of A, the concentration, C, is
expressed by formula (1). This is known as the
Beer-Lambert Law, in which the quantity of
transmitted light is expressed as 1:

C=1/ (ed) - log (/) (1)
where I: amount of radiation, & absorption coeffi-
cient, and d: light path length. The Beer-Lambert
Law applies only when the light is unscattered
and uniform but it can apply for approximation
for nonhomogenous system such as a living or-
ganism.

C=1/ (L) -log I/I) +X (2)
X in formula (2) represents a constant but un-
known quantity that escapes without detection
due to light scattering. In general, it is not possi-
ble to measure X. However, because it does not
vary, it can be subtracted, e.g., AC=C (t) —C (t,)
when the change from time t to t, is to be com-
puted. L is the light path length and represents
the actual distance the light travels while being
scattered through tissue from the point of radia-
tion to that of detection1'® .

For a near infrared spectrometric monitor of
the present study, a Niro 500 from Hamamatsu
Photonics was used. The probes were modified
for use in a hyperbaric oxygen chamber. Rubber
packing was used at the feed through terminal of
the opening and closing door of the chamber to
maintain the airtightness of the chamber.

A probe was attached to the palmer side of the
right radius, 5 cm from the elbow joint, for near
infrared monitoring and the entire apparatus was
covered by a piece of cloth that was taped to the
skin to form a shield from the external light. The

distance between the light emitting and light re-
celving points at the site where the measure-
ments were to be made was fixed at 4.5 cm, the
path length at 16.2 cm (3.6 times the actual dis-
tance). The Oxy-Hb, Deoxy-Hb, total hemoglo-
bin (Total-Hb), and Cyt.Oxi. contents were re-
corded continuously at 10 sec intervals from the
time of resting before the start of HBO to the sec-
ond rest period after completion of decompres-
sion when the readings became stabilized. To
measure transcutaneous oxygen and carbon di-
oxide partial pressures, a method that was devel-
oped by Huch et al™ when the heating element of
a transcutaneous electrode raises the tempera-
ture immediately below it was used. This method
is based on the fact that dermal capillary blood
flow increases, raising the O, and CO. partial
pressures and augmenting the gas diffusion and
permeability through the skin when the heating
element of a transcutaneous electrode raises the
temperature immediately below it*"®. A TCM-3
by Radiometer was used to analyze and record
the transcutaneous gas partial pressures.

A probe for transcutaneous monitoring of oxy-
gen and carbon dioxide partial pressures was
placed at the left edge of the sternum at the left
second rib, a site that is close to the heart, rela-
tively free of adipose tissue, and believed to yield
relatively stable readings and generally reflect
systemic conditions. In the probe, the PtcO. elec-
trodes are Clark-type oxygen electrodes that are
composed of an anode (silver) and a cathode (plati-
num). For the PtcCO:; electrodes, Severinghause-
type pH electrodes were used. The probe tem-
perature was set at 43 C, which is well within a
measurable range and is not likely to injure the
skin. The transcutaneous oxygen and carbon di-
oxide partial pressures were also continuously re-
corded from the time of rest before the start of
HBO until the rest time after the completion of
decompression when the readings became stabi-
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lized. Immediately before the start of pressuriza-
tion and immediately after the completion of de-
compression, blood samples were collected from
the left femoral artery to determine oxygen and
carbon dioxide partial pressures, pH, bicarbonate
ion (HCO;) , and the base excess (BE) and evalu-
ate the systemic gas and acid-base dynamics.
When both instruments were stabilized, record-
ing was started and after 5 min or more of re-
cording at rest at ambient, continuous determina-
tion during HBO was initiated (The duration of
treatment was set at 60 min at 2 ATA. Compres-
sion and decompression were applied for approxi-
mately 10 min each.). After the reading had been
stabilized for more than 10 min following decom-
pression, the recording was completed. The
changes in oxygen dynamics and metabolism
were examined from the readings taken by each
instrument before, during, and after HBO (Fig. 1).

The near infrared ray readings were ex-

HBO
(ATA)

pressed by the change (A umol/I) from base value

- 0, which is the reading made immediately after

the instrument was attached. The readings made
at the stable period before the start of HBO were
designated as group a and those made at the
peak stable period during treatment at 2 ATA
(immediately before decompression) as group b.
The means of 30 serial readings (5 min) were
compared. For the transcutaneous gas partial
pressure measurements, the readings during the
stable period before the start of HBO were desig-
nated as group c, those at the peak stable period
(immediately before decompression) as group d,
and those immediately after completion of de-
compression as group e. For the arterial blood
analyses, the reading taken at the stable period
before the start of HBO were designated as
group f and those made immediately after the
completion of decompression as group g. The
means for these groups were used for compari-

1

70 80 (min)

monitoring
NIRS 2

PtcO,. PtcCO, ¢

el

ABG

L me)

*JQ

continuous monitoring

Fig. 1 Schedules for data collection for comparison under hyperbaric oxygenation

(HBO)

NIRS : near infrared spectroscopy, PtcO, :

transcutaneous tissue oxygen partial

pressure, PtcCO: : transcutaneous tissue carbon dioxide partial pressure, ABG :

arterial blood gas.
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sons. For statistical analyses, all values were ex-
pressed as the mean = SD. Mean were compared
by t test (paired t test), one-way analysis of vari-
ance (ANOVA) followed by Fisher's Protected
Least Significant Difference test. The level of sig-
nificance was set at less than 5%.

’ Results

1. Determination by NIRS (Figs. 2 and 3)

1) Oxyhemoglobin (Oxy-Hb)

Twenty of the 23 subjects exhibited increases
immediately after the start of HBO and reached
peaks. Immediately after decompression, the
level began to decrease, approaching the level be-
fore treatment, where it was stabilized. Group a:
mean — 3.20 + 6.88 Aumol/I, group b: mean 5.04 *
1254 Aumol/I. The difference between the two
groups was 824 Aumol/I. The increase showed
statistical significance (p<0.01).

2) Deoxyhemoglobin (Deoxy-Hb)

In 18 of these 23 subjects, the level began to de-
cline immediately after the start of HBO, shortly
after which it reached a peak. The level began to
rise immediately after decompression, approa-
ched the pretreatment level, then stabilized.
Group a: mean —1.77 = 050 Aumol/I, group b:
mean —5.37 = —4.94 Aumol/I. The mean differ-
ence between the two groups was 3.60 Aumol/I.
The level showed a significant reduction (p<0.01).

3) Total hemoglobin (Total-Hb)

Among 23 subjects, 17 showed increases and 6
showed reductions. Group a: mean — 547 = 11.62
Aumol/1, group b: mean 0.67 + 14.98 Aumol/!. The
intergroup difference was 5.64 Aumol/!, showing
an increase with statistical significance (p<0.05).

4) Cytochrome aa3 (Cyt.Oxi.)

In 20 of the 23 subjects, the level increased im-

H 10 (A wmol/l)
8
6 Qxy:Hb. " MWM\MW\ e\
4 MM\IJ \‘ e
5 il v
1} ‘f Mv V/
2 L M Deoxy-Hb
-4
30 60 90 120 (min)
) 1 (A L mol/l)
0.8
0.6 il
0.4 W
0.2 W‘/
0
30
3) H
1500 (mmg)
1000 —
500 —
,\,_/ 2ATA
0 T

30 60

Fig.2 A 57-year-old male
1) ,2): Changes in the oxy-, deoxy-hemoglobin (Oxy-HB and Deoxy-Hb) and the cyto-
chrome aa3 (Cyt.Oxi.) concentration levels under HBO determination by NIRS.
3): Transcutaneous gas partial pressure (PtcO.and PtcCO;) under HBO.
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Fig.3 Oxi-Hb, Deoxy-Hb, Total-Hb and Cyt.Oxi. concentration determined by NIRS
group a: during rest period before the start of HBO, group b: at the peak during HBO.

mediately after the start of HBO, peaked, then de-
creased immediately after decompression, ap-
proached the pretreatment level, and became sta-
bilized. Group a: mean 0.28 = 1.03 Aumol/I, group
b: mean 1.00 = 1.09 Aumol/I. The mean difference
was 0.72 Aumol/!. The increase showed a statisti-
cally significant difference (p<0.01).

2. Transcutaneous gas monitoring determi-
nation (Figs.2and4)

In all subjects, the PtcO: began to increase im-
mediately after the start of compression, reach-
ing a plateau in about 45 min. At the start of de-
compression, the level began to decline, almost
reaching the pretreatment level; then it stabilized

within about 45 to 60 min. During HBO, the
PtcCO: level came down gradually and at a fixed
rate.

1) Transcutaneous oxygen partial pressure
(PtcO»)

Group ¢ mean 833 = 128 mmHg, group d:
mean 1329.2 + 121.3 mmHg, group e: mean 3125
+ 1571 mmHg. Significant differences were
noted between groups (groups c :d p<0.01, gro-
ups ¢ : e p<0.01, groups d :e p<0.01).

2) Transcutaneous carbon dioxide partial pres-
sure (PtcCO.)

Group ¢: mean 344+ 4.2 mmHg, group d: mean
298 49 mmHg, group e: mean 29.9 4.6 mmHg.
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Fig.4 Transcutaneous tissue oxygen partial pressure (PtcO.) and carbon dioxide

partial pressure (PtcCO»)

group ¢: before HBO, group d: at the peak, group e: immediately after completion.

A significant difference was noted between
groups ¢ and d and ¢ and e (groups ¢ :d p<0.01,
groups ¢ : e p<0.01).
3. Arterial blood gases (ABG) (Figs. 5 and 6)
1)
(Pa0,)
Group f: mean 92.7 + 13.6 mmHg, group g: mean

Arterial blood oxygen partial pressure

1285 + 440 mmHg. A significant increase (p<
0.01) was noted.

2) Arterial blood carbon dioxide partial pres-
sure (PaCO.)

Group f: mean 38.6 + 13.6 mmHg, group g: mean
36.7 = 44 mmHg. A reduction with a significant
difference (p<005) was noted between the
groups.

3) pH

Group f: mean 7.46 = 0.04, group g: mean 748 =
0.04. An increase with a significant difference (p
<0.01) was noted between the groups.

4) Base excess (BE)

Group f mean 4.17 £ 253 mmol/!, group g
mean 4.35+ 251 mmol/!. No significant difference
was found between the groups.

5) HCO;~

Group f: mean 27.6 = 2.9 mmol/I, group g mean
278 28 mmol/!. No significant difference was
found between the groups.

Discussion

In this study, oxygen metabolism was deter-
mined by using NIRS. The Oxy-Hb content that
can be determined by this method was found to
increase under the following conditions: @ an in-
crese in blood oxygen saturation, @ an increase
in the blood flow volume in association with vaso-
dilation and a rise in blood pressure, @ an in-
crease in the volume of oxygen being transported
by Hb, @® areduction in oxygen consumption by
tissue. The Deoxy-Hb content reacts to changes
either in O, saturation or circulation. Under condi-

tions such as a reduction in O: rsaturation, venous
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Fig. 5 Arterial blood oxygen partial pressure (Pa0.) and carbon dioxide partial pres-
sure (PaCQ.) sample collected from the femoral artery
group f: immediately before the start of HBO, group g: immediately after the com-
pletion of decompression.
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Fig.6 Femoral arterial blood pH, base excess (BE) and bicarbonate ion (HCO,")
occlusion, and flow of blood with a low oxygen the Oxy-Hb and Deoxy-Hb levels are diametri-
saturation into tissue (hypoxia), the responses of cally opposed: i.e., with a drop in the oxygen satu-
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ration level, Oxy-Hb is reduced while Deoxy-Hb
increases.

In NIRS, the blood flow volume is computed as
the total Hb content (Oxy-Hb + Deoxy-Hb) .
When this blood flow volume remains unchanged,
the Oxy-Hb and Deoxy-Hb contents change in op-
posite directions but at the same amplitude while
the Total-Hb remains the same. If there is a dif-
ference between the changes in the Oxy-Hb and
Deoxy-Hb contents or the two undergo changes
in the same direction (increase or reduction), the
blood flow volume will be altered””*. If sudden
changes in the hemoglobin concentrations are
added to this (such as from a blood transfusion or
hemorrhage), the test results will be seriously af-
fected, requiring special attention.

In the present study, however, no patients re-
quired blood transfusion or suffered from a hem-
orrhage during the observation period so special
provisions were not needed. According to the re-
sults from the observation of tissue hemoglobin
dynamics determined by NIRS at the right fore-
arm, the Oxy-Hb and Total-Hb contents showed
an increase and the Deoxy-Hb level underwent a
reduction under HBO (both with a statistical sig-
nificance) . These findings indicate that during
HBO, the content of hemoglobin with highly satu-
rated oxygen increases in tissue while the Deoxy-
Hb content is reduced. A significant increase in
the Total-Hb content (the quantity of total hemo-
globin), an indicator for the blood flow volume in
tissue, was noted when compared with the read-
ings before and during HBO, suggesting a possi-
ble increase in tissue blood flow during this treat-
ment modality.

According to the literature on this subject,
HBO causes the cerebral vasculature to contract
and reduces the blood flow volume by 1.3% at 1
ATA (Kety*) ,21% at 2 ATA (Jacobson™) , and
25% at 3.5 ATA (Lanbertsen®™). From the finding
obtained by transcranial Doppler sonography, the

blood flow velocity at the middle cerebral artery
is 43 cm/sec at 1 AT Aair, which is reduced to 41
em/sec at 1 ATA O, and 30 cm/sec at 2 ATA
HBO, indicating an approximately 30% reduction
for each AT Aair®. For the effects of HBO on the
cardiovascular system, it has been reported that
the cardiac output is reduced by 25% at 4 ATA
for 90 min®. It was suggested that the procedure
may even provoke bradycardia® . Because no
changes have been detected in the arterial and
venous pressures, increases in peripheral vascu-
lar resistance are possible and contraction of pe-
ripheral vasculature has been suggested”. To ex-
plain this phenomenon, a biological mechanism to
adjust to the exposure to excessive oxygen (oxy-
gen toxicity) has been visualized.

As noted above, in a number of studies reduc-
tions in the peripheral blood flow under HBO
have been described. Dysfunctions of vascular
autoregulation® and increases in blood flow to
the ischemic lesions under HBO have also been
reported in relation to cerebrovascular circula-
tion in cerebral ischemic states such as cerebral
infarctions™. In practice, however, this therapeu-
tic modality has been applied to treat various
types of ischemic diseases and many have re-
ported successful outcomes®* . In this study, tis-
sue blood flow (Total-Hb) showed significant in-
creases, suggesting a mechanism to explain this
therapeutic modality. This differs from the re-
sults of earlier studies, in which the blood volume
was determined through direct observation of
blood vessels™**,

NIRS is a method to determine changes in the
Total-Hb concentrations in tissue as a whole unit.
The discrepancy from prior studies may be ex-
plained by the fact that the blood flow volume in-
creases in microcirculation (that was not possible
to detect in the past) through mechanisms such
as an improvement in erythrocyte transport ve-

locity and a reduction in platelet aggregation®
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under HBO. To confirm the efficacy of this thera-
peutic efficacy, further evaluation of tissue perfu-
sion for each organ, anatomical site, or patho-
physiological condition is necessary.

The extent of oxidation of Cyt.Oxi. at a normal
state is still the subject of controversy. In 1955,
Chance et al ™ reported that in an in vitro study,
most of the mitochondrial Cyt.Oxi. is in an oxi-
dized state in a normal condition and the reduced
form is found in a very hypoxic environment. In
1985, Jobsis et al* reported in their in vivo study
that 50% of Cyt.Oxi. is in an oxidized state under
normal conditions but the enhanced tissue oxy-
gen metabolism increases the oxidized type while
a hypoxic state causes an increase in the reduced
form. A report by Hoshi et al”*® contradicted
these findings: in an experiment using rats, the
oxidative state of Cyt.Oxi. remained constant in
spite of a rise in inhaled oxygen concentration
from 21% to 100%; and its reduction was recog-
nized only when the oxygen concentration was
reduced to 8%. Jobsis™ contradicted these find-
ings by citing the possibility of overlapping ef-
fects of changes in the Hb content to those of
Cyt.Oxi. or the hypoxic state of the tissue.

In 1992, Okada et al® postulated that a manipu-
lation to reduce the substrate content might re-
sult in a reduced supply of substrate electrons to
the respiratory chain, resulting in a failure of elec-
trons to reach Cyt.Oxi. on the respiratory chain
and exaggerated oxidation of the Cyt.Oxi. When
one examines changes in the Cyt.Oxi. content in
the hypoglycemic model that was used by Bryan
and Jobsis™, it is found that a sustained extreme
hypoglycemic state results in a shift of Cyt.Oxi. to
a more oxidized state, suggesting the presence of
a reduced state in a normal condition™. As de-
scribed above, no consensus has been reached on
the state of Cyt.Oxi. under normal conditions. Un-
der HBO (2 ATA) of the present study, changes
in the concentrations of Cyt.Oxi. undergoing re-

dox increased, showing a significant difference
between before and during this therapeutic pro-
cedure. This finding indicates that in a normal
condition, Cyt.Oxi. is not altogether in an oxidized
state but does exist in a reduced state. According
to the report by Hoshi et al ' cited above, inhala-
tion of 100% oxygen did not cause any changes:
the changes that were observed in this study
may be unique to HBO. It is also possible that un-
der HBO, oxygen metabolism is enhanced at the
cellular level.

Because it is difficult to collect specimens by an
invasive method for blood gas analysis under
HBO, application of the method as a transcutane-
ous gas monitor during this therapeutic modality
has started. There have been several reports on
this subject™ ™", In this study, the mean PtcO.
was 1329.2 mmHg under HBO at 2 ATA, which
approximated the theoretical value of 1433 mm-
Hg" for blood oxygen partial pressure under
HBO at 2 ATA. It proved that PtcQ faithfully re-
flects the blood oxygen partial pressure; and the
method is effective as a blood gas monitor under
high atmospheric pressure. When compared aga-
inst the results of arterial blood gas analysis im-
mediately after decompression, an evident differ-
ence was noted between PtcO. and PaO,, indicat-
ing a tendency for a delay in the reduction of
PtcO:; after a rapid reduction in the arterial blood
oxygen partial pressure. This finding appears to
correspond to data in a report by Boerema et al”,
in which it was stated that even after HBO, the
tissue oxygen partial pressure remains high for 2
to 4 hours.

The PtcCO: content before HBO was com-
pared against those during the procedure and im-
mediately after decompression. A tendency to-
ward a significant reduction is probably due to
transient retention of CO,, which triggers a hy-
perventilatory state and a subsequent reduction
in the PtcCO; content™ ™", There have been occa-
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sional reports on arterial blood gas contents un-
der HBO. The current study was expanded to in-
clude pH, BE, and HCO:; before and after HBO.
The findings on PaCO; in the literature are gener-
ally divided into two groups—those describing

reductions”™*’

and those that report on no signifi-
cant changes or increases®*. In this study, a
trend for significant reductions was noted to-
gether with a significant rise in pH. As described
earlier, it appears that the physiological mecha-
nism under HBO is responsible for this reduction
in PaCQO, and a rise in pH. However, there are re-
ports that note only a slight rise in the CO. con-
tent in the central nervous system and a drop in
pH*”* indicating a lack of uniformity among or-
gans within a body. A need to evaluate the ef-
fects on each organ and anatomical site is indi-
cated. No significant changes were noted in BE
and HCO; . The findings were interpreted to
mean that the effect of HBO at 2 ATA for one
hour is minimal on acid-base equilibrium in the
body.
Conclusion

Peripheral (at the right forearm) oxygen me-
tabolism and dynamics under HBO was exam-
ined percutaneously by using NIRS. Percutane-
ous oxygen and carbon dioxide partial pressures
were measured to find in vivo oxygen dynamics
and metabolism under HBO. The findings were :

1. Under HBO at 2 ATA, a significant increase
was recognized in the Oxy-, Total-Hb. The find-
ing reveals the state of tissue blood flow: it is be-
lieved that it shows a mechanism attesting to the
efficacy of HBO.

2. Under HBO, the oxidized cytochrome level
also increased, which supports the reports that
describe the reduced state of cytochrome in a
normal state. It was believed that under this
therapeutic condition, oxygen metabolism is aug-
mented at the tissue level.

3. A slight rise in pH is recognized in response

11

to acid-base equilibrium in the body. The proce-
dure appears to have little effect or cause
changes in BE or HCO;™.

This study was conducted with grants, such as the

1998 Private University Research Facility Supports.
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BRERFAE FTOREHE, KHICHT 51RE

HRZFERAE E2EH HAEZE (FEE Ak BER)
itr R

BRERERE (HBO) OARORFE 2 RET+T5 2 2 HIWE L, ERFHRE (near infrared spec-
troscopy: NIRS) ZFIH L, FRIC&SMBESHROWEICIRENTASEE=Y —2FMA L. &
FSRPIC T —_%2%EL HBO FONIRS 12 L AMEHROMEZWRE L Lz, - TRRS
MIEIZ L %5 HBO TOMEERE, RHORFIAMEIMERELZHDOTHS. 5T 20~67 (F1y
407+154) %, BE21 461, K2 B THRBERMIZ2KET60 5 HETH 5. HBREMHE X D NIRS
TARIRER R O ~NE 7 ¥ v (Oxy-Hb), @M AEZ 0¥ ¥ (Deoxy-Hb), BNEFBE ¥
(Total-Hb) , F M 7 0 — A aa3 (Cyt.Oxi) ZMWEL, FEICREEBEESTE PtcO,) , ZBRILKEITIE
(PtcCO.) HilE L7z, WGHni I RREIIR & » i 2 3R L EEE S E (Pa0.), ZEbLRFESIE
(PaCO.) , pH, EREA 4+ >~ (HCO, ), Baseexcess (BE) ZMRaS L7z, WGHBMGAN, BED, HE
BOZAEREBOBEM & RERE, RBOLEZME L2, NIRS X% aff, ¥—27F%Z b
BEL L, B ASENEEE HBO BT %2 c B, ©— 272 d#, BEKRTEZLZ e L L, B
MAHIIEEER % B RER TER T gl e LR L7, &%, afif, b#ERMH T Oxy-Hb, Total-
Hb, Cyt.OxiiZA EIZHM, Deoxy-Hb 13H WA, PtcO, i c & d #, e B CTH BT, PteCO,
oL dfE, e BETHBEIZRA, {#, g#M<TPa0, pHIIHEIIHM, PaCO, EEEIZED,
BE, HCO; 3 HFEBEEZ RO Lh o 7.

HBO T TIXEALAF b 7 2 — 24 aa3 Nz o7z, 2, EERETEIHEF F 70— A aal
BHEETHE V) MELTIFTLH0OTH ) [AEE F Tk Oxy-Hb, Total-Hb 3L TH h kL
NV CHBERBVITEL T DL EEZ HN. T 2EEEDIZ Pa0, EH L EH L PaCO, DK T %
D B HRIE R B O L L WIEEEThH o 7.
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