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DEDICATION

Ia the name of Allah, the Beneficent, the Merciful.

XX7 e have enjoined on-man

Kindness to his parents:

In pain did his mother
Bear him, and in pain

Iid she gi\'e him birth.
‘The carrying of the (child)
To his weaning is °

(A pericd of) thirty months,
At length, when he reaches
“The age of full strength
And attains forty years,
He says, " O my Lord!
Grant me that | may be
Grateful for Thy favour
‘Which Thou hast bestowed
Upon.me, and upen both
My parents, and that 1

May work righteousness
" Such as Thou mayest approve ;
And be gracious 16 me

In my issue. Truly

Have 1 turned to Thee
And truly do [ bow

{To Thee) in Islam.”
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CARVO2
FAVDO
FCONT
FCO2
FEMABF
FEMVO2
FOXY
FPH

FS
GENVO2
JAVDO
JCONT
Jco2
JOXY
JPH

Js

MINVOL

LIST OF ABBREVIATIONS

Arterial blood oxygen content

. Arterial blood carbon-dioxide tension

Arteriai blood oxygen tension

Arterial blood pH

Artgrial blood hemoglobin oxygen saturation
Carotid artery blood flow

Cerebral oxygen consumption

-Arterial to femoral vein blood oxygen extraction

Femoral vein blood oxygen content

Femoral vein blood carbon-dioxide temsion
Femoral artery blood flow |
Hindlimb oxygen consumption

Femoral vein blood oxygen tension

Femoral vein blood pH

.Femoral vein blocd hemoglobin oxygen saturation

Geﬁeral (total) oxygen consumption

Arterial to jugular vein blocod oxygen extraction
Jugﬁlar vein blood oxygen content

Jugﬁiér vein blood carbon-dioxide tension
Jugularlvein blood oxygen tension

Jugular vein blood pH

Jugular vein blood hemoglobin oxygen saturation

Minute volume or minute ventilation
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. OXYDEL Oxygen delivery or oxygen transport

- PAVDO  Arterial to pulmonary artery blood oxygen extraction
PCONT Pulmonary artery blood oxygen content

PCO2 Pulmonary artery blood carbon-dioxide tension

POXY Pulmonary artery blood oxygen tension

PPH Pulmonary artery blcocod pH

PS Pulmonary artery blood hemoglobin oxygen saturation
PULAP  Pulmonary arterial pressure

PVR Pulmonary vascular resistance

RESPR Respiratory rate or respiratory frequency

SVR Systemic vascular resistance

SYSAP Systemic arterial pressure

TIDVOL Tidal volume

TOTLCO Total (general) cardiac output



INTRODUCTION

Shortly after isolating oxygen in 1774, Priestley is reported to

have written: - From:the greater strength and vivacity of the flame

of a candle, in this pure air, it may be conjectured, that it might

be peculiarly salutary to the lungs in certain morbid cases.....but,

perhaps, we may also infer from these experiments, that though pure

dephlogisticated air (oxygen) might be very useful as a "medicine”,

it might not be so proper for us in the usual healthy state of the

body: for, as a candle burns out much faster in dephlogisticated

than in common air, so we might, as may be said, "live out too fast",

and the animal powers be soon exhausted in this pure kind of air. A

moralist, at least, may say, that the air which nature has provided

for us is as good as we deserve.....the feeling of it to my lungs was

not sensibly different from that of common air; but I fancied that my

breast felt peculiarly light and easy for some time afterwards. Wwho

can tell but that, in time, this pure air, may become a fashionable,

article in luxury (Welch 1982).

Oxygen is the most popular medical gas in the world. Its
therapeutic and the harmful effects can be traced back as far as the
pioneers of the study of respiratory gases.

Commonly, oxyden is widely used on a short and long term basis.
Usually, long term users of oxygen therapy are patients with chronic
obstructive pulmonary disease, and patients presented with clinical

symptoms that could only be relieved with oxygen. Low flow (low



concentration) oxygen is usuélly used in a long term situation.

Higyer oxygen concentration is usually used in a short term
oxygen therapy. It is administered to patienﬁs presented with any
acute pathological situation that cause immediate oxyhemoglobin

_desaturation, such as hyaline membrane disease of the newborn,
methemoglobin anemia, cyanide and carbon monoxide poisoning, acute
pulmonary edema, asthma atfacks, respiratory allergies, hydro-,
hemo-, and pneumothorax, acute onset of shortness of breath, and
congestive heart failure with pulmonary edema.

‘In all cases, the main objective of oxygen'therapy is to correct
arterial blood hypoxemia. Oxygen does not cure the uhderlying
pathological situation, but it merely helps alleviate the symptoms of
arterial hypoxemia.

On the other hand, administration of oxygen to subjects with
normal arterial blood oxygen tepsion will increase the arterial blood
oxygen tension unnecessarily, but will also cause an adverse effects
on the other systems, such as increase vasculér resistances, reduce
cardiac output and arterial blood flows, depress neuro-oxygen
sensors, increase respiratory aif flow resistance, induce
vasoconstrictions, restrict oxygen delivery to theé tissues, and altex
peripheral, regional and total oxygen consumptions (Reinstorff and
Fenner 1972, Harkema et al. 1982, Eggers et al. 1962, Haneda et
al. 1983, Kety and Schmidt 1948, Welch et al. 1977, Andersen and
Hillestad 1976, Smith and Ledingham 1972, Cassuto and Farhi 1979,

Grave et al. 1970, Allison et al. 1979, Bergofsky and Bertun 1966,



Hughes et al. 1979, Shearer et al. 197, Whitehorn et al. 1946, and
Berclay et al. 1979). Yet, there has been little investigation of
the possible effects of oxygen on total, and cerebral oxygen
consumptions. \

This research was undertaken to explore the effects of short
term (one hour) oxygen therapy on total, cerebral, and hindlimb
oxygen consumptions in normal resting healthy dogs. The Fick
equation was used in this study to address the following questions.

1. WwWhat oxygen concentration will most effect the oxygen
uptake.

2. How do the chanées in either cardiac output or oxygen
extraction, orf both, influence the changes in oxygen uptake during
oxygen breathing.

3, what ére the other variables that could affect cardiac
output and tissue oxygeﬁ extréctioqs during oxygen breathing.

In this study, 16 dogs were clinically studied on réom air and
then during oxygen breathing. Cardiac output, arterial bleood flows,
vascular éressures, blood gas analysis, and respiratory parameters
were determined.

By evaluating the effects of short term oxygen breathing on
total, cerxebral, and hindlimb oxjgen consumptions, an understanding

of the effects of oxygen at the cellular level might be gained.



LITERATURE REVIEW

Ventilatory Responses During Hyperoxia

The administration of 12¢% oxygen to patients with chronic
obstructive pulmonary disease (COPD) during acuﬁe'respiratory failure
resulted in an early decrease in minute ventilation by 18% compared to
control values. Both tidal volume and respiratory frequency decreased,
this initial decrease in minute ventilation was followed by a slow
increase after 15 minutes of oxygen breéthing; minute ventilation rose
to 93% of the control values (Aubier et al. 1986). They also reported
that there was a small difference between minute ventilation on
" normoxia and that at hyperoxia. Arterial blood oxygen tension
increased to 225 Torr, arterial blood cafbon;dioxide tension increased
by 25 Torr on hyperoxiaL There was no significant correlation between
fhe changes in minute ventilation and arterial blood carbon-dioxide
tension. |

In patients with CQPD, resting minuté-Ventilaéion and mean
inspiratory flow decreased after 6 months of 24 hours low flow oxygen
(liter flow of oxygen to keep the arterial blood oxygen tension between
60 £o 80 Torr} therapy, indicating a reduction in central ventilatory
drivg. Also the ventilatory responses to carbon-dioxide were
depressed, and were associated with a significant increase in arterial
blood carbon-dioxide tension (Fleetham et al. 1988). In asthmatic
patients, minute ventilatipﬁ onh normoxia was 19.2 1/min, but on

hyperoxia it decreased to 8.4 1/min, indicating that hyperoxia is a



ventilatory depressant (Freedman et al. 1983}.

Reinstorff and Fenner (1972) reported that in neonatal subﬁects up
£o 72 hours of age, a brief exposure to hyperoxia for 8 to 15 seconds
dﬁrétion resulted in an over all mean ventilatory reduction of 15.65%.
They also found that infants weighing above 200@¢ grams showed greater
ventilatory reduction of 20.12% and in infants weighing less than 2006
grams, the ventilatory redﬁction was only 11.69%. There was a
statistically significant difference between these two groups.

After breathing 100% oxygen at two atmospheres for 5 hours, airway
resistance increased by 30%, thoracic gas volume increased by 25%, and
specific airways conductance fell by 41%. However, under the samé
ambient pressure of two atmospheres on normoxia, there were no
respiratory changesA(Dewar et al. 1972). These workers further showed
that there were no changes in vital capacity, or FEV (1l s)/FVC with.
either normoxia or hyperoxia at the same étmospheric conditions.

Oxygen therapy had no effect on sleep quality (Fleetham et
al. 1982). Nocturnal low flow oxygen (2 1/min by nasal prong) had no
apparent effect upon sléeé quality in patients with cystic fibrosis and
in paﬁients with severe but stable COPD (Spier et al. 1984). They
further reported that duiing normoxia breathing in COPD patients
arousals from sleep were associated with periods of arterial blood
desaturation. However relief of the hypoxemia with supplemental
nocturnal 1oﬁ flow oxyden increased the arterial blood saturation, but
it had no effect on arousal frequency (Fleetham et al. 1982, and Spier

et al. 1984).



An hyperoxic pulmonary syndrome similar to adult respiratory
distress syndrome was produced when normal rats were exposed to
hyperoxia (108%) for 48 hogrs. Similarly, when rats with emphysematous
lungs were exposed to hyperoxia,-there.wasla reduction in quasi-static
compliance and carbon-monoxide diffusing capacity similar to tﬁose in
normal lungs under hyperoxia (Harkema et al. 1582). They also pointed
out that emphysematous lungs unéer hyperoxia showed a reduction in
fbrced expiration volumes and flow rates.

Airway resistance decreases in hypoxemic patients with COPD when
breathing 30% oxygen. Also patients with hypoxemic COPD demonstrated
an increase in air flow rates and a decrease in density dépendence of
flow while breathing 38% oxygen (Libby et al. 1981). Harkema et
al. (1982) reported decrease in air flow rates in emphysematous rats
lungs. Libby et al. (1981) also reported that subjects with normal
iungs showed no chanées in air flow rates or density dependence while
breathing 36% oxygen. Miyamura et al, (1976) have shown that the
slopes of the minute ventilation to alveolar arterial carbon-dioxide
tension lines during positive and negative work increased in normoxia
as compared with those on rest, but this effect was less evident in
hyperoxia breathing.

After being exposed to hyperoxia(éS to 98%) for 54.6 hours, dogs
died with respiratory failuﬁe; the lungs.on autopsy were dark red,
hemorrhagic, edematous, and congested (Sﬁith et al. 1§63). They
observed an increase in respiratory rate at the time nearideath,

intrapleural pressure increased, and lung éompliance dropped.



Arterial Blood Gases During Hyperoxia
~In patients with chronic obstructive pulmonary disease the lowest
| mean arterial oxygen saturation occired during rapid eye movement (REM)
sleep (Fleetham et al. 1982). The-minimum arterial oxygen saturation
occurred during REM sléep and averaged 79.4% oﬁ normoxia, but with
nocturnal low flow oxygen (2‘1/min) therapy this improved to 92.7%
(Spier et al. 1984). They further reported that transcutaneous
carbon-dioxide tension was 5.1 Torr during REM sleep on noctﬁrnal low
flow oxygen therapy, where as it was 5.6 Torf on falling sleep while
breathing room air.

Arterial blood oxygen tension varied widely from 30 to 68¢ Torr
accoxrding to oxygen fraction of inspired gas. In the.“coma“ group, the
jugular vein blood oxygen tension increased slightly with the increase
in arterial blood oxydgen tension, whereas the comparable values of
jugular vein blood oxygen tension in a "brain death" groué were
extremely high (Minami et al. 1973).

The curve of 6xyhemoglobin dissociation during 2¢ minutes
inhalation of a 95% oxygen shifts to the left {(Ivanov and Chebotarev
198¢). They also mentioned that this shift of the curve of
oxyhemoglobin dissociation indicates an’ increase in the hemoglobin
affinity for oxygen and restricts oxygen release to the tissues.

Cassuto and Farhi (1979) studied the effects of hyperoxia (180%)
at one and three atmospheric pressures on the circulatory system.

Their investigation revealed that exposure to hyperoxia caused a



sustained rise in arterial oxygen tension. Oxygen uptake during
hyperoxia at one atmospheric pressure was the same as in control
conditions. These workets also noticed an immediate rise in right
heart oxygen tension, while tﬁe right heart to arterial carbon-dioxide
tensian difference rose indicating gradual fall ih cardiac output, this
phenomenon was accompanieé by an increase in lactic acidosis, implying
that some tissues were becoming hypoxic in the presence of arterial
hyperoxia. Dewar et al. (1972) reported no changes in alveolar to
arterial oxygen difference in patienfs breathing 1¥8% oxygen at two
atmospheric pressure for 5 hours.

When neonates and two week old beagle puppies were exposed to 80

- to 99% oxygen, no significant difference between the mean arterial

carbon—dioxiée tension of the two groups.(46.6 Torr on hyperoxia; vs.
39.7 Torr on normoxia) was observed (Grave et al. 1970). Irnell and
Nordgren (19665 reporfed that iﬁ patients with bronchial asthma, the
oxygen saturation in the brachial artery was 96.4% on normoxia, and it
was 99.6% during hyperoxia breathing. Inhalation of high oxygen
mixture (85 to 100%) produced a. slight but significant increase in
arterial oxygen content (a 1.4 Vol% increaée) with no change in the

carbon-dioxide content and tension or the pH of arterial blood (Kety

and Schmidt 1948, and Grave et al. 1979).



Vascular Pressures During Hyperoxia

Short term (over night) oxygen therapy in patients with COPD
lowered ﬁean sleeping pulmonary arterial pressure and eliminated
transient arterial hypoxemia (Fletcher and Levin 1984). These authors
also reported the effect of long term (eight weeks) home oxygen therapy
iﬁ_patients with COPD, the mean pulmonary artery pressures during sleep
were lower then the baseline normoxia values. These patients also
exhibited lower pulmonary vascular resistance.

High oxygen breathing for 10 minutes decreased the airway
impedence (from 78 to 57 dynes.sec/(cm”5), and pulmonary arterial
resistance in patients with pulmonary hypertension. Pulmonary artery
pressures in gatients with pulmonary venous hypertension and‘with
normotensive pulmonary system were n&t affected in ten minutes on
"hyperoxia (Haneda et al. 1983). Wright et al. (1983) reported that
oxygden breathing had no effect at rest, but during exercise the
pulmonary artery and pulmonary artery wedge pressures were lgwered in
patients with more severe COPD. During oxygen breathing, the mean
pulmonary arterial‘pressure_was 11 Torr as compéréd with 12 Torr on
‘room air. Hyperoxié‘exposure for 20 minutes at rest in patients with -
severe COPD did affect the pulmonary artery pressure (Irnell and
. Nordgren 1966, Tammivaara-Hilty 1973, and Wright et al. 1983).

Hyperoxia (87 to 90%) breathing for 7 days at normobaric pressure,
in.rats, caused pulmonary hypertension, increased pulmonary vascular

resistance and remodelled the walls of pulmonary precapillary
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arteries (Jones et al. 1983, and Moran and Wolfe 1978). Moran and
Wolfe (1978) discovered ‘that pulmonaxy arteriolar reéistance increased
from 183 to 791 dynes.sec/(am”5) after 70 hours on 95% oxygen in dogs.
Perivascular pulmonary edema w%s evident at post-mortem.

Inhalation of high oxygen mixture (85 fo 100%) produced a moderate
increase in cerebrovascular resistance (from 1.7 to 2.2 resistance
units) which indicates vasoconstriction in the brain vessels as the
probable cause for the reduction in cerebral blood flow (Kety and
Schmidt 1948). Thésé workers feported a significant increase in
systolic, diastolic, and in mean arterial pressure. |

Blood pressure was not affected in the experiment at 55 to 70% of
' :maximal aerobic activity in man during oxygen breathing. However,

E there was a reduction in blood flow by 11% to exercising limb without
any change in blood pressure durlng hyperoxla, 1ndlcat1ng an increase
1n re51stance to blocd flow in the exercising limb (Welch et al 1977)

Statistically significant increase in perlpheral Vascular
resistance, and mean arterial pressure occurred during 3@ minutes on
hyperoxia and persisted for 4@ minutes after'hyperoxia period ended
(Eggers et al. 1962). Andersen and Hillestad (1978) reported
vasoconstriction and blood presstre rise followed 20 minutes oxygen
breathing. Oxygen (100%) ventilation at two atmospheres caused a 70%
increase in systemic vascular resistance and a rise iﬁ lefﬁ ventricular
end diastolié pressure (Smith and Ledingham 1972). Dewar et al. {1972)
reéorted no changes in blood pressure in man exposed to 90% oxygen at

two atmospheric preSéure for 5 hours.
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Hemodyamic Responses During Hyperoxia

It was fbﬁhd that the mean pulmonary lobér blood flow was 62.7
ml/min at arterial blood oxygen tension of 354 Torr; 69.2 ml/min at
_n0rmoxia; and 31.2 ml/min at hypoxia. These differences between the
blood flow values were statistically significant (Allison et al. 1979).
They suégested that pulmonary blood flow was greater during normoxic
breathing; either hypoxic or hyperoxic breathing both caused a decrease
in blood flow. 7

Eggers et al. (1962) reported no changes in central blood volume,
but they indicated that a marked increase in pulmonary blood volume
occurred in patients exposed to hyperoxia for 3¢ minutes duration. The
effects of long term (8 weeks) oxygen therapy in COPD patients showed
. an increase in cardiac output during sleep (Fletcher and Levin 1984).

_ Hyperdxia decreases regional blooa flow, the effect is being most
marked in the brain, less so in the bowel and least obvious in the
hindlimb (Bergoféky and Bertun 1966). Vasoconstrictive action on the
cerebral vasculature is the result of a direct action of oxygen. The
extreme degree of retinal vasoconstriction in the §£emature infants
exposed to oxygen suggest a direct constrictive action of oxygen at
this age (Grave et al. 197d). They also demonstrated that neonates and
two weeks old beagle puppies dufing exposure to 8¢ to 90% oxygen at
nofmobaric pressure had mean values for cerebral and retinal blood flow
20% less thaﬁ those of the control group on normobaric normoxia.

Hyperoxia studies at arterial blood oxygen tension above 200 Torr

produced no significant effects upon liver blood flow (Hughes et
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al. 1979). Inbalation of high oxygen mixtures produced a significant
decrease of 13% in mean cerebral blood flow, probably due to
vasoconstriction in the brain vessels (Kety and Schmidt 1948). Leg
blood flow was reduced by 11% during exercise while breathing 108%
oxygen (Welch et al. 1977), but thé actual oxygen delivery (product of
blood flow and oxygen extraction) was not significantly different.

After inhalation of_either normoxia or 1@0% oxygen for at least 30
minutes and following tﬁe 45 seconds occlusion of actual total
circumflex coronary artery, transmural mybcardial blood fléw was
determined (Rivas et al. 1988). They reéo;ted that on normoxia, mean
regionél myocardial blood flows to non-ischemic, intermediate, and
ischemic regions were 9.92, 0.51, and G.lﬁ ml/ﬁin.g, respectively.
However, during hyperoxia; mean regional myocardial blood flows were
significantly diminished in non-ischemic, intermediate, and ischemic
regions. Rivas et al. (1983) concluded that transmural biood flow to
each layer was uniformiy reduced in all regions and that hyperoxia
(199% oxygen) further reduced myocardial blood.flow to ischemic
regions. HMoran and Wolfe (1978} reported that dogs exposed to 95%
oxygen for 73 hqﬁrs had a sigpificantly increased myocardial perfusion
to all three layer of the ventricular wall at 24 and 48 hours.

Total renal blood-flow reduced by 25% at an arterial oxygen
tension above 100 Torr, but the giomerular filtration rate, and the
effective renal plasma flow remained constant (Shearer et al. 197¢).

_ Andersen and Hillestad (1978) concluded that breathing 100% oxygen

at one atmospheric pressure for 2¢ minutes in healthy subjects produced
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-consistent cardiac output depression and vasoconstriction. These
authors concluded that such adverse hemodynamic effects abolish the
expected rise in general and regional oxygen transport. Rise in right
.heart to arterial carbon-dioxide tension difference in the presence of
hyperoxia indicate a gradual fall in cardiac output (Cassuto and Farhi
1979). Bergofsky and ‘Bertun (1966) reported that hyperoxia decreases
the regional blood flow by increasing regional vascular resistance.

Responses to hyperoxia in patients with acute decompensation of
COPD was characterized by decrease in cardiac output and an increase .in
oxygen delivery because of sharp increase in arterial oxygen content
(Degaute et al, 198l). Contrary to Degaute et al.;'welch et al. (1977)
pointed out tﬁat hyperoxia breathing did not change oxygen delivery to
- the leg during exercise.

Although, Degaute et al. (1981) showed specifically that patients
with severe hypoxemia (arterial blood oxygen tension of less than 4@
Torr) showed no changes in cardiac output to oxygen therapy, but there
was a significant increase in oxygen delivery. They also pointed out
that patients with moderate hypoxemia (érterial blood oxygen tension
between 40 and 6@ Torr) when exposed to oxygen therapy showed a
significant decrease in cardiac output with out any changes in oxygen
delivery.

On the other hand, Dewar et al. (1972) reported no changes in
cardiac output in patients exposed to 100% oxygen at two atmospheric
pressures for 5 hours. Smith.and Ledingham (1972) reported a fall in

cardiac output of approximately 30% within four hours of commencing

I'd
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hyperoxia (l@@%) ventilation at 'two atmospheric pressures. They
further mentioned that at the end of 8 hours of hyperoxia, there was a
rapid restoration of all parameters towafds the initial values on
normoxia. |

Slight but statistically significant decrease in cardiac index and
heart rate were observed during 188% oxygen breathing for 3¢ minutes
{Eggers et al. 1962). Irﬁell and Nordgren (1966) reported that in
patients with bronchial asthma, the cardiac output was 4.9 L/min during
hyperoxia breathing and 5.9 L/min during normoxia breathing.

whitehorn et al. (1946) reported that hyperoxia breathing for 6@
minutes (one hour) resulted in a decrease in cardiac output as compared
“with the normoxia values. They further reported that the average
decrease after five minutes of oxygen inhalation was 13% and continued
to drop until to an aﬁerége of 19.4% below the normal room air values

after 6@ minutes. These changes were statistically significant.

Muscular Performance During Hyperoxia

The tension developed by gastrocnemius plantaris muscles decreased
by 14% in muséles perfused with hyperoxic blood after 20 minute and it
decreased by 35% in muscles perfused by normoxia blood, indicates that
hyperoxia maintains muscle tension (Barclay et al. 1979). Breathing
35% oxygen against 6.5 cm of water.s/1 inépiratory resistance produced
a significant increases in anaerobic threshold, maximum oxygen
consumption, peak heart rate and endurance while decreasing the

hyperventilatory response to work above anaerobic threshold
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(Dressendorfer et al. 1977).

Linnarsson et al. (1974) invéstigated the effect of hyperoxia in
men on muscle performance quring submaximal and short term maximal
exercise. At.subméximal exercise, oxygen deficit, phosphagen -depletion
and muscle lactate accumulation were inversely related to inspired
oxygen tension. Whéreés, at maximal exercise oxygen deficit,
phosphagen depletion and muscle lactate accumulation were ndt affected

by inspired oxygen tension.

Oxygen Consumption During Hyperoxia
Hyperoxia produced a small increase in hepatic oxygen consumption
. without any chaﬁge in liver blood flow (Hughes et al. 1979). 1In
patients with bronchial asthma, the oxygen uptake was 267 ml/min during
ﬁyberoxia breathing; and 217 ml/min during resting normoxia breathing
(Irnell and Norxdgren 1966).
The average oxygen consumption during submaximal exercise was not

significantly different between hyperoxia and normoxia. Oxygen

consumption Euring maximal exercise condition was significantly higher
in ﬁyperoxia breathing subjects (Welch and Pedersen 1981). Welch et
al. (1977) reported that oxygen consumption of the eXercising limb was
not different during hyéeroxia breathing as compared with normoxia,
although leg blood- flow was reduced by-ll% during exercise in oxygen

breathing.
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Literature Summary‘

fo sum up, the effects of oxygen breathing vary with the duration
of exposure and the presence or absence of any underlying lung disease.

- Short term oxygen exposure in subjects with lung disease; such as
CoPD, and asthma, causes 1) an increase in minute ventilation, 2) an
increase in-arterial blood oxygen tension, 3) an increase in
carbon-dioxide tension, 4) a decrease in airway resistance, 5) an
increase in air flow rates, 6) a decrease in pulmona#y artery pressure,
7) a decrease in pulmonary arterial resistance, 8) an increase in
oxygen delivery, and 9) a decrease in cardiac output.

Effects of long term oxygen exposuré in.patients with underlying
lung disease are manifested by 1) a decrease in minute ventilation, 2)
an increase in arterial blood oxygen tension, 3) an incfease in
carbon-dioxide tension, 4) a decrease in mean pulmonary artery pressure
and resistaﬁce, 5) an increase in pulmonary artery blood flow, 6) a
decrease in vasuclar resistanée, and 7) an increase in cardiac output.

The effects of short term oxygen breathing in subjects with normal
pulmonary system are manifested by 1) a decrease in minute ventilation,
2) an increase in arteriallblood oxygen tension, 3) an increase in-
carbon-dioxide tension, 4) an increase in pulmonary artery blood oxygen
tension, 5) an increase in hemoglobin oxygen saturation, 6) a decrease
in pulmonary lobar blood flow, 7) an increase in mean arterial blood
pressure, 8) an increase in systemic and diastolic pressures, 9) an
increase in systemic vascular resistance, 1¢) generalized péripheral

vasoconstriction, 11) a decrease in total cardiac output, 12) cerebral
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and retinal Qasoconstriction, 13) an increase in cereﬁrovascular
;esistance, 14} an increase jn resistance to regional blood flow, 15)
cause a reduction in regional blood flow to areas such as; brain,
hindlhﬁb, retina, myocardium, and kidney.

Long term oxygden exposuré in subjects with normal lung caused 1)
respirafory failure, 2).increased pulmonary artery pressure and
resistance, 3) increased intrapleural pressure, 4) decreased lung

compliance, 5) pulmonary congestion, 6) edema, and 7) death.
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MATERIALS AND METHODS

Experimental Design

Sixteen adult canine dogs of weight range 24,064 + 2.614 kg. (13
males, 3 females) were used in this study. These dogs were obtained
from Laboratory Animal Resources at Iowa State University, and were
fasted over night with only water p;ovidéd. Most of these dogs were
tested for heart worms either before the experiment using Canine Heart
Worms Test Kit: Dirotect (Mallinckrodtxlné., Bohemia, New York) or
after the experiment on autopsy. Dogs that were positive for heart
wortis were not used in this study, épd:if autopsy findings were
positive for heart worms then the data gathered were also discarded.

Thirteen dogs were tranguilized intramuscularly in the thigh with
1.21 + 8.24 ml/kg of Acepromazine Maleate (1@mg/ml) (Fort Dodge
Laboratories Iﬂc., Fort Dédge, Iowa)., Twenty‘minutes.léter, these dogs
were anesthetized intravenously with 19.16 + 3.05 ml/kg of “
Pentobarbital Sodium (58 mg/ml) (Abott Laboratories, Chicago,
Illinois). Three dogs that were not given any Acepromazine required
| 31.33 + 2.96 ml/kg of Pentobarbital Sodium to induce anesthetic state.
Depth of anesthesia was estimated by peripheral signs and continuous
recording of respiratory rate and tidal volume. Additional doses of
barbiturate were administered as needed to maintain the plane of
anesthesia.

The expeﬁiment was designed to follow the changes in the various

recorded and calculated parameters over a 6@ minutes period on high
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concentration of oxygen. Samples were taken initially on room air at
iime zero (T@) aﬁd at éubsequent 1¢, 15, and 3¢ minutes intervals till
60 minutés on hyperoxia (oxygen concentration greater thanrzﬂ.g% in
inspired.gas). Blood flow measurements in the carotid and femoral
arteries were made every 160 minutes. Pulmonary and systemic vascular
pressures were recorded every 15 minutes. Arterial and venous blood
gases aﬁd cardiac output were determined at 3@ minutes intervals.
Total experimental time consisted of 3% minutes on normoxia and 68

minutes on hyperoxia breathing.

Pulmonary and Systemic Hemodynamics

. Once in anesthetized state, dogé were strapped in dorsal
recumbenqy‘on a sﬁrgical table and then intubated using Air-Cuff
veterinary endoﬁracheal tube (size 10 mm I.D.; Bivona Surgical Inc.,
Gary, Indiana). Endotracheal tube placement was established by
observing bilatergl chest expansion. Femoral vein and artery were
cannulated for puimonary arterial and systemic arterial ﬁressure
measurement, respectively. Carotid and femoral arteries were used to
record blood flow méasurement to the brain and hind limb, respectively.

After the dog appeared to be physiologically stabilized, the

initial recordings of pressures and blood flows were made on normoxia.
The minute respiratory rate and ventilation were computed, also the
arterial blood gases and cardiac output curves were obtained at the end
of 36 minutes on mormoxia breathing. Hyperoxia breathing was

instituted for 60 minutes and recording were made in a similar fashion
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as described in normoxia. The doys were then terminated at the end of
experiment.

Respiratory rate was measured by a Fleish NO. @ pneumotach and
Statham differentiél pressure transducer (model 1489¢; Statham, Hato
Rey, Puerto Rico). Minute volume was recorded on an inline Singer air
meter {(model DTM—llS; American Meter Division. USA). The difference
between the initial and final meter reading was the total ventilation
inspired by the dog in that period. Tidal volume was then computed
knowing the total ventilation divided by total breaths in that time
pericd.

Arterial blood pressure and pulmonary artery blood pressure-were
recorded with Statham pressure transduceré (model P23db and PZng,
respectively). Carotid and femoral arteries blood flow were recorded
with blood flow transducers connected to Pulsed Logic Electromagnetic
Blood Fléwmeter {model BL—GlG; Biotronix Laboratory, Inc., Kensington,
Maryland}). This device was used to check the baseline and see if the
flow had a positive deflection on the meter, its output was connected
to Beckman recorder.

Indocyanine Green dye (Cardio-green dye) dilution technique was
employed in recording cardiac output curve on an Soltec Strip Chart
Recorder {model 1242} Soltec, Sun Valley, California).

All the pressures, flows, and respifatory rate measurements were
recorded on 8 channel Beckman Type R Dynograph . (Beckman Instruments
- Inc., Schiller Park, Illinois). All the channel used in this

experiment were calibrated and zeroced for baseline recordings.
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Surgical Techniques

Surgical preparation included clipping of hair on the neck and the
pelvic area. A single incision on the neck ﬁas used to expose the
external and the internal jugular veins, and the common carotid artery.
External jugular vein was canmulated and the catheter tip was advanced
and positioned into the internal jugular vein. This cannula was used
to collect the anaercbic venous blood samples. The well exposed
carotid artery was used to attach the electromagnetic blood flow
transducer (model T-la or A-2; In Vivo Metric Systeﬁ, Redwood Valley,
California). |

Another single incision was made on left pelvic region and left
femoral artery and vein wefe exposed. A triple lumen Swan-Ganz flow
directed thermodilution catheter (size 7F;. American Edwards
ﬁaboratories, Irvine, Califofnié) connected to Statham pressure
transducer, was introduéed into the left femoral vein and its tip
positioned into the pulmonary artery via right ventricle. The catheter
position was confirmed by the characteristic tigh£ ventricle and
pulmonary artery pressures wave forms. The proximal port of this
catheter was uséd to record pulmonary artery pressureland collect
anaerobic mixed venous blood samples for blood gases analysis. The
distal port was used to inject cardio-green dye into the right
ventricle for the cardiac cutput determination.

Similarly, left femoral artery was cannulated using single lumen
Swan-Ganz flow directed monitoring catheter (size 8F) connected to

Statham pressure transducer. Its tip was directed into the left
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ventricle via mitral valvé, and then the catheter was pulled back and
positioned just outside the left ventricle into the ascending aortic
érch. The catheter positioned was confirmgd by the characteristic left
ventricle and systemic arterial pressures wave forms. This catheter
was used to record systemic arterial pressure, to collect anaerobic
arterial blood samples for blood gases analysis, and to aspirate blood
at a constant speed by an Infra-Red Densitometer to-detect the
cardio-green dye concentration in the arterial blood for the
measurement of cardiac ouput.

A single incision over the right pelvic regién wés made to expose
the right femoral artery and vein. Right femoral vein was cannulated
'_indirectly via one of the side branchés; catheter tip was positioned
into the patent femoral vein. This catheter was used only for
collections of femoral anaerobic venous blood for blood gas analysis.
Electromagnetic blood flow transducer was attached to right femoral
artery in a similar fashion as described for carotid artery.

All blood vessels were ligated cranially to the cannulation site.
Area around the blood'flow transducers was kgpt moist using saline
soaked gauze pads. All cannulas were maintained patent by periodically

flushing with 14 USP units/ml of heparinized saline.

Normoxia Measurements and Recordings
Normoxia recordings or measurements were designated at time zero
(TG); All dogs were allowed 36 minutes for physiological stabilization
‘after the surgical procedures and before starting the actual

experiment.
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During this waiting period, dogs were heparinized using 166 USP

units/kg of Heparin (19¢¢ USP units/ml) (Lypho Medical Inc., Chicago,

Illinois), Also hemoglobin determination was done by aspirating 20

microliter blood eample and mi;ing with 5 ml reagent Cyanmethemoglobin

solution containing 25§ mg Potassium Cyanide per liter (Fisher

Scientific Company, Orangeburg, New York). We used Spectronic 70

(Bausch & -Lomb, Rocheéter, New York}, setting x»;vave length at 540 |
nanometer. The absorbance values were converted to give hemoglobin
values in gram/iﬂﬂ ml of blood.

All the pressure transducers, and blood flow meters were checked
for baseline zero initially.and before every measurement during the
experiment. Respiratory rate and minute ventilations were recorded
during the entire experinental.period. Vascular pressure measurements
were_recordea continuously, but values were calculated at 15 minutes
interval.. Similarly, blood flows were recorded through out the
experimental period but measurements were taken at every 10 minute
interval. Each artery was occluded completely to get zero blood flow
recordings prior to each blood flow measurement.

Aé the end of 30 minutes on normoxie, arterial blood from the
aorta, mixed venous blood from the pulmonary artery, and venous blood
samples from the internal jugular and femoral veins were drawn in 3 cc
pre-heparinized syringee and stored in an ice beaker at @ degree C.
These blood samples were analyzed using pH/Blood Gases Analyzer (model
IL 513; Instrumentation Laboratory, Lexington, Massachusetts). Cardiac

output curve 'was obtained at the end of normoxia period. @.2 mg/kg of
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Indocyanine Green (Cardio-Green) dye (2.5 mg/ml) (Hynson, Westcott, &
Dunning, Baltimore, Maryland) was injected into right ventrical and
simultanéoﬁly blocd was aspirated at a constant speed into Infra—Red
Densitometer (model 193-IR; Gilford Instrumentation Laboratories, Inc.,
Oberlin, Ohioi, it detected the concentration of dye in the bléod and
plotted the dye concentration curve on Soltec strip chart recorder as a
function of time. With the measurement of cardiac output curve the

normoxia period ended.

Hyﬁeroxia Measurements .

Three types of hyperoxic gases were used. 48, 608, and 109% oxygen
balanced with nitrogen. Inspired hyperdxic gaé was analyzed using
nitregen gas analyzer; and collected in reservoir bags. -we used -
‘Nitrogen Analyzer (model 47302A7; Hewlett Packard, Waltham,
‘Massachusetts). Nitfogen gas concentration in our hyperoxic gases were
63, 49, and 0% respectively. ‘Five dogs were treated on 46%, other five
on 60%, and the remaining six were treated with 100% oxygen. Only one
treatment was administered per dog, and the foliowing measurements were
;ecorded. | |

Respiratory rate, and total ventilation were recorded for the
entire period of 6@ minutes on hyperoxic breathing. Pressures and
blood flow measurements were recorded in a similar fashion as described
during normoxic breathing. Blood gases and cardiac output curve were
détermined at 3@ minutes interval, and at the end of 6@ minutes on

hyperoxia another cardiag output curve was obtained. With this
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observation completed, hyperoxia was terminated and dogs were switched ‘

to normoxic breathing using one way valve on pneumotach. l
Before terminating the dogs, bleocod flow transducers were

calibrated. We surgical cut the artery distal to blood flow transducexr _ |

and allowed the blood to flow in a time regulated fashion into a i

graduated cylinder. The blood flow (ml/min) was used to calibraﬁe the ‘

blood flow transducer.
We injected l.6cc/13 1lbs plus l.0cc more of Euthanasia Solution

(Fort Doége Laboratories, Fort Dodge, Iowa) into the pulmonary artery.

Dogs were observed till no respiration and blood pressuré was present,

The thoracic cavity was ehteréd and heart was exposed and checked for

heart worms. If negative for heart worms, then the data collected were

saved.

Data Analysis

Data were divided into four groups.

Group 2 represent the measurements recorded on 406% oxygen
breathing, group 3 représent the measurements recorded on 6@% oxygen
breathing, group 4 represent the measurements recorded on 108% oxygen
breathing, and group 5 represent the values of groups 2, 3, and 4
combined,

The mean values in groups 2, 3, 4, and 5 during oxygen breathing
are compared with their respective groups normoxia values. In
‘addition, on some instances, with in the group, mean values are

compared with the normoxia values with respect to time.
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Treatment 21 represents 49% oxygen mode, and normoxia values.
Treatment 22 represents 40% oxygen mode, and hypercxia values.
Treatment 31 represents 68% oxygen mode, and normoxia values, treatment
32 represents 60% oxygen mode, and hyperoxia values. Similarly,
treatment 41 represents 100% oxygen mode with nﬁrmoxia values,
treatment 42 represents 10@0% oxygen mode with hyperoxia values.
Treatment AIR and OXY represent values on normoxia and hyperoxia,
respectively for groups 2, 3, and 4 combined,

In order to correct for some of the inherent variability between
animals, the data were normalized by determining the deviation of each
parameter from thé control room air, Time zero; TG, values. All
parameters values are presented with their mean, standard deviations,
minimum and maximum values, according to groups and treatments.

All figures presented were plotted by the'computer with the
Statistical Analysis System (SAS). BAll data that are présented in
figure form in the text is also presented in the table form in the
Appendix.

An analysis of variance was conducted on the values at each sample
period to test for a treatment difference. A p- value of less than
B.25 Qas taken to indicate a statistically significant difference
between the experimental groups; A p- value greater than 9.85 but less
than #.10 was taken to indicate a significant trend for a difference

between the groups.
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RESULTS AND DISCUSSION

Respiragory Parameters

Minute ventilation is defined as the product of one minute
respiratory rate aﬂd tidal volume. A change iﬁ minute ventilation is
influenced by changes in respiratory frequency, tidal volume, or both.

Mean values of respiratory parameters during‘normoiia and
hyperoxia for groups 2, 3, and 4 are given.in Table Al, and plotted in
Figures 1, 3, and 5. Group 2 (40% oxygen) and group 3 (60% oxygen)
showed an increase of 7.5% énd 18.1% respectively in respiratory
frequency during oxygen breathing when cdﬁpared with normoxia values.
Group 4 (1909% oxygen) showed a very slicght increase in respiratory
ffequency, and tidal volumé increased.by 3.2% during hyperoxia.
Whereas, grouﬁs 2 and 3 showed a decrease in tidal volume during oxygen
breathing; Group 5 (40%, 60%; and lﬁﬁ% oxygen combined) showed an
 overall 3.1% increase in minute ventilation when compared with normoxia
breathing. Both tidal volume and respiratory frequency increased.
Table A2, and Figures 2, 4, and 6 summarize the mean values of minute
ventilation in this group. Néne of the changes in respiratory
parameters in all four groups were statistically significant.

Aubier et al. (1989) have reported an increase in minute volume
after 15 mihutes of 190% oxygen breathing in COPD patients. Whereas,
;n asthmatic patients, in newborn, and in COPD patients on long term
oxygen therapy, hyperoxia caused a reduction in minute volume (Freedman

et al, 1983, Reinstorff and Fenner 1972, and Eleethém et al. 1984).
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Blood Gases’

Tables A3, A4, A5, and A6, and Figures 7 through 22 represent the
meén values of pH, arterial carbon-dioxide and oxygen tensions, and
blood hemoglobin oxygen saturation for arterial, pulmonary artery,
jugular and femoral veins for all four groups. |

. Groups 2, 3, 4, and 5 showed a slight decrease in blood pH with
slight increase in blood carbon-dioxide tension during hyperoxia.
These changes were not statistically significant. Aubier et al. (1989)
reported an increase in blood carbon-dioxide tension by 23 Torr after
15 minutes of 100% oxygen breathing in patients with COPD., COPD
patients on long term oxygen therapy alsc showed a signifibant increase
in arterial blood carbon-dioxide tension {Fleetham et al, 1980), Grave
et 51. (1978) reported no significant difference between the mean
arterial carbon-dioxide tension of‘the neonates and two weeks old
pubpies exposed to 80 to 90% oxygen. Inhalation of 85 to 106% oxygen
produced no changes in carbon-dioxide tension or the pH of the arterial
blood (Kety and Schmidt 1948, and Grave et al. 1978).

Groups 2, 3, 4, and 5 shéwed a statisticélly significant increase
in arterial blood oxygen tension during hyperoxic breathing, it
increased by 103%, 156%, 387%; and 247%. Aubier et ai. (1984) feported
an increase in arterial blood oxygen tension to 225 Torr dh 1603 oxygen
breafhing in patients with COPD. Also Cassuto and Farhi k1979)
reported that exposure to hyperoxia caused a sustained_rise in arterial

oxygen tension.



35

For pulmonary artery blood oxygen tension, group 5 showed a
statistically significant rise of 13%. Whereas, groups 2, and 3 showed
a non significant rise of 12.9% and 10%, respectively during hyperoxic
.breathing. An increase of 13.3% in group 4 shows a significant trend.
Cassuto and Farhi (1979) noticed an immediate rise in right heart
(mixed venous blood) oxygen tension during 16@% oxygen breathing.

Jugular vein blood oxygen tension increased by 18.9%, 17%, 20.4%,
and 18.7% in groups 2, 3, 4, and 5, respectively during hyperoxic
breathing. 1In groups 2 and 5, these changes were statistically
significant when compared with their respective groups rooﬁ air values.
Changes in group 3 were not significant, changes in group 4, show a
significant trend. Mipami et al. (1973) reported that the jugular vein
blood oxygen tension increased slightly in the “coma" group, but in the
""brain death" group it increased significantly during hyperoxia.

Femoral vein blood oxygen tension increased by 11.5%, 11.5%,
15.5%, and 12.5% in groups 2, 3, 4, and 5, respectively during
hyperoxia. Only, changes in group 5 were statistically significant.

Arterial blood hemoglobin oxygen ‘saturation in groups 2, 3, 4, and
5 increased by 4.6%, 5%, 3.4%, aﬁd 4,2%, respectively during oxygen
inhalation, and £hese changes wére highly statistically éignificant.'
Spier et al. (1984) reported an increase in arterial blood hemoglobin
oxygen saturation tq 92.7% during nocturnal hyperoxic breathing,
compared to 79.4% during nocturnal normoxic breathing. In asthmatic
patieﬁts oxygen saturation in brachial artery rose to 99.6% during

hyperoxia when comparing with 96.4% on normoxia.
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Pulmonary artery, jugular and femoral veins-blood hemoglobin
oxygen saturation increased in all four groups. Groups 4 and 5 showed
an increase of 5% and 4.1%, respectively, in pulmonary artery blood
oxygen saturation during hyperoxia, and these changes show a
significant trend. The jugular vein blood oxygen saturation increased
by 5.6% in group 4, indicating a significant trend, and an increase of
4,6% in group 5 represent a statistically significant difference.
Changes“in femoral vein'blqod oxygen saturation in groups 4 and 5 show
a significant trend.

A rise in blood carbon—diogide tension and a fall in blood pH
would cause é shift of the oxyhemoglobin dissociation curve to the
right which facilitates the‘ﬁn;oading.of oxygen (the Bohr effect).
Ivanov. and Chebotarev (1980) mentioned that 28 minutes inhalation of
oxygen shift the curve 6f oxyhemoglobin to the left, thus increasing
.the hemdglobin affinity for oxygen. In our situation, oxyhemoglobin
curve_will shift to the right because of an increase in arterial blood

,carbon—diéxide tension, ard a fall in pH value duripg hyperoxia.

We‘also noticed a rise in‘minuée ventilation by 3.1% with a slight
increase in blood carbon-dioxide tension during hyperoxia, these
conditions indicate the presence of mild respiratory acidosis. One
would assume that increase.in minute ventilation is due to an increase
in blood carbon-dioxide tension during hyperoxia. It is also possible
that an increase in alveolar“oxygen tension during hyperoxia will wash
6ut nitrogen from the lungs, leading to alveolar collapse, poor

ventilation, and poor gas exchange in the lungs.
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Bloqd Oxygen Content and Oxygen Extraction

Oxygen content is defined as the product of hemoglobin's oxygen
carrying capacity (1.34 ml oxygen/g), and percent hemoglobin oxygen
saturation, plus oxygen dissolved in the plasma (@.683 Vol%¥/Torr).

Table A7, and Figures 23 through 3¢ represents the mean values of
oxygen content for arterial, pulmonary artery, jugular and femoral veins
for all groups during normoxic and hyperoxic breathing.

Arterial, pulmonary, jugular and femoral veins blood oxygen content
in all four groups increased during hyperoxia when compared with their
respective groups normoxia values. Increase in érterial, pulmonary,
jugular and femoral veins blood oxygen content in all four groups were
less than 16%. Increase of 6.6% and 9.5% in arterial blood oxygen
éqntent in groups 2 and 4, respectively, show a significant trend,
whereas, an increase of 7.95% in group 5 was statistically significant.
Changes in pulmonary artery, jugular and femoral veins blood oxygen
conten£ in all four groups were not statisticglly significant.

Kety and Schmidt (1948) reported that inhalation of high oxygen
mixture (85 to 18@%) produced a slight but significant increase in
arterial blood oxyden content (a 1;4 Vol% increase).

Oxygen extraction or arterio-venous oxygen content gradient
difference is defined as the difference between arterial and venous
blood oxygen content. Table A8, and Figures 31 through 36 represents
the mean values of oxygen extraction for arterial, pulmonary artery,
jugular and femoral veins for all four groups during nérmoxia and

hyperbxia.
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Arterial to pulmonary artery, jugular and femoral veins blood
oxyden extractibn in all four groups increased. There was an increase
of 15.2%, 34.8%, 38.9%, and 31.6% in arterial to puimonary artery blood
oxygen extraction in groups 2, 3, 4, and 5, respectively; during oxygen
breathing. Changes in group 2 were not significant, in group 4 and 5
changés were highly statistically significant, and group 3 showed a
significant trend.

Arterial to jugular vein blood oxygen content difference increased
by 13.5%, 37.2%, 46.3%, and 34.3% in groups 2, 3, 4, and 5 respectively.

Except for group 5, these changes were not statistically significant.

 An increase of 34.3% in group 5 was highly statistically significant.

For the arterial to femoral vein blood oxygen content difference,

-all four groups showed an increase in oxygen extraction during

hyperoxia. Groups 2, 3, 4, and 5 demonstrated an increase of 38.2%,
31%, 7&.2%, ana_§6.6% respectively. These changes in groups 2 and 3
were no£ statistically significant, whereas, in groups 4 and 5 these
Chanées were statistically significant,

Mean vélueé of arterial to pulmonary artery, jugular and femoral
véins blood oxygen extraction in all four groups indicate that hyperoxia
increases 6xygen extraction by general body and regional systems.

Oxygen extraction is a function of cardiac output, and tissue

metabolism. We noticed an increase in oxygen ‘extraction during

-hyperoxia. Reduction in blood flows due to an increase in peripheral

. Vasoconstriction during oxygen exposure increased the oxygen extraction

by the tissues, in order to maintain normal tissue oxygen supply.
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Vascular Pressures

Tables A9 and AlG, and Figures 37 and 38 show the mean values of
pulmonary artery pressure€ during normoxia and hyperoxia in all groups.

Each group responded diffe;ently to hyperoxia. Group 2 showed a
moderate increase in mean pulmonary arterial pressuré (MPAP} by 14.3%
after 15 minutes, at 3¢ minutes on hyperoxia the MPAP was 8.5% higher
when compared with normoxia. At the end of 60 minutes on hyperoxia, the
MPAP had dropp=d 8.5% below foom air. |

Group 3 showed a decrease in MPAP of 14.6% at 15 minutes, drop by
1¢.6% at 308 minutes, and decrease by 1.1% at 6@ minutes. Group 4 showed
a slight increase of 4% in ‘MPAP after 15 minutes, it increased to 5.8%
after 45 minutes and did not change after 6 minﬁtes on hyperoxia. Group
5 showed a decrease by 3% in‘MPAP during 30 minutes, but increased by 3%
above normoxic values during the last 30 minutes of oxygen breathing.

' Tables A9 and Al@, and ?igure5'39 and 49 show the mean values of
systemic arterial pressure (MSAP) for all groups., A1l the four groups
showed a slight'increase in MSAP after 15 minutes of oxfgen breathing, it -
continued to rise after 3¢, 45, and 68 minutes on hypgroxia. After 15
minutes, groups 2 and 3 showedia 3% and 2.5% rise in MSAP, respectively.
At the end of 60 minutes on oxygen breathing, MSAP iﬁcreased by 15.6% and
10%, respectively. | |

In group 4, MSAP increased only by 5% during 60 minutes of oxygen
breathing. For group 5, MSAP increased by 2% initially and continued to

increase during hyperoxia, it was up by 9% at 6@ minutes of hyperoxia.
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Changes with respect to treatment and time, the mean values of pulmonary
and systemic arterial pressures in all four groups during hyperoxia were
not statistically significant.

Fletcher and Levin (1984) reported that long term (8 weeks) oxygen
therapy lowered mean pulmonary arterial pressure during sleep in patients
" with COPD. Wright et al. (1983) reported a drop in pulmonary arterial
and pulmonary wedge pressures during exercise in COPD while breathing
oxygen. Pulmonary hypertension occurred in rats exposed to long term (7
days) oxygen breathing (Jones et al. 1983, and Moran and Wolfe 1978).

In our experiment, the changes in pulmonary arterial pressure during
hyperoxia were different in each group, but in all four groups studied,
hyperoxia increased MPAP very slightly in group 5, with essentially no
changes in groups 2, 3, and 4.

Andersen and Hillestad (197¢) reported a significant increase in
systolic, diastolic, and in mean arterial presure during hyperoxic
breathing. Statistically significant increase in mean arterial pressure
occurred'dufing 30 minutes on hyperoxia and persisted for 40 minutes
after nérmoxia (Eggefs et al. 1962).

.Welch et al. (1977) repoxrted that systemic vasculaf pressure did not
change during maximal aerobic exercise in the presence of oxygen
breathing. Whereas, Smith and Ledingham (1972) reported that 168% oxygen
ventilation caused a rise in left ventricular end diastolic pressure.

We showed essentially the same patterns as described by the above
mentioned authors in reportin§ the increase in systemic arterial pressure

during hyperoxic breathing.
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-Cardiac Output and Organ Blood Flows

Table All, and Figures 41 and 42 represent the mean values of
cardiac output during normoxia and hyperoxia for all groups.

" Fall in cardiac output was seen in all four groups during hyperoxic
breathing when compared with their respective normoxic values. Fall in
cardiac oﬁtpﬁt was less in group 2, moderate in grbup 3, and severe in
group 4. Initiél drops (3¢ minutes) in cardiac ocutput were 1.4%, 12,33%,
‘ 21%, and 12.5%, and final drops (60 minutes) were 6.2%, 24.25%, 29.4%,
and 21% in groups 2, 3, 4, and 5, respectively. With fespect to
treatment and time, changes in groups 2, 3, and 4 were not statistically
significant, whereas, changes in group 5 were statistically significant.

Eggers et al. (1962) reported no changes in central blood volume in
patients exposed Eo oxygen breathing for 30 minutes. Long term (8 weeks)
oxygen therapy increased cardiac output in patients with COPD (Fletchex
and Levin 1984). Andersen and Hillestad.(1978) concluded that breathing
of 1@0% oxygen for 20 minutes in healthy subjects produced consistent
cardiac- output depression.

Iﬁ patients with acute decompensation of COPD, hyperoxia caused a
decrease in cardiac outpu;. Patients with severe hypoxemia showed no
changes in cardiac output, but patients with moderate hypoxemia did show
significant decrease in cardiac output during hyperoxia (Degaute et
al. 198l). Slight but statistically significant decrease in cardiac
output was observed during 19¢% oxygen breathing for 3ﬂ énd 60 minutes

(Eggers et al. 1962, and Whitehorn et al. 1946).
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IIrnell and Nordgren (1966) reported a fall of 17% in cardiac output
in patients with bronchial asthma during hyperoxia breathing. Whiteho;p
et al. (1946) reported a 13% fall in cardiac output after 5 minutes on
oxygen, and a fall of 19.4%‘from hormoxic values after 60 minutes of
oxygen, these changes were statlstlcally 51gn1f1cant Our findings in
group 3, and 5 are in total agréement with the findings of Whitehorn et
al. (1946).

Tables Al2 and Al3, and Figures 43, 44, 45, and 46 represent the .
mean values of carotid artery and femoral artery blood‘flow during
normoxic and hyperoxic breathing‘in all groups.

After 10 minutes of oxygen breathing, blood flow in the carotid
- artery and femoral artery was reduced by 1.5 and 14.3% in group 2, by
12.5 and 19.6% in group 3, by 13.2 and 18% in group.é, and by 13.2 and
14.4% in group 5, respectively. Carotid artery and femoral artery blood
flow continued to fall during hyperoxia and at 30 minutes, flow was
reduéed by 10.7 and 24.8% in group 2, by 17.4.and 12% in group 3, by 20.8
and 31.1% in group 4, ana by'16.5'and 24.4% in grou@ 5, respectively.

At the end of 6% minutes on hyperoxic breathing, all four groups
showed a severe depression inrcarotid artery and femoral artery blood
flow; flow was reduced by 14.5 and 28.6% in group 2, by 20.1 and 16% in
group 3, by 24.5 and 48% in group 4, and by 21 and 39% in group 5,
respectively. The greatest flow depression was seen in group 4, moderate
in groups in 2 and 3, and modefate to severe in group.S. Changes in
carotid artery blood flow in all four groups were not statistically

significant. For femoral artery blood flow, the changes 'in group 2 and 3
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were not significant, changes in groups 4 and 5 with respect to treatment
were not significant, but with respect to time; i.e., changes in blood
flow from T=0 to 10, 2¢,...,60 minutes on hyperoxia, showed a significant
trend.

Allison et al. (1979) reported a statistically significant drop in
pulmonary lobar blood flow during hyperoxic breathing when compared with
the normoxic values. Eggers et al. (1962) reported a moderate increase
in pulmonary blood volume in patients exposed to hyperoxia for 30
minutes.

Hyperoxia decreased regional blood flow, this effect was most seen
in the brain, and least in hindlimb (Bergofsky and Bertun 1966). Grave
et al. (1970) demonstrated that exposure of neonates and two-week-old
puppies to 90% oxygen caused a reduction of 20% in mean cerebral and
retinal blood flow. Kety and Schmidt (1948) reported a 13% statistically
significant reduction in mean cerebral blood flow during hyperoxia.

Hyperoxia at arterial blood oxygen tension above 200 Torr produced
no significant effects upon liver blood flow (Hughes et al. 1979).

During hyperoxia, mean regional myocardial blood flow was significantly
diminished in nonischemic, intermediate, and ischemic regions (Rivas et
al. 1980). Whereas, Moran and Wolfe (1978) demonstrated a significantly
increased myocardial perfusion to all three layers of ventricular walls.

Total renal blood flow was reduced by 25% during hyperoxia (Shearer
et al. 1970). Leg blood flow was reduced by 11% during exercise on 100%
oxygen breathing, indicating an increase in resistance to blood flow in

the exercising limb during hyperoxia (Welch et al. 1977).
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Oxygen Delivery and Vascular Resistances

Oxygen delivery or oxygen transport is defined as the product of
cardiac output and arterial blood oxyden content.

Table Al4, and Figures 47 and 48 give the mean values of oxygen
delivery during normoxia and hyperoxia in all foﬁr groupé.

Except for group 2, all other groups showed a decrease in oxygen
delivery to the tissues during hyperoxia when compared with their
respective groups normoxic values. Gfoup 2 demonstrated a slight but
statistically nonsignificant incrgése in oxygen delivery. Group 2 showed
an increase of 5.7%, whereas, gkoups 3, and 5 showed a decrease of 5.3%,
and 5.4%, respectiﬁely in oxygen.delivery. Group 4 showed a severe
. decrease of 13.43% in oxygen deliverf during hyperoxia. None of the

changes in oxygen delivery to the tissﬁes were statistically significant.

Degaute et al. (1981) demonstrated an increase in oxygen delivery in
“patients'with acute decompensation of COPD during hyperoxia, they
_ reasoned thaﬁ such an increase.in ox?gen delivery was due to a sharp

increase in arterial blood oxygen content. Welch et al.-(1977) reported
that oxygen transport to the leg du?ing exercise was not significantly
different when comparing hyperoxia with normoxia. Degaﬁte'et al., (1981)
concluded that hyperoxic breathing in éatients with moderate hypoxemia
does not effect oxygen delivery, but in patients with severe hypoxemia it
does increase the oxygeh delivery significantly. Andersen and Hillestad
{1970) concluded that 18@% oxygen breathing for 28 minutes caused cardiac
depression and vasoconstriction, and such hemodynamic effects abolished

the expected rise in general and regional oxygen transport.
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In our study, we demonstrated that oxygen delivery was depressed
moderately during 6¢%, and severely during 10@% oxygen breathing.
Whereas, during 40% oxygen breathing, we noticed an increase in oxygen
delivery to the tissues.

Vascular resistance is defined as the mean vascular pressure divided
by cardiac output. 7

Tables Al6 and Al7, and Figures 49, 50, 51, and 52 give the mean
values of pulmonary and systemic vascular resistances during normoxic and
hyperoxic breathing for all four groups.

All four groups showed an increase in pulmonary vascular resistance
(PVR). Group 2 showed an initial increase of 14% in PVR after 30 minutes
én hyperoxic breathing, it then dropped by 4.5% below the control values
at the end of 6¢ minutes ﬁn oxygen breathing. Group 3 had a 5.3%
increase initially in PVR, it further increase by 32% at the end of 60
minutes on hyperoxia. Groups 4, and 5 showed a pattern similar to group
3. None“of the changes in PVR were statistically significant.

. Haneda et al. (1983) reported that 19 minutes of high oxygen
- breathing decreased the pulmonary arterial resistance in patients with
pulmonary hyperterision. Jones et al. (1983) and Moran and Wolfe (1978)
reported that long term (7 days) 9@% oxygen breathing caused an increase
in pulmonary vascular resistance. Whereas, Fletcher and Levin (1984)
reported that long term (8 weeks) oxygen therapy in patients with COPD
demonstrated a lower pulmonary resistance.

In our experiment, hypercxia caused an increase in both pulmonary

and systemic vascular resistances during 3¢ and 60 minutes.
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Peripheral or systemic vascular resistance (SVR) in 511 four groubs
showed an increase when compared with their respective groups normoxic
values. In groups 3, 4, and 5, the SVR increased, and after 60 minutes
its had doubled in value. The percent change in resistance values at 30
and 60 minutes on hyperoxia wére 5.7% ard 21.2%, 21.2% ard 44%, 30.6% and
5¢.1%, and 20.4% and 40.1% for groups 2, 3, 4, and 5, respectively.
Changes in SVR values in groups 2, 3, and 4 were not statistically
significant, whereas, changes in group 5 with respect to treatmeﬁt and
time were statistically significant.

| Fletcher and Levin (1984). showed that the long term oxygen exposure
.caused an increase in total vascular resistance. _Wélch'ét al. (1977)

. concluded that an increase in resistance to the -blood flow in the
exercising limb reduced the blood flow.to that limb during hyperoxia.
Kety and Schmidt (1948) expressed a moderate increase in cerebrovascular
fesistance during hyperoxia, which indicates vasoconstriction—ih the
brain as the ﬁrobable cause for reduction ih cerebral blood flow.

A statistically significant increase in peripheral wvascular
resistance was documented §uriﬁ§ 30 minutes on hyperoxia (Eggers et
al. 1962). BAndersen and Hillestad (197@) reported vasoconstriction and
blood pressure rise on hyperoxia for 2¢ minutes. A 70% rise in systemic
vascular resistance was observed during 1#0% oxygen ventilation (Smith
and Ledingham 1972). | |

We also observed a statistically significant rise in systemic

vascular resistance in group 5, and our data follows literature values.
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Oxygen Consumption or Oxygen Uptake

The Fick equation defines oxygen.consumption as the product of
cardiac output and oxygen extraction or arterio-venous blood oxygen
content gradient difference.

Table Al7, and Figures 53 through 58 represent the mean values of
oxygen consumption during normoxia and hyperoxia for total (general)
bedy, cerebral, and hindlimb systems in all four groups.

All groups manifested an incfease in oxygen consumption during
oxygen breathing. Total (general) oxygen consumption increased the most
in group 3 by 17.13%, whereas, in groups 2, 4, and 5 it increased by
13.9%, 10.5%, and 13.6%, respectivély. It seems that total oxygen uptake
in group 4 did not increase with an increase in oxygen concentration.
| Cerebral oxygen uptake increased by 2.4% in group 2, 14.78% in group
3, 18.15% in group 4, énd 12,74% in group 5, respectively. It appears
that cerebral oxygen consumption increased with an increase in inspired
oxygen gés concentrétion. After 30 minutes on oxygen breathing, we
noticed a 46.3% increase in oxygen extraction (paée 55; herein) with a
.20.8% reduction in cerebral blood flow (page 77, herein). Even though
oxygen extraction increaéed sharply (46.3%) and cerebral blood flow
decreased markedly (20.8%) during 108% oxygen breathing, the over all
cerebral oxygen uptake in group 4 increased by 18.15%.

Hindlimb oxygen uptake showed a similar pattern as observed with
. cerebral oxygen consumption, Grqups 2; 3, 4, and 5 showed an increase by
1.11%, 15.72%, 19.38%, and 11.76%, respectively in hindlimb oxygen uptake

during hyperoxia. The most oxygen uptake was during 100% oxygen
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breathing in proup 4.

Hughes et al. (1979) reported a small increase in hepatic oxygen
consumption without any changes in liver blood flow. During hﬁperoxia,
patients with bronchial asthma demonstrated a 23% increase in oxygen
uptake when compared with resting normoxic values (Irnell and Nordgren
1966).

Welch and Pedersen (198l) reported that oxygen consumption during
maximal exercise condition was significantly higher in oxygen breathing
subjects. Whereas, Welch e£ al. (1977) demonstrated that oxygen
consumption of exercising iimb was not different during oxygen breathing,

even though leg blood flow was reduced by 11%. Cassuto and Farhi (1979)
- reported that the oxygen uptake during 100% oxygen breathing was the same
as in the control normoxia.

We also observed an increase in oxygen consumption specially in the
cephalic region during hyperoxia breathing, and this was primarily due to
an increase in oxygen extracﬁidn in that region. Our data follow
literature statements. We demonstrated that oxygen consumption increased
in normal, healthy, résting, and spontaneously breathing dogs during
hyperoxia; and the oxygeﬁ'uptake by the cephalic and hindlimb regions

increased with an increase in inspired oxygen gas concentration.
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SUMMARY AND CONCLUSIONS

The purpose of this study was to examine the effects of different
concentrations of inspired oxygen on circulatory, and vaécular systems,
and to demonstraté its effects at the cellular level in terms of oxygen
"~ uptake by the tissues. Our major.findings in this research were.

1) Oxygen breathing caused an increase in resting minute
ventilation, this was due to an increase in both the respiratory
frequency and tidal volume. _

2) Blood pH dropped slightly, and bleod ca;bon—dioxide increased
- slightly during oxygen breathing. Thus, indicating a presence of slight
rréspiratory aéidosis during hyperoxia. lThere was an expected rise in
.blood oxygen tension and hemoglobin oxygen saturation durihg oxygen
sreathing. |

3) Blood oxygen content increased during hyperoxia, which resulted
froﬁ-an increase in blood oxygen tension, in ﬁemoglobin oxygen
saturation, and in dissolved oxygen content.in the plasma.

4) Oxygen extraction by the total (general) body system increased
the most during 60%,Amoderate during 40%, and less during 100% oxygen
breathing. Cerebral oxygen extraction ihcreased as the concentration of
the inspired oxygen increased. Cerebral oxygen extraction was greater
during 190% oxygeﬁ bréathing, whiéh resulted from a severély depressed
cerebral blood flow at that oxygen concentration. Oxygen eﬁtraction in
the hindlimb wés enhanced the most during 190%, and least during 48%

oxygen breathing.
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5) Pulmonary-vasculaf pressure did not changé during 60% hyperoxia,
decreased slightly at 40%, and increased slightly at 160% oxygen
breathing. Systemic vascular pressure was higher during hyperoxia; the
greatest increase was during 48%, moderate during.ﬁﬂ% and least during
109% oxygen breathing.

6) Cardiac output was also affected while inhaling oxygen, depressed
sevérely at 1993, moderately at 60%, and élightly at 48% oxygen
breathing. Similarly, blood flows in the carotid and femoral arteries
were severely depressed at the ena of 60 minutes on oxygen breathing,
particularly at the 6@ minutes of 100% hyperoxic exposure.

7) Oxygen delivery or ongen transport to the tissues was reduced
during 69% and 100% oxygen bfeathing; but during 49% oxygen breathing,
oxygen delivery to the tissues was enhanced. Despite an increase in
arterial blood oxygen content during hyperoxia, decrease in cardiac
routput'was'the most probable cause of reduced oxygen delivery to the
tissues.

8) Pulmpnary and systemic vascularlresiétancés were higher during
oxXygen breéthing, This increase in resistance was due to the
vasoconstrictive effects of oxygen on the vasculature system. It was due
to an increase in resistance that caused an increase in pulmonary and
systemic vascular pressures, reduced'total cardiac output, and blood
flows in the carotid and femoral arteries. - _

9) Oxygen uptake by the general body systém was enhanced during 49%
and 60% oxygen breathing, whereas, it was enhanced;-but not so much

during 100% oxygen. Cerebral oxygen consumption increased during all
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concentrations of oxygen breathing, 190% oxygen breathing increased the
cerebral oxygen uptake the most, and this was primarily due to a sharp
increase in oxygen consumption. Hindlimb oxygen uptake was also
ihfluenced during hyperoxia in a similar fashion as stated above for
cerebral oxygen consupmtion.

Increase in cerebral oxygen consumption was due to a sharp increase
in oxygén extraction, despiﬁe a marked decrease in cerebral blood flow
during oxygen exposure. Decrease in cerebral blood flow was due to an
inérease in peripheral vascular resistance. Decrease in oxygen transport
was mainly due to a decrease in cerebral blood flow, despite an increase
in aréérial blocd oxygen content that had occurfed during hyperoxic
_exposure. Increase in peripherai vascular resistance was due to the
vasoconstrictive effécts oﬁ.oxygen on peripheral.vasculature. Similarly,
the same phenomenon may have occurred in the hindlimb during hyperoxia.

Increase in oxygen consumption in the presence of hyperoxia was due
to the compénsatory response by the central nervous system to a reduce
. blood flow that was witnessed during oxygen breathing. Reduce blood flow
means reduce oxygen delivery, and that means reduced oxygen availability
to the ﬁissues. Thus natural dompensatory mechanism to extract more
oxygen from the hemoblohin occurred.

Our findings in terms of changes in blood gases, blood oxygen
‘conteﬁt and transport, systemic vascular pressure and resistance, total
cardiac output, cerebral and hindlimb blood flows, total and regional
oxygen uptake, during short term oxygen breathing were all in agreements

with the literature values.
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On the contrary, we observed a slight increase in minute ventilation
and essentially no changes in the palmonary vascular pressure during
hyperoxia. Also, we noticed an increase in pulmonary vascular
resistance, which was primarily due to depressed cardiac output during
sﬁort term oxygen exposure. We observed that an increase in oxygen
consumption, which was primarily due to an increase in oxygen extraction.
It;i§=seldom mentioned in the literature that hyperoxia enhances tissue
oxygen extraction. We were able to demonstrate that cephalic and
hindlimb oxyﬁen uptakes were directly related to the inspired oxygen gas
c¢oncentration and or to the paftial pressure of oxygen in the arterial
blood, even though oxygen exposure caused a reduction in blood flow and
.oxygen transport to the tissues.

Arterioles accounts for approximately 75% of the total resistance to
flow. Smooth muscle surrounds the ar;érioles. Oxygen plays a central
role in metabolic autoregulgtion of peripheral blood flow, a rise in
blood oxygen tension above normal induces vasoconstriction, whereas, a
fall in blood oxygen tension causes a vasodilation. Oxygen may act
directly on vascular smooth muscle or indirectly by causiﬁg the release
of vasoconstrictive substances from the parenchymal or other cells.
Chénges in blood oxygen tension produce different reactions in smooth
muscle cells of different precapillary resistance vessels,

In any event, oxygen is important to the intrinsic regulation of all
tissues in situation resembling reactive hyperemia and in normal
circumustances in some tissus with a high metabolic rate, e.g., the

heart, brain, and exercising muscle.
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Table Al. Mean values of respiratory parameters by treatment and time for groups 2,3, & 4

VAR1ABLE N ME AN STANDARD MINIMUM MAXIMUM STD ERROR
. DEVIATION _VALUE VAL UE OF MEAN
GROUP 2 Treatment 21 Time 0O )
RESPR® b/min 5 - 9.92 7.92 4.19 23.60 3.54
TIDVOLP liter 1 ) 0.474 . .474 0.474 .
MINVOLE 1/min 1 3.557 . 3.557 3.557 .
Group 2 Treatment 22 Time 60 ] .
RESPR 5 . 10.67 - B8.29 4.34 24.80 3.71
TIDVOL 5 0.420 0.101 0.260 0.522 45.15
MINVOL 5 3.834 1.675 2.089 6.443 749,23
GROUP 3 - Treatment 31 ‘ Time O
RESPR 5 11.36 - 5.32 5.14 18.10 2.38
TIDVOL 5 0.397 0.101 0.272 0.529 44.9
MINVOL .5 4.259 ' 1.727 2.389 6.590 772.15
GROUP 3 Treatment 32 Time 60 , ,
RESPR 5 . 13.48. . © B8.77 ' 4.60 25.70 3.92
TIDVOL 5 ~ 0.389 0.119 0.250 0.546 53.42
MINVOL 5 4.800- 2.769 . 2.234 8.758 123R.45
GROUP 4 Treatment 41 Time O ) '
RESPR 7 14.45 6.37 5.96 .24.90 2.41
TIDVOL 7 0.340 0.094 0.220 0.492 35.50
MINVOL 7- 4,575 .1.683 2.564 7.713 636.14
Group 4 Treatment 42 Time 60 ' '
RESPR 7 14.65 5.08 5.30 21.90 1.93
TIDVOL .7 0.351 0.105 0.247 0,566 39.66
MINVOL 7 4.785 1.230 3.000 6.442 465.06

" @Regpiratory iate.

bTidal volume.
fMinute volume.
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Table A2. Mean values of respiratory parameters for all treatment by time in group 5

VARIABLE N ME AN . STANDARD MINIMUM MAXIMUM STD ERROR
DEVIATION VALUE VALUE OF MEAN

GRCUP 5. Treatments AIR Time 0 Minute

RESPR® b/min 17 12.21 : © 6.49 4.19 24.90 1.57

TIDVOLP liter 13 0.372 . 0.098 0.220 0.529 0.027

MINVOL® 1/min 13 4.375 . 1.580 2.388 7.713 0.438

GROUP 5 Treatments 0XY  Time 60

RESPR 17 13.14 7.01 4.34 25.70 1.70

TIDVOL 17 . 0.383 © 0.105 0.247 0.566 0.026
2.089 8.758 0.446

MINVOL 17 4.510 1.841

9 Respiratory rate.
Tidal volume.
*Minute wolume.
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Table A3, Mean values of arterial blood gases by treatment in group 2

PERCENT

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM STD ERROR
' DEVIAT]QN VALUE VALUE OF MEAN
GROUP 2 Treatment 21/22
APHQ 5 7.35/7.34 0.044/0.068 7.28/7.23 7.39/7.41 0.020/0.031
PPHT 5 7.35/7.35 0.077/0.086 7.24/7.21 7.45/7.44 0.035/0.038
JPHa 5 7.33/7.32 0.054/0.068 7.25/7.21 7.39/7.39 0.024/0.031
FPHY 5 7.34/7.32 0.055/0.066 7.25/7.21 7.39/7.38 0.024/0.029
ACO2b Torr 5 - 40.12/40.64 3.241/6.834 36.00/35.90 42,90/52.30 1.449/3.056
PCO2b Tory 5 43.28/42.72 10.288/10.657 26.20/26.40 52.30/55.60 4.600/4.766
Jcoz2b Torr 5 - 45.20/45.44 4.620/6.504 38.30/41.60 51.20/56.90 2.066/2.909
FCco2b Torr 5 44.98/46.16 3.782/5.666 37.90/41.80 . 52.50/55.70 2.478/2.534
AOXY® Torr 5 84.20/193.0° 7.294/25,15 72.00/167.0 91.00/221.0 3.261/11.25
POXY¢ Torr 5 $0.48/56.92 6.585/10.77 42.40/40.10 59.10/69.30 2.945/4.816
JOXY¢ Torr 5 57.74/68.62 6.217/8.423 48.80/55.10 65.10/76.20 2.781/3.800
FOXY® Torr 5 56.54/63.24 3.782/10.82 52.50/47.10-  61.30/75.20 1.691/4.840
. ASd  PERCENT 5 95.60/100.0 2.074/0.000 92.00/100.0 97.00/100.0  -0.927/0.000
'psd  PERCENT 5 B1.60/85.60 4.980/8.764 75.00/70.00 87.00/90.00 2.227/3.920
Jsd  PERCENT 5 86.60/91.40 5.225/2.881 80.00/87.00 91.00/94.00 2.337/1.288
Fs9 5 86.00/88.40 3.674/5.177 80.00/80.00 89.00/93.00 1.643/2,315

S Arterial, pulmonary artery, jugular and femoral blood pH.

bArterial, pulmonary artery, jugular
pulmonary artery, jugular
Arterial, pulmonary artery, jugular

€ Arterial,

and femoral blood carbon-dioxide tensions.
and femoral blood oxygen tensions. :
-and femoral blood hemoglobin oxygen saturations.
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Table A4. Mean values of arterial blood gases byiﬁreatment.in group 3

VAR I ABLE N MEAN STANDARD MINIMUM MAXIMUM STD ERROR
DEVIATION VALUE VALUE OF MEAN
GROUP 3 Treatment 31/32 .
APHa 5 7.36/7.35 0.054/0.070 7.32/7.29 7.45/7.46 0.024/0.031
PPHO 5 7.34/7.33 - 0.049/0.075 7.29/7.25 7.42/7.44 0.022/0.034
Jpue 5 7.35/7.33 0.039/0.070 7.31/7.26 7.41/7.44 0.017/0.031
FPHa 5 7.34/7.32 0.045/0.078 7.30/7.25 7.41/7.44 n.020/0.035 .
Aco2b Torr 5 41.26/42.00 8.09/10.0R8 29.50/28.00 - 50.70/54.90 3.62/4.51
pcozb Torr 5 45.82/48.54 _ 9.45/10.71 32.60/33.50 58.60/60.20 4.23/4.79
Jcozb Torr 5 46.40/48.18 8.11/10.27 36.70/34.00 59,00/61.00 3.63/4.59
FCO2b Torr 5 47.10/492.36 7.40/11.16 37.90/34.40 57.40/61.40 3.31/5.00
BOXY¢ Torr 5 77.60/199.8 . 8.26/59.73 69.00/97.00 920.00/245.0 3.70/26.7
POXYc Torr 5 © 49.70/54.70 3.33/11.53 45.20/38.40 -52.,90/70.90 1.49/5.16
JOXYS Torr 5 55.46/64.50 7.00/15.31 ° 47.40/43.40 65.40/82.10 3.11/6.85
‘FOXY® Torr 5 52.28/58.26 6.07/11.13 43.40/41.80 60.20/68.90 2.71/5.00
asd  PERCENT 5 94.8/99.6 1.30/0.89 93/98 296/100 0.58/0.40
psd  PERCENT 5 8l1.6/83.6 3.51/6.66 76/74 85/91 1.57/2.98
Jsd  PERCENT 5 85.6/88.8 3.58/5.45 82/81 91,/95 .1.60/2.44
Fsd  PERCENT 5 83.0/85.8 3.94/6.22 79/79 89/91 1.76/2.18

9 Arterial, pulmonary artery, jugular
. PArterial, pulmonary artery,

¢ Arterial, pulmonary artery,
dArterial, pulmonary artery,

jugular
Jjugular
jugular

and femoral blood pH.
and femoral blood carbon-dioxide tensions.
and femoral blood oxygen tensioms.
and femoral blood hemoglobin oxygen saturations,
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Mean values of arterial blood gases hy treatment in group 4

Table A5.
VARIABLE N MEAN STANDARD MINIMUM MA XTMUM STD ERROR
, DEVIATION VALUE - VALUE OF MEAN
-GROUP 4 Treatment 41/42 _
APHO 5 7.40/7.41 0.053/0.078 7.33/7.29 7.48/7.49 0.020/0.029
PPH® 5 7.38/7.36 0.048/0.069 7.33/7.26 7.46/7.43 0.018/0.026
JPH® 5 7.39/7.37 0.041/0.061 7.34/7.26 7.45/7.43 .  0.015/0.023
. FPHO | 5 7.38/7.36 0.048/0.061 7.33/7.27 7.45/7.44 0.018/0.023
ACO2b Torr 5 35.4/34.3 5.92/8.18 26.5/26.1 42.7/49.2 2.24/3.09
pco2b Torr . 5 40.2/41.0 5.74/8.44 30.2/31.2 47.6/54.3 2.17/3.19
Jcozk Torr 5 39.7/40.4 5.44/8.16 31.5/31.8 46.3/56.2 2.05/3.08
Fcozb Torr 5 39.2/41.3 5.19/7.69 32.0/32.0 45.9/54.6 1.96/2,91
AOXY¢ Torr 5 89.9/438.1 5.55/76.1 82.0/274.0 97.0/511.0 2.10/28.7
POXY® Torr 5 51.2/58.0 6.17/6.08 45.2/51.3 61.6/68.5 2.33/2.30
JOXY¢ fToxrr 5 53.4/70.3 12.3/11.5 45.6/56.1 80.7/88.1 4.63/4.37
FOXY¢ Torr 5 57.5/66.7 8.01/12.3 46.0/49.5 69.8/85.3 3.03/4.65
Asd PERCENT 5 94.7/100.0 0.49/0.00 96/100 97/100 0.18/0.00
psd PERCENT 5 83.7/87.9 4.46/2.67 76/84 90/92 1.69/1.01
Jsd PERCENT 5 87.7/92.6 6.18/2.88 77/89 96/96 2.34/1.09
FS9 PERCENT 5 23.4/91.6 3.15/3.10 83/87 . 93/96 1.19/1.17

”jihrterial, pulmonary, jugular and femoral blood pH.

barterial, pulmonary,

dArterial, pulmonary,

jugular and femoral blood carbon-dioxide tensions. -

“Arterial, pulmonary, jugular and femoral blood oxygen tensions.
jugular and femoral blood hemoglobin oxygen saturations.
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Table A6. Mean values of arterial blood gases for all treatments in group-s

VARIABLE N MEAN STANDARD . MINIMUM. MAXIMUM STD ERROR
‘ : DEVIATION VALUE VALUE OF MEAN
GROUP 5 Treatment ATR/0XY ] '
APH® 5 7.38/7.37 - 0.054/0.076 7.28/7.23 7.48/7.49 0.013/0.018
PPH® 5 7.36/7.34 0.057/0.072 7.24,7,21 7.46/7.44 0.014/0,018
JPHA 5 7.36/7.34 0.050/0.065 7.25/7.21 -7.45/7.44 0.012/0.016
FPHA 5 7.36/7.34 0.051/0.067 7.25/7.21 - 7.45/7.44 0.012/0.016
aco2b Torr - 5 38,5/38.4 6.29/8.66 26.5/26.1 *50.7/54.9 1.53/2.10
PCO2® Torr 5 42.8/43.7 8.19/9.73 26.2/26,4 58.6/60,2 °  2.00/2.36
Jcoz2b Torr 5 43.3/44,2 6.54/8.59 31.5/31.8, 59,0/61,0 1.59/2.08
Fco2b Torr 5 43.2/45.1 6.64/8.58 32.0/32.0 57.4/61.4 1.61/2.08°
AOXY® Torr 5 84.6/296 8.33/135 69,0/97.0 97,0/511 2.02/32.8
. POXY® Torr 5 50.5/56,7 5.32/8.84 42.4/38.4 61.6/70.9 1.29/2.14
JOXYe Toxr 5 57.3/68.1 $8.93/11.5 45.6/43.4 80.7/88,1 2,17/2.80
FOXY¢ Torr 5 55.8/63,2 6.52/11.4 43.4/41.8 69.8/85,3 1.58/2.76
Asd. PERCENT & 95.8/99.9 1.51/0.49 92/98 97/100 0,37/0.12
ps9 " PERCENT 5 82.5/85.9 - 4,23/6.03 75/70 90/92 1.02/1,46
'Js4  PERCENT 5 86.8/91,1 5.02/3.90 77/81 96/96 1.22/0.95
Fsd PERCENT 5 86.1/88.9 4.04/5.12 79/79-- 93/96 0.984%. 24

‘@ Arterial, pulmonary
bArterial, pulmonary
¢ Arterial, pulmonary
dArterial, pulmonary

artery, jugular
artery, jugular
artery, jugular
artery, jugular

and femoral blood pH. _
and femoral blood carbon-dioxide tensions.
and femoral blood oxygen tensions. .
and femoral blood hemoglobin oxygen saturations.
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Table A7. Mean values of blood oxygen contents by treatment in all groups

VARIABLE N MEAN TAN

353 1 R#?gn M\lf :tl_ﬂgm “'CA‘L'?,".‘;’" TREATMENT
GROUP 2
ACONT® Vol% 5 16.59/17.68 0.66/0.69 15.60/16.45 17.17/18.08 21/22

. PCONTY? Vol%Z 5 14.09/14.79 0.86/1.51 13.19/12.31 15.33/15.86 "
JCONT® Vol¥% 5 14.97/15.83 0.85/0.62 14.08/15.07 16.05/16.60 "
FCONT® Vol% 5 14.86/15.29 0.67/0.84 14.10/14.08 15.51/16.08 "
GROUP 3 : ’

ACONT 5 17.38/18.61 1.44/1.58 15.09/16.43 19.03/20.87 31/32
PCONT 5 14.93/15.32 1.68/2.21 12.16/12.81 16.74/18.63 "
JCONT 5 15.66/16.23 1.63/1.82 13.61/14.43 17.78/18.84 "
FCONT 5 15.18/15.73 1.59/2.15 12.80/12.65 16.96/18.42 "

. GROUP 4 ,
ACONT 5 16.98/18.60 1.38/1.49 15.50/17.21 19.56/21.52 41742
PCONT 5 14.65/15.35 1.77/1.16 13.16/14.15 17.66/17.06 "
JCONT 5 15.34/16.20 1.83/1.25 13.45/15.14 18.28/18.29 "
FCONT 5 15.48/16.03 1.67/1.47 13.98/14.48 1 18.49/18.30 "
GROUP 5 : :

ACONT 17 16.98/18.33 1.20/1.33 15.09/16.43 -19.56721.52  AIR/DXY
PCONT 17 14.57/15.18 1.48/1.54 12.16/12.31 17.66/18.63 n
JCONT 17 15.33/16.10 1.48/1.24 13.45/14.43 18.28/18.84 "
FCONT 17 15.21/15.72 1.37/1.50 12.80/12.65 18,49/18.42 "

®Arterial, pulmonary artery, jugular and femoral veins blood oxygen contents.

6T1



Table A8. Mean values of blood 6xygeﬁ extractions by treatment in all groups.

VARIABLE N MEAN STANDARD MINIMUM 1 MAXIMUM ,
DEVIATION VALUE VALUE TREATMENT
GROUP 2 : . ) :
PAVDO® Vol% 5 2.50/2.88 0.89/1.53 1.64/2.05 3.98/5.61 21/22
JAVDO® Vol% 5 1.63/1.85 0.79/0.48 0.93/1.38 2.90/2.60 "
FAVDOY Vol%Z 5 - 1.73/2.39 0.34/0.91 1.35/1.54 2.15/3.84 "
GROUP 3 )
PAVDO 5 2.44/3,29 0.36/0.90 2.03/2.24 2.93/4.65 31/32
JAVDO 5 1.78/2.36 0.68/0.81 0.98/1.37 2.57/3.33 "
FAVDO 5 2.20/2.88 0.61/0.80 1.36/2.14 3.06/3.78 "
GROUP 4 ' ' A
PAVDO 5 2.33/3.25 0.69/0.61 1.37/2.60 3.58/4.46 41742 -
JAVDO 5 1.64/2.40 1.05/0.53 0.23/1.81 3.40/3.22 "
FAVDO 5 1.51/2.57 0.55/0.50 0.81/1.82 - 2,56/3.22 "
GROUP 5 . S ' ‘ ,
‘PAVDO 17 © 2.427/3.16 0.64/0.98 1.37/2.05 .3.98/5.61 AIR/OXY
JAVDO 17 1.66/2.23 0.83/0.62 0.23/1.37 3.40/3.33° "
FAVDO 17 1.78/2.61 "0.57/0.71 0.81/1.55 3.06/3.84 "

9Arterial to pulmenary artery, jugular and femoral veins blood oxygen extractions.
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-~ Table A9. Mean values of vascular pressures by treatment and time in groups 2 &3

VARITABLE N : ME AN STANDARD MINIMUM MAXIMUM )
. DEVIATION VALUE VALUE TREAT TIME
GROUPS 2/3
PULAPS® Torr 2/4 8.34/10.60 1.68/2.62 . 7.15/7.15 9.53/12.85 21/31- 00
SYSAPY Torr 5/5 100.5/121.6 16.6/9.12 : 80/108 115/133 21/31 00
PULAP 1/5  %.33/9.05 0.00/2.67 9,53/6.20 9.53/12.38 22/32 15
SYSAP 5/5 100.5/124.0 14.8/13.5 85/113" 115/148 " 15
PULAP 1/5 $.05/9.48 0.00/3.54 9.05/6.20 9.05/14.75 " 30
SYSAP 575 107.0/126.5 16.1/13.9 88/115 125/150 " 30
PULAP 175 8.10/10.05  0.00/2.87 8.10/6.44 . 8.10/14.28 " 45
SYSAP 5/5 114.0/130.0 11.8/11.6 -100/123 130/150 " 45
PULAP 1/5 7.63/10.48 0.00/3.49 7.63/6.20 7.63/6.20 " 60
SYSAP 5/5 14.7/12.5 100/125 130/155 " 60

116.0/133

% pulmonary artery pressure.

b systemic arterial pressure.
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Table AlQ. Mean values

of vascular pressures by treatment and time

in groups 4 &5

6/16

VARIABLE N MEAN STANDARD M1NIMUM MAXTMUM
: - DEVIAT 1ON VALUE VALUE TREAT TIME
GROUPS 4/5 . | ‘ - .
PULAP® Torr 3/9 8.26/9.32 0.72/2.13 7.63/7.15 9.05/12.85 41/AIR 00
SYSAPE Torr 7/17 . 117/113 10.84 14.50° 100/80 128/133 *  41/ATR 00
PULAP 3/9 8.58/8.95 0.48/1.93 . 8.10/6.20 9.05/12.38  42/0XY 15
SYSAP 7/17 118/115. 14.79/15.86 90/85 140/148 15
PULAP 379 8.42/9.08 0.72/2.58 7.63/6.20 9.05/14/75 w55
SYSAP /17 120/118 14.68/16.03 ~ 95/88 145/150 w39
_ PULAP 3/9 8.74/9.40 0.99/2.24 7.63/6.44 9.53/14.28 w45
SYSAP 7/17 122/122° ° 14.39/13.64 '105/100 150/150 o 45 .
PULAP 3/9 8.74/9.58 0.99/2:75 7.63/6.20 9.53/15.7 " 6o
SYSAP 123/124 15.97/15.30 105/100 150/155 " 6o

9 Pulmonary artery pressure.
bsystemic arterial pressure.-

[44 0



Table All. Mean values of cardiac output by treat.me.nﬁ and time.in all groups

VARIABLE N "MEAN STANDARD MINIMUM MAXIMUM o
: . DEVIATION VALUVE VALUE TREAT TIME

GROUP 2 ' ‘ »

TOTLCO?L/min 5 2.23 0.349 1.69 2.63 21 . 00
e " 2.20 0.208 2.02 2.52 22 -30
e " 2.09 0.292 1.83 2.56 22 60

GROUP 3

TOTLCO 5 2.45 0.568 1.63 3.08 31 00
e " 2.15 0.622 1.29 3.04 32 30
m " 1.86 0.440 1.23 2.49 32 60

GROUP 4

TOTLCO 6 2.43 0.799 1.58 3.60 41 00

Coomm " 1.92 0.574 1.31 2,75 . 42 30
rn " 1.72 0.588 1.05 2.63 42 60

GROUP 5 ‘

TOTLCO 16 2.37 0.584 1.58 3.60 R.AIR 00
m " 2.08 - 0.490 1.29 3.04 OXY 30
o " 1.88 0.464 1.05 2.63 OXY. 60

9 Total cardiac output.
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Mean values of carotid and femoral arteries blood flows (ml/m:Ln)

Table Al2,
by treatment and time in groups 2&3
VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
. DEVIATION VYALUVE VAL UE TREAT TIME

GROUPS 2/3 :

CARABF @ 5/5 131/184 22.4/35.2 99/144 1607233 21/31 00
m " 129/160 24.3/35.1 93/118 154/207 22/32 10
e " 121/160 28.4/41.0 87/106 160/207 " 20
o " - 117/152 37.2/37.2 68/106 170/200 " 30
L " 115/149 41.4/38.7 68/93 181/195 " 40
e " 117/139 41.0/39.3 68/80 1817176 " 50
" " 112/147 39.0/25.8 61/110 170/169 " 60

FEMABF b 5/5 105/75 '47,9/23.9 49/549 161/105 21/31 00
m " 90/67 32.2/13.1 60/49 138/83 22/32 10
" " 86/71 39.3/14.6 49/49 150/85 " 20
e " 79/66 44.2/14,5 38/49 150/85 " 30
o M 79/68 43.9/15.7 43/49 150/85 " 40
i " -82/57 42.1/22.3 43726 150/85 " 50

S " 75/63 41.3/15.7 38/49 ~ 138/80 " 60

4 Carotid artery blood flow.
b.remoral artery bloocd flew.
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PEVIATION VALUVE VALUE TREAT TIME
GROUPS 4/ 5

CARABF® 7/17 159/158 46.9/61.3 110/99 245/245 41/AIR 00
n " 138/142 46.4/37.8 89/89 220/220 42/0XY 10
e " 134/138 45.5/40.6 89/87 220/220 mn 20
e e 126/131 45.9/41.1 83/68 ' - 220/220 e 30
e e 128/130 47.4/42.8 +  83/68 226/226 e 40
e " 123/126- 50.3/42.9 , 72/68 226/226 o 50
" 7/16 120/125 49,4/41.4 72/61 220/220 M 80

" FEMABF® 7/17 90/90 - 26.9/33.6 54/49 . 116/161  41/AIR 00
e e 74/77 '19.5/23.1 49/49 100/138 42/oXY 10
e " - 66/73. 22.9/26.7 35/35 100/150 e 20
e " 62/68 19,1/27.1 35/35 : 887150 mn 30
" mee .58/67 21.8/42.8 35/35 89/150 " 40
e me 55/64 22.2/42.9 25/25 83/150 e 50
e 7/16 54/63 25.5/29.2 20/20 ~ 89/138 A 60

Table Al3, Mean values of carotid and femoral arﬁeries blood flows (ml/min)

by treatment and time in groups 4 & 5

VARIABLE N i ME AN STANDARD MINIMUM MAXIMUM

@ Carotid akterxy blood flow.
bFemoral artery blood flow.
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Table Al4. Mean values of oxygen delivery (ml/mir;) by treatment in all groups

VARIABLE N MEAN STANDARD MINIMUM MAXTMUM .
DEVIATION VALUE VALUE TREATMENT'
GROUP 2
- OXYDEL & 5 - 368.2 48.5 286.5 410.7 21
OXYDEL 5 388.8 46.6 331.7 454.0 22
GROUP 3
OXYDEL 5 430.0 119.4 246.1 543.9 31
OXYDEL 5 407.3 150.4 211.3 634.6 32
_GROUP 4 | , .
'OXYDEL 6 416.5 . 169.0 244.3 703.6 41
OXYDEL 6 360.5 136.9 226.2 591.0 42
GROUP &
OXYDEL 16 405.6 121.1 244.3 703.6 ATR
OXYDEL 16 384.0 115.2 211.3 634.6 OXY.

?0xygen delivery of oxygen

transport.
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. Table Al5. Mean values of pulmonary vascular resistance (dynésvs/cmS)
by treatment and time in all groups

MINIMUM .

VARTABLE N MEAN STANDARD MAXTMUM :
: DEVIATION VALUE - VALUE  TREAT TIME

GROUP 2 - "~ .

PVR @ 2 314.31" 35.00 . - 289.56 339.06 21 00
" 1 .359.13 ©. 00.00 - 359.13 359.13 22 30
" 1 300.10 00.00 300.10 300.10 - 22 60

GROUP 3

PVR ' 4 356.25 126.41 185.53 490.50 31 00
"o 5 375.11 166.88 235.36 562.99 32 30
" 5 470.37 182.91 - 271.63 686.71 32 60

GROUP 4

PVR 3 217.30 32.31 180.15 238.79 41 00
" 3 284.64 52,00 250.00 34444 42 30
" 3 330.02 83.94 275.08 426.64 42 60

GROUP 5 -

PVR g 300.61 102.97 180.15 _ 490.50 AIR 00
" 9 343.18 128.66 235.36 563.00 oXY 30
" 9 404.67 156.99 271.63 686.71 OXY = 60

9 Pulmonary vascular resistance.
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Table Al6. Mean values of systemic vascular resistance (dynes.s/cms).
by treatment and time in all groups

VARIABLE N MEAN STANDARD MI1NIMUM MAX{MUM
DEVIATION ~ VALUE vm!.ur-: *TREAT  TIME

GROUP 2 ' _

SVR@ 5 3713 1019 2740 5216 21 00
" 5 3924 750 : 3233 4785 .22 30
" ' 5 4502 - 800 . 3711 5674 22 60

GROUP 3

SVR 5 4161 1142 2789 5886 KB 00
" 5 5047 1567 3354 © 7465 32 30
" 5 5997 1467 4178 , 8026 - 32 60

GROUP 4 . ,

SVR 6 4189 ' 1391 2335 - ’ T 6097 41 00
" 6 5471 1786 2768 + - . 7306 42 30
" 6 6312 2212 : 3192- | 9479 - 42 60

GROUP 5 .

SVR .16 4032 1149 2335 6097 _ AIR 00
" 16 4855 1518 - 2768 7465 OXY 30
" 16 5648 1741 . 3191 9479 OXY 60

2 Systemic vascular resistance,

821



Table Al7.

Mean values of toftal (genaral), cerebral, and hindlimb oXygén consumption (ml/min)

by treatment for all groups .
VARIABLE N MEAN STANDARD MINIMUM M.
o DEVIATION VALUE Méﬂ?}gm TREATMENT

GROUP 2 : : ' '
GENVO2 @ 5 54.98/62.63 18.84/30.89 38.29/41.34 85.12/117.2 21/22
CARVO2 b 5 2.14/2.19 1.04/0.86 1.02/0.93 3.68/3.30 21/22
FEMVO2 © 5 1.80/1.82 0.77/0.8% 0.66/0.58 2.39/3.04 21/22
GROUP 3 . o
GENVO2 5 58.37/68.37 8.36/20.36 47.78/46.56 70.30/101.8 31/32
CARVO?2 5 3.18/3.65 1.50/1.87 1.78/2.11 5.35/6.69 31/32

- FEMVO2 5 1.59/1.84 0.48/0.29 1.12/1.41 2.19/2.23 - 31/32
GROUP 4 _ o
GENVO2 6 60.52/66.87 22.75/31.24 34.20/38.24 93.81/122.5 41/42 3
CARVO2 7 2.48/2.93 1.93/0.81 0.56/1.90 . 6.49/3.98 41/42
FEMVO2 7 1.29/1.54 0.38/0.40 0.71/1.00 1.77/2.11 41/42 -

. GROUP & | . , —_— | '

. GENVO2 16, -58.12/66.02 17.07/26.38 34.20/38.24 ..93.81/122.5 AIR/OXY

CARVO2 17 2,59/2.92 1.55/1.28 ° 0.56/0.93 6.49/6.69 AIR/OXY -
FEMVO2 17 1.53/1.71 0.56/0.55 0.66/0.58 2.,39/3.04 ATR/OXY

% Oxygen consumption, total.

boxygen consumption, cerebral.
¢ Oxygen consumption, hindlimb.





