
A...... m

V £v
.. t <o

IQ
<

U. $. NAVAL AIR 

DEVELOPMENT 

CENTER
JohawHIa, Wmmkaitt, PcnnaylvaBio

NADC-Ml-6802 S June 1968

Pulaonaiy Hypertension Resulting fron Oxygen Ei^sure

Naval Air Systoas Coamand 
Air Task ROl 101 01 (RF-3-04)

IHIS DOCtMsNT HAS SEEN APPROVED FOR PUBLIC RELEASE 
AND SALE; ITS DISTRIBUTICW IS UNLIMITED

■;v-■r

■'i-

D D C

{ AUG 7 «68
Jb^taU U ISc, ^

fer-vti:i4:

m
'1



DEPARTMENT OF THE NAVY 
U. S. NAVAL AIR DEVELOPMENT CENTER 

JOHNSVILLE 
WARMINSTER, PA. 18974 

Aerospace Medical Research Department 

NADC-MR-6802 5 June 1968 

Pulmonary Hypertension Resulting from Oxygen Exposure 

Naval Air Systems Command 
Air Task R01 101 01 (RF-3-04) 

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE 
AND SALE; ITS DISTRIBUTION IS UNLIMITED 

Prepared by: 

Approved by: Carl F. Schmidt, M.D. 
Research Director 

Released by: 
Director 
Aerospace Medical Research Department 



SUMMARY 

Rats exposed to an atmosphere of 95 to 100% oxygen at a partial pres¬ 
sure of 516 mm Hg for periods of 30 days showed no obvious abnormalities. 
At the end of this exposure they were removed fiom the system and anaesthe¬ 
tized. Aortic and intratracheal pressures were measured by standard direct 
procedures in response to breathing air and oxygen and to transient increases 
in intratracheal pressure. Compared with the results in unexposed rats, the 
experimental animals showed an increase in pulmonary arterial pressure (PAP) 
and a decrease in mean aortic pressure. The increase in aortic pressure 
caused by breathing oxygen which was present in the unexposed animals could 
be elicited in the exposed rats. The increase in PAP is attributed to struc¬ 
tural changes in the pulmonary vasculature associated with oxygen exposure 
and it is postulated that an increase in vascular resistance is responsible 
for a decreased cardiac output, giving rise to the systemic hypotension. 
Whereas mean aortic pressure fell during increased intratracheal pressure, 
mean pressure from the right heart did not change, suggesting that the 
right ventricle empties itself less well against the increased pressure. 
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INTRODUCTION 

Although oxygen breathing has come to be an important procedure in 
medicine and aviation over the past twenty years, it was with the advent 
of manned space flight and the possibility of long-term breathing of oxygen 
at abnormally high tensions that interest has been renewed in the limita- 
tions of this practice. The effects of breathing oxygen at high pressure 
are different depending on the tension. Thus, at very high pressures the 
predominant effects are neuromuscular and the time to produce these effects 
is a matter of hours (1, 2, 3). At one atmosphere and down to 650 mm Ik 
the dominant effects are pulmonary and the time to death in small animals 
is several days (4, 5, 6, 7). One other important difference exists for 
as Armstrong (8) and Comroe et al. (9) found, reducing the pressure to about 
1/2 atmosphere would (a) allow animals to survive and (b) greatly reduce 
effects in men. B y 

nf oxyg®n 1,1 roedicine and aviation has benefitted from the 

S he P°2 US?d alWayS WaS leSS than one atmosphere and the duration 
ÜffUI7 WaS leSw time necessai7 to produce symptoms. The 

ase nd efficiency with which oxygen can be administered in the hospital 

fa?t£r<;hflrthr,-W0Sd t0^e 1 iminate Past benefits derived from such 
fnihí he inef5lciency of old methods. Similarly the manned space 
hr-iftw ?nnfraIr W0Uld £,eatly extend the time crews would be required to 
breath 100% oxygen. The problem of prolonged exposure to partial pressures 

0^y??n great?r than normai but less than atmospheric has therefore been 
the subject of investigation in several laboratories (10, 11, 12, 13). 

Our approach has been to study the effects produced at the highest 

the SUrvival of rats and °ther small animals, the 
“Vr* whatever effects might occur at lower pressures would 
show up sooner and be more easily identified. 

w a previous study, rats were subjected to 100% oxygen at 2/3 atmos- 

sign^^diffieulr recovered intact with no outward 
sign of difficulty (14). Microscopic examination of the lungs however 
indicated that the small blood vessels were undergoing changes which iii 

h!6 ^ hypertrophic. These results raisõÜ tío "ucs- 
tion as to whether there were accompanying functional changes. in order to 
investigate this question, rats were exposed to 100% oxygen at 2/3 timo' 
phere for 30 days, at the end of which Ume, the pulmormry arteHal pro ¡ure 
was measured and compared with that of unex^osed ?ats pressure 

METHOD 

Forty Sprague-Dawley rats, 
oxygen at 2/3 atmosphere (516 mm 

(Charles River CD's) were exposed to )()0% 
Hg) for 30 days. The exposures were 
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carried out in an environmental system that has been described previously 
(15). Ihe gas in the system was continuously circulated through a vessel 
containing lithium hydroxide for the removal of carbon dioxide. Gas enter¬ 
ing the container (leaving the animal chamber) contained 0.5% CO2 and it 
was completely removed so tha_ gas re-entering the animal chamber was free 
of C02- ^ demand regulator sensed the pressure drop resulting from the 
absorption of CO2 and added oxygen to restore the previously set pressure. 
Chamber temperature was 28 1 1°C. The rats were supported on a wire mesh 
floor, below which there was a waste pan which contained anhydrous CaCl2 
and activated charcoal for stabilizing the waste. Every second day the 
chamber was opened in order to replace the pan. This operation required 
1 to 2 minutes and the purge to 100% oxygen required 15 to 20 minutes. 
The percentage of oxygen was otherwise kept above 95%. 

At the end of the run, the rats were taken from the chamber and 
anaesthetized with urethane (1 gm/kg intraperitoneally from a Ig/cc sol¬ 
ution) . An incision in the abdomen allowed dissection and cannulation of 
the abdominal aorta near the bifurcation using a small T tube attached to 
a polyethylene PE 205 catheter filled with heparinized, gas-free saline. 

A skin flap was raised on the right side of the neck and the external 
jugular vein dissected free and isolated as a pillar from the flap to the 
chest. A two-part catheter was used in this part of the operation (see 
Figure 1). One part consisted of a piece of PE 205 about 7.5 cm long and 
formed at 45 in the last 0.5 cm; the second piece consisted of PE 90 
formed somewhat in the shape of a hook so that it could be used to reach 
the pulmonary artery. Both catheters were equipped with markers of masking 
tape, placed near the transducer end to indicate the direction of the 

portion. The PE 90 had two additional markers consisting of loops 
of 3-0 s black silk suture material tied to the catheter to indicate (1) 
where the end of the PE 90 emerged from the PE 205 and (2) where the 180° 
hooked portion emerged. Both of these markers were tied tightly but not to 
exclude sliding along the catheter. A Statham P23Dd transducer was used for 
aortic pressure and a P23BB for pulmonary arterial pressure. 

Using the pressure pulse, as it was displayed as a spot of light on 
an oscillograph, as a guide, the PE 205 with the PE 90 slipped inside was 
introduced through an incision in the jugular and advanced to the ventricle 
by gently pushing and turning. The location was ascertained by the height 
of the pulse. A dummy galvanometer was used to indicate zero for this 
pulse. On reaching the ventricle the PE 205 was turned toward the rat's 
left and the PE 90 pushed through until the entire 180° portion had emerged 
from the tip of the PE 205. Then, using the presence of a positive dias¬ 
tolic pressure as a guide, it was maneuvered into the pulmonary artery. 
ether the catheter reached the pulmonary artery depended to a large extent 

on whether it was properly shaped. The position of the catheter was ascer¬ 
tained at the end of the experiment by opening the chest. The trachea was 
then cannulated with a special device designed to allow the animal to 
breathe from a closed system and yet to prevent re-breathing. This turned 
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Figure 1. The catheter used for catheterization of the pulmonary artery. 
(See Text)



container “íth °ne °f the U"bs closed and “i«' » small 
nyííñTs cm lof âTÎ 7 0" theJcenter limb- The dcvice was constructed of 

4-5 cni lon a"d cm in diameter. A wire mesh cylinder S mm in 

ií“ndeíhrny"orcvíindêrentílÍCall>' fnside “ith U0H granules placed between 
mnv^m«níh% yl cylinder. Thus, a low resistance path was created for the 

the âb"Òretion3óf“cÒ5e aíhthe r”0 tim<! Presenting » large surface area for tne aosorption of CO2. The nylon cap which enclosed the container had two 

aPco?idom: aid l0Cated C2ntrally was connected to a passive gas reservoir— 
(Stithim’p^M Sru °PenJn8 was connected to a pressure transducer, 
«Lg tïis system! anaeSthetlZed rats ^PP^ed with air and oxygen 

recordIdefÍÍÍ1!í?nra?h reCord^ from the experiments contained the ECG 
. , .ded .m s'<in cllPs as electrodes, aortic pressure, right auricular 

t pulmonary arterial pressure, and respiration when the 

»¡t made auSib e õverT? a' "ï' °UtpUt fr0n the ri«ht heart transducer 
lÔLëw. i“ ’ a lt"jdspcaker and displayed on a cathode ray oscil- 

C ¡ed^r %““rr °fathw measure”'”ts the intratracheal pressure 

of bíeuhing air âíd o™8e^.a “aS reC°rded 85 “ere t,le eff“ts 

RESULTS 

tÍQnina0n%íí«aCterÍM1CS °f ^ Pressure Pulse of the rat seem worth men- 
wai íi?¡iblÍ Ü Stíatu in Figures 2 and 3* M°st of the time it 1 distinguish the atrial pulse preceding ventricular contrac- 

th® cathfter was 111 the ventricle. The atrial pulse was inter- 
thi risii/ii ricular contraction near the peak of atrial systole during 

lsinS °r the falling phase. The time relations were such as to give 

tween^triümnd5 ^ Í' ^ phaSeS dePendinS on the length of time^be- 
in !hirí systole- Figure 2 is a record of an animal 
nrecsíre ^ eß’nS bef°re ventricular systole. The total Utl Z nse therefore invokes rising, falling and rising phases to the 

the intervairisUíhr aySt0le-. Figure 3 shows a record of an animal in which 
rising ohls! in tí at aírial SySt0le is interrupted during its 
^ sing phase. In this instance there are only two rising phases to the 

ÄeSTiiirr : tha atrial puls' "as "ot P“'- - 

here pulmonary artery or the right ventricle as measured 
here against atmospheric pressure varied with respiration to such an extent 
that systolic pressure during inhalation was only slightly higher than 
diastolic pressure at the peak of exhalation (see Figure 4). Thus the var- 

ív!fvnS in the rakS an? troughs of systolic and diastolic pressures respect- 
y were phase Wlth the variation that occurred in the intratracheal 

pressure. The systolic pressure reported below is the average of the max- 
hnwevpíd ™inimum values; Aortic systolic pressure was similarly averaged, 
however, there was little or no respiratory variation in aortic diastolic 
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Flguxe 2. An oscillograph recording showing from the top, aortic, right 
ventricular and intratracheal pressure. The interruption in blood pressure 
pulses was probably caused by blocked A-V conduction. Note that atrial 
diastole has begun before the onset of ventricular systole. Lines drawn 
between peaks of sight ventricular pressure show the respiratory variation. 
ECG is the lowest trace. The smallest time interval shown is 1/10 sec., 
the heavy vertical lines are 1 second apart. (From an exposed animül) 



I 

- 

Figure 3. Oscillogram showing the same variables as Figure 1. Note that 
right atrial systole is interrupted before its maximum by ventricular systole. 
Intratracheal pressure was increased producing the apnea. ECG is the lowest 
trace. The smallest time increment shown is 1/10 sec., the heavy lines are 
1 second apart. (From an exposed animal) 
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pressure. Mean pressures (M.P.j were computed using the equation 

M.P. = (I) + S)/2 where D * average diastolic pressure 

S = average systolic pressure 

The use of this equation for the right side is discussed below. 

A summary of pressures obtained from the lesser circulation is given 
in Table I. In obtaining these, the exposed rats were removed from the 
environmental system to air at the end of the exposure; they were anaesthe¬ 
tized and prepared for the blood pressure measurements. Both groups of 
rats were administered oxygen as well as air during the measurements. This 
change appears to have had negligible effects as shown in the table. Maxi¬ 
mum systolic and average systolic pressures however, are increased after 
exposure to oxygen for 30 days. 

Table II shows the results of oxygen breathing on the systemic circu- 
’ation. The column marked ’’Air" shows that the mean aortic pressure of 
rats exposed for 50 days to 100¾ oxygen at 516 mm Hg is lower than the un¬ 
exposed control rats. The column -ked "Oxygen" shows that both exposed 
and nonexposed rats respond to brief periods of oxygen breathing with in¬ 
creased mean pressure. 

The effects of increasing the intratracheal pressure on systemic and 
pulmonary pressure can be seen in Table III. The well-known decrease in 
systemic pressure was recorded, in this case an increase of 7 mm Hg intra¬ 
tracheal pressure decreased the aortic pressure 15.0 mm Hg from a mean of 
99.8 mm Hg. The exposed rats gave a similar response. In contrast the 
pulmonary arterial pressure showed little if any response to increasing 
the intratracheal pressure. The values in this table were obtained by tak¬ 
ing the mean pressure ir the same animal at roughly the same time at normal 
atmosphere pressure and at thi increased value. When the average right 
systolic pressure of this group at increased intratracheal pressure was com¬ 
pared with that of the control group there was a similar lack of response. 

Table IV compares pressures obtained from the right ventricle and the 
pulmonar)' artery in exposed and nonexposed rats. It should be mentioned 
that the same equation was used to compute these values. The minimum dia¬ 
stolic pressure in the right ventricle was frequently negative and the 
average diastolic pressure was therefore sometimes negative. 

DISCUSSION 

As can be seen in Figure 4, the attempt to evaluate the records in 
terms of systolic and diastolic pressure in the right and left hearts pro¬ 
duced the array of measurements mentioned above. With the exception of the 
aortic diastolic pressure, a maximum and minimum occurred for each respira¬ 
tory cycle and a representative value was obtained by averaging these measure¬ 
ments. 

The equation given above was used for the calculation of mean pressure 
for ail measurements regardless of position of the catheter. This method 
leaves something to be desired vn the case of diastolic measurements from 
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TABLE I 

Effect of Oxygen Exposure on Pressures 
from the Right Heart when Breathing Air and Oxygen (mm Hg) 

Max. Systolic Avg. Systolic Mean Pressure 

Breathing Gas Air Oxygen Air Oxygen Air Oxygen No.Rats 

Exposed 43.5 42.4 37.6 35.4 15.5 16.1 17 

Non-exposed 36.7 35.5 31.8 29.7 14.6 15.5 30 
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TABLE II 

Effect of Oxygen Exposure on the Mean Aortic 
when Breathing Air and Oxygen (mm Hg) 

Pressure 

Breathing Gas Air Oxygen No. Rats 

Exposed 79.6 88.7 17 

Non-exposed 90.7 99.6 30 



TABLE III 

Effect of Increasing the Intratracheal Pressure on'Systemic 
and Pulmonary Pressures in Rats Breathing Oxygen 

Normal I.P. Increased I.P. Diff. AI.P. 
No, j 

Measurements 

.. Mean Aortic Pressure 
-- 

Non-exposed 99, S 84,8 -15.0 7.0 17 

Exposed S5.8 75,4 -11.2 9.4 24 

Mean Right Heart " Pressure 

Non-exposod 1S»0 15.8 0.8 5.3 mW j 

Exposed 17.4 13.9 i -2,2 9.4 12 

IÜ 

...«nil!...... ! U 11(41111.im. 



Figure 4. Oscillogram from an animal showing aortic, pulmonary arterial and 
intratracheal pressure. Lines connecting the minimum diastolic pressure show 
its relation to respiration. The smallest time interval shown is 1/10 sec,, 
the heavy lines are 1 second apart, In the first section, paper speed was 
being changed, 



the right, ventricle because they are frequently negative, however, no 
attempt was made to scale out or normalize on this account. The values 
for mean pressure from the pulmonary circuit in Tables I and III are 
averages of mixed values from the right ventricle and the pulmonary artery 
and those in Table IV are separated. Diastolic pressure in the pulmonary 
artery was always positive. 

The data indicate that the 30-day exposure to oxygen causes hyper¬ 
tension in the pulmonary circulation and there is an implication that it 
is caused by the effects of oxygen on the pulmonary vasculature. Previous 
work in this laboratory has demonstrated structural changes of a hyper¬ 
trophic nature in the media of vessels in the lungs of rats similarly exposed. 
The mechanism of these changes is not understood but they were suggestive or 
an increased turnover of vascular tissue (14). Although the reported changes 
were related to larger vessels, it is felt that the initial response is pro¬ 
bably in the endothelium. Some support for this idea is found in a report 
by Kistler, et al. who found from electron microscopic evidence that the 
endothelial component of the air blood barrier was most affected by high 
oxygen tension; the epithelium was largely intact when the endothelium was 
effectively destroyed (16). 

The hypertension shown in the oxygen-exposed rats of these experiments 
in increasing the load on the heart, is in line with similar evidence by 
Karsner (17). :'e exposed rabbits to 80¾ oxygen for 6 days and found that 
they presented a typical picture of right heart failure with dilatation of 
the ventricle and visceral congestion presumably from increased venous pres¬ 
sure. Bennett, et al. (18) also studied the lesser circulation after oxygen 

in rats‘ They exPosed rats to compressed air giving an equivalent 
of 83.6% oxygen for 47 days and found an increase in the pulmonary arterial 
pressure, right ventricular dilatation and some connective tissue scarring 
in the hearts using an open-chest technique. 

Thus, this aspect of oxygen toxicity falls in a category of experi¬ 
mental and clinical conditions that are related by dysfunction of the pul¬ 
monary circulatory system, including heart failure on the clinical side and 
the experimental administration of a great variety of agents and conditions 
on the other. Their study is instructive in the investigation of oxygen tox¬ 
icity and the experimental work is of particular worth because there is 
better control of conditions. It should be mentioned, however, that from 
the clinical side Wagenvoort et al., state that many if not all of the new 
structural changes in the lungs are accompanied by pulmonary hypertension 
(19). Some unusual vascular formations have been reported previously with 
oxygen (14). ' 

Since the factors producing increases in pulmonary arterial pressure 
could bring about increased transudation and edema formation, investigations 
on this subject are related to this aspect of oxygen toxicity (20, 21). It 
may be important to mention here that increased transudation can take place 
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TABLE IV 

Comparison of Mean Pressures Obtained from the 
and Non-exposed Rats Breathing Air and 

Pulmonary Artery in Exposed 
Oxygen, (See Text) 

Air Oxygen 

R.V. P.A. R.V. P.A. 

Exposed 16.4 
4 

29.3 16.6 23.94 

Non-exposed 13.9 19.1 15.S 18.9 



without the appearance of edema, a situation that is certainly suggested by 
workon lung lymphatics (22). The detection of lung edema as outlined by 
Visscher (20) indicates that fluid storage in the lungs must be advance 
before it can be detected by the usual clinical methods and it therefore 
important to recognize the existence of a process that produces fluí 
a rate less than the mobilized draining capacity of the lungs, buch a 
situation may not be recognized clinically but could qualitatively be the 
same as the edema forming process. The loss of fluid from the circulating 
blood could take place as a result of a change in the permeability character¬ 
istics (permittivity) (23) of the capillary membrane in the presence of a 
constant hydrostatic pressure or with an increase in that pressure with or 
without a change in permittivity. Other less direct causes have been 
mentioned (21). 

In the production of pulmonary edema by steam, Aviado and Schmidt 
showed that there is a constriction of pulmonary veins to produce an increase 
in hydrostatic pressure (24). They pointed out that increased hydrostatic 
pressure is responsible for pulmonary edema caused by most agents (2bj. 
Regarding the edema of oxygen toxicity there is less certainty although 
several possibilities have been mentioned (21). In acute experiments oxygen 
has been found to cause a lowering of pulmonary arterial pressure (26) and 
a pulmonary vasoconstriction (27). Aside from this difference in results 
the significance of these acute experiments to long-term breathing of oxyg 
remains to be demonstrated. However, in postulating an event in 
the development of toxicity, one or the other of these could be important. 
For example, it is possible that transudation be initiated by a direct 
increase in pulmonary arterial pressure, or a change in capillary permeabil¬ 
ity that could produce congestion from the formation of interstitial tlui 
could lead to an increased pulmonary arterial pressure. In this connection, 
Kistler et al. have recently reported evidence from rats exposed to one 
atmosphere of oxygen. They found that the thickening of the air-blood 
barrier was due to the formation of interstitial fluid representing a change 
in capillary permeability (16). 

Regarding pulmonary edema in the present experiments at P02 of 2/3 
atmosphere, the evidence is not as clear as that seen at a Pq? °f one atmos¬ 
phere. For such a demonstration it would be necessary to follow an exposure 
with an examination for increased transudation short of edema. Ibis has 
not been demonstrated, however, if the presence of a small hydrothorax can 
be accepted as evidence of increased fluid, then the rats under conditions 
of the present experiments would be undergoing some increased transudation 

in their lungs. 

The results of Table II indicate that an additional effect of the 
30-day oxygen exposure is a systemic hypotension. From a hydrodynamic stand 
point this could occur as a result of decreased peripheral resistance or 
decreased tardiac output or both. In acute experiments it has been shown 
that oxygen breathing does cause an increase in peripheral resis anee 
and Table II shows that this response has evidently survived the exposure. 
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The exposed rats did exhibit an increased arterial pressure in response to 
oxygen breathing. It is felt therefore that the implied increase in pul- ' 
monary vascular resistance indicated by the pulmonary hypertension might 
have given rise to a decreased output of the right heart and that the sys¬ 
temic hypotension is a reflection of this condition. 

The results of Table III are of interest because of the contribution 
they make to our knowledge of mechanisms of increased intratracheal or 
mtrapulmomc pressure on circulatory hemodynamics. It will ho obier ea 
that increasing the intratracheal pressure caused a lowering of mean aortic 
pressure -in this case 7.0 and 9.4 nur. Hg intratracheal pressure produced 
a lowering of 15.0 and 11.2 mm Hg in aortic pressure respectively for non- 
exposed and exposed rats. This kind of response is well documented in the 
literature (29). On the other hand, mean pressure in the pulmonary arterv 
is hardly affected at all. Since pressure is maintained in the right ven¬ 
tricle and the pulmonary artery, it follows that right ventricular volume 
tends to remain near normal. This suggests therefore that ventricular 
volume (and systolic pressure) is maintained at the expense of the flow 

rough the lungs. Right cardiac output falls as pressure is maintained 
and pulmonary vascular resistance increases as a result of the increased 
intratracheal pressure. This situation would be described by West's zone 
2 when pulmonary arterial pressure > alveolar press-re > pulmonary venous 
pressure (30). r ^ 7 

Therefore, this tall in systemic pressure during increased intrapul- 
monary pressure is not due wholly to decreased venous return; it would appear 
to be due to increased vascular resistance and decreased flow in the lungs 
caused by the increased intrapulmonary pressure. This would be confirmed 
by all experiments on increased intrapulmonary pressure in which venous 
pressure is measured,for in these,venous pressure rises along with the in- 
trapulmonic pressure making the return to the right atrium adequate if not 

In the experiments reported Here as well as in similar experiments 
made on animals exposed to oxygen, the measurements were made not in oxygen 
u in air. It was necessary to remove the animals from the environmental 

III Ie uXygeu t0 the laborator>- Therefore, we were unable to assess 
ine etrect of this change on the present results. 

* ^ su,™ary* exposure of rats to 2/3 atmosphere P02 for 30 days leads 
to the development of a pulmonary hypertension and a systemic hypotension. 
The pulmonary effects are apparently caused by structural alterations in 

^^SÍn^ary/aSCUíftUae^r0Ug!lt 0n by the oxyKen’ the «suiting increased resistance reduces blood flow through the lungs giving rise to the systemic 
hypotension. 



REFERENCES 

1. Bert,P. Barometric Pressure, M.A. Hitchcock and F.A. Hitchcock, 
Columbus, Ohio: Longs College Book Company, 1943. 

2. Donald, K.W. Oxygen Poisoning in Man. British Med. J. 1: 667, 1947. 

3. Lambertsen, C.J.; Kough, R.H.; Cooper, D.Y.; Ennel, G.L.; Loeschcke, 
H.H. and Schmidt, C.F. Comparison of Relationship of Respiratory 
Minute Volume to pC02 and pH of Arterial and Internal Jugular Blood 
in Normal Man During Hyperventilation Produced by Low Concentrations 
of C02 at 1 Atmosphere and by 02 at 3.0 Atmospheres. J. Appl. Physiol. 
5: 803, 1953. 

4. Smith, L. The Pathological Effects Due to Increase of Oxygen Tension 
in the Air Breathed. J. Physiol. 24: 19, 1899. 

5. Binger, C.A.L.; Faulkner, J.M, and Moore, R.L. Oxygen Poisoning in 
Mammals. J. Exper. Med. 45\ 849, 1927. 

6. Smith, C.W.; Lehan, P.H. and Monks, J.J, Cardiopulmonary Manifest¬ 
ations with High Ox-gen Tensions at Atmospheric Pressure. J. Awl. 
Physiol. 18: 849, 1.,63. 

7. Dickerson, K.H. Pathophysiology of Pulmonic Toxicity in Rats Exposed 
to 100% Oxygen at Reduced Pressures. Naval Air Development Center, 
Aerospace Medical Research Department, Johnsville, Warminster. Pa.’ 
Report No. NADC-ML-6403, 5 May 1964. 

8. Armstrong, H.G. The Toxicity it Oxygen at Decreased Barometric Pres¬ 
sures. Military Surgeon 82: i48, 1938. 

9. Comroe, J.H.; Dripps, R.D.; Dumke, P.R» and Deming, M. Oxygen Toxic¬ 
ity. J.A.M.A. 128: 710, 1945. 

10. Michel, E.L.; Langevin, R.W. and Gell, C.F. Effect of Continuous Human 
Exposure to Oxygen Tension of 418 mm Hg for 168 Hours. Aerospace Med- 
icine 31: 138, 1960. K 

11. Morgan, T.E.; Ulvedal, F. and Welch, B. Observations in the SAM Two-man 
Space Cabin Simulator. II. Biomedical Aspects. Aerospace Medicine 32' 
591, 1961. r 

12. Helvey, W.M.; Albright, G.A.; Benjamin, F.B.; Gall, L.S.; Peters, J.M. ; 
Rind, H. Republic Aviation Corporation Report 393-1. NASA Contr. 
NASA-92, 1962. 

16 



13. Spencer, F.C. ; Bosoinworth, P, and Pitches, W. Fatal Pulmonary Injury 
from Prolonged Inhalation of Oxygen in High Concentrations. In Proc. 
Third Int'l Conf. on Hyperbaric Med., NAS-NRC Pub). 1404, Wasrungton, 

D.C., 1966. 

14. Kydd, G.H. Lung Changes Resulting from Prolonged Exposure to 100¾ 
Oxygen at 550 mm Hg. Aerospace Med. «5S: 918, 1967. 

15. Kydd, G.H. and Dickerson, K.H. A Low Pressure Chamber for Estimation 
of the Gas Exchange Ratio, Naval Air Development Center, Aerospace 
Medical Research Department, Johnsville, Warminster, Pa. Report No. 
NADC-MR-6513, 30 December 1965. 

16. Kistler, G.S.; Caldwell, P.R.B. and Weibel, E.R. Development of 
Fine Structural Damage tc Alveolar and Capillary Lining Cells in 
Oxygen-poisoned Rat Lungs. J. Cell, Biol. 32: 605, 1967. 

17. Karsner, H.T. The Pathological Effects of Atmospheres Rich in 
Oxygen, J. Exper. '4ed. 23: 149, 1916, 

18. Bennett, G.A. and Smith, F.J.C, Pulmonary Hypertension in Rats Liv¬ 
ing under Compressed Air Conditions. J. Exper. Ved. 59: 181, 1934. 

19. Wagenvoort, C.A.; Heath, D.; Edwards, J.E. The Pathology of the 
Pulmonary Vasculature, p. 77 Charles C. Thomas, Springfield, Illinois, 
1964. 

20. Visscher, M.B.; Haddy, F.J. and Stephens, G. The Physiology and 
Pharmacology of Lung Edema. Pharmacol. Rev. 8: 389, 1956. 

21. Greene, D.G. Pulmonary Edema. Handbook of Physiology, Section 3: 
Respiration, Vol. II p. 1585, Am, Physiol. Soc., Washington, -965. 

22. Drinker, C.K. and Hardenberg, E. Acute Effects upon the Lungs of Dogs 
of Large Intravenous Doses of Alpha-Naphthyl Thiourea (ANTU). Am. J. 
Physiol. 156: 35, 1949. 

23. Visscher, M.B. The Pathophysiology of Lung Edema. J. Lancet 82: 43, 
1962. 

24. Aviado, D.M. and Schmidt, C.F. Respiratory Bums with Special Refer¬ 
ence to Pulmonary Edema and Congestion. Circulation 6: 666, 1952. 

25. Aviado, D.M. and Schmidt, C.F. Pathogenesis of Pulmonary Edema by 
Alloxan. Circuí. Res. 5: 180, 1957. 

26. von Euler, U.S. and Liljestrand, G. Observations on the Pulmonary 
Arterial Blood Pressure in the Cat. Acta. Physiol. Saand 12: 301, 1946 



27. Retzlaff, K. Der Einfluss des Saurstoffs auf die Blutcirculation in 
der Lunge. Z. f, exper. Path. u. Themp. 14: 391, 1913. 

28. Whitihorn, R.V,; Edelman, A, and Hitchcock, F.A. The Cardiovascular 
Responses to the Breathing of 100 Percent Oxygen at Normal Barometric 
Pressure. Am. J. Physiol. 146: 61, 1946, 

29. Marotta, S.F. Circulatory Responses of Anaesthetized Dogs to Elevated 
Intrapulmonar)' and Intra-abdominal Pressures. J. AM. A 33; 337, 1962. 

30. West, J.B. and Dollery, C.T, Distribution of Blood Flow and the 
Pressure-flow Relations of the Whole Lung. J. Appl. Physiol. 20: 
175, 1965. 

18 



UNCLASSIFIED 
Seourtt^Class^ic^aHon 

DOCUMENT CONTROL DATA - R & D 
i1 Security clastiticatjgn oí tille, body of abstract ttnd indexing mnotalion mu*t be entrrr-d »her, II,t overall report Is din allied 

l OHIOINATINGACTIVIT» (Corporate author) 

Aerospace Medical Research Department 
U.S. Naval Air Development Center 
Johnsville, Warminster, Pa. 18974 

à) 

REPORT iECURlTV CLASSIFICATION 

Unclassified 

J R E P O » T TITLE 

2b. GROUP 

PULMONARY HYPERTENSION RESULTING FROM OXYGEN EXPOSURE. 

4 DESCRIPTIVE NOTES (T^ypo of report end, inclusive dates) 

Phase Report 
S A O T « O R • SI r Fiter name, middle Initial, last name ) 

George H. Kydd, Ph.D. 

6 PEPO«T D A TE 

5 June 1968 
.CONTRACT O« GRANT NO 

7«. TOTAL NO- OF PAGES 

18 
7b. NO. OF «E. FS 

30 

b. project no AirTask RÜ1 101 01 
(Task Problem No. RF-3-04) 

0«. ORIGINA TOR'S REPORT NUMBERISI 

NADC-MR-6802 

^ (°¡AMr*no"ji PORT ^0151 ,Any 0"'r' "“"Ibera that may he aaslgned 

10. DISTRIBUTION STATEMENT 

This document has been approved for public 
unlimited. 

release and sale; its distribution is j 

II auPBLEMENTARY NOTES 

1 3. A B S T « A C T . .. .... .. 

12 SPONSORING MILITARY ACTIVITY I 

Rats exposed to an atmosphere of 95 to 100% oxygen at a partial pressure of 
516 mm Hg for periods of 30 days showed no obvious abnormalities. At the end of 
this exposure they were removed from the system and anaesthetized Aortic and 
intratracheal pressures were measured by standard direct procedures in response to 
breathing air and oxygen and to transient increases in intratracheal pressure. 
Compared with the results in unexposed rats, the experimental animals showed an 
increase in pulmonary arterial pressure (PAP) and a decrease in mean aortic pres¬ 
sure, The increase in aortic pressure caused by breathing oxygen which was present 
in the unexposed animals could be elicited in the exposed rats The increase in 
PAP is attributed to structural changes in the pulmonary vasculature associated 
with oxygen exposure and it is postulated that an increase in vascular resistance 
is responsible for a decreased cardiac output, giving rise to the systemic hypoten¬ 
sion. Whereas mean aortic pressure fell during increased intratracheal pressure, 
mean pressure from the right heart did not change, suggesting that the right ven¬ 
tricle empties itself less well against the increased pressure. 

DP ’3"‘ '473 
S/N o 01-807-6a1 I 

(TACE I) 

-1,1X111.ASS 1F 11.,LL 
Securitv Cl«issiiic«ilion 

*-3140# 



Security Classification 
14 

KE Y WORDS 
LINK A 

KOL« 

UNK 

NOLI WT 

LINK C 
N«L> WT 

1. 
7 

3. 
4. 
5. 
6. 

100% Oxygen Breathing 
Prolonged Oxygen Breathing 
High Oxygen Pressure 
Animal Studies 
Pulmonary Arterial Pressure Measurements 
Pulmonary Hypertension 
Systemic Hypotension 

mrrmJcnoNs 
t. ORIGINATING ACTIVITY: Enter the name «fid eddre«« 
of the connector, «ubcontractor, prantea, Department of De¬ 
fense activity or other organisation fcorporate author) leaning 
the report. 

2a. REPORT SECUWTY CLASSIFICATION: Enter the over- 
ell aecurity claeeification of the report. Indicate whether 
"Reetricted Data" ia included. Harking le to be in accord¬ 
ance with appropriate aecurity regulation«. 
2b. GROUP: Automatic downgrading la apeclfied in DoD Di¬ 
rective 5200.10 end Armed Forcea Induatrlal Manuel. Enter 
the group number. Alao, when applicable, show that optional 
marking« have been uaed for Group 3 and Group 4 at author- 
izad. 

3. REPORT TITLE: Entar the complete report title in all 
capital letters. Titles in nil cases should be umc lee tilled. 
If a meaningful tilla cannot be selected without clttttfice- 
tion, show title claeeification in «U capitale in paranthaaia 
immediately following the title. 
4. DESCRIPTIVE NOTES: If ^propriété, enter the type of 
report, e. g., interim, progrese, summery, annual, or final. 
Give the inclualve date« when a specific reporting period ie 
covered. 
5. AUTHOR(S): Enter the namefe) of authorfe) aa shown on 
or in the report. Enter last name, first name, middle Initial. 
If military, show rank and branch of service. The neme of 
the principal author is an absoluta minimum requirement 
6. REPORT DATE: Enter the date of the report aa day, 
month, year; or month, year. If more than one date appear« 
on the report, use date of publication. 
7a. TOTAL NUMBER OF PAGES: The totai page count 
should follow normal pagination procedures. La., antat the 
number of pagaa containing information. 
76 NUMBER OF REFERENCE» Enter the total number of 
references cited in the report. 
Sa. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report we» written. 
8b, Be, bi 8d PROJECT NUMBER: Enter the appropriate 
military department identification, euch aa project number, 
subproject numb -, system numbers, task number, atm 
9«. ORIGINATOR’S REPORT NUMBER(S): Enter the offi¬ 
cial report number by which I he document will be identified 
and controlled by the originating activity. 'I •> number muat 
be unique to this report. 
96. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report number» f«fiber by the originator 
or by tha sponsor), also enter this number!s). 
10. AVAILABILITY LIMITATION NOTICES: Enter any lim¬ 
itations on further dissemination of the report, other than those 

ilapoeed by aecurity claaaification, using standard statements 
such as: 

(1) "Qualified requesters may obtain copies of this 
report from DDC.” 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorised." 

(3) "U S, Government agencie* may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall requsst through 

(4) "U. S. military agencies may obtain copies of this 
report direttly from DDC Other qualified usara 
■hall request through 

(8} "Ali distribution of this report Is ooeltollod Qual¬ 
ified DDC users ehall request through 

If the report, has been furnished to the Office of Technical 
Services, Department of Commerce, for sate to the public, Indi¬ 
cate this ft ft and entar tha prlca, if known. 

Use for additional explane* IL SUPPLEMENTARY NOTES: 
tery notem 
IX SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay¬ 
ing lor) the research and dev -lopmant Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of tha document indicative of the report, even though 
it may alao appear elsewhere in the body of the technical rs- 
port If additional apace is required, a continuation sheet, shall ' 
be attached. 

It is highly desirable that the abstract of clseelfied reports 
be une lass i Ned Each paragraph of the abstract shall end with 
an indication of the military security classification of the in¬ 
formation In the paragraph, represented sa (TS), fS), (C). or (U) 

There ie no limitation on the length of the abstract. How¬ 
ever, the suggested length Is from 150 to 225 words. 

14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterise a report and may be uaed aa 
index entries for cataloging the report Key words muat be 
■ elected so that no eec.rity claaaification ia required. Identi- 
fi-ra, tuen as equipment model designation, trad* name, military 
L oject code name, geographic location, may be used as key 
words but will be followed by sn Indication of technical con¬ 
text. The assignment of links, rales, and weights Is optional. 

DD b OHM 
» , i » * 1 '4 / O íBACKI UNCLASS IFIHH 

Security Classification 




