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Reduction la arterial oxygen tension or elevation of carbon di¬ 
oxide tension, produced by altering the composition of the Inspired air, 

been shown to exert dilator effects upon the cerebral blood respis 
in nan and to cause an increase in cerebral blood flow (1). Similar 
changes In blood gas tensions ooemonly develop In chronic pulmonary 
enphypema as the disease process advances (2)• Efforts to overcome the 
anoxemia in these patients by the administration of oxygen have been re¬ 
ported to result in untoward reactions (3,4,5) in approximately 10 per cent 
of oases (6). These reactions have Included convulsive sel sures, drowsi¬ 
ness, stupor, come, and in rare instances, death. 

There would appear, therefore, to be sound reasons for antici¬ 
pating abnormalities in the cerebral circulation in patients with chroidc 
pulmonary emphysema. This report presents our findings in nine such 
patients and In eight control subjects, in whoa the cerebral circulation 
and ms ta bolín were studied both before and luring administration of 
85-100 per cent oxygen. Observations on the changes in spinal fluid pres¬ 
sure sad pulmonary ventilation with oxygen inhalation are also preseated. 

PATIEUT MATERIAL AND METHODS 

The nine patients in this study had a nan age of fifty years. 
They all gave a history of previous respiratory infections, chronic cough 
and exertional lyspoea of varying severity. Pour of them had asthn of 
■any years duration. On physical examination the patients showed kyphosis, 
an increase In anterio-posterior lion ter of the thoracic cage, and a 
limited range of respiratory excursions. Two of them had clubbing of the 
fingers and six showed cyanosis of the nail beds, ears or mucosal surfaces. 
Roentgenograms of the chest showed signs of pulmonary emphysem with de¬ 
creased density of lung fields, wide intercostal spaces flattened 
diaphragms. Moderate or extensive degrees of pulmonary fibrosis were noted 
in four individuals. Seven patients had evidence of cor pulmonale with 
cardiac enlargement and dilatation of pulmonarp arteries on X-ray examina¬ 
tion. Five of these seven patients had evUence of congestive failure and 
the majority showed electrocardiographic evidence of right ventricular en- 
largement. In two individuals (C.G. and C.M.), the ulmonary arterial 
pressure, determined by cardiac catheterisation, within a few days of the 
cerebral studies, were 13 and 60 n. Hg, respectively. Although the ul- 
aonary arterial pressure in C.G. was normal, his pulmonary arterial- 
pulmonary capillary pressure gradient was 16 m, Hg, as compared with the 
normal mean in this laboratory of 6.7 mm. Hg. The oardlae indices (T-1824 
dye) In C.G. and C.M. were 2.6 and 3*3 llters/mln., respectively. 

Eight patients, convalescing from such operations as 
herniorrhaphy and from various illnesses such as ’onorrheal arthritis, 
dermatitis, and peptic ulcer, were ueed as control subjects. These patients 
had no evidence of intracranial or pulmonary c «plications. The mean 
values in these control subjects for cerebral blood flow, oxygen consump¬ 
tion and vascular resistance when they were breathing roost air agreed very 
closely with those of a larger group of fourteen control subjects, who were 
not stulled during oxygen administration. 

The cerebral blood flow (CHF) was measured by the nitrous oxide 
technique of Kety and Schmidt (7), with the minor modifications previously 
described (8). The cerebral oxygen consumption (CMRO2) calculated from 
the CBF and the cerebral arteriovenous oxygen difference. The cerebral 
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vascular .-•■Istañe* (CVR) was calculated fro« tha CBF and tha «muí arterial 
praaiur«, ■aasured dir*ctlj fro« tha fanoral artery with a lampad aarcury 
■annaatar. Control ohsarvatlone of tha narabral circulation w«r# parformad 
with th« patient breathing 21* oxygen, 15* ni troua oxide, and 64* nitrogen. 
Ten minute* later the subject was given 100* oxygen by face mak, for a 
period of 20 minutes. At the and of this time the gaa waa changed to 85* 
02» 15* N2O and a second blood flow determination carried out. 

Arterial and venoua blood sample* were drawn Juat before and at 
the end of each blood flow procadure. These samples were pooled and their 
oxygen and carbon dioxide content waa meaaured by the combined procedure 
for these ^ases deacribed by Petera axai Vac Slyke (9), with modification* 
required ijy the preaence of nitrou* oxide, aa auggeated by Kety and Schmi It. 

e ni troua oxide content of blood sample* was determined by the aacGaetr¿c 
method of Orcutt and Water* (10), aa modified by Kety and Schmidt. Oxygmn 
capacity of blood was obtained by equilibrating the sample with air in a 
■mall flask, analysing for oxygen manómet.rically, and making the usual 
correction for dissolved oxygen. Hemoglobin concentration was calculated 
from the oxygen capacity. Arterial pH waa measured with the glass electrode 
of a Cambridge Model R.pH meter, with corrections for room temperature 
Instrument error. Arterial pC02 waa calculated frçm the pH, CO2 content 
and hematocrit, by means of the nomogram of Singer and Hastings (11). 
Arterial p02 was calculated fro« the p.H and the per cent oxyhemoglobin 
•aturatlon, using the dissociation curvet of Dill (12). 

The pulmonary ventilation waa «eaturad during inhalation of both 
100* O2 mod 21* O2» ^ K? fay »»ans of a damand regulator and Tissot spiro¬ 
meter, and corrected to BtPS, (body temperature, ambient pressure ea ture ted 
with witer vapor). Spinal fluid pressures were measured by roans of a 
water manometer with the patient in ¿he right lateral decubltue position. 
Th# pressures were followed with the patient breathing roo« air through a 
■ask, and luring inhalation of 100* oxygen. 

RESULTS 

There was an evident tendency for the cerebral blood flow to be 
higher in the patients with eBphyaeBa than in the control subjects (Table I 
and Fig. 1). The mean CBF value was 68 cc. in the emphysematoue patiente 
(.02 p .01) compared with 50 cc./100 Gm. orain/min. in the control eub- 
Jects. Only two of the patients .ith emphysema had CBF values below th« 
normal mean (Fig. 1). Since the mean arterial pressure in the patiente 
with emphysema was normal, the mean cere irai vascular resístanos was some¬ 
what below that of the control subjects, though not significantly so 
(.6 p .5)• 

During the inhalatim of 85-100* oxygen, the mean cerebral blood 
flow in the patients with emphysema rose from 68 to 79 cc./100 Gm./min. 
(•4 p .3). In contrast, the control subjects showed a decrease in CBF 
from a mean value of 50 cc. to 44 cc./lOO Gm./«in. A reduction in CBF 
luring oxygen Inhalation occurred in only two patienta with eaphyesam, 
both of who« had initially low CBF value*. The mean value for CBF in the 
•■physematoue petients during inhalation of oxygen was significantly (p .01) 
different fro« that founi in the control eubjecte luring the period. 

The arterial pressure In both groups of patisnts was altered 
very little by oxymn. In general, the CVR in the patiente with emphysema 
waa reduced slightly by oxygen administration. 
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Tb« ««An o«r«br«I oxjgtn eonauaptloo in tb« pmtlant« with «»phy- 
wa« alight ly l«as than th« control ararag«. Oxygen inhalation did not 

producá a ehang« ln th« aoan CMRO2 ln «lth«r th« patlanta with anphya«m 
or ln th« control aubj«cta. Montai ohangaa d«r»lop«d ln only on« patlont 
(C.M.) during th« oxygon period. This Individual waa aod«rvt«ly confused 
while hr«athing air, and bacana irrational and combativa while breathing 
oxygen. Throe hours later he bocana rational but had an anneals for thw 
«vonta of the earlier period. Th« CMRO2 in this patlont, while ho was 
breathing oxygen, waa considerably higher than the basoline value. 

Changos In the blood gaaos In the patienta with chronic pulmonary 
amphysena wore aimllar to those which have been reported by others (2). 
The nean arterial oxyhemoglobin saturation was 68 per cent, the naan p02# 
39 Hg, and the asan pC02» 58 me. Rg, and the arterial pH, 7.36. In¬ 
halation of oxygen raised the arterial oxygon saturation Into the range 
94*100 per cent In all pationts oxcept one (E.O.) and produced an Increase 
In the aean pC02 to 70 am. Hg and a reduction In arterial pH to a mean of 
7.24. The acidosis and the lnc.*ease ln CO2 tension and c intent observed in 
the emphysematous patients given oxygen are probably related to the depres¬ 
sive effect of oxygen <m the pulmonary ventilation (Fig. 2). The average 
ventilations measured In four patients while breathing air for six minutes 
and oxygen for twelve minutes were 8.8 L./mln., respectively. 

The oeretral blood flow in the patients with emphysema, while 
they were breathing room air, could oe correlated to some extent with the 
arterial tensions of oxygon and carbon dioxide. The two patients with the 
lowest CBF determinations had the highest p02 and lowest pC02 values, 
while the highest CBF values were found in patients with the lowest pOo 
and the highest pC02 level« (Fig. 3). The same type of multiple correla¬ 
tion cannot be attempted for the data of the o^gen period, since the 
arterial oxygon saturation was too high to permit accurate p02 reading« 
from the dissociation curves. Six of the eight patients on whom arterial 
pCCb and pH data are available, showed a rise In CBF during oxygen adminis¬ 
tration. In each of thase six patients there was an increasa In pCC2 
a decrease In pH, but the magnitude of the changes did not correlata well 
with the amount of increaaa In the cerebral blood flow. However, the 
petlent (R.V) who hal the greatest Increase in CBF with oxygen also Mnl- 
fested tha largest Increese In pC02 and decraasa In pH. The petlent (J.B.) 
In whom the CBF fell slightly with oxygen had pCÛ2 and pH changes similar 
to those found In the six patients in whoa the CBF increased. The one 
petlent (I.H.) who had an appreclabla fall In blood flow had almost no 
change In either pCC>2 or pH. 

Cereb osplnal fluid pressure in six patients with emphysema was 
slightly or moderately increased by oxygen Inhalation (Fig. 4). The mean 
pressure with the patienta breathing room air was 198 ai. C.S.F. During 
approximately ten minutes of ojQrgen Inhalation, the pressure rose to en 
average peak value of 279 mm., with an extreme value of 470 as. C.S.F. In 
five control subjects with asymptomatic nsurosyphllls, the cerebrospinal 
fluid pressure either remained the same or fell slightly during oxygen 
breathing. 

DISCÜS3I« 

The elevation of the mean cerebral blood flow in tha patlanta 
with emphysema whan they were breathing air Is entlrtly compatible with the 
known effects of altsretlon of the arterial tensions of ojgrgen and of 
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oarbaa dloxli«. Tha figura« for naan artsrial p02 and PCO2 in thaaa 
paliante ara aaan to ba dacHadly ataBoraal, whan comparad with tha ralua« 
of 97.1 wm, Hg and 41.6 wm, Hg raapactivaly in haalthy young adulta (13). 
A aynargietic affact would ba axpaotad from raduction with p02 and alava- 
tioB of tha pC02* Tha obaarrad raiuction in CVR and increase in CBF ware 
actually oonaidarably aaallar than would ba pradictad on tha basis of tha 
affact« produced by rapid alteration« in the arterial gas tensions (1). It 
is possible that tha rary gradual development of tha abnormal tensions in 
aaphysaaa allowed adaptive changes to taka place in the care oral vessel«, 
A contri ou tory factor nay have bean tha aaintenanoe of a relatively normal 
arterial pH In these patients through a compensatory increase in plasm 
bicarbonate. Reduction in arterial pH appears to favor an increase in 

'cerebral blood flow (1,14). 
Apart from changes in the arterial blood, the «Ute of tha heart 

Itself might har« been a factor influencing the cerebral blood flow. The 
importance of this factor is admittedly difficult to evaluate. It 1« of 
interest, however, that there was no tendency for the CBF to be lower in 
the patiente with congestive failure. In other types of heart disease, 
congestive failure Unde to be associated with a reduced cerebral blood 
flow (15). 

The changes In arterial gas Uns ions and pH with the administra¬ 
tion of oxygen evidently are relatively rapid. For some tima,, at least, 
the pulmonary ventilation is reduced, with a consequent rite in arter-al 
CO2 UnsloB. The conventional explanation for the depreeelon of reepira- 
tion is the withdrawal of the hypoxie' stiimilue to chemoreceptor mechanisms. 
The aseoolatod fall in pH is most likely due to the combined effects of 
omrboo dioxide retention and the increase In the amount of oxyhemoglobin 
in the arterial blood. The cerebral blood veseels un 1er these circ as- 
stances are subjected to etimuli in competition» the dilator stimulus of 
me increase in pC02 and a decrease in pH, and the constricUr stimulus of 
m rise in O2 tension. DeeplU the fact that the rise in p02 must have been 
sevurul times au great as the Increese in pCOp, the resultant effect was 
dilator in most of the pmtlants. Excluding tíU two patients (J.B. and I.H.) 
in whom the CVR rose with oxygen, the mean CVR values with air and oxygen 
breathing were 1.2 and 0.9 Rg/cc./100 Gm./mis. respectively. 

Although the CMRO2 during air breathing was below the control 
mean in seven of the nine patients, deflnlU conclusions based on the small 
dlfferencs between the means are probably not warranted. Soae reduction in 
CWO2 would not be surprising in chronically ill patienta with long¬ 
standing abnormalities in the blood gas UnVans. There was no avldance 
that overall cerebral metabolism, ms IndlcaUd by tha CHRO^# adversely 
affected by the relatively brief (30 min.) period of oxygen inhalation. It 
is of InUrest that, in the one patient (C.M.) whose mental status beesms 
worse with oxygen, there was an aasoeisUd rise in cerebral oxygen consump¬ 
tion. 

The increases in cerebrospinal fluid pressure with change in the 
inspired gas from air to oxygen aleo favor the conclusion that carebral 
vasodilator effects were dominant during the period of oxygen breathing. 
The pressure changes, however, were in general molerate and in no case were 
extreme levels reached, such as have been reported by other workers (3). 
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SOMAR! 

1* Th« cerebral blood flow (CBF), oxygen consumption (CMRO2) 
▼ascular resistance (CVR) were determined by the nitrous oxide technique 
before and during the administration of B5-100JÍ oxygen In nine patients 
with chronic pulmonary emphysema and in eight control subjects• 

2. In the patients with emphysema the mean CBF was significantly 
elevated, while the mean CHROj was slightly below control values. There 
was a tendency for the emphysematous patients with the lowest arterial pOo 
and the highest rC02 values to show the highest blood flow values. The * 

converse was also true. 
3. Inhalation of 85-100f oxygen was generally followed by an 

Increase in CBF in the patients with emphysema In contrast to the control 
patients In whom the CBF decreased. Two emphysematous patiente who had the 
lowest CBF values while breathing air showed a decrease In CBF during 
inhalation of oxygen. 

4* The mean CMRO2 not change In either group cf patients 
with oxygen administration. One patient with emphysema exhibited mental 
aberration# which may have been aggravated by oxygen therapy, Oxygen 
caused an Increase in spinal fluid pressures in the patients with smphyseM 
and either no change or a fall in apinal fluid pressures in the control 
subjects. 

5. Oxygen inhalation cause! a depression of pulmonary ventilation 
in the patients with emphysema and reeulted In a rise in arterial pC02 and 
a fall in pH. The moderate increase in pC02 and decrease in pH apparently 
more than offset the large increise in pC>2 and thus brought about a rise in 
cerabral blood f] ai. 

âfigflímflMag 
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CON TRO. EMPHYSEMA 

Fljrnr*» 1 - 'Istrlbutlon of cerebral blood flow values In control 
subjects and in pallante with emphysema during inhalation of air 
enl of oxygen. 
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Flsrire 2 - R^apoose of the pulaonary ▼•ntilation to oxygen administra¬ 
tion In an elderly patient with eevere chronic enphysana. Qata on this 
patient's CBF ^ra not included in this report. 
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Figur« 3 - ?hr««-dlaenalonfil chart «hcwlng intsrralationahlp« b«tw««n 
CBF (cc.A°0 Gta./min.)t art«rlal pO^ (m. Hg) and artarlal pCQz 
(on, Hg) In eight patient« with aapn7i«aa breathing air. 
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Figure 4 - Cerebroeplnel fluid preeeure before, during, end after ad¬ 

ministration of oxygen In patient (R.A.) with emphysema. 
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