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The influence of 
arterial oxygenation on 
cerebral venous oxygen 
saturation.during 
hyperventilatlon 

Cerebral venous oxygen desaturation may occur when hyper- 
ventilation is employed during neurosurgical procedures. In this 
study, we examined the effect o f  arterial hyperoxia (PaO 2 > 
200 mmHg) on jugular bulb venous oxygen tension (Pjv02,), 
saturation (Sjv02) and content (Cjv02) in 12 patients under- 
going anaesthesia for neurosurgical procedures. Under stable 
anaesthetic conditions, the inspired oxygen fraction (FI02,) was 
varied to give four different levels o f  arterial oxygen tension 
(PaO 2 100-200, 201-300, 301-400, and >400 mmHg), at two 
levels o f  controlled hyperventilation (PaC02 25 and 30 mmHg). 
In five patients, a transcranial Doppler probe was used to in- 
sonate the middle cerebral artery throughout the study period. 
Regression lines were constructed for each patient for the PjvOz, 
SjvO2 and the corresponding Pa02 for both levels o f  PaCO2 
(all PjvO2-Pa02 and SjvO2-Pa02 regression lines r 2 > 0.85, 
P < 0.0001). From these lines we calculated the PjvO~ Sjv02 
and Cjv02 at Pa02 of  100, 250 and 400 mmHg, at each level 
of  PaC02 for each patient. At PaC02 of  25 mmHg, hyper- 
oxaemia increased PjvO 2 (from 27.6 + 1.1 mmHg at PaO 2 
of  100 mmHg to 30.6 -6 L4 and 33.6 5:L8 mmHg at PaO 2 
of  250 and 400 mmHg respectively) and SjvO e (from 54 5: 
3% at Pa02 of  100 mmHg to 60 5:3 and 65 5: 3% at PaO 2 
of  250 and 400 mmHg respectively, P < 0.05). Hyperoxaemia 
had a similar effect on SjvO 2 and PjvO 2 at a PaCO 2 of  30 
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mmHg. For a given PaO 2, the PjvO~ Sjv02 and Cjv02 were 
lower at eaCO 2 of  25 mmHg than at a PaC02 of  30 mmHg 
(P < 0.01). The predicted CjvO 2 based on the increased Pa02 
and an unchanged cerebral metabolic rate for oxygen was also 
calculated and was no different from the measured Cjv02 with 
hyperoxia. Middle cerebral artery flow velocity did not change 
with hyperoxia, but decreased with hypocapnia (48 5:7  to 35 
-k 4 cm" sec -1, P < 0.01). We conclude that hyperoxia during 
acute hyperventilation in the anaesthetized patient improves 
oxygen delivery to the cerebral circulation, as measured by a 
higher cerebral venous oxygen content and saturation. An in- 
creased Pa02 should be considered for those patients in whom 
aggressive hyperventilation is contemplated. 

La d~saturation veineuse centrale peut survenir pendant l~y- 
perventilation rdalis~e au cours d'interventions neurochirurgi- 
cales. Nous avons dtudid les r~percussions de l~yperox~mie 
(Pa02 > 200 mmHg) sur la tension en oxyg~ne du bulbe ju- 
gulaire (Pjv02), sa saturation (SjvOz) et son contenu (CjvOz) 
chez 12 patients soumis /1 une anesthdsie gdn~rale pour une 
intervention neurochirugicale. Sous des conditions stables 
d'anesth~sie, la fraction en oxygbne inspir~ (FIOz) a dt~ vari~e 
pour produire quatre niveaux diff~rents de tension arMriel]e 
en oxygbne (PaO 2100-200, 201-300, 301-400 et >400 mmHg) 
d deux niveaug d~yperventilation (PaCO 2 25 et 30 mmHg). 
Une sonde de Db'ppler intracr~,nienne a dtd ins~r~e ~ cinq pa- 
tients pour explorer l'artbre m~ning~e moyenne. A chaque pa- 
tient, nous avons construit des lignes de r~gression de la Pjv02, 
de la SjvO 2 pour la PaO e correspondante, aug deux niveaug 
de PaC02 (routes les lignes de rkgression PjvO2-Pa02 et SjvO2- 
PaO 2 r 2 > 0,85, P < 0,0001). A partir de ces lignes, nous 
avons calcul~ chez chaque patient la PjvO~ la SjvO 2 et le Cjv02 
aug PaO 2 de 100, 250 et 400 mmHg, pour chaque niveau de 
PaC02. A la PaC02 de 25 mmHg, l~yperoxdmie a augmentd 
la PjvO 2 (de 27,6 + 1,1 mmHg pour une PaO2 de 100 mmHg 
d 30 5:1,4 et 33,6 + 1,8 mmHg aug PaO 2 de 250 et 400 
mmHg respectivement, P < 0,05). L~yperoxdmie a eu le m~me 
effet sur la SjvO 2 et la Pjv02 ~ la PaCOz de 30 mmHg. Pour 
une Pa02 donnde, la Pjv02, la SjvO2 et le CjvO2 ont dtd plus 
has ~ la PaC02 de 25 mmHg qu'd celle de 30 mmHg (P < 

CANJ ANAESTH 1994/ 41:11 / pp 1041-6 



1042 CANADIAN JOURNAL OF ANAESTHESIA 

0,01). La Cjv02 pr$dite lorsque la Pa02 augmente et que le 
taux mdtabolique c~r~bral demeure inchang~ a aussi ~t$ cal- 
cul& et n'a pets ~t~ trouv& diff&ente de la Cjv02 mesur& 
en hyperox~mie. La v~locit~ du courant sanguin de l'art&e 
c&~brale moyenne n'a pas chang~ avec l~yperox$mie mais a 
dimin~ avec l'hypocarbie (de 48 + 7 ~ 35 5:4  cm. sec-*, 
P < 0,01). Nous concluons que chez le sujet anesth&i6 l~y- 
peroxie produite pendant une hyperve.ntilation aigug arndliore 
l'apport en oxygbne de la circulation c&~brale, comrne l'ont 
rnontr~ l'augmentation du contenu veineux c~r$bral et de la 
saturation en oxyg~ne. On doit envisager d'augrnenter la PaO 2 
des patients qu ~l faut ventiler agressivement. 

Acute hyperventilation decreases cerebral blood flow 
(CBF). 1,2 It causes electroencephalographic slowing con- 
sistent with cerebral ischaemia 3 and an increase in brain 
tissue and cerebrospinal fluid lactate concentrations, 4 that 
can be reversed with the administration of hyperbaric 
oxygen. 3,5 Despite this potentially undesirable effect on 
CBF, hyperventilation reduces cerebral blood volume and 
intracranial pressure (ICP), and may improve cerebral 
perfusion pressure (CPP) in some patients. Consequently, 
hyperventilation provides improved operating conditions 
and is frequently used during neurosurgical procedures. 
Intraoperative surgical requirements (reduction of brain 
bulk) may necessitate marked hyperventilation at the risk 
of causing cerebral ischaemia. It would be desirable if 
hyperventilation could be employed to provide improved 
operating conditions and/or reduce ICP without the ac- 
companying reduction in oxygen delivery to the brain. 
Increasing the arterial oxygen tension and content may 
allow greater oxygen delivery to the brain during this 
vulnerable period. However, hyperoxygenation has been 
shown to cause cerebral vasoconstriction which may ne- 
gate the potential improvement in oxygen delivery. 6 To 
clarify this interaction, we studied the effect of hyperoxia 
at two levels of PaCO2 on the cerebral venous oxygen 
content in 12 patients undergoing anaesthesia for neu- 
rosurgery. 

Methods 
The study was approved by the University of Washington 
Human Subjects Review Committee. After obtaining 
written consent, 12 patients, ASA physical status 1 or 
2, who were about to undergo craniotomies for various 
elective neurosurgical procedures (nine cerebral aneu- 
rysms and three intracranial tumours) were studied. With 
all routine monitors in place (ECG, arterial catheter, pulse 
oximetry), patients received a standardized anaesthetic 
consisting of /v midazolam 1-2 nag, thiopentone 3-5 
mg. kg-' ,  fentanyl bolus 3 I~g' kg-r followed by infusion 
3 l~g" kg -j" hr-t and vecuronium 0.1 mg. kg -I. After the 

trachea was intubated, the lungs were mechanically ven- 
tilated to normocapnia with an air/oxygen mixture and 
anaesthesia was maintained with low dose isoflurane 
(end-tidal 0.5-1.0%). Using an aseptic technique de- 
scribed previously, 7 we inserted a 16-gauge, 13.3 cm ret- 
rograde jugular bulb catheter (Angiocath| Becton and 
Dickinson) in all patients without complication. The cath- 
eter was inserted contralateral to the operative site and 
the position of the catheter was checked radiographically 
and was satisfactory in all patients studied (tip of the 
catheter was at the level of and just medial to the mastoid 
bone). In five patients, surgical conditions permitted the 
measurement of cerebral blood flow velocity from the 
middle cerebral artery (MCA) ipsilateral to the jugular 
venous bulb catheter throughout the study period. The 
MCA was insonated with a 2 MHz transcranial Doppler 
probe (Medasonics, Fremont, CA, USA) through the 
temporal window, using a technique previously de- 
scribed, s A low profde attachment was used to secure 
the probe in position so that the angle of insonation 
remained constant throughout the study. Doppler signals 
were identified and measured at 45-50 mmHg. The shift 
in frequency spectra of the Doppler signals converted 
into mean flow velocity (Vmca) were displayed on a video 
monitor. Flow velocities were recorded at end-expiration. 

Under stable anaesthetic and surgical conditions, and 
at least 30 min after mannitol administration, the patients' 
lungs were hyperventilated to a PaCO2 of 25 mmHg 
(+l). A 15-min period of stabilization was allowed at 
that PaCOv The FIO 2 was then varied to achieve four 
levels of PaO2: 100-200, 201-300, 301-400 and >400 
mmHg. After a further 15 min stabilization at each PaO 2 
level, arterial and jugular venous blood gases were drawn 
(at a rate of < 2  ml. rain -1) and Vmca (in five patients) 
was recorded at each level of PaOv The PaCO2 was 
then increased to 30 mmHg (4-1) and the same procedure 
repeated. The tidal volume and respiratory rate were al- 
tered in such a manner so as to maintain airway pressure 
constant, thus minimizing the effects on venous return 
and cardiac output. The study sequence was randomized 
so that half of the patients were studied at a PaCO2 of 
30 mmHg first and the other half were studied initially 
at a PaCO2 of 25 mmHg. The blood samples were an- 
alyzed using an automated blood gas analyzer (Nova Bi- 
omedical 9, Waltham, MA, USA). 

Regression lines were constructed for each patient for 
the PjvO2, SjvO2 and the corresponding PaO2 for both 
levels of PaCO2. From these lines we calculated the 
PjvO2, SjvO2, CjvO2 and the arteriovenous oxygen con- 
tent difference (AVDO2) at PaO2 of 100, 250, and 400 
mmHg, at each level of PaCO2 for each patient. The 
arterial and venous oxygen contents (CaO2, CjvOz) and 
AVDO2 were calculated from the arterial PO2 and sat- 
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uration, and jugular venous O2 tension and saturation 
using the equation: 

AVDO2 = arterial 02 content (CaO2) 
- jugular venous O2 content (CjvOz) 

= Hgb • 1.39 • SaO2 + 0.003 X PaO2) 
- (Hgb • 1.39 X SjvO2 + 0.003 • PjvO2). 

The data were analyzed using two-way analysis of var- 
iance for repeated measures. We considered a P value 
<0.05 statistically significant. 

To assess the magnitude of cerebra/vasoconstriction 
secondary to hyperoxygenation, which would result in 
a CjvO2 value lower than expected based on the increase 
in oxygen delivery, we derived the predicted CjvO2 and 
compared it with the measured CjvO2. To do this, we 
considered PaO2 of I00 mmHg to be normoxia, and 
calculated the corresponding AVDO2. Assuming an un- 
changed cerebral metabolic rate (therefore an unchanged 
ADVO2 if CBF remains constant), we then calculated 
the CjvO2 at PaO2 of 250 and 400 mmHg. Thus the 
predicted CjvO2 at PaO2 of 250 mmHg = CaO2 at PaO2 
of 250 mmHg - AVDO2 at PaO2 of 100 mmHg and 
the predicted CjvO2 at PaO2 of 400 mmHg = CaO2 at 
PaO2 of 400 mmHg - AVDO2 at PaO2 of 100 mmHg. 
The predicted values were then compared with the meas- 
ured values using paired t test. 

TABLE I Patient data 

Patient n = 12 Mean, S D  

Age, yr 51, 12 
Weight, kg 72, 7 
Sex (M:F) 6:6 
Haemoglobin g" dl -  1 11.9, 1.2 

FIGURE I SjvO 2 and PjvO 2 at PaCO 2 of 25 mmHg. @SjvO 2 at 
PaO 2 of 100 mmHg; IISjvO 2 at PaO 2 of 250 mmHg; ASjvO 2 at PaO 2 
of 400 mmHg; OPjvO 2 at PaO 2 of 100 mmHg; EIPjvO 2 at PaO2 of 
250 mmHg; zxPjvO 2 at PaO 2 of 400 mmHg. 

Results 
The patient data are shown in Table I. 

There was no change in the patients' body temperature 
(36 -t- 0.5oC), mean arterial pressure (75 + 5 mmHg) 
or heart rate (75 -t- 10 bpm) throughout the study. The 
SjvO2 vs PaO2 mean regression coefficients for patients 
at PaCO2 of 25 and 30 mmHg were 0.035 -1- 0.01% 
mmHg -I, 0.85 < r 2 < 0.996 (P < 0.001), and 0.038 
+ 0.01% mmHg-', 0.840 < r 2 < 0.998 (P < 0.001), 
respectively. 

Hyperoxia increased jugular venous oxygen tension, 
saturation and content, at both levels of PaCO2 (P < 
0.05) (Figures I and 2). For a given PaO2, the SjvO2, 
PjvO2 and CjvO2 were higher at a PaCO2 of 30 mmHg 
than at a PaCO2 of 25 mmHg (P < 0.01) (Tables II 
and III). 

At a PaCO2 of 25 mmHg, four patients at PaO2 of 
100 mmHg and two patients at PaO2 of 250 mmHg 
had SjvO2 < 50%, but no patients at PaO2 of 400 mmHg 
had SjvO2 < 50%. At a PaCO2 of 30 mmHg, one patient 
at PaO2 of 100 mmHg had SjvO2 < 50% but no patient 
at PaO2 of 250 and 400 mmHg had SjvO 2 < 50%. 

In the five patients monitored with the transcranial 
Doppler, Vmca did not change with hyperoxia at either 
level of PaCOv Cerebral blood flow velocity increased 
from 35 -t- 4.0 cm- see -l at a PaCO2 of 25 mmHg to 

FIGURE 2 SjvO 2 and PjvO 2 at PaCO2 of 30 mmHg. @SjvO2 at 
PaO 2 of 100 mmHg; IISjvO 2 at PaO 2 of 250 mmHg;ASjvO 2 at PaO 2 
of 400 mmHg; OPjvO 2 at PaO 2 of 100 mmHg; E3PjvO 2 at PaO 2 of 
250 mmHg; ApjvO 2 at PaO 2 of 400 mmHg. 

48 + 7 cm- sec -l at a PaCO 2 of 30 mmHg (P < 0.01) 
(Table II). The measured CjvO2 at hyperoxic PaO2 (PaO2 
250 and 400 mmHg) was not different from the predicted 
CjvO2 (Table III). 

Discussion 
The use of hyperventilation during neurosurgical proce- 
dures can result in cerebral venous oxygen desaturation 
(defined as jugular bulb venous oxygen saturations less 
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TABLE II The effect of hyperoxia at two levels of PaCO 2 on SjvO 2 and PjvO 2 
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PaCO; = 25 mmHg PaCO 2 = 30 mmHg 

PaO 2 SjvOe%* PjvO 2 mmHgt Vmca cm/ gec~ Sjv02%* PjvO 2 mrnHg~f Vmca cm/sec~. 
mmHg (n =12) (n =12) (n : 5) (n =12) (n :12)  ( n :  5) 

I00 54:1: 3w 27.6 :t: 1.1�82 35 4- 4 61 4- 3w 31.6 + 1.6�82 48 + 7 
250 60 + 3w 30.6 4- 1.4�82 35 + 4 66 4- 3w 34.9 4- 1.95 48 + 7 
400 65 + 3w 33.6 4- 1.85 35 4- 4 71'4- 3w 38.3 5:2.25 48 4- 7 

All values are mean 4- SE. 
*The difference between SjvO 2 at a PaCO2 of 25 mmHg and SjvO2 at a PaCO 2 of 30 mmHg is statistically significant at P <  0.01. 
~The difference between PjvO2 at PaCO2 of 25 mmHg and PjvO 2 at PaCO2 of 30 mmHg is statistically significant at P < 0.01. 
5The difference between CBFV at PaCO 2 of 25 mmHg and CBFV at PaCO2 of 30 mmHg is statistically significant at P < 0.01. 
w difference between SjvO 2 at PaO 2 of 100, 250 and 400 mmHg is statistically significant at P < 0.05. 
�82 difference between PjvO 2 at PaO2 of 100, 250 and 400 mmHg is statistically significant at P < 0.05. 

TABLE II1 The effect of hyperoxia at two levels of PaCO2 on jligular venous oxygen content: predicted [ q v O  2 (p)] and measured [CjvO 2 (m)] 

PaCO 2 ---- 25 mmHg PaCO z = 30 mmHg 

PaO~ CjvO 2 (m)* CjvO 2 0o)~ CjvO 2 (m)* CjvO 2 (pyf 
mm Hg vol% vol% vol% VolO/o 

100 8.95 4- 0.485 8.95 4- 0.485 9.98 -F 0.535 9.98 -F 0.535 
250 9.78 + 0.455 9.73 4- 0.49~ 10.86 + 0.505 10.76 + 0.535 
400 10.63 4- 0.475 10.18 4- 0.505 11.77 -F 0.545 11.22 :i: 0.545 

All values are mean 4- SE. 
*The difference between the measured CjvO 2 at PaCO 2 of 25 and CjvO 2 at PaCO 2 of 30 mmHg is statistically significant at P < 0.05. 
~'The difference between the predicted CjvO2 at PaCO 2 of 25 and CjvO 2 at PaCO: of 30 mmHg is statistically significant at P < 0.05. 
5The difference between CjvO2 at PaO 2 of 100, 250 and 400 mmHg is statistically significant at P <  0.05. 

than 50%) in up to 40% of patients undergoing neuro- 
surgery. 7 Although the clinical importance of this intraop- 
erative desaturation remains unclear, at best it is indicative 
of increased extraction of oxygen with a decreased margin 
of safety, and at worst, indicative of limited oxygen supply 
with impending tissue hypoxia. Moreover, the use of hy- 
perventilation in patients with severe head injury has been 
shown to cause cerebral oligaemia 9 which may lead to 
a worse neurological outcome, tom 

Despite this potential adverse effect, hyperventilation 
can reduce CBE cerebral blood volume and intracranial 
pressure (ICP), and may improve cerebral perfusion pres- 
sure (CPP) in some patients. In addition, hyperventilation 
may provide improved operating conditions. Our study 
was designed to test the hypothesis that hyperoxia, by 
improving oxygen delivery, would improve the margin 
of safety during hyperventilation. 

Kennealy et  aL 12 have shown that, in dogs, hyperoxy- 
genating the blood results in an increase in jugular venous 
bulb and brain tissue oxygen tension. However, others 
have shown reductions in CBF with hyperoxia in nor- 
mocapnic piglets, 13 ponies, 14 infants Is and adults. 16 This 
cerebral vasoconstriction may negate any potential ben- 
eficial effects of hyperoxia during hyperventilation. The 

effect of arterial hyperoxygenation on cerebral venous 
0 2 content in anaesthetized patients during acute hyper- 
ventilation has not been fully investigated and is the pur- 
pose of this study. 

We chose two levels of PaCO2, 25 mmHg and 30 
mmHg, to assess whether hyperoxygenation improves 
SjvO2 during moderate and marked hyperventilation. 
During hyperventilation to a PaCO2 of 25 mmHg, four 
patients bad SjvO2 < 50% at PaO2 of 100 mmHg and 
two patients had SjvO2 < 50 at PaO2 of 250 mmHg. 
At a PaCO2 of 30 mmHg, only one patient had SjvO2 
< 50% and this was at a PaO2 of 100 mmHg. There 
were no episodes of desaturation during hyperoxia at 
PaO2 of 400 mmHg at either level of PaCO2. Although 
not applicable to the patients in this study, episodes of 
cerebral venous desaturation (SjvO2 < 50%) have been 
shown to be common in patients with head injury even 
when receiving intensive care with advanced cardiovas- 
cular and intracranial monitoring. The observation that 
bead-injured patients with cerebral venous desaturation 
had a higher mortality than those without such episodes 
highlights the potential benefit of detecting and treating 
such desaturation. 16 It would appear that the most im- 
portant factor controlling cerebral blood flow (CBF) is 
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PaCO2, as shown by the higher SjvO2, PjvO2 and CjvO2 
at the higher PaCO2 of 30 mmHg (P < 0.01). None- 
theless, in the 12 patients studied, hyperoxygenation was 
beneficial in reducing the incidence of cerebral venous 
oxygen desaturation during hyperventilation. Hyperoxy- 
genation improved CjvO2 at both levels of PaCO2 (P 
< 0.05). As the study was conducted during relative- 
ly steady-state anaesthetic and surgical conditions, this 
increase presumably reflects an increase in O2 deliv- 
ery. 

Does normobaric hyperoxygenation produce cerebral 
vasoconstriction in hypocapnic patients? To answer this 
question, we derived the predicted CjvO2 based on an 
unchanged CBF and an unchanged cerebral metabolic 
rate for oxygen (CMRO2) and compared this to the actual 
measured CjvO2. We considered PaO2 of 100 mmHg to 
be normoxia, and calculated the corresponding AVDO2. 
Assuming an unchanged CMRO2 (therefore an un- 
changed AVDO2 if CBF stays constant), we then cal- 
culated CjvO2 at PaO2 of 250 and 400 mmHg. We found 
the measured and the predicted CjvO2 to be almost iden- 
tical with hyperoxia during hypocapnia. This suggests 
that, during steady state anaesthesia, when CMRO2 is 
presumed constant, there is no change in CBF when 
PaCO2 is constant and PaO2 is increased (Table III). Had 
there been any decrease in CBF with hyperoxia, the meas- 
ured CjvO2 would have been lower than the predicted 
value. The Vmca determination in the five patients with 
transcranial Doppler monitoring supports this contention 
and is in agreement with recently published data on Vmca 
and hyperoxia. 17,~s These findings indicate that the va- 
soconstrictive response to hyperoxia reported in other 
studies is abolished by hyperventilation, the anaesthetic 
conditions employed in this study, or both. It is likely 
that hypocapnia, even at PaCO2 of 30 mmHg, results 
in cerebral vasoconstriction that exceeds any vasoconstric- 
five effect of normobaric hyperoxia. 

We conclude that hyperoxia during acute hyperven- 
tilation in the anaesthetized patient improves oxygen de- 
livery to the brain as measured by increased cerebral ve- 
nous oxygen content and saturation. This increase is seen 
without any apparent change in CBE Hyperoxia should 
be considered for those patients in whom hyperventilation 
is contemplated and cerebral ischaemia is considered a 
risk. 
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