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Summary 

In 27 comatose patients with acute head injury, 45 paired studies of 
regional cerebral blood flow (rCBF) were performed before and after 
hyperventilation. In total 676 regions were studied, and rCBF was 
calculated as initial slope index using the intracarotid washout tech- 
nique of 133 Xe. The tests were applied from one day to three weeks 
after the acute trauma. 

In total hyperventilation from PaCO2 averaging 4.8 to 3.5 kPa 
increased the frequency of regions with oligaemia defined 
CBF < 20 ml/100 g/min from 5 to 16%. Before hyperventilation oli- 
gaemia was observed in 11 of 45 studies (9 of 27 patients); after 
hyperventilation the frequency increased to 21 studies (15 patients). 
The frequency of severe oligaemia (CBF < 15 ml) increased from 0.1 
to 3% of all regions, or from 2 to 8 of all studies (from 2 to 9 
patients). The increased frequency of oligaemia after hyperventila- 
tion was correlated to a poor outcome (dementia, vegetative survival 
or death), where it was observed in 21% of all regions, in 16 of 26 
studies and 11 of 15 patients, whereas the frequency in patients with 
a good recovery was found to be 7% of all regions and observed in 
5 of 19 studies (4 of 12 patients). The high frequency of oligaemia 
after hyperventilation was associated to a low hemispheric CBF 
before hyperventilation, but not to the level of PaCQ, the level of 
intracranial pressure, cerebral perfusion pressure or CSF-pH or lac- 
tate. 

These findings strongly suggest that acute hyperventilation might 
be controversial as it provokes a decrease in rCBF close to ischaemic 
threshold, especially in patients with reduced rCBF prior to acute 
hyperventilation. Furthermore, it suggest that rCBF < 20 ml indicate 
a poor outcome. 

Keywords: Acute head injury; CO a reactivity; cerebral blood flow; 
cerebral ischaemia; ischaemic threshold; hyperventilation; intra- 
cranial pressure. 

Introduction 

In  the acute  phase  af ter  severe head  in jury  a relat ive 

or  abso lu te  luxury  per fus ion  might  occur.  This  state 

can  be revealed ei ther  by  measurement s  o f  cerebra l  

b l o o d  flow (CBF) ,  or  by  measur ing  the a r t e r iovenous  
difference o f  oxygen con ten t  ( A V D O  2) 5, 8, 9, 26. A rel- 

at ive or  abso lu te  hype raemia  or  luxury  per fus ion  is 

associa ted  with  a preserved  or  of ten augmen ted  reac- 

t ivi ty o f  C B F  to changes  in PaCO2 (high CO2 reac- 

tivity)5, 6, 9. Genera l ly  hyperpe r fus ion  is observed  in 

relat ively young  vict ims 6' 26, it  is associa ted  with  a high 

in t rac ran ia l  pressure  26, and  it might  occur  regional ly,  

hemispher ic  or  g lobal ly  6' 9, 26 

Theore t ica l ly  hyperven t i l a t ion  might  induce dan-  

gerous decrease in C B F  below ischaemic  threshold  

which has been def ined recent ly 3' 4, 32. I f  the COa reac- 

t ivi ty is high as in cases o f  hyperper fus ion  or  luxury 

perfus ion,  the risks o f  severe o l igaemia  or  i schaemia  

might  be present .  On  the o ther  h a n d  these risks also 

might  be present  if  the C B F  is reduced  pr io r  to an acute  

decrease in PaCO2, a l though  the CO a react ivi ty  in this 

s i tua t ion  general ly  is low. 

In recent  studies o f  the effect o f  acute  hypervent i -  

la t ion  on rCBF,  ischaemic thresholds  were no t  defined 5' 

s. r C B F  was measu red  with the in t r aca ro t id  washou t  

technique o f  133Xe, a technique  which at  low r C B F  

give rel iable  results,  because  act ivi ty  in the external  

ca ro t id  regions does no t  p lay  an  i m p o r t a n t  role, and  

res tact ivi ty  easely can be corr iga ted .  

In  o rder  to  invest igate  i f  hyperven t i l a t ion  in the 

acute  phase  o f  head  injury decreases r C B F  be low or  

br ings  it close to the i schaemic  threshold ,  these old  

studies were re-analyzed.  A l t h o u g h  the invest igat ions  

were pe r fo rmed  before  CT scannings  were avai lable ,  it  

seems reasonab le  to re-evaluate  the results,  because  the 

in t raa r te r ia l  133 Xenon  technique,  now obsole te  be- 

cause o f  compl ica t ions ,  gives more  rel iable  results at 
low cerebra l  b l o o d  flow as c o m p a r e d  with  the in t ra-  

venous  and the inha la t ion  m e t h o d  used nowadays .  

Material and Method 

In 27 unconscious patients (Glasgow coma scale < 6 at admis- 
sion), 45 studies of rCBF were performed before and after an acute 
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decrease in PaCO2. The median age was 23 years (range 9-67). 15 
studies were performed within two days of trauma, 16 studies be- 
tween the third day and one week, eight studies in the second week 
and six studies in the third week. In 15 patients the CO2 reactivity 
was tested repeatedly (2-3 studies), with intervals of 2-4 days in 2 
patients, and one week or above in 9 patients. 

In 21 patients angiographic studies revealed a space-occupying 
lesion. These patients were operated upon, and cortical lesions (con- 
tusion, subdural haematoma, iaceration) were observed during op- 
eration. In 11 of these patients neurological examination revealed 
impairments of the brain stem reflexes (oculocephalic, vestibular and 
pupillary reflexes), while the brain-stem reflexes were unaffected in 
10 patients. In 6 patients the angiographic studies did not reveal any 
space-occupying lesions, and exploration through burr holes did not 
reveal any localized haematoma or severe brain contusion. 

Controlled ventilation was used throughout the study (Servo 
ventilator 900 A), the aims of the respirator treatment being moderate 
hypocapnia with PaCO2 ranging from 4.0-5.4 kPa and PaO 2 above 
9.3 kPa. Chlorpromazine, meperidine and diazepam were used in 
small doses for sedation, neuromuscular blockers were never used. 
tn 23 patients and 35 studies intraventricular pressure (IVP) was 
recorded continuously by the method of Lundberg 21. In 31 of the 
studies ventricular fluid was withdrawn about one hour prior to the 
CBF measurements and determined for lactate 22 and pH. 

If IVP increased above 25 mmHg in the ward the following pro- 
cedures were initiated: Tracheal suction, supplementary sedation 
with diazepam, meperidine or chlorpromazine, osmotic therapy with 
mannitol in doses of 0.5 g/kg, injection of frusomide, drainage of 
ventricular fluid and decompression by craniotomy if a localized 
space-occupying lesion was unveiled by angiography. 

The rCBF was measured by the intracarotid 133Xe washout 
technique with a 16-channel Cerebrograph 5' 9. The CBF studies were 
performed over the most severely injured hemisphere (the site of the 
mass lesion) in patients where a space-occupying lesion was present. 
The calculation of CBF was based on the initial slope index as defined 
by Olesen et aL (1971)27 using regression analysis of the first-minute 
semilogarithimically displayed clearance curve. In regions with initial 
slope index below 20 rnl stochastic analyses were applied as well. The 
partition coefficient for grey matter was used for calculation of the 
initial slope index, and the average partition coefficient for the cal- 
culation of stochastic flow. The partition coefficients were corrected 
for haemoglobin and remaining activity ~ 7 The hemispheric flow was 
calculated as the average of the 16 rCBF values. 

The setting of the ventilator was not changed six hours prior to 
the CBF studies. 15 minutes after the first Xenon injection (3 mCi), 
the pulmonary ventilation was increased by 20-30%, resulting in a 
0.5-1.0% decrease in end-tidal CO2. When the end-tidal CO2 was 

stabilized about 10 minutes after the change in respirator setting, 
the rCBF was repeated. IVP and mean arterial blood pressure 
(MABP) were continuously recorded by Statham transducers, and 
recorded. During the rCBF studies the patients were sedated with 
meperidine in doses of 10-25 rag, and chlorpromazine in doses of 
5-10mg. Muscular relaxation was obtained with pancuronium in 
small doses. 

According to a follow-up study performed from 6 months to 
one year after the trauma, the patients were derided into two groups. 
Group I: good recovery or slight mental impairment (19 studies in 
12 patients). Group II: Dementia present, vegetative survival and 
patients who died without regaining conseiousnesss (26 studies in 15 
patients). 

The rCBF studies were classified as follows: Moderate oligaemia 
defined as 15 < rCBF < 20ml/100g/min. Severe oligaemia as 
rCBF < 15 ml. In regions with initial slope index < 20 ml stochastic 
analysis of CBF using the mean partition coefficient was applied 
and corresponding values of initial slope index and stochastic flow 
were compared. The mean values in these regions were 16.4 and 16.2 
respectively, initial slope index ranged from 10-19 ml and stochastic 
values from 9-23 ml. The coefficient of variation was 10.3%. The 
low correlation coefficient indicates that only the results of initial 
slope index are presented. 

Statistical Analysis 

Mean values and SD were calculated. The Wilcoxon test was 
applied for paired data, and the Mann-Whitney test for unpaired 
data. The Chi square test with Yates correction was used for dif- 
ferences between frequencies. A P value less than 0.05 was considered 
significant. 

Results 

T h e  m e d i a n  age  a n d  r a n g e  o f  ages  in  g r o u p  1 was  

21 yea r s  (9 -47 ) ,  a n d  in  g r o u p  2 24 y e a r s  (14 -67 ) ,  

P = 0.294.  T h e  m e d i a n  age  a n d  r a n g e  in p a t i e n t s  w i t h  

r e g i o n a l  o l i g a e m i a  was  29 yea r s  (15 -63 ) ,  a n d  in p a t i e n t s  

w i t h o u t  r e g i o n a l  o l i g a e m i a  17 yea r s  (9 -67 ) ,  P = 0.053.  

In  to t a l ,  a c u t e  h y p e r v e n t i l a t i o n  f r o m  P a C O 2  ave r -  

a g i n g  4.8 to  3.5 k P a  i n c r e a s e d  t he  f r e q u e n c y  o f  r e g i o n s  

w i t h  o l i g a e m i a  d e f i n e d  as  C B F  < 20 m l  f o r m  5 to  1 6 %  

in 676 r e g i o n a l  s tud ies .  B e f o r e  h y p e r v e n t i l a t i o n  oli-  

g a e m i a  was  o b s e r v e d  in  11 o f  45 s t ud i e s  (9 o f  27 pa -  

t i en t s ) ,  w h e r e a s  o l i g a e m i a  was  o b s e r v e d  in  21 s t ud i e s  

Table 1. Number of  Regions, Number of  Studies and Patients with Regional Cerebral Blood Flow (rCBF) Measured as Initial Slope Index 
Below 20 ml Before and After an Acute Decrease in PaCO:. Intracranial pressure (ICP) and cerebral perfusion pressure (CPP) are indicated 
as mean values and SD 

PaCO 2 ICP CPP Number of regions with Number of Number of 
kPa kPa kPa rCBF < 20 ml in % of studies with patients with 

676 regions rCBF < 20 ml rCBF < 20 ml 

Before hyperventilation 4.8 • 0.7 2.6 :t: 0.8 10.1 �9 2.0 5.3% 10 of 45 8 of 27 
After hyperventilation 3.6 4- 0.7 1.9 :t- 0.6 10.1 • 1.3 16.1%* 21 of 45" 15 of 27 

�9 Statistical difference (P < 0.05). 
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CBFInitial 
Mean CBF 27.8 ml 
MABP 13.3 kPa 
PaCO 2 5.3 kPa 

C h F  Initial 22 Mean CBF 21.7 ml 
25 26 MABP 11.7kPa 

24 22 
19 22 24 ICP 2.3 kPa 

21 19 CPP 9.4 kPa 
16 23 19 PaCO 2 4.9 kPa 

20 2 , ~ j  
~._ 22 

~ CBF Initial 
(Hyperventilation) 
Mean CBF 18.6 ml 
MABP 12.7 kPa 
PaCO 2 3.5 kPa 

Fig. 1. rCBF before and after hyperventilation in a 63-year-old man 
studied on the fifth day after trauma. The changes in rCBF, PaCO~ 
and mean arterial blood pressure are presented. As indicated hy- 
perventilation provoked decrease in rCBF below the oligaemic thre- 
shold defined as rCBF < 20 ml 

(15 patients) after hyperventilation (Table 1). In the 11 
studies (9 patients) where oligemia was observed before 
hyperventilation, a further decrease in PaCO2 aggra- 
vated the tendency to oligemia. The frequency of severe 
oligemia (CBF < 15ml) increased from 0.1 to 3% of 
all 276 regions, and was observed in 9 patients against 
2 before hyperventilation. 

~ CBF Initial 
(Hyperventilation) 
Mean CBF 18.2 ml 
MABP 11.3 kPa 
ICP 1.3 kPa 
CPP 10.0 kPa 
PaCO 2 3.7 kPa 

Fig. 2. rCBF before and after hyperventilation in a 19-year-old male, 
studied on the second day after trauma. The changes in PaCO2, 
rCBF, ICP, mean arterial blood pressure (MABP) and cerebral per- 
fusion pressure (CPP) are presented. As indicated hyperventilation 
provoked severe oligaemia (rCBF < 15 ml) in four regions 

Case 1 

On Fig. 1 a typical example is shown. The patient, a 63 year old 
male, with a subdural haematoma evacuated on the first day after 
the trauma, was investigated on the fifth day. At that time Glasgow 
coma score was 8, and the brain stern reflexes were normal. Mean 
CBF before hyperventilation averaged 27.8 ml, at a PaCO2 of 5.3 kPa, 
and oligaemia was only observed in one region. After hypervenfi- 

Table 2. The Frequency of  Regions with Moderate Oligaemia (15 ml < rCBF < 20 ml), and Severe Oligaemia (rCBR < 15 ml) Before and 
After Hyperventilation in Two Groups of  Patients. In group 1 (good recovery or slight mental impairment), 19 studies on 12 patients were 
performed. In group 2 (dementia, vegetative survival and death), 26 studies on 15 patients were performed. The mean values of PaCQ, 
intraeranial pressure (ICP) and cerebral perfusion pressure (CPP) before and after hyperventilation are indicated by mean values and SD 

PaCO 2 ICP CPP Number of re- Severe Number of Number of 
kPa kPA kPa gions with rood- oligaemia studies with patients with 

erate oligaemia (rCBF < 15 ml) rCBF < 20 ml rCBF < 20 ml 
(15 < rCBF < 20 ml) in % of total 
in % of total no. of regions 
no. of regions 

Group h Before hyper- 
Good recovery ventilation 4.8• 2.8+0.7 9.6+2.0 / 0 0 / 0 o f 1 9  / 0of12 

or slight mental After hyper- 
impairments, ventilation 3 .6 i0 .9"  2.0+0.5" 9.6• < 6 . 3 % * ~  / 1 . 0 %  < 5of19N~ < 4of12  

Group Ih  Before hyper- 4.7 • 0.7 2.5 4- 1.0 10.5 • 2.0 
Dementia, vege- ventilation 8 . 5 % ]  ~ 0 %  10 of 2 6 j  8of15 

tat• survival After hyper- 3.5 • 0.6* 1.7 • 0.7* 10.5 • 1.4 16.7%* --4.1%* 16 of 26 11 of 15 
and death, ventilation 

* Statistical difference within and between groups (P < 0.05). 
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Table 3. Hemispheric Cerebral Blood Flow (mean CBF), PaC0 2, Cerebral Perfusion Pressure ( CPP), Intracraniat Pressure (ICP) Before and 
After Hyperventilation in PaHents With and Without Regional Oligaemia DeJi}ted as rCBF < 20 ml. CSF-pH and CSF-laetate are also indicated. 
All patients recovered or showed moderate disability (Group 1). Mean values and SD are indicated 

Mean PaCO2 ICP CPP Ventricular Ventricular 
hemispheric kPa kPa kPa fluid fluid 
CBF lactate pH 
ml/100 g/min mmol/I 

Patients with- Before hyper- 43.2 4- 8.2 5.0 • 0.7 2.4 • 0.5 10.6 • 2.2 2.8 • 1.2 7.365 • 0.069 
out oligaemia ventilation 

(rCBF > 20 ml) After hyper- 32.7 • 5.6* 3.8 • 0.7* 1.7 • 0.5* I1.0 • 1.9 
ventilation / 

Patients with Before hyper- 
oligaemia ventilation ~ 3 3 . 2  + 3.9 4.7 • 1.5 3.2 • 1.0 8.9 • 1.8 1.6 • 0.8 7.303 • 0.006 

(rCBF < 20 ml) After hyper- \ - -22.7 • 2.2* 3.5 • 1.2' 2.4 4. 0.5* 8.4 4. 1.2 
ventilation 

* Statistical difference within and between groups (P < 0.05), 

Table 4. Hemispheric Cerebral Blood Flow (mean CBF), PoC02. Cerebral Peifusion Pressure ( CPP ), Intracranial Pressure ( ICP) Before and 
After Hyperventilation in Patients With and Without Regional Oligaemia. Defined as rCBF < 20 ml, CSF-pH and CSF-lactate are also indicated. 
All patients were in group 2 (dementia, vegetative survival and death). Mean values and SD are indicated 

Mean PaCO2 ICP CPP Ventricular Ventricular 
hemispheric kPa kPa kPa fluid fluid 
CBF lactate pH 
ml/100 g/rain mmol/l 

Patients with- Before hyper- 40.2 • 9.7 4.7 :k 0.8 3.1 4. 1.2 10.3 • 2.1 3,1 • 1.0 7.317 • 0.029 
out oligaemia ventilation 
(rCBF > 20 ml) After hyper- 

ventilation / 3 2 . 7  • 8.2* 3.5 4: 0.6* h9 • 0.7* 10.5 :t_ 1.2 

/ 
Patients with Before hyper- , 25.3 • 4.5 4.6 4. 0.6 1.8 4. 0.9 10.7 • 2.0 3.1 • 1.1 7.311 • 0.020 
oligaemia ventilation < 

(rCBF < 20 ml) After hyper- 20.8 • 3.0* 3.4 • 0.6* 1.4 • 0.7* 10.5 4. 1.6 
ventilation 

* Statistical difference within and between groups (P < 0.05). 

lation to 3.5 kPa, the mean CBF was found to be 18.6ml, moderate 
oligaemia (15 < CBF < 20 ml) was observed in 8 regions, and severe 
oligaemia (CBF < 15 ml) in one region. Mean arterial blood pres- 
sures were 100mmHg before and 95 mmHg after hyperventilation. 
At follow-up study 6 months after the injury, the patient was de- 
mented, unable to take care of himself. 

Case 2 

A 19 years male was admitted after a blunt head injury. At arrival 
he was unconscious with intermittent pupil size differences and ex- 
tensor response (Glasgow coma score 4). Carotid arteriography was 
normal. ICP was continuously recorded (mean level 3.0-4.0 kPa). 
On the second day after the trauma rCBF measurement was per- 
formed (Fig. 2). Mean CBF at PaCO2 4.9 kPa, ICP 2.3 kPa and CPP 
9.4kPa averaged 21.Tml/t00g/min, moderate oligaemia was ob- 
served in four regions. After hyperventilation to 3.7 kPa (ICP 1.3 kPa, 
CPP 10.0 kPa) mean CBF was 18.2 ml/100 g/rain, moderate and sev- 
ere oligaemia were observed in five and four regions respectively. 

During the next 3 weeks only small clinical improvements were 
observed. At follow-up study one year later he was demented. 

In  g r o u p  I ( g o o d  r e c o v e r y  o r  sl ight  m e n t a l  im-  

p a i r m e n t s )  m o d e r a t e  o l i g a e m i a  de f ined  as 

( 1 5 m l  =< C B F  < 2 0 m l )  was  f o u n d  in 19 o f  266 reg ions  

(6%) ,  whi le  severe  o l i g a e m i a  ( C B F  < 15ml)  was  ob-  

se rved  in on ly  3 r eg ions  (1%) .  O l i g a e m i a  was  f o u n d  in 

5 o f  19 s tudies  r ep r e sen t i ng  4 o f  12 pa t ien ts .  In  this 

g r o u p  o l i g a e m i a  was  n o t  o b s e r v e d  at  all  be fo re  hyper -  

v e n t i l a t i o n  (Tab le  2). 

I n  g r o u p  I I  (demen t i a ,  vege t a t i ve  surv iva l  a n d  

dea th) ,  o l i g a e m i a  was o b s e r v e d  in 16 o f  26 s tudies  (11 

o f  15 pa t ien ts ,  aga ins t  10 o f  26 s tudies  (8 o f  15 pa t i en t s )  

be fo re  h y p e r v e n t i l a t i o n .  In  this g r o u p  the f r e q u e n c y  o f  

m o d e r a t e  o l i g a e m i a  inc reased  f r o m  8.5 to 17% o f  all 
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regions and the frequency of severe oligaemia from 
zero to 5%. No significant difference in ages of the 
patients was found between the two groups. 

The frequency of oligaemia in the two groups were 
associated with the appearance of low hemispheric 
mean CBF before hyperventilation, but not to the level 
of PaCO2 before or after hyperventilation, the level of 
cerebral perfusion pressure, intracranial pressure, ven- 
tricular fluid lactate or pH (Tables 3 and 4). 

Discussion 

Necrosis of cerebral tissue caused by ischaemia is a 
frequent finding after brain injury 13. Thus neuropath- 
ological studies of consecutive brains from patients who 
died as a result of blunt head injury have shown obvious 
signs of ischaemic brain damage in 91%, localized to 
the cerebral cortex in 46%, to the hippocampus in 81%, 
to the cerebellum 26% and to the basal ganglia in 
79% 14 . Besides direct impact after the blunt lesion, 
secondary events like bypotension might give rise to 
localized necrosis at boundary zones between the major 
cerebral arteries (watershed lesions)l; furthermore neu- 
ropathological studies of brain herniation have shown 
well defined lesions of the parahippocampal and cin- 
gulate gyri and infarction in the median occipital cor- 
tex 2. 

In the acute phase of head injury, studies of regional 
cerebral blood flow invariably have shown patterns of 
hyperaemia. These regions of hyperaemia or luxury 
perfusion 2~ have been observed in regions of cerebral 
contusion 8, 9. The hyperaemia is provoked by arterial 
hypertension 7, 9, 10, zs and disappears after hyper- 
ventilation 6, 9, 10, 28. However, clinical studies with the 
intracarotid 133 Xe washout method also have revealed 
regions with reduced rCBF, and it has been observed 
that regions with reduced rCBF mainly are localized 
to the territories between the cerebral arteries, and that 
the reduced hemispheric CBF is correlated with a poor 
outcome29, 3o. 

Until recently, evidence of cerebral ischaemia has 
been obscured by the lack of definition of ischaemic 
threshold. However, animal experiments have shown 
that CBF < 6-8 ml/100 g/min is critical for cellular vi- 
ability, and below this value membrane failure ensues 
with a decrease in intracellular ATP and an increase 
in extracellular potassium 3. In the interval of 8-16 ml, 
cellular function and synaptic transmission are abolish- 
ed, and the term ischaemic penumbra has been applied 
to rCBF ranging within this interval 4. In experimental 
studies ofischaemia as well as human studies performed 

during carotid endarterectomy neurological deficits 
and EEG slowing has been observed at CBF falls below 
23 m116, 18, 31, 33 

It is well-known that hypocapnia produces changes 
in the EEG that are indistinguishable from hypoxic 
EEG changes2S; however evidence of reversible cerebral 
ischaemia elicited by hypocapnia has been documented 
only at extreme hypocapnic levels below 1.6 kPa in rats 
and dogs TM 23, and irreversible signs of ischaemia have 
never been observed. A safety level ofPaCOz > 2.7 kPa 
has generally been advocated ll' as. It is supposed that 
the effect of a PaCOz reduction on cerebral circulation 
is counteracted by a decrease in cerebrovascular resis- 
tance elicited by a decrease in available oxygen sup- 
ply 34. It must be stressed that with few exceptions ex- 
periments concerning the effect of hyperventilation on 
cerebral tissue have been performed only in non-injured 
brains where regulatory mechanisms might be present. 
In squirrel monkeys subjected to middle cerebral artery 
occlusion and hypocapnia to 2.7 kPa a significant de- 
crease in cerebral ATP was found as compared with 
normocapnic animals 24. 

In the present study rCBF ranging from 15 to 20 ml 
were defined as moderate oligaemia and rCBF below 
15 ml as severe oligaemia. We found that an acute re- 
duction in PaCO2 augmented the number of regions 
with moderate and severe oligaemia especially if CBF 
was reduced prior to hyperventilation. The occurrence 
of regional oligaemia was associated to a poor outcome. 
Thus, the results indicate that acute hyperventilation 
might result in severe oligaemia close to or within isch- 
aemic threshold. The incidence of oligaemia was in- 
dependent of the level of PaCO 2 before and after hy- 
perventilation, the level of intracranial pressure, arte- 
rial pressure, ventricular fluid lactate and pH. 

The rCBF was measured independently by initial 
slope index using the partition coefficient of grey mat- 
ter, and by stochastic analysis using the average par- 
tition coefficient. The fair correlation and the relatively 
small coefficient of variation found between corre- 
sponding values, indicate the reliability of both anal- 
ysis. However, it can be discussed if rCBF below values 
of 20 and 15 ml/100 g/min referred to as moderate and 
severe oligaemia, really indicate the presence of mod- 
erate and severe ischaemia. Concerning the calculation 
of rCBF the choice of partition coefficient might in- 
fluence the results, and the partition coefficients in con- 
tused and oedematous cerebral tissue are not known. 
Another factor of importance is that intraarterially in- 
jected 133 Xe does not reach ischaemic areas in meas- 
urable amounts, and counts recorded over ischaemic 
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areas therefore appear to originate from better perfused 
regions giving rise to an overestimation of rCBF. On 
the other side, the metabolic depression generally found 
in the acute phase after severe head injury, might in- 
fluence and theoretically reduce the ischaemic thresh- 
old. Nevertheless, the occurrence of regional oligaemia 
as defined in this study was associated with a poor 
outcome, and the results suggest that acute hyperven- 
tilation might result in moderate and severe oligaemia 
close to or within ischaemic thresholds as defined in 
experimental and clinical studies. Moreover, the low 
rCBF values after hyperventilation especially are to be 
observed when CBF is decreased prior to hyperventi- 
lation. 

Two possible mechanisms might explain the sup- 
posed deleterious effects of hypocapnia: The direct vaso- 
constrictive effect on cerebral vessels elicited by hy- 
pocapnia, and the effects of mechanical ventilation, 
which might depress the systemic circulation and re- 
duce cardiac output and blood pressure. In severely 
injured patients the cerebral circulation already might 
be marginal prior to hyperventilation, partly because 
of increased intracranial pressure secondary to oedema 
and haemorrhage, partly because of an impending de- 
crease in cerebral perfusion pressure caused by the me- 
chanical ventilation, depressed myocardial function 
and hypovolaemia. In these situations mechanical hy- 
perventilation might decrease cerebral perfusion pres- 
sure, and this decrease is supposed to reduce rCBF 
below the ischaemic threshold. 

The clinical implication of these observations sug- 
gests that during the intensive care treatment of patients 
with severe head injury even short periods of hyper- 
ventilation might be harmful especially in patients with 
reduced CBF. As the incidence of reduced CBF is high- 
est in old victims, and arterial pressure in this group 
of patients is easily reduced when hyperventilation is 
applied owing to reduced cardiac reserves, it is sug- 
gested that hyperventilation below PaCO2 levels of 30- 
35 mmHg for more than few minutes should be used 
with caution, and only when arterial pressure or better 
cerebral perfusion pressure are carefully monitored. 
Furthermore, the present study suggests that clinical 
studies of regional CBF with the intracarotid approach 
might give valuable information concerning risks of 
cerebral oligaemia when sustained hyperventilation is 
used in the intensive care treatment of patients with 
severe head injury. 
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