
E L E C T R O G R A P H I C  R E F L E C T I O N S  OF C E R E B R A L  HYPOXIA* 

W:LL:A : ~ C Bso r, Pmo.l 

ANAESTHETISTS ARE one of the few grofips of strictly human physiologists left 
in the world of science today. The World War II emphasis on the investigation 
of pressing human problems bv addressing oneself to human subjects, instead 
of toads, frogs, clams, and cats, has been lost, unfortunately. It  is to anaes- 
thetists and to human ~cardiopulmonary labor;ltories that  we look today for a 
continuance of that  most vital of all disciplines in medicine, "Clinical Sciencq;" 
as pioneered b v Sir Thomas Lewis. 

This is particularly true with reference to eli:ctroencephalography, where ~he 
very complexity and phylogenetic development of the human brain makes 
generalization from cat and dog observatilons not merely hazardous, bSat often 
meaningless. Thfs presentation will discuss some clinical investigation carried 
out during the past year in association with Professor Henri Gastaut  and his 
colleagues at the Laboratory of Neurobiology at Marseille. The detailed reports 
of~this work are published elsewhere. ~,'-',3,4 This review will dwell l on the 
principles involved in the investigations and on findings having particular 
application in the field of anaesthesia. 

We have been concerned with neuronal changes, studied electrographically, 
in the cortex and subcortex of the humaia brain as hypoxia becomes complete 
anoxia. The work has proceeded in the following sequence" (1) A study of 
cerebral ane.mia following reflex cardiac slowing or temporary arrest, induced 
by ocular compression; (2) EEG changes following Valsalva's matmeuvre; 
(3) Hemispheral and bilateral cerebral anaemia induced by carotid sinus and 
artery compression; (4) Cerebral hypoxia from hyperventilation, or anoxia 
from the breathing of pure nitrogen. 

(1) Forceful, sustained digital compression of both eyeballs simultaneously 
has been a parlour trick and laboratory diversion for many generations. :It 
is likely to become, however, in an age of electrical recording from the bra!n., 
a most useful tool in differentiating syncopal cases from epileptics. The work 
at Marseille in this field was financed by the United States Air Force in a1'l 
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at tempt  to find simple methods of clinical investigation applicable ti) aircrcw 
candidates in their second decade of life. 

As can be seen from Figure 1, 10 sec. of forceful bilateral ocular compression 
have a~.ested the heart for approximately 12 sec., as shown by the electro- 
cardiographic tracing (channel 7). Respiration is unaffected in this, as in most, 
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~ases. However,' the arrested heart fails to pump freshly oxygenated blood to 
the brain, with the result that  the EEG shows bilaterally abnormal electrical 
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FI6U~ 1. Ocular compression for 10 sec. (black bat) producing cardiac arrest (12 sec. ~pprox.) 
with resultant slow waves bilaterally in EEG, and associated loss of consciousness. 

activity..Another 10 sec. elapse before the re-established heart contractions 
can return the EEG to normal. During this period, cdllapse and loss of con- 
sciousness are seen to supervene briefly, tTsually the blood pressure becomes so 
10w as to be unmeasurable by the ordinary manometric method. A very high 
correlation was found between a positive oculocardiac reflex effect and a history 
of fainting in childhood or adolescence. 2 The loner the age group the higher 
was the incidence of reflexly induced cardiac arrest.~ Patients over the age of 
45 years were not nearly as susceptible to this test, but, as we shall see later, 
they are increasingly susceptible to carotid sinus compression. 

Anaesthetists are only too well aware of the extreme danger of cardiac 
arrest during ophthalmological operation'g, such a s the correction of strabismus, 
in'very young children. Kirsch et  a l .  5 have shown the facility with which tract~ion 
on the internal rectus muscle will stop the heart. My attention was recently 
drawn to an unfortunate case of a young boy whose eye had been: penetrated 
by a barbed arrow. Only after much difficulty and manipulation was the arrow 
removed, by which time the:child had sutTered a prolonged cardiac arrest. 
As a result, cerebration" is almost lacking in this patient today. 

The trigeminovagal reflex arrest of cardiacfunct ion is but one of a dozen 
examples which might be cited in a study of cerebral ischaemia of reflex origin. 
There are many vagovasal reflex patterns directly applicable to the anaes- 
thetist's problems of bowel surgery (gall bladd,er interventions particularly), 

I 
chest and tracheal manipulations. A discussion of preventive measures will 
follow the presentation of our data. 
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FIGURE 2. Forced expirat ion during which s lowing is seen bi lateral ly  in the E E G .  Blood 
pressure drops from 120 mm.  Hg, systolic,  to an approx imate  level  of 20 mm.  Hg.  N o t e  acceleration 
of heart  ra~e and  cessat ion of respiration. 

(2) Valsalva's forced expiration, such as that used in the 40 mm. Hg test 
during aircrew examinatio,ils in two wars, may have some remarkable effects 
on cerebral circulation. Figure 2 shows the bilateral slowing seen in the EEG 
in a patient being investigated for ptussive syncope. The lowest  line of this 
figure shows the suspension of respiration, and the drop in blood pressure 
from 120 mm. HN to a much lower figure, with an eventual rise to 60 mm. Hg 
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as the expiration is terminated. The heart ,ate increased to 108 per min. VV'hile~ 
the causal  mechanism is not generally a,~reed upon, the cerebral hypoxia, as 
shown in the EEG,  is undoubted in these cases. 
i ~ ( 3 )  Over the age of 45 .},ears, cerebral ischaemia t~rom carotid or vertebral 
arteriosclerosis is a problem of great significance to anaesthetislts. Figure 3 
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FIGURE 3. Effect  of forceful pressure on left carotid s inus for 10 sec. with l imited effect on 
heart  rate but  with marked effect on systol ic  blood, pres3ure, and on EEG.  
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demonstrates slowing ,)f cerebral electrical rhythms, secondary to vascular 
collapse when the area of the c~ot id  sinus is forcefully compressed. The effect 
on the heart rate is minimal, but OH the I,lood pressure it is very serious. With 
re-establishment of the previous bltx)d pressure all EEG abnormality is erased. 
Possibly because of changes in the adjacent tissue of the vessel wail, the carotid 
sinus itself becomes more sensitive with increasing age. However, shins stimt~- 
lation must be taken in conjunction with common carotid comt't'ression, if not 
temporary obstruction, in the tests here desc:ibed.'The EEG is one of the most 
sensitive and most easily recorded indicators of the functiot(of (a) the carotid 
arteries, and (b) the collateral circulation available, through the Circle of 
Willis, from the oppos i te  hemisphere .  

(4) Forceful hyperve~tilation has for many years been a standard technique 
employed to "activate" the EEG. As Figure 4 shows, the blowing" off of CO~ 
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1:: E(; change~. 

leads to m~ decrease in oxyhaemoglobin saturation 1)ut to a mar~.~i,<hange in 
the EE(;. The appearance of the slowest cortical waves coincides with the 
lowest level of alveolar (702. As Figure 5 suggests, the inhalation of pure 
nitrogen ("a-zote" in French, meaning the gas which will not support life) 
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FIGURE 5. Pure nitrogen bfeathifig fails to affect the alveolar 
carbon dioxide, but produces nSarked EEG effects when the oxy- 
haerrfoglobin reaches 70 per cenv. 

has no effect on the alveolar CO=, but it has an effect on the EEG 
with that during hyperventilation (Fig. ~). Th;[s hypoxic effect is eric  . . . .  
the oxyhaemoglobin saturation approaches 70 per cent. We thus feel that 
hyperpnea aud pure nitrogen inhalation produce their common hs, poxic effect 
on the E E G  by cortical capillary constriction and by hypoxaemia, respectively. 

When, as shown in Figure 6, carbol! dioxide is added to the nitrogen to be 
inhaled, it is fourtd necessary to drive the oxyhaemoglobin down to a figure of 
50 per cent in order to evoke marked slow wave activity in the cortical EEG. 

In practice, the pure nitr~ken was inhaled tfirough an open circuit fore an 
average of 40-50 sec., by which time hypersynchronous slow waves would 
usually appear in the EEG, as indicated in Figure 7. The onset, iu the case of 
the petit real epileptic there illustrated, was, as in most cases, very sudden 
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FIGURE 6. A mixture of c~rbon dioxide and nitrogen produces EEG 
effects only as the oxyhaemoglobin approaches 150 to 55 per cent. 
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and dramatic�9 An immediate switching over to pure oxygen, or 95 per cent 
0xygen-5 per cent carbon dioxide mixture was always practised. In many 
hundreds of tests, carried out with these precautions, no accidents occurred. 

It should be mentioned that in children it was found useful to add a small 
amount of oxygen to the nitrogen inhaled to slow dbwn+the appearance of slow 
activity in the EEG in order that it could be studied adequately. 

Nitrogen inhalation activated the-EEG record in approximately 60 per cent 
of the generalized epileptics. The remaining 40 per cent were shown up elec- 
trographtaally by photic stimulation, The former group in no way overlapped 
the-latter. Nitrogen proved to be better at activating generalized epileptic 
cases than hyperventilation. 

iln cases of focal epilepsy, nitrogen breathing promoted the appearance of 
localized discharges where none were! seen in the resting recor d. It also had the 
effect of reinforcing any existing EEG focal abnormalities. While not quite as. 
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FIGtlRE 7. The petit mal case illustrated here showed little abnormality at, rest_or daring 
hyperventilation.'The breathing df pure nitrogen for approximately ~0 sec. produced a spike and 
wave pattern .bilaterally when the oxygen saturation reached 62 per cent. 
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effective as metrazol  in ac t iva t ing  abnormaJ EEG' s ,  n i t rogen ~inhalation was 
nevertheless  considered to be safer and easier to adminis ter .  Ni t rogen  caused 
no olfactory phenomena  such as those a t t r i bu ted  to metrazol  by some workers. 
In senile cases in which explanat ions are of no avail,  for example,  as to the 
technique of hypervent i la t ion ,  nitrogen inhalat ion presents  no ',~roblem in 
adminis t ra t ion .  

In cerebrovascular  diseases, ni t rogen brea th ing  will often bring" out  quickly 
a focal E E G  change or increase the voltage in a par t i cu la r  a rea  of the cortex. 
If the  pa t i en t  is then switched on to pure oxygen such cases show an immediate 
rep lacement  of the n i t rogen- induced abn,ormality,  and even of the pre-existing 
abnormal i ty .  

DISCUSSION 

Cerebral  hypoxia presents  an anaes the t ic  problem second to none, whether 
it be due to t rue  anoxia or to cerebral  ischaen~ia. T h e  la t te r  is so intimately 
related to cardiac arres t  t h a t  the anaes the t i s t  of today  mus t  be a humar~ 
physiologist  a ler t  to cardiac as well as to resp i ra tory  problems. Nor  is the role 
of the--.anaesthetist to be a passive one in this field ;, otherwise the patient 's 
brain may  suffer, and the anaes the t i s t  will be blamed for the subsequen t  poor 
recovery.  

Prevent ive  measures  hie in the anaestl~etist 's  province and he Would be wise 
to use them unreservedly.  If the choice lies between giving 1/50 of gr. of atropine 
in t ravenous ly  jus t  before an operatioia, or r ipping a chest  open af ter  cardiac 
arres t  has occurred,  the former would seem preferable. Atropine  will protect 
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the heart from the acetylcholine released by the vagus nerve endings, and it is 
here that the final step in the reflex art" can be interrupted (Fig. 8). True, good 
anaesthesia will reduce the likelihood of reflex arcs being completed,  but it is 
important to realize that in the case of the trigeminal nerve, to take but Jone 
example, one can still slow or stop the heart by ocular compression. 

The elementary fact which is too often overlooked is that  atropine protects 
the .heart in successful or unsuccessful anaesthesia. Cardiac arrest during 
intubation, during a bronchogram, or during gall bladder manipulation witla its 

\ .  
vagovasal reflex are is too common an occurrence to be dismissed as mere 
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failure to achieve sufficient depth of anaesthesia. Atropine in something more 
than homeopathic doses is required to prdvent such arrest. 

Finally, cardiac arrest is often at tr ibuted to the anaesthetist,  when, in fact, 
it may more fairly be laid at the door of extensive extraocular, tracheal, gut or 
genitourinary procedures performed on apprehensive patients. Syncope of 
,eflex origin may sometimes be difficult to explain, but  it is always easy to 
prevent if adequate atropine is employed. The perfunctory administration of 
1/150 gr. one hour before operat ion is really" ~ meeting the physiological 
problem. It  is now well established that  dose,~ of 1/10 gr., once thought  to'be 
heroic, are well tolerated by humans, e.~ 

In 'summary, then, cerebral anoxia is amenable to.\study by electroence- 
phalographic methods and such studies suggest the necessity of interrupting 
vagal reflex arcs by atropine. ' 

R~su~f~ 

Nous avons fait une description d%tades ~lectrographiques sur les modi- 
fications s'op~rant dans les neuronesl de la r~gion corticale et sous-corticale du 
cerveau humain au cours du passage de l 'hypoxie & l'anoxie complSte. Les 
conditions exp~rimentales employ6es ont consist~ en une ~an~mie c~r~brale 
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provoqufie par la compression de l'art~re et d u sinus carotidiens ou & la suite 
d 'un arr~t cardiaque temporaire provoqu~ par la compressi.on des glob%s 
oculaires, par l 'expiration forc~e Valsalva, l 'hypoxie par hyperventilation et 
l'anoxie par l ' inhalation de 1~t0% d'azote. Toutes ces ~preuves peuvent  pro. 
duire des effets s~rieux sur le cerveau surtout  chez les personnes sensibles. Ces 
ph~nomSnes soul ,vent  un probl~me s6rieux pour les anesth~sistes; nous 
suggfirons des mesures pr~ventiv~es et, tout  particuli~rement, nous conseillons 
de couper les arcs r~flexes ~agaux avec de ]'atropine. 
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The  end results of anoxia have been studied extensively by C0urvil le  I who has 
con t r ibu ted  much to our knowledge of this aspect  of the subject .  The  s tandard 
concepts  by Saklad 2 and by Dripps  and Comroe  a of different types of anoxia 
are c o m m o n  knowledge and serve to show how the s ta te  c anno t  be assessed 
by any  single test,  for example,  the so-called physiological test. d T h a t  the 
oxygen sa tura t ion  can be considerably  reduced wi thout  the appearance  of 
cyanosis has been established, 5 which indicates  how the recognit ion by clinicians 
of this s ta te  m a y  be difficult. A knowledge der ived from p u l m o n a r y  ventilation 
and o ther  respira tory  measuremen t s  may  in future  do mttch to help the 
anaes the t i s t  avoid anoxia. 

The  anoxic hazard  has a l tered with  changes in anaesthetit :  procedure.  The 
grea ter  use of 'e~ndotracheal anaesthesia ,  a l though it has con t r ibu ted  to anoxia 
at  t imes,  has, in ,genera l ,  reduced the hazard.  The  same may  be said of the 
era of re laxant  drugs.  At first anoxia probably  accounted  for some of the deaths, 
bu t  as anaes the t i s t s  became more accus tomed to their  us<., so the hazard 
declined.  The  so-called circulator~ dea ths  from relaxants" wen.  in all probability 
pr imar i ly  anoxic in origin. 

The  use of re laxant  drugs dur ing  anaesthesia  has made  ai~.acsthetists more 
conscious of the need to main ta in  an adequa te  p u l m o n a r y  ve.utilation so as to 
interfere as little as possible wi th  respi ra tory  funct ions,  e i ther  in terms of 
carbon dioxide e l iminat ion or of oxygen lack. As a result  of this change,  tech- 
niques develQped in which artificial respira t ion replaced sponta m.ous respiration. 
This  appl ied~par t icular ly  to abdomina l  work. At first there  was considerable 
opposit ion,  for it was main ta ined  tha t  a funct ioning respi ra t~ry  centre  was 
preferable,  especially as some pat ients  developed pers is tent  curar iza t ion  post- 
opera t ively .  ~ However ,  it seems tha t  artificial respirat ion for abdominal 
opera t ions 'hds  become a lmost  a rout ine  in some quarters .  Fu, ther  work by the 
Liverpool  school under  Professor Gray  s has resul ted in a t~?hnique with a 
sleep dose of th iopentone  (somet imes the induct ion is with ,~it~ou's oxide and 
oxygen) ,  ni t rous o x l d e a n d  oxygen,  full curar izat ion,  and art ilicial respiration 
with hyperventilation. 

Techn iques  with hyperven t i l a t ion  result  in , a  low ar ter ia l  teilsion of carbon 
dioxide and a high pH. This s ta te  causes a reduct ion  of the b!ood flow through 
the brain.  This  m a y  or m a y  not  result  in cerebral  hypoxia-  a good deal will 
depend  upon the d e m a n d  for oxygen which will be reduced  by anaesthesia--  
however ,  there  is an addi t ional  effect which is tha t  the high pH will shift the 
oxygen dissociation cur~e to the left so tha t  the haemo~'lobin holds on to its 
oxygen more s trongly,  with the resuK tha t  the tissues m a y  suffer from oxygen 
lack a l though  the blood is well oxygena ted .  

In cont ras t ,  the in t roduc t ion  of F luo thane  has resul ted in techniques  which 
may  influence anaes the t i s t s  "in such a way  as to encourage  them to allow 
pat ien ts  to b rea the  spontaneous ly  dur ing  even upper  abdomina l  operations. 
F luo thane  is gaining in popularit3 because it is non-explosive a~nd relaxes 
skeletal  muscles. One par t icu lar  a d v a n t a g e  is tha t  respi ra tory  spasm is a good 
deal  less than  with the older agents  such as d ie thyt  ether .  Resp i ra to ry  records 
show when anaes thes ia  is too light for surgery how the respii 'ation may  increase 
in volume,  instead of decreasing by inhibi t ion (Fig. 1). More  F luothane  may 
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FIGURE '2 Respirator}, depression to the point of apnoea w~th Fluothane oi'1 openlilg the 
peritoneal Cavity 

be added b~ m h a l a u o n  anti  the d e p t h  increased  r a p i d l y  R e s p i r a t o r y  depress ion  
~Flg 2) d e p e n d s  m some , - . i , - . t  upon  severa l  fac tors ,  b u t  i t  is posslble io  
conduct a n a e s d m s i a  wi th  I " h . a h a n c  m the  closed c l r c m t  (us ing  the  t e c h m q u e  
advocated b y  M a r r e t t  ~) wi th  a m in ima l  amou .n t  of r e s p i r a t o r y  depress io lh  a n d  
w~th only  s h o r t  per iods  of more  p r o f o u n d  r e d u c t i o n  in v e n t t l a n o n  for  o p e n i n g  
and closing the  pe r i tonea l  ( - aw:y  (F ig  g) T h e  p a t i e n t  b r e a t h e s  a h igh  con-  
centratloU of oxygen  a n d  ,:-  u, l ion is w i th  a s leep ldose  of t h i o p e n t o n e  wi th  
atropine (to reduce  the  elr,.,q ,,f F [ u o t h a n e  m s lowing  the  h e a r t )  S u x a m e -  
thomum is used before  ml . . i , ;mon ,  b u t  t h e r e a f t e r  no more  r e l a x a n t  is re.leered 
because suKic%nt r c l axanor .  :c~ul ts  f rom the  Wluothaue N i t rous  oxide  is n o t  
used Wltll  th is  t e c h m q u e  :he,,- ts a lngh  t ensmn  of o x y g e n ,  a h igh t e n s m n  of 
carbon dloxMe, a n d  a low ~,11 .~ a r t e r i a l  blood The] oxygen  d l s s o c m n o n  cnr / . e  
will be shi f ted  to the  r lgh" .,i~,1 m c o n s e q u e n c e  thell h a e m o g l o b m ' s  a K i m t y  for  
oxygen wdl be r educed  so Lh~t ;Is t r~mspor t  t o  the  nssues  Is f a c th t a t ed  On the  
Other hand ,  the  high ox_vgc;: n u x t u r e  respi red  m a y  reduce  ce reb ra l  b lood  flow 
so as to p roduce  a tende:~(y Iowards  a n o x i a ,  this,  however ,  m a y  n o t  be] a 
feature of i m p o r t a n c e  
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FIOUIIE 3. Minimal respiratory depression with Fluothahe 
on opening the peritoneal cavi .~ 

At present it is not possible to be dogmatic abput the relative I merits of these 
and similar techniques and further research is needed in rel~'tion i to tile problem 
of anoxia. One thing seems to be emergiug, namely, that"the dangers of high 
tensiohs of carbon dioxid6 appear to have been over-crr~hasized. This is not 
to be taken to mean that there is no danger or disadvantag~ in conducting 
anaesthesia with a technique allowing high tensions of carbon dioxide. Several 
workers to,n have ~iven evidence of hypercarbia during.anaesthesia, particu- 
larly with spontaneous respiration, but the writer has seen no evidence that 
harm has resulted within the ranges studied, for example, under 50 mm. Hg 

.~carbou dioxide te.nsion; however, changing ~he state from one;of hypercarbia 
to one of acapnia in a short period ot time may be dmlgerous, t'-' 

Certain anaesthetic techniques predispose to anoxia: deep a,naesthesia with 
any agent, and the hypotcilsive technique with ganglion blocking drugs, 
especially when this is combined witll the anti-Trendeleuburg position. This 
tedhnique is not one for the novice and demands extra skill and care; with these 
h~'poxia dan be avoided. Techniques such as h_vpothermia,or the extracorporeal 
circulation are specifically designed to reduce the hypoxie 'hazard. 

The immediate postoperuhve period is one of potential danger ~ for tile patient. 
After a prolonged administration of nitrous oxide a~ad oxygen the alveqlar con- 
centration of nitrous oxide may rise to produce "diffusion" anoxia ; the adminis- 
tration of oxygen at t~ais stage will prevent it. The provision o[ special aeeom- 
.modation and an adequate and competent staff with the necessary eq~pment 
is a responsibility which ao hospital can ignore, because these measures will 
undoubtedly reduce hypoxic and many other hazards immediately following 
sorgic#I opera tions. 

The growth and recogrAtiou of the specialty of ar~aesthesia will evcntuulb' 
make it possible, because of better agents, better techniques, improved aids 
for measurement, and more organized facilities, to .have effective training 
programmes for ~maesthetists and ;also ]for all those~who come iuto contac: 
with unconscious patients. In such .ways the hvpoxic hazard s,hould decline to 
the barest minimum. 
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