
THE ELECTROENCEPHALOGRAM AFTER CARDIAC ARREST* j .  
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EXPEmMENTKL STUDmS have shown that the mortality from ischaem 
damage can be reduced by hypothermia used within three hours follo~ 
injury3 ~ Clinical observations support these findings, and there is re 
believing that in some cases recovery was only possible with the help 
thermia. Therefore it has been recommended that hypothermia should 
in all cases of cardiac arrest with central nervous system damage. 2,4 The 
in clinical practice is the recognition of cerebral damage early enough to 
treatment at a time when it is most beneficial. 
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The E.E.G. has been recorded in huma~as at various intervals following acci- 
dental cardiac arrest. 1,3,5,13 With an increasing number of observations it has 
become evident that the E.E.G. can only be considered a diagnostic ~id, that 
cortical potentials must be interpreted in relation to functional changes f~llowing 
injury, and that there is no single electrical wave pattern that, in itself I can be 
regarded with certainty as being incompatible with recovery. 

The following E.E.G. changes can be observed in dogs after cardiac; arrest: 
Anoxia causes the electrical activity of the cortex to disappear-there is electrical 
silence or a "fiat" E.E.G. After a short period of anoxia, recovery of the r 
activity of the cortex proceeds in a characteristic fashion (Figure /). The 
"recovery pattern" begins with slow waves with a low amplitude; t]lese are 
irregular and increase in frequency and amplitude (Figure 1, graph 2). Super- 
imposed there aplSear faster waves, first intermittent, later continuous which 
increase in frequency and gradually reach the range of beta frequency. Simul- 
taneously the slow waves diminish and finally disappear (Figure 1, graph 3). This 
leads to a pattern of normal frequencies but with a low voltage (Figure 1, graph 
4). Lastly the voltage gradually increases to the pre-anoxic level (Figure 1, 
graph 5).1~ There are modifications-e.g, the first return of electrical activity may 
occur in bursts with intermittent periods of absence of activity ~ but in principle 
there is a similar sequence of events. 

ae~.  

An accidental observation m man (Figure 2) revealed the same pattern. ~z This 
patient had an episode of ventricular fibrillation in the course of a thyroidectomy, 
with successful resuscitation after a period of circulatory arrest of i minute and 
50 seconds; ,low-voltage slow waves, a pattern of irregular slow waves, increasing 
in amplitude and frequency, superimposed fast activity, a fading of the slow-wave 
activity, and finally a return to a normal pattern were observed. The patient had 
to be reanaesthetized for the completion of the operation and made a complete 
and uneventful recovery. 

*Presented at the annual meeting of the Canadian Anaesthetists" Society, Montebello, 
Quebec, May 14--17, 1962. 

tDepaxh,,ent of Anaesthesia, University of Western Ontario, and Victoria Hospital, London, 
Ontario. 
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Ficot~E 1. tleturn of K E (2 after ,m~x]a: &~,~ m ~ cry hght d~mponton(. , l Z I , i t ' S / I I C ' M , I ,  ~, L ' l l t I J , [ t c d  

with N ,  unt~] the E E  G. became "'flat" 1, be{ore ,mox],h 2. 31) ~etonds ,dcvr the end of 
,arto',,a----flrst retm'n of electrical activity, 3, 2 namute~ later, .I, 5 mmut~..s latt*r-lm, ampIxtude, 
normal t~requenc), 5, 1 hour later-cc:mplute rvcm er.v 

llecoverv may bc expected in practmally ,111 lml~cnt~ slmwmg thi.s pat tern-and 
tiffs is readily ~Lcbstaatiated by the rapid rt',tppeal.mco o~ retie\us, luq~(m.~es to 
~t[mulL and ~nal|y the return of con~ciouslless 

If thc patient remains uiiconsci(ms a,id .In E' E (~ is rocordud snmo time alteJ 
~m arrest, the following may be seen. 

1, There ma./l.~e fl(~ elec~r~c.tl .ctivilv. Whik' t[~s rs m me,st insl.mc'c~ a ~etv 
bad sign. it 1111.15t be remembered (h~tt in p~inciple .l "fi.~t [~.F, C." doo~ ~.~! r,vc'es- 

s~uilv represent a dead cerebral cotter. It has hcen sh(m n that a vorv h~w blt)od 
tqow" through tl~e }][*ttlI) nl~L'r be adequ,ttc t .  Igt,ttrl[~till the IIltegllt)" (;t tlle c-rtm 
for sume tinge w/tlmut s~,bs of eh'ct~('.l , t c t i v i t v  ~i" co, twal tunctum." The ~uttun 
o~- a normal blor~d How alter such at period (~t low ~tow rvsillis ill rapid roco~utv. 
Thus, Ihe duration ol a flat t.~+g.C, is not o[ ~,qc<i{ ~zgniEcanc'e tmles5 ,tccol-np,ill):- 
mg ~actors are known. 

2. A so-called file pattern may be present. 1~ consists ol a low-voltage, last 
activity pattern with frequencms alJuve 25 per second, resembling the cross- 
section of a file) This pattern was observed in many of the patients dying widl 
irreversible brain damage> a~ ~'~ On the other haHd, Pearey and Virtu& have 
reported a "ill .~pattern" subsequent to a period of arrest of the cerebral circula- 
tion under hypofl~ermia, partieu]arly when there was a wide area between the 
two electrodes. In their cases, the voltage gradually increased, leading to complete 
recovery. A low-voltage pattern during normal recovery (as shown in Figure 1, 
graph 4) could be interpreted as a "file pattern," and that(reduces the prognostic 
signifleance of this wave4'mm. 
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3. Convulsions may occur either during anoxia (as in the Adam-Stokds 
Syndrome) or shortly after reoxygenation. They are usually generalized and ar~ 
not incompatible with recovery. Convulsive discharges, seen some time after tl~ 
return of the blood or oxygen supply to the brain, which are irregular, comple/;, 
and bizarre /n their configuration and are associated with muscle twitcheS, 
represent probably evidence of cort/eal damage. 

In repeated E.E.G. recordings in six patients who did not recover after cardiac 
arrest, all showed, some types of convulsive discharges3 a They were particularly 
pronounced in a 20-monfll-old boy (Figure 3), who was brought to us because 
of persistent unconsciousness afte~ a period of arrest reported to be less than ode 
minute. He had been treated successfully with closed-chest massage. Frequefat 
twitching motions in the arms and legs appeared several hours after the arrest 
and produced muscle artefacts in the E E G. The E E G. consisted of recurre0t 
convulsive discharges. 

t T T I t  T t . r  r 
FIGtrrU~ 3 Patient 20 monttts old. 5 hours after cardiac arrest. Convulsive dtscharges of 

trregular configuration. Synchromzat~o~ between spikes ( E E C. ) and muscle britches (E C~G. 
disturbance) in&cated by arrows, 

In this patient thiopentone temporarily suppressed the convulsions and le- 
vealed a file pattern for a short period (Figure 4). Finally the convulsive dis- 
charges ceased and the patient's condition deteriorated rapidly. He died three 
days after the arrest. 

In another 2-year-old cbAld (Figure 5) a rather, complex electrical discharge 
regularly preceded the patient's respiration. No ofl~er muscle movements were 
noticed. The pataent died two days after the arrest, 

The E.E.G., used in this fashion is only of limited value. It will conFu'm our 
clinical impression of a quick recovery or it may show an abnormal pattern in 
patients with irreparable brain damage, but it does not indicate those patients on 
the border~f  irreversible cortical damage at a time when treatment may be 
possible. I~ o~der to approach this problem one must consider the E.E.G. as a 
function of the cerebral cortex and look at anoxia as a disturbance that produces 
a chain of interrelated events. 

Following the interruption of blood flow (Figttre 6~,  the function of the cortex 
wffi survive for a few seconds; this has been called the survival time) After ~aat 
all measurable function ceases; yet for a certain time the brain can be revived- 
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Fmva~ 4 Same pattent as F~gure 3 E E C recordmg~ at dtf[erent t~mes ~ffter 
cardmc arrest 

file revwal ttme For the human/brain a lewval hme between 3 and 5 mmutes as 
usual]~ assumed If the blood ~t6w is not restored during tins time there ~ be 
cellular death and ~:revers]b]e blare damage On the~other hand, a return of the 
blood flow during ~he revival tame will bnng about a gradual recovery of fimetmn 
(recovery t~me) after a penod~f  latency, here mdleatJd as latency o[ recovery 
From expenmenta! observaUon there ts good evidence that these three intervals, 
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FIcu~E 5, Patient 2 years aid, 16 hours after cardiac arrest, regular complex spike and wav~. 
pattern superimposed on aetiwty with low ampIitude and high frequency, Note synchronizat.io,i 
between spikes (E,E,G,) and inspiration (lowest. tracing) and the absence of muscle artefacts! 
( E.C.G., upper traehag. ) 

EFFECTS OF CEREBHAL /SCHEMlsl 
( Mad. from Opitz ~ Schneider) 
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I~-ZGL'RE 6. Schematic presentation of effects of cerebral ischaemJa.S Top, indication of 
cerebral blnod4fow; middle, indication of corresponding changes in cerebral ~unetion; bottom, 
indieat-ion of revival time. 

.2_3 

the duration of /schaemia, the latency of recovery, and  the recovery time are 
. related in a certain way, 12 

Brechner s found a logarithmic relationship between the duration o~ ischaemia 
and tile latency of recovery. Hirseh e t  al. 7 reported an increasein latency Of 
recovery prot:~r, tional to the duration of ischaemia up to about three minutes; 
with a longei~, duration of cerebral ischaemia, the latency of recovery rose steepl},. 

Schneider 1-" found that there is also a good correlation between latency 9 f 
recovery and file recover)/ time. With an increasing ~teney of recovery, the 
recovery time rises in an exponential fashion. 
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It would appear that the latency of recovery could be' a: useful clinical ~dex~ 
superior to an estimate of the time of ischaemia, which is notoriously] pr6ne to 
gross inaccuracies. The time at whic~a cerebral Mood flow has returned/i.e, when 
effective cardiac fiction has been res,tored or effective massage begun-can readily 
be observed and the interval to the return of cortical potentials determined 
accurately. This time interval could then be used as a basis for the selection of 
treatment. Breclmera {eels that ff this latency exceeds 15 minutes, hypothermia 
should be started witholat delay, and o this appears the best approach to this 
problem in flae light of ottr present kinowledge. 

If one considers theE.E.G, as being a function of the cerebral cortex, one 
might assume that other cortical functions could be used to :determine fllJs latency 
of recovery, e.g., the pupillar); reflex, the corneal reflex, or other reflex :responses. 
I am not aware of any clinical dat~i that would substantiate this, nor can I offer 
any figures at this time. But theoretically it should be possible to use :any mani.- 
festation of  cortical function for the determination of a latency of recovery and 
thus to obtain a useful practical index without complicatedl equipment. 

However, the use of neurologicalisigns to determine the recovery from cerebral 
ano~a can be misleading. As an example, Table I gives: a coarse neurological 

T A B L E  l 
'FRANSIF.NI RECO~KEA~Y IN TWO CASES AFTER CARDIAC'ARRES'~ WITH ]RREVgRSIBLE ]~RAIN 

DAMAGE 

Case H Case D 

6* 12 24 36 48 60 70 1" 6 12 24 36 

C o r t s c i o ~ l s n e s s  . . . .  - - - -  ~ ? ( } }  ( + )  ? l 
Light  reflex ( + )  ( + )  ( + )  + ( + )  . -  - ( + )  + + + 
Size of pupi[~, ram. 1 1 2 2 3 3 3 .9 .1 1 2 8 
IJd  ,'eflex + ( + )  . . . . .  ( + )  + -~ + 
Pain st imuli  ~~ ( + )  (-{-) + - - - + 2[- -% ( + )  - -  
Coughing,  swallmving + ( + )  - ? - - - + �9 + + q- --  
gpoi~.taiaeou~re.~piration q- -{- ( + )  (q-) (q-) -- -- -% q" + "Jr" --  
Coavu]s ive  movemen t s  ( + )  ( + }  i-% + . . . . . . .  -% ( + )  

Signe: ~- presm~t, ( + )  weak but  presd~t, ? doubtful ,  + )  unequal;  ' -  absent.  
*t-[ot]rs 6[ter cardiac arrest .  

assessment o~ the two claildren ~hose E.E.G. records of convulsive discharges 
have been shown earlier. Both made a slow but steady recovery, tO a rem.arkable 
degree of reflex activity; one even ~ppeared to respond to !he calling of hisname. 
Then after reaching a point where 9he almost had hope for i the return of conscious- 
ness, both deteriorated and died Within two and three days a~ter the :arrest. One 
had the impression that certain elements of the brain were able to functiora for a 
period of time after they have been irreversibly damaged. 

Similar observations have bcenlmade experimentally ahd there appears to be 
marked' discrepancy in the effec~ of oxygea lack on th~ processes involved for 

the,survival of the nerve ceII anqI those for neuronal and sy-naptic :conduction. 
von Harreveld ~4 believes that thi~ may be due' to damagg of structures involved 
in the rhanufacture of complex enzymessystems The stor~ of enzymes oresent at 
the end of an ischaemie period may enable a nerve celt to recover and function 
to a limited extent but the msufll~mnt replacement of these enzymes, will suBse, 
quently lead to the death of such ~. neurone, 
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SUMM~mY 

There is no specific E.E.G. pattern that indicates witla certainty irreversible 
brain damage. Following a short period of cerebral ischa~mia, the E.E.G. shows 
a definite pattern of recovery. Failure of this recovery pattern to occur may 
indicate brain damage, as does the appearance of a "file pa~tern" and of convulsive 
discharges. However the whole recovery must be viewed gs a functional process, 
and while a single E.E.G. record may be of little significance,,o frequent recordings 
can aid in the prognostic assessment of the case. 

There is a relationship between the duration of isehaemta and the time interval 
between restoration of blood flow and return of function. The duration of this 
latency of recovery is in turn related to the total recovery time and this is pro- 
posed as a more suitable basis for assessing the patient s qhance of lrecovery than 
an estimate of the time of ischaemia. The use of hypoth~rmia is probably indi- 
cated ff the electrical activity has not returned after 1~ minutes. 3 It appears 
possible that apart from the E.E.G. a similar relationship could be established 
using the return of reflex activity to determine this Iaten~y of recovery, thereby 
making an assessment of the expected speed of recovery possible. 

However, attention is drawn to the observation thaf a considerable reflex 
activity may return temporarily after several hours in spit~ of irreversible damage 
of the brain. 
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I1 n'existe pas de trae6 61ectxoenc6phalographique sp6eifique indiquant de 
fagon eertaine des 16sions c6r6brales irr6versibles. A la suite d'une eourte p6riode 
.d'iseh6mie e6r6brale, Y61ectroenc6phalogramme montre un trae6 earact6ristique 
de r6veil. S i c e  trac6 n'apparait pas, il peut s'agir de 16sions c6r6brales eomme 
l'indique un trae4 en lime et l'apparition de crises eonv~lsives. Toutefois, toute 
la r6eup6ration doit 4tre envisag6e comme un proeessus fonctionnel et, si un trae6 
n'offre qu'une valeur relative, de nombreux trae6s peuvent aider & 6tablir le 
pronostic d'tm eas. ! 

is h6mie et le 6eou16 le I1 existe tree relation entre la dur6e d'une ~ temps entre 
retablissement du d6bit sanguin et Ie retour della fonetion. D'autre part, le d61ai 
de ee retour ~ la fonction est en relation avee'le d61ai de l'am61ioration g6n6rale 
et e'est 1s la base pour estimer les chances de gu6rir son malade plut6t que la 
dur6e de l'iseh6mie. Si l'aetivit6 6lectrique c6r6brgle n'est pas manffeste apr6s 
15 minutes, l'emploi de l'hypothermie est probablement indiqu6. 

YP t e , A part l electroeneephalogramm , il semble p~ssible d'6tablir une relation 
semblable en employant le retour de l'aetivit6 r6flexe pour produire le d61ai de la 
r6eup6ration et ainsi en faisant un crit6re de la vitesse de gu61dson. 
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Toutefois, il faut attirer l'attention sur le fair qu'une activit6 r6flexelcgnsid6rable 
peut r6apparaltre temporairement apr6s plusieurs heures en d6pit de rexistence 
de dommages c6r6braux irr6versibles. 
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