THE ELECTROENCEPHALOGRAM IN PATIENTS UNDERGOING OPEN HEART

SURGERY WITH HEART-LUNG BYPASS

Haroun T, Dave

Sonre” authorities “state * 2 # that -the eléctro-
enicephalogram shows little change during open
hedrt " surgery using - héart-lung “bypass.- It
would be of value to find the relationship -be-
tween thie use of a heart-lung bypass apparatiis
and ‘the electrical ‘cerebral function -in these
circumstances. - We therefore  describe the
encephalographic - findings . observed ~during
such operations ‘and have atteriipted ‘to make
some conclusions from these studies.” Eighteen
patients “operated “on~at The Montreal -Chil:
dren’s Hospital were studied. The surgical tech-
niques-had been used previously at this institu-
tionin seventy other operations and one of s
(G AY) “had had experience reading “électro-
encephalograms during heart surgery over the
last three years.®

MEeTHOD

By -means of "a Grass Polygraph we- made
similtaneous recordings - of . arterial “pressire,
electrocardiogram’ “and - electroencephalogram,
The arterial pressure” was alwavs - measured
directly by catheterization of a systemic artery
(radial artery “or imternal ‘mammary artery).
The electroencephalogram was recorded. from
bipolar electrodes; one frontal and one central
parietal.  Symmetrical electrodes orni the right
and left sides were attached to make possible
the verification of any aspects of the tracings
from each cerebral “hemisphere. = We ~began
recording the -electroencephalogram - soon- after
the patient wa$ anaesthetized. . From the be-
ginning” of ‘the operation to the point-of the
catheterization of the venae civae the ‘electro-
éncephalogram -was “recorded  intermittently,
but -after such  catheterization ‘recording was
continuous to the end of the operation. - The
speed of the recording was mostly 10 mm. per
second “and -only rarely was it -25 mm. per
second for detailed observation.

Received from The Montreal Children’s Hospital
and McGill University, Montreal, Canada; and ac-
cepted.for publication May 22,-1959. - Dr. Arfel’s
present ad({ress: 8 Rué Pasteur; St. -Cloud, Paris,
France,
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In the -eighteen patients studied, two had
two separate- periods .of heart-lung bypass at
the -samé ~operation. - In this way, we had
twenty tracings during bypass for study.

Resvrrs

We Ldivide the-changes in the electroen-
cephalogram ‘observed during the différent pe-
viods “of ‘the ‘operations as follows: (1) “initial
modifications at the beginning of the bypass;
(2) “modifications  observed ~during - the re-
mainder-of -the ‘bypass period; " (3) modifica~
tions tioticed at the end -of the bypass, and,
(4) the characteristics of the tracings at the
end of the operation.

Initial” Modifications. - In -all “instarices the
electroencephalogram  became altered “at the
moment the bypass was started and in seven-
teen there were detrimental changes of relative
intensity. In-only three instances was there
improvement of the tracing at this time. These
alterations occurred “aftera period from- 30 to
150 seconds from” the beginning of the heart-
Tang bypass. - Any abnormality in the electro-
encephalogram came on more quickly than any
improvement,

The detrithental change which -appeared at
the beginning of the bypass wus one of three
types according to the degree of alteration.

Tyee I-SutcHT -AvLTERATIONS: Twice the abnor-
mality-consisted ‘of the ‘appearance of slow waves
superimposed -on “the - previously existing thythm:
This -alteration - disappeared after séveral minutes,
returning to. the previous wave type with aninimal
variations in voltage or-frequency (fig.-1).

Tyee 1I-MopeEraTe _ALTERATIONS: On five oceas
sions, waves with a frequency -of 1 to-2 cycles per
second "{¢/8) and ‘an increase in voltage appeared,
but in addition to these new wiaves there was per-
sistence of ‘background patterns present before the
onset of the bypass,These patterns became less
but never -disappeared, and-soon-became predom=
inant again {fig. 2).

Type TH-~MARKED ~ALTERATIONS: - The - electroen-
cephalogram-described “as type- I showed a con-
stant sequence of changes.  This sequence was obs
served in ten-subjects,  The only difference was in
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Fic. 1. A B8 year old patient with an-interatrial
septal defect (no:-53). " (a) Nomal E.E.G. before
the.bypass. .~ (b) Slight -alteration -of the electro-
encephalogram’ and negligible change of the blood
pressure.-one. - minute . after ~the . bypass -began
(type1):
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Fie: 3.

troencephalogram- before - the ~bypass
electroencephalogram - (type 111) 35
of hlghor voltage. - Blood ‘pressure-50 mm. Hg,
regular-high voltagé waves. 2% minutes later.

waves 2% minutes -later.
minutes later.

Blood -pressure 75 mm. Hg.

A-4 year old patient with a large ventricular septal defect (no. 2).
Blood pressure- 75 mm.- Hg - (b)
onds after the bypass began:;
(e} Alteration type 111, third change, showing slow
(d) Some recovery. with. more-rapid, smaller, ergular
Blood pressure 65 mm. Hg.

2250 MMHG

Wt M@”ﬁw,w‘fw”m\,/ ‘a’W;‘“f.«‘v?“#*M,“'J{”W“y‘*"‘,‘a“M‘WM&':;
0 !
{

!
et 1 SEC T T80 My, ON BY-PASS

28
s DO M MG

i 1 SEC

| sorv.

Fic. 2. A4 -year -old patient with tetralogy .of

Fallot (no.:3).7 (a) Normal electroencephalogram
bcforo the h\pass Blood pressure. 95 mm. Hg.
(b) Moderate -altération - of - the ~electroencephalo-
gram (type 1) -and blood -pressure lowered to 40
mm. Hg 214 minutes after the bypass began,
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(a) ‘Normal elec-
Severe -alteration of “the
First change shows slower waves

(e) -Nearly ‘normal fh*(tmencc1)1m]()gmm 614

The total duration of altered patterns-was 10 minuteés,
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Fic. 4. A-4 month old patient with a c¢ongenital
gortic stenosis {no. 9),- (a) Marked suppression
of cerebral activity with severe hypotension before
the bypass. (b} An improvement .of the electro-
encephalogram’ - appearance- with -a rise ~in" blood
pressure 3 minutes after the bypass began.

the -diiration . of “the successive -changes in.-each
patient.

First- Change: Soon after beginning the bypass
the waves became -abruptly of higher-voltage and
became slower=5 to-6-¢/s. - The duration of this
period was -generally about-10 to-15 seconds.

Second Charige: The voltage then became greater
and a-sinusoidal wave form became -evident, ‘with
a-rate of 3 cfs.

Third Change: A period. of -greatest disturbance
followed. ~ The tracing was slow {14 to 1-¢/s); of
high- voltage (300 to 500 microvolts) and perfectly
regular.,
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Fic. 5. The electroencephalogram after a period of bypass,
bypass~of ‘patient 11.-(b) Marked ‘alterationof the
bypass. (¢} Electroencephalogram and blood prewuv before bypass-of patient 14,

alteration of the electroencephalogram and marked ¢

Ane athmulm,v
Sept.—Oct.; 1

After this third change tliere Was i recuperative
phase, -in-which the brain” waves  becante - smaller;
faster and drregular.” They were of a frequency of
4-to-5¢/s-and became g radually faster—10 to 12
¢/s and sometimes 14 to 15 ¢/s.

Thetotal duration of “these three changes of
wave character was 2 1o 15 -minutes -and the dura-
tion—of “eachchange; “except -the first, “was ‘most
variable (fig. 3);

Inthree patients the electroencephalogram
previous to the bypass was Hattened and of
poor quality and.‘this was substituted  during
the bypass by .a more normal, varied pattern;
The frequency “of the h:wkgmund waves ac-
celerated to 10 to 12 ¢/s, 2 to- 2% minutes after
the onset of the bypass (fig..4).

Modifications during the ‘Remainder of the
Bypass Period. - After the period of initial ab-
normality - (which “occurred “seventeen times)
the - electroencephalogram™ becameé “stable on
thirteen ‘occasions, being formed generally by
association of ‘waves of 5 to 6 ¢/s and waves
of 10 to 15 ¢/s (fig. 3, e).. The proportion of
frequiericies of 5 to 6 ¢/s was, however, greater
than before the bypass; that iy, the total tracing
had -less waves for~a given ‘interval “of ‘time.
A slightly lower voltage and an angulated ap-
pearance” of “the ~wave - form could -also - be
noticed. - These - slower frequencies  were
marked in the last minites -of the bypass ‘and
particularly just after “the tourniquets around
the veniae cavie were released.
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(a) E.E.G. and blood  pressure before
electroencephalogram shown-five minutes -after
(d) Moderate

drop of -blood pressure five minutes after bypass.
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ELECTROENCEPHALOGRAM

In" the “remaining = four eélectroencephalo-
grams; further -important” alterations occurred
during the bypass. In one patient {No. 2) the
bypass period was prolonged {89 minutes).
A secondary slowing was -apparent after ‘the
fiftieth minute of bypass. - In two other pa-
tiénts (no. 11 and 15) after a slight recupera-
tion following - the “initial  alterations, serious
changes “occurred “in relation to severe hypo-
tension (under 25 mm. of Hg). " One of the
tracings-showed numerous. periods of ~depres-
sion“of 115 seconds” duration (no. 15). - Slight
rises in blood pressure were concomitant with
the electroencephalographic improvement and
the -aggravation-of changes in-the tracings ¢o-
incided with recurrenice of hypotension. - The
fourth “patient (vio.- 13), 3 - years old. with
localized stenosis of right and left pulmonary
arteries; had serious hypoxia before the bypass
period. The total bypass tinie was 49 minutes.
The blood pH was 7.24 previous to the bypass
and 7 to 7.07 during the bypiiss; the arterial
Pug, changed froi 28 to 54,7 The electro-
encephalographic tracing was- flattened for .40
minutes,

Modifications Immediately After the Bypass.
When the bypass was discontinued a deteriora-
tion of the electroencephalographic pattern was
evident on-ten occasions.. Tn one tracing theré
was a slight” improvement and in 1ine others
no important change was present.

However,.if the immedidte post-bypass €lec-
troencephalograph’ was compared with the ‘one
obtairied before the bypass there was a modifi=
In"eight of these, the
altérations were marked and in eleveén, mod-
erate (fig. 5).

Tracings Near the End of the Operation {60
to 90 minutes after the bypass). In-eight of
the “eighteéen patients studied “the electroen-
cephalogram became normal “or slightly sub-
normal’ (slow - thythm) “at “the time of “chest
closure. In eight patients miany slow waves
were clearly present. In two patients a heart
deficiency ‘gave an irreversible extinetion of the
brainwaves - ( Creutzfeldt's Nullstadiumm) - lead-
ing to death. -An electrical awakening, repre-
sented by an acceleration of the brain wave
with lower voltage, was apparent in all ‘except
these latter two “patients -at the ‘moment of
spontaneéous respiration,

cation -in all but one.

On nirie occasions we

IN OPEN HEART SURGERY 679
saw the reappearance of reaction to stimulii
(pinching, ete)).

The - physiclogical -and -biocherical data -are
presented in tables 1 arid 2,

Discussion

During these surgieal procedures the var-
iables “are innumerable ~and “the electroen-
cephalogram will not only be dependent upon
the efficiency . of the mechanical ‘devices .em-=
ployed for the heart-lung bypass:

It is probable that the modifications -showed
by the electroéncephalogram were an -éxpres-
sion of the cerebral “suffering and show- the
sénsitivity of nervous centers to a physiological
chinge.

We were confronted with probable ischemic
hypoxia of ‘the brain, with ‘the exceptionof
case 13 -where we had hypoxic hypoxia. - The
effects ‘of anoxia and ischemia were unable to
be differentiated by the  electroencephalo-
graphic ‘recording. - They consisted of a se-
quence of changes which began by an amplifi-
-ation and slowing of the tracing as was showi
first by Berger in-1934.5 - If the hypoxia was
slight or moderate, no further modifications of
the “electroencephalogram appeared. When,
however, the "hvpoxia “wassevere, the slow
waves were followed byv-a suppression ‘and in
the ~worst - instances by total extinction. A
description - of these electrical changes, as ob-
served in the individual brain cells of cats, was
given by Creutzfeldt.®

In this study ‘we were .interested in the
aetiology - of “these numerous changes of the
electroencephalogram as well as in their -inci-
deénce and prognostic significance.

Aetiology ~of  Electroeéncephalographie
Changes at the Beginning of the Bypass: It
seems that these were dépendent on (a) - cer-
ebral conditions present previous to the bvpass
and (b) new conditions created by the bypass.

Conprrions PrRevious 1o tiE Bypass: These
‘an be -dependent upon factors such as anaes-
thesia, age of the patient, nature of the heart
anormaly - and events - occwrring before . the
bypass.

Anaesthesia - was that evolved over the last
few vears at this"Hospital for all ‘chest surgery,
and ‘miodified to encompass the bypass period.
Sedation . with pentobarbital, “morphine and
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680 DAVENPORT,

scopolamine and, as required; rectal -thio-
pentone, ensured that the patient “arrived "in
the operating room without anxiety,

Induction of “anaesthesia- was with nitrous
oxide and ether, slowly administered until
conditions were 1dedl for “orotracheal “intuba-
tion: All " patiénts” “were hyperventilated
throughout - the period -of ‘open. chest” with' 50
per cenit nitrous oxide and 50 per cent oxygen,
and the muscle relaxant, Landexium, enabled
complete control “of respiration.” Just prior to
the - bypass ‘more relaxant “was given and
throughout the ‘total bypass movement of the
Tungs was suspended and they were filled with
a’ mixture ‘of 50 per cent helium and 50 per
cent oxygen, maintiined at o pressare of about
10" em. of ‘water, the degree of distension de«
pending on the surgical exposure.

Minor changes ™ of “technigue, such as no
sedation of infants and the -use of 4 relaxant
for tracheal intubation of adults, -were individ-
ualized andoccasionally  Neastigmine “was
given at the end of the operation to-cowiteract
persistent relaxation.

After _the ‘induction, the electroencephalo-
graphic - tracing was™ generally stable and
showed -the “characteristic “pattern” of - light
anaesthesia under nitrous oxide; which is rep-
resented by waves varving from 15 to 18 ¢/
with -some slower waves 5 to 10 ¢/s.  This
light type of anaesthesia made the appreciation
of other modification of the “electroencephalo-
gram possible. The-initial tracing of this tvpe
was unichanged throughout the pre-bypass pe-
riod ineleven of the eighteen patients.

There were two adults; the vemainder were
children of four months to eleven vears of age
and of these nine were from four to six vears
of age.

Contrasted ‘with the normal -findings - with-
out anaesthesia, the tracings did not usually
show characteristics that could be dssigned to
age.  Only in the two voungest infants {fonr
and seven months of age) could-we appreciate
a differenice by the presence of slow wiives of
2-to 3 ¢/s with'a few rapid waves,

From our previous experience we know-that
in-some patients with chronie hypoxic diseases
{e.g.. heart failure, tetralogy of ‘Fallot, or pul:
monary stenosis) the tracings showed extreme
slowness even when the anaesthesia was ¢lin-
ically light. In the present study two patients

ARFEL;-AND -SANCHEZ
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Fi¢, 6. A one year old patient with-a ventricular
septal defect (no. - 10).--(a) The electroencephalo-
gram - appearance “belore bypass during -excessive
haemorrhage, while cathetérizing the superior vena
cava, -Previous” bload -pressure 90 mm. e, (b)
The electroencephalogram 30 -seconds Tater -( blood
pressure stable but -low) . (¢} Recovery apparent
3ominotes-later

with -tetralogy of Fallot” (no. 3 -and " 6) - had
slightly slower wives than usual as did two pa-
Hents with pulmonary stenosis (no. 8 and 11).

In nine of “the - twenty -byvpass - electroen-
cephalograms studied “some” incident oceurred
before ~the bypass ~which -led " to electrical
changes in the electroencephalogram (g, 6).

Without anv complication,” the cutheteriza-
tion of ‘the superior vena cava usuaally -‘¢aused
minimal changes in the electioencephalogram.
Tmportant disturbances were shown only twice
(no. 6 and 15) and theése could be assigned to
temporary obstruction”of “the  supérior vena
cava-with impairment of “return venous How 7
(fig. 7,4, b, c).

New Coxprrions” CREATED 'BY THE Hiarr-
LuNG ‘Byrass: A screen- pumpoxvgendator of
the Gibbon  type ™ ivias -1ised during these

operatioris, - Arterial flow varied” from 80

# The Mark Co.; -Randolph, Mass.
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Fie 7.7 A6 vear old “patient” with” tetralogy of
Fallot - (no:- 6).(a) - Slower, larger electroen-
cephalogram waves -appearing - at-the .moment” the
superior vena cava-was catheterized. (b) -Marked
change it the-eléctroencephalogram - shown -one
minute Jater, (¢ -Some improvement apparent 3
minutes later,

to 100/ml kg /minute. The oxygenated blood
was returned via the right femoral artery.

Efficient oxygenation was obtained by pass-
ing 97 per centoxygen and 3 per ¢ent carbon
dioxide ‘over the blood film in the artificial
Tang.” The arterial blood samples taken from
the patients before bypass usually revealed a
high- pH and low P, Tevel, this respiratory
alkalosis -being - due "to hvperventilation, ~ Ar:
terial ‘blood samples taken during lite bypass
showed a return to normal level of P, and a
rediiction of pH.S

At the beginning -of the bypass, soon after
the pump oxvgénator tosk -over the patient’s
cireulation, - drop of “arterial blood  pressure
ustially “oceurred. (14 -times in 20 periods of
bvpass. )~ This drop in pressure was of short
duration and theii a stable pressure was estab-
lished... After a period varying from 10 to 90
seconds - the “blood pressure was usually -over

IN -OPEN “HEART -SURGERY 681

50 mm. of merciury throughout the rést of the
bypass. - In afew instances the blood pressure
during bypass went below 50 mm: of mercury,
for short periods of time.. This happened dur-
ing the bypass in infants under twenty months
of age and 12 kgni of weight (no. 8,°9; 11
and 157,

Body temperature was continuously recorded
by means of a rectal thermocouple. The lowest
recorded temperature was 31:8 C.To prevent
an “excessive drop - in body temperature - the
oxygen was heated before going to the artificial
hing by passing the gas through water heated
to 85 €. The patient was also 'warmed by a
heated mattress.

The principal -factor responsible for the
altérations of the electroencephalogram seemed
to be changes in mean arterial “pressure; It
remains to -be determined ~why ' changes. of
arterial pressure of similar magnitude may not
lead  to-electroencephalographic changes' of
identical severity “or duration ini different pa-
tients. The physiological variations” we  re-
corded ~during the bypass -do not ‘seem . to
explain this difference:” -1t -is - well knows that
a fall’in body temperatuie has influence on the
electroencephalogram,  but ~ considering  the
range of temperatire in our patients (37.5 C.
to 31.8 C.) no correlation is thought justifiable.

Beyond ‘a possible individual “susceptibility,
the previous condition of the brain ‘before by-
pass seems to be of importance. In the ten
patients where important “alterations of -the
electroencephalogram ™ (type IT)~ oceurred “at
the beginning of the bypass; there were eight
i whom no serioiis incidént arose before the
bypass; This suggests that when there was no
complication before the bypass the brain . was
maintiined -in-a stable -condition” and under:
wernit only “small physiological ~adjustments.
Thus, when the bypass was begun, becduse of
the hemodynamic disturbances then created; a
severe imbalance wus produced.  The-gravity
of this disorder and-the difficulty of adaptation
of -the ‘brain were manifested in the electro-
encephalogram. “An adaptation was made atter
several ‘minutes (2 to 15)  but usuilly the

arterial - blood -pressure -remained low. - The
different speed of recuperation could - be “ex:
plained by variations of the cerebral vasomotor
aetivity or it may - hive been caused by~ a
diminution” in--consumption  of “oxygen” during
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the bypass (50 per cent in the experiments of
Creech, et al).®

On the other hand, in two patients in whom
alterations of Type TIT were vecorded some
complication -did “occir in the -préparatory pe:
riod ~during catheterization of the vena - cava
(no. 11T and 15).
panied by a serious depression of blood pres-

I these, bypass was accoms-

gure (25 and 15 mmlof Tiérenry mean re-
spectively):

Of the seven patients wherein the alierations
were slight to moderate - at the beginning of
the bypass (types 1 and 11) there were four
in which complication ‘before the bypass pro-
duced  permanent-or- temporary -alterations in
the electroencephalogram. - These complica-
tions “were _produced by Tmechanical factors
(e.g., clamping “of “the pulmonary urtéry or
obstruction of ‘the superior ‘venuw ¢ava) or- by
hypotension- (due to” haemorrhage) or by ine
adequate” cardine - outpit {after “a previous
episode of hypotension or a period of bypass).

Thére were three patients-of “this group in
whoni no complication was noticed before the
bypass. In one we could see a small rige of
blood pressure at-the beginning of ‘the bypass
and the other two were patients with chronie
hypoxia -in “which the hyvpoxia ‘could have al-
ready -stimulated compensatory mechanisins.

In the three patients in-swhom the electro-
encephalogram  improved, there liad beeiv a
complication before the bypass and the bypass
raised the blood. pressure. - Two of these had
had Jow blood pressure following a prévious
byvpass period.

Inthe “presence of -one-or several of - the
above-mentioned” factors we might - suppose
that the brain, under repeated insults; had to
bring forces into play to combat the circulatory
disturbances and the metabolic upset. . We ¢an
believe that at the monient. when the hvpiss
wits started the brain was -already -adapted
toprecarious -coriditions.  The  compensation
miechanisms for this. physiologic™ “eclimatiza-
tion’ 7 are produced at-the expense of phvsio-
logical reserves  but the return 1o normality
then becomes problematic,

Interpretation of thé Electroencephalogram
During the Remainder of ‘the Bypass. . After
the period “of initial “alterations the electro-
encephalogram tracing usually improved,  The
waves  were not, however, similir  to those

Anesthesiology
Sept-Oct. 1050
previous to the bypass, 7 Slow Wives still ‘re-
miained in the-majority.” Substitution of cardiac
svstolé by “a’ nonpulsatile artificial " circulation
miay be enough -to explain this difference.

We have not-noticed -evidence of “cerebral
air-embolismin these patients but believe that
svnchronons bilateral tracings are necessary 1o
detect aiiv but massive anounts of air,

The influénce of - hvperventilation ~on’cer-
chral “oxygenition V' Uis - recognized,  but “the
degree niecessarvto be significant s indécided
as is the efféct of raised oxvgen tension inthe
blnod. “And we do not know thé significance
of témporary interference with cerebral eellular
detivity ander operating conditions; ¢.g.. hvpo-
thermia, inaesthesia

The -interruption of “anaesthesia during the
bypass will ‘not “explain the slowing i the
electroencephalogriam-becatse electrical awak-
eniitig aipon-withdrawal “of “this tvpe of anacs-
thesid is-normally marked - by acceleration of
the waves and not by slowing: -1t7is of interest
that -]l patients treated with the byvpass tech-
nique “have had no”sédation or - anaesthetic
added during the -bypass but-have no femory
of the event: " We caniot explain this fortuinate
pheniomenon:

Electraencephalogram. - After ~the - Bypass.
The altérations which weére present after the
bypass were related o the Towering of ‘arterial
blood pressure arid “all were improved -or dis=
appeared when the pressire” became normal.

In neawdviall patients the eléctroencephalo-
gram” after the ‘bvpass reniained” changed in
comparison to the _electroencephalogram pre=
vious to-the bvpass: This change varied from
afew to aiexcess of slow waves.

This slowness mav have been favoured by
theanaesthetic drug given after the bypass,
but -it'is ‘more probable that the changes were
dependent - on the specialconditions - under
which the briin functioned during the byvpass.
Halley et al 2 have shown an-irierease in eer-
chral volumie after hyvpass which siguests the
possibility” of cerebral vedema.

Relation of the Electroencephalogram (o the
Recotery. - The electroencephalogram:- will ot
give the wholé prognosis of récovery but onily
one aspect of it. - The electroencephalogran is
only the eerebral reflection of the physiopatho:
logical conditions. that develop during surgerv,

IF we tryv-to-establish somie prognostic rela-
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tion we -may say that prognosis is not related
to the gravity of the alterations that appear-at
the begirining of the bypass but with the sue:
cession and combination-of events during the
whole procedure: 1t seems that the total dura-
tion of the periods of slow waves before, during
and after the bypassis very significant,

After-the bypass sixteen patients regained
full “consciousniess; but those who -had a pro-
Ionged abnormal tracing or no electioencepha-
logriaphic response to stimulii “had a grave
prognosis as regards total réeovery. In our
observiations of -three childrén “in-whom- the
tracings showed slow wives for periods of 70,
72 and 105 minates respectively - (no. 9,13
and 15), death occurred soon after the end of
the “operation without an appuarent - surgical
explanation:

Failiire of normal electrical activity to re-
appear at the end of the operation was a-grave
sign and in five of six patients was followed by
death “sometime in the postoperative period.
The absence of reictivity -does not explain the
death itself, but it is a sign of serious cerebral
disturbance which may lead to vital brain stéem
damage:

SuMMARY

The electroencephalogram and intra-arterial
blood - pressure were  recorded - éontinuously
throughout twenty periods of heart-lung bypass
during -the “surgical cotrection” of ~congenital
heart defécts in 18 patients.

Somé change always dceurred in the electro-
enceéphalographic waves ‘when the patients
underwent a period of heart-lung bypuass.  Ex-
amples” of - the  changes are” presented - with
interpretation “and “discussion of " their- sig-
nificance.

The wave form may be-influenced before the
bypass -by _anaesthesia, age “of the “patient,
nature” of - the “heart anomaly - and * surgical
events. At the beginning “of ‘the bypass we
have recognized four types of ‘initial modifica:
tions of ‘wave form~their degree and duration
is associated with-mean blood pressure changes
and may “be related - to the state .of the brain
just before” the bypass. Throughout the re-
mainder of the bypass time and ‘afterwards the
majority of -patients had anelectroencéephalo-
gram which was différent from that recorded
before the bypass.

IN OPEN-HEART
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If the abnormality of wave form was marked
and -prolonged and 'if -there was no- cerebral
eléctrical response to stimhulii “after the opera-
tion, ‘even . if-consciousness is regained there
may be damige to the brain of a magnitude
sufficienit to affect the whole recovery process.

The changes ~recorded " electroencephalo-
graphically “mav-be cumulatively detrimental
to -the patient’s welfaré. . Perfection of the
bypass techniques may be possible by correlat-
ing these ‘electrical changes with the detailed
clinical happénings.  Also; study of .all aspects
of ‘cerebral function- with™ psvchological - and
psvchophysical tests will be necessary to indi-
cate the ‘value “of the electroencephalogram
during these operations.

Our - thanks “are- due tothe surgeons of - the
Cardiovascular -Unit, Drs. DR, Murphy, G.-Karn
and A R, C - Dobell, for -their cooperation and
interest during ‘this-study .and -we acknowledge the
technical assistance -of -~ Dr: P Sekelj, ~Miss - B.
Thomas, Mr..W. Schroeder and Miss I, Johnson,
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