SIGNIFICANCE OF ELECTROENCEPHALOGRAPHIC CHANGES
OCCURRING DURING CARDIOPULMONARY BYPASS
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THE ELECTHOENCEPHALOGHAM has been dem-
onstrated to be a sensitive and valuable monitor
during clinical anesthesia. Is has been used as
a guide to depth of anesthesia,! and as an early
indicator of hypoxia,® hypotension,® and carbon
dioxide accumulation.¢ It was to be expected
that the clectroencephalogram would prove to
be an important monitor in the regulation of
body perfusion during extracorporeal circula-
tion.5. 8

In the first two years during which open
heart surgery with low flow (35-50 ce./kg./
minute) extracorporeal circulation was per-
formed at this institution, approximately 300
patients with acquired and congenital heart
discase were operated on with a high degree
of success without the benefit of an electro-
encephalographic monitor. Recently we ac-
quired an electroencephalograph suitable for
operating room use and have been able to ob-
serve the changes which had probably occurred
in the previous 300 patients. Since clinically
evident cercbral anoxia had not been observed
postoperatively in any previously operated pa-
tients, no alteration in technique or perfusion
rates were made as a result of the acquisition
of this monitor. Since the operative, anes-
thetic, and perfusion techniques had become
well established and of demonstrated safety,
we were able to allow electroencephalographic
changes to progress without concem for the
patient.

‘ve }mve 11, ‘ AN || . ) 4+
electroencephalographic records of 76 succes-
sive patients who have undergone extracor-
poreal circulation and have correlated the mag-
nitude of encephalographic changes observed
during cardiopulmonary bypass with the post-
operative mental state of the patient. An
analysis of these records provided the basis of
this report and indicated that drastic changes

Accepted for publication guly 13, 1959. The

authors are in the Division of Anesthesiology, The

Cora and Webb Mading De Fnrtmcnt of Surgery,

Baylor Umversny Collcgc o Medxu,;nc and The
‘exas.

Euq woJy papeojumoq

in the clectroencephalogram can occur
persist for relatively long periods of time wi
out postoperative neurological deficit. Thej
observations provoke questions as to the prof
nostic significance of electroencephalographj
changes attributed to hypoxia and to the it
puted sensitivity of the brain to anoxic damag
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All patients in this series underwent opg
cardiotomy for surgical correction of congemlg
or acquired diac defects. The p )
ranged in age from 4 months to 45 years :ug
in weight from 8 to 163 pounds. The nnm
thetic technique used has been described &
detail elsewhere.? In brief, all patients weg
premedicated with pentobarbital, mcperidi
and scopolamine in doses which were antilS
ipated to produce deep sleep prior to inductif
of anesthesia. Anesthesia was induced wifR
cyclopropane and following tracheal mtub&
tion ether-oxygen was administered with sn:\.
cinylcholine infusion to maintain apnea. Elhc;l
was discontinued about five minutes befao
cardiopulmonary bypass and no nneslhag
agent was administered during bypass. Oz
gen alone was used to aerate the blood of the
extracorporeal system. Patients were glveuitg
single dose of d-tubocurare 5 minutes bdm—\
bypass. After bypass, only oxygen was a{%
ministered until the patient began to mov3
Fifty per cent nitrous oxide and oxygen ‘\18
then administered until the end of the opcnc
tion.

In all patients a bubble type oxygenator wa<
used, cither a stainless steel unit® or a dlspmc
able plastic type.® Infants were perfused a!tL’
rate of 50 cc./kg./minute, Adults were pu-_-s
fused at 35 cc./kg./minute. The rest we
perfused at 40-45 cc./kg./minute. PerfusieS
was performed through the femoral artery wiio
venous blood returned to the pump oxygen:hm
from the vena cavae. Induced cardiac nmsN
was not used. The electroencephalogram o
the electrocardiogram were recorded simults
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neously with a Grass Polygraph, using the left
fronto-mastoid lead, with electrodes inserted
intracutaneously. The electroencephalogram
and electrocardiogram were recorded intermit-
tently before cardiopulmonary bypass but con-
tinuously during and after bypass until the
dectroencephalogram retumned to the pattem
prior to bypass. Esophageal temperature was
recorded throughout the operation.

The mental state (degree of awareness) was
estimated immediately before induction of an-
esthesia and after the end of anesthesia but
before the patient left the operating room.
Three degrees of awareness could be readily
distinguished: (1) Awake: Patients could talk,
answer questions, follow commands. Infants
were awake and crying. (2) Asleep: Patients
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Fic. Group 2. Return of electroencephalo-
gmvhnc activity during  perfusion.  Electroen-

did not respond to questions or ds, but
possessed all their reflexes and would respond
to pain or stimulation by purposeful move-
ment. (3) Decply Asleep: No response to
voice or stimulation, although comeal, swal-
bwing, and coughing reflexes were present.
All patients could be classified in these cate-
gories, both before and after operation.

ResuLts

Electroencephalographic patterns occurring
during and after cardiopulmonary bypass were
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Fic. 1. Group 1. No clectroencephalo F’nphic

change, Electroencephalographic record o

year old male weighing 57 pounds, with an inter-

ventricular septal defect. Perfusion rate 40 cc./

kg/minute. D dent time 105 i per-
time 13 mmults Prior to bypass thc activ-

iyisls e.p.s. and 3040 av. Esophageal tempera-

ture decreased ...5 degrees F. during perfusion.

niahi

record of an 18 year uld male
138 L, wil septal $
defect and anomalous pulmon:u'y veins, Perfusmn =)
rate 35 cc./kg./minutes. Dcpcndcnt time 11 mm-
utes; perfusion time 14 mi
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was 16 c.ps., 20-30 zv. Onc mmmc after rfu-
sion high voltage 1 ‘c.p.s. activity appear and3
decri in amplitude during perfusion. Some®

fast activity was present throughout. By 10 mm-‘c
utes following perfusion, the preperfusion pnttcm\
had reappeared.  Esophageal temperature de-S
creased 2 degrees F. during perfusion. I
(o]
o
compared with those obtained immcdx'atc]ys
prior to bypass under light ether-oxygen ans-:ll
thesia. Prebypass records were similar to thosc\,
described by Courtin et al.'® as occurring be-3

tween electroencephalographic stages 1 and 20
cther anesthesia and to that described by Bell-

ville and Artusio ! for ether analgesia, cxcept_\
that the dominant activity was 16-20 c,p.s.,é
with a voltage of 2040 nv. (fig. 1, 2 and 3).2
The changes during perfusion could be classi-3
fied into three types:

0000-0

Group 1: No electroencephalographic change.3
In 18 patients, the preperfusion electroenceph-g
alographic pattern was maintained throughoutZ
bypass (fig. 1). Some decrease in amplitude
and at times, a slight decrease in frequency®
was observed. However, in no patient \vnsO
there loss of rapid activity or the appmmnee
of delta waves.

Group 2: Return of electr
pattern. In 19 patients there wns nn early:r
loss of rapid activity (15 to 45 seconds :1&».31"‘J
vena cavae occlusion) replaced by high voltzlgeb
slow delta waves at times exceeding 200 pv.
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PROGRESSIVE EEG CHANGES
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year old female weighing 58 pounds, with pulmo-
nary stenosis. Perfusion rate 40 cc./kg./minute,
Dependent time 12 mi perfusion time 13
minutes. Prior to b there was a rapid
(16 c.ps.) high voltage activity which changed
rapidly to high voltage dclta activity one minute
after perfusion. After 5 minutes of perfusion, lit-
tle activity was if: d

Fic. 3. Group 3. Prog
1.3, A} F'
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records (25 per cent), there were pcn’u§
which could be described as isoelectric, bi
these periods were bricf (less than 10 seg
onds). The inder of the record istd
of baseline variation with electrocardiograph@g
artifacts which could not be distinguished from
background activity. In 60 per cent of L%
records there also appeared transient periog
of low voltage rapid activity (10-15 c.p.s. lef
than 5 uv. and lasting from 1-3 second§
superimposed on the flat electr halogr
Similar activity was seen in portions of E.
records taken after death. Except for
slower frequency, this rapid activity was
ilar to that described by Pearcy and VirtueB
as following circulatory occlusion during hypG
thermia. In 60 per cent of these patients
electroencephalogram remained flat until
end of bypass. [=X
The pertinent characteristics of the pah'cng
falling into each of these groups were com
pared (table 1). The mean age, the mean dg.
pendent time (the duration of cardiac inflow
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By 10 minutes of perfusion only ECG artifacts
were _present, in which P, R, and T waves could
be identified. One minute after perfusion, rapid
activity had retumed and by 10 minutes, a pattern
similar to the preperfusion pattern was present.

and slower than 1 c.p.s. Delta activity per-
sisted for 0.5-8 minutes (most commonly 1-3
minutes). Typically, rapid activity began' to
appear superimposed on the delta rhythm with
a gradual replacement of delta’ thythm by the
preperfusion pattern (fig. 2). Some decrease
in amplitude and frequency occurred as well
during the period of bypass.

Group 3: Progressive electroencephalographic
changes. In 33 patients the pattern of group
two promptly appeared with large, slow delta
waves. However, instead of a return of rapid
activity, progressive flattening of the delta
waves ensued, developing into an essentially
flat electroencephalogram (fg. 3).  The cri-
terion used to determine a “flat electroenceph-
alogram” was based on the electroencephalo-
gram records obtained from 3 patients who
expired in the operating room. In these pa-
tients the electroencephalogram was recorded
after death to estimate the degree of base
line variation due to operating room back-
ground- activity. An example from one such
patient is shown in figure 4. In 8 of the 33

F

occlusion during which the patient was enti

dependent on the pump oxygenator for oxig
genation) and the mean decrease in esophagegt
t tely the same §
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Fic. 4. Elect hal hic cl in®
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Ean’cnt who exp g T
ypass. This paticnt was a 2 year old child with
atrioventricularis communis, who was ungble t©

intai inc output foll g repair. Electrd€
encephalographic activity was wm maintaine®
only during pérfusjgn. Five minutes uftx;'r

sion, only ECI T e O
hall was ded 20 mi after deatfid
to obtain a tracing of the base line variation in thé

absence of cercbral activity under opcmtinusz room
conditions, but without any surgical manipulations.
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TABLE 1
PERTINENT CHARACTERISTICS OF PATIENTS UNDERGOING CARDIOPULMONARY BYPass Crassirien
AccorninG 10 DEGREE oF ELECTROENCEPHALOGRAPIHIC CHANGE DURING PERFUSION
Group 1 Group 2 Group 3
Characteristica
No EEG Change Return of EEG Progressive Change
Number of patients 16 27 33
Age (years)
Mean + SE* 109 £33 88 1.0 7.0 407
(Range) (0.3-45) (1.5~45) (0.7-17)
Dependent time (min.) .
Mean =4 SE* 114+ 1.2 1L7 £ 1.1 109 £ 0.7
(Range) (7.0-22) (5.5-30) (3.5-20)
D in )i 1 perature (F.)
Mean = SE* 4.9 £ 0.4 4.7 £ 0.4 4.5 £ 0.4
(Range) (1.5-7.5) (0.5-9.0) (1.0-12)
Duration of ﬂnt EEG (min.)
Mean = - —_ 6.24 £ 0.73
(Rnngc) (0.5-18)
Time of EEG recovery (min.)
Mean + SE* — 14.0 £ 3.7 17.7 = 3.4
(Range) (0.5-60) (0.5-60)
Per Cent Per Cent Per Cent
Degree of awnreness:
Preoperative
Awake 31 30 36
Deeply asleep 38 33 36
Postoperative ‘
Awnke 44 52 58
Decply asleep 19 11 12

* Standard error of mean,

quired following bypass for the electroenceph-
alogram to return to its preperfusion pattern
was approximately the same in both groups
in whom changes occurred during perfusion.
Finally, and most significantly, the degree of
awareness postoperatively (expressed as per-
cent of patients who were awake) was not
related to the degree of electroencephalo-
graphic change observed during perfusion.
Preoperatively, approximately one-third of the
patients in all three groups were heavily pre-
medicated (deeply asleep) and about one-
third were inadequately premedicated. In all
groups, 11-19 per cent of the patients were
deeply aslecp at the end of operation and 44~
38 per cent were awake. All patients who
were deeply asleep at the end of operation
were awake within one hour after amival in

the recovery room. No patient suffered any
postoperative neurologic deficit.

The electroencephalographic changes ob- S
served in groups 2 and 3 are typical of those 5
described as the result of hypoxia, hypoten-
sion, deep anesthesia, and hypercarbia.1® As- O
suming the changes observed here were the &
result of stagnant hypoxia associated with a

subnormal cerebral blood flow, one would €
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expect a significant comrelation between sev- &

eral of the observations made.

dependent time and the time for the electro-

One would g
expect a significant correlation hetween the 33

o

N

=

encephalogram to return to the preperfusion 3

pattern. This was not the case.

In groups 2 7|

=3

and 3 the correlation coefficients were re- 9
spectively r=017 (P<04) and r=019 "

(P <0.2).¢

Similarly, the correlation coeffi- *
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cient in group 3 between the duration of flat
electroencephalogram and the time for elec-
troencephalographic recovery was not signifi-
cant (r=0.03, P=05). A similar lack of
correlation existed between the degree of elec-
troencephalographic change and the degree of
awareness postoperatively. In group 3, the 4
patients who were most deeply asleep at the
end of the surgical procedure had a flat elec-
troencephalogram for a mean of 6.0 minutes.
The 19 patients in the same group who were
awake postoperatively had a flat electroen-
cephalogram for 6.4 minutes. Similarly, the
7 patients in whom the electroencephalogram
was flat for from 10 to 18 minutes were as alert
postoperatively as the 10 patients in whom
the clectroencephalogram was flat for 1-3
minutes. Obviously, the degree of awareness
and the rate of electraencephalographic recov-
ery were not related to the degree of electro-
encephalographic  change observed  during
cardiopulmonary bypass. -The electroenceph-
alographic pattern was also not related to the
perfusion rate between 35 and 50 cc./kg./min-
ute, nor to the absolute values of flow.

DiscusstoN

It is immediately apparent from these ob-
servations that widely differing electroenceph-
alographic patterns appeared despite the use
of approximately the same flow rates for total
body perfusion caleulated on an age-weight
basis. Unless one postulates great differences
in rates of cerebral oxygen demand among pa-
tients, which is unlikely, the most likely ex-
planation lies in the varying percentage of
total perfused blood which reached the brain.
Assuming that all factors in the extracorporeal
system which could affect dclivered blood flow
were kept constant (e.g., resistance in the
tubing and cannulae, complete occlusion in the
pumping system, and accuracy in the tech-
niques of measuring flow during perfusion), it
is still unlikely that the resistance in all body
vascular beds would be identical during total
body perfusion. It is therefore probable that
in those patients in whom no significant elec-
troencephalographic changes were observed, a
largér proportion of perfused blood went to the
cerebral circulation as a result of. increased
resistance in other vascular beds.
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Several mechanisms may be postulated |§
explain the electroencephalographic changg
in group 2 in which, after initial marked
changes, there was a return of rapid activi
during perfusion. Schallek and Walz “;:g
demonstrated that low arterial blood pr
can be reached without electrmancz':p}m]%r
graphic changes if blood pressure is graduall
reduced, whereas marked changes occur du
ing a rapid decrease in blood pressure. Ther
fore, the initial loss and retum of electroes
cephalographic activity may be related to the
adjustment of the cerebral blood vessels to t@
sudden pressure change induced by cardig
pulmonary bypass. It is also possible that {2
return of activity was the result of the mi
hypothermia and decreased cerebral oxyg&
demand induced by the cool blood of i
extracorporeal circuit. However, patients &
group 3 were cooled to a similar degree wi
out return of electroencephalographic activigg
It has also been postulated that this inite’
change to delta rhythm is the result of
direct effect of cold blood on the cerebf
vessels, since the early appearance of d
waves and return of rapid activity has &
been observed in patients perfused at mok
higher calculated flow rates® Another posy
bility is the progressive increase in total peri
eral resistance which has been observed durix!
cardiopulmonary bypass.?® This may result
the shunting of an increasing portion of [0
blood flow to the cerebral circulation. Finalk
the return of the electroencephalographic &
tivity may simply represent the capacity of
cerebral circulation to regulate its own B®
in a compensatory response to local metabdB
changes. S

The third group of 33 patients with pmp%
sive deterioration of the electroeacephalogis
and with varying periods of absent activity &
most interesting.  The most likely cause of ti
changes is stagnant hypoxia from subnorg
cerebral perfusion. If this were so, one woy
expect some correlation between the seve®
of changes observed and the rapidity of o
troencephalographic recovery following P&
fusion or the rapidity of. awakening
operatively.  Clearly there was no correlaiy
and no patient demonstrated any postof
ative signs or symptoms known to folis
cerebral hypoxia.. Since the duration of p

oR| 1S B8 e
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fusion in these patients did not exceed 22
minutes, nor the duration of flat electroen-
cephalogram exceed 18 minutes, it is possible
that some sequelae would have been observed
if these changes persisted for a longer period
of time. However, it is just as likely that there
exists a level of cerebral perfusion during which
no electroencephalographic activity is apparent,
but during which there is sufficient tissue
oxygenation to prevent cellular damage. This
may be so, since the electroencephalograph is
an extremely sensitive, but nonspecifie, indi-
cator of cerebral function. Because of its
atreme sensitivity it may lose value when
wed to measure a graded response such as
cerebral  perfusion.  An anmalogy in reverse
would be the electrocardiogram which con-
tinues to record when no effective circulation
exists. Because of this high sensitivity, the
electroencephalogram may give no information
in the area between a flat electroencephalo-
mm with complete recovery and a flat elec-
troencephalogram  with  irreversible  tissue
damage.

It would scem from these observations that
the use of a normal electroencephalographic
pattern as the criterion for adequate cerebral
perfusion and as a guide in the regulation of
extracorporeal perfusion rates is neither neces-
suy nor desirable. A reasonable criterion for
adequate and safe cerebral perfusion during
extracorporeal circulation would be the pres-
ence of some electroencephalographic activity
during perfusion, more than flat and less than
prior to perfusion. The increased trauma to
the blood, the increased complexity of the ex-
tracorporeal apparatus required, and the larger
amounts of blood necessary for high perfusion
nrtes make lower perfusion rates more desir-
able, provided adequate cerebral circulation
an be assured.

These observations do not detract from the
value of the electr phalogram as a
during clinical :mesthesm. Indeed we, as
others, have found that it is most useful in
determining when hypotension from blood loss,
bradycardia, or obstructed circulation has
reached dangerous levels. We continue to
we the electroencephalogram during open
heart surgery, however not as a guide for the
regulation of perfusion rates.

SUMMARY

The electroencephalographic records of 765
patients who have undergone open heart sur-2
gery with extracorporeal circulation at low‘l
flow perfusion rates (35-50 cc./kg., /mmute)O
have been reviewed. At the same (m]t:ulnked:r
rates of perfusion, the electr hal
pattern either remained unchnnged or showed >
initial deterioration followed by recovery dur-®
ing perfusion, or showed changes which pro-'w_.
gressed to an absence of discemible electro-3
encephalographic activity for periods up lo:r
18 minutes. Patients were divided into three>
groups according to degree of electroencephalo-8
graphic change observed. There were no ::le-i
ferences among these groups in the rate ntm
which the electroencephalogram returned to ltS:r
perfusion pattern, nor in the degree of aware-&.
ness exhibited by these patients in the xmmedl-o
ate postoperative period. It is postulated that a2
level of cerebral perfusion exists during which3
encephalographic activity cannot be identified, 3
but during which hypoxic tissuc damage does3
not occur.
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sis of fibrinogen deficiencies or fibrinolysis
must be suspected in any case of hemorrhage
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be performed. A 5 ml. sample of maternal
blood is placed in a 15 ml. test tube and
gently agitated 4-5 times, then observed for
clotting. The clotting mechanism is defective
if there is no clot within six minutes or if a
clot forms which allows lysis within twelve
hours. In suspected cases the attending physi-
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cian should (1) obtain blood for typing am
cross matching, (2) perform clot observati€
tests, (3) establish a dependable intraveno®
avenue for administration of whole bl
(4) administer intravenous fibrinogen wh;
indicated until the blood clot is stable, (i}
initiate antiheparin and or fibrinolysin therag®
as indicated, and (68) manage labor so as B
expedite it. (Longo, L. D., Cailouette, ].
and Russell, K. P.: Fibrinogen Deficiencies g
Pregnancy, Obst. & Gynec. 14: 97 (Jul
1959.)
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