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Physiologic investigdtions in the neurosurgical operating theater permit valuable studies of physiologle
and pathologlic features of the central nervous system on man, viz. functional connections between the cerebral
cortex and subcortical formations, central regulation of the cardio-vascular system etc.

In order to study the functional cortical-subcortical connections electroencephalographic records were
taken during operative removal of tumors (of the hypophysis, third ventricle and sella turcica) which is
accompanied by stimulation of hypothalamic nuclef.

Some scattered references to studies on the influence of the hypothalamus on cortical potentials are
avaflable in the Hrerature, Thus, stimulation of the hypothalamus ®en masse® was noted to be associated with

changes in cortical potentials in man [3].

In another communication [4] it was shown that during and after stimulation of the hypothalamus long-
lasting changes In the spontaneous electroencephalograri could be observed; these could be interpreted as re-
flection of excitation since the EEG discharges on both hemispheres showed enhancement of both frequency
and amplitude,

Lesions of the medulla do not alter substantially the electric activity of the cortex while lesions of the
midbrain and diencephalon evoke gross bilateral changes in the EEG {2]. The author cited concludes from this
‘that electrogenesis and, consequently, the functional state of the cortex depend both on the specific and non-
specific projection systems. According to his data stimulation of the brain stem produces diffuse desynchronization
of cortical:potentials while destruction of the rostral parts of the brain stem leads to synchronization of slow waves
and bursts of spindles,

The present investigation is concerned with the study of cortical reaction to hypothalamic stimuladon in
the course of surgical intervention for removal of tumors {n this area.

EXPERIMENTAL METHODS

Those brain stem lesions were chosen for investigation in which the tumor focus requiring surgical inter-
ventlon was found in the reglon of the sella, hypothalamus or optic chiasma, It is important that there is no
primary involvement of the cortex in tumors of this locallzation. Since the very close connection between the
hypothalamic area and cardio-vascular function is known from numerous experimental and clinical observations
1] simultaneous recording of the electrocardiogram was carried out together with the electroencephalogram,
The material for the present work consisted of cases of pituitary adenoma (16 patients), third ventricle tumors
(2 patlents) and tumors in the sella turcica area (4 patients),
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Rasction of the cortex at various stages of the eperative procedure was studled by means of continuous
tecording of the bloelectric potentials from the posterfor parfetal and parfetsl arcas of both hemiepheres, e,
cortical areas distant from the zone of neurosurgical {ntervention which used the frontal spproach to the ares
of the s=lla and hypophysis with trephining {n the frontal area and lifting of the base of the frontal fobe; scalp
tecordings were used,
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Fig. 1. Malin types of electroencephalograms (a, b, c, d) recorded before spacation
in patients with pituitary tumors, at rest and with extraneous stimuli,
1) Right parieto-occipital area; 2) left parfeto-occipital area,

The cortical potentials were led off by means of electrodes 8 mm In diameter and about 1 mm thick,
made of pure tin. The electrodes were covered by a thin layer of a special paste ensuring minimal resistance
between the electrode and the scalp, Bfpolar leads proved to be the most reliable and convenient under A
operating theater conditions. . The paste-covered electrodes were fastened to the scalp by strips of adhesive
tape; they were placed over the occipital and parietal areas of both hemispheres.

In order to record the electroencephalogram and the electrocardiogram on the same stip a special
combined electroencephalograph was used which was provided with automatic compensation of alternating
current {nduction and required no screening of the theater, With the use of filters frequencies from 1 to 100
cycles per second could be recorded,

EXPERIMENTAL RESULTS

The main types of electroencephalograms observed prior to operation in patients with pituitary tumors
both at rest and upon external stimulation are presented in Fig. 1. In 8 of 16 patients the original biopotential
picture i3 dominated by a well formed, synchronous alpha thythm of normal frequency and amplitude with
marked resction (diminution) to lght stimulf (Fig. 1, a). In three patients the alpha thythm was unstable with
fairly frequent periods during which {t was depressed. In these cases stimulation (such as prolonged clenching
of fists) evokes, after a definite latent perfod, increased synchronization of the alpha thythm, the latter dis-
#ppearing upon cessation of stimulation (Fig, 1, b). In four patients fairly high voltage hypersynchronized

1190



thythm was szen over all areas of both hemispheres; this rhythm resembdled the alpha rhythm in fts sppaarance
but differed from ¢ in its properties since {t was unchanged upon lght end other, even thythmic, stimulation,
and did not ususlly exceed 7 to 8 cycles per second In frequency (Fig. 1, ¢ ),

This type of EEG {s encountered more frequently upon extenston of the tumor beyond the Umits of the
#2lla nto supra- and parasellar areas, And, finally, when large pitultary tumors extending from the sella to
the floor of the middie fossa or nto the third ventricle are present considersble changes in the EEG consisting
of complete or sustained absence of 2lpha thythm and predominance of diffuse delta waves alternating, st
times, with fast activity (Fig. 1, d) are seen,

o
b |
1>}
[lscpon-g___i'
fci
o 3

Fig, 2. Electroencephalogram changes {n the posterlor parietal areas and
changes in the electrocardiogram upon stimulation of the hypothalamic
region during removal of piruitary tumor. '

a) Before trephining — normal depression of alpha thythm on switching on
& light; b) at the moment of stimulating the hypothalamic region with a
tampon depression of alpha rhythm with subsequent slowing of the rthythm
of cardiac contractions are noted; c) in another patfent stimulation of the
hypothalamic regfon is assoclated with bursts of fast activity on the contra-
lateral hemisphere followed by definite slowing of cardiac contractions;

d) the same {n patient Sh~k suffering from encephalitls; upon the surgeon’s
approach to the basal ganglia the EEG shows bilateral bursts of fast activity
with subsequent siowing of cardlac contractions,

Records from above down: electroencephalogram from the right occipito-
parietal area, electroencephalogram from the left ocefpito-parietal area,
lead I, dme marker (1 second), also stimulus marker,
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Results of dmultansous inventigation of cortlcal and cardiac reactions. during operstive Intervention in
the hypothalamic reglon are pretented in Figs, 2 and 3, In the case of patlent N-v with & small plruitary
adenoma e rormal alpha thythm, resctive to light, was recorded during the flrst stages of the surglcal procedure,
The electrocardiogram was also within normal Umlte (Fig. 2, ).

The next racord (Ffg. 2, b) shows a reaction conslsting of alpha thythm desynchronizaton and appestance
of festes frequancies st the moment of stimuletion of the hypothalamic reglon during removal of the plruitary
tumor, Two seconds later a reaction §s seen {n the electrocardiogram when the thythm of cardiac contractions
{s slowed apprectably (Fig. 2, b). The desynchronization reaction, i.e., cortical excitation, snd slowing of
cardfac contractions are {n this partfculer cass of short duration disappearing rapidly on cessation of hypo-
thalamic stimulation, :
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Fig. 3. Changes in the electroencephalogram and electrocardiogram
at various stages of operative removal of pltuitary adenoma under
barbiturate anesthesfa in patient M-na.

a) Before anesthesia; b) 4 minutes after administration of thicpental
Na —~ increasing amplitude of fast activity; c) at the moment of re-
moval of adenoma by suction, extrasystoles appearing after every 9
normal cardiac complexes; d) placing of tampon in the sellar region
associated with sustained alternation of sinus and atrioventricular thythms;
c,,fj' gradual return to normal of the electrocardiogram toward the end
of operation,

Records from above down: dme marker (1 second); right occipito-
parietal area; left occipito-parietal area, electrocardlogram, Lead’l,

The next example {llustrates even more clearly the appearance of cortical impulses and subsequent
slowing of cardiac contractions at the moment of removal of the pituitary tumor (Fig. 2, ¢). In this case the
corticopetal impulses evoke not desynchronization of the alpha rhythm as was the case in the preceding patient,
but the appearance of bursts of higher voltage impulses on the contralateral hemisphere following which slowing
of cardiac contractions becomes clearly visible 1o the electrocardiogram,
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When more pronounced chianges in the original electroencephalogram are present fn the case of large
tumurs exiending into the middle fossa stimulatlon of the hypothalamic region during removal of the tumor Is
seen to be accompaniced by a more prolonged reaction of cortical excitation in the form of frequent tharp waves,
This reaction was coincldent with a change {rom normal frequency of cardiac contractions (80 per minute) to
prolonged slowing — down to 48 per minute. In these cases, in addition to slowing of cardiac contractions, ¢
was noted-that extra auricular contractions were occurring. Such cortical reactions followed by slowing of
cardlac activity were observed not only during intervention {n the sellar.area but also upon temporal lobe
apptoach to the basal ganglia (Fig. 2, e). ,

In the example cited, stimulation of the basal ganglia was carried out against the background of ether
anesthesia (to prevent hyperkinesis). Bursts of cortical discharges appear {n response to stimulation of the hypo-
thalamic region agalnst the background of lowered amplitude of spontaneous cortical activity (as the result of
ether anesthesia). Attention Is drawn to the fact that the cortical reaction occuts prior to sinus bradycardia;
this may indicate transmission of excitation from the cortex to the vagal center.

The neurosurgeonsremoved some pituitary tumors under barbiturate anesthesia which is usually used after
examination.of the optic chiasma and the sella (Fig. 3). Stimulation of the hypothalamic reglon under bar-
biturate anesthesia is not clearly reflected, electrographically, in the cortex since during the first stage of
anesthesia, particularly after administration of thiopental sodium, sustained stimulation is observed; this s
expressed electroencephalographically by high voltage fast activiry (16-22 cycles per second) recorded con-
tnuously over a perlod of twenty ot more minutes. Similar EEG pictures were seen under the influence of
barbiturate in patients in whom no pathologic focus was discovered.

Considerable changes in cardiac reactions are seen against the background of general anesthesia. Thus,
upon introduction of a tampon into the sellar region after removal of the tumor sustained heterotopy was ob-
served. Analysis of the dynamics of the electrocardiogram (Fig. 3) revealed that focl of excitation arise at the
same time in the atrioventricular node and the bundle of His together with excitation emanating from the
sinus node,

it may be supposed thar these manifestations of heterotopy under conditions of general anesthesia are
caused by direct influence of subcortical impulses on the functional properties of nervous apparatus and con-
ducting system of the heart, The rapid reversal of these changes in cardiac activity (Fig. 3, e, ) indicates,
from our point of view, adequate functioning of the cardiac muscle iwself and of coronary circulation,

The comparison of electroencephalographic and electrocardiographic data obtained simultaneously during
operative removal of pituitary tumors thus permits the study of cortical and cardiac reactions to hypothalamic
stimulation in man. Cortical reactions to stimulation of the hypothalamic zone are expressed electrographically
by desynchronization of the rhythmic potentials lasting for 3-5 seconds and longer, During lowering of alpha
shythm amplitude upon hypothalamic stimulation bursts of sharply outlined waves are observed, One to two
seconds after the reaction of cortical excitation changes in the direction of sinus bradycardia appear in the
electrocardiogram lasting from two to three seconds to several minutes,

Such cortical reactions associated with subsequent slowing of cardiac activity were also observed during
manipulation in the region of the basal ganglia. When the hypothalamic region is stimulated against the back-
ground of barbiturate anesthesia the cortical reaction is often not reflected clearly in the electroencephalogram

- owing to predominance of sustained stimulation in the cortex under the influence of the first stage of barbiturate
anesthesia, At the same time stimulation of the hypothalamus under these conditions is reflected in the electro-
cardlogram by a picture of heterotopy; in addition to excitation proceeding from the sinus node,focl of excita-
tion arise in the arrioventricular node and the bundle of His,

SUMMARY
Data concerning the study of electroencephalograms (EEG) and electrocardiograms (ECG) are presented in

this paper, These EEG and ECG were taken simultaneously during surgical removal of the tumors of hypophysis.

Investigations which were carried dut on 22 patlents show that reactions of the cortex to stimulation of the
hypothalamic area may be demonstrated electrocardiographically by desynchronization of the rhythm of potentials
or in appearance of ®acute® potentials. These changes of ECG are especially pronounced if there is a decreased
amplitude of the alpha thythm in the initial EEG,
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Similar manifestatfons of the cortical reactions, associated with the following sinus bradycardla, were
tevealed in manipulations In the acea of the basal ganglia.

Transitional heterotopla - was observed In the ECG of § patieats in stimulstion of the hypothalamnus on
the background of barbliturate narcosts,
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