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INTRODUCTION

It is well known that mental or behavioral changes and seizures occur in some phases
of the development of many tumors. Many investigators in reporting large series
(300 or over) have given the frequency of the clinical manifestations and their relation-
ships to areas and types of tumors (2, 4, 5, 9, 10, 12-15, 17, 20, 22, 24, 27, 3]). 1t is
not always clear why some tumors produce the above mentioned manifestations and
others of the same type, same location and about the same size do not. We thought it
might be of interest to make a statistical evaluation of the interrelationships between
three variables, tumor location, tumor type, increased intracranial pressure in respect
to mental and seizure manifestations. In the literature these relationships are not
always clearly given. These might have some bearing on the mechanism of the clinical
changes.

MATERIAL AND METHODS

Out of 901 brain tumor entries in the EEG Laboratory file with EEG and clinical
data only 326 have been selected for this report. The excluded ones are the following:
all 359 brain tumor entries before 1950, in addition to a total of 167 metastatic, brain
stem and posterior fossa tumors, and 49 tumors with incomplete clinical and EEG
information. Qut of the accepted 326 cases gross and microscopic autopsy findings
were available in 62. The location of the remaining tumors was judged from recorded
clinical, EEG, radiological and surgical data. Except for discrete and some deep
midline tumors like craniopharyngiomas and olfactory groove meningiomas, a certain
amount of location inaccuracies was inevitable though this probably did not seriously
affect the statistical relationships. This was evidently a problem in all reported series
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whether or not clearly stated. 189 were male, 137 were female. The age distribution
was as follows: 51 cases within 10 years, 13 cases between 10 and 20, 19 cases between
20 and 30, 219 cases between 30 and 60 and 60 cases over 60 years.

Tumors were divided into the following types (Table I): glioblastoma multiforme,
astrocytoma and oligodendroglioma, meningioma, pituitary adenoma, cranio-
pharyngioma, and miscellaneous tumors including neuroblastoma (6), ependymoma
(5), spongioblastoma, ectopic pinealoma, optic glioma, two each, teratoma, neuro-
astrocytoma, astroblastoma, ganglioneuroma, melanoblastoma, chordoma, one each.
Astrocytomas, grade III and IV, were included under glioblastoma multiforme.
Tumors were also divided by location into three broad categories (Table II).

(4) Hemispheric tumors in one or more lobes invading or touching the white
matter. These are subdivided (Table III) into frontal, temporal, parietal, fronto-
temporal, temporo-parietal, motor-parietal, parieto-occipital, temporo-frontal (greater
share being in temporal than in fronto-temporal subdivision), parieto-temporal
and multilobar (more than two lobes). No pure occipital tumor was encountered in
this series.

(B) Hemispheric tumors with deep extension involving any of the above subdi-
visions plus corpus callosum, lateral ventricle, third ventricle, basal ganglia, thalamus
or other deep regions, on one or both sides (Table IV).

(C) Deep midline and paramidline tumors primarily involving pituitary region,
third ventricle, optic chiasm, optic nerves, thalamus, hypothalamus or with hypo-
thalamiC invasion, suprasellar region with or without optic chiasm and inferior
frontal involvement, basal ganglia, corpus callosum, lateral ventricle, olfactory groove,
sphenoid ridge or any combination of two or more regions (Table V). As mentioned
before, posterior fossa, midbrain and metastatic tumors were not considered.

The sizes of the infiltrating tumors that did not have necropsy could not be accu-
rately judged. However, except for a few intrasellar pituitary tumors without superior
extension, most of them were of moderate to large size and probably never less than
1X1Xlcm.

Definite mental or behavioral changes related to tumors usually included more than
one of the following clinical symptoms: disorientation (39), confusion (59), psychotic
behavior (10), memory impairment (77), organic brain syndrome (11), lability in
affect (15), lethargy (41), personality change including garrulousness, untidiness,
bizarre behavior, etc. (46), depression (12), somnolence (2), euphoria (5), decrease of
attention span (4). These symptoms were not considered mutually exclusive nor are
the number of patients showing them as entered here additive. Different designations
originally used by attending physicians for the same symptoms are retained at the
risk of seeming duplication. The mental or behavioral changes were insidious and,
from history, usually covered a period of a few weeks to many months. Some of them
were accentuation of premorbid personality. Obvious minor mental reactions to the
illness were disregarded. In children only marked changes were noted.

Seizures included grand mal, petit mal, motor or sensory Jacksonian with or
without adversive component, vague “spells”, if recurrent, “temporal lobe” seiZure
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with subjective manifestations of all varieties and modalities including olfactory,
auditory, gustatory, visual formed hallucinations, epigastric sensation, deja vu, fear,
rage or anxiety attacks without sufficient provocation. Being a statistical study fine
nuances of clinical manifestations were not emphasized although relatively complete
clinical information was available. Psychomotor seizure involving only bizarre or
inappropriate motor behavior with confusion and subsequent amnesia was included
under “temporal lobe” seizure. In some temporal lobe tumors mental aberration and
temporal lobe seizure phenomenon interdigitated and it was difficult to tease one from
the other.

Increased intracranial pressure was supposed to be present when there was papille-
dema (131), high cerebrospinal fluid pressure (40) (over 180 mm of water), separation
of sutures of the skull in children (7), extrasellar erosion (16) or marked pressure at the
dura at operation (74). Fifty-three patients had more than one indication of increased
intracranial pressure.

Seventy-one x2 calculations were done between the different groups and only
significant relationships were entered on the tables.

RESULTS

Table I gives a list of the types and numbers of tumors. It also indicates that mental
changes and seizures occurred 58.69%, and 48.19, respectively, considering the total
group, that is, roughly in about half of them regardless of location or other factors.
The range*of percentages under these two categories is, however, very wide, from

TABLE 1

SEIZURE, MENTAL CHANGE, INCREASED INTRACRANIAL PRESSURE IN DIFFERENT TYPES OF TUMORS

Mental Increased
. th ‘: Seizure intracranial
Group Type I\Z"n- ng pressure
er
Num- o Num- ° Num- °
ber % ber % ber %
A Glioblastoma 111 79 7.2 39 35.1 76 68.5
B Astrocytoma and
oligodendroglioma 92 49 53.3 68 73.9 54 58.7
C Meningioma 73 38 52.1 39 53.4 40 54.8
D Pituitary 17 9 52.9 2 11.8 3 17.6
E Craniopharyngioma 10 3 30.0 0 0.0 7 70.0
F Miscellaneous 23 13 56.5 9 34.8 14 60.9
Total 326 191 586 157 481 194 59.5
P A vs. B0.01* A vs. B0.001*
A vs. C0.01 A v5. C0.025
Buvs. C0.01
B vs. D 0.01
Cuws. D 0.01

* A vs. astrocytoma (67) in respect to mental change: P 0.01; A vs. oligodendroglioma (25) in respect
to seizure: P 0,001 ; A vs, astrocytoma in respect to sejzure: P 0.001.
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0 to 73.0% and may be misleading. When different tumor types are considered for
mental changes it is found that glioblastoma multiformes are likely to produce more
mental changes as a group than either astrocytomas or oligodendrogliomas separately,
or combined. The level of confidence in these three instances is P < 0.01. Differences
between any other tumor types for mental changes are not statistically significant.

Considering the seizure phenomena, instead of 3 there are 7 statistically significant
relationships between tumor types, and also the situation is reversed. Statistically
astrocytomas, oligodendrogliomas, taken together or separately, are likely to cause
more seizures of any kind than glioblastoma multiforme. This also holds good for
meningiomas as against glioblastoma multiforme. A combined astrocytoma and
oligodendroglioma group has a higher incidence of seizure than the pituitary group,
and interestingly, more than meningiomas. And meningiomas are apparently more
effective in producing seizures than pituitary tumors, although the latter is a much
smaller sample. Astrocytomas alone are also apt to be ahead of glioblastomas in this
respect. Craniopharyngiomas are too few (10) to be included in the statistical calcula-
tion, though none of them produced seizures. The miscellaneous tumors were too
varied in type for meaningful comparison with other tumors.

One realizes that significant statistical relationship between two variables does not
mean that in individual cases this relationship may be always present or positive.
That is, it is possible there may be no relationship between such cases. For this reason
and in recognition of the complexity of factors in cerebral physiology it may be worth-
while to investigate what role increased intracranial pressure plays in the production
of the above-mentioned clinical changes.

Again looking at Table I it appears that 59.59%, of the total group had increased
intracranial pressure that is, about the same percentage as those having mental changes
and slightly more than having seizures. Is increased intracranial pressure then re-
sponsible in the main for mental changes and seizure? Is that the common factor?
Intertype calculation does not bear this out. That is to say, there is no statistically

TABLE II

BROAD BRAIN TUMOR LOCATION CATEGORIES AND SEIZURE, MENTAL CHANGE AND INTRACRANIAL PRESSURE

Mental Increased
. hZ:;ae Seizure intracranial
Group Location AZ”"‘ pressure
er
Num- ° Num- ° Num- °
ber % ber % ber %
A Hemispheric 179 102 57.0 99 55.3 107 59.8
B Hemispheric and deep 64 42 65.6 38 59.4 46 71.9
C Deep midline and
paramidline 83 47 56.6 20 24.1 41 49.4
Total 326 191 586 157 481 194 59.5
P A vs. C 0.001 B wvs. C0.01
B ws. C0.001
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TABLE
SEIZURE, MENTAL CHANGE, INCREASED INTRACRANIAL PRESSURE
Frontal (F) Temporal (T) Parietal (P) F-T T-P Motor-P
IICP HHCcP 1ICP 1ICP 1ICP 1ICP
yes no yes no yes no yes no yes no yes no
Seizure 6 8 4 6 6 5 1 0 3 1 3 7
Mental change 14 4 2 2 4 3 3 1 4 2 5 4
Seizure and mental
change 6 7 6 5 3 1 1 0 3 0 3 3
None 4 0 1 0 4 5 0 0 0 o0 3 0
Total 30 19 13 13 17 14 5 1 10 3 14 1
49 26 31 6 13 28
TABLE
SEIZURE, MENTAL CHANGE, INCREASED INTRACRANIAL PRESSURE
Frontal (F) Temporal (T) Parietal (P) F-T T-P Motor-P
HCP HHCP 1ICP 1ICP 1ICP 1ICP
yes no yes no yes no yes no yes no yes no
Seizure - 3 1 3 2 1 0 0 1 2 1 o0 0
Mental change 5 0 3 0 1 0 2 0 2 0 1 0
Seizure and mental
change 8 3 3 1 0 1 0 0 2 0 1 0
None 0 1 1 0 1 1 0 0 1 0 o0 0
Total 16 5 10 3 3 2 2 1 71 2 0
21 13 5 3 8 2
TABLE
SEIZURE, MENTAL CHANGE, INCREASED INTRACRANIAL PRESSURH|
(A4) (E)
Olfactory (B) (C) H (Df hal 3rd ventricle C(F) s
-+ sphenoid Suprasellar Pituitary 1ypolna:. basal orpu.
. invasion X callosumt
meningioma ganglia
HHCP IIcpP 1ICP HHCP HCP 1ICP
yes no yes no yes no yes no yes no yes nop
Seizure 1 2 1 0 1 0 0 0 1 0 0
Mental change 3 5 3 0 0 7 0 1 4 1 1 1
Seizure and mental
change 3 3 0 0 1 0 0 0 2 0 3 0
None 3 0 5 6 0 8 0 0 1 _0_ 0_ __0‘
Total 10 10 9 6 2 15 0o 1 8 5 1
20 15 17 1 9 6
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I
(IICP) IN HEMISPHERIC TUMORS BY LOBAR LOCATION

P-0 Multilobar T-F P-T Total Total
1cp 1ce 1ce 1ce 1cp Num-
ber %
yes no yes no yes no yes no yes no
1 0 2 0 0 1 0 2 26 30 56 31.2
3 0 4 2 1 1 0 0 40 19 59 33.0
2 0 1 0 0 0 0 2 25 18 43 24.1
2 0 2 0 0 0 0 0 16 5 21 11.7
8 0 9 2 1 2 0 4 107 72 179 100.0
8 11 3 4
Iv
(IICP) IN HEMISPHERIC TUMORS WITH DEEP EXTENSION
P-0 Multilobar T-F P-T Total Total
lce cp Hce 1cp 1ce Num- .
yes no yes no yes no yes no yes no ber ¢
0 0 1 1 1 0 0 11 17 26.6
3 0 1 3 0 0 0 0 18 3 21 32.8
0 1 0 1 0 0 0 0 14 7 21 32.8
0 0 0 0 0 0 0 0 3 2 5 7.8
3 1 2 5 1 0 0 0 46 18 64 100.0
4 7 1 0
v
(IICP) IN DEEP MIDLINE AND PARAMIDLINE TUMORS
(G)
Primary (B)+ (D) (C)+ (D) (D)+(E) Total Total
sptical nerve
1ICP 1ICP IICP IICP IIce Num-
%
yes no yes no yes no yes no yes no ber ¢
0 0 0 0 0 0 0 5 2 7 8.4
0 0 0 2 1 0 2 3 14 20 34 41.0
1 0 0 0 (4] (1] 0 0 10 3 13 15.7
2 2 0 1 0 0 1 0 12 17 29 349
3 2 0 31 o 3 3 41 42 83 100.0
5 3 1 6

Epilepsia, 5 (1964) 166-176



172 A. GUVENER, B. K. BAGCHI, K. A. KOOI, H. D. CALHOUN

significant relationship between any two of the tumor types of reasonable number in
regard to increased intracranial pressure (Table I). On the other hand there are, as
mentioned before, ten instances of significant relationship amidst these tumor types
in respect of mental changes and seizure. Also when increased intracranial pressure is
correlated with seizures and mental changes at the same time, disregarding locations
and types of tumors (df=:3), there is no significant relationship between these three
variables.

Can the location of the tumors then as put in three broad categories rather than
the types be responsible for mental change and seizure (see Table II)? There is no
statistically significant relationship between A and B, A and C, and B and C locations
for mental changes. On the other hand, hemispheric tumors (A location) are apt to
produce more seizures than midline and paramidline tumors (C location). That is
also true of hemispheric tumors with deep extension (B location). Both relationships
are highly significant. When the three broad locations are compared in respect to
increased intracranial pressure (Table II) there is no statistically significant relation-
ship between A and B locations, nor between A and C locations but there is a signi-
ficant relationship between B and C locations, B showing more increased intracranial
pressure than C location. When it is recalled that it is the same B and C locations
that are significantly related for seizures (Table II) and that the B location (hemis-
pheric tumors with deep extensions) produces seizures about 2.5 times as much as the
C location (deep midline and paramidline tumors) the suspicion arises that increased
intracranial pressure may have something to do with greater seizure precipitation
in B location than in C location. But this suspicion proves not to be valid when
within the same location category and within the same type the relationship be-
tween increased intracranial pressures and seizure on the one hand and increased pres-
sure and mental changes on the other is statistically investigated (these probability
values are not shown on the Tables). Only the relationship between increased pres-
sure and seizure is significant in the hemispheric tumors (A location) and also in the
midline and paramidline group (C location). It is not significant in the hemispheric
tumor group with deep extension (B location). Nor is there any significant relation-
ship between those variables within each of the three tumor types (glioblastoma mul-
tiforme, astrocytoma, meningioma). Mental changes and increased intracranial pres-
sure are also entirely unrelated either within each tumor type or within each broad lo-
cation group. Influence of other factors including the technical factor of grouping
cannot be ruled out.

Inspection of Tables I1I-V which break down the three broad locations into differ-
ent areas and lobes for seizure, mental change, both seizure and mental change and
increased intracranial pressure reveals a wide range of values of each for such areas.
Some of the values are large and some are small, on which percentages have been
figured but not probabilities.

The types of seizures associated with different areas have been investigated.
Seventy-seven temporal lobe tumors with or without extra-temporal extension pro-
duced only in 14 (18.1%) temporal lobe seizure phenomena, in 20 (26.0%,) grand mal,
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in 10 (13.0%,) mixed grand mal and temporal lobe seizure, in 6 (7.8%,) Jacksonian
and other kinds of “spell” and in 27 (35.1%) no seizure whatsoever. Eighteen tumors
with extensive involvement of three or more lobes have been excluded from con-
sideration.

Out of 231 non-temporal tumors 52 (23.59%) produced grand mal seizures, 28
(12.1%,) sensory or motor Jacksonian seizures, 12 (5.29%) mixed grand mal and
Jacksonian seizures, 5 (2.29%,) temporal lobe seizure, 4 (1.7%,) grand mal and tem-
poral lobe seizure, 11 (4.89%,) undetermined spells and 119 (51.5%,) no seizure whatso-
ever.

In regard to the distribution of seizure types for specific non-temporal areas the
following information is available. Out of 49 frontal tumors (Tablelll), barring motor
area but including premotor area, 13 had grand mal, 1 temporal lobe, 2 grand mal and
temporal, 8 sensory or motor Jacksonian seizure, 3 grand mal and Jacksonian seizures
and 22 no seizures. Out of 31 parietal tumors 10 had Jacksonian, 3 grand mal, 1
Jacksonian and grand mal, 1 undetermined spell and 16 no seizures. Out of 28
motor-parietal tumors 8 had Jacksonian, 4 grand mal, 3 grand mal and Jacksonian,
1 “spell” and 12 no seizures. Qut of 21 frontal tumors with deep extension (Table 1V),
9 had grand mal, 3 grand mal with Jacksonian, 1 “spell””, 1 Jacksonian, 1 temporal
lobe and 6 no seizures. Out of 20 olfactory groove and sphenoid ridge tumors (Table
V) 4 had grand mal, 2 temporal lobe, 1 grand mal and temporal lobe, 2 “spells’ and
11 no geizures. Other locations have too few tumors for specific classification.

DISCUSSION

Of this series of patients with supratentorial tumors 58.6% had mental changes.
Other workers’ figures are: 439,, (Busch, 538 cases), 51.5%, (Soniat, 128 cases),
51% (Schlesinger, 591 cases), 52.1%, (Schutzenberger, 439 cases). There seems to be
ameasure of agreement among workers that mental changes occur in the neighborhood
of 509, of tumors. Higher or lower figures may in part be attributable to the criteria
for mental change and samples used. The mechanism of these mental changes has
been considered differently in the literature. Some think increased intracranial pressure
plays no important part (2), others consider it quite important. The present statistical
calculations do not suggest any effect of it on mental changes for the whole group
divided by type (Table I) though it is intriguing to find that both occur in about the
same proportion (59.5%, and 58.6%,, Table I). Mental changes by our definition, of
course, fall outside of the physiological changes like nausea, vomiting and patients’
reactions to them. On theoretical grounds and considering the literature it would be
difficult to entirely dismiss the effect of increased intracranial pressure. The latter
may not be important as a single major factor but one needs to speculate about its
adjuvant role. For instance, when broad locations are considered it is found that B
location significantly shows more increased pressure than C location (Table II).

It was hoped that divisions of the tumors under three broad and legitimate loca-
tions, regardless of type or increased intracranial pressure, might show that one loca-
tion produced more mental aberrations than another; but statistically that could not
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be proved. Of course, it is a matter of clinical knowledge that often involvement of
hypothalamus, frontal association areas, cingulate gyrus, hippocampus, fornix cause
profound mental and behavior aberrations (24). But fine location subdivisions of
Tables III-V with small numbers do not justify any definite conclusion. However,
there is a tendency for frontal and temporal areas to show more mental changes than
parietal areas as found by others (9, 24, 30). Frontal and temporal areas which have
reasonable numbers of tumors with mental changes regardless of increased intra-
cranial pressure (49 vs. 21 and 26 vs. 13 respectively) are, however, not significantly
different. Other areas of these two tables and Table V have insignificant numbers.

On the contrary, one type of tumor, glioblastoma multiforme, produces mental
changes significantly more than less malignant tumors such as astrocytoma, oli-
godendroglioma or both combined (Table I). This agrees with others’ findings
(4, 30). Rapid growth, edema and disruption of normal circulation, and intra- or
extracellular biochemical changes may be causes.

For seizures in tumors significant correlations are high. Not only does the whole
series show 48.19, occurrence of seizures but there are significant differences in in-
cidences when different types and some broad locations are considered. Our figures
support the literature (1, 6, 10, 14-17, 19, 22, 23, 31) that less malignant or slow-
growing tumors like astrocytoma, oligodendroglioma and meningioma produce more
seizures than the highly malignant glioblastoma multiforme. Also, deep tumors
including pituitary tumors and craniopharyngiomas without extension but excluding
olfactory 'groove and sphenoid ridge tumors are less likely to produce seizures than
hemispheric tumors with or without deep extension. Rare pure frontal lobe tumors
showing “‘temporal lobe” seizure phenomenon may involve uncinate fasciculus
discharge pathways from frontal to temporal to which attention has been called (25).
Only 189, of temporal lobe tumors (77) with or without extra-temporal extension or
increased intracranial pressure produce ‘“‘temporal lobe” seizure phenomena. About
359%, of temporal lobe tumors have no type of seizure whatsoever. Frontal lobe tumors
with or without deep extension and excluding motor-parietal areas produce more
grand mal seizures (30 out of 70) than parietal and parieto-occipital tumors (6 out of
48).
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SUMMARY

Three hundred and twenty-six supratentorial tumors excluding metastatic lesions have
been studied statistically to discover interrelationships between different variables:
patients’ mental changes, seizures, increased intracranial pressure, tumor type, broad
and fine location. Glioblastomas multiformes are more commonly associated with
mental changes and less with seizures than astrocytomas, oligodendrogliomas and
meningiomas. Strategic location of the tumor also plays an important role. Close to

Epilepsia, 5 (1964) 166-176



MENTAL AND SEIZURE MANIFESTATIONS IN RELATION TO BRAIN TUMORS 175

50% of brain tumors produce seizures and mental aberrations. Increased intracranial
pressure per se is not significantly related to the latter; but it is related to seizure
phenomenon only in some locations. Deep midline and paramidline tumors as a
group produce seizures much less than tumors in the hemisphere with or without deep
extension. About one-fourth and one-third of temporal lobe tumors have temporal
lobe seizures or no seizures respectively. One-eighth of parietal and parieto-occipital
tumors and about half of frontal tumors excluding motor-parietal areas produce
grand mal seizures. Individual exceptions need to be considered, also, 46 non-signi-
ficant relationships out of 71 relationships investigated.

RESUME

Trois cent vingt-six tumeurs supratentorielles, parmi lesquelles des lésions métastasi-
ques étaient exclues, ont fait I'objet d’études statistiques envisageant le but de
découvrir des relations mutuelles entre les différentes variables: changements mentaux
des malades, crises, pression intracrinienne augmentée, type de tumeur, localisation
globale et précise. Des glioblastomes multiformes sont plus souvent associés 4 des
changements mentaux et en moindre mesure avec des crises que des astrocytomes,
oligodendrogliomes et méningiomes. La localisation de la tumeur joue aussiun réleim-
portant. Prés de 509 des tumeurs cérébrales provoquent des crises et des aberrations
mentales. Une augmentation de la pression intracrinienne n’est pas en relation, de
fagon significative, avec ces derniers cas; mais elle est 3 rapporter au phénoméne crise
dans certaines localisations. Le groupe des tumeurs médianes et paramédianes
produit bien moins de crises que des tumeurs dans’hémisphére avec ou sans extension
en profondeur. A peu prés un quart et un tiers des tumeurs du lobe temporal ont des
crises du lobe temporal ou, respectivement, pas de crises. Un huitiéme des tumeurs
pariétales et pariéto-occipitales et la moitié environ des tumeurs frontales a I’exclusion
de I’ére moto-pariétale provoque des crises de grand mal. Des exceptions individuelles
sont 4 considérer et, de méme, 46 relations non significatives parmi les 71 relations
qui ont été étudiées.
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