CHANGES IN PORTEUS MAZE SCORES OF
BRAIN-OPERATED SCHIZOPHRENICS AFTER
AN EIGHT-YEAR INTERVAL*

By

AARON SMITH, Ph.D.

United States Public Health Service Research Fellow
Oxford University Institute of Experimental Psychology

THE voluminous literature reporting the effects of cortical lesions has shown
contradictory and diverse findings from the earliest studies to the present -
(Franz, 1907; Klebanoff, 1945; Klebanoff, Singer and Wilensky, 1954; Meyer,
1957). Some investigators found no losses in intellectual function regardless of
the locus of the lesion; others, a temporary loss followed by recovery of original
capacity. Still others have reported significant losses following brain damage
in the forebrain or other portions of the central nervous system. But for
investigators in all three categories, what did ‘‘brain damage” consist of ? The
neurologists Brain and Strauss have observed “The study of psychological
problems without an adequate knowledge of the physiology and pathology of
the central nervous system can be likened to the exploration of the uncharted
seas without the aid of a compass; and yet there are many psychologists who
undertake the rash venture” (19585, p. vi). And what of the criteria on which the
conclusions were based? An additional source of ambiguity is indicated by the
fact that the overwhelming majority of conclusions on ‘“‘mental” changes by
psychiatrists and neurologists have generally been based on clinical or subjective
estimates. Measurement, a crucial factor in any study, is of special importance
in studies of brain damage and brain function, although despite a multiplicity
of tests, there are few measures designed with attention to their unique problems.
Tests employed in many psychological studies of brain damage were originally
oriented toward quite different problems and had been carefully developed and
standardized on non-brain damaged populations.

BACKGROUND OF THE PRESENT STUDY

In an effort to control anatomical and psychometric variables, three related
multi-disciplinary projects introduced research design, planned sampling,
experimental controls and standard measurement to the study of effects of brain
surgery. The conclusions of the Columbia-Greystone (CG) I (Mettler (ed.),
1949), the CG II (Mettler (ed.), 1952) and the New York State Brain Research
(NYSBR) projects were unanimous; no ‘“permanent” decrements in intellectual
function resulted from psychosurgery. The present study is based on the results
of re-examinations with the same four psychological tests of the Psychometric
Study section of the NYSBR project after an eight-year interval. In an earlier
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summary of the salient changes in all four tests (Smith and Kinder, 1959), four
factors were identified as determiners of the effects of brain insult on psycho-
logical test performance: length of the interval, site of surgical intervention, age
at the time of operation, and the nature of the measure. Although all four
instruments showed differences between initial and long-term post-operative
effects, the changes in the Porteus Maze scores were unexpectedly definitive and
illustrate the importance of the last factor, the nature of the measure. In addition,
the systematic differences in maze performance between operated groups from
the initial to the eight-year post-operative period best represent the effects of the
other three factors.

PROCEDURE

Administration and scoring procedures of the Porteus Maze duplicated
those reported by the original investigation in order to provide comparable data.
The original Porteus standardized scoring was slightly revised and permitted a
maximum of 19 instead of the 17 provided by the standard procedures. (For a
detailed description of the slight revisions see p. 155 in Mettler (ed.), 1952.)
Differences between pre-operative and eight-year post-operative scores were
tested for significance by analysis of covariance. This statistical technique
(Walker and Lev, 1953) not only provides for initial pre-operative differences
between groups but by comparing the changes between operated and non-
operated patients over the eight-year interval, takes into account long-term
effects that might be due to factors other than the operations (e.g. chronic
schizophrenia, ageing, prolonged hospitalization, etc.).

SUBJECTS

The population (hospitalized chronic schizophrenics) consisted of 50
patients (27 operated and 23 control) still available at Rockland State Hospital
who had been part of the original 68 (44 operated and 24 control) examined in
the original project. Deaths, a small number (7) of discharges, transfers, and
occasional inaccessibility of the patients account for the remaining difference in
the number of the present study compared to the original investigation. All
subjects were schizophrenics with a poor prognosis and had been carefully
screened on the basis of criteria established by several co-operating disciplines.
Controls had been drawn from the same pool of patients satisfying the selection
criteria.

Subjects were separated into a Younger group—mean age as of 1 March,
1957, 42 years, range 36-48; and an Older group—mean age as of 1 March,
1957, 59 years, range 54-66. (For a more detailed description of the population,
see Lewis et al. (eds.), 1956).

THE EXPERIMENTAL FACTOR (TOPECTOMY): AREAS EXCISED

Based on the results of two earlier related psychosurgical projects.
Columbia-Greystone I (CG I) (Mettler (ed.), 1949) and Columbia-Greystone 11
(CG 1I) (Mettler (ed.), 1952), only a single operative procedure, topectomy, was
employed in the New York State Brain Research (NYSBR) Project. Two types
of cortical ablation were carried out. In an orbital topectomy, Brodmann areas
11 (sometimes including portions of 47), 10, and Walker’s area 13 were bilater-
ally excised. In a superior topectomy, Brodmann areas 9 (sometimes including
portions of 10), 8, and 32 were bilaterally excised. More simply stated, a block
of cortical tissue about the size of a half crown (or half dollar) and the thickness
of 2 cm. was removed from either the lower (orbital) or upper (superior) portions
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of the forebrain. Based on the practices of Pool (Ch. 2, Lewis e al., 1956) the
amount of cortical tissue to be removed was standardized at 30 to 35 grams from
each hemisphere. For the reader not familiar with the uncontrolled aspects of
brain operations, Mettler (1949) has detailed numerous complicating factors
which should be taken into account in assessing the neuro-anatomical variables.
However, in contrast to the “blind” lobotomy procedures, topectomy employed
an “open” surgical technique which exposed the cortex and permitted more
careful definition and identification of the areas and amounts excised.

ORIGINAL AND RELATED FINDINGS

Many investigators had found that generally accepted tests such as the
Wechsler-Bellevue, Stanford-Binet and Rorschach revealed no marked post-
operative changes. In contrast to the negative findings with these instruments,
shortly following operations, scores on the Porteus Maze test revealed markedly
poorer performance in numerous investigations (Klebanoff, Singer and
Wilensky, 1954). In a review of recent maze studies, Porteus (1959) called atten-
tion to early deficits in the Porteus Maze scores after operation in the CG I,
CG II and NYSBR projects. However, because of apparent increments in tests
administered after longer post-operative intervals, the reports unanimously
concluded that early post-operative losses in maze performance were temporary.
In the CG I project, scores had steadily increased in four post-operative adminis-
trations until the score of the operated group on the last test (administered one
year after surgery) exceeded the pre-operative level by approximately the same
amount shown by the controls. In the CG II project, scores increased in two
tests administered 10 and 90 days post-operatively. In the NYSBR project,
decrements in single post-operative tests of different groups became smaller as
the interval was increased from 10 to 30 to 90 days following surgery. Thus, while
initial post-operative losses were found in each of the three studies, the reports
unanimously concluded that early decrements were temporary and followed by
subsequent recovery. Studies of lobotomy cases by Porteus (1944), Porteus and
Kepner (1944), Porteus and Peters (1947) and others had also found a similar
“‘drop and rise” pattern. Hence, it was not unreasonable for Landis to conclude
at the third Psychosurgery Conference (1951) that all losses in the three related
projects were temporary. However, Petrie (1949), Greenblatt, Arnot, Poppen
and Chapman (1947), Porteus and Peters (1947) and Crown (1951) reported
decrements with other populations after intervals of up to one year following
operations. These contradictory results of investigations of apparently similar
populations with the same psychological test reflect the paradoxical findings
reported in the current literature in psychology, neurology, psychiatry and other
disciplines studying the effects of “‘brain damage”. Re-examinations of the
patients of the NYSBR project after an 8-year interval afforded unique
opportunities to compare short and long-term effects of surgery on a population
of “‘brain-damaged” subjects that had been carefully differentiated on the basis
of site and age.

RESULTS
Table I presents the means of the two pre-operative and single initial post-
operative tests (administered either 10, 30 or 90 days following surgery) under
Columns I, IT and III, and the results 8 years later under Column IV. The
careful definition of neuro-anatomical variables in the original study, i.e. the
differentiation of operated patients into subjects with orbital (lower) excisions
and superior (upper) excisions in the forebrain permitted comparisons of a
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TaABLE 1
Porteus Maze: Means and Standard Deviations
Preoperative, Initial and 8-year Postoperative Scores

I I I v Iand IV
Pre- Pre- Post-  8-year Post-

Groups N operative 1 operative 2 operative 1 operative  Difference (a)
Superiors 17 13-88 14-74 11-69 10-00 —3-88* (16)
sS.D. .. .. 3-19 3-58 3-19 3-89
Younger .12 14-67 15-54 12-59 10-58 —4-09* (1D
S.D. .. .. 2-79 3-23 3-21 4-30
Older .. .. 5 12-00 12-80 9-70 8-60 —3-40 (5)
sD. .. .. 3-62 3-98 2:31 2-49
Orbitals . . .. 10 8-65 11-55 8-28 8-45 —0-20 A3)
S.D. .. .. 3-76 4-65 3-73 3-12
Younger o017 6-93 9-7 6-57 7-57 0-64 (¢)]
S.D. .. .. 2-19 4-15 1-51 3-09
Older .. .. 3 12-67 15-83 14-25 10-50 -2-17 (03]
SD. .. .. 3-82 2-52 2-47 2-50
Controls .. 23 10-87 11-89 12-59 10-22 —0-65 (12
S.D. .. .. 4-61 4-92 4-35 4-29
Younger .12 9-79 10-21 11-13 9-33 —0-46 @
S.D. .. .. 4-44 4-92 5-15 4-94
Older .. ..o 1 12-05 13-73 14-06 11-18 —0-87 )
S.D. .. .. 3-93 4-41 3-00 3-42

(a) Number of subjects showing losses in first pre-operative and 8-year post-operative

score comparisons.
* Significant at the -05 level.

population that must otherwise have been lumped together as “‘brain operated”,
or “frontal lobe cases”. Further differentiation of the population on the basis
of chronological age at the time of operation provided an opportunity to study
interactions of the effects of the site of operation with the age factor. The
availability of pre-operative and initial post-operative maze scores afforded
data for comparisons with the results eight years later. Thus, the differences in
the effects of interaction of three factors: length of the post-operative interval,
site of operation and age at time of surgery, are reflected in comparisons of
changes for each operated subgroup for short and long-term post-operative
tests. Although Porteus (1959) has pointed out that it is impossible to equate
non-operated (control) subjects with the experimental (operated) group “in such
factors as rate of ageing processes”, the controls had been carefully matched on
a large array of variables including age, education, length of illness and others
described elsewhere (Lewis et al., 1956).

The most striking difference in the effect of the interval may be observed
in comparisons of its interaction with the site factor. Shortly following surgery,
both major operated groups, Superiors and Orbitals, showed marked decrements
below the pre-operative levels (see columns I, II and III). In view of the expected
increment as a function of practice effect (shown by the controls), the magnitude
of the operated losses presumably exceeded the absolute differences between
pre-operative and initial post-operative scores. The initial losses for both
operated groups were approximately equal.

Eight years later, however, the mean score of the Superiors (17) decreased
still further, whereas the means of the Orbitals (10) and controls (23) were
approximately the same as the pre-operative level. The eight-year post-operative
loss by the Superiors, 3-88 below the pre-operative level (see Difference I and
IV column) when compared to a loss of 065 for the controls, was statistically
significant at the -05 level by analysis of covariance. In a direct comparison of
the two operated groups, the difference between the Superiors and Orbitals was
non-significant. Further definition of the significance of the difference in mean
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scores may be observed by comparisons of the number of subjects in each group
whose eight-year post-operative scores declined below their pre-operative level
(see Table I, Column IV under (@)). The eight-year post-operative scores of 16
of the 17 subjects (94 per cent.) with superior topectomy declined below their
first pre-operative score, the score of the 17th remaining unchanged. Of the 10
subjects with orbital topectomy, only 3 showed losses (30 per cent.), 5 gained and
2 remained unchanged. Of the 23 controls, 12 declined (52 per cent.) and 11
gained.

It is clear from these data that the two operative procedures differ markedly
in long-term effects, although these differences were not readily apparent
shortly following operation when both operated groups showed losses. The
Superiors showed a loss shortly following surgery and, eight years later, a
second loss further below the pre-operative level. Scores of the Orbitals, on the
other hand, though declining shortly following operation, showed complete
recovery eight years later and, like those of the controls, differed only slightly
from their pre-operative level. Thus, for “brain-damaged” subjects with lesions
in the superior or upper regions . of the forebrain, the gradient of successive
losses between short and long-term scores sharply contradicts the frequently
reported findings of a “temporary” loss and a “‘drop and rise” pattern.

Analysis of interactions of the age factor with site of operation and interval
revealed that superior topectomy affected both younger and older subjects in
the same way; both age categories showed the same pattern: losses in the initial
and eight-year post-operative tests. The long-term effects of orbital topectomy,
however, differed for younger and older subjects. Immediately following psycho-
surgery, both older and younger orbitals showed losses (Column III). However,
eight years later (Column 1IV), the mean score of the younger orbitals was
slightly above the first pre-operative level. In contrast, after an eight-year
interval, the older orbitals, unlike the younger orbitals, and like the subjects with
superior topectomy, showed a second loss. Compared to a decrement of 0-87
by the older controls (Diff. I and IV), the older orbitals showed a mean loss
of 2-17 below the pre-operative level. In view of the small number of older
orbitals (3), this finding can hardly be considered definitive. However, the pattern
of successive decrements is supported by similar decrements in four additional
measures (Vocabulary, Object Assembly, Weigl Sorting and revised Capps
Homograph). For all five measures, the pre-operative eight-year post-operative
losses were considerably greater than those of the older controls. Since, in
addition to the marked similarity in pattern to those of the younger and older
superiors, this finding is logically consistent with clinical neurological and other
psychological studies cited below, it is probable that the losses of the older
orbitals have not been due simply to age or chronic schizophrenia.

Thus, in a population of brain-operated subjects which could be differ-
entiated into four subgroups, three (the younger superiors, older superiors and
older orbitals) did not show a “‘transient” loss in Porteus Maze followed by
recovery. Instead of the “‘drop and rise” pattern, comparison of pre-operative,
initial post-operative and eight-year post-operative scores showed a gradient of
increasing losses, or a “‘drop and drop” pattern. Only a single operated group,
the younger orbitals, showed recovery of initial post-operative losses or the
“drop and rise” pattern so frequently reported in studies with shorter post-
operative intervals.

This finding was not confined to the Porteus Maze results. Statistically
significant losses by operated groups when compared to appropriate controls
were reported in a total of 8 of 14 measures (Smith and Kinder, 1959). However,
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the greater sensitivity and discriminating capacity of the Porteus Maze when
compared to the seven other individual measures showing statistically significant
decrements is clearly shown by the losses of 16 of the 17 subjects with superior
topectomy. (Landis has suggested that the 17th, whose pre-operative and eight-
year post-operative scores were unchanged, might have shown a loss if the test
ceiling were higher, since his scores approached the maximum on both
occasions.)

DiscussioN

The four psychological tests provided 18 different measures: 14 individual
test scores consisting of the 11 Wechsler-Bellevue subtests, the Weigl Sorting,
revised Capps Homograph, and Porteus Maze tests; and four aggregate
measures consisting of three 1.Q.s (Verbal, Performance and Full Scale) and a
composite score derived from the sum of the standard scores of the 11 subtests,
the Porteus Maze and revised Capps Homograph. Except for the Weigl, which
revealed marked long-term loss in shifting capacity by both operated and control
groups, the results consistently showed statistically significant losses which had
not been present shortly after operations. Although the Porteus Maze was most
subject to practice effects, the maze scores provided the best illustration of the
importance of differentiating the effects of four factors in efforts to assess the
effects of brain insult: length of the post-trauma interval, specific site of tissue
initially destroyed, age at the time of brain injury, and the nature of the measure
employed.

INTERVAL

It is obvious that the results of any examination are time limited. The maze
scores in the present study consisted of the means of two pre-operative tests, one
initial post-operative test and one re-examination after an eight-year post-
operative interval. The first three tests were administered within the space of one
year. Since, as the first three scores of the controls show, this version of the
Maze is particularly susceptible to practice effects, the initial post-operative loss
of all four operated groups was presumably greater than the drop below their
pre-operative levels. Although noting a reduced capacity to benefit from practice
for the Superiors, Sheer, the original investigator, observed that the losses of the
operated groups tended to decrease as the post-operative interval increased
from 10 to 30 to 90 days. Since other measures failed to show marked initial
losses, interpretation of a “‘drop and rise” pattern with the limited available data
was logical and in accord with the results of the two earlier CG studies.

However, clinical and neurological studies have increasingly demonstrated
that the structural and functional sequelae of brain injury vary considerably
with the passage of time. Based on extensive studies of World War I cases,
von Monakow and Mourgue (1928) differentiated between ‘‘symptomes
temporaires” and ‘“‘symptomes residuels”. Von Monakow attributed initial
temporary symptoms to ‘‘diaschisis”’, a dynamic distance effect in which the
suspension of function radiated beyond the boundaries of the lesion to distant
functionally related parts of the brain even though these had not been primarily
injured. Residual symptoms were those ascribed to secondary neuro-anatomical
degeneration. Independent studies of large numbers of World War I cases by
Head (1926) and Goldstein (1939), confirmed these findings. Head called atten-
tion to the constant changes in disorders of function and pointed out that to con-
sider clinical manifestations at any given moment as permanent and directly
associated with anatomical changes in a restricted part of the brain was a
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fundamental error. Head attributed restoration of function to three factors:
recovery from pathological processes of a grossly organic nature, the diminution
of diaschisis, and the gradual assumption at a latter stage of compensatory
powers by uninjured portions of the brain. The numerous and extensive studies
of Russell (1934, 1939, 1945, 1951, 1954) in addition to providing further
evidence of the effects of diaschisis, emphasized the importance of the time
factor. In numerous follow-up studies of thousands of World War II casualties
and other neurological patients over periods of several years, Russell noted both
the gradual disappearance of initial post-trauma symptoms, and in many cases,
sometimes 5 or more years later, the emergence of new symptoms.

The unique opportunities for neuro-anatomical studies of leucotomized
cerebra showed that time was also a determiner of structural changes follow-
ing surgical lesions restricted to the forebrain. Yakovlev (1953, 1954a, 1954b)
found that the amount of neuro-anatomical degeneration in patients who sur-
vived from 2 weeks to 4} years increased with time; the longer the survival,
the greater the degeneration.

Analysis of short and long-term effects of operation on maze scores is
complicated by practice effects. Porteus (1959) reported a gain of about 2 years
in test age after an interval of 4} years ‘‘as a result of practice’ in a non-hospital
population (criminals). Although the controls in the present study are younger
and older chronic schizophrenics hospitalized for not less than 10 years, their
scores after an eight-year interval are practically unchanged from the pre-
operative levels. It is therefore not unreasonable to assume that practice effects
in the present study have affected scores after an eight-year interval only
slightly, if at all. However, practice effect within the 9-month interval of the
original study is evident in the two successive gains of the controls (Columns I,
II and III). If we assume that the initial post-operative scores of the operated
groups are inflated by practice gains equivalent to those shown by the controls,
there appears to be no difference between initial and long-term losses of the
Superiors. How can we be sure, then, that the long-term losses were not actually
present to the same degree shortly following surgery and during the eight-year
interval? We cannot. However, analyses of the available data for evidence of
differences in interaction of both site and age point to systematic changes in the
gradual evolution of long-term effects for all four operated groups.

Since practice effects are obviously related to the length of the interval
between tests, we may reasonably assume that the practice gains after a 10-day
interval should be higher than those for a 30-day interval and least for the 90-day
interval. Thus scores of operated groups retested 10 days after operation may
be expected to include higher practice gains (and should therefore show less of a
drop below the pre-operative levels) than scores after a 30-day interval; and the
scores after a 90-day interval should show the smallest practice gains (or the
greatest drop below the pre-operative levels). However, the initial post-operative
losses showed exactly the opposite pattern; the losses decreased as the post-
operative interval increased from 10 to 30 to 90 days. This suggests that for all
operated groups, the initial effects of operation, whether due to diaschisis or
operative shock, gradually diminish within a limited period following surgery.
The recovery of the pre-operative level by the younger orbitals after an eight-
year interval indicates that as the initial effects of operation wear off, there is a
slow but gradual restoration of function. For younger and older superiors and
older orbitals, however, the data suggest that with the gradual diminution of
the effects of diaschisis or operative shock, there is a slight recovery of part of
the decrement, followed by later increasing losses as secondary degeneration
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spreads. In the absence of pathological anatomy for the subjects in the present
study, this suggested rationale for the pattern of post-operative changes may be
gratuitous. However, in several other measures less susceptible to practice
effects, the patterns of post-operative changes for all four groups showed a
high consistency. Statistically significant losses, which had not been present
shortly after operations, were observed in several measures for the younger and
older superiors and older orbitals in comparisons of pre-operative and eight-
year post-operative scores (Smith and Kinder, 1959). The younger orbitals, how-
ever, did not show a single statistically significant long-term loss. Further
evidence in support of the suggested rationale for the systematic changes in
post-operative scores is afforded by the striking consonance with neurological
findings in comparisons of the factors of specific site and age.

SPECIFIC SITE

One of the factors differentiating the unquestionably “brain-damaged”
population of the present study was the surgical definition of the brain insult.
By removal of approximately the same amount of tissue from each hemisphere
in open standardized topectomy procedure, comparisons of the effects of two
different ablations provided evidence of possible differences in effects on
psychological tests as a function of the specific areas removed. Despite the
gradual accumulation of consistent and definitive findings of marked differences
in effects of brain injury as a function of the specific site of injury in human
subjects, many investigations adhere to Lashley’s concept of equipotentiality,
which was based on studies with rats.

The results of the present study show clearly that destruction in the superior
portion of the forebrain results in greater losses than destruction of the same
amount of tissue in the orbital region. These results are in accord with findings
of other psychological studies cited by Porteus (1955), Petrie (1952), Crown
(1951), Penfield (1948) and Malmo (1947). Although the studies cited were based
on changes within a limited post-operative interval, and data for long-term
effects are lacking, they are consistent with the results of clinical and neurological
studies.

Brain and Strauss (1954) found the exact plane of cortical incision in
leucotomy as being of “‘the greatest importance, If it is too anterior, the effects
of operation will be small; if it is made too far posteriorly, the effects will be
profound, amounting in extreme cases to the organic-reaction type of psychosis
and dementia” (p. 24). Pool, who introduced topectomy, later (1951) reported
similar findings; “deleterious effects” followed more posterior ablations
“probably due to the additional quantity of brain function thereby dis-
connected”. Le Beau (1952, 1954) reported that destruction of the posterior
portion of Brodmann area 9 and areas 8 and 6 resulted in loss in intelligence
while ablations of more rostral areas did not.

In a review of temporal lobe studies. Milner (1954) called attention to
similar differences in effects on menta Jperformances as a function of the specific
areas destroyed in the temporal lobes. (It is interesting to note that in one of the
studies cited, Weisenberg and McBride (1935), the Porteus Maze, compared to
other measures, ‘“‘notably” differentiated the experimental group from the
controls.) Two of the many excellent features of Milner’s review were the careful
consideration of differences in the anatomical character of brain tissue destroyed
and variations in neuro-anatomical degeneration as possibly significant factors
related to psychological sequelae of temporal lobe lesions.
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The previously cited neuro-anatomical studies by Yakovlev (1953, 1954a,
1954b) in addition to demonstrating a positive correlation between survival
time and the amount of secondary degeneration, also provide a logical rationale
for the differences in long-term effects between orbital and superior topectomy
in the present study. More marked and sometimes “massive” degeneration was
found in the cerebra of leucotomized patients with posterior cuts compared to
little degeneration for more anterior lesions.

These consonant findings not only contradict the theory of equi-
potentiality in the human brain; they clearly differentiate areas within the larger
structures, the frontal lobes and the temporal lobes. Thus, the equation of
patients with a variety of lesions under such classifications as “brain-damaged”
or “frontal lobe cases”, ‘‘temporal lobe wounds”, etc., introduces ambiguities
owing to the lack of differentiation and implied equipotentiality of areas within
more or less arbitrarily defined larger structures in the brain. The neuro-
anatomical studies of lobotomized subjects (Meyer, Beck and McLardy, 1947;
Eie, 1954; Le Beau, 1951) have consistently shown a considerable difference
between what the surgeon thought he cut and what he actually did cut. The
possible variations in specific site of leucotomy lesions may therefore constitute
a basis for reconciling the apparently contradictory findings of psychological
studies of the effects of leucotomy.

AGE

The careful selection of two different age groups (with a 17-year difference
in mean ages and no overlapping of ranges) equated for symptoms, length of
hospitalization, minimal education, and site of surgical intervention afforded a
unique opportunity to study the effects of interaction of the first two factors,
length of post-operative interval and specific site, on a third factor, age. The
evidence of previous psychological studies of this last factor is understandably
meagre. Swartzlander (1952) reported that losses in 19 lobotomized subjects
occurred more frequently in subjects over 30. Frank (1946) found similar losses
after one year only in leucotomized patients over 55. Lashley (1938) cited
numerous animal studies showing the importance of age as a factor limiting
recovery of function following brain injury.

In view of the small number of older subjects in the present study, the
findings can hardly be considered definitive. However, the greater losses of
older operated subjects after an eight-year interval show an internal as well as
external logical consistency. The ‘“‘drop and drop” pattern of the older orbitals,
clearly shown in the maze scores for the two post-operative tests, was also
shown in other measures which were not markedly affected shortly following
surgery. Externally, the results in psychological test performances are in accord
with the findings of neurological studies by Meyer (1949) and Le Beau (1951).
The cerebra of older operated subjects showed more marked degeneration than
those of younger operated subjects. After extensive follow-up studies of large
numbers of brain-injured cases previously referred to, Russell reported a
positive correlation between age and post-trauma symptoms including loss of
memory or mental ability and concluded that age of the patient was the most
important single factor determining the sequelae of head injury. Age was also
cited as one of the first factors determining the effects of diaschisis by von
Monakow and Mourgue (1928). A moment’s consideration will show that
findings of greater loss in older brain-injured subjects are not remarkable.
Cajal (1928) has described in detail the ‘“‘exquisite” sensitivity and more marked
vulnerability of nervous tissue when compared to other histological elements.

https://doi.org/10.1192/bjp.106.444.967 Published online by Cambridge University Press


https://doi.org/10.1192/bjp.106.444.967

976 CHANGES IN PORTEUS MAZE SCORES [July

Since the effects of age on other human tissues are readily observed in arterio-
sclerosis (and the critical role of the vascular supply in the brain should not be
overlooked), the more pronounced effect of lesions on older cerebra should
not be surprising.

In view, therefore, of the supporting neurological and clinical evidence, the
meagre data of changes in the Porteus Maze and other measures for a few
subjects should not be discarded. Additional data for other comparable brain-
operated subjects are required before this finding of the present study can be
properly assayed.

NATURE OF THE MEASURE

The Porteus Maze was one of the four psychological tests (selected from
approximately 100 considered for the CG I study) that were employed in all
three related projects. Of the 14 individual and four aggregate measures afforded
by these four instruments, it was the most sensitive indicator of early and long
term post-operative changes. Several individual measures, 1.Q.s and Wechsler
Deterioration Indices failed to reveal marked post-operative changes. The
systematic post-operative changes (i.e. increasing losses by three operated
groups and recovery of initial post-operative decrement by the fourth) were best
reflected by the successive maze scores. For the group showing the most marked
losses, the 17 Superiors, 16 showed long-term decrements, the score of the 17th
remaining unchanged. A possible explanation for the differential sensitivity is
that Maze performance requires selective capacities that are vulnerable to brain
insult. The Porteus Maze Test (1914) is one of the oldest psychological instru-
ments in use today, but despite numerous studies, external validation has not
been achieved. The precise dimensions measured by the test cannot be un-
equivocably defined. However, its sensitivity to initial changes following brain
insult has been abundantly demonstrated in numerous other studies of brain
insult where other measures were only slightly, if at all discriminating. Further
analytic study of the numerous complex physiological, psychomotor and
psychological elements involved in maze performance—i.e. vision, perceptual
field organization, psychomotor co-ordination, attention, selection of a response
in a choice situation, impulsiveness, planning, immediate memory, learning
rates, etc., may contribute to the isolation and identification of the nature of
the specific components that are affected by brain insult.

The definition of four factors cited above are limited to the present study
and its unique population. However, the unusual. consonance of systematic
changes in maze scores with the findings of independent neurological and
clinical studies suggest that the results may be a psychological analogue for
similar structural and behavioural changes observed by investigators in other
disciplines. In addition to these four factors, the systematic differences
between initial and long-term effects of operation are logically consistent
with the effects of diaschisis, and differences between initial and residual
symptoms observed by von Monakow, Head, Goldstein and Russell cited
above.

These findings suggest that the paradoxical and contradictory conclusions
of many studies of apparently similar populations of ‘‘brain-damaged” subjects
with the same psychological instruments may be reconciled if the four factors
can be taken into account.
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SUMMARY

1. Eight years after the New York State Brain Research project, 27
operated and 23 non-operated hospitalized chronic schizophrenics, of an
original population of 44 operated and 24 non-operated subjects, were re-
examined with the Porteus Maze, the Wechsler-Bellevue I, revised Capps
Homograph and Weigl Sorting Test. Analysis of the results of the Porteus
Maze, which best represented the salient changes with all measures, showed
systematic differences between initial and long-term post-operative effects.

2. In contrast to conclusions of a ‘“‘drop and rise” pattern and ‘“‘no
permanent deficits” in intellectual functions by the original and two related
Columbia-Greystone studies, scores eight years later showed statistically
significant losses for operated groups in the Porteus Maze and seven other of
the 14 individual measures.

3. Changes between initial and eight-year post-operative effects were
related to four factors (a) length of the post-operative interval, (b) specific
site of surgical intervention, (c) age of the subject at time of operation, and
(d) nature of the measure, Of the four operated groups, only younger
subjects with orbital topectomy failed to show successive post-operative
losses.

4. The pattern of increasing decrements in psychological test scores is
consonant with findings of increasing neurological degeneration reported
in studies of cerebra of other subjects with psychosurgical lesions. The
rate and amount of degeneration were found to be positively correlated
with the factors of length of post-operative interval, site of surgical inter-
vention (posterior lesions result in greater degeneration than anterior
lesions) and age of the subject at the time of operation. This consonance
suggests that changes in test scores may be the psychological analogue for
neuro-anatomical changes due to later secondary degeneration.

5. Differences in long-term effects of excisions of lower (orbital) and
upper (superior) portions in the forebrain contradict the theory of equi-
potentiality of areas in the “frontal lobes”.

6. Comparisons of early and later post-operative effects on older and
younger subjects with orbital or superior topectomy clearly illustrate the
complex and dynamic temporal nature of the effects of ‘“brain-damage”.
The effects of diaschisis or post-operative shock and the influence of the four
factors cited in (3) above indicate that the reliability and validity of findings
of any study are limited to its particular post-trauma time span. Results
obtained shortly following brain insult are least reliable. The diverse and
contradictory conclusions of many studies of apparently similar ‘“brain-
damaged” populations may conceivably be reconciled when the above factors
are taken into account.
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