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What happens in the leucotomised brain? A post-
mortem morphological study of brains from
schizophrenic patients
BENTE PAKKENBERG

From the Neurologic Research Laboratory, University Hospital ofHvidovre, Copenhagen, Denmark

SUMMARY Volume measurements were carried out on 19 brains from leucotomised schizophrenic
patients and 20 age- and sex-matched controls using a stereological method. The volume of the total
fixed brain, hemispheres, cortex, white matter, and central grey matter were all significantly reduced
compared with controls. White matter and central grey structures were significantly reduced
compared with a group ofnon-leucotomised schizophrenic brains. No difference was found in the size
of the lesions in patients who improved compared with the patients who remained unchanged and the
outcome was unrelated to lesional asymmetry. Morphometric measurements were correlated to a
number of clinical parameters.

Psychosurgery has been performed since the late 19th
century' and was inspired by the favourable results of
Moniz2 with frontal leucotomy having its heyday in
the 1940s. The following years prefrontal leucotomy
was performed on a great number of patients. Tooth
and Newton3 have reviewed over 10 000 cases who had
been operated on in Great Britain in the decade
following 1942. Some two-thirds of the patients were
schizophrenic and about one-quarter had affective
disorders. Of the schizophrenics 18% showed signs of
improvement while as many as 50% of those with
affective disorders improved considerably or
recovered. The death rate was 0 3%

Critical follow-up investigations in the 1950s45
described the so-called post-lobotomy syndrome and
the active antipsychotic drugs (such as chlor-
promazine) were introduced in the treatment of
chronic schizophrenia. This caused a large reduction
in the number of frontal leucotomies in the following
years. Very few follow-ups have been published regar-
ding post-mortem changes in the leucotomised
brains,6 and modem morphometric methods have not
been applied.

It was considered of interest to evaluate the post-
mortem consequences of destruction of areas in
human brains. With a new stereological method it is
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possible to estimate the total volume of the hemi-
spheres, cortex, white matter, central grey structures
and ventricles and include the size of the leucotomy
lesions. Care was taken to correlate structural changes
after leucotomy with clinical parameters.

Material

From a collection containing 52 brains from patients with
chronic schizophrenia 19 brains from schizophrenic patients
on whom a leucotomy had been performed were matched by
age and sex with 20 control brains obtained from three
pathologic departments in Copenhagen. The schizophrenic
brains were collected from two psychiatric hospitals of
chronic patients over a period of 12 years (1972-1984). The
diagnoses were given according to ICD-9 and fulfilled the
criteria of DSM-III.7 The brains had been removed within 72
hours ofdeath vnd stored from 1973-85 in 10% formalin for
at least five months to ensure a stable volume.8 Exclusion
criteria were strokes or tumours in the CNS, and alcohol or
drug abuse. Patients with malignant disease (cases No 10, 15
and 18) had no direct or indirect involvement of the brain.
Patients who had been comatose for more than 24 hours
prior to death were also excluded. Furthermore, any record
of dementia or death from cancer led to exclusion of control
brains. Table I shows diagnosis, age at first admission,
number of years as psychiatric in-patients, treatment, and
development ofdyskinesia (ifany); 12 had developed dyskin-
esia, 11 being oral dyskinesia, and 10 patients had had such
additional symptoms as hyperkinesias of the head, body or
extremities and/or tremor of the hands. The symptoms had
appeared from 3-19 years after the start of treatment. All
patients had received high doses of the neuroleptic group of
drugs.

Seven patients had seven first-degree and two second-
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Table 1 Details of the patients

Treatment Time
from
treatment

Time in No of start to
Age atfirst psychiatric insulin- Neuroloptics dyskinesia

Sex Age Diagnosis admission ward (yr) No ofECT coma (yr) Dyskinesia (yr)

I F 72 Schizophrenia katatonica 38 34 38 93 11 -
2 M 74 Schizophrenia katatonica 24 49 - - 14 -
3 F 78 Schizophrenia paranoides 36 41 39 50 20 BLM + extremities 5
4 M 71 Schizophrenia simplex 23 46 37 - 17 BLM + body 5
5 F 69 Schizophrenia katatonica 24 44 9 46 23 -
6 M 73 Schizophrenia paranoides 32 42 - 58 5 BLM 4
7 F 75 Schizophrenia simplex 28 46 16 12 23 BLM + body + tremor 6
8 F 81 Schizophrenia katatonica 43 36 98 101 23 BLM + body + tremor 9
9 F 73 Schizophrenia hebephrenica 24 48 62 - 26 BLM + body + tremor S
10 M 66 Schizophrenia hebephrenica 17 48 - - 27 BLM 6
11 M 75 Schizophrenia paranoides 14 44 - - 33 BLM + tremor 19
12 F 63 Schizophrenia katatonica 30 22 81 66 21 BLM 16
13 M 83 Schizophrenia paranoides 27 16 20 - 26 -
14 F 71 Schizophrenia paranoides 18 49 30 50 30 BLM + tremor 6
15 F 71 Schizophrenia paranoides 34 33 - 64 13 BLM + tremor 3
16 F 73 Schizophrenia paranoides 43 28 138 49 17 BLM + extremities 5
17 M 58 Schizophrenia paranoides 20 37 7 - 14 -

18 M 71 Schizophrenia paranoides 30 41 - 43 14 -
19 M 78 Schizophrenia paranoides 26 33 - - 17 Tremor + body + 3

extremities
72-4 28-0 (14.43) 38-8 (16-49) 47 9 (7 138) 19-7 (5 30)

degree relatives who were schizophrenic; three patients had re-operation because of decreasing or lack of effect from the
six second-degree relatives with schizophrenia; one patient first operation, two of the operations included bilateral
had an alcoholic father; two patients had manic-depressive amygdalotomy. Table 4 shows the general parameters of the
uncles; one patient had a son who became mentally disturbed controls.
and later committed suicide. To evaluate the effect of leucotomy on the components of

Table 2 shows general information of the patients, the the brain a comparison was made between the 19 schizo-
causes of death and factor of first-degree inheritance; The phrenic leucotomised patients and a group of 26 chronic
fixation time of the schizophrenic brains is on average six schizophrenic patients without leucotomy from the original
times as long as that of controls which is relatively unimpor- brain collection of 52 brains. These patients (14 males and 12
tant, since a stable volume has been established after five females) had an average age of 73-3 years, an age at first
months of fixation.8 admission of 32-2 years, had spent an average of 33-2 years in

Table 3 gives details of the leucotomies. All patients had a psychiatric hospital and were treated with neuroleptic drugs
undergone bilateral frontal leucotomy; seven had had a for an average of 17 years. Information concerning all data of

Table 2 Height and weight ofpatients, details of thefixed brains

Total weight Time Timefrom
Case Height Weight offix. brain death/fix. Fix. time terminal illness Factor of
No (cm) (kg) (g) (24 hours) (months) to death Cause ofdeath inheritance

1 164 48-3 1060 1 118 Days Bronchopneumonia
2 166 72-5 1010 2 120 Hours Coronary occlusion
3 162 44-4 1100 2 108 Days Bronchopneumonia
4 175 83-0 1280 2 75 Hours Cardiac failure x
5 163 49 0 990 2 72 Days Bronchopneumonia
6 169 82-4 1220 3 57 Days Bronchopneumonia
7 162 60-8 1080 3 46 Hours Cardiac failure
8 161 53 0 1090 2 26 Min Pulmonary embolism
9 171 415 1130 3 60 Days Bronchopneumonia x
10 165 79-2 1135 3 20 Months Cancer of the bladder
11 165 42-5 1144 2 5 Months Chronic bronchitis x
12 169 54 9 1335 3 72 Days Bronchopneumonia
13 175 70 5 1190 1 11 Days Bronchopneumonia x
14 163 59-4 1305 2 9 Min Coronary occlusion
15 155 60-5 970 2 168 Months Ovaric cancer x
16 159 51.1 940 1 168 Days Bronchopneumonia
17 171 98-8 1090 1 70 Min Pulmonary embolism x
18 163 72-5 1116 2 146 Months Hodgkin's disease x
19 190 75-0 1416 2 50 Min Pulmonary embolism

166-7 63-1 1137 73-8
(155-190) (41-5-98-8) (940-1416) (5-168)
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Table 3 Details of the leucotomies

Timefrom Size of Size of
leucotomy Bilateral Volume of lesion (ml) lesion (ml)

Case Age at to death basofrontal defect left lobus right lobus Dementl
No leucotomy (yr) leucotomy Relob (% ofbrain) frontalis frontalis Effect Epilepsy autistic

1 47 25 + + 3-89 16-8 16 8 I + Aut
2 53 21 + - 4-08 15 7 15-7 A + Dement
3 48 30 + - 151 5 8 6-8 I - Aut
4 41 30 + + 7-47 42-6 44-8 U + Dement
5 58 11 + - 544 22-7 20 5 U + Dement
6 40 33 + - 056 0-6 3 5 I - -
7 50 25 + - 7-62 32-7 35 1 W + -
8 48 33 + + + 6-86 32-9 31-2 I + Aut

+ Amygdalotomi
9 40 33 + + 1-78 8-2 7 9 U - -
10 33 33 + - 2-21 9-8 7-8 I - Dement
11 44 31 + - 560 20-2 30-6 I - -
12 39 24 + - 093 1-7 8 5 U - -
13 53 30 + - 1-46 6-7 7-8 U - Dement
14 37 34 + - 1-13 5 7 5-9 U - Dement
15 47 24 + + 601 20-1 252 U - Dement
16 52 21 + +Amygdalotomi + 1-65 8 5 4-6 U -

17 29 29 + - 064 3-1 25 U - Dement
18 49 22 + - 2-67 8-8 13-4 A + Dement
19 47 31 + + 2-88 11-8 20-3 A + Dement

45-0 27-4
(29-58) (11-34)

I = improved, A = ambiguous, U = unchanged, W = worse.

the group of 26 schizophrenic patients has been published divided into anterior (A), middle (M) and posterior (P). Each
elsewhere.9 The leucotomies were performed between 1944 section was divided into seven segments and used for plotting
and 1954 using bilateral frontal leucotomy with medial the lesions in each case, see fig. The thalamo-prefrontal
undercutting of Brodman areas 9, 10-and half of Brodman projection passes through the mid-central segment. The sizes
11, during the 1940s and early 1950s; these operations were of the lesions were estimated separately for the left and right
the standard frontal leucotomy. Later more precise lesions lobes to evaluate the effect of asymmetric lesions in the
were induced by electrocoagulation, aimed at the ventro- frontal lobe. Operational results were based solely on the
medial quandrant ofthe frontal lobe. In order to find possible patients' case records at 6-24 months after operation, and
differences between patients with post-operative included no psychological tests. In case of re-operation, the
improvement (n = 6) and those who had remained unchan- results are expressed as the final outcome ofboth operations.
ged (n = 9) the classification of Meyer and Beck6 was Results were classified as improvement, unchanged, worse
applied. The coronal sections through the frontal lobe were and ambiguous. Results were classified ambiguous when

Table 4 Details ofcontrols

Total weight Time Timefrom
Height Weight offix brain death/fix Fix time terminal illness

Sex Age (cm) (kg) (g) (24 hours) (months) to death Cause ofdeath

I M 82 177 56-0 1129 2 5 Hours Cardiac failure
2 M 75 182 73-0 1360 1 7 Min Coronary occlusion
3 M 84 158 51 0 1230 1 5 Hours Coronary occlusion
4 F 88 165 47-7 1310 2 9 Min Coronary occlusion
5 M 73 171 73-0 1270 3 96 Hours Coronary occlusion
6 F 60 162 50 0 1360 1 6 Days Coronary occlusion
7 F 86 166 44-0 1133 2 5 Hours Coronary occlusion
8 F 84 160 53.0 1253 2 5 Months Coronary occlusion
9 F 75 166 84-7 1270 1 11 Min Coronary occlusion
10 M 71 175 72-0 1355 1 11 Days Cardiac failure
11 F 69 162 81-8 1125 3 11 Days Bronchopneumonia
12 F 67 167 62-0 1205 1 11 Min Pulmonary embolism
13 M 74 170 74-0 1320 3 1 1 Days Mesenteric thrombosis
14 F 57 162 50-0 1360 1 6 Min Coronary occlusion
15 M 59 179 70 0 1450 2 6 Days Coronary occlusion
16 M 57 174 80-0 1550 1 6 Min Coronary occlusion
17 F 65 159 61-0 1450 1 5 Hours Coronary occlusion
18 F 75 158 48-0 1175 1 5 Min Coronary occlusion
19 M 72 163 70-2 1175 2 10 Min Coronary occlusion
20 M 84 170 80 8 1400 1 9 Days Septic shock

72-9 167-3 64-1 1294 12
(57-88) (158-182) (44-0-84-7) (1125-1550) (5-96)
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Fig Thefrontal lobe shown divided into anterior (A),
middle (M) andposterior (P) planes. Each section is divided
into seven segments termed: DM = dorso-medial;
DL = dorso-lateral; ML = mid-lateral; VL =
ventro-lateral; VM = ventro-medial; MC = mid-central
segment; and C = cingulate.

improvement of schizophrenic symptoms was accompanied
by serious side-effects, such as development of "frontal lobe
syndrome", characterised by euphoria, lack ofjudgment and
emotional flatness. In cases of doubt between improvement
and ambiguous, the effect was described as improvement,
since improvement was the dominant feature in all these
cases.

Method

The brains were weighed, the meninges removed and the
cerebellum and the brain stem cut off corresponding to the
upper level of the pons. The brains were incubated in gelatin,
cut in coronal slices 6 mm thick, and photographed. Colour
slides were then produced and the slides point-counted using
a double-lattice grid with 64 coarse points and 1024 fine
points. The length of the brain was measured minus the first
and the last slice and the average thickness of the brain slices
calculated. The volumes of the hemispheres, cortex, white
matter, ventricles, central grey matter and lesions caused by
the leucotomy were estimated using Cavaliri's theorem,'" the
simplest and generally most informative measure of three
dimensional volume accessible on parallel sections:
Volume = I x ap x EP
I = length of brain - (first and last slice)/number of slices
-2
ap = area per point of the grid, corrected for magnifica-
tion.
5-P = the total number of points that falls on the object
presently counted
The coefficient of error CE = 0-028.
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CV = SD/mean, a dimensionless quantity reporting the
relative interindividual variation within a group.

Statistical method

A positive correlation exists between body height and brain
weight in homo sapiens. t2 For this reason the volumes ofthe
brain, the hemispheres, the cortex, white matter and ventri-
cles were correlated to body height. Two regression-lines
were always compared, either a test group to a control group
or a test group to a test group. The difference in the level of
regression-lines is considered statistically significant for 2p
less than 0-05. In the control group only the slope of the
regression-line for central grey matter was found to be
significantly different from 0, probably due to the small
number of individuals in the sample.

Results

A statistically significant difference was found between
the weight of the total, fixed brain from the control
group (X..., = 1294 g) and the schizophrenic
leucotomised group (XLotomy = 1137 g), 2p =
0-000004. The volume of the cortex, white matter,
central grey structures and ventricles, the CV and the
2p values for controls, leucotomised schizophrenic
and schizophrenic brains without leucotomy are
shown in table 5. The ventricular volume from the 10
demented patients did not differ significantly from
those of the other leucotomised brains (2p = 0 15).
The 13 patients who had developed hyperkinesia had a
significant difference in the volume of central grey
matter (2p = 0 007) while no difference was found in
the ventricular volume (2p = 0 43) compared with
those of the remainder of the leucotomised group.
There was no significant difference in the length of
neuroleptic treatment in the patients who had
developed dyskinesia compared with the remainder of
the leucotomised patients (2p = 0-19).
The cortical volume from the 12 patients who had

undergone ECT treatment showed no significant
difference from those ofthe other leucotomised schizo-
phrenics (2p = 0.10). Eight patients had developed
epilepsy after (mean = 7-9 y, range: 1-23) the opera-
tion, probably due to the leucotomy; all patients had
generalised seizures. The epileptics had significantly
larger lesions (mean lesion volume = 5-I 1% ofhemis-
phere volume) compared with the rest of the
leucotomised schizophrenic patients (mean lesion
volume = 2-13% of hemisphere volume) 2p = 0003.

There was no significant difference between epi-
leptics and the other leucotomised schizophrenics in
their cortex and white matter volumes (2p = 0-24).
To ascertain whether the result of the operation was

related to the size of the post-operative lesion in the
frontal lobe, the six patients who improved were
compared with the nine patients who were unchanged.
The percentage size of the lesions in the improved
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Table 5 Data ofcontrol andpatient brains

Pakkenberg

Cortex White matter Central grey structures Ventricles

Controls 561 (0,13) 390 (0,14) 47,5 (0,13) 25,9 (0,32)
Leucotomised schizophrenics 482t (0,16) 316t (0, 16) 38,9t (0,19) 30,6 NS (0,52)
Non-leucostomised schizophrenics 510 NS (0,16) 370* (0,23) 44,5* (0,16) 35,1 NS (0,48)

NS, non-significant; *2 p < 0 05; t2 p < 0-01; $2 p < 0-001.
Figures in brackets is CV = SD/mean.

patients (3 44%) did not differ significantly from the
percentage size of the lesions in the unchanged patients
(2 95%) 2p = 0-46.
Although no significant difference was found in the

size ofthe total lesions between improved and unchan-
ged patients, a difference was found between the
number of segments affected and their localisation in
the frontal lobe. In the improved patients the segments
from which most of white matter was lost after
leucotomy were in the middle plane, MC being
affected in all cases, DL in 83% andDM in 50%. Fifty
four per cent of the total number of affected segments
were located to the middle plane. In the anterior plane,
MC was affected in 66%, DM in 33% and C in none.
Thirty two per cent of the total number of affected
segments were located to the anterior plane. The
remaining 14% of affected segements were located in
the posterior plane.

In the unchanged patients the largest number of
affected segments was in the anterior plane, where
54% of the affected segments were located, MC being
affected in 89% of the cases, DM in 56% and C in
33%. In the middle plane MC was affected in 67% of
the cases, DL in 33% andDM in 22%. Thirty eight per
cent of the affected segments were located to the
middle plane. The remaining 8% of affected segments
were located to the posterior plane.
To test whether the outcome of the operation was

related to lesional asymmetry, the difference in volume
of the lesions of the right and left lobes was compared
in the six patients who had improved (mean-
= 3-00 ml) and the nine patients who had remained
unchanged (mean = 2-49 ml). The difference was not
significant, 2p = 0 44.

Discussion

A statistically significant difference was found between
the volume of the hemispheres in the leucotomised
patients compared with those in the control group.
The stereological method used in the present study
ensures that the volume of the lesions left by
leucotomy are included in the volume of the hemi-
spheres so the difference represents a "true" loss of
substance. This decreased volume is due to a general
reduction of all parameters, for example, cortex, white
matter and central grey structures of which white

matter and central grey structures were statistically
significant. The significant difference ofwhite matter is
due to leucotomy, the pronounced difference in central
grey structures the more interesting, indicating that
leucotomy also affects central areas of the brain. No
correlation was found between the volume of the
lesion and the loss of volume of central grey matter.
Thus frontal leucotomy is associated with loss of
substance in areas innervated by prefrontal cortex, but
unrelated to the volume of the lesions.

Although prefrontal leucotomy for schizophrenic
patients is now obsolete, stereotactic psycho-
neurosurgery is not. It is impossible to dojustice to the
numerous workers who have contributed the
anatomical and experimental facts on which our
present knowledge of the interrelations between the
human cortex and central grey structures has been
established.6'3 Our current knowledge about the func-
tion of the frontal lobe is partly derived from the
results of this pioneering work. Thus in 1951 Fulton'3
was able to recommend the anterior cingulate and the
medial orbital cortex as the optimal targets for
neurosurgery in the frontal region: the cingular region
to counter aggression and hyperactivity and the
orbital segment to combat depression and subnormal
psychomotor activity in schizophrenia.

Naeser et al. 4 performing computed tomography of
17 schizophrenic men who had undergone bilateral
prefrontal leucotomy 25 years earlier found that the
cases with good recovery (n = 6) and significantly
larger lesions in the low orbito-frontal region
(especially on the left side) than those cases with only
moderate or no recovery. In the present study no
difference was found in the size of the lesions in
patients who improved compared to the patients who
remained unchanged. The location of leucotomy
seemed to be more important than the size ofthe lesion
(table 3). Possibly this observation which is not in
accordance with Naeser et al4 or Meyer and Beck6
could be due to the fact that in the present study the
total volume of the leucotomy lesions was determined.
It is noteworthy that the mid-central segment was
affected in the middle plane of all the cases who
improved. In contrast to the findings of Naeser et al "

the effect of leucotomy was found to be unrelated to
lesional asymmetry.
No statistically significant difference was found in
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the volumes of the ventricles in the leucotomised
patients and the control group. This is surprising since
leucotomy is normally associated with increased ven-
tricular size and in some cases with distortion of the
ventricles.'5

In this study the normal volume of the ventricles in
leucotomised schizophrenic groups is surprising, since
schizophrenics often have enlarged ventricles.9""'8
Possibly this lack of size difference may be due to the
rather high age of the patients. It has been shown in
previous studies9 9 that the normal positive correlation
between ventricular size and age does not occur in
schizophrenics. The age-related enlargement of the
ventricular system may be obscured in some way in
such patients. This might explain why this group of
patients with an average age of 72-4 years did not have
the expected ventricular enlargement, which most
likely would have been present had the patients been
examined at a younger age. The ventricles of the
demented patients were not enlarged compared with
the rest of the leucotomised patients, even though
dementia is often associated with central atrophy.

In the present study 65% of the patients developed
hyperkinesia, independent of the length of treatment.
It has been a matter of discussion whether leucotomy
predisposes to tardive dyskinesia. Hunter et al 2
described abnormal movements and dementia in
leucotomised patients treated with phenothiazines
although this was not confirmed by other authors. In a
study of 67 leucotomised and 60 non-leucotomised
schizophrenics, Faurbye et al 2 found that 43% of the
leucotomised patients developed tardive dyskinesia
compared with 45% of the non-leucotomised.

In a study including 38 leucotomised patients
Brandon et al22 found that eight manifested the BLM
triad. From the present investigation it seems that
leucotomy could be a pathogenic factor in hyperkin-
esia.
The introduction of chlorpromazine in the early

1950s revolutionised the treatment of schizophrenia.
Most patients in the present study greatly improved
their condition when treated with neuroleptics. Alth-
ough these drugs have many unwanted side-effects,
they do much more for the schizophrenic patients than
leucotomy. The loss of central brain substance in the
leucotomised brains was more pronounced than the
one seen in otherwise identical chronic, schizophrenic
patients without leucotomy. The loss of central brain
tissue thus appeared in structures not primarily affec-
ted by leucotomy (white matter) and suggests that
stereotactic surgery and other operations such as
resection of the temporal lobe in epilepsy, carried out
today may increase the risk ofinducing morphological
changes in the brain besides the ones intended by the
intervention.
The author wishes to thank Dr Ulla Noring, Sct Hans
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Hospital, for expert help on the schizophrenic cases.
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