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Outline of Problems.
THE neuropathologcal problems which arise from prefrontal leucotomy may be

conveniently divided into three groups.
The first group is concerned with the analysis of the anatomical and possible

other factors which may influence the prospect of recovery. This group is naturally
of the greatest practical interest to the psychiatrist and, for this reason, will require
our foremost attention.

Secondly, the operation constitutes, apart from the therapeutic aspect, a human
experiment of first-class importance in neuro-anatomy. Since much of our know
ledge of the neuro-anatomy of the regions involved is based upon experiments in
animals, a most welcome opportunity has arisen to compare these with the con
ditions in the human brain. The neuro-anatomical harvest has been considerable;
so much so that only a few of the results which have a direct or indirect bearing on
the problem of leucotomy can be summarily included in this paper. it is our
intention to publish a fuller account later in the Journal of Anatomy.

Thirdly, the operation enables us to study biopsies from the brain of mental
patients. The customary surgical methods limit th@ scope of this investigation,
as it is usually impossible to obtain a sufficiently large and undamaged piece of
cortex, but with certain precautions it is not difficult to produce a cylinder of white
matter. We are at present utilizing this material and studying the oligodendroglia,
which was found by Elvidge and Reed (1938) to be affected by swelling in patients
suffering from functional psychosis. This special investigation, however, is not
yet sufficiently advanced to be included in this paper; it will be the subject of a
separate publication (in conjunction with McKissock).

Material.
Our material consists of seven histologically investigated cases of prefrontal

leucotomy, to which has been added an eighth case in which frontal lobectomy had
been carried out in a mentally normal patient suffering from a basal meningioma.
This last case has proved of great value as a test case for complete severance of
fibre connections. In two further cases (@and io) macroscopic investigation only
has been carried out so far. We wish to express our gratitude to Prof. Le Gros
Clark, Col. McCowan, Drs. Cook, Dax, Harris, McCartan, Rees and Strom-Olsen
and to Mr. McKissock for their generous permission to utilize the brains from their
cases for the preparation of this paper.

* This paper was read at the Quarterly Meeting of the Royal Medico-Psycbological

Association on May 31, â€˜¿�945,in Birmingham.
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412 PREFRONTAL LEUCOTOMY.

It is not proposed to give a full descrqtion of the clinical and pathological data,
as it is likely that, in due time, the problem will have to be reviewed on a more com
prehensive scale, with the addition of a number of new cases now under investiga
tion. For the purposes of this paper it was thought, however, useful to give a
survey of the most important data in tabulated form (Table I). This shows that
the survival period varied from 3 days to 3 years. Some of the cases had received
unsuccessful convulsion or insulin treatment prior to the operation. Death in the
early stages resulted from meningitis or haemorrhage. Haemorrhages may be
very considerable, as, for example, in Case i (Fig. x), in which the whole white
matter of the frontal lobes was converted into a haemorrhagic mass. This patient
died after six days, but other cases complicated by haemorrhage have survived, the
haemorrhage being slowly converted into cysts or softening. Figs. 2 and 3 show
such sequelae of haemorrhages. In these the white matter has an appearance quite
different from the slit-like, smooth-walled cyst which Freeman and Watts (1942)
described as the normal result of the operation. Other adverse complications
include uraemia and a fairly advanced senile atrophy in Case 3; pellagra in the
same case (Fig. 4); hypertensive disease and a terminal Wernicke syndrome with
the typical mesodermal proliferation in the mammillary bodies and other hypo
thalamic centres in Case@ (Fig. 5), indicating vitamin B, deficiency; and lastly,
post-operative epilepsy in Case 5. So far we have not found any anatomical
changes that would account for the epileptic convulsions. It is interesting that
in this case the lesion was further away from the motor cortex than in any of the
other cases, and the prefrontal cortex was certainly not more damaged than usual.
The patient died in status e@ilepticus.

Analysis of the Factors which may determine Recovery.

The rationale of the operation is generally considered to be isolation of the
prefrontal cortex by cutting its fibre connections with other parts of the brain.
This is not the place to discuss at length the function of the frontal lobe. Much
pathological evidence has accumulated in the past, tending to show that bilateral
lesions of the frontal lobes and particularly the orbital parts result in syndromes
of euphoria (Witzelsucht) and general disinhibition, considered likely to neutralize
depression, tension, inhibition, obsessional features, etc., of patients submitted to
the operation. According to Rees (i@)@), whose views are in close agreement with
those of Freeman and Watts (1942), the frontal lobe is concerned with imagination,
the social sense, self-consciousness and the projection of the self into the future.
He goes so far as to associate the Freudian â€œ¿�superegoâ€•with the function of the
frontal lobe and the â€œ¿�idâ€• with that of the thalamus. This is, of course, an over
simplification, and comes dangerously near to what Cobb (,@) has criticized as
â€œ¿�neurologizing psychology.â€• Cobb is much opposed to regarding the frontal
lobes as centres for foresight, imagination or, indeed, any specific traits of man.
The frontal lobes are important, as they allow â€œ¿�longcircuitingâ€• actions, and the
operation has its effect by reducing the number of possible circuits for association.
According to Cobb this concept explains better than any â€œ¿�centreâ€• theory the fact
that the initial symptoms of lesions of the frontal lobes may subside in the course of
time in measure as unspecialized paths of association take over the function of the
cut fibres.

The majority of fibres cut by the operation belong to the thalamo-frontal tract,
which connects the nucleus medialis dorsalis of the thalamus with the prefrontal
region. The nucleus medialis dorsalis is connected with other thalamic nuclei and
â€”¿�byway of the medial magnocellular portionâ€”with hypothalamic centres. Accord
ing to Walker (1938), its role is to serve as an â€œ¿�integrating centre for somatic
sensory and visceral impulses, presenting them to the cortex of the pre-frontal
region in a complex form . . . as sensory concepts.â€• Freeman and Watts
(1944a) think that in addition to the thalamo-frontal fibres a bundle running near
the midline is of importance. They suspect it to be the fasciculus cinguli, and give
a vivid description how, after sectioning this suspected bundle, the patient loses
contact with reality and drifts into confusion and unresponsiveness. The fasciculus
cinguli runs along the white matter of the gyrus cinguli, and it is interesting that
the latter is, again, connected with the anterior nucleus of the thalamus. Evidence
is accumulating that the prefrontal cortex, and particularly its orbital region, the
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414 PREFRONTAL LEUCOTOMY, [Oct.,

cingular cortex, thalamus, hypothalamus and possibly the hippocampal region in
the temporal lobe are important in relation to emotion, emotional expression and
personality organization (cf. Meyer, ,944).

We have not been able to procure, in time to be included in this paper, a full
account of the technique employed by the various neuro-surgeons who have operated
on our cases. We have, therefore, no adequate knowledge of the criteria used in
order to determine the place of introducing the leucotome, nor are we informed
about special intentions which guided the surgeons. Dax (iÃ§@3)has commented
on the â€œ¿�alarmingdiscrepancies between the actual point of the insertion of the
leucotome and the desired point,â€• if the surgeon relies upon surface markings only.
McKissock (i@@) is of the opinion that there will always beâ€”even with improved
techniqueâ€”some degree of variation in individual cases, not only as regards the
plane of the cut, but also as regards differences of depth of the cut, completion of
the circular movement of the leucotome (if the Watts technique is used), and different
amounts of haemorrhage, softening or scarring on one or both sides.

This scepticism is borne out by our pathological experience. In Fig. 6 the plane
of the cut in all our nine cases of leucotomy is indicated; the striking variation in
individual cases cannot be satisfactorily explained by deliberate surgical intentions.
Fig. x (Case i) shows a fairly well placed cut and an extensive all-round lesion of the
white matter produced by the cut plus haemorrhage. The lesion extends well to
the midline and has involved the cingular region, to which Freeman and Watts
attached importance. The patient, however, died after six days from excessive
haemorrhage and meningitis. In Case 3 (Fig. 7) the plane of the cut is fairly
optimal, but only the lateral and dorsal aspects of the white matter have been
severed, while the midline structures and the orbital areas have escaped. In the
other hemisphere the cut has been placed in a slightly more rostral plane;. the
lesion is smaller, but occupies a similar position. In Case 5 the cut was placed too
anteriorly; on the right side (Fig. 8) the whole white matter has been damaged,
while on the left side the main lesion is situated in the orbital and midline parts.
while the dorsal and lateral parts have been less involved (I@ig.9).

A cut in too posterior a level has been recognized as leading to unfavourable
clinical results. The chance of cutting thalamo-frontal fibres is slender, as the
fibres, in their backward course, soon converge to a small compact bundle which
runs in the neighbourhood of the septum pellucidum to enter the ventromedial
parts of the internal capsule. In order to cut the bundle in this place too many
important structures would be involved, damage to which probably accounts for
the unfavourable clinical result. Cases 2 and 4 are examples of a too posterior
cut. Figs. xoa and 12 demonstrate that in both cases fairly symmetrical damage
has been caused by the cut to the anterior horn and the antero-dorsal aspects of
the striate body and internal capsule. The haemorrhage and its sequelae have
involved, in both cases, the white matter of the posteriorâ€”granular and agranular
â€”¿�frontal lobe, and laterally extend even into the opercular and insular regions.
But whereas in Case 2 the orbital region has been severely affected at the point
near the septum likely to involve severance of the thalamo-frontal bundle (Fig.
iob), the orbital region is spared in Case 4 (Fig. ii). -

Severance of thalamo-frontal fibres leads to retrograde cell degeneration
in the nucleus medialis dorsalis of the thalamus (Figs. 13, 14), and this is the best
method of assessing the damage done to this fibre system. Tracing of myelin
degeneration is less reliable, as the thalamo-frontal system has only a poorly
developed myelination (Walker, 1938). Investigations by Glees, A. Meyer and M.
Meyer (so far unpublished*) have shown that it is possible to trace the degeneration
of the terminal unmyelinated fibres of the thalamo-frontal and fronto-thalamic
pathways, but a quantitative assessment will be difficult because of the use of silver
impregnation methods. Freeman and Watts (1944b) briefly state that in their
fatal cases about 75 per cent. of the nerve cells in the parvicellular portion of the
nucleus medialis dorsalis had been destroyed, but they do not indicate whether
and in what proportion their material includes recovered cases. In order to obtain
a more accurate quantitative assessment we have counted the remaining cells
in three coronal levels of the nucleus medialis dorsalis, and compared the results
with those in a normal brain and in the one (Case 6) in which a complete severance

* To be published in the Journal of Anatomy.
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1945.] BY'-A. MEYER, M.D., AND E. BECK, 415

of thalamo-frontal fibres had been accomplished by frontal lobectomy. Counting
was done in each level throughout the whole extent of the nucleus niedialis dorsalis
(parvicellular part), the thickness of the section being 2o@i,and the figures obtained
were calculated for unit areas. The results have been compiled in Table II@:

TABLE II.â€”Dorso-medial Nucleus (cells per unit area).

Anterior Degenera. Middle Degenera- Posterior Degenera
portion. @7' portion. portion. @â€¢¿�

Normal . . . . 22 â€”¿� . I9@8 â€”¿� . I4@8 â€”¿�
Case z,6days . . . II@5 48 . 2, 0 . I3@6 8

2,3days . . . 13 41 . II@I 44 . II 26
3,z months . . I2@7 43 . 9@6 52 . 10 33
4,4months . . 16 27 . 8 6o . x2@7 14

@,R., 17 months . 14'3 35 . ix@8 41 . 15.7 0

,, 5, L., 17 months . II@7 47 . I5@9 20 . i@@8 0

6,6weeks . . 4@6 79 . 6@ 68 . II 25

It is seen that in the case of lobectomy the degeneration is not complete, either
because during the survival period of six weeks not all the cells have been destroyed,
or because a small proportion of the cells is not concerned with the projection to
the prefrontal cortex. In the leucotomy cases the loss of cells is still less complete.
It is surprising to find a considerable loss in Cases i and 2, both of which survived
the operation for only a short time. Further analysis revealed, however, that the
cells had not actually disappeared, but as a sign of early degeneration were only
slightly stained and thus escaped being counted. The obvious difference in the
degree of severity of cell loss ii1 the antero-posterior axis of the nucleus will be
discussed elsewhere.

Unfortunately a similar analysis is not available for the four recovered cases of
our series.Two of the cases(@and 8)were investigatedby Prof.Le Gros Clark,
who kindlycommunicated hisobservationsto us; intheremainingtwo (@and io)
onlya macroscopicexaminationhas sofarbeen made.

The first(Case7)was an excitableschizophrenic.Priorto the operationthe
mental illness had been apparent for at least thrGe years. Throughout the survival
periodofeightmonths followingthe operationthe patientwas much quieter.less
aggressive and easy to manage, although towards the end there was an occasional
recurrence of violence. In this case the operation had resulted in an appreciable
severanceof thalamo-frontalfibreson only one side. The orbitaland midline
areashad almostentirelyescaped,and therewas onlypatchydamage inthenucleus
medialis dorsalis of the affected side, while the contralateral nucleus was unaffected
(Fig.15).

The secondrecoveredcase(No.8 ofour series)was a typicalparaphreniawith
little personality deterioration after five years' duration of the attack. After
leucotomy he was much better in every way, less excited, his hallucinations and
delusions far less obvious. The following note was made seven months after the
operation: â€œ¿�Itis a great pleasure to see him, walking about on parole with other
patients, laughing, happy and friendly. So far a great success.â€• There was no
relapse, but he died from carcinoma of the oesophagus sixteen months after the
operation. In this case leucot6my was performed in a very posterior plane (Fig.
16), and merely resulted in cutting through the operculum, insula, external capsule
and claustrum. The thalamo-frontal connections had not been severed, and the
nucleus medialis dorsalis was preserved.

The third recovered case (No. 9 of our series) suffered from schizophrenia with
symptoms of suicidal depression, hallucinations and delusion.s. He remained
almost inaccessible until the leucotomy, which was performed in August, â€˜¿�943'at
least three years after the onset of the psychosis. The condition improved rapidly,
he talked rationally and showed appropriate emotional response. He denied
hallucinations,and therewas no evidenceofpersistentdelusions.He worked well
in the stores, doing clerical work and weighing. He died in April, 1945, probably
from pulmonary tuberculosis. Macroscopic examination (Fig. i7) of the brain
revealed a fairly symmetrical lesion occupying the white matter of the inferior
frontal gyrus at the level of the genu of the corpus callosum. The lesion is a slit
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416 @â€˜¿�REFRONTALLEUCOTOMY,- [Oct.,

like, smooth-walled cyst and stops 4 cm. lateral of the dorsal angle of the anterior
horn. In the antero-posterior direction its extent is not more than i4 cm. The
anterior horns have not been opened and the midline structures, including the
fasciculus cinguli, have not been damaged. It may be expected th@t a large
number, if not most, of the thalamo-frontal fibres have escaped, partly owing to the
circumscribed nature of the lesion, partly to the rather dorsally placed cut.

The last recovered case (No. io of our series) was a woman, aged 28, who since
her early childhood had been subject to very gross hysterical outbursts of shouting,
screaming and violent impulses. Prefrontal leucotomy was performed in February,
1942. She made an uninterrupted recovery. She still had outbursts, but they

were much less frequent and much milder. In December, 1943, she was able to
go home to her parents, who were very pleased with her. She held a few light
jobs. About six months before her cjeath she developed a streptococcal stomatitis
and dermatitis, and died from broncho-pneumonia on February 21, 1945. The
anatomical effect of the prefrontal leucotomy is shown in Fig. i8. The lesiQn is
situated at the level of the genu of the corpus callosum in front of the anterior
horns, and occupies fairly symmetrically the deep white matter corresponding
to the inferior frontal gyrus. Its antero-posterior extent is probably not more
than jâ€”@cm. On the right side a few small cysts are seen, while on the left a
slightly yellowish scar is all that remains. A greyish colour of the white matter
of the orbital gyri might indicate a slight gliosis. A forecast as to the effect of the
lesion upon the thalamo-frontal projection is more difficult in this case than in the
previous one, but it is quite likely that a large number of these fibres have escaped,
as has also the region of the gyrus cinguli and fasciculus cinguli.

A final analysis of the factors that are responsible for recovery or failure must
wait until a sufficiently large material has been investigated. Some interesting
points emerge, however, from the comparison of the three unrecovered cases with
a sufficiently long survival period (Cases 3, 4 and 5), and Cases 7â€”10, in which a
notable degree of recovery was observed. All the recovered cases were patients
with little or only moderate deterioration. During the decisive period after the
operation there were no clinical complications to interfere with recovery. The
operation itself produced circumscribed lesions uncomplicated by severe haemor
rhage and softening of any appreciable extent.

Among the three cases of the unrecovered group one (Case 5) was severely
deteriorated. The two others (@and @)were little deteriorated and should have had
a fair chance of recovery. However, in Case 3, uraemia, developing as a result of
a hypertrophic prostate, nicotinic acid deficiency and a senile condition of the
brain must be considered as adverse factors. In Case 4 the cut was placed too
posteriorly, involving the agranular frontal cortex and the caudate nucleus. In
addition, extensive haemorrhage had destroyed a considerable part of the white
matter of the prefrontal lobe. One positive result of the operation was the com
plete disappearance of the delusions, but this was offset by the severity of the
frontal lobe deficit syndrome (fatuous euphoria, drowsiness, incontinence), combined
with symptoms arising from damage to other regions of the brain. Hypertensive
disease may also have been an adverse factor. The patient died from a terminal
Wernicke syndrome (thiamine deficiency), which was probably due to exhausting
restlessness. In Case 5 (long-standing catatonia, severely deteriorated) the lesion
was placed in too anterior a plane; one might speculate that in this type of patient
the cutting off of a larger portion of the frontal lobe would have achieved a better
result, despite the post-operative epilepsy.

As regards the recovered group, it is surprising how little damage was sufficient
to produce a remarkable clinical improvement. The cut in these cases was, as far
as we can judge at present, incomplete in regard to severance of the thalamo
frontal fibres, and in none of the cases had the midline structures, including the
fasciculus cinguli, been cut. In one of these cases only a unilateral (incomplete)
severance of thalamo-frontal fibres had been achieved, and in another the prefrontal
lobe had been entirely spared, the cut involving merely the opercular region, insula
and the claustrum.

From this it follows that in suitable (non-deteriorated) cases a good recovery
may follow rather surprisingly incomplete and circumscribed cuts in the white
matter of the prefrontal lobe. In a similar type of case recovery may be prevented
by an excessive lesion, either by cutting in too posterior a plane, or by causing
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extensive haemorrhage. The avoidance of haemorrhage seems to be â€”¿�amajor
necessity, and it may well be wise tactics for the neuro-surgeon to sacrifice a measure
of completeness in favour of safety. On the other hand, deterierated cases with
fixed and automatized symptoms seem to require a more substantial severance
of fibres, as instanced by Case 5. This is in accordance with the views of Freeman
and Watts (1944a), who found that â€œ¿�wellintegrated individuals with disabling
tension states but with no schizoid distortion respond to minimal interruption,
while schizophrenics, chronic obsessives, hypochondriacs @ndlong-term involu
tionals require the placement of lesions far posterior in the prefrontal region.â€• In
practice it will not always be easy to strike the right balance, both for the clinician,
who has to make a careful study not only of the psychotic syndrome but also of
the premorbid personality, life history, adaptability, etc., and for the neuro
surgeon who, with the methods available at present, is never quite sure in what
plane he is introducing the leucotome and what amount of damage he will cause.*

In our material, involvement of the midline structures including the fasciculus
cinguli has not proved to be an essential condition for recovery. This is also of
some practical importance, as Knight (1943, his fig. 3) has demonstrated that if
the leucotome is introduced too near the cortex, a haemorrhage may be caused
during the circular movement by opening one of the arteries in the depth of a
sulcus.

Recovery may follow unilateral prefrontal leucotomy, although in Case 7 there
was a short recurrence of symptoms during the terminal disease. And finally, a
good recovery was achieved by a lesion entirely outside the prefrontal cortex. We
do not believe that this discredits the rationale of the operation. Even if it should
be proved that damage anywhere in the brain might have a beneficial effect in a
number of cases, it would be difficult to conceive of a theoretically and practically
more rational place for surgical intervention than has been suggested by Moniz.
Experiences of this kind emphasize, however, that the severance of a particular
fibre system is perhaps not the only factor, and that others (anatomical, physio
logical and psychological) may, to a varying degree, contribute to the success of
the operation. In this connection observations made on depressive patients who,
in suicidal attempts, had inflicted brain injuries upon themselves, are of great
interest. In the course of a clinical investigation of such cases Guttmann (1943)
has shown that recovery may take place without any damage to the frontal lobe:
â€œ¿�Generaldamage to the brain and effect of injury and sickness on the one side,
and on the other the release of tension, the substitution of recognized physical
illness for hidden mental incapacity, the experience of interrupted consciousness
and amnesia, finally the change of the life situation brought about by the injury,
combine in bringing about the mental change.â€• Most of this is applicable to the
conditions of leucotomy, with the reservation, perhaps, that often the operation is
not considered serious by the patients (Frank, 1945). Frank explains this by the
assumption that the frontal lobes do not appear in the body image.

The Orbital Cortex in Relation to Prefrontal Leucotomy.

The fact, first established by Le Gros Clark in 1932, that the nucleus medialis
dorsalis projects to the prefrontal cortex, is now generally recognized, but the detail
of this projection has for a long time been obscure and controversial. In 1940 (a, b)
Walker made detailed experimental investigations in monkeys, and came to the
conclusion thatâ€”roughlyâ€”fibres originating in the medial part of the nucleus
medialis dorsalis project to the orbital area of the prefrontal cortex, while those
from the lateral half go to areas nearer the convexity, viz, a dorso-ventral axis of
the prefrontal lobe corresponds to a latero-medial axis of the nucleus mediali.@
dorsalis. We have been able to show that a similar arrangement exists in the
human brain. If, owing to the haphazard nature of the operation, the orbital
regions were spared, retrograde degeneration was more or less confined to the
lateral aspect of the nucleus medialis dorsalis (Figs. 7, 19). On the other hand, in
Case 5, in which the convexity of the frontal lobe was less involved, the retrograde

* We deliberately abstain from discussing the relative value of the different techniques of

prefrontalleucotomy. This is for the neuro-surgeon to decide, and our task is confined to
providing pathological facts as a basis for his consideration.
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418 [Oct.,PREFRONTAL LEUCOTOMY,

degeneration was situated in the medial half of the nucleus (Figs. 9, 20). Degene
ration involving the whole of the nucleus medialis dorsalis was seen in Case 6 (Fig.
2!), in which by..frontal lobectomy all fibre connections were interrupted. It is
interesting to note that the degeneration in the medial half is more intensive than.
in the lateral half. Possibly not all the cells in the lateral half project to the pre
frontal cortex, and there is, thus, some suggestion that, as a whole, the projection
to the orbital area is more massive than to the areas nearer the convexity.

The most medialp@rtofthenucleusmedialisdorsalis,theso-calledparsmagno
cellularis, was originally considered not to participate in cortical projection (Le Gros
Clark and Boggon.@ Freeman and Watts, 1942, 1944b). Recent observations,

however, made by Walker (194ob) in monkeys and by Le Gros Clark and Russell
(i@@o)in a human case of complete cortical hemiatrophy have definitely established
a cortical projection arising from this nucleus. Walker (194ob) assumes that it
projects to the orbital region (area i i of Brodmann). In our human material so
far investigated a considerable degree of retrograde de,@eneratioÃ±in the pars magno
cellularis was seen in only Cases 5 and 6, and in these the damage to the orbital
region was severe. This is of double significance as, in the first place, it increases
the relative magnitude of the thalamo-orbital projection, and, secondly, owing to the
recognized relation of the magnocellular nucleus to the hypothalamus, suggests the
existence of a relatively direct hypothalamo-prefrontal connection, the only one
which, so far, has been definitely established.

The relative strength of the projection to the orbital cortex is of some practical
â€˜¿�interest. It tends to lend additional weight to views expressed by Dax (1943),

McKissock (quoted from Fleming, 1944) and others, that it might be desirable to
ensure thorough cutting of fibre connections with the orbital areas. Hoffstatter,

FIG. 19.â€”Case @: L. hemisphere. Diagram of various coronal sections through the
thalamus. The shaded areas indicate the extent of the degeneration in â€˜¿�thenucleus
dorsalis medialis.
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Smolik and Busch (@@) have recently sectioned the orbital quadrants only and,
in contrast to earlier attempts (Freeman and Watts, 1942), claim satisfactory results
in a series of 22 patients. It will be interesting to see whether these results can be
confirmed in a larger series and by other investigators. From our point of view
(as outlifled in the previous paragraph) it would be a definite advantage to be able
to section a large proportion of thalamo-frontal fibres by means of a fairly circum
scribed operation.

Afro-pity of the Prefrontal Cortex.
Freeman and Watts (1942, 1944b) did not find any appreciable loss of nerve

cells in the portion of the prefrontal cortex which had been cut off by leucotomy,

C

.@\

and they consequently assumed that the fronto-thalamic projection, though known
to exist, must be fairly insignificant. They also failed to discover much Marchi
degeneration of fibres going to the thalamus, but, as the myelination of these fibres
is poor, this might not prove much. In all our leucotomy cases with a sufficiently
long survival period, no significant degree of macroscopic atrophy was seen. Histo
logical investigation, however, revealed a slight loss of cells, especially in the third
layer, which looked emptier. This was particularly apparent when photo-micro
graphs of the affected cortex were compared with one taken from the same area of
a normal control. Cell counts confirmed this visual impression (Table III). The
table shows that there is a definite though not severe loss of cells, and that this loss
is, again, most marked in the orbital region. The interpretation of these findings,
which are not yet complete, is still under consideration. If confirmed on a large

S51.

FIG. 20.â€”Case 5: L. hemisphere. Diagram of various coronal sections through the
thalamus. The shaded areas indicate the extent of the degeneration in the nucleus
dorsalis medialis.
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TABLE 111.â€”Frontal Lobe, Cell Count (3rd layer, 4 mm. length).

Lateral Medial
t)4gefl@5- L5tefaJ DIgeflI1@ bjtal orbital

tIofl. surface tion. surface surface tion.
aIea9.@ area46. %. areali. area@@â€¢

Normal. . 1,136 â€”¿�. 1,240 â€”¿�. i,166 â€”¿�. 1,238 â€”¿�
Case i,

6 days . 1,500 0 . 1,404 0 . 1,286 0 . 1,324 0
Case 2,

3 days . 1,134 0 . 1,282 0 . 1,012 13 . 1,044 i6
Case 3,

2months. 964 i6 . 922 25 . 758 35 . 66o 47
Case 4,

4 months . 955 i6 . 930 25 . 87o 26 . 875 29
Case 5, L.,

17 months . 1,312 0 . 1,536 o . 1,130 3 â€¢¿�1,100 II

scale, they might indicate that the fronto-thalÃ¡mic pathway, though definitely
inferior to the thalamo-frontal, is not quite insignificant, and that more fibres
originate in the orbital areas than in the convexity.

Centre Median Nu.c,leus of the Thalarnus.

Whereas it has been established that almost all the thalamic nuclei project to
the one or other region of the cerebral cortex, there is one notable exceptionâ€”the
centre medial nucleus. Nor is anything definite known about the connections of
this nucleus with other centres of the brain. The consensus of opinion at present
seems to be that the centre median nucleus is purely a thalamic association centre

FIG. 21.â€”Case 6: L. hemisphere. Diagro@m of various coronal sections through the
thalamus. The shaded areas indicate the extent of the degeneration in the nucleus
dorsalis medialis.
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(Le Gros Clark, 1944). What appears to be a bilateral selective atrophy of this
nucleus is, therefore, a surprising and unexplained finding. It has been recorded
in a case of cortical deafness with lesions in the opercular and insular regions (Le
Gros Clark and Russell, 1938). A similar â€œ¿�atrophyâ€•was recently seen by Le Gros
Clark (personal communication) in a psychotic patient after leucotomy. Indepen
dently we have made similar observations in brains from psychotic patients. For
a moment it was tempting to consider a possible relationship of the pathology of
this nucleus to functional psychosis. However, further observations made by
both Le Gros Clark and the present writers have not substantiated a clear-cut
relation to any form of psychosis. Figs. 22, a and b, demonstrate that in a fairly
recent case of schizophrenia there may be almost complete â€œ¿�atrophyâ€œ¿�,while in
another of twenty years' duration of the illness the nucleus appears to' be normal.
The centre was also normal in the case of frontal lobectomy in a mentally healthy
patient. The only conclusion we can safely draw at present is that, under both
normal and psychotic conditions, the centre median nucleus is liable to very con
siderable variations in cell density and spacing of cells, which apparently far
exceed those seen in animal brains by Le Gros Clark and Boggon (1935). This
variability is of remarkable interest if one regards the nucleus as an association
centre within the thalamus, which itself appears to be one of the corner-stones of
what one might call the anatomical substrate of personality organization.' It is the
more remarkable, as previous work on individual architectural differences within
the cerebral cortex has demonstrated the relative constancy of the cortical pattern.
Individual thalamic variation has not gone entirely unnoticed. Alexander (I942@
has commented on individual differences of the myeloarchitectural pattern of the
normal thalamus, and he has made the statement that â€œ¿�humanthalami are almost
as different in appearance as human faces.â€• Here indeed seems to emerge a
problem of the first magnitude which will require serious attention.

Summary.
A pathological investigation has beeu made in nine cases dying after prefrontal

leucotomy, and in another case in which a frontal lobectomy was performed in order
to remove a mernngioma.@

It has been shown that the place at which the leucotome was introduced into
the brain and, also, the amount of haemorrhage and its sequelae varied consider
ably in the individual cases.

In the four recovered cases the lesion was surprisingly incomplete and circum
scribed, and did not involve structures near the midline. In one case considerable
improvement followed unilateral leucotomy; in another the prefrontal lobe was not
involved at all.

There is some evidence that the projection of thalamic fibres to the orbital
region is of considerable strength, and that the cortex in front of the surgical lesion

is not wholly unaffected.
The centre median nucleus of the thalamus displays in the human brain a con

siderable variation of cell density. Its significance requires further investigation.
The results have been discussed with regard to both the clinical selection of

cases for leucotomy, and the theory and practice of the operation, but final conclu
sions should be deferred until more material has been investigated.
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DISCUSSION.

The PRESIDENTsaid that Dr. Meyer had, as usual, been most instructive. This operation
had always appealed to him as being the beginning of greater and newer techniques, and in the
nature of things it had the element of crudity which in time would he smoothed out, and it
would become more exact. Dr. Meyer had given some indication of the gradually increasing
lesson of experience, and how the operation would have to be improved for it to be useful and to
meet the requirements of cases. In fact it would be a development of neurosurgery.

Dr. Meyer lamented the small number of cases, but of course, the operation would die a
natural death if he had a large amount of material. The material, if the operation was to go
on and progress, would obviously be limited, and it was hoped that information would be gained
from intercurrent cases rather than from direct action, because one of the effects of his
investigations would obviously be to make the operation safer by improving the technique of the
surgeons, both with regard to life-saving as well as performing the neuro-psychological functions
which was the whole basis of the operation.

A number of the members had had cases of leucotomy, and he hoped the debate would be
interesting and instructi@re. Those who had had good practical experience would add to the
existing knowledge on this subject.

Dr. MCCARTAN said that one of his cases had been demonstrated by Dr. Meyer and he
regretted that more neuro-surgeons were not present, because this was one of the most important
papers read before the Association for some time. It was not often that one attempted such a
faithful post-mortem investigation of one's patients, and he @iopedwhen the paper was published
that as many of the pictures shown during his reading o@it would be published as possible, so
that surgeons performing the operation could see what Dr. Meyer had demonstrated.

In his own case, the patient did not die of the operation, but because he had been allowed
to go to operation with an enlarged prostate. In the actual operation, it was obvious from
what Dr. Meyer had said that the surgeon had not been quite radical enough.

He congratulated Dr. Meyer on his very excellent and enjoyable paper.

Dr. CUNNINGHAM DAX said that he wished one could see more of these cases, so that one
could see where the approach was made and the extent to which the brain was cut. He under
stood that an orbital section case had died quite recently on whom the operation was performed
some time ago. The patient was an aged melancholic and did not show the improvement which
was hoped for, and which it appeared might follow in the first period after the operation. When
looking at the section in the first place and wondering how it could be done, both the vertical
section, as one had hoped in front of the tip of the ventricle and also a horizontal section above
theorbitalcortexby thesameincision,onefoundpost-morteminvestigationveryuseful.He
had been informed, and indeed believed, that the position of the brain did shift in relation to the
skull, and, of course, one had a proportion of older cases to investigate, and he had found the
position at which the leucotome was inserted and cuts were made all over the brain. Having
examined cases which died, one was also fairly shaken by the position of the incision, and
that led to the adoption of a different approach through the temporal fossa where one could,
on each occasion, see what was happening when the incision was made. It would be very
interesting to see the distribution of the orbital fibres although, that being the older portion of
the brain, he was told that one would have expected the results which had been described.

There was no doubt that some amazing results had been seen in cases of aged depressives
with stereotyped speech. One was of an old lady who repeated that she â€œ¿�wanted to go to
London,â€• and got very upset about it, was constantly struggling and was difficult to nurse,
but who settled down a little after the first vertical operation. Some months afterwards a
horizontal section was done through another incision, and she had cleared up and had been at
home for about i8 months. in another case of the same type the horizontal section was done
in the first place, and she also cleared up and had been at home for roughly the same time.

With regard to the distribution of fibres and the path they took to the thalamus, he wondered
â€˜¿�whethera mistake was made by cutting two vertical sections and so missing a number of the
fibres as they went from certain portions of the cortex back to the thalamus, and if something
like a grape-fruit knife could be used in order to make a curved incision over the poInt of the
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lateral ventricle where one cut the greater number of fibres. An endeavour was being made to
produce an instrument which might do this and he would repqg.t the results at a later date.

Dr. Dax hoped there would be an opportunity for seeing more and more of the results
as time went on, mapped out in the very beautiful way in which Dr. Meyer had done it so
that it would be possible to improve, correct and adjust, and make progress in this useful
treatment.

Dr. MAYER-GROSS said that he had looked forward to this paper for some time, not only to
see some old acqu@ttances on the screen, but also because it was of the greatest importance for
the treatment that the pathologist should control the actions which produced the results.

He would like to ask a question on a point he had discussed with Dr. Meyer and which he
deliberately left out of the paperâ€”the question of how far the cortex itself, which, according to
Freeman and Watts, showed no deterioration whatsoever and should be in a perfect condition,
was, according to Dr. Meyer's findings, affected by the operation, and was responsible for the
changes brought about by the operation. If the connection with the thalamus was of such
importanceitmight depend not only on the nucleusof the thalamus,but alsoon the effect
on the cortical layers.

Dr. F. A. PICKWORTHsaid that Dr. Meyer stated he was unable to follow the degeneration
of the myelin sections. Did that mean that a large portion of the fibres which were cut were
sympathetic fibres, and would that explain the peculiar visceral effects from prefrontal
leucotomy?

Dr. R. B. TURNER said that it was difficult to exaggerate the importance of Dr. Meyer's
contribution on this subject. The more one thought about it the more extraordinary it seemed
that a mutilating operation on the brain could bring about mental improvement. What
interested him most in Dr. Meyer's description was the case in which the patientâ€”he thought it
was Case 5â€”survived for 17 months or was very much improved although the operation was a
failure from the point of view of its object, which was to sever the fibres connecting the dorso
medial nucleus and the prefrontal region. One wondered whether, as Dr. Meyer hinted, it
matteied where the incision was made, and whether an incision in the d@cipitalregion would not
have the same effect, whether the actual severance of the fibres was of such importance.
Instead of dividing fttcres rather blindly, could not one, through electrical means, destroy the
dorso-medial nucleus of the thalamus? Neuro-surgeons seemed to be able to turn the brain
inside out nowadays, and no part was inaccessible.

Another question which occurred to him was whether the surgeon had merely been content
to do leucotomy on one-half of the brain, perhaps a right-handed individual on the left-hand
side, and had the result been in any way satisfactory? The idiot was not troubled by projecting
himself into the future or disturbance of his superego, as far as was known, but he was often very
disturbed and disagreeable, and it occurred to the speaker that he would be a very satisfactory
subject for this operation. At Leavesden leucotomy had been performed on many mental'
defectives; only two were high-grade, others being almost in the idiot class, and although there
was not sufficient time to judge of the results, and one patient who was rather feeble-minded
and whose voice could be heard through several blocks of the building before the operation, and
who threw his utensils, his food and even his faeces about the ward, was now able to be put on
parole. He was anaplegic, probably suffering from spina bifida, and he propelled himself about
the grounds. One idiot diplegic, who spent all her waking hours destroying either the bedding
or her clothing with her teeth to such an extent that she did f@Ã§@oworth of damage in six months,
had been remarkably improved and had ceased, except occasionally after an epileptic fit, to
continue these acts of destruction. It must not be thought therefore that this was an operation
suitable only fgr the psychotic or psycho-neurotic subject. It obviously had a field of usefulness
in the â€˜¿�mentaldeficiency institution. He believed that at the sister institution at Caterham
equally disturbÃ§d patients made an even greater response.

Dr. BURROWSasked Dr. Meyer whether his investigations threw any light on vitamin
deficiencyin the immediate resultsof the operation.One of hiscases,afterweeks of post
operative confusion, cleared up to almost complete normality in three days with the adminis
tration of nicotinic acid, and he would be interested to know of other cases.

Mr. CLARK-MAXWELL(visitor) said that it had occurred to some neuro-surgeons that a direct
approach to the dorso-medial nucleus would be a more rational thing to do than to attempt to
section the frontal fibres with the great variation in results, both technically and mechanically.
Brains varied very much; one did a sweep of 19Â°on one brain and a similar sweep in another
and afterwards one found that the sweep was 300 in one and 70Â°in another owing to the
different elasticity of the fibres.

It was very difficult to get at the dorso-medial nucleus, and he had been doing some experi
ments lately which were still in the early stages and still restricted to the cadaver. It was
possible by an approach to introduce a small scoop into the ventricle, and one could see the degree
of the outline of the thalamus and some of the landmarks therein. He had used a coloured dye
to follow the track of the instrument, and found that that method was more variable than attempt
ing to section the frontal fibres. The method was improved, but it was too early to say whether
it was satisfactory. It should be the right thing to do, but so far skill was insufficient to hit the
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right spot with anything like certainty. If he could show some of the brains into which the dye
had been put his hearers would je horrified.

One speaker mentioned getting a circular sweep round the hinder ventricle ; he had done
this in two or three cases but had found difficulty. With the ordinary ventricular cannula
one could do a sweep, and it was possible to feel the@val1of the ventricle before penetrating it.

Dr. BRODYsaid that he would like to hear a little more about the visceral and autonomic
changes and what was the underlying neuro-pathology. It was very interesting ; although one
had seen recovery without very much in the way of visceral change he could not remember any
case which had shown obesity which had not done well clinically.

The other point of interest was that one of the cases which Dr. Meyer had mentioned was one
of two done at Runwell where the incision was made@ in. posteriorly to the usual site. That
did not mean that the actual brain was severed@ in. posteriorly. One of the cases died. She
showed very little in the way of outward visceral damage, whereas the other patient became
extremely torpid, fat, very lazy, and had atrophic ulcers on her heels and atrophic changes to
her hands which took about nine months to clear up. During the whole of that time she was
excessively torpid, but as the atrophic changes cleared she got more animated. She remained
like that for some months and then gradually relapsed and was much as she was previously,
although she had left hospital in the meantime.

It would be very interesting to hear what Dr. Meyer had to say about the autonomic changes
which occurred following leucotomy.

Dr. MEYER, in replying to the discussion, said that numerous questions had been asked,
and he was glad that he had cut down his paper because he had already planned to discuss the
questions which arose spontaneously.

He was sorry that he gave the impression that he expected a high mortality from leucotomy.
Actually he did not think that the mortality was greater than that mentioned by Zeigler, but
what he wanted to suggest was that it was of the greatest importance to remain in contact with
the patients who recovered, and if they died later (and some would because many were elderly)
their brains would be oLthe greatest value for this investigation.

Dr. Cunningham Dax mentioned the new methods of surgical approach, and he was very glad
that the developments were making the cut more reliable. Dr. Mayer.@Grosshad asked about
the cortex. There were few cases where there was atrophy in the frontal cortex. Freeman
and Watts, in the eight cases which they reported, said that the frontal cortex was normal. He
had made a special study of the frontal cortex, however, and had found that it was not quite
normal. In all the cases with sufficiently long survival period the frontal cortex, particularly in
the third layer, looked emptier than usual. It was interesting to see that the orbital region
had suffered more than the region of the convexity. The damage was slighter than that of the
dorso-medial nucleus, and this might reflect upon the relative strength of the thalamic pathways.
Apparently the thalamo-frontal pathways which resulted in the degeneration of the dorso-medial
nucleus were much stronger than the other fibres, and so if the route of the operation was correct
this might be a tragic observation, because it showed that the human brain had made provision
for the human race to present instinctual drives to the prefrontal structures, but not given
adequate means for the prefrontal cortex to control them. He thought there was a definite
lesion, but he had not mentioned it in his paper, not because of lack of time, but because the point
needed further investigation before anything was published.

Dr. Cook asked whether the different cases had been operated on by the same surgeon.
Different surgeons were concerned, and some of the operations belonged to an earlier experi
mental period. Technique as a whole had improved, but it was Mr. McKissock himself who said
that even with improved technique there would always be vicissitudes of completeness of the
operation and the placing of the cut.

Dr. Pickworth asked about the unmyelinated fibres. In fact, Freeman and Watts did not
find a degeneration of thalamo-frontal fibres, and that it was slight in the thalamal fibres pointed
to the fact that many of them were unmyelinated or had only a poor myelination. He did not
think this of necessity involved visceral change. It was known from observations made in'
Professor Le Gros Clark's laboratory that the connections between the caudate nucleus and the
premotor area, and the so.called suppressor band of area 4, were largely unmyeinated. Appa
rently many more fibres were unmyelinated, and a decision would have to be made as to the
significance of their lunctions.

With regard to Dr. Brady's remarks, recovery might occur without damage anywhere in
the brain, and this had been demonstrated in one of his cases and also by Freeman and Watts and
Goodman in depressive patients who had tried to kill themselves and to inflict brain injuries to
themselves. He thought one should not forget that the place where the cut was made was the
soundest as far as a knowledge of personality, organization of e@iotionand emotional expression
went.

With regard to the question of the electrical or other destruction of the dorso-medial nucleus,
the answer had been given by Mr. Clark-Maxwell. He, personally, thought that the operation
in this region would be major and larger in surgical intervention and less safe than the cutting
of the thalamo-frontal fibres. He had put the dorso-medial nucleus into the foreground because
he wished to take it as a test for the destruction of the thalamo-frontal fibres, but it must not
be forgotten there might be other factors such as the cingulate cortex to which Freeman and
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Watts attributed so much significance. So far he had not seen any degeneration in the cingulate
cortex, but these tracts were obscure in their pathology and physiology, and this applied to
other tracts. So far it had been difficult, or even impossible, to find any degeneration, but
these things had to be looked for, and a successful operation on the dorso-medial nucleus might
mean that an important point was missed. Professor Golla had attempted to devise an
electrical leucotomy which had not materialized beyond the experimental stage.

With regard to vitamin deficiency he mentioned that pellagra was the cause of death in one
ease, and thiamine deficiency was the cause of death in another. It was worth keeping in mind
that in the post-operative phase the nutritional aspect was of some importance.

Dr. Brady asked about visceral change. The dorso-medial nucleus acted not only with
the prefrontal cortex but with the hypothalamus particularly; its magno-cellular part was in
direct communication with the hypothalamus. Recently Walker had pointed out that the
magno-cellular part participated in the projection to the frontal cortex, and this would mean
an almost direct pathway connecting the hypothalamus in a double way with the prefrontal
cortex, which would, of course, explain the visceral change observed. Freeman and Watts
found the magno-cellular portion intact in their cases; he found that all had suffered, though
not to an equal degree to the parvicellular part of the dorso-medial nucleus. Whether this
was of some significance to recovery or not he did not know. It was one of the points which he
had in mind which would have to be ascertained in a larger material.

â€”¿�
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