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SUMMARY Investigation by cerebral biopsy of patients with dementia associated with cerebral atro-
phy permits the examination of clinico-pathochemical relationships, and provides a means of dis-
tinguishing and classifying forms of cerebral atrophy. Benefits of the procedure must however be
weighed against possible adverse effects of surgical intervention. The study examines the outcome
following biopsy of 24 patients with presenile dementia. No major operative complications were
encountered, and recovery was uneventful in all but a single patient. The relevance of the findings
to the study of dementia by cerebral biopsy is discussed.

The diagnosis and classification of cerebral atrophy in
the presenium is imprecise, since clinical
differentiation depends upon accurate neuro-
psychological characterisation and neuropathological
and biochemical correlation. Necropsy investigations
inevitably are of terminal pathological change and
complete neurochemical analysis is prejudiced by
post-mortem tissue autolysis. Moreover, patients in
the advanced stage of disease may not be psycho-
logically testable, and thus clinical distinctions be-
tween patients may not be evident.

Investigations of patients with presenile dementia
in relatively early stages of disease by use of cerebral
biopsy"2 have been informative. Nevertheless, there is
reluctance to resort to invasive procedures if an
effective treatment is lacking. Recent findings of
neurochemical deficits in patients with Alzheimer's
disease have however opened up the possibility of
symptomatic treatment, increasing the need for accu-
rate definition of patient groups. Clinical studies
without pathochemical verification may be mis-
leading.

Benefits arising from accurate diagnosis must how-
ever be weighed against potential risks of biopsy. Ob-
jection to the procedure would be justified if
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accelerated deterioration followed surgical inter-
vention. This paper presents information regarding
the outcome of 24 patients who have undergone cere-
bral biopsy for investigations of primary degenerative
dementia in the presenium. The investigations were
designed to differentiate forms of cerebral atrophy
and their pathogenesis by examining the relationship
between neuropsychological, pathological and bio-
chemical data, and to identify patients with Al-
zheimer's disease in order to include them in
therapeutic trials using oral choline and a parenteral
cholinergic agonist.

Methods

Selection ofpatients
The 24 patients, previously described3 represent a sub-
section of patients investigated with a clinical diagnosis of
primary cerebral atrophy. They were relatively youthful and
otherwise physically well, and their relatives were educated,
supportive and highly motivated to seek diagnosis and possi-
ble treatment. The progressive nature of the patient's condi-
tion was explained to relatives, and the use of biopsy as a
means of defining the precise nature of the disease. Relatives
were informed of potential surgical risks and that the intent
of the investigations was directed toward greater under-
standing and possible treatment, and that the procedure was
diagnostic and not itself therapeutic. It was emphasised that
any resulting therapeutic trials would have no guarantee of
success and would likely to be symptomatic rather than cu-
rative. Cerebral biopsy was carried out at the request and
with the written consent of close relatives, only after the
issues had been discussed at length with family and friends.
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Table 1 Outcomefollowing cerebral biopsy

Patient Age at biopsy Site ofbiopsy Immediate Delayed
(yr) R

Operative effects Relative report Clinical record of
ofdecline* decline

Alzheimer's disease
1 55 T
2 52 T
3 54 T transient confusion
4 55 T
5 59 T transient confusion na
6 59 T transient confusion
7 57 T na
8 60 T na na
9 52 T + -
10 59 T
I1 58 F
12 59 T na
13 67 T na
14 61 T na
15 69 T persisting confusion + +
16 57 T
17 66 T transient confusion +
18 63 T transient confusion
Non-Alzheimer's disease
19 57 T
20 51 T
21 50 F transient weakness +
22 53 F
23 43 T na
24 66 F transient confusion

T = temporal lobe; F = frontal lobe
na = information not available
*relative's report of deterioration in day-to-day activities on discharge. Deterioration may reflect specific effects of biopsy, non-specific effects
of hospitalization, or natural history of disease.

Ethical consent
The procedure of cerebral biopsy was agreed by the Man-
chester Central District Ethical Committee.

Surgical procedure
The procedure was carried out by a single senior neuro-

surgeon. Tissue was obtained from the right temporal lobe
by means of a temporal lobe flap. In the final four cases a

burr-hole procedure was adopted and tissue obtained from
the right frontal lobe, since this is a more circumscribed pro-
cedure, and entails a shorter length of anaesthesia. The ap-
proximate weight of the cortical tissue was 1 and 1-25 g for
frontal and temporal biopsy respectively.

Assessment of outcome
Immediate and long-term effects of cerebral biopsy were

evaluated with respect to the following criteria:
(1) post-operative morbidity, (2) relatives' assessment of pa-
tients' mental state, (3) clinical assessment before and after
biopsy, (4) long term prognosis

Outcome

1 Morbidity
There were no major operative complications, and no

patient suffered a post-operative bleed or intracranial

infection (table 1). One patient sustained a transient
and minimal weakness of the left arm which had to-
tally resolved within 7 days. Rapid post-operative re-
covery occurred in the majority of patients. In eight
post-operative confusion occurred, resolving within
1-7 days in all but one Alzheimer's disease patient.
This latter patient, aged 69 years, and the eldest in the.
series had demonstrated markedly dilated ventricles
on computer tomography, and had presented a clin-
ical syndrome suggesting an alternative diagnosis of
communicating hydrocephalus.3 At the time of bi-
opsy his dementia was severe. A fluctuating confusion
persisted over the ensuing months.

2 Relatives' reports
Some time after the patient's admission relatives com-
pleted a short questionnaire, purportedly designed to
assess patients' reactions to a hospital stay. Critical
questions were of the type "Were there tasks that
he/she could no longer do on returning home?" These
"negative" questions were balanced by "positive"
questions of the type "Was there improvement in
his/her condition after a hospital rest?". Questions
were included regarding the patient's emotional reac-
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tion during the hospital stay 'Was he/she upset by the
stay?". Neutral questions were interspersed: "How
long was the stay?".

In order to distinguish possible specific effects of
the operative procedure from the general effects of
altering the routine of a demented person by hospi-
talisation responses were obtained also from relatives
of 20 patients admitted for investigation of dementia
without cerebral biopsy. It was not however possible
to match groups accurately. Owing to the more exten-
sive investigations in the biopsied patients duration of
hospital stay was longer, with an average length of
stay of 17 days compared to 7 days in non-biopsied
patients. In patients undergoing biopsy the dementia
tended to be more severe.

Deterioration in the patients' condition on early re-
turn from hospital was reported by relatives in 4/20
(20%) biopsy cases (table 1). In two of these in-
stances, (patients 9 and 21, table 1) subsequent im-
provement was reported, on readjustment to the
home environment. Both patients had been emo-
tionally and socially disturbed by hospital admission
prior to biopsy. In the other two cases (patients 15
and 17) the deterioration was regarded by relatives as
sustained. Improvement following hospital discharge
was reported in one biopsy case. For non-biopsied
patients, relatives reported a deterioration in 2/20
(10%) patients, sustained in one case and temporary
in the other, and an improvement in 10/20 (50%)
cases.

3 Follow-up assessments
Neuropsychological clinical ratings3 of patients prior
to their discharge from hospital revealed that with the
exception of the single patient with persisting con-
fusion (patient 15, table 1) all had regained their pre-
vious rated level of functioning. No aspect of
disability was detected following biopsy that had not
been present prior to surgery.

Six-monthly review of patients currently being car-
ried out includes assessment of orientation, object
naming, verbal fluency, object recognition, block con-
structions, immediate and reversed digit span and im-
mediate and delayed memory for name and address.
These items were selected from the full clinical mental
examination3 since (a) they sample the spectrum of
disability found in the patient group, (b) they are sen-
sitive to change, while avoiding floor and ceiling level
performance in the patient population, (c) per-
formance can be easily quantified and (d) alternate
versions are readily devised, matched for difficulty
and suitable for multiple repeat testing. Cumulative
scores from individual items (maximum = 50), are
depicted in fig la, pre and post-biopsy for six Al-
zheimer's disease and two non-Alzheimer's disease
patients in whom long-term follow-up data are avail-

able. Pre-biopsy scores correlate significantly with
clinical rating of impairment (r = -091, p < 0-001)
and with full scale WAIS scores (r = 0-78, p < 0 02).
Figure lb shows scores for a group of non-biopsied
patients with clinically presumed Alzheimer's disease,
matched with the biopsied Alzheimer's disease group
in terms of their pattern of cognitive deficits and clin-
ically rated severity of dementia on initial testing.
Their mean age on initial examination was 60 years,
range 54-67; their mean duration of illness 3 years,
range 1-6 years. The scores, based however on un-
weighted measures, should appropriately be regarded
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Fig I (a) Cognitive performance scores before biopsy and
at intervals after biopsy in six Alzheimer's disease patients
(-) and two non-Alzheimer's disease patients (----). The
following patients are represented (respectively in descending
order ofpre-biopsy performance): nos. 19, 21, 18, 17, 14, 2,
10, 9. (b) Cognitive performance scores at intervals since
initial assessment in non-biopsiedpatients with clinically
presumed Alzheimer's disease.
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as "ranks" lying on an ordinal rather than interval
scale, thus restricting the conclusions that can pres-

ently be drawn with respect to "gradient" of cognitive
decline. Nevertheless the graphic representations do
mirror the clinical observation firstly that the course

of disease is not uniform across patients, and secondly
that the course in biopsied patients is not substan-
tially different from that in non-biopsied patients. A
Mann-Whitney U test comparing biopsied and non-

biopsied Alzheimer's disease patients on initial testing
did not reveal a significant difference between ranks in
the two groups. A comparison of ranks after 18
months again revealed no group difference. Figure la
includes data on those three patients in whom a dete-
rioration had been reported by relatives following bi-
opsy, but not observed clinically (nos. 9. 17 and 21).

4 Prognosis
The length of time since biopsy ranges from 1 to 5
years, mean 3 years. Of the 18 patients showing the
pathological changes of Alzheimer's disease two have
died in the interim, 1 and 2 years after biopsy, with a

total duration of illness of 3 and 7 years respectively
(table 2). The duration of illness in surviving patients
ranges from 3 to 12 years, mean 7 years. Of the six
patients classified as non-Alzheimer's disease on the
basis of biopsy findings one has died, 3 years follow-
ing the procedure and with a total duration of illness

Neary, Snowden, Bowen, Sims, Mann, Yates, Davison

of 9 years. The mean duration of illness in surviving
patients is 6 years, range 3-8 years.

The occurrence of epileptic seizures has been re-

ported in four Alzheimer's disease patients. One pa-

tient had a generalised convulsion 1 year prior to

biopsy, and a second attack 3 years after biopsy. An
attack was reported in a second patient 2 months af-
ter biopsy, in a third patient 1 year, and in a fourth
patient 3 and 5 years after biopsy. In the non-

Alzheimer's disease group convulsive episodes were

described after biopsy in one patient. Owing to the
infrequency of seizures no patient required long-term
anti-convulsant medication.

Discussion

Cerebral biopsy has been undertaken in 24 patients
for investigation of their dementia. No major oper-

ative complications were encountered, in keeping
with findings4 that it is a relatively safe procedure.
Immediate effects of the procedure were confined to

transient post-operative confusion in a minority of
patients. This resolved in all but a single male Al-
zheimer's disease patient, in whom a diagnosis of
communicating hydrocephalus had been considered.
A poor outcome has been reported in clinically
similar patients with Alzheimer's disease following
cerebral biopsy and ventricular shunting.2

Table 2 Outcomefollowing cerebral biopsy - long-term

Patient Duration of illness Seizures recorded Duration of illness Present status of Total duration of
at biopsy (years) (number) at time offirstfit patient illness to date or to

H I D death (years)

Alzheimer's disease
1 1 none * 6
2 2 2 5 * 7
3 2 none * 7
4 5 2 4 * 10
5 7 1 7 * 11
6 2 none *3
7 4 none * 8
8 5 none *7
9 3 none * 6
10 3 none * 5
11 3 none * 4
12 8 ? 12
13 2 none * 5
14 1 none * 3
15 1 * 3
16 3 none * 6
17 6 1 7 * 11
18 5 none * 8
Non-Alzheimer's disease
19 3 none * 7
20 4 none * 7
21 3 1 3 * 4
22 7 none * 8
23 6 none *9
24 2 none * 3

Abbreviations: H = patient still living at home; I = patient in institutional care; D = patient deceased.
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Early clinical evaluation in other patients following

biopsy revealed no evidence of a deterioration in their
mental state. Formal reassessment, however, neces-
sarily takes place following a period of post-operative
convalescence, so that possible effects of the biopsy
procedure are confounded with the effects of natural
progression of the disease. An adverse effect of biopsy
would however lead to the prediction of a greater de-
cline in cognitive performance during the 6 month
period during which biopsy took place than in sub-
sequent 6 month periods, and/or a more rapid rate of
progression of disease compared to non-biopsied pa-
tients. Longitudinal follow-up of patients suggests
neither of these predictions to be the case. Cognitive
performance scores, while correlating significantly
with clinical ratings of impairment and WAIS scores
should nevertheless be regarded as ordinal, and thus
reflect decline rather than accurately measure rate of
change over specified time intervals. Both the bi-
opsied Alzheimer's disease patients and those in the
non-biopsied comparison group of putative Al-
zheimer's disease patients, depicted in figure 1 b, have
participated in the same therapeutic trials during the
period of follow-up, and therefore any drug effects
ought to be reflected in both groups.

Reports by relatives provide some account of the
patient's functioning. Yet, interpretation of such re-
ports may itself be unreliable. Disruption of domestic
routine may result in a deterioration independently of
in-patient investigations. Relatives' perceptions may
be coloured by their expectations. For example, ques-
tionnaire responses by relatives of biopsied and non-
biopsied patients differed less in terms of perceived
deterioration than in terms of perceived improvement
following the patient's hospital admission, yet clinical
improvement was not apparent in any patient. A de-
terioration following discharge from hospital was re-
ported in four biopsied patients. For only one patient
did relatives' observations mirror the clinically rated
findings. For other patients, there was no clinical evi-
dence to corroborate the relatives' reports of a deteri-
oration.
While seizures are a feature known to occur in the

late stages of Alzheimer's disease, incidence of fits
among the Alzheimer's disease population is not pre-
cisely known. In one study' seizures were recorded in
5/33 (15%) of patients with a clinical diagnosis of pri-
mary degenerative dementia of the Alzheimer type. In
another study2 a history of recurrent seizures was
recorded in 2/10 (20%) patients. In the present series
seizures were reported in 5/24 (21 %) of patients, but
in no patient were these recurrent requiring long-term
treatment.
The length of survival in Alzheimer's disease is of-

ten regarded as 7 years, although reports suggest that
a wide variation exists, ranging from 1 to 20 years.6

Long-term follow up of biopsied patients provides no
evidence that the procedure has significantly altered
their life expectancy. One patient died with a total
length of history of only 3 years. Yet, his course had
been rapid prior to biopsy, and there was no sug-
gestion that the rate of decline had increased follow-
ing the procedure. Most other patients are alive
several years following biopsy, and many have sur-
passed their "predicted" 7 year life expectancy.

In conclusion, examination of a series of 24 pa-
tients, who have undergone cerebral biopsy for in-
vestigation of their dementia, has revealed no
convincing evidence for permanent or accelerated ad-
verse effects post-operatively apart from in one pa-
tient. The findings support the view that cerebral
biopsy is a relatively safe procedure, provided rig-
orous standards are applied, ensuring the minimum
time under general anaesthesia, the obtaining of min-
imal tissue possible for analysis, by a single senior
neurosurgeon, who is aware of the tissue requirement
but is nevertheless the sole arbiter of the minimal
scale of dissection.
The results of clinical, pathological and chemical

data obtained from this group of patients have indi-
cated that cerebral atrophy is a heterogeneous group
of disorders of which Alzheimer's disease is the most
common. However, the clinical presentation of Al-
zheimer's disease in the presenium is not uniform, and
patients without Alzheimer's disease may share clin-
ical characteristics similar to those of Alzheimer's dis-
ease.3 Correlative studies in Alzheimer's disease have
permitted comment on the relative contributions of
cortical and subcortical disorders in the dementia of
Alzheimer's disease.7 The availability of tissue from
cerebral biopsy permits the possibility of examining
many major neurotransmitters including glutamic
acid.8 Patients with proven Alzheimer's disease have
entered therapeutic trials of orally administered
choline and a parenterally administered cholinergic
agonist.
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Regional Health Authority.
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