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of these findings to the possible autoimrnmune nature of
hyperthyroidism itself is discussed.

We are grateful to Dr. Audrey Dawson for the serum vitamin-
B12 estimations and to Dr. S. D. Mohamed for the vitamin-B12
absorption studies. We also thank Miss Sheila Tait for technical
help with the serological studies.
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The natural history of idiopathic facial paralysis (Bell's palsy)
has been fully described (Taverner, 1955, 1959). Movement
always returns to the paralysed muscles eventually, and about
three-fifths of the patients recover completely. The remainder
develop denervation of the facial muscles and never recover
completely. They all show associated movements of some
kind, many develop contractures, and some complain of the
" crocodile tear " phenomenon (Taverner, 1959). About one-
quarter of those who develop denervation remain permanently
dissatisfied with their eventual state of recovery (Langworth
and Taverner, 1963).
Many forms of treatment have been used for Bell's palsy,

but there is no satisfactory evidence that any of them are
effective. Controlled trials of the effect of cortisone (Taverner,
1954), physiotherapy (Mosforth and Taverner, 1958), and
cervical sympathetic blockade (Fearnley et al., 1964) have all
shown negative results. There is urgent need for an effective
treatment to prevent the onset or minimize the degree of
denervation of the facial muscles.

In this paper we report the results of a controlled trial of
the effect of adrenocorticotrophic hormone (A.C.T.H. gel) in
patients with Bell's palsy. A brief preliminary report has been
published by Taverner and Fearnley (1965).

Design of Trial

The trial was conducted simultaneously in the Department
of Electromyography, General Infirmary at Leeds, and in the
Department of Physical Medicine, Orpington Hospital. All
patients with Bell's palsy up to six days in duration were
admitted to the trial. In each centre their names were entered
on a previously prepared list allocating them randomly to
treatment or control groups. They were examined clinically

and electromyographically at regular intervals for at least three
months. Electromyography consisted in needle sampling of
the muscles at the angle of the mouth and estimation of the
conduction time from the angle of the jaw to the sampling
site (Langworth and Taverner, 1963). Complete denervation
is shown by complete loss of electrical excitability of the facial
nerve. In partial denervation the nerve continues to respond
throughout, but slowing of conduction occurs and some degree
of associated movement inevitably appears (Langworth and
Taverner, 1963). The threshold to anodal galvanic stimulation
on the two sides of the tongue was compared in the Leeds series
(Krarup, 1958 ; Peiris and Miles, 1965).
At least three months after the onset of paralysis the final

evaluation was made on clinical grounds alone, and two
observers agreed about each one. The results were classified
as (1) complete recovery, full voluntary movement and no
associated movements; or (2) denervation, any defect of volun-
tary movement plus any degree of associated movement, how-
ever slight. All the patients with denervation, irrespective of
degree, were classified as failures, and preference was given to
the other member of the pair. Non-tied pairs from both centres
in chronological order of entry were analysed sequentially by
means of a closed design designated by the parameters 2a=
0.05, 1-/3=0.95, 0=0.85, N=27 (Armitage, 1960).

Patients
All patients aged 14 years or more with idiopathic facial palsy

of up to six days' duration were admitted to the trial, the
criteria laid down by Taverner (1955) being used. One control
patient subsequently developed herpes zoster of the external
auditory meatus and showed evidence of denervation. One
treated patient was lost track of by administrative error. When
last seen this patient was recovering rapidly, and denervation
is most unlikely. The pairs containing these patients were not
used in the sequential analysis chart, though the unaffected

* Department of Electromyography, General Infirmary at Leeds.
t Department of Physical Medicine, Orpington Hospital, Orpington,
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member of each pair has been retained for the more detailed
statistical analysis.
Treatment.-The treated patients were given 10 daily intra-

muscular injections of A.C.T.H. gel starting on the day of
entry. The dosage was 80 units a day for five days, then 60,
40, and 20 units on the next three days, and 10 units daily for
the last two days. The control patients received no drugs

apart from simple analgesics if needed. Both groups of patients
were advised to massage their faces gently every day.

Results

Seventy-two patients entered the trial originally-58 in Leeds
and 14 in Orpington-but two' have been excluded from the
statistical analysis. Thirty-four received A.C.T.H. and 36
acted as controls. The average age of the treated group was
41.8 years (range 14-66 years) and of the control group 38.0
years (range 15-69 years). This agrees closely with the age
range of a previous series (Taverner, 1959).
As each pair in Leeds reached final assessment the results

were plotted on the sequential analysis chart (see Fig.) and a

significant preference (P=0.05) was shown for the A.C.T.H.
treatment. The trial was then stopped on ethical grounds
because we were no longer prepared to refuse to treat any
suitable patient. At this stage in Leeds the results were as
shown in Table I, but many pairs were still under observation.

Effect of A.C.T.H. in facial palsy. Heavy line indicates seven
successive pairs showing preference for A.C.T.H.

When the final results were collected from both centres
(Table II) it became apparent that the sequential analysis
carried out on the early results had by chance exaggerated
the effectiveness of A.C.T.H. treatment. In all, 34 patients
had received A.C.T.H., and 27 of them recovered completely,
while seven developed denervation. Of the 36 control patients

T4BLE I.-Incidence of Denervation in Relation to Treatment

Tied Pairs Untied Pairs
Treatment

Denervated Not Denervated Not

A.C.T.H. 0 8 0 7
Control...0 8 7 0

TABLE II.-Outcome of Treatment with A.C.T.H. Gel In Unselected
Consecutive Patients

Treatment Total Complete Denervation
Recovery

A.C.T.....I - 34 27 7
Control . .. 36 22 14

x2 = 4-93 n = 1, P <0 05. For details of analysis, see text.

Bye

14 developed denervation and 22 recovered completely. This
difference in the proportions of recoveries is not significant by
the usual tests (x2=1.98, n=1, P>0.05). However, the inci-
dence of denervation in the present control series (39%) is
almost identical with the denervation rate in three previous
series of Bell's palsy (Taverner, 1954 ; Mosforth and Taverner,
1958; Fearnley et al., 1964). The method of selection of
patients in these trials was the same, the average age of the
patients was 39.5 years, and the denervation rate was 42%. It
is therefore reasonable to assume that the control series in the
present trial is representative of the normal population of
patients with Bell's palsy. If the incidence of denervation in
the present control series is taken as the " expected value " the
result is x2-4.93, n= 1, P<0.05. The difference in the
number of patients with denervation in the treated and control
groups can be regarded as statistically significant.

After the first trial was stopped all new patients seen in
Leeds with Bell's palsy of up to five days' duration were treated
with A.C.T.H. if they showed an abnormal response to anodal
galvanic stimulation of the tongue. If there was any doubt
about their clinical state on the grounds of reliability of the
test response, age, or severity of paralysis they were treated.
Patients with incomplete paralysis were not treated.
A further 73 patients have been seen up to the end of April

1965, and have been followed up for three months or more.
Thirty were judged to be suffering from conduction block
because the anodal galvanic threshold was normal, and all have,
in fact, recovered completely without treatment. Of the 43
treated with A.C.T.H. 27 had definitely abnormal galvanic
thresholds on the affected side and could be expected to develop
denervation if untreated (Peiris and Miles, 1965). The remain-
ing 16 were included because of clinical uncertainty. In this
group of 43 treated patients 37 have recovered completely and
only six have developed denervation.

Altogether 77 patients have been treated with A.C.T.H.; 64
recovered completely and 13 developed some degree of denerva-
tion (Table III). If we use the argument stated above, and
ignore the fact that the present series has an unduly high pro-
portion of patients liable to undergo denervation, it would be
expected that at least 30 (39%) would develop denervation. In
fact only 13 did so, and the difference is statistically highly
significant (X2=14.86, n=l, P<O.001).

TABLE III.-Results in All Patients Treated with A.C.T.H. Compared
with the Expected Results Assuming a Denervation Rawe of 39%_

Total Complete rzretionRecovery

Actual. 77 64 13
Expected .77 47 30

X2 = 14-86, n 1, P<0001.

Delay in Starting Treatment.-It is believed that most of the
damage in severe cases of Bell's palsy occurs in the first 48
hours (Langworth and Taverner, 1963). Early treatment is
likely to be of prime importance. The results of the present
series in relation to duration of the palsy are shown in
Table IV. There is a smaller proportion of denervation in
the patients treated less than 48 hours from the onset (0.6>
P>0.05).

Side-effects.-No side-effects from, the A.C.T.H. were seen;
but one patient, previously depressed for some weeks, became
elated during the period of treatment. Later he became more
depressed than ever and had to receive psychiatric treatment,
which was successful.

TABLE IV.-Relation Between Type of Response and
Treatment with A.C.T.H.

Days from Onset: 0-1 2 3 4

Complete recovery .. 14 16 15 12
Denervation .. .. 1 2 5 4

Time of Staring

5 TotA
7 64
1 13
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Discussion
We believe that A.C.T.H. gel by intramuscular injection

reduces the incidence of denervation in Bell's palsy to a sub-
stantial degree. All the treated patients were fully satisfied
with their recovery except for one who developed complete
denervation (Langworth and Taverner, 1963; Taverner and
Fearnley, 1965). On clinical grounds we suspect that this
patient was suffering from herpes zoster, which seems to be
unresponsive to A.C.T.H.
The premature ending of the trial was unfortunate, but on

ethical grounds we were not prepared to withhold treatment
in order to strengthen our case at the cost of possible permanent
damage to patients. Apart from the clinical results, we were
aware on electrophysiological grounds that we were modifying
the course of Bell's palsy in an unprecedented manner. In
five patients conduction latencies of more than 4 msec. were
obtained from the affected facial nerve on electrical stimulation,
yet these patients recovered completely after A.C.T.H. therapy.
Langworth and Taverner (1963) have shown that such values
always presage denervation.

It is true that the patients treated later are a selected group,
but the bias is against the treatment. The 30 (41%) patients
with only conduction block were excluded, but this ensures
that the remainder contains a higher proportion than normal
of patients likely to develop denervation if untreated. This
claim is based upon the fact that at this stage the patients as a
whole were unselected, successive patients attending with fresh
Bell's palsy in whom about 40% are likely to develop denerva-
tion (see above). Twenty-seven of the treated patients (37%
of the total) had a raised threshold to anodal galvanic stimula-
tion of the tongue when first seen. It has been shown by
-Peiris and Miles (1965) that this always means that with
standard treatment denervation is going to occur. Their work
was completed before the present trial was startedj and these
patients treated with A.C.T.H. gel are the only exceptions to
their findings we have ever seen.
The success of A.C.T.H. in preventing denervation contrasts

with the failure of oral cortisone (Tavelner, 1954). This
differential effect has been noted previously in neurological
conditions (J6nsson et at., 1951; Alexander et at., 1958; Ross
et ci., 1958; Miller et at., 1961). Perhaps the pattern of hor-
mones liberated by the patient's own suprarenal glands on
stimulation lies behind this difference.
Our present policy is to treat all patients with Bell's palsy

in whom there is any doubt about the likelihood of complete
recovery, because of a raised threshold to anodal galvanic
stimulation of the tongue. If the test is unsatisfactory,
especially in older patients, then treatment is given anyway.

Patients with severe degrees of diabetes mellitus and congestive
heart failure should probably be excluded.
We are satisfied that this form of treatment started on the

first day of paralysis will virtually eliminate the often severe
permanent disfigurement that has always been the grievous
danger after Bell's palsy. This in turn removes the need to
establish the value of surgical treatment (Langworth and
Taverner, 1963).

Summary

The results of trials of the use of intramuscular A.C.T.H. gel
in the treatment of idiopathic facial paralysis (Bell's palsy) are
reported.

Preliminary results of a randomly selected controlled
sequential trial with 34 treated and 36 control patients showed
a benefit attributable to treatment significant at the 5 % level,
but in the final results the differences did not reach statistical
significance.
The work was continued, a total of 77 patients being treated

with A.C.T.H.-64 recovered completely and 13 developed
denervation. From previous studies the expected results in 77
successive patients with Bell's palsy would be 47 complete
recoveries and 30 with denervation. The difference is shown
to be highly significant.

It is claimed that even better results would be obtained if all
patients were treated within 24 hours of the onset of paralysis.
We thank Professor M. Hamilton for his invaluable help in the

statistical aspect of this work. We are indebted to Mr. P. J. Burch
for much theoretical discussion which led to the initiation of this
trial to test a hypothesis. We are grateful to the many doctors
who have referred patients so promptly. We are deeply grateful
to the chairman and secretaries of the local health committees in
Leeds, Bradford, Barnsley, Dewsbury, and the West Riding for
their enthusiastic co-operation.
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Detection of Effects of Ionizing Radiation by Population Studies

G. HIEMS,* M.SC., PH.D.
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The development and use of atomic energy have led to an
increase in man's exposure to ionizing radiation, and there is
general concern over the possible damage which might result
from this increased exposure. Situations which give rise to
large individual doses are extremely rare, and the major
exposure is to low doses at very low dose rates. Large numbers
of the general population are exposed to fallout at dose rates
which average a few hundreths of a rad per year. A small

section of the population are radiation workers and are exposed,
occupationally, to higher doses; these amount, on average, to
11 rad per year, or less. So far, harmful effects of low doses of
radiation at low dose rates have not been detected, and the
possible risks are estimated by extrapolating from the effects of
high doses, delivered at high dose rates, and observed in studies
of atomic-bomb survivors, and ankylosing-spondylitis patients
who have been treated with ionizing radiation. This extrapola-
tion introduces considerable uncertainty, which might be
avoided by attempting to detect directly the effects of exposures

* Radiological Protection Service (Ministry of Health and Medical
Research Council), Sutton, Surrey.
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