
The so-called "step-wise" analysis
method has been used widely in regres-
sion analysis.15 Although discriminant
analysis uses the general multivariate
linear model16 and is similar to regres-
sion analysis, methods of selecting vari-
ables are not extensively discussed in
the literature. Currently, Biomedical
Computer Programs (BMD)17 and the
Statistical Package for Social Sciences18
are programs that include step-wise dis-
criminant analysis routines. Recently,
McCabe19 proposed an algorithm for
all possible subsets of any given size and
compared results with the BMD proce-
dure. Although this new algorithm seems
to be a great improvement, it requires
excessive computer storage and time

and appears impractical for studies with
more than 20 variables. The present
study used a step-wise discriminant anal-
ysis program named BMDO7M, which is
part of the BMD package.17

After a set of variables is determined
that provides satisfactory discrimination
for patients with known group member-
ship, a set of classification functions can
be derived that will permit the classifica-
tion of new patients with unknown out-
come. For this purpose the so-called Baye-
sian theorem or rule may be applied.
Mathematical aspects of Bayes' rule may
be found in most statistics books,2 and
clinical applications of Bayes' rule have
also been discussed.21

In its simplest form Bayes' rule may be

written as follows:

Ic
P(H,jz) = T1P(zIH.)/ .

P(zIH.) i = 1,2,... k

where (Ti) are the so-called prior proba-
bilities, P(zIH1) are the conditional prob-
abilities of obtaining discriminant scores of
z or greater if the subject belongs to the
ith group, and P(HiIz) are the so-called
posterior probabilities - the probabilities
of belonging to each group when the in-
formation given by z is taken into account.
An example application of this formula
is givea in the main part of this paper.E

Long-term therapy of essential tremor with propranolol
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In a double-blind crossover study 12
patients with essential tremor were
treated with propranolol and a placebo;
8 improved with propranolol and 3
with the placebo; the degree of
improvement with propranolol was
greater. In a similar study with diazepam
5 of 12 improved with diazepam and
4 of 12 with the placebo; the degree
of Improvement was less than that
achieved with propranolol.
Response in 21 patients to treatment

with propranolol for 2 to 4 years was
excellent in 4, good In 4 and fair in
10; the condition of I was unchanged
and that of 2, worse. Excellent response
was maintained for as long as 4 years,
but response tended to deteriorate
with time if initially It was less than
excellent. Response decreased with
Increasing age. No patient 60 years of
age or older had an excellent
response, and the four with an excellent
response were under age 55, three
being under age 35; all four had had
their tremor less than 12 years.

Patients with essential tremor should
be given a 3-month trial of propranolol
at 120 mg/d; if no significant response
Is seen the dose should be decreased,
then the drug discontinued.

Dans une 6tude a double lnsu avec
chass6-crois6 12 patients souffrant
de tremblement essentiel ont requ du
propranolol ou un placebo; 8 se sont
am6lior6s sous propranolol et 3
sous placebo; on a constat. un taux
d'am6lioration superleur avec le
propranolol. Dans une 6tude identique,

Presented in part at the Canadian Congress of
Neurological Sciences, Saskatoon, June 22, 1974

Reprint requests to: Dr. TJ. Murray, Chief
of medicine, Camp Hill Hospital, Halifax, NS
B3H 3G2

5 patients sur 12 56 sont amelior6s
avec Is diazepam et 4 sur 12 avec
le placebo; lamelioration a ete moms
marquee qu'avec le propranolol.
Chez 21 patients ayant re.u du

propranolol pour des periodes de
2 a 4 ans Ia reponse a ete excellente
dans 4, bonne dans 4 et moyenne
dans 10; letat d'un patient est demeure
inchange, alors qu'II s'est aggrave
chez 2 dentre-eux. Une excellente
reponse a pu 6tre maintenue jusqu'a
4 ans, mais une reponse initiale moms
qu'excellente avalt tendance a s.
deteriorer avec le temps. La reponse
a diminue en fonction de l'Age.
Aucun patient Ag6 de 60 ans ou plus
n' eu une excellente r6ponse, alors
que les quatre patients b6neficiant
d'une excellente reponse 6taient ig6s
de moms de 55 ans, dont trols de
moms de 35 ans; tous quatre soufiralent
de tremblement depuis moms de
12 ans.
Les patients atteints de tremblement

essentiel devraient recevoir un
traitement d'essai de 3 mois au
propranolol a Ia dose de 120 mg par
jour; si aucune reponse significative
ne peut .tre observ6e, Ia dose devrait
6tre diminuse, puis le traitement
lnterrompu.

In 1971 Winkler and Young1'2 ob-
served that the p-adrenergic blocking
agent propranolol was beneficial to pa-
tients with essential tremor. In 1972 I
reported the findings of a preliminary
study of 12 patients treated with pro-
pranolol for essential tremor; excellent
results were obtained in 6 and lesser
improvement in 6? There are now sev-
eral further reports on propranolol ther-
apy for essential 114 most con-
firming its value. However, in general,
these are anecdotal or represent short-

term, often uncontrolled studies. In this
paper I report the results of a double-
blind study with propranolol, a separate
double-blind study using diazepam for
comparison, and a long-term follow-up
of 21 patients treated with propranolol
for 2 to 4 years.

Methods

From 1971 to 1975, 41 patients with
essential tremor were assessed for pos-
sible inclusion in a study of long-term
propranolol therapy. Three were elim-
inated because of asthma or borderline
cardiac output, three because they did
not wish to take a medication for a
long period and six because of serious
concomitant disease. Five patients were
given therapy but not studied further
because of distance or noncooperation.
The remaining 24 patients entered
short-term double-blind studies and 21
were followed up while taking propran-
olol for 2 to 4 years.

Initially a double-blind crossover
study was completed for 12 patients,
each receiving 120 mg of propranolol
daily for 6 weeks and a placebo for 6
weeks. Assessments included examina-
tion and evaluation of the tremor by
a five-grade system, the patient's sub-
jective evaluation of change, and study
of the patient's handwriting and ability
to draw an Archimedes spiral. The ef-
fect on the tremor when the patient
was angry, under stress or in other
circumstances of heightened emotion
was also evaluated. However, only the
evaluation of the tremor proved to be
a true measure of response to therapy;
hence the complex scoring system was
abandoned and only the five-grade
evaluation of tremor retained.

Because the value of propranolol
could be attributed to its effect on anx-
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Table Ill-Response to long.term
treatment with prepranolol of 21 patIents
with essential tremor

Age (yr)
Response All patients <60 .s13
Excellent 4 4 0
Good 4 1 3
Vair 10 1 9
None Jr 0 1
Worse 2 0 2

Table I-'Responses to propranolol and
placebo of 12 patIents with essential tremor

No. of patients
Response* Propranotol Placebo
Excellent 3 0
Good 4 1
Fair 1 2
None 4 9
Worse 0 0
% Improved 67t 25t
*Excellent: tremor absent or present only oc-
casionally; good: tremor present but greatly
reduced; faIr: tremor present but slIghtly
reduced
tThls difference I. sigolflcent at P < 0.005;
= 7.O5wlth3degreesof freedom.

Table IV-Average ageet patients I.
.ponee groups

Average ego
Respbnse (vr)
Excellent 14*
Goad 18*

Worse 724)



reported negative findings. After treat-
ing a number of patients Balla12 noted
equal improvement in both the prop-
ranolol and placebo groups. Foster,
Longley and Stewart-Wynne14 found
that essential tremor was not signifi-
cantly decreased in 14 patients com-
pleting their trials, but 4 of these
thought they had improved.

Claims for propranolol's effectiveness
in treating various conditions are
steadily increasing in number. Drew,
Moon and Buchanan18 commented that
propranolol may provide a significant
advance in treating alcoholic patients.
Six of 50 patients who had been em-
barrassed by chronic tremor all of their
adult lives showed striking improve-
ment when their alcoholism was treated
with propranolol. Most thought their
tremor was an important reason for
their initial and continuing abuse of
alcohol. The tremor occurring during
alcohol withdrawal was also excellently
and quickly controlled with propran-
olol. Propranolol has also been found
useful in treating angina,19 thyrotoxic-
osis,20'21 acute anxiety,22 migraine,.
schizophrenic symptomsTM and Parkin-
son's disease.25 It has also been shown
to reduce the tremor induced by
lithium.26

Whether the effect of propranolol on
essential tremor is central or peripheral
in the nervous system is uncertain.
Anctil, Hugues and Marche. have
shown that intravenous administration
of propranolol reduces the speed of
conduction in the popliteal and sciatic
nerves of healthy persons and can sup-
press muscular activity of subjects with
chronic idiopathic tetany. This suggests
a peripheral action. On the other hand,
Growdon, Shahani and Young28 found
that oral administration of alcohol de-
creased essential tremor, whereas intra-
arterial administration did not. This
suggests a central mechanism for the
effect of alcohol on essential tremor.
Kissell, Tridon and Andr.22 noted that
practolol, a p-adrenergic blocking agent
that does not pass the blood-brain bar-
rier, does not reduce tremor in parkin-
sonism; this suggests that propranolol
acts centrally by stabilizing neuronal
membranes rather than by its f.-adren-
ergic properties. Marshall29 has must-
ered evidence based on frequency
studies to suggest that essential tremor
may be accentuated physiologic tremor.
My experience in using propranolol

to treat other neurologic disorders, par-
ticularly movement disorders, has been
consistently disappointing. Results in
the treatment of spasmodic torticollis,
tardive dyskinesia, red nucleus tremor
and benign essential myoclonus have
been completely negative. In different
cases I have also used propranolol in
the treatment of parkinsonian tremor

with and without levodopa and the
dopa decarboxylase inhibitor RO-44-
602, but the results have been poor. I
have treated 2 patients with acute hy-
perventilation anxiety with good re-
sults, 18 with migraine with variable
but often striking improvement, and 2
with severe tremor in multiple sclerosis
with surprisingly good results.

In the present study no major side
effects from the use of propranolol
were observed, although some patients
complained of tiredness and a few of
increased dreaming. A recent report
stated that a small number of patients
taking propranolol for angina will have
an increase in their angina and perhaps
even a myocardial infarction if the
drug is suddenly discontinued.30 I know
of no report of this occurring in pa-
tients taking propranolol for essential
tremor, but have adopted the policy of
discontinuing the drug slowly when
withdrawal becomes necessary.

Ashenhurst31 concluded from anal-
ysis of 34 patients that essential tremor
is a monosymptomatic condition and
that the tremor is both postural and
induced by action. Although many as-
sociations of unusual diseases with es-
sential tremor are merely chance ob-
servations, essential tremor may be the
initial manifestation of a number of
abnormalities of the central nervous
system, of both a sporadic and a fam-
ilial nature; a number of my patients
have begun to show mild but definite
extrapyramidal changes typical of Par-
kinson's disease many years after a
typical course of essential tremor. My
long-term observations suggest that
there is a spectrum of manifestations
due to specific or diffuse neuronal ab-
normalities in the cerebellar-basal
ganglia system, with an overlap among
benign essential tremor, Parkinson's
disease, the tremor of degenerative cor-
tical disease and the tremor of "senil-
ity". The differentiation of essential
tremor and parkinsonism may be dif-
ficult in the elderly with extrapyramid-
al features, for many consider extra-
pyramidal features to be part of "nor-
mal" ageing, and essential tremor is
common in this age group.

Conclusions

In the long-term treatment of essen-
tial tremor with propranolol a small
proportion of patients will show con-
tinuing excellent amelioration of their
tremor. The remainder will respond
well initially but their condition will
deteriorate slowly. Increasing the dose
of propranolol or adding other medica-
tions is of no value.

Factors that seem to forecast a good
response to propranolol are younger
age, particularly less than 55 years,

duration of tremor less than 15 years,
normal handwriting, and the absence
of both extrapyramidal features and
an action component to the tremor.

Patients with essential tremor should
be given a 3-month trial of propranolol,
120 mg/d. If no definite response is
seen there is no value in increasing the
dose or continuing the drug. However,
a small number of patients will respond
extremely well to this therapy and
many others will be improved by it.
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