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Creatine kinase activity in patients with brittle
asthma treated with long term subcutaneous
terbutaline

A P Sykes, N Lawson, J A Finnegan, Jon G Ayres

Abstract
Infused beta2 agonists have been shown to
cause focal myocardial necrosis. Serum
creatine kinase activity was compared in
13 patients with brittle asthma currently
being treated with subcutaneous ter-
butaline and an age and sex matched
control group of patients with moderate
asthma having inhaled treatment only.
The median serum total creatine kinase
activity for patients receiving subcutan-
eous terbutaline (211 units/l) was greater
than that for the control group (120
units/l). The cardiac specific isoenzyme
component of creatine kinase was not
raised in either group, and the electro-
cardiograms and serum aspartate
aminotransferase activity were normal.
Electromyograms in five patients receiv-
ing subcutaneous terbutaline with high
creatine kinase activity showed changes
consistent with myositis in two, one of
whom was subsequently shown to have a
metabolic myopathy, which is thought
to be long standing. No pathological
changes were seen in the myocardium at
necropsy in a patient who died from an
acute attack of asthma while taking sub-
cutaneous terbutaline. These results sug-
gest that the raised creatine kinase
activity seen in patients receiving this
treatment is unlikely to be myocardial in
origin.
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High circulating concentrations of the cate-
cholamines noradrenaline and adrenaline
may cause acute focal myocarditis, both
experimentally in animals`5 and clinically in
man, especially in patients with phaeochro-
mocytoma.56

Kurland et al7 reported focal myocardial
necrosis in a young patient with asthma who
died during an acute attack of severe asthma
treated with subcutaneous adrenaline and
intravenous isoprenaline and aminophylline.
Acute focal myocarditis has also been reported
in three patients with chronic airflow obstruc-
tion treated with "high doses" of beta adren-
ergic drugs in combination with high doses of
oral corticosteroids and methylxanthines for
long periods.8 Two of the patients died from
left ventricular failure, the myocarditis being
considered to be the main cause of death or a

contributing factor.

Brittle asthma is difficult to treat effectively
with conventional drugs and has a high mor-
tality.9 We have obtained good control in
these patients with continuous subcutaneous
infusions of terbutaline via a portable infusion
pump, or by subcutaneous injections of ter-
butaline every six hours.9 The effect is main-
tained with time.10

In view of the reports of myocarditis and
the death of two of our patients while they
were having continuous infusions of ter-
butaline, we set out to investigate whether
long term subcutaneous terbutaline in these
patients might have a deleterious effect on the
myocardium.

Methods
SUBJECTS
We studied 12 patients (two male, 10 female),
mean (SD) age 44 (14) years. All had brittle
asthma (defined as a diurnal variation of
greater than 40% on at least four days a week
despite intensive medical treatment). Ten
were receiving a continuous subcutaneous
infusion of terbutaline and two subcutaneous
terbutaline in divided doses. One further man,
aged 65, with non-brittle, steroid dependent
asthma, who was also treated by a continuous
infusion of terbutaline, was included. The
mean (SD) daily dose of terbutaline was 9 (3)
mg, and the duration of treatment ranged
from one week to four years. Seven of the
patients with brittle asthma were also taking
an oral methylxanthine and seven were taking
oral corticosteroids; all were taking an inhaled
beta2 agonist and an inhaled corticosteroid.
The patient with non-brittle steroid depen-
dent asthma was the only one with clinical
evidence of ischaemic heart disease.
An age and sex matched group of patients

with moderate but stable asthma (mean (SD)
age 44 (15) years) acted as a control group. All
the control patients were taking inhaled cor-
ticosteroids and an inhaled beta2 agonist, four
an oral methylxanthine, and one an oral beta2
agonist.
Venous blood was taken for measurement of

serum total creatine kinase and serum aspar-
tate aminotransferase activity from the
patients receiving subcutaneous terbutaline on
at least two occasions and from the control
group on one occasion. Blood was taken after
the patient had rested for at least 30 minutes;
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no restriction had been placed on physical
exertion in the previous 24 hours.
Three further patients were studied at the

time they started treatment with a continuous
subcutaneous infusion of terbutaline. The
dose of subcutaneous terbutaline was
increased every two days (saline first and then
doses of 3, 6, and 12 mg/24 hours). Blood was
taken for estimation of serum total creatine
kinase activity at admission and at the end of
the second day of each treatment period.

INVESTIGATIONS
Creatine kinase and aspartate aminotrans-
ferase were determined as enzyme activities"'
on a Hitatchi 705 analyser with reagents from
BCL Ltd. The cardiac specific isoenzyme
component of the total creatine kinase activity
was measured by enzyme inhibition'2 on
serum stored at - 20°C. The interassay
coefficient of variation for total creatine kinase
is 3%.
A standard 12 lead electrocardiogram was

recorded for each patient receiving subcuta-
neous terbutaline.
Electromyography of skeletal muscle using

concentric needle electrodes was carried out
on the five patients with brittle asthma receiv-
ing subcutaneous terbutaline with the highest
total creatine kinase activity.

ANALYSIS
For the patients receiving subcutaneous ter-
butaline the mean of the two creatine kinase
values was used in the analysis. Creatine kin-
ase values in the two groups of patients were
compared by paired rank sum test (Wilcoxon),
p < 0 05 being taken as significant. Median
values for each group were recorded as the
data were not normally distributed.

Results
CREATINE KINASE ACTIVITY
The median total creatine kinase activity for
the patients receiving subcutaneous terbutaline

Figure 1 Scatterplot of
the total creatine kinase
(CK) results for both the
subcutaneous terbutaline
and the control groups (13
patients in each). The
asterisks denote the patient
taking subcutaneous
terbutaline who had a
metabolic myopathy and
her control (see text).
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was 211 (range 84-503) units/I. Seven of these
patients had values above the upper limit of
normal (200 units/i), four of whom had values
above 300 units/i (fig 1). The control group had
a median total creatine kinase activity of 120
units/l (range 36-240 units/i); two patients had
values slightly above the normal range (fig 1).
The difference between the two groups was
significant (p < 0 005).
The cardiac specific isoenzyme of creatine

kinase was determined in 11 of the patients
with brittle asthma on subcutaneous ter-
butaline and in eight of the control group. The
values were within the normal range (25 units/
1) for all subjects in both groups, the median
values being 15 for the subcutaneous ter-
butaline group and 11 for the control group
(p = 0 07). All aspartate aminotransferase
values were within the normal range (< 35
units/i).
A dose related increase in total creatine

kinase was seen in the three patients with brittle
asthma at the time that a continuous infusion of
terbutaline was started (fig 2). Total creatine
kinase did not increase after the infusion of
saline (day 2).

ELECTROCARDIOGRAMS
Standard 12 lead electrocardiograms in the
patients receiving subcutaneous terbutaline
were normal. PR and QT intervals were in the
normal range.

ELECTROMYOGRAMS
Of the seven patients receiving subcutaneous
terbutaline who had a high creatine kinase
value, five underwent electromyography, three
ofwhom complained of non-specific myalgia.
Two of the five patients (both with myalgia)

had changes compatible with diffuse myositis.
One patient with a total creatine kinase activity
of 463 units/I had symptoms that predated the
infusion of terbutaline. Subsequent investiga-
tions, including muscle biopsy and muscle
biochemical analysis, showed a metabolic
myopathy; the exact enzyme disorder was not
defined. Her daughter has a similar problem
and we believe that this may be a familial
myopathy unrelated to asthma or its treatment.
Reanalysis ofthe creatine kinase data excluding
this patient and her control showed median
values of 197 and 121 units/i for the subcuta-
neous terbutaline and control groups
(p < 0 02). The second patient with asthma
was restudied after stopping his terbutaline
infusion; total creatine kinase fell from 351
units/I while he was taking terbutaline to 210
units/I after he had stopped. The electro-
myogram abnormalities in this patient were
unchanged. No further investigations have
been made.
One patient receiving subcutaneous ter-

butaline in divided doses died from a severe
acute attack of asthma. At necropsy the
myocardium was normal with no histological
evidence of focal myocardial necrosis. Skeletal
muscle was not examined.
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Figure 2 Total creatine kinase (CK) results measured at increasing terbutaline doses
in 19 and 50year old women and a 75 year old man being started on subcutaneous
terbutaline treatment.

Discussion
Subcutaneous terbutaline appears to be effec
tive in some patients with brittle asthma, botl
in the short9 and the long term,'0 but relativel
large doses are required to achieve this
Previous studies have reported the occurrenc
of focal myocarditis experimentally and clin
ically" and in patients with lung diseas
treated with infusions or high doses of bet
agonists.78 The recent finding that beta agonist
when inhaled regularly may result in wors
asthma control than when they are used only a
required increases concern about the side effect
of beta agonist treatment.'3 The aim of thi
study was to determine whether subcutaneou
terbutaline had an effect on the myocardium b:
assessment of serum creatine kinase activity.

Total creatine kinase activity was found to b
increased in some of the patients receivini
subcutaneous terbutaline, but the cardia
specific isoenzyme component of creatine kin
ase was not increased in either group. Th
electrocardiograms and aspartate aminotrans
ferase activity were normal in the patient
receiving subcutaneous terbutaline, whicl
would support the suggestion that the treat
ment may not damage the myocardium. Then
was also no histological evidence of foca
myocarditis in the patient who died whil
having subcutaneous terbutaline. Althougl
myocarditis is usually associated with ar
increase in the cardiac specific isoenzyme com
ponent of creatine kinase or electrocardiogran
changes, or both, these are not always seen ani
the degree of these changes will depend on th
extent of tissue damage.
The rise in total creatine kinase activity mus

be due to the skeletal muscle specific isoenzym
or the brain specific isoenzyme. As the brai
specific isoenzyme component of creatine kin
ase is normally very low, and increased only ii
cases of cerebral injury, brain tumour, convul

sions, encephalitis, or meningitis,'4 its level in
our patients may be assumed to be negligible.
The rise in total creatine kinase activity in our
patients must therefore be due to the skeletal
muscle specific isoenzyme.

Increased creatine kinase activity has been
reported in patients with acute severe
asthma,'5 16 possibly because of increased res-
piratory muscle' activity. The report of raised
creatine kinase activity in a patient performing
yoga exercises during an asthma attack'7 is of
interest, but it is difficult to attribute the major
cause of the rise. All our patients were studied
in a stable condition and the dose-response
effect seen in the three patients being started on
a continuous infusion of terbutaline strongly
suggests that the effect is related to terbutaline.
The dose dependent rise in total creatine kinase
could be a time dependent effect, but we think

6) that this is unlikely as 48 hours was spent at
each dose level, allowing time for a steady state
to develop and, presumably, the effect on

s skeletal muscle. Although some of the patients
were taking oral corticosteroids or oral
methylxanthines or both, there was no relation
between these preparations and total creatine
kinase activity. The effect is therefore very
unlikely to be due solely to either of these
drugs.
The mechanism for the increase in the

:h skeletal muscle specific isoenzyme with ter-
ly butaline is unknown, though tremor is a com-
s. mon side effect of terbutaline. Although large
-e doses of terbutaline are used subcutaneously,
- the degree oftremor seen in these patients with
;e asthma is very mild, and thus unlikely to
ta account for the large differences in total creatine
ts kinase between the two groups. Electro-
;e myogram recordings in two patients with brit-
is tle asthma were abnormal, confirming the
ts presence of myositis, though in one this
is appears to be due to a longstanding metabolic
Is myopathy. In the second patient the myositis
y appeared to be related to the start of subcuta-

neous terbutaline and it persisted after the
oe treatment had been terminated, though to a
Lg lesser degree. The other three patients who had
Ic an electromyogram showed no evidence of
- myositis. These results suggest that terbutaline
e might cause myositis, but further work is
- required to determine the prevalence and
Ls clinical significance of this finding.
h

e APS is supplied by a National Asthma Campaign grant.-e
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