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need to silence the alarm before searching for the cause.
If the cause has not been remedied in this period, then
the alarm is repeated, and urgency is indicated by an
alarm that repeats its signal at faster speed and higher
pitch, rather than louder. The total number of such
sounds would be limited, since studies in civil aviation
have shown diminished ability to recall the significance
of more than seven sounds,” and pilots believe that all
noncritical alarms should be silenced during high work-
load periods.®
Since heart rate, arterial blood pressure, and oxygen-
ation are such fundamental aspects of patient care that
anesthesiologists should be continually aware of these
variables, it is questionable that these monitors actually
need auditory alarms that are so often spurious. If these
monitors are fitted with alarms, then the results of this
study would suggest that the situation could be im-
proved by using the newer type of alarm sounds out-
lined in the previous paragraph. This is in contrast to
alarm devices such as disconnection alarms or inspired
oxygen monitors, which rarely sound, but, when they
doso, are likely to denote extreme patient hazard. With
an integrated approach to monitoring and alarm sys-
tems as a whole, some alarms may be able to be omitted,
with a reduction in the number of auditory alarms and
an increase in their significance. Gaba et al.” stated that
this approach needs to be validated, and alarms im-
proved so that their benefits clearly outweigh their an-
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noyance and potential confusion. The anesthesiologist’s
vigilance and ability to integrate information remains
the most important source of patient monitoring. We
conclude that there is an unacceptably high incidence of
spurious alarms during routine anesthesia monitoring.
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Following the initial observations of Bachromejew'
and D’Silva,? epinephrine produced an initial, transient
increase in plasma potassium (K*) concentration, fol-
lowed by a more prolonged decline in animals.>* To
determine when this finding applies to humans, we in-
vestigated the influence of propranolol on changes in
plasma K* and ECG induced by axillary nerve blockade
with lidocaine and epinephrine.

MATERIALS AND METHODS

Thirty adult patients of both sexes undergoing elec-
tive brachial operations under axillary blockade were
studied. The subjects were free of metabolic and cardio-
vascular disease and electrolyte disorders, and each
gave informed consent to the study. Secobarbital
(75-100 mg) was given im 1 h prior to the anesthetic
blockade. On arrival in the operating room, a 5% fruc-
tose solution with balanced electrolytes was started iv,
and infused at a rate of 100 ml/h. Control arterial
blood pressure, heart rate, and lead 1I of the ECG were
recorded. ECG was continuously monitored and arte-
rial blood pressure and heart rate were recorded every
5 min during operation and arterial blood sampling ac-
complished before blockade in all patients. Patients
were randomly allocated to two groups (each n = 15).
In group 1, axillary block using 1% lidocaine with epi-
nephrine 1:100,000 was performed (control group). In
group 2, 2 mg of propranolol were given iv 5 min be-
fore an identical axillary blockade. All nerve blocks in
this study were performed by one of the authors (YT).
At 15, 30, 60, 90, and 120 min after block in both
groups, ECG was recorded and femoral arterial blood
sampling was done. Arterial blood gases were analyzed
and blood glucose, plasma K*, CI~, and Na* were also
measured.

The group data were compared using unpaired Stu-
dent’s ¢ test and analysis of variance (ANOVA). If
ANOVA showed significant differences between
groups, Tukey test was employed. P values less than
0.05 were considered significant.

RESULTS

Results are expressed as the means £ SD. There were
no significant differences between the groups regarding
patients’ age, gender, or body weight. Mean ages were
32 =16 and 30 + 15 yr and mean body weight 63 & 12
and 59 + 9 kg in groups 1 and 2, respectively. The
male/female ratio was 13/2 in both groups. The mean
doses of lidocaine and epinephrine given were 6.9 + 1.9
mg/kg and 6.9 £ 1.9 ug/kg in group 1, and 6.6 £ 1.5
mg/kg and 6.6 £ 1.5 ug/kg in group 2, respectively.
There was no significant difference in the doses of lido-
caine and epinephrine between groups.
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FIG. 1. Changes in plasma potassium concentrations after axillary
blockade. Group 1: no pretreatment with propranolol. Group 2: pre-
treatment with propranolol. Mean plasma K* were decreased signifi-
cantly in group 1 at 15, 30, and 60 min after blockade (*P < 0.05).

There was no significant difference in plasma (K*)
before blockade between groups. Mean plasma K* was
3.6 + 0.3 mEq/1 before blockade and significantly de-
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F1G. 2. Examples of ECG changes after axillary blockade. Group 1:
no pretreatment with propranolol. Group 2: pretreatment with pro-
pranolol. Decreases in the ampulitude of the T wave in group 1 were
accompanied by the plasma potassium changes.
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FIG. 3. Changes in heart rate after axillary blockade. There was
a significant difference in heart rate between groups (*P < 0.05).

creased to a maximum level of 2.9 & 0.3 mEq/] at 30
min after blockade and returned to control values at
120 min in group 1. There was no significant change in
K" in group 2 (fig. 1).

The amplitude of the T wave was decreased in all
cases of group 1 at 30 min after blockade, but slightly
increased at the same time in group 2. A U wave was
observed in ten cases (67%) of group 1 at 30 min after
blockade, but not observed in group 2 (fig. 2). Dysryth-
mias were not seen, and no patients complained of chest
pain in either group during the study.

There was a significant difference in heart rate be-
tween groups 1 and 2 as shown in figure 3. There were
no significant differences in the degree of change in
arterial blood pressure, arterial blood gases, blood glu-
cose, plasma sodium, and chloride between groups.

DISCUSSION

To slow the absorption of local anesthetics from the
site of injection, vasoconstrictors have been added to
local anesthetic solutions. For this purpose, epinephrine
is the most commonly used drug. While the optimal
concentration has been controversial, most authorities
now agree that 1:200,000 is the most acceptable.® Al-
though the concentration of epinephrine (1:100,000)
used in the present study was higher than commonly
advocated, this amount has been used for more than 25
yr in Japan, and is thus prepared by a pharmaceutical
company (ASTRA, Japan).

The principal side effects of epinephrine are arterial
hypertension, bradycardia or tachycardia, and cardiac
dysrythmias. These reactions are more likely to occur if
the local anesthetic solution with epinephrine is acci-
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dentally injected iv.® With respect to the ECG in normal
persons, epinephrine decreases the amplitude of the T
wave in all leads. In animals given relatively larger doses
of epinephrine, additional effects are seen on the T
wave and S-T segment. After an initial decrease in-am-
plitude, the T wave may become biphasic.and the S-T
segment deviates either above or below the isoelectric
line before abnormal ventricular complexes appear.
Such S-T segment changes are similar to the downward
displacement found in patients with angina pectoris
during spontaneous or epinephrine-induced attacks of
pain. Accordingly, these electrical changes have been
attributed to myocardial ischemia.’ However, Struthers
et al.,” in their study on infusion of epinephrine intrave-
nously in man, showed that circulating epinephrine may
induce dysrhythmias both directly, via changes in ven-
tricular repolarization, and indirectly, via epinephrine-
induced hypokalemia.

In laboratory animals, intravenous administration of
epinephrine produces an initial, transient increase in
plasma K* concentration followed by a more prolonged
decline to levels below controls; the duration of initial
K* increase is about 5 min.!*® The initial hyperkalemic
phase of the response, however, has not been well docu-
mented.* Only one study® shows that a consistent, mini-
mal early increase in plasma K* occurs, while, in two
others,'%!! small increases in K* were observed inonly a
minority of subjects studied. No increase was recorded
by several other workers.'*”'® Examination of the meth-
odology in these studies revealed that the epinephrine
had not always been administered intravenously (intra-
muscular or subcutaneous routes having been used); the
times at which the first sample was taken varied from
0.5—15 min; and analyses had usually been performed
on peripheral venous samples.*

In our study, epinephrine was not given iv, and sam-
pling was done from the femoral artery; the first sample
was taken 15 min after injection. We did not measure
plasma K* during the 5 min after blockade, and ECG
changes did not develop during that time. Vick ef al®
concluded that epinephrine acts directly to increase up-
take of K* by both liver and skeletal muscle, and that
the effects are mediated through adrenergic beta-re-
ceptors.

There is general agreement that epinephrine causesa
decrease in plasma K* in humans'®'*!>!7 that can be
abolished by non-selective beta-adrenoceptor block-
ade.®!® Recently, Struthers et al.'® and Brown et al.'®
demonstrated that hypokalemia induced by epineph-
rine was prevented by betag-blockade. In our study, we
prevented the development of hypokalemia and ECG
changes in group 2 by pretreatment with propranolol.
Thus, we observed no cardiac dysrhythmias, although a
decrease in amplitude of the T wave occurred anda U

20z ludy g1 uo 3sanb Aq ypd'61.000-000.0886 1-Z¥S0000/LLE9LE/B0L/L/69/HPd-01o1n1e/ABO|OISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Ancsthesiology

112 CLINICAL REPORTS V 69, No 1, Jul 1988

wave developed, even though hypokalemia was present.
These benign responses might have been a result of an
antiarrhythmic action of lidocaine.

The results of the present study indicate that the de-
crease in amplitude of the T wave, development of U
waves, and hypokalemia after axillary blockade with li-
docaine and epinephrine were induced by epinephrine,
and that these were prevented by pretreatment with
propranolol. Hypokalemia can be associated with a vari-
ety of cardiac dysrhythmias. On the basis of our find-
ings, we recommend that the ECG should be monitored
during blockade, and that pretreatment with beta-
adrenergic blockade may be beneficial when local anes-
thetics with epinephrine are given. Also, epinephrine
should be avoided in patients with K* deficiency.

The authors gratefully acknowledge the review of this paper made
by Leroy D. Vandam, M.D.
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