GLYCOPYRROLATE AND CARDIAC DYSRHYTHMIAS IN GERIATRIC PATIENTS AFTER
REVERSAL OF NEUROMUSCULAR BLOCKADE

STANLEY MURAVCHICK, WILLIAM D. OWENS, AND JAMES A. FELTS

THE SHORT-LIVED anticholinergic activity of in-
travenous atropine is poorly matched to the pro-
longed action of the anticholinesterase drugs
used for antagonism of neuromuscular blockade.
Although simultaneous injection of atropine can
prevent neostigmine-induced or pyridostig-
mine-induced bradycardia initially,!2 protection
against cardiac muscarinic effects during the sub-
sequent hours of the postoperative period may
require a longer-acting anticholinergic such as
glycopyrrolate. The purpose of this study was to
determine the frequency of postoperative dys-
rhythmias following the use of glycopyrrolate-
anticholinesterase mixtures in geriatric patients
with a high incidence of cardiovascular disease.
The results will be compared with those obtained
previously® using atropine-anticholinesterase
mixtures in a similar patient population,

METHODS

Fifty patients 65 years of age or older under-
going elective surgery were observed for post-
operative cardiac dysrhythmias. The Human
Studies Committee of Washington University
School of Medicine determined individual in-
formed consent to be unnecessary for this study
and none was obtained. Clinical considerations
determined the anaesthetist’s choice of
anaesthetic agent and non-depolarizing muscle
relaxant. At the end of the operation neuro-
muscular blockade was antagonized by either
neostigmine, 0.07 mg-kg intravenously (maxi-
mum 5 mg) or pyridostigmine 0.28 mg- kg intra-
venously (maximum 20 mg). Glycopyrrolate
0.015 mg- kg (maximum 1.2 mg} was given intra-
venously  simultaneously with the anti-
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cholinesterase. No patient received atropine as
part of these *‘reversal’”” mixtures. The dose
schedule for the two anticholinesterase drugs was
consistent with the estimates of relative potency
reported by Miller, er al* Choice of an-
ticholinesterases was determined by randomisa-
tion according to hospital admission number,

The electrocardiogram was monitored con-
tinuously by oscilloscope in the operating room
and the recovery room for a period of 90 minutes
following injection of the anticholinesterase-anti-
cholinergic mixture. All cardiac dysrhythmias
were documented by paper recording and
evaluated by an anaesthesiologist. Criteria for a
significant dysrhythmia were as follows: (1) heart
rate greater than 100 per minute or less than 60
per minute: (2} electrocardiographic evidence of
aconduction defect not observed preoperatively;
or (3) a three-fold or greater increase in the fre-
quency of any atrial or ventricular premature
contractions noted preoperatively. Any dys-
rhythmia clearly related to arterial blood gas ab-
normality, electrolyte imbalance, hypertension,
hypotension, or hypovolaemia was not consid-
ered to be a consequence of the anti-
cholinesterase combination. All necessary labo-
ratory specimens were obtained by the anaes-
thesiologist at the time of the dysrhythmias, and
only patients with dysrhythmias not attributed to
identifiable systemic disturbances were consid-
ered to have had anticholinesterase-related dys-
rhythmias. Appropriate treatment was adminis-
tered as indicated by the patient’s clinical status.

Diagnosis of pre-existing ischaemic heart dis-
ease was made on the basis of medical history
and preoperative electrocardiogram. Continuing
therapy with antihypertensive medications, a
resting systolic blood pressure greater than 150
torr (19.95 kPa) or a diastolic pressure greater
than 100 torr (13.3 kPa) were the criteria for the
diagnosis of hypertensive peripheral vascular
disease.

Statistical analysis was performed by calcula-
tion of chi-square values from contingency
tables, using a Yates correction for continuity
when appropriate. A **P”’ value of less than 5 per
cent established statistical significance.

22



MURAVCHICK, et al.: GLYCOPYRROLATE AND CARDIAC DYSRHYTHMIAS

23

TABLE 1
INCIDENCE OF CARDIAC DYSRHYTHMIAS BY PATIENT CHARACTERISTICS

With With
neostigmine pyridostigmine Overall
1. No known cardio-
vascular disease 0/12) 0%, 0/8) 0% 0/20) 0%*
2. Established cardio-
vascular disease 3/9) 33% (5/21) 249, (8/30) 279,*
(a) hypertension
alone (1/3) 33% /7 297 (3/10) 309
(b) coronary artery
disease alone (2/5) 40% /10y 20% /15 279
(c) both /1) 0%, (/4 259, {a/5 209,
ToTALS (3/21) 149, (5/29) 17 (8/50) 16%

*Significant difference (P < 0.05) in overall incidence between patients with and
without established cardiovascular disease. Al other comparisons showed no statistically

significant differences (P > 0.05).

TABLE 11
INCIDENCE OF CARDIAC DYSRHYTHMIAS By ANAESTHETIC TECHNIQUE AND AGENTS

With With
neostigmine pyridostigmine Overall

Intravenous {narcotic)

anaesthesia /13) 15% 4/12) 339 (6/25) 249
Inhalation (halogenated)

anaesthesia (1/8) 139 /17 6% (2/25) 8%,
Muscle relaxation with

d-tubocurarine 2/16) 139, (2/16) 13% 4/32) 139,
Muscle relaxation

with pancuronium (1/5) 209 (3/13) 23% 4/18) 229,

TOTALS (3/21) 14% (5/29) 17% (8/50) 16%,

Differences between comparable groups were not statistically significant (P > 0.05).

RESULTS

In the 50 patients studied, the overall incidence
of new cardiac dysrhythmias during recovery
from anaesthesia, as defined above, was 16 per
cent. In 21 patients, neuromuscular block was
antagonized with the neostigmine-glycopyrrolate
mixture (*‘neostigmine group’’); in the remaining
29 patients, pyridostigmine-glycopyrrolate was
used (‘'pyridostigmine group’’). Dysrhythmias
noted were sinus tachycardia (1), sinus bradycar-
dia (1), premature atrial contractions with first
degree heart block (1). wandering atrial pace-
maker (1), and premature ventricular contrac-
tions (4). The time of onset of the dysrhythmias
varied from 5 to 65 minutes after the injection of
the anticholinesterase mixture, mean 27.4 = 23.3
minutes (=S.D.).

There was a statistically significant relation-
ship between the occurrence of cardiac dys-
rhythmias in the postoperative period and pre-
existing cardiovascular disease. All observed
dysrhythmias were in patients with known coro-
nary artery disease with or without cardiac con-
duction defect, systemic hypertension, or acom-
bination of these (Table I).

The incidence of dysrhythmias was not related
to the choice of anaesthetic agents or to the use of
pancuronium as compared to d-tubocurarine
{Table 1I). Neither the anaesthetic technigue nor
the choice of muscle relaxants produced a
significant difference in the observed incidence of
dysrhythmias in patients given neostigmine as
compared to those receiving pyridostigmine.

There was no significant difference between
the neostigmine and pyridostigmine groups in the
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TABLE III

DISTRIBUTION OF PATIENTS BETWEEN ANTICHOLINESTERASE GROUPS

Patients

Neostigmine
group (n = 21)

Pyridostigmine
group (n = 29)

With age 75 years or greater

Classified ASA 111 or IV

Male :female

With no history of cardiovascular disease

With history of hypertensive peripheral
vascular disease

With history of coronary artery disease
(with or without conduction defect)

With history of both coronary artery and
hypertensive peripheral vascular disease

On continuing digoxin therapy

Receiving halogenated inhalation agents

Curare :pancuronium

8 4
11 9
9:12 14:15
12 8
3 7
5 10
1 4
1 7
8 17
16:5 15:14

Differences between comparable groups

incidence of cardiac dysrhythmias (Table 1I).
The mean doses of neostigmine and pyridostig-
mine given were 4.40 = 0.66 and 17.46 = 2.92 mg,
respectively. The mean dose of glycopyrrolate
was 0.88 = 0.15mg. Evaluation of the patients
within these two groups revealed no statistically
significant difference in distribution related to
medical history, age, ASA physical status, sex,
continuing use of digoxin, or the anaesthetic
agents or relaxants used ( Table III).

DiscussIiON

Intravenous atropine provides an anticholiner-
gic effect for 45 minutes, which is less than the
average period of increased acetylcholine activ-
ity produced by either neostigmine or pyrido-
stigmine (60 and 80 minutes, respectively).*3
Thus, when atropine is used for this purpose, the
patient may be unprotected from potentially
dangerous cardiac muscarinic phenomena
(bradycardia and delayed A-V node conduction)
during the period from 45 to 80 minutes following
injection of the *‘reversal’” mixture.

The major risk factors for cardiac dys-
rhythmias under these circumstances include the
intensity of muscarinic activity produced by the
anticholinesterase, the effectiveness of the an-
ticholinergic agent in blocking muscarinic ef-
fects, discrepancy in duration of action between
the anticholinesterase and the anticholinergic
agent, and the type and severity of the patient’s
pre-existing myocardial disease. A prior study of
geriatric patients by Owens, et al.®> demonstrated
a significantly greater incidence of postoperative
dysrhythmias following neostigmine-atropine

were not statistically significant (P > 0.05).

than after pyridostigmine-atropine (35 per cent
and 14 per cent respectively). In view of the
similar duration of action of the two anti-
cholinesterase drugs, it was concluded that
neostigmine appeared to have a more significant
cardiac muscarinic effect than did pyridostig-
mine, a conclusion supported by earlier com-
parisons? 57 of the muscarinic properties of these
two drugs. An additional observation was that
patients with coronary artery disease, cardiac
conduction defects, or hypertensive peripheral
vascular disease had a significantly greater inci-
dence of dysrhythmias than patients of compar-
able age without known cardiovascular disease.?
The relatively young age and good health of the
patients studied by Fogdall and Miller® may ex-
plain their failure to demonstrate any clinical dif-
ference in miiscarinic activity between the two
anticholinesterases.

In the present study. with glycopyrrolate given
as the anticholinergic agent according to a
weight-specific dose schedule, the incidence of
dysrhythmias after neostigmine was not sig-
nificantly different from that after pyridostig-
mine. An overall incidence of cardiac dys-
rhythmias of 24 per cent was observed following
the use of atropine by Owens, et al.?> with 64 per
cent of all dysrhythmias occurring more than 30
minutes after reversal. In contrast, in the present
study, only 25 per cent of dysrhythmias occurred
after 30 minutes using glycopyrrolate, suggesting
that the duration of its anticholinergic activity
may be more appropriately matched to the time
course of the two anticholinesterases.

A clinical diagnosis of pre-existing myocardial
disease appears to be related to a high incidence
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of cardiac dysrhythmias. In this study, no pa-
tients who were free of known cardiovascular
disorders had postoperative anticholinesterase-
related dysrhythmias, while more than one-
quarter of the patients with established car-
diovascular disease had a new dysrhythmia
within 90 minutes of reversal. To avoid the need
for postoperative ventilatory support where pos-
sible, spontaneous recovery from neuromuscular
blockade without the use of an anticholinesterase
drug was not permitted. We have been unable to
demonsirate a correlation between the incidence
of dysrhythmias and the anaesthetic technique or
the choice of muscle relaxants. In the neo-
stigmine group, d-tubocurarine was selected for
use in many more patients than was pan-
curonium, but the chi-square value for the appro-
priate contingency table did not indicate the dif-
ference in the relaxant used to be statistically
significant.

We conclude that in geriatric patients with
pre-existing cardiovascular disease the relatively
long durations of action of neostigmine and
pyridostigmine create a significant risk of cardiac
muscarinic effects in the first 90 minutes follow-
ing antagonism of neuromuscular blockade. Gly-
copyrrolate appears to minimize the greater car-
diac muscarinic activity of neostigmine, as com-
pared to pyridostigmine, noted in previous
studies with atropine as part of the reversal mix-
ture. Larger-scale studies will be required to de-
termine whether glycopyrrolate should be con-
sidered the anticholinergic agent of choice foruse
in this high risk group of patients.

SUMMARY

The increase in cardiac muscarinic activity
following injection of anticholinesterases can be
minimized by the long-acting anticholinergic drug
glycopyrrolate. In a series of 50 patients 65 years
of age or older who had received glycopyrrolate
(0.88 = 0.15 mg) mixed with neostigmine (4.40 =
0.66 mg) or pyridostigmine (17.46 = 2.92mg) to
antagonize neuromuscular blockade, the inci-
dence of new postoperative cardiac dys-
rhythmias was 16 per cent. All dysrhythmias oc-
curred in patients with pre-existing cardiovascu-
lar disease. There was no statistically significant
relationship between the incidence of cardiac

dysrhythmias and the choice of anaesthetic tech-
nique or anticholinesterase drug.

RESUME

L’augmentation de [’activité muscarinique
cardiaque causée par linjection d’un anti-
cholinestérase peut étre minimisée par un médi-
cament anticholinergique de longue durée, le
glycopyrrolate. Chez 50 malades ayant regu du
glycopyrrolate (0.88 + 0.15mg) mélangé a la
néostigmine (4.40 = 0.66 mg) ou a la pyridostig-
mine (17.46 *+ 2.92 mg) pour renverser le blocage
neuro-musculaire, I'incidence des dysrythmies
cardiaques post-opératoires a été de 16 pour cent.
Toutes ces dysrythmies sont survenues chez des
malades qui présentaient déja une maladie
cardio-vasculaire. L’analyse statistique n’a pas
révélé de rapport significatif entre I'incidence des
troubles du rythme et la technique anesthésique
ou le choix de I'anticholinestérase.
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