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Haemodynamic variables were measured following administra-
tion of rocuronium 0.6 mg - kg~ or vecuronium 0.08 mg- kg~
(approximately equivalent to 2 X EDys doses) in patients an-
aesthetized with fentanyl 50 pg - kg™! and scheduled to undergo
elective coronary artery bypass grafiing. There were increases
in stroke volume index (+15%) and cardiac index (+11%),
and a decrease in pulmonary capillary wedge pressure (—25%)
Jollowing administration of rocuronium (P < 0.05) The
changes in heart rate (+7%), mean arterial pressure (—5%),
systemic vascular resistance (—12%) and other measured or de-
rived indices were insignificant. In comparison the adminis-
tration of vecuronium was associated with decreases in heart
rate (—7%), mean pulmonary artery pressure (—17%), central
venous pressure (—15%) and the rate-pressure product (—9%)
(P < 0.05). The changes in mean arterial pressure (—7%), car-
diac index (—6%,) and systemic vascular resistance (—8%) fol-
lowing vecuronium were insignificant. There were no differences
in any of the variables between rocuronium and vecuronium.
The absolute values of all variables were, however, within ac-
ceptable clinical limits. There was no evidence of histamine
release in any patient. The present study shows that rocuronium
0.6 mg- kg™! is associated with changes of only small mag-
nitude in haemodynamic variables.
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Les variables hémodynamiques ont été mesurées apres lad-
ministration de rocuronium 0,6 mg- kg~' ou de vécuronium
0,8 mg-kg~! (doses approximativement égales a 2 X EDy;)
chez des patients anesthésiés avec du fentanyl 50 ug- kg~! et
programmés pour subir une chirurgie de pontage aortocoro-
narien en routine. Il y a une augmentation du volume d'éjection
indexé (+15%) et d'index cardiaque (+11%) et une diminution
de la pression capillaire pulmonaire bloquée (—25%) aprés l'ad-
ministration de rocuronium (P < 0,05). Les modifications de
fréquence cardiaque (+7%), de pression ariérielle moyenne
(—5%), de résistance vasculaire systémique (—12%) et des autres
paramétres mesurés ou dérivés somt insignifiantes. Par com-
paraison, l'administration de vécuronium est associée avec une
diminution de la fréquence cardiaque (—7%), de la pression
dantére pulmonaire moyenne (—17%), de la pression veineuse
centrale (—15%,) et-du produit fréquence cardiaque-pression ar-
terielle (—9%) (P < 0,05). Les modifications en pression ar-
térielle moyenne (—7%), en index cardiaque (—6%) et en résis-
tance vasculaire systémique (—8%) apres le vécuronium sont
insignificates. Il n’y a aucune différence de variables entre le
rocuronium et le vécuronium. Les valeurs absolues de toutes
les variables se situent dans les limites cliniques acceptables.
Des manifestations de libération dhistamine ne se sont
présentées chez aucun patient. Cette étude montre que le ro-
curonium 0,6 mg-kg™' nlest associé qu'a de faibles modifi-
cations des variables hémodynamiques.

Cardiovascular stability is considered desirable in an ideal
muscle relaxant. The introduction of vecuronium bro-
mide and atracurium dibesylate considerably improved
the flexibility in the clinical administration of muscle re-
laxants. The intermediate duration of action of these com-
pounds is more suitable to the duration of action of the
majority of routine surgery than that of any other clin-
ically used nondepolarizing muscle relaxants. While in
general both these agents provide cardiovascular stability,
there have been reports of bradycardia with vecuronium
and of histamine liberation with atracurium.'-S In ad-
dition both have a relatively slow onset of action.® Pipe-
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TABLE 1 Patient characteristics (mean & SD)

Rocuronium Vecuronium
n 10 10
Age (yr) 54 +74 58+72
Weight (kg) 79+ 103 T4+46
Height (cm) 171 £ 96 169 £ 6.5
Body surface area (m?) 1.95 £ 0.18 1.88 + 0.06

curonium and doxacurium which have been recently in-
troduced, provide very good cardiovascular stability but
are quite slow and long-acting. ¢

Rocuronium is a new aminosteroidal competitive mus-
cle relaxant which, in animal studies, has been shown
to have a more rapid onset of action and minimal car-
diovascular and vagal side effects in doses of up to 3-4
X EDys.”® Studies in humans have also confirmed the
onset of action to be rapid with a duration of action
resembling that of vecuronium.

The detailed haemodynamic effects of the drug have
not yet been reported although routine observations dur-
ing early neuromuscular studies have not shown impor-
tant cardiovascular side effects. '-'2 The present study was
undertaken to compare the haemodynamic effects of ro-
curonium with those of vecuronium during fentanyl
anaesthesia in patients undergoing elective coronary ar-
tery bypass grafting (CABG).

Methods

Twenty ASA grade Il or IV patients between the ages
of 18 and 65 yr, scheduled to undergo elective CABG
surgery, were included in the study after obtaining their
written informed consent and approval from the Regional
Ethics Committee. Patients with a body weight below
20% or above 35% of their ideal, those with a left ven-
tricular ejection fraction of less than 50% or suffering
from valvular heart disease or hepatic, renal or neuro-
muscular disorders were excluded from the study. All the
patients were receiving the standard triple therapy of beta-
adrenergic receptor blocking drugs, calcium entry block-
ing drugs and nitrates. All preoperative medication was
continued until the morning of surgery. All patients were
in sinus rhythm on arrival in the operating room. The
patients were premedicated with lorazepam 3-4 mg po
and morphine 15-20 mg and hyoscine 0.2 mg im 60
to 90 min before surgery.

Monitoring of the heart rate and rhythm was com-
menced on arrival in the operating room. Peripheral ar-
terial (radial) and venous cannulations and insertion of
a multi-lumen pulmonary artery flotation -catheter
through the right internal jugular vein were carried out
under local anaesthesia. Anaesthesia was induced with
an infusion of fentanyl at a rate of 10 ug-kg='- min~!
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up to a total dose of 50 pg-kg~'. Succinylcholine, 1
mg - kg~!, was administered at the loss of eyelash reflex
to facilitate tracheal intubation. Ventilation was carried
out with a mixture of air and oxygen, adjusted to main-
tain an end-tidal carbon dioxide concentration between
4.5 and 5.0%. Stable anaesthesia was maintained by giv-
ing bolus doses of fentanyl, 1-5 pg-kg=!, as required.
A Datex Relaxograph (Datex Instrumentation Corpora-
tion, Helsinki, Finland) was used to demonstrate recovery
from the effects of succinylcholine.

Following recovery from succinylcholine and haemo-
dynamic stabilization (approx 15 min) baseline recordings
of heart rate (HR, computed by the monitor from an
average of 4-8 R-R intervals), mean systemic arterial
pressure (MAP), mean pulmonary artery pressure
(MPAP), central venous pressure (CVP), pulmonary cap-
illary wedge pressure (PCWP) and cardiac output (CO)
were made. The zero point was taken as the mid-axillary
line. Cardiac output determinations were made in trip-
licate at the end of expiration by thermodilution technique
using 10 ml iced 5% dextrose in water, each time using
a cardiac output computer (Edwards Laboratories
9520A). The mean of the three readings was taken as
the CO for each time. All the monitoring (haemodynamic,
end-tidal CO, and pulse oximetry) was carried out using
Hewlett-Packard Merlin model 68S.

Cardiac Index (CI), stroke volume index (SVI), left
ventricular stroke work index (LVSWI), right ventricular
stroke work index (RVSW1), systemic vascular resistance
(SVR), pulmonary vascular resistance (PVR) and rate
pressure product (RPP) were derived from the measured
haemodynamic variables using standard formulae.

Following baseline recording, the patients were ran-
domly allocated to receive rocuronium 0.6 mg- kg=' or
vecuronium 0.08 mg-kg~'!, these being the approxi-
mately 2 X EDys doses of the two relaxants. '>'4 All the
haemodynamic measurements were repeated 1, 3, 5 and
10 min after the injection of the relaxants.

All patients received about 5 ml-kg=!-hr~! of lac-
tated Ringer’s solution during the study period. There
was no surgical stimulation during the study period.

Statistical analysis of the results for each variable
within each group was carried out by repeated measures
analysis of variance. Comparisons for each variable be-
tween the two groups were made using one-way analysis
of variance and t tests with Bonferroni correction if in-
dicated.

Results

The groups were comparable with respect to average age,
height, weight and body surface area (Table I). Average
values of haemodynamic variables before and after re-
laxant administration are shown in Table II. The per-
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TABLE Il Main haemodynamic variables before anaesthesia (awake), prior to the relaxant administration (0) and one, three, five, and ten minutes
later (mean 1 SD)

Awake 0 1 3 5 10
HR
- Roc 65 £ 17.2 61 + 3.1 60 £ 13.9 62+ 149 65+ 14.1 64 + 145
- Vec 63t 11.6 59 + 10.8* 59+ 11.6 56 + 8.6 55190 55180
MAP
- Roc 97 £ 16.0 86 + 189 84 1+ 20.6 82+ 199 83177 83 1 18.0
- Vec 92+202 85+ 22.1 821179 79 £ 16.7 79 164 811205
MPAP
- Roc 186 £ 6.5 183 +£37 178 + 4.1 165 +53 150+ 36 163143
- Vec 143 £55 169 £ 5.4* 165+t438 152135 140 + 34 144 £3.7
PCWP
- Roc 10.6 3.8 1.1 £ 3.4% 10.1 £26 95+2.1 88125 83+30
- Vec 104 1+ 4.0 109+48 92425 97127 94125 94 425
CvP
- Roc 86+28 8722 85+26 8.5+ 36 7127 79+33
- Vec 68+34 87139 83138 76 +£3.7 74135 75137
CI
- Roc 280033 247 +0.52% 2.74 £ 0.59 271 £0.58 267 £047 2.63 £ 047
- Vec 2.66 +0.45 253+042 2.53 +£0.48 2.50 £0.53 247 £ 0.55 238 £ 047
SVI
- Roc 4541103 410 £ 9.6* 4721118 4.6 187 426173 424173
- Vec 422+ 6.5 433199 434176 44.4 + 8.7 449 + 8.0 44.1 £ 8.5
SVR
- Roc 1329 + 346 1307 £ 319 1144 £ 256 1148 * 305 1180 + 281 1183 + 282
- Vec 1321 £ 455 1363 £ 513 1281 £ 279 1260 + 262 1280 + 327 1453 * 479
PVR
- Roc 148 + 91 122 £52 112+ 61 124 £ 101 98 + 51 128 £ 45
- Vec 81 + 41 105 + 60 126 + 38 99 + 21 88 + 45 92+39
LVSWI
- Roc 593+ 146 476 £ 159 54.1 189 499+ 146 4811124 479+ 146
- Vec 534+ 144 493+ 13.2 485+ 155 48.1 + 144 478 £ 11.5 521174
RVSWI
- Roc 129 £ 6.3 102 +£32 113+438 10.1 +43 89134 9.7+40
- Vec 83137 10.1 £ 44 99+44 921131 84+ 19 8.6%25
RPP
- Roc 9529 + 3619 8010 + 2976 7327 + 3017 7676 * 3361 7941 + 3051 7654 + 2682
- Vec 8262 £+ 1779 7003 £ 2317+ 7014 £ 2135 6662 1 2042 6499 + 2059 6406 £ 1927

Roc = rocuronium; Vec = vecuronium; HR = heart rate (beats - min~'); MAP = mean arterial pressure (mmHg); MPAP = mean pulmonary
artery pressure (mmHg); PCWP = pulmonary capillary wedge pressure (mmHg); CVP = central venous pressure (mmHg); CI = cardiac index
(L min~'- m~?%); SVI = stroke volume index (ml - beat™! - m~2); SVR = systemic vascular resistance (dyn - s - cm=3); PVR = pulmonary vascular
resistance (dyn * s - cm~>); LVSWI and RVSWI = Left and right ventricular stroke work index (g m - beat='- m~?); RPP = rate pressure product
(mmHg - beats - min~'). Awake measurements were made about 15 min after insertion of arterial, venous and pulmonary artery cannulae.

*Difference significant (P < 0.05) from subsequent measurements.

centage changes in heart rate, mean arterial pressure,
stroke volume index and cardiac index are shown in the
Figure. There were no significant changes in HR and
MAP in patients who received rocuronium. There were
small increases in CI (+11%) and SVI (+15%) (P <
0.05) in patients who received rocuronium, with peak
changes at one minute following the administration of
the relaxant and there was a reduction in PCWP (—25%)
(P < 0.05). The rest of the measured variables or indices
did not show any significant changes.

The group of patients who received vecuronium had
a small reduction in heart rate (—7%) (P < 0.05), most

prominent at five and ten minutes following administra-
tion of the drug. There was a small but significant re-
duction in MPAP (-17%), CVP (-15%) and RPP
(=9%). The changes in MAP and CI did not attain sta-
tistical significance. Likewise changes in other measured
haemodynamic variables or indices in this group did not
attain statistical significance.

There were no differences between rocuronium and
vecuronium in any of the variables at any time. There
was no evidence of histamine release following the ad-
ministration of either relaxant in any patient. No changes
suggestive of ischaemia were observed in any patient.



706

CANADIAN JOURNAL OF ANAESTHESIA

% change in
heart rate
161
104
5 -
o B
~
h ~
-5 B
T ——— — ——— 3]
- 10 o
- 15 T T T T T T T T Y ]
0 1 3 5 10
Time (min)
% change in

s cardiac Index

Time (min)

% change in mean
15 arterial pressure

Time (min)

% change in stroke
volume index

Time (min)

FIGURE Per cent changes in heart rate, mean arterial pressure, stroke volume index and cardiac index following rocuronium 0.6 mg - kg™
O, vecuronium O

vecuronium 0.08 mg - kg~! (rocuronium O

Discussion

Haemodynamic stability is an integral and essential goal
of any anaesthetic management plan in patients with car-
diac disease. '* Patients who have limited coronary reserve
are susceptible to any factors which increase myocardial
oxygen demand, such as increases in heart rate, blood
pressure, myocardial contractility, or the systemic and
pulmonary vascular resistance. This may either induce
or worsen pre-existing ischaemia which may be associated
with an increased incidence of postoperative myocardial
infarction. 7 It would therefore be reasonable to avoid
any agents, including muscle relaxants, which give rise
to stimulation of the cardiovascular system and thus in-
crease myocardial oxygen demand.'® The present study
showed that both rocuronium and vecuronium were as-
sociated with clinically unimportant haemodynamic
changes, although the changes in some variables were
occasionally statistically significant.

', and

Vecuronium has previously been reported to maintain
excellent cardiovascular stability.'*-?' This was in general
confirmed for the dose used in the present study. There
are reports of bradycardia following its use*>? but these
are generally felt to be related to the use of high doses
of fentanyl, absence of surgical stimulation or during pe-
riods of vagal stimulation.'®” There was a decrease in
heart rate following vecuronium administration in the
present study but the average maximum decrease was
only of the order of five beats per minute, a decrease
hardly of any clinical significance.

Rocuronium doses of up to 3 X EDy, in dogs was
not associated with any changes in the cardiovascular
system although doses of 5 XX EDy, have been reported
to give rise to some tachycardia.® Muir ez al. have shown,
in anaesthetized cats, that the neuromuscular blocking
doses of rocuronium produced only a small effect on
the chronotropic responses to vagal stimulation and no
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effect on the responses of the nictitating membrane to
preganglionic stimulation.” Equieffective neuromuscular
blocking doses of vecuronium produced no effect on ei-
ther vagal or nictitating membrane responses. Rocuro-
nium is three to six times less potent than vecuronium
as a neuromuscular blocker but is slightly more potent
in blocking the responses to either vagal or preganglionic
sympathetic stimulation.” Therefore the margin between
the neuromuscular blocking effect and the unwanted
vagal blocking action is less than that of vecuronium;
the vagal:neuromuscular block ratio for rocuronium was
one-seventh (pig) to one-tenth (cat) that of vecuronium.
Thus the slight increase in heart rate (a possible vagal
blocking effect) along with an increased stroke volume
index (indicating an increased contractility) produce the
slight increase in cardiac index observed in the present
study. It could thus be argued that rocuronium has mild
ionotropic effects.

The lack of a chronotropic effect with vecuronium may
allow the heart rate to decrease to unacceptably low levels
in certain circumstances such as patients receiving beta-
blocking drugs or high-dose fentanyl anaesthesia. Bra-
dycardia and hypotension caused by many of the com-
monly used anaesthetic techniques may make drugs with
a mild vagal blocking effect more acceptable than drugs
with complete lack of cardiovascular effects. In this re-
spect rocuronium with mild vagolytic effect would have
an advantage over vecuronium, especially during high-
dose fentanyl anaesthesia.

The maximum average increase of about 7% in heart
rate is far smaller and clinically acceptable than the in-
crease of 32% reported recently by Booth et al.?* The
increase may be due to relatively light anaesthesia in that
study in comparison to a relatively high dose of fentanyl
used in the present study. The duration of this tachycardia
was not stated by Booth er a/. This increase is even more
than that reported after the use of pancuronium, a drug
with more pronounced vagolytic effect.'®* Such an in-
crease by Booth et gl is at variance with other reports
of only minimal changes in cardiovascular parameters
with similar or even higher doses of rocuronium. !!:12:25
Although there were small but significant increases in
cardiac index and stroke volume index following rocur-
onium, the changes were well within the acceptable clin-
ical limits. Newer relaxants such as doxacurium and pipe-
curonium also have the virtue of good cardiovascular
stability. '#% However, these are slow in onset and long
in duration of action. Rocuronium has the advantage of
a rapid onset and an intermediate duration of action.

The results of the present study indicate that rocur-
onium, in clinical doses, is associated with good haemo-
dynamic stability in ASA grades III or IV patients un-
dergoing elective coronary artery bypass grafting. Its
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histamine-releasing potential is minimal.?’ This along
with a mild sympathomimetic property may offer an ad-
vantage during high-dose fentanyl anaesthesia.
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