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Haemodynamic effects 
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in adult cardiac surgical 
patients 

I 'urpose: To measure the haemodynamic effects of rocuronium in adults undergoing cardiac surgery with car- 
diopulmonary bypass (CPB). 
Methods:  Twenty patients undergoing elective cardiac surgical procedures with moderate hypothermic nonpul- 
satile bypass participated in this prospective, observational study. After anaesthetic induction, recovery from suc- 
cinylcholine, and achievement of baseline haemodynamic stability, patients received 0.6 mg'kg -I rocuronium as 
an initial rapid intravenous bolus. Maintenance dosing of 0.2 mg'kg -I was continued for the remainder of the pro- 
cedure. Haemodynamic measurements (heart rate, systemic artedal systolic, diastolic, and mean arterial pressure, 
pulmonary artedal systolic, diastolic, and mean pressure, pulmonary capillary wedge pressure, central venous 
pressure, and thermodilution cardiac output measurements) were obtained for the f i~  tire minutes after rocure- 
nium administration, and subjects were observed for histamine-related symptoms. 
Results: Central venous pressure decreased from baseline at two and five minutes after the rocuronium bolus, 
and mean pulmonary artery pressure decreased at five minutes. No changes were observed in hearL rate, mean 
systemic arterial pressure, pulmonary capillary wedge pressure, cardiac index, stroke volume, systemic vascular 
resistance, or pulmonary vascular resistance, nor did any patient manifest any other histamine-related symptoms. 
Conclusion: The haemodynamic profile for a 0.6 mg-kg-' bolus of rocuronium is acceptable for patients with 
cardiovascular disease. 

Objectif  : Mesurer les effets h~modynamiques du rocuronium chez des adultes subissant une chirurgie 
cardiaque sous CEC. 
M&hodes  : Vingt patients subissant une chirurgie cardiaque sous CEC ~ riot non pulsatile et sous hypothermie 
mod4r4e ont particil~ ~ cette ~tude d'observation prospective. Apr~s I'inductian de I'anesth&ie, r~cup~ration de 
I'effet de la succinylcholine et obtention d'une stabilit~ h~modynamique de base, les patients ont regu par voie IV 
rapide un bolus initial de 0,6 mg-kE "l de rocuronium suivi de doses de malntien de 0,2 mg.kg -~ durant route la 
dur6e de la procfidure. Durant les premi&es cinq minutes apr~s radministration de rocuronium, les mesures 
h~modynamiques suivantes ont ~t4 obtenues : rythme cardiaque, pression art&ielle syst~mique et pulmonaire, 
systolique, diastolique et moyenne, pression capillaire bloqu~e, pression veineuse centrale et mesures du d~bit 
cardiaque par thermodilution. On a aussi recherch6 chez les patients de sympt6mes li~s ~ la lib&ation 
d'histamine. 
R~sultats : Apr& un bolus de rocuronium, on a observ~ une diminution de la pression veineuse centrale apr~s 
deux et cinq minutes. Les autres variables, rythme cardJaque, pression art&ielle moyenne, pression capillaire 
bloqu6e, index cardiaque, volume d'~jection, r&istance vasculaire pulmonaire et syst~mique, n'ont pr&ent~ 
aucun changement. Aucun patJent n'a d~montr~ de sympt6mes li& ~ la lib6ration d'histamine. 
Conclusion : Une dose bolus de 0,6 mg-kg "l de racuronium poss~de un profil h4modynamique acceptable 
pour des patients pr&entant maJadie cardiovasculaire. 
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R 
OCURONIUM bromide is a nondepolar- 
ising steroidal neuromuscular blocking 
agent with a rapid onset 1,2 and minimal 
cardiovascular side effects in animal stud- 

ies. s,4 It thus might be useful for emergency anaesthet- 
ic inductions, particularly when rapid intubation must 
be performed in patients with cardiovascular disease. 
However, the haemodynamic effects of  rocurouium in 
humans remain incompletely characterised, and pub- 
lished data are inconsistent. With bolus administration, 
some previous studies documented an increase in heart 
rate (HR), s pulmonary vascular resistance (PVR), 6 
stroke volume index (SVI) and cardiac index (CI), with 
decreased pulmonary capillary wedge pressure 
(PCWP), 7 whereas other studies fotmd no haemody- 
namic changes, s,9 Thus, the goal of  this study was to 
clarify the haemodynamic responses to bolus adminis- 
tration ofrocuronium in adult cardiac surgical patients. 

Methods  
With University of  Pittsburgh Biomedical Institutional 
Review Board approval and signed written informed 
consent, 20 ASA class 3 or 4 patients undergoing dec- 
five cardiac surgical procedures (17 coronary artery 
bypass graft procedures, two mitral valve replacements, 
and one aortic valve replacement) with moderate 
hypothermia (mean low temperature 31.3~ range 
30-34~ nonpulsafile bypass were enrolled (11 men 
and nine women; mean age of 65.2 years, range 27-80 
years). Exclusion criteria included airway abnormality or 
obstruction; pregnancy; clinically significant renal, 
hepatic, or neuromuscular disorders; inadequately con- 
trolled systemic hypertension; morbid obesity; allergy to 
opioids or other anaesthetic agents; treatment with an 
antihistmnine; severe metabolic disorder other than dia- 
betes mellitus; or treatment with an anticonvulsant or 
aminoglycoside or polypeptide antibiotic in doses that 
could affect the action of neuromnscular blocking drugs. 

All chronic cardiac medications were continued 
through the morning of surgery. Subjects received a 
standard premedication of  morphine sulfate (up to 
0.15 ml.kg -1) and either scopolamine (up to 0.4 mg 
ira) or a benzodiazepine (i.e., lorazepam, 2-4 rag) 
60 to 90 rain before the induction of anaesthesia. On 
arrival at the operating room, HR, heart rhythm, 
systemic oxygen saturation, and blood pressure were 
moifitored. Peripheral venous and arterial cannulas, as 
well as a multilumen pulmonary artery catheter, were 
inserted under local anaesthesia in all patients. 

Anaesthesia was induced with 25-50 pg.kg -1 fentanyl 
with oxygen 100%. Succinylcholine (1.0-1.5 mg.kg -1, 
up to a total of  120 mg) was administered to facilitate 
tracheal inntbation. Anaesthesia was maintained with 

incremental doses of  fentanyl (up to a maximum total 
dose o f l 0 0  pg.kg q)  with oxygen 100%. Heart rate and 
systolic and diastolic blood pressure were recorded 
before induction, just before the administration of suc- 
cinylcholine, and at 2, 5, 10, and 15 min after succinyl- 
choline to document haemodynamic stability. Subjects 
demonstrating haemodynamic instability (defined as a 
20% change from baseline for systemic arterial pressure 
and HR) were excluded from the study. At a minimum 
of  15 rain following the succinylcholine bolus and with 
neuromuscular recovery confirmed (as determined by 
the return of  the train-of-four [TOF] with peripheral 
nerve stimulation, Neurotechnology Digi Stim III, 
Neurotechnology, Houston, Texas), baseline record- 
ings of  HR, systemic arterial systolic and diastolic pres- 
sure, mean arterial pressure (MAP), pulmonary arterial 
systolic, diastolic, and mean blood pressure, PCWP, 
central venous pressure (CVI'), and thermodilution 
cardiac output measurements were obtained. CI, stroke 
volume (SV), systemic vascular resistance (SVR), PVR, 
and left ventricular stroke work index (LVSWI) were 
derived later from these measured haemodynamic 
values using standard formulas. I~ 

After acquisition of baseline data, 0.6 mg-kg -I 
rocuronium was injected over five seconds into a fast- 
flowing peripheral intravenous catheter. Heart rate, 
systolic and diastolic pressures, and MAP were record- 
ed every minute for the first five minutes after injec- 
tion. In addition to these variables, pulmonary arterial 
systolic and diastolic, and mean blood pressure, 
PCWI', CVI', and thermodilution cardiac output mea- 
surements were obtained at two and five minutes after 
injection. The CI, SV, SVR, PVR, and LVSWI were 
later derived, as above. Subjects were observed at all 
time points for histamine-related signs or symptoms, 
including tachycardia, hypotension, or skin flushing. 
No patient received further fentanyl bolus after 
documentation of haemodynamic stability following 
succinylcholinc bolus until completion of  data collec- 
tion live minutes after roeuronium bolus. 

A clinically significant alteration in haemodynamic 
variables was defined, before the start of data collection, 
as a 20% change from baseline. The haemodynamic data 
were compared among time points using repeated- 
measures analysis of  variance followed by paired t tests. 
For all tests, ct was set at 0.05, and a Bonferroni adjust- 
ment was used for multiple palrwise comparisons. 

Results 
The CVP decreased (P< 0.01) at two and five minutes 
after rocuronium administration, and mean pulmonary 
artery pressure (MPAP) decreased at five minutes 
(P = 0.02) (refer to the Table on the following page). 
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TAB LE Haemodynamic  responses to rocuronium administration 

0 rain 2 rain 5 rain 

H R  (bpm) 67.7 �9 3.3 69.9 • 3.5 68.5 • 3.4 
MAP ( m m H g )  86.5 • 3,2 86.5 • 2.8 86.7 • 3.3 
CVP ( m m H g )  10.6 • 1.1 8.8 • 0.9* 8.5 • 0.9* 
PCWP ( m m H g )  13.0 • 1,2 12,3 • 1.3 12.4 • 1.3 
MPAP (nunHg)  22.3 • 1.1 21.4 • 1.2 20.5 • 1.0~ 
CI  (I.min-Lm -2) 2.37 ~ O 1 2  2.32 • 0.15 2,34 • 0 .14 
SV (ml-beat -1) 66.2 • 3.0 63.0 • 3.9 6 4 A  • 3,2 
8VR(dyn.sec.cm -s) 1427.1 • 74.5 1518.3 • 82.2 1520.8 • 92.6 
PVR (dyn.seocm -s) 164.8 • 11.5 168.0 • 12.5 154.3 • 11.9 
LVSWI (g.m-].m -2) 35.8 • 2.6 33.9 • 2,3 34.5 • 2,1 

Note:  Control  (0 time, immediately before injection) and responses 
at two minutes and five minutes following injection are listed. 
Values are mean • SEM; (n = 20). H R  = heart rate; 
MAP = mean arterial pressure; CVP = central venous pressure; 
PCWP = pulmonary capillary wedge pressure; 
MPAP = mean pulmonary artery pressure; CI = cardiac index; 
SV = stroke volume; S V R  = systemic vascular resistance; 
PVR = pulmonary vascular resistance; 
LVSWI = left ventricular stroke work index. 

* P <  0.01 l"p= 0.02 

The changes in CVP met the pre-established criteria for 
"clinical" significance in eight of  the 20 study patients 
(Figure 1). In contrast, although MPAP also decreased 
on average in the study group, three of the patients 
developed clinically significant (i.e., > 20%) increases in 
MPAP two minutes after rocuronium administration 
(Figure 1). None of the three patients demonstrated 
any increase in systolic pulmonary artery pressure. The 
increase in MPAP was due to an increase in diastolic 
pulmonary artery pressure. No other change, either in 
groups or individuals, occurred in the other measured 
or calculated haemodynamic variables, nor did any 
patient demonstrate any histamine-related symptoms. 

Discussion 
Haemodynamic stability is vital to successful anaesthet- 
ic management of  myocardial revascularisation proce- 
dures or valve repair or replacement. Patients 
undergoing these procedures may have very limited 
cardiovascular reserve, and any increase in myocardial 
oxygen demand from increased HR, wall tension, or 
contractility, or a decrease in coronary perfusion from 
hypotension may result in ischemia. Therefore, the 
choice of anaesthetic adjuvants, such as neuromuscular 
blocking agents, must be based on maintaining optimal 
haemodynamics. Cardiac patients undergoing emer- 
gency procedures, or those requiring rapid control of  
the airway, pose particular difficulty. In such patients, 
succinylcholine cannot be used routinely, because of the 
potential for arrhythmias or hradycardia, n Vecuronium 
has a relatively slow onset and has been associated with 

A .  Percent Change in CVP and MPAP 2 min 

~t 

o 

o 

I o o* 

- 5 0  �9 0 o 

o o e o 
o 

-50 

MPAP 

H u d s o n  etal . :  RO CU RO N IU M  IN CARDIAC SURGICAL PATIENTS 

VIPAP 

B .  P e r c e n t  C h a n g e  i n  C V P  a n d  M P A P  5 m i n  

50- ~IPAF 

I , . . . . . . .  
-50 o 

o o o e 

o 

CVP 
I 

50 

5{) 

HPAP 

F I G U R E  1 The  percentage change in mean pulmonary artery 
pressure (MPAP) versus percentage change in central venous pres- 
sure (CVP) at two minutes (A) and five minutes  (B) after bolus 
injection o f rocu rou lum.  The  central box represents a 20% change 
from baseline, which was defined as a clinically significant change. 
T he  open circles represent subjects chronically medicated with 
beta-blockers a n d / o r  calcium channel blockers. 

bradycardia when used with high-dose fentanyl. I2,I~ 
Pipecuronium and doxacurium have more favourable 
haemodynamic profiles but are slower in onset and 
longer in duration. 14,1s Therefore, a muscle relaxant 
that facilitates rapid intubation without compromising 
haemodynamic stability would be highly useful. We 
undertook this study to evaluate whether rocuronium 
had such properties. We found that rocuronium pro- 
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duced haemodynamic changes consistent with mild sys- 
temic venodilatation, which is acceptable for patients 
with limited cardiac reserve. 

Although animal studies revealed few undesirable 
haemodynamic effects ofrocuronium boluses, evidence 
for its potential to increase FIR has been observed. For 
example, when compared with vecuronium, rocuroni- 
um manifests less vagal blocking action at similar levels 
of  neuromuscular blockade.3 However, tachycardia was 
observed only at doses approaching five times the relax- 
ation EDg0 in dogs. 4 Initial studies in humans have also 
suggested an association between rocuronium and 
tachycardia. Booth etaL reported a 36% increase in 
with rocuronium in 30 healthy adults during halothane 
anaesthesia, s Tachycardia of  this magrdtude is unaccept- 
able in ischaemic heart disease patients but is not entire- 
ly consistent with findings from other studies evaluating 
rocuronium. For example, in patients undergoing elec- 
tive coronary artery bypass grafting under fentanyl 
anaesthesia, McCoy ctaL found only mild (7%) increas- 
es in H R  and perhaps a mild inotropic effect, as 
suggested by an increased SVI. v Numerous factors 
including anaesthetic regimen, premedication, chronic 
cardiac medications, patient population, or surgical 
stimulation may account for these observed differences. 

Other unpublished observations, acknowledged in 
the manufacturer's package insert for rocuronium 
bromide (ZemuronrM), indicate that increased PVR 
may be observed after administration of rocuronium. 6 
In contrast, Cornet et al. showed no change in HR, 
MAP, PCWP, or CI and no ischaemic episodes as eval- 
uated by computerised ST-segment analysis and TEE 
evaluation of left ventricular function in patients main- 
rained with rocuroninm undergoing abdominal aortic 
surgery, s These findings were similar to the findings of  
Levy et aL, which showed no alteration in HR, BP, 
MAP, or ECG after rocuronium in adult patients 
during nitrous oxide/oxygen-sufentanil Anaesthesia. 9 

Decreases in CVP and MPAP were observed in the 
present study, suggesting that rocuronium has systemic 
venodilatory effects. The PVfk was not augmented, and 
no other haemodynamic change was noted in the 
grouped data. However, three individuals demonstrated 
a clinically significant increase in MPAP two minutes 
after injection of rocuronium (Figure 1), although this 
was due to increases in diastolic pulmonary artery pres- 
sure. This increase in diastolic pulmonary artery pressure 
suggests an increase in compliance in the pulmonary 
arterial systems of these patients. Contrary to the reports 
of  both Booth etaL s and McCoy etal.,Twe observed no 
changes in HR  (Figure 2). McCoy et al. did note 
changes similar, if statistically insignificant, to ours in 
CVP and MPAP; both decreased by 18% at five min- 
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F I G U R E  2 T h e  pe rcen tage  c h a n g e  in  m e a n  arterial pressure  

(MAP) oer~us percentage change in heart rate (HR) at two minutes 
(A) and five minutes (B) al~cer bolus injection ofrocuronium. 
The central box represents a 20% change from baseline, which was 
defined as a clinically significant change. The open circles represent 
subjects chronically medicated with beta-blockers and/or calcium 
channel blockers. 

u t e s .  7 However, the small sample size probably accounts 
for the lack of statistical significance in these observa- 
tions. As did Levy et al., 9 we observed an absence of  
histamine-related symptoms. Eleven of  the 20 study 
subjects were receiving beta-blockers and/or  calcium 
channel blockers before surgery. No difference was 
observed between these subjects and other study 
subjects in haemodynamic response to rocuronium. 
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Thus, we found the haernodynamic profile for a 
0.6 mg.kg q bolus of rocuronium to be acceptable for 
patients with coronary artery disease; no change 
occurred that would promote increases in myocardial 
oxygen demand or further decreases in oxygen supply. 
Although CVP and MPAP decreased significantly, 
rocuronium had no effect on PCWP, SVR, MAP, or CI. 

Overall, these results indicate that clinical doses of 
rocuronium are not associated with haemodynamic 
instability in ASA class 3 and 4 patients undergoing car- 
diac surgery. Further study of patients with higher ini- 
tial MPAP, such as those undergoing cardiac valvular 
surgery, may clarify the pulmonary vascular effects of 
rocuronium in particular subgroups of cardiac patients. 
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