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Brief Report 

Residual neuromuscular 
blockade after, cardiac 
surgery: pancuronium 
v s  rocuronium 

I ~ :  To determine the incidence of residual neuromuscular blockade after cardiac surgery in patients receiv- 
ing either rocuronium or pancuronium for musde relaxation. 
Methods:  In a prospective, controlled, double-blind stuck, 20 patients undergoing coronary artery bypass were 
randomized to receive e i ~ r  rocuroniurn (n = I O) or pancuronium (n = 1 O) during surgery. Anaesthesia was induced 
with sufentanil, benzodiazepine and propofol or ketamine, and maintained with air/O~Jsufentanil/isoflurane. 
Neuromuscular blockade was induced with 0. I ml.kg -l from blinded syringes containing rocuronium (6 mg'ml -I) 
(Group R) or pancuronium (I mg.ml-') (Group P). Relaxan~ were administered according to dinical criteria and 
reversal gents were not given. After surgery, neuromuscular ~ i s s i o n  was assessed by train-of-four stimulation 
of the ulnar nerve/adductor pollids EMG (Datex Relaxograph). Mean values from three trains of stimuli were record- 
ed and reposed 30 rain later if TOF ratio was < 0.7. ~me to extubation was recorded. 
Results: On arrival in the ICU, nine of I 0 patients in group R but only three of I 0 patients in group P demonstrated 
four visible responses (P < 0.05). Mean TOF ratio in group P, 0.03 -+ 0.05, was less than in group R, 0.68 -+ 0.34 
(P < 0.001 ). All patients in group P and 4 of I 0 patients in group R had TOF ratio < 0.7 (P = 0.0 I). 13me to extu- 
batJon in group P (median 18, range 6-48 hr) was not statistically different from that in group R (I 4, 5-44 hr). 
C o n d t m i o n :  Residual neuromuscular block, TOF ratio < 0.7, is common after cardiac surgery but the incidence 
is less when pancuronium is replaced by rocuronium. 

Objcctif : Cornparer apr6~ une chirurgie cardiaque rincidence de la curarisation rEsidueUe secondaire au rocuro- 
nium ave(: celle du pancuronium. 
M61:hod~ : Cette 6rude prospective, COFEF616e et en double insu regroupait 20 patients op&~s pour une d~irurgie 
de revascularisation coronaire. Les patients &aient F6partis al6atoirement pour recevoir soit rocuronium (n= I0) soit 
pancuronium (n= l (3) pendant la r Eaneslf~e &ait induite au sufentanil, benzodiaz6p/ne et propofol ou k6t- 
amine et entretenue ave(: air/O~ufentanilAsoilurane. La curarisa~on 6fair induite A l'aw--ugle ave(: O, l ml.kg-' 
provenant de seringues contenant du rocuronit.~n (6 mg-rnl-') (Groupe R) ou pancuronium (I mg-ml-') (Groupe P). 
On administrait les relaxants conforrnEment aux critEres diniques et on n'utilisait pas d'antagonistes. AprEs la 
chirurgie, la transmission neuromusculaire neff cubital-adducteur du pouce 6tait 6valu~ avec la stimulation 61ec- 
tromyogaphique au train-de-quatre 0"OF : Datex Relaxogrgoh). La vaJeur moyenr~ de trois trains de stimulations 
6tait enregistJ'6e et r6p6gle 30 rain plus tad si la valeur du TOF Etait < 0,7. Le dElai de l'extubation Etait notE. 
R~u l ta t s  �9 ~ l'arrivEe A l 'un~ de soins intensifs, neuf des dix patients du groupe R rnais seulernent trois du groupe 
P avait quatre r ~  visibles (P < 0,05). Le rapport TOF moy~  du groupe P, 0,03 --- 0,05 &ait infErieur .~ celui 
du groupe R, 0,68 -+- 0,34 (P < 0,00 I). Tous les patiems du groupe P et quatre des dix patients du groupe R avait 
un rapport TOF < 0,7 (P = 0,001). Le dElai d'extubation clans le groupe P (rnEdiane 18, Ecart 6-48 h) ne dil~rait 
pas statistiquement de celui du groupe R (I 4, 5-44 h). 
C o n d u s i o n :  la  curarisafion rf~iduelle d6finie corcwv~ un rapport TOF < 0,7, est fr6quente apr6.s une chirurgie 
cardiaque mais son inddence est moindre quand le rocuronium remplace le pancuronium. 

From the Departments of Anaesthesia, Vancouver Hospital and Health Sciences Centre and the University of British Columbia, 
Vancouver, British Columbia, Canada VSZ 4~E3. 

Address c o e e e ~ n c e  to: Dr. D.IL Bevan; Phone: 604-875-4575; Fax: 604-875-5344; E-mail: BevanOunixg.ubc.ca 
Supported by a grant from Organon Inc, Canada. 

Accepted for publication May 5, 1997. 

CAN J ANAESTH | 9 9 7  / 4 4 : 8  / pp 891-895  



892 CANADIAN JOUKNAL OF ANAESTHESIA 

A 
FTER non-cardiac surgery, residual neuro- 
muscular block, defined as train-of-four 
(TOF) ratio < 0.7 on arrival in the PACU, 
occurs in 25-40 % of patients after the use 

of long-acting relaxants, such as pancuronium and 
d-tubocurarine. 1-4 The incidence is reduced to less 
than 10% after the use of intermediate-acting agents 
such as atracurium, vecuronium 4,s or the short-acting 
drug mivacurium. 6 

During cardiac surgery pancuronium is the most 
commonly used neuromuscular relaxant because its 
cardiovascular stimulating effects counteract the 
bradycardia associated with high-dose opioid anaes- 
thesia. 7 The block is seldom reversed because the 
patients' lungs are usually ventilated postoperatively 
until cardiovascular parameters are stable, s Cost con- 
tainment measures in health care have encouraged ear- 
lier tracheal extubation and discontinuation of 
postoperative mechanical ventilation by the use of 
lower doses of opioids and balanced general anaesthe- 
sia to facilitate "fast tracking" of postoperative cardiac 
patients. 9,1~ However, residual neuromuscular block 
may delay early extubation and resumption of sponta- 
neous respiration. 

Rocuronium is an intermediate acting neuromus- 
cular blocking agent that does not appear to be asso- 
ciated 11 with the occasional severe bradycardia that has 
been reported with the use ofvecuronium during car- 
diac surgery. 12 

The purpose of this study was to determine the fre- 
quency of residual neuromuscular block after cardiac 
surgery. Two groups of 10 patients were studied in 
whom the only difference in management was the 
replacement ofpancuronium with rocuronium to pro- 
vide muscle relaxation. Residual block, identified on 
arrival in the ICU using electromyography, was 
defined as a TOF ratio <0.7, because such values are 
associated with reduced inspiratory force 13 and 
impaired ventilatory response to hypoxia. 14 

Methods 

Subjects 
After Ethics Committee approval and written 
informed consent, 20 patients scheduled for elective 
aortocoronary bypass surgery were studied. Exclusion 
criteria included patients receiving drugs known to 
interfere with neuromuscular activity, severe renal or 
hepatic disease, preexisting neuromuscular or neuro- 
logical disease. 

Intra-operative monitoring 
Routine monitoring included 5-lead ECG, pulse 
oximeter, end-tidal capnograph, nasopharyngeal tem- 

perature, direct radial artery blood pressure, central 
venous and pulmonary artery pressures. Skin temper- 
ature over the thumb was monitored during surgery 
and in the ICU. Neuromuscular block was not moni- 
tored during surgery. 

Anaesthesia and neuromuscular blockade 
Anaesthesia was induced with sufentanil (50-350 pg) 
and a benzodiazepine [midazolam (2-5 rag) or 
diazepam (2-5 mg)] with the addition ofpropofol (60 
mg, 1 patient) or ketamine (50 mg, 1 patient) and 
maintained with increments ofsufentanil (25-150 pg) 
and/or benzodiazepines (midazolam or diazepam 1-5 
mg), supplemented with isoflurane (up to 1% end- 
tidal) in oxygen enriched air. Morphine (3-30 nag iv) 
was administered toward the end of surgery, and 
isoflurane was discontinued at least 30 min before the 
completion of surgery. 

Before induction of anaesthesia, patients were ran- 
domised, using randomisation tables, to receive either 
pancuronium or rocuronium which was supplied in 
blinded syringes containing 10 ml of approximately 
equipotent concentrations of each drug (pancuronium 
1 mg.ml-l: rocuronium 6 mg.ml-1). Neuromuscular 
relaxation was induced by administration of 0.1 
ml-kg -1 of the neuromuscular blocking drug and 
maintained with 1-2 ml increments according to clin- 
ical need (movement, attempts to breathe). 
Neuromuscular monitoring was not used during 
anaesthesia and the neuromuscular block was not 
reversed before arrival in ICU. Doses and times of all 
agents given were recorded, as well as the duration of 
CPB and surgery, intra-operative central and peripher- 
al temperatures, fluid balance and haematocrit. The 
conduct of anaesthesia, including dosing of muscle 
relaxants, was at the discretion of the anaesthetist. 

Surgery and CPB 
Cardiopulmonary bypass was conducted using moder- 
ate hypothermia (28~ followed by warming to a 
pulmonary artery temperature of approximately 36~ 

Neuromuscular monitoring in ICU 
Upon arrival in the ICU, neuromuscular activity was 
measured electromyographically, by a blinded investi- 
gator, using train-of-four stimulation of the ulnar 
nerve at the wrist and recording over the adductor 
pollicis muscle (Datex Relaxograph). Three measure- 
ments were obtained for each patient and an average 
value determined. The measurements were repeated 
30 rain later if TOF ratio was <0.7. Clinical assess- 
ments of weakness (purposeful movement, hand grip, 
head lift) were made at the time of EMG testing. 
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Statistical analysis 
Statistical analyses were performed using the NCSS 
computer programme, version 5.03. Categorical vari- 
ables were analysed for between group differences using 
Fisher's exact test, with some categories combined 
when necessary. Normally distributed continuous vari- 
ables were analysed using unpaired t tests with 
Bonferroni's correction for repeated measurements. 
The remaining continuous variables were analysed 
using Mann-Whitney tests. A Pvalue of <0.05 was con- 
sidered to indicate statistically significant differences. 

Results 
The total duration of  anaesthesia and surgery was 
approximately seven hours. No differences were found 
between the groups in any measured variable (Tables 
I, II) except for neuromuscular data (Table III). 

On arrival in ICU, residual neuromuscular block 
was present in both groups. After pancuronium, all 10 
patients had TOF ratios of  <0.7 compared with 4 of  
10 patients after rocuronium (P = 0.01). Thirty min- 
utes later, TOF was <0.7 in all group P and in three 
group R patients (P = 0.003). In group P, only three 
patients had four responses to TOF stimulation at 
b o t h  t e s t i n g  t i m e s  c o m p a r e d  w i t h  n i n e  in  g r o u p  R 

(P = 0.02). After pancuronium, severe residual weak- 
ness was present seven hours after the last dose where- 
as residual block after rocuronium occurred only up to 
two hours after last dosing (Figure). There were no 
differences in spontaneous or purposeful movement, 
or shivering at the times of testing. The time from 
arrival in ICU to tracheal extubation, of  the pancuro- 
nium group, median 18 (6-48) hr was not significant- 
ly different from that in the rocuronium group, 
median 14 (5-44) (Table III). 

Discussion 
This study demonstrates that, after the use of  pan- 
curonium or rocuronium during anaesthesia for coro- 
nary artery bypass graft surgery, considerable residual 
neuromuscular blockade may persist. On arrival in 
ICU, all patients in the pancuronium group failed to 
achieve a TOF ratio >70% and, in 5 /10  patients a pro- 
found block remained even though the median time 

TABLE I Demographic data 

Pancuronium (n=lO) Rocuronium (n=IO) 

Age (yr) 65 (50-76) 69 (48-74) 
Weight (kg) 75 • 9 77 • 15 
Sex M=7 F=3 M=7 F=3 
Medical status 
-ASA -III 5 6 

-IV 5 4 
-Angina NYHA Class 3 5 8 

Class 4 5 2 
-Ejection fraction (%) 57 • 11.3 53.7 * 9.5 
-LVEDP (mmHg) 16 • 5 20 • 6 
-Creatinine (mg.dN) 89 (64-146) 96 (65-120) 

Values expressed as median (Range) or mean • SD. 

TABLE II Surgical details 

Pancuronium Rocuronium 

CPB time min 170 • 45 168 • 36 
Cross-clamp min 115 • 43 114 • 33 
Temp ~ Initial 36.0 (35.6-36.3) 36.5 (35.7-37.3) 

CPB minimum 27.8 (26.5-32.0) 27.9 (26.2-35.0) 
Final 36.0 • 0.8 36.0 • 0.5 

Duration anaesth hr 7.0 • 1.5 6.7 • 1.5 

Mean values • SD or median (range). CPB - cardiopulmonary 
bypass. Oesophageal temperature (Temp) at the beginning (init) 
and end (final) of, and minimal value during, CPB. 
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TABLE III  Neuromuscular data 

Pancuronium Rocuronium 

Total dose mg.kg -] 0.18 (0.13-0.28) 1.14 (0.6-1.62) 
ml.kg -] 0.18 (0.13-0.28) 0.19 (0.1-0.27) 

Last dose min 208 (70-405) 120 (55-285) 
TOF count initial 1.5 (0-4) 4 (0-4) 

repeat 2.0 (0-4) 4 (0-4) 
TOF ratio initial 0.03 • 0.05 0.68 • 0.341 

repeat 0.04 • 0.06 0.71 • 0.351" 
TOF <0.7 initial 1 0 / 1 0  4 / 1 0 "  

repeat 1 0 / 1 0  3 / 1 0 "  
Temp ~ core 35.7 • 0.5 36.0 • 0.6 

skin 30.0 + 1.8 31.0 • 1.6 
Time to extubation hr 18 (6-48) 14 (5-44) 

Values expressed as mean • SD or median (range). Time from last 
dose of  relaxant until initial (init) neuromuscular evaluation in ICU 
*P < 0.05, t p  < 0.001 pancuronium vs rocuronium 
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from the last dose until testing was 208 (79-405) min. 
The best TOF ratios in this group were only 0.06, 
0.11 and 0.12. In patients receiving rocuronium, the 
majority, 7 / 1 0 ,  showed spontaneous recovery from 
neuromuscular blockade within 30 min of arrival in 
ICU without anticholinesterase antagonism of block 
and with a median time from the last dose of 146 
(55-285) min. These data suggest that excessive doses 
of both relaxants were used in these patients. Also, 
under the conditions of the study, both pancuronium 
and rocuronium behaved as long-acting relaxants. 
There was no difference in the amount (volume and 
equipotent dose) of drug used in each group and cur- 
rent costing indicates that the price per ampoule of the 
two agents, in this institution, is similar. 

The incidence of residual neuromuscular block after 
long, intermediate and short-acing neuromuscular 
relaxants has been well described in the non cardiac 
patient. 1-6 However, this has not been emphasised in 
the setting of cardiac anaesthesia because mechanical 
ventilation is usually continued for several hours after 
surgery. Residual neuromuscular blockade has not pre- 
viously been considered an indication for postoperative 
mechanical ventilation in this group of patients 
although prolonged muscle weakness may occur fol- 
lowing cardiac surgery, is Neuromuscular blockade is 
prolonged and recovery is delayed from maintenance 
doses of pancuronium, 16 atracurium ~7 and rocuroni- 
um is under conditions of hypothermic cardiopul- 
monary bypass. However, the extent of residual block 
has not been assessed previously. Smeulers et al. demon- 
strated prolonged duration of action and delayed recov- 
ery of rocuronium during hypothermic CPB with 
decreased requirements upon rewarming: evidence of 
residual block was not sought. 19 

After cardiac surgery many factors affect the deci- 
sion for tracheal extubation. In the current concern 
for early extubation and discharge from ICU after 
CABG surgery the role of residual neuromuscular 
blockade requires attention. Clinical use of muscle 
relaxants with regard to dose, monitoring, choice of 
agent, and reversal needs to be re-examined in patients 
undergoing cardiac surgery. However, the very long 
bypass times, approximately three hours, and the long 
duration of  anaesthesia, almost seven hours, in the 
patients included in this study make it unlikely that 
they would have been considered for "fast-tracking." 

The use ofpancuronium for cardiac anaesthesia has 
been implicated in episodes of myocardial ischaemia 
related to tachycardia, 2~ whilst the use of vecuronium 
has been associated with episodes of bradycardia and 
asystole. 12 Rocuronium produces haemodynamic sta- 
bility at induction of anaesthesia, I! possesses similar 

pharmacokinetic behaviour as vecuronium, 19 and has a 
rapid onset 21 and recovery profile. Is 

The median time to extubation in patients given 
rocuronium was 14 (5-44) hr and after pancuronium 
was 18 (6-48) hr. The difference is not statistically sig- 
nificant. Post hoc power analysis suggests that in a 
study of this size there is insufficient power to con- 
clude that there is no difference in time to extubation 
when these two drugs are compared, and that a larger 
sample size is necessary. The present study had a 
power of 40% to detect a 50% difference in extubation 
times). We calculate that, to achieve a power of 80% 
and an 0t value of 0.05, it would be necessary to study 
25 patients in each group. 

In conclusion, this study demonstrated that resid- 
ual block after cardiac surgery is common. Although 
the incidence was greater after pancuronium and the 
rate of recovery was more rapid after rocuronium, 
both relaxants were probably used in excessive doses. 
Current emphasis towards early extubation and spon- 
taneous respiration after cardiac surgery ("fast track- 
ing") necessitates re-evaluation of the use of muscle 
relaxants. Excessive doses may be avoided with the use 
of neuromuscular monitoring: the choice of drugs 
could be made according to their rate of recovery, and 
consideration might be given to the use of reversal 
agents to prevent residual neuromuscular block. 
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