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Muscle relaxation reportedly reduces systemic oxygen 
consumption 30% during hypothermic cardiopulmo- 
nary bypass. A potential mechanism is inhibition of hy- 
pothermia-induced subclinical muscle tone (“micro- 
shivering“). Accordingly, we tested the hypothesis that 
pancuronium administration would decrease systemic 
oxygen consumption during hypothermic cardiopul- 
monary bypass, but not during normothermic bypass. 
We studied 20 patients undergoing normothermic car- 
diopulmonary bypass at a nasopharyngeal tempera- 
ture of 37.6 ? 0.8”C (mean -I SD) and 15 patients under- 
going hypothermic bypass at a nasopharyngeal 
temperature of 28.2 ? 1.2”C. Oxygen consumption dur- 
ing bypass was determined, using the Fick principle, 

before and after administration of pancuronium 0.15 
mg/kg. Morphometric characteristics and anesthetic 
management were similar in the two groups. Oxygen 
consumption averaged 93 ? 28 mL + min-’ * rn-’ in the 
normothermic patients and 43 + 10 mL + min-’ * m? in 
the hypothermic group. Administration of pancuro- 
nium decreased oxygen consumption only 2% in the 
normothermic patients. However, muscle relaxation 
also decreased oxygen consumption only 2% in the hy- 
pothermic patients. We were thus unable to confirm 
our hypothesis because muscle relaxation induced by 
administration of pancuronium did not significantly re- 
duce oxygen consumption in either group. 

(Anesth Analg 1995;81:465-8) 

M oderate reductions in intraoperative core 
temperatures often trigger thermoregulatory 
vasoconstriction (l-3). In contrast, shivering 

is rarely observed during surgery (even when muscle 
relaxants are not administered), indicating that gen- 
eral anesthesia inhibits shivering. Protective thermo- 
regulatory responses to hypothermia may, none- 
theless, generate metabolic heat by stimulating 
subclinical increases in muscle tone. Such “micro- 
shivering” is perhaps most likely at core temperatures 
usually used during cardiopulmonary bypass. Consis- 
tent with this theory, Irish et al. (4) reported that 
administration of pancuronium or succinylcholine de- 
creases systemic oxygen consumption 30% during hy- 
pothermic cardiopulmonary bypass. 

To the extent that increased muscle tone during 
bypass is a thermoregulatory response to hypother- 
mia, a similar reduction in systemic oxygen con- 
sumption would not be expected in normothermic 
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patients. Accordingly, we tested the hypothesis that 
pancuronium administration would decrease sys- 
temic oxygen consumption during hypothermic car- 
diopulmonary bypass, but not during normother- 
mic bypass. 

Methods 

With approval from the local institutional review 
board, we studied 35 patients undergoing elective cor- 
onary artery surgery using either normothermic or 
hypothermic cardiopulmonary bypass. Patients were 
operated on by two teams of cardiac surgeons: one 
used conventional hypothermic bypass, and the other, 
normothermic bypass. 

Patients were not randomly assigned to surgical 
teams (and therefore bypass temperatures), but all 
patients referred to the first team underwent hypo- 
thermic bypass (n = 15) whereas all referred to the 
second team were kept normothermic (M = 20). The 
patients in each group were similar in terms of mor- 
phometric characteristics and disease state. A single 
anesthesiologist and two perfusionists cared for all 
patients. 
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Protocol Table 1. Patient Characteristics and Drug Therapy 

All patients were premeditated with oral metoclo- 
pramide 10 mg and lorazepam 2-4 mg al.5 h before 
surgery. In addition, morphine sulfate 0.1 mg/kg was 
administered intramuscularly -1 h before surgery. 
Radial and pulmonary arterial catheters were then 
inserted, and general anesthesia induced by gradual 
administration of sufentani13 pg/kg and mivacurium 
0.2 “g/kg. Before sternal incision, an additional 5-12 
pg/kg of sufentanil was administered. Isoflurane in 
50% oxygen was titrated to maintain stable hemody- 
namic variables during the initial surgical period, but 
was always discontinued at least 10 min before insti- 
tution of cardiopulmonary bypass. 

A hollow-fiber membrane oxygenator was used in 
each case. Flow was initiated at 2.4 L * min-’ * m-‘, 
but then decreased in the patients who became hypo- 
thermic. Hypothermic patients were cooled to 26°C 
venous temperature. Gas exchange was adjusted to 
maintain uncorrected Pco, near 35 mm Hg (in both 
hypothermic and normothermic patients). In contrast, 
normothermic patients were maintained at a core tem- 
perature of 37-38°C. Topical ice slush was applied to 
the surface of all hearts, and the same high-potassium 
cardioplegia solution was administered to all patients. 

Monitoring 

Core temperature was measured in the nasopharynx, 
using a YSI-type probe connected to SpaceLabs mon- 
itor (Redmond, WA). The distance on the face from 
the external naris to the tragus was marked on the 
probe, which was subsequently inserted into the na- 
sopharynx to the marked depth. Bladder temperature 
was recorded from an Electromedicus, Inc., Foley 
catheter, attached to a monitor incorporated into a 
Cobe pump (Lakewood, CO). 

When the patients’ nasopharyngeal temperatures 
had stabilized at either the hypothermic or normother- 
mic level, we confirmed that muscle relaxation in- 
duced by the initial mivacurium administration had 
dissipated. Neuromuscular blockade was assessed by 
visual inspection of the orbicularis oculi muscle (5), 
using supramaximal, square-wave impulses of 0.2-ms 
duration in a train-of-four sequence (2 Hz) delivered 
via cutaneous electrode pads and a Digistim II nerve 
stimulator (Neurotechnology, Inc., Houston, TX). A 
train-of-four ratio of one and sustained tetanus in 
response to a lOO-Hz current were considered evi- 
dence of intact neuromuscular function. 

Arterial and venous blood specimens were obtained 
from the oxygenator sampling ports, and analyzed for 
blood oxygen content using a Ciba-Corning 2500 co- 
oximeter (Medford, MA). Pancuronium 0.15 mg/kg 
was then administered directly into the oxygenator. 
Ten minutes later, absence of mechanical response to 

Hypothermic 
(n = 15) 

Normothermic 
(n = 20) 

Age (yr) 675 11 67? 9 
Males/ total 13/15 11/20 
Weight (kg) 82 k 12 83 2 17 
Height (cm) 173 * 13 173 ? 10 
Body surface area (m*) 2.0 2 0.2 1.9 -c 0.2 
P-Adrenergic blockade 4 6 
Sufentanil dose (mg) 1.0 + 0.3 1.0 2 0.3 
Hemoglobin during 10.0 t- 1.8 11.1 ? 2.2 

perfusion (g/dL) 
Temperature (“C) 

Bladder 29.7 2 2.0 35.8 -c 1.0* 
Nasopharyngeal 28.2 -c 1.2 37.6 2 0.8* 

Age, morphometric characteristics, 0 blocker use, and sufentanil dose did 
not differ significantly in the two treatment groups. 

* Bladder and nasopharyngeal temperatures differed significantly, per 
protocol. 

train-of-four and tetanic stimulation was confirmed to 
assure full muscle relaxation in response to pancuro- 
nium administration. At that point, arterial and ve- 
nous oxygen contents were again determined. Pump 
flows were kept constant during these measurements. 

Statistical Analysis 

Body surface area was determined from patient height 
and weight using a standard formula (6). Oxygen 
consumption was determined from pump flow and 
the difference between arterial and venous oxygen 
content, and normalized to body surface area. 

Age and morphometric characteristics in the two 
groups were compared using two-tailed, unpaired 
t-tests. Metabolic responses and oxygen consumption 
before and after pancuronium administration were 
compared within each group using two-tailed, paired 
t-tests. Results are presented as means 2 SD; P < 0.05 
was considered statistically significant. 

Results 

Age and morphometric characteristics were similar in 
the patients undergoing hypothermic and normother- 
mic bypass. Bladder and nasopharyngeal tempera- 
tures differed significantly, per protocol (Table 1). 

Nasopharyngeal temperatures averaged 28.2 ? 
1.2”C and 37.6 5 0.8”C in the hypothermic and nor- 
mothermic patients, respectively. At least 1.5 h 
elapsed between mivacurium and pancuronium ad- 
ministration, and the average duration exceeded 2 h. 

As expected, systemic oxygen consumption was less 
in hypothermic than normothermic patients. How- 
ever, administration of pancuronium did not decrease 
oxygen consumption in either group (Table 2). These 
data provided a 99% and 95% power for detecting a 
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Table 2. Metabolic Variables in Patients Undergoing Normothermic and Hypothermic Bypass 

Hypothermic Normothermic 

Variable Before After Before After 

Oxygen consumption (mL * min-r * m-‘) 43 + 10 42 + 6 93 2 28 91 k 18 
Arterial 0, content (mL/dL) 12.2 t 1.8 12.1 t 1.4 13.1 t 1.7 13.2 !I 1.4 
Mixed venous 0, content (mL/dL) 9.7 + 1.5 9.7 t 1.2 9.3 t 1.7 9.5 k 1.2 
Pump flow (L/min) 3.5 + 0.4 3.5 2 0.4 4.7 ? 0.6 4.7 2 0.6 

Administration of pancuronium did not significantly alter oxygen consumption, or the values from which oxygen consumption was derived. 

15% change in oxygen consumption after pancuro- 
nium administration in the hypothermic and normo- 
thermic patients, respectively (based on a two-tailed, 
paired (Y of 0.05). 

Discussion 

Consistent with our hypothesis, administration of 
pancuronium failed to reduce systemic oxygen con- 
sumption during normothermic cardiopulmonary by- 
pass. Surprisingly, however, administration of pancu- 
ronium also failed to reduce oxygen consumption 
during hypothermic bypass. This “negative” result 
did not arise from an insufficient sample size or ex- 
cessive variability: our power for detecting even a 15% 
reduction in oxygen consumption exceeded 95%. Our 
finding thus contrasts distinctly with the 30% decrease 
reported previously (41, but is consistent with a more 
recent study (7). 

Why our results differ from those reported previously 
(4) remains unclear. The patients appear to have been 
similar in both studies, and we deliberately used similar 
methodology. Bladder temperatures in our hypothermic 
patients were similar to the rectal temperatures reported 
previously (29.7 t 2.O”C vs 30.2 t l.l’C) (4), suggesting 
that mean body temperatures were at least roughly sim- 
ilar in the study populations (8). 

Patients in each study were similarly premeditated, 
and anesthesia was maintained with similar doses of 
sufentanil. Nonetheless, differences in dosing regi- 
mens and duration of surgery may have resulted in 
greater anesthetic depth in our patients. Greater anes- 
thetic depth would produce more thermoregulatory 
inhibition, decreasing the stimulus for subclinical 
muscular rigidity. Consistent with this possibility, ox- 
ygen consumption- even before pancuronium admin- 
istration-was similar to that observed previously uf- 
tev muscle relaxation. Possibly, muscle relaxation 
failed to reduce oxygen consumption in our patients 
because anesthetic depth was sufficient to prevent 
subclinical muscular activity. 

An alternative possibility is that plasma opioid con- 
centration was greater in the patients reported previ- 
ously, and that greater opioid effect was accompanied 
by skeletal muscle rigidity. Such rigidity would, of 
course, be obliterated by administration of muscle 

relaxants. Furthermore, opioid-induced rigidity is 
more pronounced in younger patients: those evalu- 
ated previously (8) were younger (a55 vs -67 yr). 

A 30% reduction in oxygen consumption would 
certainly be clinically important. However, it seems 
unlikely that such a reduction could result solely from 
inhibition of “subclinical muscular tone” since even 
severe shivering typically increases metabolic rate 
only lOO%-200% (9,lO). Administration of volatile an- 
esthetics decreases oxygen consumption 20%-30% 
(11-13). Furthermore, substituting mechanical ventila- 
tion for spontaneous ventilation produces an addi- 
tional small reduction in metabolic rate. However, 
patients were mechanically ventilated throughout the 
study, and it is unlikely that anesthesia depth changed 
significantly in the lo-min period after pancuronium 
administration. 

Mivacurium is a short-acting muscle relaxant, and 
was given at induction of anesthesia while patients 
remained normothermic. It is thus quite unlikely that 
any clinically important concentration remained when 
pancuronium was administered during bypass. Fur- 
thermore, we documented a train-of-four ratio of one 
and sustained mechanical response to tetanic stimula- 
tion in all patients. Consequently, failure of pancuro- 
nium administration to decrease oxygen consumption 
did not result from residual paralysis. 

About a third of our patients routinely used 
P-blocking drugs [use of p blockers was not specified 
by Irish et al. (4)]. P-Adrenergic blockade decreases 
skeletal muscle metabolic rate (14), and may have 
contributed to the relatively low basal oxygen con- 
sumption in our patients. Although nonshivering 
thermogenesis increases metabolic rate in cold- 
exposed infants via a P-adrenergic mechanism (15), 
nonshivering thermogenesis appears to be of minimal 
importance in unanesthetized adults (16,171 and does 
not occur in anesthetized adults (18). In any case, 
administration of competitive neuromuscular antago- 
nists is unlikely to influence processes mediated by 
P-adrenergic receptors. 

In summary, we tested the hypothesis that pancu- 
ronium administration would decrease systemic oxy- 
gen consumption during hypothermic cardiopulmo- 
nary bypass, but not during normothermic bypass. 
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Administration of pancuronium failed to reduce sys- 
temic oxygen consumption in patients undergoing hy- 
pothermic or normothermic bypass. 
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