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Esmolol has been used to improve hemodynamic
stability during sternotomy and aortic manipulation
for coronary artery bypass graft surgery. In order to
investigate the alterations of esmolol metabolism by
hypothermic cardiopulmonary bypass (CPB). the ef
fect of temperature on the metabolism of esmolol in
vitro was determined. Samples of human whole
blood were combined with esmolol solution (50
ltg/mL in 0.9 mol/L NaCI) and incubated at 4°C. 15°C.
25°C. and 37°C. Aliquots were sampled at 1. 5. 10. 15.
30. 60. and 120 minutes; esmolol concentration was
determined using high-pressure liquid chromatogra
phy. There was a temperature-dependent decrease

SEVERAL RECENT studies have confirmed
the safety and efficacy of esmolol for prevent

ing increases in heart rate associated with coro
nary artery bypass graft (CABG) surgery, and it
has been suggested that a continuous esmolol
infusion may confer some degree of myocardial
protection during the perioperative period.!"
Newsome et all demonstrated that esmolol
treated patients had a significant decrease in the
incidence of heart rate response to surgical stim
uli when compared with a matched placebo
treated control group, and Wynands et al2 showed
that the incidences of ventricular dysrhythmias
upon aortic dissection and pre-cardiopulmonary
bypass (CPB) ischemia were reduced. These
investigators must have assumed standard kinet
ics because the esmolol infusion was maintained
constant until after aortic cross-clamping.

However, the authors hypothesize that once
hypothermic cardiac arrest has been instituted,
metabolism of esmolol is markedly slowed due to
a decrease in red cell and hepatic esterase activ
ity. If this is the case, significant levels of esmolol
might persist throughout the bypass period, pos
sibly improving ischemic myocardial protection
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in the degradation of esmolol. The half-life for
esmolol in human blood was 19.6 ± 3.8 minutes at
37°C. 47 ± 10.1 minutes at 25°C. 152 ± 46.6 minutes
at 15°C. and 226.7 ± 60.1 minutes at 4°C. This study
clearly shows marked reduction of esmolol metabo
lism with hypothermia possibly leading to persistent
p-adrenergic blockade following the discontinuation
of CPS. Persistent P-blockade may provide additional
protection to the ischemic myocardium during hypo
thermic arrest and/or result in difficulty in weaning
from CPS.
© 1990 by W.B. Saunders Company.

or, conversely, impairing myocardial perfor
mance upon discontinuation of CPB. To quanti
tate the effect of hypothermia on esmolol metab
olism, the in vitro half-life (T 1/2) of esmolol in
human whole blood was determined at tempera
tures that are commonly used during hypother
micCPB.

MATERIALS AND METHODS

Whole blood from human volunteers was collected in
heparinized test tubes and placed on ice. Esmolol solution (50
/Lg/mL in 0.9 mol/L NaCI) and flasks containing aliquots of
human whole blood (5 mL) were incubated separately at a
constant temperature for 5 minutes prior to the start of each
experiment. The incubating temperatures were 37°C, 25°C,
15°C, and 4°C. Five-milliliter aliquots of the esmolol solution
were transferred into each flask containing whole blood
without allowing the temperature of the mixture to vary.
One-milliliter aliquots were removed after incubation for I,
5, 15,30,60,90, and 120 minutes. Enzymatic activity was
promptly arrested by adding 2 mL of acetonitrile to the
blood-esmolol mixture. The suspension was vortexed for 15
seconds, followed by centrifugation at 3,000 rotations/min
for 15 minutes. The supernatant was decanted and the
esmolol concentration was determined by high-pressure liq
uid chromatography.

The in vitro T
'/ 2 was determined by plotting the

logarithm of esmolol concentration against time. The T1/ 2

values were expressed as mean ± SD. Statistical analysis was
performed using an analysis of variance. A P < 0.05 was
regarded as significant.

RESULTS

There was a highly significant temperature
dependent increase in esmolol T1/2 as the incuba
tion temperature was decreased from 37°C to
4°C (Fig 1). The T I/ 2 for esmolol in human blood
was 19.6 ± 3.8 minutes, 47 ± 10 minutes, 152 ±

47 minutes, and 227 ± 60 minutes at 37°C, 25°C,
15°C, and 4°C, respectively. For the temperature
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Fig 1. Plot of mean half-life ver
sus temperature.
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variation studied, the relation to T I / 2 was de
scribed by the equation

T
I / 2

= 364 X 10-O.034Temperature

with an r = 0.98.

DISCUSSION

Esmolol, an ultrashort-acting cardioselec
tive ,B-blocker, has an elimination half-life of 9
minutes in normothermic subjects.' Total clear
ance of esmolol has been measured at 285 mL/
min/kg, indicating significant nonhepatic clear
ance. Kinetic studies performed at normothermia
in humans show a plateau blood level of 1 JLg/mL
after a 2-hour infusion of 400 JLg/kg/min. The
metabolism of esmolol by blood esterases has
been characterized in several different species,
including humans. Results in rats and guinea
pigs suggest that esmolol is hydrolyzed by an
aliphatic esterase, whereas in humans and dogs
an aryl esterase is responsible for its metabolism."

Although the administration of esmolol
prior to CPB has been shown to benefit patients
with coronary artery disease, it is assumed that
,B-blockade rapidly ceases soon after the discon
tinuation of the infusion. The data in this study
suggest that hypothermia significantly decreases
esmolol hydrolysis in whole blood. The observed
changes approximate the 50% decrease in enzy
matic activity associated with a lOoC drop in
temperature described by QIO kinetics. At 4°C,
the optimal temperature for myocardial preserva
tion, esmolol metabolism virtually ceases. At

28°C, the temperature of extracorporeal perfu
sate, esmolol hydrolysis is markedly reduced;
thus, after 2 hours of CPB, circulating esmolol
concentration may have decreased by approxi
mately 25% of its initial level, which is poten
tially sufficient to result in persistent ,B-blockade.

Administration of a ,B-adrenergic blocker
has been shown to contribute to myocardial
protection during hypothermic arrest for cardiac
surgery.7-12 Three possible mechanisms have been
proposed: decreased metabolic requirement, in
creased O 2 supply, and structural membrane
stabilization. ,B-Adrenergic blockade limits in
creases in myocardial metabolism and reduces
O2 and adenosine triphosphate consumption
caused by endogenous norepinephrine.f-'V'" Fur
thermore, ,B-blockade competitively inhibits cate
cholamine-induced increases in sarcolemmal
phospholipase and lipoprotein lipase activities,
which are known to adversely affect ischemic
myocardial cells. 9,15 Propranolol pretreatment of
myocardium improves blood flow to the ischemic
regions, resulting in an enhanced O2 demand
supply relationship.IO,16-18 ,B-Blockers inhibit mi
tochondrial and microsomal Ca+ + and myocar
dial fatty acid uptake, reducing Ca+ + influx and
fatty acid injury following reperfusion. IO,ll,l4,19

These data suggest that hypothermia dur
ing CPB may alter the metabolism of esmolol,
reducing its hydrolysis. Recently, Acampora et
al 20 have shown that esmolol at a dose of 400
JLg/kg/min can be a myocardial depressant.
Thus, the possibility of persistent ,B-adrenergic
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blockade and myocardial depression couldjeopar
dize the ability to wean a patient from CPB. The
assumption that pharmacologically significant
levels of the drug are not detectable within 35
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minutes of discontinuation may not apply in this
clinical setting. This study suggests that further
in vivo studies should be performed to evaluate
esmolol kinetics during hypothermic CPB.
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