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IN 1962 Replogle and colleagues t described a sig- 
nificant progressive increase in circulating cate- 
cholamine concentration during cardiopulmo- 
nary bypass. Lillehei 2 suggested later that such 
increases in circulating catecholamines could be 
responsible for the irreversible shock-like state 
and low cardiac output syndrome seen occasion- 
ally in patients during the post-bypass period. 
Studies of Vasko, e t  a l )  and Overy, e t  al .  4 de- 
monstrated in dogs that intravenous morphine 
causes a positive cardiac inotropic effect which 
was thought to be mediated by endogenous 
catecholamine release. Lowenstein and co- 
workers s have shown that morphine i mg/kg in- 
creases cardiac output in patients with aortic 
valve disease. Stanley and co-workers 6,7 mea- 
sured urinary norepinephrine after morphine 1 to 
3 mg/kg in patients undergoing aorta-coronary 
bypass and also during valve surgery and found 
that norepinephrine excretion was increased. 
Recently, in this laboratory Tan and co-workers 8 
measured cateeholamine levels in serum after 
morphine and enflurane in relation to blood pres- 
sure during aorta-coronary bypass surgery and 
reported significant increases in catecholamines 
during cardiopulmonary bypass. A single study 
by Hine and co-workers 9 reported no significant 
increase in serum and urinary catecholamines 
during cardiopulmonary bypass. 

The present study was undertaken to measure 
and to compare serum levels of epinephrine and 
norepinephrine in patients undergoing valve re- 
placement operations with serum catecholamine 
levels of aorta-coronary bypass patients to de- 
termine whether the different cardiopathies of 
these two patient types influences their cate- 
cholamine response to anaesthesia and opera- 
tion. We had a particular interest in patients with 
valvular disease because Yoshida 10 previously 
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reported finding elevated pre-operative urinary 
catecholamine levels in such patients. 

PATIENTS AND METHODS 

Twenty-five adult patients were selected for 
the study, eight individuals having aortic or mitral 
valve replacement (Group A) and seventeen indi- 
viduals having aorta-coronary bypass (Group B). 
All the patients were premedicated with mor- 
phine (5-10 mg) and diazepam (5-10 rag) one 
hour before the operation. Two intravenous 
catheters were inserted in peripheral veins after 
the patients arrived in the operating room. The 
radial artery was cannulated percutaneously with 
20FG Teflon indwelling catheter and blood pres- 
sure was displayed on an oscilloscope. A central 
venous cannttla was inserted through the internal 
jugular vein, and central venous pressure was 
measured at varying intervals during the opera- 
tion. In addition, urine output and oesophageal 
and tympanic temperatures were monitored. 

All patients were pre-oxygenated for five min- 
utes and anaesthesia was induced with incre- 
mental doses of thiopentone (3 to 4 mg/kg). Tra- 
cheal intubation was facilitated with pancu- 
ronium bromide (120 t~g/kg). Anaesthesia was 
maintained with a mixture of 50:50 nitrous oxide 
and oxygen and morphine as required, which var- 
ied between 1.0and 1.5 mg/kg. Arterial Pco2 was 
maintained between 4.66 and 5.32 kPa (35-40 
torr) by controlled ventilation. 

The extracorporeal system was primed with 
two litres of lactated Ringer's solution, 50 ml of 50 
per cent glucose and 50 mmol (meq) of sodium 
bicarbonate. Blood samples were taken at fre- 
quent intervals to determine the patient's blood 
gases, haematocrit and electrolytes. Bypass 
flows were maintained at 40-70 ml/kg/minute. 
Mean perfusion pressure was maintained be- 
tween 6.65 and 10.64 kPa (50 to 80 tort'). Patients 
were cooled to 28 ~ C. 

At the end of bypass all the patients received 
calcium chloride (0.5 to 1.0 gm). No other ino- 
tropic agents were given to these patients before, 
during, or after bypass. 

Serum epinephrine and norepinephrine levels 
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were measured on 20 ml arterial blood samples 
drawn at the following intervals:  (1) before induc- 
t ion; (2) five minutes after intubation;  (3) 30 min- 
utes before the cardiopulmonary bypass;  (4) two 
minutes  after partial bypass;  (5) eight minutes 
after  partial bypass,  and;  (6, 7) 20 minutes  before 
and after  termination of cardiopulmonary by- 
pass. Arterial blood pressure was recorded at 
each of the sampling times. 

Serum epinephrine and norepinephr ine  were 
determined using a modification of  the methods 
of Vendsalu I~ and Haggendal.  ~ Basically, each 
20 ml of  heparinized arterial blood was cen- 
trifuged at 4,000 RPM in a refrigerated centrifuge. 
The plasma was removed and the volume re- 
corded;  0.1 volume per cent  of 4.0 N perchloric 
acid containing EDTA and ascorbic acid was 
added to the sample to deproteinize the plasma 
and stabilize the catecholamines.  The plasma 
was refrigerated for 30 minutes  and then cen- 
trifuged again for 20 minutes.  The acidified de- 
proteinized serum containing epinephrine and 
norepinephr ine  was then removed.  

Purification and isolation of  epinephrine and 
norepinephrine was accomplished using ion- 
exchange column chromatography.  ~3 

Quantification of  epinephrine and norepine- 
ph,'ine was done after conver t ing the amines to 
their  respect ive fluorophores u sing the t r ihydroxy 
indole technique.  13 Developed fluorescence was 
measured at 4001505 and 450/505 Nm in a spectro- 
photof luorometer  equipped with an ellipsoidal 
mirror condensing system. Norepinephr ine  and 
epinephrine concentra t ions  were calculated 
using equations correcting for the small fluores- 
cence crossover  for the two amines.  

Institutional approval was obtained as well as 
written consent  from the patients included in this 
study. 

RESULTS 
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Eight patients  of the 25 studied had valve re- 
placement  operat ions.  This  group of  pat ients  had 
a mean  age of  49.88 years (range 31 to 65 years) 
and included three females and five males.  The 
remaining 17 patients  underwent  aor ta-coronary 
bypass.  The mean age for this group of patients  
was 51.65 years (range 38 to 68 years); 14 were 
males and three females. 

Comparison of pre-anaesthet ic  serum cate- 
cholamine levels in patients  who had valve re- 
placement  operat ions (Group A) and aorta-cor- 
onary bypass  patients (Group B) shows a signifi- 
cant difference between the two groups. Group A 
epinephrine and norepinephrine levels were 
found to be 47 per cent  and 33 per  cent  higher than 
Group  B levels. No difference in mean blood 
pressure was found between the two groups (Ta- 
ble I). 

T A B L E  I 

PRE-ANAESTHETIC EPINEPHRINE AND 
NOREPINEPHRINE SERUM LEVELS 

Mean + S.C. Valve A-C Bypass 

EPI mcg/l 1.73 + 0.34 - * -  0.92 + 0.17 
NEmeg/1 1.29 + 0.20 - * -  0.86 +_ 0.06 
BP mmHg 81 + 3 -ns -  90 + 3 

*P < 0.05. 

Valve Replacement 
As shown in Table II and Figure 1, a48  pe rcen t  

increase in serum epinephrine  occurred following 
intubat ion (period 2) in patients  having valve re- 
placement  operat ions (p < 0.05). Mean  blood 
pressure and norepinephrine levels remained un- 
changed.  In period 3, before cardiopulmonary 
bypass,  the level of  serum epinephrine  returned 

TABLE II 

VALVE REPLACEMENT 
(mean _+ s.e. (n = 8)) 

Sample Blood pressure Epinephrine Norepinephrine 
periods mm Hg meg/l serum mcg/l serum 

1 81 _+ 3 1.73 + 0.34 1.29 + 0.20 
2 80 + 3 2.56 + 0.72 1.20 + 0.23 
3 90 + 3 1.65 + 0.32 1.56 + 0.15 
4 62 _+ 5 1.70 + 0.21 1.53 _+ 0.16 
5 71 + 3 2.08 4- 0.17 1.89 + 0.33 
6 72 _+ 3 2.19 +_ 0.31 1.78 + 0.32 
7 73 _ 3 2.30 + 0.49 1.67 _+ 0.31 

(1) Before induction, (2) 5 min after intubation, (3) 30 mia before the pump, (4) 2 rain 
after partial bypass, (5) 8 min after partial bypass, (6, 7) 20 rain before termination and 
after termination of cardiopulmonary bypass. 
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FIGURE I. Asterisk indicates significance between 
adjoining sample periods as determined by paired t 
analysis. Sample periods include: (I) Before induction, 
(2) minutes after intubation, (3) 30 minutes before the 
pump, (4) and (5) two and eight minutes after partial 
bypass, (6) and (7) 20 minutes before termination and 
after termination of cardiopulmonary bypass. 

to the pre-anaesthet ic  level, while mean blood 
pressure  increased from 10.64 to I 1.97 kPa (80 to 
90 mm Hg). Upon initiation of  cardiopulmonary 
bypass  a significant (p < 0.001) fall in mean blood 
pressure  was recorded.  Within eight minutes 
(period 5), both serum epinephr ine  and nor- 
epinephr ine  levels increased (p < 0.05), as did 
blood pressure.  Twenty  minutes  before termina- 
tion o f  cardiopulmonary bypass  (period 6), a 
fur ther  elevat ion in serum epinephr ine  and mean 
blood pressure  was observed .  Serum norepine- 
phrine levels began a decline towards  the period 1 
pre-anaesthet ic  level. 

Importantly,  post-cardiopulmonary bypass  
mean blood pressure  remained below the pre- 
anaesthet ic  level o f  10.77 kPa (81 mm Hg) and 

serum epinephr ine  levels cont inued to increase.  
Serum norepinephrine approached ,  but was still 
above pre-anaesthet ic  levels (Figure 1). 

Aorta-coronary Bypass 
Mean blood pressure,  serum epinephr ine  and 

norepr inephrine levels remained unchanged until 
period 3, before  cardiopulmonary bypass ,  when a 
20 per cent  increase in serum epinephr ine  and 
norepinephr ine  was observed (Table I!I, Figure 
2). Init iation ofcardiopulmonary bypass (period 4) 
was associated wi th  a significant (p < 0.001)fall in 
mean blood pressure from 12.24 to 8.78 kPa (92 to 
66 mm Hg), a response also observed in the valve 
replacement  patients.  At this time (period 4), 
serum epinephrine and norepinephr ine  levels 
were increased.  As cardiopulmonary bypass  con- 
tinued (periods 5 and 6), parallel increases in 
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FIGURE 2. Asterisk indicates significance between 
adjoining sample periods as determined by paired t 
analysis. For sample period limes cf. Figure I. 

TABLE Ill  

AORTA-CORONARY BYPASS 
(mean + s.e, (n = 17) 

Sample Blood pressure Epinephrine Norepinephrine 
periods mm Hg mcg/l serum mcg/l serum 

1 90 __. 3 0.92 _+ 0.17 0.86 _+ 0.06 
2 95 +_ 4 1.03 + 0,17 0.91 + 0.11 
3 92 + 4  1.23 +0.11 1 . 1 0 + 0 , 1 3  
4 66 + 4 1,42 • 0.13 1.11 + 0.10 
5 73 + 4 1.63 + 0.14 1.24 • 0.17 
6 83 +_ 4 2.22 + 0.73 2.01 __. 0.74 
7 90 _+ 2 1.40 + 0.20 0.99 +_ 0.20 

For sample period times cf. Table II. 
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serum epinephrine, norepinephrine and mean 
blood pressure were recorded (p < 0.05). After 
cardiopulmonary bypass, mean blood pressure 
and serum epinephrine and norepinephrine re- 
turned to the period 1 pre-anaesthetic levels. 

DISCUSSION 

This study has demonstrated several important 
differences in the serum catecholamine response 
of patients with valvular diseases and patients 
with coronary artery disease during their opera- 
tive course. 

l~'e-operatively, patients with valve disease 
had significantly higher epinephrine and nor- 
epinephrine levels compared to the coronary ar- 
tery patients, although mean blood pressures 
were not different. Similar findings were reported 
in an earlier study. Yoshida 10 found chronically 
elevated urinary catecholamines in patients with 
valvular disease. In these patients, who typically 
have low cardiac output, the increased cate- 
cholamine excretion was thought to reflect com- 
pensatory mechanisms activated to improve their 
cardiac function. 

During operation the valve patients appear 
more labile than the coronary bypass patients 
with respect to circulating catecholamine levels. 
Fh-evious studies of Hasbrouck t4 and Replogle, e t  

a l .  t demonstrated increased circulating epine- 
phrine following morphine; and Liu, e t  a t .  Js re- 
cently reported increased urinary norepinephrine 
after fentanyl. In the present study, increases in 
serum epinephrine and norepinephrine occurred 
after morphine in both groups; however, in the 
valve group epinephrine levels increased dramat- 
ically following morphine. This response, 
coupled with the finding of elevated preoperative 
catecholamine levels, suggests that the patient 
with valvular disease may be more sensitive to 
pre-operative and int,'a-operative stimuli, drugs, 
shock, pain and anxiety than other types of pa- 
tients. 16 

Both the aorta-coronary bypass and the valve 
patients demonstrated an increase in serum 
epinephrine and norepinephrine following initia- 
tion of the cardiopulmonary bypass. This re- 
sponse has been shown previously by several 
investigators using a variety of anaesthetic agents 
and patient types.l.6.s 

The increase in serum catecholamines during 
cardiopulmonary bypass appears related to the 
adequacy ofperfusion. Duringthe bypass period, 
the mean blood pressure in both groups of pa- 

tients was considerably below the level during the 
pre-bypass period. The increase observed in 
serum catecholamines probably represents a 
sympatho-adrenal response to the hypotension. 
This is supported by the finding in the aorta- 
coronary bypass group that the serum cate- 
cholamine elevation ceases when mean blood 
pressure returns to the pre-hypotensive level. 

During the latter part of cardiopulmonary 
bypass an important difference can be seen be- 
tween the valve group and the aorta-coronary 
bypass group. Those patients with valve disease 
do not recover from the hypotensive episode as 
rapidly as do the aorta-coronary bypass patients. 
In fact, after cardiopuimonary bypass the mean 
blood pressure of the valve group was still sig- 
nificantly below pre-bypass levels. The continu- 
ing elevation of serum epinephrine into the period 
after bypass indicates on-going compensatory 
processes to recover the blood pressure. This 
difference in aorta-coronary bypass and valve 
patient blood pressure and serum catecholamine 
response after bypass may be due to decreased 
post-bypass cardiac output reported to occur fol- 
lowing valve replacement operations. 6 Unfortu- 
nately we were unable to perform cardiac output 
measurements in this study and therefore can 
only suggest decreased cardiac output as the 
reason for the differences. 

A question arises as to whether an elevated 
catecholamine response during cardiopulmonary 
bypass is advantageous or disadvantageous. 
Since catecholamines increase myocardial work 
and oxygen demand, elevated catecholamines 
may be considered detrimental to patients with 
coronary artery disease. On the other hand, as 
suggested by Stanley (personal communication), 
increased catecholamine levels during cardio- 
pulmonary bypass in patients with valvular dis- 
ease may promote improved myocardial inotropy 
at the end of bypass and enable a smoother and 
more rapid conclusion ofextracorporeal support. 
Further studies are required to determine the 
value or detriment of elevated catecholamines 
during different types of cardiac surgery. 

In conclusion, this study has shown that pa- 
tients with valvular heart disease differ from 
those with coronary artery disease in their 
catecholamine response to anaesthesia and 
surgery. Valvular patients have also been shown 
to differ in oxygen requirements and in pulmo- 
nary and cardiac dynamics, 17 all of which em- 
phasize the point that anaesthetic considerations 
are not the same in valvular and coronary artery 
diseased patients. 
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SUMMARY 

A comparison of the levels of serum epine- 
phrine, norepinephrine and blood pressure was 
made in 25 patients undergoing aorta-coronary 
bypass or valve replacement who were anaes- 
thetized with a nitrous oxide-narcotic technique. 
Serum epinephrine and norepinephrine were 
measured in arterial samples drawn pre-induc- 
tion, post-induction, before cardiopulmonary 
bypass, two and eight minutes after initiation of 
cardiopulmonary bypass, 20 minutes before ter- 
mination and after termination of cardio- 
pulmonary bypass. In both patient groups sig- 
nificant increases in epinephrine and notepine- 
phrine occurred before cardiopulmonary bypass, 
with accompanying increase of blood pressure in 
the valve replacement patients. During cardio- 
pulmonary bypass an initial hypotensive re- 
sponse (p < 0.001) was recorded, followed by a 
significant increase in blood pressure and epine- 
phrine in both groups. After cardiopulmonary 
bypass, aorta-coronary bypass patients had 
epinephrine, norepinephrine and blood pressure 
equal to levels before cardiopulmonary bypass. 
In contrast, serum epinephrine continued to rise 
in the valve replacement patients, with a gradual 
recovery of blood pressure to pre-bypass levels. 
These findings demonstrate significant differ- 
ences in blood pressure and catecholamine re- 

sponse in patients with valvular disease from pa- 
tients with coronary artery disease. 

R~_SUMI~ 

Les taux s~riques d'6pin6phrine et de nor- 
6pin6phrine, ainsi que la pression art~rielle, ont 
~t6 compares chez 25 malades operas ~ cceur-ou- 
vert pour pontage aorto-coronarien ou pour 
remplacement valvulaire, sous protoxyded'azote 
et narcotique. On a fait les mesures d'6pinbphrine 
et de nor6pin6phrine darts le sang art6riel avant 
I'induction de I 'anesth6sie,  apr~s l'induction, 
avant le d6but de la circulation extracorporelle, 
deux et cinq minutes apr~:s le d~but de laC.E.C. ,  
20 minutes avant sa fin, et enfin apr~s la C.E.C. 

L'on a observ6 avant la C.E.C. une 616vation 
significative de 1"6pin~phrine et de la nor6pi- 
n~phrine chez les deux groupes de patients, avec 
~16vation de la pression art6rielle chez les val- 
vulaires. 

Durant la C.E.C.,  on a observ6 une 616vation 
significative de la pression art6rielle et de 
1'6pin6phrine chez les malades des deux groupes 
apr~.s un 6pisode initial d 'hypotension. 

Apr/~s la C.E.C,, les taux d'6pin6phrine et de 
nor6pin6phrine et la pression art6rielle des 
malades op6r6s pout" pontage aortocoronarien 
6talent comparables aux taux pr~.c6dant la 
C.E.C. Par contre, les taux d'6pin6phrine con- 
tinuaient d'augmenter chez les valvulaires avec 
retour graduel de la pression art6rielle aux 
niveaux observ6s avant la pompe. 

Ces r6sultats illustrent l 'existence d 'une 
difference significative de pression art6rielle et de 
taux de cat6cholamines chez les valvulaires, en 
comparaison avec les malades pr6sentant une 
pathologic coronarienne. 
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