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ABSTRACT 

Fifty patients with ischaemic heart disease scheduled for coronary artery bypass surgery 
received either an enflurane or a halothane anaesthetic. The anaesthetic techniques were 
randomly assigned to the patients and consisted of induction with diazepam 0.5 rag. kg t and 
pancuronium 0. I mg. kg -r supplemented by nitrous oxide and oxygen (50:50). Enflurane in 
dosages of 0.5-1.5 volumes per cent and halothane 0.3-0.7 volumes per cent were adminis- 
tered to Group E (25 patients) and Group H (25 patients), respectively. The inhalation drug 
dosage was varied to maintain heart rate and systemic blood pressure within predetermined 
limits. 

The two patient groups (E and H) were compared with regard to myocardial damage 
(deterrnined electrocardiographically and enzymatically) as well as by haemodynamic 
changes and adjuvant cardiovascular drug therapy. One patient in group H sustained a 
postoperative infarction detected by electrocardiogram and sustained CK MB release. There 
was no o[her unequivocal electrocardiographic evidence of myocardial infarction in either 
group and the myocardial damage estimated from CK MB curves was remarkably low and 
similar in both anaesthetic groups. Myocardial damage was estimated by CK MB maximum 
release (CK MB MAX) ofS. I 4- 1.001U/l (Group E), 7.8 + 1.32 lUll (Group H), by area under 
the CK MB disappearance curve (CK MB AREA) of 144 + 21.9 IU/I x hr (Group E), 173 + 
32.9 IU/I x hr (Group H), and by the accumulated CK MB or CK MB damage size (CK MB 
DS) of 10.5 + 1.791U[I (Group E), 10.3 + 2.261U/I (Group H). There was no release ofCK M B 
before cardiopulmonary bypass in either group. There was no statistically significant differ- 
ence between the two groups for myocardial damage, haemodynamics or adjuvant drug 
interventions. There was a trend toward greater use of vasodilators in Group H than in 
Group E. 

It is concluded that enflurane and halothane are associated with equally low levels of 
myocardial damage when used for anaesthesia in patients with ischaemic heart disease. The 
release of CK MB occurred following cardiopulmonary bypass and probably represents 
imperfect myocardial preservation. Patients with severely impaired ventricular function were 
not studied, and in these patients enflurane and halothane must be used judiciously. 

ANAESTHETIC MANAGEMENT using halothane, 
nitrous oxide and adjuvant agents for patients 
undergoing myocardial revascularization is as- 
sociated with a low level of myocardial damage, i 
The purpose of this prospective investigation was 
to determine the incidence and extent of myocar- 
dial damage associated with an enflurane tech- 
nique compared to halothane. The specific ques- 
tion to be answered was whether the use of either 
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halothane or enflurane as a component of an 
otherwise similar anaesthetic treatment plan re- 
sults in less myocardial damage. Since enflurane 
is similar in its pharmacological actions to 
halothane, enflurane was chosen for comparison 
with the previously established ~ low levels of 
myocardial damage associated with halothane. 

METHODS 

Fifty patients of a single surgeon scheduled for 
elective myocardial revascularization were ran- 
domized to two groups of 25 patients each re- 
ceiving either enflurane (Group E) or halothane 
(Group H) as the primary anaesthetic agent.* The 
anaesthetic techniques were similar in all other 
regards. All patients were premedicated 60-90 

*This investigation was approved by the Institutional 
Review Board of the University of Alabama in Birm- 
ingham. 
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TABLE I 

CRITERIA FOR PHARMACOLOGICAL INTERVEN- 
TIONS DURING THE ANAESTHETIC MANAGEMENT 
OF 50 CORONARY ARTERY SURGERY PATIENTS 

If: 3~P > 30 per cent control for 5 minutes 
Then: "[ halothane or enflurane + vasodilator 

If: BP < 30 per cent control for 5 minutes 
Then: ,1, halothane or enflurane, 1 fluid, + vaso- 

pressor 

] f :  HR > 120 for 5 minutes 
Then: T halothane or enflurane _+ propranolol 

(0.5-t rag) 

If: HR < 50 for 5 minutes 
Then: atropine (0.6-0.8 mg) 

If: Arrhythmias 
Then: appropriate anti-arrhylhmic of choice 

Where: _.+ = optional use of drug: vaso- 
dilator = nitroprusside (50 rag/250 ml DsW) 
usual dose 1-5 lag-kg-J/min administered in- 
travenously with infusion pump, or nitro- 
glycerin (10 tablets, 0.4 rag, dissolved in 10 ml 
water) administered sublingually in 1.0 ml in- 
crements, vasopressor-methoxamine or ephe- 
drine and anti-arrhythmic = lidocaine given 
1.0 mg .kg-~ increments or propranolol given 
0.5-1.0 mg increments. 

minutes  before induction of anaes thes ia  with 
diazepam 0 . 1 5 m g . k g  -~ by mouth,  morphine 
sulphate  0. I rag- kg - t  and scopolamine 0 .3-0 .4  
mg intramuscular ly.  Anaes thes ia  was induced 
with diazepam 0.5 m g - k g  -~ and pancuron-  
ium 0. I mg.  kg ~ in t ravenously  while the patient  
received nitrous oxide and oxygen 50:50. 
During induction,  Group E patients received 
enflurane 0 .5-1 .5  volumes per cent  inspired con- 
centrat ion and Group H, halothane 0 .3-0.7  vol- 
umes  per cent. Five minutes  after induction, 
orotracheal  intubation was done following a 
160 mg bolus of  intra-tracheal lidocaine. Anaes-  
thesia was maintained by adjust ing the inspired 
concentrat ion of  inhalation anaesthet ic  or by ad- 
ministering adjuvant  drugs  to keep the heart  rate 
and blood pressure  within the limits shown in 
Table I. All vaporizers  were recently calibrated. 
Myocardial preservat ion during cardiopulmo- 
nary bypass  consis ted of perfusate  and in- 
trapericardial cooling as well as aortic root infu- 
sion of cold potass ium cardioplegic solution to 
maintain myocardial  tempera ture  below 18~ and 
electromechanical  quiescence  as previously de- 
scribed, z The  time that  the ascending aorta was 
c lamped to isolate the heart  from circulation was 
defined as ischaemic time and the time of  ex- 
tracorporeal  circulation was the bypass  time. 
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CK-MB INFARCT SIZE ESTIMATION 
FROM CK-MB ALGORITHM 

;o 
:3 R= "0,9134 

~'~ 
,~ A ~ . . 

O0 ~'4 48 ~'' I I I  46  

HOURS AFTER STARTING BYPASS 

FIGURE I Pictoral presentation of myocardial dam- 
age size estimation from CK MB algorithm from a pa- 
tient anaesthetized with halothane for coronary bypass 
surgery. The left illustration (Curve A) is constructed 
from serial determinations of CK M B. The arrow points 
to the peak rise (CK MB MAX) in CK MB. The cross- 
hatched area under Curve A represents the CK MB 
AREA. Curve C describes the cumulative CK MB re- 
leased into plasma from the equationf 0 t (d E/dr - KDE)- 
dt. Curve C is CK MB damage size (CK MB DS). The 
estimates of myocardial damage described in this work 
derived from the CK MB data are CK MB MAX, CK 
MB AREA, and CK MB DS. The right illustr(ition 
contains a semi-log plot (,Line B) of the plasma disap- 
pearance o fCK MB. The correlation coefficient (R) is 
0.91 for the least squares fit in this patient, but was in 
excess of 0.95 for most patients. From Line B, a decay 
constant (Ko) is derived and used in the calculation of 
the cumulative CK MB (see equation above). 

Anaes thes ia  was maintained during cardiopul- 
monary  bypass  with d iazepam 0. t5 mg .  kg - '  and 
pancuron ium 0. I mg.  kg-L 

Monitoring included Vs electrocardiogram, ra- 
dial arterial blood pressure  (BP), cenlral venous  
pressure  (CVP) after induction and left atrial 
pressure  (LAP) after s ternotomy.  These  vari- 
ables were monitored cont inuous ly  and recorded 
on a Hewlel t -Packard recorder.  The zenith or 
nadir of  haemodynamic  fluctuations during 
tracheal intubation,  preparat ion of the patient,  
s te rnotomy,  jus t  after p lacement  o f  the left atrial 
pressure  catheter ,  after protamine,  and at the end 
of anaes thes ia  were compared .  Convent ional  
electrocardiogram analysis  and serial identifica- 
tion and quantification of  the myocardial  specific 
i soenzyme,  creatine phosphokinase  MB fraction 
(CK MB) were used to assess  myocardial  dam- 
age. In all patients daily 12 lead electrocardio- 
grams were obtained postoperat ively and read by 
a single observer  for QRS and ST segment  
changes  indicative o f  infarction. The CK MB was 
separated from plasma by co lumn chromatog-  
raphy and its activity was determined by a 
method previously described.  3 Sampling oc- 
curred before induction,  immediately before 
bypass  and at 0.5, I, 2, 6, 10, 12, 18, 30, 42, 54, 
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TABLE II 

CHARACTERISTICS OF PATIENTS RANDOMIZED TO ENFLURANE OR HALOTHANE FOR 
ANAESTHESIA DURING CORONARY ARTERY SURGERY 

Enflurane Halothane P 

Number patients 25 25 NS 
Age(years) 53 _ 2.1 53 + i.7 NS 
Sex 24-M, 1-F 18-M, 7-F NS 
BSA (m 2) 1.97 + .038 1.86 ___ .045 .05 

CAD 
LM 2 3 NS 
CX 25 19 NS 
LAD 25 24 NS 
R 24 24 NS 

Previous infarction 16 18 NS 
NYHA 2.6 + .13 2.8 + 2.0 NS 
Ventricular function : 

Normal 7 6 NS 
Mild dysfunction 14 12 NS 
Moderate dysfunction 3 6 NS 
Severe dysfunction 1 1 NS 

Number CABG 3.8 + .19 3.3 _+ .21 NS 
Fib. tern0 (~ 26 _.+ 2.8 27 + .6 NS 
]schaemic time (min) 41 + 1.8 37 + 2.7 NS 
Bypass time (rain) 76 + 2.3 73 + 5.6 NS 
Anesthesia time (min) 257 _+ 6.3 253 _+ 10.1 NS 

Where:BSA = bodysurfacearea, CAD = coronaryarterydiseaseinvolving: 
LM = left main, CX = circumflex, LAD = left anterior descending, R = right, 
NYHA = New York Heart Association functional classification. Ventricular 
dysfunction : Mild = one area ofakinesis, hypo-kinesis or dyskinesis, Moderate 
= two areas and Severe = three or more areas. Fib. temp= myocardial tem- 
perature at which heart fibrillates with perfusate cooling, lschaemic time = time 
of aortic crosselamoing. Bypass time = time of extraeorporeal circulation. 

and 66 hours after start of cardiopulmonary 
bypass. Estimates of myocardial damage were 
made from the individual CK MB disappearance 
curves with the aid of an IBM 1800 compute r )  
Accumulated CK MB for total estimation of 
myocardial damage size (CK MB DS) was ex- 
pressed in IU/litre, area under the disappearance 
curve was calculated (CK MB AREA) and ex- 
pressed in lUll • hr, and maximal amount re- 
leased (CB MB MAX) was expressed as IU/I 
(Figure 1). These estimates of damage were cor- 
related with each other as well as with ischaemic 
time and total bypass time. 

Comparisons between the enfiurane and 
halothane groups were done using multivariate 
analysis for continuous variables, and for dis- 
crete variables standard multivariate con- 
tingency table analysis (Chi-Square tests) was 
used. Spearman correlation coefficients were 
determined to correlate indices of myocardial 
damage with each other and with ischaemic and 
bypass time. All statistical computations were 
performed using SAS 4 on an IBM/370. 

RESULTS 

Characteristics of the patient populations are 
listed in Table II. The two groups were similar 
with the exception of mean body surface area. 
Table III lists haemodynamic values in both 
groups at the selected time periods. There were 
no significant differences between the groups at 
any time interval. Group H tended to have a 
greater rise in heart rate and blood pressure dur- 
ing intubation. There was a greater haemo- 
dynamic response to incision and sternotomy in 
Group E patients than Group H. Both groups had 
significant, transient (1-3 min) increases in heart 
rate and blood pressure with tracheal intubation. 
No ST changes indicative of ischaemia were ob- 
served during these haemodynamic changes. 
There was no difference between groups in the 
incidence or severity of disturbances of cardiac 
rhythm. Atrial fibrillation occurred before bypass 
in three patients of Group E and in two patients of 
Group H and junctional rhythm occurred in one 
patient before and after bypass in each group. 
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TABLE ]V 

I'ttARMACOLOGICAL INTERVENTIONS BEFORE AND AFTER 
BYPASS IN 50 PATIENTS ANAESTHETIZED WITH EN- 
FLURANE OR HALOTHANE FOR CORONARY ARTERY 

SURGERY 

Before Bypass 

E H 

CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

Geomelric Mean 

"H~lolho.~ 

After Bypass t " T : / "  ' "" ~ " - ~ " ~ I  

Vasodilator 6 12 2 5 
Nitroprusside 5 3 2 5 
Nitroglycerin l 7 0 0 
Droperidol 0 2 0 0 

1 notropic 11 3 14 6 
Calcium 3 0 9 5 
Ephedrine 8 3 5 l 

Vasoconstrictor / 0 0 1 
Methoxamine I 0 0 1 

Anti Arrhylhmie 3 1 3 2 
Lidocaine I 1 2 2 
Propranolol 2 0 1 0 

Where: Each number represents the number of 
patients in each group given the specific drug, E = 
enflurane technique (N = 25) and H = halothane 
technique (N = 25). None of the drug administrations 
differ significantly between groups. 

TABLE V 

ASSESSMENT OF MYOCARDIAL DAMAGE IN PATIENTS 
ANAESTHETIZED WITH ENFLURANE OR HALOTHANE ][:OR 

CORONARY ARTERY SURGERY 

Enflurane Halothane 

Enzyme Analysis 
S G O T - P E A K  75 + 25.3 60 _+ 12.2 
CKT MAX 434 _+ 69.1 403 _+ 99.6 
C K M B M A X  8.1 ___ 1.00 7.8 + 1.32 
CK MB area 144 + 21.9 173 + 32.9 
C K M B  DS 10.5 _+ 1.79 10.3 + 2.26 

ECG Analysis 
normal 14 19 
equivocal I I 5 
infarction 0 1 

Where: S G O T -  PEAK = peak values - occurred 
first post-op day, CKT-MAX = maximum total 
creatine phosphokinase value, CK MB MAX = 
maximum creatine phosphokinase-MB isoenzyme 
fraction, CK MB area = integrated area under the 
CK MB curve, CK MB DS = total accumulation of 
CK MB (estimate of "damage size"). No values or 
incidences are significantly different between groups. 
Units of measurement are listed in text. Data are 
arithmetic mean + S.E.M. 

Lidocaine was used to treat premature  ventricu- 
lar contract ions in one patient of  each group be- 
fore bypass  and in two patients  in each group 
after bypass .  

The use  of adjuvant  cardiovascular  drugs is 

60- 

5.0" 

40- 

~ 3,e. 

~ 2.o- 

i.o. 

a 

Hours Aher Stort Of Bypass 

FIGURE 2 CK MB values for patients anaesthetized 
with either enflurane or halothane during and following 
myocardial revascularization surgery. The results are 
expressed as the geometric mean + standard error. 
There is no significant difference between values at any 
time. 

presented in Table IV. There were no significant 
differences (P < 0.05) in thc requirements  for 
these drugs,  but a trend emerged toward greater  
use of  vasodilators before bypass  in Group H and 
more inotropic drugs before and after bypass in 
Group E. The vasodilator therapy was adminis- 
tered whenever  criteria of  Table II were violated 
and this was usually during surgical stimulation. 
One patient in Group E required a vasoconstr ic-  
tor to correct hypotension before bypass .  

Indices of myocardial damage are shown in 
Table V. There was no significant difference be- 

tween groups with regard to enzymat ic  or 
electrocardiographic evidence of myocardial 
damage.  Figure 2 illustrates the CK MB release 
for both groups.  The control values and samples 
before cardiopulmonary bypass were normal* in 
both groups.  The peak CK MB release (CK MB 
MAX) occurred at 6-10 hours after bypass and 
was 4.6 4- 0.98 lUll in Group E and 4.9 + 1.401U/I 
in Group H. One patient in Group H sustained an 
acute myocardial infarction after arriving in the 
intensive care unit. This patient had a peak total 
creatine phosphokinase  (CKT MAX) of 1477 IU/I 
and CK MB MAX of 119 lUll and was the only 
one who demonst ra ted  unequivocal  electrocar- 
diographic changes  indicative of  a myocardial 
infarction. Table VI contains the Spearman cor- 
relation coefficients of  the various es t imates  of  
myocardial damage with each other  and with is- 
chaemic time and bypass time. The poor correla- 
tion of indices of damage with ischaemic time and 

*A value of 1-2 IU/litre is considered within the 
normal limits in our laboratory. 
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TABLE VI 

SPEARMAN CORRELATION COEFFICIENTS FOR ESTIMATES OF MYOCARDIAL DAMAGE AND 
BYPASS TIMES FOR 50 PATIENTS 

243 

CK MB MAX CKT MAX CK MB DS CK MB area 

CK MB MAX 1.000 0.547 0.834 0.848 
CKT MAX 0. 547 1.000 0.428 0. 516 
CK MB DS 0.834 0.428 /.000 0.779 
CK MB area 0.848 0.516 0.779 1.000 
ISCHAEMIC t 0.149 X 0.067 0.161 
BYPASS t 0.162 X 0.122 0.164 

Where: CK MB MAX = maximum creatine phosphokinase-- MB isoenzyme 
fraction, CKT MAX = maximum total creatine phosphokinase value, CK MB DS = 
total accumulation of CK MB "Damage Size." CK MB area = integrated area 
under the CK MB curve, ISCHAEMIC t = time of aortic crossclamping, and 
BYPASS t = time ofcardiopulmonary bypass, X = no data. 

bypass time is of particular note. There is an 
excellent correlation of CK MB MAX with CK 
MB AREA and CK MB DS (r= 0.848 and 0.834), 
respectively. 

DISCUSSION 

The goal of myocardial revascularization 
surgery is to establish blood flow to regions of the 
heart which have lost or are in jeopardy of losing 
adequate oxygen supply to match metabolic re- 
quirements. To preserve an adequate myocardial 
oxygen supply to demand relationship and to 
minimize myocardial damage are the challenges 
to the anaesthetist during the operation. 

Myocardial damage following revasculariza- 
tion surgery has decreased due in part to notable 
advances in myocardial preservation during 
bypass. 5'6 The overall role of anaesthetic treat- 
ment plans in minimizing myocardial damage re- 
mains controversial because of the lack of sys- 
tematic studies examining this question, in the 
present study, we asked whether enflurane or 
halothane was superior in minimizing myocardial 
damage during the anaesthetic management of 
patients for revascularization surgery. To answer 
this question, enflurane and halothane techniques 
were randomly assigned to similar groups of pa- 
tients given otherwise identical anaesthesia 
treatment. Vasoactive adjuvant drugs were used 
as required to stay within the predetermined 
haemodynamic criteria of Table I if this could not 
be accomplished by manipulation of the inspired 
concentration of the inhalation anaesthetic. The 
results in Table V clearly show that techniques 
utilizing enflurane and halothane resulted in 
minimal myocardial damage as documented by 
the level of CK MB and postoperative electro- 

cardiograms. Neither enflurane nor halothane 
was superior to the other with regard to minimiz- 
ing myocardial damage. 

Our clinical use of an anaesthetic technique 
which employs a combined use of inhalation and 
adjuvant agents for patients with ischaemic heart 
disease is the result of an evolutionary process 
from techniques first using ketamine, then mor- 
phine and now halothane or enflurane as the 
primary agent. ~ Anaesthetic management for pa- 
tients with ischaemic heart disease is designed to 
minimize changes in parameters that correlate 
with both myocardial oxygen consumption (heart 
rate, contractility, and wall tension) and oxygen 
supply (blood oxygen carrying capacity and 
coronary artery blood flow). 7 To accomplish this, 
anaesthetic techniques by necessity involve the 
use of many drugs that decrease or maintain heart 
rate, wall tension and contractility, yet maintain 
or increase the oxygen carrying capacity 
(haemoglobin content and saturation) and 
myocardial blood flow (increased perfusion pres- 
sure and decreased coronary resistance, heart 
rate, and extravascular compression). The 
rationale for the use of halothane or enflurane is 
that they reduce myocardial oxygen consumption 
while preserving myocardial oxygen supply. In 
the normal dog, myocardial depression by both 
halothane and enflurane results in maintenance of 
normal myocardial metabolism, s'9 There is 
conflicting evidence about halothane in condi- 
tions of myocardial ischaemia. Halothane di- 
minishes ST segment evidence of myocardial is- 
chaemia in the acutely ischaemic dog prepara- 
tion; to however, in a similar canine preparation 
we showed myocardial oxygen tension in the is- 
chaemic region decreased after administration of 
halothane. It Halothane also failed to prevent 
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progression of myocardial damage in coronary 
artery ligation experiments in the rat. ~2 Applica- 
tion of these experimental findings to the clinical 
situation is impossible at this time, but it is in- 
teresting that improved epicardial ST changes 
with halothane (indicating less ischaemia) are not 
consistent with metabolic monitoring (i.e., de- 
creased regional Po2) or histological studies (mi- 
croscopic extension of myocardial necrosis). 

The haemodynamic changes of anaesthetic 
management regimens were examined at four 
clinically important pre-bypass stress periods: 
induction, tracheal intubation, during prepara- 
tion of the patient and incision-sternotomy. Dur- 
ing these times the greatest haemodynamic fluc- 
tuations occur and, therefore, myocardial oxygen 
supply and demand vary the most. The easily 
measured heart rate-systolic blood pressure 
product (RPP) is an excellent correlate of global 
myocardial oxygen consumption in awake ~ and 
anaesthetized t4 patients with ischaemic heart 
disease. Addition of the pulmonary artery wedge 
pressure measurement to RPP does not increase 
the correlation with myocardial oxygen con- 
sumption. ~3,~4 In a previous randomized study of 
patients with ischaemic heart disease, we found 
the peak rise in RPP to occur during induction 
with ketamine and at incision or sternotomy with 
morphine. ~5 The haemodynamic findings with 
morphine have been confirmed recently in a 
similar study comparing morphine and halo- 
thane. ~6 In the present study, the greatest RPP 
rise was at tracheal intubation, The significantly 
greater haemodynamic response to intubation 
than to incision in both Group E and H may be 
explained in two ways. First, it is unlikely that 
enough time (5-10 minutes after induction) had 
elapsed for either agent to have attained a level 
sufficient to prevent the haemodynamic response 
to intubation. Presumably a higher blood con- 
centration had been attained by the time the inci- 
sion was made 30 to 40 minutes after induction. 
Secondly, MAC is greater for tracheal intubation 
than for incision ~ and, therefore, intubation re- 
presents a greater stimulation at a time when the 
blood, brain and myocardial blood levels of both 
enflurane and halothane were relatively lower 
than at incision. 

The haemodynamic findings were predictable 
from previous comparative studies ~s and the 
known similarity in the pharmacological actions 
of enflurane and halothane. 19'2~ The inhalation 
agents were used with a host of other anaesthetic 
drugs which are known to alter the myocardial 

oxygen supply/demand relationship in various 
ways, 21 but the predominant anaesthetic in each 
group was either enflurane or halothane. These 
drugs are primarily myocardial depressants 
whose effects are dose related. 22a3 End-tidal 
concentrations were not used because during the 
clinical course of anaesthetic management of pa- 
tients with ischaemic heart disease frequent 
changes in the inhalation anaesthetic concentra- 
lions were required. Thus the probability of ob- 
taining a valid (equilibrated) end-tidal anaesthetic 
concentration was remote. Only two of the 50 
patients had severe left ventricular dysfunction 
and, therefore, the use of either enflurane or 
halothane in patients with ventricular dysfunc- 
tion was not examined. The use of either should 
be judicious because of their potential for 
myocardial depression in this sub-group of pa- 
tients. 

Conventional electrocardiographic analyses 
and serial identification and quantification of the 
myocardial specific isoenzyme, CK MB, pro- 
vided the means of evaluating the incidence and 
cstimating the extent of myocardial damage as- 
sociated with the two anaesthetic techniques. C K 
MB is one of the three isoenzymes of creatine 
phosphokinase. It is found predominately in 
myocardial tissue, but also in very small amounts 
in the lung. Release ofCK MB into the blood is a 
highly specific and sensitive marker of myocar- 
dial cell damage 24 and the CK MB plasma decay 
curve (plasma clearance) correlates with esti- 
mates of myocardial damage (Figure 1 and Table 
V). 3'24as CK MB may be detected in plasma 
within 30 minutes of myocardial damage. Gray 
and co-workers measured CK MB in coronary 
sinus effluent at frequent intervals, s~ This is not 
feasible in the routine clinical case, but probably 
would improve the sensitivity and indicate better 
the exact time when myocardial damage began. 
Significant release of CK MB before bypass in 
other studies zr'zT'z8 demonstrated that this period 
during anaesthetic management is critical in pa- 
tients with ischaemie heart disease. Undoubtedly 
interventions during the interval before cardio- 
pulmonary bypass are important in protecting 
jeopardized myocardium. The overall low level 
and negligible pre-bypass amount of CK MB re- 
lease in this study support this conclusion. De- 
spite transient haemodynamic alterations, both 
anaesthetic techniques were effective in pre- 
venting myocardial damage during the pre- 
bypass interval. It is possible that periods of is- 
chaemia may have gone undetected by the elec- 
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trocardiographic and enzymatic methods em- 
ployed, but unlikely that significant myocardial 
damage occurred. 

Two interesting facts emerge from Table VI, 
which correlates the indices of myocardial dam- 
age with other variables. First, the peak rise of 
CK MB, the CK MB MAX, occurring 6-10 hours 
after bypass (Figure 2), correlates well (r = 0.848) 
with the area under the CK MB disappearance 
curve. Thus, if an anaesthetist suspects that his 
patient (having any kind of surgery) may have 
suffered acute necrosis, he should sample the 
blood for CK MB activity 6-10 hours after the 
event to obtain a good estimate of the amount of 
myocardial damage. Secondly, since CK MB re- 
lease followed cardiopulmonary bypass, it ap- 
pears that damage occurs during cardiopulmo- 
nary bypass, presumably during ischaemic 
myocardial arrest or with reperfusion. Ischaemic 
time does not correlate (r = 0.067 - 0.161) with 
CK MB estimates of myocardial damage. This is 
a change from Lell's previous report which dem- 
onstrated a weak but significant (P<  0.04) corre- 
lation (r = 0.3) o fCK MB AREA with ischaemic 
time. ~ That this correlation no longer exists to- 
gether with the observation that CK MB release 
is less now following cardiopulmonary bypass 
than previously reported suggests that the cur- 
rent method of myocardial preservation has re- 
duced the amount of myocardial damage sus- 
tained during cardiopulmonary bypass. The use 
of cold potassium cardioplegic solution in addi- 
tion to peffusate and external myocardial cooling 
appear to be effective in minimizing myocardial 
damage during cardiopulmonary bypass as 
shown by the low levels of damage documented 
in this study. This supposition is further sup- 
ported by the myocardial preservation study of 
Conti and colleagues which showed that cold 
cardioplegia provided better functional protec- 
tion of the heart and caused less myocardial nec- 
rosis than did cold ischaemic arrest, z 

Despite the low levels of myocardial damage 
reported in this paper, damage did occur, sug- 
gesting that there is still room for improvement in 
the management of these patients. Probably the 
greatest frustration in the anaesthetic manage- 
ment is not having a continuous monitor of re- 
gional myocardial oxygen supply and demand. 
Ischaemic heart disease is a regional myocardial 
disease and, as yet, there are no clinically avail- 
able monitors of regional myocardial oxygen 
supply and demand. Monitoring currently used 
(e.g. RPP) indirectly reflects total or global 

myocardial oxygen consumption, ~3'14 not 
jeopardized regional myocardial oxygen con- 
sumption or oxygen supply. Use of the ratio of 
diastolic pressure time index to tension time 
index (DPTI/TTI) ~9 or its modification, the en- 
docardial viability ratio (EVR) 3~ is inappropriate 
for monitoring regional flow in patients with 
coronary obstructive lesions, since subendocar- 
dial blood flow cannot be predicted because of the 
unknown fixed coronary artery resistance. 3~ The 
electrocardiogram is the only reliable method of 
detecting regional myocardial ischaemia, but it 
lacks sensitivity and specificity. 3t'3: 

CONCLUSION 

During myocardial revascularization surgery, 
patients anaesthetized with halothane or 
enflurane techniques designed to keep the 
haemodynamics within pre-set bounds have 
minimal levels of myocardial damage as 
documented by CK MB. The damage to the 
myocardium apparently occurs during cardio- 
pulmonary bypass. Whether the damage can be 
further reduced by improved intraoperative 
monitoring and anaesthetic management and 
better myocardial preservation remains to be 
determined. 
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RF, SU MI~ 

Cinquante insuffisants coronariens opr.r~s (pontages aorto-coronariens) ont rec;u confine 
anesthrsique principal de l'enflurane (groupe E: 25 cas) ou de I'halothane (groupe H: 25 cas), 
la srlection de I'agent 6rant faite au hasard. A l'induction de I'anesth6sie, les patients 
recevaient par vole intraveineuse 0.5 mg. kg -1 de diazepam et 0.1 rag- kg -] de pancuronium, 
puis on les ventilait avec un mrlange de protoxyde d'azote et d'oxyg~ne ii 50 pour cent 
additionn6 selon le cas d'halothane (0.3 b. 0.7 pour cent) ou d'enflurane (0.5 fi 1.5 pour cent). 
Les concentrations de ces agents 6taient ajustres de fad;on ~ maintenir la frrquence cardiaque 
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et la pression systolique h l ' interieur de limites pr6ddtermin6es. On a compar6 chez les 
patients des deux groupes les dommages myocardiques (crit~res 61ectrocardiographiques et 
enzymatiques), les modifications h~modynamlques et les besolns en m6dication vaso-active. 

Un seol patient (du groupe H) a pr~sent~ un infarctus post-op6ratoire avec manifestations 
~lectrocardiographiques et enzymatiques. On n'a pas relev6 d'autres manifestations claires 
d'infarctus a I '~lectrocardiogramme dans Fun ou I 'autre groupe. A I'6valuation du dommage 
myocardique au moyen des courbes de la CK MB, on a trouv~ des valeurs remarquablement 
basses et comparables chez les patients des deux groupes. Ainsi, on a trouv6 une liberation 
manimale de CK MB (CK MB MAX) de 8.1 ___ 1 UI/I chez les patients anesth6si~s 
l'enflurane et de 7.2 -I- 1,32 UI/I chez ceux ayant re~u de I'halothane. Le calcul de la surface 
sous la courbe des CK MB a donn~ des valeurs de 144 -I- 21.9 UI/I/h pour le groupe E et de 173 
+ 32 Ul/I /h  pour le groupe H. L'6valuation du dommage myocardique ~ partir de la CK MB 
accumul~e (CK MB DS) s 'est  ~lev~e ~ 10.5 __. 1,79 UI/I chez les patients anesthesias /t 
I'enflurane et/t 10.3 + 2.26 UI/I chez ceux ayant re~:u de I'halothane. 

I1 n'y a pas eu de liberation de CK MB avant la CEC chez les patients de Fun et l 'autre 
groupes. 

On n'a pas trouv6 de diff6rences significatives dans les modifications h~modynamiques 
observ~es et dans les besoins en agents vaso-actifs avee Fun et | ' autre  des anesth~siques, bien 
qu'on air observ~ une tendance ~ une plus grande utilisation de vasodilatateurs chez les 
patients anesth6si6s 'b. I 'halothane. 

En conclusion, le taux de dommage myocardique observ6 apr~s une anesth~sie 
I 'halothane ou/~ I'enflurane chez le coronarien est bas. La lib6ration de CK MB est survenue 
apr~s la CEC et refl~te probablement une protection myocardique imparfaite. Nous n 'avons 
pas ~tudi~ lcs malades pr~sentant une mauvaise fonction ventriculaire; I 'halothane et 
I'enflurane doivent ~tre utilis~:s judicieusement chez de tels patients. 

247 


