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Review Article

Anaesthesia for
coronary artery
surgery - a plea for a
goal-directed approach

Richard 1. Hall Mp FrcPC

The purpose of the current literature review was to examine
whether changes in current anaesthetic techniques are war-
ranted for patients undergoing coronary artery surgery in light
of recent information presented in the literature. The objectives
of a cardiac anaesthetic technique are to maintain haemody-
namic stability and myocardial oxygen balance, minimize the
incidence and severity of ischaemic episodes, be aware of car-
diopulmonary bypass-induced pharmacokinetic changes, and
Jacilitate early tracheal extubation if appropriate. Many tech-
niques have been utilized. Provided attention is paid to the
details of managing myocardial oxygen supply and demand,
none has emerged as superior in preventing intraoperative my-
ocardial ischaemia. Silent myocardial ischaemia (i.e., ischaemia
occurring in the absence of haemodynamic aberrations) is com-
mon throughout the perioperative period and may occur even
in the presence of an appropriately used anaesthetic technique.
The incidence and severity appear 1o be greatest in the post-
operative period when the effects of anaesthesia are dissipating.
The use of high-dose opioid anaesthesia may no longer be the
most appropriate technique to facilitate the anaesthetic objectives.
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The role of pain management in altering the incidence of
ischaemia requires further study. Increased waiting lists for car-
diac surgery and ever-diminishing resources should prompt a
re-evaluation of early extubation (i.e., within eight hours) as
a method of improving utilization of scarce ICU resources. It
is suggested that this should be possible with currently available
agents to achieve the anaesthetic objectives. Future suggestions
Jfor research in this area are made.

Le but de cette revue de la litérature courante est de vérifier
si, en chirurgie des artéres coronaires, les modifications ap-
portées aux techniques anesthésiques usuelles se justifient a la
lumiére des informations récentes de la littérature. Les objectifs
de lanesthésie cardiaque consistent a maintenir la stabilité
hémodynamique et léquilibre de l'oxygéne myocardique, a
abaisser lincidence et la gravité des épisodes ischémiques, a
reconnaitre l'évolution pharmacocynétique pendant la chirurgie
sous CEC et a effectuer l'extubation précocement lorsque néces-
saire. On a utilisé plusieurs techniques anesthésiques. En autant
qu'on prend bien soin de toutes les facettes de la gestion de
lapport et de la demande du myocarde en oxygéne, aucune
technique spécifique nlest considérée comme supérieure pour
la prévention de l'ischémie myocardique peropératoire. Lisché-
mie coronarienne silencieuse (i.e., celle qui survient sans aber-
rations hémodynamiques) est fréquente pendant toute la
période périopératoire et peut survenir méme avec une tech-
nique anesthésique appropriée. Son incidence et sa gravité pa-
raissent plus importantes a la période postopératoire lorsque
les effets de l'anesthésie se dissipent. Lutilisation de doses élevées
dopiacés ne semble plus la technique la plus appropriée pour
obtenir les meilleurs résultats. Linfluence du traitement de la
douleur sur l'incidence ischémique nécessite des études supplé-
menuaires. Laugmentation des listes d'attente pour la chirurgie
associée @ une réduction des ressources nécessite une ré-
évaluation de l'extubation précoce (en de-ca de huit heures)
pour mieux utiliser les ressources trop peu abondantes des soins
intensifs. On suggére que ceci soit possible avec les agents ac-
tuellement disponibles. Des suggestions sont proposées pour la
recherche dans ce but.
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With ever-increasing demands for the provision of an-
aesthetic techniques which provide the maximum benefit
to the patient at the least cost, increasing waiting lists
for surgery, and a sicker operative population, re-
examination of the current practice of anaesthesia for cor-
onary artery surgery (CABG) is warranted. '3 In addition
to the traditional requirements to maintain intraoperative
myocardial oxygen balance, other factors must now be
considered, especially in the postoperative period. These
include early tracheal extubation, silent myocardial
ischaemia, and new approaches to pain management.
This review will examine the anaesthetic requirements for
CABG surgery. The concept of tailoring intraoperative
anaesthetic management to meet specific new objectives
defined for the postoperative period, e.g., pain manage-
ment, extubation, etc., will be introduced.

The ideal cardiac anaesthetic agent

The ideal single angent is not available. Consequently,
combinations of agents are used to achieve the objectives
(Table I).

Current practice
It is important to establish whether any anaesthetic tech-
nique for use during CABG surgery is superior to all
others and should, therefore, be used exclusively. If such
data exist, then experiments with different agents to pro-
duce desired effects in the postoperative period are mis-
guided, since the primary focus must be to provide ade-
quate anaesthesia for the procedure.

Studies carried out in the 1970’s and early 1980’s fo-
cused on control of factors determining myocardial oxy-
gen balance (Table II).# Control of myocardial oxygen
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balance was difficult to achieve using a single agent. Vol-
atile anaesthetic agents provided intraoperative haemo-
dynamic control but were associated with the rapid de-
velopment of unacceptable haemodynamic conditions,
i.e., hypertension and tachycardia in the early postopera-
tive period. 3¢ Opioids were associated with unpredictable
episodes of hypertension and tachycardia,”'® and some
patients had recall of perioperative stimuli.!' Questions
related to the potential of isoflurane to cause myocardial
ischaemia by promoting coronary “steal”>'2 and nitrous
oxide by perhaps promoting coronary artery constriction
were raised and debated.3-'® In one review it was sug-
gested that to meet the intraoperative objective of main-
taining myocardial oxygen balance the ideal cardiac an-
aesthetic technique would consist of a combination of
an opioid with a volatile anaesthetic agent.* This tech-
nique has proved to be extremely popular. However, its
employment usually involves the use of high doses of
potent opioids which lead to prolonged mechanical ven-
tilation after surgery. Traditional reasons for admitting
patients to intensive care units such as bleeding, haemo-
dynamic instability, and underlying pathophysiology,
have been abrogated due to the requirement for mechan-
ical ventilation in all patients, as a result of the type of
anaesthetic they received.

Provided the anaesthetist is cognizant of the principles
involved in anaesthetizing patients for CABG surgery !’
and intervenes to interrupt adverse haemodynamic
changes, it is my opinion that any anaesthetic agent can
be used safely, '3-2! Factors such as severity of the patient’s
primary disease, primary errors in operative technique,
operative judgement, and inadequate myocardial preser-
vation are far more important determinants of outcome
than the anaesthetic.” When compared with the prop-
erties of the ideal cardiac anaesthetic agent (Table I), the
deficiencies of certain of the commonly employed agents
become evident. For example, while fentanyl is cheap and
commonly utilized as the primary anaesthetic adjuvant,
the pharmacokinetic behaviour of fentanyl is considerably
altered after cardiopulmonary bypass?? with a prolonga-
tion of the elimination half-time. Depending on the dose
and duration of administration, the time required for a
decline in plasma concentrations to a point where re-
sumption of spontaneous ventilation is likely may be sub-
stantially longer than for other high potency opioids (e.g.,
sufentanil, alfentanil), 2

For the volatile agents the lack of residual analgesia,
when combined with rapid emergence, may exacerbate
postoperative hypertension and tachycardia with the po-
tential for myocardial ischaemia and anastamotic suture
disruption.>6

Changes in clearance following cardiopulmonary by-
pass for agents such as diazepam and lorazepam, which
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TABLE1 Features of an ideal anaesthetic agent for coronary artery
surgery

Unaltered haecmodynamics

Lack of myocardial depression

Ease of administration

Lack of toxicity

Elimination independent of lungs, liver, and kidney
Rapid onset and offset of activity

Lack of coronary artery vasoconstriction

Residual analgesia

Titratable effect from hypnosis to anaesthesia

W o~V R W N -

NB The suggested features are those which the author considers
important and largely reflect personal experience.

TABLE 11 Factors affecting myocardial oxygen balance

Decreased oxygen supply Increased oxygen demand

1 Decreased coronary blood flow
(a) Tachycardia
(b) Diastolic hypotension
(¢) Increased preload
(d) Hypocapnia
(e) Coronary spasm
2 Decreased oxygen delivery
(a) Anaemia
(b) Hypoxia
(c) Decreased 2,3 diphsophoglycerate

1 Tachycardia

2 Increased wall tension
(a) Increased preload
(b) Increased afterload

3 Increased contractility

have long elimination half-times,” may produce pro-
longed residual effects in the postoperative period. Di-
azepam has active metabolites®> and both lorazepam and
diazepam depend on hepatic metabolism for their elim-
ination. Liver blood flow is altered following cardiopul-
monary bypass. %

The introduction of shorter-acting agents such as al-
fentanil, midazolam, etomidate, and propofol has
prompted an evaluation of their role in the provision of
anaesthesia for cardiac surgery.

In the presence of adequate premedication, alfentanil
provided suitable anaesthetic conditions in some but not
all patients,>” and was not associated with earlier ex-
tubation.” Alfentanil kinetics are altered following
CABG surgery? and alfentanil may no longer be a short-
acting agent when given as an infusion during CABG
surgery. 3%

Midazolam was not associated with an increased in-
cidence of myocardial ischaemia in patients undergoing
cardiac catheterization®® or coronary artery revascular-
ization,? but its haemodynamic effects, when combined
with opioids, have been variable and include hypoten-
sion, and decreased cardiac index due to a reduction in
stroke volume.”-3! In part, these alterations may reflect
the dosing sequence and technique employed.3!' Attempts
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to define a concentration-effect relationship for midaz-
olam and fentanyl during CABG surgery have been re-
ported in a preliminary fashion. *

Etomidate, while providing excellent haemodynamic
intraoperative control, is associated with inhibition of ad-
renal steroidogenesis, and increased mortality in patients
sedated with etomidate in the intensive care unit. -3 This
agent is not available for use in Canada.

Propofol is the latest agent to be introduced. Its use
in cardiac anaesthesia was delayed due to concerns that
it may produce myocardial depression.*¥’ Changes in
blood pressure after propofol administration are due to
vasodilatation and mild myocardial depression. % Lack
of heart rate change has been noted and has been at-
tributed to resetting of baroreceptors, allowing a lower
level of arterial pressure for a given heart rate.**? Pro-
pofol also affects the autonomic nervous system - prob-
ably by a central sympatholytic action.*?

Administration of propofol (as compared to a
sufentanil-enflurane anaesthetic technique) during induc-
tion and maintenance of anaesthesia in patients with pre-
served ventricular function undergoing CABG surgery
produced hypotension on induction of anaesthesia but
was not otherwise associated with important haemody-
namic aberrations (—33% vs —18%).* The incidence of
myocardial ischaemia in the prebypass period was not
different from sufentanil-enflurane. There was no in-
creased requirement for inotropic support to terminate
cardiopulmonary bypass in the propofol-treated patients.
These data are in keeping with other reports of the use
of propofo! during induction and/or maintenance of car-
diac anaesthesia in patients with preserved ventricular
function.*->° Propofol has also been used with satisfac-
tory results in patients with reduced ejection fraction.’!
Thus, despite the initial misgivings, propofol may find
a place in the cardiac anaesthetist’s armamentarium.

For each anaesthetic technique there is a learning curve
which, once mastered, leads to fewer anaesthetic misad-
ventures. Due to the invasive nature of the procedure
and the extensive monitoring employed, cardiac surgical
patients are often studied early in the development of
a drug when the technique has not been well established.
This may be a factor in some of the adverse reports cited
in early studies describing the use of a drug for cardiac
surgery. Examples of this phenomenon exist for sufen-
tanil,>> midazolam, propofol,*>* and perhaps desflu-
rane.>

Taken together, these studies support my bias that, pro-
vided the anaesthetist controls myocardial oxygen bal-
ance, understands the principles involved in anaesthetiz-
ing patients for CABG surgery, and intervenes early when
adverse events occur, there is no ideal anaesthetic tech-
nique for CABG surgery. Certainly, the use of high doses
of opioids as the primary anaesthetic technique could
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TABLE II1
segment®

Factors associated with changes in the ECT ST

FIGURE 1 Mean ST segment excursion on each ECG system for 34
patients with new intraoperative myocardial ischaemia diagnosed by at
least 1.0-mm ST segment displacement from preoperative ECG on at
least one of the five ECG systems. Duration of displacement was
ignored in calculating means. SLMON = Spacelab® Alpha 14 Model
Series 3200 ECG Cardule in monitor mode; SLDIAG = Spacelabs®
Alpha 14 Model Series 3200 ECG Cardule in Diagnostic Mode; ECG
40 = Marquette® MAC II ECG in the 9.05-40 Hz mode; ECG 100 =
Marquette® MAC 1 ECG in the standard mode (0.05-100 Hz); Holter
= DelMar® Model 453-A Holter monitor. (Reproduced with
permission.>?)

be usefully and safely abandoned to permit certain ob-
jectives, e.g., early tracheal extubation, alternative pain
management techniques, to be studied in the postopera-
tive period.

Factors affecting the choice of anaesthesia

Anaesthesia and perioperative myocardial ischaemia

The supposed advantages of a particular anaesthetic tech-
nique are often based on the incidence of myocardial
ischaemia,

DETECTION

Methods of detection include measurement of pulmonary
artery occlusion pressure,> central venous pressure,*® ST
segment changes on the ECG (either single lead or multi-
lead with or without trending),-% biochemical markers
such as lactate extraction,*~"6!-¢ continuous ECG re-
cordings using Holter monitors for off-line analysis, 666
and regional wall motion abnormalities using transoeso-
phageal echocardiography.®’-’® The sensitivity of these
methods varies and must be kept in mind when com-
paring the reported incidence of ischaemia.>6%7!-% For
example, Slogoff et al. in CABG patients, compared ECG
lead Vs recorded from a standard 12-lead ECG system
at 40 or 100 Hz frequency response, a Spacelabs op-
erating room ECG monitor in monitor mode, and a Del

Ischaemia

Myaocardial infarction

Left ventricular hypertrophy
Conduction disturbances
Electrolyte disturbances
Pharmacological agents

Body position changes
Postprandial changes

Filtering techniques of the recorder

Mar Holter monitor.* The Holter was the least sensitive
method of detecting ischaemia (Figure 1). This is im-
portant because several studies have employed this mon-
itor as the basis for determining the incidence of my-
ocardial ischaemia. Monitoring multiple leads increases
the sensitivity of detection to 96% in non-cariac surgical
patients.® Use of ST segment trends increases the ability
to detect ischaemia beyond that provided by intermittent
observation alone.% However, not all ST segment changes
are due to ischaemia (Table III).

Studies are needed to examine objectively the relative
sensitivity and specificity of each of these monitors in
detecting myocardial ischaemia. Studies reporting differ-
ences in the frequency of ischaemia among anaesthetic
techniques must provide exact descriptions of the meth-
ods for detecting ischaemia to allow meaningful inter-
pretations.

No matter how detected, however, the demonstration
that myocardial ischaemia is present may have important
prognostic implications. 536%.77-81

PERIOPERATIVE ISCHAEMIA

Factors associated with perioperative myocardial ischae-
mia and amenable to correction by the anaesthetist
include maintenance of anti-ischaemic therapy in the
preoperative period,®?-®5 control of intraoperative haemo-
dynamic abnormalities (primarily hypertension, hypoten-
sion and tachycardia)’® and the provision of pain relief
in the postoperative period.?% However, studies have
also determined that there is a high incidence of “silent”
myocardial ischaemia during CABG surgery.”® In
awake patients this has usually been defined as ST seg-
ment deviation, detected using Holter monitoring, to a
degree usually associated with myocardial ischaemia, oc-
curring during activities of daily living, but not accom-
panied by chest pain.®' Under these conditions, silent my-
ocardial ischaemia is associated with an increased
incidence of adverse outcomes including mortality. 8,909
By inference, in the anaesthetic context, silent myocardial
ischaemia is said to be present when monitors of ischae-
mia (e.g., ECG, intraoperative transoesophageal echocar-
diogram, myocardial lactate extraction) indicate ischae-
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mia to be present in the absence of haemodynamic ab-
errations, e.g, tachycardia, hypotension, hyperten-
sion, 6567.7279.80838 The appearance of “silent” myocardial
ischaemia, the value of its treatment and relationship to
adverse outcome, e.g., MI for patients having CABG
surgery is becoming less uncertain. It is apparent that
a proportion of patients with intraoperative ischaemia go
on to sustain an adverse outcome, €.g., MI. This was
demonstrated by Slogoff and Keats who noted intraop-
erative ischaemia in 36.9% of patients of whom 6.9%
developed myocardial infarction (vs 2.5% in patients with-
out intraoperative ischaemia (P < 0.005)).”

A number of anaesthetic agents have been utilized in
these studies, but the contribution of the anaesthetic tech-
nique to the development of ischaemia remains uncer-
tain, 8404447515492 Indeed, the highest incidence of ischae-
mia occurred in the postoperative period (maximum at
two hours) when the anaesthetic effects are dissipating, %
This suggests that factors other than the anaesthetic agent
are responsible. Studies comparing differences in the
degree of ischaemia produced during CABG surgery
employing different anaesthetic techniques show that in-
traoperative ischaemia is common and differences
among anaesthetic agents can sometimes be demon-
strated, 62021,39.4044.47,51.54.92 Very few studies have had suf-
ficient power to detect differences between process var-
iables (e.g., ischaemia) and outcome (e.g., MI or stroke).
In those studies which did have sufficient power no dif-
ferences in outcome were detected. 2! While needed,
studies with sufficient power to detect a difference in the
degree of ischaemia and outcome among anaesthetic tech-
niques are difficult and costly to perform and usually
require large numbers of patients. They are often con-
taminated by adjuvant agents which make extrapolation
of the results to one’s practice difficult. Multicentre trials
designed to determine whether anaesthetic-induced
ischaemia occurs, the significance relative to outcome,
and with which agents are in process. At present there
are no data to suggest that one anaesthetic regime is as-
sociated with a more severe outcome than another.” For
the intraoperative phase it is not which drug is given but
whether attention is paid to rigid control of haemody-
namic aberrations, including those which are drug-
induced, that seems to be important. 221798 Even with
a meticulous anaesthetic technique, however, a large pro-
portion of ischaemia occurs unrelated to haemodynamic
aberrations and probably reflects perturbations in the un-
derlying disease process® and may or may not be ame-
nable to intervention by the anaesthetist. When detected,
ischaemia should be treated.®

PREVENTION
Based on the supposition that myocardial ischaemia leads
to increased morbidity and mortality, that it occurs fre-
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quently in the postoperative period, and that previous
studies had demonstrated elevations in stress-related hor-
mones, '%**-% including catecholamines, in the postopera-
tive period,*** Mangano et al. treated a group of 106
cardiac patients with an intensive analgesic regimen in
an effort to minimize episodes of ECG detected myocar-
dial ischaemia.'® Anaesthetic agents had been shown in
some '9-1% but not all'%%% studies to ameliorate the
stress response to surgery. Compared with a group of
patients receiving morphine 2 mg - hr~!, patients receiving
sufentanil 1 pg-kg='-hr~! for 18 hr in the ICU had
fewer and less severe episodes of ischaemia.'® The in-
cidence of adverse outcomes was not different. Require-
ments for midazolam sedation were higher in the
morphine-treated group and times to extubation and ICU
discharge were not different. There was no difference be-
tween the groups with respect to haemodynamic changes.
The authors postulated that the difference in the degree
of ischaemia was due to suppression of sympathetic nerv-
ous system activity (not measured) and its effects on pla-
telets, fibrinolysis, regional ventricular function, and cor-
onary artery vasoconstriction, '¢7-!10

Several observations can be made regarding this study.
No difference in adverse outcomes was appreciated, likely
due to a small sample size (106 patients); and larger stud-
ies need to determine if intensive analgesia leads to re-
ductions in morbidity and mortality. The role of sedation
in combination with analgesia is uncertain but potentially
important, since the morphine-treated group required
more sedation and the degree of sedation provided was
not quantified. The postulation that intensive analgesia
is effective because it alters the degree of sympathetic
activity can be tested by quantifying differences in ca-
techolamine concentrations, and by demonstrating similar
benefits from the use of other sympatholytic agents, e.g.,
beta or alpha adrenergic blocking drugs. This would be
important since the use of high-dose opioids can mandate
prolonged mechanical ventilation and delay discharge
from the ICU, at least in some patients. Prolonged me-
chanical ventilation is not without its complications. '"
Which opioid should be used to provide analgesia re-
quires further study.?* Age-related differences in response
to stress''2!'"® and the role of stress in altering organ
function'®-'2 are only beginning to be studied. Finally,
which of the ECG changes were related to ischaemia
is unknown. Factors contributing to ST changes were
not controlled (Table III).

Early vs late extubation of the trachea

The resurgence of normothermic cardiopulmonary by-
pass, increasing waiting lists for cardiac surgery, and re-
ductions in already scarce resources have prompted a re-
examination of the practice of delayed tracheal extubation
for cardiac surgical patients. The arguments for and



Hall: CARDIAC ANAESTHESIA

TABLE IV Criteria for early extubation''!

Preoperative status

- Adequate ventricular function

- No heart failure

- Age<T0yr

- Elective procedure

- No important valvular heart discase

- No clinically important extracardiac vascular disease
— Preoperative serum creatinine < 1.9 mg% (200 mmol - L")
Operative events

- Single uncomplicated bypass run <2.5 hr

- Low dose or no inotropes required for separation from CPB
- Technically satisfactory revascularization

- Surgeon in agreement

Condition at extubation

- Awake and responsive to commands

- Adequate gag reflex and ability to protect airway

— pH >7.35 on spontaneous ventilation

- Haemodynamically stable without dysrhythmias

- Well-perfused with adequate urine output

- Mediastinal bleeding <100 ml - hr~! for =2 hr

- Fully rewarmed (37° with no shivering)

against the procedure have been well examined in two
recent reviews.!'"'2 Early extubation, by definition, is
performed within eight hours of the end of surgery.

In general, three groups of patients comprise the ICU
population following CABG surgery. '* The first, the ma-
jority, have had uneventful surgery, and have little or
no requirement for ongoing inotropic or ventilatory sup-
port. Early extubation is most appropriately performed
in this group. The second large group consists of indiv-
iduals who require sustained support with inotropes, va-
sodilators, or mechanical circulatory support. Finally,
there is a small group in whom attempts at weaning from
ventilatory support have failed. Table IV lists criteria
which might be considered when early extubation is con-
templated.

Arguments for early vs delayed extubation are pre-
sented in Table V. The question of when to perform early
extubation is important. Myocardial function after car-
diopulmonary bypass is impaired both functionally and
metabolically with the nadir at approximately four
hours, !07:110.139-143 Increased sympathetic nervous system
activity leads to alterations in coagulability and in par-
ticular to platelet activation'*-'% and may be the mech-
anism for the tachycardia which is commonly observed.
Platelets may play an important role in the development
of myocardial ischaemia. ¥

Recovery from hypothermia increases myocardial oxy-
gen consumption and demand and there is an increased
risk for cardiac dysfunction during this period.'#-!3 The
peak incidence of postoperative ischaemia is within the
first two to four hours after bypass during which rewarm-
ing is accomplished.®® Optimally rewarming is complete
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TABLE V  Reasons for recommending early vs delayed tracheal
extubation

Early extubation Delayed extubation

1 Avoids patient discomfort'*!2 | Patient comfort
- Use of neuromuscular ~ Higher analgesic doses
relaxants and inadequate permitted

sedation 2 Observation

- Inadequate analgesia - Blood loss
2 Reduces risk of pulmonary - Haemodynamics

barotrauma'?’ 3 Reduced work of breathing*
3 Reduces ICU stay'® 4 Reduce postoperative bleeding
4 Improves ventricular using PEEP?

performance'? 5 Allows control of stress

122,130 response by permitting higher

doses of analgesics and

5 Improves renal function
6 Reduces complications 2° to

endotracheal tube'>1? sedatives'®
- Lobar collapse'?!!3? 6 Prevention of ARDS}
- Cough'®

- Accidental extubation
7 Earlier mobilization 213
8 Improved resource utilization!»

*Not supported by recent studies, 4133
+Not supported by recent study.'*
$Not supported by recent studies.!%137.138

— — — — Early Risks
Late Complications
™~
w AY — - ——
= AN
w \ | Extubation |
S \ | “Window” |
\
z v b1
Expense of
Additional
ICU Day
LN |
0 4 24

HOURS AFTER ICU ARRIVAL

FIGURE 2 Complications related to early vs delayed tracheal
extubation. Early risks include hacmodynamic instability,
hypermetabolism, shivering, and mediastinal bleeding. Late
complications encompass ciliary dysfunction, inability to cough and
clear secretions, and patient discomfort. Costs escalate markedly if late
extubation delays ICU discharge for an additional day. (Reproduced
with permission. Ill)

before extubation to prevent excessive work for the car-
diopulmonary system with the possibility that respiratory
failure might necessitate reintubation of the trachea (Fig-
ure 2). Effective analgesia must be ensured.

Several studies have attempted to address the issue of
safe early tracheal extubation, !212%:13LI5I-161 Attempts to
reverse the respiratory depression attendant upon the use
of high doses of opioids with partial agonists such as
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nalbuphine have not been successful and cannot be rec-
ommended. '3"1%2

The criteria developed in Table IV arose out of the
results of a number of studies, mostly non-randomized,
which looked at consecutive attempts at early extuba-
tion. '3-'¥ The majority of studies have demonstrated the
practice to be safe.

To determine whether extubation led to myocardial
ischaemia, Elia et al. examined the haemodynamic and
myocardial metabolic effects of extubation in seven pa-
tients after aortocoronary artery bypass surgery, utilizing
a high-dose sufentanil anaesthetic technique.'®? Extuba-
tion was performed 14-18 hr postoperatively. The du-
ration of anaesthesia and surgery was not specified. Ex-
tubation was associated with an increase in cardiac index
due to an increase in stroke index with no change in
heart rate, mean arterial pressure, or pulmonary capillary
wedge pressure. Myocardial oxygen consumption and
coronary blood flow (n = $ patients) increased. Two pa-
tients experienced myocardial lactate production (ie.,
ischaemia) without haemodynamic or ECG alterations.
The authors concluded that extubation of the trachea was
not associated with the same degree of adverse systemic
or coronary haemodynamic responses in cardiac surgical
patients as was seen with intubation. However, despite
revascularization, the myocardium was still at risk for
ischaemia in the immediate postoperative period.

In a follow-up study, 17 patients were examined for
global and regional myocardial ischaemia during the
weaning process following aortocoronary artery bypass
surgery under high-dose fentany! or sufentanil anaesthe-
sia.'®® Eight of 17 patients had myocardial lactate pro-
duction during at least one of the weaning phases without
ECG evidence of ischaemia. Comparison of patients who
had myocardial lactate production with those who did
not showed that the group with lactate production had
greater increases in mean arterial pressure and systemic
vascular resistance during the weaning process (Figure
3). The authors concluded that myocardial ischaemia oc-
curs commonly during weaning from mechanical ven-
tilation.

Haemodynamic changes at the time of extubation were
examined by Paulissian et al.'® They noted increases
in heart rate, mean arterial pressure, cardiac index, right
atrial pressure, and mean pulmonary artery pressure at
the time of suctioning and extubation which resolved
within five minutes. There was no ECG or enzymatic
evidence of myocardial ischaemia. The authors concluded
that, compared with haemodynamic changes associated
with intubation, extubation was associated with much less
pronounced effects.

To summarize, early extubation is feasible in a selected
group of cardiac surgical patients, although complications
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FIGURE 3 Mean arterial pressure (BP), pulmonary artery pressure
(PAP), pulmonary capillary wedge pressure (PCW) and cardiac index
(CI) during weaning from synchronized intermittent mandatory
ventilation (SIMYV) to continuous positive airway pressure (CPAP)
(* P < 0.05; error bars represent SEM), (Reproduced with
permission.

related to pulmonary and cardiovascular system deteri-
oration can occur. Studies to date suggest that some pa-
tients (as high as 109%) ! will require tracheal reintubation
if strict criteria for extubation are not employed. The ma-
jority of the studies have few patients, were retrospective,
and not randomized. In adults, patients had preserved
ventricular function, were otherwise healthy, and under-
went surgery employing hypothermic cardiopulmonary
bypass. Extubation may represent a period of stress for
patients and some will have myocardial ischaemia at this
time. Studies involving patients with impaired ventricular
function (likely to have altered haemodynamic responses
to extubation) or undergoing normothermic cardiopul-
monary bypass (thus avoiding the adverse effects of hy-
pothermia) are required.

Pharmacokinetics

Cardiopulmonary bypass alters both the pharmacokinetic
and pharmacodynamic behaviour of drugs administered
during CABG surgery.?!65-1%® Alterations in liver blood
flow lead to reductions in clearance for drugs such as
the opioids, benzodiazepines, and propofol. %1670 This
is reflected in an increased elimination half-time following
bypass and the potential for drug accumulation and pro-
longation of effect if drug administration occurs at rates
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usually employed in the absence of cardiopulmonary by-
pass. Changes in protein binding due to haemodilution
may lead to enhanced effect of drugs since the free, un-
bound fraction may be elevated.'”! Alterations in cardiac
function and systemic vascular resistance may change the
volume of distribution and this is likely to be highly var-
iable among patients. '

Data in dogs suggests that, independent of any phar-
macokinetic changes, there may also be pharmacody-
namic changes in drug effect. '¢168

Taken together, the most rational way to administer
drugs, particularly infusions, following cardiopulmonary
bypass is to titrate the drug to a desired effect. This may
be guided by target plasma concentrations'® but will
likely require adjustment (usually a reduction) as the
drug’s effect becomes manifest. Caution is urged with
the use of bolus administration of drugs such as propofol
which may have a significant haemodynamic effect. 1”2

Current options

Since the ideal cardiac anaesthetic agent is not available,
we must continue to use combinations of agents to
achieve the desired effect. Not only must the ability to
control myocardial oxygen balance be considered, but
also new objectives including the provision of analgesia
(and sedation?) in the postoperative period to ameliorate
ischaemic changes, and consideration for early extubation
should be considered. While each of these objectives re-
quires further study (and in particular studies of sufficient
power to detect real changes in outcome (MI, stroke)
as opposed to process variables (e.g., ischaemic changes
on the ECG)), changes in our current practice to enable
us to study the utility of these objectives can be effected
now. The following provides some background on the
strengths and limitations of each of the classes of drug
available with particular reference to the objectives of
providing residual analgesia/sedation and the possibility
for early extubation. Recommendations based on the pre-
vious considerations are provided.

Volatile anaesthetic agents

These agents provide sedation/amnesia and reduced re-
quirements for analgesic agents.'3*'”® Their action can
be adjusted and/ or terminated relatively quickly and they
have been the agents most frequently used when a trial
of early extubation is contemplated. '*!” Disadvantages
include myocardial depression, haemodynamic instability,
lack of analgesia, and the requirement for an anaesthetic
circuit for administration. While isoflurane has been used
for ICU sedation, '74!75 ynfamiliarity of nursing personnel
with its properties and mode of administration, environ-
mental pollution during tracheal suctioning and other res-
piratory manoeuvres, and cost are severe limitations to
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TABLE VI  Opioid target plasma concentrations for adult patients'”

Meperidine Fentanyl  Sufentanil  Alfentanil

(ng-mt') (ng-mt') (ng-mb') (ug-mt')

During surgery

with N,O/Q, 300-2000 25-10 0.25-10  2-8
During surgery

with O, 15-60 2-8 10-40
Adequate post-

operative

ventilation 150(7) 1.5 0.25 1.25

its use as an ICU sedating agent. ' If used as the primary
anaesthetic agent, consideration should be given to the
early provision of analgesia to avoid hypertension and
tachycardia postoperatively. !>

Opioids
In North America, these agents form the major com-
ponent of most cardiac anaesthetics. Much is known
about their pharmacokinetics2%* and given a set of phar-
macokinetic variables, models and simulations of changes
in blood concentrations and effect site concentration over
time with differing durations of infusions have been de-
scribed. 22 Target concentrations for intraoperative and
postoperative control of noxious stimuli are being de-
fined'”® (Table VI). Cardiopulmonary bypass may be
expected to alter clearance mechanisms and therefore re-
duce requirements following termination of cardio-
pulmonary bypass.? Substantial variability in drug effect
should be anticipated. Intravenous administration of
opioids following cardiopulmonary bypass should, there-
fore, be ftitrated to specific end points, e.g., pain relief
until rapid assay methods that allow for prompt deter-
mination of plasma opioid concentrations are developed.
Alternatively, the approach employed by Mangano er
al.'™ of utilizing a fixed dose of opioid known to produce
reductions in patient responses to noxious stimuli can
be employed. The plasma levels achieved by this tech-
nique are likely to be above those which allow for spon-
taneous ventilation, at least in some patients. This will
therefore necessitate prolonged mechanical support and
obviate the possibility of early extubation unless antag-
onists are employed. The latter approach has not been
demonstrated to be satisfactory, 1152

If early extubation is a consideration, one could con-
sider employing other measures to control the stress re-
sponse besides intensive analgesia (e.g., beta adrenergic
blocking agents, clonidine!”) thus permitting reductions
in systemic opioid concentrations. Alternative routes of
administration of analgesia could also be considered, e.g.,
epidural. '%17 Clearly, much work remains to be done
in this area.
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However, based on its pharmacokinetic behaviour and
the concept of a context-sensitive half-life, for infusions
lasting less than ten hours, sufentanil would appear to
be the agent with the most rapid offset of action so as
to permit a reduction in plasma levels leading to extu-
bation in as timely a fashion as possible.2* This would
theoretically be the agent of choice were early extubation
to be considered. For more prolonged infusions, the phar-
macokinetics of alfentanil suggest that it should be con-
sidered. Here cost may be an issue. The role of sedation
in combination with an analgesic in altering requirements
for analgesia following cardiopulmonary bypass remains
to be examined.

Hypnotics

The current theory that activation of the sympathetic
nervous system is responsible for many of the adverse
events occurring after cardiopulmonary bypass suggests
a role for continuing sedation into the postoperative pe-
riod. Opioids, alone, do not blunt the sympathetic re-
sponse during cardiac surgery'®'”® and their requirements
for control of adverse haemodynamic responses are re-
duced by the addition of hypnotic agents.’>'® The ideal
agent would sedate the patient with no effect on the res-
piratory or cardiovascular systems or on the clearance
of other drugs, would be cleared by mechanisms inde-
pendent of renal, pulmonary, or hepatic function, should
be short-acting even after prolonged infusions,?!8!-183
and tolerance should not occur. The ideal sedative does
not exist.

BARBITURATES

These agents accumulate, are relatively long-acting, and
produce myocardial depression. They have been employed
for neuroprotection, but their use entails an increased
requirement for inotropic agents at the end of cardio-
pulmonary bypass and a prolonged time to extuba-
tion. '%185 Their use in combination with an opioid by
infusion in the postoperative period would likely result
in a considerable prolongation of the time to extubation.

BENZODIAZEPINES

Of the benzodiazepines, midazolam with its short elim-
ination half-time (2.4 hr) '® and lack of active metabolites
has the most favourable pharmacokinetic profile.® 1t is
water soluble, short acting, and capable of delivery by
continuous infusion. '8’ Variability in patient pharmaco-
kinetic behaviour may occur. ' Jts pharmacokinetics
have been determined in a group of cardiac surgical pa-
tients postoperatively. '® The elimination half-time was in-
creased (10.6 hr) and clearance reduced in this group
of patients. Depending on the duration of infusion, the
potential for accumulation and prolonged effect exists.
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FIGURE 4 The concentration-time profile of midazolam after
extubation. The mean {£SD) concentrations associated with various
pharmacodynamic end points are shown. (Reproduced with
permission. '%1)

Concentration vs effect relationships have been deter-
mined, including the observation that combination with
alfentanil shifts the dose-response curve to the right (i.e.,
increased sedation for any given plasma level of midaz-
olam) 18190191 (Figure 4). These data make it possible
to design infusion regimens permitting effective sedation
with a short time to extubation, 216%!%2

ETOMIDATE

Studies demonstrating that the cortisol response to
surgery was obtunded and that the use of etomidate for
prolonged infusions was associated with increased mor-
tality suggest that its use as a sedative in the routine post-
cardiopulmonary bypass patient would require careful
scrutiny. 343 Unfortunately, etomidate is not available for
use in Canada, although it provides superb control of
intraoperative myocardial oxygen balance.®

PROPOFOL
The pharmacokinetic variables for propofol during
and following cardiac surgery have been deter-
mined. *170.193.1% After cardiopulmonary bypass, elimina-
tion half-time was prolonged and clearance reduced '
or unchanged.'** Its use for sedation in the intensive care
unit has been described and cumulative effects and tachy-
phylaxis did not occur. Reductions in mean arterial pres-
sure were noted. '°1-197 Rapid recovery from sedation was
apparent when infusions were discontinued.'’ Concen-
tration vs effect relationships have been deter-
mined ®197-202 (Figure 5). It should be possible for it to
be administered by infusion to permit early tracheal ex-
tubation.

Several studies have compared propofol with midaz-
olam for sedation in the intensive care unit following car-
diac surgery. After a thiopentone, high-dose fentanyl, ni-
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orientation as a function of blood propofol level (ug - mi~}). The
cumulative percent of patients who awoke (O) or were oriented (@) at
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permission. '%)

trous oxide anaesthetic, Grounds et al. studied 60 patients
randomly allocated to receive propofol by continuous in-
fusion or intermittent midazolam.'> Analgesia was pro-
vided by intermittent papaveretum. Sedation was titrated
according to a scale,” in order to maintain patients at
a level where they responded only to commands. Tracheal
extubation was performed when patients were considered
ready. Patients in the propofol-treated group required less
analgesia, were more easily maintained at the desired se-
dation level, and extubation occurred earlier (6.5 vs 10
hr). There were no haemodynamic differences between
the groups.

McMurray et al. studied 100 patients randomized to
receive either a continuous infusion of propofol or in-
termittent midazolam.'®® Anaesthesia was standardized
and included high-dose fentanyl with supplemental hal-
othane. Analgesia in the postoperative period was pro-
vided with intermittent morphine iv. Sedation was titrated
to produce a level at which the patient responded to com-
mands. Pharmacokinetic variables were determined in
ten patients in each group. Patients in the propofol-treated
group required less morphine analgesia, and were more
easily maintained at the target sedation level. Patients
received the sedative drugs for approximately 17 hr. The
time from discontinuation of propofol to extubation was
7.6 min (95% CI 2.9~19.1 min) compared with 125 min
(73.6-208.5 min) in the midazolam group. No haemo-
dynamic differences were detected. While the redis-
tribution half-time for propofol was shorter than for mi-
dazolam (13.4 & 2.8 vs 30.1 £ 2.6 min), the elimination
half-time was longer (470.2 £ 60.5 vs 403.6 X 73.3 min).
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These pharmacokinetic variables were longer than values
obtained in patients not undergoing hypothermic cardio-
pulmonary bypass. 204205

Snellen ef al. studied 40 patients randomized to receive
continuous infusions of either midazolam or propofol. '
Anaesthesia was standardized and consisted of an induc-
tion dose of thiopentone, and high-dose sufentanil sup-
plemented by halothane. Patients were sedated postopera-
tively for 12 hr and analgesia was maintained by a
variable rate infusion of piritramide. A level of sedation
of 2-4 on the Ramsey scale® was targeted. The time
from stopping the infusion to spontaneous ventilation was
shorter in the propofol-treated group and less attempts
at weaning from mechanical support were required. How-
ever, time to extubation was not different (propofol 154
* 33 vs midazolam 243 X 44 min; P = NS). In both
groups, administration of bolus doses of the agent re-
sulted in reductions in blood pressure.

Taken together, these results suggest that the use of
propofol for sedation following cardiopulmonary bypass
would seem reasonable. The pharmacokinetic profiles of
sufentanil by infusion and propofol are closely matched
and this combination would appear to be optimal. It
would allow reductions in analgesic requirement and per-
mit trials of early extubation. Determination of the effects
on catecholamine levels is required to determine if the
stress response is altered. Further studies on the optimum
combination of analgesia/sedation in terms of amelio-
rating ischaemia are required.

Conclusions

Requirements for cardiac anaesthesia must keep in per-
spective the ongoing requirements for anaesthesia for car-
diac surgery including amnesia/analgesia and haemody-
namic control. During surgery, no specific anaesthetic
technique has been clearly demonstrated to be superior
and it is suggested that a more goal-oriented approach
be employed. This would involve abandoning the current
practice of high-dose opioid anaesthesia in favour of re-
duced doses of opioids and increased use of other an-
aesthetic agents. New concepts of silent myocardial
ischaemia and resultant postoperative morbidity and mor-
tality, together with the role of anaesthetic agents in lim-
iting the process, require further study. The feasibility and
safety of early tracheal extubation needs further inves-
tigation. However, based on pharmacokinetic principles,
it should be possible to design and implement studies
to examine these questions with agents currently avail-
able. We must resist the temptation to become complacent
in the use of any anaesthetic technique and begin to ex-
plore the use of anaesthetic agents providing safe, effective
cardiac anaesthesia in the most cost-effective manner. The
postoperative course of the patient should not be man-
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dated by the anaesthetic they received intraoperatively.
Rather, goal-directed therapy with targeted objectives,
e.g., reduction in ischaemia, haemodynamic control, and
early extubation should be the anaesthetic objective for
the 1990’s.
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