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EDITORIAL VIEWS

Perianesthetic Ischemic Episodes Cause Myocardial

Infarction in Humans—A Hypothesis Confirmed

SINCE THE VERY EARLY DAYS of coronary artery sur-
gery, many anesthetists have taken pains to attempt to
avoid episodes of myocardial ischemia because of the
fear that they would lead to myocardial necrosis. Dalton
proposed the use of a precordial ECG lead to detect ST
segment changes suggestive of ischemia for this purpose.'
The popularity of the pulmonary artery catheter is
based partially on the premise that it will help detect
early ischemia. Despite widespread adoption of such
measures, however, proof of a causal relationship be-
tween intraoperative ischemia and postoperative myo-
cardial infarction (PMI) was not available,

Blood analyzed for CK-MB isoenzyme in the labo-
ratory of C. R. Roe, M.D., provided the first highly
suggestive data that anesthetic management might be
an important determinant of myocardial injury in patients
undergoing coronary artery bypass graft (CABG). Pre-
bypass liberation of this enzyme, which occurs largely
in cardiac muscle, ranged from 1 to 36% in three
different institutions.*™* After changes in preoperative
and intraoperative prebypass anesthetic management,
the incidence of prebypass liberation decreased from 11
of 30 to 0 of 12 patients in one of those centers.*

Remarkably (to some), however, many individuals
remained convinced that intraoperative ischemia was
unrelated to myocardial infarction, arguing both that
patients with coronary artery disease (CAD) frequently
suffered episodes of angina pectoris (or silent ischemic
episodes) but only rarely sustained a myocardial infarc-
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tion and that the highest incidence of PMI in patients
undergoing noncardiac surgery was on the third or
fourth postoperative day and therefore unrelated to
intraoperative events.

The present issue contains an important article by
Slogoft and Keats addressing the question of whether
myocardial ischemia prior to and during anesthesia
causes PMI in patients undergoing coronary artery
surgery.” Their findings inevitably will be applied to
patients with CAD undergoing noncardiac surgery. The
investigators followed 1,023 patients scheduled for elec-
tive myocardial revascularization from the time of arrival
in the operating suite until discharge from the hospital
or death occurred. Observers recorded the ECG, blood
pressure, and heart rate every 2 min from arrival in the
operating suite until cardiopulmonary bypass (CPB).
Demographic predictive indicators of death derived
from the collaborative Coronary Artery Surgery Study
(CASS) were collected and an estimate of the technical
efficacy of the operation obtained from the surgeon.

The data are striking: a threefold increase in PMI
when ischemia was documented prior to bypass; an
11-fold difference in PMI among the patients managed
by the nine anesthesiologists in the study; a high incidence
of preanesthetic ischemia and of ischemia without ‘‘he-
modynamic aberrations”; lack of correlation of PMI
with CASS predictors but a predictive value of the
surgeon’s estimate of technical efficacy.

The study was methodologically impeccable in a num-
ber of ways. Unbiased observers collected the data. The
statistical analysis of the data was correct. Criteria of
PMI, ischemia, hypertension, hypotension, and tachy-
cardia were determined prior to the study. The data
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Fic. 1. Serial ECGs before and following endotracheal intubation
in a patient who had undergone a thiopental, morphine-nitrous
oxide anesthetic induction. During the entire period in which the
ECGs indicated progressively worsening ischemia, the patient sustained
only very minor changes in heart rate, systemic arterial pressure,
cardiac output, pulmonary artery, pulmonary capillary wedge, and
right atrial pressure, suggesting that the ischemia was due to a
decreased coronary blood flow.

were collected in a single institution in a relatively short
period of time, probably leading to reasonable uniformity
of procedures.

In some other respects, however, we must question
the methods and data. The first is the definition of
myocardial infarction. This is a thorny problem because
there is much controversy in the literature. One recent
study, for instance, accepted either ECG changes or a
maximum CK-MB of 40 U/I as sufficient to diagnose
PML® In contrast, Slogoff and Keats required standard
ECG criteria plus a CK-MB serum level of 80 U/l in a
single blood sample drawn 10 h after CPB. Forty-two
patients (4.1%) met these criteria and were considered
to have sustained a myocardial infarction. Another four
of 981 patients attained this level of CK-MB but were
not considered to have PMI because they did not
demonstrate characteristic ECG changes. We are not
informed how many, if any, patients had a diagnostic
ECG but did not attain a sufficiently high CK-MB to be
included. Three patients who had persistent low output
postoperatively leading to a central nervous system
death, and an additional patient who died of prolonged
postoperative circulatory failure, were not considered to
have had an infarction. Many would question this con-
clusion, as they would the arbitrary choice of a level of
80 U/I CK-MB to indicate presence or absence of MI.
While Slogoff and Keats contend that their criteria
increase specificity and decrease false positives, this may,

Anesthesiology
V 62, No 2, Feb 1985

in fact, be misleading. An alternate interpretation is
that use of such strict criteria leads to underestimation
of the incidence of PMI and therefore minimizes the
importance of the issue. It is likely that more individuals
suffered myocardial necrosis than is apparent when the
criteria of SlogofT and Keats are used.

A second major issue concerns the criteria employed
to define “hemodynamic aberration.” Approximately
60% of the ischemia was considered by Slogoff and
Keats to have occurred in the absence of hemodynamic
abnormality. The greatest drawback of the definitions
used by the authors is that they lead to the conclusion
that ischemia occurred very often in the absence of
hemodynamic abnormalities. However, major adverse
hemodynamic changes may occur within the range they
specified as normal. It is thus likely that the proportion
of ischemia secondary to adverse hemodynamic change
was greater than the incidence reported in this study
and that ischemia occurred in the absence of such
changes less frequently. The reference cited (Deanfield
et al.”) is one of many by Maseri’s group, which unequiv-
ocally establishes the importance of decrease in coronary
blood supply on the basis of coronary artery spasm as a
factor in the causation of myocardial ischemia. These
authors continuously monitored heart rate and noted
that many episodes of angina pectoris and silent myo-
cardial ischemia were associated with heart rate changes
of less than 10 beats/min. Certainly this does indeed
happen (fig. 1). However, the information presented
by Slogoff and Keats does not allow us to derive a true
incidence in this setting.

The necessity of achieving a heart rate of 100 beats/
min to be classified as having a hemodynamic aberration
seems particularly severe. Small increases in heart rate
during anesthesia predictably are associated with char-
acteristic ECG changes of ischemia in many patients
with CAD. Using the classic definition of tachycardia to
define a “hemodynamic aberration” in this population
seems inappropriate at worst and less than optimal at
best. Particularly in beta-adrenergically blocked patients,
even an increase of 40-50 beats/min often will fail to
achieve a rate of 100 beats/min. The data of Slogoff
and Keats certainly should not be interpreted to consider
such changes benign.

In a similar manner, a systolic pressure of 90 mmHg
may well be too high a value to be used correctly as the
threshold for hypotension. In a previous study® employ-
ing ECG mapping, we noted ischemic changes only
when systolic pressure declined below 70 mmHg during
the periinduction phase of a thiopental, halothane-
nitrous oxide, pancuronium anesthetic similar to that
utilized by Slogoff and Keats. Experimental work in the
dog with a narrowed coronary artery indicates that
perfusion pressure lower than that necessary to maintain
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blood flow across a coronary stenosis leads to ischemia.”
However, the absolute pressure necessary to cause this
is quite unpredictable. It may be higher or lower,
depending upon the geometric characteristics of the
constriction.'® Thus, it seems premature to dismiss hy-
potension as a potential cause of ischemia on the basis
of the present study. Indeed, it seems worthwhile to
recall that hypotension was associated with recurrent
PMI as early as 1970.!" By arbitrarily defining hypoten-
sion as 90 mmHg, it appears inevitable that many
individuals not at great risk for sustaining ischemia at
that pressure (when heart rate is maintained at a low
rate) will be included and that this will weaken or hide
any relationship that exists.

The observation that more than 20% of patients
arrived in the operating room with new ischemic ECG
changes is important. One is forced to question, however,
whether this unexpectedly high incidence of ischemia
upon arrival reflects some aspect of the premedication—
preanesthetic regimen used in the authors’ institution.
The differing incidences of cardiovascular changes and
myocardial ischemia in two institutions during insertion
of pulmonary artery catheters are relevant here. At
Utah, Lunn and associates reported significant increases
in heart rate and blood pressure leading to a sufficiently
high incidence of ischemia in patients not receiving
propranolol to cause them to recommend insertion after
induction of anesthesia.'* At Emory, hemodynamic
changes were not observed, and the opposite conclusion
was reached.'® We observed no instances of ST segment
depression or elevation during insertion of pulmonary
artery catheters in any of 46 well-sedated patients un-
dergoing precordial 18 lead ECG mapping.'" Clearly, a
multitude of factors are involved in such disparate
findings. Therefore, it is important that others now
document the incidence of preanesthetic ischemia to
confirm or refute that the Slogoff and Keats experience
is typical and determine whether or not such a high
incidence of ischemia is unavoidable and due to the
nature of the disease. In contrast, if some aspect of
preanesthetic management can avoid this, it is crucial
that all physicians caring for these patients learn it, since
preanesthetic ischemia appears potentially as important
as intraanesthetic in the causation of PMI.

A major question raised by this study is whether the
coronary artery surgical patient is an appropriate model
for studying anesthesia-associated PMI. There are a
number of advantages: since numerous such operations
are performed, many subjects for study are available;
all have severe, anatomically defined CAD; and hemo-
dynamic, ECG, and enzyme monitoring are accepted as
standards of care. However, serious disadvantages also
exist. The incidence of myocardial damage probably is
minimized by the short duration of the period at risk,
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i.e., the prebypass period. It takes a finite time without
blood flow to cause irreversible myocardial damage.
The interval between induction of anesthesia and cnset
of CPB conceivably might be less than this threshold
time. One wonders if this phenomenon minimized the
incidence of PMI in the environment of the Texas
Heart Institute, with its world-renowned efficiency. We
are not informed of the duration of the interval between
induction and CPB, so we cannot judge. If the incidence
of patients *‘at risk” is minimized by this factor, however,
it is quite possible that similar hemodynamic conditions
maintained for a longer period of time might increase
the incidence of ischemia and infarction. While this
consideration presents a potential problem for anesthe-
tists (and patients) at less expeditious cardiac surgical
centers, it appears even more crucial for patients with
CAD undergoing noncardiac surgery, since their hearts
are not ‘‘revascularized,” and they must confront the
entire intraoperative and postoperative periods with
their physiological and coronary vascular hydraulic status
unchanged. One wonders whether the data of Rao and
El Etr would have been as impressive if they had
attempted only to keep the systolic BP between 90 and
180 mmHg and the heart rate below 100 beats/min!!?

On the other hand, coronary bypass may increase the
incidence of myocardial infarction in several ways. One
is by technical misadventure (avoidable or unavoidable).
A second is by inadequate myocardial preservation dur-
ing the period of interruption of coronary blood flow.
It is possible that under these circumstances, when
energy stores have been depleted by prebypass ischemia,
maximal suppression of oxygen demand by optimal
cardioplegia may determine whether or not a jeopardized
area of myocardium survives. Slogoff and Keats’ data
indicate that ischemia time is an independent variable
that partially may reflect this. Unfortunately, studying
the effect of anesthesia upon patients undergoing CPB
with an obligatory period of myocardial ischemia is of
necessity impure and emphasizes the importance of
establishing the relationship between intraoperative
myocardial ischemia and PMI in the absence of this
confounding variable.

In his recent Rovenstine Lecture, Dr. Keats quite
correctly described the relative paucity of outcome
studies in anesthesiology.'® Slogoff and Keats have pre-
sented us with an outstanding outcome study that clearly
demonstrates just how necessary such investigations are.
The reservations expressed above should not be inter-
preted to distract from the messages that come through
loud and clear. First, that myocardial ischemia is a
precursor to myocardial necrosis in humans. For those
(hopefully few) remaining anesthesiologists who still
subscribe to the opinion that intraoperative myocardial
ischemia does not entail dire consequences, the infor-
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mation provided should be more than sufficient to
change their minds. Second, the study emphasizes how
important detection of ischemia is and should add
impetus to the search for more sensitive, specific, and
easily employed methods for perioperative detection of
myocardial ischemia.'” Lastly, the study demonstrates
that an anesthetist working in the same environment
and using the same drugs as another can be associated
with myocardial infarction more than ten times as fre-
quently as his colleague in an adjacent operating room.
This knowledge should lead every anesthetist to docu-
ment the incidence of ischemia in the patients under his
care and to take active measures to minimize the inci-
dence whenever it is found to be excessive.

EDWARD LOWENSTEIN, M.D.
Professor of Anaesthesia
Harvard Medical School

Anesthetist

Department of Anesthesia
Cardiac Anesthesia Group
Massachusetts General Hospital
Boston, Massachusetts 02114
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