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Electrocardiographic Changes
Suggesting Asymptomatic

during Isoflurane Anesthesia
Coronary Artery Disease

in Three Patients
Juraj Sprung, M.D., Ph.D.,* Gary Joseph, D.O.,t Kathleen Murray, C.R.N.A., 1 Jerome O'Hara, M.D.*

WHETHER isoflurane causes coronary ischemia is con-
troversial. In 1983, Reiz et al. provided indirect evi-
dence that isoflurane is a coronary arteriolar dilator
capable of inducing myocardial ischemia by the cor-
onary steal mechanism.' Others have found that, when
hemodynamics are controlled, the incidence of myo-
cardial ischemia during isoflurane anesthesia is similar
to that during sufentanil anesthesia.” The finding of Park
et al. that isoflurane constricts small-diameter rabbit
coronary arteries further complicates the problem of
understanding the pathogenesis of isoflurane-induced
ischemia.® Regardless of the extensive discussion as to
whether isoflurane is a safe anesthetic for patients with
coronary artery disease (CAD) and under what condi-
tions,*® to the best of our knowledge, only one case
report has demonstrated that substituting halothane for
isoflurane may improve electrocardiographic signs of
myocardial ischemia.”

We present results from three elderly patients with
electrocardiographic signs of myocardial ischemia,
negative T waves, and ST segment depression during
isoflurane anesthesia. These changes occurred in oth-
erwise healthy and physically active patients who pre-
operatively had normal electrocardiogram (ECG) re-
sults, reported no history of CAD, and had no intra-
operative hypotension or tachycardia. The ECG changes
were readily reversible after isoflurane was discontin-
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ued or when halothane was substituted. Subsequently,
stress testing in two patients confirmed the presence
of CAD. These findings suggest that anesthesia with iso-
flurane can sometimes produce ECG changes that in-
dicate CAD before clinical symptoms develop.

Case Reports

Our three patients had no history of CAD and had normal preop-
erative ECG results. The level of their everyday physical activity was
normal, unrestricted by cardiovascular limitations (symptoms), and
assessed as appropriate for their age. They were not taking any cardiac
medications. They received the same type of general anesthesia for
colorectal surgeries: induction with thiopental, succinylcholine, and
fentanyl and maintenance with isoflurane, 30% O and 70% N0,
and vecuronium.

Case 1

A 67-yr-old man underwent laparotomy for resection of a colon
tumor. His preinduction blood pressure (BP) was 145/75 mmHg,
and the heart rate (HR) was 77 beats/min. After anesthetic induction,
1.2% isoflurane was started. Ten minutes later, the patient experi-
enced ST segment depression in the I, 11, aVF, and unipolar precordial
V5 leads (fig. 1). The BP was 105/78 mmHg, and the HR was 83
beats/min. The anesthetic was changed to halothane, and the ECG
returned to normal over 20 min. The BP then was 106/53 mmHg
(mean arterial BP 71 mmHg), and the HR was 71 beats/min. Thirty
minutes later, isoflurane was substituted for halothane, and the T
waves flattened again, particularly in leads 11 and aVF. The BP at that
time was 147/66 mmHg (mean arterial BP 93 mmHg), and the HR
was 71 beats/min. After the patient emerged from anesthesia, the
12-lead ECG results were normal, BP was 132/88 mmHg, and HR
was 64 beats/min. Postoperatively, serial determination of creatine
phosphokinase isoenzyme levels revealed no evidence of myocardiﬂl
infarction. After full recovery from surgery, the patient underwent
cardiac evaluation with exercise stress thallium testing. During test
ing, 86% of the predicted maximal HR was achieved, and 2.5-3.5
mm ST segment depression occurred in the inferior and lateral leads,
but angina was not provoked by the test. Thallium imaging disclosed
a reversible perfusion abnormality in the inferior and lateral aspects
of the heart. The stress test was considered positive for CAD.

Case 2
A 69-yr-old man with Crohn’s disease underwent colectomy t0
treat an enterovesical fistula. The preinduction BP was 140/75 mmHg,
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Fig. 1. Electrocardiogram (ECG) obtained
from patient 1. Preoperative ECG (left
column), intraoperative ECG during iso-
flurane (middle column, upper panel), and
during halothane anesthetic (middle col-
umn, lower panel). These ECG changes
were reproduced when the anesthetic was
switched to isoflurane (right column, up-
per panel); the ECG morphology returned
to normal after isoflurane was discontin-
ued at the end of anesthesia (right column,
lower panel). ECG calibration: gain 1.0 =
10 mm = 1 mV. BP = blood pressure; BPM
= beats per minute; HR = heart rate.

Befl‘o're‘ induction
BP 145/75 mm Hg,
HR 77 BPM

and the HR was 75 beats/min. Intraoperatively, ECG leads ITand V5
were monitored (fig. 2). Soon after anesthesia was induced and 1.0%
isoflurane was begun, the ECG morphology changed: in lead 11, the
T wave flattened and 1-mm horizontal ST segment depression oc-
curred; in lead V5, the T wave became negative, and 1.5-mm hori-
zontal ST segment depression developed. The BP at that time was
108/43 mmHg, and the HR was 68 beats/min. We changed the vol-
atile anesthetic to 0.5% halothane: 20 min later, the T waves in both
leads were normal, whereas the ST segments had become isoelectric.
At that time, the BP was 111/44 mmHg, and the HR was 63 beats/
min. Later in surgery, the patient had significant bleeding and required
blood transfusion. We did not retest the effects of isoflurane on ECG
morphology, which remained normal during the remainder of the
anesthesia while the patient received halothane. Postoperatively,
12-lead ECG was unchs inged compared to the preoperative ECG, md
the creatine phosphokinase isoenzyme levels did not indicate myo-
cardial infarction

After full recovery from surgery, the patient underwent cardiac
evaluation by exercise stress thallium testing. During testing, 65Y
of the predicted maximal HR was achieved, and the patient €xXperi-
enced a retrosternal discomfort and 2—3-mm ST segment depression
inthe inferior and lateral leads. Thallium imaging disclosed reversible
reduced count activ ity in the inferior and lateral aspects of the heart,

indicating a positive test for CAD

Case 3
A 57-yr-old man underwent sigmoidectomy for malignancy

Preinduction BP was 130/75 mmHg, and the HR was 506 beats/min
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BP 132/88 mm Hg, HR 64 BPM

Halothane
BP 106/53 mm Hg, HR 71 BPM

Anesthesia was induced, and 0.8% isoflurane was started. Soon after,
the patient’s ECG gradually began to change: the T waves in leads 1,
I1. and V5 flattened (fig. 3), at which time the BP was 126/70 mmHg,
and HR was 95 beats/min. We changed the anesthetic from isofluranc
to 0.5% halothane, and approximately 25 min later, the flattened T
waves became normal. At that time, the BP was 120/79 mmHg, and
HR was 86 beats/min. Reintroducing isoflurane induced moderate
3): the BP was 135/80 mmHg, and the HR
1 2-lcad ECG and the myocardial

T wave flattening (Ag.
was 90 beats/min. Postoperatively,
band isocnzymes of creatine phosphokinase (CPK-MB) were normal

This patient declined further cvaluation

Discussion

Several mechanisms have been proposed to explain
how isoflurane affects the myocardial circulation of pa-
tients with CAD."#'* Isoflurane is a coronary vasodi-
lator capable of inducing coronary steal if steal-prone
anatomy exists: (1) complete occlusion of onc¢ or more
(2) collateral blood flow into the
and

coronary arteries,
zone previously supplicd by the occluded vessel,
(3) a hemodyn: imically significant stenosis of the

"Such an: uum\ is

The

artery

that supplies the collateral vesse Is.!

encountered in 19-23% of patients with CAD.”

effects of BP on isofluranc- induced myocardiz 1l ischemia
regarding

disagreement  €Xists

aused by coronary steal can

are controversial:

whether ischemic changes ¢
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Fig. 2. Electrocardiogram (ECG) obtained from patient 2. ECG
before the anesthetic induction (upper panel), after exposure
to isoflurane (middle panel), and 15 min after switching the
anesthetic to halothane (lower panel). ECG calibration: gain
1.0 = 10 mm = 1 mV. BP = blood pressure; BPM = beats per
minute; HR = heart rate.

be prevented or reversed by increasing perfusion pres-
sure across the stenotic area. Tatekawa et al. showed
in dogs that maintaining mean arterial pressure at 80
mmHg was sufficient to prevent myocardial ischemic
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changes and concluded that, when perfusion pressure
is maintained, blood flow remains at or above the re-
duced energy needs of the myocardium despite induc-
tion of transmural steal.* Leung et al. found that, under
conditions of strict hemodynamic control, the presence
of steal-prone anatomy does not increase the risk of
intraoperative myoczlrdial ischemia,” whereas Diana et
al. determined that, even with strict control of he-
modynamic variables, isoflurane is associated with more
myocardial ischemia than is enflurane .’

In 1989, Gross described a patient who was asymp-
tomatic preoperatively for CAD but intraoperatively
showed ECG evidence of myocardizll ischemia that was
present during isoflurane administration and absent af-
ter halothane was substituted for isoflurane.” Similarly,
our patients had no history of cardiac disease, but while
anesthetized with isoflurane, they showed ECG changes
consistent with myocardial ischemia. These changes
were present only during exposure to isoflurane and
not immediately after anesthetic induction or during
emergence from anesthesia. The ECG changes occurred
in the absence of tachycardia and hypotension. When
the anesthetic was switched from isoflurane to halo-
thane, the ECG reverted to normal over approximately
20 min while all hemodynamic variables were reason-
ably stable, with values similar to those seen during
isoflurane. This pattern suggests that isoflurane was re-
sponsible for the ECG changes consistent with myo-
cardial ischemia that had developed via a mechanism
that was independent of HR or BP. Intraoperatively, we
tested the reproducibility of ECG changes in two pa-
tients and were able to reinduce the T wave and ST
segment changes by switching the inhalational anes-
thetic from halothane to isoflurane. In patients 1 and
2, a postoperative stress thallium test was positive for
CAD.

The occurrence of nonhemodynamic-related myo-
cardial ischemia, as seen in our patients, may be con-
sistent with ischemia induced by coronary steal mech-
anism. However, in patient 1, after isoflurane was sub-
stituted for halothane, the ECG evidence of myocardial
ischemia reoccurred despite increased MAP 1O 93
mmHg; as shown in the dog model, this finding is not
expected if steal-induced ischemia was an underlying
cause.* Isoflurane-induced vasoconstriction Of small
coronary vessels® also seems a plausible explanation
for myocardial ischemia in our patients. Finally, the
possibility exists that the myocardial oxygen supply/
demand ratio was less with isoflurane than with halo-
thane anesthesia because isoflurane results in less myo-
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Fig. 3- Electrocardiogram obtained from

atient 3. Superposition of ST and T
changes (ST segment analysis) during

isoflurane and halothane anesthesia.
Flattening of the T wave is evident during

g

isoflurane anesthesia; after isoflurane was

changed to halothane, the T wave mor-
phology normalized. ECG calibration:

= RS B

gain 1.0 =10 mm = 1 mV. A ERs2sEEase 2os

cardial depression.'’ Nathan and Smallman found in-
creased lactate production but no coronary steal in
swine hearts during isoflurane anesthesia, suggesting
that ischemic metabolism was worse as compared to
halothane or enflurane.'' Similar results of ECG and
metabolic evidence (increased lactate production) of
myocardial ischemia have been seen in 10 of 21 pa-
tients with CAD who were anesthetized with 1.0% iso-
flurane.'

In conclusion, isoflurane may induce ECG changes
consistent with myocardial ischemia in previously
asymptomatic patients with CAD. When such changes
are seen, the patient should undergo further cardiac
evaluation.

The authors thank Cassandra Talerico, Department of Scientific
Publications, Cleveland Clinic Foundation, for editing this manu-
script.
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