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Esmolol Facilitated Extubation in a Patient with
Severe Systolic Dysfunction Following Myocardial
Infarction
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We describe the case of a 59-year-old-man with acute myocardial infarction and severely impaired left ven-
tricular systolic function who was intubated because of recurrent ventricular fibrillation in the setting of coro-
nary angioplasty. Repeated ventilator weaning attempts and extubation initially failed, as severe tachycardia
and hypertension occurred each time the patient began to awaken. Pre-treatment with esmolol infusion pre-
vented the above haemodynamic changes, allowing successful extubation. Esmolol administration at ventila-
tor weaning seems to be a safe and effective option, even in selected patients with impaired left ventricular

contractility.

t has been shown that tracheal extu-

bation may be associated with tachy-

cardia and hypertension after with-
drawal of anaesthesia.! However, this
adrenergic stress response is poorly toler-
ated in patients with coronary artery dis-
ease, potentially leading to myocardial is-
chaemia-infarction, and/or acute pul-
monary oedema.’

We report the case of a patient with a
recent myocardial infarction and severely
depressed left ventricular systolic function,
who developed recurrent episodes of acute
pulmonary oedema during ventilator
weaning attempts, due to the uncontrolled
rise of blood pressure and heart rate. Pre-
treatment with esmolol infusion, in spite of
the low ejection fraction, prevented the ad-
verse haemodynamic changes and resulted
in a successful extubation.

Case presentation

A 59-year-old-man came to the emergency
department of our hospital complaining of
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chest pain lasting approximately 11 hours
and worsening dyspnoea. There was a long
history of arterial hypertension treated with
amlodipine 10 mg daily. The patient was
afebrile, the pulse was 100 and respiration
23 per minute. The blood pressure was
190/100 mmHg. On physical examination
cardiac auscultation revealed a Grade 2
systolic murmur along with a third protodi-
astolic gallop sound (S;) in the apical re-
gion. Diffuse moist rales and wheezes were
present in both lungs.

An electrocardiogram showed sinus
tachycardia at a rate of 100 beats/min, QS
waves in leads V; to Vjalong with ST ele-
vation in leads V; to Vs and occasional sup-
raventricular beats (Figure 1). An echocar-
diographic examination performed at bed-
side revealed severely depressed left ven-
tricular contractility (ejection fraction of
35% as measured using the Simpson’s rule
technique) due to apical akinesis and hy-
pokinesis of the interventricular septum
and anterior wall. Mild left ventricular di-
latation and concentric hypertrophy were
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also detected (end-diastolic diameter 58 mm, interven-
tricular septum thickness 13 mm, posterior wall thick-
ness 12.5 mm). In contrast, right ventricular dimen-
sions and contractility were not affected. Pulse wave
Doppler examination of the transmitral flow revealed a
restrictive pattern, whilst colour flow Doppler revealed
mild mitral and tricuspid regurgitation, with an esti-
mated right ventricular systolic pressure of approxi-
mately 50 mmHg. Finally, blood chemical analysis re-
vealed an increase in troponin I (26 ng/ml peaking at
180 ng/ml: normal values <0.04) and in other serum
markers of myocardial damage.

Taking into account the above findings, the diag-
nosis of acute anterior myocardial infarction compli-
cated by pulmonary oedema was established, and the
patient was admitted to the coronary care unit. He
was initially treated with supplemental oxygen, un-
fractionated heparin, acetylsalicylic acid, clopidogrel,
angiotensin converting enzyme inhibitor, nitrates,
bronchodilators, and furosemide.

Two hours later and after initial stabilisation, the
patient underwent coronary angiography, which re-
vealed a totally occluded left anterior descending
coronary artery after the first septal branch, whilst left
circumflex and right coronary arteries were free of
stenosis (Figure 2). As the patient continued to com-
plain of chest discomfort, percutaneous coronary an-
gioplasty was attempted. Unfortunately, during the
first balloon inflation the patient suffered recurrent
episodes of ventricular fibrillation treated with defib-
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Figure 1. Electrocardiographic
recording obtained on admission,
compatible with acute anterior
myocardial infarction.

Figure 2. Coronary angiogram, anteroposterior view disclosing a
total (100%) occlusion of the left anterior descending coronary
artery (LAD) after the first septal and diagonal branch.

rillation. Cardiopulmonary resuscitation was prompt-
ly applied, and intubation was instituted followed by
artificial ventilation. With the patient sedated and in-
tubated the procedure was continued, and a stent was
implanted in the left anterior descending artery with
an optimal final result (Figure 3). However, although
TIMI 3 flow was achieved in the culprit vessel, the pa-
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Figure 3. Coronary angiogram after angioplasty of the left anterior
descending coronary artery branch (LAD) with stent implantation,
revealing an optimal final result (TIMI 3 flow).

tient presented persisting haemodynamic deteriora-
tion and intraaortic balloon counterpulsation was
started along with norepinephrine infusion, so as to
obtain a mean blood pressure above 70 mmHg.

Three days later the patient stabilised, the dose of
norepinephrine was tapered, aortic counterpulsation
was discontinued, and weaning from mechanical ven-
tilation was attempted. However, after the patient
had been completely awakened and ventilated with
continuous positive airway pressure at 15 mmHg, a
gradual rise of systolic blood pressure (up to 200
mmHg, in spite of IV infusion of nitrates at a dose
titrated up to 0.1 mg/min) and of the heart rate (up to
130 beats/min) was observed. Unfortunately, soon his
respiration became more frequent and shallow, the
oxygen saturation fell below 90% and moist rales
were heard at the basal pulmonary fields, a picture
compatible with acute pulmonary oedema. As a re-
sult, the patient was sedated once again with propofol
and midazolam, and mechanical ventilation was rein-
troduced with a tidal volume of 650 ml, at a rate of 13
breaths/min and an oxygen concentration of 40%. In
addition, right heart catheterisation was performed
with a Swan-Ganz catheter; the measurements are
presented in Table 1. Two more weaning attempts in
the following 72 hours failed, always resulting in pul-
monary oedema due to an abrupt and uncontrolled
rise of blood pressure and heart rate, with gradual el-
evation of pulmonary capillary wedge pressure (from
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16 up to 27 mmHg; Table 1). Serial electrocardio-
grams and echocardiograms revealed no significant
changes as compared with the initial ones, nor was
any further increase detected in the serum markers of
cardiac damage.

After the patient had been sedated and intubated
for 6 days, under treatment with angiotensin convert-
ing enzyme inhibitor, nitrates, furosemide, acetylsali-
cylic acid, clopidogrel and low molecular weight he-
parin, a further ventilator weaning attempt was un-
dertaken. This time, however, esmolol at an initial
rate of 50 pg/kg/min was administered additionally
before the patient began to awaken. For the effective
control of both blood pressure and heart rate, a grad-
ual upward titration of esmolol infusion was required
to a maximum dose of 150 ug/kg/min. On this occa-
sion, the systolic blood pressure was maintained be-
low 130 mmHg, the heart rate below 80 beats/min and
the pulmonary capillary wedge pressure did not ex-
ceed 18 mmHg. Consequently, four hours later the
patient was successfully extubated. The infusion rate
of esmolol and nitrates was gradually tapered, and
both drugs were finally discontinued approximately
24 hours after extubation. The remainder of the in-
hospital course was event free, and the patient was
discharged 5 days later in a fair condition.

Discussion

In patients with coronary artery disease, the cardio-
vascular responses during extubation have deleterious
effects on myocardial performance.’> Withdrawal of
anaesthesia during ventilator weaning attempts results
in an increase of the rate-pressure product immediate-
ly before tracheal extubation, due to catecholamine
secretion.* As a result, myocardial ischaemia or pul-
monary oedema (or both) may occur, especially in pa-
tients with pre-existing coronary artery disease.>>>
Thus, control of the haemodynamic responses, such as
pulse rate and blood pressure, is extremely important
during ventilator weaning, especially when we are
dealing with patients suffering from coronary artery
disease and/or impaired left ventricular performance.
To suppress the adverse haemodynamic changes of
anaesthesia withdrawal and extubation, several prophy-
lactic measures have been tested. Among them, opiate
analgesics may blunt these responses, but their use is af-
fected by their dose-dependent respiratory depressant ef-
fect.! Other options include nicardipine (which, however,
appears mainly effective in lowering blood pressure re-
sponse rather than controlling heart rate), dexmedetomi-
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Table 1. Values of various cardiovascular parameters measured before and after esmolol infusion.

Initial readings (with the

At ventilator weaning

Before extubation 2 hours after extubation

patient sedated) (2nd attempt) (under esmolol infusion)  (still under esmolol infusion)
HR (beats/min) 80 130 78 70
SBP (mmHg) 130 200 120 115
PCWP (mmHg) 17 27 18 15
CI (ml/min/m?) 2.7 35 33 35
Sa0, (%) 98 87 98 97

HR - heart rate; SBP — systolic blood pressure; PCWP — pulmonary capillary wedge pressure; CI — cardiac index; SaO, — arterial oxygen

saturation.

dine, and finally esmolol."*** Dexmedetomidine is a se-
lective a,-adrenoreceptor agonist with sedative and
analgesic effects. Unfortunately, this agent is not avail-
able in our country, and furthermore it must be infused
with caution in patients with impaired ventricular func-
tion (because of a decrease of the cardiac index), as was
the case in our patient.

Esmolol is an ultra-short-acting cardioselective
beta adrenoreceptor antagonist, with a rapid onset
and short duration of action (9 min half-life), and a
rapid elimination.” The pharmacokinetics of esmolol
render this agent particularly suitable for conditions
of high catecholamine output, such as emergence
from general anaesthesia and tracheal extubation. In-
deed, it has been shown that prophylactic esmolol in-
fusion can safely and effectively control the haemody-
namic disturbances during extubation in patients ei-
ther with or without coronary artery disease."”1%11
Doses of 1.5-2 mg/kg appear sufficient to control both
systolic blood pressure and heart rate, but the larger
dose may produce significant decreases in systolic
blood pressure.'?

In the case described here, a patient with acute
myocardial infarction complicated by pulmonary
oedema was intubated following recurrent ventricular
fibrillation in the setting of coronary angioplasty.
Although reperfusion is an absolute prerequisite for
the survival of ischaemic tissue, it is well known that
reperfusion can be detrimental by causing arrhyth-
mias and can contribute to myocardial stunning.!
Several ventilator weaning attempts in our patient
failed, because of uncontrolled arterial hypertension
and tachycardia secondary to the catecholamine re-
sponse. The increased cardiac work inevitably led to
acute pulmonary oedema in all attempts. Pre-treat-
ment with esmolol infusion, in a careful dose titra-
tion, effectively blunted the above cardiovascular re-
sponses (without practically affecting heart perfor-

mance, as shown in Table 1) and allowed successful
extubation.

An improved outcome of patients with chronic
systolic heart failure after treatment with beta-block-
ers has been shown in several randomised controlled
trials.!* It is noteworthy that, in general, pulmonary
oedema due to impaired left ventricular systolic func-
tion constitutes a contraindication to beta-blocker ad-
ministration. However, the cause of cardiac decom-
pensation in this specific patient was the abrupt in-
crease in the double product and not the cardiac com-
promise per se. Moreover, in a study where patients
with acute myocardial infarction and relative con-
traindications to beta-blocker therapy were enrolled
(including active signs/symptoms of left ventricular
dysfunction or a history of congestive heart failure),
esmolol infusion has been proved safe and effective.!

We conclude that esmolol infusion offers an at-
tractive alternative for preventing or controlling the
adverse haemodynamic responses to extubation,
which are particularly deleterious in patents with
coronary heart disease. The agent seems also to be
safe even in selected patients with impaired left ven-
tricular contractility. The short half-life of the medi-
cine makes it safe to use because any adverse effect
can be rapidly reversed.
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