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Abstract Cardiopulmonary resuscitation (CPR) in the
lateral position during noncardiac surgery has been
described in only a few reports in the past. Here, we report
a case of cardiac arrest in a 61-year-old man undergoing
microvascular decompression surgery for trigeminal neu-
ralgia in the left lateral decubitus position. During the
initial 5 min of CPR, chest compression was performed in
this position by two rescuers; one from the chest and the
other from the back, pushing simultaneously. Because
ventricular arrhythmia was refractory to conventional CPR
even after placing the patient back to the supine position,
extracorporeal life support was introduced in the operating
room by using the femoro—femoral approach (right atrio-
femoral veno-arterial bypass). This alternative CPR
markedly decreased the frequency of ventricular arrhyth-
mia. Subsequent coronary angiogram detected 99% ste-
nosis of the right coronary artery. Ventricular arrhythmia
ceased after coronary revascularization, and the patient was
successfully weaned from the extracorporeal bypass cir-
cuit. The patient was discharged alive with minimal neu-
rological impairment. We suggest that chest compression
in the lateral position by two rescuers is an efficient
resuscitation maneuver, and if an electrical storm is
refractory to conventional CPR, extracorporeal life support
should be considered in the operating-room setting.
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Introduction

Cardiac arrest caused by a coronary event during noncar-
diac surgery is challenging and the outcome of these
patients is still unsatisfactory. Here, we report a case of
sudden cardiac arrest during neurosurgery that was being
performed with the patient placed in the left lateral decu-
bitus position. Because the cardiac arrest was refractory to
conventional cardiopulmonary resuscitation (CPR), extra-
corporeal life support was introduced in the operating
room.

Case report

A 6l-year-old man (167 cm, 66 kg) underwent elective
microvascular decompression surgery for right trigeminal
neuralgia. He had had hypertension for several years. He
was a nonsmoker, and had never experienced syncope,
chest pain, or congestive heart failure. Preoperative elec-
trocardiogram (ECG) showed occasional supraventricular
paroxysmal contraction and left ventricular hypertrophy.
On the morning of the surgery, he had taken his regular
doses of carbamazepine and amlodipine. General anesthe-
sia was induced with an intravenous infusion of propofol,
fentanyl, and vecuronium. Anesthesia was maintained with
sevoflurane (0.5%-1.5%) and nitrous oxide (60%) with
oxygen. Mechanical ventilation was adjusted to keep end-
tidal carbon dioxide tension around 30 mmHg. ECG was
monitored in lead II, and an arterial catheter was inserted
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from the left radial artery. The patient was placed in the left
lateral decubitus position for the surgical procedure by
covering the left side of his thorax with a negative-pressure
fixation device. His head was immobilized by a 3-point
skeletal fixation device. Blood gas analysis demonstrated
no abnormal findings. Immediately after the skin incision,
mannitol was infused. Arterial pressure was 112/
63 mmHg, and the heart rate, 68 beats/min.

The dura was cut open 20 min after the skin incision.
Simultaneously, systolic arterial pressure dropped to
70 mmHg. Bolus infusion of 5 mg of ephedrine hydro-
chloride was ineffective, and frequent paroxysmal ven-
tricular contractions appeared, with marked elevation of
the ST segment on lead II. Subsequently, nonsustained
ventricular tachycardia (VT) appeared, and 50 mg of
lidocaine was administered. Polymorphic VT was seen, and
therefore 2 g of magnesium sulfate was infused. However,
the patient developed ventricular fibrillation (VF) 35 min
after the start of the operation. We removed the instrument
table, which had been above the patient, began suturing the
open dura immediately, and started a chest compression
maneuver in the lateral decubitus position. Initially, chest
compression was performed by one rescuer, by placing the
patient’s thorax in between two hands, compressing the
chest by applying pressure from the front and the back.
However, this maneuver seemed to be insufficient to obtain
efficient cardiac output. Subsequent chest compression was
performed by two rescuers; one rescuer’s hands on the
patient’s sternum and the other one’s hands on his back,
pushing simultaneously. With this method, arterial blood
pressure reached 70-80 mmHg. Though the patient’s car-
diac rhythm was still showing VF, we could not use the
defibrillator because the body-fixation device covered his
thorax and kept him in the left lateral decubitus position.
Five minutes after initiating CPR, the dura was closed, and
he was turned back into the supine position. We applied a
200-J monophasic shock, but this was ineffective. Bolus
infusion of 1 mg of adrenaline was started, and given at
5 min intervals. Ten minutes after initiating CPR, a con-
tinuous infusion of lidocaine was initiated, and given at
60 mg/h. In order to correct hyperkalemia (6.0 mEq/L) and
metabolic acidosis (HCO3;~ 14.9 mEq/L), 40 mL of 7%
bicarbonate sodium was infused slowly. After 22 min of
CPR, his circulation was restored. However, he soon went
back into pulseless VT and VF. Various waveforms on the
ECG monitor during the electrical storm are shown in
Fig. 1. We could not eliminate the electrical storm by
conventional CPR, which involved 4 shock deliveries.
Hence, we decided to perfuse the patient with an extra-
corporeal cardiopulmonary bypass circuit. Thirty-five
minutes after initiating CPR, veno-arterial extracorporeal
circulation was instituted by cannulating the right atrium
via the right femoral vein as the drainage access and the
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left femoral artery as the return access. After introducing
the extracorporeal circulation, the frequency of the ven-
tricular arrhythmia decreased markedly.

Electrocardiogram obtained in the intensive care unit
showed marked ST-segment elevation in leads II, III, aVF,
and Vs_¢ with reciprocal ST depression in leads V;_3
(Fig. 2). An emergency percutaneous coronary intervention
was performed and a stent was implanted in segment 3 of
the right coronary artery, where 99% stenosis was detected
(Fig. 3). After coronary revascularization, the ventricular
arrhythmia ceased completely and the patient became
hemodynamically stable. Unfractionated heparin was
administered continuously to prevent thrombus formation
in the stent and within the bypass circuit by maintaining
activated coagulation time within 150-200 s. Four hours
after the cardiac arrest, the patient regained consciousness,
responded to verbal commands, and demonstrated no
apparent limb paresis. Seven hours after the cardiac arrest,
the patient was successfully weaned from the extracorpo-
real bypass circuit.

Approximately 20 h after the onset of the cardiac arrest,
the patient showed depression in his level of consciousness.
A computed tomography scan revealed right cerebellar
hemorrhage and acute hydrocephalus, which required an
emergency hematectomy. He made satisfactory neurologi-
cal progress, and on the 33rd postoperative day, he was
discharged home, with slight left hemiparesis and mild
cerebellar ataxia remaining.

Three months after the operation, a follow-up coronary
angiogram was performed. Intracoronary infusion of 50 pg
of acetylcholine induced paradoxical vasospasm (99%
stenosis) in the middle portion of the left anterior
descending artery. ECG showed significant ST-segment
depression in leads Vs, and the patient expressed a
feeling of heaviness in the chest. These findings recovered
after an intracoronary infusion of isosorbide dinitrate. The
patient was diagnosed with vasospastic angina, and placed
on diltiazem.

Discussion

Although there have been many reports of CPR performed
on patients in the prone position [1], limited information is
available for CPR performed on patients in the lateral
position. Adachi et al. [2] reported a case of VF during
neurosurgery in the right lateral position. However, there
was no detailed description of chest compression per-
formed in this position, and no requirement for defibrilla-
tion because normal sinus rhythm was restored
spontaneously within several minutes. In another case
report, CPR in the lateral decubitus position was admin-
istered to a 6-year-old boy during neurosurgery [3]. In this
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Fig. 1 Various
electrocardiographic waveform - -
recordings in lead II during y .
cardiopulmonary resuscitation. :
Lower trace in each panel
shows arterial pressure
recordings. a Sinus rhythm with
marked ST elevation turned into
polymorphic ventricular
tachycardia. b Despite various
efforts, the patient developed
ventricular fibrillation 35 min
after the start of the operation.
¢ Sinus rhythm was temporarily
restored during the electrical
storm

(c)

Fig. 2 Electrocardiogram
recorded in the intensive care N 1y 1
unit. Marked elevation of the ST i uuu'v qu
segment in leads II, III, aVg, and
V5_¢ was accompanied by a
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case, chest compression was performed by one rescuer
because of the patient’s small body size, and he too did not
require defibrillation. However, in our patient, chest com-
pression had to be applied in the lateral position by two
rescuers during the initial 5 min of CPR. Because no motor
palsy was found before brain hematectomy, we concluded
that the left hemiparesis and mild cerebellar ataxia at dis-
charge were a consequence of cerebellar hemorrhage, and
not of global brain ischemia related to cardiac arrest and
CPR. Therefore, this case indicates that synchronous chest
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compression performed by two rescuers on a patient in the
lateral position provides sufficient cardiac output during
CPR.

To our knowledge, this is the first report that describes
extracorporeal CPR introduced in the operating room to
overcome unexpected cardiac arrest during noncardiac
surgery. The feasibility of extracorporeal CPR for in-hos-
pital cardiac arrest has been reported [4-7]. Especially,
refractory ventricular arrhythmia has been demonstrated to
be a good indicator for starting this alternative CPR method
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Fig. 3 Coronary angiogram of the right coronary artery under
extracorporeal circulation. a 99% stenosis was found in the middle
portion of this artery. b After percutaneous coronary intervention, no
stenosis was found. Hemodynamic instability was completely elim-
inated after coronary revascularization

[6, 7]. In addition, during general anesthesia, patients are
not only monitored and are mechanically ventilated, but
there is also easy access to the arterial and central venous
lines. Therefore, extracorporeal CPR during surgery is a
treatment of choice when cardiac arrest is refractory to
conventional CPR.

Previous reports have shown that the longer the duration
of CPR before the induction of extracorporeal circulation,
the lower the survival rate [4]. We were able to establish
the bypass circulation 35 min after initiating CPR. As with
previous cases [7], ventricular arrhythmia decreased
markedly after establishing the bypass circulation. Thus,
we believe that in patients suffering from an electrical
storm during surgery, introducing extracorporeal life sup-
port in the early phase of CPR works as a bridging therapy
to maintain sufficient cerebral and coronary circulation
until successful coronary intervention can be completed.

Intraoperative cardiac arrest due to coronary events is
rare in the Japanese population compared with the Western
population. According to a 3-year survey by the Japanese
Society of Anesthesiologists, the rate of occurrence of
intraoperative cardiac arrest due to coronary ischemia was
0.0087% [8]. On the other hand, there have been many case
reports of coronary spasms occurring during surgery in the
Japanese population [9]. Elderly men with one or more
coronary risk factors and no prior history of coronary
ischemia are likely to experience coronary spasms. In the
present case, the patient had a history of hypertension with
no history of coronary ischemia, and his acetylcholine
spasm-provocative test was positive. In addition, alkale-
mia, dehydration, hypotension, and the administration of
ephedrine are all known to induce coronary spasms [9, 10].
Therefore, a combination of these predisposing factors may
have induced the coronary spasms in our patient, thereby
leading to the development of an electrical storm and
hemodynamic instability.
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Because our patient was maintained in the left lateral
decubitus position with a fixation device, we could not
apply the first shock for more than 5 min after his cardiac
arrest. For cardioversion of atrial fibrillation, the alternative
anterior—posterior electrode position has been reported to
be as effective as the standard anterior—lateral electrode
position [11, 12]. However, information regarding the
anterior—posterior electrode position for defibrillation of
VF is limited. Using this anterior—posterior shock method
in the left lateral position could have been an alternative in
our patient, because the delay in application of the first
shock may have been one of the reasons the patient
developed CPR-resistant cardiac arrest.

In summary, a patient undergoing neurosurgery in the
left lateral position manifested sudden cardiac arrest due to
acute coronary syndrome, and CPR was administered in
this position for 5 min. Although ventricular arrhythmia
was refractory to conventional CPR, extracorporeal CPR
worked as an efficient bridging therapy until coronary
intervention therapy could be completed. We conclude that
the chest compression maneuver in the lateral position,
performed by two rescuers, and extracorporeal CPR for
refractory cardiac arrest during noncardiac surgery are
effective resuscitation tools.
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