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Abstract

INTRODUCTION

Since its inception in the 1960’s, the subspecialty of
interventional neuroradiology (INR) has grown dramatically,
opening many new therapeutic options. With improvements
in embolic materials, catheter systems, and computerized
imaging, new treatments and refined techniques are rapidly
becoming available.1 2 3

The aims of therapeutic embolization are:

selective occlusion of abnormal blood vessels,1.
while maintaining perfusion to normal tissues.

A selective increase in blood flow is the intent with2.
thrombolysis or angioplasty.

arterial delivery of chemotherapeutic agents, or3.
embolic material is sought in tumor therapy.

Embolization of intracranial aneurysms or fistulas with
detachable balloons or thrombogenic coils offers alternatives
to traditional neurosurgery, and often the only opportunity
for successful treatment of those which are surgically
inaccessible.4 Arterio-venous malformations ( AVMs ) of the

brain, spinal cord, or extracranial circulation, can be
embolized, not only prior to surgical resection, or as a
palliative procedure, but also as definitive therapy.5

GENERAL CONSIDERATIONS

STANDARDS FOR FACILITIES AND PHYSICAL
PLANT

Neuroradiology suites, often lacking adequate space,
equipment, or support facilities, have not generally been
designed with the needs of the anesthesiologist in mind. The
Anesthesiology department at Harvard Medical School has
developed standards for anesthetizing in locations outside
the operating room. According to these standards, the
following must be available:

piped oxygen in addition to the cylinders attached1.
to the anesthesia machine

suction2.

good lighting3.

a telephone near the anesthetist’s work area4.

electrical outlets reserved for anesthesia use5.

immediate access to the patient6.

anesthesia machine and supplies of the same7.
quality as those in the operating room

emergency equipment and defibrillator within 28.
minutes

attending anesthesiologist.6 79.

Sufficient space must be provided for an anesthesia machine,
ventilator, supply cart, infusion pumps, and monitors.
Anesthesia supplies such as extra gas cylinders, fluids,
circuits, a difficult airway cart, and emergency medications
must also be readily available.

The anesthesia machine is best located on the opposite side
of the radiologist, caudally to the patient’s head. In this
location, the anesthesiologist and his equipment are not an
obstacle, and imaging devices can rotate freely around the
head. All anesthesia circuits, as well as I.V. tubing,
monitoring cables, and lines must be long enough to reach
the patient in all positions of the procedure table. Pressure
transducers, IV poles, and infusion pumps can be mounted
on the radiology table to move as the patient moves. The
radiology table should turn so that the anesthesia equipment
does not have to be moved when inducing general
anesthesia. The supply hoses for oxygen, nitrous oxide, air,
suction, and gas evacuation should preferably come from
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behind the anesthesia machine to avoid entanglements.
There must be enough space behind the anesthesia machine
to allow for cylinder changes, machine check-out, and
monitor adjustments.

MONITORING

The monitoring standards of the American Society of
Anesthesiologists apply to all locations where anesthetics are
administered.8 9 These are considered a national standard of

practice and should be followed, or medical-legal risk
becomes paramount.10 11 The only acceptable exceptions

include nuclear magnetic resonance imaging (MRI), and
external beam radiotherapy.12 13 The quality of monitoring

devices must be equal to that found in any major
neurosurgical operating room.14 There are some additional

considerations to traditional monitoring:

INVASIVE BLOOD PRESSURE MONITORING

An arterial line is frequently indicated in these procedures
and can be placed preoperatively, using local anesthesia,
with minimum discomfort.15 In our institution, we usually

insert a radial artery catheter, preferably in the side closest to
the anesthetist. In other centers,16 the side port of the

radiologist’s femoral artery sheath introducer is used to
monitor arterial pressure. Pressures in the carotid or
vertebral arteries as well as more distal pressures can be
measured by transducing other ports of the radiologist’s
coaxial catheter system.17 This method accurately measures

mean pressure, but tends to overestimate the diastolic
pressure and underestimate the systolic.18

In cases where thrombolytic therapy is used, hematoma
formation at the site of arterial puncture can occur. In these
cases, arterial pressure may be monitored from the femoral
sheath introducer, instead of inserting a radial line, to avoid
another arterial puncture and the possibility of hematoma
formation.

Indications for direct arterial line monitoring in
interventional neuroradiology:

Systemic heparinization with frequent monitoring
of ACT

Controlled hypotension

Induced hypertension

Hemodynamic instability

Intracranial or spinal cord procedures

Medically unstable patients

PULSE OXIMETRY

In interventional radiology, the pulse oximeter is also used
to detect arterial occlusion distal to the femoral arterial
catheterization site by placing a probe on the ipsilateral toe.
Since the oximeter amplifies the pulse signal, it will pick up
a complete loss of a pulse, but not significant decreases.
Therefore, a pulse oximeter will not detect decreasing
perfusion, but will alarm only after the pulse is totally lost.19

TEMPERATURE

In the sedated patient, shivering can interfere with image
quality. With severe hypothermia, neurologic signs may
appear such as delirium, coma, or delayed awakening from
anesthesia.20 In our institution, perioperative hypothermia is

unusual in adults since the neuroradiology suite is generally
not as cold as an operating room, the patient is covered with
warm blankets, and body cavities are not exposed. In small
children however, significant heat loss can occur 21 while the

patient is uncovered during induction of anesthesia, insertion
of lines or while irrigating the angiography catheter with
cold solutions. In children, we use a heat lamp while the
patient is uncovered, and also warm irrigation fluids to
prevent the development of hypothermia.

Mild hypothermia has been reported to offer protection
against ischemic injury to the brain and spinal cord.22 23

Therefore, when due to the nature or location of the
neuropathology, the neuroradiologist feels that the patient is
at high risk for development of stroke, we do not warm the
patient, but rather allow the temperature to drift down
passively to 34 or 35 degrees centigrade.

However, after successful completion of the procedure, these
patients should be actively rewarmed before leaving the
neuroradiology suite to avoid the risks of hypothermia in the
postoperative period.

CENTRAL VENOUS AND PULMONARY ARTERY
PRESSURE MEASUREMENT

Although there are no procedure-specific indications, central
venous lines are frequently inserted in patients undergoing
high risk neurovascular invasive procedures. These patients
often have serious coexisting medical problems and need
vasoactive drug infusions or central access for forthcoming
surgery.

Invasive Neuroradiology; Principal Indications for CVP line
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insertion:

Monitoring of cardiac filling pressures

History of CHF

History of renal insufficiency

Strong possibility of surgery with CVP indication

Use of vasoactive drugs

Poor peripheral intravenous access

At The Methodist Hospital of Houston ( TMH ), we prefer
double lumen central venous catheters. One lumen can be a
dedicated drug infusion line while the other can be used to
monitor the central venous pressure. We usually insert these
lines after induction of general anesthesia and the radiologist
confirms the location with fluoroscopy. We prefer to use the
subclavian approach in interventional neuroradiology
because a carotid artery injury occurring during attempted
internal jugular cannulation (1.9 to 3.6 percent incidence), 24

25 could jeopardize the procedure and imperil the patient.

Some feel that central lines placed into the jugular veins can
cause cerebral venous obstruction and should not be used in
neurosurgery.26 27Although jugular vein catheterization is not

our first choice, we use it, in the absence of increased
intracranial pressure, when the subclavian route is difficult
or contraindicated.

PULMONARY ARTERY CATHETERIZATION

Pulmonary artery flow- guided catheters (Swan-Ganz) are
used in those cases where evaluation of left ventricular
function is paramount. 28 29

At TMH, the two main indications are in:

Patients who develop cerebral vasospasm and will1.
be treated with intravascular volume expansion
therapy and controlled hypertension.

Patients in congestive heart failure, or with severe2.
systemic disease, who have a neurovascular
problem requiring immediate intervention.

Care must be taken to insert these catheters only after the
patients coagulation status is checked, and to confirm their
position with fluoroscopy.

NEURORADIOLOGIC TECHNICAL
CONSIDERATIONS

Neuroradiologists use the Seldinger wire technique to insert
a 7.5 French gauge introducer sheath into the femoral artery,
although the femoral vein and/or other vessels are also
occasionally used. This catheter introducer has a side port
that is used for irrigation with heparinized saline, but can
also be used for arterial pressure monitoring. A coaxial
catheter (also with a side port) is then advanced, under
fluoroscopic guidance, through the introducer sheath into the
carotid or vertebral arteries and cerebral angiography is
performed.

A superselective microcatheter is then inserted through the
coaxial catheter and advanced with fluoroscopic guidance
into the lesion. This catheter is used to deliver drugs or
embolic materials into the lesion.

ANESTHETIC CONSIDERATIONS

The anesthetic objectives in interventional
neuroendovascular procedures are the same as those in
traditional neurosurgery. However, because the cranium is
not open, the management of intracranial pressure dynamics,
blood pressure and intravascular volume, administration of
proper pharmacologic agents, and PaCO2 control, become
even more preeminent. The interventions of the
anesthesiologist are critical, especially during microcatheter
advancement, embolization, and in emergency treatment of
complications.

The patient’s neurological status during or immediately after
the procedure needs to be evaluated. Of prime importance
for this, is a rapid and smooth emergence from anesthesia,
without hemodynamic stress, cough, or strain to prevent
increases in intracranial pressure.

These procedures are associated with significant potential
complications, which frequently require postoperative
intensive care support, such as vascular rupture, thrombosis,
cerebral infarction, or anaphylactic reactions to contrast
agents.30 31 At TMH, patients are routinely admitted to the

neurosurgical intensive care unit after undergoing most INR
procedures.
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