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Abstract

ANESTHETIC GOALS AND TECHNIQUES

The goals of anesthetic management for INR procedures are:

To safely render a patient immobile, painless and1.
comfortable.

To provide the neuroradiologist with optimum2.
hemodynamic and intracerebral conditions for
successful performance of the procedure.

To allow for perioperative evaluation of neurologic3.
function

To assist in treating complications4.

The two basic techniques are general anesthesia and
monitored intravenous sedation. There are advantages and
problems associated with each technique, and different
centers employ various approaches successfully.

The choice of anesthetic technique is dictated not only by the
physiologic status of the patient, and the duration and type of
interventional procedure, but also by the particular
experience of each interventional neuroradiology team.

INTRAVENOUS SEDATION

The demands placed on the anesthesiologist by an
interventional neuroradiology (INR) procedure are much
greater than those of simple diagnostic angiography.(57) The
anesthesiologist must keep the patient immobile and calm,
sometimes for many hours, and manage hemodynamics,
cerebral perfusion, and coagulation; yet, on demand, the
patient may need to be responsive enough for a neurologic
examination. In selected procedures with cooperative
patients, managed anesthesia care with intravenous sedation
(MAC) can provide excellent conditions for performance of
endovascular interventional procedures. Its main advantage

is the ease with which an awake neurologic examination can
be carried out during the procedure. There are also
significant disadvantages associated with this approach:

Advantages of Intravenous sedation:

Easier to perform neurologic testing repeatedly1.

No hemodynamic changes associated with2.
intubation or emergence

Potential disadvantages:

1. Poor control of the airway, with potential for:

Hypoxemia

Hypercapnia

Stertorous breathing and movement

2. Side effects of IV sedatives

Dysphoria

Prolonged somnolence

Extrapyramidal symptoms

3. Poor tolerance of induced hypotension in awake patient.

4. Nausea and vomiting

5. Vagal reactions

6. Delays and complications if neurologic emergency occurs

Need to intubate acutely

Hemodynamic changes at wrong time
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7. No protection from aspiration

8. May need to interrupt the procedure and induce general
anesthesia if the patient is unable to tolerate sedation.

INDICATIONS FOR MAC

There are specific procedures during which the patient must
be fully awake, with minimal or no sedation:

1.- Test occlusions of major cerebral vessels:(58)

When a major vascular supply to the brain must be
permanently or temporarily interrupted, a test occlusion of
the vessel is performed to asses the adequacy of collateral
flow and the consequences of occlusion. The patient must be
awake because an ongoing neurologic evaluation is of
primary importance to asses neurologic integrity during the
period of occlusion.

2.- Performance of the Wada-Rasmussen test:(59)

Amobarbital, a short acting barbiturate, is directly injected
into the carotid circulation while the patient undergoes
electrophysiologic and neurobehavioral exams in this test
used to determine cerebral dominance, cognitive, and
language function, and to locate seizure foci prior to surgical
ablation. Usually, no premedication or sedation is given
during this procedure because it interferes with interpretation
of the test.

RELATIVE INDICATIONS FOR MAC

These procedures are usually performed under MAC in our
institution:

1.- Simple procedures:

When they are of short duration, the patient is amenable and
absolute immobility is not crucial (e.i., diagnostic
angiography)

2.- Intra-arterial chemotherapy of brain tumors with cis-
platinum:

This procedure is essentially the same as a diagnostic
angiogram, except that a catheter is placed in a branch of the
carotid or vertebral system to infuse chemotherapy in direct
proximity to an intracranial tumor. The procedure typically
lasts two to three hours, but absolute immobility is not
crucial.

3.- Preoperative embolization of intracranial and extracranial
tumors or, arterio-venous malformations which are perfused

by the external carotid circulation.

These procedures are usually of short duration, do not often
require hemodynamic management, and although sometimes
painful, are usually well tolerated with MAC. However, in
patients with large extracerebral to intracerebral vascular
anastomosis, embolic material can pass into the brain from
the extracerebral circulation. In these cases, as discussed
before,Young et al advocate increasing cerebral blood flow,
by increasing the PaCO2, to establish a pressure gradient
that opposes intracerebral embolization. Hypercapnia is
produced by adding CO2 to the circuit, or by decreasing the
minute ventilation. Control of ventilation for production of
hypercapnia is accomplished best with general anesthesia

4.- Embolization of intracranial arterio-venous
malformations (AVM’s):

This is a challenging procedure for both neuroradiologist and
anesthesiologist. It had previously been performed under
MAC to evaluate the patient’s neurologic status during the
procedure. However, in our institution, general anesthesia
has superseded MAC for these cases because our team feels
that the advantages of general anesthesia outweigh those of
MAC. Superselective flow-guided catheterization of the
feeding vessels of the AVM, can place the tip of the
embolizing catheter in the nidus of the AVM. Using liquid
adhesive with the catheter in this position, the deposition of
embolic material can be precisely controlled, such that the
possibility of compromising normal neural tissue is
decreased.

Placement of the catheter in this position requires a
motionless patient, and hemodynamic management by the
anesthesiologist.

The hemodynamic and respiratory management is designed
to help the radiologist “float” the superselective catheter into
position and to decrease the possibility of neurologic
damage. We feel that controlled hypotension or induced
hypertension with PaCO2-related adjustments of cerebral
blood flow and cerebral vascular tone are best managed with
the patient under general anesthesia. The complications
associated with MAC, such as nausea and vomiting during
the critical part of the procedure, are thus avoided. Our
colleagues in neuroradiology also feel that awake neurologic
assessment is no longer of prime importance because they
are able to control the deposition of embolic material more
exactly with the conditions provided by general
anesthesia.(60) However, if the lesion cannot be reached
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with a superselective catheter, or embolization with
particulate material must be carried out from a more distal
location, the procedure is more safely carried out with MAC.

This allows for performance of a superselective anesthesia
functional examination (SAFE),(61) (62) which helps to
decide whether the catheter is positioned in a hazardous
position, proximal to a vessel irrigating expressive regions of
the brain, or if the area can be embolized without neurologic
sequelae. At TMH, SAFE is performed with minimal or no
sedation. A neurophysiologic exam with EEG is performed
as a baseline, followed by sodium amytal injection via the
superselective catheter into the vessel. After injection the
neurophysiologic exam is repeated to evaluate the area of
irrigation.

Thus, the choice of anesthesia, general or MAC, depends not
only on the procedure and the patient, but also on the
vascular anatomy, the type of embolization material and
catheter system used by the neuroradiologist.

TECHNIQUES FOR MAC

There are many “recipes” for sedation.(63) (64) (65) The
following are two approaches used at our institution:

1) Neuroleptic analgesia:

This technique offers analgesia, amnesia, and cardiovascular
stability. In addition, it decreases cerebral blood flow, and
cerebral metabolic rate. It usually renders a quiet cooperative
patient, with good airway control, and little nausea.
However, excessive sedation with airway obstruction,
dysphoria, and extrapyramidal movements can occur. An
infusion is prepared and used as follows:

NEUROLEPTIC INFUSION SOLUTION

10 ml of fentanyl + 10 ml of droperidol mixed with D5W to
make 250 ml

(10 micrograms/ml droperidol + 2 micrograms fentanyl/ml)

Suggested use:

a.- Start with 50 ml bolus, then proceed with insertion of
arterial line and bladder catheters

b.- Infuse at 25ml/Hr, titrating to patient needs

2) Propofol infusion:

Propofol should be combined with fentanyl and/or
midazolam for adequate amnesia. If used by itself, propofol

can cause patients to wake up and move unexpectedly as the
infusion is titrated down. Patients can also develop sudden
airway obstruction, ( usually at a critical point in the
procedure ! ) and one may need to insert an airway, which
will usually cause the patient to move or cough.

SUGGESTED USE

a.- Begin with fentanyl, 2 - 3 micrograms/Kg IV, then add
midazolam 2 - 3 mg IV, and droperidol 1.25 mg IV

b.- Insert arterial line under local anesthesia

c.- Propofol, 40 - 60 mg IV bolus can be given for bladder
catheterization, and femoral arterial puncture.

d.- Propofol drip: Starting at 20 micrograms/Kg/min,
titrating until patient sedated.

GENERAL ANESTHESIA

There are many advantages to this technique. With newer
induction and inhalation agents, general anesthesia can be
rapidly induced with minimum hemodynamic changes, the
depth readily controlled, and a smooth and rapid emergence
obtained.(66) (67) Under general anesthesia, PaCO2 can be
regulated, and management of induced hypotension is
facilitated. Respiratory immobility is essential with certain
imaging techniques; when apnea is requested by the
neuroradiologist it can be induced at will with general
anesthesia. When a neurologic emergency such as
thrombosis or hemorrhage occurs, no time is lost in securing
the airway and the anesthesiologist can immediately begin to
control hemodynamics.

The main disadvantage of general anesthesia is that awake
neurologic assessments cannot be readily performed, but as
discussed above, we feel this is only of prime importance in
selected cases. Other disadvantages are that endotracheal
intubation can cause hypertension, while extubation can lead
to straining, airway obstruction, and coughing. However,
with careful anesthetic management, these disadvantages can
be minimized.

TECHNIQUE

We do not give sedatives or narcotics if intraoperative
neurophysiologic assessment with somatosensory- evoked
potentials (SSEP), or electroencephalography (EEG) is
contemplated until baseline studies are obtained and the
anesthetic plan has been discussed with the
neurophysiologist.

We obtain peripheral intravenous access with a single 16 or
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18 gauge IV catheter and a multiple port extension,
preferably on the arm nearest to the anesthetist. This is
usually adequate, unless the neuroradiologist feels that there
is a high probability of serious complications. In such a case,
two peripheral IV’s or a central line and a peripheral IV are
inserted. Particular attention must be given to fluid balance
since large amounts of irrigating solutions and contrast
media are often used by the neuroradiologist. A urinary
catheter is always inserted, either after induction of
anesthesia or under sedation. Glucose- containing solutions
are avoided because of their deleterious effect on brain
ischemia. (68) In diabetics, we strictly control blood sugar
levels perioperatively, with intravenous insulin, to maintain
blood sugar levels between 150 and 200 mg percent.

After non-invasive monitoring is established, we induce
anesthesia with propofol, 2 - 2.5 mg/kg, or etomidate, 0.2 -
0.6 mg/kg and administer esmolol, 0.5 to 1 mg/kg, or
lidocaine 1 mg/kg, prior to intubation to avoid the
sympathetic response to intubation. If a radial arterial line is
indicated, it is usually inserted after induction, prior to
intubation. A control activated clotting time (ACT) is
obtained after insertion of the arterial line. We do not use
eye lubricant in case a fundoscopic exam is necessary during
the procedure. Central venous lines or pulmonary artery
catheters are inserted via the subclavian route at this time if
indicated.

For airway management, we prefer a low profile RAE
endotracheal tube, or a regular endotracheal tube with the
extraoral end cut short. Cutting the tube short keeps the
extraoral end from being pushed in or kinked by the image
intensifier, which moves close to the patient’s face. We have
recently used a laryngeal mask airway (LMA) for airway
management. This device allows for control of the airway
with minimal stimulation, hypertension, or cough, and a
smooth emergence under light general anesthesia.(69) (70)
In our experience, however, the head movement that
sometimes occurs when using an LMA with spontaneous
ventilation has impaired radiographic imaging; and the
PaC02 levels have been higher than ideal. Muscle relaxants
and controlled ventilation can be used with an LMA, and
thus avoid these problems, but only as long as airway
pressures are not greater than 20 cm H20.(71) More
experience is needed in order to recommend routine use of
LMA’s in this setting.

For maintenance of anesthesia we use a continuous infusion
of propofol plus low inspired concentrations of isoflurane or
desflurane. Inhalation anesthetics allow rapid changes of

anesthetic depth and blood pressure, but increase ICP with
concentrations higher than 1 MAC and normocapnia.(72)
We do not advocate the routine use of nitrous oxide for these
cases since nitrous oxide increases cerebral blood flow from
60 to 100 percent; and can increase ICP to a variable
degree.(73) Nitrous oxide could also theoretically enlarge air
bubbles that may be accidentally introduced into the arterial
circulation by the radiologist.(74) Minimal amounts of
intravenous narcotics should be used because these
procedures are not painful, and excessive doses of narcotics
will only delay emergence. The intraoperative management
of PaCO2, controlled hypotension, and induced hypertension
will be discussed in more detail later. The blood pressure
should be controlled during emergence and after the
procedure.

After assessing the reversibility of the muscle relaxant, we
extubate the patient while still under deep anesthesia, reverse
the muscle relaxants, and wake the patient breathing oxygen
via face mask. If an LMA was used, the patient is allowed to
wake up with the device in place, to be removed once the
patient responds to commands. This awake extubation with
an LMA is remarkably well tolerated, with little cough,
straining, or hypertension.

Postoperatively, the mean arterial pressure (MAP) should be
kept 10 - 20 percent lower than the patient’s basal levels.
Acute elevations of blood pressure can be treated with
esmolol, 1mg/kg; propofol, in bolus doses of 30 - 50 mg IV;
vasodilators; or small doses of narcotics, depending on
etiology.

References

r-0. 1. Hilal SK, Sane P, Mawad ME, Michelsen WJ:
Therapeutic interventional radiological procedures in
neuroradiology, Angiography. 3rd edition. Edited by
Abrams H. Boston, Little Brown, 1983
r-1. 2. Brown MM: Surgery, angioplasty, and interventional
neuroradiology. Curr Opin Neurol Neurosurg 6:66-73, 1993
r-2. 3. Barnwell SL: Interventional neuroradiology. West J
Med 158:162-170, 1993
r-3. 4. Higashida RT, Hieshima GB, Halbach V: Advances
in the treatment of complex cerebrovascular disorders by
interventional neurovascular techniques. Circulation 83
(sup):I-196, 1991
r-4. 5. Moret J, Picard L: Endovascular therapy of
intracranial arteriovenous malformations; Results in242
patients. Paper presented at the World Interventional
Neuroradiological society, Vald’Isere, France, Jan., 1989
r-5. 6. Eichorn JH, Cooper JB, Cullen DJ et al: Anesthesia
practice standards at Harvard: a review. J Clin Anes 1:55,
1988
r-6. 7. Eichhorn JH, Cooper JB, Cullen DJ et al: Standards
for patient monitoring during anesthesia at Harvard Medical
School, JAMA 256:1017, 1986
r-7. 8. Burk NS: Anesthesia for magnetic resonance imaging,



Anesthesia for Interventional Neuroradiology: Part III: Anesthetic goals and techniques

5 of 7

Anesth Clin North Am 7:(3)707, 1989
r-8. 9. Peer Review in Anesthesiology-American Society of
Anesthesiologists, Park Ridge, Ill, 1989, ASA
r-9. 10. Eichhorn JH, Cooper JB, Cullen DJ et al: Standards
for patient monitoring during anesthesia at Harvard Medical
School, JAMA 256:1017, 1986
r-10. 11. Eichhorn JH: Prevention of intraoperative
anesthesia accidents and related severe injury through safety
monitoring, Anesthesiology 70:572, 1989
r-11. 12. Kanal E, Shellock F, SMRI Safety Committee:
Policies, guidelines, and recommendations for MR imaging
safety and patient management, J Magnet Res Imaging 2:247
1992
r-12. 13. Peden C, Menon D, Hall A et al: Magnetic
resonance for the anaesthetist. Part II. Anaesthesia and
monitoring in MR units. Anesthesia 47:508 1992
r-13. 14. Gravenstein JS, Paulus DA: Clinical Monitoring
practice, ed 2, Philadelphia, 1987, JB Lippincott.
r-14. 15. Slogoff S, Keats AS, and Arlund C: On the safety
of radial ,artery cannulation, Anesthesiology 59:42, 1983.
r-15. 16. Young WL, Pile-Spellman J: Anesthetic
considerations for interventional neuroradiology.
Anesthesiology 80:427-455, 1994
r-16. 17. Duckweiler GR, Dion J, Vinuela F, Jabour B,
Martin N, Bentson J: Intravascular microcatheter pressure
monitoring: Experimental results and early clinical
evaluation. American J Neuroradiol 11:169-175, 1990
r-17. 18. Gorback MS: Considerations in the interpretation
of systemic pressure monitoring p 296 In Lumb PD, Bryan-
Brown CW (eds): Complications in Critical Care Medicine.
Year Book Medical Publishers, Chicago 1988
r-18. 19. Swedlow DB, Irving SM: Monitoring and patient
safety. In Blitt CD, ed: Monitoring in anesthesia and critical
care medicine, ed 2, New York, 1990, Churchill-Livingstone
r-19. 20. Plum F, Posner JB: The diagnosis of stupor and
coma, ed 3, Philadelphia, 1980, FA Davis
r-20. 21. Aidinis SJ, Zimmerman RA, Shapiro HM, Bilanink
LT, et al: Anesthesia for brain computed tomography.
Anesthesiology 44:420, 1976
r-21. 22. Frank SM, Parker SD, Rock P, et al: Moderate
hypothermia with partial bypass and segmental repair for
thoracoabdominal aortic aneurysm. J Vasc Surg 19:687-697,
1994
r-22. 23. Busto R, Dietrich WD, Globus MY, et al: Small
differences in intraischemic brain temperature critically
determine the extent of ischemic neuronal injury. J Cereb Bl
Flow Met 7:729-738, 1987
r-23. 24. Sise MJ, Hollingsworth P, Brimm JE
Complications of the flow-directed pulmonary catheter: a
prospective analysis in 219 patients. Crit Care Med 9:315
1981
r-24. 25. Shah KB, Rao TLK, Laughlin S, El-Etr AA: A
review of pulmonary artery catheterization in 6,245 patients.
Anesthesiology 61:271 1984
r-25. 26. Harper R, Grossman R, personal communication:
Rosas A
r-26. 27. Shapiro HM, Drummond JC: Neurosurgical
Anesthesia: in Miller RD, Cuchiara RF, Miller ED, et al.
Anesthesia 4e Churchill Livingstone, New York 1994
r-27. 28. Swan HJC, Ganz W, Forrester JS et al:
Catheterization of the heart in man with use of a flow-
directed-balloon-tipped catheter, N Engl J Med 283:477,
1970
r-28. 29. Kassell NF, Peerles SJ, Durward QJ et al:
Treatment of ischemic deficits from vasospasm with
intravascular volume expansion and induced arterial
hypertension, Neurosurgery 11:337, 1982.
r-29. 30. Earnest F, Forbes G, Sandok BA et al:

Complications of cerebral angiography: Prospective
assessment of risk. AJR 142:247 1984
r-30. 31. Faught E, Trader SD, Hanna GR: Cerebral
complications of angiography for transient ischemia and
stroke: prediction of risk. Neurology 29:4 1979.
r-31. 32. Greenberger PA: Contrast media reactions, J
Allergy Clin Immunol 74:600, 1984
r-32. 33. Goldberg M: systemic reactions to intravascular
contrast media: A guide for the anesthesiologist.
Anesthesiology 60:46-56, 1984
r-33. 34. Caro JJ, Trinidale E, McGregor M: The cost
effectiveness of replacing high osmolality with low
osmolality contrast media.
r-34. Am J Roentgenol 159; 869-874, 1992.
r-35. 35. Goldberg M: systemic reactions to intravascular
contrast media: A guide for the anesthesiologist.
Anesthesiology 60:46-56, 1984
r-36. 36. Horrow JC: Protamine: A review of its toxicity.
Anesth Analg 64:348 1985
r-37. 37. Lowenstein E, Johnston WE, Lappas DG et al.
Catastrophic pulmonary vasoconstriction associated with
protamine reversal of heparin. Anesthesiology 59:470 1983
r-38. 38. Weiss ME, Adkinson NF jr: Allergy to Protamine.
in Vervloet D, ed: Clinical reviews in allergy:anesthesiology
and allergy, New Brunswick, NJ, 1991, Humana Press.
r-39. 39. Vezina D, Sheridan P, Blain R, Roberts KD, Bleeau
G: Safety of protamine sulfate administration in
vasectomized men. Contraception 41:605-616, 1990
r-40. 40. Pharo GH, Horrow J, Van Riper DF, Levy JH:
Suspected protamine allergy : diagnosis and management for
coronary artery surgery. Anesth Analg 78:181-184, 1994
r-41. 41. Murray DJ: Evaluation of the patient with anemia
and coagulation dosorders. In Rogers MC, Tinker JH,
Covino BG, Longnecker DE, Principles and practice of
Anesthesiology.
r-42. St. Louis, Mosby, 1993
r-43. 42. Keefe D, Frishman WH: Clinical pharmacology of
the calcium-channel blocking drugs. In Packer M, Frishman
WH, eds: Calcium channel antagonists in cardiovascular
disease, Norwalk, Conn,1984, Appleton-Century-Crofts.
r-44. 43. Ryhanen P,Hollman A, and Horttonen L: Blood
pressure changes during and after anesthesia in treated and
untreated hypertensive patients, Ann Chir Gyn 67:180, 1978.
r-45. 44. Sieber FE, Toung TJK: Hyperglycemia and stroke
outcome following carotid endarterectomy. Anesthesiology
71: A1136, 1989.
r-46. 45. Berger L, Hakim AM: The association of
hyperglycemia with cerebral edema in stroke . Stroke
17:865, 1986.
r-47. 46. Sieber FE et al: Hypoglycemia and cerebral
autoregulation, Anesthesiology 71:A605, 1989.
r-48. 47. Goldman L, Caldera DL: Risks of general
anesthesia and elective operation in the hypertensive patient.
Anesthesiology 50:285, 1979.
r-49. 48. Edvinson L, Owman C, and Siesjo B: Physiological
role of cerebrovascular nerves in the autoregulation of
cerebral blood flow. Brain Res. 117:518, 1976.
r-50. 49. Hunt WE, Hess RM: Surgical risk as related to time
of intervention in the repair of intracranial aneurysms, J
Neurosurg 28:14, 1968.
r-51. 50. Kirsch JK, Diringer MN: Evaluation of the patient
with neurologic disease. In Rogers MC, Tinker JH, Covino
BG, et al.,Eds. Principles and Practice of Anesthesiology, St.
Louis, 1993, Mosby.
r-52. 51. Stoelting RK: Psychological preparation and
preoperative medication. In Miller RD, ed: Anesthesia, New
york, 1981, Churchill-Livingstone.
r-53. 52. Lyons SM, Clarke RSJ, and Vulgaraki K: The



Anesthesia for Interventional Neuroradiology: Part III: Anesthetic goals and techniques

6 of 7

premedication of cardiac surgical patients, Anaesthesia
30:459, 1975.
r-54. 53. Reves JG, Frazen RJ, Vinik HR et al: Midazolam:
Pharmacology and uses, Anesthesiology 54:66, 1981.
r-55. 54. Manchikanti L, Kraus JW, and Edds SP:
Cimetidine and related drugs in anesthesia, Anesth Analg
61:595, 1982.
r-56. 55. Stoelting RK: Responses to atropine,
glycopyrrolate and Riopan on gastric fluid pH and volume in
adult patients, Anesthesiology 48:367, 1978.
r-57. 56. O’Sullivan G, Sear JW, Bullingham RE, et al: The
effect of magnesium trisilicate, metoclopramide and
ranitidine on gastric pH, volume, and serum gastrin,
Anaesthesia 40:246, 1985.
r-58. 57. Young WL, Pile -Spellman J: Anesthetic
considerations for interventional neuroradiology.
Anesthesiology 80:427-456.
r-59. 58. Anon VV, Aymard A, Gobin YP, et al: Balloon
occlusion of the internal carotid artery in 40 cases of giant
intracavernous aneurysm: Technical aspects, cerebral
monitoring, and results. Neuroradiology 34:245-251, 1992.
r-60. 59. Wada J, Rassmussen T: Intracarotid injection of
sodium amytal for the lateralization of cerebral speech
dominance: Experimental and clinical observations. J
Neurosurg 17:266-282, 1960.
r-61. 60. Mawad ME, Chi L: Personal communication.
r-62. 61. Purdy PD, Batjer HH, Samson D, et al: Intraarterial
sodium amytal administration to guide preoperative
embolization of cerebral arteriovenous malformations. J
Neurosurg Anesth 3:103-106, 1991.
r-63. 62. Rauch RA, Vinuela F, Dion J, et al:
Preembolization functional evaluation in brain arteriovenous
malformations: The ability of superselective amytal test to
predict neurologic dysfunction before embolization. AJNR
Am J Neuroradiol 13:309-314, 1992.

r-64. 63. Eskridge JM: Interventional neuroradiology.
Radiology 172: 991-1006, 1989.
r-65. 64. O’Mahoney BJ, Bolsin SNC: Anesthesia for
clossed embolixation of cerebral arteriovenous
malformations. Anesth Intensive Care 16: 318-323.
r-66. 65. Glauber DT, Audenart SM: Anesthesia for children
undergoing craniospinal radiotherapy. Anesthesiology 67:
801-803, 1987.
r-67. 66. Van Hemelrijck J, Gonzales JM, White PF:
Pharmacology of intravenous anesthetic agents. in Rogers
MC, Covino BG, et al: Principles and practice of
anesthesiology, St Louis, 1993, Mosby.
r-68. 67. Longnecker DE, Miller FL: Pharmacology of
inhalational anesthetics in Rogers MC, Covino BJ, et al, eds:
Principles and practice of anesthesiology, St Louis, 1993,
Mosby.
r-69. 68. Longsreth WT, Inui TS: High blood glucose level
on hospital admission and poor neurological recovery after
cardiac arrest. Ann Neurology 15:59, 1984.
r-70. 69. Brain AIJ, The laryngeal mask-a new concept in
airway management. Br J Anaesth. 1983;55:801-804.
r-71. 70. Benumof JL. Laryngeal mask airway: indications
and contraindications (editorial views). Anesthesiology.
1992;77:843-846.
r-72. 71. Graziotte PJ: Intermittent positive pressure
ventilation through a laryngeal` mask airway. Anaesthesia.
1992;47:1088-1089.
r-73. 72. Adams RW, Cucchiara RF, Gronert GA, et al:
Isoflurane and cerebrospinal fluid pressure in neurosurgical
patients, Anesthesiology 54:97, 1981.
r-74. 73. Hansen TD, Warner DS, Todd MM, et al:Relative
cerebral blood flow effects of nitrous oxide and volatile
anestheticas, Br J Anaesth 63:290, 1989.
r-75. 74. Losasso TJ et al: The “risk” of nitrous oxide in
sitting neurosurgical patients: a randomized study,
Anesthesiology 71:A1137, 1989.



Anesthesia for Interventional Neuroradiology: Part III: Anesthetic goals and techniques

7 of 7

Author Information

Alejandro L. Rosas, M.D.


