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Although PtcCO3 is an accurate estimate of Paco, (fig.
4), PtcCO, monitoring during anesthesia is sometimes
impractical. Factors that limit its intraoperative use in-
clude the relatively long calibration and stabilization pe-
riods, the need to change the sensor site every 2—4 h,
and the difficulty in finding a site for the sensor away
from the surgical field in the small premature neonate
who requires numerous monitors. In the intensive care
unit, PtcCO, is more commonly used because it is accu-
rate during the acute phase of respiratory disease. How-
ever, PetCO, remains an alternative site of monitoring
in those neonates with less severe disease.

In conclusion, we found that, in the critically ill neo-
nate with mild to moderate lung disease, both distal
PetCO;y and PtcCO; more accurately approximate
Paco, than proximal PetCO,. However, in the neonate
with severe lung disease, PtcCO; is the more accurate
estimate of Paco,.

The authors wish to thank Mr. George Volgyesi, P.Eng., for his
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for their assistance in preparing this manuscript.
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Anesthesia for Cerebral Aneurysm Surgery: Use of Induced Hypertension
in Patients with Symptomatic Vasospasm
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There are approximately 25,000 cases per year of
aneurysmal subarachnoid hemorrhage (SAH) in the
United States. Despite modern neurosurgical and neu-

* Visiting Assistant Professor, Department of Anesthesiology.

+ Assistant Professor, Department of Surgery, Division of Neuro-
logical Surgery.

1 Professor and Chairman, Department of Anesthesiology.

Received from the Department of Anesthesiology and the Depart-
ment of Surgery, Division of Neurological Surgery, University of
Texas Health Science Center at Dallas, Dallas, Texas. Accepted for
publication January 26, 1988.

Address reprint requests to Dr. Batjer: Division of Neurological
Surgery, University of Texas, 5323 Harry Hines Boulevard, Dallas,
Texas 75235,

Key words: Anesthesia: neurosurgical. Anesthetic technique: hy-
pertension; induced.

roanesthetic techniques, the outlook for patients suffer-
ing SAH remains bleak. Twenty percent of these pa-
tients die before reaching hospital, and another 30% die
in the ensuing days and weeks.! About 80% of patients
admitted to neurosurgical centers in the recent Cooper-
ative Aneurysm Study were initially in good condition,
but only 56% had favorable outcomes, despite current
medical therapy.? Symptomatic vasospasm was the most
common cause of death and disability for patients sur-
viving the initial hemorrhage and reaching neurosurgi-
cal care.?

Angiographic vasospasm occurs in 40-70% of pa-
tients presenting for treatment.? Clinical vasospasm, the
syndrome of ischemic consequences of cerebral arterial
narrowing, parallels the time course for that of angio-
graphic vasospasm, but only produces ischemic symp-
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toms in 20-30% of patients.® Since the peak incidence
of angiographic spasm and clinical ischemia is approxi-
mately day 7 post-SAH,? intraoperative consideration
of cerebral perfusion is of paramount importance when
surgery is planned late in the first week or early in the
second week post-SAH. The most effective method for
improving regional hemodynamics and reversing neu-
rological deficits has been induced hypertension and
hypervolemia.'?

Several clinical situations may preclude the use of this
effective technique. Coexistent cerebral aneurysms
occur in 15-30% of patients with SAH.! Induced hy-
pertension may place unsecured aneurysms at risk. In
addition, patients with significant cardiovascular disease
may not be candidates for aggressive hypertensive and
hypervolemic therapy.

A primary goal of the anesthetic management of pa-
tients undergoing craniotomy for cerebral aneurysm
surgery is to prevent rupture or rerupture of the aneu-
rysm by careful maintenance of its transmural pressure.
Induced hypotension is often used to aid in this trans-
mural pressure control.*® It can, however, pose a high
risk of cerebral infarction if used in the first few days
after SAH in patients with underlying arterial narrow-
ing due to vasospasm, disrupted cerebral autoregula-
tion, and impaired perfusion reserve, even if not clini-
cally evident. While the exact risk of infarction in this
setting is not known, many patients with angiographic
spasm awaken with new deficits not attributable to sacri-
fice of vascular structures.

Two recent cases in which cerebral aneurysms were
clipped to eliminate the risk of rebleeding using in-
duced hypertension as part of the anesthetic technique
to continue treatment of ischemic symptoms of vaso-
spasm are described.

CASE REPORTS

Case 1. A 45-yr-old woman was transferred to this institution 5 days
post-SAH. Clinically, she was mildly dysphasic and lethargic (Hunt-
Hess grade I1I). Prior angiography and computerized tomography
(CT) scan revealed a left middle cerebral artery bifurcation aneurysm
and subarachnoid blood. Arterial blood pressure on admission was
90-100/60 mmHg and heart rate was 60 bpm. Crystalloids and col-
loids (5% plasma protein fraction) were infused sufficient to increase
central venous pressure (CVP) from zero to 13 mmHg. Despite this
therapy, 12 h after admission, she became hemiplegic on the right and
globally aphasic. An iv infusion of dopamine was commenced in the
intensive care unit (ICU)and titrated to increase systolic internal blood
pressure to 150-160 mmHg with complete resolution of her neurolog-
ical deficit. A decision was made to perform a craniotomy and secure
her aneurysm, maintaining arterial blood pressure in this range. In the
operating room, an arterial line was inserted under local anesthesia,
and both arterial and central venous pressures were monitored con-
tinuously. After breathing oxygen, anesthesia was induced with thio-
pental 350 mg iv, fentanyl 500 ug iv, and vecuronium 8 mg iv. The iv
infusion of dopamine, initially running at 9.5 pg-kg™'-min~!, was
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continued. Maintenance of anesthesia consisted of 0.5-19% isoflurane,
in air and oxygen, with iv pancuronium for muscle relaxation. End
tidal CO, was kept at 24-28 mmHg, and both mannitol and dexameth-
asone were given iv. CVP was maintained in the range 10-12 mmHg,
and systolic arterial blood pressure, except during the actual applica-
tion of the aneurysm clip, at greater than 150 mmHg. For 2 min,
during clipping, the systolic blood pressure was allowed to decrease to
130 mmHg. Postoperatively, she was neurologically unchanged, and
was returned to the intensive care unit (ICU), still receiving the dopa-
mine infusion. This was continued for 4.5 days postoperatively to
maintain her blood pressure in the range 150-170 mmHg, after which
it was possible to gradually terminate the vasoactive infusion without
deterioration in her clinical status.

Case 2. A 34-yr-old woman in her 31st week of pregnancy presented
to the hospital with a sudden onset of headache and meningismus
without loss of consciousness. Neurological examination was normal,
arterial blood pressure was 120/70 mmHg, and central venous pres-
sure (CVP) was 18 cm HO. Computerized tomography (CT) scan
revealed subarachnoid blood in the right sylvian fissure and carotid
cistern. Angiography showed right posterior communicating and ante-
rior choroidal artery aneurysms, as well as a left internal carotid artery
posterior communicating aneurysm. On the day following the SAH,
the obstetrician and neurosurgeon decided that the best management
approach was combined clipping of her symptomatic right sided aneu-
rysms, followed by ceasaran section delivery of the infant. This was
accomplished without major consequence, with the aneurysms being
clipped and a male infant of 2300 gm delivered. During the proce-
dure, systolic blood pressure was kept at or greater than 110 mmHg
and fetal heart monitoring performed. Postoperatively, her course was
initially uneventful. On post-SAH day 13, she developed acute left
upper limb weakness, and decreased level of consciousness associated
with a fall in central venous pressure (CVP) to 4~5 cm Hp0. Comput-
erized tomography (CT) scan failed to demonstrate evidence of in-
farction. She was taken to the intensive care unit (ICU), and, after
insertion of a pulmonary artery catheter, was treated with colloidsand
crystalloids iv and hypertension induced by an iv dopamine infusion.
Withan arterial blood pressure of greater than 155 mmHg, her neuro-
logical deficit resolved. Concern was expressed about ongoing use of
hypertensive therapy in a patient with an unprotected intracranial
aneurysm, and a decision was made to gain surgical control of the
left-sided lesion. She was taken to the OR that evening for surgery.
Prior to induction of anesthesia, the arterial blood pressurc was
190/80 mmHg, PCWP 4 mmHg, and heart rate 105 bpm, with dopa-
mine infusion running ata rate of 10 ug- kg™ - min~'. After breathing
oxygen, anesthesia was induced by titration of sufentanil 30 ug ivand
thiopental 275 mg iv. Pancuronium 10 mg iv was then given. At no
time during the sequence was the systolic blood pressure allowed to
decrease below 150 mmHg, and infusion of phenylephrine 100 pg/ml
was used to maintain arterial blood pressure. A bolus of thiopental 75
mg iv was given prior to endotracheal intubation, after which the
systolic blood pressure increased to 170 mmHg. This sudden and
dangerous elevation of blood pressure associated with noxious stimula-
tion during dopamine administration might have been prevented by
decreasing the rate of phenylephrine infusion immediately prior to
tracheal intubation. Anesthesia was maintained with nitrous oxide
60% in oxygen and 0.4-0.5% isoflurane, Ventilation was controlled to
keep end-tidal CO, at 26 mmHg, and the vasoactive infusions were
maintained. Immediately prior to final dissection and clipping of the
aneurysm, the arterial blood pressure was allowed to decrease to 130
mmHg to facilitate these maneuvers. In view of her clinically demon-
strated poor tolerance of these pressures preoperatively, etomidate 13
mg iv was given in divided doses for potential cerebral protection.®
Immediately after securing the aneurysm, the arterial blood pressure
was brought back up to greater than 155-160 mmHg with additional
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crystalloids, dopamine, and phenylephrine infusions. At the end of the
procedure, muscle relaxation was reversed with neostigmine 4.0 mg iv
and glycopyrrolate 0.8 mg iv. All anesthetics were discontinued, and
the patient was awakened and found to be neurclogically intact. She
was transferred to the intensive care unit (ICU) maintaining a dopa-
mine infusion to sustain arterial blood pressure. Her clinical condition
remained stable provided her systolic blood pressure was greater than
160 mmHg. Each time her blood pressure decreased below that level,
she developed focal neurological deficit. She showed an ongoing re-
quirement for hypertensive and intravascular volume therapy, and
repeat angiography 12 days after the second operation showed
marked spasm of her proximal middle cerebral artery (fig. 1). Aftera
further 10 days of continued therapy, the vasoactive agents were grad-
ually terminated and the patient and her healthy infant were dis-
charged.

DiscussION

That cerebral vasospasm occurs post-SAH and is of
major clinical importance is well established. Its patho-
genesis is poorly understood. Little doubt exists that
blood in the subarachnoid space is the stimulus for de-
velopment of vasospasm, but the exact mechanism of
arterial narrowing is unclear.® The development of an
appropriate treatment for clinically significant vaso-
spasm has been substantially limited by the lack of a
reproducible animal model in which neurological defi-
cits accompanied angiographic vasospasm. The ideal
treatment for symptomatic vasospasm is obviously pre-
vention or reversal of the vascular narrowing, and a
large number of pharmacological and physical methods
have been tried with variable success."* The other
major direction in therapy has been the use of methods
to improve regional perfusion in the ischemic territories
and modification of the brain’s tolerance to ischemia.’

Induced hypertension and hypervolemia has been the
most effective method to date for improving regional
hemodynamics and reversing neurological deficits.
About 70% of deficits attributed to vasospasm can be
reversed by this type of therapy.” However, in a number
of clinical situations, the risk of this treatment may out-
weigh the potential benefits. Unsecured or coexistent
aneurysms are likely of considerable risk of rupture in
these circumstances. The other group placed at risk
with this therapy are patients with significant cardiovas-
cular disease. Increasing intravascular volume, vaso-
pressors, and inotropes, with their associated increases
in afterload, contractility, and preload, certainly have
the potential to deleteriously affect the balance of myo-
cardial oxygen supply and demand. Using this therapy
in 58 patients with clinically significant, angiographi-
cally proven vasospasm, ten patients developed pulmo-
nary edema, and one patient suffered myocardial in-
farction.” Its use certainly necessitates careful invasive
hemodynamic monitoring in an intensive care setting.

Data collected at our institution during a period when
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FIG. 1. Case 2. Postoperative right carotid angiogram (AP view)
showing severe segmental spasm of proximal middle cerebral artery
(arrowed). This study was obtained during induced hypertension 12
days after the second surgical procedure.

modest intraoperative hypotension was routinely used
indicated that intraoperative rupture of a severity sig-
nificant to interrupt the normal conduct of the dissec-
tion occurred in 19% of 307 consecutive aneurysm pro-
cedures.® It is likely that intraoperative rupture occurs
with greater frequency when normal or elevated sys-
tolic blood pressures are maintained during subarach-
noid dissection. Tremendous variability in the exact in-
cidence of rupture would be expected due to varying
complexity and size of aneurysms, the varying dissec-
tion techniques employed by neurosurgeons, and, fi-
nally, by the level of experience and skill of the individ-
ual surgeon.

In our two patients, the presence of primary unse-
cured, or coexistent unsecured, aneurysm made us re-
luctant to aggressively persist with induced hyperten-
sive/hypervolemic therapy in the ischemic setting for a
prolonged period, despite initially encouraging clinical
response due to the risk of hemodynamic distention and
rupture. The aneurysms were surgically secured in both
cases while continuing with this treatment. The pa-
tients’ hemodynamics could be maintained at their pre-
anesthetic, non-symptomatic level. In both instances,
this necessitated anesthesia and surgery at an arterial
blood pressure greater than normal for the individual
patient. Neither patient had any evidence of cardiovas-
cular disease. In the first days after SAH, autoregula-
tory dysfunction is commonly observed.® Under these
circumstances, cerebral perfusion becomes directly
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linked to systemic arterial pressure. From a practical
standpoint, at operation, it is possible to relieve turgor
and pulsatility in subarachnoid conducting vessels and
associated aneurysms by lowering arterial blood pres-
sure. We did observe that, with the elevated systemic
blood pressures reported in these cases, bounding sub-
arachnoid vessels were encountered in the non-spastic
segments. Using careful sharp microdissection, we felt
that it was possible to operate relatively safely on the
hyperdynamic cerebral vessels. Despite the anticipated
brief interval of relative ‘‘hypotension” of 130 mmHg
used in the second case, we felt that this preoperatively
symptomatic level of blood pressure could potentially
place the patient at risk for ischemic complications. Due
to that concern, we empirically administered etomidate
0.2 mg/kg for potential cerebral protection. Recent en-
couraging experience in this institution with use of eto-
midate-induced burst-suppression for temporary arte-
rial occlusion in the management of giant cerebral an-
eurysms supports this maneuver.® The marked
cardiovascular stability and shorter elimination half-life
of etomidate makes it an attractive agent for this use.”'’
In summary, the use of induced hypertension and
hypervolemia as part of the anesthetic management of
intracranial aneurysms is described. This technique
may have a role to play in the management of a select
group of patients suffering from symptomatic vaso-
spasm after SAH, as part of the definitive surgery for
their lesion and ongoing optimal medical therapy.
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Treatment of unanticipated severe intraoperative
blood loss in a patient who refuses blood transfusion
presents a particularly difficult dilemma for the anes-
thesiologist. To effectively treat such a patient for a
short time, oxygen delivery can be increased while min-
imizing oxygen consumption. Although others have de-
scribed survival of anemic patients despite a low hemat-
ocrit,! our patient had hemodynamic variables and gas
exchange measured with the help of a pulmonary artery
catheter during severe anemia.

REPORT OF A CASE

A 37-yr-old, 47-kg, Jehovah’s Witness woman with a year-long his-
tory of Crohn’s Disease was admitted for a small bowe] resection and
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