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Effect of Cranial Surgery and Brain Tumor Size on

Emergence from Anestbesiq

Armin Schubert, M.D.,* Edward J. Mascha, M.S.,t Eric L. Bloomfield, M.D.,+ Glenn E. DeBoer, M.D.,+

Manjula K. Gupta, Ph.D.,§ Zeyd Y. Ebrahim, M.D.t

Background: Knowing which neurosurgical patients are at
risk for delayed awakening may lead to better utilization of
intensive care resources and avoid the risk and cost of phar-
macologic reversal and diagnostic tests.

Methods: The authors compared anesthetic emergence from
complex spinal surgery (spine; n = 47) with that from craniot-
omy for supratentorial nonfrontal (n = 22), frontal (n = 34), or
posterior fossa tumor (n = 28). A further comparison involved
patients with small versus large (diameter > 30 mm, mass
effect) tumors. The standardized anesthetic regimen consisted
of induction with 2—4 mg/kg ' thiopental and 1-2 mng/kg !
sufentanil, followed by maintenance with nitrous oxide, 0.2—
0.5 ug-kg '-h ' sufentanil and =0.5% isoflurane. Sufentanil
administration was terminated on dural or spinal muscle clo-
sure, isoflurane during skin closure, and nitrous oxide during
dressing application. After discontinuing nitrous oxide, a min.-
ineurologic examination was performed every 15 min for 1
h, then hourly for 4 h and at 24 h.

Results: Craniotomy patients performed less well than Spi-
nal surgery patients on the minineurologic examination 15
and 30 min after discontinuing nitrous oxide. At 15 min, fewer
patients with large (vs. small) tumors were oriented to time
(58% vs. 87%; P < 0.01) or place (67% vs. 90%; P < 0.01).
Forty-two percent of patients with large tumors still had an
abnormal minineurologic examination score versus 15% of
patients with small tumors. At 30 min, these values were 28%
and 8%, respectively (P < 0.05). Seventy-one percent of pa-
tients with large tumors were oriented to time compared to
97% for small lesions (P < 0.01 ). Emergence from anesthesia
was similar for spinal surgery patients and patients with small
brain tumors.

Conclusion: Patients undergoing craniotomy for large intra-
cranial mass lesions awaken more slowly than patients after
spinal surgery or craniotomy for small brain tumor. (Key

—
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IN most instances, rapid emergence from general anes-
thesia after intracranial neurosurgery is desirable.' 3
The most compelling reason for this is the need for the
patient to cooperate with a postoperative neurologic
examination intended to screen for such potential in-
tracranial disasters as hematoma formation. herniation,
and cerebrovascular ischemia. Under these circum-
stances, residual anesthesia may either give the false
impression of a neurologic deficit*® or prevent the
early diagnosis of a developing intracranial problem.
Patients who do not awaken promptly after intracranial
surgery are frequently subjected to emergency com-
puted tomography and/or cerebral angiography. They
also are at greater risk for airway obstruction, hypox-
emia, hypercapnia, and aspiration.® In the neurologi-
cally compromised patient, such secondary injury can
be especially devastating and demands a more intensive
level of postoperative care.

Although systematically obtained information about
the effect of brain tumor on anesthetic emergence is
scant, abnormal cerebral elastance,” frontal lobe pathol-
ogy, and brain retraction have been implicated as
causes for delayed emergence.® Furthermore. it has
been the clinical impression of the author and others
that large intracranial mass lesions, especially those oc-
curring in the frontal area, can be associated with a
longer delay in return to the preoperative mental state.

The ability to predict which patients will awaken
more slowly after intracranial surgery is advantageous
for clinical management. Decisions concerning the
need for continued postoperative tracheal intubation
and intensive care resource utilization may be facili-
tated. Furthermore, the patient may be spared the addi-
tional discomfort, risk, and expense associated with
various “‘reversal’” regimens, such as the administration
of naloxone, physostigmine, or flumazenil. Finally, ad-
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Table 1. Item Checklist for Mini-Neurological Examination

Score

1. Follows commands 1 (if a or b)

a. Squeezes hand
b. Sticks out tongue

2. Verbalization 1
Says ‘“hello” or any correct response below

3. Orientation

Gives correct date or weekday il
Identifies place (institution name/hospital or
better) 1

Current U.S. president
Names own last or first name

Total 5

*Not scored unless incorrect response to ““U.S. president.”

ditional postoperative radiologic examinations and as-
sociated cost might be avoided.

For these reasons, the investigators set out to study
prospectively the time course of anesthetic emergence
in patients undergoing craniotomy for removal of brain
neoplasms of varying sizes and locations. The principal
hypothesis in this study was that craniotomy for re-
moval of large brain tumors is associated with a lower
minineurologic score during the first 30 postoperative
minutes when compared to craniotomy for small le-
sions or spinal surgery.

Methods

With institutional approval and patients’ written in-
formed consent, the authors studied 131 patients
scheduled for elective craniotomy and spinal surgery.
An attempt was made to match surgery duration of
the control group to that of the craniotomy group by
selecting for surgeries expected to last =3 h. Only
patients undergoing partial or complete resection of
intracranial tumors were studied whereas those for
whom only a biopsy was performed were excluded.
We excluded patients who could not answer any com-
ponent question of a customized minineurologic exam-
ination (table 1) preoperatively or if they were taking
medications known to affect the minimum alveolar
concentration of anesthetics. With the exception of
small amounts of sufentanil (5-10 pg intravenous) dur-
ing placement of invasive monitoring catheters, no
other sedative/hypnotic premedicants were given. The
anesthetic technique was standardized and consisted

Anesthesiology, V 85, No 3, Sep 1996

of 2-4 mg/kg" thiopental and 1-2 pg/kg " sufentanil
for induction, followed by sufentanil infused at a rate of
0.2-0.5 pg/kg '/h~!', nondepolarizing neuromuscular
blockade, nitrous oxide (60%, inspired) and isoflurane
(=0.5%, end-tidal), titrated to keep mean arterial pres-
sure within 30% of preoperative values. Before applica-
tion of the head pins, additional thiopental (1-2 mg/
kg 'y was administered. Mechanical ventilation was ad-
justed to achieve an arterial carbon dioxide partial pres-
sure of 22-28 mmHg. At the time of dural closure for
craniotomy patients, and at the time of spinal muscle
closure for control subjects, the sufentanil infusion was
discontinued. Isoflurane and nitrous oxide were dis-
continued during skin closure and after application of
the head dressing, respectively. Neuromuscular block
was reversed with neostigmine and glycopyrrolate.
Neither lidocaine nor droperidol was administered be-
fore return of patients’ mental status to the preopera-
tive state.

Before emergence from anesthesia, the size of the
patient’s brain lesion was classified as small or large,
the location as frontal, nonfrontal supratentorial, or
infratentorial. The size of the lesion was categorized
on the basis of its appearance on computed tomo-
graphic or magnetic resonance imaging scans as small
(diameter < 30 mm, no mass effect) or large (diameter
= 30 mm, mass effect). Mass effect was defined as
midline shift > 3 mm’ and the presence of a moderate
to large amount of cerebral edema, or the presence of
ventricular compression or evidence of compression
of the basal cisterns. These characteristics have been
previously used by well-known investigators,'"!" are
associated with a propensity for intracranial pressure
elevations,”'® and have been taken as indicators of
higher neurologic risk in the perioperative period. The
location of brain lesions was indicated as either suprd-
tentorial nonfrontal, supratentorial frontal, or infraten-
torial.

Duration of various surgery phases, dose of anesthe-
tics administered, and end-tidal gas concentrations (by
mass spectrometry) were recorded at skin incision, du-
ral incision, dural closure, end of sufentanil infusion,
skin closure, application of head dressing, times of dis-
continuance of isoflurane and nitrous oxide, eye opef
ing, and extubation. Every 15 min after discontinuing
nitrous oxide (this event was taken to be the common
beginning point from which time to emergence Wi
measured) and at the time of extubation, patients’ men-
tal status was assessed in a manner identical to the
preoperative examination by recovery room pcrsomlc’l
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e 3 LHORINOE
entanij Table 2. Characteristics of the Operative Procedure: Spine Surgery and Craniotomy Patients (Mean + SD)
rate
il
lllgi;l; Duration. .
pice oo e Gl
in 63 + 271 69 + 38t
2 mg/ Isoflurane off to dressing (min) 10 + 11 11 + 11 9+ 15
vas ad- N2O off to extubation (min) 6 + 4 6+5 65
1 pres- lsoflurgne off to extubation (min) 19 + 11 23 + 13 20 + 15
ire for Anesthetics
Isoflurane MAC-hours 126 1.0 2.0+ 0.8 1.9 + 0.8
nuscle Total sufentanil dose (ug/kg) 21+09 22 +1.0 2455807
1 Was Total thiopental dose (mg/kg) 34+15 39+14 39+102
e dis- PETIso (when discontinued) 0.22 + 0.11 0.24 + 0.9 0.26 + .12
ion of PeTIso (when N,O discontinued) 0.06 + 0.09 0.08 + 0.08 0.07 + 0.09
Miscellaneous
block PETco, (at dural closure®) 26 + 23 + 4% 22.0 + 3%
Olate, Temperature (at closure, °C) 35,5+ 0.7 35.9 + 0.8t 359 +£1.0
;Set:.:_ "At skin closure for spine surgery group.
TP < 0.05 versus spine surgery.
£ the 1P < 0.01 versus spine surgery.
large,
al, or
rized who were unaware of the size classification of the brain variables, anesthetic doses, and characteristics of the
0omo- tumor. This assessment was continued every 15 min time course of the anesthetic procedure. Patients were
small for 1 h, then every hour for 4 h and at 24 h. In addition, compared on these factors by study group (tumor wvs,
neter serum electrolytes, blood urea nitrogen, blood glucose, - spine), by tumor size (spine vs. small tumor vs. large
>d as and arterial blood gas analysis were obtained during tumor), and within the tumor group by location.
erate the first 2 h postoperatively in the majority of patients. Univariate Emergence Analysis. Outcomes of pri-
ce of The use of major radiologic diagnostic tests such as mary interest were delayed emergence on the minineu-
ssion lateral skull film, and computed tomographic and mag- rologic examination (=4). the ability to follow com-
been netic resonance imaging scans, within the first 24 h mands and orientation to time and place (yes/no), as-
I are postoperatively was also noted. The frequency of utili- sessed at 15 and 30 min. Baseline and intraoperative
ssure zation and cost to the patient of these radiologic diag- variables, study group, tumor size, tumor location, and
rs of nostic tests were calculated and related to the occur- tumor size by location were assessed for significant
The rence of delayed emergence at 15 and 30 min postoper- association with each outcome.
1pra- atively. Blood samples were obtained at 30 and 120 Statistical Tests. Groups were compared on copnn-‘
aten- min after discontinuation of nitrous oxide for determi- uous variables with a two-tailed ¢ test, an analysis of
nation of plasma sufentanil concentrations. The plasma variance, or their nonparametric counterparts, and on
sthe- Was separated and frozen until analyzed by radioimmu- categorical variables with a chi-square test or Fisher’s
s (by Noassay as previously described.'? The reagents for this c.,\';lcl test. L‘()gis‘tlc rcgr.cssmn was used to assess the
. du assay were obtained from Janssen Lifesciences Prod- size by.l()c;ftum interaction. aa ;
s’ion, ucts (Piscataway, NJ). Plasma concentrations that were Multivariable Emergencc An_alys'ls. .Mq)ww‘c lo-
£ dis- reported as below the threshold of detection for the gistic regression with a P = ().(h‘ criterion was per-
o assay (<0.05 or <0.1 ng/ml ') were arbitrarily as- formed to find the combination of factors that, [:‘lkCI]
'p' signed a value of 0.05 ng/ml  to facilitate statistical together, best explain delayed emergence, as defined
s analysis. ‘ by a minineurologic examination score =4 at 15 and 30
s : nﬁn postoperatively. Study group (spine, small tumor,
Wi Statistical Analysis large tumor) and all other baseline and operative fac-
e Baseline and -Intraopcrativc Comparisons. De- tors were considered in the models.
n;l:l: Scriptive statistics were calculated for demographic For all hypotheses, a significance criterion of 0.01 was
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Fig. 1. Cumulative incidence of return to preoperative baseline
status with respect to the ability to follow commands (4), and
orientation to time (B), place (C), and United States president
(D), shown during the first 24 h postoperatively.

used to adjust for the multiple comparisons and the num-
ber of baseline and intraoperative variables tested.

Results

A total of 47 spinal surgery and 84 cranial surgery
patients were studied. Of the 84 patients in the craniot-
omy group, 45 (54%) had large lesions. Fifty-six (67%)
of craniotomy patients underwent supratentorial sur-
geries, of which 34 (or 40% of the total number of
craniotomies) involved frontal lesions.

Anesthesiology, V 85, No 3, Sep 1996

The Effect of Craniotomy for Tumor Resection

More tumor than spinal surgery patients were female,
but patient age, their frequency of hypertension and
heart disease were similar. The characteristics of the
surgical and anesthetic procedures are presented in
table 2. Spinal surgery patients had a slightly greater
end-tidal partial pressure of carbon dioxide (26 * 3 ps.
22 + 4 mmHg; P < 0.01), slightly lower body tempera-
ture at dural closure (35.5 = 0.7 vs. 35.9 * 0.9°C; P =
0.01) and a shorter time from discontinuance of the
opioid infusion to dressing application (50 * 25 vs. 66
+ 33 min; P < 0.01) than did craniotomy patients.
However, none of these differentiating factors were
associated with any of the outcomes of interest. For
example, end-tidal partial pressure of carbon dioxide
was the same in patients who were oriented at 15 or
30 min and in patients who were not oriented. Figure
1 depicts, over the first 24 postoperative hours, the
cumulative incidence of return to preoperative base-
line status with respect to the ability to follow com-
mands, and orientation to time, place and United States
president. It should be noted that 4 of 84 tumor pa-
tients (3 posterior fossa, 1 frontal) and 0 of 47 control
patients had failed to achieve preoperative baseline
mental status for at least one of the component emer-
gence outcomes by 24 h postoperatively.

Fifteen minutes after discontinuing nitrous oxide,

45 W
40 1 0 Spine 0 Small Tumor
G5 B Large Tumor
3
< 30 + *
>
) —
[ —_—
Q e
25+ —
s =
Q —_—
] =
o 20+ =
2 =
o _—
=154 =
—
_—
=
10 =
18 ——
=
==
=
5 =
11, =
—_—
=
—
0 =

1S min 30 min

p < 0.01 vs Spine and Small Tumor

Fig. 2. Comparisons of incidence of delay in orientation ©
time for spinal surgery versus craniotomy patients by tumor
size. The incidence of delay for patients with large tumors e
significantly greater than for patients with small tumors AD
those undergoing spinal surgery.
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Table 3. Percent of Spine and Craniotomy Patients Who
Failed to Achieve Emergence Criteria

Small Large
Spine Tumor Tumor
(n = 47) (n = 39) (n = 45)

At 15 min
Mini-neurological
examination <5 8.5 154 41.5*
Does not follow command 0 0 8.9*
Not oriented to time 8.5 12.8 42.2*
Not oriented to place 4.3 10.3 33.3*
At 30 min
Mini-neurological
examination <5 4.3 7.7 27.9t
Does not follow command 0 0 4.4
Not oriented to time 4.3 2.6 28.9*
Not oriented to place 4.3 51 17.8

P < 0.01 versus spine and small tumor.
tP < 0.01 versus spine.

fewer tumor patients were oriented to time and place
P < 0.01; fig. 2). All spinal surgery patients could
follow commands, whereas 2.4% of tumor patients
could not. More tumor than spinal surgery patients had
a minineurologic score of less than five (28.8% vs. 8.5%,
respectively; P < 0.01). Thirty minutes after termina-
tion of nitrous oxide, 16.7% of tumor patients were
still disoriented as to time versus 4.3% of control sub-
jects (P < 0.05). More tumor than spinal surgery pa-
tients had a minineurologic score lower than five
(18.3% vs. 4.3%, respectively; P < 0.05). Further analy-
sis separately comparing small and large tumors to the
spinal surgery group indicates that the differences in
emergence between tumor and spinal surgery patients
are predominantly owing to tumor size (see below and
table 3).

Postoperative serum sodium, potassium, and chloride
concentrations were within the normal ranges and did
not differ between the spinal surgery and craniotomy
groups. The same was true for arterial PH level, carbon
dioxide tension, and blood urea nitrogen concentra-
tion. Blood glucose level (196 + 49 ps. 155 + 57 mg/
d) and hemoglobin oxygen saturation (98 * 2 vs. 96
* 2%) were higher in the craniotomy group. However,
neither factor significantly impacted emergence out-
comes.

The frequency with which postoperative radiologic
tests (skull radiograph, computed tomographic and
magnetic resonance imaging scans, and cerebral angio-
gram) were obtained, was not significantly associated
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with delayed cmergence (orientation to time) at 15 or
30 min. Fifty-eight percent (35 of 60) of patients who
were appropriately oriented to time 15 min postopera-
tively required computed tomographic or magnetic res-
onance imaging scans of the head within 24 h of the
conclusion of surgery, compared with 67% (14 of 21)
in patients who where not oriented. At 30 min, the
corresponding frequencies were 61% (42 of 69) and
58% (7 of 12), respectively. Total radiologic diagnostic
cost during the 24 h after surgery was $636 + 422 in
patients whose €émergence (orientation to time) was
delayed at 15 min and $544 + 428 in patients who
were appropriately oriented at this time P = 0.36).
For delayed uvs. appropriate emergence at 30 min, the
radiologic costs were $574 + 438 and $531 + 366,
respectively (P = 0.81). Owing to the sample size and
the large standard deviations observed, there was only
sufficient statistical power to detect differences in cost
of $300 or more.

Effect of Tumor Size

Patient age, gender, weight, and comorbid hyperten-
sion or cardiac disease were similar in the small and
large tumor groups, as were the characteristics of the
operative procedure (table 2). Significantly more pa-
tients with large than small tumors had a minineuro-
logic score less than 5 and fewer patients with large
tumors were oriented to time and place at 15 min than
were patients with small lesions (table 3). Even at 30
min, this difference was significant for the minineuro-
logic score and orientation to time.

Plasma Sufentanil Concentrations. Postoperative
plasma sufentanil concentrations were available in 49
of 84 tumor patients and in 24 of 47 control subjects.
Thirty and 120 min postoperatively, plasma sufentanil
concentrations were 0.23 + 0.13 and 0.16 + 0.11 ng/
ml, respectively in tumor patients and 0.23 *= 0.13
and 0.17 * 0.12 ng/ml, respectively in spinal surgery
patients. At 120 min, plasma sufentanil concentration
was statistically different from the concentration at 30
min in the tumor (P < 0.001) and in the spinal surgery
(P =0.03) groups. Plasma sufentanil concentration was
neither associated with delayed emergence nor with
type of intracranial neurosurgery. For the purposes of
the analyses involving plasma sufentanil concentra-
tions, delayed emergence was defined as the frequency
of failure to be oriented to time.

Multivariable Analysis. At 15 min postoperatively,
the logistic regression model for association with de-
layed emergence (minineurologic score = 4) included
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time from discontinuation of isoflurane to extubation,
in addition to study group. Taking this additional vari-
able into account, the odds (95% confidence interval)
of delayed emergence were 8.2 (2.3-28.7) times that
for patients with large tumors than for spinal surgery
patients and 4.9 (1.6-15.5) times greater for patients
with large tumors than for those with small tumors. At
30 min, the additional variable in the logistic regression
model was the end-tidal concentration of isoflurane
(P;Is0) when nitrous oxide was discontinued. The
odds of delayed emergence were 8.7 (1.8-41.7) times
greater for large tumor than spinal surgery patients
and 4.6 (1.2-18.0) times higher for patients with large
tumors than for those with small tumors. Location of
brain tumor was not a factor significantly affecting de-
layed emergence and was therefore not included in the
model for either time. Results from the multivariate
model therefore corroborated our conclusions about
the effect of tumor size on emergence.

Discussion

Our data provide information regarding the influence
of intracranial pathology on the emergence characteris-
tics of patients undergoing brain tumor resection. To
date, such information has not been reported systemati-
cally. When compared to noncranial surgery, craniot-
omy for tumor excision was associated with prolonged
return to preoperative mental status. Surgery for re-
moval of larger brain tumors was associated with a
higher incidence of delayed emergence in the ecarly
postoperative (i.e., =30 min) period when compared
to surgery for smaller tumors or noncranial neurosur-
gery.

Emergence after anesthesia is a process characterized
by large individual variability. No universally accepted
criteria for the definition of prolonged emergence ex-
ist. However, difficulty with arousal beyond 15 min
after the cessation of anesthesia has previously been
assumed to constitute prolonged emergence."””'” Re-
ported mean times to orientation and awakening after
anesthesia for craniotomy depend somewhat on the
anesthetic regimen, but range from 8 to 61 min.>'*'%|#

|| Ravussin P; Berger-Bayer M; Nydegger M; Freemen J: Thiopental-
isoflurane vs. propofol in neuroanesthesia for intracranial surgery.
(Abstract) Anesthesiology 1988;69:A577.

# Merckx L, Van Hemelrijck J, Van Aken H, Plets C, Goffin J: Total
intravenous anesthesia using propofol and alfentanil infusion in neu-
rosurgical patients. (Abstract) Anesthesiology 1988;69:A576.
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Zelcer and Wells'” found a 9% incidence of unrespon-
siveness 15 min after general anesthesia among 443
recovery room patients. The clinician’s definition of
delayed emergence may vary with the specific clinical
situation. After intracranial neurosurgery, the operative
team is usually intent on obtaining a neurologic assess-
ment of the patient as soon as possible, so thata 15-30-
min period of obtundation is the maximum tolerable
before an intervention is contemplated. For this reason,
the authors chose to concentrate their observations in
the early postoperative period.

Our choice of postoperative neurologic testing was
influenced by practical considerations as well as by
previous definitions of postoperative delirium. We in-
tended to concentrate on components of the neuro-
logic and mental status examination that would be ex-
pected to be useful during the immediate postoperative
evaluation of the craniotomy patient. Others have em-
phasized that disorientation is a sine qua non for the
diagnosis of postoperative delirium, but also describe
concomitant attention, thought process, perception,
and memory deficits.'” Disorientation to time appears
to be the most vulnerable component of orientation.t"’
Our results, especially those shown in figure 1, also
indicate that disorientation to time was the most perva-
sively affected emergence parameter after craniotomy
for brain tumor.

The most prevalent cause of prolonged awakening
from anesthesia is assumed to be drug or anesthetic
effect.' Inhalationalt'® and intravenous anesthetics,”
anesthetic adjuncts,”’ premedicants,”’ and agents po-
tentiating these drugs have all been implicated in de-
layed arousal.? It has even been suggested that opioids,
particularly sufentanil, are associated with exacerba-
tion of postinjury neurologic deficits,">** which in-
clude failure to regain preoperative mental status.

The standardized anesthetic regimen employed in the
current investigation was intended to control for influ-
ences of anesthetic type and dose on emergence. Nev-
ertheless, because anesthesiologists could not be
blinded to the surgery, individual practice patterns may
have introduced certain biases. It is thus conceivable
that patients were treated differently according to attri
butes thought to influence the speed of awakening.
Such systematic bias may have occurred in the manage
ment of our spinal surgery patients, considering their
shorter observed time from discontinuance of the opr
oid infusion to the end of the surgery, when compared
to brain tumor patients. Fortunately, the direction of
this particular bias did not affect our ability to conclude
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that tumor patients emerged more slowly. Factors that
may independently affect emergence from anesthesia
are age, language difficulties, metabolic abnormalities,
electrolyte disturbances, epilepsy, and covert drug
abuse.'***"*° Our data show no differences between
groups with regard to age, prevalence of seizures, or
electrolyte levels. Although control patients were taller
and heavier than tumor patients, this difference was
likely owing to gender, a factor not known to alter
emergence. The incidence of obesity, as determined
by the evaluating anesthesiologist, was not different in
the two groups. In any event, neither of these biologic
characteristics was found to be Statistically associated
with emergence delay.

Longer duration of anesthesia can lead to prolonged
recovery.”'**” Duration of anesthesia was similar but
not identical in patients who underwent craniotomy
for tumor excision, when compared to spinal surgery
patients. Tumor patients had procedure times which
were, on average, 40 min longer than spinal surgery
cases, which resulted in marginally greater isoflurane
minimum alveolar concentration hours. However, both
groups’ mean procedure times were at least 5 h; the
postoperative plasma concentrations of sufentanil
were nearly identical in tumor and control patients. It
is unlikely that, after 5 h of anesthesia, an additional
40 min would have resulted in a clinically important
eémergence delay. Furthermore, procedure duration
G718 ws. 57+ 19 h) and isoflurane minimum
alveolar concentration hours (1.9 0.8 vs,1.9 + 0.8)
were extremely well matched in the large and small
tumor groups, despite their decidedly different emer-
gence characteristics. Our data also show that the total
hourly dose of sufentanil, the end-tidal concentration
of isoflurane at the end of administration of the anesthe-
tic and the plasma sufentanil concentration 30 min
after termination of nitrous oxide were equivalent in
the Craniotomy and control groups (table 2). To adjust
for potential confounders stemming from the anesthe-
tic, we accounted for two univariately significant fac-
tors, the time from discontinuation of isoflurane to ex-
tubation and the PerIso when nitrous oxide was discon-
tinued in the logistic regression models. In doing so,
the relationship between brain tumor size and delayed
€mergence was just as strong. Furthermore, control
Patients had the sufentanil infusion discontinued later
than craniotomy patients, which should have — to-
gether with the slightly colder state of control patients
at the end of surgery — further biased our study toward
longer emergence times in this group.
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Hyperventilation changes human sufentanil pharma-
cokinetics, resulting in a higher total volume of distri-
bution and longer elimination half-life.** Similarly, brain
concentration of fentanyl was increased in hyperventi-
lated dogs,* presumably because of reduced brain
washout and a change in the drug lipid/plasma distribu-
tion coefficient caused by the higher pH level. Higher
brain opioid concentrations could slow emergence
from anesthesia. The slower awakening of our craniot-
omy patients, who were also aggressively hyperventi-
lated, therefore, could theoretically have been related
to altered sufentanil pharmacokinetics. Intraoperative
hypocapnia has previously been linked to postopera-
tive impairment in reaction time and short-term mem-
ory.** Although end-tidal partial pressure of carbon di-
oxide was significantly lower in the tumor group dur-
ing the early part of the surgical procedure, the
difference was small (average of 3.5 mmHg). Further-
more, end-tidal partial pressure of carbon dioxide was
similar to the control group by the time of surgical
closure. Most importantly, despite their more promi-
nent emergence delays, patients with large tumors
were hyperventilated in a manner identical to patients
with small tumors. On balance it therefore seems un-
likely that hypocapnia played a role in accounting for
the delays in emergence of craniotomy patients. Given
these observations, we cannot attribute the observed
differences in emergence to differences in the anesthe-
tic regimen. Rather, we suggest that the surgical tres-
pass on the brain, particularly with larger lesions, is an
independently operative factor.

It is possible that our conclusions could potentially
have been affected by a change in surgical practice
during the 5-yr study period. Our neuroanesthetic and
neurosurgical practices have remained relatively stable
during the entire study period. The majority of neu-
roanesthesiologists who practiced at the beginning of
the study did so at the end. Surgical practice has gradu-
ally but increasingly used stereotactic guidance. It is
estimated that approximately 40-50% of craniotomies
were performed with stereotactic guidance at the out-
set of the study and about 70% at its conclusion. To-
ward the end of the enrollment period fewer craniot-
omies for metastatic tumor were performed because
of an increasing trend toward radiotherapeutic inter-
vention. These trends are mentioned for completeness
but their significance with respect to our results is
unclear. We believe that they do not affect the conclu-
sions of our study, because the preliminary findings
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gathered from the first 60% of our patients are corrobo-
rated by the remainder of the study enrollees.

Little has been written about the influence of intra-
cranial disease on the quality of emergence from anes-
thesia. When Losasso et al.*® compared cervical spinal
surgery with craniectomy in a study assessing the ef-
fects of nitrous oxide on venous air embolism risk, they
found that emergence times were slightly longer for
craniotomy patients. They attributed this difference to
the degree of brain exposure in the operative field, but
could not rule out the influence of such other variables
as length of surgery and anesthetic exposure. Todd et
al'® observed that patients with midline intracranial
tumors required a longer time to become oriented after
craniotomy. Although a relationship between tumor
volume and emergence characteristics was not evident,
their study was not specifically designed to tests this
hypothesis, lacking statistical power. Conventional
teaching has held that certain conditions may predis-
pose to slow awakening. These include a depressed
preoperative mental state such as, for example, is seen
in patients with cerebral palsy,'"*"*" psychiatric dis-
ease,' "% extensive surgical dissection, occurrence of
brain stem ischemia, severe pneumocephalus,’ sei-
zures,” and surgical trespass in the area of the frontal
lobes.

If one accepts the notion that emergence after brain
surgery can be independent of anesthetic factors, the
question of a potential mechanism is an interesting
one. Brain tissue shifts have been reported to associate
with depression of consciousness.'' Among these, hori-
zontal shifts were most directly related to level of con-
sciousness. One might postulate that surgical interven-
tion, brain tissue dehydration and hyperventilation
could occasion a relative shift in brain tissues during
the immediate postoperative period. Compression or
traction on such structures as the brain stem or the
thalamic reticular activating system may explain the
effect of brain shifts on depression of consciousness."'
In support of the latter goes our observation that larger
brain tumors predisposed to slower return of preopera-
tive mental state. It is conceivable that subtle brain
shifts occur particularly where a large amount of tissue
is removed surgically. Alternatively, one may speculate
that the greater amount of brain edema associated with
large brain tumors may lead to a slower washout of
anesthetic agents. Despite these considerations, it must
also be understood that small strategically placed le-
sions could lead to depression in consciousness postop-
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eratively, such as ischemia or compression in the terri-
tory of the reticular activating system.

'l"hc analysis of carly postoperative radiologic diag-
nostic costs indicates that delayed emergence did not
result in a significantly higher or “‘panic” ordering of
expensive neuroradiologic procedures during the first
postoperative day. It may merely indicate that the sur-
geons at our hospital expect a certain degree of somno-
lence for at least 30 min postoperatively that does not
require urgent additional diagnostic studies. It is still
possible that more tests were ordered earlier within
the 24-h time period in patients with delayed return of
orientation, an issue that was not addressed in this
study. However, by 24 h, cumulative radiologic cost
no longer depended on immediate postoperative neu-
rologic status. Further information needs to be gath-
ered to inform clinicians of a safe time interval that
can be allowed before diagnostic intervention becomes
necessary in the somnolent postcraniotomy patient.

In this study, patients undergoing craniotomy for re-
moval of brain tumor were slower to emerge from
anesthesia than a group of neurosurgical patients un-
dergoing spinal surgery. Patients with large intracranial
tumors (>30 mm diameter, mass effect) predominantly
accounted for this difference. The cranial radiologic
diagnostic cost during the first postoperative day was
not significantly greater in patients with slower emer-
gence patterns. We conclude that emergence from an-
esthesia after craniotomy for large tumor masses is de-
layed during the first 30 postoperative minutes when
compared to noncranial neurosurgery or craniotomy
for small tumors.
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