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No Association between Intraoperative Hypothermia or
Supplemental Protective Drug and Neurologic Outcomes
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ABSTRACT

ing temporary clipping. Three months after surgery, 278 patients
(63%) had good outcome (Glasgow Outcome Score ⫽ 1). Neither
hypothermia (P ⫽ 0.847; odds ratio ⫽ 1.043, 95% CI ⫽ 0.678 –
1.606) nor supplemental protective drug (P ⫽ 0.835; odds ratio ⫽
1.048, 95% CI ⫽ 0.674 –1.631) were associated with 3-month Glasgow Outcome Score. The effect of supplemental protective drug did
not significantly vary with temperature. The effects of hypothermia
and protective drug did not significantly vary with temporary clip
duration. Similar findings were made for 24-h neurologic status and
3-month Neuropsychological Composite Score.
Conclusion: In the Intraoperative Hypothermia for Aneurysm Surgery Trial, neither systemic hypothermia nor supplemental protective
drug affected short- or long-term neurologic outcomes of patients
undergoing temporary clipping.

Background: Although hypothermia and barbiturates improve neurologic outcomes in animal temporary focal ischemia models, the
clinical efficacy of these interventions during temporary occlusion of
the cerebral vasculature during intracranial aneurysm surgery (temporary clipping) is not established.
Methods: A post hoc analysis of patients from the Intraoperative
Hypothermia for Aneurysm Surgery Trial who underwent temporary
clipping was performed. Univariate and multivariate logistic regression methods were used to test for associations between hypothermia, supplemental protective drug, and short- (24-h) and long-term
(3-month) neurologic outcomes. An odds ratio more than 1 denotes
better outcome.
Results: Patients undergoing temporary clipping (n ⫽ 441) were
assigned to intraoperative hypothermia (33.3° ⫾ 0.8°C, n ⫽ 208) or
normothermia (36.7° ⫾ 0.5°C, n ⫽ 233), with 178 patients also
receiving supplemental protective drug (thiopental or etomidate) dur-

What We Already Know about This Topic
❖ Animal studies suggest that hypothermia and barbiturates
protect the brain during transient focal ischemia, but the clinical relevance of this is unknown
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What This Article Tells Us That Is New
❖ In a secondary analysis of 441 patients with temporary clipping during cerebral aneurysm surgery, neither hypothermia
nor barbiturate treatment improved 24-h or 3-month neurologic outcome
❖ As opposed to results in animal studies, these interventions
may not be protective in patients undergoing this procedure

T

EMPORARY occlusion of the cerebral vasculature
(“temporary clipping”) is commonly used during intracranial aneurysm surgery. Numerous reports address potential adverse effects of temporary clipping, primarily focal cerebral ischemia and associated neurologic injury.1–9 A
fundamental question is whether intraoperative interven-
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Findings from the Intraoperative Hypothermia for Aneurysm Surgery Trial
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Materials and Methods
IHAST Protocols and Methods
IHAST was a multicenter, prospective, randomized, partially
blinded trial designed to determine whether mild intraoperative systemic hypothermia (33°C) would result in improved
neurologic outcome in patients undergoing surgery to treat
acutely ruptured intracranial aneurysms as compared with
intraoperative normothermia. Details of trial design, patient
eligibility, protocols, and outcome assessment have been
published previously.10,11 In brief, between February 2000
and April 2003, nonpregnant adults with subarachnoid
hemorrhage (SAH) and an angiographically confirmed intracranial aneurysm scheduled to undergo surgical treatment
within 14 days of SAH were eligible to participate. Other
major inclusion criteria included a preoperative World Federation of Neurologic Surgeons (WFNS) Class of I, II, or
Hindman et al.

III12 and not being tracheally intubated at the time of study
enrollment. IHAST protocols were approved by the Human
Subjects’ Committees at each participating center, and written informed consent was obtained from either the patients
or their families. Data collection included patient demographics and pre-SAH medical history. Information regarding the characteristics of the ruptured aneurysm (location
and angiographic diameter) and its immediate effects
(amount of subarachnoid blood [Fisher Scale],13 WFNS
class, and National Institute of Health (NIH) Stroke Scale14)
were recorded before surgery.
Anesthesia was induced with thiopental or etomidate and
maintained with isoflurane or desflurane, fentanyl or
remifentanil, and nitrous oxide or air with oxygen. Use of
intraoperative neurologic monitoring (e.g., electroencephalography and evoked potentials) was determined by the preferences of each operating team. After induction of general
anesthesia, patients were randomized to one of two groups:
(1) hypothermia (target esophageal temperature 33°C) or (2)
normothermia (target esophageal temperature 36.5°C),
which were achieved with surface techniques. The knowledge of intraoperative temperature was limited to each patient’s anesthesiologist; surgeons were not informed of the
patient’s temperature. Rewarming of hypothermic patients
began after the last aneurysm had been secured and was
largely complete by 2 h after surgery.
Intraoperative surgical management consisted primarily
of clipping the ruptured aneurysm. The decision to use temporary clipping was at the discretion of the neurosurgeon and
was defined as the temporary occlusion of any major intracranial vessel for more than or equal to 1 min (n ⫽ 441); this
defined our study population. Temporary clip duration was
the sum of all occlusion durations in all arterial territories.
However, in 96% of patients, temporary clipping took place
in only a single arterial distribution. For this analysis, temporary clip duration was categorized as brief (ⱕ 10 min),
intermediate (11–19 min), or long (ⱖ 20 min) on the basis
of convention, clinical experience, and previous reports.1– 4,7
Although approximately 10% of patients had more than one
aneurysm treated during surgery, the first aneurysm treated
(Aneurysm 1) was responsible for the presenting SAH in
96% of patients. Accordingly, aneurysm characteristics and
intraoperative status at the time of temporary clipping are
referenced to completion of clipping of Aneurysm 1. The
indications, choice (thiopental or etomidate), and dose of the
supplemental protective drug administered during temporary clipping were determined by the preferences of each
operating team.
All data collection, pre- and postoperative management
decisions, and outcome assessments were made by individuals who had no knowledge of intraoperative temperature assignment or supplemental protective drug administration.
At every patient encounter, patients were assessed for the
occurrence of any of the 106 predefined adverse events or
procedures collectively referred to as intercurrent events.
Each intercurrent event had defined diagnostic criteria based
Anesthesiology, V 112 • No 1 • January 2010
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tions proposed to have protective efficacy in the setting of
temporary focal ischemia (e.g., hypothermia and/or protective drugs) actually improve neurologic outcomes in patients
undergoing temporary clipping.
The Intraoperative Hypothermia for Aneurysm Surgery
Trial (IHAST) was a randomized trial of mild systemic hypothermia (33°C) in patients undergoing surgery to treat an
acutely ruptured intracranial aneurysm. In the entire cohort
(n ⫽ 1,000 patients), hypothermia did not significantly affect neurologic or neuropsychologic outcomes.10,11 However, in these previous reports, IHAST patients undergoing
temporary clipping were not analyzed separately. Patients
undergoing temporary clipping may be the most appropriate
subgroup in whom the effect of potentially protective interventions may be assessed. Therefore, the aim of this study
was to reexamine IHAST data to determine whether intraoperative hypothermia was associated with altered outcomes
in patients undergoing temporary clipping.
In IHAST, two potentially protective interventions could
be used simultaneously during temporary clipping, namely,
hypothermia (vs. normothermia) and supplemental protective drug (vs. no protective drug). This adds complexity to
the analysis because both hypothermia and supplemental
protective drug may affect outcome, and these two interventions could interact. For example, the effect of supplemental
protective drug could be temperature dependent (i.e., protective drug might improve outcome when given during normothermia but have no effect when given during hypothermia or vice versa). An additional factor to be considered is
temporary clip duration. Brief temporary clip durations may
be less likely to result in neurologic injury than longer clip
durations, whereas very long clip durations may not be amenable to intervention. Therefore, in this analysis, we assess
the potential interactions among these factors (temperature,
supplemental protective drug, and temporary clip duration)
to determine whether intraoperative protective interventions— either hypothermia or supplemental protective
drug—were associated with altered neurologic outcomes.
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on available guidelines, standards, or consensus statements.
Pre- and postoperative management was not standardized,
but all aspects of treatment and patient condition were prospectively documented daily for either 14 days or until discharge (if discharge occurred before 14 days). Final neurologic and neuropsychologic outcome assessments were made
approximately 3 months after surgery by certified examiners.
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with the preoperative value; (2) an increase of four or more
points on the NIH Stroke Scale as compared with the preoperative value; (3) an increase of one or more points on the
motor component of any limb on the NIH Stroke Scale as
compared with the preoperative value; (4) tracheal intubation; (5) death; (6) report of a new focal neurologic deficit
within the first 2 h of surgery by the anesthesiologist; and (7)
the diagnosis of delayed ischemic neurologic deficit. Compared with patients who had no neurologic deterioration at
24 h (n ⫽ 244), patients with neurologic deterioration (n ⫽
197) had a greater incidence of (1) postoperative cerebral
infarction (16% vs. 44%, respectively, P ⬍ 0.0001), (2) nonfatal disability at 3 months (21% vs. 40%, respectively, P ⬍
0.0001), and (3) mortality at 3 months (0.4% vs. 16%, respectively, P ⬍ 0.0001). For this analysis, this early outcome
measure was dichotomized as either no neurologic deterioration at 24 h or neurologic deterioration.
Statistical Methods
All data entry was performed by the Data Management Center at the University of Iowa. Statistical analyses were performed on SAS 9.1.3 Service Pack XP PRO Platform (SAS
Institute, Inc., Cary, NC). Power analyses were performed
using nQuery Advisor, 7.0 (Statistical Solutions, Ltd., Cork,
Ireland). The univariate tests used included the Fisher exact
test, Pearson chi-square test, Kruskal-Wallis test, and Wilcoxon rank sum test depending on the characteristics and
distribution of the data.
Logistic regression analysis was conducted on the basis of
good outcome. A variable associated with an increased likelihood of a good outcome was considered to be “protective”
and had an odds ratio (OR) more than 1. Conversely, variables associated with a decreased likelihood of good outcome
were detrimental and had an OR less than 1. For each of the
three outcome measures, three sets of logistic regression analyses were sequentially developed and referred to as Steps 1–3.
In Step 1, logistic regression was used to test for the presence of interactions between temperature group assignment
(hypothermia vs. normothermia), supplemental protective
drug (supplemental protective drug vs. none), and temporary
clip duration (long, intermediate, vs. brief). Initial models
included all interaction terms. Thereafter, in sequential fashion, the interaction term having the greatest nonsignificant P
value was removed, and the model was then recalculated to
assess the effect of removal of the interaction term on the
remaining terms. This process was repeated until all interaction terms had a P value less than 0.05 or were removed from
the model. We observed that no interaction term was significant in any model by using this process. Because there were
no significant interaction terms in any of the Step 1 outcome
models, Step 2 logistic models included only terms for temperature group assignment, supplemental protective drug,
and temporary clip duration category.
In Step 3, logistic models were developed to include and
adjust for other potential determinates of outcome (covariates). Variables that were tested included a set of 10 standard
Hindman et al.
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Outcome Measures
In IHAST, the primary outcome measure was the five-point
modified Glasgow Outcome Score (GOS),15 which was obtained in 1,000 patients (1 ⫽ good recovery, 2 ⫽ moderate
disability, 3 ⫽ severe disability, 4 ⫽ vegetative state, and 5 ⫽
death).16 For this analysis, the 3-month GOS was dichotomized as either 1 (good recovery) or more than 1 (incorporating all levels of disability and death).
A neuropsychologic assessment was also conducted 3
months after surgery. The details regarding this assessment
have been previously reported.11 The test battery included
the Benton Visual Retention Test,17 Controlled Oral Word
Association,18 Rey-Osterrieth Complex Figure-Copy,19
Grooved Pegboard, and Trail Making Test.19,20 Test performance was compared with age- and education-adjusted normative data. The results were converted to T scores, and
individual T scores were then averaged to provide a Neuropsychological Composite Score, providing an index of global
cognitive status. If not all tests were completed, a composite
score was calculated based on the tests that were completed,
provided that at least three scores were available. Impairment
on the composite score was defined as a T score of 30 or less,
which is 2 SD below the population norm. If less than three
neuropsychologic tests were completed, a composite score
was not calculated, but patients were classified as either globally impaired or not impaired by an imputation process
based on other neurologic assessments.11 In the temporary
clip population, 21 Composite Scores were imputed: 10 with
no impairment and 11 with impairment. For this analysis,
3-month Neuropsychological Composite Score was dichotomized as either normal (not impaired) or abnormal (impaired). Temporary clip patients who had died by 3 months
(n ⫽ 33) did not have Neuropsychological Composite
Score and were not included in the analysis of this outcome measure.
Because neurologic injuries evolve for many days or weeks
after an insult, interventions that improve short-term neurologic outcome may not have a sustained long-term benefit.21,22 In addition, postoperative events such as vasospasm
or fever23 could negate the effect of an otherwise effective
intraoperative protective intervention. For these reasons, associations between protective interventions and early postoperative outcome were also assessed. For this analysis, neurologic deterioration at 24 h after surgery was selected as the
early outcome measure. Neurologic deterioration at 24 h
after surgery was defined by the presence of any one or more
of the following conditions at that time: (1) a decrease of two
or more points on the Glasgow Coma Scale as compared

Interventions during Temporary Clipping
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Results
Of the 1,000 patients who had 3-month outcome determinations, information regarding the use of temporary clips
was missing in 6. Of the remaining 994 patients, 441 underwent temporary clipping and 553 did not. Comparisons of
patient and aneurysm characteristics, perioperative conditions and events, and neurologic outcomes in patients who
underwent temporary clipping and those who did not are
provided in Supplemental Digital Content 1, tables S-1 to
S-3, respectively, http://links.lww.com/ALN/A561.
Patients who underwent temporary clipping (n ⫽ 441)
were subgrouped into brief (ⱕ 10 min, n ⫽ 279), intermediate (11–19 min, n ⫽ 104), and long (ⱖ 20 min, n ⫽ 58)
occlusion durations. As shown in table 1, patient characteristics of these three subgroups did not differ with regard to
sex, race, age, history of hypertension, preoperative WFNS
or Fisher scores, aneurysm size, or time from SAH to surgery.
In contrast, these three subgroups differed in preoperative
neurologic status (best verbal response on the Glasgow Coma
Scale and NIH Stroke Scale) and aneurysm location. As
shown in table 2, intraoperative variables that differed
among the three clip duration subgroups included the ease of
aneurysm exposure, frequency of intraoperative supplemental protective drug administration, frequency of central veHindman et al.

nous pressure monitoring, blood glucose concentration,
number of permanent clips, frequency of aneurysm wrapping, estimated blood loss (borderline P ⫽ 0.056), and total
surgery duration. As shown in table 3, without adjustment
for these covariates, greater postoperative neurologic morbidity and less favorable postoperative neurologic outcomes
were associated with greater temporary clip durations. In
Step 3 of the multivariate analysis, except for number of
permanent clips and frequency of wrapping, all the variables
noted previously were tested for their association with outcome and for their effect on associations between protective
interventions, temporary clip duration, and outcomes.
Patients were randomized to intraoperative hypothermia
or normothermia. Of those who underwent temporary clipping, 208 were assigned to intraoperative hypothermia
(33.3° ⫾ 0.8°C) and 233 to normothermia (36.7° ⫾ 0.5°C).
The two temperature subgroups did not differ with respect to sex, race, age, history of hypertension, preoperative WFNS, NIH Stroke Scale, or Fisher Scores, aneurysm
location, or time from SAH to surgery. Aneurysm angiographic diameter differed slightly between hypothermia
and normothermia subgroups (9 ⫾ 6 mm vs. 8 ⫾ 5 mm,
respectively, Wilcoxon rank sum P ⫽ 0.047). Four intraoperative variables differed between temperature subgroups: ease of aneurysm exposure, frequency of central venous pressure monitoring, blood glucose concentration, and
PaO2 (each P ⬍ 0.05; data provided in Supplemental Digital
Content 1, table S-4, http://links.lww.com/ALN/A561). In
Step 3 of the analysis, all the variables noted previously were
tested for their association with outcomes and their effect on
associations between protective interventions, temporary
clip duration, and outcomes.
Patients undergoing temporary clipping either had no
additional protective intervention (n ⫽ 263) or received supplemental protective drug during temporary clipping (thiopental, n ⫽ 157; etomidate, n ⫽ 20; not identified, n ⫽ 1).
Although not randomized, these two subgroups did not differ with respect to sex, race, age, history of hypertension,
preoperative WFNS, NIH Stroke Scale, or Fisher Scores,
aneurysm size or location, or time from SAH to surgery.
Seven intraoperative variables differed between these two
subgroups: use of intraoperative electroencephalography and
evoked potential monitoring, frequency of central venous pressure monitoring, mean arterial pressure, blood glucose concentration, PaO2 (borderline P ⫽ 0.067), and total surgery duration
(each P ⬍ 0.05; data provided in Supplemental Digital Content
1, table S-5, http://links.lww.com/ALN/A561). In Step 3 of the
analysis, all the variables noted previously were tested for their
association with outcomes and for their effect on associations
between protective interventions, temporary clip duration, and
outcomes.
The dose of supplemental thiopental did not differ between normothermic and hypothermic patients (7.4 ⫾ 5.5
mg/kg [n ⫽ 93] vs. 7.2 ⫾ 5.8 mg/kg [n ⫽ 64], respectively,
Wilcoxon rank sum P ⫽ 0.701). Supplemental etomidate
dose was greater in normothermic than in hypothermic paAnesthesiology, V 112 • No 1 • January 2010
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covariates used in previous analysis of IHAST data: gender,
race, age, history of hypertension, preoperative WFNS score,
preoperative NIH Stroke Scale Score, preoperative Fisher
Score, aneurysm location (posterior vs. anterior), aneurysm
size, and time from SAH to surgery.23–26 In addition to these
standard covariates, 10 other variables were tested that differed as a function of either temperature group assignment,
use of supplemental protective drug, and/or temporary clip
duration (see Results). These 10 additional variables were
preoperative best verbal score, intraoperative aneurysm exposure, intraoperative electroencephalography use, intraoperative evoked potential use, intraoperative central venous pressure monitoring, intraoperative mean arterial pressure,
intraoperative blood glucose concentration, intraoperative
arterial oxygen partial pressure (PaO2), intraoperative blood
loss, and total surgery duration. Thus, in total, 20 variables
were tested for inclusion in Step 3 outcome models and for
their effect on associations between temperature group assignment, supplemental protective drug, temporary clip duration, and the 3 outcome measures. To accomplish this, in
Step 3, a forward stepwise model selection process was used,
with the forced inclusion of temperature group, supplemental protective drug, and temporary clip duration in all models. For initial model entry, each candidate variable was required to have a P value of less than 0.25, whereas to remain
in the final model, a candidate variable was required to have
a P value of less than 0.05.
In all analysis, a P value of less than or equal to 0.05 was
the threshold for a statistically significant difference or association, without adjustment for multiple comparisons.
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Table 1. Patient and Aneurysm Characteristics
Temporary Clip Duration
Variable

11–19 min
(n ⫽ 104)

ⱖ20 min
(n ⫽ 58)

P Value

185 (66)
224 (80)
51 ⫾ 12
100 (36)
237 (85)

64 (62)
85 (82)
52 ⫾ 12
41 (39)
91 (88)

31 (53)
49 (85)
50 ⫾ 11
23 (40)
37 (64)

0.159*
0.549*
0.858†
0.736*
⬍0.001*

192 (69)
73 (26)
14 (5)

72 (69)
29 (28)
3 (3)

32 (55)
21 (36)
5 (9)

0.216*

16 (6)
162 (58)
94 (34)
7 (3)
0 (0)

11 (11)
48 (46)
43 (41)
1 (1)
1 (1)

1 (2)
27 (47)
25 (43)
5 (9)
0 (0)

0.017*

17 (6)
86 (31)
139 (50)
37 (13)

9 (9)
33 (32)
48 (46)
14 (14)

1 (2)
17 (29)
29 (50)
11 (19)

0.625*

7 (3)
48 (17)
3 (1)
5 (2)
0 (0)
81 (29)
114 (41)
9 (3)
10 (4)
2 (1)
8⫾5
3.4 ⫾ 3.1

0 (0)
13 (13)
4 (4)
0 (0)
2 (2)
20 (19)
50 (48)
4 (4)
6 (6)
5 (5)
9⫾6
3.1 ⫾ 3.1

4 (7)
6 (10)
1 (2)
0 (0)
1 (2)
10 (17)
30 (52)
1 (2)
3 (5)
2 (3)
9⫾7
3.2 ⫾ 2.0

0.005*

0.308†
0.790†

Continuous variables are expressed as mean ⫾ SD.
* Fisher exact test. † Kruskal-Wallis test.
NIH ⫽ National Institutes of Health; PICA ⫽ posterior inferior cerebellar artery; SAH ⫽ subarachnoid hemorrhage; WFNS ⫽ World
Federation of Neurological Surgeons.

tients (0.67 ⫾ 0.22 mg/kg, [n ⫽ 6] vs. 0.40 ⫾ 0.14 mg/kg
[n ⫽ 13], respectively, Wilcoxon rank sum P ⫽ 0.005).
Supplemental thiopental and etomidate doses did not differ
among the three temporary clip duration subgroups
(Kruskal-Wallis P ⫽ 0.189 and 0.277, respectively). Accordingly, the dose of protective drug (in mg/kg) was not included as a covariate in any analysis.
Univariate Analysis
In table 4, unadjusted neurologic outcomes are reported specific to intraoperative temperature subgroup, use of supplemental protective drug, and temporary clip duration subgroup. Within each of the three temporary clip duration
subgroups, as well as overall (all clip durations), neurologic outcomes did not differ between hypothermic and normothermic
patients (all P ⬎ 0.05; data provided in Supplemental Digital
Content 1, tables S-6 to S-8, http://links.lww.com/ALN/A561).
For example, when all temporary clip durations are comAnesthesiology, V 112 • No 1 • January 2010

bined, 64% of normothermia patients (149 of 233) had a
3-month GOS score of 1 as compared with 62% of hypothermia patients (129 of 208); Pearson chi-square P ⫽
0.675. Likewise, within each of the three temporary clip
duration subgroups, as well as overall, neurologic outcomes
did not differ between patients who received supplemental
protective drug and those who did not, regardless of temperature group. Increasing temporary clip duration was associated with a less favorable outcome in some comparisons. For
example, in all normothermia patients, the percentage of
patients with good 24-h neurologic status decreased with
increasing temporary clip duration; Pearson chi-square P ⫽
0.030.
Multivariate Logistic Analysis
Multivariate analysis was used to determine whether there
were any significant interactions between temperature group
assignment, supplemental protective drug, and temporary
Hindman et al.
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Female, n (%)
White race, n (%)
Age, yr
History of hypertension, n (%)
Preoperative best verbal—oriented, n (%)
Preoperative WFNS Score, n (%)
I
II
III
Preoperative NIH Stroke Scale Score, n (%)
Incomplete
0
1–7
8–14
15–42
Preoperative Fisher Score, n (%)
1
2
3
4
Aneurysm 1, location, n (%)
Carotid or ophthalmic
Posterior communicating
Anterior choroidal
Carotid bifurcation
Carotid (other)
Middle cerebral
Anterior communicating
Anterior cerebral (other)
Vertebrobasilar (not PICA)
PICA
Aneurysm 1, largest angiographic diameter, mm
Time from SAH to surgery, d

ⱕ10 min
(n ⫽ 279)
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Table 2. Perioperative Conditions and Events
Temporary Clip Duration
Variable

ⱕ10 min
(n ⫽ 279)

ⱖ20 min
(n ⫽ 58)

11 (12)
43 (41)
33 (32)
17 (16)
55 (53)†

4 (7)
12 (21)
22 (38)
20 (35)
30 (52)

6.8 ⫾ 5.3 (45)
0.43 ⫾ 0.15 (9)
23 (22)

Hindman et al.

⬍0.001*

⬍0.001*

9.9 ⫾ 7.7 (25)
0.56 ⫾ 0.12 (5)
11 (19)

0.189‡
0.277‡
0.310*

29 (28)

14 (24)

0.319*

40 (39)

36 (62)

0.004*

36.7 ⫾ 0.4 (50)
33.3 ⫾ 0.9 (54)
80 ⫾ 15

36.6 ⫾ 0.6 (31)
33.2 ⫾ 0.6 (27)
77 ⫾ 15

0.911‡
0.962‡
0.255‡

141 ⫾ 38
223 ⫾ 111
1.5 ⫾ 0.8
4 (4)
49 (47)

133 ⫾ 40
217 ⫾ 105
1.7 ⫾ 0.9
8 (14)
33 (57)

0.017‡
0.746‡
0.012‡
0.021*
0.174*

452 ⫾ 310
11 (11)

605 ⫾ 528
12 (21)

0.056‡
0.220*

36.9 ⫾ 0.5 (50)
34.4 ⫾ 1.0 (54)
342 ⫾ 108

36.8 ⫾ 0.5 (31)
34.6 ⫾ 1.0 (26)
372 ⫾ 94

0.190‡
0.681‡
⬍0.001‡

37.6 ⫾ 0.7 (50)
36.4 ⫾ 1.2 (54)

37.4 ⫾ 0.6 (31)
36.9 ⫾ 1.0 (26)

0.061‡
0.087‡

Continuous variables are expressed as mean ⫾ SD.
* Fisher exact test. † One patient with missing values for supplemental protective drug type and dose.
of six etomidate patients had the dose reported as 0 mg; dose calculated for five patients.

clip duration. As summarized in table 5, there were no significant interaction terms in any of the three Step 1 outcome models, and subsequent serial removal of interaction terms did not
result in any new significant interaction terms. Therefore, with
regard to each of the three neurologic outcome measures, (1) the
effect of temperature did not significantly vary with temporary
clip duration; (2) the effect of supplemental protective drug did
not significantly vary with temporary clip duration; and (3) and
the effect of supplemental protective drug did not significantly
vary with temperature.
All Step 1 interaction terms were nonsignificant and, as a
result, all interaction terms were sequentially removed from
the models. As shown in table 6, the resulting Step 2 multivariate models indicate that neither intraoperative hypothermia (P ⫽ 0.696; OR ⫽ 0.927) nor supplemental protective

P Value

‡ Kruskal-Wallis test.

§ One

drug (P ⫽ 0.475; OR ⫽ 1.155) was associated with 24-h
neurologic status. Likewise, neither intraoperative hypothermia (P ⫽ 0.696; OR ⫽ 0.925) nor supplemental protective
drug (P ⫽ 0.926; OR ⫽ 0.981) was associated with 3-month
GOS score. Finally, neither intraoperative hypothermia (P ⫽
0.092; OR ⫽ 1.532) nor supplemental protective drug (P ⫽
0.684; OR ⫽ 0.901) was associated with 3-month Neuropsychological Composite Score. In Step 2 models, temporary
clip duration greater than or equal to 20 min was associated
with (1) less favorable 24-h neurologic outcome (P ⫽ 0.003;
OR ⫽ 0.405) and (2) less favorable 3-month GOS score
(P ⫽ 0.010; OR ⫽ 0.469). Reanalysis of the data excluding
patients who had received etomidate as the supplemental
protective drug (n ⫽ 20) did not meaningfully change any
Step 1 or Step 2 results (data provided in Supplemental
Anesthesiology, V 112 • No 1 • January 2010
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Intraoperative aneurysm
exposure, n (%)
Easy
35 (13)
Moderate
135 (48)
Difficult
83 (30)
Very difficult
26 (9)
93 (33)
Supplemental protective
drug given, n (%)
Thiopental dose, mg/kg (n)
6.8 ⫾ 5.0 (87)
Etomidate dose, mg/kg (n)
0.52 ⫾ 0.33 (5)§
Intraoperative electroencephalographic
44 (16)
monitoring, n (%)
58 (21)
Intraoperative evoked potential
monitoring, n (%)
Intraoperative central venous
153 (55)
pressure monitoring, n (%)
Aneurysm 1, patient temperature
Normothermia, °C (n)
36.7 ⫾ 0.5 (152)
Hypothermia, °C (n)
33.3 ⫾ 0.9 (127)
Aneurysm 1, mean arterial
80 ⫾ 14
pressure, mmHg
Aneurysm 1, blood glucose, mg/dl
130 ⫾ 34
Aneurysm 1, arterial PO2, mmHg
216 ⫾ 109
Aneurysm 1, permanent clips applied
1.4 ⫾ 0.7
Aneurysm 1, wrapped, n (%)
12 (4)
Aneurysm 1, intraoperative
121 (43)
leak or rupture, n (%)
Intraoperative blood loss, ml
455 ⫾ 420
Intraoperative RBC administration, n (%)
41 (15)
Patient temperature at the end of surgery
Normothermia, °C (n)
36.8 ⫾ 0.5 (152)
Hypothermia, °C (n)
34.4 ⫾ 0.9 (127)
Total surgery duration, min
323 ⫾ 101
Patient temperature 2 h after
the end of surgery
Normothermia, °C (n)
37.1 ⫾ 0.7 (152)
Hypothermia, °C (n)
36.5 ⫾ 1.0 (127)

11–19 min
(n ⫽ 104)
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Table 3. Postoperative Neurologic Morbidity and Outcomes
Temporary Clip Duration
Variable

11–19 min
(n ⫽ 104)

ⱖ20 min
(n ⫽ 58)

P Value

7 (3)

5 (5)

7 (12)

0.008

74 (27)

27 (26)

26 (45)

0.019

71 (25)

20 (19)

15 (26)

0.432

161 (58)

62 (60)

21 (36)

0.007

186 (67)

64 (62)

28 (48)

0.031

207 (80)

80 (81)

39 (76)

0.798

21 (8)

5 (5)

7 (12)

0.242

All P values are calculated using Fisher exact test.
* Patients who had died by 3 months did not have Neuropsychological Composite Score.

Digital Content 1, tables S-9 and S-10, respectively,
http://links.lww.com/ALN/A561).
In Step 3, a forward stepwise model selection process
tested 20 pre- and intraoperative variables for inclusion in the
outcome models and for their effect on the associations between protective interventions, temporary clip duration, and
outcomes. As summarized in table 6, with one possible exception, inclusion of covariates did not meaningfully change
the results regarding the lack of association between hypothermia or supplemental protective drug and outcome. With
covariate inclusion, Step 3 multivariate models still showed
that neither hypothermia nor supplemental protective drug
had any association with either 24-h neurologic status or
3-month GOS score. The one exception was that, in the Step
3 model of 3-month Neuropsychological Composite Score,
hypothermia had a borderline association with more favorable outcome (P ⫽ 0.043, OR ⫽ 1.872). However, because
no corrections were made for multiple comparisons, this
finding could be a Type I error. We reasoned that if hypothermia truly resulted in better 3-month neuropsychologic
outcome, this association should also be present with another
neuropsychologic outcome measure. Accordingly, a Step 3
multivariate model was developed for the absence of abnormalities on any single neuropsychologic test. This alternative
neuropsychologic outcome measure has been used in previous
IHAST reports regarding neuropsychologic outcome.11,23–26
By using this alternative measure, hypothermia did not have an
association with 3-month neuropsychologic status; P ⫽ 0.368;
OR ⫽ 1.218 (data provided in Supplemental Digital Content
1, table S-11, http://links.lww.com/ALN/A561). Therefore,
we consider the borderline association between hypothermia
and better Neuropsychological Composite Score to probably
be a Type I error. In Step 3 models, despite the inclusion of
covariates, temporary clip duration greater than or equal to
20 min remained associated with (1) less favorable 24-h neurologic outcome and (2) less favorable 3-month GOS score,
Anesthesiology, V 112 • No 1 • January 2010

although the strength of the association was less than in Step
2 models.
Twenty covariates were tested for inclusion in Step 3
models; seven satisfied inclusion criteria (table 6). Increasing
age was associated with less favorable outcome with all outcome measures. Less favorable preoperative neurologic status, reflected in either best verbal response or NIH Stroke
scale, and greater hemorrhage severity (Fisher scale) were
associated with less favorable outcomes. Of the 10 intraoperative variables that were tested, greater blood loss and
greater total surgery duration were associated with less favorable outcome. Greater intraoperative PaO2 was associated
with better outcome at 24 h but not thereafter.

Discussion
Key Findings and Clinical Relevance
Our analysis indicates that neither mild systemic hypothermia nor supplemental protective drug had any meaningful association with early or late neurologic outcomes
in patients undergoing temporary clipping. These results
are consistent with the primary findings of the IHAST as
a whole, wherein intraoperative hypothermia did not affect neurologic or neuropsychologic outcome. Our results
also indicate that administration of supplemental pharmacologic agents during temporary clipping did not affect
neurologic outcomes.
Hypothermia during Cerebral Aneurysm Surgery
IHAST was a prospective, randomized trial designed to prospectively assess the neurologic benefit of mild intraoperative
systemic hypothermia (33°C) during intracranial aneurysm
surgery. IHAST found that intraoperative hypothermia did
not affect neurologic, functional10 or neuropsychologic11,27
outcomes. However, it is possible that not all IHAST patients experienced a significant intraoperative ischemic
Hindman et al.
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Postoperative meningitis or
ventriculitis, n (%)
Postoperative cerebral
infarction, n (%)
Postoperative delayed ischemic
neurologic deficit, n (%)
Good outcome (no neurologic deterioration)
at 24 h, n (%)
Good outcome (Glasgow Outcome Scale ⫽ 1)
at 3 mo, n (%)
Good outcome (no impairment on Neuropsychological
Composite Score) at 3 mo, n (%)*
Mortality at 3 mo, n (%)

ⱕ10 min
(n ⫽ 279)
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Table 4. Unadjusted Primary Outcomes
Temporary Clip Duration

Outcome
Good Outcome
(no neurologic
deterioration)
at 24 h after
surgery

Temperature*
Normothermia

Good Outcome
(Glasgow Outcome
Scale ⫽ 1)
at 3 mo after
surgery

Normothermia

Hypothermia

Good Outcome
(no impairment on
Neuropsychological
Composite Score)
at 3 mo after
surgery‡

Normothermia

Hypothermia

Supplemental
protective
drug
No supplemental
protective
drug
All normothermia
patients
Supplemental
protective
drug
No supplemental
protective
drug
All hypothermia
patients
Supplemental
protective
drug
No supplemental
protective
drug
All normothermia
patients
Supplemental
protective
drug
No supplemental
protective
drug
All hypothermia
patients
Supplemental
protective
drug
No supplemental
protective
drug
All normothermia
patients
Supplemental
protective
drug
No supplemental
protective
drug
All hypothermia
patients

ⱕ10 min
(n ⫽ 279)

11–19 min
(n ⫽ 104)

ⱖ20 min
(n ⫽ 58)

All Clip
Durations†

35/57 (61%)

17/26 (65%)

7/17 (41%)

59/100 (59%)

58/95 (61%)

10/24 (42%)

4/14 (29%)

72/133 (54%)

93/152 (61%)

27/50 (54%)

11/31 (35%)

131/233 (56%)

17/36 (47%)

20/29 (69%)

5/13 (39%)

42/78 (54%)

51/91 (56%)

15/25 (60%)

5/14 (36%)

71/130 (55%)

68/127 (54%)

35/54 (65%)

10/27 (37%)

113/208 (54%)

38/57 (67%)

16/26 (62%)

11/17 (65%)

65/100 (65%)

67/95 (71%)

12/24 (50%)

5/14 (36%)

84/133 (63%)

105/152 (69%)

28/50 (56%)

16/31 (52%)

149/233 (64%)

22/36 (61%)

19/29 (66%)

4/13 (31%)

45/78 (58%)

59/91 (65%)

17/25 (68%)

8/14 (57%)

84/130 (65%)

81/127 (64%)

36/54 (67%)

12/27 (44%)

129/208 (62%)

38/52 (73%)

19/26 (73%)

13/16 (81%)

79/94 (75%)

69/88 (78%)

17/21 (81%)

8/11 (73%)

94/120 (78%)

107/140 (76%)

36/47 (77%)

21/27 (78%)

164/214 (77%)

29/33 (88%)

25/29 (86%)

8/12 (67%)

62/74 (84%)

71/85 (84%)

19/23 (83%)

10/12 (83%)

100/120 (83%)

100/118 (85%)

44/52 (85%)

18/24 (75%)

162/194 (84%)

In each cell, the numerator is the number of patients who had good outcome, the denominator is the total number of patients; the
percentage refers to those who had good outcome.
* Patients in normothermia and hypothermia subgroups are subgrouped as those who received supplemental protective drug and those
who did not. When the drug subgroups are combined, they are referred to as “All Patients.” † When patients in all of the temporary
clip duration subgroups are combined, they are referred to as “All Clip Durations.” ‡ Patients who had died by 3 months (n ⫽ 33) did
not have Neuropsychological Composite Scores.

event. Logically, only patients who experienced a substantive
ischemic challenge during surgery could have any potential
benefit from a protective intervention. Patients undergoing
temporary clipping would seem to be the subgroup at greatest risk of an intraoperative ischemic event. Temporary clipping during aneurysm surgery is directly analogous to animal
temporary focal ischemia models, wherein hypothermia has
been repeatedly demonstrated to decrease infarction volume
Hindman et al.

and improve neurobehavioral scores.28 However, our analysis indicates that, even in this high-risk subgroup of IHAST
patients, intraoperative hypothermia conferred no clinically
demonstrable neurologic benefit.
In IHAST, hypothermia was of relatively brief duration.
Systemic hypothermia was induced before temporary clipping and was maintained during the ischemic interval. Rewarming started only after final clip placement. Although
Anesthesiology, V 112 • No 1 • January 2010
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Hypothermia

Supplemental
Protective
Drug*
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Table 5. Multivariate Models with Inclusion of Interaction Terms (Step 1)
Outcome
Good outcome (no neurologic deterioration)
at 24 h after surgery

Good outcome (no impairment on
Neuropsychological Composite Score)
at 3 mo after surgery

P Value (df)*

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug (drug vs.
none [reference])
Temporary clip duration (ⱖ20 min, 11–19 min vs.
ⱕ10 min [reference])
Temperature—supplemental protective
drug interaction term
Temperature—temporary clip
duration interaction term
Supplemental protective drug—temporary clip
duration interaction term
Model c-statistic

0.504 (1)

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug (drug vs.
none [reference])
Temporary clip duration (ⱖ20 min, 11–19 min vs.
ⱕ10 min [reference])
Temperature—supplemental protective
drug interaction term
Temperature—temporary clip duration
interaction term
Supplemental protective drug—temporary clip
duration interaction term
Model c-statistic

0.751 (1)

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug (drug vs.
none [reference])
Temporary clip duration (ⱖ20 min, 11–19 min vs.
ⱕ10 min [reference])
Temperature—supplemental protective
drug interaction term
Temperature—temporary clip
duration interaction term
Supplemental protective drug—temporary
clip duration interaction term
Model c-statistic

0.244 (1)

0.894 (1)
0.016 (2)
0.292 (1)
0.189 (2)
0.191 (2)
0.605

0.894 (1)
0.061 (2)
0.246 (1)
0.253 (2)
0.703 (2)
0.580

0.613 (1)
0.939 (2)
0.537 (1)
0.575 (2)
0.971 (2)
0.581

* P values with more than 1 df represent omnibus P value for that variable.

still mildly hypothermic at the end of surgery (⬃34.5°C),
patients randomized to hypothermia were rewarmed within 2 h
after surgery. Animal temporary focal ischemia studies show
moderate hypothermia limited to the ischemic interval and, in
some studies for a brief (1–2 h) period thereafter, confers neurologic benefit when outcome assessments are made within the
first few days.29 –37 However, with one exception,38 animal temporary focal ischemia studies showing long-term (1–2 months)
benefit with hypothermia have used extended periods of postischemic hypothermia—many hours or even days.39 – 41 Accordingly, one might hypothesize that, in IHAST, the duration
of hypothermia might have been sufficient to improve shortterm outcomes but not long-term outcomes. Nevertheless, our
results indicate no neurologic benefit with hypothermia, either
24 h after surgery or 3 months later.
Anesthesiology, V 112 • No 1 • January 2010

In a rat temporary focal ischemia model, the protective effect
of intraischemic hypothermia (33°C) was greater when followed
by slow rewarming (2°C/h) than with rapid rewarming
(⬃12°C/h).37 Because rapid warming may decrease hypothermic protection, it has been suggested that the absence of benefit
with hypothermia in IHAST was on this basis.42 In IHAST,
although rewarming began after final clip placement, it was
sufficiently slow that core temperatures had increased by only
approximately 1°C by the end of surgery, resulting in an initial
rewarming rate of approximately 0.6°C/h. Two hours of postoperative rewarming were required before normothermia was
reestablished, giving a subsequent rewarming rate of approximately 1°C/h. Therefore, IHAST rewarming rates were moderate and were 10-fold less than those shown in animal studies, to
be associated with adverse effects.37,43,44 We cannot rule out
Hindman et al.
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Good outcome (Glasgow Outcome Scale ⫽ 1)
at 3 mo after surgery

Variables
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Table 6. Multivariate Outcome Models
Primary Variables
Only (Step 2)*
Outcome
Good outcome (no neurologic
deterioration) at 24 h after
surgery

Good outcome (no impairment on
Neuropsychological Composite
Score) at 3 mo after
surgery

Variables

P Value (df)‡

Odds Ratio
(95% CI)§

P Value (df)‡

Odds Ratio
(95% CI)§

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug
(drug vs. none [reference])
Temporary clip duration
11–19 min vs.
ⱕ10 min [reference]
ⱖ20 min vs.
ⱕ10 min [reference]
Model c-statistic

0.696 (1)

0.927 (0.632–1.358)

0.515 (1)

0.868 (0.565–1.331)

0.475 (1)

1.155 (0.777–1.717)

0.330 (1)

1.248 (0.799–1.951)

0.007 (2)
0.815 (1)

1.057 (0.663–1.684)

0.060 (2)
0.833 (1)

1.058 (0.629–1.779)

0.003 (1)

0.405 (0.224–0.731)

0.024 (1)

0.464 (0.238–0.902)

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug
(drug vs. none [reference])
Temporary clip duration
11–19 min vs.
ⱕ10 min [reference]
ⱖ20 min vs.
ⱕ10 min [reference]
Model c-statistic

0.696 (1)

0.925 (0.625–1.368)

0.847 (1)

1.043 (0.678–1.606)

0.926 (1)

0.981 (0.654–1.471)

0.835 (1)

1.048 (0.674–1.631)

0.035 (2)
0.376 (1)

0.807 (0.502–1.297)

0.135 (2)
0.757 (1)

0.920 (0.542–1.562)

0.010 (1)

0.469 (0.263–0.834)

0.046 (1)

0.527 (0.281–0.989)

Temperature (hypothermia vs.
normothermia [reference])
Supplemental protective drug
(drug vs. none [reference])
Temporary clip duration
11–19 min vs.
ⱕ10 min [reference]
ⱖ20 min vs.
ⱕ10 min [reference]
Model c-statistic

0.092 (1)

1.532 (0.933–2.516)

0.043 (1)

1.872 (1.020–3.433)

0.684 (1)

0.901 (0.544–1.491)

0.623 (1)

1.161 (0.640–2.109)

0.831 (2)
0.919 (1)

1.032 (0.566–1.881)

0.436 (2)
0.969 (1)

0.986 (0.478–2.031)

0.578 (1)

0.813 (0.393–1.683)

0.209 (1)

0.594 (0.263–1.340)

0.566

0.720储

0.570

0.564

0.696#

0.790**

* Step 2 models include only the three variables of interest after stepwise removal of all nonsignificant interaction terms from Step 1
models (see Methods). † Step 3 models include the three variables of interest, with testing and adjustment for 20 covariates (see
Methods). ‡ P values with ⬎1 df represent omnibus P value for that variable. § A variable associated with an increased likelihood of
a good outcome was considered to be “protective” and has an odds ratio ⬎1. A variable associated with a decreased likelihood of a
good outcome is detrimental and has an odds ratio ⬍1. 储 Other variables in the final model: age (P ⫽ 0.007; OR ⫽ 0.975), impaired
preoperative best verbal score (P ⫽ 0.002; OR ⫽ 0.365), intraoperative blood loss (P ⬍ 0.001; OR ⫽ 0.999), and intraoperative PaO2
(P ⫽ 0.003; OR ⫽ 1.003). # Other variables in the final model: age (P ⫽ 0.004; OR⫽0.973), preoperative National Institutes of Health Stroke
Scale score (P [3 df] ⬍ 0.001), and total surgery duration (P ⫽ 0.011; OR ⫽ 0.997). ** Other variables in the final model: age (P ⫽ 0.011; OR ⫽
0.967), race (P ⬍ 0.001; OR ⫽ 7.978), preoperative Fisher score (P [3 df] ⫽ 0.017).

that slower rewarming rates in hypothermic patients might have
resulted in better outcomes. However, slower rewarming would
have required continuation of hypothermia for many hours into
the postoperative period.
Most animal temporary focal ischemia studies have used
infarction volume as an outcome measure. The primary advantage of this measure is its objectivity, and infarction volumes usually correlate with neurologic outcome. In contrast,
most clinical studies of temporary clipping have used the
diagnosis of cerebral infarction as an outcome measure. We
decided not to use cerebral infarction as a primary outcome
measure in our analysis. In IHAST, the diagnosis of postoperative cerebral infarction could be made at any time from
surgery to 3 months after surgery. The diagnosis could be
based on either clinical or radiologic criteria, but postoperative imaging was not required. Specifically, cranial imaging
to document cerebral infarction at specified time points after
surgery was not part of IHAST protocols, nor was there any
Hindman et al.

attempt to calculate infarction volumes from images obtained as part of routine care. Because of (1) variability in the
time of diagnosis of cerebral infarction and (2) variability
in the diagnostic criteria (clinical or imaging), we decided
not to use cerebral infarction as a primary outcome measure in this study. Nevertheless, for completeness, a Step 3
multivariate model was developed for postoperative cerebral infarction. Neither hypothermia (P ⫽ 0.420; OR ⫽
1.205) nor supplemental protective drug (P ⫽ 0.787;
OR ⫽ 0.938) had associations with postoperative cerebral
infarction (data provided in Supplemental Digital Content 1, table S-12, http://links.lww.com/ALN/A561).
Pharmacologic Protection during Cerebral Aneurysm Surgery
In IHAST, supplemental protective drug administration was
neither randomized nor standardized and was, instead, left to
the discretion of the operative team. Accordingly, administration of these agents was subject to selection bias. For exAnesthesiology, V 112 • No 1 • January 2010
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mo after surgery
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infarction volume or neurologic outcome 8 days after temporary focal ischemia. Therefore, it is possible that, as has
been observed for other anesthetics,53–55 barbiturates might
only improve short-term outcomes, with neurologic benefits
dissipating over time. Nevertheless, in IHAST, there was no
significant benefit with supplemental protective drug 24 h
after surgery. Similarly, at 3 months, there was no indication
that supplemental protective drug affected outcome.
Etomidate was selected as the protective drug in a small
minority of patients (n ⫽ 20). In the late 1980s, this drug
was suggested as an alternative to barbiturates because it has
a more clinically favorable hemodynamic and emergence
profile.56 However, subsequent animal studies,49 including
one from the original proponent,57 have not shown etomidate to have significant protective effects. Nevertheless, using
multivariate analysis (Step 1 and Step 2 models), the absence
of effect with supplemental protective drug and the absence
of drug-temperature interactions remained unchanged when
patients who received etomidate were excluded.
An obvious limitation of this study is that administration
of supplemental protective drug was not randomized, leading to variations in indications for therapy and dose of drug.
However, the inclusion of covariates in Step 3 models did not
affect the primary results—there was no association between
supplemental protective drug and outcome. Until such time
as a randomized controlled study of supplemental protective
drug during temporary clipping is performed, our analysis
indicates that clinicians should not expect these agents to
improve neurologic outcomes.
Temporary Clip Duration and Outcome
Patients who had temporary clip durations greater than or
equal to 20 min had less favorable outcomes. Therefore, one
possible reason for the lack of effect with hypothermia and
supplemental protective drug is simply because temporary
clip durations less than 20 min did not constitute a clinically
significant ischemic challenge. All patients received a volatile
anesthetic before or during temporary clipping. Recently,
volatile anesthetics have been shown to have long-term protective effects (as compared with the awake state) in the setting of mild ischemic insults.58,59 IHAST patients were also
relatively hyperoxic, which may increase ischemic tolerance,60 – 62 and both normotension and normoglycemia were
generally well maintained. Collectively, these conditions
may have increased brain ischemic tolerance.
Patients who underwent temporary clipping for greater
than or equal to 20 min (n ⫽ 58) constituted only 13% of the
patients who underwent temporary clipping. It might seem
logical to conclude that less favorable outcomes in this subgroup were the direct result of an ischemic event caused by
prolonged temporary clipping. Although this may be so, it is
apparent that these patients came to the operating room with
a less favorable neurologic condition, as indicated by less
favorable preoperative verbal scores and NIH Stroke Scale
scores. In addition, greater intraoperative complexity in these
patients is indicated by less favorable aneurysm exposure,
Hindman et al.
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ample, teams might have elected to use these agents when
operative conditions were less favorable. Indeed, our data
indicate that supplemental protective drug was administered
more often when temporary clip duration exceeded 10 min.
Therefore, associations between supplemental protective
drug and outcomes must be considered with this important
limitation in mind.
Our analysis indicates that supplemental protective drug
had no clinically detectable effect on outcome. Doses of supplemental thiopental used in this study (6 –7 mg/kg) were
less than those needed to induce and maintain electroencephalographic burst suppression in normothermic patients
(15–20 mg/kg over 15 min, followed by 3 mg 䡠 kg⫺1 䡠 h⫺1
thereafter).45 However, two recent rat temporary focal
ischemia studies have shown that infarction volumes are
equally decreased with high-dose (burst suppression) and
low-dose (nonburst suppression) barbiturate regimens.46,47 A Step 2 multivariate analysis limited to patients receiving thiopental (n ⫽ 157) found no association
between thiopental dose and any of the three primary
outcome measures (data provided in Supplemental Digital
Content 1, table S-13, http://links.lww.com/ALN/A561).
Therefore, the absence of a protective effect with supplemental protective drug cannot be readily ascribed to insufficient
dosage.
Rat temporary focal ischemia studies that have demonstrated protective effects with intraischemic barbiturate administration have done so only under normothermic conditions.46 –50 In a recent study, barbiturate burst suppression
during hypothermic ischemia did not provide greater protection beyond that observed with hypothermia alone.50 In our
analysis, we specifically tested for an interaction between
supplemental protective drug and temperature. We found no
significant interaction. In other words, there was no evidence
that the effect of supplemental protective drug significantly
differed between hypothermic and normothermic patients.
Rat temporary focal ischemia studies demonstrating protective effects with intraischemic barbiturate administration
have done so only using short-term outcome assessments,
either within the first few hours49,50 or first few days46,48,50
after ischemia. To our knowledge, there are no studies demonstrating a long-term (weeks to months) protective effect
with barbiturates in temporary focal ischemia models when
barbiturate administration has been limited to the peri-ischemic interval; this includes primate models of temporary
focal ischemia.51,52 In fact, the two most recent primate temporary focal ischemia studies report contradictory findings
regarding the effect of barbiturates. In the study by Nehls et
al.,51 baboons receiving thiopental had lesser infarct volumes
and better neurologic outcomes 7 days after temporary focal
ischemia when compared with isoflurane controls. However,
baboons receiving thiopental had greater arterial pressures
and lesser blood glucose concentrations during ischemia than
those receiving isoflurane. A subsequent study by Milde et
al.,52 in which arterial pressures were equivalent between
thiopental and isoflurane groups, reported no differences in
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Limitations
In any study that does not detect an outcome difference with
an intervention, one must address the question of a Type II
error—that the sample size was not sufficient to detect the
treatment effect. With regard to 3-month GOS, with a rate
of good outcome of 64% in normothermic patients (n ⫽
233), our population of hypothermic patients (n ⫽ 208) was
sufficiently large to detect an absolute increase of 13% (relative increase of 20%) in good outcomes (␣ ⫽ 0.05, ␤ ⫽
0.20, two-sided test). Likewise, this study had sufficient
power to detect an absolute increase of 13% (relative increase
of 20%) in 3-month good outcome with supplemental protective drug.
Our Step 1 logistic analyses indicated that the effect of
supplemental protective drug did not significantly differ between hypothermic and normothermic patients. This result
was largely determined by the largest subgroup of patients
who underwent temporary clipping—patients with temporary clip durations less than or equal to 10 min (n ⫽ 279).
Inspection of table 4 indicates that, in patients who had
temporary clip durations less than or equal to 10 min, supplemental protective drug had no discernable effect on outcome under either hypothermic or normothermic conditions. However, inspection of table 4 suggests that
supplemental protective drug might favorably affect outcome in normothermic patients with temporary clip durations exceeding 10 min. If limited to normothermic patients
with temporary clip durations more than 10 min, with a
3-month GOS ⫽ 1 of 45% (17 of 38) in patients who did
not receive supplemental protective drug and a 3-month
Hindman et al.

GOS ⫽ 1 of 63% (27 of 43) in patients who received supplemental protective drug, a total sample size of 262 patients
(131 per group) would be required to have sufficient statistical power to establish the favorable effect of supplemental
protective drug under these conditions (␣ ⫽ 0.05, ␤ ⫽ 0.20,
two-sided test). Therefore, although it is possible that hypothermia and/or supplemental protective drug may improve
outcome in some patients under some conditions, the size of
the treatment effect is too small to be detected in a population of 441 patients undergoing temporary clipping—less
than a 15–20% absolute increase in favorable outcomes. Any
study to detect such small treatment effects in patients undergoing temporary clipping would require a very large multicenter effort, equal to or exceeding that of IHAST.
IHAST data collection procedures did not record the indications for temporary clipping. Although temporary clipping is most often used electively, it may also be used as a
rescue method to control bleeding from aneurysm rupture.9,63,64 Inspection of table 2 suggests that patients who
had long temporary clip durations had a greater frequency
and/or severity of aneurysm rupture as evidenced by greater
blood loss, greater transfusion, greater total surgery duration,
greater number of clips, and greater use of aneurysm wrapping. Intraoperative aneurysm rupture is associated with less
favorable outcome.4,64,65 Therefore, it is possible that the
association with long temporary clip durations and less favorable outcomes may be due, at least in part, to a greater
frequency and/or severity of aneurysm rupture.
Another limitation of IHAST data collection is that temporary clip duration was recorded as total time, regardless of
whether temporary clipping took place as a single continuous
period or as a series of brief intermittent occlusions. Some
studies suggest that, for an equal amount of total ischemia
time, intermittent occlusion may result in a lesser likelihood
of neurologic injury.6 Because of IHAST data collection procedures, the IHAST database cannot address this question.

Conclusion
In 441 patients undergoing temporary clipping during cerebral aneurysm surgery, neither intraoperative hypothermia
nor supplemental protective drug had any clinically demonstrable effect on short- or long-term neurologic outcomes.
There was no significant interaction between temperature
and supplemental protective drug, and the absence of protective effects did not vary as a function of temporary clip
duration.
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63. Fridriksson S, Säveland H, Jakobsson KE, Edner G, Zygmunt S, Brandt L, Hillman J: Intraoperative complications
in aneurysm surgery: A prospective national study. J Neurosurg 2002; 96:515–22
64. Woertgen C, Rothoerl RD, Albert R, Schebesch KM, Ullrich
OW: Effect of temporary clipping during aneurysm surgery. Neurol Res 2008; 30:542– 6
65. Elijovich L, Higashida RT, Lawton MT, Duckwiler G, Giannotta S, Johnston C; CARAT Investigators: Predictors and
outcomes of intraprocedural rupture in patients treated
for ruptured intracranial aneurysms: The CARAT study.
Stroke 2008; 39:1501– 6

Appendix
The members of Intraoperative Hypothermia for Aneurysm Surgery Trial were as follows:
University of Iowa Steering Committee: M. Todd, B.
Hindman, W. Clarke, K. Chaloner, J. Torner, P. Davis, M.
Howard, D. Tranel, S. Anderson; Clinical Coordinating
Center: M. Todd, B. Hindman, J. Weeks, L. Moss, J. Winn;
Data Management Center: W. Clarke, K. Chaloner, M.
Wichman, R. Peters, M. Hansen, D. Anderson, J. Lang, B.
Yoo; Physician Safety Monitor: H. Adams; Project Advisory
Committee: G. Clifton (University of Texas, Houston), A.
Gelb (University of California, San Francisco), C. Loftus
(Temple University, Philadelphia), A. Schubert (Cleveland
Clinic, Cleveland); Physician Protocol Monitor: D. Warner
(Duke University, Durham, North Carolina); Data and
Safety Monitoring Board: W. Young, Chair (University of
California, San Francisco), R. Frankowski (University of
Texas Health Science Center at Houston School of Public
Health, Houston), K. Kieburtz (University of Rochester
School of Medicine and Dentistry, Rochester, New York),
D. Prough, University of Texas Medical Branch, Galveston),
L. Sternau (Mt. Sinai Medical Center, Miami); National
Institutes of Health, National Institute of Neurologic Disease and Stroke, Bethesda, Maryland: J. Marler, C. Moy, B.
Radziszewska.
Anesthesiology, V 112 • No 1 • January 2010

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/112/1/86/657461/0000542-201001000-00021.pdf by guest on 13 August 2022

44.

rats subjected to transient middle cerebral artery occlusion. Exp Neurol 2000; 163:200 – 6
Colbourne F, Corbett D, Zhao Z, Yang J, Buchan AM:
Prolonged but delayed postischemic hypothermia: A longterm outcome study in the rat middle cerebral artery
occlusion model. J Cereb Blood Flow Metab 2000; 20:
1702– 8
Polderman KH: Induced hypothermia and fever control for
prevention and treatment of neurological injuries (review). Lancet 2008; 371:1955– 69
Nakamura T, Miyamoto O, Yamagami S-I, Hayashida Y,
Itano T, Nagao S: Influence of rewarming conditions after
hypothermia in gerbils with transient forebrain ischemia.
J Neurosurg 1999; 91:114 –20
Suehiro E, Ueda Y, Wei EP, Kontos HA, Povlishock JT:
Posttraumatic hypothermia followed by slow rewarming
protects the cerebral microcirculation. J Neurotrauma
2003; 20:381–90
Todd MM, Drummond JC, Sang UH: The hemodynamic
consequences of high-dose thiopental anesthesia. Anesth
Analg 1985; 64:681–7
Warner DS, Takaoka S, Wu B, Ludwig PS, Pearlstein RD,
Brinkhous AD, Dexter F: Electroencephalographic burst
suppression is not required to elicit maximal neuroprotection from pentobarbital in a rat model of focal cerebral
ischemia. ANESTHESIOLOGY 1996; 84:1475– 84
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