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CLINICAL STUDIES

THERAPEUTIC HYPOTHERMIA IN PATIENTS WITH
ANEURYSMAL SUBARACHNOID HEMORRHAGE,
REFRACTORY INTRACRANIAL HYPERTENSION,
OR CEREBRAL VASOSPASM

OBJECTIVE: To evaluate the feasibility and safety of mild hypothermia treatment in
patients with aneurysmal subarachnoid hemorrhage (SAH) who are experiencing intracra-
nial hypertension and/or cerebral vasospasm (CVS).

METHODS: Of 441 consecutive patients with SAH, 100 developed elevated intracra-
nial pressure and/or symptomatic CVS refractory to conventional treatment. Hypothermia
(33-34°C) was induced and maintained until intracranial pressure normalized, CVS
resolved, or severe side effects occurred.

RESULTS: Thirteen patients were treated with hypothermia alone, and 87 were treated
with hypothermia in combination with barbiturate coma. Sixty-six patients experienced
poor-grade SAH (Hunt and Hess Grades 1V and V) and 92 had Fisher Grade 3 and 4
bleedings. The mean duration of hypothermia was 169 = 104 hours, with a maximum
of 16.4 days. The outcome after 1 year was evaluated in 90 of 100 patients. Thirty-two
patients (35.6%) survived with good functional outcome (Glasgow Outcome Scale
[GOS] score, 4 and 5), 14 (15.5%) were severely disabled (GOS score, 3), 1 (1.1%)
was in a vegetative state (GOS score, 2), and 43 (47.8%) died (GOS score, 1). The most
frequent side effects were electrolyte disorders (77%), pneumonia (52%), thrombocy-
topenia (47%), and septic shock syndrome (40%). Of 93 patients with severe side effects,
6 (6.5%) died as a result of respiratory or multi-organ failure.

CONCLUSION: Prolonged systemic hypothermia may be considered as a last-resort
option for a carefully selected group of SAH patients with intracranial hypertension or
CVS resistant to conventional treatment. However, complications associated with
hypothermia require elaborate protocols in general intensive care unit management.
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surgical techniques, endovascular coiling,

and extended resources in neurointensive
care has enabled the treatment of patients with
severe aneurysmal subarachnoid hemorrhage
(SAH) (18, 24, 30, 37). These patients, however,
have a high incidence of specific complica-
tions, such as severe brain edema with eleva-
tions of intracranial pressure (ICP) and cere-

l n recent years, experience in microneuro-

ABBREVIATIONS: CT, computed tomographic;
CVS, cerebral vasospasm; GOS, Glasgow
Outcome Scale; ICP, intracranial pressure; SAH,
subarachnoid hemorrhage
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bral vasospasm (CVS) leading to secondary
ischemic infarctions (10, 11, 14).

Mild hypothermia, showing numerous neu-
roprotective effects, may serve as an effective
treatment option if elevated ICP and/or symp-
tomatic CVS are refractory to conventional
treatment (5, 8, 12, 39, 44, 48, 53, 54). Thus far,
only a few clinical studies, based on small series
of patients with SAH and hypothermia treat-
ment as a result of intracranial hypertension or
CVS, have been reported (19, 29, 31, 40, 41).

The purpose of the present study was to
evaluate the feasibility and safety of therapeu-
tic hypothermia in patients with SAH and
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intracranial hypertension and/or CVS resistant to conventional
treatment. The outcome of 100 consecutive patients was stud-
ied, focusing especially on possible side effects of the specific
treatment.

PATIENTS AND METHODS

This study was approved as a part of Project E-015/99 by the Ethics
Committee of the University of Zurich. Between January 1999 and
February 2007, 441 patients with SAH were admitted to the
Department of Neurosurgery, University Hospital Zurich, and under-
went aneurysm clipping or coiling within 3 days.

Structured Treatment

All patients were managed according to a standardized treatment
protocol for aneurysmal SAH and vasospasm (34). Emergency treat-
ment of elevated ICP consisted of sedation with intubation, osmother-
apy (20% mannitol and hypertonic NaCl-hydroxyethyl-starch solu-
tion), and thiopental boluses in a dose of 5 to 10 mg/kg. Aneurysm
clipping or coiling was performed within hours after emergency diag-
nostic evaluation with angiography or computed tomographic (CT)
angiography. Patients with poor-grade SAH and severe brain edema
remained sedated (fentanyl infusion [2-8 ug/kg/h] and midazolam
[0.1-0.4 mg/kg/h]) after surgery. A ventricular catheter (Raumedic
AG, Miinchberg, Germany), an intraparenchymatous probe (Raumedic
AQG) or, in the early stage of this series, a subdural probe (NMT
Neuroscience, Frankfurt, Germany) was inserted. In the absence of ele-
vated ICP (>20 mm Hg) and signs of severe brain edema on a CT scan
performed the first day after surgery, sedation was discontinued to
assess the patients” neurological status. All patients with SAH were
treated with oral nimodipine. In cases of gastrointestinal reflux,
nimodipine was administered intravenously. Dexamethasone (16 mg/d)
was given for 2 days after hospital admission and then rapidly
reduced by 4 mg every second day. Prophylactic antiepileptic treat-
ment with phenytoine or valproate was initiated only in patients with
elevated risk of seizures, patients presenting with World Federation of
Neurological Societies Grade 3 or higher, patients with bleeding
aneurysms in the middle cerebral artery territory, or patients with
ischemic infarctions.

Treatment of Elevated ICP

If ICP was elevated (>20 mm Hg), treatment with intermittent cere-
brospinal fluid drainage, osmotherapy, and mild hyperventilation was
initiated. Patients with persistent ICP values greater than 20 mm Hg
were eligible for treatment with barbiturate coma (adapted to a burst
suppression pattern in continuous electroencephalographic monitor-
ing). All patients under sedation because of intracranial hypertension
were treated under extended monitoring of cerebral hemodynamics
(monitoring of jugular bulb oxygen saturation, cerebral blood flow,
and/or intraparenchymatous oxygen partial pressure) (15, 21, 35). In
patients showing signs of brain swelling during or immediately after
craniotomy and aneurysm surgery (angry brain), the bone flap was not
replaced and duraplasty was performed (primary decompressive
craniectomy). The average diameter of craniectomy was 9 cm because
of enlarged skin and bone opening in high-grade SAH patients with
suspected brain edema. If elevated ICP values (>20 mm Hg) after sur-
gery were resistant to conventional treatment and hypothermia, a sec-
ondary decompressive craniectomy with removal of frontal, temporal,
and parietal bones (average diameter, 14-15 cm) and duraplasty was
performed.
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Treatment of CVS

Transcranial Doppler blood flow measurements were performed
daily. A modified triple-H therapy (hypertension with systolic blood
pressure > 150 mm Hg, normovolemia to minor hypervolemia, target
hematocrit of 30%) was monitored with a PiCCO System (Pulsion
Medical Systems AG, Munich, Germany) and induced if signs of CVS
were present; e.g., development of delayed ischemic neurological
deficits (after exclusion of hydrocephalus, electrolyte disturbance, or
infection) in combination with increased transcranial Doppler blood
flow velocities (mean middle cerebral artery blood flow velocities >
140 cm/s or increase > 50 cm/s within 24 hours) and/or perfusion
deficits in perfusion CT scans. In comatose patients, intraparenchyma-
tous oxygen partial pressure values less than 15 mm Hg or arteriojugu-
lar lactate differences greater than -0.2 mmol/L were regarded as
highly suspicious for symptomatic CVS. To confirm and exclude CVS
in comatose patients, angiography was performed regularly. If patients
with delayed ischemic neurological deficits did not improve or wors-
ened, angiography and treatment with percutaneous angioplasty
and/or superselective papaverine infusion (total dose, 300 mg) into the
vasospastic vessels were performed. In case of CVS recurrence, the
papaverine infusion was repeated up to a total of 3 applications.
Narrowing of the diameter of the vessel lumen greater than 30% was
defined as angiographic evidence of CVS. Symptomatic CVS, resistant
to or reoccurring after angioplasty and papaverine, was treated with
barbiturate coma. New ischemic lesions that could not be attributed to
other causes were considered to be CVS-induced infarctions.

Hypothermia Treatment

If ICP remained greater than 20 mm Hg and/or CVS was resistant to
or recurring after the treatment mentioned above, hypothermia (target
body core temperature, 33-34°C) under deep analgosedation was
induced and maintained until ICP normalized and/or CVS resolved.
Body core temperature was measured by a thermistor in the arterial
line and, if tolerated, the rewarming rate was 1°C per day. Contra-
indications and criteria for early termination of hypothermia were
severe pneumonia, signs of septic shock syndrome, coagulation disor-
der with manifest bleeding, and heart failure. From January 1999 until
September 2000, hypothermia was induced and maintained in
10 patients using cooling blankets (Bair Hugger [Arizant Inc., Eden
Prairie, MN] and Blanketrol [Cincinnati Sub-Zero, Cincinnati, OH])
and ice bags on the groin, axillae, and neck. Since October 2000
(90 patients), hypothermia was induced and maintained with an intravas-
cular catheter-based heat exchange system (Alsius, Irvine, CA) (33).

The following possible side effects of barbiturate coma and/or
hypothermia were recorded: hypernatremia (>150 mmol/L), hyper-
kalemia (>5 mmol/L), and thrombocytopenia (<100,000/uL).
Pneumonia was defined as new or progressive infiltrate in the chest
x-ray, together with C-reactive protein values greater than 100 ng/L,
a partial pressure of oxygen in arterial blood/fractional inspired oxy-
gen index of less than 300 mm Hg, and positive microbiological cul-
tures of tracheal aspirates. The acute respiratory distress syndrome
was defined according to the American European Consensus
Conference (partial pressure of oxygen in arterial blood/fractional
inspired oxygen index < 300 mm Hg, bilateral infiltrates in chest x-ray,
acute onset, pulmonary artery occlusion pressure < 18 mm Hg or no
clinical suspicion of left atrial hypertension) (16). Systemic inflamma-
tory response with fever, hyperventilation, and tachycardia could not
be deduced from classic symptoms in sedated and hypothermic
patients. Therefore, the definition of septic shock syndrome was mod-
ified as volume-resistant shock (dosage of norepinephrine > 20
mcg/min or epinephrine > 1 mcg/min), minimum of 1 severe organ
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TABLE 1. Patient characteristics? TABLE 2. Location of ruptured aneurysms
No. of patients No. of aneurysms
(n = 100) (n =100)
Age (y) = SD 49 £12.6 Ruptured aneurysms in anterior 86 (86)
Sex, M/F (no.) 36/64 circulation, no. (%)
Admission GCS score, mean *+ SD 8+4.9 Internal carotid artery 13 (13)
Hunt and Hess Grade, no. (%) Ophthalmic artery 1(1)
| 33) Posterior communicating artery 9(9)
I 21 21) Proximal anterior cerebral artery 1(1)
1 10 (10) Anterior communicating artery 30 (30)
v 29 (29) Distal anterior cerebral artery 5(5)
v 37 (37) Middle cerebral artery 27 (27)
Fisher Grade, no. (%) Ruptured aneurysms in posterior 14 (14)
1 11 circulation, no. (%)
2 77) Posterior inferior cerebellar artery 2(2)
3 31 (31) Superior cerebellar artery 1(1)
4 61 (61) Basilar tip aneurysm 10 (10)
Posterior cerebral artery 1(1)
2 SD, standard deviation; GCS, Glasgow Coma Scale. Multiple aneurysms, no. (%) 24 (24)

dysfunction (Sequential Organ Failure Assessment score > 2 for a sin-
gle organ system), and positive microbiological cultures in tracheal
aspirate, urine, blood, or on catheters (17). Cerebrospinal fluid infec-
tion was defined by positive microbiological cultures in the cere-
brospinal fluid, routinely collected from patients with ventricular
drainage 3 times a week, or if clinical signs occurred. Subcutaneous
pus was defined as wound infection calling for neurosurgical revision.

Outcome Measurements

Neurological outcome was assessed after 3 and 12 months by a neu-
rologist in the outpatient clinic using the Glasgow Outcome Scale
(GOS) score, with GOS 1 denominating death, GOS 2 vegetative state,
GOS 3 severe disability, GOS 4 moderate disability, and GOS 5 mild or
no disability (27).

Statistical Analysis

Neurological outcome between the patient groups was compared by
applying Fisher’s exact test.

RESULTS

Patient and Treatment Characteristics

Between January 1999 and February 2007, a total of 441
patients with SAH were admitted and treated with early
aneurysm clipping or coiling. Of these patients, 100 (23.1%)
were treated with hypothermia because of intractable intracra-
nial hypertension and/or refractory CVS, both occurring con-
currently or subsequently during the course of the illness.
Ninety-six patients were treated with clipping and 4 patients
with coiling. Patient characteristics and the location of the
aneurysms are given in Tables 1 and 2. Thirteen percent of the
patients were treated with hypothermia alone because of
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the presence of contraindications for barbiturate coma, and
87 patients were treated with hypothermia in combination
with barbiturate coma. Severe SAH of Hunt and Hess Grades
IV and V occurred in 66%, and Fisher Grades 3 and 4 in 92%,
respectively. The mean duration of hypothermia treatment was
169 =+ 104 hours, with a maximum length of 16.4 days. Primary
and/or secondary decompressive craniectomy because of per-
sistent ICP greater than 20 mm Hg despite hypothermia treat-
ment was performed in 52 patients (52%). External ventricular
drains were inserted in 76 patients (76%). Thirty-two patients
(32%) needed definitive ventriculoperitoneal or vetriculoatrial
shunting during primary hospitalization.

Outcome

Overall outcome characteristics are summarized in Table 3.
The GOS score was evaluated 3 and 12 months after hospital
discharge. In 10 patients, the 12-month evaluation has not been
performed to date. Good functional outcome (GOS score, 4-5)
was achieved in 30 patients (30.0%) after 3 months and in 32

TABLE 3. Outcome in all patients treated with systemic hypothermia

No. of patients No. of patients

Glasgow Outcome Scale  after 3 months after 12 months

(n = 100) (n =90)
5—Mild or no disability, no. (%) 9(9) 17 (18.9)
4—Moderate disability, no. (%) 21 (21) 15 (16.7)
3—Severe disability, no. (%) 23 (23) 14 (15.6)
2—Vegetative state, no. (%) 8 (8) 1(1.1)
1—Death, no. (%) 39 (39) 43 (47.8)
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TABLE 4. Outcome of age- and complication-related subgroups®

Patients older Patients younger ICP sroup® CVS eroun® ICP/CVS
Glasgow Outcome Scale than 60 years than 60 years 0 g_ 28? 0 § 28;) group
(n=13) (n=77) B B (n = 34)
5—Mild or no disability, no. (%) 2 (15.4) 5(19.5) 3(10.7) 10 (35.7) 4(11.8)
4—Moderate disability, no. (%) 0 5(19.5) 4(14.3) 6(21.4) 5(14.7)
3—Severe disability, no. (%) 2(15.4) 2 (15.6) 4(14.3) 4(14.3) 6(17.6)
2—Vegetative state, no. (%) 0 1(1.3) 0 0 1(2.9)
1—Death, no. (%) 9(69.2) 34 (44.2) 17 (60.7) 8(28.6) 18 (52.9)

2 |CP, intracranial pressure; CVS, cerebral vasospasm.
b Patients with intracranial pressure greater than 20 mm Hg.
< Patients with symptomatic cerebral vasospasm.

 Patients with intracranial pressure greater than 20 mm Hg and symptomatic cerebral vasospasm, concurrently.

patients (35.6%) after 12 months. The number of patients sur-
viving severely disabled (GOS score, 3) or in a vegetative state
(GOS score, 2) decreased from 31.0% (n = 31) to 16.7% (n = 15)
between the evaluation periods. The overall mortality rate after
12 months was 47.8%.

The 12-month outcome of patients divided into subgroups
regarding age and indications for hypothermia treatment is
displayed in Table 4. Because of the high intergroup difference
in sample size without significance, patients younger than
60 years tended to survive more often with good functional
outcome, as compared with patients aged older than 60 years
(39 versus 15.4%, not significant). The indications for hypother-
mia in all 100 patients were intractable intracranial hyperten-
sion alone (ICP group, 30%), resistant CVS alone (CVS group,
36%), and both (ICP/CVS group, 34%). GOS evaluation after
12 months in the ICP and combined ICP/CVS group was sim-
ilar regarding good functional outcome (25.0 and 26.5%, not
significant) and mortality (60.7 and 52.9%, not significant). In
the CVS group, good functional outcome after 1 year was
achieved significantly more often as compared with the ICP
group (57.1 versus 25.0%, P = 0.02) and the ICP/CVS group
(57.1 versus 26.5%, P = 0.025).

Side Effects

The rate of side effects occurring during hypothermia and
until Day 7 after rewarming is listed in Table 5. Of the 100
patients, 93 (93%) developed at least 1 side effect, possibly asso-
ciated with hypothermia treatment. Hypernatremia and hyper-
kalemia occurred in 61 and 35 patients, limiting the duration of
hypothermia and barbiturate coma in 31 and 28 cases, respec-
tively. Among the 13 patients treated with hypothermia alone
without barbiturate coma, hypernatremia occurred in 8 and
hyperkalemia in 3 patients. One patient had to be treated with
hemodiafiltration because of hyperkalemia. None of the
patients died as a result of electrolyte disorders. Apart from
atrial fibrillation, which could be kept under control with
amiodarone, no hemodynamic relevant cardiac arrhythmias
occurred. A thrombocyte count of less than 100/uL blood was
observed in 47 patients and in 9 patients (69%) treated with
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hypothermia alone. One severe bleeding complication from a
catheter insertion site with femoral hematoma and need for
surgery occurred. Eighty-three patients suffered from severe
infections, more than 50% of them in terms of ventilator-
associated pneumonia. Of the 13 patients treated with hypo-
thermia alone, 10 (77%) developed severe infections. Clinically
manifested venous thrombosis was validated by ultrasonogra-
phy in 8 patients. Six patients died of severe side effects (respi-
ratory or multi-organ failure) known to be associated with bar-
biturate coma and hypothermia.

DISCUSSION

In patients with refractory intracranial hypertension, mortal-
ity and disability rates increase up to 95 and 100%, respectively

TABLE 5. Side effects during hypothermia treatment
Side effects A(:: [;at;gr(;;s
Electrolyte disorders
Hypernatremia (>150 mmol/L) 61 (61%)
Hyperkalemia (>5 mmol/L) 5 (35%)
Coagulopathy
Thrombocytopenia (<100.000/j.L) 47 (47 %)
Severe infections
Ventilator-associated pneumonia 52 (52%)
Catheter-associated urinary tract infection 17 (17%)
Cerebrospinal fluid infection 6 (6%)
Surgical wound infection 5 (5%)
Intravascular catheter-related 3 (3%)
bloodstream infection
Septic shock syndrome 40 (40%)
Acute respiratory distress syndrome 6 (16%)
Clinical symptomatic venous thrombosis 8 (8%)
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(11, 22, 38). Symptomatic CVS, if resistant to treatment, leads to
a devastating outcome (13, 14, 30). In our study population,
after all, good functional outcome was achieved in more than
one-third of all patients (GOS score of 4-5 in 35.6% of patients)
experiencing resistant intracranial hypertension and/or CVS.

During the past decades, promising studies on intraoperative
hypothermia during aneurysm surgery as an attempt to reduce
ischemic injury have been published (7, 23, 28, 42, 49, 50). Todd
et al. (56), applying intraoperative hypothermia in a random-
ized study in 1001 patients with good-grade SAH, however,
demonstrated no improvement in neurological outcome
3 months after aneurysm surgery. This suggests that only a
carefully selected subgroup of patients, with specific complica-
tions induced by SAH, may benefit from hypothermia treat-
ment at a particular time and for a certain duration.

In the present series, good functional outcome could be
achieved in 39% of patients younger than 60 years and in
15.4% of those older than 60 years. A recent multivariate
analysis of the 4 tirilazad trials demonstrated that increasing
age is associated with unfavorable outcome (47). In a recent
analysis of 350 patients with SAH in 22 Italian neurosurgical
centers, Citerio et al. (10) found, on the basis of a logistic
regression model, that age older than 60 years was an inde-
pendent predictor of unfavorable outcome (odds ratio, 3; 95%
confidence interval, 1.7-5.3). This effect may be even more
pronounced in a subgroup of patients with high severity
grade, most severe illness course, and a treatment procedure
associated with severe side effects.

The most encouraging results were achieved in patients with
resistant CVS without intracranial hypertension (good func-
tional outcome in 57.1%). Hypothermia was induced as early
and fast as possible if symptoms of CVS, refractory to conven-
tional treatment, occurred. Several models of ischemia demon-
strated that hypothermia, induced during or early after
ischemia, is effective in minimizing neuronal damage after
SAH (20, 44, 54). Piepgras et al. (44) investigated the mean
apparent diffusion coefficient as a marker of ischemic damage
after SAH with normothermia and hypothermia, induced up to
60 minutes after SAH in rats. They concluded that initiation
and duration of the hypothermia period seems to be of impor-
tance. Thomé et al. (54, 55) demonstrated that pre- and postin-
sult hypothermia (32°C) reverses acute cerebral perfusion pres-
sure-independent hypoperfusion after cisternal blood injection
in rats. Kawamura et al. (32) demonstrated the neuroprotective
effects of hypothermia via reduction of the stress response after
experimental SAH. As intracranial hypertension is a late conse-
quence of global cerebral edema after SAH, these animal stud-
ies encourage early induction of hypothermia in high-grade
SAH; e.g., as soon as signs of brain swelling are visible in
admission CT scans or intraoperatively.

To date, only a few clinical case reports or small series apply-
ing hypothermia to minimize damage after SAH have been
published. Of a series of 12 patients with life-threatening refrac-
tory CVS treated with barbiturate coma, Kassell et al. (29)
treated 3 with hypothermia (30-32°C body core temperature).
Overall, 11 of the 12 patients died. In the 3 patients treated
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with hypothermia, profound alterations in acid-base and fluid
balance occurred. Kawamura et al. (31) evaluated 6 patients
with World Federation of Neurological Societies Grade 4 and 5
bleeding admitted within 6 hours from symptom onset and
treated with hypothermia for 4 to 5 days applying positron
emission tomography. Three patients recovered with good
functional outcome according to the Barthel Index. Inamasu
and Ichikizaki (26) treated 11 patients with poor-grade SAH
and intracranial hypertension refractory to mannitol with
hypothermia (35°C) for 3 days. Although ICP control could be
achieved in all but 2 patients, 8 patients died and 3 survived
severely disabled or in a persistent vegetative state. Nagao et al.
(40) treated 9 patients with poor-grade SAH. Three patients
survived with good functional outcome, 1 was moderately dis-
abled, and 5 patients died. In a later series, Nagao et al. (41)
performed hypothermia treatment (32-34°C) in 8 patients with
severe CVS showing progressive ischemic neurological deficits
that were refractory to conventional therapies, and in patients
who underwent delayed aneurysm clipping with delayed neu-
rological deficits. Good recovery after 5 to 10 days of hypother-
mia treatment could be achieved in 5 patients and moderate
disability could be achieved in 2 patients.

Prolonged systemic hypothermia may be associated with
severe side effects, thus possibly negating potential benefits
(9, 19, 29, 44, 45). The mean duration of hypothermia in our
patients was 7 days (up to a maximum of 16 days) and was
adjusted to the duration of ICP elevations and the persistence
of CVS, matching the occurrence and severity of side effects.
The incidence of side effects was high, compared with stud-
ies applying hypothermia treatment for 12 to 24 hours (4,
25), suggesting that the longer patients are treated with
hypothermia, the more often side effects might occur (4, 19,
25). Nearly all of our patients showed side effects that are
associated with and/or possibly induced by hypothermia
treatment.

With 52, 40, and 16%, respectively, the incidence of ventila-
tor-associated pneumonia, septic shock syndrome, and acute
respiratory distress syndrome was high. Hypothermia and bar-
biturate coma suppress inflammatory reactions, inhibit neu-
trophil and macrophage function, and release proinflamma-
tory cytokines (1, 6, 36, 52). However, only 6 patients died from
respiratory or multi-organ failure. In 1999, a strict protocol for
treatment of elevated ICP and CVS, as well as prevention and
treatment of side effects of systemic hypothermia and barbitu-
rate coma, was introduced in our neurocritical care unit (34, 37).
Thrombocytopenia, occurring in nearly half of the patients,
was counteracted vigorously by administration of platelets.
Hemorrhagic diathesis, because of platelet dysfunction, and
changed kinetic of clotting enzymes are known to be associated
with long-term hypothermia treatment (2, 57). Therefore, in
our patients, we transfused platelets when they dropped below
100/uL. Furthermore, regarding hypothermia treatment, our
protocol limits the use of other drugs and plasma substitutes
hampering platelet aggregation, such as hydroxyethyl starch
solution and valproate, while preferring fluid and volume sub-
stitution with cristalloids and fresh frozen plasma. With this
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regimen, only 1 patient experienced severe bleeding complica-
tions.

Several studies have reported electrolyte disorders induced
by hypothermia and barbiturate treatment (1, 9, 46). Although
hypernatremia may be controlled with desmopressin and slow
infusion of slightly hypo-osmotic cristalloids, one has to be
especially alert to the occurrence of potentially dangerous
hyperkalemia, which occurred in one-third of our patients.
Although rebound hyperkalemia after severe hypokalemia
refractory to potassium therapy is described to be associated
with barbiturate coma, and most patients were treated
with both hypothermia and barbiturates, it also occurred in
3 patients treated with hypothermia alone (9). Polderman et al.
(46) found that hypothermia in trauma patients was commonly
associated with hypokalemia, hypophosphatemia, and hypo-
magnesemia. Normo- and hypothermic patients, however,
were sedated with pentobarbital to a burst suppression pat-
tern. No electrolyte disorders were found in normothermic
patients, and there were no reports on rebound hyperkalemia
during rewarming (46). Therefore, as Cairns et al. (9) already
concluded regarding barbiturate treatment, serum electrolytes
have to be monitored closely during hypothermia and barbitu-
rate treatment, and clinicians may tolerate or treat asympto-
matic hypokalemia very carefully, rather than risk severe
rebound hyperkalemia. Other general supportive intensive care
measures such as tight glucose control, complicated by
hypothermia-induced insulin resistance, as well as treatment of
hypomagnesemia and cardiac arrhythmias, and controlled
slow rewarming because of imminent rebound brain edema
and pyrexia after rewarming are of high importance (3, 45, 51).
Possible side effects of hypothermia have to be detected early
and treated proactively and vigorously to avoid that hypother-
mia adversely effects outcome. Clinicians applying systemic
hypothermia should be carefully aware of its physiological and
pathophysiological consequences leading to beneficial as well
as potentially deleterious effects.

Limitations of the Study

A major limitation of the present study, especially regarding
the analysis of side effects, is the fact that, in most cases,
hypothermia was combined with barbiturate coma and osmo-
therapy. Therefore, infections as a result of immunosuppression
and electrolyte disorders in several cases may not have been
induced by hypothermia alone, but also by thiopenthal infu-
sion, mannitol, or hypertonic hydroxyethyl starch solution (19,
52). Furthermore, a multicenter study with randomized concur-
rent controls is desirable to define the true impact of hypother-
mia treatment in patients with SAH and resistant intracranial
hypertension and/or CVS.

CONCLUSION

Prolonged systemic hypothermia with a target body core tem-
perature of 33 to 35°C may be considered as a last-resort option
for a carefully selected group of younger SAH patients with
resistant intracranial hypertension or CVS. Good functional out-
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come in these patients with most severe complications can be
achieved in more than one-third of the cases. However, in most
patients treated with long-term hypothermia, severe side effects
occur and, therefore, require elaborated protocols in general
intensive care unit management and experienced medical and
nursing staff; e.g., staff especially trained regarding possible
complications associated with hypothermia treatment.

Disclosure

The authors have no personal financial or institutional interest in any of the
drugs, materials, or devices described in this article.
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COMMENTS

eule et al. have evaluated the feasibility and safety of mild hypother-
mia treatment in aneurysmal subarachnoid hemorrhage (SAH)

patients with intracranial hypertension and/or cerebral vasospasm
(CVS). Results demonstrate that 35.6% of patients obtained good func-
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tional outcomes, with the most frequent side effects being electrolyte
disorders, pneumonia, thrombocytopenia, and septic shock. The
authors concluded that systemic hypothermia should be viewed as a
last resort option for selected patients with elevated intracranial pres-
sure (ICP) or refractory vasospasm, as complications may be severe.
Although elevated brain temperatures can worsen outcomes after
stroke and traumatic brain injury (1, 2), this article by Seule et al. pro-
vides evidence that lowering systemic temperatures in the acute period
after brain injury is associated with significant side effects. At this
point, a trial of postoperative hypothermic treatment in aneurysmal
SAH may be warranted.

Ricardo J. Komotar
E. Sander Connolly, Jr.
New York, New York

1. Cairns CJ, Andrews PJ: Management of hyperthermia in traumatic brain
injury. Curr Opin Crit Care 8:106-110, 2002.

2. Reith J, Jergensen HS, Pedersen PM, Nakayama H, Raaschou HO, Jeppesen
LL, Olsen TS: Body temperature in acute stroke: Relation to stroke severity,
infarct size, mortality, and outcome. Lancet 347:422-425, 1996.

his is a tremendously thought-provoking article. The authors

address the use of significant hypothermia in SAH patients in the
intensive care unit setting; hence, most patients are in poor grade. The
authors” management philosophy thus goes against the “Lund
Concept” of essentially normalizing all parameters. Nevertheless, the
concept herein is of cerebral protection with hypothermia, and the
authors give rationale and evidence for its use, along with barbiturate
coma, in severe cases of SAH as a last resort. The reporting of a signifi-
cant associated morbidity is to be commended. The article is sure to
provoke interesting responses from the readership.

Neil Kitchen
London, England

he authors evaluated the feasibility and safety of mild hypothermia

treatment in 100 patients with aneurysmal SAH who had intracra-
nial hypertension and/or CVS. Hypothermia (33-34°C) was induced
and maintained until ICP normalized, CVS resolved, or severe side
effects occurred. The mean duration of hypothermia was 169 + 104
hours. The most frequent side effects were electrolyte disorders (77%),
pneumonia (52%), thrombocytopenia (47%), and septic shock syn-
drome (40%).

The present report is of great interest for neurosurgeons and neu-
rointensivists, since it describes the largest published series of patients
treated with moderate hypothermia and barbiturate coma. As the
authors emphasize, the efficacy of the treatment cannot be assessed in
the present study because no control group was introduced. However,
their results are encouraging with regard to mortality and functional
outcome rates among patients with resistant elevated ICP and CVS. In
our experience, repeated angiographic supraselective intra-arterial

treatment, more than 3 times if necessary, is the best option for severe
resistant CVS.

Juan C. Fernandez-Miranda
Pittsburgh, Pennsylvania

Neal E. Kassell
Charlottesville, Virginia

his study evaluated the feasibility and safety of mild hypothermia

to treat ruptured aneurysm patients with refractory vasospasm,
increased ICP, or both. One hundred consecutive patients were man-
aged with mild hypothermia (33-34°C), with side effects that included
electrolyte disorders, pneumonia, thrombocytopenia, and sepsis.
Nearly half of the patients died, but good outcomes were observed in
one-third of patients. The authors conclude that hypothermia can be
used safely as a last resort in these patients, who otherwise have a
grim prognosis. Although it seems reasonable to add hypothermia to
the management of these patients, a larger study, similar to the
Intraoperative Hypothermia for Aneurysm Surgery Trial, will be
needed to demonstrate a therapeutic effect.

Michael T. Lawton
San Francisco, California

his article adds to a number of published studies on hypothermia

in patients with SAH. The investigators focus on poor-grade and
critically ill patients, in contrast to a randomized trial of intraoperative
hypothermia, the Intraoperative Hypothermia for Aneurysm Surgery
Trial, which found no effect of hypothermia during surgery on outcome
among good-grade patients with ruptured aneurysms and SAH (1).
There was a slight increase in complications, mainly infection, when
hypothermia was used. The differences are that the group from Zurich
used prolonged postoperative hypothermia for a mean of 7 days, and
many of the patients were in poor clinical grades. The study was not
randomized. Most patients underwent craniotomy and aneurysm clip-
ping, although 4% were treated endovascularly. A high rate of compli-
cations was observed, and, in the absence of randomization, the impact
on outcome cannot be ascertained. Even in the hands of these experts,
with access to every kind of monitoring and technology available, it is
not clear that hypothermia helped. The authors achieved good out-
come or moderate disability on the Glasgow Outcome Scale in 36% of
patients. Forty-eight percent died. In comparison, the tirilazad studies
in the 1990s found that, of the 789 World Federation of Neurosurgical
Society Grade 4 and 5 patients with SAH, 38% had good outcome or
moderate disability, and 37% died. The search for simple, neuroprotec-
tive strategies will continue.

R. Loch Macdonald
Toronto, Canada

1. Todd MM, Hindman BJ, Clarke WR, Torner JC: Mild intraoperative hypother-
mia during surgery for intracranial aneurysm. N Engl J] Med 352:135-145,
2005

NEUROSURGERY

VOLUME 64 | NUMBER 1 | JANUARY 2009 | 93




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


