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Abstract

The effectiveness of hypothermia treatment for severe subarachnoid hemorrhage (SAH) was evaluated
at the same facility under the same director. A total of 187 patients with SAH, 67 admitted before the in-
troduction of hypothermia treatment in May 1999 (early cases) and 120 treated thereafter (late cases),
were transported to the National Cardiovascular Center and treated in the acute phase between Novem-
ber 1997 and September 2001. Brain hypothermia treatment was performed in 19 patients of the 120 late
cases, 10 males and 9 females aged 33-72 years (mean 57. 6 years), treated by direct surgery in 15 and
endovascular surgery in 4. The indications for hypothermia treatment were age of 75 years or younger,
SAH due to rupture of a cerebral aneurysm, Japan Coma Scale score of 100 or higher, and initiation of
treatment within 24 hours after the onset. The body core temperature was sustained at 34°C for 48
hours, rewarming was performed over 48 hours, and normothermia was maintained thereafter. The out-
come, evaluated according to the modified Rankin scale (m-RS) on transfer to another hospital or after 3
months, was m-RS 3 in 1 patient, m-RS 4 in 4, m-RS 5 in 3, and death in 11. Before the introduction of
hypothermia treatment (early period), 16 patients showed the indications for the treatment, and their
outcomes were m-RS 3 in 2, m-RS 4 in 3, m-RS 5 in 2, and death in 9. Cerebral vasospasm was important
as a prognostic factor, markedly deteriorating the outcome. Hyperthermia after therapeutic hypother-
mia induced brain swelling and markedly affecting the outcome. Brain hypothermia treatment did not
improve the outcome of severe SAH compared with the period before its introduction. The emphasis in
treating severe SAH should be placed on the maintenance of normothermia to prevent brain swelling
and elimination of factors that may induce cerebral vasospasm, rather than interventional hypothermia
for aggressive brain protection.
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strate in the large-scale studies conducted,0.19.23) be-
cause of slight differences in the grading of SAH,??
selection of treatment, and perioperative manage-
ment.11.18) In particular, the indications and selec-

Introduction

Hypothermia has a neuroprotective effect,? with
known effects in head trauma?®1429 and cerebral

ischemia,®%7:15 but the clinical effectiveness for
subarachnoid hemorrhage (SAH) remains unclear,
probably because many factors including fever dur-
ing the course,” vasospasm,® and excess decom-
pression by skull bone removal are involved in the
prognosis of SAH. The effectiveness of brain
hypothermia treatment has been difficult to demon-
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tion of treatment may vary between facilities, and, in
longitudinal studies at a single facility, the judgment
of whether the results are specific to that facility or
can be ascribed to hypothermia treatment is
difficult.

The present study compares the outcomes in
patients who underwent hypothermia treatment and
those who did not at the same facility under the
same director, and evaluates the effectiveness of
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treatment and the significance of maintaining the
optimal body temperature.

Methods

A total of 187 patients with SAH were transported to
the National Cardiovascular Center and treated in
the acute phase between November 1997 and Sep-
tember 2001. Of these patients, 67 were treated be-
fore the introduction of hypothermia treatment in
May 1999 (early period), and 120 thereafter (late
period). Brain hypothermia treatment was per-
formed in 19 patients with severe SAH, 10 males and
9 females aged 33-72 years (mean 57. 6 years), treat-
ed by direct surgery in 15 and endovascular surgery
in 4 among the 120 late cases (Table 1).

Indications for brain hypothermia treatment were
age of 75 years or younger, SAH due to rupture of a
cerebral aneurysm, Japan Coma Scale (JCS) score of
100 or higher, and initiation of treatment within 24
hours after onset. Since the main objective of
hypothermia treatment is the prevention of sec-
ondary following primary damage, initiation of
treatment within 24 hours after onset was included
in the indications to promote the early initiation of
treatment. Patients judged incapable of tolerating
general anesthesia or hypothermia treatment and
those with completely absent brainstem response
were excluded.
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After emergency admission, the diagnosis of SAH
was established, and the level of consciousness was
evaluated using the JCS and Glasgow Coma Scale.
Then, SAH was graded according to the Hunt and
Kosnik and World Federation of Neurosurgical So-
cieties grading scales, the patients were sedated
with flunitrazepam, tracheal intubation was carried
out using a muscle relaxant, a central venous line
was secured in the subclavian region, an arterial line
was secured, and controlled respiration was initiat-
ed. Cooling was then started using a cooling blanket,
which was placed under the patient. The ruptured
aneurysm was identified by cerebral angiography,
and clipping or coil embolization was performed.
The core temperature was measured using a ther-
mistor in the jugular vein. The core temperature was
maintained at 34°C for 48 hours, rewarming was
performed at 1°C per day, and, after rewarming,
normothermia (36°C-<37°C) was maintained until
Day 14. The blood flow of the horizontal part (M,) of
the middle cerebral artery was monitored daily by
transcranial Doppler (TCD) ultrasonography. Neuro-
logical symptoms were difficult to assess during the
course due to general anesthesia, so symptomatic
vasospasm was judged to be present if the occur-
rence of cerebral infarction was confirmed by com-
puted tomography or if the mean blood flow velocity
of the M, segment of the middle cerebral artery de-
termined by TCD was 120 cm/sec or higher and

Table 1 Summary of the 19 patients who underwent hypothermia treatment

e S w i m-RS . .
CI\??)E (l;lgs) Sex s((;:gre gr?c\i]es Cg‘lsél;‘aefie Procedure score Turning point
1 66 M 3 5 4 clipping death initial damage
2 59 F 4 5 4 clipping death initial damage
3 71 F 4 5 4 clipping death initial damage
4 68 M 4 5 3 coil embolization death initial damage
5 72 M 5 5 4 clipping 5 spasm
6 69 M 5 5 3 clipping 3 spasm
7 36 M 5 5 4 coil embolization 4 initial damage
8 54 F 6 5 4 clipping 4 initial damage
9 70 F 4 5 4 coil embolization death spasm
10 50 F 4 5 4 clipping 4 initial damage
11 63 M 4 5 4 clipping 4 initial damage
12 49 M 7 4 3 sutured death spasm
13 25 F 6 5 4 clipping death rebleeding
14 59 F 5 5 4 clipping death sepsis
15 72 F 3 5 3 clipping 5 spasm
16 69 M 4 5 4 clipping death initial damage
17 42 M 7 4 4 clipping 5 initial damage
18 33 M 5 5 4 clipping death spasm
19 68 F 4 5 3 coil embolization death spasm

CT: computed tomography, GCS: Glasgow Coma Scale, m-RS: modified Rankin scale, WFNS: World Federation of Neu-

rosurgical Societies.
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"cerebral vessel stenosis was demonstrated by
cerebral angiography. Symptomatic vasospasm was
regarded as the prognostic determinant. The initial
damage was regarded as the prognostic determinant
in patients with no symptomatic vasospasm or com-
plication during hypothermia treatment. The prog-
nosis was made after 3 months or at transfer to
another hospital using the modified Rankin scale
(m-RS).

Results

The outcomes in the 19 patients who underwent
brain hypothermia treatment were m-RS 3 in 1,
m-RS 4 in 4, m-RS 5 in 3, and death in 11. Initial
damage was the most common prognostic deter-
minant in 10 patients, followed by symptomatic
vasospasm in 7, sepsis in 1, and hemorrhage in 1.
The outcomes in the 10 patients in whom initial
damage was the prognostic determinant were death
in 5, m-RS 4 in 4, and m-RS 5 in 1. The outcomes in
the 7 patients in whom symptomatic vasospasm was
the prognostic determinant were death in 4, m-RS 5
in 2, and m-RS 3 in 1. Death was caused by hemor-
rhage and sepsis, which are considered to be compli-
cations of brain hypothermia treatment, in 1 patient
each (Table 1).

Sixteen of the 67 patients treated before the in-
troduction of brain hypothermia treatment were
considered to show indications for therapy. The out-
comes were m-RS 3 in 2, m-RS 4 in 3, m-RS 5 in 2,
and death in 9. Outcomes rated as m-RS 3 and 4 were
considered satisfactory and those rated as m-RS 5
and death as unsatisfactory, and the chi-square test
for independence (degree of freedom = 1, level of
significance = 0.05, chi-square value = 3.841, level

Table 2 Comparison of outcomes before and after the
introduction of hypothermia treatment

Without With
hypothermia hypothermia
(n = 16) (n = 19)
Satisfactory outcome 5 5
m-RS 3 2 1
m-RS 4 3 4
Unsatisfactory outcome 11 14
m-RS 5 2 3
death 9 11

The chi-square test for independence (degree of freedom
=1, level of significance = 0.05, chi-square value =
3.841, level of significance = 0.01, chi-square value =
6.635) for patients treated before and after the introduc-
tion of hypothermia treatment gave a chi-square value of
1.1036, indicating no difference between the groups.
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of significance = 0.01, chi-square value = 6.635)
was performed between the patients treated before
and after the introduction of hypothermia treat-
ment. The chi-square value was 1. 1036, indicating
no difference between the groups. The outcomes of
patients who underwent brain hypothermia treat-
ment were apparently poorer (Table 2).

Discussion

The present study compared the outcomes of treat-
ment in the acute phase of SAH, at the same facility
under the same director, in 67 and 120 patients be-
fore and after the introduction of brain hypothermia
treatment, respectively, of whom 19 of the latter
group underwent brain hypothermia treatment. Six-
teen patients treated before the introduction of brain
hypothermia treatment showed the indications for
the hypothermia therapy, but their outcomes were
more favorable than those for patients who under-
went the therapy, so effectiveness could not be es-
tablished.

Initial damage was the prognostic determinant in
10 patients, and half of them died, but the 4 patients
with no complication or symptomatic vasospasm
during the course had outcomes of m-RS 4. Cerebral
vasospasm was the prognostic determinant in 7
patients, who had outcomes of death in 4 and m-RS 5
in 2, suggesting that cerebral vasospasm markedly
exacerbates the outcome. Fever after rewarming
causes marked brain swelling due to a rebound
phenomenon,?? and Case 9 developed brain swelling
and cerebral vasospasm and died. In Case 11, hyper-
thermia after rewarming occurred on Day 8, and
from the bitter experience in Case 9, the temperature
of the blanket was reduced, and ice bags were ap-
plied to the axillary area and neck. In addition, the
depth of sedation was increased to further reduce
metabolic activity. These actions prevented brain
swelling and cerebral vasospasm, and an outcome of
m-RS 4 was obtained (Fig. 1). Therefore, careful
monitoring of the patients is essential to maintain
normothermia rewarming.

Body temperature rises within 10 days after SAH
in 70% of patients and intraventricular hematoma is
important role in this temperature increase.) Fever
is also regarded as an independent factor of a poor
prognosis.”) Particularly, there have been reports
that fever was related to cerebral vasospasm,?17:21.24)
and that cerebral vasospasm could be controlled by
brain hypothermia treatment.!®

This study failed to confirm the effectiveness of
brain hypothermia for the treatment of severe SAH,
but emphasized the necessity for appropriate con-
trol of the body temperature rather than the evalua-
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Body temperature (°C)
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Fig. 1 Body temperature profiles in two patients who
developed hyperthermia following rewarming. Upper:
Case 9 became hyperthermic on Day 4, developed brain
swelling, and died. Lower: Case 11 developed hyper-
thermia on Day 8, but controlling sedation and main-
taining normothermia resulted in an outcome of modi-
fied Rankin scale (m-RS) 4.
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Fig. 2 Fever and vasospasm cycle. Fever promotes
brain swelling and induces both cerebral vasospasm as a
chemical reaction and reduction in cerebral perfusion
due to compression caused by increased intracranial
pressure. Cerebral infarction exacerbates such brain
swelling and initiates a vicious cycle. CBF: cerebral
blood flow.

tion of individual cases. Although this study was
conducted at the same facility under the same direc-
tor to eliminate variations in the therapeutic ap-
proach and perioperative management, possibly the
number of patients was insufficient to definitively
assess the effectiveness of hypothermia treatment.
SAH is associated with a special condition called
delayed cerebral vasospasm, and the present series
also suggests that cerebral vasospasm markedly ex-

acerbates the outcome. Multiple factors are involved
in cerebral vasospasm,® but cerebral vasospasm as a
chemical reaction coupled with a decrease in the
perfusion pressure due to brain swelling caused by
hyperthermia induces a further decrease in the
cerebral blood flow, aggravating the swelling of the
ischemic brain in a vicious cycle (Fig. 2). Although
the appropriateness of introducing hypothermia
treatment is unclear, optimal control of the body
temperature is considered necessary to break this
vicious cycle.

References

1) Bailes JE, Spetzler RF, Hadley MN, Baldwin HZ:
Management morbidity and mortality of poor-grade
aneurysm patients. ] Neurosurg 72: 559-566, 1990

2) Bath P: Re: Stroke Therapy Academic industry
Roundtable IT (STAIR-II). Stroke 33: 639-640, 2002

3) Busto R, Dietrich WD, Globus MY, Valdés I, Schein-
berg P, Ginsberg MD: Small differences in in-
traischemic brain temperature critically determine
the extent of ischemic neuronal injury. ] Cereb Blood
Flow Metab 7: 729-738, 1987

4) Busto R, Globus MY, Dietrich WD, Martinez E,
Valdés I, Ginsberg MD: Effect of mild hypothermia
on ischemia-induced release of neurotransmitters
and free fatty acids in rat brain. Stroke 20: 904-910,
1989

5) Charpentier C, Audibert G, Guillemin F, Civit T,
Ducrocq X, Bracard S, Hepner H, Picard L, Lax-
enaire MC: Multivariate analysis of predictors of
cerebral vasospasm occurrence after aneurysmal
subarachnoid hemorrhage. Stroke 30: 1402-1408,
1999

6) Commichau C, Scarmeas N, Mayer SA: Risk factors
for fever in the neurologic intensive care unit. Neu-
rology 60: 837-841, 2003

7) Dietrich WD, Busto R, Halley M, Valdes I: The impor-
tance of brain temperature in alterations of the blood-
brain barrier following cerebral ischemia. ] Neu-
ropathol Exp Neurol 49: 486-497, 1990

8) Dorhout Mees SM, Luitse M], van den Bergh WM,
Rinkel GJ: Fever after aneurysmal subarachnoid
hemorrhage: relation with extent of hydrocephalus
and amount of extravasated blood. Stroke 39:
2141-2143, 2008

9) Fernandez A, Schmidt JM, Claassen ], Pavlicova M,
Huddleston D, Kreiter KT, Ostapkovich ND, Kowal-
ski RG, Parra A, Connolly ES, Mayer SA: Fever after
subarachnoid hemorrhage: risk factors and impact
on outcome. Neurology 68: 1013-1019, 2007

10) Gasser S, Khan N, Yonekawa Y, Imhof HG, Keller E:
Long-term hypothermia in patients with severe brain
edema after poor-grade subarachnoid hemorrhage:
feasibility and intensive care complications. ] Neu-
rosurg Anesthesiol 15: 240-248, 2003

11) Le Roux PD, Elliott JP, Newell DW, Grady MS, Winn

Neurol Med Chir (Tokyo) 50, October, 2010



12)

13)

14)

15)

16)

17)

18)

19)

Hypothermia Treatment in Patients With Severe SAH

HR: Predicting outcome in poor-grade patients with
subarachnoid hemorrhage: a retrospective review of
159 aggressively managed cases. ] Neurosurg 85:
39-49, 1996

Linares G, Mayer SA: Hypothermia for the treatment
of ischemic and hemorrhagic stroke. Crit Care Med
37(7 Suppl): S243-249, 2009

Marion DW, Obrist WD, Carlier PM, Penrod LE,
Darby JM: The use of moderate therapeutic hypother-
mia for patients with severe head injuries: a prelimi-
nary report. ] Neurosurg 79: 354-362, 1993

Marion DW, Penrod LE, Kelsey SF, Obrist WD,
Kochanek PM, Palmer AM, Wisniewski SR, DeKosky
ST: Treatment of traumatic brain injury with moder-
ate hypothermia. N Engl ] Med 336: 540-546, 1997
Minamisawa H, Nordstrom CH, Smith ML, Siesjo
BK: The influence of mild body and brain hypother-
mia on ischemic brain damage. ] Cereb Blood Flow
Metab 10: 365-374, 1990

Nowak G, Schwachenwald R, Arnold H: Early
management in poor grade aneurysm patients. Acta
Neurochir (Wien) 126: 33-37, 1994

Oliveira-Filho J, Ezzeddine MA, Segal AZ, Buonanno
FS, Chang Y, Ogilvy CS, Rordorf G, Schwamm LH,
Koroshetz W], McDonald.CT: Fever in subarachnoid
hemorrhage: relationship to vasospasm and outcome.
Neurology 56: 1299-1304, 2001

Proust F, Hannequin D, Langlois O, Freger P, Creis-
sard P: Causes of morbidity and mortality after rup-
tured aneurysm surgery in a series of 230 patients.
The importance of control angiography. Stroke 26:
1553-1557, 1995

Seule MA, Muroi C, Mink S, Yonekawa Y, Keller E:

Neurol Med Chir (Tokyo) 50, October, 2010

20)

21)

22)

23)

24)

883

Therapeutic hypothermia in patients with aneurys-
mal subarachnoid hemorrhage, refractory intracrani-
al hypertension, or cerebral vasospasm. Neurosur-
gery 64: 86-92, 2009

Shiozaki T, Sugimoto H, Taneda M, Yoshida H, Iwai
A, Yoshioka T, Sugimoto T: Effect of mild hypother-
mia on uncontrollable intracranial hypertension af-
ter severe head injury. ] Neurosurg 79: 363-368, 1993
Simpson RK ]Jr, Fischer DK, Ehni BL: Neurogenic
hyperthermia in subarachnoid hemorrhage. South
Med ] 82: 1577-1578, 1989

Suzuki M, Otawara Y, Doi M, Ogasawara K, Ogawa
A: Neurological grades of patients with poor-grade
subarachnoid hemorrhage improve after short-term
pretreatment. Neurosurgery 47: 1098-1104, 2000
Todd MM, Hindman BJ, Clarke WR, Torner JC; In-
traoperative Hypothermia for Aneurysm Surgery Tri-
al (IHAST) Investigators: Mild intraoperative
hypothermia during surgery for intracranial
aneurysm. N Engl ] Med 352: 135-145, 2005

Weir B, Disney L, Grace M, Roberts P: Daily trends in
white blood cell count and temperature after
subarachnoid hemorrhage from aneurysm. Neurosur-
gery 25: 161-165, 1989

Address reprint requests to: Ryogo Anei, M.D., Department

of Neurosurgery, Asahikawa Medical College, 2-1
Midorigaoka-Higashi, Asahikawa, Hokkaido 078-
8510, Japan.

e-mail: anei@asahikawa-med.ac.jp



	cover
	2012年10月25日10時50分07秒

