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Abstract

Brain Hypothermia Therapy in Severe Neurotrauma Patients
— A Multicenter Randomized Controlled Clinical Trial —

Susumu Yamashita, Kiyoshi Okabayashi and Tsuyoshi Maekawa

Advanced Medical Emergency and Critical Care Center, Yamaguchi University H ospital
1-1-1 Minami-Kogushi, Ube, Yamaguchi 755-8505, Japan

Brain mild hypothermia therapy for severe acute brain insults is relatively popular in Japan.
Although, many basic researches have demonstrated the efficacy of brain mild hypothermia, there
is no evidence to demonstrate it in the clinical brain insults, except in the post-resuscitation
encephalopathy. Clifton’s group reported that brain mild hypothermia did not only produce neur-
ological good outcome, but would frequently induce side effects and prolonged the duration of the
administration in severe head injured patients.

We started a same kind of multicenter randomized controlled clinical trial (RCT) in the severe
head injury patients. In our RCT, brain oriented intensive care are required to prevent complications
induced by mild hypothermia therapy, because of high rate of the complications in Clifton’s group.

In our protocol, hypothermia has to be induced as soon as possible following the head injury and
to be lasted at least 72 hours.

The efficacy of mild hypothermia itself on head injury, and the medico-economical and the
pathophysiological evaluations will be performed.

ICU & CCU 27(8):765~ 770, 2003
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Risk factors for intraoperative hypotension in traumatic
intracranial hematoma
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Abstract

Patients suffering from traumatic intracranial hemorrhage (TICH) may experience an episode of catastrophic intraoperative hypotension
(THT), after decompression of the brain. The aim of this study was to investigate the risk factors for IHT during emergency craniotomy A total
of 67 patients, who underwent emergency craniotomy due to TICH, were divided into two groups: IHT (r = 31) or without IHT (1 = 36).
Data concerning (1) age; (2) gender; (3) mechanism of injury; (4) Glasgow Coma Scale (GCS} on admission; (5) abnormality of the pupils
(anisocoria or mydriasis); (6) mean arterial blood pressure; (7) heart rate; (8) time elapsed before craniotomy from injury; (9) initia! brain CT
scans; (10) duration of craniotomy; and (11) total infusion or urine volume until craniotomy were coliected prospectively as IHT risk factors.
Low GCS score (<5), tachycardia (heart rate >112 min~') and hypertension {(mean blood pressure >13 1 mmHg) before emergency craniotomy
were strongly (P < 0.05) associated with IHT. Delayed surgery (>173 min unti! craniotomy) also had a significant (P < 0.05) effect on IHT.
The risk factors for IHT were considered as a low GCS score on admission, tachycardia, hypertension before emergency craniotomy and
delayed surgery. These results suggested the patients with IHT had a high sympathetic tone before emergency craniotomy A sudden reduction
in sympathetic tone after surgical decompression of the brain might cause IHT. We concluded that an important factor in the occurrence of
THT was not only the injury severity, but also the balance between sympathetic and parasympathetic activity before decompression surgery.
© 2003 Elsevier Ireland Ltd. Al rights reserved.

Keywords: Fluid therapy; Glasgow Coma Scale; Hypotension; Brain injury; Intracranial pressure; Resuscitation

Resumo

O doentes que sofreram hemorragia intracraniana traumatitica (TICH) podem experimentar um episédio de hipotensio intraoperatéria
(IHT), o que representa um acontecimento catastréfico apds descompressiio do ¢érebro, O objectivo deste estudo foi estudar os factores de
tisco para a IHT durante a craniotomia de emergéncia. Um total de 67 doentes, submetidos a craniotomia de emergéncia por TICH, foram
divididos em dois grupos: ITH (n = 31) ou sem [HT (= = 36). Os dados relativos 4 (1) idade; (2) raga; (3) mecanismo de lesdo; (4) Escala
de Coma de Glasgow (GCS) na admissdo; (5) anormalidades das pupilas (anisocoria ou midriase); (6) pressio arterial média; (7) frequéncia
cardiaca; (8) tempo desde a lesio até i craniotomia; (9) TAC cerebral inicial; (10) duragdo da craniotomia; (§ 1) total de fluidos administrados
ot volume de urina até a craniotomia, foram registados prospectivamente como factores de risco para IHT. Baixos valores de GCS (<5),
taquicardia (frequéncia cardiaca >112 min™!) e hipertensiio (pressio arterial média >131 mmHg) antes da craniotomia de emerpéncia estiveram
fortemente (P < 0.05) associados com IHT. O atraso da cirurgia (>173 min até a craniotomia) também afectou significativamente { P < 0.05)
a IHT. Os factores de risco para IHT foram um baixo valor de GCS na admissdo, taquicardia, hipertensiio antes da craniotomia de emergéncia
e atraso da cirurgia. Estes resultados sugerem que os doentes com [HT tinham um tonus simpatico aumentado antes da craniotomia. Uma
diminuigio brusca do tonus simpatico apds descompressdo cirirgica do cérebro pode provocar IHT. Concluimos que além da gravidade
da lesdo outros factores sdo importantes para o aparecimento de IHT, como o equilibrio entre o tonus simpético ¢ parassimpitico antes da
descompressdo cirirgica.
© 2003 Elsevier Ireland Ltd. All rights reserved.

FPalavras chave, Fluidoterapia; Escala de Coma de Glasgow; Hipotensdo; Lesio cerebral; Pressio intracraniana; Ressuscitagio

* Corresponding author. Tel.: +81-3-3972-8111x2800; fax: +81-3-5995-1068.
E-mail address. kosaku@med.nibon-v.ac.jp (K. Kinoshita).

0300-9572/8 — see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.resuscitation.2003.07.005
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Resumen

Los pacientes que han sufrido de hemorragia intracraneal traumdtica (TICH) pueden experimentar un episodio de hipotensién intraoperatoria
(THT), que &5 una hipotensién catastedfica después de 1a descompresién del cerebro. El objstivo de este estudio fue investigar los factores de
riesgo de IHT durante la craneotomia de emergencia. Un total de 67 pacientes que fueron sometidos a craneotomia de emergencia debida a
TICH, fueron divididos en dos grupos: IHT (n = 31) o sin IHT (» = 36). Se recogieron prospectivamente datos concemientes a (1) edad;
(2)sexo; (3) mecanismo de lesidn, (4) Escala de coma de Glasgow (GCS) al momento de admisién (5) anormalidad de las pupilas (anisocoria
o midriasis); (6) Presién arterial media; (7) frecuencia cardiaca; (8) tiempo transcurrido desde ¢l momento de lesién hasta la craneotomia; (9)
tomografia cerebral (CT) inicial; {10) duracién de la cranectomia; y (11) volumen total infundido o volumen urinarto hasta la craneotomia,
buscande factores de riesgo. Un GCS bajo (<5), la taquicardia (frecuencia cardiaca >112min~') y la hipertension (presion arterial media
>131 mmHg) antes de la craneotomia de emergencia estuvieron fuertemente asociados con IHT(P < 0.05). La cirugia retardada (>173
minutos hasta la craneotomia) también afectd significativamente la THT (P < 0.05). Se consideraron factores de riesge para IHT el GCS
bajo al momento de admision, taguicardia, hipertensién antes de la craneotomia de emergencia y la cirugia tardia, Estos resultados sugieren
que los pacientes con THT tiene un gran tono simpdético antes de la craneotomia de emergencia. Una brusca reduccién en el tono simpatico
después de la descompresidn quinirgica del cerebro podria causar THT. Concluimos el importante ro! en 1a ocurrencia de la IHT fue no solo
1a severidad de la lesion, sino también el balance entre tono simpético y parasimpético antes de la cirugia de descompresitn.
© 2003 Elsevier Ireland Ltd. All rights reserved.

Palabras clave: Terapia con fluidos; Escala de coma de Glasgow; Hipotensidn; Lesion cerebral; Presién intracraneana; Reanimacién

1. Introduction TICH underwent craniotomy as initial surgery The opera-

tive indication of TICH were as follows: (1) displacement

Patients suffering from traumatic intracranial hemorrhage of intracranial structures more than 5mm across the mid-
(TICH), such as cerebral contusion and acute subdural line; (2) compression or deformity of basal cisterns with
hematoma (ASDH) may experience catastrophic intraoper- mass lesions in brain CT scans. The patients were excluded
ative hypotension (IHT) during decompression surgery for before craniotomy if there was a systolic blood pressure
TICH. Cushing observed a marked reduction in systernic <90 mmHg, hypoxia (PaO; < 60 mmHg on admission), or
blood pressure following the removal of an intracranial multiple injuries. The use of 20% mannitol was considered
blood clot in humans and the same observation was re- for patients with the sings of brain herniation such as pupil
ported in animals following a prompt reduction of ICP after abnermality before emergency craniotomy. Patients were
artificial elevation [1]. Moreover, IHT may contribute to also excluded if they had primary brain stem injury seen on
brain ischemia and develop into intracranial hypertension initial CT scans. Indication for surgery and the choice of ap-
and death from secondary damage. A sudden increase in proach were at the direction of the attending neurosurgeon.
systemic blood pressure using volume resuscitation, in- THT was defined as systolic arterial blood pressure
otropes or vasopressors for the management of IHT could <%0 mmHg or less during emergency craniotomy for 10 min
lead to iatrogenic intraoperative brain swelling (IBS), an or motre, despite efforts at correcting hypotension. In this
uncontrollable expansion of brain bulk from the cranial study, patients were divided into two groups: patients with
window during craniotomy in crtical care patients [2-4]. IHT (IHT group: n = 31) or patients without IHT (non-THT
If the occurrence of IHT can be anticipated before com- group: n = 36), retrospectively. The duration of IHT ranged
mencing emergency craniotomy, brain damage could be from 10 to 70min (mean £ S.D.: 34.5 + 16.7). IBS was
minimized. However, the causes and risk factors of IHT defined as an expansion of brain bulk from the cranial win-
after severe brain injury are poorly understood. In practice, dow and extracranial hemiation of brain parenchyma past
it is difficult to predict the occurrence of THT during emer- the edges of the craniotomy [3] that could not be controlled
gency craniotomy. This study focused on IHT after closed with veniriculostomy, hyperventilation, mannitol and di-
traumatic brain injury without multiple injuries. The aim uresis during emergency craniotomy. The surgical proce-
of this study was to investigate the dsk factors and discuss dure began with a large frontal skin incision in the fronto-
how to prevent IHT during emergency craniotomy. ternporo-parietal region. Craniotomy with a free fronto-

temporo-parietal flap elevation was conducted. A fronto-te-
mpero-parietal craniectomy was followed by dural enlarge-

2. Materials and methods , ment covered with femoral muscle fascia in case of IBS.
Data concerning (1} age; (2) gender; (3} mechanism of

Following approval of the study protocols by the insti- injury; (4) GCS on admission; (5) abnormality of the pupils

tutional review board for human experimentation, data was (anisocoria or mydriasis); (6) mean arterial blood pressure;
obtained prospectively. Between 1997 and 2001, 122 con- (7) heart rate; (8) time elapsed until craniotomy from injury;
secutive patients with ASDH or cerebral contusion were (9) initial brain CT scans; (10) duration of craniotomy; and
admitted to the department of Emergency and Critical Care (11) total infusion or urine volume until craniotomy were
Medicine, Nihon University. A total of 67 patients with collected prospectively as [HT sk factors.
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3. Statistical analysis

Statistical analyses were performed using Stat-View 5.0
(SAS Institute Inc., Cary, NC, 1998). For the distributions of
patient characteristics and clinical parameters, the chi-square
test or the Student’s ¢-test was used to test for a difference
between the ITHT and non-THT groups. To identity the THT
risk factors before emergency craniotomy, data conceming
IHT were tested by logistic regression.

Data is expressed as mean £ standard deviation (5.D.).
A P-value of less than 0.05 was considered significant,

4, Results

The causes of injury were motor vehicle accidents (80.6%
in THT, 83.3% in non-IHT) and falls (19.4% in IHT, 16.7%
in non-IHT). Patients with IHT aged from 19 to 82 years
{mean: 58.4 £+ 17.8) and those without IHT from 18 to
8! years (mean: 52.5 £ 17.2). There was no statistically
significant difference in age and cause of injury between

groups.
4.1. Preaperative clinical profiles of patients with HIT

The preoperative GCS score upon hospitalization was un-
der 8, ranging from 3 to § (mean: 4.6 &+ 1.4) in the IHT
patients, The GCS was significantly lower in patients with
IHT than in the non-IHT group (6.7 & 2.4, range 4-13,
P < 0.0001). There was no significant difference in pupil
abnormality (anisocoria, bilaterally fixed, or dilated pupils)
between the groups. However, an increased mean arterial
blood pressure (IHT: 131.3 & 17.0 versus non-IHT: 114.3 +
21.6mmHg, P = 0.0007), heart rate (IHT: 111.94+20.6 ver-
sus non-[HT: 87.8 £21.2min"!, P < 0.0001) and mannito!

Table 1
Group difference of clinical parameters in patients with non-IHT and IHT

infusion {IHT: 100.0% 31/31 versus non-IHT: 63.9%, 23/36;
P = 0.0002) was more frequently observed in the IHT pa-
tients compared to the non-THT patients before emergency
craniotomy (Table 1).

The mean time from injury to cranictomy was signifi-
cantly longer (172.9 = 49.0min) in the IHT group than in
the non-IHT group (140.6 4= 41.5min, P = (0.0047).

The fluid balance during craniotomy was evaluated for the
THT and non-THT groups. There was no significant differ-
ence in total intravenous infusion volume (JHT 793.54+295.7
versus non-JHT 765.8 +28%.5 ml) from hospitalization until
emergency craniotomy or the duration of craniotomy (JHT:
197.6 £ 63.9 versus non-IHT: 198.6 & 84.3h). No signif-
icant difference in urine volume (IHT: 336.8 £ 275.2 ver-
sus nen-THT: 304.2 & 282.9ml/h) was observed between

groups.
4.2, Brain CT scans

Initial brain CT scans at hospitalization revealed ASDH
with obliterated basal cistern (IHT: 47.2%, non-IHT: 32.3%).
There was no significant relationship between brain CT find-
ings and the occurrence of IHT during surgery.

4.3. Characteristics of patients with [HT

Hypotension (systolic blood pressure <90mmHg for
10min or more) occurred immediately after decompres-
sion by dural opening. No evidence of hemorthagic hy-
potension could be detected in these patients. Brain bulk
did not increase at this point of hypotension. IBS oc-
curred in 26 patients (83.9%) after treatment for [HT
with fluid resuscitation, inotropes and vasopressors, not
concomitant with dural opening. JHT was significantly
(P < 0.0001, by chi-square test}) associated with the

Non-IHT (r = 36) IHT (» =31) P-value
Gender (male:female) 30:6 23:8 0.3846
GCS (range) 6.7 & 2.4 (4-13) 4.6 £ 1.4 (3-8) <0.0001
Age (range) 52.5 & 17.2 (18-B1) 584 % 17.8 (19-82) 0.1733
Pupils’ abnormality (yes:no) 18:18 21:10 0.2141
Mean BP(:nmHg) 143 £ 216 1313 + 17.0 0.0007
HR (beat/min) 87.8 & 21.2 111.9 + 206 <0.0001
Mannitol infusion (yes:no) 23:13 31:0 0.0002
Obliteration of basal cistern {yesino) 19:17 21:10 0.3178
Urine volume (ml/h) 304.2 & 2829 3368 £ 2752 0.6353
Total infusion (ml) 765.8 + 2895 793.5 £ 295.7 0.7001
Time to craniotomy (min) 1406 & 41.5 172.9 + 450 0.0047
Dwuration of craniotomy (min) 187.6 + 63.8 198.5 £ 843 0.958

Mean 3 S.D.; non-IHT: patients without intraoperative hypotension; IHT: patients with intraoperative hypotension; GCS: Glasgow Coma Scale; pupils’
abnormality: numbers of patients whose pupils indicated anisocoria or mydriasis on admission; mean BP: mean arterial blood pressure on hospitalization;
HR: heart rate; mannitol infusion: numbers of patients who received mannitol before craniotomy; obliteration of basal cistern: obliteration of basal cistern
in initial brain CT; urine volume: urine volume (mlUh) from hospitalization until craniotomy; total infusion: total infusion volume frem hospitalization
until craniotomy; time to craniotomy: time to craniotomy from injury (min).
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Table 2 : 5. Discussion
Risk factors of intraoperative hypotension by logistic regression
Factors CocHicient  Odds  95% Pvalue .This s.tudy demonstrated that IHT was st.rongly a550-
ratic  confidence ciated with low GCS sore (<5), tachycardia (heat rate
interval >112min™!), hypertension {mean arterial blood pressure
Age —0.002 0998  0.952-1.046° 09314 >131 mmHg) before craniotomy and delayed craniotomy
Pupils” abnormality ~ —1.529 0217 0.026-1.790  0.1557 {>173 min uvatil craniotorny). These results may indicate the
Mean BP 9.063 1065 1012-1.120 00154 important factors related to the oceurrences of IHT is not
Heart rate 0.044 1.045 1.003-1.088  0.0363 Iv the ini itv. but also the bal betwee
GCS -1.015 0362  0.51-0871  0.0233 only the injury severity, but also the balance between sym-
Brain CT findings ~ —0.451 0.637  LII6-3511  0.6045 pathetic and parasympathetic activity before decompression
Urine volume 0.001 1001 00981003  0.6732 surgery. _Although many patients required evacuation of
Infusion volume —0.002 0598  0995-1.002 03377 intracranial hematornatal, at least 3 h_ was required be'forc
Time to craniotoray 0.019 1019 1.00L-1.038 00359 commencement of craniotomy after injury These findings
Duration of 0002 1002 09%0-1013 07928 also suggest clinical characteristics of the patients with IHT,
craniotomy in whom a higher ICP continued for a longer period in the
Pupils® abnormality: pupils indicated anisocoria or mydriasis on admis- most severely brain-injured patients.
sion; mean BP: mean arterial blood pressure; heart rate: beat/min on ad- Patients with high ICP may exhibit hypotension after sur-

mission. GCS: Glasgow Coma Scale score sfter resuscitation; brain CT ical d , f the brain. Intrins: techolami
findings: obliteration of basal cistern in initial brain CT. urine volume: grcal decompression o ¢ brain. Intnnsic catecholamine

urine volume until craniotomy (mlh); infusion volume: total volume of in peripheral blood increases after severe brain injury in a
intravenous fiuid infusion until craniotomy time to craniotomy: from in- so-called “catecholamine surge,” increasing activity in the
jury to craniotomy (min). sympathetic nerve system (sympathetic storm) [6]). In this
study, the increased heart rate and mean arterial blood pres-
sure were often observed in patients with [HT before emer-
gency craniotomy. It may indicate a secondary response to a
sympathetic storm. Since high ICP is suddenly reduced af-
ter craniotomy and decompression by opening the dura, the

occurrence of IBS. The total infusion volumes during cran-
iotorny were also significantly larger in the IBS group
(IBS: 1578.3 £ 960.2 versus non-IBS: 867.3 & 302.8 ml/h,

P < 0.0001). X . o
increased sympathetic tone may suddenly decrease, dilating
. peripheral vessels concomitantly with the return of parasym-
4.4, Risk factors of IHT before emergency craniotomy pathetic nerve domination (sudden decreases in systemic
. vascular resistance, neurogenic hypotension) {7]. Therefore,
The res'uIts are shown in Table 2, Low GCS score (<35), IHT may indicate an imbalance between sympathetic and
tachycardia (heart ratc >112 min ") and hypertension (mean parasympathetic nerve activity and a sudden reduction in
blood pressure >131 mmHg) before emergency craniotomy sympathetic tone.
were strongly (P < 0.05) associated with IHT Delayed Head-injured patients may have unexpected hypotension
Surgery (mor.e than 173 min was required before commence- accompanied by hypovolemia resulting the administration
ment of craniotomy after injury, P < 0.05) was significantly of mannitol [8]. This study failed to obtain evidence of the
related to IHT. relationship between hypotension and early diuretic usc be-
fore emergency craniotomy. It becomes difficult to identify
4.5. Qutcome hypovolemia having a sympathetic storm because systemic
arterial blood pressure could be maintained due to neuro-
Outcome was so poor that 20 patients in the IHT group genic hypertension [9]. If intravascular volume depletion
died after IBS and 8 patients remained in a persistent veg- due to neurogenic hypertension cannot be determined, the
etative state or were severely disabled at hospital discharge condition may be accelerated because cardiac stroke vol-
or 3 months after admission (Table 3). A significantly high ume cannot be maintained, and catastrophic hypotension
incidence of unfavorable outcome (dead, persistent vegeta- may occur after decompression of brain. Whether early use
tive state or severe disability) was observed in patients with of diuretics (e.g. mannitol) before emergency craniotomy is
IHT (P < 0.0001). causally or indirectly related to IHT remains unclear.
Table 3
Clinical outcome in patients with non-IHT and IHT
Outcome (GOS) Good recovery Moderate disability Severe disability Persistent vegetative state Dead
Non-IHT (n = 36) 14 8 6 4 4
HT (x = 31) 1 2 1 7 20

Frognosis: numnber of patients a month after injury; GOS: Glasgow outcome scale; non-THT: patients without intraoperative hypotension; {HT: patients
with intraoperative hypotension.
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The therapeutic strategies for IHT after TBI are still
unclear, Adequate fluid management is required because
overzealous fluid therapy after IHT may induce iatrogenic
IBS. This study also demonstrated total infusion volumes
after IHT were strongly associated with IBS. Once IBS
has occurred during craniotomy, a large increase in brain
bulk occurs. Patients quickly deteriorate neurologically, the
outcome is often fatal and further therapy such as ventricu-
lostomy, hyperventilation, mannitol or diuresis may be in
vain. Therefore, prevention of [HT after severe brain injury
is the most important target. Fluid replacement should be
conducted based on blood pressure, heart rate, urine output,
and central venous pressure (if available) before and during
surgery while uncormected hypovolemia causes hypotension
and aggravates cerebral ischemia. Controversy continues
regarding the potentially deleterious effect on intracranial
pressure of large volumes of crystalloid fluids required by
patients with hypotension after TBI. Recently, thete has
been an increased interest in the use of small-volume re-
suscitation with hypertonic saline and dexiran to restore
hemodynamic stability after traumatic brain injury [10,11].
Such small-volume resuscitation is particularly attractive
for use in patients with head injuries because hemodynamic
stability can be achieved with a smaller volume of fluid
before emergency craniotomy. Theoretically, this could re-
duce the risk of [HT. Further investigations are required
to establish the therapeutic strategies for IHT including
sympathetic activity control and fluid resuscitation before
emergency craniotomy after TICH.

6. Conclusion

The risk factors for IHT were considered to be a low GCS
score on admission, tachycardia, hypertension before emer-
gency craniotomy and delayed surgery. These results sug-
gested that patients with IHT had a high sympathetic tone
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before emergency craniotomy. A sudden reduction in sympa-
thetic tone and dilation of the peripheral vessels after surgi-
cal decompression of the brain might cause IHT. Therefore,
the important factor in the occurrence of IHT is not only
the injury severity, but also the balance between sympathetic
and parasympathetic activity before decompression surgery.
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Clinical study

The use of mild hypothermia for patients with severe
vasospasm: a preliminary report

S. Nagao wmp, K. frie o, N. Kawal mp, T. Nakamura mp, K. Kunishio mp, Y. Matsumoto mp

Department of Neurological Surgery, Kagawa Medical University, Kagawa, Japan

Summary The purpose of this study was to determine the effect of mild hypothermia on cerebral ischaemia due to severe vasospasm, which
was refractory to medical and intravascular treatments and to assess the brain protection of this treatment in patients who underwent delayed
aneurysm clipping after presenting with ischaemic neurotogicat deficits. Mild hypothermia (32-34°C of brain temperature) was employed in two
groups: (1) Patients (Hunt and Kosnik grades i to Il) who showed progressive neurological deficits due to vasospasm and did not respond to
conventional therapy (Group 1) and (2) Patients who received delayed aneurysm clipping after presenting with ischaemic neurclogical deficits
due to vasospasm (Group 2). Seven of 8 patients in both Groups showed a favorable outcome with mild hypothermia (good recovery in 5§ and
moderate disability in two patfents). Mild hypothermia is considered to be effective on critical cerebral ischaemia due to vasospasm even after
tailure to response the conventional therapies and to provide brain protection in detayed aneurysm clipping.

© 2003 Elsevier Science Ltd. Afl rights reserved.

Keywords: cerebral aneurysm, cerebral vasospasm, brain lschasmia, delayed surgery, mild hypothermia

INTRODUCTION

Cerebral vasospasm associated with subarachnoid haemorrhage
(SAH) remains a significant cause of morbidity and mortality
following ruptured aneurysm. An essential factor of the pathology
of cerebral vasospasm is a varying degree of regional or global
cerebral ischaemia that results in delayed neurclogical deficits
(DINDs), often followed by infarction if adequate blood flow
cannot be restored in a limited time. In order to ameliorate cerebral
ischaemia secondary to vasospasm, 3H therapy,' intraarterial in-
fusion of papaverine hydrochloride and intraluminal angio-
plasty”” have been employed. Some patients, however, show
progressive ischaemic neurological deficits in spite of these ag-
gressive treatments. Recent experimental and clinical studies show
that mild hypothermia provides a significant protective effect on
ischaemic cerebral injury®'* In this study, we employed mild
hypothermia (32-34 °C of brain temperature) in patients with se-
vere vasospasm who showed progressive ischemic neurological
deficits, which were refractory to the conventional therapies and in
patients who underwent delayed aneurysm clipping with DINDs.

CLINICAL MATERIALS AND METHODS
Patients criteria ’

The hypothermic therapy was undertaken in patients whose ce-
rebral vasospasm was confirmed by cerebral angiography, The
patients were divided into two groups. Group 1 patients (r = 5)
had good preoperative clinical status (Hunt and Kosnik grades I to
IIly and underwent emergency clipping of the aneurysm on day 1.
All these patients developed DINDs, for which they received
hyperdynamic therapy combined with an administration of Ca*t
antagonists, intraarterial infusion of papaverine hydrochloride
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and/or angioplasty. The patients showed progressive neurological
deficits even after these treatments and were additionally treated
with mild hypothermia, Group 2 patients {n = 3) were admitted
on day 5 or day 9 after the ictus and already showed DINDs due to
cerebral vasospasm. Emergency clipping was undertaken under
mild hypothermia and this treatment was continued postopera-
tively. All 3 patients in Group 3 had markedly reduced rCBF and
received medical and interventional treatments during the hypo-
thermic therapy.

Mild hypothermia and rewarming

Mild brain hypothermia was started immediately when conven-
tional hypervolemic and interventional therapy failed to improve
DINDs in Group 1 patients. In Groups 2, hypothermia was started
doring the obliteration of the aneurysm. The patients were
anesthetised with midazolam (0.2-0.4 mg/kgh) and paralysed
with vecuronium chloride (0.05 mg/kg/h), and artificially venti-
lated. The arterial blood pressure was monitored through a cath-
eter placed in the radial artery. The brain and body temperatures
were monitored with thecmometers placed in the intemal jugular
bulb and in the bladder, respectively. .
Mild hypothermia was induced by surface cooling with cooled
water-circulating blankets above and undemeath of the patient.
The brain temperature was reduced to 32-34°C within 3 h, and
then maintained for 5-14 days. When hypothermia induced ad-
verse side effects on cardiopulmonary function, the temperature
was increased to approximatety 35°C. At the beginning of this
study, we encountered a progressive and irreversible worsening of
the cerebral vasospasm in two cases (not presented in this man-
uscript) with rapid rewarming within two days in Grade IV pa-
tients, Thersafter rewarming was modified in a slow and stepwise
fashion (0.5-1.0°C/day) with assessing the intenal jugular oxy-
gen saturation (8jO,), the results of CBF analysis using SPECT,
the values of the ICP, as well as the findings of serial CT scans.
When these parameters showed a worsening of cerebral ischaemia
and brain oedema, rewarming was postponed and the patient was,
if possible, cooted again. The cerebral perfusion pressure was
attempted to be maintained at more than 70 mmHg throughout the
treatment using debutamine or dopamine administration,
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Table 1 Summary of patient’s profile, preoperative clinical and CT classification, the day of operation and occurrence of symptamatic vasospasm, inlravascular
treatment, start and duration of mild hypothermia, complications, and oulcomes in patients who received mild hypothermia

Case Age Gender Site Hand K CT Operation SV VT Start of HT Duration of HT Complications GOS
1 46 F Lt MCA i 3 23] D14 PPV D16 8 Myocardial ischaemia GR
pneumonia
2 50 F ACA N 3 D1 07 PPV, AP D146 3 None MD
3 50 M Lt MCA 1] 4 D1 D7 PPY, AP Dto 10 Pnemania sD
4 50 F ACA, [H] 3 D1 D4 PPV b5 5 Pnemonia liver dysfunction  GR
5 50 M IC n 3 3] Ds PPV 0533 6 Liver dysfunction GR
6 49 F Lt MCA il 2 D6 D5 PPV Dé& 10 Priemonia liver dysfunction  GR
7 47 M Rt MCA [} 2 D10 []:) PPV, AP D10 10 None GR
8 54 M Lt MCA, m 3 D8 06 PPV D6 12 Nona MD

ACA, anterior communicating aneurysm; IC, internal carotid aneurysm; MCA, middla cerebral artery aneurysm; H and K, classification of Hunt and Kosnik
immediately before operation; CT, Fisher's classification; SV, occumence of symptomatic vasospasm; IVT, intravascular treatment; PPV, papaverine
hydrochloride; AP, angioplasty; D, day: MH, mild hypothermia; GOS, Glasgow Outcome Seale; GR, good recovery; MD, moderate disability; SD, severe disability;

D, dead.

Monitoring

Cerebral circulation and metabolism were monitored using
$jO,, measurement of the middle cercbral artery (MCA) flow
velocity with TCD and rCBF with ®T¢c-ECD SPECT. The
flow velocity of the bilateral M, portion of the MCA was
measured daily at the bedside. Abrupt and consistent increase in
the flow velocity of 20cm/s or more within 24h and a TCD
value greater than 120cm/s were considered to suggest cerebral
vasospasm, which was confirmed by cerebral angiography and
rCBF study.

$jO, values less than 55% were considered as cerebral desat-
uration secondary to ischaemia. In this circumstance, we tried to
raise and maintain the $jO, at 70% by correction of the systemic
haemodynamics with catecholamines. If the patient’s condition
was allowed, noninvasive quantitative measurement of CBF using
#¥mTc-ECD SPECT was performed 2-5 times, including at least
once before and after the treatment.”” Among 27 performances of
the *Tc-ECD SPECT in 7 patients, two examinations were be-
fore the onset of the symptomalic vasospasm, 5 were at the onset
of the sympiomatic vasospasm, 6 were during the hypathermia
and 7 were after the rewarming. Cortical blood flow values were
derived by placing 8 regions of interest {(each was 2 cm in diam-
eter) on the cortices of bilateral hemispheres. Flow values were
taken directly from the data without correction by Peg,, which was
varied less than 3-4 mmHg for sequential studies in each patient.
The lowest rCBF values in the region of vasospasm that was re-
sponsible for DINDs were compared before, during and after
hypothermic treatment with correlation to patient’s outcomes. The
outcome of all patients was assessed at 6 months after the hypo-
thermic treatment according to the Glasgow Qutcome Scale
(GOS).

Nursing and general management in hypothermia

Intensive nursing and general managements are essential for long-
term hypothermia. Standard nursing procedures included frequent
intratracheal suction, changing of the patients’ posture at 2-h in-

on day 4-14, Mild hypothermia was started 1-3 days after the
onset of DINDs and continued for 5-10 days. The GOSs were in
good recovery (GR) in 3 patients, moderate disability (MD} in 1,
and severe disability (SD) in 1 (Table 1).

In Group 2 patients {cases 6-8), DINDs developed on day
4-9, and clipping of the aneurysm was undertaken on day 6
and 19. Hypothermic treatment was initiated on day 6 and 10
and continued for 10-12 days. Two patients showed GR and 1
had MD. '

The changes in the lowest values of rCBF in the areas of va-
sospasm that was responsible for DINDs before, during and after
mild hypothermia are shown Table 2. The lowest rCBFs were
between 11.5 and 34.1 ml/100 g/min (mean 26.7, n = 5) at the
cortices of the vasospasm. Mild hypothermia resulted in 6.4 ml/
100/min reductions in the rCBF in § patients, and the mean rCBF
of these patients was 21.7 m¥/100g/min {# = 6). During the re-
warming period, rCBF values were between 12.7 and 43.2ml/
100 g/min (mean 32.8, n = 7) and the mean increment of rCBF
compared with the value during the hypothermia was 10.8 ml/
100g/min (n = 6). In patients showed good recovery, the CBFs
increased during the rewarming period to a maximum value of
more than 40ml/100 g/min, whereas only a slight increase in
tCBF was noted in patients with SD. In cases 2 and 8, the DINDs
of mild moter dysphasia due to ischaemia of the left frontal cortex
were assessed as MD.

The serious complications associated with hypothermia were
prieurnonia (4 cases), impairment of liver function (two cases),
and myocardial ischaemia (1 case). All complications were suc-
cessfully treated by intensive medical care and none was fatal.
The less serious complications were hypotension, arrhythmia,
hypokalaemia and thrombecytopaenia, all of which were suc-
cessfully normalised.

Table 2 Changes in rCBF during the cinfcal course

Before DINDs DiNDs MH RW After MH GOS

tervals for sputum discharge, mouth care by povidone-iodine  Case 1 46.3 78 195 302 458 GR
. . - . Case 2 NA 32,1 <267 432 443 MD

every 4h'. and daily physiotherapy of the lung. Gastric lavage via Case 3 432 15 58 127 157 sD
nasogastric tube was used to prevent stomach ulcer. We were able Case 4 NA NA NA 350 402 GR
10 reduce the rate of pulmonary infection and gastric ulcer using Case § - 28.2 241 324 442 GR
this regimen. Casa 7 - 341 257 4.2 488 GR
Case 8 - NA 284 352 407 MD

RESULTS

All 5 patients in Group 1 (cases 1-5) underwent aneurysm clip-
ping on day 1. The DINDs due to cerebral vasospasm developed

© 2003 Efsevier Science Ltd. Alf rights reserved.

The lowest! values of carebral blood flaw (ml/100 g/min) betore and onset of tha
symptomatic cerebral vasospasm, during mild hypothemmia, during and after
rewarming and patients' outcome. DINDs, delayed ischaemic neurological
deficits; MH, mild hypothermia; RW, rewarming; NA, not available.
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