Brain temperature monitoring and
modulation in patients with severe
MCA infarction
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Article abstract—~Bockground: Brain temperature has been measured only vecasionally in humans. After head trauma.
a temperature gradient in brain temperature compared with body temperature of up w8 4§ degrees higher in the bram
has been reported. Elevated temperature facilitates neuronal injury after ischemia. At present. no information concernin:
changes in brain temperature after acute stroke is available. Methods: In 15 patients who had suffered severe ischem:
stroke in the MCA territory, intracerebral temperature was recorded with use of two different thermocouples. wil
intraventricular, epidural, and parenchymatous measurements. Body-core tempemture i Foley catheter temperature ane
Jugular bulb temperature in = 31 were recorded simultaneously. Measures for reducing brain temperature were compiri
Resuits: In all patients. brain temperature exceeded bodv-core temperature by at least up to 1 °C trange, 1.0 to 2.1
Temperature in the ventricles exceeded epidural temperature by up e 2.0 ‘C. Brain temperature modulation wa-
independent .f single pharmacologic «, aracetamol. metimizol: treatments. Only systemic cooling was effective .
sustained hypothermic (33 to 34 “C) brain temperatures, Conclusion: After MCA stroke, human intracerebral temperatur-
is higher than central body-core temperature. There is also a temperature gradient within the brain, with the ventricie-
warmer than the surface. Mild hypothermia in the treatment of severe cerebral ischemia with use of cooling blanket -
both easy to perform and effective in the therapy of severe hemispheric infaretion.
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Averting brain damage caused by ischemic injury  mia is used routinely during open heart surgery an:
through therapeutic modulation of brain tempera-  occasionally for eerebral protection during neurosur
ture is a fascinating method of neuroprotection in - gical operations.'*'* However, there is surprisingl:
experimental stroke and other neuronal injuries.*  limited information regarding temperature in the
In several animal models of focal cerebral ischemia.  human brain during normal and pathologic cond
thypothermia reduced infarct volumes up“66-90%.*  tions."

and an increase in brain temperature has a signifi- Experimental data demonstrated that body ter
cantly negative effect on histopathologie findings and perature and brain temperature can differ sigmit™
outcome after cerebral ischemia *!! Deep hypother-  cantly.’ In accordance with these findings, some At
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brain and between body-core and brain in neurosur-
gical patienta." " For optimal use of hypothermin as
a therapeutic tool for neuroprotection, methods hoth
for continuous monitoring of brain temperature and
for easy and readily available brain cooling are nec-
essary. In animal models, various measures of con-
trolling brain temperature, including fanning. naso-
pharyngeal cooling, cardiopulmonary bypass, ice-
water immersion, or simply packing the head in ice.
have been employed.*#' Some of these methods have
found elinical application; however, most of them did
not provide safe and reliable cooling of the brain.

In a recent multicenter study on hypothermia in
severe head trauma patients, Cliften et al.® achieven
hypothermia with special rotorest beds and a hypo-
thermia blanket wrapped around the patient. To
date, there are no reports available on brain temper-
ature monitoring in patients with severe ischemic
stroke, Even though hypothermia has a potent cere-
broprotective effect after focal ischemia experimen-
tally, clinical studies to modulate brain temperature
after middle cerebral artery (MCA) infarction are
still lacking.

We report here our experience on brain tempera-
ture monitoring and modulation of brain tempera-
ture in patients with acute malignant MCA infare-
tion. "

Patients and methods, This study is based on 15 con-
secutive patients, 10 men and 5 women (35 to 54 vears af
age, with a mean age of 45 = 12.3 years), who had suffered
~ acute MCA territory stroke and were admitted to the neu-

rocritical care unit (NCCU) for treatment of elevated intra- -

- cranial “pressure ‘(ICP). The study was approved by the
local ethics committee. Inclusion eriteria were as follows:
clinical and computed tomographic (CT) evidence of acute-
Jarge MCAninfarction (which consisted of early large pa-
renchymalhypodensity and signs of local brai elling
such as effacement of the sulei and compression’ of the
lateral ventricle); follow-up CT examinations within the
first 4 days after stroke showing an increased space-
wecupying effect; further neurologic deterioration corfipared
with the baseline clinical status on admission to the
NCCU; no previous disabling neurclogic dizeage; and no
terminal iliness,

The ICP was monitored in all patients with one of two
different types of intraparenchymatous. and epidural sen-
sors and transducers ¥Spiegefberg pneumatic tra
Spiegelberg AG. Hamburg, Germany, n = 1204858 mi.
crozensor, Johnson & Johnson, Raynham, MA n = 3.
Indication for ICP monitoring was set because of CT or
clinical evidence of large MCA or hemispheric infarction
and emerging severe brain edema. ICP devices were in-
serted ipsilaterally to the affected hemisphere in eight pa.
tients and bilaterally in seven patients via a burr hole and
was placed in the white matter next to the frontal horn of
the lateral ventricle. Medical treatment included osmo-.
therapy and mild hyperventilation.” In case of further
neurologic deterioration, decompressive SUTEErY was per-
formed according to our own internal treatment protocol in
seven patients.* Clinical data were obtained daily from all

. Results,
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Brain temperature was measared with two dillerent
temperature sensorz. All thermosensors were 2peciliod Lo
be used only ance. The Spiegelberg intraparenchymatons

ICP probe, which alzo ean be used as an intraventrieulr

ICF device, has a thermistor in the tip of the probe. The
wires were led through the air-tubing of the catheter. The
sensors were negative temperature coefficient 1NTO ther-
mistors, which are inherently accurate ang have vistually
no drift. Thermistors are semiconductors with an electrienl
resistance dependent on the temperature. Therefore. 1he
temperature coefficient is negative. As oppozed 1o thermo-
couple technology, thermistors can be chozen thai are
suited to the temperature range of interest. The accuracy
for the temperature measurements is lower than 0.1 :C. In
the epidural probe, the thermistor is situated in the base-
plate. The wires are in additional tubing. Temperature
reading and ICP values were recorded online on a modifisd
cerebral perfusion pressure (CPP) monitor imanufactiured
by Spiegelberg AG). The other temperature monitor was 2
thermaocouple that was introduced with the Licox svalem
'GMS, Mielckendor(l, Kiel, Germany), a special intracra-
nial balt with three entries that allow advancement of the
ICF device, O, probe, and thermocouples via one burr hole.
The thermocouple is 0.5 mm in size and 200 mm in length
and made of NUNiCr. The intraventricular thermocouples
were recalibrated after each measurement period and
proved to be reliable, with an aceuracy within 0.1°C. A
Faley temperature catheter for bladder temperature read-
ing with a temperature resolution of 0.1 °C was used for
monitoring .body-core temperature {Mon-a-therm.
Mallinckrodt, St. Louis, MO Jugular bulb temperature
was monitored in five patients with optimetric Jugular
bulb catheters | Opticath; Abbatt Laboratories, North Chi-
cago, IL) with a thermistor. The catheters were placed fur
cerebrovenous oxygen saturation monitoring.® We at-
tempted to control brain temperature by various meanz.
During all proredures, the patients were sedated ifentany
infusion 5 to 10 pgkghr and midazalam 1 to 4 mgkg'hr
and received neuromuscular blockade with atracurium (0.3
te 0.6 mgkg'hri. Monitoring in the NCCU always con-
sisted of continuous monitoring of ICP, electrocardiograms,
and blood pressure. Ronm temperature was between 15
and 20 °C. In this study, only cooling blankets (Warm
Touch, Mallinckrodt, St. Louis, MO) with cool ventilator
air fanning the patient’s body surface were used for exter-
nal cooling.

Fatients. The mean 355 score on admission
was 23.6 = 6.5 imedian. 27). Mean GCS an admission was

9 points (range, 4 to 131. All patients presented with severe

hemiparesis and forced eve and head deviation. All pa-
tients had suffered large MCA territory stroke. The etiol-
ogy of stroke was cardioembolism in 10 patients, internal
carotid artery dissection with secondary MCA embolization
in 3 patients, and remained unknown in 2 patients. Three
of 15 patients who underwent ICP monitoring for major
space-occupying infarction died, All 12 survivors, including
7 patients who were treated with craniectomy, were dis-
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Figure 1. Representative blodder and rtraparenchyma.
fows temperatures in 13 patients megsured erery 15 min-
wtes. Measures were recorded with a mean of 13 houwrs of
ter gtroke ongel,

charged to rehabilitation programs. Their neuralogic out-
come according to the S35 score 4 weeks afier arroke wae
31.3 = 8.3. The mean BI of the surviving patients was 5
‘range. 43 to 7lh. and the mean RS was 3 points ITange, 2
Lo b,

The mean interval between onset of symptoms ol is-
chemic stroke and insertian of the manitoring device was 9
hours irange. 4 to 24 hours:, The patients were not fluid
restricted. and serum sadium levels and osmolarity were
nermal in all patients prior to ICP devipe 1= thermaocouple)
insertion. The average manitoring period varied between 3
and 7 davs imean, 49 = 25 days). The ICP at time of
insertion was normal <20 mm Hgrin 11 173% ) of the
patients. The mean initial ICP was 18.9 =~ 10.4 mm He
trange, 13 to' 36 mm Hg). In all ‘patients, F2P- values in-
ereased cantinuously during the first 2 days after probe
insertion and rose to values above 25 mm Hg during the
acute stage of the disease. Most patients 112 of 151 had
fever above 38 °C ibladder temperature during the mea-
surement perind. We attempted ta keep body temperature
below 385 °C with either antipyretics or alcohal body
washing in all patirnts,

T
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Figure 2, Representative femperalire measyrentents in o
patien! after the clinival diagnosis of brain death with bi-
laterally fixed and dilated pupils tarrows. Measures were
recorded 74 hours after stroke onset,
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Figure J. Representative intraparenchymatous. epedural,
and fugular bulb temperatures measured every 15 min-
utes. Measures were recorded with @ mean of 13 hours af-
ter strofke onsel,

Brain temperature and blodder temperature.  In all pa-
tients, intraparenchymatous brain temperature excesded
body-core temperature, with a mean of 1.5 = 0.3 *C Irange.
L0 ta 2.1 °C). The difference between brain temperature
and body-core temperature varied individually and over
the measurement period (figure 1, Hence, the difference
between brain and body-core temperature was indepen-
dent of the measured ICP or CPP. In three patients who
died. brain temperature dropped below bladder tempera-
ture hours before hilaterally dilated and fixed pupils and
clinical signs of herniation were visible (figure 2.

The temperature in the ventricles exceeded the epidural
temperature with a mean of 1.0 *C (range, 0.6 to 2.0.°C,
and body temperature by 1.9 °C trange, 1.0 to 2.8 *C). Epi-

dural temperature wag always lower than the ventricular

temperature. Compared with bodw-core temperature, epi.
dural readings were almost always higher but demon-
strated a higher inter-individual variability. Temperatures
as measured in the jugular bulb showed values comparable
with the epidural temperatures tfigure 31,
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Figure 4. Bilateral intraparenchymatous temperature
monitoring in patients showing higher temperatures in the
infarcted hemispere within the first hours after stroke
Monitoring began within siv hours after onset of swmp-
toms. Measurements were taken every 30 minutes.
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Figure 5. Temperature measures and JOP course after in-
duction of cooling with cooling blankets and aleakel wash-
ing.

In these seven patients in whom bilateral intraparen-
chymatous temperature was measured, a significant tem-
perature gradient between the infarcted and contralateral
hemispheres was observed. In three patients. in whom bi-
lateral ICP and temperature monitoring were started
within the first 6 hours after the MCA infarction, brain
temperatures were up to 0.6 °C higher in the infarcted
hemisphere than in the contralateral hemisphere, After 12
hours, lower temperatures were found in the infareted
hemisphere. In the further course, a gradient of 0.6 1o
0.9 "C was noted Ifigure 41,

Brain temperature modulation. In eight patients.
pharmacologic agents were used to decroase body-core and
brain temperatures, All patients had bladder temperatures
greater than 39 °C. All patients repeatedly receivedrpid

{cetamol (1 g) or metamizofgmfusiorr (500 mg). Both drugs
decreased core temperatures by a mean of 1.1 °C Irange,
0.6 to 1.3 °C). However, brain temperature decreased only
zlightly, by a mean of 0.6 °C irange, 0.3 to 1.0 °C1. Maore-
over, thiz effect was not sustained. and brain temperatures
returned to previous values within 3 hours, compared with

3 heurs Tor core temperatieres, Beeause af meipment 1em.
slentorial herniation, twao pativnis recened Dishedoee 1
pental infusion. In both patients. o morked .
core lemperatures (= LE Co but anly o mil
lemperatures (=06
body cooling with cooling blunkets and alealyl witshine
was effective and hvpothermic (33 w1 ¢
alurgs =ustained, With immediay
ade and_ppicidansanyl 10 pg
temperatures and hrain Lemperatures decreinsed rapiclis
Within 3 hourz. a mean decrease in hoth eore end biein
temperatures of 2.8 °C trange. 1.9 10 3.9 O pould I
achieved ifigure 51 ICP values. which were recarded =i-
multaneously, showed a mean decrease of 15 mm Hy come
pared with baseline measures hefore induction of hiw g
thermia. Moreover. CT performed 12 haurs after induction
ol hypothermia regularly demonstrated o decrease ol pod-

line shift and mass effec.gf brain edema. Mean decrense i
midline shift was & 4 mmbrange. 2 10 4.5 mm o fgure G

Discussion, I[nterest in brain temperature moni-
toring has gained further with the emerging thera-
peutic potential of hypothermia as a neuraprotective
measure. However. all previous studies performed
brain temperature monitoring in neuwrosurgical pa-
tients with head trauma. hrain tumor, or large intra-
cerebral hematoma. Busto et al. "' addressed the im-
portance of brain temperature in experimental
cerebral ischemic injurv. He was able to show a re-
duetion in ischemic injury depending on the level of
intra-ischemic brain temperatures. In our studv.

tlron

Cwas seen, In five Pt =, wtnale-

Chran Lemper-

Coneuremuscubioe block-

o adminiztration, vore

prain_temperatures”in stroke patients were tongis-/

fently higher:than body-core temperatureg These re-
sults confirm the findings of others, who all showed a
significant gradient between body-core and brain
temperatures in head trauma patients.'*"" The ex-
planation for this may lie in the high metabolic activ-
ity of cerebral tissue with a considerable production
of heat.** Nurse and Corbett™ postulated an acute
phase of locomotor hyperactivity to be the cause of

Figure 6. /A CT at the septum pei-
luctdurm lecel in o 35-vear-old
woman with lefi-hemispheric MCA
infarction. Note compression of the
lateral ventricle and severe midiine
shift (53 mm). (B) After 12 hours of
hypothermic therapy, there wos o
reduction of mass effect and only
slight midiine shift (2 mm),
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1ischemia in a rat model. A similar explanation is
possible for the finding of initially increased temper-
atures in the infarcted hemisphere compared with
the contralateral hemisphere in the first hours after
ischemjanyWe ean only speculate that this finding is
due to{gWfelease of excitatory neurotransmitters and
increased energy {ATP) depletion and lactate accu-
mulation during ischemia ™" Another possibility is
that in the early stages of infaret formation, a de-
crease in cerebral blood flow may result in a de-
creased capacity for the blood Ty off heat genef-

[ated by local cerebfal metabolism. Some animal

models describe the detrimental effects of hyperther-
mia. Hypertherinia increases lactic acidosis and
leads to an acceleration of neuronal death.*

In this study, body temperature measurement did
not adequately reflect brain temperature with nor-
mothermic core temperatures, brain temperatures of
48 °C and more were measured. A better character-
ization of human brain temperature is necessary if
hypothermia is to be implemented as a therapeutic
tool* In our study, brain temperature monitoring
was safe and carried no additional risk compared
with the ICP devices that are routinely used in pa-
tients with intracranial hypertension.

Two recent clinical studies emphasized the impor-
tance of body temperature for stroke prognosis and
severity.’?** Reith et al.** demonstrated lower mor-
tality and better outcome in patients with mild hypo-
thermia on admission. With hyperthermia, outcome
was worse. In another study, Azzimondi et al.*®
showed that fever in the first 7.days after stroke was

an independent predictor of poor outcome.

Several neuresurgical studies showed a positive
effect of mild hypothermia on uncontrollable intra-
cranial hypertension after severe head traumag, 2.4
Head-injured patients treated with mild hypother-
mia between 32 and 34 °C core temperature had
asignificantfreduction 0f ICM and cerebral blood flow
compared with the normothermic, treated control
group. All studies indicated better outcome with hy-
pothermia and a beneficial effect in limiting second-
ary brain injury. Here, hypothermia was induced ei-
ther through surface cooling with water-circulating
blankets above and below the patient** or with cold
saline gastric lavage and cooling blankets.* In our
study, mild hypothermia could be easily and rapidly
achieved with cooling blankets and aleohol washing.
There were no obvious side effects of this therapy,
such as arrhythmias, predisposition for bacterial in-
fection, and hemodynamie instability with profound
arterial hypotension. YPOERET g Jed 2] B EETig

ca e i and mass effect of postischemic
brai M“

Conventional therapy of raised ICP after ischemic
stroke consists of artificial ventilation, osmotherapy,
and barbiturate administration. However, the value
and duration of these measures is disputable. For a
long time, hyperventilation with a target Pro, of 25
to 30 mmHg was considered an effective strategy for
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tiation of mechanical ventilation. Recently, vigorous
hyvperventilation has been discouraged since the po-
tential decrease in rerebral arterial blood flow result-
ing from additional hypocarbia could exacerbate tis-
sue ischemia.* Early use of agents, such as glveerol
or mannitol, may actually hasten tissue shiftz due to
compartment ligation and aggravation of brain ede-
ma."’ Even barbiturate therapy has failed to prove
its therapeutic benefit in the treatment of severe
brain injury.®*" Because of the ohjections raised
against all types of conventional, nensurgical ther-
apy on the grounds of their potential adverse effects,
new therapeutic concepts for the treatment of brain
<dema must be employed. Hypothermia might be a
potent neuroprotective tool in the therapy of acute
cerebral ischemia, especially if body and brain tem-
peratures can be reduced rapidly and easily without
major risks or complications. However, until now.

v
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Eﬁ&ﬂﬁiﬁ?mbecause of emergent brain edema.

Arfesthiesia with opioids and neuromuscular blockers
is mandatory but impedes rapid treatment.

In conclusion, brain temperature monitoring is
safe and provides reliable data. Body-core tempera-
ture does not reflect actual brain temperatures in
stroke patients, a finding that is of great importance
for further therapeutic trials on hypothermia as a
neuroprotective tool in acute cerebral ischemia. Qur
own preliminary results suggest a beneficial effect of
mild hypothermia in the treatment of severe space-
occupying MCA infarction by lowering critically ele-

vated ICP. Whetheér early hypothermic therapy
within the first 6 hours after onset of symptoms has
a neuroprotective effect, and can rédice infarct size.
needs to be clarified in clinical trials that are cur-
rently under way.
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