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Abstract
Objectives—To assess the frequency of
hyperthermia in a population of acute
neurosurgical patients; to assess the rela-
tion between brain temperature (ICT) and
core temperature (Tc); to investigate the
eVect of changes in brain temperature on
intracranial pressure (ICP).
Methods—The study involved 20 patients
(10 severe head injury, eight subarachnoid
haemorrhage, two neoplasms) with me-
dian Glasgow coma score (GCS) 6. ICP
and ICT were monitored by an intraven-
tricular catheter coupled with a thermis-
tor. Internal Tc was measured in the
pulmonary artery by a Swan-Ganz cath-
eter.
Results—Mean ICT was 38.4 (SD 0.8) and
mean Tc 38.1 (SD 0.8)°C; 73% of ICT and
57.5% of Tc measurements were >38°C.
The mean diVerence between ICT and Tc
was 0.3 (SD 0.3)°C (range −0.7 to 2.3°C)
(p=0. 0001). Only in 12% of patients was Tc
higher than ICT. The main reason for the
diVerences between ICT and Tc was body
core temperature: the diVerence between
ICT and Tc increased significantly with
body core temperature and fell signifi-
cantly when this was lowered. The mean
gradient between ICT and Tc was 0.16 (SD
0.31)°C before febrile episodes (ICT being
higher than Tc), and 0.41 (SD 0.38)°C at
the febrile peak (p<0.05). When changes in
temperature were considered, ICT had a
profound influence on ICP. Increases in
ICT were associated with a significant rise
in ICP, from 14.9 (SD 7.9) to 22 (SD 10.4)
mm Hg (p<0.05). As the fever ebbed there
was a significant decrease in ICP, from
17.5 (SD 8.62) to 16 (SD 7.76) mm Hg
(p=0.02).
Conclusions—Fever is extremely frequent
during acute cerebral damage and ICT is
significantly higher than Tc. Moreover, Tc
may underestimate ICT during the phases
when temperature has the most impact on
the intracranial system because of the
close association between increases in ICT
and ICP.
(J Neurol Neurosurg Psychiatry 2001;71:448–454)
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Cerebral temperature has been recognised as a
strong factor in ischaemic brain damage.
Laboratory investigations have shown that
intraischaemic hypothermia may limit brain
damage.1–4 The classic mechanism proposed

for this protection is a lowering of oxygen and
glucose consumption suYcient to permit toler-
ance to prolonged periods of oxygen depriva-
tion. Hypothermia reduces the brain’s energy
requirements by slowing the activation me-
tabolism required for neuronal function and
the residual metabolism necessary to maintain
neuronal activity.5

By contrast with hypothermia, brain hyper-
thermia worsens outcome in several animal
models of brain injury. For example, in models
of cerebral ischaemia intraischaemic hyper-
thermia led to more severe neuronal and
cerebrovascular consequences.6 7 Even a de-
layed post-traumatic hyperthermia (4 days
after a fluid percussion injury) led to signifi-
cantly increased mortality, blood-brain barrier
damage, and axonal damage.8 These experi-
mental findings were partially confirmed in the
clinical setting.

Many clinical studies have set out to assess
the eVectiveness of prophylactic and delayed
moderate hypothermia for improving neuro-
logical outcome and controlling intracranial
hypertension after head injury.9 10 Moderate
hypothermia may improve outcome at 3 and 6
months in patients admitted with a Glasgow
coma score (GCS) between 5 and 7.11 How-
ever, further studies failed to show that moder-
ate hypothermia is a safe and eVective treat-
ment in brain damage.12 On the other hand an
association was found between hyperthermia
and initial stroke severity, infarct size, mor-
tality, and outcome in 390 patients admitted
with acute stroke.13 Even though it has not been
proved whether this relation is causal or not,
the highly significant diVerence in outcome
between hypothermic, normothermic, and
hyperthermic patients is surprising. In head
injury too a strong association has been found
between the duration of fever and poor
outcome.14

In the clinical setting the impact of changes
in temperature on the progression of ischaemic
lesions is less clear cut than in the laboratory
setting, but there is definitely a relation
between ischaemic injury and temperature.13 14

This suggests that failure to control brain tem-
perature during the acute phase might aVect
neurological recovery from brain damage.
Maintenance of normothermia has, therefore,
been included by many authors in the first line
management of severe head injury.15

However, the eYcacy of maintaining normo-
thermia has not been assessed and these
considerations are based on the assumption
that core (or rectal) temperature reflects
cerebral temperature. Moreover, many reports
indicate that systemic temperature may be
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quite diVerent from brain temperature and the
pathophysiological basis of such diVerences are
not fully understood.

This work was therefore designed with the
following aims:

x To assess the frequency of hyperthermia in
a population of acute neurosurgical patients

x To assess the relation between brain
temperature (ICT) and core temperature (Tc)

x To investigate the eVect of changes in brain
temperature on intracranial pressure (ICP).

Materials and methods
Brain temperature monitoring was approved
by the ethics committee of our institution. The
study involved 20 acute neurosurgical patients
admitted to the Neurosciences intensive care
unit of the Ospedale Maggiore Policlinico of
Milan; 10 had severe head injuries (SHI), eight
subarachnoid haemorrhages (SAHs), and two
neoplasms.

CLINICAL MANAGEMENT AND MONITORING

Management of SHI was based on early evacu-
ation of surgical masses and prevention and
treatment of secondary insults. In seven of the
eight patients with SAH a ruptured aneurysm
was diagnosed and operated on. Surgical

clipping was always done within 72 hours from
the bleeding.

Mean arterial blood pressure (MAP) and
ICP were managed to ensure a cerebral
perfusion pressure (CPP) of at least 60 mm Hg
in SHI and 70 mm Hg in SAH. An ICP>20
mm Hg during the first 3 days and >25 mm Hg
after that were considered as thresholds for
treatment. Treatment included sedation, CSF
drainage, mild or moderate hyperventilation,
and mannitol. In cases of refractory intracra-
nial hypertension barbiturates or surgical
decompression were considered.

In patients with SAH ventriculostomy was
performed to treat acute hydrocephalus. In
these patients CSF was drained for 50
minutes/hour and ICP was recorded for the
remaining 10 minutes. In two patients with
tumours the ventricular catheter was placed to
control intracranial hypertension by CSF
drainage.

In 15 patients the internal jugular bulb was
cannulated, in 10 of them by a 4F catheter for
intermittent determination of oxyhaemoglobin
saturation in the jugular vein (SjO2). In five
patients SjO2 was continuously monitored by a
fibreoptic catheter (Abbott Oximetric). The
correct position of the tip of the catheters was
checked radiologically. When hyperventilation

Table 1 Summary data for severity and main intracranial parameters

Patient Age Sex Diagnosis GCS adm Mean ICP (SD) Max ICP Mean CPP (SD) Min CPP

1 23 Female TBI 4 17 (4.8) 30 76 (10.5) 50
2 62 Female SAH 14 28 (7.0) 50 74 (11.7) 40
3 59 Male TBI 6 11 (5.2) 31 65 (8.6) 45
4 55 Male SAH 7 9 (5.9) 36 87 (10.6) 63
5 39 Male TBI 6 15 (3.7) 29 70 (8.4) 47
6 57 Female SAH 10 23 (7.0) 58 57 (11.8) 34
7 61 Male TBI 6 11 (4.0) 19 70 (7.6) 56
8 33 Male TBI 7 13 (3.8) 28 73 (51.4) 53
9 53 Female SAH 3 12 (5.6) 28 88 (11.1) 62
10 73 Female SAH 6 9 (2.5) 17 98 (12.9) 63
11 71 Male TBI 3 14 (2.2) 22 64 (6.7) 48
12 28 Male SAH 7 21 (7.0) 42 65 (11.0) 39
13 54 Male TBI 7 13 (3.0) 20 70 (8.1) 54
14 31 Female NPL 5 18 (5.1) 33 77 (10.4) 52
15 78 Male TBI 4 6 (3.0) 19 82 (10.2) 60
16 21 Female TBI 10 23 (6.2) 37 59 (9.7) 36
17 45 Female TBI 5 15 (2.3) 22 79 (6.4) 64
18 68 Female NPL 5 10 (5.1) 28 94 (13.0) 49
19 68 Female SAH 9 24 (18.1) 96 88 (23.0) 20
20 75 Male SAH 5 10 (4.2) 21 83 (12.3) 60

TBI=Traumatic brain injury, SAH=subarachnoid haemorrhage; NPL=neoplasm; GCS adm=Glasgow coma scale at the admission. Max ICP and Min
CPP=maximum value of ICP and minimum CPP recorded during the monitoring period.

Table 2 Summary data of temperatures and discrepancies between intracranial temperature (ICT) and core temperature (Tc)

Patient Catheter position
Count of
measures ICT mean (SD) ICT max Tc mean (SD) Tc max ICT-Tc mean (SD) ICT-Tc min

ICT-Tc
max

1 Ventricular 185 38.46 (0.48) 39.4 37.91 (0.47) 38.9 0.48 (0.13) −0.1 0.8
2 Ventricular 102 38.09 (0.79) 39.8 37.34 (0.71) 38.9 0.45 (0.17) −0.2 0.9
3 Ventricular 108 38.96 (0.45) 39.9 38.35 (0.5) 39.5 0.55 (0.27) 0 1.8
4 Ventricular 94 38.75 (0.56) 39.8 38.49 (0.58) 39.9 0.26 (0.37) −0.6 1.2
5 Ventricular 183 39.46 (0.88) 41.2 39.20 (0.81) 40.9 0.27 (0.22) −0.7 0.8
6 Ventricular 196 37.42 (0.67) 38.9 37.14 (0.74) 38.5 0.39 (0.14) 0.2 1.0
7 Ventricular 117 38.05 (0.40) 38.8 37.84 (0.47) 38.7 0.21 (0.21) −0.1 1.3
8 Parenchymal 140 38.62 (0.76) 40.4 38.45 (0.66) 39.9 −0.04 (0.17) −0.5 0.5
9 Ventricular 157 38.40 (0.74) 39.9 38.00 (0.65) 39.2 0.39 (0.24) 0 2.3
10 Ventricular 60 38.60 (0.69) 40.0 38.00 (0.60) 39.4 0.68 (0.50) −0.4 2
11 Ventricular 106 38.53 (0.55) 40.0 38.41 (0.76) 39.5 0.29 (0.52) −0.6 1.6
12 Ventricular 244 38.57 (0.49) 39.4 38.10 (0.44) 38.9 0.39 (0.15) 0 1.0
13 Ventricular 70 38.29 (0.47) 39.5 37.82 (0.43) 38.8 0.47 (0.18) −0.5 0.8
14 Ventricular 139 38.19 (0.37) 39.2 37.93 (0.40) 39.1 0.26 (0.13) −0.7 0.8
15 Ventricular 94 38.69 (0.36) 39.7 38.05 (0.61) 39.4 0.61 (0.47) −0.3 1.6
16 Parenchymal 49 37.05 (0.52) 38.2 36.48 (0.65) 38.4 0.50 (0.23) −0.6 0.7
17 Parenchymal 60 38.56 (0.52) 39.4 38.70 (0.59) 39.6 −0.23 (0.13) −0.6 0
18 Ventricular 126 37.6 (0.5) 39.2 37.59 (0.45) 38.8 0.01 (0.25) −0.5 0.9
19 Ventricular 106 39.27 (0.76) 41.1 39.10 (0.73) 41 0.17 (0.28) −0.7 0.9
20 Ventricular 141 38.06 (0.43) 39.3 38.00 (0.42) 39 0.10 (0.18) −0.5 0.6

Brain temperature in acute cerebral damage 449

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.4.448 on 1 O

ctober 2001. D
ow

nloaded from
 

http://jnnp.bmj.com/


was used to control ICP, it was set to preserve
SjO2>55%. Haemodynamics were monitored
using a Swan-Ganz catheter.

None of the patients received antibiotic
prophylaxis although antibiotics may have been
used to treat diagnosed infections. Febrile epi-
sodes were treated at the physician’s discretion,
using antipyretic drugs or physical therapy.

TEMPERATURES

The ICT was continuously monitored by a sili-
cone intraventricular catheter with a thermistor
and a fibreoptic sensor for ICP (110–4HTM
Camino Lab, San Diego, CA, USA). The sys-
tem was screwed onto the skull using a bolt
provided by the manufacturer; CSF could be
withdrawn through the catheter. In three cases
the catheter was positioned intraparenchy-
mally, because of failure in cannulating the lat-
eral ventricles. The catheter was placed in the
operating room, under sterile conditions and
its correct position was checked by CT at the
end of the surgical procedure.

Samples of CSF were collected every 2 days
and before removal of the intraventricular
catheter for cytochemical analysis and micro-
biological culture.

Continuous measurements of Tc were taken
using a Swan-Ganz catheter (Abbott Critical
Care System), with a thermistor positioned 4
cm proximally to the tip. Once the monitoring
was discontinued, the accuracy of the two tem-
perature probes (intracranial and core) was
checked by an in vitro test on eight intracranial
probes and five pulmonary catheters.

The test involved comparing the tempera-
tures provided by the two thermistors with
those measured by a precision thermometer
(HD 9215, Delta OHM, Padova, Italy). The
temperature sensors were immersed in a bath
fitted with a thermostat to warm the fluid from
34°C to 45°C and then to cool it. Every 5 min-
utes the temperatures measured by the two
sensors were simultaneously recorded.

DATA COLLECTION AND STATISTICAL ANALYSIS

Intracranial pressure, MAP, and CPP were
continuously recorded, sent to a computer
through an analog-digital converter (Mac Lab
Word Precision Instrument, New Haven, CT,
USA) and stored for oV line analysis. The sig-
nals were analysed using software for Apple
Macintosh (Chart 6.3). Temperatures were
recorded hourly. Data were summarised as

means (SD). The paired t test was used to
assess diVerences between groups. A value of
p<0.05 was considered statistically significant.
The reliability of the temperature sensors was
assessed as suggested by Bland and Altman.16

Results
RELIABILITY OF CEREBRAL AND CORE

THERMISTORS IN VITRO

A total of 203 paired measurements were
obtained for the eight intracranial catheters.

The range was between 33.6°C and 45.0°C.
The diVerences between the measurements
with the precision thermometer and the
Camino thermistor were calculated. Using the
Bland-Altman approach, the mean diVerence
between the two methods and the limits of
agreement were determined. The mean diVer-
ence was −0.05 (SD 0.2)°C; the limits of
agreement were between −0.47 and 0.37°C.
The same procedure was applied to verify the
reliability of the temperature measurements
provided by five Swan-Ganz catheters. The
mean diVerence was 0.001 (SD 0.2)°C; the
limits of agreement were between −0.4 and
0.4°C.

CLINICAL DATA

Monitoring of ICT was done in 20 patients (10
men) aged between 21 and 78 years (mean
52.7 (SD 18)). Ten had traumatic brain injury
(TBI), eight subarachnoid haemorrhage, and
two cerebral tumours.

In 17 patients (85%) the catheter was
positioned in the ventricular system, in three in
the cerebral parenchyma. On average, monitor-
ing started 53 hours (range 2–168 hours) after
the injury (TBI), after the first bleeding (SAH),
or after surgery. The mean duration of

Figure 1 Time course of ICT and Tc.
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Figure 2 Behaviour of ICT and Tc in two patients: The
first (A) with an intact skull, the second (B) with a large
area of bone decompression.

40

39

39.5

38.5

38

37

37.5

Time (h)

A

°C

1 3 5 7 9 11 13 15 17 19 21 23

40

39.5

39

38.5

37.5

38

Time (h)

ICT
Tcore

B

°C

1 3 5 7 9 11 13 15 17 19 21 23

450 Rossi, Roncati Zanier, Mauri, et al

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.4.448 on 1 O

ctober 2001. D
ow

nloaded from
 

http://jnnp.bmj.com/


monitoring was 161 hours (range 78–288
hours).

In two patients a small intraparenchymal
haemorrhage related to the catheter was
discovered, but it did not require surgical
intervention. In two patients a meningeal
infection was diagnosed.

Table 1 provides summary data of the
intracranial parameters and severity for each
patient.

INTRACRANIAL AND CORE TEMPERATURE

A total of 2477 ICT and 2007 Tc measure-
ments were obtained. Temperatures and their

main diVerences are reported in table 2. Figure
1 illustrates the time course of ICT and Tc.
Mean ICT was 38.4 (SD 0.8)°C, and mean Tc
was 38.1 (SD 0.8)°C. In 1805 cases (73%)
ICT was >38°C, and Tc was >38°C in 1154
cases (57.5%). The mean diVerence between
ICT and Tc was 0.3 (SD 0.3)°C (p=0.0001).
Out of the 2007 Tc measurements, only 243
(12%) were higher than the corresponding
ICT and in 157 cases (7.8%) the two tempera-
tures were the same.

The diVerences between ICT and Tc varied
widely, both among diVerent patients and in
diVerent phases of a single patient’s clinical
course. The diVerence, calculated as ICT−Tc,
ranged between +2.3°C and −0.7°C. Figure 2
shows the behaviour of ICT and Tc in patient
A and patient B during 24 hours. The relation
between ICT and Tc in patient B is the one
most commonly encountered, ICT being con-
stantly higher than Tc. The relation between
the two temperatures is diVerent in patient A,
ICT always being lower than Tc, presumably
because of the lack of the bone flap that was not
reinserted after removal of a subdural hae-
matoma.

The diVerences between ICT and Tc
(ICT−Tc) were similar in patients with SAH
and SHI, being respectively 0.33 (SD 0.3)°C
and 0.32 (SD 0.3)°C (p>0.05).

Because patients with SAH were those in
whom CSF was aggressively drained, it follows
than CSF drainage did not significantly
influence the diVerence between ICT and Tc.

The severity of the impairment of conscious-
ness did not seem to be related to the diVerence
between ICT and Tc, which was 0.33 (SD
0.28)°C in patients with GCS<8 after stabili-
sation and 0.39 (SD 0.4)°C in patients with
GCS>8. As shown in table 2, ICT and Tc
sometimes diVered widely even in the same
patient.

It has been suggested that a reduction in cer-
ebral blood flow (CBF) may aVect cerebral
temperature and its diVerence from Tc. Figure
3 shows CPP (taken as an estimator of CBF),
plotted against the diVerence between ICT and
Tc. No relation was found. Only at the time of
brain death, when CPP was abnormally low,
did the diVerences between cerebral and
systemic temperature almost disappear, con-
firming a previous report.17

During the clinical course the main cause of
the diVerences between ICT and Tc seemed to
be changes in body core temperature: 240 epi-
sodes (temperature change>0.7°C) were iden-
tified, coinciding respectively with the onset or
resolution of a febrile episode. In 119 cases the
temperature rose, and in 121 it fell. The diVer-
ence between ICT and Tc became significantly
larger with the rise in body core temperature
and dropped significantly when it fell. The
mean diVerence between ICT and Tc was 0.16
(SD 0.31)°C before febrile episodes (ICT
being higher than Tc), and 0.41 (SD 0.38)°C
at the febrile peak (p<0.05). This pattern was
mirrored while body core temperature fell from
the peak: the mean diVerence between ICT
and Tc was 0.37 (SD 0.31)°C at the peak of
fever and 0.15 (SD 0.38)°C as it ebbed. When

Figure 3 Scatter plot illustrating the relation between cerebral perfusion pressure (CPP),
taken as an estimator of cerebral blood flow, and the diVerence between ICT and Tc. CPP
values<40 mm Hg were recorded from patients just before and during brain death. When
CPP falls the diVerence between the two temperatures disappears.
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the diVerences between ICT and Tc was aver-
aged for each patient, the same behaviour was
confirmed in most patients (fig 4) (p<0.05).

BRAIN TEMPERATURE AND ICP

The mean ICP, with the maximum values for
each patient, are shown in table 1.

There was no relation between ICP and the
absolute value of ICT. However, when changes
in temperature were considered, rather than
the absolute values, temperature seemed to
have a strong eVect on ICP. We identified 240
changes in ICT of at least 0.7°C (119 rises and
121 decreases). Figure 5 shows the significant
increase in ICP associated with the 119
increases in fever (p<0.001). This behaviour
was confirmed even when ICP and ICT were
averaged for each patient. The ebb of fever was
associated with a significant fall in ICP, from
17.5 (SD 8.62) mm Hg to 16 (SD 7.76) mm
Hg (p=0.02).

JUGULAR VENOUS OXYGEN SATURATION AND ICT

In 10 patients with intermittent monitoring,
133 samples were obtained. In five patients
continuous fibreoptic monitoring was per-
formed. Mean jugular venous oxygen satura-
tion in the whole sample was 71.1 (SD 7.0)%.
Six episodes of SjO2 desaturation (SjO2<55%)
and 119 supranormal episodes (>75%) were
detected. No relation could be found between
ICT changes and intermittent SjO2 measure-
ments. The relation between febrile episodes
and SjO2 was therefore studied in the five
patients with SjO2 monitoring. In 71% (15 out
of 21 events recorded) SjO2 rose as ICT
increased (p=0.21). In 60% (12 out of 20
events), it decreased as ICT fell (p<0.02, fig 6).
PaCO2 did not change significantly when SjO2

changed.

Discussion
Under normal conditions, the temperature of
the brain is dependent on three main factors:
local heat production, cerebral blood flow, and
the temperature of the blood perfusing the
brain. The brain is a big consumer of energy
and a big producer of heat, which is not easily
dispersed because of the insulation provided by
the skull. The brain uses about 20% of the
oxygen and 25% of the glucose required by the
body at rest (when it weighs only 2%-3% of the
total body weight). It has been assessed that of
the carbohydrate consumed by the brain, 95%
undergoes oxidative metabolism; 43% of the
energy originally held in glucose is captured by
the ATP, and the remainder is given oV as
heat.18 On account of its high metabolic
activity, cerebral tissue normally produces a
considerable amount of heat. Continuous
monitoring of brain temperature was originally
done by introducing a thermocouple into an
intraventricular catheter for intracranial pres-
sure monitoring.19 Today, thermometers or
thermistors are combined with other probes
(for measuring ICP, oxygen, and other metabo-
lites) so that brain temperature can be
measured continuously in the lateral ventricles
or in the parenchyma. These techniques have
brought to light diVerences in diVerent areas of
the brain, the deeper zones being warmer than
the surface structures.20

In our population a consistent diVerence was
found between cerebral temperature and inter-
nal body temperature, confirming previous
reports.17 19 21 22 In most patients brain tempera-
ture was higher than body core temperature.

Figure 5 Box plot showing ICP before the onset of fever
(ICP 1)and at the peak of febrile episodes (ICP 2).
Median, confidence intervals, middle half of the data
between the 25th and 75th percentile, and ranges are
summarised (p<0.05).
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The diVerences measured were quite large,
varying between diVerent patients and between
diVerent phases of the clinical course in the
same patient. It is still not clear why such
diVerences exist, but a relation has been
suggested between cerebral metabolism and
the size of the diVerence between brain and
systemic temperatures. Mellergard et al found a
smaller diVerence during impairment of con-
sciousness and in the night in conscious
patients, suggesting that the depression of
metabolism in coma and—to a diVerent
extent—during sleep may lower the brain tem-
perature.23 Other authors have investigated
how diVerent CBF levels aVect the ICT-Tc
gradient.

Rumana et al found that the diVerence was
more marked when CPP was reduced to
between 50 and 20 mm Hg, indicating
impaired CBF; nevertheless with CPP<20 mm
Hg, indicating irreversible impairment of CBF,
the diVerence almost disappeared.17 These data
were taken to confirm that arterial blood flow
achieves a sort of “wash out” of the heat gener-
ated by brain metabolism.

Our sample presented considerable between
patient diVerences in brain and systemic
temperatures, and this could only be partially
predicted from the above factors. The diVer-
ence between core and brain temperatures
could not be explained by the level of
impairment of consciousness or the adequacy
of the CPP. Only in cases of impending brain
death did the brain-core gradient almost disap-
pear.

Even aggressive CSF drainage (which can be
reasonably expected to subtract heat from the
intracranial space), done in cases of acute
hydrocephalus due to subarachnoid haemor-
rhage, had no eVect on the amplitude of the
brain−core temperature diVerence.

The only factor that unquestionably aVected
the diVerence between ICT and Tc in our
sample was the lack of part of the skull because
of bone decompression, which presumably
facilitated heat dispersion.

Between patient diVerences are seen in the
brain-systemic temperature gradient. During
the clinical course the main cause of the diVer-
ences between ICT and Tc seemed to be body
core temperature. The gap between ICT and
Tc increased significantly as body core tem-
perature rose and narrowed significantly as it
fell. We can only suggest that cerebral metabo-
lism increases more than systemic metabolism
due to the rises in temperature; this pattern was
mirrored while the temperature was falling. Tc
may thus markedly underestimate brain tem-
perature while the fever is rising. This becomes
particularly important in the clinical setting.
Pyrexia was in fact extremely frequent in our
group of patients: 73% of ICT measurements
were 38°C or higher and 85% of the patients
had a mean ICT greater than 38°C during the
whole monitoring period. Moreover each
patient experienced at least one episode of ICT
greater than 38°C and 85% had a maximum
ICT greater than 39°C.

Our sample is probably too small to be con-
sidered representative of the entire population

of acute neurosurgical patients, although fever
(due to infections or other causes) was one of
the major problems in this. There is very little
published information about the incidence of
fever after acute cerebral damage, although
Jones et al confirm these findings.13 The figures
for the frequency of fever in a multicentre study
enrolling 111 patients with head injury are also
in agreement.24

As we mentioned, we were not able to find
any relation between the absolute brain tem-
perature and the absolute ICP, which is
probably aVected by the sum of many factors
(primarily intracranial). However, there was a
significant relation between the occurrence of
febrile episodes and increases in ICP, indicat-
ing that temperature instability may be an
important cause of derangement of intracranial
homeostasis.

From our SjO2 data (which are good indica-
tors of the balance between CBF and metabo-
lism), the increases in ICP associated with
increases in temperature seem to be explained
by a high temperature increasing CBF more
than the cerebral metabolic rate for oxygen
(CMRO2). This mismatch is reflected in the
increase in SjO2. A change in the opposite
direction (CBF reduced more than CMRO2)
should be seen when the temperature drops, as
SjO2 falls with fever. As we could not measure
CBF during temperature changes and we had
continuous SjO2 monitoring in only five
patients, our findings need to be corroborated
by further investigations.

However, there are many experimental and
clinical reports of an increase of the ratio of
CMRO2 to CBF when body temperature
drops, reaching hypothermia.10 11 25 A change in
the opposite direction has been described dur-
ing the rewarming phase. These findings are in
the same direction as ours. Therefore, our SjO2

data indicate that the increase in ICP seen at
the same time as the increase in brain tempera-
ture may be sustained by a rise in cerebral
blood volume.

Conclusions
Fever is extremely frequent after acute cerebral
damage and cerebral temperature is signifi-
cantly higher than body core temperature.
Body core temperature may markedly underes-
timate cerebral temperature, especially during
the phases when temperature has the greatest
impact on the CNS. We found that rises in
temperature are associated with derangements
of intracranial volume homeostasis docu-
mented by increases in ICP. From an analysis
of SjO2, this increase in ICP seems to be
explained by the fact that changes in tempera-
ture aVect CBF more than the metabolism of
oxygen.

1 Busto R, Dietrich WD, Globus MY-T, et al. Post-ischemic
moderate hypothermia inhibits CA1 hippocampal ischemic
neuronal injury. Neurosci Lett 1989;101:299–304.

2 Busto R, Dietrich WD, Globus MY-T, et al. Small
diVerences in intraischemic brain temperature critically
determine the extent of ischemic neuronal injury. J Cereb
Blood Flow Metab 1987;7:729–38.

3 Busto R, Dietrich WD, Globus MY-T, et al. The importance
of brain temperature in cerebral ischemic damage. Stroke
1989;20:1113–14.

Brain temperature in acute cerebral damage 453

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.4.448 on 1 O

ctober 2001. D
ow

nloaded from
 

http://jnnp.bmj.com/


4 Clifton GL, Lyeth BG, Jenkins LW, et al. Marked protection
by moderate hypothermia after experimental traumatic
brain injury. J Cereb Blood Flow Metab 1991;11:114–21.

5 Michenfelder JD, Milde JH. The relationship among canine
brain temperature, metabolism, and function during hypo-
thermia. Anesthesiology 1991;75:130–6.

6 Clasen RA, Pandolfi S, Laing I, et al. Experimental study of
relation of fever to cerebral edema. J Neurosurg 1974;41:
576–81.

7 Takagi K, Ginsberg MD, Globus MT-Y, et al. EVects of
hyperthermia on glutamate release in ischemic penumbra
after middle cerebral artery occlusion in rats. Am J Physiol
1996;266:H1770–6.

8 Dietrich WD, Alonso O, Halley M, et al. Delayed posttrau-
matic brain hyperthermia worsens outcome after fluid per-
cussion brain injury: a light and electron microscopic study
in rats. Neurosurgery 1996;38:533–41.

9 Shiozaki T, Sugimoto H, Taneda M, et al. EVects of mild
hypothermia on uncontrollable intracranial hypertension
after severe head injury. J Neurosurg 1993;79:363–8.

10 Marion DW, Obrist WD, Carlier PM, et al. The use of mod-
erate therapeutic hypothermia for patients with severe head
injuries: a preliminary report. J Neurosurg 1993;79:354–62.

11 Marion DW, Penrod LE, Kelsey SF, et al. Treatment of
traumatic brain injury with moderate hypothermia. N Engl
J Med 1997;336:540–6.

12 Clifton GL, Miller ER, Choi SC, et al. Lack of eVect of
induction of hypothermia after acute brain injury. N Engl J
Med 2001;344:556–63.

13 Reith J, Jorgensen HS, Pedersen PM, et al. Body
temperature in acute stroke: relation to stroke severity, inf-
arct size, mortality, and outcome. Lancet 1996;17:422–5.

14 Jones PA, Andrews PJ, Migdley S, et al. Measuring the bur-
den of secondary insults in head-injured patients during
intensive care. J Neurosurg Anesthesiol 1994;6:4–14.

15 Bullock R, Chesnut RM, Clifton G, et al. Guidelines for the
management of severe head injury. Brain Trauma Founda-
tion. J Neurotrauma 1996;13:639–734.

16 Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet 1986;8:307–10.

17 Rumana CS, Gopinath SP, Uzura M, et al. Brain
temperature exceeds systemic temperature in head-injured
patients. Crit Care Med 1998;26:562–5.

18 Fitch W. Brain metabolism. In: Cottrell JE, Smith DS,
eds. Anesthesia and Neurosurgery. St Louis: Mosby,
1994:1–16.

19 Mellergard P, Nordstrom C-H, Christensson M. A method
for monitoring intracerebral temperature in neurosurgical
patients. Neurosurgery 1990;27:654–7.

20 Hirashima Y, Takaba M, Endo S, et al. Intracerebral
temperature in patients with hydrocephalus of varying aeti-
ology. J Neurol Neurosurg Psychiatry 1998;64:792–4.

21 Mellergard P, Nordstrom C-H. Epidural temperature and
possible intracerebral temperature gradients in man. Br J
Neurosurg 1990;4:31–8.

22 Mellergard P, Nordstrom C-H. Intracerebral temperature in
neurosurgical patients. Neurosurgery 1991;28:709–13.

23 Mellergard P. Intracerebral temperature in neurosurgical
patients: intracerebral temperature gradients and relation-
ship to consciousness level. Surg Neurol 1995;43:91–5.

24 Rossi S, Colombo A, Calvi MR, et al. Pyrexia in head
injury: results of a multicentric study. Int Care Med 1998;
24:61.

25 Zhao W, Alonso OF, Loor JY, et al. Influence of early post-
traumatic hypothermia therapy on local cerebral blood flow
and glucose metabolism after fluid percussion brain injury.
J Neurosurg 1999;90:510–19.

454 Rossi, Roncati Zanier, Mauri, et al

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.71.4.448 on 1 O

ctober 2001. D
ow

nloaded from
 

http://jnnp.bmj.com/

