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Brain temperature exceeds systemic temperature

in head-injured patients
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Alex B. Valadka, MD: Claudia 5. Robertson, MD

Objective: To identify the temperature differences in readings
taken from the brain, jugular bulb, and core body in head-injured
patients. '

Design: Prospective, observational study.

Sefting: Meurosurgical intensive care unit of a unlversity-affili-
ated county haspltal.

Patients: Thirty patients with severs head injuries had mea-
surements of brain and core body temperatures. Fourteen patients
also had measurements of Jugular venous blood at the level of the
jugular bulb,

Intarventions: Mone,

Measvrements and Main Resuits: Brain temperature was in-
creased an average of 2.0°F (1.1°C) over the core body tempera-
ture, In individual patients, the average brain temperature increase
over the care bady temperature ranged from —0.5° to 3.8°F {=0.30°
ta 21°C). Jugular vein and core body temperatures were similar.

The differance in the brain and body temperatures increased when
cerebral perfusion pressure decreased to between 20 and 50 mm
Hy. The difference in the brain and body temperatures decreased
in those patients treated with barbiturate coma.

Conclusions: Direct measurement of temperature In head-in-
jured patlents is a safe procedure. Temperatures in the brain are
typically increased over the core body temperature and the jugular
bull temperatures. Jugular vein temperature measurement [s not a
good measurement of brain temperature since it reflects body, not
braln temperature. These findings support the potential impor-
tance of monitaring brain temperature and the importance of can-
trolling fever In severely head-injured patients since brain tem-
perature may be higher than expected. (Crit Care Med 1998;
26:562~567)

Key Woros: temperature, brain; temperature, jugular bulb; head
injury; cerebral blood flow

he injured brain is sensitive

to variations in temperature,

Hypothermia protects, while

hyperthermia exacerbates,
ischemic and traumatic brain damage
{1-7). In experimental studies, brain
temperature is directly monitored and
controlled independent of systemic tem-
perature. For clinical purposes, rectal
temperature has generally been as-
sumed to be representative of brain
temperature (8). Recent studies (9-12),
however, have consistently shown that
in brain-injured patients, the brain
temperature can be significantly higher
than the core body temperature.

The purpose of this study was to
measure core body temperature, jugu-
lar bulh temperature, and brain tem-
perature in patients with severe brain
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injury, and to evaluate the factors that
might be related to the gradient be-
tween brain and rectal temperature.

MATERIALS AND METHODS

Patient Characteriztics and Manage-
ment, Thirty patients with severe head
injuries were studied. The protocol was
approved by the Institutional Review
Board of Baylor College of Medicine,
and informed consent was obtained
from the nearest relative of each pa-
tient. Demographic data for these 30
patients are summarized in Table 1,

Intensive care management at our
institution emphasized maintaining
cerebral perfusion pressure at =60 mm
Hg and intracranial pressure at =20
mm Hg. Controlled ventilation (keep-
ing Pco, at 35 to 40 torr [4.7 to 5.3
kPal), cerebrospinal fluid drainage, se-
dation, neuromuseular blocking agents,
and mannitol were used to control in-
tracranial pressure. Barbiturate coma
was used if these treatments were not
adeguate.

Temperature Measurement, All 30
patients had simultaneous recordings

of brain and reectal temperatures.
Twenty-one of the patients also had
measurement of jugular vein tempera-
ture. Global cerebral blood flow of 16 of
the patients was measured using the
nitrous oxide technique, and cerebral
metabolic rates for oxygen (CMRO,)
and glucose (CMRglu) were calculated
from the product of the cersbral blood
flow and the cerebral arterial-venous
difference of oxygen and glucose,
respectively.

The probe for measuring brain tem-
perature was designed for intra-
parenchymal placement (Licox, Kiel-
Mielkendorf, Germany). The probe
consisted of a Type K nickel/nickel-
chrominm thermocouple that was 0.5
min in diameter. Insertion was a bad-
side procedure, generally involving a
small twist drill hole placed ~3 cm lat-
eral to the midline and 1 cm anterior
to the coromal suture, The dura was
penetrated and the probe was inserted
intraparenchymally to a depth of 1 to 2
cm. The scalp incision was closed with
a single stiteh.

Jugular vein temperature recordings
were performed using three different
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Tahle 1. Demographic characteristics of the
__30 patients studied

ge yr) 30,7 & 13.00
Gender

hiale 24 (&0)
Female 6 (2]
Injury

Diffuse axonal injury T (23
Subdural hematoma 11 (37
Epidural hematoma 4 (10
Contusion 3 (1
Cunshot wound G (20)
Best Day 1 GCS

-3 6 (20)
B-5 19 (63}
=8 5 (17}
Outenme

Alive 23 (771
Dead T {23}

G5, Glasgew Coma Score.
“Mean + 50.
Values in parenthesea indicate percent.

catheters: a) a pediatric 4.5-Fr pulmo-
nary artery flotation catheter (Swan-
Ganz™ , Abbott Lahoratories, North Chi-
eago, IL) in six patients; bl a 4-Fr
regional oxygen saturation catheter
{Baxter Edwards Critical-Care, Irvine,
—CA) in four patients; and ¢} a 5-Fr re-
Jional oxygen saturation catheter
{ Abbott Laboratories) in four patients.
The thermistor was 15 mm proximal
to the tip of the pulmonary artery flo-
tation catheter and was 5 mm and 3
mm proximal to the tip of the 4-Fr and
5-Fr regional oxygen saturation cath-
gters, respectively. These catheters
were inserted through a 5-Fr introducer
gheath (Cordis, Miami, FL). The cath-
eter was inserted until the resistance
of the catheter tip meeting the roof of
the jugular bulb was felt. Then the
catheter was withdrawn 0.5 cm. Ap-
propriate placement was confirmed
with skull radiographs.
Previous studies (3. P. Gopinath and
(1. 8. Robertson, Unpublished Obser-
vations) performed in 14 patients dur-
ing removal of the jugnlar bulb cath-
ster measured temperature in the
jugular bulb, and in the jugular vein at
1,2, 3, and 4 cm proximal to the jugu-
lar bulb. Although oxygen saturation
increases in some patients as the cath-
ster is withdrawn from the jugular
bulb, the temperature readings at the
different positions in the jugular vein
were identical in all 14 patients (3. P.
Gopinath and C. S. Robertson, Unpub-
lished Observations). The three cath-
eters used in the present study had
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temperature sensors that were located
at slightly different distances from the
tip of the catheter. However, since the
previous studies (3. P, Gopinath and
(3. 8. Robertson, Unpublished Obser-
vations) had demonstrated no tempera-
ture gradient observed between the
jugular bulb and the distal 3 cm of the
jugular vein, the data collected with
the three catheters are summarized
together as representing jugular vein
temperalure.

The temperature probe for measur-
ing rectal temperature was a 10-Fr
thermistor probe (400 series, Sheridan
Catheter Corporation, Argyle, NY). The
rectal probe was connected to the bed-
gide monitor (Hewleti-Packard, Fale
Alto, CA)

Brain, jugular vein, and rectal tem-
perature measurements were eontinu-
osusly recorded electronieally until the
patients had no further need for intra-
cranial pressure monitoring. The du-
ration of the temperature recordings
in each patient ranged from 15 to 136
hrs. After removal, the rectal, jugular,
and intracranial temperaturs probes
were all tested in a warm water bath
by comparing the temperature obtained
by each probe with a standard mer-
cury thermometer.

Data Anelysis. Since temperature
did not change rapidly, simultaneous
readings from all three sites (rectum,
brain, and jugular bulb) at the end of
each hour of recording wers used for
the analyses. To compare temperature

_findings with demographic character-

istics (such as age, gender, severity and
type of injury, and outcome), the hourly
temperature recordings from the first
5 days after injury were averaged for
sach patient. Comparisons of mean val-
ues for groups were done using re-
peated-measures analysis of variance,
followed by a paired t-test with
Bonferroni corfection for multiple com-
parisons. [ndividual measurements of
cerebral blood flow and metabolism
variahles were compared with tempera-
ture data obtained at the time of the
eerehral blood flow measurement by
regression analysis. Summary data in
the tables and text ave expressed as
the mean & SEM.

RESULTS

The temperature measurements
were completed without diffieulty in
all cases. There were no complications

related to catheter insertion or removal.
During the first 5 days after injury,
the average brain temperature in the
30 patients was 102.0 + 1.8°F (38.9 +
1.0°C), compared with the average ree-
tal temperature of 100.0 = 0.7°F (37.8
+ 0.4°C) (p < .001, paired t-test). In the
14 patients who had jugular vein tem-
perature measurements, the average
jugular vein temperature was 99.9 +
0.9°F (37.7 + 0.5°C) compared with 99.9
+ 0.7°F (37.7 + 0.4°C) for rectal tem-
perature (p = .63, paired t-test). As
illustrated in Figure 1, all three tem-
peratures tended to change over time
together, but there was a gradient be-
tween the brain temperature and the
rectalfjugular temperatures,

The difference between the average
brain and rectal temperatures was 2.0
+ 1.1°F (1.1 + 0.8°C), although, in the
individual patients, the difference
ranged from —0.5 to 3.8°F (-0.3 to
9.1°C), EBighteen (60%) of the patients
had an average difference between the
brain and rectal temperatures of »1.8°F
{(=1°C), Three (10%) patients had an
average difference between the brain
and rectal temperatures of =3.6°F
(=2°(0). Only two patients had an aver-
age brain temperature that was less
than the rectal temperature. As shown
in Figures 1 and 2, the difference be-
tween brain and rectal temperatures
was fairly constant over time for each
patient, increasing somewhat when
patients became febrile and decreas-
ing with brain death,

The difference between the average
jugular vein and rectal temperatures
was —0.05 £ 0.18°F (-0.03 = 0.1°C),
and ranged from -0.4 to 0.2°F (-0.2 to
0.1°0). As illustrated in Figures 1 and
3, the jugular vein temperature tended
to follow the rectal temperature over
time in each patient.

The only demographic characterizs-
tic that was significantly related to ei-
ther the brain temperature or the dif-
ference between the brain and rectal
temperatures was age. The age of the
patient was inversely related to the
difference between the brain and rec-
tal temperatures (r* = .14, p = .038).
Meither average brain temperature nor
difference between the brain and rec-
tal temperature wers significantly re-
lated to injury severity, gender, type of
injury, or outcome (Table 2.

In 21 patients whe had measure-
ment of global eerebral blood flow and
metabolism, the cerebral blood flow
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Figure 1. Example of changes in brain, rectal, and jugular bulb temperatures over time.
Brain temperature iz ~1.8°F {~1°C) higher than both rectal and jugular temperatures

during the first § days after injury.
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Figure 2, Example of changes in brain, rectal, and jugular bulb temperatures as cerehral
blood flow (CEF) deereases due to severe intracranial hypertension, As CBF decreases,
brain temperature and the brain-rectal temperature gradient increaze. As CBT ceases,
brain temperature and the brain-rectal temperature gradient decrease, and the brain-
jugular temperature gradient reverses. §fio,, jugular venous oxygen saturation; CPP,

cercbral perfusion pressure.

averaged 70.6 £ 3.4 mL/100 g/min and
CMRO, averaged 1.00 = 0.05 pmol'g/
min. CMRglu and cerebral metabolic
rate of lactate averaged 0.22 + 0.02
and —-0.030 £ 0.010 pmol/g/min, respec-
tively. Cerebral blood flow, CMRO,, and
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CMRglu were not significantly related
to either brain temperature or to the
difference between brain and rectal
temperatures. However, these global
measurements were obtained at times
when the patients were relatively

stable, and therefore did not include
any ischemic levels of cerebral blood
flow. To examine the consequences of
more severe reductions in cerebral
blood flow, the six patients who died of
refractory intracranial hypertension
were examined using jugular venous
oxygen saturation and cerebral perfu-
sion pressure as surrogate measures of
cerebral blood flow. An example of the
biphasic pattern of changes in brain
temperature that was observed is
shown in Figure 2, and the average
data from all six patients are shown in
Table 3. In each of these six patients,
as the cerebral perfusion pressure de-
ereased from 50 to ~20 mm Hg, the
jugular venous oxypgen saturation de-
creased, indicating a decrease in cere-
bral blood flow. During this phase,
brain temperature inereased, and the
gradient between brain and rectal tem-
peratures, as well as between jugular
vein and rectal temperatures, in-
creased. As cerebral perfusion pressure
decreased to <20 mm Hg, jugular
Venous oxygen saturation increased as
blood flow to the brain ceased and the
blood in the jugular vein hecame pri-
marily extracerebral, During this
phase, the following temperature
changes were observed: a) brain tem-
perature decreased at an average rate
aof 0.9°F/hr (0.5°C/hr) (~0.2°F/min
[~0.01°C/min]); b) the gradient between
the brain and rectal temperatures de-
creased; and ¢) the gradient between
the jugular vein and rectal tempera-
tures reversed.

To examine the effect of a pharma-
cologic reduction in CMRO, on brain
temperature, the brain temperature
was compared before and after induc-
tion of barbiturate coma (Table 4).
Eight of the patients monitored re-
gquired barbiturate coma for treatment
of refractory intracranial hypertension.
Seven of these eight patients had mea-
surements of brain temperature before
and after receiving the loading dose of
barbiturates. The eighth patient was
already receiving barbiturates at the
time that the brain temperature moni-
toring was initiated. There was a trend
for brain and rectal temperatures to
decrease slightly by 5 hrs after receiv-
ing the loading dose of pentobarbital,
but these values were not significantly
different. There was not a change in
the diffarence between brain and rec-
tal temperatures after pentobarbital
was administered.

Crit Care Med 1598 Vol. 26, No. 3



Table 2. The relationship of brain and rectal temperatures and demographic characteristics
in the 30 patients was examined by repeated-measures analysis of variance (mean + SEM)

Temperature
Difference
(Brain - Rectal)

Rectal Temperature  Brain Temperature

Injury Severity®

GOS -6 477 £ 0.3 38.6 £ 0.3 1.1 + 0.7

GOS 6-8 379 = 0.2 391 « 0.2 1.3 = 0.65

GCS =8 a7.8 £ 0.3 38.5 = 0.3 0.6 + 0.7
Gender?

Mala 379 £ 0.1 9.0 = 0.1 1.2 = 0.7

Female 376 £ 03 354 = 0.3 0.8 =04
Type of Injury”

Diffuse 380 =02 39.1 £ 0.2 1.1 = 0.6

Mags lesion 37.7 = 0.1 386 £ 0.1 1.0 + 0.7

Cunshot wound 379 = 0.2 39.2 £ 0.2 1.4 £ 0.5
Outcome!

Survived 3reg + 0.1 39.0 = 0.1 1.1 = 0.6

Died 376 £ 0.3 85 =04 L0 = 0.7

308, Glasgow Coma Seore.

=GCS effect {p = .41), location effect (p = .001), GCS x location interaction {(p = 225
*pender effect (p = 13}, location effect (p < 001), gender x location interaction (p = ABY;
sinjury effect (p = .33), location effect {p < 001), injury % location interaction {p = 52}
donteome effect (p = .17}, location effect (p =< .001), outcome x location interaction (p = 43

For each demographic factor, the main effect of temperature location (brain or rectal)
was significant (p < .001) but the main effect of the demographie factor and the interaetion
of the temperature location and demographic factor were not.

Table 3. Changes in brain temperature as refractory intracranial hypertension impaired
cepehral blood flow in six patients were analyzed by repeated-measures analysis of variance
{mean & SEM)

Time Pariod

CFP =b0 CPP =50 =20 CPP =20
mm Hg mm Hg mm Hg p Value
Brain temperature {*C} 8.6 + 0.3 386 = 0.4 arz + 0.7 007
Temperature difference
(*C, brain - rectal} 1.1 =02 1.7 = 0.3 0.2 + 0.6° 003
Temperature difference
{°C, jugular - rectal) -0.05 + 0.056 0,45 = 023 =0.50 = 0.20 184

CPF, cerebral perfusion pressure.
sSignificant difference (p = .05} compared with values at the "CPP =60 mm Hg" Lime
period by paired ¢-test with Bonferroni correction.

Table 4. Effect of pentobarbital coma on brain and rectal temperatures in seven patients
(mean + SEM} =

1 Hour After 5 Hours After
Before Loading Dose of Loading Dose of
Pentobarbical Pentobarbital Pentobarbital
Temperatures®
Rectal (*C) 481 = 0.3 352 = 0.3 378 £ 0.3
Brain (*C) 359 £ 03 9.1 £ 0.3 386 £ 0.3
Temperature Differencet
(", brain - rectal} 0.5 + 0.4 0.8 = 0.3 0.8+ 0.4

o] peation effect (p = 025), time perind effect (p = 452, location » time interaction (p =
ATy time effect (p = .B54).

Effect was examined by repeated-measures analysis of variance. Only the main effect
of temperature location (rectal vs, brain) was significant. The main effect of fime, and the
interaction hetween time perind and temperature location, were not significant.

Crit Care Mad 1898 Vol. 26, No. 3

When the temperature probes were
removed and compared, the following
data were recorded: a) the tempera-
ture differenca between the brain tem-
perature probe and the standard ther-
mometer averaged 0.05 = 0L05°F (0.03
+ 0.05°C)k b) the temperature differ-
ence between the jugular vein probe
and the standard thermometer aver-
aged —0.05 = 0.23°F (-0.08 = 0.13°C);
and ¢) the temperature difference be-
tween the rectal probe and the stan-
dard thermometer averaged 0L0OO =
0.04°F (0.00 = 0.02°C)

DISCUSSION

Clinical Importance of Broin Tem-
perature. Evidence has begun to accu-
mulate that traumatic brain injury is
sensitive to temperature changes. Ani-
mal studies (5, 7, 13, 14) have shown
mild hypothermia to decrease mortal-
ity after a traumatic brain injury, de-
crease histopathologic changes, and
improve behavioral outcomes. Hypoth-
ermia as a treatment of head-injured
patients decreases CMRO,, cerebral
blood flow, and intracranial pressure
(6). Two clinical studies (6, 15) have
observed a trend toward an improved
clinieal outcome in patients with head
injuries treated with hypothermia as a
part of their overall care.

The beneficial effects of hypother-
mia in cases of ischemia are well
known. Research in animal models has
shown decreased neuronal damage
when hypothermia is employed after
ischemic insult, while increased injury
is seen with hyperthermia (1). Hypo-
thermia is commonly used in cardio-
vascular anesthesia, and often in neu-
rosurgical anesthesia, when cerebral
blood flow is expected to be decreased
or interrupted (8, 16). Multiple cases
exist of people surviving submersion
in cold water for prolonged periods (17).

Abnormalities of local cerebral blood
flow and loeal ischemia are likely
present after head injury. Mechanical
gtresses on blood vessels from head
trauma can cause injury to those ves-
sels, with contusion formation and dis-
ruption of local blood circulation (7).
N-methyl-D-aspartate receptor-medi-
ated ealeium entry into the cell is a
step in the process of free-radical pro-
duction and cellular injury in bath is-
chemia and head injury. Excitatory
amino acids, such as glutamate and
aspartate, are potent agonists of M-
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methyl-D-aspartate receptors, and ex-
cessive concentrations of these sub-
stances have been found in the extra-
cellular space after experimental brain
injury (18, 19). Research has indicated
that a major benefit of hypothermia is
the prevention of excessive lavels of
these amino acids from developing (20),

Brain Temperature Regulation. The
temperature of the brain has been ob-
served to vary locally, and can be up to
2.5°F (1.4°C) higher in the center of
the brain than at the surface (21, 22),
Studies (23-25) have sugrested that
brain temperature iz determined by
three major factors: al the production
of loeal heat by metabolic processzes in

the brain; b} the rate of the local cere-’

bral blood flow; and ¢) the level of the
arterial temperature. The temperature
of the perfusing arterial blood is nor-
mally lower than that of the brain, and
blood flow through the brain is an im-
portant route of heat removal by the
brain. This characteristic of the brain
has been exploited as & method for
measuring cerebral blood flow using
the thermal diffusion technique (26).

Ape was also a significant factor in
the present study. The mechanism of
this association is not clear but per-
haps involves alterations in skull den-
sity andfor scalp thickness with aging
that might increase diffusion of heat
generated by the brain.

Cerebral Metabolic Rate. The meta-
balic rate of the brain is normally high,
accounting for 20% of systemic resting
oxygen consumption and 25% of sys-
temic glucose consumption. After brain
injury, when cerebral metabolic rate is
reduced from normal, the brain's me-
tabolism still accounts for ~10% of the
total body energy expenditure, In the
present study, global CMRO, averaged
~58% and CMEglu averaged H55% of
the normal value. Because of this re-
duced metabolic rate, the temperature
of the brain might be expected to be
lower than normal after severs head
injury. Mellergard and Nordstrom
(11, 22) noted a trend for a decreased
difference in brain and rectal tempera-
tures in unconscious patients compared
with awake patients. However, a sig-
nificant relationship between measures
of cerebral metabolism and brain tem-
perature could not be demonstrated in
the present study, and brain tempera-
ture was consistently higher than ree-
tal temperatire. Only in circumstances
where brain metabolism was markedly
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altered did brain temperature seem to
be related to CMEO®. When barbitu-
rate coma, which typically reduces
CMRO, by 50%, was induced as a treat-
ment of intracranial hypertension,
there was a trend for brain tempera-
ture to decrease. With brain death,
there was a reduction in brain tem-
perature of 0.02°F/min (0.01°C/min).
This finding is similar to data in an
experimental study (24) in which cir-
culatory arrest resulted in an abrupt
decrease in the temperature of the
brain by 0.07°F/min (0.04°C/min) and
to data in recent case reports (22, 27)
in which brain temperature decreased
below rectal temperature with hrain
death. The brain’s metabolism gener-
ates heat, but an inerease in global
cerebral metabolism does not explain
the large gradient between brain and
rectal temperature after head injury.

Cerebral Blood Flow, Cerebral blood
flow is normally closely coupled to the
brain's metabolic rate, However, after
injury, cerebral blood flow can be un-
coupled and be increased or decreased
relative to metabolic rate (28, 29). Since
some of the heat generated by the brain
is removed by the circulation, it would
be expected that a decrease in cerebral
blood flow could increase brain tem-
perature. In the present study, there
was not a significant relationship be-
tween global cerebral blood flow and
brain temperature. Only when cere-
bral blood flow was markedly deereased
by severe intracranial hypertension
was an increase in brain temperature
ohserved,

Jugular Vein Temperature, Direct
measurement of intracranial tempera-
ture requires an invasive procedure
that many intensivists are not capable
of performing or would prefer to avoid.
Brain temperature has been compared
with temperature obtained at other
sites in an attempt to find a site that
reliably reproduces the brain
temperature (8, 9, 22).

The comparison of jugular bulb tem-
peratures with brain temperatures has
shown differing resultz. One abstract
(30} concluded that brain and jugular
bulb temperatures were essentially
equivalent, but other work (12, 31) has
tound that the temperatures do not cor-
respond well. The present study dem-
enstrates that jugular bulb tempera-
ture is similar to core body temperature
and poorly correlated to the tempera-
ture of the brain. Similarly, variations

hizs study shows
brain tempera-
ture to be signifi-
cantly higher than the body
temperature in patients

with head infuries.

in the magnitude of the difference he-
tween the brain and body temperature
sgen in individual patients with con-
tinued recording malkes estimation of
brain temperatures difficult to aceu-
rately predict.

Conelusions. This study shows brain
temperature to be significantly higher
than the body temperature in patients
with head injuries, and there is consid-
erable individual variation in the brain-
to-rectal temperature gradient that
cannot be predicted based on any elini-
cal findings, such as severity or type of
injury. Jugular vein temperature will
not substitute for brain temperature,
sinee jugular vein temperature reflects
body, not brain temperature. These
findings support the potential impor-
tanece of brain temperature monitoring
and also the importance of controlling
fewver in severely injured patients, since
brain temperature may be higher than
expected.
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