
(19) 

US 20020091431A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0091431 A1 
United States 

Gunn et al. (43) Pub. Date: Jul. 11, 2002 

(54) 

(75) 

(73) 

(21) 

(22) 

SYSTEM METHOD FOR REDUCING BRAIN 
INJURY PARTICULARLY IN NEWBORN 
INFANTS 

Inventors: Alistair Gunn, Auckland (NZ); Tania 
R. Gunn, Auckland (NZ); Bernard 
Maurice Gunn, legal representative, 
Auckland (NZ); Alistair Jan Gunn, 
legal representative, Auckland (NZ); 
Derek Ivan Gunn, legal 
representative, Auckland (NZ); 
Christopher Bernard Gunn, legal 
representative, Auckland (NZ); Dlana 
Katrina Coldham, legal 
representative, Auckland (NZ) 

Correspondence Address: 
NIXON & VANDERHYE RC. 
1100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 (US) 

Assignee: Auckland Uniservices Limited 

Appl. No.: 09/983,685 

Filed: Oct. 25, 2001 

Related US. Application Data 

(63) Continuation of application No. 09/445,607, ?led on 
Sep. 21, 2000, noW abandoned. 

(30) Foreign Application Priority Data 

Jun. 9, 1997 (NZ) .............................................. .. 328046 

Jun. 9, 1998 (NZ) ........................... .. PCT/NZ98/00081 

Publication Classi?cation 

(51) Int. Cl.7 ...................................................... ..A61F 7/00 
(52) US. Cl. ............................................................ .. 607/110 

(57) ABSTRACT 

A method for preventing or reducing the development of 
delayed brain damage in a patient, comprises applying 
headWear (1) to the patient’s head and circulating a ?uid 
coolant through conduits (3) or passages in the headWear to 
cool the brain and thermostatically controlling the coolant 
temperature Within a predetermined range to maintain the 
brain at a temperature suf?ciently beloW normal for an 
extended period suf?cient to prevent the death of neurons, 
glial or other cells that Would otherWise die as a consequence 
of direct injury to the brain or other injury to the patient 
likely to cause injury to the brain. 
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Figure 1 
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SYSTEM METHOD FOR REDUCING BRAIN 
INJURY PARTICULARLY IN NEWBORN INFANTS 

FIELD OF INVENTION 

[0001] The invention comprises apparatus and a method 
for preventing or reducing delayed brain damage in a 
patient, and headWear for ?tting to a patient’s head for use 
With the apparatus and method of the invention. 

BACKGROUND OF INVENTION 

[0002] During brain injury, the brain is deprived of freshly 
oxygenated blood. FolloWing this, neurons in the brain die 
soon after or at a later stage occurring hours to days after the 
insult and are not capable of regeneration. Glial cells, Which 
are non-neuronal cells essential for normal brain function 
ing, also die. Permanent loss of function is a likely outcome 
of a severe injury to the brain. 

[0003] Perinatal hypoxic-ischemic injury continues to be a 
major cause of death or later neurodevelopmental sequelae. 
This type of head injury in the neonate occurs during 
asphyxial, traumatic, toxic, infectious, metabolic, ischemic 
or hypoxic insults to the brain. Speci?cally, perinatal 
asphyxia caused by cord occlusion or associated With intrau 
terine groWth retardation; perinatal asphyxia associated With 
failure of adequate resuscitation or respiration; near miss 
droWning, near miss cot death, carbon monoxide poisoning, 
ammonia or other gaseous intoxication, coma, hypoglycae 
mia and status epileptics; stroke; cerebral trauma. Experi 
mental and clinical studies have shoWn that hypoxic 
ischemic encephalopathy (HIE) is an evolving process. 
FolloWing the primary phase of energy failure during 
asphyxia cerebral metabolism may initially recover in a 
latent phase, but then deteriorate in a secondary phase of 
brain injury 6 to 15 hours later. In the human infant the 
severity of delayed energy failure after asphyxia is corre 
lated With adverse neurodevelopmental outcome at one and 
four years of age. 

[0004] It appears that hypothermic intervention in patho 
logical processes occurring in the brain after brain injury 
may result in an improved neural outcome (Marion et al., 
NeW Eng. J. Med., 336: 540-546 (1997)). Experimentally, 
hypothermic treatment folloWing reperfusion after brain 
injury has been shoWn to increase numbers of viable neurons 
(Gunn et al., J. Clin, Invest, 99: 248-256 (1997)). 

[0005] Hypothermic therapy after brain injury is one 
method that can be used to rescue neurons and other cells 
from the phase of delayed brain damage that occurs after 
reperfusion. It involves cooling the brain tissue to a tem 
perature of 30-34° C. As a consequence, pathological pro 
cesses leading to delayed neuronal and other cell death are 
inhibited by as yet unknoWn mechanism/s. 

[0006] The adverse consequences of hypothermia and the 
importance of maintaining neWborn infants in the thermo 
neutral range have been knoWn to pediatricians for the past 
40 years, since the classic study by Silverman et al, in Which 
infants 1501 g and more kept in “hypothermic” incubators 
had temperatures of 34.7:0.7° C. These ?ndings Were 
con?rmed in subsequent studies With no cause for this 
increased mortality found at autopsy. It is thus important to 
limit the developing Whole body cooling associated With 
cerebral hypothermia 
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[0007] Cooling for hypothermic therapy is presently 
achieved by cold room technology involving a heat 
exchanger in heart-lung bypass surgery. This kind of surgery 
takes place in a room the siZe of a large commercial freeZer. 
Major draWbacks With the cold room technology include 
that it is invasive and expensive, as a highly skilled team of 
medical personnel are necessary to operate a standard heart 
lung bypass machine. Cooling can also be achieved by using 
natural or synthetic icepacks. These kinds of methods and 
devices have draWbacks. The disadvantages With natural and 
synthetic icepacks include melting, and the cooling tempera 
ture cannot be regulated. 

[0008] US. Pat. No. 5,261,339 discloses a device and 
method for resuscitating the brain as a result of ischemic and 
anoxic injuries Which comprises a head enveloping helmet 
and a neck supporting back plate With interconnected holloW 
cavities through Which chilled gas from an activated coolant 
source or cooled liquids pass to chill the brain and upper 
spinal column. The device is intended for short-term use in 
the ?eld at a trauma site on persons Who have suffered 

cardiac arrest, respiratory arrest, stroke, suffocation, droWn 
ing or similar, to prevent neurologic injury from immediate 
lack of blood?oW to the brain, or oxygen to the brain, Which 
may occur Within minutes of cessation or substantial reduc 
tion of blood or oxygen ?oW. 

SUMMARY OF INVENTION 

[0009] The invention provides an apparatus and method 
particularly intended to prevent or reduce the development 
of delayed brain damage, or the secondary phase of brain 
damage. It has been found that neuronal rescue may be 
achieved by cooling the brain for an extended period of 
hours to days after injury While preferably also Warming the 
general body to maintain and control the body temperature 
to limit systemic hypothermia. 

[0010] In broad terms in one aspect the invention com 
prises apparatus for preventing or reducing the development 
of delayed brain damage in a patient, comprising: 

[0011] headWear to be ?tted to the patient’s head and 
comprising conduits or passages Within the headWear 
through Which a ?uid coolant may be circulated to cool 
the brain; 

[0012] a reservoir to contain ?uid coolant, cooling 
means to cool and maintain the ?uid in the reservoir at 
a predetermined temperature, piping to connect the 
reservoir to the headWear, and means to circulate the 
?uid coolant from the reservoir to the patient headWear; 
and 

[0013] Warming means arranged to maintain and con 
trol the temperature of the rest of the patient’s body. 

[0014] Preferably the coolant comprises a liquid coolant 
such as Water, but other liquids or gases may be used. 
Preferably a liquid coolant such as Water is recirculated back 
to the reservoir in a closed loop. In an alternative arrange 
ment hoWever, liquid CO2 or similar stored under pressure 
in a cylinder connected to the headWear may be released so 
that gaseous CO2 ?oWs Within the headWear as a cooling 
medium before being vented to the ambient environment via 
an outlet from the headWear. 

[0015] The Warming means may comprise an overhead 
heater directed to maintain and control the patient’s general 
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body temperature against the temperature reducing effect of 
the cooling of the brain or alternatively a heated mattress on 
Which the patient lies. Aheated mattress may comprise ?uid 
conduits or passages through Which Warm Water at a ther 
mostatically controlled temperature is passed, an electrically 
heated mattress or pad, or a heated jacket Which is Worn bv 
the patient or blanket Which is placed over the patient. 
Alternatively again, the Warming means may comprise a 
cradle or cot incorporating heating elements in the Walls 
and/or base of the cradle or cot to create a temperature 
controlled environment for the patient. 

[0016] Very preferably the apparatus also comprises a 
control system arranged to thermostatically control the tem 
perature of both the coolant circulating through the head 
Wear to cool the patient’s brain and Warming means to 
maintain the patient’s general body temperature, and the 
temperature differential such that the patient’s body tem 
perature is maintained in the range 35-37° C. and typically 
at 36.5 -37° C. and the brain temperature is maintained in the 
range 30-34° C. and typically in the range 32-34° C. 

[0017] In broad terms in a second aspect the invention 
comprises headWear for ?tting to a patient’s head, compris 
ing a cap or bonnet formed of a soft, pliant material and 
comprising conduits or passages to circulate a coolant 
through the headWear to cool the brain. 

[0018] Preferably the headWear comprises a fabric cap or 
bonnet comprising a removably ?tted plastic cooling pad 
through Which the coolant is arranged to circulate, Which 
may be removed so that the bonnet and cooling pad may be 
laundered and sterilised separately. The cooling pad may be 
a lightWeight plastic pad formed by heat Welding together 
tWo plastic layers at selected intervals to create a pad having 
internal passages through Which the coolant can circulate, 
and an inlet and outlet connection to connect the cooling pad 
to the ?uid supply. It is also possible that the cap or bonnet 
itself may be formed by heat Welding together layers of a 
synthetic material at selected points to form a cap or bonnet 
having integral ?uid passages. 

[0019] The outer layer forming the cap or bonnet may 
have an attractive colour and/or a pattern on its exterior. 
Alternatively and in one preferred form, the cooling pad is 
formed by soft plastic tubing Woven to form a cooling pad 
and held together by external ties or similar, Which is ?tted 
in the cap or bonnet. 

[0020] In broad terms in a third aspect the invention 
comprises a method for preventing or reducing the devel 
opment of delayed brain damage in a patient, comprising 
applying headWear to the patient’s head and circulating a 
?uid coolant through conduits or passages in the headWear 
to cool the brain to a temperature sufficiently beloW normal 
body temperature to rescue neurons, thermostatically con 
trolling the coolant temperature to maintain the coolant 
temperature Within a predetermined range for an extended 
period. 
[0021] Preferably cooling is maintained for at least 12 
hours and more preferably for 24-72 hours post-injury. It is 
believed that the secondary phase of brain damage may be 
prevented or minimised even if cooling is not commenced 
until up to 6 hours post-injury. 

[0022] Preferably the brain is cooled to a temperature in 
the range 30-34° C. and most preferably in the range 32-34° 
C. 
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[0023] Preferably the method also includes Warming the 
patient’s general body to maintain general body temperature 
at about 36.5-37° C. and doWn to 35° C. if appropriate. 

[0024] Preferably the method also includes monitoring a 
patient’s brain and body temperatures and controlling the 
brain cooling and body Warming to maintain both the head 
and body temperatures Within predetermined ranges. There 
is a gradient of increasing temperature from the exterior of 
the patient’s head to the centre of the brain. Brain tempera 
ture is preferably assessed and monitored via a nasopharyn 
geal temperature probe. We have found a nasopharyngeal 
temperature probe to be a reliable and conveniently used 
indicator of brain temperature. Brain temperature may be 
assessed by alternative means such as a temperature sensor 
in the auditory canal. 

[0025] With the apparatus and method of the invention, it 
is believed that neurons and other cells in areas of the brain 
affected by injury that Were destined to die during the period 
of delayed brain damage Will be rescued. The patient recov 
ers With increased chances of survival and decreased or no 
brain damage. By rescue is meant preventing the death of 
neurons, glial and other cells that Would otherWise die as a 
consequence of brain injury. Such injury may arise due to 
asphyxia, ischemia, cardiac surgery, stroke, toxins, infec 
tions, trauma, haemorrhage, or surgical damage to the brain 
for example. 

[0026] The apparatus and method of the invention are 
particularly but not exclusively suitable for treating brain 
injury or potential brain injury in neWborn infants. In 
particular We have found that mild selective head cooling 
combined With mild systemic hypothermia in term neWborn 
infants folloWing perinatal asphyxia is a safe and convenient 
method of quickly reducing cerebral temperature, With an 
increased gradient betWeen the surface of the scalp and the 
centre of the brain. The safety of mild hypothermia With 
selective head cooling is in contrast With the historical 
evidence of adverse effects With greater depths of Whole 
body hypothermia 

BRIEF DESCRIPTION OF DRAWINGS 

[0027] The invention Will be further described With refer 
ence to the accompanying draWings, by Way of example and 
Without intending to be limiting. In the draWings: 

[0028] FIG. 1 shoWs an infant Wearing headWear of the 
invention and schematically illustrates the operation of the 
apparatus and method of the invention; 

[0029] FIG. 2 shoWs in detail one form of cooling pad of 
headWear of the invention; 

[0030] FIG. 3 diagrammatically shoWs one form of appa 
ratus of the invention comprising a mattress in Which heated 
Water is circulated to maintain the patient’s general body 
temperature; 

[0031] FIG. 4 diagrammatically shoWs another form of 
apparatus of the invention comprising an overhead heater 
used to maintain the patient’s general body temperature; 

[0032] FIG. 5 graphically shoWs changes in rectal tem 
perature in asphyxiated infants starting from the time of 
enrolment in a study described subsequently, in control (O, 
n=10), minimally cooled (0, n=6) and mildly cooled infants 
(C, n=6). The period of cooling is shoWn by the solid bar. 
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Cooling (or routine monitoring for controls) Were stopped 
between 48 and 72 h in three control, tWo minimal and four 
mild infants; one control infant died in the ?rst 24 h. The 
mildly cooled group shoWed a signi?cant reduction in rectal 
temperature (p<0.01) during the cooling phase. Mean :SD; 
and 

[0033] FIG. 6 graphically shoWs changes in rectal and 
nasopharyngeal temperature in the mild systemic hypother 
mia group. The period of cooling is shoWn by the solid bar. 
The shaded region shoWs the normal range for rectal tem 
perature (36.6 to 374° C.). There is a signi?cant (p<0.05) 
increase in the temperature difference betWeen these tWo 
sites during the period of cerebral cooling, compared With 
the baseline measurements or the recovery phase. Mean 
:SD. 

DETAILED DESCRIPTION 

[0034] The invention Will be further described With refer 
ence to the prevention or reduction of brain damage in 
neWborn(s) but it should be understood that the method and 
apparatus of the invention can also be used With children and 
adults. It may also be particularly suited for use in older 
patients as stroke and head injury cause increased brain 
temperature. 

[0035] Referring to FIGS. 1 and 2, a cap or bonnet 1 is 
placed on the infant’s head. The cap or bonnet is formed of 
a soft, pliant material and comprises conduits to circulate a 
coolant. In the preferred form shoWn the bonnet is formed 
from soft fabric material so that the bonnet has an attractive 
external appearance, and a cooling pad 2 shoWn in particular 
in FIG. 2 is ?tted Within the bonnet 1 so that the bonnet 
When tied beneath the chin of the infant Will hold the cooling 
pad 2 against the infant’s scalp. 

[0036] Alternatively the bonnet may be secured beneath 
the chin by VELCRO or With an elastic head band secured 
by VELCRO around the head or by other suitable means. In 
the preferred form the cooling pad 2 is formed from soft, 
Woven tubing as shoWn but alternatively the cooling pad 
may be formed by heat Welding tWo plastic layers together 
to form passages through such a cooling pad for example. 

[0037] The cooling pad may be retained Within a pocket in 
the cap or bonnet Which is closed by a VELCRO strip or 
similar, so that the cooling pad is removable from the bonnet 
to enable the bonnet to be laundered and the cooling pad to 
be separately sterilised. Alternatively, the cooling pad may 
be formed as a loW cost item so that it can be disposed of 
after use. Alternatively again, the cooling pad may be 
retained Within the bonnet by ties or may similarly be 
intended to be placed against an infant’s head With the 
bonnet then being placed on the infant’s head over the 
cooling pad to retain the cooling pad in place. Further 
alternatively an entire cap or bonnet may be formed by heat 
Welding tWo appropriately shaped plastic or synthetic layers 
of material together to form a bonnet With integral passages 
for the ?oW of cooling ?uid. 

[0038] The bonnet 2 is connected by tubing 3 to a reservoir 
4 of ?uid coolant such as Water. An associated cooling or 
refrigeration system maintains the Water in the reservoir 4 at 
a predetermined temperature, such that When the Water is 
circulated through the cooling pad 2 in the bonnet the 
infant’s brain temperature Will be reduced to preferably 
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30-34° C. as measured via a nasopharyngeal probe. Apump 
5 is arranged to circulate the ?uid. 

[0039] Referring to FIGS. 3 and 4, the preferred form of 
the apparatus also comprises Warming means arranged to 
maintain the rest of the patient’s body at or close to normal 
body temperature range. Referring to FIG. 3, a unit 6 Which 
may be on casters so that it may be conveniently moved 
around in a hospital houses the reservoir and refrigeration 
means at 7 and a pump connected to the headWear, and also 
at 8 a second reservoir and pump Which are connected to a 
mattress 9 in the base of the cradle or cot. The unit also 
houses an associated Water heater to heat the second reser 
voir. The mattress 9 or part of the mattress comprising the 
passages in Which Warm Water is circulated does not extend 
beneath the infant’s head. 

[0040] A thermostatic control system 10 controls the cool 
ing or refrigeration system Which maintains the temperature 
of the cooling ?uid in the reservoir 4 and the heater Which 
maintains the temperature of the Warm Water in the reservoir 
7. A sensor or probe indicating brain temperature such as a 
nasopharyngeal probe is connected to the control system 10, 
and a sensor or probe indicating general body temperature is 
also connected to the control system, such as one or more 
temperature sensors or probes attached to the infant’s body. 
The control system controls the temperature of both the 
cooling and Warming ?uids to maintain them, and the 
temperature differential betWeen the infant’s nasopharyn 
geal and general body temperatures, Within closely con 
trolled ranges. 

[0041] In the apparatus of FIG. 4 maintenance of the 
infant’s general body temperature is by an overhead heater 
11 Which may not be connected to the control system 10 but 
having an output chosen to generally maintain an infant’s 
body temperature at the appropriate level, or Which may also 
be thermostatically controlled by the control system 10. In 
this case to prevent the heater from also raising the patient’s 
head temperature, a cover or “shield”12 of heat re?ective 
material is placed Within the cradle or cot to extend generally 
over the patient’s head. Such a cover or similar may have a 
heat re?ective exterior formed of silver foil for example. 

[0042] With the method and apparatus of the invention, 
treatment may be carried out to prevent or reduce secondary 
brain damage ie to improve neural outcome being a state of 
neural competence occurring after, or as a consequence of 
natural repair processes, Without resultant systemic hypoth 
ermia. The apparatus of the invention may be con?gured as 
shoWn in FIGS. 3 and 4 so as to be used in sterile conditions 
such as neonatal intensive care units for example. 

[0043] Experimental & Trials 

[0044] The folloWing describes experimental Work carried 
out using the method of the invention: 

[0045] Term infants 237 weeks considered to be at high 
risk folloWing perinatal asphyxia Were admitted to the 
Neonatal Intensive Care Units at National Womens Hospital, 
Auckiand, NeW Zealand, after labor and delivery. The 
inclusion criteria Were an umbilical arterial pH 27.09 or 
Apgar scores 26 at 5 minutes plus encephalopathy consist 
ing of lethargy/stupor, hypotonia, abnormal re?exes includ 
ing an absent or Weak suck. The infants Were evaluated 2-5 
hours after birth; the infants Were randomised by sequential 
computer generated numbers to either a control group With 
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a rectal temperature maintained from 37.2-36.8° C., or to 
one of tWo cooling groups. Aminimal systemic hypothermia 
group Was studied With allocated rectal temperature 36.5 
36.0° C. (n=6). A mild hypothermic group Was studied With 
rectal temperature 35.9-35.5° C. (n=6). Overhead heaters 
servo-controlled to the abdominal skin Were adjusted to 
maintain the allocated rectal temperature. Head cooling Was 
accomplished by a cooling cap consisting of Silclear tubing 
(Degania Silicone, Degania Bet, Israel) coiled to ?t around 
the scalp of the infants and held in place by a baby bonnet. 
Water cooled to 10° C. by a small thermostatically con 
trolled cooling unit Was circulated through the coil by a 
Water pump. The infants Were cooled for 72 h, hoWever 
cooling Was discontinued betWeen 48 and 72 hours if the 
infant recovered neurologically (3 control infants, 2 infants 
in the minimal group, and 4 in the mild group). The rectal, 
fontanelle and nasopharyngeal temperatures Were continu 
ously monitored With thermistors (IncuTemp1, Mallinckrodt 
Medical, St Louis, Mo.). All infants had continuous elec 
trocardiograph and pulse oXimetry monitoring and umbilical 
arterial catheters for blood gas and blood pressure monitor 
ing as indicated clinically. 

[0046] The medical charts of the mothers Were revieWed 
and the information collected included complications of 
pregnancy induced hypertension and diabetes, labor com 
plications such as cord prolapse, uterine rupture, vasa previa, 
dystocia or abruption of the placenta and fetal heart rate 
decelerations. 

[0047] The rectal temperatures for the 3 groups of infants 
are shoWn in FIG. 1. The rectal temperatures at the time of 
enrolment Were 36.6:1.4 (range 34.5 to 38.2) for the control 
group, 37.6104 (37.1 to 38.1) for the minimal group and 
37410.3 (37.1 to 38.1) for the mild group. The mean 
temperature during the study period for the control infants 
Was 37.0-0.2° C., for minimal cooling 36.3:0.2° C. and for 
those in the mild cooling group 35.7-0.2° C. during the 
cooling period. For the infants allocated to the mild cooling 
group, the mean rectal temperature compared to the naso 
pharyngeal temperature is shoWn in FIG. 6. The naso 
pharyngeal temperature of 34.5:0.3° C. Was 1.2° C. loWer 
than the rectal temperature during cooling and 05° C. loWer 
When cooling had ceased. 

[0048] The scalp (fontanelle) temperature consistently fell 
to around 28° C. during mild cooling, provided close contact 
Was maintained betWeen the cooling cap and the scalp. 
Although intracerebral measurements Were not performed, 
nasopharyngeal temperature is an alternative Which is com 
monly used during hypothermic cardiopulmonary bypass 
surgery in infants, and adults. Changes in nasopharyngeal 
temperature correlate Well With jugular venous and/or intrac 
erebral temperatures although measurements may lag 
behind during reWarming, and potentially may be affected 
by the temperature of ventilatory gases. The relationship of 
nasopharyngeal and parietal cortical temperature, and the 
efficacy of external head cooling has been demonstrated in 
a study of adult swim, Where local application of icepacks 
to the head and heck after cardiac arrest reduced nasopha 
ryngeal (—2.9:1.4° C.), parietal corteX (—2.1:0.6° C.) and 
esophageal (—1.4:0.8° C.) temperatures in 20 min. In the 
present study, the nasopharyngeal temperature Was a mean 
of 12° C. beloW the rectal temperature during mild cooling 
compared to just 05° Without cooling. 
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[0049] FolloWing discharge the infants had a neurodevel 
opmental assessment in the folloW-up clinic by the paedia 
trician at 3, 6 and 12 months. In addition, at 18-months, they 
are being assessed by a developmental psychologist using 
the Bayley Seale; this is still in progress. Incidences Were 
compared by Fisher’s Exact Test. The groups Were com 
pared by tWo Way Mann Whitney U test. 

[0050] In conclusion, selective head cooling preferably 
also combined With mild systemic hypothermia in term 
neWborn infants folloWing perinatal asphyXia is a practical 
method of quickly reducing cerebral temperature, With an 
increased gradient betWeen the surface of the scalp and core 
temperature. This approach may alloW the adverse effects of 
systemic hypothermia to be minimised. 

[0051] The foregoing describes the invention including 
preferred forms thereof Alterations and modi?cations as Will 
be obvious to those skilled in the art are intended to be 
incorporated in the scope hereof. 

1. A method for preventing or reducing the development 
of delayed brain damage in a patient, comprising applying 
headWear incorporating cooling means to the patient’s head, 
so that said cooling means is in close physical contact With 
the patient’s scalp, and circulating a ?uid coolant through 
said conduits or passages in the headWear to cool the brain 
and thermostatically controlling the coolant temperature 
Within a predetermined range to maintain the brain at a 
temperature suf?ciently beloW normal for an eXtended 
period effective to prevent the death of neurons, glial or 
other cells that Would otherWise die as a consequence of 
direct injury to the brain or other injury to the patient likely 
to cause injury to the brain. 

2. A method according to claim 1 including maintaining 
said cooling for at least 12 hours after injury to the patient. 

3. A method according to claim 1 including maintaining 
said cooling for at least 24 hours after injury to the patient. 

4. A method according to claim 1 including maintaining 
said cooling for betWeen 12 and 72 hours after injury to the 
patient. 

5. A method according to claim 1 Wherein said cooling 
maintains the patient’s brain at a temperature in the range 
30-34° C. 

6. A method according to claim 5 Wherein said cooling 
maintains the patient’s brain at a temperature in the range 
32-34° C. 

7. Amethod according to claim 5 also including Warming 
the patient’s general body to maintain the patient’s general 
body temperature in the range 35-37° C. 

8. A method according to claim 6 including Warming the 
patient’s general body to maintain the patient’s general body 
temperature in the range 35-36° C. 

9. A method according to claim 7 including monitoring 
both the patient’s head and body temperatures and control 
ling the brain cooling and brain Warming to maintain both 
the head and body temperatures. 

10. A method according to claim 9 Wherein the head 
temperature is monitored by a sensor attached to the scalp of 
the patient. 

11. A method according to claim 1 Wherein the patient is 
a neWborn infant. 

12. A method according to claim 8 Wherein the patient is 
a neWborn infant. 

13. Apparatus for preventing or reducing the development 
of delayed brain damage in a patient, comprising: 
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headWear to be ?tted to the patient’s head and comprising 
cooling means Which closely contacts the patient’s 
scalp, said cooling means including conduits or pas 
sages Within the headWear through Which a ?uid cool 
ant may be circulated to cool the brain of the patient; 

a reservoir to contain ?uid coolant, cooling means to cool 
and maintain the ?uid in the reservoir at a predeter 
mined temperature, piping to connect the reservoir to 
the headWear, and means to circulate a ?uid coolant 
from the reservoir to the patient headWear; 

Warming means arranged to Warm the rest of the patient’s 
body, and 

a control system arranged to thermostatically control the 
temperature of both the coolant circulating through the 
headWear to cool the patient’s brain and Warming 
means to maintain the patient’s general body tempera 
ture. 

14. Apparatus according to claim 13, Wherein the control 
system is arranged to control the cooling means and Warm 
ing means to maintain the patient’s brain temperature in the 
range 30-34° C. and the patient’s general body temperature 
in the range 35-37° C. 

15. Apparatus according to claim 14 Wherein the control 
system is arranged to control the Warming means to maintain 
the patient’s general body temperature in the range 35-36° 
C. 
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16. Apparatus according to claim 13 Wherein the Warming 
means comprises an overhead heater. 

17. Apparatus according to claim 13 Wherein the Warming 
means comprises a heated mattress on Which the patient lies. 

18. Apparatus according to claim 13 Wherein the Warming 
means comprises a heated pad on a mattress. 

19. Apparatus according to claim 13 Wherein the Warm 
means comprises a heated jacket Which is Worn by the 
patient or blanket Which is placed over the patient. 

20. Apparatus according to claim 13 Wherein the Warming 
means comprises a cradle or cot incorporating heating 
elements in the Walls and/or base of the cradle or cot to 
create a temperature controlled environment for the patient. 

21. Apparatus according to claim 13 Wherein the coolant 
is a liquid Which is recirculated back to the reservoir in a 
closed loop. 

22. Apparatus according to claim 13 comprising a mobile 
unit for use in a hospital, said unit comprising the cooling 
means and reservoir for ?uid coolant, and the thermostatic 
control system for controlling the cooling means and the 
Warming means. 


