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Brain hypothermia has been reported as an effective therapy for post-
resuscitative disturbance of consciousneass, However, because current
brain hypothermia invelves systemic cooling, time is required to fower
brain temperature, Brain temperature could conceivably be lowered
more rapidly by cocling only the head. The common carotid artery runs
lateral to the pharynx, about 1 cm away. When the pharynx is cooled,
the common carctid artery is cooled and brain temperature is reduced
hematogenousiy. The present study verifies the brain hypothermia
effect of pharyngeal cooling performed during resuscitation after cardiac
arrest, and investigates whether this approach improves neurclogical
prognesis and life prognosis.

oeal Cooling

After securing the airway by tracheal intubation, a pharyngeal cooling
cuff is inserted. The pharyngeal cooling cuff is constructed to fit the
shape of the pharynx. Physiological saline (5 degrees Celsius) is
perfused into the cuff at 500 mL/min.

Copyright (<) Yoshimasa Takeda{Contents}, Takeharu Hobaye
{Design}. All rights reserved,
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The cuff is made of vinyl chioride and has passed biclogical safety tests,
The cuff was developed based on 3D-CT modets of the pharynx, and can
be easily inserted into the pharynx using the same technique used with
“an esophageal obturator airway. As the carotid artery runs
posterolateral to the pharynx, adhesion to the posterolateral mucosa is
increased, The inside of the cuff (balloon, pressure Imit 200 onH20) s
perfused with physiological saline at a rate of 500 mbL/min and a
pressure of 50 cm H20,

Cuff was developed based on CAD
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The circulator has the capabiiity to rapidly cool physiclogical saline and
perfuse it inte the pharyngeal cooling cuff at a rate of 500 mi/min.
Sensors buill into the pharyngaal cooling cuff collect internal pressure
and temperature data every 4 ms, controliing these variables in real
time.

Tympanic thermometer
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Supprassion of peri-infarct depolarizations {PIDs} is one of the major mechanisms of byporhennic pro-
tpczion against transient focal cerebral ischemia, Previous studies have shown the lack of hypothermic
pratection against permanent focal ischemia. We hypothesized the Iack of hypothermic protection was
gue to the poor efficacy in suppressioh of PiDs. To examine the hypothesis, we elucidated the effects of
hypathermiz on the manner of propagation of PIDs with temporal and spatial resolistions using NADH

t‘ft’sﬂi‘m‘éﬁj ‘ i {reguced nicotinamide adenine dinucieotide) Auorescence images by Bluménating the pasietal-temporal
S;;! if:rfg ischemia cortax with ultraviolet light, Spantanecusiy Iypertensive rats {ii=14) were subjected to permanent focal
?eri-mf;rc! depolarization ischemiz by occlusion of the middle cerebral and left common carotig arteries. 2-h hypothermia (30+C}
OC potential was initiated before ischemia. Although hypothermia delayed the appearance of PIDs, it did aot suppress
RADH their appeamnce. Fusthermore, 54% of the PIDs enfarged the high-intensity area of NADH fiucrascence in
NADH Buoresserce the hypothermis group, similar to the normothermia group (5351 The high-intensity ares of NADH fiuo-

rescence widened by each PID waslarger in the hypothermia group tha in the normothermia group. These
findings suggest thaf PIDs even in hypothermia are one of the majos factors causing growth of infarction,

emphasizing the imporiance of therapy that taigets suppression of PIDs even during hypothermia.

& 2508 Eisevier Ireland Ld, Af rights reserved.

Peri-infarct depolarizations {PiDs] are thought to contribute to
infarct expansion because of a positive relationship between infarct
volume and number of PIDs{9,12,13). A previous study using a rran-
sient focal cerebral ischemia model showed by using focal detection
of PIDs {ie. glass microelectrodes) that hypothermia decreased
the frequency of PIDs [4), This finding suggested that the protec-
tive effect of hypothermia in transient focal ischemia is mediated
through suppression of FIDs. On the other hand, other studies have
shown that hypothermia has no protective effect in permanent
focal ischemia ] 14.15]. However, little is known about the reason for
the lack of hypothermic protection in permanent focal ischemia. We
fivpothesized that the lack of hypethermic protection against per-
manent focal ischemia was due to the poor offect of hypothermia
on suppression of Plis.

We have reporied an NADH fluorestence imaging method for
detection of PIDs that allows a more giobal measuremnent of PiDs
18], In the present study, we used this method to examine the above-
stated hypothesis and elucidated the effects of hypothermia on the

* Correspanding author, Tel: <81 86 238 7327, fax: +81 86 2357324,
Foimi] pufdress; woshy®md akavamas-uacip (T Sasaki}

Q304-2540:8 - see front matter £ 2008 Flssvier freland L AH sights reserved,
dai: 03016/ neulet. 200810454
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manner of propagation of PIDs in rats with permanent focal cerebral
ischemia.

This study was approved by the Anima! Research Control Com-
mittee of Okayama University Medical School. Male spontancously
hypertensive rats (SHRs} {Charles River Japan, Yokohama, Japan},

axygen after an overnight fast. After endotrachea intubation, anes-
thesia was maintained by artificial ventilation with 1% halothane
mixed with 70% nitrous oxide in 30% oxygen. The right femoral
artery was cannuiated for blood pressure monitoring and blood
sampling. Arterial blood gases were measured before and during
ischemia and maintained within the normal range. The mean arte-
rial pressure was above 68 mmHg throughout the experiment. After
placement in a stereoiaxic apparatus (Narishige, Tokyo, Japan} a
large cranial window {9mm x 11 mm) was prepared on the left
parietal-temporal bone for the measurement of images of NADH
fluorescence. The dura was kept intact. To analyze the correlation
berween changes in NADH fluorescence, direct current {DC) deflec-
tion and cerebral blood flow { CBF}, two DC electrodes {tip diameter
<5 pum} were placed in the anterior and posterior cortexes {depth
of 730 pm, 0-2min anterier and 2-3 mm lateral to the bregma,
2-4 mm posterior and 2-4 mm lateral to the bregma, respectively}



G2

and a laser-Doppler flow prabe {ALF2100, Advance, Tokyo} was the corsical surface and cauterizing it. Brint et al. |31 reported that
placed adiacent to one of the two DC electrodes. the infarct volume is highly reproducible in SHR compared with
The animals were randomily assigned t two groups: a nor- ‘Wistar and Fisher rats.
mothermia group { and a hypothermia group {n=7} In the The technique used for cortical NADH fluorescence imaging was
normothermia group, rectal temperature was maintained through- described in detail previousty [7.8], Ia brief, the conical surface was
out the experiment at 37.04+0.5°C using & heated water blanket ittuminated with UV light {366-om . Images of NADH fluorescence
in the hypothermia group, recial temperature was maintained were obtained by using a CCD camera {ST-BUV; SBIG, Santa Bar-
before ischemia at 30.0 = 0.5+ C using a water blanket ard ice packs. bara, CA} with & 460-nm bandpass filter, Images {170 « 170 pixels,
Brain surface temperature was controlled with 3 gentle flow of  width » height} were taken every 155, Data for cach pixel in each
warm saline (37 °C in the sormothermia group and 30°C in the image of NADH fluorescence were divided by those of the control
hypothermia group) perfused over the skull surface, because brain image obtained before the initiation of focal ischemia, and the per-
temperature was 10 £0.5°C below the drip temperature, as deter- cent change in NADRH fluorescence was expressed in each pixel with
mined in a pilot studw. 256 gray scales. Two hours after the onsetof ischemia, imaging was
NADH fluorescence imaging was started and permanent focal stopped and the hypothermic animals were rewarmed to 365°C
cerebral ischernia was initiated by Higating the teft common carotid over a period of 60 min. The wounds were closed and the rats were
artery and by lifting the middle cesebral arrery {MCA)  mm above extubated and returned to their cages with free access w0 food and

) Sagital ssture B Segitel sutws
bregma Last First

Normothermia

Hypothermia

Middle cerebral
arfery occlusion

Fig 1. (A anxd B3 Sequences of NADH Ruorescence images. {C} A schsmatic drawing of the cranfal window. The dashed ¥nes in{Aj and (B} represent the crenial windose
For visualization of changes in NADH flusrescence, d21a for each pixel in each imam of NADH Auorescence were divided by those of the control image obtained pefore the
inidation of focal ischenya, and the percent change in NADH fluoresczace was oxprassed in each pixel with 236 gray stales. & wave froat {red} detecred by sebtraciing

e nejghbol fimage, is saperimposed ua each image. (A1 and Bi} Formation of high-intensity area of NADH Huorescence following ihe initiation of lschemiz under
nonmothermiz {A] and bypothermia {8} The fisst frmage was faken before ischemia Images were taken every 30 5. The high-intensiiy arsa of NADH Buonescence spread from

the srea of micdle cerehral artery occiusion and formed rapidly after the initiation of ischemiz. {AZ and B2} Ssquence images; the first and last images &
fop. The high-intensity zrea shows more than {208 NADH flevrescence {green} in the first images and is superimposad on each ipmge. inages were taken every 153, (A2 The
first image was tzken 32 min after the vaset of ischemiz. A high-lntenstty wave of Ruprestence, prigivating from the posterior region. propagated aleng the high-Itensity
ares of NADE fluorescence in an snvterior direcion. {823 The firstimage was taken 42 nvin afler the onser of ischeméa A high-imensity wave of fluorescence, originating from
e parietal cortex propagated alpng the ischemic cose tnanterior and posterior directions. As showa In the 1ast Image, the &res showing more then 5204 NADH fluorescence
ihiue) remained in the muion s fing the high-i 1y area of NADH Ruorescence sfter the passage of the bigh bvtensity wave of {leorescence.

arranged ai the
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vaater. Four rats underwent a sham operation in which the hookwas
placed in contact with a portion of the MCA and removed without
iifting the artery.

Twenty-four hours after the onset of ischemia, all animals were
anesthetized with 3% halothane. After inserting 2 canaula into the
ascending aorta, vach animal was perfused with hepariaized phiysi-
clogic saline {20 units/mL} and 6% paraformaldetyde in 0.1 moljml
phosphate buffer {pH 7.4}, To dentfy the area of the cranial win-
dow, the margin of the area was marked by using 2 27-gauge needle
with btue ink before enucleating the brain. After brain removal and
paraffin-embedding, brain sections {5-pm thick were preparad at
250-um intervals, stained with hematoxylin and eosin, examined
znd photographed. The images were analyzed for the infarcr areas
by a researcher blinded to the test procedure. Right hemispheric
and infarct volumes were calculated by multiplying infarct areas
by slice thickness and integration over all slices. Infarct volumes
are expressed as percentage of right hemispheric volume.

Linear regression madels were used to evaluate the correlation
between percent changes in NADH fluorescence and magnitude
of negative DC deflection. Values are expressed as means=5.D.
Parameters obtained by analysis of NADH fluorescence images and
infarct volumes were compared between the normothermia and
hvpothermia groups using Student’s -test. A p-value <005 was
cansiderad significant in all statistical tests.

Fig. 1 shows serial changes in NADH fluorescence under
ischemia with hypothermia or normothermia The initiation of
ischemia was immediately followed by 5% increase in intensity
of NADH fuerescence in the vicinity of the proximal region of
the MCA due to a rapid decrease in CBE A high-intensity area of

ence Lerers 448 (20081 61585

NADH fluorescence formed from the proximal to distal region of -

the MCA in 18525 and 354+ 1055 in the normothermia group
and hypothermia group, respectively {Al and B1}. Several minuzes
after the formation of the high-inzensity area, high-intensity waves
of Auorescence were observed af the edge of the high-intensity
area, which propagated around the area to a width of 1.5-3mm.
Because the high-intensity arez of fluorescence formed nearer 1©
the proximal region of the MCA in the hypothermia group, the high-
intensity waves of fluorescence propagated nearer to the proximal
region of the MCA in the hypothermia group {AZ and B2}, Sev-
enteen waves and 13 waves were observed in the normothermia
group and hypothermia group, respectively during the observation
period. Nine of the 17 waves in the normothermia group and 7 of
the 12 waves in the hypothermia group did not disappear and even-
tually enfarzed the high-intensity area of NADH fluorescence, while
the others disappeared without leaving any traces.

The DC potential was successfully measured at 12 sites in the
rormothermia group and at 12 sites in the hypothenmda group. Ten
of the 30 high-intensity waves of fluorescence moved over the DC
recording sites. As shown in Fg 2, the DC recording was divided
into four types. Table 1 summarizes the nember of DC deflection
types at each recording site. Because the waveform of fluorescence

Table t
Namber of DC deflection types in cach secording siie.

: : Typed Typel Typel Type d
Anteriorfegion S : e
Nommuthermia {n=6}. B 4 i e
Hypothermia { L2 ot 28 1 s 0
}‘ustéxiﬁrzrfgiun : v L i
Normothermia(m 3 g L1 5 £
- Hypatherag, g o 35 @ ¥

Roomothernda {7 ; 1 4 ¥
Hypathermiz{n & 5 [
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TYPE 1
CHF (35}

1“‘(’}3 N

3oy
Flunrascence (3%} ]
[

&
DE potential ()
polential MV} ~zv3]

TYPE 2
CSF {3}

3G
Pluoreseance (3) G] &M’M

.y -
+ nj N,

DG potentiat (V) c] g v 4
20
TYPE 3
CBF (%) “’?}j -

=50 )
Flasrescence (%) u] WWMWN
¢
D¢ it ¢rm 2 TN e
polential {mv) _ZB] “p e e

TYPE4
CBF %

100 3
o

180 ’M“M
Funrescence (%} n] r -

DC potentia (mv} ;3 1
T

Qnseil of ise

3 howr

b
Fig. 2. Directoumrent{DCirecordings were classified inte fourtypes: type Linwhich
na BL defiection was ohserved; 1ype 2. in which B potential showed recurrent
depoiarization; wpe 3, in which < potentiat showed recurrent depalarization znd
evenrisally persistent depolarization; and type 4. in which pemsisient depotarization
was obsarved. The form of RADH 306 vweas analogous w that of the O
potential. Cerebral blopd fiow was stablz and not alfecied by depolarizations,

was analogous to that of the DC potential, the high-intensity waves
of fluorescence were defined as PIDs in this study, as described
previousty {816,171 (BF was almost stable for 2 h after the enset
of ischemia and was not generally affected by the propagation of
waves. In sham-operated SHR. no changes in BC potential or fluo-
rescence were observed for 2 hafter the onsetof ischemia. The peak
value of fluorescence {percent change from the control) of waves
was closely related o the magnitude of negative I{ deflection
(r=0.823, p=0.01 in the normothermia group; r=0663, p=002 in
the hypothermia group). Due to the similarities in the linear regres-
sion relationships between the normothermia and hypothermia
groups and the fact that 20mV magnitude of negative DC deflec-
tion corresponded to 120% of the contral level of NADH fluorescence
{Fig. 3}, we measured the area persistently showing more than 1202
NADH fluorescence in this study.

As showa in Fig, 4, the area with persistently high fluorescence
{>120% NADH) increased gradually, reached 2 peak leve} and then
plazeaued. Although the area was larger in the normothermia group
relative to that in the normothermia group during the observation
period, the difference between the areas in the two groups became
smabier with time. PIDs were observed from 5 to 47 min after the
onset of ischemia in the normothermia group and from 151076 min
after the onset of ischemia in the hypothermia group. No more PiDs
were observed inn either group thereafter during the observation
period.

Tabie 2 summarizes the characteristics of PiDs. The frequen-
cies of PIDs per rat were not significantly different between the
two emperature groups {p=02}. The appearance of the first and
second PIDs was delayed in the hypothernda group compared
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Fig. 4. (hange in the high-intensity area of fuorescence and oy disisibu-
tion of perl-infarct depolarizations {PIDs) The Y¥ne graph shows the Righ-intensity
area cor fing io the of pixels showing moze than 120% RADH flue-
rescence. Black line: normethermia group, gray #ne: hypethermis groep, The har
graph shows the frequency distribution of MDs in the normothermia group IBlacky
and bypothernia group {grayl Dats were pooied in S-min intervals,

with the normothermia group (p<0.001 and p=0.01, respectively}.
The rate of propagation of PiDs was significantly slower in the
hypothermia group than in the normothermia group {p<0.001)
The high-intensity area enlarged by each PID was significantly
farger in the hypothermia group than in the normothermia group
{p=0.008) The location of the margn of the enlarged area was
identified on the stained brain sections by measuring the distance
from the edge of the cranial window. The enlarged area was located
within infarct area.

Table2
Lharactesistics of peri-infara depolanizations {PiBs)
THormathermia - Hypothermia
- : {R=73 {n=71

Freguency of Pl tnesirat). CZ4wus
Propagation rate {Inminnng EREQS
Arza enfarged by each FID {pbilsy . 47043210 -
Tinw of the drst PI appearance {min) B LE 18241
Tine of the second PID appearance (niny - 2104128 A8 54
Data are mean £ 50

° p<00L, compared with the normothermga group £ by Student’s 1-tesi).

~ peliB.
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The parcent infarce volume 24 b after the onset of ischemia in
the hypothermia group (24.3 £ 3.9% ) was significantly smaller than
that in the normethermia group {32.8 £ 4.5%, p=0.003}

Thesignal indensity of RADH fluorescence invivo can be affected
by numerous factors other than changes in NADH content {e.g.,
changes in hemoglobin concentration, scattering of light, ratic of
oxyvhemoglobin to deoxyhemoglobin, and ratio of protein-binding
NADH to free NADHL Although we expected that changes in CBF
would greatly slter the signal intensity of NADH fluorescence, there
was only 5% change in NADH fluorescence in the vicinity of the MCA
caused by 2 rapid decrease in (BF immediately after the onset of
ischemia and CBF was almost ssable thereafter. Previous studies
showed that PIDs are not accompanied by significant increases in
CBF as in normal spreading depressions {1.9,11] because the capac-
ity of coYlateral perfusion is reduced in such regions showing severs
CBF reduction [5] and that NADH content increased to up to 230%
of the control level during passage of depolarization [7). There-
fore, the increase in NADH fluorescence during passaze of PiDs
and the increase in the high-intensity arez of NADH fluorescence
by PiDs are due to changes in NADH content rather than changes
in CBF.

in the present study, we found PID generation even in hypother-
mic rats and po significant difference between the frequency
of Pilis per rat in the normothermia group and that in the
hypothermia group. This result is inconsistent with the resuits
of a previous study reported by Chen et al. {41, who showed
fack of PID generation in hypothermic rats. Possible reasons
for this inconsistency include differences in the focal ischemia
maodel used in the swo studies. Chen ot al. |4) used Wistar rats
and focal ischemia was induced by the intraluminai filament
method, On the other hand, we used SHR and focal ischemia was
induced by occluding the left middle cerebral and left common
carotid arieries. In this regard, a previous study [15] showed that
hypothermia induced by the same method was more protective
in Wistar rats than in SHR. While CBF is gradually decreased by
the intraluminal filament methed [6], CBF is steeply reduced by
our method. These systematic gifferences among rat serains and
methodological variations of vascular occlusion may contribute to
the inconsistency. Another possible reason for the inconsistency
is the difference in the methods used for measurement of PlDs.
While Chen et al. {4) measured Pl3s at two specific points by
using DC electrodes, we used the two-dimensional technigue of
NADH fluorescence tmaging that allows observation of almost the
entire left hemisphere, The NADH Duorescence images highlighted
the presence of differences in areas of propagation of PIDs under
normothermia and hypothermia. The area of propagation of PIDs
in hypothermic anirals shifted to the proximal region of the MCA.
Stace the minimum width of PIDs was 1L.omm in hypothermic
arimals, propagation of PiDs in the hypothermic rats could be
missed if the frequency of PIDs is measured by DL electrodes.

Although we did not find a reduction of PID frequency during
hypothermia. the 2-h hypothermia {30°C} induced before perma-
nent occlusion of the MCA was protective. As shown in Fig. 4.
reduction of the high-intensity area of fluorescence soon after the
onset of ischemia in the hypothermic rats was sustsined for 2h
after the onset of ischemia, aithough the difference between the
areas in two groups became smaller with clapse of time, Therefore,
we speculate that reduction of the high-intensity area contributed
to the decrease in infarck volume. The high-intensity area rapidly
widened in the first 15 min after the onset of ischemia in the nor-
mothermic rats, This result suggests that hypothermia should be
initiated within 15 min after the enset of ischemia, Consistent with
this suggestion, a previous study reported that 2-h hypothermiz
{36} induced 15min after ischemia was not protective in the
sarmne model of focal ischemia {15}



7. Sasgkie

in the present study, 54% of the PiDs in the hypothermic rats
enlarged the high-intensity area of fluorescence, similar to that
seen in normothermia {5321 In addition, we found that tha area
entargad by sach PID was significandly larger in hypothermiz than
in normothermia. Since the increase in NADH fAuorescence indi-
cates disproportion in oxygen balance [11] and correlates with
fow ATP and high factate levels [1B] and since the corex corre-
sponding to the enlarged area showed infarction 24h after the
onset of ischemia in the present study, we suggest that PIDs in
fnypothermia contribute o the increase in infarct volume more
¢han those in normothermia and that therapies designed to prevent
the development of PIDs in the presence of hypothermia might be
important in any treatment strategy designed for stroke. This con-
clusion is supported by the results of a study by Ikonomidou et al.
{10} demonstrasing that hypothermia combined with MK-801, an
NMDA antagonist, is more effective against hypoxic/ischemic brain
damage than hypothermiz or MK-801 alone.

NADH fluorescence images showed that hypothermia delayed
the initiation of the first and second PIDs. Since PIDs can be sup-
pressed by admintstration of glutamate antagonists [913] andsince
PIDs are initiated at the edge of the ischemic core, the increase in
glutamate in the margin of the ischemic core is considered to be
related to the mechanism of initiation of PIDs. Baker et al. {2} found
that hypothermia delayed the increase in glutamare tissue concen-
tration in the ischemic core. Thus, i is possible that the delay in
increase in ghutamate ip the ischemic core during hypothermia is
due to a delay in the initiation of PiDs.

In conclusion, we elucidated the effects of hypothermia on the
manner of propagation of PIDs with temporal and spatial resolu-
tions by using NADH flucrescence images. Although hypothermia
delayed the appearance of PIDs, it did not suppress the occutrence
of PiDs. Therefore, we suggest that the lack of hypothermic protec-
tion against permanent focal ischemia contributed to the lack of
reduttion in PID generation. The high-intensity area of NADH fluo-
rescence that was enlarged by each PID was larger in hypothermia
than in normothermia. These results suggest that PIDs in hypother-
iz could have a greater effect on growth of infarcion thanthose in
normothermia. These findings emphasize the importance of ther-
apies designed to suppress PIDs even during hypothermia in the
acute stage of focal ischemia.
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Abstract

in the present study, the characleristics of both flow and heat transfer in a
pharyngeal cooling euff for the treatment of brain hypothermia were investigated
experimentally and numercally. The pharyngeal cooling cuff, which is a
bulloon-Tike structure placed in the pharynx, was developed for medical purposes.
As a method for controlling the brain temperature, cooling water, which is
physiological saline at $°C, is injected into the cuff in order to cool the common
carotid artery, which is adjscent to the pharynx, In this study, the heat transfer
characteristics between the cuff wall and phaniom body, which was considered to
be equivalent {o the human body, were experimentally determined, and the flow
behaviour in the cuff was observed in detsil. Furthermore, a three-dimensional
numcerical simpiation was carricd owt o investigate both the flow velocity and
temperature distribution in the cuff.

Key words: Pharyngeal  Cooling, Brain  Hypothermia, Medical Engineering,
Numerical Simulation, Heat Transfer

i, Introduction

in Japan, cerehropathy, including cerebrovascular disorder, is one of the causes of death
following malignant neoplasms and heart disenses™, Crisis prediction in the case of
cercbrovascular disorders and elucidation of the mechanism underlying the development of
these disorders are the need of the day. Further, the establishment of a good methed for
treating the recurrence of weurclogical condition, including the society return, is strongly
desised. Hayashi®® revealed that ane of the therapies for Jowering the brain temperature
in the case of serions wound njuries to the head, severe cerebrovascular disorders, or brain
ischemia was cardiopulmonary stop; Patients teated with this method were found to have a
good neurological prognosis™ . At present, low-temperature brain therapy enables the
controls of the brain temperature and Intracranial pressure in the case of patients with severc
brain damage who satisfy the condition variously. This therapy has been introduced to

Feceived § June, 2089 No, 03.0252) repair nerve cells fiamagc(l dun;i.xg the initial brain damage, and tc{ prevent the d?velspnxezll
DO 10,1209 bs2.5.85] of secondnry brain damage. Since the release of neurolransmifters and action of free
Copyright £ 2010 by JSME radicals arc both drastically suppressed at brain temperatures of 32°C or less, i is said that




thoe brain is proteeted against damage. For the purpese of treatment, brain hypothermia s
divided into mild hypothesmia {core temperatire, 34°C) snd moderate hypothermia (32°C),
The temperature of the brain is lowered and maintained at low tempecatures by lowering the
hody temperature. The fatier is achieved by covering the wheale body with 2 waler-cooled
blanket. In this method, the paticnt’s body is wrapped with a water-cooled blanket, snd cold
witer {approximatdy 20°C) s circulmted through the blanket. It s also possible to
simultancously mainttin the brain temperatare af the desired degree and strictly monitor the
temperature. However, this management strategy, e, conventional hypothermia treatment,
requires a greet deal of Ume to bring about changes In body temperature and for seule sinte
transition of the pathology, Therefore, research and development on medical instruments
such as water-couling blankeis, headgear, and mufflers for the purpose of cooling of body
parts und fowering the brain temperature are widely being conducted™,

Takeda ef al.™"® developed the pharynzeal cooling cufl by analyzing the anatomy of
the pharvay division, This cufl is inserted through the oral cavity of the patient, and it can
eool the common carotid artery, which is located approximately 10 mm owtside the pharyax
division. Thus, cooling and temperature conirol of the brain is possiblc via the cooling of
the main blood vessel that supplies the brain, In comparisen with conventional whoke-body
coolimg, the pharyngest coff mcthod rapidly lowers the brain temperature. Moreover, the
countermensures of acule brain femperature management and early brsin cooling during
tife-threntening emergencies related to brain diseases ave possible with the latter method,
For acute phase of brain cooling, we assume that physiological saline at 37C showld be wsed
fo cool the cufl, During animal testing®, this cufT has been shown to produce a good
cooling effect o the brain. However, the optimum cooling efficiency of this cuff has not
been determined since the siructure of this device is based on the pharynx shape.

Om the basis of this backeround, we almed to understand the fow and heat transfer
characteristies of the pharynzeal cooling enfT, 1n this report, in order to evaluate pharvageal
coofing, we analyzed the heat transfer between the cuff und a phantom body (hereafter
referred to os phantom). which was considered to be eguivalent to the human body. In
particular, we focused on the thermul {ransport characleristics within the cuffl Further,
computational fluid dynamics {CFD) analysis was carried oul 1o anglyze the flow in the
cuff, and the cooling efficiency was examingd undor various conditions. These resalis are
useful as they provide the basic information required to develop tue clinical applications of
the cufTand to improve the cufl 10 ensure botter conling of the pharynx. Future studies wiil
address transport within the surrounding tissue and the effectivencss of carolid witery bload
cooling.
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2.1, Pharysgeal cooling cuff

The structure of the pharvngent conling ol mad o schematic diagram of the working of
the cooling cofl are shown in Figures | and 2, respectively. In the case of patienis with
difficultics in volantary respiration, the pharynges! cooling cuflis Inserted into the pharyny
diviston along with the tube for arlificial respiration. Therefore, the shape of the ouff is
based on the shape of the pharynx division, The upper and lower paris of the cuff are placed
in the pharyox and upper esophageal divisions, respeatively. The cooling cuff, which is a
balioon-like structurs, is 0.5 nun in thickness and made of polyvinyl. It iz 250 nuy long with
a total volume of 160 ml. The cooling cuff has an indet wbe and 2 outlet tubes, which are 4
mm in dismeter. The basic flow behavior within the coeling cuff iz as follows. Cooling
water, which is physiolpgical saline at around 5°C, flows into the inlet tube. The cooling
waler passes through the oufl and reaches the tip of the cuff, AL the tip, the inlet

Spiracle (D=4mm}x 2
&

Pharvnx

Upper 2sophageal

Figiee I Appeassnce of pharyogedd cosling cuff

Trachesl tube

w

Figire 2 Image of the pharyogeal cooling cufl for bram hypothermia reament
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