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Fig1

Wt/SA ratio

The relationship between the cooling rate and weight to surface area ratio (Wt / SA ratio). The

cooling rate was inversely proportional to the Wt/ SA ratio (y=—0.096x+4.8, x:Wt/SA
ratio, y: cooling rate, *=0. 14, p=0. 0006).
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Time —

100+

Wt/SA ratio

Fig2 The relationship between the cooling time and weight to surface area ratio (Wt / SA ratio). The
cooling time was proportional to the Wt/ SA ratio (y=7.67x—182, x:Wt/SA ratio, y:
cooling time, *=0. 19, p=0. 0001)

o~y 36.5
(°C)
°
36- I
35.51
Lowest
Temperature

30 32 34 36 38 40 42 44 46
Wt/SA ratio

Fig3 The relationship between the lowest temperature and weight to surface area ratio (Wt/SA
ratio). The lowest temperature was proportional to the Wt/ SA ratio (y=0.05x+32.6,
x:Wt/ SA ratio, y: lowest temperature, r>=(). 14, p=0. 0006)

Presented by Medical*Online



538 fE BR OMI M £518% 4545 (1997)

B2, FIMICEIERNATRISHDT, #
SELABGE A % Bl o 72RE R, A IEIESET
T4, ZhUE, FRIRFEEDLE RN Z D PR
RETAMZOoNEE 3T THRRET 5.

BEARIR T OB HEE X EFLoE LK UE
SHOEGTALEEZOLNED, FITIX, £ 24
ICHS T 5720, ZOHHIHREIIBEEE L 2L5ER
DEFRIZI->TRESNL EZEZBNS. I
X BEEAT, FERRBEREIZALI00W, AL T
LB R IEHT70WT, EIEKREICREITE EE
ZHENTWBRIE 75 BSER XIPIR ) 6 DFE
KASEWRET, KOV RE» O DBERICX
D, TOREIEERABICHPTLEZEZON
TWwBE, Lo T, BEAEHELDLERD
fRiE L U CHRE/fRREFE L (Wt/SA ratio) A
WHERTWBY),

Kurz 530, A VI VT Y RREHOE 1K
O 2 O PRI T 25, B, KRE, HIRIE,
REmFE, HRE/IAERmAEL (Wt/SArato), ¥
DS 6, EDLILERFEEGLTVE %R
HLTWA., #i5E, & 1HOEREE T I ZFHEK
HARMANOEBROBESAI L 5720, KRIEIIE
Wt/ SAratio & XRS5, &2 MIdEREE L
BEEDORIZLBEDIDTH A28, Wt/SA ra-
tio LMHBEAT AL WK E/-TH. LarL, &
1 HOWERE I S OFHICK L, HIEHFEL
Wt/SAratio & ICHEEICHELTEY, E1HD
PR TS PR 2 & R~ D EIR A 721 T
HHPTERVWELTWS, T/, £ 2 HOKIEM
TlZoWTld, Wt/SAratio & X {AHBIL 72 & R
HLTBY, SRoEL—HT 5.

FeRfix A e & & B & 2 - 3 150 B0 T
HEALTBY®D 2512, FTRIEOZWVA
ZEHEHHEEDEL 25 V) VWL DDDHED
BB 7-0UB) KRR LG K E AT S 0
BRATRIR SN D25, SOORKRTIIEE LR
BEOLNL o7, Kuz 5903, EEZIZ
MRS 2 D 12 wds, ThIGERERE T
AT & D MER L TWAGERL WD, |
2 & KAFNDEIRD A AAFEZ ) I2 Wizd
TlEBVPEEELTCwE., £/, EBHUAOR
T, 2F ) BRGHOBERICERE RS RL
TWhEWI HEDE SN B%42), Ducharme
SN, BRI A HHRIET, FOBER

DU BREGFCLDELDTH oL B LT
w5,

AW, 283 AHTdH A A& i & DUE 12
WTIRIRE LT ARnas, REREOIKER HIER
mAS & D RWIGAE, AIRFRE LS DUE SR
0, WHEEICKE BT AWNEET DS, W
ARREEE, RRIEMESERESE, TuR 7+ — Vi ED
TR IS 0 3 FF) B AR 90 A T 8 0 e 65 s % 9
54, MEMEOREMMEMET T, LHES
NTWBRB0 L ehis T, ERhRGHE4T
72X, TR RERRE & R T 5 LED D
HhEEbILAS.

DLk, AR 13 2 B RAIR R 10 B
VT B HIEE B RE L7225, S EIEEEE Wi/ SA
ratio [ZA B IR T A Z AV L7z, ERER
PRI LB AT O MR TR LD X
I B ERIZTREIRZHLICER TV AW
A, MRENTFREEDOLDICH, EEL TR
ERIIEE T, WL L TEHNT L) &H
BOMLPEELBEbNS,

KX OERE, #1180 HABERHEESS
(19974F, Hitg) ICTHEEL..

X ik

1) Busto R, Dietrich WD, Globus MY-T, et al . Small
differences in intraischemic brain temperature critically
determine the extent of ischemic neuronal injury. J Cereb
Blood Flow Metab 7 : 729-738, 1987

2 ) Sano T, Drummond JC, Patel PM, et al : A comparison of
the cerebral protective effects of isoflurane and mild
hypothermia in a model of incomplete forebrain ischemia in
the rat. Anesthesiology 76  221-228, 1992

3) Kader A, Brisman MH, Maraire N, et al ; The effect of
mild hypothermia on permanent focal ischemia in the rat.
Neurosurgery 31 : 1056-1061, 1992

4) Leonov Y, Sterz F, Safar P, et al ;| Mild cerebral
hypothermia during and after cardiac arrest improves
neurologic outcome in doges. J Cereb Blood Flow Metab
10 2 57-70, 1990

5) Chopp M, Chen H, Dereski MO, et al : Mild hypothermic
intervention after graded ischemia stress in rats. Stroke 22 :
37-43, 1991

6) Baker CJ, Onesti ST, Solomon RA : Reduction by delayed
hypothermia of cerebral infarction following middle ce-
rebral artery occlusion in the rat ; a time-course study. J
Neurosurg 77 © 438-444, 1992

7) Chen Q, Chopp M, Bodzin G, et al  Temperature
modulation of cerebral depolarization during focal cerebral
ischemia in rats: Correlation with ischemia injury. J Cereb
Blood Flow Metab 13 : 389-394, 1993

8) Miide LN : Clinical use of mild hypothermia for brain

Presented by Medical*Online



9)

10

=

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

RO IERTAT 12k 9 B BB AR IRIR R 1 5 U 2 4 R | B 5 2 My

protection : A dream revisited. J Neurosurg Anesthesiol 4 :
211-215, 1992

Baker KZ, Young WL, Gilbert Stone J, et al . Deliberate
mild intraoperative hypothermia for craniotomy. Anesthe-
siology 81 ! 361-367, 1994

INOEE, HARME, BFEIAES | MO0
B R AR IR AR BT B RIRANETE B & O e
HEOMET. FRRFE: 20 1 1617-1620, 1996

DuBois D, Dubois EF . A formula to estimate the
approximate surface area if height and weight be known.
Arch Intern Med 17 : 863-871, 1916

James WPT . Research in obesity. London: Her Majesty’s
Stationary Office, 1976

Kurz A, Sessler DI, Narzt E, et al Morphometric
influences on intraoperative core temperature changes.
Anesth Analg 80 : 562-567, 1995

Hynson J, Sessler DI . Intraoperative warming therapies: a
comparison of three devices. J Clin Anesth 4 : 194-199,
1992

Sessler DI, Hynson J, McGuire J, et al . Thermoregulatory
vasoconstriction during isoflurane anesthesia minimally
decreases heat loss. Anesthesiology 76 © 670-675, 1992
Sessler DI, McGuire J, Sessler AM . Perioperative thermal
insulation. Anesthesiology 74 : 875-879, 1991

Stevens WC, Cromwell TH, Halsey MIJ, et al : The
cardiovascular effects of a new inhalation anesthetic,
Forane, in human volunteers at constant arterial carbon
dioxide tension. Anesthesiology 35 . 8-16, 1971
Lindahl SGE . Oxygen consumption and carbon dioxide
elimination in infants and children during anaesthesia and
surgery. Br J Anaesth 62 : 70-76, 1989

Burton AC, Edholm OG : Man in a cold environment.
London : Arnold, 1955

Hatfield HS, Pugh LGC : Thermal conductivity of human

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

539

fat and muscle. Nature Lond 168 : 918-919, 1951
Carlson LD, Hsich ACL, Fullington F, et al . Immersion in
cold water and body tissue insulation. J Aviat Med 29 :
145-152, 1958

Hayward MG, Keatinge WR . Roles of subcutaneous fat
and thermoregulatory reflexes in determining ability to
stabilize body temperature in water. J Physiol Lond 320 :
229-251, 1981

Jequier E, Gygax PH, Pitter P, et al . Increased thermal
body insulation: relationship to the development of obesity.
J Appl Physiol 36 . 674-678, 1974

Park YS, Pendergast DR, Rennie DW : Decrease in body
insulation with exercise in cool water. Undersea Biomed
Res 11 159-168, 1984

Rennie DW, Covino BG, Howell BJ, et al . Physical
insulation of Korean diving women. J Appl Physiol 17
961-966, 1962

Veicsteinas A, Ferretti G, Rennie DW . Superficial shell
insulation in resting and exercising men in cold water. J
Appl Physiol 11 : 211-215, 1957

Ducharme MB, Tikusis P ; In vivo thermal conductivity of
the human forearm tissues. J Appl Physiol 70 . 2682-
2690, 1991

Xiong J, Kurz A, Sessler DI, et al . Isoflurane produces
marked and nonlinear decreases in the vasoconstriction and
shivering thresholds. Anesthesiology 85 : 240-245, 1996
Kurz A, Go JC, Sessler DI, et al : Alfentanil slightly
increases the sweating threshold and markedly reduces the
vasoconstriction and shivering thresholds. Anesthesiol-
ogy 83:293-299, 1995

Matsukawa T, Kurz A, Sessler DI, et al . Propofol linearly
reduces the vasoconstriction and shivering thresholds 82 :
1169-1180, 1995

Presented by Medical*Online



540 fF BRI O H18% H4Em (1997)

Analysis of Cooling Rate during Deliberate Mild Hypothermia for Neurosurgery

Masahiko Kawaguchi*, Takanori Sakamoto®, Koukichi Kurehara*,
Kenji Nishimura*, Nobuko Sugiyama*, Katsuyasu Kitaguchi*,
Hitoshi Furuya®, and Toshisuke Sakaki™* *

* Departments of Anesthesiology and * *Neurosurgery,

Nara Medical University, Nara, Japan

We induced deliberate mild hypothermia in 103
patients who underwent intracranial surgery using a
water blanket and a convecting device blanket. The
lowest temperature measured at the tympanic mem-
brane was adjusted to 34.5 C. The relationship
between the rate of core cooling and the following
parameters was analysed: 1) patient factors ; age, sex,
weight, height, body surface area, body fat, weight to

surface area ratio (Wt/SA ratio), and 2) intraoperative
factors; body and room temperature. The cooling rate
was inversely proportional to the Wt/SA ratio (> =
0.14, p =0.0006). There were no correlation between
the cooling rate and the other factors. These results
suggest that the cooling rate during deliberate mild
hypothermia was mainly related to the Wt/SA ratio.

Key words : Neurosurgery, Mild hypothermia, Cooling rate
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