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Human brain temperatures have been measured noninvasively using 'H magnetic resonance spectroscopy
("H-MRS) in normal adult volunteers and patients. The method to estimate human brain temperatures was reviewed.
Detected dynamical human brain temperature changes of normal volunteers with some maneuvers and clinical
applications of human brain temperatures were also reviewed.
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Fig.1 Human head MRI at 3.0 T. This sagittal image was
obtained from a male healthy volunteer.
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Fig.2 Temperature dependence of T (transverse relaxation
time of NMR). These data were obtained from NHal; powder.”
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"TH-NMR spectra of excised rat brain tissue at 27 and
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"H-MR spectrum from human brain at 3.0 T. The white

line on the right bottom sagittal image shows the position of the
upper axial image. The spectrum was obtained at the deep white

matter shown in the upper image.
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Fig.5 Stability check of water signal position with 1.5 and 3.0
T MR apparatuses.
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Fig.6 'H-MR spectrum of human brain at 3.0 T.
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Fig.7 Brain temperatures estimated by magnetic resonance
spectroscopy at 5 different regions in one male volunteer (48
yrs). The regions are shown in the upper axial image (A, B, C, D,
E). Temperatures were estimated once daily on 6 different days.
Values are expressed as mean + SD. ****: P < (.0001, Scheffe’s
test’®). The white line on the right bottom sagittal image shows
the position of the upper axial image.
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Fig.8 Estimated brain temperatures of male and female
volunteers. The values are expressed by mean = SD (n = 18
each). A and D are the same regions shown in Fig.7. #: P < 0.05,
Welch’s test. *: P < 0.05, paired t-test?®. The white line on the
right bottom sagittal image shows the position of the upper axial
image.
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Fig.9 Correlation plots of estimated brain temperature at deep
white matter of frontal lobe and tympanic temperature. Brain
temperature in males correlated with tympanic temperature (r =
0.809, P < 0.001) but that in females did not. The correlation
was examined with Pearson’s test. 2%
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Fig.10 Brain temperatures of the same volunteer at normal
conditions (1~3) and with fever (4).

A, B, C, D, and E are the same regions shown in Fig. 7.

1: normal condition, esophagus = 36.7 °C, axilla = 36.6 °C.

2: normal condition, esophagus = 36.7 °C, axilla = 36.6 °C.

3: normal condition, esophagus = 36.7 °C, axilla = 36.5 °C.

4: with fever, esophagus = 37.7 °C, axilla = 37.5 °C.
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Fig.11 Brain temperature change by drinking of cold water.
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Fig.12  Brain temperature change by the stimulation of tongue
by capsaicin (0.1 %).
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Fig.13  Brain temperature change during hand grasp. Brain

temperature fell during the task. This fall was found only in the
motor region for the hand.

139



HEIRAEEBRE D UKT Uiz, IMOBEEITREL, MK
HNOMAETIRDEERRE N LAVRIR ST, T OEE
HEENC L AEEZIZRRE L TEY, SFmadnng, &
FEZAGITEIN T & 22735 7=, IMRI TOAE 524 0BAT TR
EMETTDZLE2RTIENTER,

B oD LRI EBAMNE LT, B2 FTofhiF ML
BTl ZOHA, KIEHREHELNDLN, L¥g%
2N KD IZTBD, T i KRR EOMOR HE
Bans, % Figl4 TR Ui, HIESBALILEEEF C,
Fig.13 LR UHEMICTH B, MR I ETBIAE % IC EH
Zhhh, WENA THERBZICE T2 A7, MICTIGAT IR
DOREDORLE LR D RERITAMBRE W=D LH/ L5,
ZOERSEMEL THOMEIZE T TlEe LR TH-o 7=,
JED BRI U CIRIE SN DO N L IK<, Mo
HWHRTX VX —DWMANEZ OND, T2, HEHO-D
WM ENEINT 23, Z07=Dls, M~ d
MR T L mlietE b 5, Z OEEAM LA ITIEER
THHME L, OREBBEHE RN EZZOND
2, DRV TR U &L 2 72 iRk =8Bl T x 7=,
EEEA T, MEBEOEKTH D2 L EALHDZ &Ny
N,

B3 2 THEE LTV D03, BMIEE) & IMoOIREE & oIt
WERAIRER I N Z\N, ET7250 E ORI ERIC LV 5
HNTNT2 b M TIEERNBZ LV, £ 2 THEREKIZ X

39  NENNE SNWNN AN NN AN NN N AN AN
knee flexion (1 Hz)
38¢ brain M‘ : w ]
P
'»“ ( |l ﬂ“f“ﬂv i
3 TR
s 37 esophagus ]
N
HEERE 100 o
axilla = E
36 | WMM 180
T I [l -
u’“ﬁ/f "v'j MMLWH 60 E
heart rate 40 E
35 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 s
t/ min
Fig.14  Brain temperature change by knee flexion.
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Fig.15 Brain temperature fall was observed with a sedating

agent Midazolam.
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