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2. Materials and methods

2-1 Materials
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3. Results
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4. Discussion
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Research on red snow phenomenon in Minamiuonuma area

Yousuke TAGUCHI, Daishi TAKAHASHI, Takenori AIDA

Course of Clinical Engineering
Kitasato Junior College of Health and Hygienic Sciences
500 Kurotsuchishinden, Minamiuonuma, Niigata 949-7241, Japan

Abstract :

In the high-mountain and the glaciated area in the world, surface of the lingering
snow can be stained with some color from spring to early summer. This phenomenon
called red snow is caused by breeding of the snow algae storing much amount of
pigments to protect them from severe ultraviolet rays. In Japan, this phenomenon could
frequently be seen at high altitude such as Tateyama and Oze. The breeding of snow
algae is said to be possible under the condition of low temperature, around 0°C, with
enough sunlight.

In early April in 2015, the red snow phenomenon occurred on the snow cover
surface at Minamiuonuma area. This area was not thought so far to occur this
phenomenon because not to fulfill the breeding condition of the snow algae. In fact, we
could not find this phenomenon around this area in 2014. Therefore, we researched the
red snow found by us in 2015.

We sampled snow covers colored by red snow phenomenon at Minamiuonuma area
in early April in 2015. Then, samples were observed by a microscope. As a result of
microscopic observation, two types of microsphere were observed. One had taken on
an orange, and had a spindle-shaped form with a 20 pm-diameter at small end. Another
had shown a greenish yellow, and it was spherical with a diameter of 5 um. Therefore,
it was suggested that red snow phenomenon caused by their microspheres in this area.

Keyword :
Red snow phenomenon, snow algae

(Received : January 22,2016,/ Accepted : March 4, 2016)
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AVR)EE HYoriiL (%) HY 2 (50.0) 1(16.7) 0.500

7L 2 (50.0) 5 (83.3)
FOMmMBERTERRE HYorkzl (%) HY 3 (75.0) 3 (50.0) 0.571
L 1 (25.0) 3 (50.0)

FH 645 (4.4) 535 (11.5) 0.111
HbAlc (%) 75(1.3) 79 (15) 0.716
HDL-C (mg/dl) 57.0 (21.7) 42.3 (5.0) 0.141
LDL-C (mg/dI) 121.8 (34.7) 112.2 (30.5) 0.656
BRIARILF— (keal) 1440 (0.0) 1773.3 (198.7) 0.011
FEEF M #E (mg/dl) 195.0 (50.7) 175.8 (105.0) 0.746
AE (k) 525 (9.6) 81.6 (8.7) 0.001
& (m) 153.5 (4.8) 1740 (1.7) 0.002

2. BERIRRRAHIC

B D BRI I SRA H AR Fi 2 OHER

BEPRIR AT IS

U CTRAMEIE UL R 2 55%1C

JEREFEE U7~ D HbAlc 1E. AL

D HEILEE R 60% HEEERTTOD SKIERE & Lbl L C
LB AR LR 60% AT & BAALAEIRHL 35 5%

-1.0£1.0% A I F L2 (P=0.02), LA
IR AL FE R R 55%



AW & 55% LTGRO T, AEET 2 o7z (K1),

(%)
9.0 * * p<0.05
85 - [ |
R \
7.7 J |
7.5 4
o \
- 6.9
851 67 |
6.0 -
C60% F5 R C55% R C55%f5E ik

1 RAACYAB IR A RS R O HbAle (NGSP i) O  CEEHHERERR )

WHIRF BRI, IR AR IE IR R 60 % 38R0 SReleis & el LT oK HR kLR
55% 5% T27.0mg/dL X F L= b ODOHE Tixe o7z (X 2),

(mg/dL)
220
200
180 183.5
160 165.4
156.5
140
120
C60% 35 &/ C55% ZEHBF C55% 158 %

B2 BRAACEEE R W ERE A% OFERFILIEE O CEIOMHRERE)

BMI 13, JRAIEFEEEL R 60%7° 5 55%FRHA R FI#% CHEAEITA bR -7 (K
3),

(Kg/m?)
30.0

280 -

26.0 4
25.1 ] 25.3
240 24.9

220 A

200 -

C60% $EE A C55% Z= S C55% 35 &%

3 RAMCAERULRETHER% O BMI O CPEHEERR )



LDL-C 1%, RAEPHEELELER 60%0 5 55%FREAE % CTABEEITZ A LN o7~
(1 4),

(mg/dL)
1400 -
120.0
10 | 1160 E 112.0 * —§

104.0

80.0

60.0

40.0

20.0

0.0

C60% 5 &/ C55% Z B C55%35 &%

M4 BOKEORIR R B ESERI% 0 LDL-C Ol CFHfficiEiEise)

HDL-C 1%, RAEIERLELR 60% 55 55%FHE A T Rith CTA B AT LN 1o 7=
(X '5),

(mg/dL)

60.0

50.0 + 4*
48.2 49.3 50.3

40.0

30.0
20.0
100 -

0.0
C60% 5= AT C55% ZE BB C55% 358 %

5 R IERUL R ISR O HDL-C OHER  CEYEEE R 5)

3-3. RAMCYAEREL R E O @O A IR = > b o — L T

FRAAEIEEL S D 60 % FEEA& TIE & 55%FR8 & TREO HbA e 23 7.0% A 1278 > 72
M7 2x2 iy Bl A W TCHER L2 & 2 A HbAle 7.0% Rl = o b m—/L T & /=%
BriE. 60%FEERE TIHRFD 50%72 5, 55%FEM TR TIX 60%~& 1 AL Tz, L
HL, 7 F~—RETIIABZET -7 (£2),

#2 RAKEEBERIEELR L MED o Fr—L (HbA1c7.0%A0) R
mEEa FO—)L (HbA1c:%)

HbA1c.7.0LLE  HbA1c.7.0%ki#E HbAIc.7.0KEDEIS P&

ok ibdy 55%IEEHE T BY 4 6 60% 1.000
BELE goysm THS 5 5 50%




4. B

A B A JRBEOFERIFIMEEINE TlX, B E CRAMEIULED 60%., 55%.
50% EBIRTE D LR o72Z LT e 725 TL2014 LD S5%OFREICHI 0 2 72,
B, BRAMEIIEIEL R 60% 7505 55% ~DFHFEIE T | 55%FFiE% & BEOMREED
HER 2 Irj= & 2 A HbA L IZB W T kB D 60%FRIERT & Hufe L T, 55% /8% (2. 7.7%
NH 6.7%~E ., -1.0+1.0% CESEHEERZ) OFBERIERTAA LI, KPik L 55%28
FRE, S5%EHREL S5%IRERO TR, ELOL AR TN &b, AL
WL R 60% FERHI I H F W NN 2o T2 b DN, 55% ~EHE L7-Z & Ciiup= v
=L ~DONBENRHEND LR LR T 55D THD, & 52 BMIIZHIM
HIZE A EBER 2N e D, ZRLFT—EBIREPRKESEH L TR EEZRLT
W5, TRTOXGE CTERID S O RV —FEREITE TN 0o 72729, T HbAlc
DR T, =3V F—EBREOEE TIX/2 <, RACIBEILLEOEB N Z KIT LT
TEERELTWD, £72, HbAlc 7.0% AN & b= > b e —/LDFEHAEL LT, 60%FEE
FETHEE SS%IREM TR CLE L7z & 2 A, HbAle 7.0% A O BB OEIE DY 60% H7ERF
D 50%75 5 60%ITHINN LTz, SHREFD 10 4 LD oT=728, AEEXR -T2,
RAACHERUL R OFFEEFNEN TH - 2 "B T 56D THhbH EEZ D,

H BRI F2= 1238V T, HbAle 7.0% KA fifE= > he—L O HEEE S/-Di,
Kumamoto Study (2 8 ¥ | BAELCAHRM AR | MIIE & U 5 BEFRIN O s/ NMILE PR E O & 0F
SiE7S HbA e 7.0% A0 CHEIAD 2N L1225 5D T7, HbAlc 7.0% A0 % B R p B
oIz v — L ORHEL T 5 2 L O METE D,

F1m. R EREE OB OEISICOWTIL, BRROFIEOMIZ, 2 BOBERE BE O
A FEA~DOEEL DT A X T F U AT ARRAK Y & L AXIEN & T HbAle, =L X
T —/Uii, LDL =2 L AT 0 —/MEDORACET A LN 7=0, LLRcEy ., Rkik
WERUEE EIREEIEEO M2 h e — VBRI RET B O T ELEET R
DDIRVREEIZ S 0 | BERIFIEOBIZRIE TH > CHMFIERMREZHE L T Z L ITER
NhHs LR,

AWFFEOHIR E L Cid, BEAEZRIE R E W858 Th 5 72031 7 2AOHIE2T
HivTWRnz & R fbEkE TEORHOGE, 2V VIRIEOFEIIZS 2X2 03 H
DT & REER RN &6 RACEIULEOFREEENER TH L L IT5 VI
WZ & MRS EIERER M CIX R W2 ORFORELZIT CND I EERH Y | §E
FEOZUMEEZTTDTCND Z EIFEDRY, LnL, B2 OEKRICBW T, RRECHEE
DOIEWFIH Z2 e 2 2 LITITEEN D 5720, 5B OBERF BT 5 R R R
BRIZB T 2#mO—Mch2 B2 58DTH D,

5. fiam
AWFZEDOFERIT, RAMDEIULEE 60% 05 55% ~ L FEEZEE 25 2 L1, HbAlc
DETRMPET Y b1 — DRIV D 2 L BTl 58D Th D,

6. HIEE
KWFZEDERNCHT-0 . THINTZTEE £ Lz A IR A RBROBFBLE L 0%/, BERE



(CPRS EHNZ LT,

BE IR

(1) Whiting D R, Guariguata L, Weil C, et al. IDF diabetes atlas: global estimates of the prevalence of diabetes for
2011 and 2030. Diabetes Res Clin Pract, 2011 ; 94, 311-321.

(2) BAWERAFE - BHERRIMIE S SCHERFT A KT A 22013, B FILE, 2013

(3) BAWERFES - BERBEFREOT-DOARMIRE H 7 H SOt 2013

(4) Anderson ] W, Randles K M, Kendall C W, et al. Carbohydrate and fiber recommendations for individuals with
diabetes: a quantitative assessment and meta-analysis of the evidence. Journal of the American College of
Nutrition, 2004 ; 23 : 5-17.

(5) Stern L, Igbal N, Seshadri P, et al. The effects of low-carbohydrate versus conventional weight loss diets in
severely obese adults: one-year follow-up of a randomized trial. Annals of internal medicine, 2004 ; 140 :
778-785.

(6) Kanda Y, Investigation of the freely available easy-to-use software 'EZR' for medical statistics. Bone marrow
transplantation, 2013 ; 48 : 452-458.

(7) Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin therapy prevents the progression of diabetic
microvascular complications in Japanese patients with non-insulin-dependent diabetes mellitus: a randomized
prospective 6-year study. Diabetes Res Clin Pract, 1995 ;28 : 103-117.

(8) Kodama S, Saito K, Tanaka S, et al. Influence of fat and carbohydrate proportions on the metabolic profile in

patients with type 2 diabetes: a meta-analysis. Diabetes care, 2009 ; 32 : 959-965.



Ny R E— AR O G FITERE O RS

— NV FE—ZADOHE L RO BRE —

fAE ®AL &E RS, B END

LB RFREE AR R TSR
T949-7241 FriEEmRAETELHH 500 &

BHE

2011 B/ NMEB EME IR 69 2 BAE TR R O RBGE IS SR E LT b, 5FEN
Bl LT, BAEGRIIIEREMIEERED—DOTHY . BEIT L > TEMEEIC
KT DIERIEOBIRENIEN -T2 25, BxXETFHHAZ YT VT FE
F) ZRWTHTE2MEFNEEICRET 2MEZIToT&E 7 P, 2014 FED
e O T, A TF =R T2V RINA T — T b AET HAEZRINT 5
OB O AT o 12, A TSR LIZGIRFHEE L2 BT, Bk
FIC ML E R BZERARIRE (200CLLT) 2 EBLT 5 X BIEOHFHRFT 21T > 70,
ZOHMIZHNL > T, PN v —7 OFEFER SR D707 7 U
NWEINGRY —ARx— MNUZETE L, BT 3 PEERZEM L, &
PEEBRIIHEE T = U A(ER) ERBOWEREZEFHHI LT, ZORBEEHEIC
AREBICETIREEZEH L, B LEFNA Y v —7 OMaEiT bk 2 &
i L= R. FMH Y 0 — 7 OFMEIEEIZ-23CLLTFETRIEL, Btk D
FROLHAO e BB LE | BEOMELIEN E2HET LI ENTE R, &
7o, ST =BT ~OERKERICE D . S & NE 20 I HERRAEME O M
L2 BEE LTRERR URMHERBR 21T, FREICE A FRIFH T —7 125
ZHREEBCICET AR EZEL LN TE-, A2 B L CHKE LI-HIE
FHHEE L L COMEEMEZHERTH 2 N TE T,

F—U—F:
MIRTFT, IBEVEIE, M, LT R MM

(B 201641 H22 B, =%FA 201643 A4 1)



1. FX

BE, ARICBWTORZEIRRBPBECEE CFRk 26 42) 135 1 MR EY, 5 2 0
FE . SR L Ao T D B MRS AW I ZNE R 56 AELAME. BN —iR Al o
TEY, 36 TAZBXTND, —F, EREROEFRGDIE L, FRTEHBRITZIRIC
Do TW5D, BEMEEEIC T 2I5EEIT 2 DICKBl &b, —DFETRRE2REFLE L
TARERIRIFRIECH D, & O —DiFbumA 2 hho & LTS ik, BUtHmE = 7k
FHERIERTE, & U CHEMENICNREE 2 W L Il 21T 5 NIRSE Tt 72 £ OIFRIRAIEHE L
T b, HHEIEIRIET Hippocrates 23 1EIMSPHEIR DU KRS TZ O A2 HEE L O, BifE
TIHREREZST VT AT 5 2 & CTHIGRIREZ/ED L, RS2 T
FHAR 2 T DIRFE TH D | 2011 /MR I3 D IS TR RIS & 72 o 72, Z
AU L OBEISIER TH U | JRIFEOBIRIES 2 - ETH b5, LiL, HRER
HETH DHAEEIETN S O ofERZ A T D, —DHIFEE (1K) RESOEE
(kP S H iR CEIRERN CTH 5 F, 0 HITHFSERIC X 5 MlaE BV T, R a5
2 BRSO e —ARNHEETH L 2L O ZoBITMERERIZIBVTIE 20
BILL L ORBRD & 5 M ERT S ML & o - B OB i 2 EI 2R X Th o D,
29 LEBURZ Ric, Fxld, FREHRIEICBWL TRRE-CREBRANC X 5720 B—1)
RIGEZRE L, BAITETFHAMNERE T GV TF o FE7) ZHOTZmIRFINEE %
B LFZE 2 T > C& 72 P, U F = FF L ITEHRAIEIC L 0 s REE = ba—L
MAREL D F T ThH Y, BT HELOED S 7o DITEAD WIS G HMERE 2 R D 5 —
RNE72%, FAITINET, T =F 100 OREZWINT DB OV TRETL —ED
MR EEEZ O, KRSCTIIMEFIEEOWR & OREE BFRG L7Z0 T, ZOf5RIC
DWW T 5,

2. Fik

2-1. RS IR P2 Ot B

~UVF = T ORENGE A O $THRE IR RO X & ol 45mm ISHEEIAI L~ F = 3K
TREIOMEWEREE A Z L 2 HICEEE A ER LT, v RE—ZEITIEARY I —
AA— MZEHWTER L7 (Fig.1 ,Fig.2).
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2-2. HEIEER

T OB EIFIONE (Fig3) ZZEiC, EER B 720 OmHAIERO BV G A Hlkih
L7, Xk ® 22l L R ENE, REEFEDER) . WEET =7 ARG
W, LLFIHZ). TWTH ) —1(95.1~96.9vol%, Fit). KAKZMHH LIz, EBRTET~
ITXF v I AZ—=F7—2HWTEHII L7z, £7, SMIEERE. HZ)OWEE(KI/mol) Z 1
BT 258, WHRERZITo7-, REHEAND 10 SEOBEEZFM L, RFEIT
8.3,10.4,12.5,14.6mol/L. fiZ21% 12.5,14.1,15.6mol/L (Z381F DL %2 T L=, WIZH 7
FIRETRAWE L COREZZFHI L, F7BEHF T Qkl/mol)=(40+a)x4.2x /]
T(K)*M/1000a—34%0.67x AT /1000  [a:FEME §(g). AT Z(K), MK 7 1 &(g/mol),
BB 4.2(0/g - K), E— 01 —(F 7 22 0.67(0/g « K) & FEICEH L=,

RYA—RHR—h

o TRREN

ERRELER

AEY
7 E=Y L
R

K=

Fig.3 W#EMEM OANE Fig4  EBEIIEX

2-3. MEAFFERMFIZIT 2 BRI TR E OMERERER & IR IR U ReMaER

2-1 THR Loy B E— ZABRUHGHE IR FATEE o MR G021 D PERERiR 217 -
7=, EEOREEFHANE T REAEN 2 H VT, v F =R FOFMm, e—hv 7 B
Y RE—REEDH 90mm D 3 #are L, ~vF = RFHICEN 2 MG L BEoOREE %
F—H 1 B —"C5 5y, FHAECEL L 7= (Figd), £7=. NV F = F 1 ~OMEERZ 1.0, 1.5,
2.0, 2.5A EALSHTHEIT L. [RARIC B IR BIREIREE 2 51 U7, @itk z FvCii
FEFHZITV, 2Otk WEEKK, TR /) —b, [REMLIREDIA 2 BH LR
(CHRHE U 7=, BRERTRIR CIIARRAREE M 2 1) | X B 2 72 O ol-bfiR 4 3 [mIFL 4 0 I 18
A 7 MR ERES TV, AIFRICBWC S, EBOMERBOME ST TH D
Zy, WEIEJE L RIERICHERZIT 72, A 7 WEEITVTF 2 B ~OEF & H IR T
23A # 1 sy ofis & U, BlfifE e CIXER A2 NiE S ¥ T —0.8A % 30 PO &35
AT N3 EFYIRTHERTH S, TOBE, ERRERE R, SHNGERTIE3 7P (R
NF 2 FEFOFE, e —h 27 B N RE—RERADD 90mm) & L. T BIEGEXS
LT =2 a =% HWCEHI Lz, Zpds, MLIOKK, Twmx¥ 7 —v §RIRFEIREY
el LAY e



3. EBER
3-1.0 SRR,

IEFERRIZ T DR A Fig.5~8 IZR T,
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Fig.8 EIMEIZ L 2D RIKEERE

Fig.5 & Y JRFEDOWEE T 8.3mol/L : -14.27(kJ/mol). 10.4mol/L : -14.52(kJ/mol), 12.5mol/L :
-13.94(kJ/mol), 14.5mol/L : -11.89(kJ/mol) & 72 V) | R 10.4mol/L CWEANEN R K & 72 o7,
Fig.6 X 0 &4 2 & W B & 1T 12.5mol/L:-20.85(kJ/mol) . 14.0mol/L:-19.21(kJ/mol) .
15.6mol/L:-17.77(kJ/mol) & 72 V) | i 12.5mol/L TWEENE N e K & 72 - 7=, Fig.7 £V i 718
EEEORAKIEFE N Z: 48 g JRFE 27 g T-132°C, 2 48 g JR#E 18g:-112°C., ML 32g R
F18g : -102°CL 7D | 44 48 g IR 27 g THAKIRIE & 7 o7z,

3-2. MEAMGIFICE T 2 PRI IR TS E O MERE R AL R

Fig.8 X VI AREIEERE (F) 1%, 1.0A &AFETHATC, 1.5A & T+5.3C, 2.0A &fF
TIE-2.6°C, 2.5A SMETIE-17°CLE 7D | 2.5A FEPRBIBEWEE TH -7 2 & 23R S
N, 6T, FHBRLED S 5 %O~V F = FFREGECEE) X, 1.0A T+8.95C, 1.5A
T+8.6°C. 2.0A T+6.35°C, 2.5A T+5.63°CTH V. 2.5A OEMN R HIRWEE ZHF T
TeRERD GO T, —F7. 5 DBEOWECEEIRE (N> RE—XJEHE2>H 90mm) (% 1.0A
T+23.95C, 1.5A §:fFT+25.85C, 2.0A & TiI+28.35°C, 2.5A & TIE+31.7C L7 0|
MG & ICHIEEEE b LR AR L o7, MK EMmB(Tm =X ) —v KK,
PR FBIRA POV T, B 2.5A I THIE L=/ 3% Fig9 IR d, TH=%/ —L
EOKAKITAIAK & RIERIZ 40ml & E— L CEBREIT o712, TWT¥ / — Vi &3 50,
SNV F 2 BT OFARE L, BAMGBEN OB LZ 48 B ORKIRAE-19.1°CL 720 | hiyZ4
11 g JRFE 6 g DYFEIIBALEE DD 34 B CIIRIRE-23.4°C L 720 | iH%E 16 g JRSE 9 g D E
X, BAAE D 56 B CRAKIREE-23.3°C, JKAKIEBRLAE 2> 33 ) ChRefKikE-28.3°C. ik
WEBREAR 05 56 P CRAKIREE-3.4C L7272, 5 %OV F = F 1Tl OB IT0K
K:i-22.8C. T ) —/L(5C)-75C ML 11 g JRFE 62 :-16°C 4% 16 g £ FE 9: 2-13.8°C,
MK +72CTH T,
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B L7zmd, kKoK 21mipK 19 g), T@GC)=% / —/L 40ml, L 11 gJRF 6¢g
EENENHWTERZIT 72, KK TIT-o 72546, Bith 31 BRICKIKIEE-155C, &
MEKEIE S L A, IR\IREH402C LR, SHLICEREZNIESE-E 2 A, -154C
F I L, D% ONEEFE TiE+43.1°C. 3 1 7 )V H TIERIRIREN, -15.7C L 720 |
BEIREII+2.7CL 72 o=, P ) —NERHWESE, 1 1 7 VEBM 22 B CThk
(IR EENS-19.4°C, B IR DI +42.7°C, 2 VA 7 )V HEAKIRFE 13-15.4°C., &
IEEIT+47.3°C, 3 YA 7V HBARIRFE1E-12.7°C. HemiR 1 T+50.9°C & 7 o 7=, [FIERIC, il
2 ghkF 6 g wHWTHEIX 1 A 7V HHMH 29 B CRAIKIEE-19.8C, EitKin
DR E+40.8°C, 2 VA 7 )V A RIKIEE-17.8°C. HEiEE+40.1°C, 3 Y1 7 /L H &IKIE
J£-16.2°C, FemifE+442°C L7257z,

4. B
4-1. 5 IBEFEBR O FFA

BRI B D TR R EVE TR #E 10.4mol/L T-14.52(kJ/mol), #§Z51% 12.5mol/L T
220.85(kJ/mol) Td > 7273, FHIR HOWEIC L 5 & O [JRFE-15.4(KkI/mol), filf2-25.7(k)/mol)
E LTS, FEBRE & BEERME S TERHE L CWAJRENE, HEEHEICH L EZxbND, D
FU ., WHEERENTEO~ VX F v 7 AH—F —OFENE(5.698]/min) & BET HLENH
5, REOHBORESCHARBOEBICEIVEENEC T LE-ZEEZLRD, 2
R 2 RS DA O THABE B IR OTRJE MK T Uit 5%, IRMREE DS T3> T L
FHETHRMEICIZES ol B b5, UL EORERE ISR IES 2R
DT, % 48 g JR%E 27 g ORED R b IREIE FASRL SN2, ZAUZWE S (B /L) Tl
LTRSS RFHE=4:3 T, OIRORIEARILE 725 Z ENbnotz, EHICZ OER
RN RE—ANOREEZHET 5 Z LR REE o7z,

4-2. MEAFFERAFIZ IS 2 WO NN Filr 2 E O F Al

WEAE IR OB 2 B 3tk m B oDz, N~y RE—REE2T 7 U AVRNB AR Y I —R
F— MUIEE L, EGER EDZ, Ny FE—R L~V TF = F % EET 8B ER
HIKH O b2l ATz, ZORS., MUKkZ#H Lo BAaRmEHcBW TV F = FZ 1T
i O F AR 1X-7. 7 C(WEHEE-6.3°C) L 7n o 7o, THUIE, ZE3E ORI B HI 1y 23 AR BT
&) U7 BESOBMB B RE RS A 2 0 B LA L T S o CRBWERE S A | L7z &
Ez bbb, BRI T e — oo b~k RBE 7y FiEZY 7V INL
TAHRRIC, JEEEZ 1.45mm (WEEE 2.6mm) < Liz7ed, 0 F = F RGN D
DBEERIN LT Rofe B DND,

TIZ, BBV T ERE & RERICEE A 4o Chiaf T L 72, SEIRAE 2.5A ICCTEREZIT-
TRER KOk, REBEWMLRAEY. TH=Z ) —)b, fKDONEICRIEEEMEONFE R & 7225
Too TRRIRFBIYZZRA I 4-1 OFERZEEE 2T, HE : JRFE=4 : 3 ZIKITWHBERE AT
XHEAPIE L, WL 11g JRFE 6g, 42 16g R 9g & L=, JK/KIZBRALE 33 B ClelKii
WZEE L, IRWTHEZE 11g k3 6g THALG 34 B, #H7Z 16g JR3% 9g TH4A 56 P ONAIZZ
ZHUTIERE URIRIEE (-23.4°C,-23.3°C) 1T LT, Z OB CHifl F o LB 7 K IEE
(20°CLAF) ZERT 2 HEMNTE 2, 72 LRafiEn SR FRAHIZE U Th 503,



IR ERERRICEERNH D Z ERDhoTc, ZIUXERT 2B IEERREN LT SR
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A basic study of cryosurgery and hyperthermia treatment with the
handpiece cryoprobe

—The improvement of the handpiece and further examination of the

refrigerant—

Takenori AIDA, Daishi TAKAHASHI, Yousuke TAGUCHI

Course of Clinical Engineering
Kitasato Junior College of Health and Hygienic Sciences
500 Kurotsuchishinden, Minamiuonuma, Niigata 949-7241, Japan

Abstract :

Five years passed since a decision of the health insurance had been made to adapt
the cryosurgery for kidney cell cancer. The cryosurgery is a noninvasive cure
extending the choice of operation method for the cancer patients. Last year, we
developed the cryoprobe with Peltier device as well as evaluated the refrigerant to
draw heat from (or to provide heat removal from) the cryoprobe. In this study, by using the
more improved cryoprobe, we sought the refrigerant that can achieve the probe
temperature to lower than -20°C.

At first, the handpiece (or handle/hilt) of cryoprobe made from acrylic product was
changed to a polycarbonate one to improve the chemical resistance. Using this
improved model, we estimated the endothermic energy amount of the mixed product of
ammonium nitrate and urea. Our performance evaluation tests for the cryoprobe
showed that the cooling side of Peltier device achieved the temperature at lower than
-23°C. The temperature cycling test confirmed the continual temperature change
ranging from cryosurgery to hyperthermia treatment by the current inversion of the
Peltier device. Through the present study, we could improve the combination treatment
system of cryosurgery and hyperthermia.

Keyword :
Cryosurgery, Hyperthermia Treatment, Refrigeration, Peltier Device,

Chemical Resistance of Equipment
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Fig.1 The composition of the treatment system and the experimental setup
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Table 1. The minimum temperatures and temperature rates of each system

Surgical probe Ethanol temperature as coolant
System type Mini. Temp. Temp. rise rate Temp. at 60min Temp. rise rate
(C)H ( C/min) (C) ( C/min)
P-Pump —60.1 0.08 —34.8 0.11
G-Pump —69.4 0.07 —29.3 0.11
G-Pump +
. p —68.6 0.10 —34.7 0.12
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The Improvement of the System Performance to Cool the Coolant of
Cryosurgery and Hyperthermia Treatment System

Daishi TAKAHASHI, Yousuke TAGUCHI and Takenori AIDA

Course of Clinical Engineering
Kitasato Junior College of Health and Hygienic Sciences
500 Kurotsuchishinden, Minamiuonuma, Niigata 949-7241, Japan

Abstract :

We have established and improved a combination system for cryosurgery and
hyperthermia treatment maintained by ethanol as a coolant. The combination treatment
system consists of a surgical probe, two Stirling coolers (SC), a peristaltic pump for
circulating the refrigerant and a power supply unit supporting the temperature control
function. In our previous study, temperature elevation was observed in the coolant as
well as in the probe during the operation.

In the present study, the system was improved by attaching an additional SC to the
circulation circuit. Also, the peristaltic pump was exchanged for a gear pump for
reducing the effect of friction heat occurring between the roller and tube. In addition,
the tube for coolant circulation was wrapped around with heat insulator. By these
treatments, the cooling performance of the system was evaluated in no-load running
condition with 800ml of liquid ethanol as a coolant. During the evaluation test of the
system, temperatures of the surgical probe, circulating ethanol, SC with a coolant
chamber, SC for pre-cool as well as an ambient temperature were measured by T-type
thermocouples and a data logger.

The temperature of the surgical probe reached to -60°C or less, under the no-load
running condition of the newly improved system. The temperature of the surgical
probe with a gear pump was lower than that of the system driven by peristaltic pump.
The elevation of the circulating ethanol temperature during operation remained within
30 degrees, from -60°C to about -30°C. Moreover, the rate of the temperature
elevation decreased to 10% of the previous system. These results suggest that the
newly-incorporated SC is effective in preventing the temperature rise of a coolant.

Keyword :
Cryosurgery, Hyperthermia treatment, Combination treatment, Treatment system,

Tumor tissue

(Received : January 22,2016,/ Accepted : March 4, 2016)



MR E PR IS HE 5 FRBERRRE D IS I D ER O E
— R R ABEROEH] —

g w0, s LE 79, fERE 7@

Wik B PR AT A BP0 FEE EhEkem
B 2N A=Y G T (N o= =
T949-7241 FriBRmEABTHELHE 500 F

BHE:

i EREOWEN, 2ENICAEIZED SN TS, TOFRTHEEMEICH
AR TWD, HFDORNFEFEO BN E2H L INTWD, AfEiLEo—
Bl L L CoFBRAREICHE T 2 Ik EFESELIRY LI Tnd, Z OHuER
13O 3 kAL X OE EERIIMMERICKE. ©RA 7B E D TRIKOEMR
Je e, @R E THERE /0 HH & HEE N TE TV, @REIRERBE D EFLN %
DEME LTI N T WA, F 2T 2015 AR LSRR OB & 352 g o
INSEIRPBERR OFSEE 0 Lol BN EEFRia L& Lcry N —7{bExE
IRE LIS EROWENED STV D,

B L HUE R OB T IO FEROFIRICE T 5O TRIFIL R B0,
FZTARBTIE, FRICHT DT 7 — FAEZEB LT, Hillio A2 NI
L AFEBFREMOR Yy hU—274bZ ED L HITHZTWDEDNE T,

ZORER, FWBREEOFR y b — 7 bIZR L TR, K8 23.1%, EHH &
S A0 30.8%, F L TR 46.0% TEAN &2 K& < EE-> Tz,
LN L—FT, GERBOSEITEZ 25 & REMEBETFORRLE E OBRY
DR, WEIZL > TERTOWRENER LD 2 bbb ZOABELBRES
nTWn5b,

F—U—FR:
sk R O, FERE0HH & BB S, AVE bR

(#f&H : 201641 H 22 A /%¥ A : 201643 A 4 A)



1. AFZEOE X

Hri - #G OB AR DT, HkERORERLNZh T ED, 2o X5 RO T,
2007 FEATHRBE IS TSRS ET A RT4 ) DRRRENT-, ZOFTEREDA
WEBEICH LT, OREERIL, OFf - *v NV —271t, OREFREORE LAKRD SN
TV D, ANEIRBEIE 1950~1960 A RICHEGER 7 v v 23 d D | £ D% < TR 2 RE] 20
Z T35, L L& BREIMEBEEN S, ZOMEES L 20620 IREBICE N
TWaY, ZOFF TITHIRERITRIEO R < RN D,

FASTIRRE & 1720 | ASTIRBEIE A~ & HUERILRRPE & L COEFZ - Tnd Z & )»
bbb, T TCOREMNEAML SN TEERER D D, TP & ik 5 & 1Y
U CRtR s 2 BRI S 7 B, BEOK SR ABBEIZHEL TnDH 2 b Em <
EENTWD, ZTOKLI R ENLAIFIEDOE ITRFPEREICH Y . ZORFIT—KE
HPDiCAINAA L oo TND,

ENEERFREMCH27061E, 20X RMICEWTEH, ZAE THl D ITANH
PEDFREOE TR STV =d LivZzevy, Lo LEWNIEBRICERRERFYICHY . 20
FhFEE b SIch D20 b, SBLEWVEERIIEDR N, LI TEx~&H
EPLAIRPE & W2 8 BRI — R S50 0 ORFHTATTFEN WV EIFE %2R
72720, TANEIRBRECEE T A R A ) DIEAFEE )L TiEe <, MGz Y 4
HRBEEANBH SO HERIT 5,

7, EAEFEHEND A BIRIRICR LT, HHAERERE & LTo 2 IREREZHE LT
) A TCHIEFRRB A EMEE L 325 L & B2, & L CEYERE B £ 0 a5 A3k
HHNTWD, O F2 RIERENL, @SEERCREER»OIEEER, £ LTtz b
G- HIBER L L COEMELRD BN TWD, BRI, 2006 4ED 5% 18 4R
DI SEIC BT 5 EEREE HIZOWT] BT, BO @O ER & 2 ReIc it
T 5 1= OICERMAED /3L « B ZHEMET DA E VWD Z & T, EERMBIR OMRE Y (0
VBRI STV D, RIS 2 CIREREB O3 L HUIBTEE R & ORE R Z Ot
BEINnNTWn5D,

Z DX ITHRBECIEAE TG b BRI 7 BIERRE & 2 O xR b= & BRI
1T, AR E i & L R OBEICE T 5 2 Lot 2 2 TAR T,
Z DT 5 HriE R AE BRI 3 1 5 Ml E R o iRk 2 B B,

2. MIEER

Bri| B XA E O 2 RERBE OER L OWEICEFLTWD, FHBRITIAD 1075
ANHM7= 0 OERSE CAE 47 #EFRF 412 CTH Y | FEFREFRICEETNTWD LiTnv /s
WO FHRIRIZIZ 7 o0 2RERE N H D5, fIET, AT, R, ERpEeT, 5
RITIZE > TR SN TV D O MIREIR CH 5, THIEERIZ IR IR o mE s L B &
0. BIMICIE BRI H 0 22 S ZEIRICKR E RS i, & <A Z o
FEEEhiz) O RBEN, JIERO [FE] CbALRBARROZESME LT
Mo TW5,



Z OB OHIIEEIZ 1970 AR O R - BEIFE - fEukoEEEICEF L TR Y . Kk
LV HEREROETT A — AL LT, AEMICHLER S TE 2T, Ll 2 RERE
e L CAABEROERERIZ. RNTH TICH D,

ZORE L TO 3 kKA L O EER B ik AE, @RIN 7 Bk TR E
FfiAS S Hivde . O ft % [ CHERE /010 & B3 T & TRy, @JEIRRE O R LT B
TW5Y, 2L TZoMBERO T LISHIE L TWDORHEAETTTH 5,

FEFLTETIE, A T8 60,316 A (2014 4F 3 oK) | HEHIELAS 19,097 Hib#7, ififEAS 584.82km’,
PR CA D & 65 %L B3 26.1% ., 15 7% ~64 1% 0% 60.3% ., 15 A2 13.5% ThH 5,
Z O TH AR LN EA TWD, I ERE AN DR T 1 REED 121%., 2 KFE
M 29.6%. 3 IRPEFEDN 583%. f102% ThDH, EFEERICE L CiE, Wbtk 4. FEEK
736, AT 31, ERIE T2 N L2 T B0,

2015 4F 6 H | HUIRER GO B & L CRA BT L OV B ER 440 B 5P s
COHIZERSL SN D & &b, LA L E UCBEFORRE (B H TYFERE, RN+ H
MTIRRE, 7 RRLaIbE, GIREREER v % —) KOS OB TN NERE, mfa
BT EIRRE & BB A A/ U 7= S8 it 2 NRE, BRI NL & ISKRRERBES 2 O
TI4 MEBEE L TRy hU—2{bEND &) HU RO R, Bl D B R ORERE Y
HEMABB DB HED TS,

TIZTHYHROZ LR TANIIRBEE T A KT A 21 12 &k 5 ORE b, @ -
Fv b =74, OREIEO LE LNZ O L 72> T b, OORREFRIICH LT
I, SRR EE - RREREZ G, T T4 MNREPBEOSERE - BMEERAE S Lol
BERE D I K 2SS LTV D, O « 1y MU —271Zxk L CiE, ZEEwp &
L UCBEFRBEZ 2 DOYT 74 e Licxy NU—2{RIC LD ENRRHEL T0WD, £
L COREIREO RLE LIZR L TiE, Kbtz A RE & 3752 & T2 cshs LTy
Do FETFNICIZ CEMOBEEICE LTk, FriBKyeeE 78I L Eiwibi 2 75 8)
FCHAREL THI LTI Ry ARAEXLE LTCIICHIEL TS,

O X DIATBUZ X A HUB RSO I35 F2THEEITT L T 5, (R LIER T — XD 81T,
ITEREREFEFEDOT-DICH L0 TIERL, b ETHIEROTZDICH D, £ TR
OREEMIT, FUAEEICI T 2 2 OBERAERZ Ul o E K232 OF I & L Canfiic
AT DEONENIRITHD,

3. BFEEM

2 WRIESRE L & L CoMmBEIOREER L O ML, B KEBYREE A H 7212 1REeft
T ofz v d DT, Te L ARIRIESRE 2 Mg PP & Lz, Z OBEEIC
BT D Mk =R O BRSO ERICH 5, BARIIIIBEAF O RSN BE, W75 HET
e (AL B HNE~ORMRRS ) |« AT IR 2N, BAETH & ICKEEED
B9 R O B FIR I e & & R & R > b U — 7 {KIC K D HERERD 22 2040 & 1 )
P OFEIEE D ATV ST,

O XD IR DRSS OB, E R ORIRE A B & Uz EREEE o~ 7 )
— T EBAOTF T, MBFEROZZITEICM /252 bE 76T 2 LoD, 2
NIFHIBEROZZATEH A RET 25 ERANE ZICH DD, L bfsS T 5, HillicE



PEREIE DZAIZ K o CTEFEEI OBERE L MEHE S U2 0>, B G MUk PR 3R O oo e Ay
&, M EROZZATE A2 HET 256 EK DO &V FITKFET 5,

AFaOWFEE IE, SR o Husk R & O Z2 It LT, Ml ROZZ2ATE 2
TET DREERNTARAL 223 6 | EHREBERIR] OBERE 73 (x4 2 Ml R oo ik 2 B & 72~ 9
HZEIZHD,

4. JEATHRSE

FRVRIT, HOERRIIHUR O EIGROGRENRD N D 2 Lnh . ZORICITHRF L
L CORBMEDOHERBNNETH D & LT, #2270 UK EIEDISE 2 (LE -5 1) Tn D
D, ZoBc, ZHRFEEL TODHERORE L AFOBORHYICLER LTS, £
Tk DL, AMEEREZ NG E LIEE, D EBMIREEZ RSB E L2 s Tl HRoE
Wz U CIEEESBE O BRN 72> T 5, FTRMERTIIZBENEOEB &5 DITxt
LC, BMERTIIEMNZEOLOREHETHY . ERLZOLONRRARTHL L bbb
5. T5EHRUIBRT 250 TIERL ., EEO—HE > TV bD LRI HND,

F - EREBIIEREAEA IR T 5 —F ., HETOERME DB VIREL > T
2 enh, BRHICAERT 2O LIZBFT Tl n 2 LNk ENs Lo IcRr-»T& -
O FBEIZFE R BECH AL E T HBE ORENZET D E TOM —RIIC ABRIEE L
T AHITICHY . EEICERREOT- DI AT MESNTSETCH S, BHEEEO K
IR LI AW AEE 2B DAEEDOBR L LU L 1TV 2200 TH o),

THEZITIHERENVHIBMEZO O LENT D LD, MARIC LAVTEEE & I3,
EER 72N D O TIE W E IR 22 & D) Z & Tt/ KRAREL LK
REXFEACER, BOREL TENICELEZRI > TWDH 2 E2EM L, LEIST S H
DEENRH>THHSD LS AEXTWAHRETH D EEBEN LY, kI HEE D
DRBAMEERTHALEIEL. TOXMENPFLBEFZLOITEFIC L D BER ORI TIETH
B DI L CEDOHLIEBIREOEAT, et ofifik ik Thr L TZD 2o
MR- L2 T,

HuR e Tl BMERHIC LA ERERAEERRE L 2o T 5, Bb, 22Tk
FLOAETE DG OGRELI RO B, IR OMEEZE O b OPHRPEEROE N LT R 5
DTH %, FEEITHIEE ERE OBV IL, EREE & EREN K ELE ORI K
FToL LT, 2L Conbo#E i, BFITHOH Y FOEEZ 6 7- 53 Lk
RTND, ZRREBITE O RSB DT BIREE 2R LD Th 5,

F @A IR A TEEERIL. 1980 1% 120> 5 1990 FARAFTDITHT T L TE 7203,
THAUTIE 1985 D EFESUE, 1989 -0 & 7 (R fgm akHEdE 10 423, 2 LT 1990
EOMEAL 8 TEDHIE, HIZE Db D Th-7=1, ZhbHIid s HIRIEKIZI T 5 HUgE RO
MR L e BT 5 2 L Th b o712,

FIEARRCEARNL, MUk & 13 E A OB EZ R L LT Db Tidie <, H
Bk & W S OB EZ S E LT D &9 AR L Tu MM i i3 Bk L LTo
BATIEARL . ZRE LTORNY 2> 7= Z %R E LTEY ., 0 EHRORES &
VO BRI 2 DR R o TV D T e D, HURE R A BERIR I K OVERIICIR 2 B WEN D
BHEVNHIDONRENTH D,



FRLOFEMIRIE, HIKERE O b O SRR AN D . WIZHR Z D0 E WO IFET
D, ZIUCK LT, BARMICHEE O Ml ¢ o EFRE B3 2B R b AET 5, HHR
TR IR IR R B R E A R 3 T R IR BT R R R B RN R
FRE A & BRI IR T OHIBRRZE BAT 3 X ONRBF IR _EARPNER/ NI B & Rl b b
BRI ZEHT & Ak PR i el & 45 2 SRR ZERT 2 & LT B, & L CARMARFZE &
A UHHR B AT 2 5t & LT/ Mk & /NG 72 823 d 520,

BLZN 5 OFEHFZE T, HUREIRIZE T 2 RSB OMRE - HLC B9~ AR KUT C
WD, FENIRFEE O LA BN BB~ Lz, Lo LAMEEN A
{HEL 7o 2Rl Ze vy, EoMikER & L CUIEBEEOEFEREZE > T0DH I & Lk
NTHLN, BEERCHMBE L AR TH D, 2 RERE T, HIEHN TOREBIEN
ROLNTWD, FOEDITIET7 I — - 77 AZRHEE LN S, EREEEBICET
HEERE I T O T IUE, SRR ERT — A 2RI 5 2 L RREEE 2D, 20
SUCBE L CHBRIE. 2 IREREIZ T 2B OFRE D &k BT — 7 (I DWW TOFER
BRICOWTHIERE Z1T-> T\ 5, T2 T2 RESHE & LT o R E sk o 28 4
EERD EF TN, 2 LTEORRENS, Fi~DT 7 B A& SVEIC LA S b,
ERIZZOHELZEHEEMWITHZTWD I ERHLNIENTND,

TNHEEIFIE A £ 2 7 ECARE T, ORI X 2 1B IRGE I &3 SR s, Mg Re
AR TFREDNEL 72 o TR AR IS 1T A IR A T D BT, HUs R IC BT S 1R
P BA OFERE > FH. BN ) JEE P RO RO RO IR 2 P15 R B RS & B 72 R OB PR R
TEBEEN 2 1 O SR & OMSRE /S LIS 2 EERMBI ~ D 7 7 & 2 ORPUE % FFo & 3t
ICZF DOV —ERZEHETHH HHIBEROEMRICE L CREMIE 21T - 72,

5. Fik
5.1 FR&E

AW IR 255 L LIEMEEZ O ERE 21T - 72, Wi aE & IR hife
FEFH Q0 mLl b, Rl E NA— D AFTEIEFR<L,500 A& L, FEFTER K4 TR aET
BT DR B ME BRI B MRS (T L7276,

7Y T A M 20 MR L TATV, BINZEIZEF A O &, KB, BRI O %Y
P, HELZELTEREHLTLLWL, TNESB L L GREZEAEEL, Z0%, bf
JERTEE & ILEER O P A 2 LB KPR A A M PPN m B R A s L, oF
FEMAEDOAKR 2T (mPRE AR 75 26-002)

A E TR AT 2015 4E 1 H R aIcEiE L7 (O E Bk . OB, HE
IS, A, RERAEFE A RE L, 504 o — I OBRE S LAk LT, K
EO%isiE, MAaEH&EITE Lz,

AL T = A R — MIEBWTHR, Fiin, TEE., ZIEMER, BEEZRNTWD,
BORBEEIZM 1225019 O 19 B TR SN TR Y . ZONM 1 2250 18 £ TI®i
oo OER E U, (19 13 TREEESFRPEER L OSSR 2 i & U7z filkyE P kic B L
T, THHICTEAZBEELEE W] EHHETERORIZE L L,

N

5.2 FRASEIRE R



Bk SNTREZIL 799 HCTH Y | BIEIT 53.3% Th o7z, MRIORINETIX, Fik
23 51.3%., ZlED 54.9% EVERNC X DRIBRICKRERBTIR LN o7z, TEHXB]O
EURCliE, IHRFIHIX A 53.4%., [H/S HETHEX S 53.6%., [HHEGIRHIX2Y 52.7% & 2 2 C
HIEERICKEREZIR SN2 o7, L LAERBIOEIE T, 20 1823 31.6%. 30
23 35.1%., 40 1823 39.7%., 50 X723 57.5%. 60 1823 67.2%. 70 X743 71.0%. 80 1%2% 68.6%
ThHY ., FREEL R D1E EEIEN G < 72 2 /o7,

53 SHAENS
R O MR B3RS 1S O b 2 18 Uz, EIEFEB ORRE 20 32 1S 37 2 Ml R o &%
EPALDICTHIENABTOENTH D, 2 THRTIITiLD 2 o0& ME1T-72,

M a. FPERSEE I X7 2 R

FVE AR T B ISR RR & S EER A BEFEORPE (P & IZRFHET,
ANHIRBE, SHETREE, %) & TR ORMT HER—CAOKEIN R D L)
W20 ETB, ZORETHEMTTN? (1 HLRN~5FH>TWND)

R b. JHEEERERE S HOES
ZO XD REFEEBEOBOEEOSIZE LT, HAa R TcT»? (1. X
xt~5. k)

FIZ BTN L 52 2R & LT, B — B ZITKT 20 R & Hi BRI B R 73
EZxzondt, o CHFICEL TR, FROBMEEITo7, EBEFICE L QL. mIE
FOAEJEH & @R & OBIRD D F OHER 21T 577,

i c. BEESRBERAIT 4 2 i 2 i
BHIRT=DFIH L TS R TOEBE —E 2T E L TWEF2? (1. &
fiti~5. i 2)

6. ik
il a ORPEHERE I3 238 E) 1T DR ARIER 1 1R LT,
M (T anzwng & 2. F1. JEBEHRE S H IS 5 R E

.\ " S—t ho~s— | BFE N—
RGN ) | BIWED EEbs, £ L | ke | g |0 F R |RES
) 2 124 15.5 16.7 29.6
HoTW5b| ) BELXKBEITHL, 1FIFFH 3 249 31 33.6 63.2
L/< 300))%@:%75)7}%(1/\50 L22LZh 4 131 16.3 17.7 80.8
5 142 17.7 19.2 100
AR R« 205% K & 30X, ozt 741 92.4 100

ARG« 40m% 1% & S0REAR. @B - 60nkft, (1. ABARWVA~S FoTnD)  n=74l
T0REA & SOREMY) 1T TAah LaHIC A S R Clns (£2) .



WIZ[ b (RBERERE ST

®1. EREELBAE

HOB®) (T DRR

aRE
: 3, 22T Pl e [ BEVE S BOE[L S LRSS ot A
THoHN, T TiEfa st | 20 D s | e .
ZBWT 13, ez e 28 33 38 16 16 131
LiEbs) . T4 La | 0 meses | s g g
HSTUND | [5. %1oC Bk 2 36 60 45 53 216
A CER L ) ) .
VB LA LTS Ak o s T I A
. . Jigd 45 53 149 69 73 389
gLl 2ofRER | w0 W o
L/f:@ﬁ)i% 3 Tabéo A% B 95 122 247 130 142 736
i XauEkt (M kb & T2, =736, d=8,7=32.51, p<.00
Rt ) 23231%. TE BB EHF 2720 2330.8%,
#3. WEHESHOBRT
Z L CHEMA46.0% (T4, OB & 150 B ) [gpml mx |t B0 [R5 —
— b b | b
Lo TRY, BRIRPxIRE KX < EE\l>Tn5s ; z; 122 ]‘;2 zij
ZENRGMND, L, I ZTIAERBEERIC L DR 3 159] 308 308 541
4 122 23.6 23.6 77.7
MR A B TRV Enewy (324) 5 115 23 23 100
aat 516 100 100
FBbIZBWNT Thixb) (. Bxb) & 12, 00 (L mx~5. B =516
xty ) LRI L FICE R4 FHRBLEHEEBREIEORSE
O AZF: R THz, FSN PBHAE N OBE
) RPSAY) =
< % )t 2 4 /EI\E
ZFOBRTH D, b8 Lt ’?;f}i e ’i;:ﬁﬁ S sk t
(5. YORpTHEH _ A7
] i 5 7 12 19 14 17 69
OIRFEICER AR & 9 TR s e 4| 03 o6 01 05
CZFANTIELLDD | pEg R o T R e N N
S TR a0 08| 24 13 11
(37.0%) & 2. fIHK . s 11 st 102 64 s8] 286
i~ e | Awms | o ad ) an
- e R 2 ol s8] ] 1] i
FONTNS5] (32.8%) 1513, 4f=8, 12=1432, p>.07
EDOREREL, WEEED #5. 9 % B AR 4 #H o> | Kt B
BHHETEEBLZAZ LI BRI ¥ Nt | B | BB
1 14 11.8 11.8 11.8
w5, 2 39 328 32.8 445
yka:ﬁ:ﬁ c (E%-{j—»— Bz 3 5 42 42 48.7
N m . 4 14 11.8 11.8 60.5
O ) 1TxtT HAERT s " 37 7 o
HDHMN, T TIHBEER 6 3 25 25 100
*%%Fa'?]&l?ﬁ%)ofb\éji%:% & 119 100 100 —
-
DXGE Lz, £6MBED 1. BAESHEHEEECARSOBEDS I ARLELEFH M0
HRCH D, (4, 000 IE 2. MBEBHEE~ZBIRPLBEBLSDATHDIND
R 3. BEFEORBEOHFREBRET B OICERLTHD DD
& Is g Zabtide 4. RBESFEE~TREERSTECTH Y BRI B0 2 5
S5E|ZHZ D, FE Xt 5. EOFRETHLBAEORBIEHARLZSALLICZETANRTIELLLD
6. ZOfl




. . #£6. EREECHT 5 EE
Mz T R & 12, RO 136

} o oo [BD Rt
BT 1B LA, 7 SRR I & lg*”ﬁ Ex _ ’”3“7 b | vk
AR, W L OMEREERIC S 5 3 67 67 10.4
WTCHEHI R EEZIIR SN o T2, 3 174 377 377 48.1
4 124 26.8 26.8 74.9
RBICHIBIERTH D08, ke LTk 5 116 25.1 25.1 100
. BE 462 100 100
At R A EAZ BT Z LIXTERP272, (1 fE5. BR) =462
L2 L ZE LW D EmEIc R e d & 2 ClIMet A8 E52 D LN TDH,

RNIENZEZRLTWD,
*£7. FBEHLE EBRBEE (60518 ~805%1%)

BT - ABE L CTUL D95 BE
Hihvass I S, RN
[ VAN N I ERVA N . A=
SRt NESvivi Ny i ErRENL) | AR | BREEENE | oy E
= i T 955 e N AL SayepT >
o | e | P e | L0 e | e | RO | R0
i o
e 9 1 1 0 0 2 0 6 1 20
U R
JHHEYE Tk 1.4 2.6 -1.6 -0.4 -0.3 0 -0.3 0.1 -0.8
. HEH 17 1 0 0 0 1 0 2 2 23
MPEIES e e 47| 24| 23] 04| 03 1] 03] -22] 02
R 18 0 0 0 0 1 0 2 1 22
fay A
FI A AR B SE 5.4 -0.4 23 -0.4 -0.3 -0.9 -0.3 2.1 -0.9
BEF 11 0 1 0 0 1 0 3 0 16
A
PP e e 34| 03] 13 03] 02| 05| 02| 09| 14
18 8 0 3 0 1 3 0 6 6 27
I PN i
P AL e -0.1 -0.4 -1 -0.4 3.4 0.1 -0.3 -0.8 2.2
e e 9 0 2 0 0 3 0 4 1 19
< Hi
E REHE FHHE G I 1.6 -0.4 -0.9 -0.4 -0.2 0.8 -0.2 -0.8 -0.7
e P JEHC 3 0 2 0 0 2 0 7 3 17
o
IS e 2 pes 12 03 0.7 0.3 202 0.2 0.2 1.1 1.1
IR 13 0 21 2 0 9 0 27 6 78
< T
7S T X TR I FE -3.1 -0.8 2.3 2.5 -0.6 0.4 -0.6 12 -0.8
i1 2 0 4 0 0 2 0 7 2 17
- [ Hi
LMk SRR Y A -1.7 -0.3 0.6 -0.3 -0.2 0.2 -0.2 1.1 0.2
9 Hi X FESC 2 0 8 0 0 6 1 14 6 37
g SRHE G 35 -0.5 0.6 -0.5 -0.4 1.3 2.8 1.2 1.3
L 7 0 10 [ 0 1 0 9 3 30
Hh
L b b SRHE Y -0.9 -0.4 2.3 -0.4 -0.3 1.3 -0.3 0.1 0
L 2 0 8 [ 0 3 0 9 2 24
1
FITHX FHHL G T 2.5 -0.4 2 -0.4 -0.3 0.4 -0.3 0.9 -0.3
&l SR 101 2 60 2 1 34 1 96 33 330
n=330_ df=88_ x’=153.69_  p<.00
7. BE

M ERUEOR T FFSSEEO R I VWolexy hT—Zfkizxi LT, R
DU Z TWDONET 7 — Mt Z2E U Tz, MR OMRE S O ME
WRL T Mnnwyy o THnwWeZ tildds) . Mo Tnd ) &2 3EI%Z DT
BY, FEROBEIE3I SOBEIZHhin Tz, L INEEmBIZYT DL, HHEClT
7] | FERETIE o Tnd) . ZLCEMERE I W2 endbs) &
DRIEP A EEZE R~ LT,

B RE D OB I LI TR 28 23.1%. [ E B Bk 5 2720 48 30.8%,
Z LT k) 2346.0% ChHotz, I THHERBKxZKE L kAlo7z, F7-4EimER
TORFAEBEAITR IR -T2,



ZZC It ERELERICR LT, oz ahns e 5. CPORBECTHLEFED
WEEICERACFI U L2 ICZIFANTIELWLAS ] 37.0%) & T2, fBEsHEHE~T
IR LE SN THDE b (328%) LORIZENEL., MHFEGbED & 7THE
25, ZIUTEBREEDNEE - MAERZH S TWD 2 b, BEDRIZARE TR
WIRD Z I ANZES SO TRV, EORLERNTND EBfiFT 5 LN T
%,

ZWATENCH 2 D WBEOOE DL L TEREY— AT 2 EEEZ T B 7228 R
i) ERE LI BEThHLOICR LT, Hid) ERE LT sEZ2BxTW5D,
ZORERMNS . MO ERICK L UIFERORFHE RV 2Lz 5,

FIZETENC G Z DM E L U TP ERZ Y B, 2 2 CixEns B
CamPEEE & ORRN DHER A L=, &fkE LCiE, Mt aEEirEngeroz,
L2 Lilifea LW 2 Eiind EIcB LTk, #tMaaEEEz il enTEi,

VR I 1T D HUR RO, Z O T b EEBE A i L LIZANERBED R v N U
— 7RI LT, s L TERNSITHEENRIEE L7, Loy LEind 8o RT
B2 O R HL & BEAF OB 90BE & O Y i< | I K o TEPET 2P Ebh 5 2 &
PHAMEPHEZ L Z ENBEESR TV,

51 F 3k

(WFFEEEE M, TEIRERBEERIC ST 2ERY A R0 b OEBRIE—EBR SRt a & Lz BRI
Berma x4l LC—1 [HARER - HRER7a8E] | 2012,49(4):27-36.

(2)¥8 548 HP(www.soumu.go.jp/)

3)EAE F7 {84 HP(www.mhlw.go.jp/)

(4)#778 . HP(www.pref niigata.lg.jp/)

(5)EE#a 78 i HP(www.city.minamiuonuma..niigata.jp/)

OFRBEELREZES, [FABEFRL] B8 A ME MR - FIRE, 1997

(DFEERH, THURER &b — RO e oA 65 2 5 — ) TAFIHIRES], 2013b, 27(10) : 875-879.

@) =HE &, THUER SR AROHORB L ERE ] [HFIMRES], 2013.27(10) : 871-874.

ORI, THURT T - v A7 L0BA L B [t ar%E] , 2003,73 @ 89-110.

(OFAARR T, THIROMRES 2 BOHIRE#ZEOKE) [TREEFESFHRE] , 2002,13(2) : 39-43.

(KRB, THISRE S 2 EF T 5 — kR E O S~ b — v 7)) [RBERLSFHRED, 2002,13(2)
32-37.

()R BEAE—, THIRIZR T 2 ER - fREE - BB & —REFE ST OS5 5 — | [Nurseeyel ,
2006,19(1) : 13-25.

(1) EE, THHAHETICE T 2 RE T — e 208 [MRAEERESFHmED , 2001,12 1 69-75.

(DA RE, THISREOMEBRILE O < 2 EARME - EREESENT 7 —F 20— [ARHE
4], 1975.39(5) @ 313-319.

(ISFAERL,  TEREEHIRIC ST 2 EEERM S 7 ORI —E3 R KT BT DIEBEB BRI D
Rapint—) [Herge] , 2013a,92 @ 91-113.

(16yIMEAF, THIES 77 o AT LD R 5 ERIO&EE —REHREAF OFFE—] [EERT
BAEFHUIESRE  ACEED , 2006,55(1) @ 69-78.



W7yhMeEEE, DEFRRBRRITIZET 2HIkEiE 7 7 o A7 A0 & B —BIRITE — [fa®
el , 2013,92 : 15-38.

(18)kHH, THUIKHIBARDLEE &g T - 2 A7 L —RBHE EAKNEVN IR O] — ) TEaFr%e],
2013,92 : 141-161.

(OBHEFR - KIEFE, [EBRATEEESE OIS SEEME) [HEasiFm) , 1972,23(3) @ 25-50.

QOYIFRA F - /NREAF,  THURER ORI — s R AE T oRe — ) [ E KPS s
ANCEZD L 2007,55(2) @ 25-35.

QDT EFH—ER - NEFRESC, [BUREFICH T 2 MEHE] 2OV TOFEIEITZE] [BREE], 2005.6 -
27-46.

JE

FE 1 TASDRBRECEE OREE ) DN LR, RBP4 5@ 9 2 M A LRI, TRk 20 4F B RIS AR B
BHET T UERE L, FREFEREOEEITREMIZR A 0L TWD, &I TIER
HERhEAL (BASFHBENH O OBRENCESE | FRICK L BEEOEREZMREMICIREE L T W7ol
VX, B OBEEERTESND ZENRARTH D, ZOBEND, EERRERIZEIZ oW CHE
2B, BEOHELERD L) | B -y NV —27 1 GEFEDOASIHBED I LVRRE RIS
BN OBERE, S OITITEMBERN R OLEEEZHE 2 D L, HIRSE CHLERERY —E AN
RIS L5, Hillk ICB T 2AFBiE . OPERER 21TV ERIRE ORUERE 2 F 5 KN
Bt & @EEEIFRLY O EATYRIE Shk % 72 3B & % 0 A H I IR 21T O Bt - 29I~ & Him
T DEEHIZ, ZTNHDOFRy hT—7{LEED TN T L) | BREFERORE L (REMNRE LD
BMAERDBAENG ., Bl 2T RSATBOE MU EE B EHE OB AR L2 LY | REFRELZLD
Z1E0 REA~OBEEFEESLDHEIL L2 GO HEOIEY HFEHRANICRET Z L) BROENTND,
FIWHET T AT AW EI RD 3 ODOHED O b EENRIAR DER I ONT 1E SERE,
BiF- >y U= 7RO ETRED RIE UIZ AR D EMFHENZLR 52DV T b FREE O IR 2 Xt
SLLTRET DI LEFEEL TSN TND,

2 KnEEEAEY & — « BISLRFEBE, BTSZRR -t o & — | Rl #EE NS — L\ A

N . ‘ - ERES (R R
3 FUBEC 331 2 ol R
' REIRIC B 5 IR RREBRTE (KA. BEER) 251
KT, EEOHRIDOT-DITHTD BTN & PR 80 50
e e A A - B BB S IR 383 134
£ O IR ED IR TDNI, FARTE T & <12 K 199 40
E A4 BT REMENS T M D EzLiE 220 220
o . o S8 BT+ F BTG 275 275
S EEE ST A BIRIRHIT OER HRER A 118 118
FHF— B R ICHRERE LD = & KEETERE GRBRY S BARHY) 199 140
o BRI REER Y v 2 — 90 90
i LTb\ém)" it 1,564 1,521

1 5 AR HIS AR 22 E~ OB AL S DD X2 A FRFEET L 2 L 2EfH LT, OfFEE
BRI QEMSEER QREFTEER @FHE FEY OFERFERNEINTH D, Eioakiz
DT HATE I ER O gtk 2 fai L v,

6 EAITMAELMHEIC X D, FRER (N) 1260316 A, BREE (e) 130.05. BREMOLE (P)
X 0.5, FHEZEKIZ095 L LTCWD I b, AR (n) 138416 ALLELD,

TR DY DITFEIZZTHE Lo TWHEBEE LTUE, 1L L ErDL, Z@BERIZNG] | 2
PN TEFRIHSCHEMAEN TS5 | 30 TARBMEETE L6 BEF LN TNDEY,



Verification of integration and restructuring of municipal hospitals from
the viewpoint of residents
- For the case of integration and restructuring of municipal hospitals
centered around Uonuma kikan hospital -
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Abstract :

Regional healthcare reforms have rapidly progressed nationwide. Wherein even
have problems in profitability, there is a pressing need to re-organization of the local
public hospital. We took up the regional healthcare reform in Niigata prefecture,
Uonuma sphere of that as an example. In this paper, through a questionnaire for the
residents, it was examined how they see the networking among the hospitals by the
reform.

As a result, for the network of inter-hospital, opposite was 23.1%, neutral 30.8%,
and approve 46.0%. The residents with approve overcome the opposite.
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Reformation of Regional Medical System, Integration and Restructuring,

Uonuma Kikan Hospital
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Abstract :

The Late-Stage Medical Care System whose members are over 75 years old began at
2008. This system is financially supported by the main other 3 insurers. The problem is
the distributive equity among the insurers. I try to see it with referring to game theory
based on the profit from insurance system in this paper. The result indicates that the
Late-Stage Medical Care System is not in distributive inequity.
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