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ABSTRACT

Development and Shifting of Carbon Dioxide
Absorbents
Toru Sato, MD, PhD, Professor emeritus,
Tottori University

1. How soda lime (calx sodica) does act to ab-
sorb COg is apparently depending upon a very
quick physical adsorption process by the very
wide porous active surface at the first stage,
and then puts on the end to CaCQOs3, by chem-
ical neutralization reactions such as

].) CO2+H>0 O H, COs3,
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2) H2 COg 0 2NaOH - Na2 CO3 [l QHQO, and
3) Nag CO3 O Ca(OH); - CaCO3 O 2NaOH.
Thus, the total absorption process is a com-
bination of adsorption and absorption called
Sorption or chemical adsorption (Chemisorp-
tion).
2.Regarding CO4 absorption efficiency (O ) in a
(semi-)closed circle anesthesia system; i.e. ab-
sorbed COs ratio from COs upstream in the
expired gas to COy downstream after through
the canister intermittently, the CO5 absorption
speed plays a more predominant role than the
absorption capacity of COs through the COq
absorbent layer in the canister.
3. Previously J. Adriani’s statement that,
when tidal volume of the patient is equal to the
air space between granules in the absorbent-
packed canister, the optimum efficiency should
be obtained was widely accepted, because it is
likely to be understandable as such that COq
in the expired tidal gas can be absorbed by the
absorbent during the pause due to enough time
available for absorption. But this theory should
be applicable only in the To & Fro absorber
system where COs absorption stays within the
tidal gas exchange zone, causing the gradually
increased the dead space. In the circle absorber
system where the expired gas moved intermit-
tently causing the CO5 absorption zone moving
downstream in the canister, the situation where
COs is absorbed very quickly by the fresh soda
lime as above stated in 2. should be quite dif-
ferent. The relation between the CO5 absorp-
tion efficiency(y O ) and the gas-absorbent con-
tact time(t sec.) is expressed by

y =100(1 0 1/akt),

where a= 4 and k= 10.
Only 0.1, 0.16 or 0.3 sec. is required for absorb-
ing 75, 90, or 98 O of the original CO5 concen-
trationd e.g. 5 0), respectively. When COq
starts to leak out during the pause, excessive
CO; already passed through the canister.
4. Free water is essential in the neutralization
reaction as stated in 1., and the optimum initial
H50 content is found 130 18(w/w) O in soda
lime. With less moist soda lime than this range,
CO; absorption reaches a lower peak within a
shorter time. With more moist soda lime CO,
absorption becomes slower, because excessive
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free water covers the active porous surface of
the absorbent. High heat generation by ad-
sorption and neutralization reactions can evap-
orate a majority of water in the absorbent and
the moisture moves downstream by the heated
gas stream. Thus, the drying zone of the ab-
sorbent layer moves downstream with the COq
absorption zone, and the absorption ends when
drying becomes complete from upstream, while
the downstream absorbent looks wetter due to
condensed water.

5. While original soda lime like Wilson Soda-
sorb® or Wakilime® (19540 90) used to contain
5 0 NaOH to accelerate the CO5 absorption
reaction, most brands of soda lime became to
contain more KOH than NaOH as a stronger
base, to improve the CO5 absorption efficiency.
6. While Baralyme® (barium hydroxide lime)
originally contained 20 0 (dry base) Ba(OH).0
8H-0 only, instead of 5 0 NaOH in soda lime,
it became to contain more HoO up to 120 15 O
(wet base) including free water and also contain
50 KOH to improve the CO5 absorption effi-
ciency.

7. Halogenated inhalation anesthetics like
trichlorethylene and chloroform were easily
broken down to strong toxic substances like
CO, phosgene, etc. by strong bases contained
in soda lime. Therefore, they were out of the
modern anesthesia market.

8. Prior to sevoflurane on the Japanese mar-
ket first in 1990, it had been known that it is
easily degraded to nephrotoxic (on rats) Com-
pound A and etc. by soda lime. So we
deleted KOH from Wakolime® to make a new
absorbent named Wakolime®—A(Ace) contain-
ing 4.2 0 NaOH and no silica in 1990. While
degradation of sevoflurane was markedly de-
creased by Wakolime®—A, levels of Compound
A in the filtered gases were not always found
much less, or sometimes found even higher than
Wakolime®. Therefore, we planned to delete
NaOH also, and made a patent application
from Wako Pure Chemical Industries Ltd. on
December 24, 1993. This was registered as Jap.
Patent No 3433493 on May 30, 2005.

9. Since 1993, a few cases who developed el-
evated CO-Hb after desflurane, isoflurane, or
sevoflurane anesthesia, especially with anesthe-
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sia machines which had been unused for 200 3
days after such anesthetics used, were reported.
Investigations demonstrated that CO(carbon
monoxide) can be accumulated in desiccated
CO; absorbents containing strong bases with
-CHF; type anesthetics.

10. On Nov. 17, 2003 Global Medical Direc-
tor of Abbott Lab. USA announced worldwide
in the letter to Dear Health Care Professional
about awareness of reports on fire and/or ex-
treme heat in the respiratory circuit of anesthe-
sia machines when sevoﬂurane(Ultane®) was
used in conjunction with desiccated COs ab-
sorbents. It appeared on MedWatch by FDA
on Nov. 20, and its Japanese translation was
.shown as a medical treatment safety informa-
tion by NTHS (National Institute of Health Sci-
ences) -URL in Japan on Nov. 28. 2003.

11. Ministry of Health, Labour and Wel-
fare(Japan) requested awareness of the dan-
ger of abnormal heat generation and ignition
with dried absorbents in inhalational anes-
thesia through each prefectural administrative
division with the official guidance document
No0.0906001, dated September 6, 2004 to the
related users, anesthesia machine manufactur-
ers and importers.

12. APSF called expert-anesthesiologists, re-
lated manufacturers, etc to discuss these prob-
lems on CO; Absorbent Desiccation Safety
Conference in Chicago on April 27, 20050
While fires in anesthetic circuits had been re-
ported only in association with sevoflurane ex-
posed to dried Baralyme®, which was already
withdrawn from the market, many evidences
were shown that extreme exothermic reactions
caused by dried soda lime and halogenated
volatile anesthetics such as desflurane, isoflu-
rane, and sevoflurane should produce toxic
products like carbon monoxide, compound A,
methanol, formaldehyde, etc. Such dangers can
be eliminated by the use of absorbents contain-
ing no strong bases. Amsorb® Plus(Armstrong

Medical Ltd.) and LoFloSorb®(Intersurgical
Ltd.) are available on the market, while their
patent applications have not been approved in
Japan.

13. After Wako Pure Chemical Industries
Ltd. stopped manufacturing Wakolime® A in
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2008, Yabashi Industries Co. Ltd. took over
Japanese Patents Nos 3433495 and 4689417
to develop new absorbents containing nei-
ther KOH nor NaOH called Yabshilime®.
Yabashilime®- f(an improved type, named af-
ter its floral shape) is now on the market,
and its distinctive features are as follows; 1)
No degradation of sevoflurane, 2) No dan-
ger of generating CO from degraded volatile
FoHC-ethyl-ether type anesthetics like isoflu-
rane, even dried. 3) Not generating abnormal
heat. 4) No powder formation. 5) Due to its
floral granule with 4mm max. diam, it does
not pass through 4 mesh or punch-holes at the
bottom of the canister. 6) Due to its floral
granule shape, it does not stick to the wall of
the canister. with condensed water; Easy clean-
ing. 7) 1L size milk-type package made of rein-
forced papers is handy for use, and is also easy
to be disposed after use. 8) Carbon dioxide
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absorption efficiency is equal to those of con-
ventional soda lime. 9) Granules change color
to bluish-violet when desiccated, same as when
exhausted.

In place of NaOH, Yabshilime®- f contains
a bit of NaCl. Therefore, it is a new kind of
soda lime without strong base contained, for
ultimate safety, and can still absorb CO5 as
quickly as conventional soda lime due to this
trick (JP No. 4689417), supported by the
large porous surface to improve adsorption, etc.
Clinical use of Yabashilime®- f is strongly rec-
ommended to prevent all possible dangers in
inhalational anesthesia at modest cost.

Key words:

soda lime. Baralyme, Yabashilime-f, car-
bon dioxide absorption, adsorption, sevoflu-
rane, degradation, carbon monoxide.
Correspondence and reprint requests:
e-mail: satotoru@orange.plala.or.jp



26

goboooooooooboo

guoouooooooon
—gooobooooooon
goon

goon

gooo
co,.00noonoonoonon

oboboobOobobobobooooooon
obooooOgon 20110 70 130000000
oboobooooooo40000000000
gosooboooooooooobooobog
uboboboboobobobobobobo
gboooooobooboboboboboba
oooooooobooooooobooooonoo
gobooooro21000000000000
Ul ooobooooboooboooobog
bobooboboboboobobobooba
oo "0oobo0oooobooog

ooboobooco,0nounoon
gboobgoboobon

oboboobobobobobooooooon
oooooooboooooooeoooodg
goooomoooooboogzoe8bo0d
0000000 Y0300000000000
o400000000000D0ODODODO
ubobobobooboboobobobobo
gbobooboooobooboobobobobo
oboboooboobooobooboboboboobo
oooooobooboobooobooobooo
uboboboboobobobobobobo
boboobobooboboboboboonba
oboboobobooboboboboboooo
goooboobooooobobobooogooo

OO0 co,.00boonogn
gobobooooon

2008000000 20090 30300000
bobooboobooboboobobobobo
gbobooboobobobobobobobo
000 (CO0O0Oo03030010)0000000
gboobooboooooboooooooboooo
bobooboobooboboboboboobo
gbobooboooooooboobobobo
obobooobooooobooboobooooonoo
oboobooooooooboobobobobo
000 (DoO0)oboooOoooooooooo
obobOooobOoboboboboboobo
oboobooboobobobobobobobo
oooobooooooboooogoo

oobooOooo14os0b0000000oa0n
(000OU00Oo0Oo0oo0ooO)oooUooooo
000000 (D0ooO0)ooOoooooooo
gboboobobooboooboobobobo
obobOobobOobobooboboboono
00 10!/00000 Co,0000nooo (oo)
000000 (00)00DcCcUuo0oooooUoo
OoDO0ODOOO00000000ODO0O0 AxO
(00D0)0o0000DoOooOoUoOUOoOO (oo
000000000)00000D0o0000o
booooooooobooooobooboobo
gbobOobooooboooboobobooooo
ooooooboooooo A,000O00O00OO
OO00o0O0Do0o0D A,0O00O0O0Oogoo

oo0o0ooooooooboo0o0ooooooooOoOoOo0OO00oooooooobo

00 000 O satotoru@orange.plala.or.jp



gobooooooooooon 2011

oo cCcoooooooJsBe2600 00O
00000Y0000000000000

000(0)00000000000 (PMDA)
020090 1000 PMDAODODO OO No.13
ODO000000000000000000O0
000 1)00000000000000000
0002 00000000000000000
000000000000000

00000000000000000000
0000000000 (00000000)00
000000000000000000000
0000000000000000000000
000000000000000000000
(000 ADO0OOO?)0000000 (000
000)000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0 (000000)0000000000000
000000000000000000000
000000000000000000000
0000000000000000

O000oo0ooOoooooOoo (oo)ooo
00019930000 JIST 7101 000000
ooboooboo0ob 3000000000000
obooooob20000000b00ob00oDag
uboboooboobobooooooboba
oboooooboobobooboboboonba
gbobooboboboboboboboobo
ubobOoooobobobooobooboooo
bobooboobooboboboboboobo
oboboobobooboboboboboobo
0000 A, 0 (00)0D0OO0oOoUooOoooo
O000000-00000000 A,0(00)OO0
0000000000 A,0 (ODO)ooOoOoo
obobooboboboboboboboDbo
obobooboboboobobobooboobo
00000 25kg)0000000O0O0OOO C

27

0000000000 (hanging yoke) D000
000000000000000000000
00000000000000000

000000000000000000000
000000000000000000000
0000000000000000000000
000000000 (CO Pin Index System®)
000000000000000000000
000 A(000 A 00000000000
000000000000000000000
000000000000000000000
00 CO000000000 A,0000000
000000000000000000000
000000000000000000000
0000000000000000000

obobooboboobobobobooobogoon
ooooooooboo coooooooooo
gbooboobooboobobobobobobo
bobooboooooooooboboobo
goboobooooooobooboooboon
oboo0300000o0ooooooboooono
00CO, 00000 (O0ooOooD)oopooo
boboobobobobobooboobobo
000000000000 Ambubagd OO
oooooooooooooooboooooo
oboooooobooboboobOobobobo
ooobooooboobooooooboo

obooooooboobobobobooobogo
boboobooboobobobobobobo
goooooooobobooooboboobooooa
oooooooooooooooooooooo
gbooboobooboobobobobobobo
Oo00oQoo0O co,00opoonooooponoo
O0oOoO0ooooOoOoOg co.obooooo
obooboooboobooboobobobobobo
00D0®00000000000000000
gooo

Thttp://www.info.pmda.go.jp/anzen_pmda/file/iryo_anzen13.pdf



28

co,0gnoopooooonog
gobooogd

oboboobobobooboobobooobooon
ooooooooo? ooooooooooo
00000000000 000 38910 (19980
11021000)00000000O000O0O0
0000000009 00000000000
ubooobOooboooooboooboooon
000000 (Doo0)00U0oooo 2600
00000000000 (oo9nouoooon
000)000o00o0o0oo0ooD 410000
gbobooboobooocobooboboooooa
goboooboooboobboooooboooonon
gboboobobobobobobooboobo
ooooooooooooooobooooog
boooooooooboobobo 20010
oboobooomoboooooboooooa
obobooboobobobobobobooo
O00o00oO0ooNOOOODOOOUOO (UDoO
0000)oo0OO0 (0)ooboooooooo
oboooooboooooon
gooooooooooobooogoggarsT
72010 1976 D0 O00OO0OO0DOOODOOODODOO
O000000000o0OoOO (0.000N00
0)0O0O0OOOoOJIS T 71019 0 199300000
000000000000 (ooooo)gJis
T 711101993 0000000000000
0000o00o0ooU0oO0ooOooOoooO (ooo
oooooooo)o
oboboobOobobobobooooooon
uboboooobobooooooboba
obobOobobOoboboboboboona
Oogoco.00oooooooobooooon
oooooooooogo
ubobobobobobobooobooobooon
oboboobobobooboobobooobooog
oboboboboboboboboboobo
uboooobooooooboboooboooa
O00000 AmbubagOOOOOOOOOO

goboooooooooboo

obooboobobooboobobobobobo
goooboooobooboooooooo
oboobooooboboboboboooo
gboboooobooboboooobobod
0000 (0000000 co,ouoooon
000000o0)ooooooooooooo
ooobooboobooboboobobobobo
gooooooooobobobooboooooooo
ooooboooooboobooooooo
obobooooboobobobobooogon
gbooboobooooooobooboboboobo
gbobOoooooobobooooboobog
gooooooboboooooboooobooo
obOobOoooooobooboobobooooo
0oo000oooUooUooOoooo(o)yooo
ubobooobooboobobobobobobo
goooooboooooooboooooboon
000000000 (Dooo)oooooo
obobooboobooboobooboboobobo
gboooobooooooboobobobobo
boboobooboobobobobobobo
ooboooooooooobooobbooboon
oobooboooobooboooboogobooobon

co,0unoonponooon
goboboooggn

000000000000000CO,000
0000000000000000000000
D0000000000000000 CO,00
000000000000000000000
0(000000)000000 (0O000)00
0000000000CO, 000000000
000000oO0DoOooooo

000000000000000000JIST
70113 0 JIS T 71117 0 199700000000
0000000 DISS (Diameter Index Safety
System)™® 000000000000 O000OO
0000000000000000000000
000000000000000000000



gobooooooooooon 2011

e000000O00O0O0O0OD0OODOODODOO
gobboooboooobbooobobooo
goboooooboobooooboolebod
oooobooooon

oooooooooooooooooooboon
O0000poooOoOooo co,00ooonoo
OO0O0OoooooDIssOoogooogooooo
0DISSOO00000DOOoOooooo 90
00000o00o0oUooUoo (booooo
OO0 1MpPaOODOODOODOOODOODOOO
1015 MPa0 0000000 0OO)0000OO
04MPa(400)0000000O0OOODOO
oobobooooooboobobbooboobog
oobooooooboooooboooobog 180d
oboboobobOoboboboboboonba
oboboobobobobobobobobo
ooboboooobobooooooboobg
gboboobobooboboboboobooona
obOoboooooooboooooooboobo
ooooboooooboooo

ubobobobooboboboooogo
obobOobobOoboboboboboona
obooOooboobobooooobobDonoo
gcoooooocooooooooooooo
uboboboboobobobobobobo
oboboobooboobobooboboboonba
oboboobobobobobobobobo
Oo0ooopoooooooooco,0ooon
boboboboobobobobobobo
obooobooooooobooog

O00o0o0o0oOoo cop,oooooooooo
boboboboboobooooooboooba
0000 co,obooooooponooonoon
000000000000 0ooooOo (3519
O000oO0oDooo0oOoOooooogooco, 00
gboooboobooboobooooogooo

29

gbobboogobbodood

00000000000000000000
000003000000000800000
000000000000000000000
0000000000008010 (100 15
0)09020 (100 100)02000000
000000000000000000000
0000 (CO,00000)00 9030000
000000000000000000000
000000C0, 0000000000000
000000000000000000000
0020

00000000000000000000
0000000000000000000000
000000000000 1992000 900
000000000 200000000000
000000000000000000000
0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000 000000000000000000
00000000000000000000O0
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
oooo

00000000000000004000
0040000735100 CO,000 (00O 3.5
000005000 000000006000
0000 Cco,0000 10!/0000 (000
1000000 1500)00000" 00000
00C0,00000000000000000
000000000000000000000
000000000000000000500!00
1500 (000000000000000000

2http://chuo.kcho.jp/department /risk_management /co2.html



30

obooooboboooboobooobbobo
O 500 [0 1500 (0000 CO,D00onon
obobobobobobobobobobo
obooobOoboooooboooog

uboboobobobooboooobooogon
0000000000 (Doooooooooo
000000000000D)00oo Cox0
uboboboboobobobobobobo
obobOobobOoboboboboboona
ooo

oboboobobobooooboooooon
gbobooboboboboboboboobo
gobooobooobooooooooog 3.8
(0000000 0000DO0OoOoOg so00 0
OoO00oOoooo25kgdd0ol0oOOODO
oo0 1o doooobogooD 75 kg00O0O
O0040!/000000000 60000000
O0000030kg0000000 (DOOOOO
01.34000) 0000 Co, 0000 (ke O
ooooogo

CO, 0000000100 (1013 hPa) O
1.97g/10000025 kgO OO 1200 (O 7.5
kg0 OO 3700 (030 kg O 15000 /00 0OCO0O
obooooboobooooboboooobo
ooooo2s5000000000000000
oooooOoOoOoOooco, 000000000
oboboobobOobobobooboboona
gbobooboboboboboboboobo
gboboboboobobobobobobo
boboobobooboboboboboonba
obooOooooooooooooobobo
gbobooboboboboboboboobo
ubobooboboobobobobobobo
obooobOobooooobooog

ooooooooobbooooboo4000on
DoD@OOrP DO0D0000D000000O00
ooooODoOoOoOog o, 00ogooooboooo
goooooooorooboooooooboood
0000000U0Oo0ooOooooooo3)o

goboooooooooboo

oooooooboooooooooor"booog
COo,00000Uopooooooooobooog
gbobobobobobobobobobo
ooooobooboooooooooooooboooi2
000 100000000000 oo. 200)
0, 0000 Co,000O0Ooooooooon
goooooor"ooboooboobobobo
oooobooooobooon

oboboooobooboboboboobooon
000000 (D00o0Do0ooooooooo 3
ooooboooog 2000004000900
0000)0oOooooooooooooooo
00000000000 0DOOO0OD0OO0CO,
obooboobooboobobobobobobo
oooboooboobooboboobobobobo
odoooooooooooooooooooo
oboboooboobOoboboobobobobo
goboooboooooboooboobboooboo
oooboooboobooboboobobobobo
gooobooooboobooooobooon

tboboobobooboboboboobgon
gboboobooboboboobobobobo
obobOoboobOobooboobobobobo
gboobooboboobobobobobobo
0000000000000 O0CO0OO0OO0 CO.
gbobOoboooooooboooooooobao
obooo0o0ooocooooooo 2000000
gbooooboboooooooooooobo
oboooooo9boooobooboobobobo
oooooooOooooooooooooooo
obooboobooboobobobobobobo
00000o00o0oo0ooooo (Do)oooo
ooooboooooo

gobooboobooooooooooogoo
O, 0000000pooooooooDoooon
obOooooooooooooooobobo
Ooooopoco,booooooooogooo
gdooooboboboooooooobooooooa
gobooooooboooooboooobooo



gobooooooooooon 2011

00000000O0000000o0ooooon
0000000000000 000o0o0ooo
0000000000000? 0000000
000000000000000000000
00000000000? 000000000
000000000000000000000
00? 0000000000O00O000000
0000000000 0O00O0OO0ooOooon
Jooo0oooooooooo '©oooooo
000000000000000000000
0000000000000000 Cco,000
0000000000 D00000o0O0o0Ooon
000000000000000000000
0oooooo

gobobooogbbodad
gobobobooogn

0000000000000000007? 0
00000 (000)000000000000
000000000000000000000
0000000000000000000000
000000000000 000000000
000000000000000000000
0000000000000000000000
0(000)00 (0000000000000
00000000000000000000)0
000000000000000000000
0000000000000000000000
000 (V)DDOOOoOoOoOo (W)oDooooo
000000000 (TP),000000 (FP)O
000000D000000000000000
000000000000000000000
000000000000000000000
000000000000000000 oo
00"000000000000000000
ooooo

00000000000000000000
000000000000000000000
0000000000000000000000

31

ooboooboooboooboooboooooooon
oooooooooooboobobobobo
gbooooooobobobooooooobo
obobooboobOoboboobobobobo
gbooboobobooboboobobobobo
boboboooooboooobooboooooo
obobooboobooboboobobobobo
obobOobooboobobobobobobo
gbobobooboooboooooooooo
bboobouoomooboboonooooobo
gobooobooooooobooboooooon

oobooooooooboooboboooobooo

oooobooooo

oboboobooboboboboooobooon
boboobooboobobobobobobo
oboboobooboobobobobobobo
oboboooboobOoboboobobobobo
gboobobooooboooboobooobobooobo
bobooboobooboboobobobobo
obobooboobobobobobobobo
obobOoooooooooooboobobobo
gbooboobobooboobobobobobo
gbobooboobooboboobobobobo
oboboobooboooobOobobobobo
ooooboooo

gooo

0000000000000 00o0oo0000
0000000000000 00000000
00 co,000o000ooooooooonon
oo0o0oooon

1992000000001999000000000
20080 0000000000000 O0O000BO
000000oooooOoOo0oooooooo
O00oO000o0oo0o0oo0ooooooo
CoO,0booOoOoOOoOoOoOoOoOonoOoOoOononon
000000000o00Oo0oo0oooooon
000000000 (00 Edwards Lifescience
000000 Io0o0o00oo0oooooon)



32

oooooooboooooooboooooooboog
OO0 co,000ooooooooooooono
boboboboboboboboboba
obobOobobOoboboboboboona
000000000000000000 Ambu
bagO O CO,00000O0O0O0ODOOOOODO
Joooooboobooooobooon

000 COo,000000000000000
000000000000000000000
0000000000000 00000000
00 COo,0000.1000000000000
000000005000 (00000000O)0
0000000000 15000000000
0000000000001 0000 CO, O
0000000002030000000000
000000000000000000000
000 Co,0000000000000000
googo Y9 W¥ppooooooooooon

0000000000000 0000000
000000000 Cco, 0000000000
000000000000000000000
000000000 0000000000000
0000000000000 00000000
0000 Ygo0ooooooooooooooo
000000000000000000000
0000000000000000000000
0000000000000 000000o0n
00000000000o0o0ooooooon
00o000O0oooooon

obobooboboooooooooooon
gboooobooooooobobooobooonoa
obobooboooobooooooboooba
oboboobobobobobobobobo
obooboboboobooboooooooboobg
gboboobooboobobobobobooba
oboboobobOobobobooboboona
gbobobobobooooooooooong
bobobooobobooboobobobo
boboobobooboboboboboonbo

goboooooooooboo

oooobooboon
ooboooooooooobooooogooo
obooboooobobobobobobobo
obooboooooooooobooooooo
oboobooboooboooooooooon
obobooboobOoboboobobobobo
obooboooobobobobobobobo
oooooooooooboobobobobo
gbooooooboboobooooboooobo
oboboooobooboboboboooooo
gboobooboobobobobOoboobobo
boboobobooboboboboboobo
gbobobooooobooboobobobo
oboboooboobOoboboobobobobo
gboobooboobooooboobobobobo
bobooboobooboboobobobobo
oooobooog
bobooboboboboboboobgo
ooboobooboobooooooobooooon
ooooooooooobobooboooooooo
gbooboobooboobobobobobobo
gbobooboobooboboobobobobo
obobOoboboboobOooooobobo
obooboooobobobobobobobo
obooooooooooboobobobobo
goboOooboobooboobooooooon
oboboooboobooboboobobobobo
gbooboobooboobobobobobobo
oooooooobooooogooooobobooo
obobooboobooboboobobobobo
oobooobooobooooobooobobooobon

gooo

1. 00000000000000—0000 16
O0.000000 No44130 75-78, 2008.

2.JISB846 0D IDODOUDO. DOOOO
0 00, 1977, 1996, 2004.

3. JIsTrol0000O0O0OOO. oOoogoo
O 00, 1993, 1997, 2006.

4. ISO 402 Small medical gas cylinders O Pin
index yoke type valve connection. ISO



gobooooooooooon 2011

10.

Geneva, 1990.

.bob00oobooooobooo ooooa

000000000, 00000 00, ps,
2010.

.0oooooobooooboooboooobg.

000000 No38910 76-78, 1998.
JIST7111 000000000000. O
OO0o00 00, 1993, 1997, 2006.

. ISO 5359 Low-pressure flexible connecting

assemblies (hose assemblies) for use with
medical gas systems. ISO Geneva, 1989.
0o0oooooooooooooooo. d
odod 0o 19920 60 290.

Ikeda, N, Takahashi, H, Umetsu, K, Suzuki,
TO The course of respiration and circula-
tion in death by carbon dioxide poisoning.

33

Forensic Sci Int 41:93-99, 1989.

11. J000,0000,00000000000
O0oooooooooooo10.00d
00O 550 229-231, 2007.

12. 0000000 OD0O0O0oOoOoOooooao.
PHPODOO OO, p73, 2006.

13. 000000000o0o0go.oooo g
O, pl046, 2000.

Key Words[

obooboobobobobobOobobobo
boooooboobobooboboboobo
obOooooobOobobOobobobobo
gooobooooboboboooboooooon



=1
AEE

goboooooooooboo

=

1992%F (P 45) 6A298

=H

=

12 FR A

(13)

E

BRI QKRN 6O IR
HR7 HRHON° Bt
7 RERXIEDIDRDD
IO OROIM AL
\OHHESS< BN X RATE
SNQR° NENIIKAIEN D
ORI IOL S SRS
NABYIGE NS °

RSBER X QB QR
17 MUK ESAA T DY
BRI VN UL
TSRO < HERSHETSA
QiR Q- MBS I
ROV MKHKRE (-
0) AJEERHEIN S OROS Y
S00800° 1130%NYE
Q HIITHR X BEHN 4
O WS BEORERNA

IEF%:::::::::::

e

HKRQOLVEQ° EEEHTIOE
HHTS - HO RGO HEIN A
QESHQHHURO” IR
{ QLS

| EHHVIK USRS
BOVERERXEACNES M
SEBMKNDLDCR™ W

H

W
51

SEHIREQIELR O b K
PN R O NP QI pL6
SANNONEKER SIS0
AJJOurQ°
BliHtiE WiR KBS
BCCIRIIRN AL Q) < Qi
RANVAIRRQ® hHY.8k
REAOK” REQIKEERX &
HIGHE” BRI SO
fo— X QHHIHIES S Qo0
RO OAILHHIMKRIRE V
RN MMRUSI0AINIG

W O EIRQIMIG IS D
AJD” BHIR-7—X B4 o
GRIMVERANED” J0ON
¢ VOMEBRIIRX RN
AINE] D7 ZEQRNAL
OO AVRIE S 0K
DN LN [RXEEN]
AB%S" mONEKOTR
LOEQLN°

MI0DNV AR I

057 HHEVEEOR OgR°
VORI MR X S
QHECRRE” KOOI
HROED88 S A SO B RO,
HAN IR Son QORI
ROV I MO
RS VYN RIN0°

S BRIV EN ONRER X
17 [WMRERN TR o0
REQIHISIHQLIS® 1N
PIRAORIHN" HHmQ R
EOHRERANPENL VSIS

T T T T T s

O N° UON KRR SR X &
~N QTR FEEN | §O
NRXREENS IS
N5 ORISR
SO RHIRDRER X N DHE
PRGN &
EPSFECTIREVED
0L ERERNWRL U
M40 N°

RERXI” SRV
KHERITIRN SO A KR S0

AN WK NN
QS VBEIEVANATRA)
EORMIGREROONDL” K
BENAGQRKISRIE” $d O
S (URREEQ 96361
WL B RERUS VS
1Q0° KIS IR Q@ 2Otk
RERERORIOHIEN I 0 U
SR HERSHEQIEKIEA)
BRORSRMOQI” MRV
QS JAJRMS°

IKBER X ERHISRHE 83 Qo

R R RN IR-Q
TSI HR X R 8
R TRENIOS MbS
LLOHIBVMQ® HlbviEN
QIR ISR O QEDYE0E
RV MEEQHIRMIP RS R
AISOEBS RN
HEERNE% N O
OISR EIEENIR
0 NIKERRORIAI IR O N°
NERKIEENTIONT” Il
BN B O AR XY
[ {807 FREEEO088 5400
AOTHHE” KO S RORS
57 SO KN | O
NMERRV KNS
ORNEIEHLO°
BEERNX%NC QRERIOSO
HO T QTRECREY D
PRI ICHHEN H0HE S
HREARN0LC” BQREH
QN HHHO PRV PO0LN
RERSARRINE RS

(B ok H ki
BT S B E RO
g 32 )

34




gobooooooooooon 2011 35

ooo(@oooon)

B R E K R EE v = 74—V R E M

BEILFIE—Z

(B8R LTERRM HAREN LT

Az #

=ik

=

-
"

LE

76

o

,g‘ﬂ'ﬂ"’v |_u, gu
pagREeTI-IR | CO o

(PHTHERLEL) 34

O A:

00140 50000000000000D0O0CO,000O0DOO0O0OO0DOOOOOOoOOO
0000000 Co,000Ooow2roP2(00 27rmm, 000 2)0000000000O
A, 0000000000000 0000000000000D0000DO0O0OoO00DOoDOO
00000000 DOO00DOo00oDoOow2roP20000000000DOO0O0O 10170 341
000000000 34 /0000000000000 00D0DOO0OO0ODODOOOO0DOOOOOg
0350000000000 0000000O0O000000DO0OODO00000DOOOO0ad
gooooboobooboboboboboboboboboobobooo oo oooooooooon
dbddoboooobooobooobooooooobooDoooO b0 oOobOb0oOobooOooOon
godbooddodoobooddoooudooobboo0d0oo bbb ooooo o ooooon
Jd0o0o000oDoo0oooo0doooooo Ccooood0d -ooooooooad
00000000000 D000D034(00000000000000O0O0O W22140000
000000000000O00000000U000000O0U00DOUOD (oOoooOoOoo
00)00000000000000ooooooco,0000uoouon A000000
gdoboodouooooouobooooooa
dododoooooooooooooooooooooooooooooooooooon
dododoooodoooooooooUobUDDDoooDooooooOoOooOoOoooOoon
gddoooooobboobouooboobooooobboooObL oo OobLUOo
goooooooooboobboboooobooooooooooooboooooooooo
dododoooooooooobooooooooooboooooooooooooooooo
gobooddooooboooooobooooobooboooa




36 goboooooooooboo

- — JIS A
—_— 2

HARNTF—A2ZFR /IS A

] e | BF ERE | [ AmigE

HAE et | g | B K ¢ |Ehit| usiEa) /] [ACKE)]  BSEE)
X (Air) | 28.96 25 W22-14-08/ f CGAS90 | NoJ 58BSPF-RH.
g o EfmAWTE No.8
BRAA C0z 4401 565 | % IeEﬁszssl CGA320 | g60-14T.P.WW.-R.H.
—E{bR¥E CO 2801 @@ 25 W22-14-0L CGA350

— B LERE NO | 30.01|&@ 6 W22-14-0R CGAB60

“E ke NOz [46.01| @ & 25 W22-14-0R CGABED

2 E Nz | 28.01 25 W22-14-0R CGA580 | No.3 5/8BSPE-R.H.
DELER EmEW2IE No.13
(ERHZ) N0 |40 @ @ 508 | 2 Twmweos | SOASTE | y6.00TRI WS,
i 02 |3200 @ 25 W22-14-0R CGA540 | No.3 5/BBSPE-RH.
FE A A SFs | 146.07 2.1 [ W22-14-0R CGARSD

OBOOOOOODOOOOODOOOOOOOOOODOOOOODOOOODOOOOOn.
w270 (JISB&8246)0 CO, 0 N,OODOOODOODO A, 0000OOOOW2200
CO, 0 N, OO OO (09, NOo, Air, NOOOODOOO)OOODODDOOOODOOO (OO
000)0O0O0D A, 000000000000000O0O00O0O0

obooooooboboobooooon
oOooobocOooooooooooDoon
obooooooboobooboboooon
oooboboboooobooboooon
gboboooboboocoobooooboon
gbooooobooooooobo

#RE

I JISHE AR HE
k£ W22-14-0R W22-14-0L w21 w21
Jryhgs Jayhgs 55 35z
23 3 3 Pabled bR
BEDAAEH
0 QUiooooooooooooo (JIs g%ﬁu ﬁ(_k Q
T 3 5 ]

B 8246-1996 0 )
R=14.3,1=5.5, D=7, D;=4.75 (0 0 mm)0 NosAm] | [CovAzA)
0000000 200000000000
0000000000 D0D0OO0O0OO 200
000000600 00000000000
000000000000 0O00nooO
0o00oooooo®@ueoooo®o®
ooooooo®Oo@®ooooooo®o
GonoOoOoOo0DD00O0DDDoon
000000000000 00O0oDoOn
0000000 hanger yoke OO OO DO OO
0000000 100000000000
0000000000000 000O0OoO
00000000000000 JIS B 8246

ODO0O0O0OO0ODOOOO0OOOoOOooo
ooono

000 w22-14-0R0O00000000CO
ooooooO0oooooooooooogo
gooooooobooooooooon
0000 A,0000002000 W22-14-
oLdfddodoooooooooooooo
ooooooO0oooooooooooogo
O02rmm X 2(mm) 000000000
0000 N,OO CO,O0D00D00ODODODOO
nippled socket 0000 O0O00O0OOOO
odoooooo A,0000ad



gobooooooooooon 2011 37

EA HERENAC TS

A
N

I—T#FNFN
7—¢B.50 —AF

OUT‘J'
UEdb0O00O0O00O0b0O00O00ob0b000obO0oboooooboboooboOobono
ooboobobooobooooobooobooboooobooooooooboooobooboooooo
goooooboooobooboooooboobooooooo
Oo0o0000O000000000CO0O0O0O000000 MORG-50000000O
oobOoO0oob0obOoobOOoooooobbooobooobboooooooooooooo
gboooboooooooboboooobooboobooooboo




38

gobooooooooooooo

goboobooboobooon

gogd

gooo

O00000O00O0O0o0OOovVALIDOOOOO
obobooboboobobobobobooo
gooooboooooooooooboooooa
00000000 ARDSOOOOOCOOOOO
oobooooobooobooob obooooo
obobooboboooboooooooog
bobobobobobobobobobo
ocooooooo croocooobboogooo
goboobooooooooooobobooobo
gbobobobooboboboboboba
boboobobooboboboboboonba
obobooboboboboboboboono
gooooooooobooooooooboog
uboooooboobobobobobobo
ooobooOooooz210000000000 30
oboooooboobooooooobooboog
oboboobobobooboboboboobg
tbobooboboobobobobobobo
gbobOoooooobooooooobooba
gbobooboboboboboboboonoo
oooooobooooooobooon

EITOOOOOO

Electrical Impedance Tomography(EIT O O
0)00000000000o0ooOooooon
godooboooooboooobooobooa
Jjddoo0ooooooooooooood
0o0o0dboooooboooXoooobooo
gobdoooooboobooboobooa
oo gd
goooooo

00000 EITO0O (DOOO0OOOOOO
HO 198000000 EITOOOOOOOOO
oboooooooooobooooboobobo
gbooobl1eon00oooo3uonooooonoa
oooooooEeETobooooooooooo
gboooooobooboobobobobobo
o000 EITOOO00O0ODOODOODOOOO000
goobobooobooooboooobbooooo
oboooooooooooboobobobo
gboobobobobobooboboboobo
ooooboooobooon

19900 000000G. Helliged G.OOO
oooooDbOoOoOo EITO0O0DOOOO0Oooon
ooooooooIcooooooobooon
oooOO0OoooobOO00o EITooooooo
(GOEMFI)0OOOODO0OODDODOOOOO0OOO
obooooobooobooooooboooboo
obobooboobooboboobobobobo
OO0 EITOOOOOOO0OOOGOEMFITIOO
goboobooooooooboboobboooo
ooDDOOO0000000000DOOO0O0EIT
gbooobobooooobooboooboooboo

EITOOOOO

ooobOoooobooooboooooon
(EIT) 00 0000oooooooooooog
obooboobooboboboobobobobo
gboboboooooboobooooooobo
oobOoo0oooboooboobolleooboononoo
gboobooboooobooobooboboooobo
bbooooobooboboobobobobo
ooooboooobobooooooo

ooooooooooboo Ooooooobobo oooooooo



gobooooooooooon 2011

100000000
good

EITOO0ODOOOOOOCODO’LR,"O000000
o0 wBoooorv,’0booooooboon
gboboooooobooooooobooba
gooooooooooooooboooooog
oboboboboboboboboboobo
uboboobobobobobobobobd
obobOobobOobobobooooboona
ooboooooob ooooboooobog
gbooooooobobooboooooboba
bobobobobobobooboboobie
goooboo1i3ooobooobooooooog
gooooooooobooooooooooboog
oooooooboOo208000010000 EIT
uboboobooooobooboooooo

gooooood

EIT OODODODODODODODODODOoOooooao
(A EELV: End Expiratory Lung Volume) O O
oo gd
godooboobooboboobuooboa
goooooobbbbbbbboooood
Joooboobooooooooo

-39

O2EITO0O00OO

0Ooooo0o0ooo
00000000000000000000
000000000000000000000
OOEITO0000500000000000
000000000000000000000
00000000000000000
OO0D0EITO00 200000000000
000000000030 0000010000
0400000000000 EITO00000
000000000000000000000
0000000 (A)D0000O000 (B)OO
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000 (C)00000
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
00000000000000000FRCOO
000000000000000000000
0000000000000000000 00
0)00O0000

000000000
00000000000000000000
0000000000000000000000



40

og3b00oooooood

gbobooboboboobooooboobooDog
uboboobobobobobobobobo
gbobooboboobobooboboboobo
obobooooooobooboboooooobo
gbobooboboboboboboobooDo
0000000 (00)04000000000
gboboobobobooboooooobooona
obooooooobobooooooboDbo
ooooooooooboooboobboooboo

oboboobobobogooooobooogo
udooooooobobooboooooooooo
ooooooooooobooooooooood
oooooooooooooooooooooa
gooboooooooooooooboo4000
gboboobobooboboboboboba
Oo00OROIOOOOOOOOOOOOOOOO
oboboobooboboooooobobo
oboboobobooboboboboboobo
bobobobobobobobobobo
obooooobooboboboboboonba
oboboobobobobobobobobo
oooooooooobooobooooooooo
uboboobooobooboobooboonbon
obobooooooooboooboobooobooon

EITOO00O0OO0OOOO0O0O0OOOOO0OO0
oboboooooooboooooooboobo
oo co20o0poooooopOoooooooo
boboboboobobobobobobo
obooooOobooooboobon

OoOoOooooOoooooooooooceTra

gobooooooooooooo

dZglobal

04000000000000DO0O0DODODOO
Beginning of global inspiration

End of global inspiration

Regional delay ROI 1
- - ]

Regional delay ROI 3

OS5EITOO0O0OO

gobogbooobooobooaobooooad
goocrogooooopopooooooooo
oooO0opoocCcro MRIODOODOOOOOOO
oboboobooboobobobobobobo
ugboboodobboooaobobooobooad
goboooboooboboobooobobooo
ooooboooobooood

OoOoCTO MRIOOODOODOOOOODOO
oboboboooooboooboobooooon
CTO MRIOOOOOOO ROIOO AIRCO
oboboooboobooboboobobobobo
goooocrogooopopooooooooo
oo0oOopoooOooocroooooooooo
obooooOoboooooobooooon

EITOODODODOODODOOOOOOOO
Ooo0oO0o0ooOooooOo0oEELVODOOOO
oboobooboobOoboboobobobobo
gbooooboobooboEITODODODODO
ooooooooooooooOooEITOOO
gbobooboobobobobobobobo



gobooooooooooon 2011

OO0O0O0OODEITO PEEPOUOODOODOOO
obobooboboobobobobobooo
goooobooooooooooooooooo
oooooooooo

ooogof

0000 EITOO0OO0O0OOODOOOOOO0OO
oooooooooobooooobooooooo
gbooooooEITODOOOOOOODOODOO

41

oboboobobobobobobobobo
obooboobooboboboobobobobo
goosooobooooobooooboonoo
obobOoooobooboooooooobo
gboobooboobooboooEITODOODODO
gdoooooooooooooooooooo
oooooODODOOOO0O000O0DOOOO0gEIT
oobO0o0obOOo0ooo EeEITooooooooag
oooobooooobooboooobogoo



42

gobooooooooooooo

goboobooboobooon

Recent advance of lung water measurement

and clinical implications

goog

gooo

oooobooooooooooooobooboo
00000000oooo0ooooUo (EVLW)
000000000 Y000000000 EVLW
Os3o0oooooooooooooooog
0000000 20ICU000O0Onooon
000 ARDSOOOOOO0OOOOOOOOO
0000000000 00000000g 10
g200000000000000000O00O0
00000000000 D00000 Y0

oobooobOoobooobooooboooboon
oobooooooobooobooboooboooDo
gboboboboobobobobobobo
bobooboboobobobobobonbo
oboboobobooboobooooobooboonoa
gboboooobobooobobooboonoog
booooboobooboboobobobobo
obobOobobOoboboboboboona
obobobooboooboboboboobo
oboboobobobooboooobooobooog
gooobooooooooboobooboobboooo
oboboobobOobobobooboobooa
oobooooboooobooobooboooboooDo
obobooboboobobobobobooo
boooooooooooboobobooba
oobooobOooooobOoobooobooonn
oboboboboboboboboboobo
uboooboooobooon

100ggooobooodn 1d

uboooboooobobooboooooon

oobooooooooooOoOooooooooOo oooooo

gbdbobobobobobobobobo
tddtoddodooooooooooooo
Uooooooooooboboboobooogglgs4
O Meier 0 Zierler 00000000 90000
oo 1o oooooo
uboooo1l1o00o00o00ob0bobobo
00 (mean transit time : MTt) OO OO OO
(Q)0O0D0O0D0O0D (V)OOOOOO0OOO
Ob0ooobOobooboOobOoog MTt volume
ooobOoboooooboooooboo

oo obOOobooOoOoooooboooooo
UeglUUoddououoooooooooo
godoobobobbbbdgbooooooobn
gooono

qa/cm@wzQ/ c(t)dt
0 0
DDDDQDDDDDDDDDDDDDDDD

0o0000oooonn..
sz/ c(t)dt
0

oboobobtobooboooboboobgo
0000000 Qe(t) 00000000000
oooooobooog

h(t) = Qc(t)/q
000000000000000000000
000000 A DOODOO00DO0O0O0

go0oO0ooOoOoOoOoooooooOOoOoOoOO
gbooooobooooooboooooon

Qh(t)dt
oooo (t)DDDI:IDDD davooooa

dV = [t][Qh(t)dt]



gobooooooooooon 2011

43

0i100000000000000DO0O

BT HIEE
" ar il G Chal =& F
IE B it | ono | o |
T-1824, 2z THO 4.3 G.5 0.66 Chinard | 1962
RISA THO 28 a9 .77 Pearce | 1965
Crored cell, )
RISA THO 3.59 362 0.91 Kirk | 1969
M Crored cell,
T-1694 THO ar a7 0.65 Sheh | 1968
RISA THO a7 4.2 0.85 | Makahara | 1970
ICG Heat 6.2 7.1 0.a7 Gee | 1971
ICG Heat a2 a8 0.84 Ishibe | 1978
Ma*-conductivity Heat 148" Lar 117 MNaoble | 1972
Ma*-conductivity Heat a.3 7.1 1.19 Ishibe | 1983

idQwl:indicator dilution quantity of extravascular water in the lung, Qwl:quantity
of extravascular water in the lung, THO:tritiated water, Data were obtained from
animal study. *: Data from experimental lung edema.
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TABLE 4
INDOCYANINE GREEN DOSAGE AND FREQUENCY OF ADVERSE REACTIONS
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oM

DOSAGE 4O, (%
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Intravenous injoction of 50 mg 358 1(0.28) 0@ 1(0.28)
Intravenous injection of 75 mg 2397 7 (0.29) 1(0.042) 8(0.33)

g2I1cGooooooodg
Obana et al: Am J Ophthalmol,
1994. (11) 00

0000000000 Obana OO ICG angiog-
raphy 000000000000000O00OICG
00000000000 DO00D0DOOoon o
15000000 282000000 33750000
0 ICG testd 377400 ICG OO0 250 75 mgO
00000000000 00000000000
2000000000000 (02)0ICGO0
0000000000000000000000
oooon

2.6 pulse oximetry

pulse oximetry OO OO 1972 000000
1974000000 Y0000 pulse oximetry
00000Wood O0ODO densitometer 0 00O O
0do0oo00dopDooooooooooooaa
0000000o00bObOOoooOooooOoooao
000000000 WoodOODO densitometer
odooooooooooooooooooaa
000000000000 10d densitometer O
oooOoOoOoOoOoOooOoO (1)ooooooo
000000 0DO00OO0DOODOOOODOOO
doodob.OODDOOO0DOODOOODOOO
0000000000 Dooooooooooo
(OoOUOOoOOooOOooooooooooo 2
0do0oOo0o0oooooooooooooooa
dooo0odoooooooooooooooa
Wood 0 00 densitometer 0 0O 000000
000000 DO00o0oDOoOooDDbOOoOoooDOoa
OooOOO0ODOOO0O0000Opulse oximetry
gooood

pulse oximetry 0000 0@ OODOOODO

55

ety

A

[REORAEINDN
108

3.15 0> carpitce densitometer (2} B cancel BEEOF S
EnER7 -7y =7 —~EA. a:R HIRAR, b:IR YhE,
c:cancel @Es. IR WEFREIEZ7 7 vy —7 A4 — Sk BWAEE -
F2 Cfee. cancel @IS X O RO ZEB 2 WP TE TS,

gi1od0ooooood
o0 ooob oooo oo ooooooo
0000,0000 1966.(1) 00

Wood oximeter | Pulse oximeter
BIEIRME = (EE1m) =
A E ML H B LIAEF
HERE % EpAR M %
REERELE X O

0 3 Wood oximeter 0 pulse oximeter O 0O

Wood O oximetry 00 00O O O Wood O
oximetry 0000000 DOOOOOOOOO
0000000000000 0OdOpulse oximetry
O000oooooooo AbDOooOoooono
0000000000000 0000D0dOWood
O oximetry 00000000 OODODDDOOO
0000 00Opulse oximetry 0 0 00O O systolic
phase O 0O Is O diastolic phase 00 IdO0 O OO
dodooboboboooouoobooooooa
O Lambert-Beer 00O O0O0OOODOOOOO
O0o0oooooooooooooon

I
AAg = bgggzz E{JHbOAD ()
I
AAg = bgi%%zz EifJ HbOAD  (9)
AAR Er
0= —Fpo= ZEgooo (1o
¢ AAr Emr (10)

0(10)0000@0 Sa0, 000000000
O0000000e O Sa0, 000000000



56

Indocyanine green

2471
Eﬁmﬁﬁ,:ﬁty#

R ==

absorption

CO=h/S

1o+ Biven I06 dose [me]

entration [me/L]

ICG conce

ERIEE
HFEDHHEE

0 11 pulse dye densitometry

00000000000 pulse oximetry 0 Wood
OoximetryOOODOOOODOO 3000000
Oo0oooooooooo

2.7 pulse dye densitometry

000 1974000000 pulse oximetry O
00000 pulse dye densitometry (PDD) 0O O
O0000000000PDD O pulse oximetry O
0000000 pulse spectrophotometryd 00 O
Oo00oo0ooooooooooooooon
go0ooo0oooooooooooooooo
O00oooOooooooooooooooon
00000D00O0000000OD OPulse oxime-
ter 00O HbO REbODOODOODOODOODOO
ocOoopPDDOOOHbLOOOOODOODOOOO
g 131415000 0 O pulse dye densitometer 0
WoodOOOODO HbOODOOODOOOODOOO
PDD O Pulse oximeter J 0 OO0 @QUOOOO
0000@UOO00O0O00O0ODo@UuoOn
Oo00dooooDoooooooOoooooooo
Wood 0ODOODOODOOODOOOODOOODOO
O00ooooooooooooooooon
go0oooopooopoooooooooooo
gooooooooopbboooooooDoOO
00000O0WoodODOODOODOODOODOO
0000doooooooo 11oooooooo
000000 100 early phase0 00000

000000000000 Dye dilution method O

[=2]
(=1

[21]
(=1

5
=}

[+
o

na
o

Reduction of sysBP after
=)

induction of anesthesia (mmHg)

(=1

{mean-1.965D mean=1.965D

BY

»mean+1.965D
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Imakiire et al 22 2010 Cardiac surgery<<OP > -0.17 0.44
Allardet-Servent et al 23 2009 (ARDS)<ICU> 0.80 0.60
Kotake et al 2¢ 2009 Aortic surgery < OP> 0.18 0.83
Killick et al 2% 2008 Postoperative cardiac surgery<<ICU> -0.60 0.86
Peyton et al 26 2008 Cardiac surgery< OP > -0.60 0.87
Ng et al 27 2007 Thoracic surgery< OP> -0.29 0.76
CGueret et al 28 2007 Total hip replacement-<OP> 0.30 0.85
Gueret et al 29 2006 Cardiac surgery<OP> 0.10 140
Botte A et al 39 2006 (Pediatric patient) <ICU> -0.61 0.47
Tachibana et al 3V 2005 Postoperative cardiae surgery<<ICU>> -0.29 0.76
Levy et al 32) 2004  Cardiac ecatheterization ( Pediatrie -0.18 213

patient) <OP>>

Botero et al 32 2004 Cardiae surgery<OP> 0.04 1.07
Rocco et al 3 2004 <ICU>= -1.20 1.50
Bein et al 3% 2004 Aortic surgery<<OP> 0.04 0.91
Mielck et al 39 2003 Postoperative cardiae surgery<<ICU> -0.64 139
Kotake et al 37 2003 Aortic surgery<<OP> -0.10 0.61
Tachibana et al 3% 2003 Postoperative cardiae surgery<<ICU> 0.09 1.00
Tachibana et al 3% 2002 Postoperative cardiac surgery<ICU> 0.18 1.04
Murias et al 0 2002 <ICU>= 0.18 1.39
Odenstedt et al 41! 2002 <ICU=> -0.05 0.96
Binder et al *¥ 2001 Postoperative cardiac surgery<<ICU > -0.05 0.70
Nisson et al 49 2001 Postoperative cardiae surgery<<ICU> -0.16 0.90
van Heerden etal#¥ 2000 Postoperative cardiac surgery<<ICU> -0.73 2.05
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ABSTRACT

The NICO monitor is one of the non-invasive

cardiac output (CO) monitors, using the dif-
ferential carbon dioxide (COsz) Fick partial re-
breathing technique that compares measure-
ments obtained during a non-rebreathing pe-
riod with those obtained during a subsequent
rebreathing period in the intubated patients.
The ratio of the change in end-tidal carbon
dioxide partial pressure (PgrCO2) and CO2
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elimination (VCO,) after a brief partial re-
breathing period provides a non-invasive esti-
mate of CO. In addition to calculating CO, it
can estimate the shunt fraction correctly using
Nunn’s iso-shunt plots. The performance of the
NICO monitor is comparable with that of con-
ventional CO methods. But, many factors such
as operative procedures, high CO, minute ven-
tilation volume, and irregular respiratory pat-
tern impair the accuracy of CO measurement
using the NICO monitor. Although the NICO

NIcCOOOOOooOooooooooooo

monitor cannot directly estimate the amount
of body fluid volume, the NICO monitor may
indirectly estimate the amount of body fluid
volume added on a fulid challenge test or other
parameters. The NICO monitor is entirely non-
invasive in the intubated patients, easily auto-
mated, and provide real-time and continuous
CO monitoring.

Key words:

NICO monitor , non-invasive cardiac output
monitor, COy Fick partial rebreathing tech-
nique, body fluid volume
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1. ASA: DOCUMENTATION OF ANESTHE-
SIA CARE (Approved by House of Del-

egates on October 12, 1988, and last
amended October 15, 2003)

2.0000: DOOoOooOO. ooooooo
News letter 19(4):4-5, 2011
ABSTRACT

Demonstration experiment on“ paperChart ”

anesthesia recording system
Yoshinori Iwase, Hirosato Kikuchi and
Masatsugu Echikawa™*
Department of anesthesiology, Saitama
Medical University Hospital, Moroyama,
Saitama 350-0439, Japan
Department of anesthesiology, Kobe Kaisei
Hospital* Nada, Kobe 657-0068, Japan

The* paperChart” is an automated anesthe-
sia recording FREE software system written by
Dr.Masatsugu Echikawa. The“ paperChart”
contained; a). data acquisition engine, b).
anesthesia record displaying engine, c). phar-
macokinetic calculating engine, d). database
and network managing engine. In current re-
port, we described a result of demonstration
(preliminary) experiment to incorporate“ pa-
perChart” system for our institute. (two floor,
110Rs) In the most of usual and difficult en-
vironment, current system worked properly ex-
cept severe electrical noise environment. The
demonstration experiment was completed in
successful and satisfactory result. It conveyed
into one of replacement project for anesthesia
monitoring system. Sorrowfully, Dr.Echikawa
passed away suddenly on 20th June, 2011. We
sincerely express our condolences on his death.
And we have to continue his generous will in
anesthesia recording system similar to LINUX
like inter-supporting mind.
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ABSTRACT

Left Ventricle - Aortic Blood flow Model
Hirotoshi Yokoyama

The aortic blood flow is pulsatile, and the
retrograde flow is acceptedd It is difficult to
explain the retrograde flow in current hemody-
namics. I made mathematical physical model
to explain this phenomenon and performed
computer simulation.

In the cardiovascular mechanics of fluids,
Lagrangian method is good. Viscosity and
the compressibility must be incorporated in an
equation of motion. In the cardiovascular me-
chanics of fluids, I cannot ignore the compress-
ibility of the intravascular fluid. This is because
compressibility of the fluid is necessary so that
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intravascular pressure fluctuation synchronizes
in propagation of the pressure wave motion of
vessel walls completely.

The vessel walls had nonlinear elasticity and
made a nonlinear lattice model. When nonlin-
earity is connected with stress and compliance
to medium propagating wave motion, the char-
acteristic called the nonlinear wave produces it
in the wave motion. The wave motion propa-
gates without changing form.

The left ventricle is comprised of two levels
of spiral heart muscle at right angles. Spiral
heart muscle in the left ventricle fires a spiral
blood flow to an aorta and fires pressure wave
motion in a spiral at the same time.

The accelerated velocity of the extension of
vessel walls has an influence on the fluid parti-

goo-obooooboooo

cle motion. O If the accelerated velocity of the

extension of vessel walls becomes the negative

even if blood pressure rises, as for the fluid par-

ticle velocity, it is in a decrease or a negative.
By the accounting of the computer, the aor-

tic blood flow was pulsatile spiral laminar flow

of the clockwise in the direction which watched

an aorta from the apical part. The computed

result must be checked by an experiment.

Key word:

Numerical fluid dynamics, Numerical simula-

tion, Aortic blood flow, Spiral laminar flow,

Cardiovascular system

Kanazawa Medical Center,

Division of anesthesia,

1-1 Shimoishibiki, Kanazawa, Ishikawa,

920-8650, Japan
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Fali in Spo. after 30 sec of Bhd
at_Murodou (2450m)
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0 1 Comparison of Sp,_  values before and
after some 30 secon ds of breath-holding.
Note that the variations of Sp,,’s were small both
for the control and after breath-holding. The

heavy line is the mean of all data.
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ABSTRACT

Sp,, Decline during Breath-holding at High
Altitude: Another Experiment at Murodou,
Tateyama of 2450 m combined with Sleep
Study at Senjojiki.

Kouji Murashima(1), Takeo Fukudome(2),
Kunio Suwa(3)

Breath-holding tests were attempted again at
an altitude of 2450 m of Murodou located in
Tateyama Mountain Range. The control val-
ues of Sp,, were 90093 O (mean: 91.3 0),
both the range and SD were small and corre-
sponded well to the value(92 O ) estimated from
the barometric pressure of 747 hPa. The Sp,,
values after 30 second of breath-holding were 72
076 0 (mean: 73.90). We deliberately spent
several hours for reaching the measuring point
of Murodou, and the SD of 30 seconds breath-
holding was 1.71 O, contrary to quite a large
value of 5.7 0 obtained at Senjojiki of 2620 m
which was reached within an hour and a half
from a city of Komagane( 600 m).

We conclude again that breath-holding at
2450 m results in severe hypoxemia, even
though the resting level of hypoxemia appears
to be mild.

Keywords:

pulse-oxymetry, altitude of 2450 m, respiratory
arrest, Murodou, severe hypoxemia

1) Shin-Nittetsu Hirohata Hospital 2) Fukuoka
Sleep Clinic 3) Department of Medical Engi-
neering, Section of Life-care, Teikyo Junior
College

Address of the third author: 6-34-18 Honmachi,
Shibuya-ku, Tokyo, 151-0071, JAPAN
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and handy recording system is desirable. We
reviewed the change in portable video recording
devices for the last 10 years in our institution.

Digital videotape based home movie cam-
era was used for the first time. While quality
was enough, the new case video was occasion-
ally overwritten over former case video records,
when the previous video was reviewed and tape
was not properly repositioned. After the intro-
duction of DVD based portable recorders, this
overwrite problem was dissolved. The archiv-
ing process was time consuming in both de-
vices. And these movie cameras were expensive
to get more recorders.

After the introduction of portable digital au-
dio/video devices such as iPod, inexpensive
video recording devices has been available via

1. VLC media player http://www.videolan.org/vlc fpail-order sales. Since they were flash mem-

gooobooboooo

ABSTRACT

The change in portable video recording
devices for laryngoscope tracheal intubation
for trainee.

Masakazu Nakao, Chikako Matsumoto,
Nanako Takata, Kazuma Hayase, Masahide
Shinzawa, Masaaki Sakuraya, Kenichi
Yoshida, Masako Kobayashi.

Our video-laryngoscopy recording for tra-
cheal intubation has been started with the in-
troduction of both Emergency Medical Techni-
cian training and the new junior resident train-
ing. For a routine use of video recording, simple

ory based and Li-ion battery operated, they
were light, compact and handy for record-
ing/playback. Their video qualities were good
enough for checking proper tracheal intubation.
The inexpensive devices enable trainees to use
them individually, which facilitate the review
of previous video records.

Key words:
video-laryngoscopy, flash memory based
portable video recorder.
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