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HPROFHITELT and dye to measure pul-
monary  extravascular
water volume
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Summary

It is widely accepted that extravascular lung thermal volume estimated by the double indicator
dilution method with heat as a diffusible indicator reliably reflects pulmonary extravascular water
volume. Theoretically, as a premise, the indicator should be preserved during its pulmonary circulation.

We therefore investigated the thermal conservation during pulmonary circulation; that is, whether
there was good agreement in the cardiac outputs ‘ wherever ”’ the thermodilution curves were rec-
orded; for instance, the pulmonary artery trunk (PAT), giving COpar, neae and the aortic root (Ao),
giving CO 4o, heat-

In the present study, we observed a total of 59 pairs of cardiac outputs in dogs (n=13), including
dogs with overt pulmonary edema, produced either by dextran infusion or by alloxan administration.
We also studied a total of 23 pairs of cardiac outputs of human subjects (n=16) with ischemic heart
disease or mild mitral stenosis. A mixture of ice-cold 5%, glucose solution and indocyanine green was
rapidly injected into the right atrium. The thermodilution curve was immediately recorded in the
pulmonary artery trunk, and the thermodilution and dye dilution curves were recorded in the aorta
using a conventional Swan-Ganz catheter. The cardiac outputs were calculated manually following the
Stewart-Hamilton principle.

The results were as follows:

In dogs, COpar, neat averaged 2.47+£1.21 L/min (mean+SD), CO o, neae averaged 2.44+1.12 L/min
and the difference was not significant (0.3<p<0.5). The regression equation was COpar, neat=1.01
X CO4o, near+0.02 (n=59, r=0.93, p<0.001) and the correlation coefficient was excellent.

In humans, COpyr,neas averaged 4.53+1.18 L/min (mean+SD) and COyo, neas averaged 4.68
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+1.23 L/min and the difference was not significant (0.2<p<0.3). The regression equation was COpar,
neat=0.87 X CO,o, neas+0.48 (n=23, r=0.90, p<0.001) and the correlation was excellent.

Accordingly, regarding consistency of cardiac output as a reliable index of thermal conservation,
thermal conservation is complete between the pulmonary artery trunk and aorta.
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& C®ic

JTEE, B4 (heat) & indocyanine green (ICG)
EIETHEL L THCY S ZEERWERREIC &
Y, HfifiEstksy® (pulmonary extravascular
water volume : PEWV) 2 #E+ 2 HER TR
LRI, KEORLUMELFER T5
I, MM LR L 9 BT WE L LT o
DBIERRICBWTEbRRWZ &, Thbb3M
1k (heat loss) 237z L& EEHT 3 Z L A%
EThHD. iBRRICIBVTE heat loss 2z
T LRI 3 FEo—o L LT, ik
X HTEER R ORIE D 2 ;[ (72 & 21T FBHIR E 5
& RBIIRELAEE) T, BAREICXVKkDHH
ZLAHENZELWAE»ERM L. 22 CH
FEPIC negative heat AT B3z Lick Y, [
IR# I i BhIIR = 50 & KBhARIE A5 TR © B R iR &
&, mEOLMHELRD, ZoR—MEI2E
TEEL, LIchM>TLEED heat loss 2HE LS
DT, UTicxodMezBE+5.

R ETE

1. #ERPEHRRBRORE

BER L LTiE, v bALEZ — LRkE,
HARIPIR T o ERERRCR 13 2 A L, #e ICG
* A3 ZERE T EA T T s ko &
(PEWV) #sk®», zh#% lung thermal volume
(LTV) LR L T, R ZEERE L.
FTXRAPTUVARMOGE) LT v XY oBE (2
) 2B WT, XHRERRICEE, ERARNIC X B
9 o lfiig v UitiAKE ORI E(E, LTV #RlE

L GHUlORES n=59). TFoRE#KTE, *
BRzOMHEORIEICE X, LTV icontix
DERHHETHERZ ICEHD .

BRPRBFIE L L T3, MATEHREAICISEER R
MR B EE (10 ) &, BH o 72 WIRERIE F
WAIERE O ) e L, Dy 7—7 1 &K
EHEATRIC LTV ORE %1774 - 7= GHIloRKE
¥ n=23).

LTV i 6B 2 AR AR 0 T8 ¥ & IE 3T
3% &, thermistor £ Swan-Ganz %5 —35
(93A-131-7F, Edwards #) o 1 4 thermistor
% FhBhAR 848 (pulmonary artery trunk : PAT)
2, fid 140 thermistor % KENRFZIEE; (aor-
tic root: Ao) IZfIB&®, Zh b0 2 >DEr
ZEWT, ZhZh BHRii#HL # % (cardiac
output computer, Model 9520, Edwards #),
F e KBRS IAER 2> 513, MikEEH 0.6ml o
—EHE KA L (SUI05, Erma ), % 2~y
F#Ei2 & b dye densitometer (EN80, Erma )
ERWTERARRE M.

LTV ofilzEizix, single injection and double
sampling technique %W Thbb, BH
Lz 5% 7 FusEiks ICG oRAMK Gml) %
AFEiC bolus & L THHEFICHEAL, W CHiBIIR
ERES S HBMRERE, KEREWRH» baFE
TR & BARAAR & FIRF ISV 72,

T MBE D S ORIOFED TGS, —E
oiicry LTV k. zz< LTV %
ko BRIV TOIAHEE ERICRD 5 2 &
PRATHY, LEHEO—BEMEERITT L
PARBILOERKTH S DT, LT oLHAHE
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Injection

Dye Dilution Curve in the Aortic Root

/Therrnodilution Curve in the Aortic Root

o -—
Thermodilution Curve in the 2 sec
Pulmonary Artery Trunk

Fig. 1. Recording of the thermodilution and dye dilution curves.

By a single injection and double sampling technique, and the double indicator dilution method,
three dilution curves are simultaneously recorded.

A mixture of ice-cold 5% glucose solution and indocyanine green was delivered manually as a bolus
into the right atrium, thereafter the simultaneous dilution curves were obtained using a conventional
Swan-Ganz catheter. First, the thermodilution curve from the catheter placed in the pulmonary artery
trunk, second, the thermodilution curve and dye dilution curve in the aortic root.

The curves are faithfully retouched for clarity.

lZonTIRR3B. ATg=$aRPEE A% O MIRIBEZEL (°C)
R L Y B ERORSY Fig 1 Ti=iET IR (C, Shid SC LRE)
— . R Cr=$RRYEEARFIC 313 5 17— 7 AN TO BR
mf- Lo AR LY, %Eﬁﬂﬁe%ﬁfﬁ%ﬁk e DR TEIRS (2 AUt 0.76 &+ 5)
L OKBIRERIAERIC 31 5 B Rthi & R L, T Sy, Ci={SRWBEDE, W3
o g BE BT S AEFRMRE T Sy Cp=IiRDHLE, L
2. DAEEONE SixCr _

i E (cardiac output: CO) oRIFEIICIE,

ARG, ERARM L bic, Stewart-Ha-
milton o EI vy, Lilienfield-Kovach #9

k={REHETERE (mm/°C)
{7 aTydt=paRis T OB (mm-sec)

PHW, $RCHAFHELE. FEFREICES CO DREFROML TH

#BFEREC LS CO DREBREKOML THS. GE

co . Vix(Tg—Ti) X Cpxkx 60 Cco (L/min):_IM

(Lfmic)= - [~ acar
f  ATyde 0
S, xC, 1 T, HEpEe LT ICG 2HWT,
X SgxCp %7000 =W BEEAR (mg, ZhiZA X T 1.25mg, t
_ . . T 2.5mg)

2T, WTRPELLTHRHLELS% 7K k= { R B R TE /%3 (mm/mg/L)
KEFERALT, AC=1grM A REE L (mg/L)

TI=1:E7_I:“%E&A§ (ml» Zhix Sml) f: ACdt:é%#{ﬁlﬁ}ﬁT@ﬁfﬁ (mm-sec)

Ty=i#HREE (°C)
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Table 1. Cardiac outputs simultaneously determined in two sampling sites in dogs

z?f COpatheat COasoneat  COaoica
1 18 2.22 2.24 1.78
2 2.48 2.14 1.76
3 20 2.49 2.13 1.88
4 2.42 2.26 1.81
5 3.18 4.86 3.39
6 3.18 4.49 3.00
7 4.30 3.61 3.73
8 4.94 4.00 4.23
9 24 1.26 1.08 1.09
10 1.23 1.18 1.09
1 25 1.75 2.12 1.81
12 1.85 1.96 1.61
13 1.17 1.76 1.48
14 1.84 2.30 1.64
15 1.78 2.26 1.80
16 1.86 2.33 2.19
17 2.53 2.56 2.14
18 2.81 2.62 2.21
19 2.65 2.56 2.26
20 2.21 2.62 2.14
21 2.26 2.15 1.94
22 2.10 2.17 1.97
23 26 1.17 1.02 0.82
24 1.08 1.29 0.74
25 0.96 0.87 0.78
26 28 0.99 1.12 0.92
27 29 1.06 0.83 1.01
28 0.99 0.80 0.81
29 0.97 1.08 0.82
30 1.06 1.18 0.86

Do
N: COPAT‘heal COAo.heal COAo.ICG

31 44 2.01 1.79 2.21
32 1.47 1.54 1.67
33 1.64 1.83 2.05
34 4.32 3.78 4.48
35 4.27 3.74 5.26
36 4.45 3.27 5.00
37 45 2.78 2.81 3.09
38 2.47 2.80 3.45
39 2.45 2.60 2.67
40 5.20 4.88 5.72
41 4.66 4.55 5.26
42 46 1.24 1.31 1.23
43 1.38 1.34 1.41
44 1.26 1.15 1.28
45 47 2.37 2.24 2.26
46 2.40 2.09 2.36
47 1.76 1.80 2.56
48 3.63 3.7 3.72
49 3.74 3.24 3.65
50 3.64 3.49 3.92
51 55 2.31 2.60 2.04
52 2.45 2.21 2.24
53 3.14 2.61 2.56
54 5.20 4.76 3.13
55 4.43 4.48 3.54
56 4.75 4.32 3.57
57 56 2.17 2.26 1.75
58 1.69 1.68 1.95
59 1.81 1.57 2.00
mcan 2.47 2.44 2.37
+ SD 1.21 1.12 1.22

COpat, heat (I/min) =cardiac output determined from the thermodilution curve in the pulmonary artery trunk.
CO 6, neat (L/min) =cardiac output determined from the thermodilution curve in the aortic root.
CO,40, 1c¢ (L/min) =cardiac output determined from the dye dilution curve in the aortic root.

3. FEORBLAR

COpart, neat=HBIIREEER (PAT) iC 131} 2 BA IR h
BE vk oh30HEHE (L/min).

CO o, neat=KEINRERIEER (Ao) IZ31F B BATR AR
L YR BN B0HHE (L/min).

COo, 100 = KBIREIELS (Ao) I2BIF 345 (ICG)
FRER L sk 5 h 3 OEHE (L)
min).

LTV=Ilung thermal volume
B EmE/M IR LD 2187
HeL, ICG mENETFMEA LLT

1.
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AW ZEERMARTEIC L VKD S
ha. LTV g—#ichimis 44k 4 &
(pulmonary extravascular water vol-
ume) #3(F ERMICRDbTIDLENS
(ml/kg).

¥ S

BHER
2 i cRIBICRIE L 3FEEOOEHE, +
bbb, MBIRESRE (PAT), KBhARIE L5



(Ao) T3 B BMIRAIAR X v K o 7z LHHE
(COpar, neats COno,near) &, KBINRIZHATRIC F51F
2EFEFR B L v kD72 .LHHE (COsgo,1c6)
DHIEES Table 1 |z577.

COpar,neats COno,neats COso,106 EFNFh,
247+1.21 L/min (mean+SD), 244+1.12L/
min, 2.37+122L/min Tdho72. COpar, neat
(y) & COuo,near (x) DRDEIFR KO FHEIFREK
i, y=1.01x+0.02, n=59, (r=0.93, p<0.001)
ThY, MHEREL—FKL Fik BEEOLEY
BOEOKIE, T+7/4bbH Student’s t test Tix
BEERED bhih o7z (0.3<p<0.5). CO,,,
e (¥) & COuo neas (x) DREIDEIRR 3LV 4
BEfREE, v=0.96x+0.04, n=59, (r=0.88, p<
0.001) & X< —FL, 2 >oEWHEOEHEIIHE
ZiFE» bhih o7 (0.3<p<0.5).

Zh b OFEEIFHBIIREERE & KBRER T O
BllcBWTBHRENRWZ & (F2b b thermal
conservation) % (ZIFTEREITTHERT 5.

2. BRERBFZE

FgIcRD 2 LMHEOZHEEE Table 2
=Y.

COgat,neats COnoneats COao,1ce IZENZEh,
453+1.18 L/min (mean+SD), 4.68+123L/
min, 4.50+1.60 L/min T »7z. COpar, neat (¥)
L COuonear (x) DREIDEIFR K O HHBREUT,
y=0.87x+0.48, n=23, (r=090, p<0.001) <
by, MEFTIL—EKLE Fh, HAEOFHHE
CIREEERTED bR -7 (0.2<p<0.3).

COy0,10c6 (¥) & COuonear (X) DRIZBWT
13, EYRAROHEBREE, y=1.15x-0.86, n=
23, (r=0.88, p<0.001) & X< —FL, WHDOE
WECEEEZRED oA -7 (0.2<p<0.3).

Lo TAXRZBWTH EMIZBWT D,
COpar,near & COuo,noar D—EHEH 1Z(F FEFEIC
REN, ZoZE XD BIIRERE L KEIREA
WOMICBWT, ThRbLIBRRICBWT, B
BEBEL TRV L2, DL L b—, FE
WCEEA S hiz.

it & k7K 53 BRI RE

Table 2. Cardiac outputs simultaneously deter-
mined in two sampling sites in hu-
mans

Name COrarhest  COaoheat COno.ice

HD 1 K.K. 3.4 3.12 3.10
2 3.36 3.52 2.52
3 H.T. 5.30 4.88 5.94
4 4.57 5.07 3.65
5 HK. 3.9 4.06 3.40
6 RT. 4.21 4.25 3.50
7 4.70 4.70 3.20
8 S.F. 7.0 8.06 9.12
9 AN. 5.3 4.72 5.28
0 Y.T. 2.8 3.65 3.79
1 Ms. 523 5.90 5.66
12 Y.A.  6.06 7.12 6.19
13 H.S. 5.9 5.84 6.48
14 4.10 4.70 4.76

MS 15 O..  2.61 2.90 2.21
1 3.00 2.97 2.53
17 T.M. 3.95 3.99 4.40
18 2.92 3.71 3.00
19 S.H. 5.0 5.27 6.27
20 Y. 571 4.81 5.12
21 Y.F. 5.9 5.50 4.13
22 5.22 4.61 5.01
23 Al 3.74 4.19 417

mean+SD T A53£1.18 4.68+1.23 4.50%1.60

The abbreviations are the same as in Table 1.

z &

PR RIS T 2 TME L L TRORET R
bbEAShBEEBRHERPICIAE LRV &
RFEIETHDLEL 1 o0FEkE, BFHRECX
LD HHEREES, DROZRETR—Td
BZILERFMATEIZ L TH D oz LIiZBL
T, W OhDOFERRE Sh T p35710,

7z & 21 Evonuk 5713, A X single injec-
tion and double sampling technique # vy, =
BOERKEBEBICHEAL T, HMBIARDEE &K
BIARS IC B & 2BV 72 thermistor 2k » #hZ
NOBRFRRE FFRFICHIW 2w, JIEB LR
FoOLHHREZ IS —E L BELTWS (B
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JERP L UHEBRE, y=1.01x—0.089, r=0.96).

Arfors 593, A Xiz#\ <, double sequen-
tial injection and single sampling technique %
vy, ROES BBRET-o%. Thbb, KB
W= O FATHIlIC thermistor 2B &, *3&iE
DEREERICEAL TRARMERE # v 2 %
i, R KEROERKE MBIARICEA L T8A
Wbz X, ZoOBRME L EE OLHHE
B2RY I—FHLLHELTWS.

Wessel 5193, 4 X iz T, single injection
and double sampling technique % i\ TEE%
fIole. Thebb, MBIRESREE KBRS OT
7B thermistor # B &, HEOERKD S\
¥ 5~6°C ichE L ERKEERBIEAL, %
NEROBFRIMRE FRFC fiV 7o 2 OREE,
mEOLMHER, ZThZh, HiFEE 2720+
1405 m//min (mean+SD), #%#ix 2750+1425
ml/min, O (% / §iE) iz 1.001 ©, FEE
EhaholctB;ELTWS.

*¥7z, Gray 5993, 41 Xi2BWT, BHLE
5% 7 FvgEikz AV, double sequential injec-
tion (FEKRULEE) and single sampling (JgERk
BifR) technique iz X - T, FEH I I OMAED
REco, RALOBROFELENEZ®RE L T
5.

SEFEL T, A XBLVE MZBWT, BHEIL
7z 5% 7 RugEre 1ICG nRAKE AEICHE
AL, MRMAERLHEICI VT RBICHRERE
# < single injection and double sampling
technique iz kv, LTV 2HIET 2B RBIZRBW
Tiflchs CO 2RitL.

A X T, EFERE» MO oML, B2
TKIE D BBk 12 B @AW i 3 v T [CO T
0.8~5.2 L/min, LTV ¢ 4.7ml/kg (No. 24)~
18.6 ml/kg (No. 55), EHEE kb /- ffifLis st
AK5rET 4.6 g/kg (No. 24)~15.5 g/kg (No. 55)],
FRBIAR EEE & KBIAREELAES & TR S hie DA
HEDOER—EKL, 0z Lh b 2 KE0BIRK
DIV Z & B IRIEREEITIER L 7.

t MZRWT LRI 2 Afc o EER
fEic—E 238, 202 SfEc#Ekor Nz
LWL R E R, LT, Bz fvs=
BT EATIEIC & 3 WfLE Sk BORIEE
DEEMER, Pl Lb—I, EHShLEL
bha.

oH

= &

LR AW ZERTHRAREC X 5
MAFS K BROREDBRICIBNT, DR 2
R Tiebb, MBMRERE PAT) XU K
BIIRELEES (Ao) ToBic X 3 LHHERE
(COPAT,heM BIU COAo,heat) TV, WEOHE
BT 230ErERE LK.

SE, 4 X B3EGEE»RAKEICESRES
&), b b 16fliconwT, —EIETYWERRE
BAXICTHE 59 [, v MoTEE 23 BT
L, DHHERE 2T - 7.

A4 X TlX
COpat,neat=2.47+1.21 L/min
(mean=+SD),
COys0, near=2.44+1.12 L/min,
i o EFRE,
COpar,neat=1.01 X CO 1, neas+0.02,
r=0.93

LIv—g#E A, X, b FTI,
COpar,hear=4.53+1.18 L/min
(mean+SD),
COs0, heas=4.68+1.23 L/min,
Wi o EERI,
COpat,neat =0.87 X CO 40, near +0.48,
r=0.90
AR EFRRIC X W—EtE & BTz,
Licd>C, FHBIARERHE & REIRELRES,
BHOLIERRICEWT, BRRIZAEL TWAiRN
ZEH, RIEREECHERLAL.

-3 #
MmAFA~ LI L 5 2R LE LT, BEH
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W —HEIFTYERTREICXY kvbhs ‘M
FHMNHAAR " 1, Eo Mg ksgr Kb

IARMTBLERLLIBIEDN, E{EDBH
TETW53.

HiREIC b, ZOREFEOREML & 5 i
i3, BTEENRHBRPICRESIAZREZLT
H5.

zhig, MERBPICBT 2ROREFEC>VTH
MLl b, “vpis " BETICEIT 5
AR 53K b h 5 LR (CO), Lx
EBIAREERE (PAT) 2 6 0.0HHE (COpar,
neat) & KBIRIELEI (Ao) oo LHMHE
(COso,near) B—FKT 2 nEL &I L.

LSEIOWETIE, TR T VAL T XY
VEEIC X W ER &SR iKEORIER Sie A X
(n=13) iz W THE 59 @, EltELEED B W
TEREMIERREEDO £ b (n=16) 2 W THRE
23 Bz D& 1T o 7.

@HE o Swan-Ganz % 7 — 7 1L & FBHAR EERE
& RBIREELAERIZ, Bl 2 12 b2 L DB S Eic.
WHEILK 5% 7 FufE#ks indocyanine green
DEAME AE~BEICEAL, thermistor &
cuvette densitometer iZ X ¥, FHBIREEEEH S
BARIRE, KEIRERT & B ReAR L &
AR AR & FIRRICH VW e,

L &1x Stewart-Hamilton o F#ic X v B
FEEALL

BREIKROETH -T2

A BT, COpar neas (X 2.47+121L/
min (mean+SD), COuo near & 2.44+1.121L/
min ThHY, WED FLHEOEDORETI AR
ERRD bhiehr ol (0.3<p<0.5). ERAE
T OHEBIREkE, COpar,nea=1.01X% COAo,heat+
0.02 (r=0.93, p<0.001) ©, FFIT X < —B L.

EriZTBBWT, COPAT,heat 1 4.53+1.18L/
min (mean=+SD), COyo near & 4.68+1.23L/
min ThY, WEOFHEIC FEEIRDLH
Ripote (02<p<0.3). 72, ERERXEB IOH
B8 4% 313, COpar,near = 0.87X CO 0, near+0.48

fii i 41 Ak S BB E

(r=0.90, p<0.001) &, WHFFT L —FKLT.

LT, DRHE O —EME A BRFEO(EHE
TEBIVREL TRV IV T, MERR
DHIH% D 2 K (FHBIIREERE & K B AR AL 45 45
T, BE7F (thermal conservation) {35842 Tdh o
7z
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