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Examination of indocyanine green measurement method using an
automated biochemical analyzer

Yuka Sato”, Masanori Seimiya2> X, Toshihiko Yoshidal), Yuji SawabeA”,
Eisaku Hokazono, Susumu Osawa’ and Kazuyuki Matsushita’

Summary In recent years, two ICG methods were developed that do not require blood sampling
before intravenous ICG injections and is applicable to an automated biochemical analyzer. In the
long wavelength blank method, the ICG concentration was measured at a dominant wavelength of
805 nm and complementary wavelength of 884 nm. In the ICG decolorization method, sodium
periodate was used for decolorization.

In two automatic methods, the CVs of the reproducibilities were 1% or lower, and dilution
linearity was noted up to 12.9 u mol/L (1 mg/dL) ICG. Hemoglobin, bilirubin, and chyle had no
interference on the results obtained. The correlation coefficient between the standard method and
long wavelength blank method or ICG decolorization method were r = 0.994, and 0.989,
respectively; however, slight divergence was noted in turbid samples. Two automatic ICG method
may be highly practical because blood sampling before ICG loading is unnecessary and

measurements are simple.

Key words: ICG, complementary wavelength, decolorization, sodium periodate
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I. #&

il

1Y KoY 7 =221 =" (indocyanine green,
ICG) HEMEERIZ. BFRERE R I F A RE D042 12
HRY TH Y IR B TR RE %
FIROFIRIZ D VSN T W53,

PER L MAICGHIEIZ IV H LT & 7ok
PR Tld, ICGOMHERT DML & k& L
TICGHHE R OWOGEE 2 Jl%E L. ICGO Il 15
WEAHEET L, ZoFETIE, Lk d
ICGDO A - #2B DIRIMAEETH o T 720
BRTRT - A CIEOBEMRRPEE (FLY) oIk
BT S & ICGD M EH MDA E R
Bh b, ENUTH L, WRIEEREES CICG
B A IS OICGH filfo L CTRER & 3 2 Jride
X ICGEMTRIOWMPB AL TH D, S 5HITE
FEBIVERBICLVICGEHE L TR E T
B, HEYSHEEEE T ERRI I
MHFE SNz, T OHEE ICGERT D IMTF
DHTHENTE T L BAME RO HEV S HHH
DR 2 & HIREORLD #AL AT I A
DT FEEAMER T 5 % & AHEIEVEE R
5N, LA L. ZOHEGREORAELEE
ASHUNE L EFEWEOREDL TR T
Ve R IR S,

SR Ak, B3 7 RERH RO K AR
TR, RO B X OO 2 LE L7
W RRRIEFEEE (DUMEZE) 28R
720 EHIZFKA L. ICGOBERT OIRM AL
THH. o, BILFAFRECTHT R EDHED
DEE L ZIT R WICGOHIE T EEHIyE L,
ICGHHE 4 0 ML T DICGHE Y %805 nmPB L O
884 nmM 2y & THIET 5 HE /AT (LLF,
RkE ) 2% LY. RaTid, Bk
FAIRED X OWFEICO VT, MEREEHIE 2 17
572D THET S,

I. M#EhE

1) #H
MEERRATER I IR S N ZICGE R B %
Wi L 7215050 (£ > 7+ —AFartr MEL
B A) OICGHHERT - 2D MK A 5 15 72 iE
AW (TRERFMME L H SRR 5685,
20154E) o MUEAVERH OERER I, 7 — )b

M % N 2 721CG 12.9 g mol/L (1 mg/dL) &
(P77 7 7)) — viEEH2S mg (55— =4k
4 & TR ICGEEAFET100% 12 AH2Y)
W, TEWEOEE X, THF oy 7A
TR AT ARy 7 AR EH) AV,

2) BB L O E

(1) BEeRE:  ICGRHERT - RO IMIEA1 mL
AR AR K 22 mLl 2 CiRFI £, 70105453
SR RS RN T2 /v Y —X)
% PV T805 nm TG &5 L 720 AT -
BOWSE DM HICGHEE % K72,

(2) BBt o A A KI120.1% Brij 35
(HLB : 16.9; 5iaZA:ihon7-0) B L1U0.1%
LRFWES M) v A (B0 z9) Lib
EOmmL7zmm e MERRE L Lz, Rt
% BM2250R A LA BB AT S (H AT Ik
Aot s UFBM2250) (2% TE L 720 ICGHHE
BIME20 u LE 40 u L2 RA L 2 RO
6 & 32 9% 5805 nm, ¥ £884 nm Tl L
720

(3) HEE  FHS KPP 2B8F |2 LT, U
TOBYFRIERMER L, G/ T A —F RHE
L 72o ABEAEKIZ0.1% Brij 358 & U%0.1% %
HEBRS M) YA RIML7WERE 1 RlEL
L. E5123%I%2 L) ca v EiS Y
7 AR AN L B2 EE (ICGIH M) &
L 720 ARER3E A BM2250% A= b2 F B 44T 2 &
(HAREF e aH) 103 E L2, ICGH T
M{FE0uLE 1RSI u Lz RE L 25 HD
Wt % 805 nmd Bk & THIE R, F23E20
u L% IL TS oOWtE % llE L7z, ICG
THZH - R OWLIEEE D77 HICGIRE % KD 72,

m #%

1) 3

(1) [FIFEFEBM
ICGIEFEDFIH18B L U39 umol/L (ZNZ

IEEER T4 L UB0% I2HY) oIiliFicBly
LA B (n=20) &, HFEEDCY = 1.68
L0114 %TH-7201xF L. HEHTH O

P HIZCV 1%L FTH -7z (Table 1)
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(2) HZEFHIM
RELSMEBEICKE L. REOFLHIT-
FETHELIT) . & ¥ F— FEUETTHRETL
720 ICGIEFEYI1.88 £ U3.9 umol/LOIMiE %
204/ L C-80C 12 4E L. fEHEE L T
HWE L7 n=20 BOHM) THE L 72455,
i E B b & HCV = 0.6% LT TdH -7z (Table
2)o

2) EARYE - A 3129 umol/L (1 mg/
dL; fFHFECTl100% 12AHY) TN AE S
EAREDTERR S N7z,

3) A E DRES

ICGi 3.9 u mol/LOMEIZ T F = v 7
A7 T A% 1R L TG L7ze dinL 7246
W ORMGERE X, ~NEZ T E 24000 mg/L,
ALY L E X160 mg/L, #HERIE ) L~
170 mg/L, LU 560KV~ Y Y HETH D, £
OFER, EERVEESANE 7O v LN &
BB R T 72Ok L. T AB SR O
BI6%LL T TH - 72 (Table 3)o

oo A

4) AHEAME

THERRE (x) L RERMIEE (y) OMHE
PEIE, r=0.994, BIZBIFRy = 1.04 x + 0.1, #FE
Bereik (0 EWHEE (y) OB r=
0.989, MEIZEIRAy = 1.05x + 0.1 TH o 720 K
FEMEIS T T OTEEG (Fig. 1 © KETTRLT)
RO, TN OBAKIETTRE LT
7oo —H. WEE ) LREESEE y) ©
FHEAMELL, r = 0.997, HEEIFR\y = 0.99x + 0.0T
-7 (Fig. 1)o

NV E%E

ICGHIZEZ BT 5 I H By 5T E o Ak 1 %
M L7z ZO%HE. MBEBSIEE. wih
LCVIRLL T & BliF 2 B %% /R L. 1294
mol/L (FEAF3100%4H2%) F CTOJ % 8 5 H
MUEEAE L. R EWEORES TN
ERGHUT &bl BIFREREEER
L7

Table 1  Within-run reproducibility (n=20, CV%)
X Sample A Sample B
ICG concentration
1.8umol/L (ICG 14%) 3.9umol/L (ICG 30%)
Standard procedure 1.6 1.4
Long wavelength
blank method 0.5 0.4
ICG decolorization
0.8 0.5
method

Table 2 Between-run reproducibility (n=20, CV%)

method

. Sample A Sample B
ICG concentration
1.8umol/L (ICG 14%) 3.9umol/L (ICG 30%)
Long wavelength
blank method 0.4 0.4
1CG decolorization
0.6 0.4

Table 3 Co-existing substances

The rates of interference (%

Final concentrations

Conjugated

Free

Hemoglobin Chyle
of the added co-exi Bilirubin, bilirubin, 5
) 4000 mg:L 560 FTU*
sting substances 160 mg/L 170 mg/L
Standard procedure 9.4 1.9 2.3 80.4
Long wavelength
blank method 1.8 2.6 2.2 3.4
ICG decolorization
-5.3 -6.0 -2.3 1.0
method

XFTU, formazin turbidity units
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Fig. 1 Correlation between the Standard method and Automatic methods (n=150)

Arrows indicate divergent cases (serum was turbid in all divergent cases).

JEHRER AT IZ B 1T 2 BF PR RE O &FMik & L T
1%, Child-PughZA I 79 b ¥R LTEBD.
FZOEEERLFHOHBICHEH SN T
bo LA L. AR BTOIB R G & 70 2 BE
DR B R W IR B E D % { AChild-
PughA 2 7 AIZ 4340 & 'Y, Child-Pugh X I 7
TIIBFFIRRE L IEMEICIHRT 2 2 L A WEETH
Do BN S, SV U] BE 7 HPH A 4TIR
T 5 BT, JEROFE, P L)LY RE,
B L UICGHERIZ BT 2 1573512 X % 5F
# (Makuuchi-Criteria) # Z% L 72", HAT
134 < Ot % T HT-80 B Al7 5 |2 Makuuchi-Criteria
& B YIBETREEIA O EE FERL CTB Y . BT
YIBEMRE OL RO T IO HE L T b &
HbN b, 20X IZICG-155 14 o FFifh
V. FPBR 7V B BRAT IS O - 6 0 SA 2=
ELTCEETH L,

ICG-15%7 15 SR DR HERY R 2 Tld, ICGD
AR & OEHE153 #ZFRIM A 1TV . 805 nm
2BV B EHE B O ILE OV IEEE A & BT o 1
HOWEEZZ LD ETROLNTE 2,
L7 UAEHE SRR CUd. ICGH T Rl £ o0 2[8]
RIMALETH D, F@EMRPL Ly, il
FEICREZRE LD, S50, 9ER % Hw
THERRTHET A2 05, 1 mbl Eoil
HHPLETH - 72,

Fea LM%, HEBREOE LB X ko
et e Em L. BT BRI 2R L
7oo Ln L. BEHERRVED: & OAHBEMEIZIZIZENT
TH o727 et IVNOSIEDFEE TR 3
LEEZONDIUESHE L (7= % 13R
LTWie\y), 22T, BT ORIaDFRA %

Wz 5 BNT, AMAEKIZFEEER & LT
Brij 35% N2 7oA 8 AMUEDS B L %2 %o
7oo F70#8 3 Y EREFLEORE I EWE
DB ZITHW Z b, HEKRE %805
mMmOEWETHET LI I NTA—F 2 EH
L7zo &5 I12F A 1ZICGHT884 nm TN % F5
o2 & IiE 0805 nm & 884 nm D W G FE
DEDP/NE N DD, 84nmmERIEELT 5
B2 Lz,
FHEEOMBEII R Ch o 72205, (GREE
IS CE T OTEHES] (Figureh O REITR L72)
B SNz WTNOTEERF] b R X
DLW EBOIESEOICHE SR TWz, 2
NEOBEOMWIREMHR L 2R, I bl
CIWZHRT L EE DN LE D DD 57z,
ICGHfEHT O FRIMN % 1T > TH HICGD it 0 %
i F TR S22 5 &L BEIMEH OFLODE
L 2R S 5o A BITEHE L Z2EBNIZ D W
T, ICGHEHERT O Mg DGR 1S FL U O 22
WX E LAY ICGHEHEDINE TIRATH
WA L7212k, BB IELICHFRED S
HEL72ZEDPEREZZ SNz (A
BT A VCOEEIIYERSRLLT TH -
72) o F 2RISR A MO E % 2
VT %7289, ICGOFEHFER O IMEAEI ST 5 L &
O, FHEROMEAEILS % & IEOFREN 54
T BREMED D %o T HEHTEIE ML
DEBEPBRM L Z S, 2O L) RiEEIL
HELwEEZOLNS,
LTI, HRH S ST O E o8
ZIREEY LT A5, AME ClEsBHIEmM T
o7z FH SO 25600 nm & 800 nmD2
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WRNYETH 20125 L. A$ETIE805 nmTD
HERECTHDEL 72720, B EHNC & 2 ARk
DEROEALDEE + T hh ol EZ BN
720 MIEORAFREMEIZOW T, FRHSIES
HEY & LTwaA, Fromaicidl » B2
FRETH o720 2T, BEIZHW 3B
ICGIEEE R RISt RILDFEE N ORI D 1E
W ENREEE LTE AN, LzA> T
WEEEHHSTA12H 7o Td, REDOLRENE
RSN 5 L L b, EmMICRES
TS L ULEN D D,

DR & D, BREEMEES I OHEEERL w
TN RIFREEETFROEEZ bz, IR
MR, HERFEIZ RGOS
P CHDHI e, REOpHP M TH V) A
BALLEENZ L 3D 0REIEEL 5 2 50
REMEAV NS W Ern, KW ARV EE
Z bz, —h BUEEN Tl LT\ 541k
FHBSIEEBEIIE, AEREEO LREA800 nm
FEDHDHE . ZNEDEBETIINHEEE
HAwaZEicky, BEOBHEOERE L OH
FHREOEIMLICERTE 2 &2 517z,

V. #&

B

ICGHIZEIZ BT 5 BB IEEE X OVHEk
DHEREREIZNTNS BIFTH o720 TNHD
FHFAIICGHER ORI AN E R Z &b, &
FOBEMOER. B L OHEREDE LI
HEEz iz,

[COl FBEFICHI L2 B, A THAE
IR 23 E (5H) OFIGMHRK - % L

L7/

#

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)
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