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Evaluation of Intermittent Claudication by Near-Infrared Spectroscopy and
Air Plethysmography

Kouichi ENDO

The usefulness of near-infrared spectroscopy (NIRS) and air plethysmography (APG) in
estimating the severity of intermittent claudication was evaluated.

NIRS and APG were performed with a treadmill test in 40 patients who complained of
intermittent claudication and 47 juvenile and 10 older people in control subjects. The NIRS probe
was positioned on the posterior aspect of calf and the treadmill test was performed with a 12%
slope at a speed of 2,4km/hr for three minutes. The time between the end of exercise and
intersection of the curves of recovering oxy-Hb and deoxy-Hb was measured (recovery time :
RT). After 30 minutes, resting and postexercise arterial inflow of the extremities was also
investigated, and resting arterial inflow divided the volume of lower extremities per 100cm ?
(rAllndex) and postexercise arterial infow divided the volume of lower extremities per 100cm?®
(eAllndex) were measured. These indices were compared with Ankle Brachial Index (ABI) and
angiographic findings.

RT showed a significant inverse correlation with ABI, and rAllndex and eAllndex had a

significant positive correlation with ABL
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All subjects were classified into 4 groups by r-and eAlLndexes ; Il a | both r-and eAllndex >
0.9 and eAllndex >rAllndex, I b : both r-and eAllndex >>0. 9 and eAllndex<rAllndex, [ ¢ .
rAllndex > 0. 9 and eAllndex<C0. 9, I d : rAllndex<0. 9.

Conservative therapy was not effective for [ c and I d, but it was effective for MTaand IIb.

In cases classified as [ c or [Id surgical treatment should be considered.

Although conservative therapy was not effective for the cases with an RT of more than 300

seconds, it was effective for the cases with an RT of less than 180 seconds.

These observations suggested that NIRS and APG are useful noninvasive diagnostic methods

for evaluating the severity of intermittent claudication, and provide valuable information for
decision making in treatment. (Accepted on October 16, 2001} Kawasaki Igakkaishi 27(4) © 305—314, 2001
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Near-Infrared Spectroscopy (NIRS-300)

TR

Fig. 1.
The NIRS probe was positioned on the posterior aspect of calf and the
treadmill test was performed with a 12% slope at a speed of 2. 4km/hr for
three minutes,

Near-Infrared Spectroscopy (NIRS)
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Fig. 2. Air plethysmography (APG)
The lower limb was covered with the air plethysmography cuff and the
treadmill test was performed with a 12% slope at a speed of 2. 4km/hr for
three minutes.
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The rAllndex level was significantly higher in juvenile than older people in @ rAllndex

control subjects. There was no signiticant ditference between the control

older group and the claudicant group.
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The eAllndex level was significantly higher in juvenile than older people in

control subjects.

The eAllndex level was significantly lower in the claudicant group than

older people in control subjects.
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Fig. 6. Correlation between RT and ABI
RT showed a significant inverse correlation with ABI
|lntermittent Claudication |
I
[ ]
| rAlindex>09 | [ rAllndex<09 |
[ 1 —1
| eAllndex>0.9 || eAllndex<09 |
I .
[ | HES
[eAllndex>rAllndex | [eAlindex <rAlindex |
Severity IIa > oI > Oc > 1Id
Fig. 7. Classification of APG
O a: both r-and eAllndex >0.9 and eAllndex >rAllndex, IIb : both r-

and eAllndex>0.9 and

eAllndex<rAllndex,

eAllndex<C0.9, IId : rAllndex<<{.9

D Ma, ARRTS D BEMEMET Lz D% b,
rAllndex 7%0. 9 & ) KT eAllndex #50. 9LA T % I

¢, rAllndex %%0.9LL F =

Od&$5E, Taldlif,

Oc:rAllndex>0.9 and

309

Ob6HE, Hcl7lE, Od3fETaH -
7= (Fig. 7). AB1!X, Ta0.65%
0.17, Ib0.58+0.09, Dc0.32+
0.22, Td0.37 £0.367C Ila, IIb
Zatiil Dc, IdE&LHT
&, EREEICHEOSEEED
<0.01).

3. NIRS, APG, ABI ®H{%

RT 7%, 180Fb LA 2 A B, 180
P 53008 £ T# B #, 3008
L% CHELTBE, ABITId,
ABRIEIBBIZHRTHEEORM
2R L7245 B, CEEIZIIA D
DL R Ao 72, rAllndex Tlg,
AR, BEMBICIAEEDEIE R
Mo foht, CHIEBHITH~AT
HEOKRT 25 L TWwi
eAllndex Ti&, B BEix A # 1Lk
AXTATEOMEAR R R L7228, BT,
CHMICEABEDE LD o1
(Table 1).

APGIZ L Az HTIHH S
&, AR TINT, $XTIa,
B fifi$23H T, Tabk, MTbelk,
Dcl2lT, CEHII0M T Ta2llk,
Deshy, Td3fkTdh -7z,

AT AEERNL 5 5 7 BT,
RT (& 7 L2 130080 3 i, 500FF
2 %, 4408 11, 400851 T,
APG 2 & B T3, Td3,
D2l Tdh o7
4. MmATREHEH
1) fERDgEREE, ABI

e, dEIRIT28BINE S, 2 Bl
FERAH B HAAT L Do L7,
Z0 2 EOHiHEO ABLIZENE
L0.75, 0.79TASEAINAT B2 H
Thoi. &ETIE, ABLIZ, 7

T0.56 0. 197 M £0.96 £ 0.09 & H Iz E
L7 (p<0.001) (Fig. 8).
2) NIRS



310 N gy

Table 1. Relationship between RT and other parameters
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Values are mean =8D. *p<0.05, **p<0.01, compared
with A group. #p<0.05, compared with B group
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Fig. 8. ABI before and after operation
The ABI after operation was significantly higher than that before operation.

7‘:- o P<0.001
5. fRAFHEL 1000
BAEMREE L, NIRO DL B40%H 9001 - o
TIHAB2M, BESH, CB 0.
ST, BABHMRBEN g g oo T 10080
500 -
i:H’CGi, Aﬁl’ij-’\fﬂa, B#F‘ WDW
Tt Tallly, Ob2f, Tc2fk, C ol 5
BCETM Thor ABIET 1o = 7
- U 2 B —rn - 1] =0
~NTEE, BEETIE 4 HT 2 idk Batare Aftor
=T vy " "
BT, WESlETa 1B, IbIRK Fig. 9. RT before and after operation
TEZOMIEAZE, CHEIHIE3IH The RT after operation was significantly shorter than that before operation.



TR & 2R RIR 311

Loy NI VEMIC XD BERMERITOERERSE
SEAE: & LT, Rutherford 5913, Bk L7z b
Ly F3IOVRITR TIRESI CEB fMTE RO
ML A350 mmHg BL B, U2 L@kt
L gE20 mmHg FREZEERITEL, MLy
F 3BT TAENS L ESAFMERO L
M ML A0 mmHg LU F 2 B ERITE LE®
R A P EERTE LTWA, KE S VIR EH
B OILE X U ABL o [ BEE [ 0 i Kk
ITHEME L D AR TH L L, mik
51143 NIRS % 272 RT + 7 4 % [A{E I ] 3
HEHTHBEHELTWS. IEASYIE, APG
TS X BT AN EROEIIRTA
BAOCEEESEEITVWENTh -2 EEL
Twb,

KHGY O ABI @ MEIFMIZEH LT, AH
HIETH L, BEMN N7 T M2 v,
MEHR 1SRV L 20T EIELTWA D
AHETAS 2D Z LR RMmATH - & R
TELWIEDNHDLE, SHITVTLIAALT
BhWKERSH L, APGIZ X ABIRBARD
B MEDNETE LA, VTN AL LI
HETE ARV LR FRICHEND ZHEI
FRE T TR A ETE ZWRHALH B,

ZDENIRS 2, 2F Y YR VTHTEER
BEIZ) Ty 4 BCHIETE B 720, RIS T
IR ENHEEEICERTH S, L Lifix
EAMETE RV EMNRETHD, 20/
Oxy-Hb & Deoxy-Hb A% L FE VUK 5 &
TOBMT AL LEERE L2 EEL LTw5.
LA L 7% 6 PRI B RE R 5 2 OB ER IR T HER T
EBE M L D Oxy-Hb & Deoxy-Hb 7+
LEEZH7256 L, EBL AR 2 K2
BHETLILEYNSH DL, ZOLOARNKETIE
NIRS & APG ? 2 J7 i TRl tRas L7z,

APG OH 2 2Tk A EDME TIiZ, 2@
size I X DG B2 EABMERTHAE0,
FOOBIRE AR TRER T MWL In-
dex % B IH L 22 H05 % rAllndex, HIT# THEE
% eAllndex & L 7=. eAllndex iZH W E £ D M
FIREEENELTEBY, EEBREARDE:

A3 5 $%, Rutherford 5 ASE M EHIZHlE L7z
RS (M L -l e Z 2 b b,

B O A 2 — = ¥ 7R & LT ABL A
BOLE WS RTWAD, HRFELEE-YR
AT, BIIROAIK(EAE  IEREIZIE
TERVWKEZBEWT, REELES THAN
Ay, EFIZ10~1.27T, 0.9BLTi2ff & A
OERIMATREEIRIE SRS, KFFETIE,
NIRS {2 & A RT & ABlL iZHE OB OMHMZ IR
L, BMAEECLEWIRTPAEET LI LA
TREN, APG |2 L % rAllndex, eAllndex % [f]
BICHBEOIEOMMERL, BLAFSEIZLA
FTEE S GETL, BoBREEXHET LR
WigE R E 2 Hhis,

NIRS O IEH# Tk, $HITEHIC Oxy-Hb &
Deoxy-Hb D fE#EIL A%, & HIZRRETL
Twah, BBEERATH T RITHAERICES
HETLTEY, Thizilicisbnl®E
AbND. MEREEITH Tid Oxy-Hb & Deoxy
-Hb OEMEIZ 2 2D — Y EED, FOIE
Type 3 34 7o 7228, T Type 313, Rk
HRIMAFEE L TWEOTR W LS
5. FMTHBERIZIER Y - ERTHDS
1 ORTH 7. ABI X APG D BRI AR
A, FFERIIBELTADIZ 00 b 6T,
MO RT L1000 THEHEZEZ L L
ABI % APG O BYIR it A 513 I 17 #F i % Faf7 L
TeRWENRDIKEE S, RT 2 XY RO MR
AGOHTHMLTWwAZ EAENSh, &9
S TH D Z EAURKE I N,

— i APG Tid, EEERHIE, FHEREE
V2 HEEE LT rAllndex 2B RIS LTw 7.
Zhig, EFEFETHROGHENSZ I &R0
HMHELREDPEELTWwWELDEEZLRA.
% 72 rAllndex (&, [ECVEBEAT 1 & SRR Bl
IXEEOER Do 7298, FEMEBITE T
GEERER I 12 & A RRBE MR AR o T BIEF] A
LW ENEREEZ H7z, eAllndex TH,
F B e 17 490k e BB 191 L2 T B R
L, MTHEREZELEFICELTBY, T
BMOFEREEL L TR RWiFEEEz bh/.



312 oy E 4 & (fig74 45 2001)

F 7- rAllndex & eAllndex 7 & O HEHEE ST
i, Tal TbZEFOLHEE Tc L IbEFOLIET
AEOAEZEDTBY, 1o0BREEITOE
EETHE L THRHNINIDDOEEILND,
B RITARERTld, NIRS (2815 RT ¢
AT ETHY, APGIZLB0HTL T
N TOe, TdTHY, BKEROERELE L —
HTHLDTHo7.

I T 56 32 & L 7> TransAtlantic  Inter-Society
Consensus 'V T, WEMEBAITICHT 2 H#I,
%ﬁﬂﬁ""g‘—l‘—iﬁﬁi‘ﬁﬁ’&ﬁb*ﬂi“ L7zvsd ol

EHNGE T & U IMATREN 2 jifT 3 2 LT
WAHIHIEEEELHEELTWYWS, LrLa
WOARITIZE S TREFEILE R L Tk,
FNZMENBNEDIZ3~6 + AdhdbZ L,
ArfE L TIrdo e v AR L 2 v i AR
HIMA R A ELRENHITONS., HEE
Vg A EEh kg, BREELIEEFR T TES
B XY h BB, PRVOLLKEOWHN
LUETHL., BERETL 2SRV HLH

Tid v, FO7 IR R R I
TELHMFTHESLETHD. KHSHVI340
m b Ly F3IVEITHRORERE T3S
EB R ORI C R 5013550 RIEE)
HEYHBETELRWEBRRT WS, EALYZ

APG IZ L 2B IR A B OEHRHEE ST, Da,
Ib Tl3ssistis % o /Eih it d o
7eds, Mo TIRREAR L, Ta, ObiZIZHEY
BT GO EiREL, D

Dd (i Ay PRy 2 R hid

300 DL E CHEE L CHEEMESET L L, i
D APG 2 X A48T, AR T HUZT T Ia,
B i3 Hasht, Ib6lk, Ocl2fE, C#EIZ10M
THa2llE, Tc5iE, Nd3EThH-72.CHiiZIa
2SO EEEEL —H L eho7248, 2L
&M S B O IP IR RE R A% b, W ITITE
RITFIFEHE L T L0 2 hb e hED
Rrﬂm@f%éﬁr%i%kmiLfié
R OMEASREREEDH 2 & AT 5 2
k%m LTwaEEZHNE, £7-Ta, Ob
b A R B E S S hTwWa
Z OFEED SRR L7z & 5 W T o R 2
A g% NIRS @ RT % H#EHEEE L LT Figure
10D &9 RlEHEH A HEI L, T4bb
RT A%180F0 ki i3, MENHIEZ T2 BEMN
ik, RTAS180FP L L300 AT, LAd I,
Ob ClEE B L% F o/ RNk, e,
I d TIE ML A G AR AT #2240 2, RT300%0
PAETIPE B RERSE A3 0 TTa Thiud, HH)
BE T GO R, TOMIZmE NG
R MATHER 2179 .
ZDHDEAHIINIRS EAPGD 20D iE%RH
VB &, ETRRIEBE AT LT & D AR ik
BREAIETE, BRTORES L, HEE)s
D1I2OMBFELE LD 2DEEZ LN,

| Recovery Time(RT) |

Sl TwA, kS,
NIRS iZ £ % RT #* &, RT #7180 /
LT IS B 4, 180~300F | RT<180scc]| hmmﬂm<mmm| mﬁmmm

R FR L A AT LSGE T A LD
THIIZHERL, A/ LEVERS
MLAT P 2T &, 30080 LA ATl fT
BEEHITIRETHD LR T
Wi, ARETIE T OMLAT AR o

Da, Hb\|uc Id| |Ha ub\|nc I

/ Resplramry dysfunction

RT (2100 £ 80 T, ZITHEIKD Conservatlve Therapy [Endovascular or Surgical Therapy |

WHELTWAEDIR0R R A

Fig. 10. Recommendation of treatment algorithm for intermittent claudication

F, 180FPLL E300F0 k0% B AT, by NIRS and APG



B L AR G IR & A R A R 313

ELTHHTHLEEZONS.

| i3
T T P S R A 1o D Bk B AT R AT R L
’Ci}b‘.r‘&Hﬂ?c“i‘(:ii: & RRERIRMEE TR Ly MEMADIIHZN, BIREEHRE LMY 2 LA
IOVHRITHARIC L A BN E R % datT R AE DR OB i A8 A R S AR AR B s i
Lf;. HadEe L4, Rt B EeA

i g S e ) - sre r s IiF 125 ) A 2 i S s THE = | N HES S s
) RS RSGk & B R, a0 ERIERIECEAA  RA
” ’ ; PO WIS TS RO IR 7
ST X B IR Ao, o A _
EE” ‘fﬂmifmkm WiEd, BIMOR oy on, &0R0 BuAE70Y 20 N HER
HE XL T, (11-212) DIBBNIZ & » THib i,
AT ICHEZ & B IR & 225 AR DEE 1, 401 HAIREF R8BS (19994

Jﬂﬁ?’)’i"iém”“dexv eAllndex & V72 E 191, m)5), S2000m s mEEBEES (20006
EEEOTEUE, RO RE O TR 6 H, T8 0BV THE () L.

3 7y

UOabARAY, FRHD 0F, BRI RS WO, RINSA, S B IR, EEE -, EAREG,
HelL B PHAEVEBIIRRELAE 10008 OB, HIBYMSEE 610 873-976, 2000

2) IEARAY, HRM FE, AR, OHEEA, =% M, RIKEW, w0, BRI,
S, REARIEE R 6 A 7z P SRR DRI L 00 B BRYE AT (23 2 WD strategy.  NRAF
41 337-341, 2001

3) Jobsis FF | Noninvasive, infrared monitoring of cerebral and myocardial oxygen sufficiency and circulatory parameters.
Science 198 : 1264-1267, 1977

4) Cheatle TR, Potter LA, Cope M, Delpy DT, Coleridge SPD, Scurr JH : Near-infrared spectroscopy in peripheral
vascular disease. BrJ Surg 78 ! 405-408, 1991

5) alioKilbE, KW P RECPEBATI o PR R AL o R e . T A2 A T IR & 13 1 57,
1993

6) ARl d, FR B EARAGE R s MR T o BRI, RO B WA 166 1 807-808,
1993

7) Christopoulos DG, Nicolaides AN, Szendro G, Trvine AT, Bull ML, Eastcott HH : Air plethysmography and the effect
of elastic compression on venous hemodynamics of the legs. J Vasc Surg 5 | 148-159, 1987

8) AR, W B, BHE—IG, BB, RO, ETER - RGO, R,
B0 B T Adrplethysmography |22 % F I PSR EINR AL 0 MM O FA. MRS 39 1 787-792, 1999

9) Rutherford RB, Baker JD, Ernst C : Recommended standards for reports dealing with lower extremity ischemia
revised version. J Vasc Surg 26 ; 517-538, 1997

10) KH M AR, RMEE, DEEE, \*JJJUA B 2, ks, ARMEA D FEBINZ
WA AR iR O TR, A Atk 455-460, 1998

1) kIR, KW W ARSIk & ) JML\JIJ L 72 BIRCPE B P I o0 T BE RN, BRAS 4 35 ¢ 53-59,

1995

Komiyama T, Shigematu H, Yasuhara H, Muto T . An objective assessment of intermittent claudication by near-

infrared spectroscopy. BurJ Vasc Surg 8 © 294-296, 1994

13) fem—g, SOtk P I, InEA, AE R RCEBEAT I O R B R A R SR & LT o
MM DA 200%. Hluftsil 7: 813-820, 1098

12



314 N R &G (527% W45 2001)

14) FHESE, PUEES, hAERATE, RILALT, TidL fF  MDRYMERGRIE £ B 2o RBYEBETT ORF. Dbt
i 7 1475-483, 1998

15) Nicolaides AN, Labropoulous N, Volteas N © Quantitative Air plethysmography in the management of arterial
ischemia. In : Bernstein EF, editor. Vascular Diagnosis. 4th Edition. St. Louis | Mosby—Year Book Inc. 1983, pp
342-36

16) Harada RN, Comercta AJ, Katz ML ; Blood flow measurement revisited . a comparison of two techniques. Delaware
Valley Vascular Society. Hershy, Pennsylvania, August 27, 1993, pp 234-235

17) Dormandy JA, Rutherford RB, Heeck 1. Management of peripheral arterial disease (PAD) -TransAtlantic Inter-
Society Consensus (TASC). I Vasc Surg 31 © 122-127, 2000

18) WRIEME, AWM, #0 B KHSE DRSS & B IHCMERETT I OGEM & inaRaEst. B LA
Zrik 7 1 485-490, 1998



