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An early diagnostic method for diabetic neuropathy using TcpO»
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Abstract - Diabetic neuropathy is one of the most common diabetic complications. In clinical practices, nerve
conduction velocity (NCV) has been used as a standard method for diagnosing diabetic neuropathy. However, it
applies maximum of 100mA electric stimulus to nerves causing stress and pain to patients. In this study, as a
non—invasive method, TcpOs was utilized to investigate the difference and relationship between TcpOz and SpOs of
normal and diabetic neuropathy subjects. In addition, a new method of diagnosing diabetic neuropathy using TcpOsz is
suggested. 50 normal subjects and 50 diabetic patients with neuropathy diagnosed by NCV participated in this study.
Parameters used in this study were TcpOz, TepCos, and SpOsz. As a result of the TcpOz measurements, statistical
significances were found from TcpO; of hands and feet from normal and patients group(p<0.01). SpO; measured from
index finger of normal and patient groups showed no statistical significance (p>0.05). On the other hand, SpO2
measured from great toes of normal and patient group showed statistical significance (p<0.01). Correlation coefficient
between SpO; of finger and TcpOz of hand was 0.400 (p<0.01) and SpO: of toe and TepOz of foot was 0.471(p<0.01).
Both correlation values were statistically significant. Sensitivities and specificities of the TepO2 method were found
to be 66 % and 92 %, respectively. If suggested TcpO» method is used periodically, prevention and early diagnosis of

diabetic neuropathy is possible.

Key Words :

18 M2

o FHES U F5 HEPAS o
zkolzt oyt AAZL dAstn PBoFale] A3lEo ot
A AARLE ¥ 5ol F7lstn UtH1]

G HAgEd 4% guES 2elem o #yE
% 7FE FAE $9F 59 st vz 219
THFoIT YxHA Ry Hae
2178/ (neuropathic), A% -# @4 (neuro—ischemic),

# @4 (ischemic) 9] 37}A12 TEEHY 999 Wz 7tz
50~60%, 20~30%, 10~20% AE=Z, 70~90%7}
TxPA AFEFe] M L v 2 }(2].

Neuropathy ,TcpOz ,TcpCoz .SpO: NCV

AZEFE Agshy] A e dolMe
AR A= AHnerve conduction velocity: NCV) &
ANste] AHWFe) §78 WD, 2y
ABAEZALE T AFAez A 100nA2)
A2
» A AN T AEFEERY
* AAS dAdgE A3 eHEAY
*x 3713 : National Institute of Advanced Industrial
Science and Technology (AIST),
Assistive Device Technology Group, Japan
+ UEFE o dAdsty YATSEZT A
t Y49 Mgt oy oetFga g, nAA 2

ooy X
ko o
)
&)
v

ri nE

1*1” TepO2 EAWHE o] &3t A
Qe 2FFH A 257 TcepO29) z}°la elsta,
TepOe$t SpO27t ojwW g BAZE EAsEA AR}
Ed TepO, FAWHE AAWST S 27] A4 F Qe
AMze BHog Atstn st

2% =22

213 Aoy Magy

7434 ArA < (transcutaneous oxygen tension,
TepO2) 8 ole ‘387 Ao 2R e FFHE A4
AEolAY, MEUWZ Eoj7te oM A4 AR 2
EHET3].

2.2 TepOo Melsty g4
TepOz 32 19703 Huchell g3 A=)
TepOpe 249 A2 F3F AEAP]] p0OE WHAgth
oA TcpO:8+ PaOs, TepCoz9t PaCopt ¥S AHRBAES
BAtHE A o] 2R FUrH4].

TepOot: o8l 7HA &3 247 Qs 1 $X7}

ks

232



PG Tep0,8 F3%A B 3G
ke 2ot

1) $9e p0,

2) 229 Y7

3) WY T A, R, ZARY ¥ HE

4) Zxé 44 9ol gl e
Bl B0k sl WG] Tepz 0]

fo
i)
ﬁ
to
B
i
rlo

=

31E M8 Oy

AFLE A 50T NCVE B3 AAgZolg} &3
Ve Fuska 5088 Ao s AT A 159
Had A9 55.4% 2054 o], Addly WArF 243,
Az} 26 o2 5 Atk AN ES) Fny f5E
#Hsl7] Jeil dE4 7] (LifeScan ,USA)E AME35l9ic)
AR Fmsat I 91 A A38L 60.0+ 13.34 oz
Al Gt 2 1247} 29 o2 tAdE| g T),

28 B39 9A], Al 2z 43
SpOz—— Z=45h= PPG AlA+ Nellcor DS—100A

Durasensor (U.S.A) & AMEslgi o, )tz HE
Fae] o] gloja AR Wabgo] el wlo]
Eol7HA A mHEoiA 9t PPG MM 94X+ 113

2ol AFT 982 YA YA We] 4L g

=

=

BN X2 YRt PPG MM RE 2L

TcpO¥ TcpCOZL A H3E
HulEE FA0 &4 7Hssiq ’5?—}34
PPG& e TcpO,w TcpCOg/] =7 23
°] & AASY A gt TepOd

2+3st7] o7 wjEolsict.

811 T 7hA
¥ I¥os #oh
H apol7h e

TcepCoz ASE

2. &3 49 Tep0.¥

TepCoz MS2E 2F

TepO02R TepCoze FA A7) whel TepO2$t

TepCoz?l &4 A7t vE & vk 71& =&dMe 54

AlZbo] 15%elA 208°] 713 @otorn, & =F& o
Edz &3 AE & 29 9 168S FAs9edH,
TepO29t TepCoz8l #hel A Holo] WA o4& o #d
7158k}

TepOe:d TepCopxe Ao} &% =3 5238 940th
A= 5L 44TH fA8k A8E JYe Fo0t 7be
moun o]fs 27t 43T 44T Atole EX71A
7}°4Q91*%“H Z2 3 Z Y83 (arterialization) 7} E43517]

Folth[6]. ¥ =8 ol WL v oE HTe
< '_Tf: 44TE AAsre] Aysisith

3.33 A8 9y

AL A5ty A 1080 7 GAH S FHeA
TepO2:¥ TepCoyz F7871(TCM40, Radiometer,
Copenhagen) & o] &3lo] ZH89i 2w PPG AlAwS k%
AA g dApdsteel £ Sp0:E 18 54, TepO2¥
TepCors 8% &3 ¢ 22 wloj] X ZLO}O% 13 7} 15%
A 2259 vk AAEA iAol HAlE AlE ABHA
W FdudAe g9 gdabaes dAlsteled, Fadt
AR Fedia 53 A AUl 3 58 25.8%
0.64Coj 4}, EAEAS SPSS 10.0 for windows (SPSS
Inc.)E o] €3] independent sample t test, correlation,

atglor,

ROC (receiver operating characteristic) curve®

24 Ao mgelnh

APESEE T 193

13 3. Sp0y, TepO02Y TepCor 53 F|

4 7 Z 9 o

4.175 Jggon_l An_\--?-l' %} TCDOz, TCDCOz I&x
A1 507 A 2EZ £9] TepO.& HiE 70.7%

9.5mmHgol 3, 28% e} TepOe= 68.7+ 9.6mmHgol it}
TepCors oM E Hd 38.4% 4.6mmHg, ollHE 386+
4.9mmHgo) itk A4H19] Tep028) TepCoze &3} whofiA
EAHoZ FoF zol7t GHTepOz: p=0.297, TepCos:
p=0.883). A4l 507 FellM 447 e] TepO:9] A4 WU
60~95mmHg, TepCox®] %7 WA 30~50mmHge] Ak

42" NBAYY Y@}t &3 2 Tep0,, TepCor &4
AZAEA g 509 A 2E8F £2) TepOe=
B 62.0F 9.6mmHgol 1, 222 2] TcpOet= 584+

10.1mmHgo] 3 th. TepCoze £oM = g 38.6+
4.2mmHg, e 38.3% 4.5mmHgel it AW A
Fr@at 50 FolA 1790 Tep028 A4 VAL
60~95mmHg, TcpCo22l 74919 30~50mmHg7t

233



p<0.01,

Sp028F €2 TcpOs

1-specificity7} & $

vgtoen, UnlA 339 Tep0:9 60mmHg ©]3k3ith
NZEA Fu@ate TepO28 TepCor EF &3 2ojlA
FAALR fod Aolzt AU (TepOs: p=0.070,
TepCoz: p=0.714).

4 509 AAEAY @A 5099 &3 ¢
TecpO29F TepCoz8 AolE R &3 o] TepConrts
dAn WA At el FAHCE Holst
RAATHE: p=0.838, ¥ p=0.767). FAAH X744
FudAt 7kl TepCoz ZHel7h AARATE WHE Tep0:9
AL AAPY T e FA8 Jols) UAATH(E:
i p<0.01). wEts B =RoMEe A4z
AAEAY G B2 T2 GFFoo e g
Yl E TepCozBth Tep028 2348 HFx
Bl s gkl

[~}
=
=2

4.3% Sp0; 2 TepO,, TepCo2te A2

B =EdAME AU 438 G Sp0Lgh
TcpOs, SpO2%} TepCozol HTBAE Loty na &£7hety
SpO2% TepOs, SpO29t TepCoa$tHol F A

T

ke

g

By

I Ax, £748e] Sp02%t £9 TepCo ot A

o
—0.197 (p=0.05)F <3t 29 4H#WAZ ¥oloy,
@7tete] SpO.9h w2 TepCox8he] AddA &=
~0.127(p=0.219) 2 EARCEZ AABAE RolA Yo}
o] Z1& TcpCoz 7] H¥ N9 3Zo Y &
o)EHol7] Y& A[5]0F AtmHc) 7L} &vleto
e A7Y 0.400(p<0.01),
B7keto] SpO.9 29 TepOry= 0.471(p<0.01)E

Ae

L=

o

FANOE #A% HVBAZ e o] AR fobg

oz ATSHAY TepOz7h 40mmHgol 4 739

SpOq 8t AH#AAZL EAsths o]dY AT KAt
Azl ZE 8 T AATRHT].

4.48 Tcp0,E 0|88 '8y G#ixiel x7|WY
B2 28 ARFYE 2B IF S olE3kd,

=2

TepOp WMol A7 2x=8AE dvht FgatA H&

AeA gls) Rkt ROCHFME

e

TcpO22 o] BA3AT. T4 #4o i@
ROC

Sensilivity

4g vehd soln.

ro —
,,,,,,,, i

o 85—

- 82! TepO,
©-&= /\ @ 2f Tepd,
0 i
©. 2~
. T T

¥ ¥
o4 o6&
1 — Specificity

4.2 os O

O34, &3 & Tep029 ROC curve
A A3, £9] TepOxRth @2 TepOz7} sensitivity 9
AL AT 9ok AFFHY

iAE

o

r

234

FAF B3ty g8 TCM4037F 34U #xE
FE8E= Tep0.:9 713 60mmHgs 71E£22 779
sensitivity 9} specificity® AASIRAE o, £9 TepO:
sensitivitys 40%, specificitys 98%, &2 TcpO.x
sensitivity ¥ 52%, specificity=92% %, £olv} ¢ F X
Z & Xolgtx olde] & A9 sensitivity® 66%,
specificitys 92%2 vhebwiv}.

5% #E
# =E& TcpOz TepCos Sp02 o] 3te] BAHI%
AZRA FuBAE S50, TcpOF ol 48 124
YrBe 27128 Py 20 shad dFA,
TepO,2 o §8 HAE AHgshE B2 SYATL
NZAEAAG o] 20~308HE 2eHA,

B8 & (non—invasive) o]l A 3|7 xtellAl HE 1%&
FA gou ARAAENA HAE AFE 5 Atk B
o G ARAEFE o FE AYPH Fo] dAHE
A%} wed, 7189 TepO. AAME F3 da#HA
N71E 276 2ATE F YA
2744 oArg & Qe
= Tep0E
AP A}

0.

=9
o =

He
g

OS‘_ r_>:

XL

o

4 op Nk ol o
MU % fid of oF

k1

i

2004 AR A7 270
. (#):10017058)

o

25

=

1y o3, A28 Fuye

1998

(2] 24%, FuBy S53E99 ¥
xWers FASEGE, A244,
pp.S—-55-S-64, 2000

[31Baumbach P., Understanding Transcutaneous pO2
and pCO2 Measurement, 5, 3, 4, 4, pp.19-22,
Copenhagen, Radiometer A/S

{4JFanconi S., oximetry and
oxygen tension for detection of hypoxemia
critically ill infants and children, Adv Exp Med Biol.
200, pp.159-164, 1987

[5]John G. Webster8dA4,
pp.660—-667, 2004

[6I]DEAN T. WILLIAMS, KEITH G. HARDING,
PATRICIA PRICE, An Evaluation of the Efficacy of
Methods Used Lower—Limb
Arterial Disease in Diabetes, 28,
pp.2206-2210, 2005.

[71William W. Hey, M. Brockway and Mario Eyzaguirre,
Neonatal Pulse Oximetry: Accuracy and Reliability,
PEDIATRICS, 83, 5, 1989

, 1#1&%, pp.551-569,

o
A

7 A, AL3A e

BE2%: A7,

Pulse transcutaneous

in

‘JEAFTE . AEH,

in Screening for

Diabetes Care,



