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Abstract

Objective: To verify whether microcirculation analysis which includes laser Doppler blood flow de-
tection(LDF), near-infrared spectroscopy technology (NIRS) and ABI can help to distinguish vascular
diabetic foot (DF) from non-vascular diabetic foot (NVDF). Methods: The clinical data of 124 patients
with diabetic foot ulcers which treated in the Second Affiliated Hospital of Medical University of An-
hui from August 2020 to July 2021 were retrospectively analyzed. According to the results of lower
extremity arteriography, the 124 patients with diabetic foot were divided into two categories: vas-
cular diabetic foot (group VDF) and non-vascular diabetic foot (group NVDF). The values of blood
flow, tissue oxygen saturation and ABI of patients with diabetic foot ulcers were measured by laser
Doppler flowmetry and near infrared spectroscopy tissue oxygen saturation instrument and peri-
pheral vascular examination instrument. The differences of blood perfusion value, tissue oxygen
saturation and ABI between the two groups were compared. Results: In 124 patients with diabetic
foot, blood perfusion value (5.79 * 1.15 PU), tissue oxygen saturation (63.31% * 4.18%) and ABI
(0.48 + 0.12) in group VDF were significantly lower than those which include blood perfusion value
(9.62 * 2.78 PU), tissue oxygen saturation (73.46% * 4.45%) and ABI (0.78 % 0.51) in group NVDF (P
< 0.05). Conclusion: Laser Doppler flow, near-infrared spectroscopy technology and ABI are helpful
in differentiating vascular diabetic foot from non-vascular diabetic foot, which can be widely applied
in clinical diagnosis and differential diagnosis of diabetic foot ulcers (DFU).
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1. 51§

B PR 2 (DF) & W PR S8 1 — RN O, A TR G . U5 Y ORI B R 20, i
P 7 FNAN [ R B2 1) I A e L R 51 2 [1] o W PRS2 5t 20 (DFUS) I TS 1R 22 X P 2= BRI AR Ve R 2
20 FEEARE T AL B0 AKIE S R R AT 7328, IR PR 2 N = KK PR MR
PRI < AP — e R s A R R It P PR R [2]0 T DA AT LUK S i s A A b 22 — St A R
95 JE SRR I PR F 97 2 (Vascular Diabetic Foot, VDF), K2 b bR /2 58 XN AR ML ki PR 2
(Non-Vascular Diabetic Foot, NVDF). (8 M it 52 (DSA) 12 W T B AR 1 “LhriE” [3], 2
HTAQIME. &SR AL IGR A DF B MM T DSA K f, MEIA . B ool
W, WO 2 B I M (LDF) . 4 2SR B2 A (rSOL) AT ABI AN AT LASCE T A . Bt il s H bri
LM E. FEEMABI [4] [5], HEE. EH Moz A BRI mMIa 2. A n 22l
N7 P 80 22 3 8 a9 E Y I (LDP M)« 3 20 406 1 20 2 S AN P A (NITRS-TOS M) A ] [ 10725 A 43 )
ANIF) 32 DFU S Bl ) L m HE VB (BPV) . AL 25 ML EE{ (rSOo) A ABL.  ELEZ P 4H DFU J& [ 1) BPV. rSO,
1 ABI I ZS, 4B IF DFU J& i 2 5, A SeuE HAA B T [X 4> VDF #1 NVDF, 1] LAfEIR IR
Her L, TS TR (0 PR JE 355 IS W R 45031
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2. AR E
2.1, —fgFR

PR 2020 4 08 H & 2021 4F 07 Hutiz T L BUIERNR 5 B R 124 5] DFU B3, HR4E N
DSA 14558, ¥ DF B35 43 AW, 43 ol A2 I8 P 0 JR 5 2 2L (VDF 21, 59 1))« 3 8 1 0 R 9 fE 2 (NVDF
4, 65%1). PIHMER]. . FIEIMBEAKE . B L MLZ0 5 1 (GHB) B8R 2T [a] . BMI &5 3E 28 Bt k)
ZRTG T FE (P <0.05), EAMHM. k1.

Table 1. Comparison of general data between the two groups [n, (X £5)]
e 1. AE—RERELEN, (X+5)]

531

" 75 B i B PEPRIFRG  DFU R e
ik g W% R GHB (% 9 BMI
P 3 5 ﬁ FEWR () (mmoliL) (%) R )
70.49 + 9272+ 1020 + 1110+ 2297+ 2332+
VDF 59 4l 18 12,50 3.96 3.00 6.12 17.70 1.57
68.49 + 10.49 + 9.890 + 12.06 + 14.37 + 2333+
NVDF 65 44 21 11.97 4.05 2.8 6.78 13.41 1.53
t - ; 0.910 1,689 0.583 ~0.825 3.407 0,60
P - 0.829 0.941 0.829 0.413 0.176 0.163 0.870

2.2. MNFIHEBRFR

MAFRE: © P BE AR, B ChERE R ESEHHE) [6]1 A KL ibriE
MfFE: @ AR i-ris, HAEMZ DSA. CTA KB AORERI 2 &F . HkRbritE: O AfFE 2 R
TR WIS AE (R (A0 1 BOBE PR, ZRANEREPRIN): @ MEURIASRFLI 2 B O s © XERZ I
B, AHEMT % DSA. CTAKEE; @ &SRB, AR A FRRsEMEGEE: © K
RE T2 R A R AL 2 AR R

2.3. EX SrAtmAE

HRPE G 45 R N R R AR 7 4 R[7]: | (R R) AR REE Y 0%~49%, I 8 B /N IEH
SR FEAKN: 1 (P ERRAE): BAERRIE N 50%~T4%, M RMERA, HAITBREE SR 4%
(FEFEPRAR): PRAERESEN 75%~99%, AFILimMiA R FRIESS S b, (EHEZ A MFeE S 1V &%)
PeAEREE N 100%, s P2, Himhm KM s 5. KAEH R ER DF B34 5E 08 VDF 4l. f74E0
B IR FER A% (1) DF 3% € SN NVDF 4.

2.4.BPV. rSO,¥1 ABI Bl £

BPV farill 4% 25 9 PeriFlux System 5000 0t 2 8 ) ikl 248, #8< PROBE 407 /MY ERL,
780 nm WK BOE, TRIOELFRIEE 0.25 mm [8]. rSO, MIFEAXAE N YN-9002 H LA 4. ABI £
BB AL Viasonix JE I 2 K 245 Falcon/Pro. A6 25 i s J& FE PR B2 IR & 24°C~26°C, K 2 I i
AR EH (Wl 36°C~37°C), M BUMEML & A A M EML, 75 Big BBt . (AR, FFIaIE,
iC3% DFU J& [ BPV. rSO, 1 ABI.
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25. GtFERE

KH SPSS.26.0 #EATA 22 B4, THEFELRE £ fiEZE (X +s) R, AR LRI FEA
KH RS, THECE R A SR R R . P <0.05 NERA ST EE L.

3. R

teicmigl DFU i3, YRR, Fls, SRR, Wi s, fERPPFE, DFU JKFE K BMI
HIZF TG (P <0.05). W7 1. VDF i Mmyife. S EZm ABlI ). f&F NVDF 4, =&
B4 E (P <0.05). W& 2.

Table 2. Comparison of BPV, rSO, and ABI between the two groups
3 2. MLH BPV. rSO, #1 ABI BILLER

45 5% A (pU) SEHLAIE (%) ABI
VDF 59 5.79+1.15 63.31 +4.18 0.48 +£0.12
NVDF 65 9.62 +2.78 73.46 + 4.45 0.78 +£0.51
t - —9.865 -13.064 —17.966
P - 0.000 0.028 0.000
4. g

1) DFU FIGSAEFE DFU 7E A Bl — A7 5 0 Il /R, S0 PR 3 s WL 9 i 2 —, HoR [ 1) DFU
AR B 1) A 2z i T 7 7 B 2R [9] [10]. 10%4 25% 104 JR I 2 B RS 2 35035t 7,  50% 28 60%(1)3E
UG PR T AR AERE R 2 rh BEAT I, 5%ZE 859 AR K H 18 Itk 2 B i S AR Y . 7 909643 32 4k
SRR, BRI R [11]. W SRR PRS0 B R SR R, B4 DFU @ & ] LA
WA H. SR, EIE AP B s 2 Bh P DFU &4, XN DFU S 2 485 i I i e v
IR, H5 OGS RN Shae R aLAHE SN . B Bl s 4 Sl 1 2 589505 i 8 5 N 2% 8k
AT FARBUME BIEAR, DAMRASNETEIR Az A, R s dibnr vl B an SR Re s 1. HER
HiZ B DFU, FX AN A2 1) DFU SREUCHE RUHII6EYT, Btae KOK4iH DFU [R5 A2 B2 k48 R 1 R 26

DFU M5 A AL 32 B 5 S A S B Ty e S R 20 T e B s LA B J&] BBl 8 A5 A o
[12]. Hr, FAEFAThEERRRSE DFU RFRALEIT 5 E e EEER .

AR B R G IA R i/ NI I, BIZNBIK /N, ZHm A B4 . 2D he2
2 235K [ 326 I 240 B AN 80 R (G TR TR, 705 8 4 I 5 78 24 T R 0 2% (e R ) W s £
A BB S AL B R DR ] e 4 R G AL 3 FE RCIE o X e 2R 3 [ A2
IR 5% 2 (0K T A4 L P e 2 AR 3R o v TR A B JR 0 3 S P I A S P M — o S T, B T A I I 1 2
P MAESK AN E B X AR 2 T 2 P A A AR ) SO (Rl ST BR) o 18 e vy I B 5 SO IR
I3 JE FEL A 22005 78 S (R R 2 B S5 M AN D) BB S, 3R T S UM 48 N BE T R D R A #R R RTZH 2 5
b2 S EAM AR AL, AT ™ A2 R0E oA D i G i #2[13]. BT, T DFU B RiiE#h
ThRE RS B R AL E SR T — 2 /NSl 2 sl 2 B 5 & R sh B ik i . 1 1 3h 32 401 10
Bl ML E 5 e O /NSl k- WS 4 A B JOR it 8 B4R e s (RP If  We 4 A LA 5K ) o X 24
Sk Skt B i e AR R BT N, R HRTE BN . R R R, M Esh EEIEL C 4
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PP AAR IR NT o K52 B ok A WA A 2 e SV (R S R, T I R 5 e AR R T i R BE[14]. AR
DFU g3 Bt A YA RIUE 7 f0 S SE ek 58 331 45 [15] . AT S8 DFU B 2 3 /N sh ik s 5 &7 5k oh g
T, PR IR R A E SR MR . T MBIk A BN B4 A S LR A E[16], FAE TS
B F 23 LA B IR R PP AR L, IX i A R B A A R R G . AN TR PR R
AR L, 2 G B I S A5 M [ sh T HE R . (3K L i ik 0 L L B MR T RE IR, IR R FFIT
J IS UM R ST BN W, 15 R i . R, XK /s e 71 B /N ik
71, FENSIRA NGB ) Z BR3P SRR A PRR[17]. RIS IR B e
MEF GO AR REE, TDEHIER RSNz e A DA AR EEER 2 —, AR
9T O BRI D e R {753 DFU 835 R R RERE R 52 AME R g, JCIR TR B R I A8IY) 7). 7E[R]
FIFEFEAMTR I BIE T, B PR RG0S 1) 258 3 B8 A T e R AR R Rt T DFU [18] [19].

I R0 R JER AR P RO 2 T b R R e 2 A e e . R AR DU/ =S4, B &
MZR 5 2 AN S S A PR o Hb IR S B A 2 IR 30 ) SRS 1) = B4R b, X e G R T e
FEAE B o FEAR I FE AR AT DA LR R AR AR 78 R IR IE B, BA T dE 4 B ik Tl &= . SRR
AR BANMAES . WO 28 MR E(LDF). ot 2 35 #h G AIE 2 iR e i 4% (OPS) [13]. AN
FU AL OE 2 B L 2 (LDF) I & i &, {37 4 25U AN B2 A (TOS M)l & =) 343 20 2R A v R
EL A P Fh 27 DFU BB IR ) 22 5%

2) LDPM 7£ DFU ffff 01t o 14 S FH A0 B E v mT AR 70 2 A8 F R SRS BRI BRI =4
IX7E DFU (@& il BB IIER « R A LR VIS A 2RO, A Bos 23 S
i (LDF) A 2 fo Atk (RS I B [20] « 0% 22 35 8 1 701 (LDP M) & 55 1k SO Tl I e 4F A8, okl
Wl AL ZAHIUR 5 A 38 0 R s o s LA B O K R A T SO (B 225 A% ), i s A 2 2
TP UL o 3K LK AR (14 5 B R 53 A1 5 s DA AR P 1) af 28 P i AN B0l B LA oG . 1
EBORLT, X EE BEAL I BN S ST /0T o mT U BN BA 22 Ge (B PR v 2 #0) 1) I
R, OIS BN CE IR Wbk, kA4 3. K240 LDF £/ 780 nm JEKBOE, XFf
A LA SO 5B A Z R B A A A5 [8] . LDF 3RS AL SV BURE, 3 A IR &R A i 2 o
BA SN X T SZ 00 2 T AR AN RIR FE ORI R 1) o bAh, Bz R 1) S5 o 1 B A 7 0 2w
FAEME[21]. ARFFUEE R LDF £, X T WiFp8 DFU B = Z 5, FET LDPM Af
DA Rt 4T DFU & [ 20 2R 1A

3) NIRS-TOSM 7 DFU TG PE-Al 1 B A AR E RIS B IR B & I EE e N 2=, RN
f& DFU KEJq, #om B A EE RN, Fi A e, 758k mshi D@ &t i, B2
CUEIEM], nSREA TS, © Al DU A ZERr I & 24 K [22]. 1 TOMS " LAEM. BE IR RA R4
AR, PR DFU M EA SR T I T BCRES . IR AN HOR(NIRS) & — A @ A ERR, ATLLR
BEROEIA ) SSIE I & . NIRS-TOSM £ ZDME IERIEE « R E N EEA R 3, R4 A & 405 H (HbO,)
A JiR I 21 8 [ (H) PR AT £L ARG X W 22 T e, i A SO G R X2 I8 1R S I B T35 &
Bl RS NARH GG S AR, HbE SR BES, L2 kT /gt
TR VR A FE B [23]. EBLA AT, AR NIRS-TOSM i& AAE DFU FIAHSCHE 5t
I, {E52 Dominik Bender %5 A E.4 /8 ] LDF A1 NIRS-TOSM HF 5t 1 Ja #7441 5 J& 3 A0 FAoek AR Bz Ji
TEIR R 2R [24], BEHIEH] NIRS-TOSM =& — Pl R _EvPAli R AL 2R & B W AT T . ASHIEFiidid
R NIRS-TOSM, I45HFh2E%Y DFU JE I H 2 A AT BEAE, XL E 2 5, K9 NIRS-TOSM #J
DA R0l DFU ) [ 40 2R RO AR A VA
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5. &hig

i bpriR, WotZ BRI RN GIE SR ABI FTLAA R B JCBIH RS DFU HIT

PEINHEVE, MAE. VAR AT ABI A BT X 43 A8 0 PR A2 AN AR L PERE IR A2 o (HAH 52
ZRPNEARBAEER RG], HAEHIS2EkT, LDF 1 NIRS-TOSM [ ARHUC 2@ ABI. TBI
1 TcPo,. Ib4h, HETEAHSTErETEH LDF il NIRS-TOSM ] LAUH T DFU H# 2. B4R LDF A
NIRS T R&/2 M AT 2 Wi A B T B, (B 3T R ATIEVERF 70, LAIE /R N s 1
BT RMBA.
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