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Application of a noninvasive wearable skin-interfaced system in blood supply moni-

toring for patients after microvascular anastomosis Xie Fen, Jin Huan, Zhang Yuanyuan,

Chen Jie, Liu Xi, Gu Yuxia, Liu Yutian. Hand Surgery Department, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, China

Abstract: Objective To explore the clinical application effects of a noninvasive wearable skin-interfaced system in blood supply mo-
nitoring for patients after microvascular anastomosis. Methods Patients after free flap transfer or single severed finger replantation
were divided into a control group and an experimental group chronologically, with 110 patients in each group. The blood supply of
the control group was monitored using the traditional clinical methods, while the experimental group was additionally assessed by
utilizing a noninvasive wearable skin-interfaced system. The incidence, timely detection rate, misjudgment rate, and the missed
diagnosis rate of the vascular crisis between the two groups were compared, and the satisfaction of medical staff towards the sys-
tem was investigated. Results A total of 108 patients and 105 patients in the control group and experimental group completed the
study. The timely detection rate of vascular crisis in the experimental group was significantly higher than that in the control group,
and its misjudgment rate and missed diagnosis rate of vascular crisis were significantly lower than those of the control group (all
P <C0.05). Medical stafl's satisfaction towards the noninvasive wearable skin-interfaced system was 4.89—5. 00 points. Conclusion
The noninvasive wearable skin-interfaced system can provide objective and accurate evidence for medical staff assessing blood sup-
ply. which is conducive to detecting vascular crisis timely and accurately in patients after microvascular anastomosis.
microvascular anastomosis; vascular crisis;  blood supply monitoring;

Keywords: replantation of severed fingers; free flap;

skin-interfaced electronic system; intelligent nursing

I M LRI 45 1AL 1) B R AE 9500 LA b RS Ifn
FREZEEREIE 10%~30%"", &R KA
i 3 K B ML A A8 52 SR WA AR e o R85 s T i ¢
FAREEMME G R . ARG R A 200 M52
X B i e BRI A fE S bR O AR . HAT . B
AP BB Y 1002 W T T BRI PR W 3 B s
PN ST BURYE - RN S IR FONAN L 3 S S
I O S BRI Bl e R T 4 A iz IR A . — T

i 725 B A% AL M I 915 P2 S AN R I
MR . AR L B 0 BB (9 A W K e L e 75 1

VE BT A HPRE K 2 TR B IS 2 B B T f S e
2. P EEEE Gl 2RI, 430022)

BIEME# : 42K, jinhuanpost@163. com

WIF L AR, EEYPIN. P K xiefen_cn@163. com
W HR 2024 =09 — 1034 W . 2024 - 11 - 14 LR

L T4 5



PR 2025 4F 2 S 40 B85 3

XA A 5 % A AR R A T AR AR AR R E W
P 5 55— T e = W ) i R L LA B 1 s 2%
AALKE T B 4 N B3 A IR IR0 74 10 HL 23 5% i) B85 B R
B Bk MEE B TEBEARN AW LR, 2
TR 1ML 3 W S0 AR A 3 7 3 T 2 {E R S T i
ANBETH 2 TCAN L Lk E L S TR B N e FLAR
A A BEAR I G2 W A ZEoR . FR B A O HE R B
B R —FOERI T R R CFRARSE . &
IS 21.201911284119. 5), BEWS e IR UL AR 2, B
F G0N T WG AR R S R e RR A B ot iz s
(7 2 RS T

1 #REFE

1.1 —fAR R EE 2023 4F 2—11 A AT

. 37 .

Ui 25 Rz A % Al BRLi DT 48 P 1Y R B O R SR X 4
HABRIE : OF B =14 % 5 QWi dE 708 8 & AR HT 848
Bl AL B B <8 b @A A0 AT R RE 775 @ A1 [F) &
HEZSMA I . HEBR AR . O 5% OF IR
RGP s QA Jmy &8 5l 4 B IR YL PR g s D & Ak
MR e sl A I B MRS 05 . e B Be i |) o0 4
#2023 4E 2—6 HWIBRHY 110 3% g xF R 4H , 2023 4E
7—11 A 110 Fl& AT 8dl, 5 & b X Bl H
W T I VR 2 B, T AL ORI A sl s RO 1
TN TR 5 B, B &% B4l 108 i, T i 4 105 ] 58
BBESE . PR R E — MR, Wk 1. AR5
REREAE T R S S . (2021 & F
001415,

®1 AAHARE-RAMILE

a1 % P () E8i

S0 SR (1D

FARI7 XD FARM ]

3 « (%, x*Es)

I E VI | TR ¥ 7]

FARWTIE A PR SOREAE  [min,M(P ;. Prp)]

SRR 108 87 21 44.67+13.29 16 45 13 82 26 286. 00(180. 25,393. 75)
R 105 81 24 45.40+12.81 11 44 14 83 22 295.00(223. 00,384, 50)
Giit ik X*=0.372 t=0.410 X% =0.989 X*=0.297 Z=0.789
P 0.542 0. 682 0. 804 0.586 0. 430
1.2 A& AR BEE LA E BRI, DL — 20 e
1.2.1 IiE %0 7EE BVEAT . BEFARRDEE D, TP 0 R g
XoF A SR P i DR W 9 A 7 0l 3 VPA L i — TR PRI R Ui 5 R e ok PR T 4 R R T B R R R

TR RVE B B Bk R 5 AN i
K. RIGAT 3 d B/NEHEAE 1 IRGARE 4~7 d 4 4
ANBFRAS 1 U IR AR AT SR AT R TR L
Rh U M P TR 0 B L B A A R L
M HZEK G . T WAL e ] R R R &
HEAT I3 W

1.2.1.1 REWIE REHGEATSES BT
B . A% BB TT Ry 22 P L R R R A I R B DA R T
e MR hy 2 2, 2% T 35 K RSOR BFEZ L LA L
PR A% 1B ER T R K B ) 0 B 1 4 0 21 28, I i S Bk L
AR T AR BRI 18 mm X 18 mm X2 mm,
F 1 B0 R 5 Ak B A HE R BRSOk A AR R OT R
LR I B S AR I ARG I 41 AR AL R I
210 R E MO R B 25 5l A R AR T W R SHE
P TR e A B A B T AR A5 I 42
Jik 48 (PR K Il 4040 A BE (SpO,) ., TR R A 47 2. 4
GHz K CC2640 #%.0 b B8 . UL SE BTG £k 38 1
W2 ) B T R W ARk R TR RS B e, S B
R AL S R . R OO B B
AT 28 mm X 28 mm., B A6 1 v B& 1 ) A 78
100 JELAN . A& IR A0 5 5 il R o0 38 o 2 1 B0l H
AR G 2 AR R AT L

1.2.1.2 RGERAZE NHAMHBZE 1 4235%
GBI 1 s A R RN B R SR R vk i
BRI K2 (9 DAk bR o SE AT TE X 8 I, B (R
30 min, UG BB EAT SC 8 2% 2, i DR 35 I T i 5

TURA HH A 2 0B 1 5 A ] O e [ e
TR, 1 R R A U S R A B PR A e s RS AT
FEHIEF OC, T H FHL L L 11t 09 il % &2 0 App
(HUST healthcare), App FH AR FTHFEF.
THIR BCE A DRI, 5 A I AT T LA I )
FRE B M A R &, S W i B, AR R Al AT T aE
HL RGN A B R 5 0 A 20 O i 2 R Bk
(PPG 15%5).SpO, Hil PR ¥4l . 3t ki = FHLi 1758
AR IF B s R FF. # PPG 55 £ 4. H SpO, =
0. 90, RWIPIM 20 1M iz R 4 45 PPG 5 5 H K. K
WIB I 4 20k AR T B ik A %5 47 PPG (5 5 278, (1
SpO,<<0. 90, I H 522 B 52 T B ik 34, 28 B i )
HYUREF kG, PPG 155 8 SpO, F# M,
o fil & FALRE DI fie . Sy 4 i e 4 N Bt . HE LR e
AT DL S R OB B 0 L 1k BRI AT DL A AR
g R R FE ] [R] B L DA M SpO, B RIME . 5E R
RGEHSWE G, T OB Lol B e L&, 7
P UL AR IR 5 AR e . & TF LA &,
P+ 85 I PR W i 2k I PPG {55 . SpO, £ ds28 1k
REBGHEATERA A AT A0 0 DB o 0 S I B B e i 5 R
B8P AT T8 0 T R DA R W A A OC B AR g R A
BeA AR BT, P Ee g Ll sk F AR
WORE U 25 R AR BT AE TE A E( | B A AE nlI  R
iV AEK ) (PPG (55 & SpO, . Hib PPG {5 5 #liik
HEFESAFLER R, T B4 B S R AR
S fE% 2 KRG 72 h WO i Bk s



¢ 38

We 72 h s ARG, WP LR OR R B R T R
HHT 24 ho R W0 R AL % R TR HL B IR R
B9 B I B H SO I o TR ARAE S A I R B8 A e 3R
PRI

1.2.2 EMAZE OmEGE &L, 485051
(=[O FLRIIRERIOF Ji0R= I RS (K= eF Ok ARl
KSR MBS IKAE 5. 5 I01 K fe 2 36 B R i 5
R 3 B AR T8 B 2T 6 20 148 B i bR 2 e bk
I T 287 5 100 20 IOk A 5 3 B U0 8 B e AT
TFHEEE N 1, B 400058 RN w18 . 14 e 5 J ik
A = B A fe 4 60 80/ 0 fe & kR B X
100% ., Q@uRFH . PR BH M2, 48 2 BRI 5 (3 3
MM SR MER . R 5 = B FH 1/ (R PH
PEG BT+ BB 8D X 100% . @IRE 2 . X FR % B
PER HR LR L RA T MG H e M IEE W
MR, i 2 = (B 91 45 25/ (B B 42 1) 4+ 2 PR
BIKO X100% . LA L 3 ASPEH 3R bR 38 il i o T
2 ) B E I B SR T 45 A R AR 19 0 AR 0 S AR A
KgdE . IBEA MR EICRE 2 Biir i, OE
N BT R - B M SCRR Y AT G G T R A
)5, PEAG ES N XTI R G S . &R
TRGEAETE L A5 B S B Y o
Kt TAERCE 5 4B . R Likert 5 H%iF 5%,
“HEH AR 2 AR R R AR IR 1~5 48, 2023
E 11 AXFFANRE SN BB DL G 45 7 20k R
A, S E. SR 27 4y, £ R w27
.

1.2.3 SitEARZE R SPSS26. 0 #1411
AT AR IEZS 20 A i B RER T (2 £ 5) Fom
AMRMIEZS A0 (TR RERR F M (P oy, Prs ) 3R
THECTORR R A R R . A L ECR A ¢
I BRI IS X7 K5 | Fisher K5 HE 23, #56 K
#E «=0. 05,

2 #HE
2.1 AANERREALEZRMERBEZRNEZIMEL
B OWE2,
2 AANERFEALEERNEREFRHERNELE
B %)
21 5 Bil%x IRESR LS UNINESOF 3
XT R 20 108 23(21. 30) 7(30.43)
THH 105 17(16.19) 15(88. 24)
X’ 0.910 13.195
P 0. 340 <0. 001
2.2 AANERKRRAZRRSEILE Wk 3.

2.3 RGNAREIPARKNEEE EPARXAR
GERIE R FE Vo o R G ERAE W AE 5. 00 4 Ak
(4.8940. 314> A5 & K it (4. 9340, 26) 43, B s
MY UERRPE (4. 9340, 26) 3 S d v AR 5. 00 43,

Journal of Nursing Science Feb. 2025 Vol. 40 No. 3

x3 FHNLERKRAXRRFBICELER 1%
2H 51 M5 f& 4 (B 1% Wi
X HR 41 23 15(15.00) 13(36.11)
Tl 17 4(4.35) 1(5.56)
x: 6.098 4.351
P 0.014 0.037
3 it

3.1 REINEBRERZGENTRALXUODEESR
Ui 5 Pz 0 BT R PR R A 158 PR R L I iE
PR G B2 A T X A5 L I R M T 9 B B
0 B AN SN L i Bl R B 5 R A A UL S 5 R
E3 W N R S = b v R TR A s
HLHG PR B 2otk A AT 3006 04 i BE L 45 i 1 Sjd i e AR i
Bl s ELIX BEF8 bR 10 TF Ak w50 AR = 4 N B R 22 50, ik
ZEMME . AR R, N RS WIS T A I
e R Bt K 3R 3% = 5 4L (P <<0. 05) , 7%
ARGEA T Rtk MIME LS. % RGN PPG #
AR RERIMAH L) PPG {5 % . 1H 5 SpO, #ds . H
H PPG {55 52 W 0 21 27 5 ik i, 7 o i 3 25 R A AR
b, BCH AT 0 W 3 Bk A 42 1) & AR5 T SpO, S 48
I P Y A I 40 K ARG 2 A AT 45 A A i 4T
A E 4 E BB T A A 4 1 0 R 412 I,
250, MOGE I SpO, B W AT K i & BRI A G 4
% 50K R R U BRI — 1A A 3 e W R 48 1 B
HLIE 0 S B A R TR 5 B e S W7 G P 40 i
BT RIS W I ek G i S BN 5 SR | vE R L B 0
FRME L, LG, 7 I DR B O A ep, 1 B AT AR R R
MR AR B E ARG 5 h ALK B, App Fm
R PPG {5 S 1E4E . SpO, 2 0. 79, 3+ 57 B 3] JK i1
A F L ML R Y R (| R R A ] R
HELEA AR A, A1 25Kk KL Bl SpO, 484k KiE T
W, 37 BRI 45 045 R 16 A L B A A A5 A0 W A 5 ik [ 2
BH , 25 TR B B2 IR 300 2% 3 4 48 & 2k AR A WD 5 155
B3 R BUX B3 i )5, 7 BWLEE R SpO, BRI
IFRETE 0. 98 MY H im K F-, 136 B 1% & 6 76 12U £ i
PR 7 T E R AR MW 00 92k 2 g T R, RE A B B 4 A
B e BRMLAE A5 42 L AE I8 W e kS 30 AR 4 1 i BY
TEH.
3.2 ZOMFHRERAZED THRERLERSIZA
RINFISE B PLIRAG AY 00 7k B 5 B PO R
A B b 4 TE B S R ANE T ARG L R R RS R
ARG M GG MR R N 8. 1%, Wi R N 25%
THH N R GG - A A5 5 00 1 H R (4. 35 20) Fil i
123 (5. 56 Y0) B H AL 2 B BRI (3 P<<0. 05),
FAKF B AR K, U B R G AR KRR L AR % 35 B = 4
N G IE B M PP A iz . g8 H R B E ORI R W Y
AR BRI Z — 28 BB o 5 32 A A R R A, Gn



PR 2025 4F 2 S 40 B85 3

MG RE G B E AT T EEX R K
IR I Y095 B 0 88 R € A T L (R i R
B TR B Al Z AT R ARG R EAR SR
R ERAS B A5 DR R B2 W) 5 BT I o BB AR ST T %W
I B s WNZL AR B AR LM RS AR H AR 55 L BAT
ARRFERE |- 52 BRI U B L 0 6 o ) 00 o 00 6
JI R FE M ELBA 22 DA R 9 B A 0 B FG i v A
FEU A AR ) R A S R . EL R RS R
Wi ds A AR S5 — B A RO K, — R R e 4P
X6 2H 2k g 6 T 5 6 A I S TE AR IR 6 Bl
R RZINE RV AN R N RTAS VK -9/ s POl 5 Bt DL
¥R A e g R A B 2 B R L T AR BF O
H ) AR GEAE 102 Y G AR v BE S A2 A0 SR B R
W] SCRE 8% 5 et A b AG: I H13 i 0 2 2R A4 I R S
Ui L T i 4R £ AN B O 2 SUINLE IR A 1Y 4R KRS
B AR T B T A L RN A ) PR 4 AR HOA
[7) 4 1Lz AR (Bl K G 5 L DK A 520 X6 7 #9464
JEHA B 28 e R AR I PR A L BE S E — 2D
P ven BE AP N DLV A IS A v 6 1 DA T BRI ML i 5
R R I2 R
3.3 EARWARGHMEEERS AWURL4RE
N BRI GRS R GE 5 AT Y S A o B AE 4 g
PLEBEIZ R G R N R R RS . &R
G/ IR HRAE 2D TR R R AR B A Ll i RUK
B SRAR 5 22 1A% JER o 0 B RRAR i L 49 0 B T % g
5 Z R R 5 B vk . SCHE kG R B I e 5
RN W b O W o =T 1 PO VES A L
WEH) PPG {55 . SpO, 2 K dhs 52 I 4% %y 21 T HL 3
HAT B 1 B I 5 2 0 1 0 B 5 10 A M 0 2% 1) 4] D
35 2R — SR X SR PR A Ak S B B 1 AR G Y e
B 5 21 K0 8 B i SR, T 0L 2 i B A L i b
X AUNZE /S URITPON NP UE - SiDE Tk Sy = < IR [ER
SR 1R R 1B ) I B, DT B B2t N DR T AR AL
A R R
4 it

ARWESE 7 JO B W] T R B R e ] S
TCEk S HE T 3 I I 32 R BT 08 A 22 4L &5
I PR M 009 1 P T i 8 B e K W 4 A R S 1L Is
WD REAE O BE 4 N DB UL R B PP R R A L A
T e ERR & BN e g BN AU R . H
AP FEREA BN L FR G0 A Y 1) 85 6, 4 ) o 3 —
G IE 2R GEAE B S B Iz R B0 B RS E TR L O e AR
FH 2 G 458 b 40 B 1L 328 1R 25 B8 7 Bl

GRS TERI AT 2 303K S & 48 % FIBITE 52 PR BT AS BIF 52 B K
0 SRR Bl R UL B D
SEH.
[1] Patel U A, Hernandez D, Shnayder Y. et al. Free flap

reconstruction monitoring techniques and frequency in

the era of restricted resident work hours[ ] ]. JAMA Oto-

[2]

(3]

(4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

e 30 o

laryngol Head Neck Surg,2017,143(8) :803-809.
Karina S J, Lee B T. Advances in flap monitoring and
impact of enhanced recovery protocols[J]. ] Surg Oncol,
2018,118(5) :758-767.
2 SRR BRAE T T 4R R A RS 0 e 4 P i i
MDA L BE R, 2020.
B, X YL R B, S IR G e e £ B JEIR 2
Y BEAT R MG R BT h A A2 iR, 2019, 54
(8):1201-1204.
X BT 2 A T B B AE AR 5 AR AR AP TR B 1 7
B L] e OO BE2R K, 2019, 42.(2) 1 208-
211.
S B ST ) AR i I R R o R a3 e Y R
B RELD] R AR R, 2022,
REELH L. — T3 B I B 2 i AR R A T R
gt e ol % Z1.201911284119. 5[ PJ. 2021-06-29.
Zoccali G , Molina A, Farhadi J. Is long-term post-ope-
rative monitoring of microsurgical flaps still necessary?
[J]. ] Plast Reconstr Aesthet Surg, 2017, 70 (8):996-
1000.
Wu H, Li Z, Xu Z, et al. On-skin biosensors for nonin-
vasive monitoring of postoperative free flaps and replan-
ted digits[J]. Sci Transl Med,2023,15(693) : eabql634.
Chen K T, Mardini S, Chuang D C, et al. Timing of
presentation of the first signs of vascular compromise
dictates the salvage outcome of free flap transfers[]].
Plast Reconstr Surg,2007,120(1) :187-195.
AR KA. TR A4S A S H AR AR [ M. AT
< WL RE 22 ARt hAt 2021 :132-133.
BT )RR IR S, L R R R BR OB R
TE R MR A AR ST B B R I LT, 47 24 2 55, 2019, 34
(18):33-35.
FHAT L 5055 BEBE 15 5 7 G0 R 25 1 2 2 48 A 1 R BF 5T
(1. P E A 7 B2, 2009,4(10) 1 14-16.
FLPF BRI, AL T MR DR A R S I
PRI ZBCR I LT ] 6 52 9 B 2R 35, 2023, 39 (29)
2246-2251.
WREEZIR, RIS, & LR 3T 8 bR e 2 4
LML Wy A3 A i B L), A8 UE S BE, 2019.,5(3) : 264
266.
FORTAR R D, 9K SO S R AP LT Al R R R BT
PRUER R LT ], FP AR B . 2012,47(T) :658-659.
Whitaker I S, Rozen W M, Chubb D, et al. Postopera-
tive monitoring of free flaps in autologous breast recon-
struction: a multicenter comparison of 398 flaps using
clinical monitoring, microdialysis, and the implantable
Doppler probe[ ] 1. ] Reconstr Microsurg, 2010, 26 (6):
409-416.
PEE, Y FEIFEE G H R 05 A
6 PR BT AR B AR PO ZE g LT B L R
Z35,2016,31(5) :462-464.,
B OCR B — 7. ZLAM AR R TE B2 A SRR o iy iz
HERELT]. AR RSN R 2R R . 2020,43(2) : 195-199.
(RS RFH



