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Abstract

Negative-pressure wound therapy with instillation (NPWTi) is a further development of negative
pressure wound therapy (NPWT). In recent years, it has been used in various chronic refractory
wounds. The practicality and efficacy of this technology have also been recognized by clinicians.
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This article generalizes the mechanism of NPWTi, summarizes the latest research progress of
NPWTi at home and abroad, analyzes the advantages and potential problems of the technology,
aiming to provide ideas and help for the treatment of chronic refractory wounds.
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1. 51§

P PEXE A VEQI T AR T &R, fE40d 1 AN H UL EIERUAST S5 A & & W0 B & Win i)
B B B RAR R PRGBS . X AR IE L K AR 1B RIS R I B K T RE L se
[1] [2]. BITXRAIEHAARIEITLE. RITHRME. BHER . BORAEOERE S5 N, SRFH AHF RS
FCE AR FRS A _E R v A BRI B A, AT Ry 1 AR i e B R B AR . Bl IRAE R T R
MR R, Hul &R &M BN AR R . KEUREE), Jedt 2 (E /MR I 3R B A K R 45 Al
BEVE(TA R SUEWS] )i gt e, BT aR. BRrA o sc[3] (44 UG
19772 (Negative-pressure wound therapy, NPWT) 54T AR 45 &, Tyt MExE @it H a7 JERE 78 A
%o A s A E AT U 49 R 7 v (Negative-pressure wound therapy with instillation, NPWTi) f8
(IR Fedk e, BTN AR RIS A e S AR B s 55 07 AT 25k, 8 i s MG T (v 7 44 R 2k
5#8h.

2. BIEGORETENPWTIH AR

B A5 T VE(NPWT) B T 1993 4, 4 [E 4MRHEE T Fleischmann 25 [5] 5 5 FH T R ot &4t j5 1)
LGN, I TR IBER . JRER, SFURG TR ZMAH, SRR, FEl gt
MO0 T R R 2 IR B . BB S5 R T T AR TR Bl A 2R SR, 1N
QU MR, WK, TEBRIZ R, A Bh T 00T & & 0 A I IRE6], [ ithE
TR G S B A 245365 i ) B ) SRR [ 7]« BB SRR NPWT Bl T 76 B [ TE BB A7 25 PR S, A8 0] 1 S5 350
FIRIZ PR, B2 DR 7 B RSB SURZE 5 15 BR8] 3 1 7 T [N 2 40 AT g 5 200 Th 40
WHER Z, $meIHERSE, AR TR & A UFRE A F BT A5 L ARS8 NPWT J677 77 [ B
Wi, PR EHEL T 25 NPWT IS BT . 40 NPWT BE& 10 A BmEE[9], NPWT AT (5 4
7 REUT) [10] [11]4 .

FL7E 1983 4F, Svedman [12]3hif ik VS GE 1 SR 00 R GUA T OI0T 5E . NPWT BCA TR
PeARE TG SR DTt — SRR 8, FEAR N T veis YRR T . X85 128 5 R e g
M PEQITH, SFEEEREEG B, KIER, Bt SE5 A . NPWTI %5 B A 0k ik 1)
Z LI R, Y35 P a5 AR 38 5 A R PRI 51 A8 DA R e B T PR A AL R 38 1) B T ik VR
M, BRI CUR, MR S, I8 R 51 A HE AR B S A . BEORAIE VAR AR S 78 o 1
FONHE, SURMRESRE, RN RGPS R M B 1R S 18] 75 AR 05 O AR . W4T ST AT
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P A& F RO T PRAIE NPWTI BT R B . R SCHRIR 75 477 1 e i 2R 2, 18
BAEAB K RALIHEE. R, SRS MR RO iz, IR TARE P A XA F 6]
THRY RUE RS & W OEATIR T -

3. BAEAR ORETTENPWTIERHLE

NPWTi AL Gt 45 7 AN B T b e PRI TR T IR BEBOR o G540 AT HOR(NPWT) H T E
FC 25 S A R A7 T Y67 o 7 J=) B WO I e 5 8 ) 7 I A A LB 252 NPWIT B i) R
BRE. LURXE NPWTI 7E RS T 4504

3.1. NPWT 1ERB#LE

[ Py 4 NPWT R 9718 M QA KR IR oe, EHEAE RN A RS H Ko i
A NPWT St DL 1 IR R A 3k 61 T & 5 11

3.1.1. HRYREK T

© ZEMAF(GIHLE), 7R E RS DA HIIERE iR @ MW EIRKT), AES
AU )7 F BT (2 4R M . ik 3T, (RERZFALZ. MM LR ITERG © BRI K
i, SRR 43- O T B JE B ALK, TR 67 2 B e 22 (A AR A, SRR SR . TR R T
RERZIA G H @A W R VI @ ERFOITHIIASE, S5 % P10 3AEE, HARKE O A ST BEHIE[13] [14] [15].

3.1.2. FFEYFEKFE

@ {R3EG] T M A R [16] [17] [18], NPWT Jire i i) ) E PR 58 a] ARG n i 8 A= B i) O B AR K IR 1Y)
Tk, WAL K E T (FGF). A A A KT (VEGF). A KR (TGF) LA /MR AT A= A=
KHF(PDGF). @ &5 4IEIHTI[16] [19], NPWT 697 523 54 5 #AE I B ASE R T (TNF)a F1 1L-18
FIEWD, 1L-10 (— PP R AN F) RS EE 1L-8 (— s BuEa L 1) RIA N ® 2 5408 2281,
NPTW (¥R F 5200 1 3585 48 25 g (MMPs) IR IE,, BN S 5 140l /5L 5 (ECMY), 3B REMA 980
ABIH &AL FE[20]. —LEfF 5T T —4% MMPs, $55& MMP-1. MMP-2. MMP-9 f1 MMP-13, £
NPWT 897 5 BEMIK[21]

3.2. NPWTi #FE{EAHLE

B T4 NPWT SR i) £ 2R FANLHISN,  Im PRI GHT FEIE SRR T NPWTI F DU Ffekh 78 LA -
@ et MG @ MRS iF A JAE M A 2R T © 98 7 eIk &1EM . @
T R BN NPWT 3856 1M 5 A= i [22] -

4. GEMAORETTANPWTI) IR FTE R

TR 2 AR A NPWTI BOR B 250, BEAR NPWTI S ) 2 B N 5 F i o xf i 14 11 )
— PG IT B, (RO IR R 78 R B E W] LA 2 D5 T2 a4 1 @Al R . B T 4548 NPWT BIETTHLEI AR,
NPWTi &4 BT H shiE i 1 1 3R 10 DL il RS A 23[23],  Rels L F IS BRA 9B i, [RI Jsz4n
Far[24]. dbAh, B LI NPWTi BSOS AT IOX Py VB A SR & 4L 295 11 BANE & Sz R EAT R
T B 1) 5 R A8 Y L [25]

[ 7 B K NPWTI B IETT SR ie e e 45 T T 7 . Kim Paul 25 f— I3 [m] Bt 14 X6 AT 5, %
7415 NPWT J697 1 38 5 42 41 NPWTIi G977 (1) 38 04T BLES, NPWTI YT 41835 19T AR (P = 0.0048)
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B SR kD, A B[R] B R (P = 0.0443), I H 2 FARBE (P = 0.0001). th4h, 7E NPWTI #6974 H 0
SR T = 45 1 @A E 43 (P = 0.0004) . B LA S5 KRB, 58 NPWT AL#E 45 HAREE, A
A= 3 ER K P ) NPWTI AL ER B 5L (145 1 m] B FI 1495 114551 [26] . Kim Paul (1953 — AT IEVERENL 2 ol
WFIT, REVE UGEOIRT, #2401, NPWTI (n = 69)32i{35 5 N R4 B S 505 M4 88 NPWT (n = 63)32i3#
LU R s/ o IX T ST B NPWTi R B B 2 B A 40 B 7K P [27] 0 —SE AR A PRE AL
izt seas R —2[28] [29] [30]. PrakritiGiri S5 £ VU bint b i B 70 9 NPWTI 4, L% 25 i 4
NPWT 4, fu#G 23 3. Sidiay7 e NPWTI ZH B4 A=) 5 i f CFU THES NPWT FHELTE S 12
L RHEFEEEP =0.003), NPWTI iGI7 05 7RI ZEAL A A A Bss, 78 SO0 7 T A W S0 (4 51 oh
P =0.004 A1 0.005), NPWTi 411 | 5z 41 435 (P = 0.005), I &5 334 5 A s 41 4 41 B S 3 384 n (P = 0.001) .
X T 7% 0 A 3 AR KRR 1A P D T R BE AR R, S T I ZRAE S, I AR R AT 44
MssE, AR T DM EA31.

H AT NPWTi BORTEE N HRAR] T2 MR H . BHCR[32]55 % 96 4l Rt 8iaM J5 B2 Bz (RN
R PRT) ZE A R T 0T 5, NPWT Y77 2H 11 28 5 Jak s | INF ) Y2 35 i, AT e R3O Bodb, H NPWTI
TRIT HLAIRT 5 I A 20%(95.16%) BH 2. /5 T % HE 21 (58.82%) A 71 ¢ W JE e 1 e 5k 7 JBk vt 020 FR 38 7E
NPWTi G975 AT AR ROE BR GG T iy, SRIEAH A L s B, 19T /R 2% . A =[33]5%
) — IE AL HR RS, #4900 BRGet EE IABEFT, 15 14T NPWTI VAT, fEWRIT 7 dJ5,
BRI A LT A RS PR 2, A R RBAM B R S D AR R A — 5 KRR (BT EAR
FEE, BRZREVIEE R, RAMEVIIAEEERD 50 B A ZRIMRR, SR TEEAFE - SRIE. A
7 [3415 K 60 5 HE LRy B G TH AR AN AT, B FUER B NPWTI Y67 21 A 6 T 8 G B[R] A %
FERL . PRI L. AEBE AR . NPWTI VAT A3 3G o AR 15 R B O AL AL T 4. NPWTI
HIP TG TE N 96.67%, X IBLH I E N 76.67% (P < 0.05). X IR 57 22 B X i Fd s i s ek 61 T
N NPWTI ORI AUEEG s, b feek s B i &

zi ERTAR, NPWTI gl qefr s al, A D@ see, LR Emie, soeEd 0 n gy
ARG D & . AR E AU T NPWTI [ SIS 7 — 2 RCR, Bz 2 g0y, aiiErE, K
FEA I BEATLN BRI TR SR 9 A 7 I I R 224

5. A5 RE

NPWTi i AR B AR QI &G PR RR S, BIMZER AN B AT Caliis 7 —Em
R, EARAAAEIR Z A L. Bk 7 NPWT HCHIVE S H IS SAESN, NPWTI £E DUR SRR L 2 ANd
SN © AR R R I @ T IeiE RS s B0 DAL © fFERER I
REZRA B AL K H; @ ARSI © £ SPES IS B 5 11 5 [35].
NPWTi {9 NPWT e R773%, HETUS 2 REEHT TN REEE— 55507, LU JIAN R ©
— BT e NPWTI ({75 A0 7E, 3G POl 7%, U AR SR ia )7 5 i B K 18] 7 i
SEJUANTTI @ —2kllm PR AR EARYE A RSB B 05 @& I s AR 4R s e . TR, A FIZE AL
PSR AMEIRIT TR @ #E—BIT AR KA. 2 ot BB IR FE AR BLO8UE WA »
@ NPWTI Bkl &5 51, KE Mk G T 8 XE DL A o P ARG BEAE QRAERCR B OL T, B TT A i
PRI R IOk, FRARER ST A, IRk R 1) 9 A7 4

E&WH
g4 B I H 342 (2016-23-732).

DOI: 10.12677/acm.2021.118520 3565 I IR 2= =23t e


https://doi.org/10.12677/acm.2021.118520

KA, SRR

&E 3k

[1]
[2]

(3]
[4]
(5]
(6]
(71
(8]
(9]
[10]
[11]
[12]
[13]

[14]
[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

E2ER, RN BRI RL]. PR 5B E 2 (R TAR), 2018, 13(4): 308-311.
Clinton, A. and Carter, T. (2015) Chronic Wound Biofilms: Pathogenesis and Potential Therapies. Laboratory Medi-
cine, 46, 277-284.

Gathen, M., Petri, M., Krettek, C. and Omar, M. (2016) Negative Pressure Wound Therapy with Instillation in the
Treatment of Critical Wounds. Zeitschrift fiir Orthopadie und Unfallchirurgie, 154, 122-127.

Subhas, G., Allen, G., John, L. and Luc, T. (2016) Clinical Recommendations and Practical Guide for Negative Pres-
sure Wound Therapy with Instillation. International Wound Journal, 13, 159-174.

Fleischmann, W., Strecker, W., Bombelli, M., et al. (1993) Vacuum Sealing as Treatment of Soft Tissue Damage in
Open Fractures. Der Unfallchirurg, 96, 488-492.

Orgill, D.P. and Bayer, L.R. (2013) Negative Pressure Wound Therapy: Past, Present and Future. International Wound
Journal, 10, 15-19.

Singh, R., Tripathi, D., Jaiswal, S.P., Singh, P., Balar, T. and Viradiya, C. (2021) Use of Negative Pressure Wound
Therapy as a Bolster over Skin Grafts in Patients with Severe Burn Injuries at a Tertiary Care Burn Centre in India.
Burns Open, 5, 137-140.

XUFE, AR, FURAE T IA e A T & A K T AL T R RE[I]. TR AR Ak, 2017, 33(11): 718-720
KB, Wk, ] pp e QO P SRR TE VR ST HE s A2 R AL G b BT[], 8 PR HT 5, 2021, 24(7):
186-189.

BEAR, RAER, 25, 5. SRS SHRBORECS & 5 AR HE R 2 R RTT 0 i 9], e 512 R 2%
F(FETHR), 2019, 14(1): 39-45.

kEZ, WREKIE, TJ7, 5. SRS SHRBORE S R H AT 7 B R E T R [3]. B R R 2 B A AR
2017, 36(5): 504-506.

Svedman, P. (1983) Irrigation Treatment of Leg Ulcers. Lancet, 2, 532-534.
https://doi.org/10.1016/S0140-6736(83)90567-6

Yang, S.L., Han, R., Liu, Y., et al. (2014) Negative Pressure Wound Therapy Is Associated with Up-Regulation of B
FGF and ERK1/2 in Human Diabetic Footwounds. Wound Repair and Regeneration, 22, 548-554.

XA ¥y, SRae. HURITIERIT A O Stk R (1], 2Rk, 2018, 38(10): 2548-2551.

SEAE . e T DR 3 AT 47U SR BOR e R 18 P 1 1 A B SEER AT AL [M]. DT iR R BE R, 2019.
Glass, G.E., Murphy, G.F., Esmaeili, A., Lai, L.M. and Nanchahal, J. (2014) Systematic Review of Molecular Me-
chanism of Action of Negative-Pressure Wound Therapy. British Journal of Surgery, 101, 1627-1636.

Omar, M., Gathen, M., Liodakis, E., Suero, E.M., Krettek, C., Zeckey, C. and Petri, M. (2016) A Comparative Study of
Negative Pressure Wound Therapy with and without Instillation of Saline on Wound Healing. Journal of Wound Care,
25, 475-478.

MG, SRR S P SR (VSD) B AR B A i E RO s i R Hh X AZ PE BT VEGF F Rk s ma it 58 [D]: [
A SL]. P R, 2020.

Folfe, XURLRS, XUVE. SRV HVE T AR B G B AR R AR R B pe i B3 0 T A 5 3 48 1 R 77K S s i
[0]. BRAREE 2 5 f FEwt 7 T2 &, 2021, 5(7): 70-72

Parks, W.C., Wilson, C.L. and Lopez-Boado, Y.S. (2014) Matrix Metalloproteinases as Modulators of Inflammation
and Innate Immunity. Nature Reviews Immunology, 4, 617-629.

FUK, KPR, FESE, BRGNS, M. BRSBTS O T AR R B I sz [C R E R T 2
4 Jph EEESBLEMKSW 0. K REZEFERE MR G4, 2007: 372-374.

Aycart, M.A., Eble, D.J. and Ross, K.M. (2018) Mechanisms of Action of Instillation and Dwell Negative Pressure
Wound Therapy with Case Reports of Clinical Application. Cureus, 10, Article ID: e3377.

Gupta, S., Gabriel, A., Lantis, J., et al. (2016) Clinical Recommendations and Practical Guide for Negative Pressure
Wound Therapy with Instillation. International Wound Journal, 13, 159-174. https://doi.org/10.1111/iwj.12452

Goss, S.G., Schwartz, J.A., Facchin, F., Avdagic, E., Gendics, C. and Lantis, J.C. (2014) Negative Pressure Wound
Therapy with Instillation (NPWTi) Better Reduces Postdebridement Bioburden in Chronically Infected Lower Extrem-
ity Wounds than NPWT Alone. Journal of the American College of Clinical Wound Specialists, 4, 74-80.
https://doi.org/10.1016/j.jccw.2014.02.001

DOI: 10.12677/acm.2021.118520 3566 Il R 125 23k i


https://doi.org/10.12677/acm.2021.118520
https://doi.org/10.1016/S0140-6736(83)90567-6
https://doi.org/10.1111/iwj.12452
https://doi.org/10.1016/j.jccw.2014.02.001

AP, SEAEE

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Teot, L., Boissiere, F. and Fluieraru, S. (2017) Novel Foam Dressing Using Negative Pressure Wound Therapy with
Instillation to Remove Thick Exudate. International Wound Journal, 14, 842-848. https://doi.org/10.1111/iwj.12719

Kim, P.J., Silverman, R., Attinger, C.E., et al. (2020) Comparison of Negative Pressure Wound Therapy with and
without Instillation of Saline in the Management of Infected Wounds. Cureus, 12, Article ID: e9047.

Kim, P.J, Lavery, L.A., Galiano, R.D., et al. (2020) The Impact of Negative-Pressure Wound Therapy with Instillation
on Wounds Requiring Operative Debridement: Pilot Randomised, Controlled Trial. International Wound Journal, 17,
1194-1208.

Yang, C., Goss, S.G., Alcantara, S., Schultz, G., Lantis, 1.J.C. (2017) Effect of Negative Pressure Wound Therapy with
Instillation on Bioburden in Chronically Infected Wounds. Wounds, 29, 240-246.

Phillips, P.L., Yang, Q. and Schultz, G.S. (2013) The Effect of Negative Pressure Wound Therapy with Periodic Instil-
lation Using Antimicrobial Solutions on Pseudomonas Aeruginosa Biofilm on Porcine Skin Explants. International
Wound Journal, 10, 48-55.

Tahir, S., Malone, M., Hu, H.H., et al. (2018) The Effect of Negative Pressure Wound Therapy with and without In-
stillation on Mature Biofilms in Vitro. Materials (Basel), 11.

Giri, P., Krishnaraj, B., Chandra, S.S., et al. (2021) Does Negative Pressure Wound Therapy with Saline Instillation
Improve Wound Healing Compared to Conventional Negative Pressure Wound Therapy?—A Randomized Controlled
trial in Patients with Extremity Ulcers. Annals of Medicine and Surgery, 61, 73-80.

WA, WortfE, Bl k. PR BRI U SR B IA T R G P R BB KI5 R I R R[] 2
REEZ, 2019, 26(6): 39-41.

H& 7w, Ligar, Wiy, 5. SUKE A5 ) e P SO 58 R 41 B R AR IR [J]. $r Ak, 2014,
29(16): 1-3.

PREERTS, ATEe. A0UE QT 7 V2006 TR v B 22 PR s M S P QU TR VR 7 v 1) L S5 4 B A0 T [3]. R PR 3 1
Ft, 2018, 21(24): 143-144, 149.

Kim, P.J., Attinger, C.E., Constantine, T., et al. (2020) Negative Pressure Wound Therapy with Instillation: Interna-
tional Consensus Guidelines Update. International Wound Journal, 17, 174-186.

DOI: 10.12677/acm.2021.118520 3567 Il R 125 23k i


https://doi.org/10.12677/acm.2021.118520
https://doi.org/10.1111/iwj.12719

	负压伤口滴注疗法治疗慢性难愈性创面的研究进展
	摘  要
	关键词
	Research Progress of NPWTi in the Treatment of Chronic Refractory Wounds
	Abstract
	Keywords
	1. 引言
	2. 负压伤口滴注疗法(NPWTi)的发展
	3. 负压伤口滴注疗法(NPWTi)作用机制
	3.1. NPWT作用机制
	3.1.1. 组织细胞水平
	3.1.2. 分子生物学水平 

	3.2. NPWTi补充作用机制

	4. 负压伤口滴注疗法(NPWTi)临床研究进展
	5. 问题与展望
	基金项目
	参考文献

