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NEGATIVE-PRESSURE WOUND THERAPY IN THE TREATMENT OF 
COMPLEX INJURIES AFTER TOTAL KNEE ARTHROPLASTY
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ABSTRACT

Objective: To present an experience with negative-pressure wound 
therapy (NPWT) in the treatment of surgical wounds in patients 
treated for infections after total knee arthroplasty (TKA) with or 
without dehiscence and prophylaxis in wounds considered at 
risk of healing problems. Methods: We prospectively evaluated 
patients with TKA infection with or without surgical wound dehis-
cence and patients with risk factors for infection or surgical wound 
complications treated with Pico® device for NPWT in addition to 
standard treatment of infection or dehiscence in our institution. 
We considered as an initial favorable outcome the resolution of 
the infectious process and the closure of the surgical wound 
dehiscences in the treated cases and the good progression of 
the wound without complicating events in the prophylactic cases. 
Results: We evaluated 10 patients who used Pico® in our service. 
All patients had a favorable outcome according to established 
criteria. No complications were identified regarding the use of 
the NPWT device. The mean follow-up of the patients after the 
use of the device was 10.5 months. Conclusion: The NPWT can 
be safely used in wound infections and complications following 
TKA with promising results. Long-term randomized prospective 
studies should be conducted to prove its effectiveness. Level of 
Evidence IV, Case Series.

Keywords: Negative-pressure wound therapy. Arthroplasty, re-
placement, knee. Surgical wound dehiscence. Infection.

RESUMO

Objetivo: Apresentar uma experiência com a terapia com pressão negativa 
(TPN) no tratamento das feridas cirúrgicas de pacientes tratados por 
infecções em artroplastias totais do joelho (ATJ) associadas ou não 
à deiscência e como profilaxia nas feridas consideradas em risco de 
problemas de cicatrização. Métodos: Foram avaliados prospectivamente 
pacientes que apresentavam infecção de ATJ associada ou não à deis-
cência de ferida operatória e pacientes com fatores de riscos de infecção 
ou complicações de ferida cirúrgica tratados com dispositivo PICO® para 
TPN além do tratamento padrão da infecção ou deiscência em nossa 
instituição. Consideramos como desfecho favorável inicial a resolução 
do processo de infecção e o fechamento das deiscências de ferida 
operatória nos casos de tratamento e a boa evolução da ferida operatória, 
sem eventos complicadores, nos casos profiláticos. Resultados: Foram 
avaliados 10 pacientes que usaram PICO® em nosso serviço. Todos os 
pacientes apresentaram desfecho favorável de acordo com os critérios 
estabelecidos. Não foram identificadas quaisquer complicações com 
relação ao uso do dispositivo de TPN. A média de seguimento dos 
pacientes após o uso do dispositivo foi de 10 meses e meio. Conclusão: A 
TPN pode ser usada em complicações de ferida e infecção depois de ATJ 
de maneira segura e com resultados promissores. Estudos prospectivos 
randomizados prolongados devem ser realizados para comprovar sua 
eficácia. Nível de Evidência IV, Série de Casos.

Descritores: Tratamento de ferimentos com pressão negativa. 
Artroplastia do joelho. Deiscência da ferida operatória. Infecção.

INTRODUCTION

Total knee arthroplasty (TKA) is an increasingly common surgery. It is 
estimated that in 2030 nearly 3.5 million TKA procedures will be per-
formed in the United States.1 As the number of arthroplasties increases, 
the number of complications resulting from this procedure also rises, 
including surgical wound complications and infection.2 Known risk 
factors for skin complications and infection after TKA include diabetes, 
obesity, poor nutrition, smoking, and especially prior surgeries.2,3

Among the measures recommended in the literature to reduce the 
risk of infection after TKA are the use of prophylactic antibiotics before 
the incision is made, removing hair with an electric surgical clipper 
and not a razor, appropriate antisepsis of the hands and forearms, 
strictly sterile technique, skin preparation with alcohol solution, control 
of comorbidities such as diabetes and malnutrition in the perioperative 
period, maintenance of normothermia during the procedure, and 
appropriate surgical technique which respects the dissection planes.4

Acta Ortop Bras. 2017;25(2):85-8



86

Once infection is diagnosed, treatment ranges from antibiotics to 
surgical procedures to clean the wound and remove the surgical 
implants.5 Typically, treatments are long and involve losses in quality of 
life and function for patients as well as high costs for health services.6,7

One treatment modality for post-arthroplasty wounds that is be-
coming more widely known in the orthopedic literature is negative 
pressure wound therapy (NPWT).8,9 Although its use is well es-
tablished in other areas of medicine and orthopedics, particularly 
in cases of trauma and open fractures, its usage in the field of 
arthroplasty is not yet well-defined.8-11 
The few studies on these devices in cases of primary arthroplasty 
do not allow definitive conclusions to be drawn about their use, and 
despite a theoretical benefit demonstrated by one recent review, no 
prospective studies clearly demonstrate their benefits.8,9 Among the 
possible promising uses for NPWT in arthroplasty are applications 
in patients at high risk for wound complications, patients with estab-
lished wound complications, patients with dehiscence or prolonged 
secretions, and patients with infections. Consequently, more studies 
are required to investigate each of these clinical situations.
The objective of this present study is to show our experience with 
NPWT in treating surgical wounds in patients with infections after 
TKA, associated with or independent of dehiscence, and also as a 
prophylaxis in wounds considered to be at risk for healing problems.

METHODS

Two profiles of patients treated in our service were evaluated: pa-
tients who presented TKA infection associated with or independent 
of surgical wound dehiscence, and patients with risk factors for 
infection or complications of the surgical wound. The study was 
approved by the institutional ethics board under process number 
1247, and all patients in the study signed a consent form.
In the cases of infection, from the time of diagnosis the patients 
were treated according to the protocol for arthroplasty infection at 
our institution, which involves antibiotic therapy associated with 
surgical cleaning and debridement and optional removal of the 
implant. After the usual treatment, a NPWT device was placed on 
the wound as an additional measure.
In at-risk patients, the device was immediately installed after the 
surgical procedure while the patient was still in the surgical suite. 
The use of this device did not hinder patient participation in the 
standard rehabilitation they would have received if they did not use 
the device, since range of motion and gait were stimulated, except 
when treatment was contraindicated.
In this study we used a portable single-use PICO device (Smith & 
Nephew) that applies continuous negative pressure of 80 mmHg.12 
(Figure 1) After seven days (the working life of the device), we 
examined the wound and determined whether installation of a new 
device was necessary. This procedure was repeated every seven 
days when the device reached the end of its functional life. The 
total therapy time for each patient was quantified.
We considered resolution of the infection process and closure 
of dehiscenses in the surgical wound as favorable outcomes in 
the cases of treatment, and good progress of the surgical wound 
without complications when this therapy was used prophylactically.

RESULTS

We assessed 10 patients in our service who used the PICO device. 
NPWT was indicated in six of these cases for infection, in two cases 
for infection associated with dehiscence, and two cases in patients 
at risk. Patient data are summarized in Table 1. Four patients used 
the device for 14 days (two sessions) and six patients used it for 
seven days (one session). Mean patient use time was 9.8 days. No 
patient required NPWT for more than 14 days.

As for outcomes, all patients had favorable outcomes according to 
the criteria: the two patients who received NPWT as a prophylaxis 
demonstrated healing of the surgical wound without complications, 
the two cases of dehiscence associated with infection demonstrated 
closure of the wound and control of the infectious process without 
the need for surgical intervention, and the six patients who underwent 
surgery to treat infection showed clinical improvement in infection 
and good healing. (Figures 2, 3, and 4).
We did not identify any complications related to the NPWT device. 
Average patient follow-up time after the use of the device was 10.5 
months, ranging from 3 to 14 months. The patient who received 
three months of follow-up died from causes unrelated to the knee 
surgery three months after initial treatment, and the wound situation 
was resolved at that time.

DISCUSSION

The main finding of this study is that NPWT can be used safely to treat 
post-TKA wound complications and infection without complications and 
without impeding patient rehabilitation, with promising initial results.
The active mechanisms of NPWT described in the literature which 
are potentially significant in the use of this therapy in arthroplasty 
include removal of fluid and reduction of edema, dead space, 
and soluble inflammatory molecules,13 mechanical stabilization, 
reduction of tension on the wound,14 and increased blood flow 
and angiogenesis.15

Table 1. Summary of assessed patient data.

Patient
Indication for 

NPWT
Comorbidities

Days NPWT 
used

Follow-up after 
use (months)

1 Infection RA, HBP, DM 14 14

2 Infection HBP 7 14

3
Prophylactic in 
at-risk patient

HBP, DM, Obesity 7 13

4 Infection DM, Obesity 7 12

5 Infection HBP, DM 7 11

6 Infection HBP, DM 7 10

7
Infection + 
dehiscence

HBP, DM 14 10

8 Infection Gout 14 9

9
Infection + 
dehiscence

RA 14 9

10
Prophylactic in 
at-risk patient

HBP, DM, Chagas 7 3 (death)

Figure 1. The PICO negative pressure dressing (A) and after application in a patient 
undergoing surgical cleaning of left knee after arthroplasty (B).
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The potential to control wound complications is significant since 
this is associated with a great increase in the risk of infection. Patel 
et al.16 estimated that each day of persistent drainage represents a 
42% increase in the chance of infection, and Saleh et al.17 calculated 
that after the fifth day of secretion, this chance increases 12.7-fold. 
In a series of 109 cases of hip arthroplasty with persistent post-op-
eratory secretion, Hansen et al.18 found that 76% resolved without 
surgery after negative pressure therapy used for an average of two 
days (range: 1–10 days). In another series of hip arthroplasties, 
Pachowsky et al.19 observed less seroma in ultrasound in patients 
who received NPWT. There is no direct relationship between the 
amount of secretion and post-operatory infection, but patients with 
prolonged drainage of secretions from the wound (5 or more days 
post-procedure) have a higher risk of infection.17 The decrease in 
seroma may have been a protective factor for these patients. It is 

important to note that NPWT should not delay surgical treatment of 
wound complications or the surgical site in arthroplasties, since as 
shown by Jaberi et al.,20 delayed surgery in the case of secreting 
wounds leads to an increased risk of failure for treatments involving 
surgical debridement and irrigation.
In a non-randomized retrospective study, Cooper et al.21 compared 
the use of NPWT with the use of antibiotic dressings in revision 
arthroplasties of the knee and hip and found fewer wound com-
plications (6.7% versus 26.9%) and fewer instances of infection 
in the surgical site (3.3% versus 18.5%) with the use of negative 
pressure therapy.
As for the use of NPWT as an adjunct to treatment of infections 
in arthroplasty, only small case series have been published,22-24 
showing encouraging results similar to those of this present study.
One randomized study using NPWT in knee arthroplasty had to 
be halted due to the formation of blisters on the skin surrounding 
the wound.25 Because of this complication, changes were made to 
avoid blister formation, and this technology was incorporated into the 
new devices. The PICO NPWT system consists of a multiple-layer 
silicone dressing designed to avoid the formation of blisters or 
maceration of the wound.26 In our series, we did not observe any 
complications directly related to NPWT, similar to the other studies 
which used the same updated device.26,27 
Current contraindications to the use of NPWT include exposed vessels 
or nerves and unexplored fistulas. Patients with an increased risk of 
bleeding or who are using anticoagulants should be carefully monitored if 
they use the device. Circumferential bandages should also be avoided.9

Another benefit of the type of therapy used in this study is the 
possibility of outpatient treatment. Once the dressing is placed, the 
patient does not require daily dressing changes and the unit can be 
easily transported. Payne et al.28 studied the use of these devices 
in a wide variety of infections and skin lesions and found a potential 

Figure 2. Patient with PICO NPWT dressing on right knee. Note that the dressing 
does not interfere in range of motion activities during the postoperative period.

Figure 3. Clinical progress of surgical wound in patient treated with PICO NPWT 
dressing after dehiscence associated with infection. Photos show initial moment 
(A) when treatment was indicated and progress at 7 (B), 14 (C), 21 days (D), and 
3 months (E). The patient used the dressing for 14 days.

Figure 4. Clinical progress of surgical wound in patient treated with PICO NPWT 
dressing after dehiscence associated with infection. Photos show initial moment 
(A) when treatment was indicated and progress at 7 (B), 14 (C), 21 (D), and 30 
days (E). The patient used the dressing for 14 days.
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cost reduction since patients do not require hospitalization. Dal-Paz 
et al.6 found a significant increase in the costs of treating infections 
after knee arthroplasty in a tertiary hospital, so that investments in 
patient safety can bring significant savings to the health system. 
Matsumoto et al.27 concluded that prophylactic NPWT in high-risk 
patients was reasonable, considering the high costs of treatments 
resulting from wound complications in arthroplasties.
Although NPWT is widely used in other areas of medicine and is 
related to improved healing and limb preservation in the treatment 
of open fractures, it has not yet been proven for use in arthroplasty 
surgery.9 A pilot study conducted by Gillespie et al.29 in primary 
hip arthroplasties suggested that a randomized trial with 900 pa-
tients would be required to detect differences in the incidence of 
complications such as infection, due to the low absolute risk of this 
complication. Several prospective studies and randomized trials 
are currently underway to test the efficacy of this therapy.
Despite the small number of cases, the initial results presented in 
this study are promising. In treating infections, NPWT should be 
used as an additional tool for patient treatment, and in no way should 
substitute the gold standard treatments such as antibiotic therapy, 
surgical treatments, and removal of the implants if necessary.5 
Our series presented two incidents of dehiscence: one was more 

superficial and the patient maintained the implant, and the other 
was deeper since the patient had a cement spacer. Both were 
successfully treated without the need for a surgical approach. 
These patients were treated with NPWT for 14 days, since only one 
dressing was not sufficient. The use of an additional, new dressing 
should be expected in such high-complexity cases.
Considering eventual recidivism, although these patients were 
not followed for a long time we focused on healing and skin com-
plications and followed the usual protocols recommended in the 
literature for treating prosthesis infections, but these cases continue 
to be monitored for a longer follow-up period in relation to relapse.
Limitations of this study include the small number of patients and 
short follow-up time, as well as the heterogeneous sample and 
the absence of a control group. Nevertheless, we believe that the 
study is important to demonstrate the possible complications and 
indications of this therapy.

CONCLUSION

NPWT can be used safely to treat wound complications and 
infections after knee arthroplasty, with promising results. Long-
term prospective randomized studies are still required to prove 
its effectiveness.

REFERENCES
1.	 Kurtz SM, Ong KL, Schmier J, Mowat F, Saleh K, Dybvik E, et al. Future clinical 

and economic impact of revision total hip and knee arthroplasty. J Bone Joint 
Surg Am. 2007;89(Suppl 3):144-51. 

2.	 Vince K, Chivas D, Droll KP. Wound complications after total knee arthroplasty. 
J Arthroplasty. 2007;22(4 Suppl 1):39-44. 

3.	 Helito CP, Junqueira JJ, Gobbi RG, Angelini FJ, Rezende MU, Tirico LE, et al. 
Effect of postoperative use of nasal oxygen catheter supplementation in wound 
healing following total knee arthroplasty. Clinics (São Paulo). 2014;69(11):735-9. 

4.	 Anderson DJ, Podgorny K, Berrios-Torres SI, Bratzler DW, Dellinger EP, Greene 
L, et al. Strategies to prevent surgical site infections in acute care hospitals: 2014 
update. Infection control and hospital epidemiology. 2014;35(Suppl 2):S66-88. 

5.	 Lima AL, de Oliveira PR. Update on Infections in Articular Prosthesis. Rev Bras 
Ortop. 2010;45(6):520-3. 

6.	 Dal-Paz K, Oliveira PR, Paula AP, Emerick MC, Pecora JR, Lima AL. Economic 
impact of treatment for surgical site infections in cases of total knee arthroplasty 
in a tertiary public hospital in Brazil. Braz J Infect Dis. 2010;14(4):356-9.7.	

7.	 Helito CP, de Brito AT, Gobbi RG, Demange MK, Tirico LE, Pecora JR, et 
al. Evaluation of quality of life and walking ability among amputated patients 
and those who refused to undergo amputation following infection of total knee 
arthroplasty: Small case series. Prosthet Orthot Int. 2015;39(6):463-9.

8.	 Karlakki S, Brem M, Giannini S, Khanduja V, Stannard J, Martin R. Negative 
pressure wound therapy for managementof the surgical incision in orthopaedic 
surgery: A review of evidence and mechanisms for an emerging indication. 
Bone Joint Res. 2013;2(12):276-84. 

9.	 Siqueira MB, Ramanathan D, Klika AK, Higuera CA, Barsoum WK. Role of 
negative pressure wound therapy in total hip and knee arthroplasty. World J 
Orthop. 2016;7(1):30-7. 

10.	Pellino G, Sciaudone G, Candilio G, De Fatico GS, Landino I, Della Corte A, 
et al. Preventive NPWT over closed incisions in general surgery: does age 
matter? Int J Surg. 2014;12(Suppl 2):S64-8. 

11.	Rezzadeh KS, Nojan M, Buck A, Li A, Vardanian A, Crisera C, et al. The use 
of negative pressure wound therapy in severe open lower extremity fractures: 
identifying the association between length of therapy and surgical outcomes. 
J Surg Res. 2015;199(2):726-31. 

12.	Ahmad Z, Davis M, Das-Gupta R. PICO: a revelation in topical negative pres-
sure therapy? Int J Low Extrem Wounds. 2013;12(1):16-7. 

13.	Morykwas MJ, Simpson J, Punger K, Argenta A, Kremers L, Argenta J. Va-
cuum-assisted closure: state of basic research and physiologic foundation. 
Plast Reconstr Surg. 2006;117(7 Suppl):121S-126S.

14.	Wilkes RP, Kilpad DV, Zhao Y, Kazala R, McNulty A. Closed incision manage-
ment with negative pressure wound therapy (CIM): biomechanics. Surg Innov. 
2012;19(1):67-75.

15.	Chen SZ, Li J, Li XY, Xu LS. Effects of vacuum-assisted closure on wound 
microcirculation: an experimental study. Asian J Surg. 2005;28(3):211-7.

16.	Patel VP, Walsh M, Sehgal B, Preston C, DeWal H, Di Cesare PE. Factors 
associated with prolonged wound drainage after primary total hip and knee 
arthroplasty.J Bone Joint Surg Am. 2007;89(1):33-8. 

17.	Saleh K, Olson M, Resig S, Bershadsky B, Kuskowski M, Gioe T, et al. Predic-
tors of wound infection in hip and knee joint replacement: results from a 20 
year surveillance program. J Orthop Res. 2002;20(3):506-15. 

18.	Hansen E, Durinka JB, Costanzo JA, Austin MS, Deirmengian GK. Ne-
gative pressure wound therapy is associated with resolution of incisional 
drainage in most wounds after hip arthroplasty. Clin Orthop Relat Res. 
2013;471(10):3230-6. 

19.	Pachowsky M, Gusinde J, Klein A, Lehrl S, Schulz-Drost S, Schlechtweg P, 
et al. Negative pressure wound therapy to prevent seromas and treat surgical 
incisions after total hip arthroplasty. Int Orthop. 2012;36(4):719-22. 

20.	Jaberi FM, Parvizi J, Haytmanek CT, Joshi A, Purtill J. Procrastination of wound 
drainage and malnutrition affect the outcome of joint arthroplasty. Clin Orthop 
Relat Res. 2008;466(6):1368-71. 

21.	Cooper HJ, Bas MA. Closed-Incision negative-pressure therapy versus anti-
microbial dressings after revision hip and knee surgery: a comparative study. 
J Arthroplasty. 2016;31(5):1047-52. 

22.	Kelm J, Schmitt E, Anagnostakos K. Vacuum-assisted closure in the treatment 
of early hip joint infections. Int J Med Sci. 2009;6(5):241-6.

23.	Kirr R, Wiberg J, Hertlein H. Clinical experience and results of using the 
V.A.C. instill therapy in infected hip- and knee prosthetics. Zentralbl Chir. 
2006;131(Suppl 1):S79-82.

24.	Lehner B, Bernd L. V.A.C.-instill therapy in periprosthetic infection of hip and 
knee arthroplasty. Zentralbl Chir. 2006;131(Suppl 1):S160-4. 

25.	Howell RD HS, Strauss E, Pelham FR. Blister formation with negative pressure 
dressings after total knee arthroplasty. Curr Orthop Pract. 2011;22:176-9.

26.	Hudson DA, Adams KG, Van Huyssteen A, Martin R, Huddleston EM. Simpli-
fied negative pressure wound therapy: clinical evaluation of an ultraportable, 
no-canister system. Int Wound J. 2015;12(2):195-201. 

27.	Matsumoto T, Parekh SG. Use of negative pressure wound therapy on closed 
surgical incision after total ankle arthroplasty. Foot Ankle Int. 2015;36(7):787-94. 

28.	Payne C, Edwards D. Application of the Single Use Negative Pressure Wound 
Therapy Device (PICO) on a Heterogeneous Group of Surgical and Traumatic 
Wounds. Eplasty. 2014;14:e20.

29.	Gillespie BM, Rickard CM, Thalib L, Kang E, Finigan T, Homer A, et al. Use of 
Negative-Pressure Wound Dressings to Prevent Surgical Site Complications 
After Primary Hip Arthroplasty: a Pilot RCT. Surg Innov. 2015;22(5):488-95.

AUTHORS’ CONTRIBUTIONS: Each author individually made significant contributions to the development of this manuscript. CPH (0000-0003-1139-2524)* 
was responsible for the literature review, participation in the surgical procedures, and supervision. DKB (0000-0002-7281-2054)* participated in the literature 
review and data analysis. PNG (0000-0002-5855-0975)* and MBB (0000-0002-4468-9693)* participated in the surgical procedures and drafted the article. 
JRP (0000-0003-0287-4548)* and MKD (0000-0003-1999-9478)* guided and supervised all phases of work. *ORCID (Open Researcher and Contributor ID).

Acta Ortop Bras. 2017;25(2):85-8


