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Background: Negative-pressure wound therapy (NPWT) has improved split-thick-
ness skin graft (STSG) survival rates, but prolonged application increases bacterial 
bioburden. Antimicrobial NPWT adjuncts have demonstrated efficacy, but strong 
evidence is lacking. We hypothesized that simultaneously replacing NPWT dress-
ings within 48–72 hours and cleansing with Dakin's solution—a well-known antimi-
crobial agent—would increase STSG take.
Methods: We performed a controlled retrospective case series on three groups of 
STSG patients treated between January 2014 and December 2020: bolster dress-
ings, continuous NPWT (C-NPWT), and Dakin's NPWT (D-NPWT). Patients with 
documented measurements of STSG survival were included. The primary outcome 
was the percentage of STSG take calculated by survival area using surgical tape 
measures 2 weeks after surgery.
Results: Fifty-nine patients were followed up for greater than or equal to 3 months. 
Average wound size for bolsters was smaller than that for D-NPWT (83 cm2 versus 
204 cm2; P < 0.05). Average treatment time was 6.4 ± 2.4 days (bolsters), 6.5 ± 0.9 
days (C-NPWT), and 2.8 ± 0.9 days (D-NPWT; P < 0.01). Average percentage 
of STSG take was 92% ± 0% (bolsters), 82% ± 0% (C-NPWT), and 99% ± 0% 
(D-NPWT; P < 0.01); there were significant differences between bolsters versus 
C-NPWT (P < 0.05) and C-NPWT versus D-NPWT (P < 0.05), but not between bol-
sters and D-NPWT.
Conclusions: Interrupting NPWT with 0.125% Dakin’s solution cleansing is associ-
ated with increased STSG survival compared with standard NPWT protocols, but 
not bolster dressings. These findings warrant further investigation due to limita-
tions of this retrospective case series. (Plast Reconstr Surg Glob Open 2022; 10:e4724; 
doi: 10.1097/GOX.0000000000004724; Published online 22 December 2022.)
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INTRODUCTION
Split-thickness skin grafts (STSGs) are commonly 

utilized for wound reconstruction.1 However, failure 
rates are variable and have been reported to range 
from 32%2,3 to as high as 66% in a prospective obser-
vational study of 73 lower extremity wounds published 
in 2015.3,4 Typical postoperative STSG protocols include 
conventional bolster dressings (ie, tie over techniques) 

and negative-pressure wound therapy (NPWT). NPWT 
has revolutionized the field by providing greater protec-
tion from shear forces and reducing complication rates 
compared with conventional methods.5–7 For example, 
in 2011, a prospective randomized controlled trial of 
30 burn patients demonstrated a statistically significant 
improvement in STSG take using a negative-pressure 
dressing (97%) compared with the conventional dress-
ing group consisting of Vaseline gauze and cotton pads 
(88%).6

Despite the manufacturer’s guidelines that NPWT 
dressings should be changed every 48 to 72 hours,8 there 
is published evidence that advocates for a timeline of up 
to 7 consecutive days for specific indications.9 For STSGs, 
it is common practice to maintain NPWT for 5–7 days to 
enable incorporation with the wound bed;10–12 however, 
in the senior author’s (G.D.X) experience, this length 
of time would sometimes result in the development of a 

From the *Long Island Plastic Surgical Group, PC, Garden 
City, New York; and †College of Arts and Sciences, Stony Brook 
University, Stony Brook, New York.
Received for publication August 10, 2021; accepted October 11, 
2022.
Copyright © 2022 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000004724

Interrupting Negative-pressure Wound Therapy with 
Dakin’s Solution Is Associated with Increased Skin 
Graft Survival

Disclosures: The authors have no financial interest to declare 
in relation to the content of this article.

22

December

2022

22December2022

https://doi.org/10.1097/GOX.0000000000004724
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1097/GOX.0000000000004724


PRS Global Open • 2022

2

malodorous bacterial biofilm over the graft site. This find-
ing is reinforced by data from a retrospective review (n = 
25) and prospective randomized controlled trial (n = 54), 
showing a statistically significant increase in bacterial bio-
burden after NPWT application over a variety of wounds.13,14 
In the senior author’s experience, prolonged application 
of NPWT using the commonly accepted timeline of 7 days 
prohibited interval examination and potential treatment of 
the graft site.

Given the data on NPWT and bacterial bioburden, we 
reasoned that interrupting the standard NPWT timeline 
of 7 days would mitigate biofilm formation and improve 
STSG take. Notably, previous microbiological studies 
showed that even despite routine foam changes, NPWT 
alone does not limit bacterial overgrowth compared with 
conventional therapy; in a prospective randomized trial 
from 2004, the bacterial loads were found to have no sta-
tistically significant difference.13–15 Because of this, studies 
to introduce antimicrobial agents such as 0.2% polyhexa-
methylene biguanide (PHMB)-impregnated dressings as 
an adjunct to NPWT have been performed, demonstrat-
ing STSG survival of up to 100% in a retrospective case-
control study published in 2015.16

Considering the positive effect of adjunctive antimi-
crobial agents for NPWT, we hypothesized that two key 
elements would be essential to optimizing STSG survival: 
(1) replacing the NPWT sponge within 48–72 hours after 
initial application and (2) performing an antimicrobial 
cleanse at the time of sponge change. Because Dakin’s 
solution is a well-known, accessible, and efficacious anti-
microbial agent with widespread use across various spe-
cialties,17 we hypothesized that midtherapy interruption 
of NPWT with a 0.125% Dakin’s solution rinse improves 
STSG survival and can be a comparable alternative to 
other antimicrobial NPWT modalities.

METHODS
A retrospective case series was performed. Patient infor-

mation was extracted from the electronic medical records 
from the Long Island Plastic Surgical Group, PC (Garden 
City, N.Y.). All patients who underwent split-thickness skin 
grafting by a single surgeon (G.D.X.) from January 2014 
to December 2020 were selected for data collection and 
analysis. All patients with documented measurements of 
STSG take were included.

The study involved comparing three patient groups: 
one group receiving bolster dressings, a second group 
undergoing the current NPWT protocol with a midther-
apy Dakin’s solution rinse (D-NPWT), and a third group 
undergoing the previous, continuous NPWT (C-NPWT) 
protocol. The current protocol is as follows: application 
of NPWT at the time of the procedure, removal after 
48–72 hours, cleaning the graft site with 0.125% Dakin’s 
solution, and reapplication of NPWT for an additional 
72 hours. All NPWT dressings were removed by postop-
erative day 6, at which time the wound was once again 
cleansed with 0.125% Dakin’s solution followed by local 
wound care using either petrolatum gauze (Xeroform) 
or a silver-impregnated hydrocolloid dressing (Aquacel 

Ag) depending on the level of moisture of the graft site. 
The previous protocol involved continuous application of 
NPWT for 5–7 days, after which the site would be cleansed 
with 0.125% Dakin’s solution followed by local wound care 
as described above. The decision to utilize a bolster dress-
ing or NPWT depended on anatomic location and wound 
size. Bolster dressings were applied to wounds on the 
head, face, and neck due to practicality and anticipated 
patient discomfort with NPWT; outside of those locations, 
any wounds larger than 150 cm2 were treated with NPWT.

Institutional review board exemption status for this 
study was obtained through BRANY institutional review 
board services. We collected the following information: 
age at the time of surgery, the method of skin graft dress-
ing used, the length of time over which the dressings 
were applied, wound type, wound size, and percentage 
of STSG take. The primary outcome was STSG survival, 
and the primary objective was to demonstrate a statistically 
significant increase in STSG survival using the D-NPWT 
protocol compared with the previous C-NPWT protocol 
and the use of bolster dressings. The STSG wound site 
areas were estimated by multiplying the longest width by 
the longest length (in millimeters, measured by a surgical 
paper ruler). STSG survival was calculated at the end of 
each treatment period using the following formula:

STSG survival =
original wound area − (length × width of denuded area)

original wound area
× 100%

For patients with multiple wounds that were grafted 
on the same day, the total wound size was calculated by 
adding the multiple wound areas together. Every patient 
was evaluated at 1 week, 2 weeks, 1 month, and 3 months 
postoperatively. STSG survival was calculated at the 2-week 
interval for every patient. Wound types and indications for 
grafting were categorized into six different groups: cancer, 
trauma, infection, orthopedic hardware coverage, postsur-
gical, and necrotic wounds.

Statistical analysis was performed using Microsoft 
Excel (Microsoft Corp., Redmond, Wash.). Comparison 
of means was executed using single-factor analysis of vari-
ance. A post-hoc Tukey-Kramer honest significance test for 
unequal sample sizes was performed to determine which 
means were significantly different from each other. The 
alpha-level for statistical significance was 0.05.

Takeaways
Question: What methods can be utilized to optimize sur-
vival of split-thickness skin grafts?

Findings: The combination of NPWT and midtherapy 
cleansing with 0.125% Dakin’s solution is associated with 
increased STSG survival and shares comparable results 
with other antimicrobial NPWT modalities. This tech-
nique, therefore, warrants further investigation in larger 
and more diverse patient cohorts to arrive at more gener-
alizable conclusions.

Meaning: Practitioners should consider utilizing Dakin’s 
solution rinses in between wound vacuum applications to 
optimize skin graft healing.
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RESULTS
A summary of the results is illustrated in Table 1 and 

Figures  1 and 2. A total of 59 patients (40 men and 19 
women) were followed up for a minimum of 6 months. 
All grafted wounds were on the lower extremity except 
for one upper extremity in the bolster group and one 
upper extremity in the D-NPWT group (97% of patients 
underwent lower extremity grafting). The patients were 
stratified into three groups: bolster dressing (n = 24), pre-
vious C-NPWT protocol (n = 13), and current D-NPWT 
(n = 22) protocol. The average age at the time of surgery 
was 66 ± 15 years for bolsters, 59 ± 16 years for C-NPWT, 
and 59 ± 17 years for D-NPWT. The average length of time 
over which the dressing was applied before initial removal 
was 6.4 ± 2.4 days for bolsters, 6.5 ± 0.9 days for C-NPWT, 
and 2.8 ± 0.9 days for D-NPWT. The average length of 
time over which the dressing was applied before removal 
was 6.4 ± 2.4 days for bolsters, 6.5 ± 0.9 days for C-NPWT, 
and 2.8 ± 0.9 days for D-NPWT. The average wound size 

was 83 ± 114 cm2 for bolsters, 153 ± 199 cm2 for C-NPWT, 
and 204 ± 189 cm2 for D-NPWT. The average percentage 
of STSG take was 92% ± 0% (range: 30%–100%) for bol-
sters, 82% ± 0% (range: 50%–100%) for C-NPWT, and 
99% ± 0% (range: 90%–100%) for D-NPWT (Fig.  1). 
Documented traumatic etiologies included falls, burns, 
sharp injuries, animal bites, motor vehicle accidents, and 
fasciotomy wounds. Infectious etiologies included necro-
tizing fasciitis, infected orthopedic hardware, postsurgical 
infections, and unspecified infected wounds (Fig. 2).

The average age was not significantly different among 
the treatment groups (P = 0.2756). The average length of 
time to initial dressing removal was significantly different 
among the groups (P < 0.01), specifically between bolsters 
versus D-NPWT (P < 0.05) and C-NPWT versus D-NPWT 
(P < 0.05). There was also a significant difference in aver-
age wound size among the groups (P < 0.05), specifically 
between the bolster and D-NPWT groups (P < 0.05). Finally, 
the average percentage of STSG take was found to be statis-
tically different among the three groups (P < 0.01; Fig. 1); 
specifically, there were significant differences between 
bolsters versus C-NPWT (P < 0.05) and C-NPWT versus 
D-NPWT (P < 0.05), but not between bolsters and D-NPWT.

DISCUSSION
Compared with standard NPWT protocols, our data 

show a statistically significant association with increased 
STSG success using the described D-NPWT protocol. 
Interestingly, STSG take using bolster dressings sig-
nificantly exceeded that of C-NPWT, which could be 
attributed to the occlusive nature of NPWT providing a 
favorable environment for bacterial growth.18 Moreover, it 
should be noted that a bolster dressing is generally used 
more frequently with smaller skin graft sizes (as in the 
current study), which could bias these results and poten-
tially explain the lack of statistical significance between 
D-NPWT and bolster dressings.

NPWT with instillation of dilute Dakin’s has demon-
strated significant benefits in a retrospective case series 
of five patients with large venous stasis ulcers (>200 cm2) 
colonized with over 105 bacteria; all patients went on to 
heal completely with skin grafting.19 In wound therapy 
and skin graft studies, frequently isolated bacteria include 
Gram-negative rods (Pseudomonas aeruginosa), S. aureus, 
enterobacteriaceae, anaerobes, and Acinetobacter.14,20 
Dakin’s solution has been shown to be effective against 
a broad spectrum of aerobic and anaerobic bacteria—
including those previously mentioned—and can dissolve 
necrotic tissue debris.21,22 Taken together, these data sup-
port the combination of NPWT with antimicrobial agents 
(such as Dakin’s solution) to optimize skin graft take as 
with our own protocol (Table 1; Fig.  3). Nevertheless, a 
comparative study of Dakin’s and other cleansing solu-
tions (eg, normal saline) as a control would provide useful 
insight into whether Dakin’s solution confers any unique 
advantage.

Other previously published antimicrobial NPWT 
adjuncts for improving STSG survival include povidone-
iodine gauzes23 and the previously mentioned 0.2% 

Table 1. Summary of Skin Graft Survival Categorized by 
Protocol
 Bolsters, n = 24 C-NPWT, n = 13 D-NPWT, n = 22 

Age (y) 66 ± 15 59 ± 16 59 ± 17
Length of 

time (d)
6.4 ± 2.4 6.5 ± 0.9 2.8 ± 0.9

Wound size 
(cm2)

83 ± 114 153 ± 199* 204 ± 189†

Percentage 
take (%)

92 ± 0 82 ± 0 99 ± 0

*The total number of wound measurements was 18.
†The total number of wound measurements was 24.

Fig. 1. Box-and-whisker plot illustrating percentage of split-thick-
ness skin graft take categorized by dressing change protocol (*P < 
0.01 from single-factor analysis of variance). 
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PHMB-impregnated dressings.16 The povidone-iodine 
study was limited to a six-patient case series,23 but the 
PHMB study showed equally promising results in a retro-
spective case-control cohort of 40 patients.16 Our results 
are comparable to both studies with the common thread 
being the use of a strong antimicrobial adjunct to NPWT, 
and future comparative studies would be useful to deter-
mine the most cost-effective strategy. Additionally, a 
recent publication by Hahn et al24 on 66 lower extremity 
wounds demonstrated the efficacy of silver-impregnated 

NPWT sponges in reducing bacterial colonization rates 
compared with conventional NPWT, potentially offering 
another effective antimicrobial alternative.

The primary advantage of this study is that all patients 
were managed by a single surgeon, but it was limited by a 
small cohort size. Additionally, there are a variety of fac-
tors other than infection rate or bacterial load that can 
significantly influence skin graft survival, such as the 
nature of the wound bed (ie, clean versus traumatic ver-
sus contaminated) and patient comorbidities—notably, 

Fig. 2. Percentage of wound types and indications for skin grafting in each treatment group. Each bar is labeled 
with the number of patients in that specific group.

Fig. 3. Clinical photographs and results of a patient who underwent split-thickness skin grafting of the right lower extremity and postop-
erative management using the D-NPWT protocol. A, day of operation. B, Initial STSG. C, Results at 6 months postoperative.
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these factors were not specifically examined or stratified, 
thereby limiting our analysis. Conducting a matched-
cohort study in the future could potentially account for 
these confounders. Furthermore, bacterial load alone is 
not always linearly correlated with tissue invasion and does 
not reliably predict graft loss.25,26 Although bacterial load 
was not directly measured in the current report, record-
ing that data along with the rate of infection would be 
useful for future studies. There is no evidence to suggest 
that infection was the most influential variable on graft 
survival in this case series, but the impact of our D-NPWT 
protocol suggests that minimizing the likelihood of infec-
tion and bioburden can positively influence graft survival. 
Finally, this is the initial report of our D-NPWT protocol, 
and optimization of this protocol over time and economic 
cost-effectiveness evaluations will be the subject of future 
work. Overall, our data provide a useful analysis of the 
introduction of quarter-strength Dakin’s rinses into a skin 
graft protocol utilizing conventional NPWT.

CONCLUSIONS
Compared with NPWT alone, the combination of 

NPWT and midtherapy 0.125% Dakin’s solution is asso-
ciated with increased STSG survival and shares compa-
rable results with other antimicrobial NPWT modalities. 
Notably, there was no statistically significant difference 
in STSG take using this protocol compared with bolster 
dressings. This technique warrants further investigation in 
larger and more diverse patient cohorts to arrive at more 
generalizable conclusions.

George D. Xipoleas, MD
Long Island Plastic Surgical Group, PC

999 Franklin Avenue
Garden City, NY 11530

E-mail: gxipoleas@lipsg.com
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