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Introduction

The skin and soft tissues of the back, anterior chest wall and joints are inherently sub-
ject to tension, making healing of wounds in these areas difficult. Such wounds often 
present complications such as disruption, delayed healing and scarring. For example, 
reconstructive surgeons often use the latissimus dorsi (LD) muscle for breast recon-
struction and frequently there are problems for wound healing of donor sites. Numer-
ous trials and studies to facilitate healing of wounds in such areas have either been 
carried out or are in progress. 

In the American College of Surgeons National Surgical Quality Improvement Pro-
gram Participant User File (ACS-NSQIP PUF), there were 19,361 cases that under-
went immediate breast reconstruction using the LD flap from 2005 to 2014 because 
of breast malignancy [1]. Meanwhile, in the study of Yezhelyev et al. [2], 277 patients 
underwent breast reconstruction using LD musculocutaneous flaps. Of the 277, do-
nor site complications occurred in 62 patients (22.3%), among which three patients 
(1.1%) suffered from skin necrosis. Skin necrosis may result in scars and require addi-
tional surgical procedures. Extrapolating from the statistics in Yezhelyev et al. [2], we 
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Abstract

Background: Among treatments aiming to solve surgical wound complications, negative pressure wound therapy (NPWT) is considered an 
innovative method. NPWT can promote wound healing, protect the wound from infection and reduce the tension on suture sites. At the 
same time, the large machine required in the therapy led to some inconvenience. The PICO system has recently been developed as a simple 
pocket-sized NPWT device. By comparing the time required for healing of the wound, incidence of wound complications, duration of hospi-
tal stays, and dressing costs, we attempted to confirm the utility of PICO for managing latissimus dorsi musculocutaneous flap donor sites. 
Methods: PICO was used on nine donor sites of patients who had undergone breast reconstruction using latissimus dorsi musculocutane-
ous flaps. PICO was applied immediately after operation and removed on the 9th day. In the control group, daily conventional dressings 
were administered commensurate with the condition of the wounds. We defined the wound healing time to the point when no more dress-
ing was needed. For the costs of dressing, only costs incurred on the donor sites were included. 
Results: Wound healing was proven to be faster in the PICO group (P=0.035) versus the control group, and no complications were observed 
in the PICO group. Also, the cost of PICO was lower compared to the costs incurred by the conventional dressing method (P<0.001).
Conclusion: We suggest that PICO can reduce wound complications on areas where anatomical movement could lead to tension, while 
also reducing dressing costs.  
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can infer that a significant number of patients suffer from 
problems in wound healing on their donor sites after breast 
reconstruction using LD musculocutaneous flaps. 

Negative pressure wound therapy (NPWT) is one of the 
proven treatments for wound healing of the suture site [3,4]. 
NPWT promotes wound healing in the closed suture site by 
removing fluid from the incisional interspaces, acting as a 
splint against distracting forces, protecting from environmen-
tal contamination, and promoting upregulation in the expres-
sion of vascular endothelial growth factor [5]. However, for 
most NPWT systems there exist drawbacks such as the noise 
of the machinery and restrictions in movement due to the sig-
nificant size of the machine. In addition, the considerable 
price of the machine makes it difficult to discharge patients to 
continue using the machine at home. Thus, the PICO system 
has been developed, providing a simple, single-use device that 
fits in the hand, which can also be used on incisional wounds 
(Fig. 1). It delivers a continuous negative pressure of 80 mmHg 
on sealed wounds and can absorb up to 300 mL of exudate 
during 1 week of therapy. The top film layer acts as a physical 
barrier and allows the discharge to evaporate [6]. The compact 
device is much more convenient and affordable for patients.

Donor sites of LD musculocutaneous flaps sometimes suffer 
from skin necrosis and suture complications. Though conven-
tional NPWT can be conducive in the healing of donor sites, 
the unwieldy size of the machine and the noise it emanates 
make the use of the system inconvenient. Therefore, in this 
study, we aimed to confirm the utility of the smaller and more 
convenient PICO in managing donor sites for breast recon-
struction that used LD musculocutaneous flaps.

Methods

Patients’ characteristics
The retrospective chart review was done on patients who had 

operations from March 2018 to March 2019. Patients with fac-
tors that may influence wound healing [7] (i.e., diabetes, ke-
loid, steroid medication, smoking, alcoholism, history of radi-
ation, immunocompromised conditions, and age >60 years) 
were excluded from the study. We obtained written informed 
consent for the use of photographs before the operations took 
place. We conducted our research in compliance with the 
principles of the Declaration of Helsinki.

Surgical methods
For smooth primary closure, the entire skin paddle was de-
signed with a width to length ratio of 1:3 to 1:4 (Fig. 2). The 
skin paddles were designed similarly at the inframammary line 
level for all patients. The fascia was closed using polydioxanone 
(PDS) No. 2 thread and the subcutaneous layer was sutured 
with PDS No. 4. Finally, the skin was sutured with nylon No. 4 
to keep the suture sites of all the patients as similar as possible. 

Dressing methods
In the experimental group, PICO was applied immediately af-
ter the operation, changed after the 4th day, and removed on 
the 9th day. In the control group, the wound was covered with 
Medifoam (Ildong Pharmaceutical Co., Ltd., & Biopol Co., 
Ltd., Seoul, Korea; a hydrocellular semi-permeable dressing 
material) after applying Fusimed Ointment (Green Cross 
Corp., Yongin, Korea; a fusidic acid) once a day. When there 
were problems such as infections or necrotic changes, appro-
priate dressing was provided using Vaseline Yunna Gauze 
(Q&Q Medic Co., Ltd., Seoul, Korea), Betadine solution (Ko-
rea Pharma, Seoul, Korea; povidone-iodine, 10%), etc. Half the 
stitches were taken out on the 10th day after the operation, and 

Fig. 1. Disposable negative pressure wound therapy device (PICO). 
(A) The handful size of device. (B) The applied state of device.

Fig. 2. Preoperative skin paddle design. 
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all remaining stitches were removed on postoperative day 11. If 
coaptation was not observed, removal of the stitches was post-
poned. Abnormal wound states such as suture site disruption 
and eschar formation were considered wound complications, 
and we defined the wound healing time as to the point when 
no more dressing was needed. Only costs incurred on the do-
nor sites were included when assessing the cost of dressing.

Scar evaluation
After total stitch removal, scar evaluation of the suture site was 
performed using the Stony Brook Scar Evaluation Scale [8]. 
Width, height, color, suture marks, and overall appearance 
were evaluated with 1 point given for each favorable aspect for 
a maximum total of 5 points. This scale was proposed in 2007 
by Singer et al. [8] to measure the short-term cosmetic out-
come of wounds 5 to 10 days after removing the sutures.

Analysis 
Statistical analyses were performed using IBM SPSS Statistic 
version 19.0 (IBM Corp., Armonk, NY, USA). Because the 
sample size was small, groups were compared using the 
Mann-Whitney U-test, and the occurrence of complications 
were calculated with Fisher exact test.

Results

From March 2018 to March 2019, 19 patients received imme-
diate breast reconstruction using the LD musculocutaneous 
flap after mastectomy. PICO was applied to nine patients and 
conventional dressing was provided for 10 patients. No wound 
complications were observed in the PICO group (0%) (Figs. 3, 
4), while there were three cases of wound complications in the 
conventional dressing group (30%). In two of the three cases, 
we dressed the wounds with Betadine solution to respond to 
infection, and in the other case, we performed moisture dress-
ing using Vaseline Yunna Gauze after debridement to treat 
skin necrosis. The P-value was 0.211 and there was no statisti-
cal difference in wound complications (Table 1). The cost of 
dressing in the PICO group was Korean Won (KRW) 120,191 
and in the conventional dressing group, the cost was KRW 
250,465 (costing KRW 20,711 per dressing), thereby demon-
strating statistical significance with a P-value <0.001. As for 
wound healing time, the PICO group took 11.44 days while 
the conventional dressing group required 13.20 days, resulting 
in a statistically significant P-value of 0.035. The scar evalua-
tion scores were 3.89 in the PICO group and 0.80 in the con-
ventional dressing group, with a P-value lower than 0.001, 

Fig. 3. The wound of dressing group. (A) Postoperation 4th day. (B) Postoperation 12th day.
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Fig. 4. The wound of PICO group. (A) Postoperation 4th day. (B) Postoperation 12th day.
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which was still statistically significant (Table 2). In addition, 
the fact that daily dressing was not required helped save costs 
for the PICO group. Complications such as skin irritation, 
dermatitis and abrasions that usually arise while applying Me-
fix (SCA Molnlycke Ltd.) and skin tape for Medifoam were not 
observed. Apparently, the inconvenience caused to the pa-
tients was reduced for the PICO group. Although the exact 
mechanism was not identified, decrease in the rate of seroma 
incidence after hemovac removal was observed. Even if the 
width of PICO was shorter than the 10.0 cm length of the dis-
section, it is believed to have had a compression effect on the 
site. It also acts as a splint and limits the patient’s movement, 
further contributing to the healing. 

Discussion

Although medical technology has made great strides in the 
last few decades, traditional methods of primary incision clo-
sure, as well as dressing cover over surgical incisions, have not 
advanced to a great extent. Many methods, including debrid-
ing agents, topical antimicrobial dressings, and nonadherent 
dressings have been used with an aim to stimulate the prolifer-
ative phase of wound healing. However, their use demonstrat-
ed limited efficacy and resulted in minimal improvement. But 
with the introduction of NPWT therapy in the 1990s, which is 
delivered by a portable and practical device, the landscape of 
wound management has been drastically altered [9]. However, 
there remain limitations to routine use because of problems of 
portability and price. Attempts to solve this problem have been 
made, leading to invention of the lightweight and cheap inci-
sional NPWT system. The device acts as a splint and offloads 
tension on the skin incisions, thereby reducing resistance and 
tension on the entire wound. However, several problems with 
PICO were discovered during the course of the study. First, 
detection of complications may be delayed as the wound is 
checked only on the 4th and 9th days. Also, since it is a dispos-
able machine, the durability of the device is often problematic; 
it may break upon dropping. 

There were several limitations to this study. While it is com-
mon to replace the conventional dressings once every 2–3 days 
after a few days, the dressing would detach easily because it 
was placed where there was frequent movement. Daily dress-
ing was also provided to the conventional dressing group be-
cause most inpatients demand their wounds to be dressed and 
examined every day, increasing the costs. In addition, since all 
the patients’ sutures were not done by the same surgeon, it was 
not possible to create uniformly ideal conditions across all the 
suture sites. Also, because we did not factor in the possible he-
movac and seroma complications when we were designing the 
study, we were not able to statistically analyze their effect. Such 
analysis and also examination of long term scarring should be 
included in further studies.

In conclusion, PICO is believed to be helpful in stabilizing 
and healing wounds (P=0.035) by reducing the tension on the 
wounds and at the same time acting as a splint in the movable 
area. In addition, it costs less (P<0.001) and requires less man-
power compared to conventional dressings. Because patients 
also feel less discomfort, it is strongly recommended as a re-
placement for dressing on the back. 
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