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A single-use negative-pressure wound therapy device 
can reduce mastectomy skin flap necrosis in direct-to-
implant breast reconstruction

INTRODUCTION
Mastectomy skin flap necrosis is a challenging complication that 
makes wound management more difficult in patients who undergo 
breast reconstruction. Overall, the reported incidence of skin flap 
necrosis ranges from 1.5% to 41.2% of breast reconstruction cases 
[1]. A higher body mass index (BMI), use of immediate breast re-
construction, use of a nipple-sparing mastectomy, a history of 
smoking, hypertension, diabetes, or exposure to preoperative radi-
ation, or some combination of these factors are correlated with an 
increased risk of skin flap necrosis [2].
 Mastectomy skin flap necrosis requires wound treatment that 
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Background Mastectomy flap necrosis is a common and challenging complication of 
direct-to-implant (DTI) breast reconstruction. The PICO single-use negative-pressure 
wound therapy device may reduce the complications associated with skin flap necro-
sis. We evaluated the relationship between PICO use and the incidence of mild, moder-
ate, and severe skin flap necrosis in patients at high risk of necrosis.
Methods Using medical records from January 2015 to March 2019, we retrospectively 
analyzed patients who underwent DTI breast reconstruction after oncological breast 
surgery at a single institution and identified those at high risk for skin flap necrosis. Dur-
ing this period, PICO was used selectively for patients deemed to be at particularly high 
risk. Patient demographics, operative characteristics, and the degree of skin flap necro-
sis were compared according to whether PICO was used.
Results Of 117 patients (122 breasts), 45 were deemed to be at high risk of skin flap ne-
crosis. PICO was applied to 38 of these breasts, and seven breasts received a conven-
tional dressing. Skin flap necrosis occurred in 30 breasts (24 in the PICO group [63.2%] 
vs. 6 in the no-PICO group [85.7%]). Significantly fewer cases of severe skin flap necrosis 
were observed in the PICO group (2/38 [5.3%]) than in the no-PICO group (3/7 [42.9%]) 
(P=0.004). There were no significant between-group differences in outcomes mea-
sured using BREAST-Q scores.
Conclusions Use of a single-use negative-pressure wound therapy device can reduce 
the risk of severe skin flap necrosis in patients at high risk of skin flap complications as-
sociated with DTI breast reconstruction. 
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usually includes debridement of the necrotic area. A prospective 
study found that of 606 consecutive mastectomies, 14% (85/606) 
displayed some level of skin flap necrosis. Of these cases, 36% (31/85) 
were severe, 7% (6/85) were moderate, and 54% (46/85) were mild. 
Skin flap necrosis was defined as severe if it required operative de-
bridement, resulted in implant loss, or had not healed by 8 weeks 
after surgery [2]. Complications such as these can increase hospital 
costs and increase patients’ dissatisfaction with the surgical out-
come. Skin flap necrosis can also delay postoperative chemothera-
py, which may lead to further delays in the patient’s overall treat-
ment schedule [2,3]. Thus, identifying methods to reduce the risk 
of skin flap necrosis can help patients obtain appropriate treatment.
 Negative-pressure wound therapy (NPWT) is a dressing tech-
nique used to treat open wounds by expediting healing by second-
ary intention [4]. Studies of NPWT in the treatment of closed sur-
gical wounds such as postoperative incisions found decreases in 
the incidence of surgical-site infections and other surgical-site com-
plications, including dehiscence [5]. In patients who undergo di-
rect-to-implant (DTI) breast reconstruction, the risk of postopera-
tive infection is increased by factors such as smoking, obesity, pre-
vious chemotherapy, and prolonged drain use (>3 weeks) [6]. Im-
plant-associated infections can result in prolonged antibiotic use, 
additional surgical treatment, and implant removal [7]. Therefore, 
the application of an NPWT device as a preventive or treatment 
option for mastectomy flap necrosis has been examined [8]. The 
results of these studies suggest that the use of such a device is an ef-
fective treatment strategy.
 Studies have examined the effects of NPWT device usage in pa-
tients who undergo breast reconstruction [8,9]. However, prior 

NPWT devices are large and heavy, and the noise from the large 
motor interferes with everyday activities and makes it difficult to 
maintain the device on an outpatient basis [10]. PICO (Smith & 
Nephew, Hull, UK), a single-use NPWT device, was developed to 
address these disadvantages. Compared with traditional NPWT 
devices, the PICO device is smaller and has advantages typically 
associated with ambulatory systems [10]. The application of the 
PICO device for reduction mammoplasty has been examined. How-
ever, the use of this device in cases of breast reconstruction that in-
clude a mastectomy flap, with its associated risk of skin flap necro-
sis, has not been well-studied [11].
 This retrospective study aimed to investigate the outcomes of 
use of a PICO device in patients at high risk of skin flap necrosis 
after DTI breast reconstruction.

METHODS
This study was a single-site, retrospective review of records for 
adult female patients who underwent DTI breast reconstruction 
after skin-sparing mastectomy between January 2015 and March 
2019. De-identified patient data were used in accordance with the 
principles outlined in the Declaration of Helsinki. Patient records 
were extracted for analysis if they included a 90-day follow-up pe-
riod within the date range previously specified. Preoperative data 
regarding demographic and anthropometric variables (age, weight, 
height, and BMI) and certain clinical and surgical factors (smoking 
history, axillary clearance, chemotherapy, and hormonal therapy) 
were collected from patients’ medical records. Data regarding im-
plant volume and flap thickness were collected from the intraoper-

Fig. 1. Visible post-mastectomy skin congestion in the indicated area. (A) Photograph taken immediately after skin-sparing mastectomy. The 
upper mastectomy skin flap displays visible skin congestion with necrotic changes (black arrows). (B) Representative photograph of long-term 
follow-up (6 months after the procedure) for the same patient.
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ative evaluation records. A single plastic surgeon (YWC) performed 
the breast reconstruction procedures using a standardized tech-
nique. This included placement of a subpectoral implant (Mentor; 
Mentor Worldwide LLC, Santa Barbara, CA, USA) with Mega-
Derm acellular dermal matrix (L&C BIO, Seongnam, Korea) on 
the lower pole of the breast, dissection of the lower and medial pec-
toralis muscles with electrocautery, and placement of closed-suc-
tion drains (15-French Jackson-Pratt polyvinyl chloride round 
drains with trocars) connected to a reservoir (Hemovac [400 mL]; 
Zimmer Biomet, Warsaw, IN, USA) in the implant pocket between 
the inframammary fold and the axilla. In accordance with a pro-
spective study of the skin necrosis risk associated with breast re-

construction [2], the patients at high risk of skin necrosis were de-
fined as those who fit any of the following criteria: (1) a history of 
diabetes; (2) a history of smoking; (3) or a BMI of over 25 kg/m2.
 Among the high-risk patients, a PICO was applied on the mas-
tectomy skin flap if one or more of the following indications were 
present: there was visible congestion of the flap (Fig. 1), the flap was 
very thin (usually <6 mm), there was congestive bleeding from the 
skin edges (Fig. 2), or multiple incisions were made by the breast 
surgeon (e.g., an inframammary fold incision with a periareolar 
incision) (Fig. 3). The PICO was placed on the closed surgical inci-
sion to cover the mastectomy skin flap in a customized fashion for 
7 days. It provided continuous pressure of –80 mmHg, and the dress-

Fig. 2. Congestive bleeding from the mastectomy skin flap edges in the marked area. (A) The upper mastectomy skin flap displays decreased 
blood circulation and congestive bleeding (black arrows). (B) Representative photograph of long-term follow-up (6 months after the procedure) 
for the same patient.
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Fig. 3. An example of multiple incisions in skin-sparing mastectomy. (A) A 44-year-old woman underwent skin-sparing mastectomy with two 
incisions: a lateral incision at the inframammary fold and a periareolar incision. (B) Immediate postoperative photograph of direct-to-implant 
reconstruction with a silicone gel implant (CPG 321, 340 mL) and acellular dermal matrix (Megaderm). (C) Postoperative photograph taken 14 
days after the operation. A PICO device was applied for 7 days, and the wound healed without complications.
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ing was changed once every 3 days (Fig. 4) [12]. Beginning 7 days 
after the operation, a conventional dressing with foam (EasyFoam; 
CGBio, Seongnam, Korea) was used until the wound was healed. 
Skin flap necrosis was categorized as mild (fully healed without in-
tervention within 8 weeks after surgery), moderate (managed with 
outpatient room debridement and fully healed within 8 weeks after 
surgery), or severe (debridement was performed in the operating 
room, the implant was lost, or the wound did not fully heal within 
8 weeks after surgery) [2]. 
 The drains were removed once the drainage volume was <40 mL 
in 24 hours or on the 14th postoperative day for patients in whom 
surgery site drainage volume never reached <40 mL in 24 hours. 
This was in agreement with standard guidelines for the timing of 
drain removal in the field of plastic surgery [6]. 
 The BREAST-Q questionnaire was used to assess the effective-
ness and impact of breast surgery from the perspective of the pa-
tient [13]. It consists of 42 preoperative and 104 postoperative ques-
tions that included domains regarding satisfaction with the breast, 
physical well-being, psychosocial well-being, and sexual well-be-
ing. Preoperative and postoperative BREAST-Q scores were ob-
tained from all patients. The postoperative scores were determined 
3 months after the operation, and the differences between the pre-
operative and postoperative scores were calculated. All statistical 
analyses were performed using R software, version 3.6.0 (R Foun-
dation for Statistical Computing, Vienna, Austria, 2016). If the re-
sults included fewer than 20 patients, the Mann-Whitney test was 
performed, while the chi-square test was performed if more than 
20 patients were included. Two-sided P-values less than 0.05 were 
considered to indicate statistical significance.

 Informed consent was waived, and this investigation was approved 
by the Institutional Review Board of Gachon University Gil Medi-
cal Center (IRB No. GDIRB2019-281).

RESULTS
During the study period, 122 DTI reconstructions after mastecto-
my were performed on 117 patients; these reconstructions includ-
ed 112 unilateral mastectomies and 10 bilateral mastectomies. The 
median patient age was 48.5 years (range, 28–68 years), and the 
median BMI was 23.4 kg/m2 (range, 18.2–34.9 kg/m2). The demo-
graphic characteristics of the patient population are presented in 
Table 1.

Table 1. Demographic characteristics of all patients

Characteristic Total (n=122)

Age (yr)  48.5 (28.0–68.0)

BMI (kg/m2)  23.4 (18.2–34.9)

Smoking history (current or past) 12 (9.8)

Hypertension  21 (17.2)

Diabetes  8 (6.6)

Breast volume (mL) 295.0 (110.0–980.0)

Neoadjuvant chemotherapy history 16 (13.1)

Radiotherapy history 4 (3.3)

Prior breast augmentation 3 (2.5)

Values are presented as median (range) or number (%).
BMI, body mass index.

Fig. 4. A PICO device applied to the skin flap of a patient. (A) A 65-year-old woman underwent direct-to-implant breast reconstruction with a 
silicone gel implant (CPG 321, 355 mL) and acellular dermal matrix (Megaderm). (B) A PICO device (15×15 cm) was applied to the surgical inci-
sion site, which included a congestive skin-sparing mastectomy skin flap.
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Table 2. Patient demographics and operative characteristics of the PICO and no-PICO groups, both composed of patients at high risk of skin 
flap necrosis

Characteristics PICO (n=38) No-PICO (n=7) P-valuea)

Age (yr) 46.3 (28.0-65.0) 47.5 (39.0-52.0) >0.05

BMI (kg/m2) 24.1 (19.4–35.1) 23.3 (22.2–25.5) >0.05

Smoking (current or past) 5 (13.2) 2 (28.6) >0.05

Hypertension 7 (18.4) 1 (14.3) >0.05

Diabetes 5 (13.2) 1 (14.3) >0.05

Breast volume (mL) 321.5 (110.0-980.0) 260 (110.0-880.0) >0.05

Specimen weight (g) 298.3 (182.0-1,100.0) 240.5 (210.0-910.0) >0.05

Implant volume (mL) 295 (155.0-510.0) 260 (120.0-475.0) >0.05

Neoadjuvant chemotherapy history 7 (18.4) 1 (14.3) >0.05

Radiotherapy history 4 (10.5) 0 >0.05

Prior breast augmentation 0 0 >0.05

Nipple-sparing mastectomy 20 (52.6) 2 (28.6) >0.05

SLNB only 26 (68.4) 5 (71.4) >0.05

Values are presented as median (range) or number (%).
BMI, body mass index; SLNB, sentinel lymph node biopsy.
a)Mann-Whitney test.

 A total of 30 cases of necrosis of the mastectomy skin flap oc-
curred during the study period.
 Forty-five patients were found to be at high risk of skin necrosis.  
Patient demographics and operative characteristics of PICO and 
no-PICO groups with high skin flap necrosis risk are presented at 
Table 2. A PICO device was used for 38 mastectomy skin flaps, 
based on the indications detailed in the Materials and Methods 
section of this report; the remaining seven skin flaps were treated 
using conventional dressing. Among the patients who were treated 
using the PICO device, 24 cases of skin flap necrosis were found, 
while the other 14 skin flaps in the PICO group healed without 

complications. Six cases of skin flap necrosis occurred in the pa-
tients who did not receive PICO, in whom the flaps were treated 
using a conventional dressing (Fig. 5). There was no significant dif-
ference between the groups with regard to the total skin flap necro-
sis rate; however, there were differences related to the grade of ne-
crosis.
 The results regarding the grade of skin necrosis in patients in the 
PICO and no-PICO groups are presented in Table 3. A total of 17 
skin flaps displayed mild necrosis (15 in the PICO group vs. 2 in 
the no-PICO group). There were eight cases of moderate skin flap 
necrosis (7 in the PICO group vs. 1 in the no-PICO group) and 

Fig. 5. Flowchart of patients regarding PICO device application status and presence or absence of skin necrosis. 

Total DTI 
reconstruction

High risk patient 
evaluation

PICO application Skin flap necrosis

122 Patients 45 Patients with high 
skin flap necrosis risks

38 PICO

7 No-PICO

24 Patients 
(24 of 38, 63.2%)

6 Patients 
(6 of 7, 85.7%)
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five cases of severe skin flap necrosis (2 in the PICO group vs. 3 in 
the no-PICO group). In the PICO group, the skin flap of one pa-
tient was debrided in the operating room, and another patient re-
ceived a smaller implant. In the no-PICO group, the skin flaps of 
all three patients deemed to have severe necrosis were debrided in 
the operating room, and no patients experienced implant loss. No 
statistically significant differences between the groups were found 
with regard to the rates of mild and moderate skin flap necrosis. 
However, the rate of severe necrosis was lower in the PICO group 
than in the no-PICO group, and this result was statistically signifi-
cant (P=0.004). There were no statistically significant between-
group differences in postoperative BREAST-Q scores (315.2 ±10.4 
in the PICO group vs. 313.8±17.0 in the No-PICO group).

DISCUSSION
Although DTI breast reconstruction is a preferred method of plas-
tic surgeons, management of skin flap necrosis still presents a chal-
lenge [3,14]. Some studies have evaluated risk factors associated 
with postoperative complications of breast reconstruction [6,14-
17]. Smoking history, a high BMI (≥25 kg/m2), immediate breast 
reconstruction, a nipple-sparing mastectomy, and diabetes have 
been identified as risk factors for skin flap necrosis [2,15,16,18]. 
When necrosis progresses beyond a certain point, replacement of 
the implant with a smaller implant or restoration of the area using 
autologous tissue may be necessary. In our study, we identified pa-
tients at high risk of skin flap necrosis, and PICO was selectively 
applied among these patients based on several indications.
 Therefore, as part of ongoing efforts to reduce the rate of skin 
flap necrosis, the efficacy of PICO application for patients at high 
risk of skin flap necrosis was examined in this study. The incidence 
of severe skin flap necrosis was significantly lower in the PICO group 
than in the no-PICO group (2/38 [5.3%] vs. 3/7 [43%], respectively, 
P=0.004). Although the total rate of skin flap necrosis was not sig-
nificantly different between the two groups, the skin flap necrosis 
rate was lower in the PICO group than in the no-PICO group 
(63.2% vs. 85.7%). Considering that PICO was applied to patients 
with skin necrosis, this difference may be particularly noteworthy.
 NPWT devices have been used to protect against wound infec-
tion, dehiscence, and other complications of various types of wounds 

[4,11]. However, the mechanism of action, especially with regards 
to tissue perfusion, remains poorly understood. Study findings 
have indicated that negative-pressure induces an increase in re-
gional blood flow, with beneficial effects including the promotion 
of angiogenesis, increased perfusion, and reduced edema [19].
 The use of closed-incision NPWT has been compared with vari-
ous other incision types in oncological breast surgery and other 
types of surgery [5,20]. NPWT helps hold the edges of the incision 
together, removes fluid and infectious materials, and protects the 
incision from external contamination [20]. These effects provide a 
reasonable explanation for our results, in which the percentage of 
cases of severe skin flap necrosis in the PICO group was lower than 
observed in previous studies (5.3% vs. 23.8% [21], 36.5% [6], and 
41.9% [2]). This result suggests that the use of PICO can reduce the 
frequency of subsequent operations by decreasing the risk of skin 
flap necrosis. The economic burden on patients and the psycholog-
ical stress associated with additional procedures will therefore also 
diminish.
 The use of PICO devices has other advantages that affect their 
utility for outpatient use. Previous-generation NPWT devices are 
not easily portable because they are large and heavy. They also have 
large, noisy motors [10,22]. The single-use NPWT system (PICO) 
was developed to overcome these limitations. It is smaller and more 
portable than the traditional NPWT devices, which allows for in-
creased mobility and use in an outpatient setting [23]. Like conven-
tional NPWT devices, it can maintain steady sub-atmospheric pres-
sures on the wound within the therapeutic range of –50 to –100 
mmHg; patients treated with PICO also experience less pain dur-
ing dressing changes [10,24]. Therefore, based on the four indica-
tions given in the Materials and Methods section, we applied the 
PICO system to DTI mastectomy skin flaps instead of using a con-
ventional NPWT device in appropriate cases. During the study pe-
riod, there was good patient compliance in the PICO group, and 
no patient refused to use the device. 
 The overall rate of skin flap necrosis after mastectomy with re-
construction was 24.6% (30/122). This rate is higher than that found 
in other studies, but given the fact that DTI reconstruction is asso-
ciated with a high skin flap necrosis rate, this result is consistent 
with previous results [2,3,8,25]. The rate of severe skin flap necrosis 
was 4.1% (5/122) in the entire patient population, which is also 
consistent with other study results [2].
 Additionally, the lack of statistically significant differences in 
postoperative BREAST-Q scores between the PICO and no-PICO 
groups could be interpreted as indicating similar patient satisfac-
tion between the two groups.
 This study had some limitations. Because a retrospective design 
was used, we could not evaluate data omitted from the medical re-
cords (e.g., ptosis and intraoperative bleeding) that could function 
as additional risk factors for mastectomy flap necrosis. There was 
also a relatively large difference in the sample size between the PICO 

Table 3. Skin flap necrosis grade and overall necrosis by group

Skin flap necrosis PICO (n=38) No-PICO (n=7) P-valuea)

Mild 15 (39.5) 2 (28.6) >0.05

Moderate 7 (18.4) 1 (14.3) >0.05

Severe 2 (5.3) 3 (42.9) <0.05b)

Total 24 (63.2) 6 (85.7) >0.05

Values are presented as number (%).
a)Mann-Whitney test; b)P=0.004.
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group and the no-PICO group (38 patients vs. 7 patients, respec-
tively).
 DTI breast reconstruction using an acellular dermal matrix has 
been increasingly utilized for immediate breast reconstruction. How-
ever, mastectomy flap necrosis is an obstacle that remains to be 
overcome. This study found that the use of PICO in patients who 
underwent DTI breast reconstruction significantly reduced the in-
cidence of severe skin flap necrosis. This reduction can help lower 
the rates of reoperation due to skin flap necrosis after DTI breast 
reconstruction. Future prospective randomized controlled trials 
with large sample sizes are needed to clarify the effectiveness of 
PICO for this purpose.
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