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INTRODUCTION
The surgical management of breast cancer has sig-

nificantly advanced, improving aesthetic results and opti-
mizing oncological outcomes. In particular, oncoplastic 

techniques have become increasingly utilized in breast 
conservational therapy (BCT), combining oncologically 
sound cancer resection concepts with aesthetically maxi-
mized breast reduction/mastopexy approaches.1–4 This 
technique is ideal for women with preoperative macro-
mastia or ptosis and a high tumor-to-breast ratio in which 
resection could lead to disfiguring results.1,4–6 Oncoplastic 
breast surgery (OBS) also enables wide tumor resections, 
improved efficacy of radiation therapy due to smaller 
breast size, reduced symptoms related to larger breasts, 
and enhanced aesthetic outcomes.1,3–5,7 In fact, oncoplas-
tic breast reductions have decreased rates of unfavorable 
aesthetic results to below 7%.8

Despite these advantages, as in nononcologic breast 
reduction surgery, OBS can result in skin necrosis and 
delayed wound healing (DWH), with reported rates rang-
ing between 17% and 63%.5,8–13 However, in oncoplastic 
patients where radiation is an integral part of BCT, wound 
healing complications (WHCs) can be detrimental as they 
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Background: Breast reductions, including oncoplastic breast surgery (OBS), have 
high postoperative wound healing complication (WHC) rates, ranging from 17% 
to 63%, thus posing a potential delay in the onset of adjuvant therapy. Incision 
management with closed incision negative pressure therapy (ciNPT) effectively 
reduces postoperative complications in other indications. This retrospective analy-
sis compares postoperative outcomes and delays in adjuvant therapy in patients 
who received ciNPT on the cancer breast versus standard of care (SOC) after onco-
plastic breast reduction and mastopexy post lumpectomy.
Methods: Patient demographics, ciNPT use, postoperative complication rates, 
and time to adjuvant therapy were analyzed from the records of 150 patients 
(ciNPT = 29, SOC = 121). Propensity score matching was used to match patients 
based on age, body mass index, diabetes, tobacco use, and prior breast surgery.
Results: In the matched cohort, the overall complication rate of ciNPT-treated 
cancerous breasts was 10.3% (3/29) compared with 31% (9/29) in SOC-treated 
cancerous breasts (P = 0.096). Compared with the SOC-treated cancerous breasts, 
the ciNPT breasts had lower skin necrosis rates [1/29 (3.4%) versus 6/29 (20.7%); 
P = 0.091] and dehiscence rates [0/29 (0%) versus 8/29 (27.6%); P = 0.004]. In 
the unmatched cohort, the total number of ciNPT patients who had a delay in 
adjuvant therapy was lower compared to the SOC group (0% versus 22.5%, respec-
tively; P = 0.007).
Conclusion: Use of ciNPT following oncoplastic breast reduction effectively low-
ered postoperative wound healing complication rates and, most importantly, 
decreased delays to adjuvant therapy. (Plast Reconstr Surg Glob Open 2023; 11:e5028; 
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potentially delay the timely onset of adjuvant cancer ther-
apy (chemotherapy or radiation).5 Improved evidence-
based wound management approaches are necessary to 
minimize the risk of postoperative wound complications 
and maximize outcomes in patients with breast cancer 
undergoing OBS.

Closed incision negative pressure therapy (ciNPT) 
has proven effective in managing surgical wound inci-
sions in various specialties, including postmastectomy 
prosthetic-based reconstruction.14,15 A growing body of 
literature suggests that ciNPT reduces postoperative 
complications and infections.16–20 Use of ciNPT provides 
a favorable wound healing environment by assisting with 
incision edges approximation, protecting surgical inci-
sions from contaminants, removing infectious fluids and 
materials, and increasing blood flow at surgical sites.14,21,22

Here, we introduce ciNPT in oncoplastic mammoplasty 
as an adjunct therapy to reduce postoperative complications.

METHODS

Patients
The institutional review board approved this single-

site, retrospective study. The patients included were adult 
female patients with a breast cancer diagnosis and under-
went oncoplastic bilateral mammoplasty or mastopexy 
immediately post lumpectomy between 2011 and 2023. 
Patients who underwent intraoperative radiation therapy 
were excluded from the adjuvant therapy analysis. Patients 
were divided into two groups for comparative analysis: 
patients who received standard of care (SOC) dressings 
versus patients who received ciNPT only on the cancer-
ous breast. Breasts were also divided into two groups for 
comparative analysis: breasts that received SOC dressings 
versus ciNPT. SOC dressings included DERMABOND 
PRINEO Skin Closure (Ethicon U.S., LLC, Somerville, 
N.J.) and skin adhesive tape. The ciNPT system was deliv-
ered by Prevena (KCI USA, Inc. San Antonia, Tex.).

Surgical Procedure
Tumor removal and oncoplastic reconstructions were 

performed via a two-team approach. Re-excision for posi-
tive margins was also performed with both the breast and 
plastic surgeon. The oncoplastic breast reduction tech-
nique chosen depended on tumor location, defect, and 
breast size. All patients underwent matching reduction 
mammoplasty or mastopexy of the noncancerous side at 
the time of the oncoplastic breast reduction. Based on 
surgeon preference, 15-French round Jackson-Pratt drains 
were placed on a case-by-case basis. Most patients received 
no drains, some had drains in the cancer breast only, and 
some had drains in both breasts. The drains were removed 
when output was less than 30 mL per 24 hours for two 
consecutive days. Based on surgeon preference, patients 
either had standard dressings or ciNPT over the closed 
incision. Patients in the control group received standard 
dressings over the closed incision consisting of skin glue 
or adhesive tape. For the ciNPT group, patients received 
3M Prevena Plus Customizable Incision Management 

System (KCI USA, Inc.) ciNPT over the closed incision on 
the cancer side only, providing a continuous −125 mm Hg 
pressure for an average of 7.6 days (range: 7 to 14 days), 
and skin glue over the closed incision on the contralateral 
breast. Length of ciNPT application depended on which 
ciNPT version (seven day or fourteen day) was available at 
the surgical site.

A team of a breast surgical oncologist, a plastic sur-
geon, and physician-assistants assessed the conditions of 
all patients on the follow-up visits for at least 90 days after 
surgery, but usually incrementally until 1-year postopera-
tion and yearly after that.

Statistical Analysis
Patient characteristics were recorded in a database, 

including age, race, body mass index (BMI), comorbidities, 
surgical technique, neoadjuvant chemotherapy, and resec-
tion weight. The number of drains placed, time to drain 
removal, and complications within 90 days postsurgery 
were also recorded. Patients were noted to have complica-
tions if at least one of the following occurred: infection, 
hematoma, seroma, skin necrosis, nipple areolar com-
plex (NAC) necrosis, or wound dehiscence. Infection was 
defined as erythema, signs or symptoms of systemic infec-
tion, and clinical need for antibiotics as determined by 
the lead investigator. In addition, the total number of days 
to initiation of radiation therapy or chemotherapy treat-
ment from postoperative day zero was recorded. A delay 
in radiation therapy (XRT) or chemotherapy was defined 
as starting treatment 9 weeks after tumor resection.23–25 At 
our institution, the preferred time to start XRT without 
adjuvant chemotherapy is 4 to 6 weeks postoperatively. 
Patients who underwent adjuvant chemotherapy before 
adjuvant XRT were excluded from the XRT delay analy-
sis but were included in the chemotherapy delay group. 
Analyses were performed using the R statistical software 
package (V.4.1.1). Continuous variables were expressed 
as mean ± standard deviation, median, interquartile range 
(IQR), and range. Categorical variables were expressed as 
the number of patients or number of breasts and their pro-
portion to the group under study. P values are the results 
of Mann-Whitney tests for continuous variables or Fisher 
exact tests for categorical variables. A significant finding 
was defined as a P value of less than or equal to 0.05.

Propensity score matching was also used to reduce 
bias and equilibrize the covariates. Logistic regression 
with ciNPT (yes or no) as outcome and age, BMI, diabetes 

Takeaways
Question: Does ciNPT reduce postoperative complica-
tions in oncoplastic surgery?

Findings: Use of ciNPT significantly lowered rates of wound 
healing complications and led to significantly shorter inter-
vals between surgery and initiation of adjuvant cancer ther-
apy when compared to standard of care dressings.

Meaning: Use of ciNPT in oncoplastic surgery is an effec-
tive strategy to decrease postoperative complications and 
alleviate the risk of delaying adjunctive cancer therapies.
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mellitus, tobacco use (ever vs. never), and prior breast 
surgery as covariates was used to assign each patient a 
likelihood (propensity score) of receiving ciNPT. Nearest-
neighbor propensity score matching was used to find 
the patients who did not receive ciNPT that most closely 
matched those who did on these five factors. The R pack-
age “MatchIt” was used to perform this matching process, 
which resulted in 29 pairs. Fisher exact tests and Mann-
Whitney tests were used to assess the balance between 
groups after matching.

For dichotomous outcomes, logistic regression was 
used to compare the matched ciNPT and no ciNPT 
groups. Cluster-robust standard errors, with matched pair 
as the clustering variable, were used to derive confidence 
intervals and P values for the estimated effects of ciNPT.

RESULTS

Patient Demographics
Records of 150 female patients (ciNPT = 29, SOC = 

121) accounting for 300 reconstructed breasts (ciNPT = 29,  
SOC = 271) were analyzed. Demographics and types of breast 
reduction surgery performed are displayed in Table 1. SOC 

and ciNPT groups had similar resection size (P = 0.262) and 
neoadjuvant chemotherapy rates (P = 1). There were signif-
icant imbalances between the two cohorts regarding race, 
BMI, oncoplastic breast reduction type, prior breast surgery, 
and drains used. Patients in the ciNPT group had a lower 
BMI (ciNPT = 27, SOC = 32.2; P = 0.0003) and drain usage 
(0 drains on cancer side: ciNPT = 28/29, SOC = 67/121; 
1 drain on cancer side: ciNPT = 1/29, SOC = 52/121;  
P ≤ 0.0001; drain on contralateral side: ciNPT = 1/29, SOC 
= 42/121, P = 0.0004). More patients in the ciNPT group 
had previous breast surgery compared to the SOC group 
(ciNPT = 5/29, SOC = 4/121; P = 0.014). Mammoplasty 
was performed more in the ciNPT group (ciNPT = 19/22, 
SOC = 66/121; P = 0.005), and mastopexy was performed 
more in the SOC group (mammoplasty: ciNPT = 25/29, 
SOC = 42/121; mastopexy: ciNPT = 4/29, SOC = 47/121;  
P = 0.006). For this reason, patients were matched based on 
age, BMI, diabetes mellitus, tobacco use, and prior breast 
surgery (Table  2). After adjustment for propensity score 
matching, imbalance remained in oncoplastic reduction 
surgery type and drains. More patients in the ciNPT group 
had reduction mammaplasty versus mastopexy compared 
to the SOC group (mastopexy: ciNPT = 4/29, SOC = 15/29; 
mammaplasty: ciNPT = 25/29, SOC = 12/29, P = 0.001). 

Table 1. Demographics and Baseline Characteristics
Characteristics ciNPT (n = 29) SOC (n = 121) P 

Age 58.0 (12.8); 58 [49, 69] (31, 80) 59.9 (10.0); 62 [53, 67] (30, 79) 0.391
Race
 � White 27 (93.1) 84 (69.4) 0.009*
 � Black 2 (6.9) 26 (21.5) 0.109
 � Other 0 (0) 11 (9.1) 0.124
Hispanic 3 (10.7) 4 (3.3) 0.125
BMI (kg/m2) 27.0 (5.0); 26 [24, 31] (19, 37) 32.2 (6.9); 32 [27, 37] (21, 50) 0.0003†
Comorbidities
 � Smoker 0 (0) 2 (1.7) 1
 � Former smoker 8 (27.6) 43 (35.5) 0.684
 � Diabetes 4 (13.8) 19 (15.7) 1
 � CAD/previous MI 0 (0) 6 (5.0) 0.597
 � Prior breast surgery 5 (17.2) 4 (3.3) 0.014‡
 � Neoadjuvant chemo 7 (24.1) 28 (23.1) 1
Oncoplastic breast reduction type   0.006*
 � Mastopexy 4 (13.8) 47 (38.8)  
 � Reduction mammoplasty 25 (86.2) 66 (54.5)  
 � Both 0 (0) 8 (6.6)  
Drains on the cancer side   <0.0001§
 � 0 28 (96.6) 67 (55.4)  
 � 1 1 (3.4) 52 (43.0)  
 � >1 0 (0) 2 (1.7) 1
Drain on the contralateral side 1 (3.4) 42 (34.7) 0.0004†
Drain days (among those with drain) 1 obs = 12 8.7 (6.3); 7 [5,10] (1,29) 0.290
Maximum resection weight (g) 334 (419); 273 [74, 362] (37, 1679) 363 (335); 220 [117, 506] (22, 1800) 0.262
RTOR for margins 5 (17.2) 23 (19.0) 1
ciNPT duration (d) 7.7 (2.1); 7 [7,7] (7,14) – –
Continuous variables are presented as mean (Standard Deviation), median [Interquartile Range] (range), and categorical variables are presented as numbers 
(percentage). P values are the results of Mann-Whitney test (continuous variables) or Fisher exact tests (categorical variables).
*P < 0.01.
†P < 0.001. 
‡P < 0.05.
§P < 0.0001.
CAD, coronary artery disease; Chemo, chemotherapy; RTOR, return to the operating room.
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More patients in the SOC group had drains compared to 
the ciNPT group (ciNPT = 1/29, SOC = 10/29; P = 0.005).

Postoperative Complication Rates
At the breast level, irrespective of cancer status, the 

ciNPT breasts had significantly lower rates of postopera-
tive complications (P = 0.029), dehiscence (P = 0.007), 
and skin necrosis (P = 0.014) than the SOC breasts 
(Table 3). There was no significant difference in the rates 
of other postoperative complications, such as NAC necro-
sis, seroma, hematoma, and infection (Table 3).

At the breast level respective to cancer status, ciNPT 
breasts had significantly lower rates of overall postopera-
tive complications (P = 0.001), skin necrosis (P = 0.0007), 
and dehiscence (P = 0.0009) (Table  4). However, there 
was no significant difference in the rates of postopera-
tive NAC necrosis, seroma, hematoma, and infection 
(Table  4). Among patients who received ciNPT on the 
cancer side and SOC on the contralateral side, there was 
no significant difference in the rates of postoperative 

complications, skin necrosis, dehiscence, NAC necrosis, 
seroma, hematoma, and infection (Table 5).

After propensity score matching, ciNPT cancer breasts 
had significantly lower rates of dehiscence (P = 0.004) 
and a lower rate of skin necrosis (ciNPT: 3.4%, SOC: 
20.7%; P = 0.091) as compared to SOC cancer breasts 

Table 2. Demographics and Baseline Characteristics of the Matched Cohort, Patient, and Procedure Characteristics by 
ciNPT Status
Characteristics ciNPT (n = 29) SOC (n = 29) P 

Age 58.0 (12.8); 58 [49, 69] (31, 80) 57.8 (12.2); 58 [50, 67] (30, 79) 0.975
Non-White race 2 (6.9) 7 (24.1) 0.144
Hispanic 3 (10.7) 0 (0) 0.112
BMI (kg/m2) 27.0 (5.0); 26 [24, 31] (19, 37) 26.8 (5.0); 25 [23, 30] (21, 40) 0.630
Comorbidities,
 � Tobacco use 8 (27.6) 9 (31.0) 1
 � Diabetes mellitus 4 (13.8) 4 (13.8) 1
 � CAD/previous MI 0 (0) 1 (3.4) 1
 � Prior breast surgery 5 (17.2) 2 (6.9) 1
Oncoplastic breast reduction type   0.001*
 � Mastopexy 4 (13.8) 15 (51.7)  
 � Reduction mammoplasty 25 (86.2) 12 (41.4)  
 � Both 0 (0) 2 (6.9)  
Drains 1 (3.4) 10 (34.5) 0.005*
Maximum resection weight (g) 146 (115); 120 [59, 190] (22, 501) 334 (419); 273 [74, 362] (37, 1679) 0.081
Bilateral cancer 1 (3.4) 4 (13.8) 0.353
Continuous variables are presented as mean (standard deviation); median [interquartile range] (range). Categorical variables are presented as numbers (percent-
age).
P values are the results of Mann-Whitney tests (continuous variables) or Fisher exact tests (categorical variables).
*P < 0.01.

Table 3. Postoperative Complication Rates of ciNPT- versus 
SOC-treated Breasts (Irrespective of Cancer Status)
Complications ciNPT (n = 29) SOC (n = 271) P 

Any complication, n (%) 3 (10.3) 83 (30.6) 0.029*
Infection, n (%) 1 (3.4) 16 (5.9) 1
Dehiscence, n (%) 0 (0) 50 (18.5) 0.007†
Skin necrosis, n (%) 1 (3.4) 60 (22.1) 0.014*
Nipple areolar complex 

necrosis, n (%)
0 (0) 4 (1.5) 1

Seroma, n (%) 1 (3.4) 11 (4.1) 1
Hematoma, n (%) 1 (3.4) 9 (3.3) 1
P values are the results of Fisher exact tests.
*P < 0.05. 
†P < 0.01.

Table 4. Postoperative Complication Rates of ciNPT- versus 
SOC-treated Cancerous Breasts
Complications ciNPT (n = 29) SOC (n = 128) P 

Any complication, n (%) 3 (10.3) 54 (42.2) 0.001*
Infection, n (%) 1 (3.4) 14 (11.0) 0.307
Dehiscence, n (%) 0 (0) 34 (26.6) 0.0007†
Skin necrosis, n (%) 1 (3.4) 41 (32.0) 0.0009†
Nipple areolar com-

plex necrosis, n (%)
0 (0) 3 (2.3) 1

Seroma, n (%) 1 (3.4) 6 (4.7) 1
Hematoma, n (%) 1 (3.4) 5 (3.9) 1
P values are the results of Fisher exact tests.
*P < 0.01. 
†P < 0.001.

Table 5. Postoperative Complication Rates among ciNPT 
Patients, Comparing Their ciNPT-treated Cancer Breasts 
versus Their SOC-treated Contralateral Breast
Complications ciNPT (n = 29) SOC (n = 29) P 

Any complication, n (%) 3 (10.3) 3 (10.3) 1
Infection, n (%) 1 (3.4) 0 (0) 1
Dehiscence, n (%) 0 (0) 0 (0) 1
Skin necrosis, n (%) 1 (3.4) 1 (3.4) 1
Nipple areolar complex 

necrosis, n (%)
0 (0) 1 (3.4) 1

Seroma, n (%) 1 (3.4) 0 (0) 1
Hematoma, n (%) 1 (3.4) 1 (3.4) 1
P values are the results of Fisher exact tests.
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(Table  6). However, there was no significant difference 
in the rates of the other postoperative complication rates, 
such as NAC necrosis, seroma, hematoma, and infection 
(Table 6).

Time to Adjuvant Therapy
In the unmatched cohort of patients who received 

XRT, the average time to initiation of adjuvant XRT was 
shorter in the ciNPT group (6.4 weeks) compared to the 
SOC group (8.6 weeks), although not statistically signifi-
cant (P = 0.087) (Table 7). In addition, ciNPT patients had 
a significantly lower rate of delay of adjuvant radiotherapy 
compared to SOC patients (ciNPT = 0%, SOC = 20.5%;  
P = 0.022). In the unmatched cohort of patients that 
underwent adjuvant chemotherapy before adjuvant XRT, 
there was no significant difference in the initiation of 
adjuvant chemotherapy and rate in the delay of chemo-
therapy (Table 7).

In a combined analysis of unmatched patients with 
adjuvant XRT or chemotherapy, the average time to ini-
tiation of radiation or chemotherapy was significantly 
shorter in the ciNPT group (6.3 weeks) compared to the 
SOC group (8.5 weeks) (P = 0.026) (Table 7). In addition, 
the ciNPT group had a significantly lower rate of delay 
of adjuvant radiotherapy and chemotherapy (P = 0.007) 
(Table 7).

In the matched cohort, patients who received XRT 
had no significant difference in the average time to initia-
tion of XRT and rate in the delay of XRT (Table 8). In 
matched patients who received chemotherapy, there was 
also no significant difference in the initiation of adjuvant 
chemotherapy and rate in the delay of chemotherapy 
(Table  8). In a combined matched analysis of matched 
patients with adjuvant XRT or chemotherapy, there was 
no significant difference in the initiation of adjuvant ther-
apy and rate in the delay of adjuvant therapy (Table 8).

DISCUSSION
An oncoplastic mammoplasty is a powerful tool in 

breast conservation patients. Applying the principles of 
breast reduction/mastopexy, it offers superior aesthetic 
outcomes and improved patient-reported outcomes com-
pared to conventional breast surgery.4,26,27 In fact, delay-
ing reconstruction is associated with decreased mental 
health outcomes.28 Unfortunately, risks of complications, 
specifically as they pertain to DWH, are increased with this 
modality compared to traditional BCT alone.29

Given the numerous wound healing benefits reported 
with ciNPT in other indications,30 we investigated its use 
in OBS, specifically on the cancerous breast, whereby the 
contralateral breast would serve as an internal control. 

Table 6. Matched Cohort Postoperative Complication Rates 
of ciNPT- versus SOC-treated Cancerous Breasts
Complications ciNPT (n = 29) SOC (n = 29) P 

Any complication, n (%) 3 (10.3) 9 (31.0) 0.096
Infection, n (%) 1 (3.4) 2 (6.9) 0.577
Dehiscence, n (%) 0 (0) 8 (27.6) 0.004*
Skin necrosis, n (%) 1 (3.4) 6 (20.7) 0.091
Nipple areolar complex 

necrosis, n (%)
0 (0) 0 (0) 1

Seroma, n (%) 1 (3.4) 3 (10.3) 0.345
Hematoma, n (%) 1 (3.4) 0 (0) 1
P values are the results of logistic regression with cluster-robust standard errors 
and matched pair as the clustering variable.
*P < 0.01.

Table 7. Time to Initiation of Adjuvant Therapy
Adjuvant Therapy ciNPT SOC P 

Weeks PO XRT (N = 108) 6.4 (1.3); 6.9 [5.7, 7.7] (3.7, 8.4) 8.6 (5.8); 7.1 [5.7, 8.6] (2.7, 41.7) 0.087
XRT delay (N = 108) 0 (0) 18 (20.5) 0.022*
Weeks PO chemotherapy (N = 18) 5.6 (1.2); 6.0 [5.2,6.3] (3.9,6.5) 7.4 (3.0); 6.7 [6.1,9.8] (1.9,11.9) 0.240
Chemotherapy delay (N = 18) 0 (0) 5 (35.7) 0.278
Weeks PO XRT or chemotherapy (adjuvant therapy) (N = 126) 6.3 (1.3); 6.4 [5.7,7.2] (3.7,8.4) 8.5 (5.5); 7.1 [5.7,8.7] (1.9,41.7) 0.026*
Adjuvant therapy delay (N = 126) 0 (0) 23 (22.5) 0.007†
Continuous variables are presented as mean (standard deviation); median [interquartile range] (range); categorical variables are presented as number/total num-
ber of patients (percentage). P values are the results of Mann-Whitney tests (continuous variables) or Fisher exact tests (categorical variables).
*P < 0.05.
†P < 0.001.
TX, treatment.

Table 8. Matched Cohort Time to Initiation of Adjuvant Therapy
Adjuvant Therapy ciNPT SOC P 

Weeks PO XRT (N = 41) 6.4 (1.3); 6.9 [5.7, 7.7] (3.7, 8.4) 6.4 (1.4); 6.0 [5.6, 7.6] (4.3, 9.0) 0.972
XRT delay (N= 41) 0 (0) 1 (4.8) 1
Weeks PO chemotherapy N =8) 5.6 (1.2); 6.0 [5.2, 6.3] (3.9, 6.5) 7.0 (3.4); 6.1 [5.5, 7.7] (4.0, 11.9) 0.427
Chemotherapy delay (N = 8) 0 (0) 1 (4.8) 0.278
Weeks PO XRT or chemotherapy (adjuvant therapy) (N = 49) 6.3 (1.3); 6.4 [5.7, 7.2] (3.7, 8.4) 6.5 (1.8); 6.0 [5.6, 7.6] (4.0, 11.9) 0.609
Adjuvant therapy delay (N = 49) 0 (0) 2 (8.0) 0.490
Continuous variables are presented as mean (standard deviation); median [interquartile range] (range); categorical variables are presented as the number/total 
number of patients (percentage). P values are the results of logistic regression with cluster-robust standard errors and matched pair as the clustering variable.
TX, treatment.
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We used propensity score stratification analysis to obtain 
an unbiased estimate of the ciNPT effect adjusted for the 
impact of confounding variables in this nonrandomized 
observational study. This method reduced bias in our 
background covariates and increased the precision of our 
research.

Indeed, ciNPT significantly lowered rates of WHCs 
when compared to matched SOC. This is particularly pow-
erful as patients in the ciNPT group were more likely to 
have true reductions versus mastopexy, as true reductions 
are usually associated with greater dissection and thus 
disruption of blood supply.11,31 No difference was found 
between the ciNPT breast and the SOC breast within the 
same patient, but this was likely a result of the small sam-
ple size.

Our results compare favorably to previous reports of 
ciNPT use in other breast reconstruction procedures. 
Kim et al. demonstrated that ciNPT effectively mini-
mizes mastectomy flap necrosis in immediate expander-
based breast reconstruction.15 Use of ciNPT was further 
shown to reduce the complication rate and shorten the 
time to drain removal in patients following postmastec-
tomy breast reconstruction.32 Additionally, Ferrando et al. 
showed that ciNPT could reduce postsurgical complica-
tions and improve scar outcomes in oncological breast 
surgery patients.33 Like our study, Holt and Murphy found 
a reduction in the duration of healing and wound break-
down in patients undergoing OBS treated with ciNPT 
compared with the contralateral side where a reduction 
mammaplasty was performed.34 Additionally, Iqbal et al. 
indicated in their review of OBS that prophylactic ciNPT 
following breast surgery could help prevent DWH, which 
has been linked to poor cosmesis and delays in adjuvant 
treatment.35 However, when DWH in OBS is compared 
to conventional breast surgery, there is no difference in 
patient-reported outcomes.36

The harmful effects on cancer outcomes when the 
timely administration of adjuvant therapies is delayed are 
well documented.24,37,38 In fact, an interval between extir-
pative breast surgery and initiation of adjuvant XRT of 
greater than 9 weeks is associated with an increased likeli-
hood of recurrence and mortality.39 As adjuvant radiation 
is an integral part of BCT, the potential delay in the timely 
initiation of adjuvant cancer treatments due to WHC is of 
great concern. In fact, Kapadia et al. demonstrated that 
when postoperative complications occur after OBS, the 
time to adjuvant therapy increases.40 It is thus incumbent 
on plastic surgeons to be aware of, anticipate, and mitigate 
potential postsurgical complications while carefully weigh-
ing the mental health burden of delayed reconstruction. 
Maintaining this delicate balance calls for innovative com-
plication mitigation strategies.

Indeed, in the current study, we demonstrated that 
the ciNPT mitigates DWH, significantly decreasing the 
risk of delaying the timely onset of adjuvant therapy. In 
addition, in the unmatched cohort, prophylactic use of 
ciNPT led to considerably shorter intervals between sur-
gery and initiation of adjuvant cancer therapy than the 
SOC. However, in the matched cohort, the use of ciNPT 
did not significantly change the interval between surgery 

and initiation of adjuvant cancer therapy compared to 
SOC. The major difference between ciNPT and SOC 
groups in the unmatched cohort was BMI, with the ciNPT 
group having a lower BMI compared to the SOC. This 
was corrected with the matched analysis. As high BMI is 
associated with DWH which is a primary cause of delayed 
adjuvant therapy, the lower BMI in the ciNPT group com-
pared to the SOC is a limitation in our study and dem-
onstrates that ciNPT may be particularly useful in higher 
risk for WHC patient populations, that is, those with high 
BMI. Randomized control trials are necessary to circum-
vent this limitation. Although the ciNPT is undoubtedly 
associated with increased cost than conventional dress-
ings (cost of PREVENA = ~$600 versus DERMABOND 
PRINEO Skin Closure = ~$140), this is quickly eclipsed 
by the potential costs associated with DWH, such as 
increased office visits, a potential return to the operating 
room for debridement and closure and cancer-related 
expenses. In addition, Bloom et al. found that despite the 
added device cost of ciNPT in femoral-popliteal bypass 
surgery, ciNPT is more cost-effective.41

Although ciNPT use did not affect the rate of infec-
tion, hematoma, seroma, and NAC necrosis, the rates 
of these complications were already very low in both 
groups in our study, and the number needed to treat to 
see the potential benefit, too large. To our knowledge, 
this is the first study evaluating the effect of ciNPT on 
time to adjuvant therapy in oncoplastic breast reduction 
surgery.

The main limitation of this study is its retrospective 
nature and the imbalance in sample size between the two 
groups. Another limitation is that the study examined a 
cohort of 29 patients treated with ciNPT that had a signifi-
cantly smaller BMI, mainly required mammoplasty, and 
had lower drain use. However, matched analysis was used 
to control these background variables. It is also possible 
that the study suffered from regional or institutional selec-
tion bias, as it was performed at a single academic cen-
ter. Differences in surgical techniques and postoperative 
clinical management among the plastic surgeons within 
the institution could also introduce variation in outcomes. 
Variable losses to follow-up and incomplete data on con-
founding factors between the two groups are potential 
sources of bias. As breast size has been implicated as a 
risk factor in WHCs,42 we were unable to control for this 
risk factor due to lack of information in patient records. 
Randomized controlled trials comparing the efficacy of 
ciNPT versus SOC are underway.

CONCLUSION
Use of ciNPT in oncoplastic breast reduction surgery is 

an effective strategy to decrease postoperative WHCs and 
alleviate the risk of delaying adjunctive cancer therapies.

Sarah Sorice-Virk, MD
Division of Plastic & Reconstructive Surgery

Department of Surgery, University of Florida
PO Box 100138

Gainesville, FL 32610
E-mail: sarahvirkmd@gmail.com

mailto:sarahvirkmd@gmail.com


 Ockerman et al • ciNPT in Oncoplastic Surgery

7

 DISCLOSURES
Dr Sorice-Virk is a consultant for Sientra Inc. Dr Kanchwala 

is a consultant for Allergan Inc., Axogen Inc., RTI Surgical, 
Inc., Sientra Inc., and Surgical Innovation Associates Inc. The 
other authors have no financial interest to declare.

REFERENCES
	 1.	 Piper ML, Esserman LJ, Sbitany H, et al. Outcomes following 

oncoplastic reduction mammoplasty: a systematic review. Ann 
Plast Surg. 2016;76:S222–S226. 

	 2.	 Chan SW, Cheung PS, Lam SH. Cosmetic outcome and percent-
age of breast volume excision in oncoplastic breast conserving 
surgery. World J Surg. 2010;34:1447–1452. 

	 3.	 Barnea Y, Inbal A, Barsuk D, et al. Oncoplastic reduction 
using the vertical scar superior-medial pedicle pattern tech-
nique for immediate partial breast reconstruction. Can J Surg. 
2014;57:E134–E140. 

	 4.	 Patel K, Bloom J, Nardello S, et al. An oncoplastic surgery 
primer: common indications, techniques, and complications in 
level 1 and 2 volume displacement oncoplastic surgery. Ann Surg 
Oncol. 2019;26:3063–3070. 

	 5.	 Chang E, Johnson N, Webber B, et al. Bilateral reduction 
mammoplasty in combination with lumpectomy for treat-
ment of breast cancer in patients with macromastia. Am J Surg. 
2004;187:647–650; discussion 650. 

	 6.	 Clough KB, Lewis JS, Couturaud B, et al. Oncoplastic techniques 
allow extensive resections for breast-conserving therapy of breast 
carcinomas. Ann Surg. 2003;237:26–34. 

	 7.	 Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a 
randomized trial comparing total mastectomy, lumpectomy, and 
lumpectomy plus irradiation for the treatment of invasive breast 
cancer. N Engl J Med. 2002;347:1233–1241. 

	 8.	 Munhoz AM, Montag E, Arruda E, et al. Assessment of imme-
diate conservative breast surgery reconstruction: a classification 
system of defects revisited and an algorithm for selecting the 
appropriate technique. Plast Reconstr Surg. 2008;121:716–727. 

	 9.	 Losken A, Styblo TM, Carlson GW, et al. Management algo-
rithm and outcome evaluation of partial mastectomy defects 
treated using reduction or mastopexy techniques. Ann Plast Surg. 
2007;59:235–242. 

	10.	 Kronowitz SJ, Hunt KK, Kuerer HM, et al. Practical guidelines 
for repair of partial mastectomy defects using the breast reduc-
tion technique in patients undergoing breast conservation ther-
apy. Plast Reconstr Surg. 2007;120:1755–1768. 

	11.	 Cunningham BL, Gear AJ, Kerrigan CL, et al. Analysis of breast 
reduction complications derived from the BRAVO study. Plast 
Reconstr Surg. 2005;115:1597–1604. 

	12.	 Lewin R, Göransson M, Elander A, et al. Risk factors for com-
plications after breast reduction surgery. J Plast Surg Hand Surg. 
2014;48:10–14. 

	13.	 Winter R, Haug I, Lebo P, et al. Standardizing the complication 
rate after breast reduction using the Clavien-Dindo classification. 
Surgery. 2017;161:1430–1435. 

	14.	 Willy C, Agarwal A, Andersen CA, et al. Closed incision negative 
pressure therapy: international multidisciplinary consensus rec-
ommendations. Int Wound J. 2017;14:385–398. 

	15.	 Kim DY, Park SJ, Bang SI, et al. Does the use of incisional nega-
tive-pressure wound therapy prevent mastectomy flap necrosis in 
immediate expander-based breast reconstruction? Plast Reconstr 
Surg. 2016;138:558–566. 

	16.	 Karlakki S, Brem M, Giannini S, et al. Negative pressure wound 
therapy for management of the surgical incision in orthopaedic 
surgery: a review of evidence and mechanisms for an emerging 
indication. Bone Joint Res. 2013;2:276–284. 

	17.	 Scalise A, Calamita R, Tartaglione C, et al. Improving wound 
healing and preventing surgical site complications of closed 
surgical incisions: a possible role of incisional negative pressure 
wound therapy. A systematic review of the literature. Int Wound J. 
2016;13:1260–1281. 

	18.	 Sandy-Hodgetts K, Watts R. Effectiveness of negative pres-
sure wound therapy/closed incision management in the pre-
vention of post-surgical wound complications: a systematic 
review and meta-analysis. JBI Database System Rev Implement Rep. 
2015;13:253–303. 

	19.	 Hyldig N, Birke-Sorensen H, Kruse M, et al. Meta-analysis of neg-
ative-pressure wound therapy for closed surgical incisions. Br J 
Surg. 2016;103:477–486. 

	20.	 Strugala V, Martin R. Meta-analysis of comparative trials evaluat-
ing a prophylactic single-use negative pressure wound therapy 
system for the prevention of surgical site complications. Surg 
Infect (Larchmt). 2017;18:810–819. 

	21.	 Pellino G, Sciaudone G, Selvaggi F, et al. Prophylactic negative 
pressure wound therapy in colorectal surgery. Effects on surgi-
cal site events: current status and call to action. Updates Surg. 
2015;67:235–245. 

	22.	 Borgquist O, Ingemansson R, Malmsjö M. The effect of inter-
mittent and variable negative pressure wound therapy on 
wound edge microvascular blood flow. Ostomy Wound Manage. 
2010;56:60–67. 

	23.	 Tsoutsou PG, Koukourakis MI, Azria D, et al. Optimal timing for 
adjuvant radiation therapy in breast cancer: a comprehensive 
review and perspectives. Crit Rev Oncol Hematol. 2009;71:102–116. 

	24.	 Gagliato Dde M, Gonzalez-Angulo AM, Lei X, et al. Clinical 
impact of delaying initiation of adjuvant chemotherapy in 
patients with breast cancer. J Clin Oncol. 2014;32:735–744. 

	25.	 Yu KD, Fan L, Qiu LX, et al. Influence of delayed initiation of 
adjuvant chemotherapy on breast cancer survival is subtype-
dependent. Oncotarget. 2017;8:46549–46556. 

	26.	 Ritter M, Oberhauser I, Montagna G, et al. Comparison of 
patient-reported outcomes among different types of onco-
plastic breast surgery procedures. J Plast Reconstr Aesthet Surg. 
2022;75:3068–3077. 

	27.	 Rose M, Svensson H, Handler J, et al. Patient-reported outcome 
after oncoplastic breast surgery compared with conventional 
breast-conserving surgery in breast cancer. Breast Cancer Res Treat. 
2020;180:247–256. 

	28.	 Roth RS, Lowery JC, Davis J, et al. Quality of life and affective dis-
tress in women seeking immediate versus delayed breast recon-
struction after mastectomy for breast cancer. Plast Reconstr Surg. 
2005;116:993–1002; discussion 1003. 

	29.	 Mattingly AE, Ma Z, Smith PD, et al. Early postoperative complica-
tions after oncoplastic reduction. South Med J. 2017;110:660–666. 

	30.	 Semsarzadeh NN, Tadisina KK, Maddox J, et al. closed inci-
sion negative-pressure therapy is associated with decreased 
surgical-site infections: a meta-analysis. Plast Reconstr Surg. 
2015;136:592–602. 

	31.	 Daane SP, Rockwell WB. Breast reduction techniques and out-
comes: a meta-analysis. Aesthet Surg J. 1999;19:293–303. 

	32.	 Gabriel A, Sigalove S, Sigalove N, et al. The impact of closed inci-
sion negative pressure therapy on postoperative breast recon-
struction outcomes. Plast Reconstr Surg Glob Open. 2018;6:e1880. 

	33.	 Ferrando PM, Ala A, Bussone R, et al. Closed incision nega-
tive pressure therapy in oncological breast surgery: compari-
son with standard care dressings. Plast Reconstr Surg Glob Open. 
2018;6:e1732. 

	34.	 Holt R, Murphy J. PICO™ incision closure in oncoplastic breast 
surgery: a case series. Br J Hosp Med (Lond). 2015;76:217–223. 

	35.	 Iqbal FM, Reid JP, Vidya R. Oncoplastic breast surgery: the role of 
negative pressure wound therapy. J Wound Care. 2020;29:777–780. 

https://doi.org/10.1097/SAP.0000000000000720
https://doi.org/10.1097/SAP.0000000000000720
https://doi.org/10.1097/SAP.0000000000000720
https://doi.org/10.1007/s00268-009-0278-x
https://doi.org/10.1007/s00268-009-0278-x
https://doi.org/10.1007/s00268-009-0278-x
https://doi.org/10.1503/cjs.031213
https://doi.org/10.1503/cjs.031213
https://doi.org/10.1503/cjs.031213
https://doi.org/10.1503/cjs.031213
https://doi.org/10.1245/s10434-019-07592-5
https://doi.org/10.1245/s10434-019-07592-5
https://doi.org/10.1245/s10434-019-07592-5
https://doi.org/10.1245/s10434-019-07592-5
https://doi.org/10.1016/j.amjsurg.2004.01.002
https://doi.org/10.1016/j.amjsurg.2004.01.002
https://doi.org/10.1016/j.amjsurg.2004.01.002
https://doi.org/10.1016/j.amjsurg.2004.01.002
https://doi.org/10.1097/00000658-200301000-00005
https://doi.org/10.1097/00000658-200301000-00005
https://doi.org/10.1097/00000658-200301000-00005
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1097/01.prs.0000299295.74100.fa
https://doi.org/10.1097/01.prs.0000299295.74100.fa
https://doi.org/10.1097/01.prs.0000299295.74100.fa
https://doi.org/10.1097/01.prs.0000299295.74100.fa
https://doi.org/10.1097/SAP.0b013e31802ec6d1
https://doi.org/10.1097/SAP.0b013e31802ec6d1
https://doi.org/10.1097/SAP.0b013e31802ec6d1
https://doi.org/10.1097/SAP.0b013e31802ec6d1
https://doi.org/10.1097/01.prs.0000287130.77835.f6
https://doi.org/10.1097/01.prs.0000287130.77835.f6
https://doi.org/10.1097/01.prs.0000287130.77835.f6
https://doi.org/10.1097/01.prs.0000287130.77835.f6
https://doi.org/10.1097/01.prs.0000160695.33457.db
https://doi.org/10.1097/01.prs.0000160695.33457.db
https://doi.org/10.1097/01.prs.0000160695.33457.db
https://doi.org/10.3109/2000656X.2013.791625
https://doi.org/10.3109/2000656X.2013.791625
https://doi.org/10.3109/2000656X.2013.791625
https://doi.org/10.1016/j.surg.2016.11.028
https://doi.org/10.1016/j.surg.2016.11.028
https://doi.org/10.1016/j.surg.2016.11.028
https://doi.org/10.1111/iwj.12612
https://doi.org/10.1111/iwj.12612
https://doi.org/10.1111/iwj.12612
https://doi.org/10.1097/PRS.0000000000002431
https://doi.org/10.1097/PRS.0000000000002431
https://doi.org/10.1097/PRS.0000000000002431
https://doi.org/10.1097/PRS.0000000000002431
https://doi.org/10.1302/2046-3758.212.2000190
https://doi.org/10.1302/2046-3758.212.2000190
https://doi.org/10.1302/2046-3758.212.2000190
https://doi.org/10.1302/2046-3758.212.2000190
https://doi.org/10.1111/iwj.12492
https://doi.org/10.1111/iwj.12492
https://doi.org/10.1111/iwj.12492
https://doi.org/10.1111/iwj.12492
https://doi.org/10.1111/iwj.12492
https://doi.org/10.11124/jbisrir-2015-1687
https://doi.org/10.11124/jbisrir-2015-1687
https://doi.org/10.11124/jbisrir-2015-1687
https://doi.org/10.11124/jbisrir-2015-1687
https://doi.org/10.11124/jbisrir-2015-1687
https://doi.org/10.1002/bjs.10084
https://doi.org/10.1002/bjs.10084
https://doi.org/10.1002/bjs.10084
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1007/s13304-015-0298-z
https://doi.org/10.1007/s13304-015-0298-z
https://doi.org/10.1007/s13304-015-0298-z
https://doi.org/10.1007/s13304-015-0298-z
https://doi.org/pubmed.ncbi.nlm.nih.gov/20368675
https://doi.org/pubmed.ncbi.nlm.nih.gov/20368675
https://doi.org/pubmed.ncbi.nlm.nih.gov/20368675
https://doi.org/pubmed.ncbi.nlm.nih.gov/20368675
https://doi.org/10.1016/j.critrevonc.2008.09.002
https://doi.org/10.1016/j.critrevonc.2008.09.002
https://doi.org/10.1016/j.critrevonc.2008.09.002
https://doi.org/10.1200/jco.2013.49.7693
https://doi.org/10.1200/jco.2013.49.7693
https://doi.org/10.1200/jco.2013.49.7693
https://doi.org/10.18632/oncotarget.10551
https://doi.org/10.18632/oncotarget.10551
https://doi.org/10.18632/oncotarget.10551
https://doi.org/10.1016/j.bjps.2022.04.051
https://doi.org/10.1016/j.bjps.2022.04.051
https://doi.org/10.1016/j.bjps.2022.04.051
https://doi.org/10.1016/j.bjps.2022.04.051
https://doi.org/10.1007/s10549-020-05544-2
https://doi.org/10.1007/s10549-020-05544-2
https://doi.org/10.1007/s10549-020-05544-2
https://doi.org/10.1007/s10549-020-05544-2
https://doi.org/10.1097/01.prs.0000178395.19992.ca
https://doi.org/10.1097/01.prs.0000178395.19992.ca
https://doi.org/10.1097/01.prs.0000178395.19992.ca
https://doi.org/10.1097/01.prs.0000178395.19992.ca
https://doi.org/10.14423/SMJ.0000000000000706
https://doi.org/10.14423/SMJ.0000000000000706
https://doi.org/10.1097/PRS.0000000000001519
https://doi.org/10.1097/PRS.0000000000001519
https://doi.org/10.1097/PRS.0000000000001519
https://doi.org/10.1097/PRS.0000000000001519
https://doi.org/10.1053/aq.1999.v19.100635001
https://doi.org/10.1053/aq.1999.v19.100635001
https://doi.org/10.1097/GOX.0000000000001880
https://doi.org/10.1097/GOX.0000000000001880
https://doi.org/10.1097/GOX.0000000000001880
https://doi.org/10.1097/GOX.0000000000001732
https://doi.org/10.1097/GOX.0000000000001732
https://doi.org/10.1097/GOX.0000000000001732
https://doi.org/10.1097/GOX.0000000000001732
https://doi.org/10.12968/hmed.2015.76.4.217
https://doi.org/10.12968/hmed.2015.76.4.217
https://doi.org/10.12968/jowc.2020.29.12.777
https://doi.org/10.12968/jowc.2020.29.12.777


PRS Global Open • 2023

8

	36.	 Zehnpfennig L, Ritter M, Montagna G, et al. The impact 
of delayed wound healing on patient-reported outcomes 
after breast cancer surgery. J Plast Reconstr Aesthet Surg. 
2022;75:4125–4132. 

	37.	 Hershman DL, Wang X, McBride R, et al. Delay of adjuvant 
chemotherapy initiation following breast cancer surgery among 
elderly women. Breast Cancer Res Treat. 2006;99:313–321. 

	38.	 Chavez-MacGregor M, Clarke CA, Lichtensztajn DY, et al. 
Delayed initiation of adjuvant chemotherapy among patients 
with breast cancer. JAMA Oncol. 2016;2:322–329. 

	39.	 Trufelli DC, Matos LL, Santi PX, et al. Adjuvant treatment 
delay in breast cancer patients. Rev Assoc Med Bras (1992). 
2015;61:411–416. 

	40.	 Kapadia SM, Reitz A, Hart A, et al. Time to radiation after onco-
plastic reduction. Ann Plast Surg. 2019;82:15–18. 

	41.	 Bloom JA, Tian T, Homsy C, et al. A cost-utility analysis of the use 
of closed-incision negative pressure system in vascular surgery 
groin incisions. Am Surg. 2022:31348221087395. 

	42.	 Lejour M. Vertical mammaplasty: early complications after 250 
personal consecutive cases. Plast Reconstr Surg. 1999;104:764–770. 

https://doi.org/10.1016/j.bjps.2022.06.106
https://doi.org/10.1016/j.bjps.2022.06.106
https://doi.org/10.1016/j.bjps.2022.06.106
https://doi.org/10.1016/j.bjps.2022.06.106
https://doi.org/10.1007/s10549-006-9206-z
https://doi.org/10.1007/s10549-006-9206-z
https://doi.org/10.1007/s10549-006-9206-z
https://doi.org/10.1001/jamaoncol.2015.3856
https://doi.org/10.1001/jamaoncol.2015.3856
https://doi.org/10.1001/jamaoncol.2015.3856
https://doi.org/10.1590/1806-9282.61.05.411
https://doi.org/10.1590/1806-9282.61.05.411
https://doi.org/10.1590/1806-9282.61.05.411
https://doi.org/10.1097/SAP.0000000000001598
https://doi.org/10.1097/SAP.0000000000001598
https://doi.org/10.1177/00031348221087395
https://doi.org/10.1177/00031348221087395
https://doi.org/10.1177/00031348221087395
https://doi.org/10.1097/00006534-199909030-00023
https://doi.org/10.1097/00006534-199909030-00023

