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INTRODUCTION

Immediate prosthetic-based breast reconstruction contin-
ues to gain popularity among mastectomy patients [1]. Ac-
cording to the American Society of Plastic Surgeons, more 
than 78% of the 91,655 breast reconstructions performed in 
the United States during 2012 involved a tissue expander and/
or an implant [2]. Studies investigating the influence of poten-
tial risk factors have guided evidence-based decision making, 
serving to minimize adverse events and to improve patient 
outcomes within this growing population [3-12]. Risk factors 

such as smoking, radiation, and obesity have been shown to 
increase a patient’s risk of flap necrosis [3,10-14]. Through 
similar putative mechanisms, each of these risk factors signifi-
cantly impairs postoperative blood flow to the native skin, re-
sulting in various degrees of tissue injury. These patient-related 
risk factors are often beyond the surgeon’s control; however, a 
potential surgical variable is intraoperative expander fill vol-
ume. Judicious intraoperative tissue expansion is critical for 
preserving three-dimensional breast architecture and elimi-
nating dead space. Meanwhile, overfilling of expanders may 
contribute to the development of perioperative complications, 
specifically mastectomy flap necrosis, by compressing the mi-
crovascular circulation underlying the skin flap [15].

A previous study of intraoperative fill did not find large tis-
sue expander volumes to be independently associated with 
poor patient outcomes [8]; however, the possibility of a signif-
icant interaction between high intraoperative fills and other 
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Purpose: Prosthetic-based breast reconstruction is performed 
with increasing frequency in the United States. Major mastec
tomy skin flap necrosis is a significant complication with out-
comes ranging from poor aesthetic appearance to reconstruc-
tive failure. The present study aimed to explore the interactions 
between intraoperative fill and other risk factors on the incidence 
of flap necrosis in patients undergoing mastectomy with imme-
diate expander/implant-based reconstruction. Methods: A retro-
spective review of 966 consecutive patients (1,409 breasts) who 
underwent skin or nipple sparing mastectomy with immediate 
tissue expander reconstruction at a single institution was con-
ducted. Age, body mass index, hypertension, smoking status, 
premastectomy and postmastectomy radiation, acellular dermal 
matrix use, and application of the tumescent mastectomy tech-
nique were analyzed as potential predictors of flap necrosis both 
independently and as synergistic variables with high intraopera-
tive fill. The following three measures of interaction were calcu-
lated: relative excess risk due to interaction, attributable propor-
tion of risk due to interaction, and synergy index (SI). Results: In-

traoperative tissue expander fill volume was high (≥66.7% of the 
maximum volume) in 40.9% (576 of 1,409 breasts) of cases. The 
unadjusted flap necrosis rate was greater in the high intraopera-
tive fill cohort than in the low fill cohort (10.4% vs. 7.1%, p= 
0.027). Multivariate logistic regression did not identify high intra-
operative fill volume as an independent risk factor for flap necro-
sis (odds ratio 1.442, 95% confidence interval 0.973-2.137, p= 
0.068). However, four risk factors were identified that interacted 
significantly with intraoperative fill volume, namely tumescence, 
age, hypertension, and obesity. The SI, or the departure from ad-
ditive risks, was largest for tumescence (SI, 25.3), followed by 
hypertension (SI, 2.39), obesity (SI, 2.28), and age older than 50 
years (SI, 1.17). Conclusion: In the postmastectomy, hypovascu-
lar milieu, multiple risk factors decreasing flap perfusion interact 
with high intraoperative fill volume to cross a threshold and syn-
ergistically increase the risk of flap necrosis.
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known risk factors has, to our knowledge, yet to be explored. 
While an otherwise healthy patient may tolerate high intra
operative fills and recover without postoperative morbidity, a 
patient with coexisting preoperative or intraoperative risk fac-
tors may experience clinically relevant tissue ischemia and 
flap necrosis. Understanding potentially synergistic interac-
tions between intraoperative fill volume and other risk factors 
on the development of flap necrosis will allow surgeons to 
more objectively evaluate a patient’s risk. In this single-institu-
tion study of more than 1,400 breasts, we aimed to explore the 
interactions between intraoperative fill volume and other risk 
factors on flap necrosis rates in patients undergoing mastec
tomy with immediate expander/implant based reconstruction.

METHODS

This study was performed under the approval of the North-
western University Institutional Review Board (approval No. 
STU00056967). A retrospective review of medical records was 
performed for 966 consecutive patients (1,409 breasts) who 
underwent skin- or nipple-sparing mastectomy with immedi-
ate tissue expander reconstruction by four surgical oncologists 
and two reconstructive surgeons (J.K. and N.A.F.) at a single 
institution between 2004 and 2012.

Demographic information, clinical characteristics, opera-
tive factors, follow-up period, and postoperative outcomes 
were recorded. Patient demographics and clinical characteris-
tics included age, body mass index (BMI), hypertension, 
smoking status, premastectomy radiation, and postmastecto-
my radiation. Patients with a recorded history of smoking 
within 1 month of the operation were deemed smokers. Op-
erative factors included acellular dermal matrix (ADM) use, 
intraoperative tissue expander fill, and use of the tumescent 
technique. High intraoperative tissue expander fill was de-
fined as a fill volume greater than 66.7% of the maximum vol-
ume. The primary outcome of interest was the occurrence of 
postoperative mastectomy flap necrosis and included only 
those cases requiring surgical excision with or without clo-
sure. Incidences of flap necrosis are reported per breast.

Surgical technique
The mastectomy was performed by an oncologic surgeon, 

usually through an incision encompassing the nipple-areola 
complex with a lateral extension for skin-sparing mastectomy 
or through a lateral inframammary fold incision for nipple-
sparing mastectomy. Incisions were jointly planned by the on-
cologic and reconstructive surgeons. At the discretion of the 
oncologic surgeon, if the tumescent technique was used, the 
breast and axillary subcutaneous and deep tissues were infil-

trated with tumescent solution consisting of lactated Ringer’s 
containing 1% lidocaine and dilute (1:1,000) epinephrine [16]. 
Mastectomy then proceeded by sharp dissection. Nontumes-
cent mastectomies were performed in the standard fashion 
using primarily Bovie electrocautery.

After mastectomy, the pectoralis major was elevated using 
Bovie electrocautery, taking care to preserve the lateral serra-
tus anterior fascia. The inferior attachments of the pectoralis 
were completely divided. The medial attachments were par-
tially divided to allow the tissue expander to sit as medially as 
possible without thinning of the medial tissues. A tissue ex-
pander of appropriate base width was chosen and placed into 
the subpectoral pocket. The lateral border of the pectoralis 
major was sutured to the serratus anterior fascia to achieve to-
tal submuscular coverage of the expander. In cases in which 
total muscular coverage was not optimal because of violation 
of the rectus abdominis fascia, serratus anterior fascia, or a 
tight subpectoral space, ADM was used to assist in coverage 
of the tissue expander. If ADM was used, it was positioned 
and secured to the inframammary fold, inferolateral border of 
the pectoralis, and serratus fascia, if present, at this time. The 
expander was filled to the point at which the skin laxity was 
taken up, but the skin was not stretched. Two closed suction 
drains were placed between the pectoralis and the mastecto-
my flap, one in the axilla and the other in the inferior pole, 
and the skin was closed.

Postoperatively, the closed suction drains remained in place 
until output was less than 30 mL over 24 hours. Oral antibiot-
ic prophylaxis was prescribed until the removal of drains. Se-
rial expansion was started when the incisions had completely 
healed and was performed at intervals; fill volumes were de-
termined on a per-patient basis. Expansion was delayed if the 
patient was to undergo adjuvant radiation therapy.

Statistical analysis
Categorical variables were compared for < 66.7% fill versus 

≥ 66.7% fill using Pearson chi-square test, and quantitative 
variables were compared using Student t-tests. Multivariate 
logistic regression analysis, adjusting for age, hypertension, 
BMI, smoking, premastectomy and postmastectomy radia-
tion, tumescence, and ADM use, was used to identify inde-
pendent risk factors for mastectomy flap necrosis and to ex-
amine the effect of a high intraoperative fill.

Chi-square analyses were used to identify unadjusted pre-
dictors for flap necrosis within each intraoperative fill group. 
Logistic regression models were used to adjust for potential 
confounders and quantitatively assess for synergistic interac-
tions between a high intraoperative fill and those risk factors 
identified in the unadjusted analysis. As previously described, 
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four exposure categories were created from each pair of di-
chotomous risk factors, including the three possible combina-
tions of exposure and a fourth reference category [17]. Ad-
justed odds ratios (ORs) were calculated for each potential risk 
factor in the absence of the other and for the combination of 
risk factors relative to those patients who were unexposed to 
both. Three measures of interaction were calculated, namely 
the relative excess risk due to interaction (RERI), the attribut-
able proportion (AP) of risk due to interaction, and the syner-
gy index (SI) [17]. The RERI captures the additional, additive 
risk from the interaction between the two variables (ORBoth−
ORHigh Fill−ORSecondary+1). AP standardizes this value as a pro-
portion of the combined effect (RERI/ORBoth). SI is the ratio of 
the risk of the combined effect (ORBoth−1) to the sum of the 
individual effects [(ORHigh Fill−1)+(ORsecondary−1)]. All 
the analyses were performed with SPSS version 21.0 (IBM 
Corp., Armonk, USA) and p< 0.05 considered as significant.

RESULTS

Mastectomy with immediate prosthetic-based reconstruc-
tion was performed in 1,409 breasts (966 patients), of which 
576 (40.9%) received a high intraoperative tissue expander fill 
volume (≥ 66.7% of the maximum volume). The mean± SD 
follow-up period for all the patients was 21.0 ± 15 months 
(minimum, 5 months) after expander-implant exchange. Ta-
ble 1 summarizes the preoperative and intraoperative vari-
ables according to fill volume. The patients who received a 
high intraoperative fill volume tended to have a higher BMI 
(26.5 kg/m2 vs. 25.0 kg/m2, p< 0.001) and to be older (49.0 
years vs. 47.8 years, p= 0.043) than their low intraoperative fill 
counterparts. In addition, the high-volume group had a lower 
rate of active smokers (6.8% vs. 10.3%, p= 0.021) and a higher 
rate of ADM use (49.3% vs. 37.6%, p< 0.001). The unadjusted 
flap necrosis rate was greater in the high intraoperative fill co-
hort than in the low fill cohort (10.4% vs. 7.1%, p= 0.027).

Multivariate logistic regression did not identify high intra-
operative fill volume as an independent risk factor (OR, 1.442; 
95% confidence interval, 0.973–2.137; p= 0.068). Active smok-
ing, age, and BMI were significantly associated with the inci-
dence of flap necrosis (Table 2).

Table 3 compares the unadjusted flap necrosis rate according 
to intraoperative fill volume stratified by individual risk factors. 
Among the patients with a low intraoperative fill volume, the 
rate of flap necrosis differed significantly between smokers and 
nonsmokers (15.1% vs. 6.2%, p= 0.002) and between patients 
older than 50 years and those 50 years or younger (10.1% vs. 
5.3%, p= 0.010). Within the high intraoperative fill cohort, flap 
necrosis rates differed significantly according to the following 
risk factors: tumescence, age, hypertension, and obesity.

Synergistic variables
After adjusting for potential confounders, tumescent mas-

tectomy technique, age older than 50 years, hypertension, and 
obesity showed a statistically significant synergistic interaction 
with a high intraoperative fill volume with regard to the devel-
opment of major mastectomy flap necrosis, whereas the indi-

Table 1. Cohort characteristics stratified by intraoperative fill

Characteristic
Intraoperative fill <66.7%  
(n=833 breasts), No. (%)

Intraoperative fill ≥66.7%  
(n=576 breasts), No. (%)

p-value

Age (yr)* 47.8±10.9 49.0±10.6 0.043
Body mass index (kg/m2)* 25.0±5.3 26.5±5.8 <0.001
Hypertension 121 (14.53) 103 (17.88) 0.090
Active smoker 86 (10.32) 39 (6.77) 0.021
Premastectomy radiation 45 (5.40) 23 (3.99) 0.225
Postmastectomy radiation 173 (20.77) 126 (21.88) 0.617
Acellular dermis 313 (37.58) 284 (49.31) <0.001
Tumescence 497 (59.66) 352 (61.11) 0.585
Flap necrosis 59 (7.08) 60 (10.42) 0.027

*Mean±SD.

Table 2. Independent risk factors for mastectomy flap necrosis

Risk factor
95% CI

OR Lower Upper p-value

Age 1.022 1.003 1.043 0.027
Body mass index 1.044 1.010 1.079 0.011
Hypertension 1.339 0.799 2.243 0.267
Active smoking 2.289 1.312 3.992 0.004
Premastectomy radiation 1.136 0.468 2.754 0.778
Postmastectomy radiation 1.412 0.907 2.196 0.126
Acellular dermal matrix 0.932 0.624 1.390 0.729
Tumescence 1.482 0.981 2.238 0.061
High intraoperative fill (≥66.7% ) 1.442 0.973 2.137 0.068
Hosmer-Lemmeshow p-value 0.535
C statistic 0.671

CI=confidence interval; OR=odds ratio.
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vidual effects were not significantly associated with an in-
creased risk (Table 4). Table 5 summarizes the synergistic ef-
fect of each risk factor on the rate of flap necrosis. The RERI 
quantifies the extent to which the risk when both factors are 
present (the joint effect) is greater than the sum of their indi-
vidual risks; the AP standardizes the RERI as a proportion of 
the risk of the joint effect. A RERI and AP of 0 suggest no in-

teractions; RERI/AP > 0, a positive interaction; and an RERI/
AP < 0, a negative interaction. The greatest interaction was 
noted for tumescence and a high fill (RERI= 0.925), where 
nearly half of the risk of the joint effect was attributed to a 
synergistic interaction (AP, 0.471). The RERI was 0.194 for 
age older than 50 years (AP, 0.083), 0.631 for hypertension 
(AP, 0.302), and 0.585 for obesity (AP, 0.286). The SI measures 
the departure from additive risks; an SI of 2.39 for hyperten-
sion suggests that the risk from the synergistic interaction be-
tween hypertension and a high fill is 2.4-fold greater than the 
additive risks of each individual variable. The SI was greatest 
for tumescence (SI, 25.3), followed by hypertension (SI, 2.39), 
obesity (SI, 2.28), and age older than 50 (SI, 1.17).

DISCUSSION

Mastectomy skin flaps are particularly vulnerable to poor 
circulation and hypoxia, exposing patients to a high risk of 
postoperative complications, specifically wound breakdown 
and flap necrosis [14,18-20]. Following immediate prosthetic-
based reconstruction, the inflated expander may increase 
stress on the already tenuous microvascular circulation [8,15]. 
The rate of flap necrosis in the literature varies greatly from 
8.7% to as high as 22%, largely because of differences in defi-
nition and surgical technique [8,12,20-22]. Our relatively low 
observed flap necrosis rate of 8.45% is consistent with our 
strict definition, which was meant to include only those cases 
that required surgical excision. Severe mastectomy flap necro-
sis requiring surgical excision often results in less favorable 
aesthetic outcomes and in some cases, reconstructive failure. 
Although high intraoperative fill volume was not an indepen-

Table 4. Adjusted odds ratios for the joint effects of high intraoperative fill and other risk factors

Secondary risk factors

Tumescence Age >50 yr Hypertension Obesity

OR p-value OR p-value OR p-value OR p-value

High fill alone 0.94 0.860 1.48 0.178 1.33 0.217 1.37 0.174
Secondary risk factor alone 1.10 0.743 1.67 0.075 1.13 0.743 1.09 0.813
High fill in presence of secondary risk factor 1.96 0.016 2.34 0.004 2.09 0.032 2.05 0.018 

OR=odds ratio.

Table 3. Unadjusted flap necrosis rate stratified by risk factors for each 
intraoperative fill cohort

Risk factor
Intraoperative fill 

<66.7% (%)
Intraoperative fill 

≥66.7% (%)
Overall (%)

Age (yr)
   Over 50 10.1 13.5 11.8
   50 or below 5.3 8.2 6.7
   p-value 0.010 0.042 0.001
Body mass index (kg/m2)
   <30 6.6 8.6 7.6
   ≥30 9.0 15.4 12.3
   p-value 0.317 0.022 0.010
Hypertension
   Hypertensive 10.7 17.5 14.5
   Nonhypertensive 6.5 8.9 7.5
   p-value 0.090 0.010* <0.001
Active smoking
   Smoker 15.1 12.8 14.2
   Nonsmoker 6.2 10.2 8.1
   p-value 0.002 0.611 0.017
Preoperative radiation
   Treated 6.7 13.0 10.7
   Untreated 7.1 10.3 8.6
   p-value 0.911 0.723 0.524
Postoperative radiation
   Treated 8.7 12.7 10.6
   Untreated 6.7 9.8 8.1
   p-value 0.360 0.343 0.152
ADM use
   With ADM 7.0 10.9 9.4
   Without ADM 7.1 9.9 8.1
   p-value 0.962 0.699 0.380
Tumescence
   Tumescent 7.0 12.8 9.8
   Nontumescent 7.1 6.7 7.0
   p-value 0.956 0.020 0.060

ADM=acellular dermal matrix.

Table 5. Measures of synergistic interaction with high tissue expander fill

RERI AP Synergy index

Tumescence 0.925 0.471 25.34
Age >50 yr 0.194 0.083 1.17

Hypertension 0.631 0.302 2.39
Obesity 0.585 0.286 2.28

RERI= relative excess risk due to interaction; AP=attributable proportion due 
to interaction.
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dent risk factor for flap necrosis in either our study or in a 
previous study by Crosby et al. [8], high expander fill volume 
may interact synergistically with other risk factors. McCarthy 
et al. [12] found that individual risk factors do not interact to 
create a multiplicative effect on the risk of an overall compli-
cation; however, they did not examine interactions within in-
dividual complications, including flap necrosis. Our study of 
more than 1,400 mastectomies with immediate tissue expand-
er placement is the first to quantitatively explore the potential 
synergistic effect of intraoperative fill volume with other risk 
factors on flap necrosis. Further clarification of the role of in-
traoperative fill volume will aid in surgical decision making 
and improve patient outcomes.

Each of the four synergistic relationships we identified can 
be explained by the effect of risk factors on the blood supply to 
the native skin flap. By all measures, the most significant inter-
action was observed between tumescence and high intraoper-
ative fill volume. The impact of tumescence on postoperative 
complication rates remains controversial. The vasoconstrictive 
effect of epinephrine from the tumescent solution is believed 
to affect skin flap viability [6,23]. Some studies have suggested 
that even transient intraoperative decreases in dermal blood 
flow can predict postoperative ischemia-induced tissue necro-
sis [19]. Recently published studies have demonstrated in-
creased rates of major flap necrosis following tumescent mas-
tectomy [6,23]. In our own institution, Seth et al. [6] reported 
that more than 75% of tumescent-related complications were 
associated with another independent risk factor, again sug-
gesting compounding effects. In the current series, although 
tumescence was not an independent risk factor for flap necro-
sis, when combined with a high intraoperative fill, it conferred 
a nearly 2-fold increase in risk. Other studies, however, have 
reported a positive experience with tumescent mastectomy 
and suggest a role for unmeasured confounders, including the 
surgeon’s technique and experience [24]. In our series, mastec-
tomies were performed by one of four high-volume oncologic 
breast surgeons with extensive experience with the technique. 
Combined with the compression of the microvasculature due 
to high expander fill volumes, the vasoconstrictive effect of tu-
mescence seems to cross a threshold of tissue ischemia, tip-
ping the scales of flap viability toward necrosis.

Increased age, obesity, and hypertension were also found to 
synergistically increase flap necrosis rates when combined 
with a high intraoperative fill volume, after adjusting for po-
tential confounders in the logistic regression models. Associ-
ated with each of these three risk factors is a host of local and 
systemic effects that alter blood flow and decrease both the 
speed and quality of wound healing [25-27]. Small vessel dis-
ease associated with these risk factors may decrease mastecto-

my flap perfusion. These effects may not be large enough to 
independently manifest themselves as full thickness flap ne-
crosis but are clinically relevant in the setting of high intra
operative fill volumes.

One cited advantage of ADM use in breast reconstruction is 
higher initial fill volume, which may translate into fewer ex-
pansions of shorter duration [28]. Indeed, the rate of ADM 
use was higher in the group with > 66.7% fill volume in this 
study. ADM use was not associated with mastectomy flap ne-
crosis.

Our study had several limitations, most of which were asso-
ciated with the retrospective nature of our review. We were 
limited to only those variables that were widely available with-
in the medical records, and we were therefore unable to com-
ment on other objective measures of the breast including skin 
flap length and flap thickness. Specifically, the relationship be-
tween high intraoperative fill volumes and high body mass 
index may be confounded by flap length. Patients with a high 
BMI often have large breast skin envelopes and thus long skin 
flaps. Furthermore, they are likely to require large fill volumes 
for full breast projection. It is possible that intraoperative fill 
volume is a surrogate for mastectomy flap length. Future stud-
ies controlling for flap length and the amount of distal skin 
flap resected are necessary to better clarify the pathophysio-
logical basis of our findings. Flap thickness is influenced by 
patient characteristics and the experience of the oncologic 
surgeon, and is an important variable in flap survival [29]. 
While the ideal study would include such measurements, in 
our study, we believe that few outliers that would have con-
founded our results were likely to exist. Finally, the present 
study describes the results of a single, high-volume surgical 
center; thus, the rates of flap necrosis and risks ascribed to 
each risk factor may not be completely generalizable. A high-
powered, multicenter, prospective analysis would effectively 
mitigate many of the inherent biases of this study and better 
clarify the nature of these synergistic interactions on the de-
velopment of flap necrosis.

In the postmastectomy, hypovascular milieu, multiple risk 
factors decreasing flap perfusion interact to cross a threshold 
and synergistically increase the risk of flap necrosis. As imme-
diate prosthetic-based breast reconstruction continues to be 
performed with increasing frequency, our findings provide a 
solid foundation for future analyses to improve patient care 
and decrease complication rates.
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