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Abstract

Background There is limited evidence regarding the fac-
tors causing a prolonged time for tissue expander (TE)
exchange into a definitive implant using two-stage implant-
based breast reconstruction (IBBR). This study aimed to
review our experience with IBBR, focusing on the time for
TE-to-implant exchange and determining which factors
cause a prolonged time for exchange.

Methods A retrospective review was performed to include
women undergoing immediate two-stage IBBR with TEs
after total mastectomy between January 2011 and May
2021. Reconstructions with irradiated TEs were excluded.
Cases that had a prolonged time for TE-to-implant
exchange were defined as those undergoing exchange
longer than 232 days, which corresponds to the 75th per-
centile of the overall study group.

Results We included 442 reconstructions in our analysis.
The median age for our series was 51 years and the median
body mass index was 26.43-kg/m”. The median time for
TE-to-implant exchange was 155 days [IQR, 107-232].
Cases that had a prolonged time for TE-to-implant
exchange were defined as those undergoing exchange on
postoperative day 232 or afterward. Diabetes (OR 4.05, p =
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0.006), neoadjuvant chemotherapy (OR 2.76, p = 0.006), an
increased length of stay (OR 1.54, p = 0.013), and a
lengthier time to complete outpatient expansions (OR
1.018, p < 0.001) were independently associated with a
prolonged time for exchange.

Conclusion As evident from our analysis, the time for
exchange is highly heterogeneous among patients.
Although several factors affect the timing for TE-to-im-
plant exchange, efforts must be directed to finalize outpa-
tient expansions as soon as possible to expedite the
transition into a definitive implant.

Level of Evidence Il This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.

Keywords Breast implantation - Tissue expansion
devices - Female - Postoperative complications - Treatment
outcome

Introduction

In the last decade, breast reconstruction has experienced
several changes and improvements so that we can recreate
the breast mound more accurately and provide better sur-
gical outcomes [1]. Although different surgical techniques
are available, most patients undergoing total mastectomy
prefer implant-based breast reconstruction (IBBR) in the
USA [2, 3]. A two-stage approach with tissue expander
(TE) prevails as the most common modality for this pur-
pose despite the growing rate of procedures performed with
a direct-to-implant technique [4—6]. Most of the time this
type of reconstructions can be performed without donor
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site surgery, which makes it very appealing to some
patients [7]. When compared to autologous reconstruction,
IBBR usually exhibits a lower rate of complications and
reoperations but a higher rate of failure [8]. Nonetheless,
innovations in implant manufacturing and the incorpora-
tion of cutting-edge covering materials such as acellular
dermal matrix (ADM) products have substantially
improved the results of two-stage IBBR [9].

There are important considerations regarding the timing
of TE-to-implant exchange. Once the decision is taken to
replace the TE with a definitive implant, symmetrization of
the contralateral side can be performed to conclude the
reconstructive process and decrease the psychological
burden of the oncologic disease. In case radiation is nee-
ded, radiation to the TE before the exchange permits sur-
geons to address any radiation-induced complication
during the second stage [10]. On the other hand, it is well
known that radiation to the TE generates a prolonged time
for TE-to-implant exchange. Therefore, some surgeons
may prefer to perform the exchange before radiation starts,
as operating on irradiated tissues can be extremely chal-
lenging [11, 12]. Finally, delaying postmastectomy radio-
therapy may be a concern for some radiation oncologists as
this window can theoretically contribute to an increased
risk of local recurrence [13]. Hence, expeditious transition
into a definitive implant is paramount for some patients.

Previous studies have focused on the optimal timing of
TE-to-implant exchange after TE irradiation in immediate
two-stage IBBR [14-16]. However, there is limited evi-
dence regarding the factors causing a prolonged transition
into a definitive implant in patients undergoing two-stage
IBBR. This study aimed to review our experience with
IBBR using TEs, focusing on the time for TE-to-implant
exchange and determining which patient-associated or
surgical-related variables can cause a prolonged time for
exchange into a definitive implant.

Methods and Patients

Institutional Review Board (IRB) approval was obtained,
and a retrospective review of medical records was con-
ducted at a single academic center. Adult women (> 18
years) undergoing immediate two-stage IBBR with TEs
after total mastectomy between January 2011 and May
2021 were included. Delayed TE placement, direct-to-im-
plant reconstruction, and autologous tissue-assisted recon-
struction at the time of TE placement were our exclusion
criteria. As radiation to the TE can significantly increase
the time for exchange, we did not include these recon-
structions. However, we included reconstructions that
required postmastectomy radiotherapy to the permanent
implant (after TE-to-implant exchange).

The utilization of ADM products, plane for TE place-
ment, intraoperative TE volume, type of filling (air/saline),
time to initiate outpatient expansions, and time for TE-to-
implant exchange depended on the attending surgeon’s
preference and the patients’ availability. When ADMs were
used, TEs were partially wrapped along the inferior pole
for submuscular reconstruction or completely wrapped for
prepectoral TE placement [17]. Prepectoral or subpectoral
TE placement, the use of acellular dermal matrix (ADM)
products, and using inferiorly-based dermal flaps have been
previously reported [3, 6, 17, 18]. Each individual recon-
struction (hemithorax) was regarded as an independent
subject for analysis. Drains were removed once output was
less than 30-cc per day during 48 consecutive hours.

The time to complete outpatient expansions was defined
as the period from immediate TE placement to the postop-
erative day when the last expansion was performed once the
TE volume was deemed appropriate. The time for TE-to-
implant exchange was defined as the period from the day of
immediate TE placement to the postoperative day when the
TE was removed, and a definitive implant was placed. Cases
with prolonged time for TE-to-implant exchange were
defined as those with a time for exchange longer than the 75th
percentile (three-fourths) of that of the overall study group.

Data Extraction

We extracted the following data for this study: number of
reconstructions, age, smoking status, body mass index, past
medical history of diabetes or hypertension, race/ethnicity,
preoperative hematocrit, type of the reconstruction (bilat-
eral/unilateral), diagnosis and stage of the oncologic pro-
cess, status of hormonal receptors, type of mastectomy
(nipple-sparing/skin-sparing), mastectomy pattern, esti-
mated blood loss, plane for TE insertion (prepectoral/sub-
pectoral), type of intraoperative TE filling, use of SPY
fluorescence imaging, use of ADMs, blocks with local
anesthesia, and neoadjuvant and adjuvant therapies (e.g.,
radiotherapy, chemotherapy). The mastectomy patterns
were classified according to the categories described by
Dec et al. [19]. Our surgical outcomes included the intra-
operative TE volume, number of drains, drain duration,
time for first outpatient expansion, final TE volume, time to
conclude outpatient expansions, time for TE-to-implant
exchange, size of the implant, 30-day morbidity, and
complications during the first stage of reconstruction.

For postoperative complications, we calculated the rate
of hematoma, return to the operating room (RTOR) for
hematoma evacuation, seroma, periprosthetic infection,
infection-related TE explantation, wound disruption (e.g.,
mastectomy flap necrosis, dehiscence), wound disruption-
related unplanned interventions (excision/debridement and
closure or TE explantation/removal), TE displacement, TE
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leak, fat necrosis, and capsular contracture. For this study,
all TEs removed during the first phase of reconstruction
(with TEs) secondary to any complication were replaced
with a second TE in a delayed fashion or were immediately
exchanged for a second TE.

Statistical Analysis

Fisher’s exact test was used to analyze categorical data.
Continuous data were analyzed with the ¢ test or Mann—
Whitney test. Non-normal data were presented as median
and interquartile range [IQR]. To determine which factors
were independent predictors for a prolonged time for TE-
to-implant exchange, variables deemed statistically signif-
icant during univariable analysis were integrated into a
multivariable regression model. To assess the fitting
behavior of the regression model, the area under the
receiver operating characteristic (ROC) curve was esti-
mated. An area under the curve greater than 0.6 suggested a
satisfactory performance of the model.

Multivariable linear regression analysis was used to
analyze whether there was a significant association
between the time to finish the last outpatient expansion
(days) and the time for TE-to-implant exchange (days).
Natural log transformations were applied to variables
incorporated in the linear regression if a significant p-value
rejected the null hypothesis for the Shapiro—Wilk test. All
analyses were performed using R statistical software, ver-
sion 4.0.0 (R Core Team, 2020) [20]. A p < 0.05 was
considered statistically significant.

Results

We initially included 527 immediate IBBRs with TEs in
335 patients. Forty-five reconstructions of the 527 had
either abandoned IBBR or were still undergoing expan-
sions when this study was concluded. At the time of
chart review, 482 reconstructions underwent TE-to-implant
exchange and were preliminary analyzed. From our pre-
vious experience, we knew radiation of TEs considerably
increased the time for exchange (Supplemental Data 1).
Thus, we excluded 40 reconstructions that received radio-
therapy to the TE, and we ultimately included 442 recon-
structions in our analysis (Fig. 1).

Overall, the median age for our series was 51 years
[IQR, 43-59] and the median body mass index was 26.43
kg/m® [IQR, 23.3-30.4]. Most reconstructions were per-
formed in White/Caucasian (80.8%) and African-Ameri-
can/Black patients (10.4%). Overall, 4.3% of the
reconstructions were performed in current smokers, while
33.3% were performed in former smokers. Twenty-eight
percent of the reconstructions were performed in patients
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Fig. 1 Flowchart of subjects included in the present study

with past medical history of hypertension and 6.3% in
patients with diabetes mellitus (Table 1).

Most reconstructions were performed after therapeutic
mastectomy (56.1%). Data regarding the diagnosis and
staging of breast cancer are reported in Table 2. Pre-mas-
tectomy radiotherapy was reported in 1.6% of the recon-
structions, while 14.9% of the reconstructions were
performed in patients who had neoadjuvant chemotherapy.
Adjuvant chemotherapy was reported in 23.1% of the
reconstructive cases, while 9.3% of the reconstructions
received adjuvant radiotherapy to the definitive implant
after TE-to-implant exchange. Adjuvant radiotherapy to the
implant was performed at a median time of 38 days (IQR,
30-55 days) after TE-to-implant exchange.

Peripheral nerve blocks were used in 44.3% of the
reconstructions. Most ablative procedures were skin-spar-
ing mastectomies (85.5%). The transverse mastectomy
pattern (e.g., teardrop-shaped, fusiform periareolar, obli-
que) was the most common pattern for incisions (60.4%).
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Table 1 Baseline characteristics and demographic data Table 2 Oncologic data
Variables Frequency/median Variable Frequency

Reconstructions (%) 442 (100%)

Age (years) 51 [IQR, 43-59]

Race/ethnicity
White/Caucasian (%) 357 (80.8%)
Black/African-American (%) 46 (10.4%)
Hispanic/Latino (%) 15 (3.4%)
Other (%) 24 (5.4%)

Body mass index (kg/m?)
BMI > 30 kg/m?
Smoking status

Never (%)

Former (%)

Current (%)
Diabetes (%)
Hypertension (%)

26.43 [IQR, 23.33-30.39]
120 (27.1%)

276 (62.4%)
147 (33.3%)
19 (4.3%)
28 (6.3%)
124 (28.1%)

Preoperative hematocrit (%) 40 [IQR, 37.6-42]

BMI body mass index

The median mastectomy specimen weight was 519.5 gr
[IQR, 355.25-769]. Most procedures were bilateral
(81.2%) and subpectoral (74.7%) reconstructions using
textured TEs (65.4%). SPY fluorescence imaging was used
in 30.5% of the cases. ADMs were used in 89.1% of the
cases (Table 3). Saline was used in 76.5% of the cases for
intraoperative filling of TE, while air was used in 23.5% of
the reconstructions. Most reconstructions had two drains in
place at the time of reconstruction (69.2%).

Surgical Outcomes

The surgical outcomes are reported in Table 4. The median
length of stay was 1 day [IQR, 1-2]. The median intra-
operative expansion volume was 250 ml [IQR, 100-300].
The median duration of drains was 14 days [IQR, 11-20].
The median time for first outpatient expansion was 22 days
[IQR, 15-34], and the time to complete the expansion
process was 51.5 days [IQR, 35-82.5]. The median volume
of TEs at the end of the expansion process was 470 ml
[IQR, 362.5-557.75]. The median time for TE-to-implant
exchange was 155 days [IQR, 107-232]. Cases that had a
prolonged time for TE-to-implant exchange (> 75th per-
centile) were defined as those undergoing exchange on
postoperative day 232 or afterward (Fig. 2). The median
time to receive a definitive implant in reconstructions that
had a prolonged exchange was 337 days [IQR, 272—457],
and for those that underwent an early exchange was 131
days [IQR, 93.5-176.75] (p < 0.001).

Reconstructions (%) 442 (100%)
Indication
Therapeutic (%)

Prophylactic (%)

248 (56.1%)
194 (43.9%)

Side
Right (%) 227 (51.4%)
Left (%) 215 (48.6%)
Diagnosis

No malignancy (%) 194 (43.9%)

IDC (%) 156 (35.3%)
ILC (%) 30 (6.8%)
DCIS (%) 54 (12.2%)
LCIS (%) 1 (0.2%)
Phyllodes (%) 2 (0.5%)
Other (%) 5 (1.1%)
Stage
Stage 0 (%) 55 (12.4%)
Stage I (%) 121 (27.4%)
Stage II (%) 58 (13.1%)
Stage 111 (%) 12 (2.7%)
Tumor size
Tis (%) 55 (12.4%)
T1 (%) 115 (26%)
T2 (%) 59 (13.3%)
T3-T4 (%) 17 (3.8%)
Nodal involvement
N1 (%) 30 (6.8%)
N2-N3 (%) 4 (0.9%)
ER negative (%) 47 (10.6%)
PR negative (%) 73 (16.5%)
HER?2 positive (%) 34 (7.7%)
Pre-mastectomy radiotherapy (%) 7 (1.6%)
Neoadjuvant chemotherapy (%) 66 (14.9%)
Adjuvant radiotherapy
Radiation of tissue expander (%) t 0 (0%)
Radiation of definitive implant (%) 41 (9.3%)

Adjuvant chemotherapy (%) 102 (23.1%)

DCIS ductal carcinoma in situ, /DC invasive ductal carcinoma, ILC
invasive lobular carcinoma, LCIS lobular carcinoma in situ, ER
Estrogen Receptor, HER2 human epidermal growth factor receptor 2,
PR progesterone receptor

Radiation of TEs considerably increased the time for exchange and
these reconstructions were excluded from our final analysis

Logistic Regression Analysis
We evaluated factors associated with a prolonged time for

TE-to-implant exchange following immediate TE place-
ment (> 232 days) (Supplemental Data 2). Diabetes (OR
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Table 3 Data of the surgical procedure

Variable Frequency/median

Reconstructions (%) 442 (100%)

Mastectomy
SSM (%) 378 (85.5%)
NSM (%) 64 (14.5%)

Mastectomy specimen weight (gr) 519.5 [IQR, 355.25-769]

Laterality
Unilateral (%)
Bilateral (%)

Mastectomy skin pattern

83 (18.8%)
359 (81.2%)

Transverse (%) 267 (60.4%)

Tennis racket (%) 18 (4.1%)
Vertical (%) 17 (3.8%)
Wise pattern (%) 75 (17%)
Inframammary (%) 53 (12%)
Periareolar (%) 10 (2.3%)
Transverse supra-IMF (%) 2 (0.5%)

SPY fluorescence imaging
Nerve block
Tissue expander surface
Smooth (%)
Textured (%)

Timing

135 (30.5%)
196 (44.3%)

153 (34.6%)
289 (65.4%)
Immediate (%) 442 (100%)
Plane

112 (25.3%)
330 (74.7%)
394 (89.1%)
53 (12%)

Prepectoral (%)

Subpectoral (%)
Acellular dermal matrix
Autoderm
Intraoperative expansion

Saline (%)

Air (%)
Number of drains

One drain (%)

Two drains (%)

338 (76.5%)
104 (23.5%)

136 (30.8%)
306 (69.2%)

IMF inframammary fold, SSM skin-sparing muscle, NSM nipple-
sparing mastectomy

2.75, p = 0.01), the stage of the oncologic disease (Stage I
versus no malignancy; OR 0.55, p = 0.037), neoadjuvant
chemotherapy (OR 2.02, p = 0.012), SPY fluorescence
imaging (OR 0.46, p = 0.004), subpectoral versus prepec-
toral device placement (OR 1.77, p = 0.037), length of stay
(OR 1.73, p < 0.001), using air versus saline for intraop-
erative TE filling (OR 0.41, p = 0.004), using two drains
versus one drain (OR 0.485, p = 0.001), the time to initiate
outpatient expansions (OR 1.01, p < 0.001), the time to
conclude outpatient expansions (OR 1.016, p < 0.001), the
final TE volume (OR 1.001, p = 0.044), the size of the
definitive implant (OR 1.002, p = 0.04), and adjuvant
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irradiation to the definitive implant (OR 0.29, p = 0.023)
were initially associated with either prolonged or early TE-
to-implant exchange on univariable analysis.

On multivariable analysis, diabetes (OR 4.05, p = 0.006),
neoadjuvant chemotherapy (OR 2.76, p = 0.006), an
increased length of stay (OR 1.54, p=0.013), and a lengthier
time to complete outpatient expansions (OR 1.018, p <
0.001) were independently associated with increased odds of
a prolonged time for TE-to-implant exchange. On the other
hand, the use of two drains versus one (OR 0.4, p=0.004) and
performing adjuvant radiotherapy to the definitive implant
(OR 0.21, p = 0.037) were independently associated with
decreased odds of a prolonged TE-to-implant exchange
(Table 5). This means that using two drains instead of one
and adjuvant radiotherapy to the definitive implant increased
the probability of an early exchange. The area under the
curve was estimated to be 0.818 (Fig. 3).

Complication Profile

We investigated the rate of complications of the first stage to
characterize morbidity among reconstructions that had pro-
longed TE-to-implant exchange and those undergoing early
exchange. In terms of acute complications, a higher rate of
30-day TE explantations secondary to infection was reported
inreconstructions that had a prolonged time for TE-to-implant
exchange (5.4% vs. 0.9%, p = 0.01) (Table 6). Evaluating the
entire time between immediate reconstruction and exchange,
higher rates of periprosthetic infection (21.4% vs. 9.7%, p =
0.004), infection-related TE explantations (8% vs. 1.5%, p =
0.002), and wound disruption-related TE explantations (8%
vs. 1.8%, p=0.004) were reported in reconstructions that had a
prolonged time for TE-to-implant exchange (Table 7).

Linear Regression Analysis

Multivariable linear regression analysis confirmed the (log-
transformed) time to complete outpatient expansions to be
a significant predictor for the (log-transformed) time for
TE-to-implant exchange after adjusting for the rate of
30-day periprosthetic infection-related TE explantations
and rate of wound disruption-related TE explantations
(Supplemental Data 3). The (log-transformed) time to
complete outpatient expansions was positively associated
with the (log-transformed) time for TE-to-implant
exchange in our different models.

Discussion
This study demonstrated that the time for TE-to-implant

exchange can be highly heterogeneous among subjects.
Using our predetermined threshold for prolonged TE-to-
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Table 4 Surgical outcomes Surgi
urgical outcome

Median

Estimated blood loss (ml)
Length of stay (days)

Intraoperative tissue expander volume (ml)

Duration of drains (days)

Time for first outpatient expansion (days)
Time to complete outpatient expansions (days)
Final tissue expander volume (ml)

Time for TE-to-implant exchange (days)

Implant size (cc)

125 [IQR, 75-200]
1 [IQR, 1-2]

250 [IQR, 100-300]

14 [IQR, 11-20]

22 [IQR, 15-34]
51.5 [IQR, 35-82.5]
470 [IQR, 362.5-557.75]
155 [IQR, 107-232]
520 [IQR, 425-620]

IQR interquartile range, m/ milliliters, TE tissue expander

330 cases (74.7%)

120

100

Frequency

N
o

]

112 cases (25.3%)

I:D Defined as Prolonged time
for TE-to-Implant Exchange

0-58 59-115 116-173 174-231 232-289 290-348 349-407 408-466 467-525 526-584 526-585 526-586 526-587 590-1000 >1000
Time for TE-to-Implant Exchange (days)

Fig. 2 Distribution of time for TE-to-implant exchange in the overall study population. In 330 cases (74.7%), TE-to-implant exchange occurred
within 231 days postoperatively; while in 112 cases (25.3%), TE-to-implant exchange occurred on the 232 postoperative day or afterward

implant exchange (> 232 days), we found that past medical
history of diabetes, neoadjuvant chemotherapy, an
increased length of stay, and an increased time to complete
outpatient expansions increased the odds of a prolonged
time for exchange. Conversely, using two versus one drain
and adjuvant radiotherapy to the definitive implant expe-
dited the exchange process (decreased the odds of a pro-
longed time for exchange).

In this study, the time to complete outpatient expansions
was 51.5 days [IQR, 35-82.5]. However, outcomes on this
matter have been highly diverse with the mean of different
studies ranging from 21 to 133 days [9, 21]. Similar to our

outcomes, Collins et al. reported the mean time to complete
the expansion process to be 58 days (range, 21-177) [22],
while Foo et al. reported an average of 4-5 weeks (28-35
days) [23]. When comparing the plane of TE placement,
two different studies have shown that a prepectoral
approach reduced the time of the expansion process com-
pared to a subpectoral approach [24, 25]. Wormer et al.
registered a mean time to expansion completion of 40.4 £+
37.8 days with prepectoral placement compared to 62.5 +
50.2 days with a subpectoral technique (p < 0.001) [24].
Likewise, Haddock et al. reduced the time to complete
expansions from 49.11 £ 44.07 days with subpectoral
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Table 5 Binomial

multivariable regression Predictor OR 93% ¢l p-value
analysis evaluating predictors Lower Upper
associated with prolonged TE- Diabetes 4.058 1.495 11.016 0.006 +
to-implant exchange (> 232
days) Stage
No malignancy Ref.
Stage 0 1.143 0.496 2.634 0.754
Stage 1 0.588 0.303 1.141 0.116
Stage 11 1.479 0.637 3.436 0.362
Stage III 0.987
Neoadjuvant chemotherapy 2.762 1.337 5.706 0.006 t
SPY fluorescence imaging 0.873 0.425 1.795 0.712
Plane
Prepectoral Ref.
Subpectoral 0.527 0.189 1.474 0.222
Length of stay 1.54 1.095 2.164 0.013 +
Intraoperative filling
Saline Ref.
Air 0.379 0.134 1.074 0.068
Number of drains
One drain Ref.
Two drains 0.402 0.215 0.752 0.004 +
Time for first outpatient expansion 0.999 0.991 1.007 0.749
Time to complete outpatient expansions 1.018 1.012 1.025 < 0.001 f
Final tissue expander volume 1 0.997 1.003 0.895
Definitive implant size 1 0.997 1.003 0.927
Definitive implant irradiation 0.217 0.051 0.912 0.037 +
CI confidence interval OR odds ratio
TStatistically significant
1.00 4 placement to 23.48 =+ 34.67 days with a prepectoral
approach (p < 0.001) [25]. Another strategy to reduce the
expansion time presented in contemporary reports has been
the incorporation of carbon dioxide-based expansions using
0781 remote-activated TEs. Ascherman et al. reported a median
- time to complete expansions of 21 days (range, 5-117
s days) with AirXPanders for prepectoral and subpectoral
B 0.50 1 IBBR [21].
3 In our study, the median time for TE-to-implant
exchange was 155 days. Heterogeneity within and between
0.25 A studies has also been a constant for this outcome. Using
AirXPanders (AeroForm TE), the authors reported a
median time to reach exchange of 112 days (range, 55-329
0.00 - days) [21]. Other authors using standard TEs have reported
T T T T T the time for exchange to be 154 days, similar to our result
000 02 050 07e 100 [22]. Remarkably, although prepectoral approach may
1 - Specificity

Fig. 3 Receiver operating characteristic (ROC) curves for logistic
regressions evaluating independent predictors of prolonged time for
TE-to-implant exchange (area under the curve, 0.818)
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reduce the time to complete outpatient expansions [24], the
time to reach TE-to-implant exchange has been comparable
among patients undergoing subpectoral and prepectoral
reconstruction in several articles. For instance, as reported
by Wormer et al. (200.5 % 93.3 days versus 169.3 £ 56.1,
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Table 6 30-day morbidity of

the first stage following IBBR Complication Prolonged Early Total p-value
with tissue expanders Reconstructions 112 (25.3%) 330 (74.7%) 442 (100%)
30-day seroma 9 (8%) 35 (10.6%) 44 (10%) 0.584
30-day hematoma 3 (2.7%) 11 3.3%) 14 (3.2%) 0.732
RTOR for hematoma 1 (0.9%) 8 (2.4%) 9 2%) 0.459
30-day infection 14 (12.5%) 26 (7.9%) 40 (9%) 0.18
Infection-related explantation 6 (5.4%) 3 (0.9%) 9 2%) 0.010 f
30-day wound disruption 19 (17%) 41 (12.4%) 60 (13.6%) 0.263
30-day mastectomy flap necrosis 14 (12.5%) 28 (8.5%) 42 (9.5%) 0.262
30-day dehiscence 6 (5.4%) 14 (4.2%) 20 (4.5%) 0.605
30-day E/D + C 12 (10.7%) 29 (8.8%) 41 (9.3%) 0.573
Wound-related explantation 4 (3.6%) 4 (1.2%) 8 (1.8%) 0.117
30-day morbidity 27 (24.1%) 84 (25.5%) 111 (25.1%) 0.802
E/D £ C excision/debridement + closure
TStatistically significant
g‘;lt)l:t:gecfzﬁlgvl;icr?g(;g%g Iiliih Complications Prolonged Early Total p-value
tissue expanders Reconstructions 112 (25.3%) 330 (74.7%) 442 (100%)
Seroma 23 (20.5%) 63 (19.1%) 86 (19.5%) 0.783
Hematoma 5 (4.5%) 13 (3.9%) 18 (4.1%) 0.785
Infection 24 (21.4%) 32 (9.7%) 56 (12.7%) 0.003
Infection-related explantation 9 (8%) 5 (1.5%) 14 (3.2%) 0.002 §
Fat necrosis 2 (1.8%) 5 (1.5%) 7 (1.6%) 0.843
Wound disruption 25 (22.3%) 49 (14.8%) 74 (16.7%) 0.079
Mastectomy flap necrosis 16 (14.3%) 30 (9.1%) 46 (10.4%) 0.151
Dehiscence 10 (8.9%) 25 (7.6%) 35 (7.9%) 0.686
E/D £ C 15 (13.4%) 36 (10.9%) 51 (11.5%) 0.495
Wound-related explantation 9 (8%) 6 (1.8%) 15 (3.4%) 0.004 +
Capsular contracture 0 (0%) 0 (0%) 0 (0%) 0.999
Tissue expander displacement 2 (1.8%) 2 (0.6%) 4 (0.9%) 0.267
Tissue expander leak 3 (2.7%) 6 (1.8%) 9 2%) 0.698

E/D + C excision/debridement =+ closure

TStatistically significant

p =0.191) [24], or as evident from our previous propensity
score-matched analysis (175 days vs. 152 days, p = 0.53),
no difference was found regarding the time of exchange
comparing the prepectoral versus subpectoral technique
[3]. Of note, studies comparing microtextured versus
macrotextured TEs have also demonstrated an extended
mean time for exchange of almost a year (11.9 months vs.
11.7 months, p = 0.474) [9].

Benefits of early exchange include that patients can
undergo nipple reconstruction in a more expeditious way,
can undergo symmetrization procedures of the contralateral
side (e.g., contralateral mastopexy, reduction mammo-
plasty, augmentation mammoplasty), and can conclude the
reconstructive process. Furthermore, an early TE-to-im-
plant exchange has been suggested to increase satisfaction

among patients. For instance, Foo et al. highlighted that
81% of patients preferred an early exchange (within two
weeks of the last outpatient expansion) rather than a late
exchange (6 months after outpatient expansions were
completed [23].

Although there is no definitive consensus on an ideal
timing to receive a definitive implant after ambulatory
expansions, an early TE-to-implant exchange has been
favored by several authors as it can also decrease the rate of
some postoperative complications. Schwartz presented a
retrospective study of 430 reconstructions undergoing
“conventional” exchange surgery at least 6 months after
initial TE placement (n = 224), and reconstructions that
underwent a rapid exchange protocol, 3—6 weeks after
initial TE placement, (n = 206) [26]. Compared to
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“conventional” exchange, a rapid exchange had a lower
rate of overall major late complications (7.6% vs. 1.5%, p =
0.003), major infectious complications after TE exchange
(3.9% vs. 0%, p < 0.001), and infection-related device
explantations (3.6% vs. 0%, p < 0.001) [26]. On multi-
variable analysis, “conventional” exchange was associated
with major late infectious complications requiring implant
removal or salvage (OR 3.6, 95%CI 1.4 to 7.8, p = 0.009).
In another study, Fuji et al. presented a case series of 25
breasts that underwent reconstruction with TEs but were
not exchanged within a year of immediate TE placement
(first stage) [27]. The incidence of TE rupture was deter-
mined to begin at 1.5 years after the initial insertion, and
the cumulative rate of TE rupture was 32.6% and 55.1% by
the third and fifth year, respectively [27].

From our analysis, we found that some complications
following immediate TE placement were associated with a
prolonged time for TE-to-implant exchange. For instance,
surgeons may delay TE-to-implant exchange if the recon-
struction presents with periprosthetic infection to let the
inflammation subside and achieve complete resolution of
the infectious process. Although the incidence of these
complications may have a meaningful influence on the
timing for exchange, we believe that a shorter period to
conclude outpatient expansions can be an even stronger
predictor for early TE-to-implant exchange. Certainly, our
multivariable linear regression analysis confirmed our
hypothesis demonstrating a strong association between the
time to complete outpatient expansions and time for
exchange (days) when adjusting for the incidence of
30-day infection-related TE explantations and wound dis-
ruption-related TE explantations. Further studies are
required to determine an adequate window between
immediate TE placement and exchange for a definitive
implant that yields the best surgical outcomes in terms of
safety.

Of note, adjuvant chemotherapy may delay the expan-
sion process at some institutions. Furthermore, some sur-
geons may argue that these patients could be at a higher
risk of valve site infection, and they recommend avoiding
expansion sessions during periods of immunosuppression
secondary to chemotherapy. At our institution, we always
schedule the expansion during the weeks when patients are
not undergoing adjuvant chemotherapy. As chemotherapy
is not administered weekly but every other week, we
coordinate with our medical oncology group to ensure that
expansion occurs during the weeks when patients are not
receiving chemotherapy. Additionally, we strictly adhere to
a minimum 72-hour interval after the last chemotherapy
dose before proceeding with any expansion.

@ Springer

Limitations

Although a specific database was systematically created for
this study and the subject population is substantially
homogeneous, this study has some limitations. The retro-
spective nature of this study limits how accurately data
were recorded when reviewing the records of patients.
Multiple surgeons performed the oncologic and recon-
structive segments of the procedures. Variations between
institutions regarding operating room availability, the sur-
geons’ preferences, and the patients’ schedules and avail-
ability for expansion, may limit the reproducibility and the
external validity of our results. Causality cannot be deter-
mined due to the type of study.

Conclusion

As evident from our analysis, the time for TE-to-implant
exchange is highly heterogeneous among patients. As
suspected, factors that are historically associated with
increased risk of complications such as neoadjuvant
chemotherapy and diabetes increased the odds of pro-
longed time for TE-to-implant exchange. On the other
hand, the need for postmastectomy radiotherapy aiming to
irradiate the breast after exchange was an independent
predictor to decrease the time for TE-to-implant exchange.
Although several complications may affect the timing for
TE-to-implant exchange, efforts must be directed to final-
ize outpatient expansions as soon as possible to expedite
the transition into a definitive implant.
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