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Abstract

Background Due to fluctuations in contemporary trends for breast reconstruction, we aimed to perform a comparative
analysis to assess postoperative outcomes and complications of immediate implant-based breast reconstruction (IBBR) with
tissue expander before and over the course of the COVID-19 pandemic.

Methods Consecutive adult women undergoing total mastectomy and immediate two-stage IBBR with tissue expanders
between September 2018 and May 2021 were included. Two groups were compared: reconstructions performed before
COVID-19 (pre-pandemic) and reconstructions performed after the implementation of the COVID-19 policies at our insti-
tution. We compared postoperative complications and perioperative outcomes (e.g., length of stay, expander volume, time
for definitive implant) between groups.

Results One hundred fourteen patients representing 192 reconstructions with expanders were included. One-hundred twenty-
eight (66.6%) were performed before the COVID-19 pandemic, while 64 (33.3%) were performed during the pandemic.
A larger proportion of reconstructions performed during the pre-pandemic era had a prolonged length of stay (>2 days)
compared to reconstructions performed during the COVID-19 pandemic (43% versus 9.4%, p <.001). The median time from
immediate IBBR to initiate outpatient expansions (22 days [IQR, 15-34]; p=0.45) and to conclude outpatient expansion was
(52 days [IQR, 40-76]; p=0.85) comparable between groups. The rates of 30-day complications and rates of complications
during the expansion period were similar between groups.

Conclusion Due to adjustments in perioperative management and the implementation of institutional and state recom-
mendations, IBBR with tissue expander during the COVID-19 pandemic exhibited a reduced length of stay compared to
pre-pandemic reconstructions without increased morbidity.

Level of evidence: Level IV, Risk/Prognostic

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

Introduction

In 2020, the COVID-19 pandemic led to a unique disrup-
tion in healthcare services and surgical treatment for women
diagnosed with breast cancer in the United States and the
world [1]. While COVID-19 was announced as a worldwide
pandemic by the World Health Organization (WHO), the
American College of Surgeons (ACS) issued a series of clin-
ical directives advising the postponement of non-essential
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surgeries to safeguard the health of patients and healthcare
providers, as well as to preserve hospital resources [1, 2].
Breast cancer treatment recommendations were fre-
quently updated in response to the increasing COVID-19
infection rates [1]. During the initial phase of the pandemic,
when hospital resources and staff were restricted, a special
communication regarding the treatment of breast cancer
suggested that suitable patients should proceed with breast-
conserving therapy (BCT) instead of mastectomy [1, 3].
For patients who required total mastectomy, reconstructive
surgery could be performed if hospital resources permitted
[3]. Furthermore, the guidelines of the COVID-19 Pandemic
Breast Cancer Consortium limited breast reconstruction to
alloplastic procedures only, while postponing autologous
reconstruction [3]. These circumspect recommendations
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were based on the uncertain hazards that COVID-19 posed
to cancer patients and emerged from well-thought-out tactics
to enhance the provision of surgical care [4, 5]. In this set-
ting, immediate breast reconstruction presented a distinctive
surgical difficulty, as it combined the exigency of surgical
oncology (the mastectomy) with both a functional and an
aesthetic component (the reconstruction) that could be com-
promised for the sake of patient safety [6, 7].

A recent study evaluating the effects of COVID-19 on
mastectomy and breast reconstruction using the National
Surgical Quality Improvement Program (NSQIP) database
revealed a significant decline in direct-to-implant recon-
struction (20.7% to 18.2%) and an upsurge in tissue expander
reconstruction (64.0% to 68.4%) from 2019 to 2020 [1].
Due to these fluctuations in contemporary trends for breast
reconstruction, we aimed to perform a comparative analy-
sis to assess postoperative outcomes and complications of
immediate implant-based breast reconstruction (IBBR) with
tissue expander before and over the course of the COVID-19
pandemic.

Our alternative hypothesis (H1) posited that immedi-
ate reconstructions during the COVID-19 pandemic would
result in a shorter hospital stay but a longer time to initiate
and complete outpatient expansions compared to reconstruc-
tions performed during the pre-pandemic era. Additionally,
we hypothesized that reconstructions carried out during
the COVID-19 pandemic would exhibit a higher rate of
complications.

Methods and patients

Institutional Review Board approval at a single large medi-
cal center was obtained for this study and a retrospective
review of medical records was conducted. Consent was
obtained from patients. Consecutive adult women undergo-
ing total mastectomy and immediate two-stage IBBR with
tissue expanders between September 2018 and May 2021
were included. Reconstructions performed with direct-to-
implant approach, autologous tissue at the time of expander
placement (e.g., latissimus dorsi-assisted reconstruction), or
delayed device placement were excluded from our study.
Patients with metastatic disease or who expressed the desire
for autologous reconstruction after tissue expander were
excluded (delayed-immediate autologous reconstruction).
In collaboration with the Monroe County Health Depart-
ment, the New York State Department of Health, and the
Center for Disease Control and Prevention (CDC), the Uni-
versity of Rochester Medical Center established a response
to the global COVID-19 outbreak. On February 29 2020,
at 03:26 AM, a comprehensive policy was provided that
outlined procedures concerning the triage, diagnosis, and
isolation of suspected COVID-19 patients, and guidance
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to be used by providers and staff who provided care to or
encountered these patients. Patients were extensively coun-
seled about the risk of COVID-19 infection and the differ-
ent surgical techniques available for breast reconstruction
[8]. Two groups were compared: reconstructions performed
before COVID-19 (pre-pandemic) and reconstructions per-
formed after the implementation of the COVID-19 policy
at our institution.

Patients undergoing mastectomy were offered consulta-
tion with plastic surgeons and they were evaluated to deter-
mine if they were adequate candidates for reconstruction
[9]. The surgical technique for IBBR with expanders has
been reported in our previous articles [10-14]. The type
of mastectomy (nipple- or skin-sparing) and the decision
to perform sentinel lymph node biopsy (SLNB) or axillary
lymph node dissection (ALND) depended on the surgical
oncologist. The type of incision pattern, regional anesthesia
blocks, use of fluorescence imaging for perfusion assess-
ment, incorporation of acellular dermal matrix (ADM) prod-
ucts, number of drains, plane for tissue expander placement,
intraoperative volume of the expander, type of filling of the
expander (saline/air), and time to start outpatient expansions
depended on the reconstructive surgeon’s preference. Drains
were removed when output was less than 30-cc over 24 h for
2 consecutive days.

Study variables

We extracted data on the demographic information, comor-
bidities, American Society of Anesthesiologists (ASA) sta-
tus, preoperative hematocrit, time of follow-up, indication
for surgery, diagnosis and staging of the oncologic disease,
neoadjuvant or adjuvant systematic chemotherapy and radi-
otherapy, type of mastectomy, laterality of the procedure
(bilateral/unilateral), incision pattern [15], axillary surgery
for cancer staging, weight of mastectomy specimen, sur-
face of tissue expanders or implants, plane of reconstruc-
tion (prepectoral/subpectoral) [12], use of ADM or autoderm
(inferiorly based dermal flap), filling of tissue expanders
(air/saline) [16], and number of drains. Surgical outcomes
included the length of stay, estimated blood loss, tissue
expander initial intraoperative volume, time to initiate and
finish outpatient expansions, final tissue expander volume,
and time for expander-to-implant exchange. Data on the size
of the definitive implant, procedures for capsule revision
during exchange, and fat grafting during exchange or after
exchange were also collected.

Relevant complications analyzed in this study included
hematoma, return to the operating room (RTOR) for evacu-
ation of hematoma, seroma, periprosthetic infection, infec-
tion-related unplanned procedures, wound disruption (e.g.,
mastectomy flap necrosis, dehiscence), wound disruption-
related unplanned interventions (debridement or excision,
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or device explantation), expander leak, prosthesis displace-
ment, fat necrosis, implant rupture, use of latissimus dorsi
flap for reconstruction salvage, and capsular contracture.

Statistical analysis

Each reconstruction was considered an independent research
subject for analysis. Thus, a single patient could contribute
two sets of data in bilateral cases. Normality was assessed
with the Shapiro—Wilk test. Continuous data were analyzed
with the t-test or Mann—Whitney test. Normally distributed
data were presented as mean + standard deviation, while
non-normal data were presented as median and interquartile
range [IQR]. Fisher’s exact test was used to analyze categori-
cal data. Categorical data were presented as frequency and
percentage. A p-value <0.05 was determined to be statisti-
cally significant.

Binomial logistic regression analysis was conducted to
assess predictors associated with prolonged length of stay
(>2 days). Patient-related, oncologic, and surgical variables
associated with prolonged length of stay on univariable anal-
ysis were incorporated into a multivariable logistic regres-
sion model to determine which factors were independent
predictors of prolonged length of stay. Goodness-of-fit of
the multivariable regression model was estimated with the
area under the receiver operating characteristic (ROC) curve.
An area under the curve greater than 0.6 implied an accept-
able performance of the regression. Statistical analysis was
performed using R statistical software, version 4.0.0 (R Core
Team, 2020) [17].

Results
Characteristics of subjects

One hundred fourteen patients representing 192 reconstruc-
tions with expanders were included (Table 1). One-hundred
twenty-eight (66.6%) were performed before the COVID-
19 pandemic, while 64 (33.3%) were performed during the
pandemic. The average age between groups was similar
(52.8 years versus 52.094 years, p=0.68). Most reconstruc-
tions were performed in White/Caucasian (75%) and Black/
African American patients (18.8%, p=0.22). A similar pro-
portion of reconstructions were performed in obese patients
in the pre-pandemic group and COVID-19 group (25% ver-
sus 39.1%, p=0.064). The proportions of reconstructions
performed in former smokers (35.9% versus 39.1%) and cur-
rent smokers (3.1% versus 0%, p=0.46) were comparable
between groups.

The rates of different comorbidities among patients were
similar between cohorts showing no statistical significance.
A higher proportion of reconstructions in the COVID-19

group were performed in patients ASA 3 (39.1% versus
22.7%) and ASA 4 (1.6% versus 0%, p=0.034) compared
to reconstructions in the pre-pandemic group. Due to the
inherent temporal consideration of the study methodology,
a lengthier follow-up was present in the pre-pandemic group
compared to the COVID-19 group (30.262 months versus
15.852 months, p <0.001).

Oncologic data

Oncologic data on diagnosis and staging are reported in
Table 2. The rate of pre-mastectomy radiotherapy was simi-
lar between groups (2.3% versus 0.0%, p=0.55). Nonethe-
less, the rate of reconstructions performed in patients receiv-
ing neoadjuvant chemotherapy was significantly higher
during the COVID-19 pandemic group compared to the
pre-pandemic period (31.3% versus 11.7%, p=0.001). The
rate of reconstructions that received adjuvant radiotherapy
was similar between groups (14.1% versus 16.4%, p =0.83).
Likewise, the rate of reconstructions performed in patients
receiving adjuvant chemotherapy was also comparable
between groups (21.9% versus 21.1%, p=1.00).

Surgical characteristics

Most reconstructions were performed as bilateral pro-
cedures (79.7% versus 83.6%, p=0.549) and were per-
formed following skin-sparing mastectomy (87.5% versus
76.6%, p=0.085). Near half of the reconstructions were
performed with concomitant nerve blocks (pre-pandemic,
57.8; COVID-19, 56.3%; p=0.88). A larger proportion of
reconstructions performed during the COVID-19 pandemic
had a wise pattern for mastectomy incisions (42.2% versus
23.4%, p<0.001). A similar proportion of reconstructions
had SLNBs in the pre-pandemic group (44.5%) compared
to the COVID-19 group (43.8%). Similarly, the proportion
of cases that had ALND were comparable between the pre-
pandemic and COVID-19 group (7% versus 10.9%, p=0.64)
(Table 3).

Fluorescence imaging for mastectomy flap perfusion
assessment was conducted in a similar proportion of cases
in the pre-pandemic and COVID-19 group (70.3% versus
76.6%, p=0.39). A larger proportion of reconstructions
performed in the COVID-19 group received smooth tissue
expanders compared to reconstruction in the pre-pandemic
group (100% versus 68.8%, p <0.001). Also, a larger pro-
portion of tissue expanders were placed in the prepectoral
plane in the COVID-19 group compared to the pre-pandemic
group (73.4% versus 49.2%, p=0.001). ADMs were used
to a greater extent during the COVID-19 pandemic (100%
versus 89.8%, p=0.005).
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Table 1 Baseline demographic
characteristics

Variable Pre-pandemic COVID-19 Total p-value
Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
Age (years) 52.805+11.467 52.094+11.015 52.568 +11.294 0.6821
Race/Ethnicity 0.2208
White/Caucasian 91 (71.1%) 53 (82.8%) 144 (75%)
Black/African American 27 (21.1%) 9 (14.1%) 36 (18.8%)
Other 10 (7.8%) 2 (3.1%) 12 (6.3%)
BMI (kg/m?) 26.9 28.8 27.8 0.04017
[IQR, 23.3—29.9] [IQR, 25.5—33.3] [IQR, 24.1—30.7]
Obesity (>30 kg/m?) 32 (25%) 25 (39.1%) 57 (29.7%) 0.0646
Menopausal status 0.8777
Premenopausal 54 (42.2%) 28 (43.8%) 82 (42.7%)
Postmenopausal 74 (57.8%) 36 (56.3%) 110 (57.3%)
Smoking Status 0.4606
Never 78 (60.9%) 39 (60.9%) 117 (60.9%)
Former 46 (35.9%) 25 (39.1%) 71 (37%)
Current 4 (3.1%) 0 (0.0%) 4 (2.1%)
Diabetes mellitus 12 (9.4%) 4 (6.3%) 16 (8.3%) 0.5852
Hypertension 43 (33.6%) 29 (45.3%) 72 (37.5%) 0.1178
Thyroid disease 18 (14.1%) 8 (12.5%) 26 (13.5%) 0.8268
Hyperlipidemia 26 (20.3%) 13 (20.3%) 39 (20.3%) 1.000
COPD 28 (21.9%) 10 (15.6%) 38 (19.8%) 0.3424
ASA Physical Status 0.0345%
ASA 1 11 (8.6%) 4 (6.3%) 15 (7.8%)
ASA 2 88 (68.8%) 34 (53.1%) 122 (63.5%)
ASA 3 29 (22.7%) 25 (39.1%) 54 (28.1%)
ASA 4 0 (0.0%) 1(1.6%) 1 (0.5%)
Hematocrit (%) 40 39 40 0.5571
[IQR, 37—42] [IQR, 37.2—43] [IQR, 37—43]
Follow-up (months) 30.262 15.852 25 <.0001F

[IQR, 24.6—35.96]

[IQR, 13.9—18.7]

[IQR, 17.2—33.9]

ASA American Society of Anesthesiologists, BMI body mass index, COPD chronic obstructive pulmonary
disease, COVID-19 Coronavirus Disease 2019

T Statistically significant

Surgical outcomes

The median estimated blood loss was higher in reconstruc-
tions performed during the COVID-19 pandemic (175 ml
[IQR, 100-232.5] versus 150 ml [IQR, 100-200]; p=0.047).
A larger proportion of reconstructions performed dur-
ing the pre-pandemic era had a prolonged length of stay
(>2 days) compared to reconstructions performed during the
COVID-19 pandemic (43% versus 9.4%, p<0.001) (Fig. 1).
The median volume for intraoperative filling of the tissue
expanders was comparable between groups (240 ml versus
250 ml; p=0.958) (Table 4). The median time from imme-
diate breast reconstruction to start outpatient expansions
was also similar between groups (22 days versus 23 days;
p=0.45). The median time for drain removal was length-
ier in the pre-pandemic group compared to the COVID-
19 group (13.5 days [IQR, 11-17] versus 12.5 days [IQR,
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8-15]; p=0.005). The median time from tissue expander
placement to the last outpatient expansion was 52 days (IQR,
40-76; p=0.85), while the median time for TE-to-implant
exchange was 147 days (IQR, 104.5-203; p=0.249).

Multivariable analysis

We evaluated the factors associated with prolonged length
of stay after immediate breast reconstruction with expand-
ers (>2 days) (Supplemental Material 1). On univariable
analysis, older age (OR 0.969, p=0.027), reconstructions
performed during COVID-19 (OR 0.137, p<0.001), and
using ADMs (OR 0.031, p=0.001) were associated with
reduced odds of prolonged length of stay. On the other
hand, reconstructions performed in Black/African Ameri-
can versus White/Caucasians (OR 3.0, p=0.004) or
other races/ethnicities versus White/Caucasians (OR 4.2,
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Tgble 2 .Data on the O"CO‘O%%iC Variable Pre-pandemic COVID-19 Total p-value
diagnosis, staging, and medical
treatment Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
Indication 0.4385
Therapeutic 71 (55.5%) 40 (62.5%) 111 (57.8%)
Prophylactic 57 (44.5%) 24 (37.5%) 81 (42.2%)
Side 0.7599
Right 62 (48.4%) 33 (51.6%) 95 (49.5%)
Left 66 (51.6%) 31 (48.4%) 97 (50.5%)
Diagnosis 0.4458
No Cancer 57 (44.5%) 24 (37.5%) 81 (42.2%)
DCIS 13 (10.2%) 10 (15.6%) 23 (12%)
LCIS 0 (0.0%) 1(1.6%) 1 (0.5%)
IDC 48 (37.5%) 25 (39.1%) 73 (38%)
ILC 7 (5.5%) 4 (6.3%) 11 (5.7%)
Other 3(2.3%) 0 (0.0%) 3(1.6%)
Stage 0.4894
Stage 0 13 (10.2%) 11 (17.2%) 24 (12.5%)
Stage I 44 (34.4%) 19 (29.7%) 63 (32.8%)
Stage ITA 6 (4.7%) 4 (6.3%) 10 (5.2%)
Stage 1IB 4(3.1%) 5(7.8%) 9 (4.7%)
Stage IIIA 3(2.3%) 1(1.6%) 4 (2.1%)
Stage IIIC 1(0.8%) 0 (0%) 1(0.5%)
Tumor 0.1272
Tis 13 (10.2%) 11 (17.2%) 24 (12.5%)
T1 29 (22.7%) 20 (31.3%) 49 (25.5%)
T2 20 (15.6%) 9 (14.1%) 29 (15.1%)
T3 8(6.3%) 0 (0.0%) 8 (4.2%)
Tx 1(0.8%) 0 (0.0%) 1(0.5%)
Nodal Status 0.7290
N1 12 (9.4%) 7 (10.9%) 19 (9.9%)
N2-N3 2 (1.6%) 2 (3.1%) 4 (2.1%)
ER Negative 14 (10.9%) 8 (12.5%) 22 (11.5%) 0.8113
PR Negative 21 (16.4%) 14 (21.9%) 35 (18.2%) 0.4281
HER?2 Positive 5(3.9%) 7 (10.9%) 12 (6.3%) 0.1089
Pre-mastectomy Radiotherapy 3(2.3%) 0 (0.0%) 3 (1.6%) 0.5521
Neoadjuvant Chemotherapy 15 (11.7%) 20 (31.3%) 35 (18.2%) 0.0014%F
Adjuvant Radiotherapy 21 (16.4%) 9 (14.1%) 30 (15.6%) 0.8335
Irradiation of TE 10 (7.8%) 6 (9.4%) 16 (8.3%) 0.7836
Irradiation of Implant 11 (8.6%) 34.7%) 14 (7.3%) 0.3926
Adjuvant Chemotherapy 27 (21.1%) 14 (21.9%) 41 (21.4%) 1.000

COVID-19 Coronavirus Disease 2019, ER estrogen receptor, DCIS ductal carcinoma in situ, ER estrogen
receptor, HER2 human epidermal growth factor receptor 2, IDC invasive ductal carcinoma, ILC invasive
lobular carcinoma, LCIS lobular carcinoma in situ, PR progesterone receptor, TE tissue expander

T Statistically significant

p=0.019), bilateral versus unilateral reconstructions (OR
3.18, p=0.0237), larger mastectomy specimen weights (OR
1.001, p=0.008), increased volume of estimated blood loss
(OR 1.004, p=0.017), and using textured versus smooth
tissue expanders (OR 3.541, p<0.001) were associated with
increased odds of prolonged length of stay.

On multivariable analysis, a large volume of estimated
blood loss (OR 1.005, 95%CI 1.001 to 1.008; p =0.006)
was independently associated with prolonged length of
stay. Conversely, using ADMs (OR 0.051, 95%CI 0.006
to 0.462; p=0.008) or performing reconstruction during
COVID-19 versus pre-pandemic era (OR 0.138, 95%CI
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Table 3 Information of surgical ablation and reconstruction

Variable Pre-pandemic COVID-19 Total p-value
Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
Type of Mastectomy 0.0851
SSN 98 (76.6%) 56 (87.5%) 154 (80.2%)
NSM 30 (23.4%) 8 (12.5%) 38 (19.8%)
Laterality 0.5495
Unilateral 21 (16.4%) 13 (20.3%) 34 (17.7%)
Bilateral 107 (83.6%) 51 (79.7%) 158 (82.3%)
Nerve Block 74 (57.8%) 36 (56.3%) 110 (57.3%) 0.8877
Intercostal 5(3.9%) 10 (15.6%) 15 (7.8%)
Pectoralis 69 (53.9%) 26 (40.6%) 95 (49.5%)
Incision Pattern 0.00057
Inframammary 23 (18%) 4(6.3%) 27 (14.1%)
Transverse 65 (50.8%) 27 (42.2%) 92 (47.9%)
Wise Pattern 30 (23.4%) 27 (42.2%) 57 (29.7%)
Peri-areolar 8 (6.3%) 0 (0.0%) 8 (4.2%)
Vertical 2 (1.6%) 4(6.3%) 6 (3.1%)
Supra IMF 0(0.0%) 2 (3.1%) 2 (1%)
Axillary Surgery 0.6413
SLNB 57 (44.5%) 28 (43.8%) 85 (44.3%)
ALND 9 (7%) 7 (10.9%) 16 (8.3%)
Mastectomy Weight (gr) 553.5 578 563.5 0.4806
[IQR, 358—811.75] [IQR, 421.5—828.25] [IQR, 377—817.25]
Fluorescence Imaging SPY 90 (70.3%) 49 (76.6%) 139 (72.4%) 0.3962
Surface of Tissue Expander
Smooth 88 (68.8%) 64 (100%) 152 (79.2%) <.0001F
Textured 40 (31.3%) 0(0.0%) 40 (20.8%)
Plane of Device 0.0019F
Prepectoral 63 (49.2%) 47 (73.4%) 110 (57.3%)
Subpectoral 65 (50.8%) 17 (26.6%) 82 (42.7%)
ADM 115 (89.8%) 64 (100%) 179 (93.2%) 0.0053F
Autoderm 22 (17.2%) 18 (28.1%) 40 (20.8%) 0.0911
Filling of TEs
Saline 61 (47.7%) 27 (42.2%) 88 (45.8%) 0.5397
Air 67 (52.3%) 37 (57.8%) 104 (54.2%)
No. of drains 0.3859
One Drain 16 (12.5%) 11 (17.2%) 27 (14.1%)
Two Drains 112 (87.5%) 53 (82.8%) 165 (85.9%)
Type of drains <.0001F
Blake 77 (60.2%) 61 (95.3%) 138 (71.9%)
Jackson-Pratt (JP) 51 (39.8%) 3 (4.7%) 54 (28.1%)

ADM acellular dermal matrix, ALND axillary lymph node dissection, COVID-19 Coronavirus Disease 2019, IMF infra-mammary fold, NSM
nipple-sparing mastectomy, SLNB sentinel lymph node biopsy, SSM skin-sparing mastectomy, TE tissue expander

T Statistically significant

0.048 to 0.394; p=0.0002) were independently associated
with reduced odds of prolonged length of stay (Table 5).
The area under the curve was estimated to be 0.808 for the
regression model (Fig. 2).
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Tissue expander complications

The overall 30-day morbidity and the rates of all 30-day
complications following immediate tissue expander
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Fig. 1 Comparison for length of stay, time for drain removal, time for
first outpatient expansion, and time to finish outpatient expansions
between groups. Each box represents the 25th to 75th percentile for

Table 4 Surgical outcomes following immediate breast reconstruction

[ Pre-pandemic

First Outpatient Expansion

O Mean

Last Outpatient Expansion

duration or time in days. The error bars represent the shortest and

longest operative time associated with each box plot

Outcomes Pre-pandemic COVID-19 Total p-value
Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
Estimated blood loss (ml) 150 175 150 0.0471%
[IQR, 100—200] [IQR, 100—232.5] [IQR, 100—200]
Length of stay (days) 1 1 1 <.0001F
[IQR, 1—2] [IQR, 1—1] [IQR, 1—2]
Length of stay § <.00017F
<2 days 73 (57%) 58 (90.6%) 131 (68.2%)
>2 days (Prolonged) 55 (43%) 6 (9.4%) 61 (31.8%)
TE intraoperative volume (ml) 240 250 240 0.9589
[IQR, 50—300] [IQR, 1—300] [IQR, 50—300]
Time for first outpatient expansion (days) 22 23 22 0.4508
[IQR, 15—33] [IQR, 15.5—37.5] [IQR, 15—34]
Time for drain removal (days) 13.5 12.5 13 0.0059%
[IQR, 11—17] [IQR, 8—15] [IQR, 10—16.25]
Final TE volume (ml) 441.8+150.03 486.8+147.1 456.7+150.2 0.0513
Time for final expansion (days) 50 57 52 0.8554
[IQR, 40—78] [IQR, 40.5—73] [IQR, 40—76]
Time for TE-to-implant exchange (days) 143.5 147 147 0.2491

[IQR, 112—203]

[IQR, 89—200.5]

[IQR, 104.5—203]

COVID-19 Coronavirus Disease 2019, TE tissue expander

T Statistically significant

$ Expressed as categorical variable
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Table 5 Multivariable logistic regression esvaluating factors associ-
ated with prolonged length of stay (>2 days)

Predictor Odds ratio  95% CI p-value
Lower Upper
Age (years) 0.988 0953 1.024 0.513
Race/Ethnicity
White/Caucasian Ref
Black/African American 1.228 0.431 3.502 0.7007
Other 2.055 0.467 9.041 0.3404
Laterality
Unilateral Ref
Bilateral 2.448 0.774 7.748 0.1276
Mastectomy Weight (gr) 1.001 1 1.002  0.1031
Time Period
Pre-pandemic Ref
COVID-19 0.138 0.048 0.394 0.00027
Estimated Blood Loss 1.005 1.001 1.008 0.0067F
Surface of Tissue Expander
Smooth Ref
Textured 1.335 0.52 3.423  0.548
Acellular Dermal Matrix 0.051 0.006 0.462 0.0082F
COVID-19 Coronavirus Disease 2019
AUC 0.808
T Statistically significant
1.00 A
0.75 A
2
=
% 0.50
3
0.25 A
0.00 A
0.00 0.5 0.50 0.75 1.00
1 - Specificity

Fig.2 Receiver operating characteristic (ROC) curves for logistic
regressions evaluating independent predictors of prolonged length of
stay (area under the curve, 0.808)

placement were similar between groups (Table 6). Even after
adjusting for several possible confounders, the impact of the
COVID-19 pandemic on the rate of 30-day complications
was not significant (Supplemental Material 2). The rates of
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all complications evaluated during the whole period of tissue
expansion were comparable between groups (Table 7). The
rates of seroma (25.8% versus 18.8%, p=0.36), hematoma
(7% versus 4.7%, p =6.3%), periprosthetic infection (14.8%
versus 12.5%, p=0.82), fat necrosis (1.6% versus 0.0%,
p=0.55), wound disruption (18% versus 17.2%, p=1.00),
unplanned debridement procedure for wound disruption
(10.9% versus 10.9%, p=1.00), capsular contracture (2.3%
versus 1.6%, p=1.00), use of latissimus dorsi flap for recon-
struction salvage (4.7% versus 0.0%, p=0.18), and abandon-
ment of IBBR (5.5% versus 7.8%, p=0.53) were similar
between groups.

Tissue expander-to-implant exchange

At the time of chart review, one-hundred twenty recon-
structions of the pre-pandemic group and fifty-nine of the
COVID-19 group successfully underwent tissue expander-
to-implant exchange (Table 8). The rates of reconstruc-
tions that underwent capsulotomy (66.7% versus 47.5%),
partial capsulectomy (8.3% versus 11.9%), and total cap-
sulectomy (1.7% versus 0.0%, p=0.39) at the time of
exchange were comparable between the pre-pandemic and
COVID-19 group. The mean size of the definitive implant
was 515.5+140.3 cc in the pre-pandemic group, and
520.4+141.8 cc in the COVID-19 group (p =0.82). Most
definitive implants had a smooth surface (98.3% versus
100%, p=1.00). Simultaneous fat grafting at the time of
exchange was performed in almost half of the reconstruc-
tions (57.5% versus 54.2%, p=0.749). The volume of autol-
ogous fat simultaneously injected during exchange was simi-
lar between groups (90 ml [IQR, 70-115] versus 108.5 ml
[IQR, 57.5-121.25]; p=0.91).

Fat grafting after exchange was performed in 15.6% of
the reconstructions (p =0.62). Most had one session of fat
grafting (14.5%) while only 1.1% of the cases had two ses-
sions of fat grafting. The median volume of autologous fat
delivered after expander-to-implant exchange was similar
between the pre-pandemic and COVID-19 group (122.7+71
versus 122.9 +61, p=0.993). Finally, the rates of all compli-
cations evaluated after exchanging the expanders for defini-
tive implants were similar between groups (Supplemental
Material 3).

Discussion

The objective of this research study was to assess the extent
to which the COVID-19 pandemic affected breast cancer
surgical treatment and immediate reconstruction with tis-
sue expanders at a particular institution in New York State
[18]. Our study demonstrated that IBBR during the COVID-
19 pandemic exhibited comparable 30-day morbidity and
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Tab|e§ T.hir ty-day . . Thirty-day Complications Pre-pandemic COVID-19 Total p-value
complications after immediate
tissue expander placement Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
30-day Seroma 19 (14.8%) 7 (10.9%) 26 (13.5%) 0.5105
30-day Hematoma 8 (6.3%) 3 4.7%) 11 (5.7%) 0.7544
RTOR for hematoma evacuation 4 (3.1%) 3 4.7%) 7 (3.6%) 0.6878
30-day Infection 9 (7%) 3 4.7%) 12 (6.3%) 0.7538
Infection-related TE removal 5(3.9%) 0 (0%) 5(2.6%) 0.1714
30-day Wound Disruption 18 (14.1%) 8 (12.5%) 26 (13.5%) 0.8268
30-day Skin Necrosis § 14 (10.9%) 7 (10.9%) 21 (10.9%) 1.000
30-day Dehiscence § 6 (4.7%) 1(1.6%) 7 (3.6%) 0.4277
Excision or Debridement 12 (9.4%) 5(7.8%) 17 (8.9%) 0.7944
Wound-related TE removal 4 (3.1%) 1(1.6%) 5(2.6%) 0.6664
30-day Morbidity 36 (28.1%) 19 (29.7%) 55 (28.6%) 0.8662

COVID-19 Coronavirus Disease 2019, IBBR implant-based breast reconstruction, RTOR return to the oper-

ating room, TE tissue expander

$ Not mutually exclusive

Table 7 Complications after

. Complications Pre-pandemic COVID-19 Total p-value
tissue expander placement
Reconstructions 128 (66.6%) 64 (33.3%) 192 (100%)
Seroma 33 (25.8%) 12 (18.8%) 45 (23.4%) 0.3664
Hematoma 9 (7%) 3(4.7%) 12 (6.3%) 0.7538
RTOR 4(3.1%) 3(4.7%) 7 (3.6%) 0.6878
Periprosthetic Infection 19 (14.8%) 8 (12.5%) 27 (14.1%) 0.8262
Infection-related TE removal 10 (7.8%) 2 (3.1%) 12 (6.3%) 0.3431
Fat Necrosis 2 (1.6%) 0 (0.0%) 2 (1.0%) 0.5532
‘Wound Disruption 23 (18%) 11 (17.2%) 34 (17.7%) 1.000
Mastectomy Flap Necrosis § 18 (14.1%) 8 (12.5%) 26 (13.5%) 0.8268
Dehiscence § 9 (7%) 4(6.3%) 13 (6.8%) 1.000
Excision or Debridement 14 (10.9%) 7 (10.9%) 21 (10.9%) 1.000
‘Wound-related TE removal 9 (7%) 2 (3.1%) 11 (5.7%) 0.3418
Capsular Contracture 3(2.3%) 1(1.6%) 4 (2.1%) 1.000
Lat. dorsi flap for salvage 6 (4.7%) 0 (0.0%) 6 (3.1%) 0.1810
IBBR Abandonment 7 (5.5%) 5(7.8%) 12 (6.3%) 0.5385

COVID-19 Coronavirus Disease 2019, IBBR implant-based breast reconstruction, RTOR return to the oper-

ating room, TE tissue expander

¥ Not mutually exclusive

a similar overall rate of complications compared to data
from the pre-pandemic era. Due to the implementation of
different policies to preserve healthcare resources for hos-
pitalized patients and to limit both patient and surgical team
risk of virus transmission, we found a significant reduction
in the length of stay following immediate IBBR during the
COVID-19 pandemic compared to the pre-pandemic era. As
opposed to our initial hypothesis or expected outcome, the
time to initiate outpatient expansions and the time to con-
clude the expansion process were not affected by COVID-19.

Although the duration of hospitalization after surgery in the
U.S. has been decreasing gradually since 2008, the COVID-19

pandemic led to the prioritization of outpatient procedures
[19]. This shift towards outpatient procedures has been further
reinforced due to the need for operation triage during the pan-
demic [18, 20]. The effects of COVID-19 on plastic surgery
and breast reconstruction have been noteworthy [20, 21]. In
this study, we achieved to significantly reduce the length of
stay during the COVID-19 pandemic without increasing the
overall 30-day morbidity or the rates of complications dur-
ing the time expanders remained in the mastectomy pockets.
Similar to our outcomes, other reports have supported the
idea of reducing the length of stay after immediate IBBR
without increasing perioperative morbidity [5, 19]. A recent

@ Springer
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Table 8 Surgical information of tissue expander-to-implant exchange and revision procedures

Variables Pre-pandemic COVID-19 Total p-value
Reconstructions 120 (67.03%) 59 (32.97%) 179 (100%)
Capsule revision at the time of exchange 0.398
None 28 (23.3%) 24 (40.7%) 52 (29.1%)
Capsulotomy 80 (66.7%) 28 (47.5%) 108 (60.3%)
Capsulectomy (partial) 10 (8.3%) 7(11.9%) 17 (9.5%)
Capsulectomy (total) 2 (1.7%) 0(0.0%) 2 (1.1%)
Implant Size (cc) 515.5+140.3 520.4+141.8 517.15+140.4 0.8276
Surface of Implant 1.000
Smooth 118 (98.3%) 59 (100%) 177 (98.9%)
Textured 2 (1.7%) 0(0%) 2(1.1%)
Simultaneous FG during exchange 69 (57.5%) 32 (54.2%) 101 (56.4%) 0.7491
Volume of FG at the time of exchange (ml) 90 108.5 90 0.9096
[IQR, 70—115] [IQR, 57.5—121.25] [IQR, 70—120]
FG after exchange 0.6245
No fat grafting 102 (85%) 49 (83.1%) 151 (84.4%)
One Session 16 (13.3%) 10 (16.9%) 26 (14.5%)
Two Sessions 2 (1.7%) 0 (0%) 2 (1.1%)
Volume of FG after exchange (ml) 122.7+71.03 122.9+61.01 122.75+£66.5 0.9931

COVID-19 Coronavirus Disease 2019, FG fat grafting

study using NSQIP data from 2007 through 2019, the authors
demonstrated no difference in overall 30-day postoperative
complication rates between patients who had same-day sur-
gery discharge (<24 h) with IBBR compared to patients who
had non-same-day surgery discharge [19].

We investigated several predictors for prolonged length
of stay on multivariable analysis. Although several reports
have suggested regional anesthesia blocks may expedite
patient discharge and reduce length of stay following IBBR
[22, 23], we did not find an association between regional
anesthesia blocks and a reduced length of stay, as it was also
demonstrated in a recent study by Chow et al.[19] On the
other hand, on multivariable analysis, we demonstrated that
performing IBBR during the COVID-19 was determined to
be an independent predictor associated with early patient
discharge.

Several studies have established strong associations
between increased morbidity following elective procedures
and infection by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [24-27]. On this matter, our study
presents proof that performing immediate two-stage pros-
thetic breast reconstruction with expanders is both practical
and secure even in the midst of the COVID-19 pandemic.
Similar to the studies presented by other authors [28], we
experienced a similar complication rate following IBBR
between the pre-pandemic and COVID-19 group.

There are few case reports demonstrating the incidence
of late seromas following COVID-19 infection, [29-31] or
the incidence of potential localized and systemic reactions

@ Springer

in implant carriers after receiving a COVID-19 vaccine [31].
The temporal relationship between the occurrence of breast-
related complications and infection with SARS-CoV-2,
seroconversion, or administration of vaccines is still yet
to be further evaluated in prospective studies. Of note, the
implementation of a direct-to-implant approach may avoid
postoperative visits and requirements of an exchange proce-
dure in selected patients; hence, reducing patient exposure
to healthcare institutions and reducing risk of COVID-19
infection [32].

Limitations

The retrospective design of this study and the use of insti-
tutional databases for mastectomy data limited its scope.
Mistakes in Current Procedural Terminology (CPT®) cod-
ing may affect the number of cases observed. Additionally,
the study is based on the experience of a single institution
and its findings may lack external validity. This study did
not evaluate short-term oncologic outcomes since there
wasn't enough time to follow-up on these patients. Like-
wise, due to the temporal feature of the SARS-CoV-2, the
pre-pandemic group had a lengthier follow-up compared
to the COVID-19 group. Due to limitations regarding the
acquisition of data, the effect of immunological factors
(e.g., seroconversion after SARS-CoV-2 infection, fluctua-
tions in C-reactive protein levels) on the rate of complica-
tions was not evaluated.
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Conclusions

Our study presents proof that performing immediate IBBR
with tissue expanders is both practical and secure amid the
COVID-19 pandemic. Due to the adjustment in periopera-
tive management and the implementation of institutional and
state recommendations, IBBR with tissue expander during
the COVID-19 pandemic exhibited a reduced length of stay
compared to pre-pandemic reconstructions.
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