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Abstract

Introduction: In order to achieve a complication-free breast
reconstruction, it is fundamental for each individual patient
case to determine preoperatively certain risk factors that
might have a negative impact on the postoperative result af-
ter skin-sparing (SSM) or nipple-sparing mastectomy (NSM).
Methods: A retrospective study of 39 female breast cancer
patients who received SSM or NSM breast reconstruction in
our department (time interval: 2010-2015), was performed.
The study focus is on determining patient characteristics
(e.g., demographics, history of radiotherapy/chemotherapy,
menopausal status, amount of resected breast tissue) lead-
ing to higher complication rates. Results: Overall, 50 mastec-
tomies (27 SSM and 23 NSM) with 6 immediate and 35 imme-
diate 2-stage tissue expander breastreconstructionsamount-
ing to a total of 41 surgical interventions (n = 41) were carried
out. Median follow-up time was 2 years and 5 months (range
121-1,863 days). Increased complication rates were associ-
ated with the following patient characteristics: age >50 years
(p < 0.05) and personal history of cardiovascular disease (p <
0.05). Increased but not significant risk factors included post-
menopausal status (p = 0.07), radiotherapy prior to SSM/NSM
(p = 0.06), and weight of resected breast tissue >438 g (p =

0.09). Conclusion: This work identified age >50 years and per-
sonal history of cardiovascular disease to be risk factors for
increased complication rates following SSM and NSM. There-
fore, the given findings should be taken into account when
selecting patients for these 2 procedures.
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Introduction

The diagnosis of breast cancer — with a lifetime inci-
dence of 1 out of 8 women - brings about many major
challenges for the patient and the treating breast surgeon
[1].In 1991, skin-sparing mastectomy (SSM) was first de-
scribed by Toth and Lappert [2] with resecting the whole
breast and nipple-areola complex while preserving the
skin envelope including the native inframammary fold
[1]. The first report of nipple-sparing mastectomy (NSM)
came from Hinton et al. [3], who stated that NSM achieved
comparable local recurrence rates and survival rates com-
pared to radical mastectomy [1]. Patient selection for
NSM should be based on study of breast duct anatomy by
magnetic resonance imaging, mammographic tumor-
nipple distance, and obligatory intraoperative frozen sec-
tion from retroareolar tissue [4]. Moreover, tumor size,
axillary lymph node status, lymphovascular invasion, and
degree of intraductal component are factors used to in-
clude SSM/NSM candidates [4].
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Table 1. Patient characteristics in our study cohort

Patient characteristics

Study outcome

Patient age
Menopausal status

Time interval (first diagnosis to SSM/NSM)

Operation time (SSM/NSM)
Implant volume (SSM/NSM)
Time until drainage removal
Revision needed to achieve RO resection

@ 49 years (range 35-74 years)
@ BMI 24.5 (healthy weight)
46 days

©®2h 18 min

@ 346 mL (range 130-650 mL)
O 6 days

In 26% of all patients

Information about patient age, menopausal status, time interval (event of breast cancer diagnosis until
performing of SSM/NSM), operation time needed for SSM/NSM, implant volume used for SSM/NSM, time until
drainage removal in days, revision needed to achieve RO resection in all patients (in %) in our patient cohort

(n = 39) is presented.

In this context, SSM and NSM offer essential treat-
ment options to achieve a safe oncologic and aestheti-
cally pleasing breast reconstruction (BR). Both tech-
niques have each been established in the literature to be
an effective alternative to radical mastectomy [5, 6]. The
aim of this study is to determine patient characteristics
such as patient age, smoking, alcohol abuse, patient
weight (BMI), general health factors, history of radiother-
apy and/or chemotherapy prior to surgery, menopausal
status, and amount of resected breast tissue leading to
higher complication rates.

Patients and Methods

A retrospective data analysis was performed including all pa-
tients who underwent SSM/NSM followed by immediate or im-
mediate 2-stage tissue expander BR by experienced plastic surgery
specialists within our department (time interval: 2010-2015). Af-
ter a detailed pre-operation discussion, the informed patient de-
cided which kind of BR approach should be performed. In all cas-
es with only minimal breast tissue thickness, a final BR with free
tissue transfer was strongly recommended. If no immediate BR
after SSM/NSM was done, immediate 2-stage tissue expander BR
with implementation of a “Becker” expander by Mentor (Santa
Barbara, CA, USA) was performed in order to expand the skin
envelope and/or avoid skin shrinkage. The initial fill volume for
the expanders was set to be around 100 mL less than the preop-
erative estimated breast volume in order to avoid postoperative
cutaneous shrinkage. Then every 2-4 weeks thereafter, another
40-80 mL of fill volume were added to the expander until the de-
sired breast size was reached. In the rare case of a skin breakdown
(while receiving the expander treatment), expander explantation
had to be performed. In all cases of implant-based BR, silicone
“Style 410 implants” by Allergan (Parsippany-Troy Hills, NJ,
USA) were used for subpectoral augmentation. Surgical drains
were placed in all operations (one per side). A single dose of in-
travenous antibiotics was administered intraoperatively. If free
tissue transfer was performed, the first choice of treatment was
deep inferior epigastric perforator flap. If certain contraindica-
tions for using deep inferior epigastric perforator flap were given,
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inferior gluteal artery perforator flap was chosen as a second re-
constructive option.

Being part of our hospital’s Breast Center, our Plastic Surgery
Department was integrated into an interdisciplinary treatment of
breast cancer patients together with the Department of Gynaecol-
ogy, Oncology, Pathology, Radiology, and Radiotherapy. Patients
who were planned by our Breast Center for adjuvant radio- or che-
motherapy following SSM/NSM were excluded from this study.

Prior to NSM/SSM surgery, the Department of Gynaecology
was responsible for staging each patient. Patients selected for NSM
must have had peripherally located tumors <3 cm in size and clin-
ically negative lymph nodes on levels I-III in the axillae. Specific
pathologic assessment of the nipple margin was performed, and
nipple removal was indicated if involvement with cancer was seen.
For SSM, histopathological proof with no signs of cutaneous tu-
mor cell infiltration is needed in order to perform this surgical
procedure and maintain the skin envelope.

Patient cases with simultaneous oncologic and prophylactic
SSM/NSM (bilateral) were counted as one surgical event. For sta-
tistical reasons, it was more precise to use the total amount of sur-
gical interventions because as a statistical end factor, occurrence of
postoperative complications was set. Therefore, in our patient data
set, the number of surgical events (n = 41) compared to all per-
formed SSM/NSM (n = 50) procedures is lower.

Follow-Up

A single investigator (F.J.P.) independently conducted patient
follow-up by reviewing medical charts and routine postoperative
exams at standardized time increments.

Outcome Measures

The primary end point was the occurrence of short-term com-
plications (<6 months) defined as skin necrosis (breakdown of the
skin envelope without implant exposure), infection (postoperative
superficial or profound infection of the breast), seroma (postop-
erative clear serous fluid formation), hematoma (due to [sub-]ac-
tive bleeding), or implant exposure (breakdown of the skin enve-
lope with implant exposure). Secondary study end points were
long-term complications (>6 months) including implant loss (in-
cident that resulted in implant explantation) and malposition of
the implant (implant dislocation resulting in reoperation).

Statistical analysis was performed in order to determine if po-
tential risk factors such as patient age, smoking, alcohol and/or
drug abuse, high or low patient weight (BMI), general health fac-
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41 OPs with 50 SSM/NSM
in 39 pat. (TI: 2010 - 2015)

27x SSM (22x Onco./5x Pro.)
23x NSM (14x Onco./9x Pro.)

6x primary BR
33x secondary BR

BR after @ 131d (0-665d)
with 37x implants, 13x free
flaps (12x DIEP + 1x i-GAP)
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Fig. 1. Patient treatment chart showing treatment algorithm of pa-
tients with breast cancer receiving SSM/NSM. TI, time interval;
Onco., oncologic; Pro., prophylactic; BR, breast reconstruction.

tors (cardiovascular disease, diabetes, lung disease, renal and liver
failure), hyper-/hypothyroidism, history of radiotherapy and/or
chemotherapy, menopausal status, and amount of resected breast
tissue (g) might have an effect on occurrence of short and/or long-
term complications. Additionally, further focus was on tumor en-
tities and recurrence.

Statistical Analysis

Continuous variables were expressed as median (range) and cat-
egorical variables as percentages (frequencies) if not otherwise spec-
ified. Cumulative event rates stratified by risk factors were estimated
using product limit (Kaplan-Meier) methods and were tested for sig-
nificant differences between strata using the log-rank test. All con-
tinuous risk factors were stratified using age >50 years to define in-
creased age, BMI of 225 to define overweight, and weight of resected
breast tissue >75th percentile (438 g) to define large breasts. Kaplan-
Meier survival curves were fitted for short-term complications, with
illustration restricted to 712 days (=2 years). Patients were censored
after the first event. All statistical tests were performed using SAS
software (version 9.4, SAS Institute Inc., Cary, NC, USA). A two-
sided p value of <0.05 was considered statistically significant.

Results

Overall, 50 mastectomies (27 SSM and 23 NSM) with
6 immediate and 35 immediate 2-stage tissue expander
BR (14 free tissue transfers and 36 implant-based BR)
amounting to a total of 41 surgical interventions (n =
41) were carried out. SSM and NSM were performed on
39 breast cancer patients (solely by the Plastic Surgery
Department within our hospital). Twenty-eight cases

Risk Factors for Complications after SSM
and NSM

Fig. 2. Distribution of breast carcinoma types in our patient cohort
(n=39). Tumor types: invasive ductal carcinoma, invasive lobular
carcinoma, invasive carcinoma of no special type (NST), ductal
carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS), pro-
phylactic SSM/NSM, tumor recurrence after breast-conserving
surgery (BCS). Also included into patient cohort: 4x Paget’s dis-
ease (all treated with SSM). * + 8x DCIS; ** + 1x DCIS; *** + 6x
DCIS.

involved sentinel lymph node biopsy, among which 5
gave indication for subsequent complete axillary dis-
section. Treatment algorithms are demonstrated in Fig-
ure 1.

Oncological context of our cohort ranged from TNM
stage 0 to IITA (UICC ICD-10 TNM classification) in-
cluding 25 cases of invasive breast carcinomas, 9 cases of
ductal carcinoma in situ, 1 case of lobular carcinoma in
situ, and 3 cases of recurrence after breast-conserving
therapy. The distribution of carcinoma types is visualized
in Figure 2. Further details about our patient pool are
shown in Table 1.

After performing initial SSM/NSM, in 26% of all treat-
ed patients, histopathological examination revealed re-
maining tumor cells in the border regions (R1 resection).
Therefore, revision surgery in order to achieve RO resec-
tion status was carried out (for oncologic reasons, im-
plants or expanders were changed during this procedure).
Tumor recurrences in our patient cohort were detected in
4 patients (11.8%) after performing oncologic SSM/NSM,
including 2 patients with local recurrence (5.9%) and 2
patients with distant recurrence (5.9%). During the given
follow-up interval, 1 patient, who suffered from distant
recurrence, passed away.
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Fig. 3. Kaplan-Meier estimates of the probability of short-term
complications stratified by age (<50 and >50 years; patients with
an increased age were more likely to develop short-term complica-
tions; p = 0.006; A), by history of cardiovascular disease (patients
with a history of cardiovascular disease showed the tendency to
develop short-term complications; p = 0.01; B), by menopausal
status (postmenopausal status was associated with an increased
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short-term complication rate at a p value of 0.07; C), by weight of
removed breast tissue (<438 vs. 2438 g; increased weight of re-
moved breast tissue [>438 g, 75th percentile] was connected with
an increased short-term complication rate at a p value of 0.09; D),
and by history of radiotherapy (having a history of radiotherapy
before breast surgery [SSM/NSM] was associated with an in-
creased short-term complication rate at a p value of 0.06; E).
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Table 2. Overall complication rate

Skin necrosis Infection Seroma Hematoma Implantexposure Implant malposition Implantloss Total
Short-term complications, 1 (%) 5(10) 1(2) 2 (4) 1(2) 1(2) - - 10 (20)
Long-term complications, 7 (%) - - - - - 4(8) 1(2) 5(10)
Overall complication rate, n (%) 15 (30)

Listing of short-term complications such as skin necrosis, infection, seroma, hematoma, and implant exposure as well as long-term complications such
as implant malposition and implant loss in our patient cohort (n = 39). Overall complication rate is 30% (15 complication events/50 SSM/NSM).

Table 3. Publications focusing on risk factors for immediate implant-based breast reconstruction after SSM compared to our patient

cohort
Characteristics Proven to be risk factor Not proven to be risk factor Our study results
Age n =157 (Bailey et al. [14], 1989) n =112 (Furey et al. [25], 1994) n=39
n =309 (Woerdeman et al. [9], 2007/age >43 years) n =130 (Nahabedian et al. [26], 2003) age >50 (p < 0.05), also
n =120 (Woerdeman et al. [17], 2006/age >44 years) n =102 (Kobraei et al. [18], 2012) postmenopausal
n =876 (Hirsch et al. [8], 2014/age >50 years; patients (p < 0.1)
NSM/SSM and radical mastectomy patients included)
Smoking n =157 (Bailey et al. [14], 1989) n =130 (Nahabedian et al. [26], 2003) -
n =37 (Zimmermann et al. [13], 2015) n =102 (Kobraei et al. [18], 2012)
n =309 (Woerdeman et al. [9], 2007/but
risk factor for implant loss!)
BMI n =90 (Vinton et al. [15], 1990) n =102 (Kobraei et al. [18], 2012/BMI >27) -
n =37 (Hultman and Daiza [5], 2003) n =309 (Woerdeman et al. [9], 2007/but
n =158 (Munhoz et al. [16], 2013) risk factor for implant loss!)
n =37 (Zimmermann et al. [13], 2015)
General health n =309 (Woerdeman et al. [9], 2007/cardiovascular n =130 (Nahabedian et al. [26], 2003) n=39
factors disease major group) cardiovascular disease
n =37 (Hultman and Daiza [5], 2003/diabetes) (p <0.05)
History of n =37 (Hultman and Daiza [5], 2003) - n=39
radiotherapy n =102 (Kobraei et al. [18], 2012/only higher risk for (p < 0.06)
implant loss, not for complications)
Amount of n =309 (Woerdeman et al. [9], 2007/weight of - n=39
resected breast specimen >548 g) weight of specimen
tissue >438 ¢ (p<0.1)

Literature overview about publications focusing on risk factors for implant-based reconstruction immediately after SSM [5, 8, 9, 13-18, 25, 26]. As
opposed to this, in our study, 39 patients with a total of 6 immediate and 35 immediate 2-stage tissue expander breast reconstructions (BR) were included.
Risk factors such as age, smoking, BMI, general health factors, history of radiotherapy, and amount of resected breast tissue are compared. #n = number of

patients analyzed in each study.

Follow-Up

Median follow-up was 2 years and 5 months (range 4
months to 5 years and 1 month). Within this interval, a
total of 15 complications occurred, mostly within the first
6 months after SSM/NSM (10 events). Ten postoperative
short-term (in 20% of all patients) and 5 long-term com-
plications (in 10% of all patients) were detected in our
patient cohort. All details about short- and long-term
complications are listed in Table 2.

Risk Factors for Complications after SSM
and NSM

Associations with Short-Term Complications

In univariate analysis, statistically significant risk fac-
tors for short-term complications included increased age
(event-free probability at 6 months of 0.47 vs. 0.86 for
patients >50 years and <50 years; p = 0.006; Fig. 3A) and
prior history of cardiovascular disease (event-free prob-
ability at 6 months of 0.33 vs. 0.78 for patients with and
without prior history of cardiovascular disease, respec-
tively; p = 0.01; Fig. 3B). Increased but not significant risk
factors included postmenopausal status (event-free
probability at 6 months of 0.55 vs. 0.81 for post- and pre-
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menopausal patients, respectively; p = 0.07; Fig. 3C),
weight of resected breast tissue >75th percentile (event-
free probability at 6 months of 0.56 vs. 0.83 for patients
with >438 vs. <438 g resected breast tissue; p = 0.09;
Fig. 3D), and radiotherapy prior to SSM/NSM (event-
free probability at 6 months of 0.40 vs. 0.72 for patients
with and without radiotherapy prior to SSM/NSM, re-
spectively; p = 0.06; Fig. 3E). No statistically significant
association was observed for smoking, obesity, alcohol
abuse, drug abuse, other general health factors (except
cardiovascular disease), hyper-/hypothyroidism, or his-
tory of chemotherapy.

Discussion

As a treating physician, it is always imperative to de-
cide if a certain surgical technique is explicitly suitable for
the given (individual) patient. Therefore, it is fundamen-
tal to localize in advance certain risk factors that might
have a negative impact on patient recovery after SSM/
NSM. In our study, age >50 years (p < 0.05) and personal
history of cardiovascular disease (p < 0.05) were associ-
ated with an increased statistically significant complica-
tion rate. Nevertheless, if safely employed, SSM and NSM
are valuable treatment options for patients suffering from
breast cancer. In the following, the risk factors are dis-
cussed in accordance with the current scientific literature.

Age

One possible explanation for older age being a risk fac-
tor for performing SSM/NSM could be explained by el-
derly patients having comparatively thinner skin than
younger ones [7]. In addition to that, elderly patients typ-
ically have more medical comorbidities such as cardio-
vascular disease or other general health factors compared
to younger patients. This could negatively affect their
overall complication rate as well [8].

Cardiovascular Disease

Reviewing the current scientific literature, cardiovas-
cular disease on its own has not been pointed out to be a
risk factor for an increased complication rate in SSM/
NSM patients so far. Only Woerdeman et al. [9] showed
that cardiovascular disease was the main cause for sur-
gery-related complications in the general health factor
group, which has been proven to be a statistically signifi-
cant overall risk factor. The authors stated that cardiovas-
cular disease led to ongoing vessel damage and therefore
a greater risk of, for example, skin necrosis is given after
the execution of NSM/SSM [9]. This theory is also sup-
ported by the authors of this paper.

In our retrospective study, other risk factors including
history of radiotherapy, postmenopausal status, and vol-
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ume of resected breast tissue were also associated with an
increased complication rate, but these were not found to
be statistically significant.

Previous radiotherapy in the breast region is said to
increase the complication rate after BR [10, 11]. For ex-
ample, a higher risk of a skin breakdown due to decreased
vitality of the radiated tissue is given [10]. Interestingly,
neoadjuvant chemotherapy was not detected to be a sig-
nificant risk factor for higher complication rates after
SSM/NSM in our patient cohort. In the current scientific
literature, radiotherapy is said to have a stronger impact
on increased complication rates than, for example, che-
motherapy [12].

Postmenopausal status is also connected to older pa-
tient age, which has been shown various times to be a risk
factor for such surgery [8]. As far as hormone status
change might play a role, this should be an interest for
further scientific investigations.

Large volume of resected breast tissue has been identi-
fied as a risk factor by some authors [9]. A reason for this
might be the decreased perfusion of the relatively wide
skin flaps, which result from SSM in patients with larger
breasts [9]. Also, in larger breasts, increased risk of sero-
ma formation with concomitant higher infection rate
could be another explanation for increased complication
rate [12].

On the other hand, in our retrospective study, neither,
for example, obesity, alcohol abuse nor smoking were
shown to be risk factors for postoperative complications,
whereas some publications can be found in the current
literature confirming a connection between these factors
and increased complication rates [5, 13-16].

Our patient cohort demonstrated an overall complica-
tion rate of 30%, including a 10% skin necrosis and a 2%
implant loss rate. Complication rates reported in the sci-
entific literature range from 11.1 to 30% [17-19]. In our
study, the amount of different complications, which was
looked for, was more extensive compared to other publi-
cations [17-19]. Additionally, many publications only
strictly focus on mastectomies in the setting of immediate
BR. But the nature of our patient population required that
we had to include many cases of immediate 2-stage tissue
expander BR, in which SSM/NSM was followed by direct
application of a temporary expander after being finally
replaced by a permanent implant or free tissue transfer in
a follow-on operation. Our complication rates are there-
fore consequently not directly comparable to those de-
rived from studies that consider SSM/NSM in the setting
of immediate reconstruction alone. A complete overview
of our complication rates as compared to already pub-
lished postoperative outcomes of SSM/NSM in the setting
of only immediate implant-based reconstruction are
demonstrated in Table 3. Here, a broad heterogeneity
concerning certain risk factors can be seen. The authors
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therefore believe that further research is needed within
this medical field.

Also, in our patient cohort, tumor recurrence rates
were comparable to previously published recurrence
rates referring to conventional mastectomy and SSM/
NSM [6, 16, 17, 20-24]. This data can be used as quality
control for performed oncologic surgeries.

Conclusion

If used in the context of thoughtful preoperative pa-
tient selection protocols, SSM and NSM offer a promising
therapeutic option for achieving optimal aesthetic and
oncologic outcomes. In our study, statistically increased
complication rates were associated with age >50 years and
having a personal history of cardiovascular disease. In-
creased but not significant risk factors included post-
menopausal status, radiotherapy prior to SSM/NSM, and
weight of resected breast tissue >438 g. Furthermore, in
our patient cohort, tumor recurrence rates were compa-
rable to previously published recurrence rates referring to
conventional mastectomy and SSM/NSM.
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