
ORIGINAL PAPER

European Journal of Plastic Surgery           (2024) 47:35 
https://doi.org/10.1007/s00238-024-02182-5

Introduction

Implant-based breast reconstruction is the most frequently 
used method for breast reconstruction following a mastec-
tomy [1]. According to the literature, skin flap necrosis and 
surgical site infection are the most frequent complications 
affecting 18–20% and 7–12% of the patients, respectively 
[2–4]. Due to the acute nature of these complications, it 
is important to have detailed knowledge of their rate of 
occurrence. Moreover, seroma and red breast syndrome are 
speculated to have an increased incidence of occurrence in 
ADM-assisted reconstruction [5].

The use of acellular dermal matrix (ADM) in direct-to-
implant breast reconstructions is widespread [6–8]. The use 
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of ADM may improve the aesthetic outcome and minimize 
the risk of complications such as capsular contracture [9–
11]. Previous studies present a wide interval of complication 
rates of 5–47% in relation to ADM-assisted breast recon-
structions [3, 12–17]. Previous studies have not been able to 
identify a statistically significant patient or surgery-related 
risk factors [2, 13, 18, 19] except for a Danish single-center 
observational study from 2021 reporting a significant asso-
ciation between infection and postoperative chemotherapy 
and between skin flap necrosis and bilateral procedure [3]. 
Hence, multiple studies are needed so that they can be com-
bined in future meta-analyses solely focusing on ADM-
assisted direct-to-implant breast reconstruction.

In this study, we investigate the rate of postoperative 
complications with a long-term follow-up period of 2.3 
years with emphasis on skin flap necrosis and surgical site 
infection in 59 consecutive women (102 breasts) undergo-
ing submuscular implant-based breast reconstruction with 
ADM. Additionally, we investigate potential risk factors for 
skin flap necrosis and surgical site infection.

Patients and methods

This retrospective study was performed according to the 
STROBE guidelines for observational studies. All women 
who underwent direct-to-implant breast reconstruction 
with ADM between March 2013 and February 2017 were 
included in the study. Data were assessed by a retrospective 
review of the patient’s medical records. Patient demograph-
ics and surgical characteristics were collected according to 
predefined variables.

Surgical indications involved oncological treatment of 
carcinoma, ductal carcinoma in situ, or risk-reducing treat-
ment due to genetic or hereditary disposition to breast can-
cer. The selection of ADM-assisted breast reconstruction 
depended on various factors including patient comorbidity, 
oncologic safety, and skin flap potential [2, 20]. Patients 
were considered ineligible for the surgery if they were active 
smokers or had a BMI below 17, medical history with radia-
tion therapy, or poor skin flap potential (exposed dermis). 
Patients with poor flap quality based on a perioperative 
clinical evaluation were converted to breast reconstruction 
with an expander and were excluded from the analysis. All 
patients were scheduled for follow-up visits two weeks and 
three months after surgery.

Surgical technique

All mastectomies were performed by a breast surgeon and 
the direct-to-implant breast reconstruction was performed 
by a plastic surgeon. Three different plastic surgeons 

performed the breast reconstructions. Initially, the plastic 
surgeon made a clinical evaluation of the flap quality. If the 
skin flap quality was considered adequate, a submuscular 
cavity was created under the pectoralis major muscle with 
the release of the inferior attachments and interposition of 
a sheet of acellular dermal matrix covering the lower half 
of the implant. The tissue matrix Strattice was used in all 
included patients. Two drains were placed: One axillary 
and one inframammary. All patients received 1.5 g of pro-
phylactic intravenous cephalosporin perioperatively. This 
dosage was repeated on the first postoperative day and the 
patient received 1 gram of orally administered dicloxacillin 
four times a day until the drains were removed. Specialist 
follow-up was scheduled three and 12 months after surgery.

Endpoints

The primary endpoints were complications such as skin 
flap necrosis, surgical site infection, seroma, and red breast 
syndrome. Skin flap necrosis was defined as either necrotic 
tissue or epidermolysis around the incision. Surgical site 
infection was defined by suspicion of the surgeon and was 
based on the presence of cicatricial erythema, soreness, or 
local edema and treated with empirical antibiotics. Red-
breast syndrome was defined as erythema localized to the 
area overlying the ADM and thus, differentiated from surgi-
cal site infection by a clinical evaluation of the extent and 
location of the erythema. Formation of seroma was either 
assessed by ultrasound or aspiration of fluid surrounding 
the ADM and the degree of capsular contracture was graded 
using the four-grade Baker classification scale. Additionally, 
we investigated the association between potential risk fac-
tors (surgical experience, specimen weight, incision type, 
and implant size) and postoperative complications.

All postoperative complications were classified using 
the Clavien Dindo classification of surgical complications. 
Each complication was categorized as either mild (CDC 
grade I-IIIa) or severe (CDC IIIb). Mild complications were 
defined as complications treated conservatively or with 
debridement in local anesthesia. Severe complications were 
defined as complications requiring surgical interventions 
under general anesthesia e.g. explantation or replacement of 
implant due to rotation [21].

Statistical analysis

Statistical analyses were performed using R for Statisti-
cal Computing (version 1.1.456) and a p-value < 0.05 was 
statistically significant. Patient demographic data was 
described with a median and interquartile range (IQR) for 
non-normally distributed continuous data and frequencies 
in percent for categorical data (Table 1). Univariate analyses 
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were elaborated for each risk factor followed by a multi-
variate analysis for risk factors found empirically relevant 
(the surgeon’s surgical experience, specimen weight, type 
of incision, and implant size). Both analyses were pre-
sented with the percentage of complications and odds ratio 
(OR) including a 95% confidence interval and p-value 
(Tables 2 and 3). Statistical comparisons were performed 
using Fisher’s exact test for single categorical variables and 
multiple logistic regression for numeric variables or numer-
ous categorical variables.

Results

A total of 59 women (102 breasts) were included in the 
study of which 43 women underwent bilateral reconstruc-
tion and 16 women underwent unilateral reconstruction. 
The median age was 41 years (IQR 34–50 years), and the 
median body mass index was 23 kg/m2 (IQR 21–26 kg/m2). 
Ten breasts (10%) received adjuvant chemotherapy, 33 
breasts (32%) received neoadjuvant chemotherapy, and 
nine breasts (8.8%) had received chemotherapy in relation 
to treatment for a previous cancer. In total, 52 of the breasts 
underwent risk-reducing mastectomies, and the remaining 
50 breasts were treated due to carcinoma, ductal carcinoma 
in situ (DCIS), or both. The median specimen weight was 
306 g (IQR 226–393 g). A periareolar incision was used 

in 54 breasts and a nipple-sparing incision in 48 breasts. 
The median implant size was 385 cc (IQR 311–485 cc). 
The median follow-up period was 32 months (IQR 22–38 
months). No recurrence of cancer was detected. For an over-
view of patient demographics and surgical characteristics 
see Table 1.

Clavien Dindo classification

Twenty-nine breasts (28%) developed one or more postop-
erative complications categorized as CDC grade I to IIIb. 
Ten of the complications occurred bilaterally whereas the 
remaining 19 complications occurred unilaterally. In 17 
breasts (17%) the complications were categorized as mild 
(CDC grade I-IIIa) whereas 12 breasts (12%) were catego-
rized as severe (CDC grade IIIb). No patients developed 
sepsis or other life-threatening complications (CDC grade 
IV-V). Mild complications occurred after a median time of 
18 days (IQR 9–30 days) and severe complications occurred 
after a median time of 78 days (IQR 22–226 days). Accord-
ing to skin flap necrosis, mild complications occurred after a 
median time of 18 days (IQR 8–30 days) and severe compli-
cations occurred after a median time of 26 days (IQR 18–29 
days). Mild and severe complications due to surgical site 
infection occurred after a median time of 13 days (IQR 9–26 
days) and 19 days (IQR 13–33 days), respectively. Com-
plications due to the formation of seroma were all catego-
rized as mild (CDC grade IIIa) and occurred after a median 
time of 19 days (IQR 17–21 days). Table 4 demonstrates the 
CDC distribution of complication types.

All analyses were performed with ‘breast’ as the sam-
pling unit. To adjust for the correlation between data in 
patients undergoing bilateral breast reconstruction we used 
a generalized estimating equation (GEE) model for uni- and 
multivariate logistic regression analyses [22, 23].

Clinical endpoints

Skin flap necrosis was observed in 15 breasts (15%) dis-
tributed in 13 patients and occurred after a median time of 
22 days (IQR 12–30 days). Nine of the 15 breasts (8.8%) 
were classified as mild requiring no treatment, pharmaco-
logic treatment, or minor revision surgery (CDC grad I-IIIa) 
and the remaining six breasts (6%) were classified as severe 
cases requiring surgery in general anesthesia (CDC grade 
IIIb). Two patients developed bilateral skin flap necrosis 
(four breasts) and 11 patients developed unilateral skin flap 
necrosis (11 breasts). The patients had a median age of 39 
years (IQR 34–48 years) and a median body mass index 
of 23 kg/m2 (21–27 kg/m2). Two patients had a history of 
smoking (two breasts). Five patients (six breasts) received 
neoadjuvant chemotherapy before the surgery. The median 

Table 1 Patient and surgical characteristics
Risk factor
No. of breast 
reconstructions

Total breasts
n = 102 
breasts

Skin flap 
necrosis
n = 15

Surgi-
cal site 
infection
n = 12

Age, median (IQR)
BMI, median (IQR)
Former smoking, n (%)
Former chemotherapy, 
n (%)
Neoadjuvant chemother-
apy, n (%)
Adjuvant chemotherapy, 
n (%)
Indication for mastectomy, 
carcinoma, n (%)
Indication for mastectomy, 
DCIS, n (%)
Indication for mastectomy, 
risk-reducing, n (%)

41 
(34.0–51.0)
23.0 
(20.8–26.2)
12 (11.8%)
9 (8.82%)
33 (32.4%)
10 (9.80%)
39 (38.2%)
19 (18.6%)
52 (51.0%)

39.0 
(34.0-47.5)
23.3 
(21.4–26.6)
2 (13.3%)
0 (0%)
6 (40.0%)
0 (0%)
5 (33.3%)
4 (26.6%)
6 (40.0%)

36.5 
(34.0-
46.8)
22.6 
(21.5–
26.4)
1 (8.3%)
0 (0%)
5 (41.6%)
0 (0%)
5 (41.6%)
2 (16.7%)
5 (41.6%)

Specimen weight, median 
(IQR)
Bilateral, number (%)
Unilateral, number (%)
Periareolar incision, n (%)
Nipple-sparing incision, 
n (%)
Size of implant, median 
(IQR)

306 
(226–393)
86 (84.3%)
16 (15.7%)
54 (52.9%)
48 (47.1%)
385 
(311–485)

358 
(276–387)
4 (26.7%)
11 (73.3%)
7 (46.6%)
8 (53.4%)
390 
(375–405)

354 
(264–387)
10 
(83.3%)
2 (16.7%)
4 (33.3%)
8 (66.7%)
390 
(375–454)
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classified as mild (CDC grade I-IIIa) whereas four breasts 
(3.9%) required major revision surgery (CDC grade IIIb). 
The infections occurred bilaterally in two patients (four 
breasts) and unilaterally in eight patients (eight breasts). 
The patients had a median age of 37 years (IQR 34–47 
years) and a median body mass index of 23 kg/m2 (IQR 
22–26 kg/m2). One patient had a history of smoking. Five 
breasts received neoadjuvant chemotherapy before the sur-
gery. Three patients (three breasts) were treated exclusively 
due to surgical site infection of which one patient underwent 
a complicated treatment period with intravenous cefuroxim, 

specimen weight was 358 g (IQR 276–387 g) and the 
median size of the implant was 390 cc (IQR 375–405 cc).

Surgical site infection was observed in 12 breasts (12%) 
distributed in 10 patients after a median time of 16 days 
(IQR 9–26 days). Eight of the 12 breasts (7.8%) were 

Table 2 Univariate analysis of predictors, n = 102
Predictor Complications, n = 29 OR (95% CI) P
Patient-related
Age:
< 50 years
> 50 years
BMI:
15–20
21–25
26–30
31–36
Smoking:
Former
Never

22
7
4
17
6
2
4
25

0.74 (0.232–2.139)
1 (ref.)
1.61 (0.66–5.47)
1.02 (0.262–3.99)
2.5 (0.37–16.9)
1.3 (0.262–5.379)

0.6
NE
0.26
0.97
0.35
0.7

Morbidity
Former chemotherapy:
Yes
No
Neoadjuvant chemotherapy:
Yes
No
Adjuvant chemotherapy:
Yes
No
Indication, carcinoma:
Yes
No
Indication, DCIS:
Yes
No
Indication, risk reducing:
Yes
No

1
28
8
21
0
29
8
21
5
24
16
13

0.293 (0.006–2.36)
0.734 (0.245–2.04)
NE
0.519 (0.175–1.42)
0.93 (0.223–2.96)
1.26 (0.489-3.30)

0.4
0.6
NE
0.2
1.0
0.7

Surgical related
Surgical experience
Specimen weight, numeric
Specimen weight, categorical
< 600 g
> 600 g
Incision type:
Nipple-sparing
Non-nipple-sparing
Laterality:
Unilateral
Bilateral
Size of implant:
< 600 cc
> 600 cc

29
29
28
1
17
12
5
24
28
1

0.988 (0.842–1.16)
0.999 (0.996-1.00)
0.257 (0.01–2.01)
0.524 (0.197–1.36)
0.853 (0.241–3.47)
0.204 (0.01–1.52)

0.15
0.19
0.3
0.2
0.8
0.14

NE: Not estimable

Table 3 Multivariate analysis of risk factors, n = 102
Risk factor OR (95% CI) p
Surgical experience
Specimen weight, numeric
Incision type (non-nipple-sparing)
Size of implant (> 600 cc)

0.994 (0.976–1.01)
1.00 (0.998-1.00)
0.653 (0.218–1.96)
0.173 (0.014–2.11)

0.49
0.51
0.45
0.17
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Both hematomas were evacuated under general anesthesia. 
The distribution of complication types is demonstrated in 
Table 5.

Multivariate analysis

There was no statistically significant association between 
the risk of flap necrosis or infection and the surgeons’ surgi-
cal experience (OR 0.994, 95% CI 0.976–1.01, P = 0.49). 
Neither did we find a statistically significant association 
between the risk of flap necrosis or infection and the weight 
of the resected tissue specimen (OR 1.00, 95% CI 0.998-
1.00, P = 0.51), an implant size more than 600 cc (OR 0.173, 
95% CI 0.01–2.11, P = 0.17) or the use of a non-nipple-spar-
ing incision (OR 0.653, 95% CI 0.218–1.96, P = 0.45). See 
Table 3.

Discussion

Kalstrup et al., Salzberg et al., and our study comprise the 
largest populations investigating complications in patients 
undergoing submuscular direct-to-implant ADM-assisted 
breast reconstruction with a long-term follow-up [3, 24]. 
Previous larger studies have been focused on capsular con-
tracture, the prepectoral approach, or include two-staged 
surgery [17, 25–30]. Skin flap necrosis and surgical site 
infection were the most frequently occurring complica-
tions. Skin flap necrosis had a median time of debut of 22 
days (IQR 12–30 days) and a total incidence rate of 15% 
which is in line with previous studies [2, 3, 13, 31]. Surgi-
cal site infection had a median time of debut of 16 days 
(IQR 9–26 days) and occurred in 12% which is similar to 
previously published studies [2, 13, 31, 32]. However, this 
differs from Kalstrup et al. who reported a lower incidence 
of infection of 7%, and Potter et al. who reported a higher 
incidence of infection of 22–25% within three months of 
follow-up [3, 33]. Notably, the incidence rates of skin flap 
necrosis and surgical site infection requiring revision in 
general anesthesia including explantation (CDC grade IIIb) 
of our cohort were 6% and 4%, respectively. Moreover, two 

irrigation of gentamicin directly in the cavity, and lastly, two 
weeks of tablet dicloxacillin and rifampicin due to staphy-
lococcus aureus. The remaining two patients with isolated 
surgical site infections were treated successfully with 
dicloxacillin.

A total of five breasts (5%) had an implant explantation. 
One breast (1%) was explanted due to skin flap necrosis 
with no records of initial treatment. Nine breasts (8.8%) 
presented with a combination of surgical site infection and 
skin flap necrosis of which four breasts (3.9%) underwent 
implant explantation. Two of these breasts were initially 
treated with dicloxacillin and wound revision in local anes-
thesia but eventually underwent implant explantation after 
109 days. The remaining two breasts were initially treated 
with ‘negative pressure wound therapy’ for 13 and 26 days 
before converting to explantation of the implant.

Two breasts (2.0%) presented with bilateral dynamic 
breast deformity and had two sessions of fat grafting to 
conceal the distortion. There were no cases presented with 
red breast syndrome or capsular contracture. Four breasts 
(3.9%) presented with seroma and were all treated success-
fully with compression bra, aspiration and drain either with 
or without adding antibiotics. Implant rotation occurred 
unilaterally in five breasts (4.9%). Three of these had the 
implants replaced, which was considered a severe com-
plication (CDC grade IIIb). Hematoma occurred unilater-
ally in two breasts (2.0%) within 12 and 24 h, respectively. 

Table 4 Distribution of Clavien Dindo complication on complication types
Skin flap 
necrosis

Surgi-
cal site 
infection

Rotation Explantation Seroma Elective 
implant
Replacement

Hematoma Dynamic 
breast 
deformity

Red breast 
syndrome

Capsular
contrac-
ture

Mild I 1 1 1 - - - - - - -
II 4 3 - - - - - - - -
IIIa 4 4 1 - 4 - 1 - - -

Severe IIIb 6 4 3 5 - 3 1 2 - -
IVa - - - - - - - - - -
IVb - - - - - - - - - -
V - - - - - - - - - -

Table 5 Presentation of complication types
Complication type No. Popula-

tion
n = 102

Distri-
bution
n = 29

Time of debut
median days 
(IQR)

Skin flap necrosis
Surgical site infection
Rotation
Explantation
Seroma
Elective replacement
Hematoma
Dynamic breast 
deformity
Red breast syndrome
Capsular contracture

15
12
5
5
4
3
2
2
0
0

14.7%
11.8%
4.90%
4.90%
3.92%
2.94%
1.96%
1.96%
0.00%
0.00%

51.7%
41.4%
17.2%
17.2%
13.8%
10.3%
6.90%
6.90%
0.00%
0.00%

22.0 (11.5–29.5)
15.5 (8.75–25.5)
327 (283–388)
112 (112–113)
19.0 (16.5–21.0)
327 (277–358)
0.50 (0.25–0.75)
388 (388)
NE
NE
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treatment success rate in late-onset infections (12% vs. 41%, 
P = 0.009) [37]. Opposite was reported by Sinha et al. who 
reported that the consequences of late surgical site infection 
are just as serious as early surgical site infection [38].

The Joint Guidelines from the Association of Breast Sur-
gery and the British Association of Plastic, Reconstructive, 
and Aesthetic Surgeons from 2021 emphasized the impor-
tance of patient selection when using ADM in breast recon-
struction. Based on a multicentre, prospective cohort study 
from 2019 the guidelines recommend clinical consideration 
for patients who were active smokers, had a BMI below 17, 
a medical history with radiation therapy, or a poor skin flap 
potential (exposed dermis) which is in line with the surgi-
cal exclusion criteria of our study cohort [8, 33]. In fact, no 
patients with a history of radiation is offered implant-based 
reconstruction in Denmark resulting in a naturally exclu-
sion of these patients in our cohort. This provides us with 
an analysis of the outcomes related specifically to ADM-
assisted direct-to-implant breast reconstruction allowing for 
a more accurate assessment of the technique’s efficacy and 
safety profile.

To evaluate the number of procedures compared to two-
staged breast reconstruction, we accumulate the number of 
direct reconstructions with the number of IIIb-complications 
as well as secondary contralateral implantations. In the case 
of two-stage breast reconstruction, each of the 59 patients 
should have undergone surgery twice, resulting in a total of 
118 surgeries conducted under general anesthesia. Notably, 
without the adjacent complications requiring surgery. Our 
study cohort had 59 direct-to-implant breast reconstructions 
plus 12 IIIb-complications plus one contralateral implanta-
tion resulting in a total of 72 surgeries under general anes-
thesia. Additionally, eight breasts underwent lipofilling and 
two breasts underwent excision of excess skin, both proce-
dures being performed under local anesthesia. In summary, 
our study cohort presents with a substantially lower number 
of procedures compared to the alternative approach with 
two-stage breast reconstruction.

The endpoints of this study may contribute to a future 
meta-analysis with the necessary power to investigate poten-
tial risk factors for postoperative complications in direct-
to-implant ADM-assisted breast reconstruction. Previous 
studies were inconsistent when reporting an association [2–
4, 13, 18, 30, 39–44], however, throughout our analyses no 
risk factors were found to be significantly associated with 
the development of complications (Table 2). We performed 
a multivariate analysis of four empirically relevant risk fac-
tors despite the small size of events and thereby, a risk of 
overfitting. Throughout all analyses, we acknowledged the 
correlation in bilateral reconstructions, however, found no 
association between the development of complications and 
surgical experience, specimen weight, non-nipple-sparing 

patients registered with skin flap necrosis were treated with 
prophylactic antibiotics whereas registration of surgical site 
infection was based on clinical suspicion without confirmed 
presence of bacterial cultures. These outcome reports might 
have led to an overestimation of both skin flap necrosis and 
surgical site infection.

The formation of a seroma is a known adverse event in 
prosthetic breast reconstruction and according to Kim et al. 
the incidence of seroma formation is significantly increased 
in the setting of ADM-assisted implant-based breast recon-
struction [34]. Additionally, Nahabedian et al. and Kalstrup 
et al. present a mean incidence of seroma of 5% (range 
0–24%) and 7% [3, 5], respectively, which is in line with 
our study cohort presenting an incidence of 4%.

Our study cohort showed no patients with capsular con-
tracture. In 2016 Salzberg et al. assessed the incidence 
of capsular contracture in 1584 direct-to-implant ADM-
assisted breast reconstructions with an average follow-up 
period of 4.7 years. They found an incidence of 0.8% of 
which all capsular contractures had their debut within two 
years. Based on this record and due to a median follow-up 
period of 32 months (2.3 years) in our cohort, we can con-
clude that our study findings support a low rate of capsular 
contracture in direct-to-implant ADM-assisted breast recon-
structions [30, 35]. This finding is in line with Kelley et al. 
who report an incidence of capsular contracture of 0% when 
investigating 201 one- or two-staged breast reconstructions 
with ADM [17].

Recently, Murphy et al. presented a review and meta-
analysis investigating the efficacy and safety of ADM in 
breast reconstruction by comparing human ADM, xenograft 
ADM, and synthetic mesh with no ADM [36]. Notably, the 
analysis included reconstructions using a tissue expander 
at the time of mastectomy. When comparing no ADM with 
the three types of ADM they found a statistically significant 
reduction of overall complications, infection, and seroma 
formation in the group of no ADM compared to human 
ADM. No significant difference was found when comparing 
no ADM with xenograft ADM.

We found that 17 out of 28 complications were mild 
according to the Clavien Dindo classification (CDC grade 
I-IIIa) and 12 complications were classified as severe (CDC 
grade IIIb) of which only nine breasts (8.8%) remained in 
the group of severe complications when excluding the elec-
tive procedures of implant replacement due to rotation. This 
differs from an incidence of severe complications of 29% 
in a cohort presented by Dikmans et al. in 2017 despite a 
restricted patient selection [16]. We discovered a large dif-
ference in time of debut amongst mild and severe compli-
cations indicating that late-onset complications require a 
lower threshold for initiating treatment. This is supported 
by Franchelli et al. who reported a significantly lower 
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and healthcare systems and are supported by several previ-
ous studies [52–54].

In terms of limitations and despite an acceptable sample 
size, the number of events is quite small which makes gener-
alization difficult and increases the risk of overlooking pos-
sible associations between risk factors and complications. 
Furthermore, being a single-institution study contains both 
methodological advantages and disadvantages. Notably, the 
patient selection develops dynamically as well as a gradual 
improvement of the surgical experience which causes an 
increasing risk of selection bias.

Conclusions

In conclusion, our study cohort presents an acceptable rate 
of explantation in ADM-assisted direct-to-implant breast 
reconstruction with no significant association between risk 
factors and postoperative complications. Furthermore, our 
findings support a low rate of red breast syndrome, dynamic 
breast deformity, seroma, and capsular contracture. How-
ever, there is a need for larger, controlled studies and 
meta-analyses to further explore the impact of patient and 
surgery-related risk factors.
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incision, or implant size in line with several previous stud-
ies [3, 13, 18].

The skin flap quality plays a crucial role when it comes 
to the risk of developing complications [2, 20, 45]. Intra-
operative indocyanine-green and laser-assisted fluorescence 
angiography (SPY-systems) can be used to guide the sur-
geon in need of further tissue resection, flap revision, or 
even conversion to tissue expander [45, 46]. We were not 
able to make an intraoperative quality assessment of the 
skin flap nor include the experience of the breast surgeons 
in our study cohort.

We investigate the terms of safety and the risk of compli-
cations compared to two-staged breast reconstruction with 
tissue expander and prepectoral direct-to-implant breast 
reconstruction. Our study cohort presented a complication 
rate of 28% (95% CI 19–36) which is comparable with 
previous studies [12–15]. Reconstruction with an expander 
has an expected complication rate of 27% according to a 
large prospective study [47]. However, this is not in line 
with Manrique et al. who reported a significantly lower 
complication rate of 12% [48]. Furthermore, our study 
cohort presented with an explantation rate of 5% similar to 
Lohmander et al. who reported an explantation rate of 5% 
for 64 breast reconstructions with ADM within a follow-up 
period of six months when excluding patients with a history 
of radiotherapy [4]. This meets the gold standard of < 5% 
for complications leading to explantation in ADM-assisted 
breast reconstruction presented by Martin et al. [15].

Representing a paradigm shift in post-mastectomy breast 
reconstruction, surgeons are reinvestigating the efficacy of 
prepectoral direct-to-implant reconstruction considering 
new surgical and technological advances [49, 50]. A system-
atic review of ADM-assisted prepectoral direct-to-implant 
breast reconstruction is presented by Antony et al. reveal-
ing a wide-ranging complications rate interval of 2–53% 
[50]. This emphasizes the necessity of providing powerful 
comparison analyses between submuscular and prepectoral 
breast implant placement.

A controlled cost-analysis of ADM in submuscular, 
implant-based breast reconstruction performed by Ali-
otta et al. represents a sample size of 50 direct-to-implant 
breast reconstructions and covers a follow-up period of 11 
months. They reported no significant difference in several 
surgeries due to complications in direct-to-implant breast 
reconstruction with ADM compared with two-stage recon-
struction with or without ADM [51]. In addition, the group 
of direct-to-implant breast reconstruction with ADM had 
significantly fewer total postoperative visits and signifi-
cantly less total operative time compared with the two other 
groups. Conclusively, these findings confirm the benefits of 
decreased total surgery time for patients as well as surgeons 
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