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Abstract

Background: With the increased use of acellular dermal ma-
trices (ADMs) in implant-based breast reconstructions (IB-
BRs), the evaluation of patient-reported outcomes becomes
more important. Methods: Patients who underwent an im-
mediate human ADM-assisted, submuscular IBBR were in-
cluded in this noninterventional, multicenter, prospective
cohort study. Patients with primary reconstruction (cohort
A) and patients with a revision surgery after capsular fibrosis
(cohort B) were followed up for 12 months after surgery.
Quality of life (EORTC BR-23) and patient and surgeon satis-
faction scores (1 [“very satisfied"] to 6 [“not satisfied"]) with
the outcome and the aesthetic result evaluated by 2 inde-
pendent, external experts were assessed. Results: Eighty-
four patients were enrolled in the study. The mean patient

satisfaction score was 2.1 + 0.8, with higher satisfaction in
cohort B (p = 0.041). The score did not change significantly
during the follow-up (p = 0.479). The mean satisfaction score
of the surgeons was 2.0 + 0.7; it was also higher in cohort B
(p=0.016) and showed no changes over time (p=0.473). The
mean aesthetic result was 2.2 + 0.7. 92.9% of the patients
completed at least 1 quality of life questionnaire. Body im-
age and sexual functioning increased during follow-up. One
year after surgery, the mean scores were 77.2 + 22.5 and 44.7
+ 27.3, respectively. Conclusion: The level of satisfaction
among patients and surgeons and the score of the aesthetic
result were constantly high among patients after ADM-as-
sisted IBBR. Higher satisfaction scores could be observed af-
ter revision surgery caused by capsular fibrosis (cohort B)
compared to primary reconstruction (cohort A). Quality of
life increased during the first year after surgery.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Jens-Uwe Blohmer and Lea Beier contributed equally to this article.

karger@karger.com © 2020 The Author(s)
www.karger.com/brc Published by S. Karger AG, Basel
L This is an Open Access article licensed under the Creative Commons
\'; Attribution-NonCommercial-4.0 International License (CC BY-NC)
Ka rg er-s (http://www.karger.com/Services/OpenAccessLicense), applicable to

the online version of the article only. Usage and distribution for com-

B OPEN ACCESS mercial purposes requires written permission.

Maria Margarete Karsten

Breast Center, Department of Gynaecology
Charité - Medical University Berlin, Charitéplatz 1
DE-10117 Berlin (Germany)
maria-margarete.karsten @ charite.de



Introduction

Breast reconstructions after mastectomies in breast
cancer patients have shown to improve patient-reported
outcomes when compared to patients without recon-
struction following mastectomy [1, 2]. Breast reconstruc-
tions improve the patient’s quality of life and self-esteem
and reduce the emotional and cognitive burden of disease
[2]. Implant-based reconstructions positively affect the
physical condition and functional status of breast cancer
patients [2]. In traditional subpectoral implant-based re-
constructions, the muscle tissue coverage of the implant
can often only be achieved for the upper and lower me-
dial quadrants, while the coverage of the lower part of the
implant often remains insufficient [3]. This can lead to
postoperative discomfort, such as increased implant per-
ception, lack of support, and skin erosion [3]. Since their
introduction in breast surgery in 2001, acellular dermal
matrices (ADMs) evolved to a cornerstone in implant-
based breast reconstruction [4]. The use of an ADM en-
ables complete coverage of the implant, thus stabilizing
the implant and improving control of the breast fold [3,
5-7]. However, the advantages of ADM-assisted breast
reconstruction, including improved aesthetic outcome
[8-10] and reduced risks of capsular fibrosis [6, 11, 12],
come with an increased risk of certain complications,
such as seroma, skin necrosis, infections, and loss of im-
plant [12-14].

Most studies evaluating the use of ADMs in breast re-
construction focus on clinical outcomes, without assess-
ing patient-reported outcomes [15]. From a patient’s per-
spective, an improved quality of life and satisfaction with
the surgical result are key outcomes of the breast recon-
struction [16]. The aim of our study was not only to eval-
uate complication rates, which have been reported previ-
ously [17], but also to prospectively assess patients’ qual-
ity of life, patient and surgeon satisfaction, and the
aesthetic outcome in patients undergoing an immediate
human ADM-assisted breast reconstruction after skin-
and nipple-sparing mastectomy.

Materials and Methods

Study Design

We conducted a noninterventional, multicenter, prospective
cohort study in 11 sites with experience in performing ADM-
assisted breast reconstructions in Germany (German Clinical
Trials Register ID DRKS00007587). Ethical approval was ob-
tained from the ethics committees of all participating sites.
Women undergoing a human ADM-assisted immediate sub-
muscular implant-based breast reconstruction after skin- and
nipple-sparing mastectomy were enrolled in this study. Patients
were followed up 1 day, 1 week, 1, 3, 6, and 12 months after sur-
gery. Patient characteristics were collected prior to surgery. Dur-
ing follow-up, occurrence of complications, patient satisfaction,
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surgeon satisfaction, and quality of life (from 1 week after sur-
gery onwards) were assessed and photographs were taken. De-
tails on complication rates in the present study have been re-
ported previously [17].

Patient and surgeon satisfaction were assessed on a scale from
1 (“very satistied”) to 6 (“not satisfied”). Aesthetic results were as-
sessed by 2 external experts, who were experienced breast surgeons
notinvolved in enrollment, using standardized photographs (front
and side perspective) at 1 week, 1, 3, 6, and 12 months after surgery
onascale from 1 (“very satisfied”) to 6 (“not satisfied”). No further
criteria for the evaluation of the aesthetic outcome by the experts
were defined. The experts were blinded in terms of study cohort
and did not receive any information on the patient characteristics,
including occurrence of complications.

Quality of life was assessed using the EORTC BR-23 question-
naire. BR-23 is a validated and standardized questionnaire for
measuring the quality of life in breast cancer patients.

Study Population

Women who underwent an ADM-assisted immediate breast
reconstruction after skin- and nipple-sparing mastectomy using
the human ADM Epiflex® (Deutsches Institut fiir Zell- und Gewe-
beersatz [DIZG] gGmbH, Berlin, Germany), >18 years of age, and
providing written informed consent were eligible for inclusion in
the study. Physicians were asked to consecutively enroll all eligible
patients.

Patients were enrolled into 2 cohorts: cohort A - patients who
received a primary breast reconstruction, and cohort B - patients
undergoing a revision surgery after capsular fibrosis.

Patients with an autoimmune disease, known contraindication
against mesh-assisted or plastic reconstructive breast surgery, and
previous radiotherapy (only cohort A) and pregnant or breast-
feeding women were excluded from this study.

Statistical Analysis

Patients who matched all inclusion criteria and none of the
exclusion criteria were included in the analyses. Descriptive
analysis was performed providing absolute frequencies and pro-
portions for categorical variables, as well as means and standard
deviations for continuous variables. Quality of life was analyzed
as stated in the EORTC QLQ-C30 scoring manual [18]. All sub-
scales of the EORTC BR-23 questionnaire have a range from 0
to 100 points. For the functional scales, body image and sexual
function, which were evaluated in the present study, a higher
score represents a better function and, therefore, higher quality
of life.

Changes in the mean patient and surgeon satisfaction scores
and the aesthetic scores during the follow-up visits were ana-
lyzed using the Friedman test. Differences in the mean satisfac-
tion and quality of life scores between the study cohorts were
analyzed using the ¢ test or Mann-Whitney U test as appropriate.
The impact of the variables age (continuous variable), smoking
status, diagnosis of histologically confirmed breast cancer, pre-
cancerosis, adjuvant chemotherapy, side of reconstruction (uni-
lateral vs. bilateral), follow-up (continuous), postoperative com-
plications (including loss of implant, seroma, rash, Baker grade
III/IV capsular fibrosis, and infection), and type of surgery (pri-
mary vs. revision surgery after capsular fibrosis) on patient sat-
isfaction was analyzed using univariate and multivariate linear
regression analyses.

No hypotheses were predefined for these exploratory analyses.
A two-sided p value of <0.05 was considered statistically signifi-
cant. All statistical analyses were performed using IBM SPSS ver-
sion 25 (IBM, USA).
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Table 1. Study population characteristics

Patient characteristics Total Cohort A Cohort B
(n=84) (n=53) (n=31)
Bilateral reconstruction, #n (%) 28 (33.3) 20 (37.7) 8 (25.8)
Age in years, mean+SD 44.5%11.9 41.4+9.9 49.8+13.2
Smokers, 1 (%) 18 (21.4) 9(17.0) 9 (29.0)
BM], kg/m?, mean+SD 22.1£2.8 22.0£3.0 22.2£25
Follow-up in monthss, mean+SD 9.7£3.9 9.6£3.9 9.8+4.0)
Breast cancer, 7 (%) 48 (57.1) 34 (64.2) 14 (45.2)
Precancerosis/DCIS, n (%) 16 (19.0) 10 (18.9) 6(19.4)
Freedom from pain, n (%) 77 (91.7) 49 (92.5) 28 (90.3)
Adjuvant chemotherapy, n (%) 9 (10.7) 6(11.3) 3(9.7)
Adjuvant endocrine therapy, n (%) 33(39.3) 27 (50.9) 6(19.4)
NSAID use, n (%) 67 (79.8) 42 (79.2) 25 (80.6)
Complications* 30 (35.7) 18 (34.0) 12 (38.7)

* Complications include loss of implant, any seroma, infection, rash and Baker grade III/IV capsular fibrosis.
BMI, body mass index; DCIS, ductal carcinoma in situ; NSAID, non-steroidal anti-inflammatory drug.
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Fig. 1. Average patient satisfaction with the surgical outcome.

Results

Patient Population

Between January 2015 and September 2018, 84 eligible
patients were included in the study. Fifty-three underwent
primary reconstruction (cohort A) and 31 underwent a re-
vision surgery after capsular fibrosis (cohort B). Twenty-
eight women received bilateral reconstruction, leading to
112 reconstructions in total. Characteristics of the study
population are reported in Table 1. Patients were followed

Patient-Reported Outcomes and Aesthetic
Results Using Human ADMs

up for 9.7 + 3.9 months on average. The mean age was 44.5
+ 11.9years. 21.4% of the patients were smokers. The mean
body mass index was 22.1 + 2.8 kg/m? 57.1% had histo-
logically confirmed invasive breast cancer, and in 19.0%, a
precancerosis like ductal carcinoma in situ was diagnosed.
During follow-up, 91.7% of the patients reported to be free
of pain during movement. 79.8% of the patients were tak-
ing nonsteroidal anti-inflammatory drugs (NSAID) at
some point during the follow-up. One year after surgery,
7.8% of the patients reported to take NSAIDs. 10.7% of the
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Fig. 2. Average surgeon satisfaction with the surgical outcome.

patients received an adjuvant chemotherapy, 39.3% re-
ceived postoperative endocrine therapy. During follow-up,
35.7% of all patients experienced a postoperative complica-
tion, such as loss of implant, seroma, infection, rash, and
Baker grade III/IV capsular fibrosis.

Patient Satisfaction

Data on patient satisfaction for at least 1 study visit
were available for 83 patients (cohort A: 52 patients; co-
hort B: 31 patients). The mean patient satisfaction scores
over the study period are shown in Figure 1. The average
self-reported patient satisfaction over the complete study
period was 2.1 + 0.8. The patient satisfaction did not
change significantly during follow-up (p = 0.479). How-
ever, for the study visits 6 months and 1 year after surgery,
data were only available for 41 patients (cohort A: 25 pa-
tients; cohort B: 16 patients) and 43 patients (cohort A: 25
patients; cohort B: 18 patients), respectively. The overall
patient satisfaction was better in cohort B than in cohort
A (1.9 £ 0.7 and 2.3 + 0.8, respectively; p = 0.041).

Factors Influencing Patient Satisfaction

Results of the univariate and multivariate analyses are
reported in online supplementary Table 1 (see www.
karger.com/doi/10.1159/000509568 for all online suppl.
material). In the multivariate analysis, no factors influ-
encing the satisfaction of patients could be identified. In
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the univariate analysis, longer follow-up (p = 0.015) and
revision surgery after capsular fibrosis (vs. primary re-
construction, p = 0.033) were significantly associated
with higher satisfaction. Patients with complications had
a significantly shorter follow-up time than patients with-
out complications (8.5 + 4.4 and 10.4 + 3.5 months, re-
spectively; p = 0.029).

Surgeon Satisfaction

Data regarding the surgeon satisfaction with the surgi-
cal outcome for at least 1 study visit was available for all
patients. The average surgeon satisfaction scores during
follow-up are shown in Figure 2. The overall average sat-
isfaction score of the surgeons was 2.0 + 0.7 and did not
change statistically significantly over time (p = 0.473).
However, as for the patient satisfaction, data for the study
visits 6 and 12 months after surgery were only available
for less than half of the patients (41 patients; cohort A: 25
patients; cohort B: 16 patients) at both visits. The overall
surgeon satisfaction was better in cohort B than in cohort
A (1.8 £ 0.6 and 2.2 + 0.7, respectively; p = 0.016).

External Experts

The average aesthetic scores are shown in Figure 3. For
78 patients, at least 1 postoperative photography was
available. The average ranking of the external experts was
2.2+ 0.7. In cohort A, the mean aesthetic score was 2.3 +

Blohmer et al.
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Table 2. Average quality of life score

BR-23 (mean + SD) Total Cohort A Cohort B p value
Body Image n=78 69.8422.8 n=>50 66.8122.2 n=28 75.3+23.3 0.113
Sexual functioning n=75 39.9+25.2 n=50  40.2+23.2 n=25 39.1+29.1 0.854

0.7, and in cohort B, it was 2.1 + 0.8, with no significant
differences between the groups (p = 0.242). The mean aes-
thetic score differed significantly between the study visits
(p =0.015).

Quality of Life

92.9% of the patients completed at least 1 quality of life
questionnaire. Results of the average quality of life scores
are reported in Table 2. Results per study visit are report-
ed in online supplementary Table 2.

No significant differences in the average scores for
body image and sexual functioning were present between
the cohorts. The mean score of the questionnaire domain
“body image” was 69.8 + 22.8. During follow-up, the
mean body image score significantly increased (p = 0.000),
with a mean score of 77.2 + 22.5 twelve months after sur-
gery.

Sexual functioning was ranked 39.9 + 25.2 on average.
During follow-up, the mean score significantly changed
(p = 0.007), reaching the highest score at the study visit 6

Patient-Reported Outcomes and Aesthetic
Results Using Human ADMs

months after surgery (48.5 £ 29.3). Twelve months after
surgery, the score slightly decreased (44.7 + 27.3).

Discussion

With the increased use of ADMs in breast reconstruc-
tions, the evaluation of patient-reported outcomes be-
comes more important. From a patient’s perspective, im-
proved quality of life and satisfaction with the surgical
result are key outcomes of the breast reconstruction [16].
In our study, in addition to the previously reported com-
plication rates [17], we prospectively assessed patient-re-
ported outcomes, including patient satisfaction and qual-
ity of life, in patients who underwent an ADM-assisted
immediate breast reconstruction after skin- and nipple-
sparing mastectomy with or without prior breast recon-
struction. In addition, surgeon satisfaction with the out-
come and the aesthetic result judged by 2 independent
external experts were assessed.
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Opverall, patients and surgeons reported high levels of
satisfaction with the outcome showing an average satis-
faction score of 2.1 and 2.0, respectively. Patients who un-
derwent a revision surgery after capsular fibrosis (cohort
B) were more satisfied than those after a primary recon-
struction (cohort A). The increased satisfaction of pa-
tients who received a revision surgery after capsular fi-
brosis (cohort B) might be partly explained by the nega-
tive experience with the primary reconstruction. The
overall quality of life did not differ between both cohorts.

In the present study, occurrence of postoperative com-
plications was not significantly associated with decreased
patient satisfaction, as reported previously [19]. Howev-
er, we found the occurrence of complications to be asso-
ciated with the follow-up time: patients with an uncom-
plicated postoperative course had a significantly longer
follow-up than patients suffering from complications
(p =0.029). A longer follow-up, in turn, was found to be
associated with increased patient satisfaction.

The relatively high overall complication rates might
be explained by the high proportion of patients with con-
firmed breast cancer and our outcome definition for the
study. The most common complication was seroma, as
all seromas detected by the routinely conducted ultra-
sound examinations were noted, including those that did
not require any clinical intervention. The association of
complications and follow-up time possibly reflects the
impact of more severe complications since affected pa-
tients might be more likely to be lost to follow-up earlier
than patients with less severe complications (e.g., rash,
clinically nonrelevant seroma). Thus, the late assess-
ments of patient-reported outcomes might be biased to-
wards greater satisfaction, as more patients without com-
plications contributed to the scores. On the other hand,
the average satisfaction and quality of life scores might
be reduced due to the many patients responding at the
early visits. In general, patient-reported outcomes need
some months to return to preoperative levels after sur-
gery. Weichman et al. [20] reported that patients did not
fully recover until 3 months postoperatively. Vu et al.
[21] reported that, compared to baseline, patient-report-
ed outcomes decreased 2 months after surgery and re-
turned to preoperative levels only by 6 months after sur-
gery.

Postoperative radiotherapy was reported to negatively
affect the patients’ satisfaction with the outcome [21].
However, since we did not systematically assess this in
our study, we are not able to make any statements on it.
Similar to radiotherapy, a negative impact on patient sat-
isfaction could also be shown for unilateral reconstruc-
tions [19]. Regarding this issue, no connection could be
found in our study.

The use of ADMs improves the aesthetic results of
breast reconstructions compared to reconstructions
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without ADMs [8, 10, 22]. In a study by Nguyen et al. [8],
the ADM-assisted breast reconstruction scored higher in
most of the assessed aesthetic criteria, including breast
mound volume, placement, contour, and definition of the
inframammary fold. Only scarring was scored higher in
the non-ADM group, without reaching significance [8].
Forsberg etal. [10] evaluated the aesthetic outcome based
on 5 aesthetic features, including natural contour, sym-
metry of shape, symmetry of size, position on chest wall,
and overall aesthetic appearance, with significantly in-
creased scores for all criteria in ADM-assisted compared
to conventional submuscular reconstructions. Direct
comparisons with our findings are not feasible, which is
due to differing scoring systems. However, in our study,
the external experts also ranked the aesthetic outcome
good with a mean of 2.2 + 0.7 and no significant differ-
ences between the study cohorts. The changes in the aes-
thetic scores during follow-up should be interpreted with
caution, as photographs were not available for every visit
in many cases. Thus, the visits consisted of different sub-
populations.

The contribution of a woman’s satisfaction with her
breasts to her psychosocial and sexual well-being has
been reported previously [19]. In a cross-sectional study
comparing the quality of life in a total of 612 primary
breast cancer patients using the EORTC BR-23, the au-
thors found body image to be scored highest in patients
who underwent breast-conserving therapy (83.9 + 21.3),
followed by the scores for postmastectomy autologous
(81.9 + 21.0) and prosthesis-based reconstructions (77.3
+ 25.1) [9]. The body image score was lowest in patients
with mastectomy only (75.7 + 26.0). Patients who re-
ceived chemotherapy up to 6 months prior to enrollment
were excluded from that study, and the quality of life was
assessed over a median time of 6.3 years postoperatively
[9]. In our study, body image was scored 69.8 + 22.8 on
average with a significant increase during the first year
after surgery. At the latest assessment, the mean score was
77.2 £ 22.5. Lagendijk et al. [23] found patients after im-
plant-based reconstruction to have the highest scores on
the questionnaire domain “sexual functioning” (mean of
36.6 £ 24.0). We even found higher rates for sexual func-
tioning in our cohort with an average of 39.9 + 25.2 dur-
ing the study period and a maximum mean score of 44.7
+27.3 one year after surgery.

However, the interpretation of the EORTC BR-23
questionnaire is limited as it was actually developed to as-
sess the quality of life in breast cancer patients focusing
onnonsurgical treatmentissues [24]. In the present study,
only 57.1% of the women were diagnosed with breast can-
cer, and quality of life was only assessed postoperatively.
This is why it was not possible to evaluate the pre- and
postoperative differences in this regard. A questionnaire
commonly used to assess patient-reported outcomes in
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breast surgery is the BREAST-Q. It includes domains like
satisfaction with breasts, overall outcome, and process of
care, as well as psychosocial, physical, and sexual well-
being [25, 26]. A comparison of our study with previous
publications using the BREAST-Q questionnaire is there-
fore restricted.

The data regarding the impact of different surgical
techniques on patient-reported outcomes in breast re-
construction are heterogeneous since most of the studies
on ADM-assisted surgery focus on clinical outcomes only
[15]. It has been shown that patient-reported outcomes
after autologous reconstructions are superior to those af-
ter implant-based reconstructions [27, 28], but the for-
mer also have an increased risk of complications [28].
Moreover, previous studies could not find any differenc-
es in patient-reported outcomes between breast recon-
structions with and without ADMs [15, 29].

Our study is limited by a relatively small sample size
and short follow-up period. Thus, the results should be
interpreted with caution and be confirmed by further
studies with lager sample sizes and a longer follow-up pe-
riod.

Conclusion

The awareness regarding the importance of evaluat-
ing patient satisfaction and quality oflife is increasing in
clinical practice. The levels of patient and surgeon satis-
faction were constantly high after human ADM-assisted
implant-based breast reconstruction following skin-
and nipple-sparing mastectomy. Patients who received
revision surgery due to capsular fibrosis (cohort B) re-
ported higher satisfaction scores than patients with pri-
mary reconstruction (cohort A). Furthermore, the
scores of the aesthetic results also achieved high levels
and quality of life significantly increased during the first
year after surgery. Nevertheless, due to the negative im-
pact of complications on patient-reported outcomes,
surgeons should carefully decide on which patients they
consider suitable for ADM-assisted implant-based
breast reconstruction.
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