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Abstract

Introduction: The profunda artery perforator (PAP) flap rep-
resents a valuable alternative to the deep inferior epigastric
artery perforator flap which, nowadays, is considered the
golden standard for autologous breast reconstruction. The
goal of this study was to evaluate the long-term satisfaction,
functional outcomes of the donor site following PAP flap-
based breast reconstruction and to present our personal
learning experience along with suggestions for technique
refinements. Methods: In this prospective single-center ap-
praisal, 18 patients who underwent PAP flap-based breast
reconstruction between January 2016 and November 2019
were enrolled. The Patient and Observer Scar Assessment
Scale (POSAS) and the Breast-Q questionnaire were em-
ployed to evaluate the results 12 months postoperative.
Data were analyzed with the Q-Score program. Complica-
tions were recorded in the medical database and classified
with the Clavien-Dindo classification. Results: In the ques-
tionable time frame, 164 female patients underwent free
flap breast reconstruction. Of those, 18 patients that re-
ceived PAP flaps (9 bilateral) were included in this study. We

recorded one flap loss because of venous failure. Most com-
plications concerned the donor site, including hematoma,
seroma, and wound healing problems. Patients’ satisfaction
was high at 12 months post-surgery, despite critical evalua-
tion of the donor site scar. Conclusion: The PAP flap serves
as an excellent option for breast reconstruction in patients
who do not have abundant abdominal tissue. The overall
clinical outcome was good and patients’ evaluation showed
high satisfaction after 12 months despite high complication
rates. Modifications in planning and flap harvesting might
improve the donor site outcome and the overall complica-

tion rate. ©2022 S. Karger AG, Basel

Introduction

The major goals in autologous breast reconstruction
include symmetry, sufficient volume, anatomical shape,
and a skin paddle matching the locoregional skin if neces-
sary. All these criteria are easily obtained with the use of
the deep inferior epigastric artery perforator (DIEP) flap
in most patients. If the DIEP is not an option, such as in
very lean patients or after extended abdominal surgery
[1], the profunda artery perforator (PAP) flap from the
thigh [2], first described by Allen et al. [3], can be consid-
ered as a secondary option. While the skin paddle is lim-
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Table 1. Adapted questions for the
postoperative Breast-Q-questionnaire

The following questions are about the satisfaction

Dissatisfied Somewhat Somewhat Very

regarding PAP flap-based breast v:.thhyo;:r thlgh.s.f!n(;cr;e past wei)ek, thlr?krl:g of your dissatisfied satisfied  satisfied
reconstruction thighs, how satisfied have you been with:

How do your thighs look when unclothed? 1 2 3 4

The position of your gluteal crease (buttocks crease)? 1 2 3 4

How the thigh scars look? 1 2 3 4

ited, this flap profits from an inconspicuous donor site
and the availability of along vascular pedicle [2]. Also, the
average diameter of the vessels, in general, one artery and
two veins, are an ideal match for anastomosis with the
internal mammary artery. Technical considerations as
well as the versatility of this flap have been extensively
described in literature [4, 5]. Many refinements have been
made concerning the harvesting technique [6, 7] and sur-
geons try to minimize donor site complications [8] by
analyzing the postoperative results and complications
[9]. Despite all efforts, detailed information about long-
term outcomes, donor site morbidity after a postopera-
tive period greater than 12 months, and overall patient
satisfaction are still limited compared to other flaps used
for breast reconstruction [10, 11].

In this work, we present our experience and the long-
term results of 18 consecutive breast reconstructions with
PAP flaps. Herein, we are applying the validated Breast-Q
questionnaire [12] along with questions concerning the
thigh donor site outcome by Stocco et al. [13] adapted by
our group (Table 1). Moreover, the Patient and Observer
Scar Assessment Scale (POSAS) [14] was used to evaluate
the donor site scar quality. Along with the results, we share
the pearls and pitfalls that we learned from our series. We
suggest novel refinements for the harvesting technique in
order to ease access to the dominant perforators without
putting the donor site healing process at risk.

Materials and Methods

This prospective single-center appraisal was approved by the
local Ethics Committee (EK Nr: 1058/2021). All patients provided
informed consent for standardized photo documentation (Fig. 1),
the operative procedure, and assessment of their data. Data were
anonymized for analysis. Inclusion criteria were unilateral or bi-
lateral PAP flap-based breast reconstruction due to breast cancer
diagnosis, BRCA gene carrier status, recurrent mastitis, or after the
failure of implant-based reconstruction, female gender, and age
over 18 years. Furthermore, a postoperative follow-up of more
than 12 months at the time of inclusion was required. Exclusion
criteria were metastatic disease, Poland’s syndrome, age younger
than 18 years, psychiatric disorders, autologous reconstruction for
massive breast asymmetry, and postoperative follow-up less than
12 months. PAP flaps are offered in our clinic as a first-line second
choice for patients with low BMI (<25 kg/m?) or prior abdominal
surgery resulting in a contraindication for a DIEP flap.

Long-Term Outcome and Technique in
PAP Flap-Based Breast Reconstruction

Patient Data

Between January 2016 and December 2019, 164 female patients
underwent autologous breast reconstruction in at our dDepart-
ment. Of those, only the patients that received PAP flaps were con-
sidered. Of the 29 patients eligible, 6 patients had to be excluded
due to the exclusion criteria (psychiatric disorder # = 2, metastatic
disease n = 4); 5 patients dropped out during the study course be-
cause of completed postoperative follow-up less than 12 months
(declined further participance n = 2, moved out of catchment area
of the clinic n = 3); and 18 patients completed the follow-up
(62.1%).

Complications were recorded in the medical database and clas-
sified according to the Clavien-Dindo classification [15]. Howev-
er, Clavien-Dindo class 1 includes every deviation from the stan-
dard postoperative course such as the administration of antiemet-
ics, analgetics, or physiotherapy. In patients after free flap surgery,
such applications do not necessarily indicate a complication but
are rather mandatory in standard postoperative care. Thus, we
considered the patients meeting the criteria for Clavien-Dindo
class 1 as complication free. The distance of the dominant profun-
dal artery perforator from the tuber ischiadicum was measured in
a routinely performed computed tomography angiography be-
forehand as well as intraoperatively after choosing the most reli-
able perforators.

Questionnaires

The study follow-up included two validated questionnaires.
The POSAS (German version) [14] was completed by patients and
three independent surgeons who evaluated the scar, whereas the
Breast-Q [12] was completed by all patients 12 months postopera-
tively, including a modification regarding the donor site, namely
questions regarding the thigh as suggested by Stocco et al. [13].
Ratings were converted by the raw scale summed score into a score
from 0 (worst) to 100 (best), herein higher scores reflect a better
outcome. Outcomes were interpreted using normative data [16].

Results

Patients and Characteristics

Between January 2016 and December 2019, 29 patients
underwent autologous breast reconstruction with PAP
flaps in at our dDepartment. After applying the exclusion
criteria, 18 patients were included in the long-term sur-
vey. Of those, 50% (1 = 9) had bilateral reconstruction (as
seen in Fig. 1) and the rest 50% had unilateral reconstruc-
tion (Fig. 2). Mean patients’ age was 43.6 years (range 29—
59 years) at the time of flap surgery. One patient was an
active smoker. Mean patients’ BMI was 21.6 kg/m? (range
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Fig. 1. Preoperative (a, b) and postopera-
tive (¢, d) pictures of a 29-year-old patient
requiring bilateral skin sparing mastecto-
my. Subsequent autologous breast recon-
struction was done with profundal artery
perforator flaps. The resected areolae were
reconstructed using the flap skin paddles
and NAC reconstruction was completed
after 6 months with local C-V-flaps.

17.9-27.5 kg/m?). Most patients were very lean, only 1
patient had a BMI higher than 25. Indications for recon-
struction were breast cancer (n = 17), recurrent infects
(n = 1), and prophylactic mastectomies (n = 9). Most of
the reconstructions were performed immediately (n =
23), in 4 cases the reconstruction was delayed in a second
procedure. Detailed patients’ characteristics are listed in
Table 2.
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Surgery and Complications

In total, 18 patients received 27 PAP flaps. The mean
flap weight was 327.7 g (range 170-550 g). Postoperative
complications were documented in 10 patients (for detail
see Table 3). Interestingly, patients with bilateral flaps
were affected more often from a complicated course (6
patients) than patients with unilateral reconstruction (4
patients). Using the Clavien-Dindo classification [15], we
identified 1 case with a type 2 complication (seroma at the
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Fig. 2. Preoperative (a, b) and postopera-
tive (¢, d) pictures of a 51-year-old patient
requiring unilateral autologous breast re-
construction of the right breast with pro-
fundal artery perforator flap after nipple-
sparing mastectomy due to recurrent mas-
titis. The donor site is found in the left
thigh. Vertical breast reduction following

Lejour’s technique was performed on the
left side.

recipient site conveniently accessible for puncture). Cla-
vien-Dindo class 3A was assigned to 1 patient (small
wound healing problem). Nine patients, 5 of them with
bilateral flaps, with type 3B complications had to be tak-
en back to the theatre for surgery in general anesthesia.
However, there was only one single flap loss because of
venous failure in a patient after bilateral reconstruction.
The other cases of revision surgery were donor site com-
plications concerning the thigh area, where we had a to-
tal of 9 complications in 8 patients. Of those patients, 7

Long-Term Outcome and Technique in
PAP Flap-Based Breast Reconstruction

had to be taken back to the theatre in general anesthesia.
Herein, the vast majority were wound healing complica-
tions, however, the scars in the upper thigh most often
profit from a favorable outcome as they are well con-
cealed by the natural crease (Fig. 3). Of course, the burden
of prolonged wound management remains problematic
for the patient. In the later course, three-of-our patients
had autologous fat grafting to enhance the breast volume
(all three were bilateral cases). Only 1 patient desired scar
correction of the donor site.
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Table 2. Patient characteristics

Table 3. Complications

N (%) Complications N (%)
Patients, n (%) 18 (100) Flap loss 1(5.6)
Primary reconstruction, n (%) 23(85.2)
Secondary reconstruction, n (%) 4(14.8) Breast .
Unilateral reconstruction, n (%) 9 (50) De'a¥ed vyou.nd hgallng (<4 weeks) 0
Bilateral reconstruction, n (%) 9 (50) Surglc.al-sne infection 1(5.6)
Flaps 57 Unsatisfactory scar 0
Flap weight, g Hematoma 3(16.7)
Median 300 Seroma.\ . 3(16.7)
Range 170-550 Necrosis of skin envelope 1(5.6)
Mean + SD 327.7+108.2 Donor site
Age, years Delayed wound healing (<4 weeks) 5(27.8)
Median 44.5 Surgical-site infection 2(11.1)
Range 29-59 Unsatisfactory scar 1(5.6)
Mean+SD 43.6+7.4 Hematoma 3 (‘]67)
Age group, n (%) Seroma 1(5.5)
<18 years 0 Movement impairment 0
18-24 years 0
25-34 years 3(16.7) Clavien-Dindo, breast
35-44 years 6 (33.3) Class 2 1(5.6)
45-54 years 8 (44.4) Class 3a 0
55-64 years 1 (5.6) Class 3b 5(27.8)
>65 years 0 Class 4 0
BMI, kg/m2 Class 5 0
Median 21.6 Clavien-Dindo, thigh
Range 17.9-27.5 Class 2 0
Mean = SD 21.6+2.3 Class 3a 1(5.6)
Smoking status, n (%) Class 3b 7 (38.9)
Nonsmoker 16 (88.9) Class 4 0
Active smoker 1(5.6) Class 5 0
Quit 1(5.6)
Oncologic therapy, n (%)
Neoadjuvant chemotherapy 5(27.8)
Adjuvant chemotherapy 4(22.2)
Adjuvant radiation therapy 7 (38.9)

Perforator Vessels

The mean number of PAPs identified in the preopera-
tive CT angiographic scans were mean 2.5 (range 1-3)
perforators on the right tight and 2.6 (range 1-4) perfora-
tors on the left side. However, intraoperatively only the
most reliable perforators were chosen and thus, this num-
ber decreased. The number of intraoperatively chosen
vessels was mean 1.75 (range 1-3) on the right and mean
1.72 (range 1-2) on the left side. The distance from the
tuber ischiadicum to the chosen perforator vessel was
mean 9.6 + 3.2 cm on the right side while it was measured
mean 9.5 + 1.9 cm on the left thigh.

Breast-Q Questionnaire

All included patients completed the Breast-Q ques-
tionnaire postoperatively, in bilateral cases for each re-
constructed breast, rating the results from 0 (worst out-
come) to 100 (best outcome). Results are listed in detail
in Table 4. Regarding psychosocial well-being, the mean
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Q-Score in this category was 73.4 (range 45-93). Sexual
well-being showed a mean Q-Score of 62, while pa-
tients’ satisfaction with the breast appearance was 63.8
(range 38-100). The Q-Score regarding the physical
well-being of the chest was 82.5 (range 50-100), while
the physical well-being regarding the donor site thigh
was 77.7 (range 47-100). Concerning the question
about a swelling or lymphedema on the ipsilateral site
of the mastectomy, 16 patients answered that they nev-
er had a swollen arm. However, 1 patient answered that
she sometimes had swollen arms, while one other pa-
tient suffered from lymphedema of the arm all the time.
In the last category, there were three questions based on
the details of the donor site, namely general appearance
of the unvested thigh, position of gluteal fold, and scar
appearance. Answers were ranked from 1 - very unsat-
istied to 4 - very satisfied. Answering the question of
how the thigh looks unvested, the mean answer value
was 2.9 (range 1-4). Regarding the position of the glu-
teal fold the mean value was 3.2 (range 1-4). Patients’
satisfaction with the scar on their thigh was mean 2.8
(range 1-4).
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Fig. 3. The postoperative photographs show a patient after unilateral reconstruction with a primary healed donor
site in the right thigh (a-c) and a patient after bilateral PAP flap-based breast reconstruction (d-f) that encoun-
tered donor site wound healing disturbance in both thighs. The complications were managed conservatively and
resulted in well-concealed scars without a requirement for correction.

POSAS Questionnaire

As part of our survey, we evaluated satisfaction with
the donor site scar using the standardized POSAS ques-
tionnaire. This included 7 questions for each patient and
observer rated from 1 (normal skin) to 10 (worst scar
imaginable). The average total score for overall patient
satisfaction with the scar was mean 4.7 points whereas the
observers scored 3.2 points for this question. All detailed
results are listed in Table 5.

Discussion

The PAP flap represents a valuable alternative to the
DIEP flap which nowadays is considered the golden stan-
dard for autologous breast reconstruction [2]. It clearly
profits from a long pedicle, reliability of the blood supply
and also a favorable — because easy to hide — donor site
scar [2]. Possible drawbacks are limited flap volume and
potential sagging of the scar. The primary goal of this
work was to evaluate the long-term satisfaction and func-
tional outcomes of the donor site following PAP flap-
based breast reconstruction and to present our personal
learning experience, pearls, and pitfalls.

The long-term outcome has been reviewed in litera-
ture [9, 17]; however, the standardized and validated in-
strument for the evaluation of breast reconstruction,
namely the Breast-Q questionnaire [12], is not of routine

Long-Term Outcome and Technique in
PAP Flap-Based Breast Reconstruction

Table 4. Postoperative Breast-Q items and results

Breast-Q Median Range Mean +SD
Psychosocial well-being 74 45-93  73.4+12.2
Sexual well-being 62 41-91  62.0+11.7
Satisfaction with breast 59 38-100 63.8+17.7
Well-being breast 85 64-100 82.5+13.8
Swelling ipsilateral arm 1 1-3 1.2+£0.6
Well-being donor site thighs 72 47-100 77.7+16.8
Appearance of thighs 3 1-4 2.9+0.9
Position of gluteal fold 3 1-4 3.2+0.7
Scar thigh 3 1-4 2.8+1.0

use for PAP flap-based breast reconstruction so far [9]. As
suggested by other groups [13], some questions have been
adapted to assess the donor site on the upper thigh (see
Tables 1, 4) and we asked the patients to evaluate their
outcome 12 months postoperatively. Using the previous-
ly published normative scores to aid interpretation [16],
the patients in our study scored favorable results in com-
parison to normative data within all relevant Breast-Q
items. However, one data point in our patient series was
lower than normative data, namely the item “physical
well-being of the breast” (Table 4). As for asymmetry of
the donor site, either patients with bilateral (Fig. 1) and
patients with unilateral reconstruction (Fig. 2) rated the
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Table 5. POSAS questionnaire and results

Median Mean +

SD

POSAS, patient

Has the scar been painful in the past few weeks? 1 1.9£1.9
Has the scar been itching in the past few weeks? 1 1.3+0.8
Is the scar color different from the color of your normal skin at present? 5 45+2.4
Is the stiffness of the scar different from your normal skin at present? 4 4.5+2.6
Is the thickness of the scar different from your normal skin at present? 4 42424
Is the scar more irregular than your normal skin at present? 4 44427
What is your overall opinion of the scar compared to normal skin? 5 4.7+2.4
POSAS, observer

Vascularity 2 2.4+1.1
Pigmentation 4 3.8+£1.7
Thickness 3 314141
Relief 3 34114
Pliability 2 24+038
Surface area 3 3.1+1.4
Overall opinion 3 3.2+1.3

overall appearance of the thighs in the postoperative set-
ting with mean 3 points “somewhat satisfied” (range 2.9
+0.9) as mentioned in Table 4 which compares to the re-
sults of unilateral TUG flap reconstruction found in lit-
erature [10]. In our opinion, the overall results strongly
support the use of the PAP flap-based autologous breast
reconstruction, despite higher complication rates.

In the POSAS questionnaire (Table 5), patients were
satisfied but rated the scar overall less favorable than the
observers, indicating the impact of the professional view
as a quite important factor. To overcome this, most care-
ful and profound information beforehand the procedure,
including example pictures and photographs (as seen in
Fig. 1), is used in our clinic as a helpful tool to create re-
alistic expectations in patients.

Complication rates in bilateral reconstruction were
higher than in unilateral cases in our cohort. Unfortunately,
there is a paucity on high-quality studies on the outcome of
the PAP flap for breast reconstruction so far. It is known
from a large meta-analysis that bilateral autologous breast
reconstruction yields a higher risk for flap loss than unilat-
eral procedures [10], but interestingly a recent meta-analy-
sis on bilateral DIEP-based breast reconstruction found
that the unilateral reconstruction yields an overall higher
complication risk for flap complications than cases, includ-
ing both sides [18]. This fact goes against our findings; how-
ever, the authors did also find a higher complication rate
concerning the donor site in bilateral cases, which is corre-
sponding to our data [18]. Factors that will have an impact
here are not only longer operative time, but also the bigger
wound area and higher blood loss, aside from patient fac-
tors that have to be considered as well [19]. While being a
reliable flap, the complication rate of the PAP flap donor
site is high compared to the other flaps of choice [20, 21],
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this is also mirrored by our data. The most common com-
plications in our series were seroma, wound dehiscence of
the thigh, and hematoma. In our opinion, this can be ex-
plained at least in parts by the characteristics of the harvest-
ing technique. The PAP perforator vessels are located quite
distal in the upper thigh, frequently posterior and distal to
the gracilis pedicle, as mirrored by our data. The perforators
of choice were found frequently more than 9-cm distal to
the tuber ischiadicum in our patient group. Thus, a large
area of undermined skin is created by placing the scar in the
thigh crease, favoring the mentioned complications. In or-
der to gain more volume, alterations of flap geometry have
been suggested [22], alternatively extended [23], or even
stacked and chimeric [24, 25] flaps could be used. However,
the easiest and most straightforward method to gain flap
volume seems to be harvesting a skin paddle as wide as pos-
sible and to include adjacent fat tissue, thus, even thinning
the undermined soft tissues in the donor region. This strat-
egy seems to be successful in terms of flap weight when
comparing our data to the literature [9] but on the other
hand, it is suspected to add to the considerable amount of
wound healing problems. This is especially true in our pa-
tient group, as the most patients had a BMI lower than 22,
which is lower than in the most comparable studies pub-
lished in literature [9, 22]. In our opinion, this problem
could be overcome by using a vertical skin paddle similar to
the vertical inner thigh plasty. Herein, the distal, usually
stronger perforators are accessible easily and safely [21].
This technique is similar to the extended PAP flap proposed
in literature for the reconstruction of a larger breast; how-
ever, in order to further minimize complications we pro-
pose a strict vertical design in contrast to the fleur-de-lys
design which still yields a complications rate higher than
20% [21].
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Conclusion

The PAP flap is considered a valuable alternative to the
DIEP flap in microsurgical breast reconstruction in lean
patients and patients are satisfied with the long-term out-
come after 12 months. As the advantages of the donor site
might be outweighed by the complication rate, careful
technique, and modifications in harvesting will add to the
donor site outcome and morbidity.
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