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Background: Soft tissue sarcomas are rare neoplasms that can occur on any part
of the body. The operative position for the resection is determined depending on
the site of the soft tissue sarcomas; intraoperative repositioning may be needed
for reconstruction. We present the profunda femoris artery perforator (PAP) flap
harvest technique (wherein the flap can be used in any position), and suggest that
the PAP flap transfer can eliminate the need for intraoperative repositioning.
Methods: From December 2018 to January 2020, 7 patients with an average age of
68 years underwent reconstructions using a PAP flap after wide resection of STS.
The mean defect size was 11.3 x 16.5cm (range, 5.5-25 x 11-26cm). The location
of the defects was the medial thigh in 2 patients, the posterior thigh in 1, the pop-
liteal fossa in 1, the groin in 1, and the buttock in 2. The PAP flap was elevated in
the supine “frog-leg” position, the prone position, the jack-knife position, or the
lateral “crisscross” position; the lateral decubitus position with the donor lower
extremity on the bottom.

Results: Of the 7 cases, the operations were performed in the supine “frog-leg”
position in 3 cases, the prone position in 2 cases, the jack-knife position in 1 case,
and the lateral “crisscross” position in 1 case. There were no intraoperative posi-
tion changes in all cases. The mean size of the PAP flap was 8.7 x 19.9cm (range,
6-11 x 17-24 cm). One patient had donor site dehiscence, which was treated con-
servatively. The PAP flaps survived completely in all cases. The mean follow-up
period was 10.5 months (range, 6-17 months).

Conclusion: Since the PAP flap elevation is feasible in every position, the PAP
flap can be considered a versatile reconstruction option after sarcoma resection.
(Plast Reconstr Surg Glob Open 2020;8:¢3289; doi: 10.1097/GOX.0000000000003289;

Published online 17 December 2020).)

Soft tissue sarcomas (STS) are rare neoplasms that
can occur on any part of the body. A good operative posi-
tion is important for surgeons to achieve wide resection
with an adequate margin, and is determined depending
on the site of STS. Intraoperative repositioning is needed
for reconstruction after the tumor resection, and depends
on the flap choice. However, intraoperative reposition-
ing can cause some unfavorable results such as a longer
operating time, a higher risk of infection, and changes in
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hemodynamic parameters.' To avoid unnecessary intraop-
erative repositioning, reconstructive surgeons must con-
sider not only the size and shape of the flap that can be
harvested from a donor site, but also the intraoperative
position during the flap harvest.

Subsequent to the development of the skin flap based
on proximal musculocutaneous perforators from the
adductor magnus muscle, which was called an “adductor
flap” by Angrigiani et al. in 2001, the profunda femoris
artery perforator (PAP) flap has gained popularity in
microsurgical reconstruction, due to some reports eluci-
dating its anatomy and clinical applications.*™

In this article we describe an institutional experi-
ence of 7 consecutive patients receiving reconstruction
using the PAP flap after sarcoma resection without an
intraoperative position change. We suggest that the PAP
flap transfer is a versatile solution for sarcoma recon-
struction, which can be used on any part of the body,
while eliminating the need for an intraoperative posi-
tion change.
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wn relation to the content of this article.
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From December 2018 to January 2020, 7 patients (5 N § L
men and 2 women) with a mean age of 68 years (range, g 2 ; § 2
45-80) underwent reconstructions using a PAP flap after '§ E} <= §.c iv
wide resection of STS. The mean defect size was 11.3 x ig S < E & £
16.5cm (range, 5.5-25 x 11-26cm). The location of the § a § E & é %
defects was the medial thigh in 2 patients, the posterior b S 2 § §n§
thigh in 1, the popliteal fossa in 1, the groin in 1, and 8 £ <
the buttock in 2. The histological diagnoses were myxoid g o | - o
liposarcoma in 2 patients, extraskeletal myxoid chondro- L= ® gﬁ X o 7 Ex =
sarcoma in 1, undifferentiated pleomorphic sarcoma in 1, S E Slxg & 0= 2 g8 &
spindle cell sarcoma in 2, and solitary fibrous tumor in 1. A z — ®
Patients’ demographic data are given in Table 1. . . &
iz Z 2
Surgical Technique 2, 5% E
In this case series, the PAP flap was elevated in the E._Té :ﬁg g sf
supine “frog-leg” position, the prone position, the jack- Eg £5 EA:
knife position, or the lateral “crisscross” position. £E E 5 <
27 < ga% =%
Supine Frog-leg Position - 2 A Z ;: g ij) z
For the elevation of the PAP flap in the supine position, 9B _ T = Noo e =
we propose the supine frog-leg position. This is the supine = g E E 2 g § S S :,; %
position with the donorleg abducted and externally rotated & g =g & B w -
at the hip joint and flexed at the knee joint (Fig. 1). In this o <= o
position, an anterior approach is used for the dissection of 3 ‘é@ T T SR YL
the perforators. The adductor longus muscle is marked. A 8 E T A @ o @
hand-held doppler ultrasound is used to detect the loca- )
tions of the perforators from the profunda femoris artery. < % § & «0
The PAP flap is designed vertically. A longitudinal inci- g Oﬁgv g g g §§
sion, which is placed posterior to the anterior edge of the 5” % g g % E § 5 § ]
gracilis muscle, is made down to the deep fascia along the HEE 2EE= & = 2
anterior border of the flap. Subfascial flap elevation above T =3 —‘g %’ g : = 2 <
the deep fascia is then performed anterior-to-posteriorly K g% §§ ez _§
until the perforators from the profunda femoris artery are é\g © 5 Q‘;,S; é %::)
identified. After choosing a sizable perforator, pedicle dis- g 0
section is continued until a desirable length of the pedicle o T -E 2z 8 22 =
is achieved. An incision is made along the posterior border 8123 & 3 & snm -
of the skin paddle, and the PAP flap is elevated, including g |~ - o The A
subcutaneous fat tissue.’ 2
g E
Prone Position ] g ;%_n %) tén éﬁ 2 % E
For the elevation of the PAP flap in the prone position, g E ED_‘- E E ?; j.:—é
we propose the prone position with the legs slightly abducted < & A & &8 )
at the hip joint and extended at the knee joint (Fig. 2). In - & & & 3
this position, a posterior approach is used for the dissection kY 3 T v o T oL L o3
of the perforators. The adductor longus muscle is marked 'é £ % £ & % s E E%
before taking the prone position. The flap design is the same K] A~ ~ ~
as that of the supine frog-leg position. A longitudinal incision § =3 = &
is made down to thfe deep fasc1a.along the posterior bor.de'r _é’ 3 '§ ED:O %’3 = —é é—é
of the flap. Subfascial flap elevation above the deep fascia is - L8 = 2 £ =822
then performed posterior-to-anteriorly until the perforators b ASlEE £ © 2 Za
pertormed p Y p 2 =T T 2
from the profunda femoris artery are identified. After choos- ;_c'i =£ = &
ing a sizable perforator, pedicle dissection is continued until s wloe o o = © =
a desirable length of the pedicle is achieved. An incision is > #|sS S S £ SE
made along the anterior border of the skin paddle, and the g _ = =
PAP flap is elevated, including subcutaneous fat tissue. £ ‘Z’ 10 I~ © ~o ®©
3 & o o = ~o ©
Lateral Crisscross Position :; 2 &
For the elevation of the PAP flap in the lateral decubi- > £ £
tus position, we propose the lateral “crisscross” position. = €2l co o = w on =
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Fig. 1. Supine frog-leg position for PAP flap elevation. The supine
position with the donor leg abducted and external rotated at the
hip joint and flexed at the knee joint.

Fig. 2. Prone position for PAP flap elevation. The prone position with
the legs slightly abducted at the hip joint and extended at the knee
joint.

Fig. 3. Lateral crisscross position for PAP flap elevation. The lateral
“crisscross” position; the lateral decubitus position with the donor
lower extremity on the bottom. The donor leg is slightly flexed at the
knee joint. The other leg is further flexed at the hip and lies parallel
to the donor leg.

PAP Flap for Reconstruction after Sarcoma Resection

This is the lateral decubitus position with the donor lower
extremity on the bottom. The donor leg is slightly flexed
at the knee joint. The other leg is further flexed at the hip
and lies parallel to the donor leg. Using foam wedges or
pillows, the patient’s hip and knee joint of the contralat-
eral lower extremity can be flexed to obtain a favorable
surgical position.” (Figs. 3, 6A). In this position, an ante-
rior approach is used for the dissection of the perforators
as in the supine frog-leg position.

When harvesting the flap in the prone or lateral posi-
tions, the orientation of the anatomical structures should
be occasionally confirmed. Otherwise, the elevation tech-
nique is relatively similar in both cases but does come with
a learning curve.

RESULTS

Of the 7 cases, 5 patients underwent a single-stage
reconstruction, and 2 patients underwent a secondary
reconstruction. The mean size of the defect was 11.3 x
16.5cm (range, 5.5-25 x 11-26cm), and all defects were
sufficiently covered. The mean size of the PAP flap was 8.7
x 19.9cm (range, 6-11 x 17-24cm). Of the 7 cases, the
operations were performed in the supine “frog-leg” posi-
tion in 3 cases, the prone position in 2 cases, the jack-knife
position in 1 case, and the lateral “crisscross” position in
1 case. There were no intraoperative position changes in
all cases. The PAP flap survived completely in all cases.
Neither anastomosis complications nor infections were
encountered. Regarding donor site complications, donor
site dehiscence was seen in 1 case, which was treated con-
servatively. The postoperative course was uneventful in 6
cases. The mean follow-up period was 10.5 months (range,
6-17 months). These findings are summarized in Table 1.

Case Reports

Case 1 (Prone position)

A 77-year-old male suffered from a soft tissue sarcoma
on the left posterior thigh (Fig. 4A). Surgical wide resec-
tion followed by immediate reconstruction using a free
PAP flap from the right thigh was planned. Surgical wide
resection with a 3-cm margin was performed. The defect
after tumor ablation was 13 x 16cm (Fig. 4B). An 8 x
17 cm PAP flap was elevated and transferred to the defect
(Fig. 4C). The pedicle of the PAP flap was anastomosed to
the profunda femoris artery perforator and its vena comi-
tans. All procedures were performed in the prone posi-
tion. The flap survived completely, and no postoperative
complications were seen (Fig. 5). The patient could ambu-
late freely after 1 week.

Case 2 (Lateral crisscross position)

A 63-year-old woman suffered from a large soft tis-
sue sarcoma on the right buttock (Fig. 6A). Surgical
wide resection followed by immediate reconstruction
was performed. Surgical wide resection with a 1- to 2-cm
margin, including the gluteal major muscle, was per-
formed. The defect after tumor ablation was 25 x 26 cm
(Fig. 6B). A 10 x 18 cm lumbar artery perforator flap, a
12 x 25 cm anterolateral thigh (ALT) flap, and a 10.5 x
20 cm PAP flap were transferred to the defect (Fig. 7A).
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Fig. 4. A 77-year-old man suffered from a soft tissue sarcoma on the left posterior thigh. A, Preoperative view. B, Intraoperative view
after surgical wide resection. The defect after tumor ablation was 13 x 16 cm. C, Intraoperative view after microsurgical anastomosis. The

pedicle of the PAP flap were anastomosed to the profunda femoris artery perforator and its vena comitans.

Fig.5.A 77-year-old man suffered from a soft tissue sarcoma on the left posterior thigh. A, Intraoperative
view after flap inset. B, Postoperative view at 3 months after the surgery.

The pedicle of the ALT flap, and the descending branch
of the lateral femoral circumflex artery and vein were
anastomosed to the inferior gluteal artery and vein. The
pedicle of the PAP flap was anastomosed to the distal
part of the lateral femoral circumflex artery and vein of
the ALT flap. The donor site of the PAP flap was closed
primarily, and that of the ALT flap was closed with skin
grafting.

All procedures were performed in the lateral “criss-
cross” position. The flap survived completely, and no post-
operative complications were seen. There were no donor
site morbidities either in the left medial thigh or in the
right lateral thigh (Fig. 7B). The patient could ambulate
freely after 3 weeks without any weakness. The range of
motion at postoperative 6 months were 120degree for
hip flexion, 15degree for hip extension, and 45degree
for hip abduction. The manual muscle test grades at the
postoperative 6 months were 5 for hip flexion and 5 for
hip abduction.

DISCUSSION

Sarcomas are rare malignancies, accounting for less
than 1% of new cancer diagnoses. STS occur most often
in the extremities; upper and lower extremity STS account
for 12% and 28%, respectively, whereas the STS occur-
ring on the trunk account for 10% of all STS. The thigh
is the most common location of STS, accounting for 44%
of all extremity STS.® Reconstructive surgical techniques
such as free or local flap transfers, including limb-sparing
procedures, are essential for improving patients’ quality
of life. Some recent studies have reported that free flap
transfers have a safety profile similar to that of reconstruc-
tion using a local flap, owing to the current improvements
in microsurgical techniques and instruments.”'* Some
review articles have concluded that reconstruction using
a vascularized flap after tumor resection is a reliable, safe
and necessary technique. Complications following a free
flap transfer are usually manageable."” Free tissue trans-
fer allows radical oncosurgical resections and enables
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Fig. 6. A 63-year-old woman suffered from a large soft tissue sar-
coma on the right buttock. A, Preoperative view. B, Intraoperative
view after surgical wide resection. The defect after tumor ablation
was 25 x 26cm.

adequate defect coverage, together with preservation of
function and aesthetics.'® In the setting of extremity sar-
coma, a recent study using the National Cancer Database
has shown that the ratio of amputation is only 8% and that
of limb salvage is 92%."" In our case series, 4 patients suf-
fered from sarcoma on a lower extremity, and limb salvage
was achieved using the PAP flap.

The PAP flap has recently become one of the favored
options for reconstructive surgery, due to some reports
elucidating its anatomy and clinical applications.*® Skin
flaps in the posterior medial thigh area were first reported

PAP Flap for Reconstruction after Sarcoma Resection

by Conway and Griffith" and by Conway and Kraissl."
Subsequent to the development of a skin flap based on
proximal musculocutaneous perforators from the adduc-
tor magnus muscle, which was called an “adductor flap”
by Angrigiani et al. in 2001, the posterior medial thigh
donor site has gained popularity in microsurgical recon-
struction.”? In 2012, Allen et al. described breast recon-
struction using the PAP flap.” Initially, flap harvesting
was performed in a prone position. The supine “frog-leg”
position was later adopted to eliminate the need for repo-
sitioning. Scaglioni et al. reported head and neck recon-
struction using the posteromedial thigh flap in 2015° and
various kinds of flap design of the posteromedial thigh
area in 2017.2%!

Intraoperative repositioning is associated with a higher
risk of infection and changes in hemodynamic parame-
ters. Flap selection that needs a position change may dis-
courage a 2-team approach, with resultant prolongation
of anesthesia time.' In the setting of the surgery for STS,
because STS can occur on any part of the body, an opera-
tive position that allows for sufficiently wide resection is
extremely important; the position should be determined
by the STS site, not the donor site of a flap. Therefore,
to avoid intraoperative repositioning, reconstructive sur-
geons should be familiar with the options for flap harvest-
ing in each position.

One of the greatest advantages of the PAP flap is that
a relatively large volume of flexible skin paddle and fat tis-
sue with a long pedicle can be harvested from an incon-
spicuous donor site. There are numerous works that have
reported that the PAP flap can be harvested both in the
prone position and in the supine “frog-leg” position.*=**
In addition, we have discovered that the PAP flap can be
harvested in the lateral “crisscross” position, as mentioned
above. Therefore, our clinical experience substantiated
the feasibility of the PAP flap elevation in every position.
An ALT flap, a latissimus dorsi flap, a rectus abdominis
flap, a deep inferior epigastric artery perforator flap, a
superficial inferior epigastric artery flap, and a superficial
circumflex iliac artery perforator are commonly used for

Fig. 7. A 63-year-old woman suffered from a large soft tissue sarcoma on the right buttock. A,
Intraoperative view after flap inset. Yellow arrow: lumbar artery perforator flap; blue arrow: ALT flap; red
arrow: PAP flap. B, Postoperative view at 6 months after the surgery.



microsurgical reconstruction after sarcoma resection.* %’

However, an ALT flap, a rectus abdominis flap, a deep infe-
rior epigastric artery perforator flap, a superficial inferior
epigastric artery flap, or a superficial circumflex iliac artery
perforator flap cannot be harvested in the prone position.
A large LD flap cannot be harvested in the supine posi-
tion.! Moreover, it is difficult to harvest a rectus abdominis
flap, a deep inferior epigastric artery perforator flap, and a
superficial inferior epigastric artery flap in the lateral decu-
bitus position. Therefore, the PAP flap is unique in that
it can be elevated in every operative position. We strongly
believe that the PAP flap transfer is a versatile solution for
sarcoma reconstruction, which can be used on any part of
the body, while eliminating the need for an intraoperative
position change. To the best of our knowledge, this article
presents the first report of the surgical technique of PAP
flap elevation in every position and the use of the PAP flap
for the reconstruction after sarcoma resection.

The reconstruction for a large defect, over 20 x 20 cm,
after wide resection is challenging and sometimes neces-
sitates a double flap transfer. When reconstruction for a
large defect is performed with the patient in the lateral
“crisscross” position, a double flap transfer using a PAP
flap from the bottom of the medial thigh and an ALT flap
from the contralateral thigh is an option, as described in
the case report. When reconstruction is performed with
the patient in the prone position, a double PAP flap trans-
fer from bilateral thigh is one of the options.*

The main limitation of the PAP flap is issues accom-
panying its donor site closure. Closure of the donor site
after the PAP flap elevation must be performed under
maximum tension, which can result in scar widening.
Trying to prevent this complication will limit the amount
of procured tissue.” The greatest limitation of this study
is the paucity of cases. No firm conclusions can be drawn
from a series of only 7 patients. For more rigorous statis-
tical analysis, a study with a large number of patients is
warranted.

CONCLUSION
With the feasibility of the PAP flap elevation in every
position and its minimal donor site morbidity, the PAP
flap can be considered a possible reconstruction option
after sarcoma resection.
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