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History

As microsurgical techniques are refined, autologous breast reconstruction will accordingly
increase in popularity. Advances made in autologous breast reconstruction have reduced
operative time, length of stay, and morbidity.:2 In the realm of breast reconstruction,
abdominal-based flaps remain the gold-standard tissue source.3-> However, when an
abdominal donor site is unavailable, alternate flaps, including thigh-based tissue, should

be explored. Owing to the rich vascular supply of the thigh, a multitude of flaps have

been designed from this anatomic region for reconstruction of both locoregional and distant
defects. A gluteal thigh flap was first described in 1980 in the setting of coverage and
reconstruction of chronic wounds of the perineal and sacral area.® In 1984, Song et al.
described the use of a posterior thigh free flap based on perforators arising off the profunda
artery.” In their series of 15 lower extremity-based flaps, all were used for reconstruction of
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burn contractures of the head and neck. Only two of the 15 flaps were harvested as profunda
artery perforator (PAP) flaps, while the rest were anterolateral or anteromedial thigh flaps.

In 2001, Angrigiani and colleagues expanded on the posterior thigh flap and described

the technical aspects of PAP flap harvest and perforator reliability using latex injection in
cadaveric specimens.8 They translated this into 25 live patients: 14 flaps were transferred

as pedicled flaps for reconstruction of the ischial/perineal region, while the remaining 11
patients had transfer of free flaps for resurfacing of burn contractures in the head and neck or
for reconstruction of lower extremity defects.

In 2012, Allen was the first to expand the use of PAP flaps for autologous breast
reconstruction.? In his landmark paper, he detailed the harvest and transfer of 27 PAP flaps,
including descriptions on the use of preoperative imaging, surgical technique and method
of harvest, postoperative recovery, and complications. This study heralded a massive shift
in the potential reconstructive options for breast cancer patients. With increasing familiarity
and surgeon experience, the PAP flap has emerged as a popular alternate donor site when
abdominal flaps are contraindicated or undesired.

The PAP flap addresses the disadvantages of gracilis flap variants. By nature of being a
perforator flap, the PAP flap spares sacrifice of any muscle. In comparison to gracilis flaps,
the PAP flap is larger in volume, has a longer and greater caliber pedicle, and its skin paddle
design can be larger.10 Additionally, when compared to transverse upper gracilis (TUG)
flaps, the dissection is more distant from draining lymphatics and avoids key structures in
the femoral triangle, thus preventing potential dead space, and decreasing the subsequent
risk of lymphedema/seroma and the potential associated morbidity.1%:1 The donor site scar
for a PAP flap can be conveniently hidden in the inferior gluteal crease to create an aesthetic
donor site. Further, the tissue of the posterior thigh is favorable for creating a youthful
breast, as it tends to contain firmer, yet moldable fat. The elliptical skin paddle design

also allows for insetting and shaping into a natural, youthful breast mound. These factors
likely contribute to the increasingly common utilization of PAP flaps as an alternative to
abdominal-based tissue.

Indications and Patient Selection

PAP flaps are preferred for breast reconstruction in patients with contraindications to an
abdominal-based donor site. This includes patients with scant abdominal tissue, prior failed
abdominal flap/history of abdominoplasty, significant prior abdominal surgeries, or patients
who are reluctant to have abdominal scarring. Further, young patients who desire future
preghancy may wish to avoid abdominal donor site harvest. We recommend avoiding

PAP flap harvest in patients with significant burns/scars of the thigh region or those with
significant iliofemoral vascular occlusive disease.

It has been shown that in patients with a low body mass index (BMI) and/or minimal
abdominal tissue, there is often adequate volume of potential donor tissue in the posterior
thigh region.12-14 Several studies have been performed analyzing both patient and PAP
flap characteristics.10.12-20 The average PAP flap weight across these studies ranged from
242 to 425 grams (g) (minimum 132 g, maximum 815 g), while the average patient BMI
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ranged from 23-27 kg/m2. Table 1 provides a detailed review of patient and PAP flap
characteristics across studies specific to breast reconstruction.10.12-20 pAP flaps can also be
combined with a second free flap (e.g., deep inferior epigastric perforator [DIEP] flap) in a
“stacked” flap fashion, or augmented with implants and/or fat grafting when a larger breast
size is desired than what the posterior thigh donor site can provide.2! Nonetheless, similar to
abdominal-based flaps, PAP flaps provide sufficient volume to reconstruct a wide volumetric
range of mastectomy defects.2?

PAP Flap Anatomy

The PAP flap is based on perforators branching off the profunda femoris (deep femoral)
artery. The profunda femoris arises 3—4 cm distal to the inguinal ligament on the
posterolateral aspect of the common femoral artery. The vessel then runs posterior

to the femur in a lateral to medial direction. Coursing between the adductor magnus

and semitendinosus muscles, it gives off several musculocutaneous and septocutaneous
perforators supplying the fat and skin of the posteromedial thigh.23 The first perforating
vessel supplies the adductor magnus and gracilis muscles. The second branch supplies

the semimembranosus, biceps femoris, and vastus lateralis muscles.2* Typically, the
perforator(s) selected for microvascular anastomosis arise 5—-7 cm caudal to the inferior
gluteal crease. The profunda artery consistently supplies at least two usable perforators, with
some patients having 5 perforators in a single thigh.2* These vessels have been shown to be
of adequate caliber and size for microsurgical transfer and postoperative flap perfusion.25-30
The arterial perforator averages 2.3 mm in diameter, with its associated vena comitans
averaging 2.8 mm in diameter.22 Pedicle length measures an average length of 11-13 cm
across several studies.15:17:20,23,24

Preoperative Imaging

In the era of advanced imaging, modalities including magnetic resonance angiography
(MRA) and computed tomography angiography (CTA) are increasingly used in the
preoperative setting for assessment and confirmation of perforators. (Figure 1). We prefer
preoperative MRA for the detailed anatomy and 3-D reprocessing techniques that it
provides. This high-resolution imaging allows the surgeon to carefully plan the incisions
sites and anticipated skin paddle. Unlike abdominal-based flap harvest, the inconsistent
location of a dominant perforator in PAP flaps has many surgeons relying on preoperative
imaging. However, newer modifications of the PAP, including a diagonal (dPAP) and vertical
(VPAP) design to be discussed later in the text, allow for capture of more perforators along
the course of the profunda artery, compared to flaps with a classical transverse (tPAP)
orientation. Therefore, imaging may not be mandatory for diagonal and vertical flap designs.

Operative Technique

When possible, we prefer a split-leg bed or lithotomy for patient positioning and adequate
exposure of the inner thigh (Figure 2). When positioning patients in lithotomy, one should
be cognizant to pad pressure points and properly position the lower extremities to avoid
potential nerve entrapment/compression. Both split-leg and lithotomy allow the surgeon
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to be situated in-between the patient’s thighs and approach the operation from multiple
angles, facilitating efficient and safe flap harvest. Additionally, the nature and location of
the PAP flap permits a two-team approach, allowing the mastectomy and recipient site to
be prepared in conjunction with flap harvest. In stacked DIEP-PAP flap cases, the DIEP
flap dissection can commence at the same time as the PAP flap. Similar to abdominal-based
breast reconstruction, PAP flaps can be performed in an immediate or delayed fashion. In
fact, single-stage breast reconstruction with PAP flaps offers comparable results to delayed
reconstruction,31:32

After visualization of perforator status with advanced imaging modalities, the donor
vessel(s) are confirmed with a Doppler probe and are marked for intraoperative reference
(Figure 2). The adductor longus and gracilis muscles are highlighted as important
landmarks, as is the inferior gluteal crease (Figure 2). The skin paddle is designed using
the pinch test, such that the width of the flap is an estimate of the amount of tissue

that can be excised while still allowing for a tension-free primary closure of the donor

site. In the most classic orientation (tPAP), skin markings are typically made with the
patient upright, to ensure the incision remains hidden in the inferior gluteal crease. The
anterior incision is made and taken through the subcutaneous tissue. Electrocautery is used
to proceed with dissection from anterior to posterior. The fascia investing the gracilis is
entered and the muscle retracted anteriorly. The adductor magnus fascia is then exposed,
incised, and dissected proximally in a subfascial manner until the perforators are identified.
Intramuscular dissection of the perforators then proceeds in a standard fashion until
adequate pedicle length is achieved or the profunda artery is encountered (Figure 2). When
pedicle length and vessel caliber are deemed suitable for microsurgical transfer, the flap is
divided and transferred to reconstruct the mastectomy defect. If additional time is needed
for preparation of the recipient site, the perforating flap vessels can still be ligated given
the fact that perfusion remains intact via posterior skin attachments and musculocutaneous
perforators. When ready, the posterior attachments are divided, and the flap is harvested,
weighed, and prepared on the back table for transfer.

Microsurgical anastomosis is then performed in a standard fashion, most often antegrade
to the internal mammary artery and vein. Alternatively, the retrograde mammary or
thoracodorsal vessels can be utilized as backup options.33:34 We use SPY-PHY (Stryker
Corp., Kalamazoo, MI; manufactured by Medical London LP, London, Ontario, Canada)
angiography to visualize and confirm flap perfusion following microvascular anastomosis,
and any tissue with questionable viability is excised. The flap is then inset with absorbable
sutures. One should take time to ensure sufficient inferomedial pole fullness, as these

areas tend to be difficult to augment during subsequent revisional procedures.3® (Figure 2)
Selective de-epithelialization is then carried out while maintaining an adequate skin paddle
for postoperative monitoring. The skin paddle can be easily removed at the time of revision
or staged nipple reconstruction.38 The skin is approximated in layers over a closed suction
drain placed in the mastectomy space.

Given the muscle-sparing nature inherent to the PAP flap, there is a decreased chance of
dead space in the donor site. Nonetheless, care must be taken to ensure a tension-free,
multilayered closure. This is achieved with careful elevation of the inferior skin flap off the

Clin Plast Surg. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cohen et al.

Page 5

investing thigh fascia. Quilting sutures can further facilitate closure and decrease tension
on the wound. The donor site is approximated in layers over a closed-suction drain (Figure
2). The lower extremity is placed in a compression garment, and patients are instructed to
avoid strenuous activity for at least 6 weeks, at which time activities can be liberalized as
indicated.

Variations in PAP Flap Design: Transverse, Vertical, and Diagonal

Various derivations and modifications have been made to the original PAP flap used in breast
reconstruction, which was designed with a transverse skin paddle (tPAP).° The tPAP has
several limitations. Namely the width of the skin paddle is limited in size to about 6-8

cm. Additionally, there is a great degree of tension on the donor site, increasing the risk

of wound complications. The incision is also compressed when patients are in the sitting
position, a factor which may potentiate wound complications and/or chronic posterior thigh
paresthesia secondary to damage to the posterior cutaneous nerves.3’

Hupkens and colleagues described a geometric modification of the tPAP flap, in which
dissection was extended cranially to include additional tissue from the inferior gluteal area,
thus increasing the volume available for harvest.1” Similarly, there has been description

of a vertical PAP (VPAP) flap in which a longitudinal skin paddle was delineated to
maximize the number of larger, distal perforators that are harvested.38:3 Tielemans and
colleagues then expanded on the “extended” PAP flap in 2021, citing similar complication
profiles to “standard” PAP flaps and a 97.8% flap survival rate.%0 Also, the vertical incision
avoids dissection near lower extremity nerves and lymphatics, and distributes tension in

a circumferential manner around the thigh, thus decreasing the risk of potential wound
complications/scar migration. The donor site remains well-concealed with a vPAP and
resembles an inner thighplasty scar.

Dayan and Allen Jr. described the harvest of a diagonal PAP (dPAP) oriented along Langer’s
lines, which allows for a wider skin paddle and decreased tension on the donor site seen
with traditional tPAP flaps.3” Additionally, the diagonal design captures more fat from the
posteromedial thigh that is ideal for breast reconstruction. Similar to a vVPAP, the incision
with dPAPs is not compressed in a sitting position, thus decreasing potential wound sequalae
and/or thigh paresthesia.

Lastly, a fleur-de-lis modification of the PAP flap, in which both vertical and horizontal
limbs are included, allows for harvest of the entire angiosome of perforators and maximizes
flap volume from a single donor site.41-43

Specialized PAP Flaps: Expanded Use and Modifications

Since its introduction by Allen in the realm of autologous breast reconstruction, the PAP flap
has been refined and its use extended. Several techniques have been utilized that increase

the potential reconstructive aspects of the PAP flap. For example, Mayo et al. described the
utilization of the PAP flap for non-breast reconstruction in the setting of lower extremity and
head and neck defects.*4
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A PAP flap can be harvested from both thighs and used in a “stacked” fashion for
unilateral or bilateral breast reconstruction. The most common combination of stacked flaps
used for reconstruction is a DIEP flap combined with a PAP flap.29-45-49 This remains

a viable option for patients with scant donor tissue who wish to avoid staged revision

with implants or repeated attempts at fat grafting. The placement of a second flap into

a mastectomy defect provides additional volume for body-specific reconstruction with
acceptable complication rates.#® However, utilization of a second free flap necessitates

an additional set of microvascular anastomoses, thus increasing operative time, technical
difficulty, surgeon fatigue, and potential complications. However, recipient vessel options
in this scenario are plentiful, and include the antegrade and retrograde internal mammary
systems, thoracodorsal, thoracoacromial, and branching vessels off of the primary flap
pedicle.34 Haddock et al. noted an increase in the rate of flap loss when the retrograde
internal mammary system is used,? and for this reason they advocate for the use of intra-
flap vessels for secondary recipient anastomoses. That being said, the retrograde system is
our preferred second option if the antegrade mammary vessels are of poor quality.

The topic of sensate flap creation for breast reconstruction remains a topic of debate,51:52
Nonetheless, Dayan and Allen Jr. first described the successful transfer of a sensate PAP
flap. In this case, neurorrhaphy was achieved by anastomosing the anterior branch of the
obturator nerve to the lateral branch of the T4 intercostal nerve. In a recent study utilizing
cadaveric thigh dissection, Song and colleagues described the feasibility and location of the
posterior femoral cutaneous nerve and its potential for the transfer and creation of a sensate
PAP flap.53

Postoperative Care

Postoperatively, routine flap monitoring is carried out at the recipient site, typically with
pencil Doppler assessment of the skin paddle. Patients are instructed to wear lower body
compression garments for 3 weeks to help decrease swelling and prevent potential scar
widening/hypertrophy or seroma formation. Drain output is carefully monitored for volume
and consistency. Patients are typically admitted for 1-3 days. When criteria for discharge are
met, patients should be educated on drain care and have reinforcement of activity restrictions
until they follow up in clinic. Additionally, one should attempt to avoid pressure on the
donor incision site.

Outcomes and Complications

Complications following PAP flap surgery occur at low, acceptable rates at both the recipient
and donor sites. Donor site complications include seroma, hematoma, wound dehiscence,
wound infection/cellulitis, and pain.1® In 2016, Allen and colleagues reviewed 164 total
flaps used in 96 patients.1® They noted a recipient complication profile of hematoma (1.9%),
seroma (6%), fat necrosis (7%), and one instance of flap loss. Haddock et al. published the
results of their PAP flap experience in 2017 and 2020.12.13 Of 101 PAP flaps, there were 2
total flap losses (2%) and one case of fat necrosis. In 2020 they expanded their investigation
to 265 PAP flaps and noted 8 flap losses (3%). A prospective review of 30 PAP flaps by
Haddad and colleagues noted 2 cases of flap loss (6.7%).1°
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Patients should also be educated on the nature of donor site complications, which are
typically managed nonoperatively. Cho et al. showed that donor site morbidity and
complications occurred at a higher rate as BMI increased, with all of their complications
localizing to the medial thigh.>* Cited donor complication rates by Haddock and colleagues
included seroma (4.5%), hematoma (2.6%), infection (4.9%), and significant wound issues
(6.8%).13 Significant wounds were defined as those necessitating procedural intervention or
negative pressure therapy. In 2019, Qian and colleagues performed a systematic review of
12 studies that included 516 PAP flaps in 327 patients.>® The pooled success rate was 99%.
Pooled donor complications included wound dehiscence (6%), seroma (2%), hematoma
(1%). The rate of partial flap loss was 2%, while total flap loss occurred at a pooled
incidence of 1%. Table 2 notes the rates of donor complications as well as total flap loss
across the 10 studies that were cited in Table 1.

Enhanced recovery after surgery (ERAS) protocols exist across several surgical specialties
and have been shown to be effective in breast reconstruction with abdominal-based tissue.>®
This has been translated into PAP flap-based breast reconstruction, and has proven to

lower hospital length of stay, operative time, and postoperative opioid consumption.>’
Additionally, patient reported outcome measures (PROMS) have been assessed for patients
undergoing breast reconstruction with PAP flaps, and indicate high scores in all BREAST-Q
domains.13.14.58

Case Example

We present a case of a 53-year-old female with a history of bilateral breast cancer. She

had right breast reconstruction with a DIEP flap and subsequently developed left breast
cancer. The left side was reconstructed with a pedicled latissimus flap and silicone implant.
Unfortunately, the patient developed capsular contracture of the left breast and desired
implant removal and autologous reconstruction. The implant was removed, and an ipsilateral
diagonal PAP flap was harvested for left breast reconstruction (Figure 1, 2 and Video 1).

Conclusions

PAP flaps have emerged as a leading alternative for autologous breast reconstruction

when abdominal-based tissue is contraindicated or undesired. Several studies have cited
excellent surgical and patient-reported outcomes with low, predictable recipient and donor
site morbidity. The aforementioned modifications of the original PAP flap (e.g., vVPAP, dPAP,
fleur-de-lis PAP) increase the potential reconstructive capacity of this donor tissue. As
techniques are refined and surgeon experience improves, we expect the clinical application
and utilization of PAP flaps to expand accordingly.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis:

Autologous free flap breast reconstruction allows for natural-appearing breasts, while
avoiding the risks associated with implants, including exposure, rupture, and capsular
contracture. However, this is offset by a much higher technical challenge. The abdomen
remains the most common tissue source for autologous breast reconstruction. However,
in patients with scant abdominal tissue, prior abdominal surgery, or a desire to avoid
scarring in this region, thigh-based flaps remain a viable alternative. The profunda
artery perforator (PAP) flap has emerged as a preferred alternative tissue source, due

to excellent aesthetic outcomes and low donor-site morbidity.

Key Points:

1. Abdominal-based tissue is the gold standard for autologous free flap breast
reconstruction.

2. The profunda artery perforator (PAP) flap may be an option for those who are
not candidates for abdominal tissue transfer.

3. The PAP flap is based off perforators from the profunda artery, supplying the
skin and subcutaneous tissue of the posteromedial thigh.

4. Due to low donor-site morbidity, reliability of the vascular supply, and
excellent cosmetic outcomes, the PAP flap has emerged as a preferred
alternate source.

Clinical Care Points:

1. Abdominal-based tissue is the gold standard for autologous free flap breast
reconstruction.

2. The profunda artery perforator (PAP) flap may be an option in those who are
not candidates for abdominal tissue transfer.

3. The PAP flap is based off perforators from the profunda artery, supplying the
skin and subcutaneous tissue of the posteromedial thigh.

4, Due to low donor-site morbidity, reliability of the vascular supply, and
excellent cosmetic outcomes, the PAP flap has emerged as a preferred
alternate source.

Clin Plast Surg. Author manuscript; available in PMC 2024 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Cohen et al.

D Perforator Flap Angiogra, (PA

Inferior Gluteal Crease (GC): Se3, Im111
Note: All measurements are in mm.

#  Series: Image Distanceto IGC Distance to Midline Vessel Diameter
L1 3121 15.1(Inferior) 115.1 X
12 3124 19.5(Inferior) 477 17
13 3:130 28.5(Inferior) 422 17
14 3135 36.0(Inferior) 524 16
#  Series: Image DistancetoIGC  Distance to Midline Vessel Diameter
Rl 3115 6.1(Inferior) 1188 1
RZ 3124 19.5(Inferior) 359 18
R3 3129 27.0(Inferior) 119.0 16
R4 3:134 34.5(Inferior) 1324 16

RS 3:148 55.4(Inferior) 289 21

Figure 1.
Preoperative images of the (A) breasts and (B, C) lower extremities. Patient had a history

of right breast cancer and underwent mastectomy with DIEP flap reconstruction. The left
breast subsequently developed cancer and was reconstructed with a pedicled latissimus dorsi
flap and implant. Note severe capsular contracture of left breast a well as laxity of tissue

in the posteromedial thighs. Magnetic resonance angiography (MRA) of the bilateral lower
extremities with and without intravenous contrast and 3-dimensional (3-D) postprocessing
was performed. (D) Perforator flap angiography report detailing vessel caliber as well as

LT POSTERIOR THIGH FAT

Volume: 409 cm?
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location. IGC=Inferior Gluteal Crease. (E) 3-D perforator map showing perforator location
on posterior thigh. (F) Axial view of the thigh demonstrating a favorable R5 perforator
located 55.4 mm inferior to the IGC, 28.9 mm to the right of midline, and 6.9 mm posterior
to the posterior margin of gracilis. Vessel diameter is 2.1 mm. It travels 185.2 mm with an
intramuscular course before joining the inferior gluteal artery. (G) Axial view of the thigh
demonstrating a favorable L2 perforator located 19.5 mm inferior to the IGC, 47.7 mm to
the left of midline, and 39.5 mm posterior to the posterior margin of gracilis. Vessel diameter
is 1.7 mm. It travels 185.2 mm with an intramuscular course before joining the inferior
gluteal artery. (H) Fat volume of a 22x6 cm flap on posterior left thigh is 409.0cc

Clin Plast Surg. Author manuscript; available in PMC 2024 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Cohen et al. Page 15

Figure 2.
Preoperative surgical site markings and patient positioning for a planned diagonal PAP. (A)

Patient positioning in lithotomy. (B) Preoperative marking delineating the adductor longus
(AL) muscle, gracilis (G) muscle, and a 22x10.5 cm anticipated diagonal skin paddle. (C)
The anterior skin incision is made and carried down through the fascia investing the gracilis,
at which point the gracilis is retracted anteriorly. Forceps identify the gracilis pedicle. (D)
The investing fascia overlying the adductor magnus is incised and subfascial dissection
proceeds. Meticulous posterior dissection of the adductor magnus fascia reveals a large
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perforator with 2 cutaneous branches (E) A microvascular bulldog was then placed on the
main perforator and its associated vena comitans, at which point the vessels were clipped
and divided. (F, anterior; G, posterior) The posterior incision was completed to allow for
flap harvest and weighing (512g). Flap preparation proceeded on the back table and revealed
a pedicle length of 10.5 cm. The flap was then transferred to the left mastectomy defect and
microvascular anastomoses were performed in a standard fashion to the internal mammary
system. (H) SPY-PHI (Stryker Corp., Kalamazoo, MI; manufactured by Medical London LP,
London, Ontario, Canada) angiography of the free flap reveals excellent tissue perfusion (1)
The flap was then selectively de-epithelialized and inset with absorbable sutures to recreate
a youthful breast mound and the wound was closed over a drain (J) Layered closure of the
donor site over a closed-suction drain. (K) Postoperative appearance of the breast and (L,
M) lower extremities. Note improved contour of the left upper thigh with an inconspicuous
donor site scar.
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Review of patient and PAP flap characteristics across 10 studies.
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sy v susyToe MERAR ateumeer MO VemTemnemn o e
Hunter et al 2015 PC - 13/22 216 242 (132-455) -
Haddad et al 2016 PC - 30/30 - 301 (195-700) 9.88
ltoetal 2016 RR 41.6 5/7 235 257.1 (200-350) 9.4
Hupkens etal 2016 PC 44 30/40 233 372.4 (250-470) 11
Allen et al 2016 RR 48 96/164 225 367.4 (225-739) 10.2
Haddock etal 2017 RR - 56/101 26.4 425 (170-815) 10.3
Fosseprez etal 2017 RR - 15/17 - - -
Haddock etal 2019 RR 515 20/40 27.3 398.5 (170-600) 12.9
Haddock etal 2020 RR - 138/265 26.5 403 (190-800) 11.2
Atzeni et al 2021 PC 47.56 86/116 24.72 251.3 (152-455) -

RR: Retrospective Review; PC: Prospective Cohort Study; BMI: Body Mass Index; cm: centimeters; min: minutes
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Review of donor site complications across 10 studies.
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Study Year Study Type Hematoma Wound Dehiscence Wound Infection Seroma  Total Flap Loss
Hunter et al 2015 PC - 4.50% - 4.50% 9.09%
Haddad et al 2016 PC - - - 6.67% 6.67%
Ito et al 2016 RR - - - - -
Hupkens etal 2016 PC - 10% - - -
Allen et al 2016 RR 1.90% 3.60% - 6% 0.61%
Haddock etal 2017 RR - 10.89% 5.90% - 1.98%
Fosseprez etal 2017 RR 5.8%* - - 35.30% 11.80%
Haddock etal 2019 RR - 3% - - -
Haddock etal 2020 RR 2.60% 6.80% 4.90% 4.50% 3%
Atzeni et al 2021 PC 1.70% 2.60% - 2.60% -

RR: Retrospective Review; PC: Prospective Cohort Study; * denotes recipient site complication
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