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Abstract

The paramedian forehead flap (PMFF) is an interpolated flap commonly used to reconstruct a variety of nasal
defects. It is the preferred reconstructive method for moderate to large nasal defects, with advantages of robust
blood supply, close color and texture matching with native nasal skin, relatively acceptable donor site morbidity,
and ability to customize size and thickness. It may involve two or three stages to permit addition of cartilage grafts,
debulking or other modifications, and pedicle division. Recent literature has supported numerous variations on the
classically described forehead flap. These include shortened time to pedicle division, single-stage flaps, two-stage
flaps for complex major reconstruction, pre-laminated flaps, and use of the forehead flap in total nasal
reconstruction. Recent updates in the literature on PMFF in nasal reconstruction will be reviewed.
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INTRODUCTION

Reconstruction of nasal defects can be one of the most complex and challenging procedures within plastic
surgery of the face. While some defects are amenable to secondary intent healing, primary closure or skin/
composite grafting, this is often not the case. Careful consideration of both aesthetic and functional
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implications of the reconstructive method is crucial. Local flaps, including rotation and transposition flaps,
are frequently employed for defects < 1-1.5 cm in favorable locations'!. For larger defects, interpolated flaps
such as the melolabial or paramedian forehead flap (PMFF) are commonly used - the latter a major
workhorse in nasal reconstruction and the primary focus of this review.

The PMFF is an axial-pattern interpolated flap commonly used to reconstruct nasal defects larger than
1.5 cm™?. It is the preferred reconstructive method for moderate to large nasal defects, with advantages of
robust blood supply, close color and texture matching with native nasal skin, relatively acceptable donor site
morbidity, and ability to customize size and thickness™. The flap is supplied by the supratrochlear vessels,
and neovascularization develops from the wound bed and/or periphery of the defect. The flap’s pedicle is
often divided and the flap is inset 3-4 weeks after the initial reconstructive stage. This reconstructive method
may involve two or three stages to permit addition of cartilage grafts, debulking or other modifications, and
pedicle division'". Recent literature has supported numerous variations on the classically described forehead
flap. These include shortened time to pedicle division, single-stage flaps, two-stage flaps for complex major
reconstruction, pre-laminated flaps, and use of the forehead flap in total nasal reconstruction. Recent
updates in the literature on PMFFs in nasal reconstruction will be reviewed here.

OVERVIEW OF SURGICAL PRINCIPLES

While a comprehensive review of surgical technique is outside the scope of this writing, several key
principles will be discussed. Conventional dogma dictates that the PMFF should be considered for nasal
defects approximately 1.5 cm or larger. However, nasal size, patient aesthetic goals and preferences, and
overall health must be considered when making a joint decision on reconstructive method. During surgical
preparation, the nasal aesthetic subunits should be outlined to determine the extent of involvement of each
subunit, as well as create a template from the contralateral side if uninvolved. It may be beneficial to excise
additional native nasal tissue if the majority of a subunit has already been resected, so that the borders of the
inset flap lie more inconspicuously along subunit boundaries'". Squaring of defect edges along subunit
boundaries may also help prevent “pin cushioning” and better camouflage the reconstruction once healed.
In cases of superficial defects, the wound bed is often thinned uniformly to the depth of underlying
structural nasal framework. Cartilage grafts may be added for structural support and/or prevention of alar
retraction. If the defect involves the adjacent medial cheek, this area is reconstructed first with cheek
advancement, secured with deep sutures to the frontal process of the maxilla. For full-thickness defects
reconstruction of the internal lining must be considered, which may involve septal or mucosal flaps, skin
turn-in flaps, a folded or prelaminated forehead flap, or even free tissue transfer®”.

A template is then made of the final defect, and vertical position of the flap on the forehead is determined
based on necessary pedicle length. In the senior author’s experience, the pedicle dissection may be carried
out in the subperiosteal plane through the medial brow to maximize pedicle length while avoiding the
hairline. The flap itself may be raised to a depth customized to the recipient site, in a subcutaneous plane
and/or deeper subgaleal plane if greater thickness is desired. Classically, the recommended pedicle width is
approximately 1.2 cm to ensure viability'”. However, after identification of the supratrochlear artery with
ultrasound, Doppler and/or indocyanine green (ICG) angiography, the senior author often designs a pedicle
of 8-9 mm width. The flap is then raised and inset with minimal pedicle tension, and the forehead donor
site is closed if able. If the donor site is too large for primary closure, it is preferred to allow healing by
secondary intent, which yields superior aesthetic results compared to immediate skin grafting, and may be
revised at a later time if needed".
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Figure 1. Partial thickness circular defect of the left ala and sidewall reconstructed with a paramedian forehead flap (top left). Note the
planned subunit excision of the ala and squaring of defect edges along subunit boundaries. A template based on the non-operated side is
used to facilitate symmetry. Tacking sutures are used to re-create the alar groove at the end of the second stage (pedicle division).

Figure 2. Postoperative photos after two-stage paramedian forehead flap reconstruction [Figure 1].

Figures 1 and 2 provide a patient example of two-stage PMFF reconstruction of a left alar defect using the
above principles. Another case example in Figures 3 and 4 demonstrates unification of two large nasal
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Figure 3. Reconstruction of two defects of the nasal tip, sidewall and dorsum. The defects are unified through subunit excision and
reconstructed with a single paramedian forehead flap. Defects are shown prior to unification (left, center images) and following first
stage reconstruction (right).

Figure 4. Postoperative photos after two-stage paramedian forehead flap reconstruction [Figure 3].

defects via subunit excision and reconstruction with a single PMFF. The resultant defect, while larger, is
better camouflaged with squared borders along subunit boundaries. Figure 5 provides an example of
reconstruction of a nasal and medial cheek defect with cheek advancement and a PMFF. This case
highlights the importance of first defining the nasal boundaries when the defect extends onto the medial
cheek. In these circumstances, it is beneficial to first reconstruct the surrounding soft tissue defect prior to
planning the nasal reconstruction, both to support the nasal reconstruction and create a natural-appearing
nasofacial junction.

OUTCOMES AND RISK FACTORS IN FOREHEAD FLAP RECONSTRUCTION

A number of studies have published outcomes following PMFF nasal reconstruction. Little et al. analyzed
205 patients who underwent PMFF and found an overall major complication rate of 16.1% and minor
complication rate of 31.2%. Only smoking and full-thickness defects were associated with postoperative
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Figure 5. Reconstruction of a left nasal sidewall and medial cheek defect with cheek advancement and a paramedian forehead flap.
Note preservation of the nasofacial junction in postoperative photos, achieved by cheek advancement to reconstruct the medial cheek.

complications”. Smoking was associated with flap necrosis, and full-thickness defects were associated with
flap necrosis and alar notching. In this study, diabetes, vascular disease and age were not associated with
major complications. Ji et al. analyzed outcomes from a variety of reconstructive methods following Mohs
micrographic surgery and found that PMFFs (all two-stage) were more likely to have major revision
surgery""'!. However, in this study PMFFs were compared to minor reconstructions such as skin grafts and
primary closure. The largest study of PMFF complications to date was published by the senior author
(SPM) in 2019. In this study of 2,175 patients, infection was the most common postoperative complication,
and readmission risk factors included postoperative bleeding, alcohol use, and neurologic disorders'?.

A recent paper by Wu et al. evaluated complications within a cohort of 197 PMFFs to develop a risk
prediction model. They found an overall complication rate of 25%, which included both impaired nasal
function and more immediate postoperative flap complications. Factors associated with increased risk
included hypoalbuminemia, female sex, prior excisions and rib cartilage grafting. Using the authors’ clinical
risk calculator, intermediate- and high-risk categories increase the chance of any complication by 11- and
55-fold, respectively"”. Interestingly, smoking was not associated with increased complications in this study,
contrary to findings by Little et al."”. As sample size and classification of complications was similar in both
studies, this could be due to different patient populations with various combinations of underlying
comorbidities, though additional research would be necessary to make a definitive conclusion.

Interestingly, a recent survey of facial plastic and reconstructive surgeons performing PMFF reconstructions
found a surgeon-reported complication rate of only 1%-5%, and an average of 1.1 total revision procedures
following pedicle division"*. It is possible that this reflects only more serious complications and not minor
touch-up procedures to improve nasal cosmesis or function.

Number of stages

Historically, there has been conflicting evidence regarding indications for and differences between two- and
three-stage PMFFs. Classically, three-stage reconstruction has been thought to be superior for complex
reconstructions, and potentially offers improved cosmesis">'. Menick argued for the addition of an
intermediate stage in order to safely and aggressively thin the flap, re-contour, and add cartilage grafts if not
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placed during stage one"”. Indeed, three-stage reconstructions are more commonly performed for such
large, complex nasal reconstructions"”**.

However, several recent studies have shown no increased risk of complications nor aesthetic concerns
between two- and three-stage forehead flaps when comparing complex defects with similar size, depth and
cartilage use, as well as similar medical comorbidities"”*". Some studies have even reported worse aesthetic
outcomes in three-stage flaps. Stahl et al. (2015) found that three-stage procedures resulted in worse nasal
ala bulk/thickening, even when controlling for defect size and use of cartilage"”. Palmer et al. found that the
only significant difference between similar two- and three-stage procedures is higher postoperative

dyspigmentation in three-stage reconstructions'®.

These findings may challenge the conventional thought that three-stage reconstructions are necessary for
complex defects to achieve the desired functional and cosmetic outcomes, as well as avoid postoperative flap
complications. There may be some complex defects that are amenable to successful two-stage
reconstruction. In addition, completing reconstruction in two stages reduces health care system costs and
patient postoperative morbidity, allowing shorter duration of wound care and earlier return to work and
other responsibilities.

TIMING OF PEDICLE DIVISION

ICG angiography

In addition to reducing number of reconstructive stages, decreasing time to pedicle division has also been
heavily investigated in recent years. Many studies characterizing the vascular perfusion of PMFFs, as well as
the safety and efficacy of early pedicle division, have relied on ICG angiography. Several methods have been
described to assess intraoperative perfusion of cutaneous flaps, including handheld Doppler, duplex
ultrasound, optical diffusion imaging spectroscopy, near-infrared spectroscopy, dynamic infrared
thermography, fluorescein angiography, laser Doppler flowmetry, and laser-assisted ICG angiography**.
An advantage of ICG angiography is the ability to pair this with SPY-Q software to extract quantitative
perfusion metrics. Intravenous (IV) ICG binds to plasma proteins and has a 3-4 min half-life, and the SPY
Elite Imaging System uses an 806 nm laser to illuminate ICG dye as it passes through the area of interest™.
Relative perfusion of any point on the flap to a reference point elsewhere on the face may be calculated at
any time during ICG passage, and the SPY-Q software also calculates time-independent relative flap
perfusion.

This technology may be used in forehead flap planning to visualize the path of the supratrochlear arteries
and compare perfusion intensity on the right and left sides. It may also be used to confirm distal flap
perfusion after initial inset, prior to pedicle division, and immediately following pedicle division.
Additionally, ICG angiography has been used to identify potential risk factors for decreased perfusion of
PMFFs". A 2019 study by the senior author retrospectively analyzed perfusion data from 71 forehead flap
reconstructions and found that only cartilage graft use and time between stages significantly affected flap
perfusion metrics®. Diabetes also appeared to negatively affect perfusion, though this did not reach
statistical significance. Interestingly, tobacco use was not associated with decreased perfusion nor
complications in this cohort.

Some may raise concerns regarding the cost and necessity of ICG angiography. Of note, a study by our
group found an average cost savings of $177 per patient when ICG angiography was used to aid safe pedicle
division at two weeks compared to patients divided at three weeks without angiography™. It may be an
effective tool in reducing time to pedicle division, thus decreasing postoperative morbidity and allowing
cost savings through patient productivity gains.
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Pedicle division

A 2012 study by the senior author used ICG angiography to quantify forehead flap perfusion at weekly
intervals following the initial reconstructive stage and found evidence of adequate vascular in-growth as
early as one week postoperatively™’. A subsequent 2015 study by the same group analyzed forehead flap
perfusion 2 weeks after initial flap transfer in 10 patients with partial-thickness defects, vascularized tissue in
more than 50% of the recipient bed, and no nicotine use. In this cohort, the flap was divided early at two
weeks instead of the traditional three weeks, and there were no complications®”.

Most recently, our group prospectively assessed flap perfusion at one week post-flap transfer in 10 patients
with the same inclusion criteria as the prior study, showing nearly the same perfusion at one week
compared to two weeks. Pre-division perfusion was comparable to post-division perfusion, and all 10
patients had successful 7-day flap takedown with no flap-related complications™. This supports results
from Somoano et al. on early takedown (average 7.2 days) in 26 PMFF patients, including those with
tobacco use, diabetes and cartilage grafts. There was no increased risk of postoperative complications in the
early division group, and none developed flap necrosis or major complications. A recent study also
compared outcomes of “accelerated” (< 21-day) pedicle division without ICG angiography”. In this cohort
of 39 two-stage PMFF patients, there were no major flap complications among the 7 who underwent
accelerated takedown. There was no difference in revision rate or touch-up procedures between this cohort
and those who underwent division at 3-4 weeks"*.

These studies suggest that, in appropriately selected patients with amenable defects and relatively minor
comorbidities, forehead flap division as early as seven days after initial flap transfer is safe and effective.
Early division has several advantages, including decreased time with a noticeable reconstructive deformity,
less time away from work and other obligations, shorter duration of wound care, and limiting bothersome
sequelae of an intact pedicle including visual field obstruction and difficulty wearing glasses. An analysis of
the psychological effects of PMFF nasal reconstruction found that psychological distress is greatest prior to
reconstruction and improves with each subsequent stage®. Thus, safe methods for shortening the
reconstructive time window may also be beneficial for mental health and disease experience. However, a
2024 survey of facial plastic and reconstructive surgeons found that > 80% perform pedicle division at least 3
weeks after flap transfer”. Given the data outlined here, early division should be considered in select
patients as a safe alternative to division at 3 weeks.

SINGLE STAGE FOREHEAD FLAPS

In contrast to the traditional multi-stage flap, the single-stage PMFF has been described as a viable
reconstructive option in some patients. Park et al. described the single-stage forehead flap technique in
which the soft tissue surrounding the vascular pedicle is de-epithelialized and thinned, and the forehead
island flap is tunneled within the soft tissue of the glabella to the recipient nasal defect®*!. It is most
suitable for defects that extend to the upper third of the nasal dorsum or sidewall. This limits the distance
over which the pedicle is tunneled, theoretically decreasing risk of pedicle compression. A shorter tunneled
distance also permits any pedicle bulk to be concealed within the thicker soft tissue of the glabella®. A
patient example of a single-stage PMFF is provided in Figures 6 and 7.

This study’s authors recently characterized perfusion of single-stage PMFF reconstructions using ICG
angiography". This is the first study providing such quantitative measurements of single-stage forehead
flap perfusion in nasal reconstruction. This cohort of eight patients demonstrated excellent perfusion of the
distal flap relative to a cheek reference point, and perfusion data were comparable to multi-stage, non-
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Figure 6. Planning and execution of single-stage forehead flap. (A) Original defect after debridement, and planning for V-Y advancement
closure of cheek and internal lining flap; (B) Internal lining and V-Y flaps completed, with ear cartilage graft in place; (C) Forehead flap
raised. Note de-epithelialized area; (D) Forehead flap tunneled within the glabella; (E) Forehead flap in place. V-Y: V-Y advancement
flap, a local tissue flap design where a V-shaped incision is advanced and closed in a Y-shaped configuration for defect reconstruction.

Figure 7. Postoperative photos at 12 months, no touch-up or secondary procedures performed.
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tunneled forehead flaps. Such data offers reassurance regarding concerns for degree of pedicle rotation,
venous congestion and pedicle compression in the tunneled flap. In addition, there were no incidents of flap
necrosis or other complications related to vascular compromise such as dehiscence, infection or
epidermolysis. Only one patient underwent a revision procedure for glabellar debulking, suggesting that
glabellar fullness is an uncommon concern postoperatively.

A single-stage surgery in which the pedicle remains intact may be ideal for certain patients with vascular
disease, risk factors such as smoking or diabetes, need for timely initiation of adjuvant radiation therapy, or
other medical comorbidities that increase general anesthesia-associated risks. Other advantages include
optimizing utilization of health resources, patient convenience, and easier postoperative wound care. As
previously mentioned, a single stage flap is not an ideal option for defects that do not extend to the upper
third of the nose. However, for large, full-thickness defects of the lower third, a single-stage flap may still be
considered if the remaining sidewall subunit skin is converted to a turn-down flap for internal nasal lining,
with a resultant skin defect that extends to the upper third of the nose.

OTHER TECHNICAL ADVANCES

Internal lining reconstruction

For large full-thickness or subtotal nasal defects, both reconstruction of the internal lining and adequate,
appropriately sized soft tissue for external reconstruction must be considered. Reconstruction of the internal
lining is crucial to prevent wound contracture and nasal collapse and provide coverage for structural
grafts®>**. This may be challenging for larger defects, and local solutions such as mucosal/septal flaps or
epithelial turn-in flaps are often inadequate or unavailable.

For small to moderate nasal ala lining defects or partial internal lining reconstruction of the ala, the
melolabial flap may be an excellent option. Moyer described a two-stage interpolated melolabial flap, which
may be covered with a skin graft at the initial stage to prevent wound contracture. Alternatively, structural
grafting and formal external reconstruction may be performed simultaneously, and the melolabial flap
pedicle divided at a subsequent stage"”. Subsequently, the senior author described the novel single-stage
melolabial flap for ala internal lining reconstruction. The flap is tunneled through an intact skin bridge at
the junction of the alar base and nasolabial fold following de-epithelialization of the tunneled segment,
preserving the alar-facial junction. In cases in which it is not possible to preserve the skin isthmus, a non-
tunneled flap may be used and the isthmus incorporated into the flap for internal lining™.

Pre-laminated flaps have also been described as a solution for internal lining reconstruction””. With this
technique, the first stage involves designing and raising the forehead flap, harvesting a split- or full-
thickness skin graft from another site and contouring and suturing this to the undersurface of the forehead
flap, and laying the composite flap back down in the donor site. While both have been described, it is
thought that full thickness grafts demonstrate less contracture than split thickness grafts®*. The composite
flap is then raised approximately 4 weeks later, the vascularized skin graft is trimmed and customized to the
lining defect, and the flap is inset. No structural support is placed at this stage, though nasal packing or
other alternative support is necessary to prevent significant soft tissue contracture. During the third stage
strategic incisions are made to elevate the skin and subcutaneous tissue off of the frontalis muscle, which
remains adherent to and nourishes the skin graft. Cartilage grafts are added, the soft tissue is thinned, and
the flap is draped down over the new framework. The pedicle may be divided in 3-4 weeks during a fourth
and final stage®®. This technique provides an ample source of customizable internal lining and pre-
contracture prior to flap transfer, though it does necessitate an additional surgical stage. Pre-lamination may
provide superior aesthetic results, less bulk and improved nasal function compared to free tissue transfer for
large internal lining defects™.
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Subtotal nasal reconstruction

The PMFF has also been used for successful subtotal and total nasal reconstruction. Free tissue transfer, pre-
lamination or a folded forehead flap may be used for multi-layer reconstruction****). Ziegler et al. describe
using a 3D printed model created from the pre-resection CT to guide flap design in subtotal nasal
reconstruction™. In this case, a pre-laminated forehead flap without tissue expansion was used.
Correa et al. report a folded PMFF for total nasal reconstruction, in which a tissue expander was used to
allow use of forehead skin to reconstruct both internal and external soft tissue layers of the defect'*.
Autologous and/or cadaveric cartilage may be used for structural framework reconstruction, and/or cranial
bone graft(s) if needed. Both case reports show excellent functional and cosmetic outcomes for major, full-
thickness nasal reconstruction without need for free tissue transfer.

CONCLUSION

The PMFF remains a robust workhorse for nasal reconstruction. It provides functionally and aesthetically
favorable outcomes for moderate to large nasal defects with acceptable donor site morbidity. Recent
modifications in forehead flap technique include single-stage flaps, two-stage flaps for complex major
defects, ICG angiography-supported pedicle division at 1-2 weeks, pre-lamination for internal lining, and
subtotal nasal reconstruction. These modifications expand the utility of the forehead flap in nasal
reconstruction and may improve patient outcomes and reduce postoperative morbidity.
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