SINGLE-INCISION ENDOSCOPIC-ASSISTED TEMPOROPARIETAL FASCIA HARVEST FOR SINGLE STAGE

doi: 10.48095/ccachp202262

Single-incision endoscopic-assisted
temporoparietal fascia harvest for single stage
auricular reconstruction

Ha. H. Nguyen, Huyen T.T. Tran, Hang T. T. Nguyen
Department of Maxillofacial-Plastic-Aesthetic Surgery, Viet-Duc University Hospital, Hanoi, Vietnam

Summary

Introduction: The temporoparietal fascia flaps (TPFF) have been widely used to cover the framework in auricular reconstructions. However, flap
harvesting is mostly done by open surgery which may be easier but often results in bad scarring and hair loss. We would like to present a series of
cases using endoscopic-assisted flap harvesting techniques with only one single cosmetic auricular incision. Patients and methods: Prospective
studies from June 2018 to September 2021 on patients who underwent single-stage total auricular reconstruction using autologous costal
cartilage and porous polyethylene (PPE) framework. Variables include age, gender, flap survivability as well as visual results and complications.
Results: A total of 61 TPFFs were harvested to cover 15 autologous costal cartilages and 46 PPE frameworks in 60 patients (one patient had
operation on both sides). TPFF harvests are performed by endoscopic techniques with one single auricular incision. There was no flap necrosis,
no bleeding and no cases required framework removal. Only 7/61 (11.5%) ears had small framework exposure which resolved on their own or
only required local skin flap coverage and 1 ear had frontal nerve injury. Conclusion: Single-stage auricular reconstruction is a difficult surgery,
yet greatly beneficial to young children. Through a single-incision endoscopic technique, we can obtain sufficiently large high-survivability TPFFs
ensuring full coverage of the autologous costal cartilage or PPE framework. This method is reliable, and reproducible with advanced training.
After reviewing the literature, we can state that our report probably includes the largest endoscopic-assisted TPFF harvesting series and the first

to implement single-incision endoscopic technique in auricular reconstructions.
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Introduction

Auricular reconstruction for acquired au-
ricular defects or congenital microtia can
be divided into two broad groups based
on the use of autologous costal cartilage
or porous polyethylene (PPE) frame-
works. The autologous costal cartilage
technique requires 2-4 surgical stages.
Thus, microtia patients often have to
wait up to 8-12 years old to have suffi-
cient costal cartilage [1-6]. Surgeons are
always looking for new methods with
fewer surgery stages and, most impor-
tantly, this operation can be done ear-
lier in 3-5-year-old children before they
enter the school. Since the 1990s, Rein-
isch pioneered the early single-stage au-
ricular reconstruction for 3-5-year-old

children using a PPE framework. The key
to increasing the success rate of single-
stage reconstruction is to have a thin yet
durable tissue layer to cover the frame-
work well. A temporoparietal fascia flap
(TPFF) is an optimal choice to minimal-
ize framework exposure complications
of this technique [3-5,7,8].

TPFF has been used for a long time
to cover cartilage frameworks in one or
two-stage ear reconstruction [1,2,9,10].
However, to harvest TPFFs, most of the
surgeons often have to make an Y- or zig-
zag-shaped incision > 20 cm long on the
patient's scalp, but all agreed that this
surgical technique could have bad scar-
ring and hair loss complication, espe-
cially for people with short hair. To avoid

that, some authors used a loupe with
headlights and/or other light sources to
harvest the flap. However, this method
presented huge technical difficulties as
the dissection progresses toward the
top of the head and it is more difficult
to observe vascular branches due to
the head contour. Even damages done
to a very small vascular branch could in-
crease the risk of necrosis, framework ex-
posure, and infection which ultimately
lead to complete failure of the operation
[11-16]. Therefore, only a few surgeons
achieved high success rates in auricular
reconstruction with a PPE framework.
Since the 2000s, some authors had used
endoscopic techniques in TPFF harvest-
ing to better visualize the surgical field,
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Fig. 1. A) A 5-year-old girl with right sided microtia. White line, auricular
incision; it can be extended horizontally across the upper sideburn if
necessary to facilitate dissection. Blue dotted line, estimated outline of the
temporoparietal fascia flap. Red dotted line: two branches of superficial
temporal artery. Yellow dotted line: estimated path of the frontal branch of
the facial nerve (Pitanguy’s line); B) delivered flap, no incisions in hair bearing
scalp; C) porous polyethylene framework; D) after suction, the thin and
vascular-rich flap, fully covered with the polyethylene framework, with nice
ear shape; E) good projection, posterior side after 3 months; (F) result after

il .-

6 months.

which in turn helps to decrease compli-
cation rates [10,17-19].

To sufficiently dissect the TPFF, all the
above authors still have to make one au-
ricular horizontal incision plus 1 or 2 ad-
ditional incisions on the hair-bearing
temporal scalp. The size of the endo-
scopic case series is also limited to 1-10
flaps [10,17-19]. In this report, we pre-
sent a 60-patient series of single-stage
auricular reconstruction using costal
cartilage or PPE framework, covered by
61 TPFFs with the help of endoscopic
techniques via only one cosmetic auric-
ular skin incision.

Patients and methods
The study was conducted in patients
with congenital microtia or acquired

auricular defects who underwent sin-
gle-stage auricular reconstruction
using autologous costal cartilage or PPE
framework from June 2018 to Septem-
ber 2021.

The costal cartilage framework was
sculpted from the 6"-9%" costal carti-
lages and adjusted to match the oppo-
site ear’s size. The PPE framework was
Omnipore (Matrix Surgical USA). Pre-op
flap design/measurement, framework
projection/fixation, flap/skin graft cover-
age, dressing, and post-op care were all
conducted according to the technique
described by Reinisch (Fig. 1). Flap dis-
section was innovated using endoscopic
techniques via a single auricular incision.

Typically, we harvest TPFFs of an ap-
prox. size of 13 x 10 cm (Fig. 1) via a hor-

izontal 4-4.5 cm auricular incision along
the hairline above the estimated helix
rim, using the endoscopic technique
with 30 degrees 10 mm optic and small
electrocauteries probes with different
lengths. A horizontal extension of the in-
cision across the upper sideburn can be
made to facilitate dissection of the TPFF
and vascular pedicle protection (Fig.
1A). Dissecting the plane between the
scalp and the flap, we pay attention not
to damage the hair follicles or superfi-
cial temporal artery (STA) branches (Fig.
2A-C). Two branches of the STA are the
parietal artery (PA, also called posterior
branch) and the frontal artery (FA, also
called anterior branch). The FA often di-
vides into 3 branches near lateral border
of the orbit: the posterio/centro/anterio-
frontal artery. The posteriofrontal artery
(PFA) travels posteriorly to connect with
the parietal artery. The PFA is around
12 cm from the supposed ear canal,
which is why we often harvest a 13 cm
long flap. We always try to preserve both
PA and PFA to ensure flap survivability. In
some certain cases, with the help of en-
doscope magnification, we can discover
1-2 smaller artery(ies) which branch out
earlier from the FA than from PFA (pre-
posteriofrontal artery 1 and 2 or PPFA 1
and 2). These arteries can help to adjust
flap design in case the frontal branch of
the facial nerve is too close to the PFA
(Fig. 2D-F).

Patient demographic data such as
age and sex were reviewed. Specific
data regarding the patient’s ear lateral-
ity, the existence of a syndrome, frame-
work material, and surgical complica-
tions were also included. All patients
using open surgery or endoscopic tech-
nique but required extra incisions on
the hair-bearing temporal scalp were
excluded.

We evaluated the result based on the
survivability of the flap/grafted skin, the
shape of the auricle, as well as the frame-
work. Complications are categorized as
severe complications such as severe in-
fection, framework exposure, bleeding,
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necrosis of the flap leading to the failure
of the entire operation which required
frameworks replacement or removal;
mild complications such as superficial
infection, small framework exposure,
and small necrosis of the distal part of
the flap which self-resolved or only re-
quired local intervention.

Results

A total of 60 patients with microtia and
trauma-induced auricular defect, aged
3-50 years, underwent single-stage
total auricular reconstruction; in 15 pa-
tients, autologous costal cartilages were
used and in 45 patients, 46 PPE frame-
works were used.

The age of the autologous costal car-
tilage group ranged from 9 to 24 years,
while that of PPE ranged from 3 to
50 years; of these patients, up to 20 pa-
tients who were 6 years old or younger
had early surgery before going to school.
The male : female ratio was 1.7 : 1. Fifty-
six patients had congenital microtia
(53 unilateral and 3 bilateral) and 4 pa-
tients had a trauma-induced auricular
defect (Tab. 1).

All the TPFFs were harvested by im-
proved endoscopic technique with only
one cosmetic incision across the hair-
line without any additional incisions on
the hair-bearing temporal skin. The flaps
were fully viable immediately after har-
vesting, both parietal and frontal arter-
ies along with their connections were
all sufficiently preserved, and flap edges
perfusion was also good (Fig. 2F). There
was no bleeding peri-/post-opera-
tively. After 2 weeks of gauze compres-
sion and external splinter fixation, all
flaps had fully survived. There were no
severe complications which would re-
quire framework removal or replace-
ment. Among autologous costal carti-
lage (15 flaps) there was 1/15 flap (6.7%)
which had a 3 mm framework exposure
due to superficial infection which re-
solved on its own thanks to granulation
tissue formation. In the group of 46 PPE
frameworks, 3/46 flaps (6.5%) of super-

Fig. 2. A) Endoscopic technique advantages; B) clear distinguish between the
flap and subcutaneous fat layer with hair follicles; C) with high image quality,
even small bubbles inside arteries are visible (black arrow); D) pre-operative
Doppler found only two branches of the superficial temporal artery: the parietal
and the frontal arteries. The posteriofrontal artery travels posteriorly around
12 cm from the supposed ear canal; E) thanks to endoscopic technique, we
can see more branches (the pre-posteriofrontal artery 2 is undetectable by
pre-operative Doppler); F) superficial temporal artery with parietal artery and
posteriofrontal artery and two smaller arteries which branch out earlier from
the frontal artery than from the posteriofrontal artery (pre-posteriofrontal
arteries 1 and 2). These two small branches are undetectable by pre-operative
Doppler (Fig. 2D).

which were small (3-7 mm) in size and
required only local flaps coverage with-
out having to replace or remove the im-

ficial infection caused framework expo-
sure and 3/46 flaps (6.5%) had pressure-
induced framework exposures, all of

Tab. 1. Patients’ demographic data (N = 60).

Characteristics

Sex male, N (%) 38(63.3)
female, N (%) 22(36.7)

age, x = SD (min-max) 12.7 £ 9.4 (3-50)

Causes microtia, N (%) 56 (93.3)
trauma, N (%) 4(6.7)

Side left, N (%) 22 (36.7)

right, N (%) 35(58.3)

bilateral, N (%) 3(5.0)
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Tab. 2. Flaps demographic data (N = 61).

Characteristics

age at the time of
surgery of 61 flaps,

X = SD (min-max) (N = 46)

< 6 years
(N=20)

age at the time of
surgery, N (%)

> 6 years
(N=41)

complications,
N (%)

rib cartilage
(N=15)

polyethylene
(N=46)

plant framework. One case had frontal
nerve injury (Tab. 2).

Post-operative follow-up was 6-36
months and its results were as fol-
lows: there was no framework expo-
sure or break. Grafted skin fully sur-
vived and could move freely above the
frameworks. Autologous costal cartilage
frameworks had less projection than im-
planted ones. Aesthetically, ears shaped
by implant frameworks have a more

rib cartilage framework (N = 15)

porous polyethylene framework

15.3 £4.8 (9-24)
11.7 £10.4 (3-50)

rib cartilage 0(0)
framework

porous polyethyl- 20 (100)
ene framework

rib cartilage 15 (36.6)
framework

porous polyethyl- 26 (63.4)
ene framework

framework expo- 1(6.7)
sure 3 mm

no framework 14 (93.3)
exposure

framework expo- 6 (13.0)
sure 3-7 mm

no framework 40 (87.0)
exposure

cleared and aesthetic outline than the
autologous cartilaginous framework.

Discussion

Until now, auricular reconstruction
methods are mostly consisting of mul-
tiple (2-4) stages of surgery. The recon-
struction materials were mostly autolo-
gous costal cartilages. Thus, the authors
advise that it is desirable to wait until the
patients already have sufficiently large

Fig. 3. Examples of bad scar alopecia patient open or extra horizontal incision,
which has been excluded from research. A) A 5-year-old boy with additional
horizontal incision, result after 4 months; B) a 14-year-old boy with an open
surgery scar after 1 year.

costal cartilages, usually at the age of
8-12[1-6,9,20]. This long period of post-
poning causes psychological impacts
on the patients and families, especially
when the children reach school age.

Single-stage auricular reconstruc-
tion reduces both the number of op-
erations and the treatment duration
[3,5,14,21,22]. Plastic surgeons have con-
tinuously improved their techniques,
collaborating with manufacturers to im-
prove artificial materials to suit clinical
needs. Since the 1990s, Reinisch have
been a pioneer in the development of
early single-stage auricular reconstruc-
tion using the PPE framework [7,8,12]. It
can spare thoracic damage and related
complications like hemo/pneumothorax
and requires less surgery. However, it is
still a difficult technique that requires fi-
nesse, meticulousness, and a long learn-
ing process, so only a few surgeons are
able to master it. The most frequent and
also most catastrophic complication of
PPE is framework extrusion, which can
lead to total surgical failure [4,14-16,22].
To minimize that risk, it is vital to have
a soft, thin, yet sufficiently large TPFF
with both parietal and frontal arterial
branch and their connections to cover
the framework. When encountered dif-
ficulty due to head contour or scalp
limited elasticity, Reinisch suggested
making a second horizontal temporal in-
cision [8]. This helps the dissection but
increases the risk of bad scars and alope-
cia (Fig. 3A).

The idea of ear reconstruction with
TPFF has been around for a long time. In
1983, Brent has used the TPFFs to cover
the autologous costal cartilage frame-
work in post-traumatic auricular de-
fects [1]. Nagata (1993) used TPFFs to
cover the posterior surface of the re-
constructed ears to perfect his innova-
tive two-stage reconstruction technique
[2]. In 1999, Park reported the effective
use of 123 TPFFs in open surgery auric-
ular reconstruction [9]. If the dissection
plane is too close to the skin to protect
vascular pedicles, hair follicles will be
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damaged and vice versa. Although open
surgery with a magnifying loupe was
performed, he still encountered 1 flap
with an injury of the frontal branch of
the facial nerve, and 21 flaps of vascu-
lar damages which required repair by
microsurgery, of which 5 flaps were par-
tially necrotic, and 2 flaps of an infected
framework required removal [9]. In the
literature, all authors agreed that open
surgery can lead to bad scarring and hair
loss complication which affect the cos-
metic results (Fig. 3B). Furthermore, in-
traoperative blood loss and postopera-
tive pain/discomfort are also concerned
[10,17,19,23].

The application of endoscopy in sur-
gery has brought about a new revolu-
tion by projecting the operating field on
a large screen, allowing surgeons to ob-
serve detailed anatomical structures and
preserving the supplying vessels for the
TPFF during the harvesting process. In
2000, Takushima successfully harvested
a TPFF using the endoscopic technique
to cover the posterior side during Na-
gata-style second stage auricular projec-
tion. This yielded positive results but still
required 3 incisions: auricular and 2 hori-
zontal incisions, each approx. 2 cm long,
on the upper border of the planned
TPFF. Among 9 flaps, there were 2 inci-
dents of perioperative uncontrollable
bleeding which required incision exten-
sion to facilitate coagulation. One TPFF
far end became nonviable and the ex-
posed framework had to be covered
with a local skin flap [10]. In 2002, Chung
et al used TPFF in 5 patients with upper
limb and hand defects. Through a 4 cm
preauricular incision, they managed to
harvest TPFF with maximal dimensions
of 10 x 6 cm. Three flaps were fully via-
ble, 1 with total necrosis and 1 with par-
tial necrosis. One donor site bleeding
incident required additional surgical
drainage [23].

In 2008, Helling and Wang imple-
mented an endoscopic technique to
harvest large TPFF to cover Medpor au-
ricular framework in 9 patients [17]. Still,

Fig. 4. A) A 12-year-old male, auricular reconstruction with a rib cartilage
framework; B) endoscopic-assisted flap harvesting yielded a 13 cm long
temporoparietal fascia flap; C) a six-month follow-up result. Good framework
coverage, no scar in the scalp.

they need a 2-3 cm V-shaped extra ac-
cess incision between the upper third
and middle third of the temporal region
to counter head contour during dissec-
tion.These incisions could affect the cos-
metic result.

In 2014 Hempel et al performed par-
tial auricular reconstruction in 10 pa-
tients with PPE frameworks and TPFFs.
Harvesting techniques were similar to
that of Helling with two skin incisions
and flaps were generally smaller. Eighty
percent of patients were satisfied while
the remaining 20 were not since there
was 1 framework extrusion and 1 grafted
skin loss, both required additional sur-
gery [18].

In 2015 Nataliya Biskup reported suc-
cessful single-stage auricular recon-
struction with rib cartilage framework in
1 low hairline patient based on Helling
and Wang technique. The small sample
size is the limitation of this report [19].

Since 2017 we have applied Rein-
isch’s technique to perform single-stage
auricular reconstruction with both open
and endoscopic-assisted TPFF harvest-
ing. At the beginning, for the endo-
scopic technique, we still need to use
an extra incision - a superior access port
incision described by Helling. After fol-
lowing up, we found out that both open
and extra horizontal incision techniques
could leave an unaesthetic scar and alo-
pecia (Fig. 3A, B). This is the reason why

we decided to improve the technique,
abandon the horizontal incision and use
only one single auricular incision to har-
vest TPFF with endoscopic assistance.
Due to the nature of our department
where endoscopy is applied widely in
craniomaxillofacial trauma, skull base
tumors, and cosmetic surgeries, we are
comfortable with the endoscopic-as-
sisted TPFF harvesting technique. Along
with innovative instruments and 30°
10 mm optic, we were able to harvest
13-14 cm or larger and fully viable TPFF
with both arterial branches even when
encountered head contour through only
one single auricular incision (Fig. 4, 5).
Endoscopic technique also allows good
coordination and comfortable posture,
requires no loupe or headlight. Large
screen projection is also good for teach-
ing purpose and thus makes the tech-
nique reproducible and reliable. Precise
sharp dissection can be made which di-
minishes blood loss and post-operative
pain comparing with an open technique.
Our technique achieved both recon-
structive requirements and cosmetic re-
sults. All flaps were fully viable, with no
peri-/post-operative bleeding or frame-
work extrusion that required framework
replacement/removal. One patient out
of 15 (6.7%) in the autologous rib car-
tilage group had self-resolved frame-
work exposure. Six patients out of 46
(13.0%) in the PPE framework group had
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Fig. 5. A) A 50-year-old female’s auricular reconstruction with a polyethylene
framework; B) a 13 cm long temporoparietal fascia flaps with all arterial and
superficial venous branches; C) a 3-month follow-up result showed no hair loss.
Superficial veins are preserved so there is no prolonged swelling like in other
adult patients who underwent non-endoscopic flap harvesting technique.

3-7 mm framework exposure which was
covered by a local skin flap.

Constantine (2014) performed 36
open surgery auricular reconstructions
using 18 rib cartilages and 18 PPE frame-
works. One rib framework exposure had
self-resolved and 2 (11.1%) PPE expo-
sures required replacement by rib carti-
lages [4].

In the early years (1993-1995), Rein-
isch et al had a complication rate of up
to 44% of patients with framework expo-
sure and 25% with framework breakage.
Continuous technique improvement
helped him and his colleagues to reduce
the complication rate (1996-1997) to
7.3% of patients with framework expo-
sure and 2.7% patients with framework
breakage [7].

Kim et al (2017) report rib cartilage and
Medpor open surgery auricular recon-
struction in 149 patients. Fourteen pa-
tients out of 149 (9,4%) had framework
exposure (3/48 (6.3%) in the rib carti-
lage group, 11/101 (10.9%) in the Med-
por group) and all required deep tempo-
ral and mastoid fascia flap coverage [16].

Frontal branch of the facial nerve in-
jury is another possible complication
but is less commonly reported. We en-
countered one case of paralysis of the
frontal branch of the facial nerve. Park
(1999) and Koulaxouzidis (2011) each
also reported similar cases [9,24]. In
case the course of FA is too anterior, it

may then occur too close to the frontal
branch of the facial nerve. This may be
the cause of its injury when the arterial
branches are involved during harvesting
of the flap. Reinisch suggested altering
the flap design and including the medial
and lower portion of the frontal artery
only [7]. However, this raised a question
since the upper portion along with the
PFA is crucial to the flap viability. Fortu-
nately, thanks to the advantages of en-
doscopic techniques, we were able to
clearly identify smaller branches origi-
nating from the FA (PPFA 1, 2, etc.) which
were previously undetectable by clin-
ical examination / pre-operative Dop-
pler / 3D CT angiography. TPFFs can be
harvested based on these artery’s paths
to avoid nerve injury while maintaining
flap survivability. For example, with the
presence of PPFA 1 and 2, flap anterior
border can go between PFA and PPFA 2,
or PPFA 2 and PPFA 1 (Fig. 2D-F).

There is currently a very limited num-
ber of open surgery PPE framework au-
ricular reconstruction reports and even
fewer endoscopy-assisted ones. We only
found 4 authors (mentioned above) re-
porting the results of auricular recon-
struction, with the application endo-
scope in TPFFs harvesting with a modest
number of 1-10 flaps. Thus, we are con-
fident that this is the largest case series
of auricular reconstruction with endos-
copy-assisted TPFFs harvest (61 flaps)

yet and that our center is one of the very
few to routinely perform the endoscopy-
assisted temporoparietal flap harvesting
technique via only one single cosmetic
incision.

Conclusions

Single-stage auricular reconstruction
with autologous costal cartilage or PPE
framework covered with TPFFs is a dif-
ficult technique, requiring extensively
trained and experienced surgeons. Es-
pecially, PPE framework enables recon-
structive surgery on pre-school age chil-
dren. Combining the knowledge of flap
transfer and with endoscopic technique
allows obtaining sufficiently large TPFFs
with high survivability ensuring full cov-
erage of autologous costal cartilage or
PPE framework. This method is relia-
ble, reproducible with advanced train-
ing. There is only a limited number of re-
ports/cases about this technique in the
literature. Our cases series are the larg-
est endoscopic-assisted TPFF harvesting
series and the first to implement single-
incision endoscopic technique in auricu-
lar reconstruction.
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