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Cover figure. Cadaveric dissection showing nasoseptal flap pedicle elongation. A) Blue marker
was used to indicate the margins of the sphenopalatine foramen (SPF, blue arrow) and sphe-
nopalatine artery (SPA) at the SPF (blue arrowhead) before elongation; B) After elongation by
transecting the posterior branches (asterisks), greater palatine artery and infraorbital artery, the
pedicle is put on some anterior stretch. The distance between the SPF (blue arrow) and SPA (blue
arrowhead) is the effective elongation of the nasoseptal flap pedicle. In this case it is less than 3
cm, as expected in the less common single-looped form of the maxillary artery.

Summary

Objective. The aim of this study was to elucidate the anatomical factors influencing elongation of
the pedicle of the nasoseptal flap (NSF).

Methods. Dissections were conducted on tissue blocks taken from 61 embalmed half-heads. In the
first group, 36 were microdissected to delineate the configuration of the third part of the maxillary
artery (MA). In the second group, 25 other specimens were dissected using endoscopic instruments
to determine the tethering points limiting the mobility of the NSF and to document the surgical
manoeuvres required for release.

Results. The MA is coiled in the pterygopalatine fossa (PPF) into a variety of configurations that can
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be classified into single-looped (SL) or double-looped (DL) forms depending on the number of vessel loops. Up to 4.7 + 0.5 cm of NSF pedicle elongation is
possible in the more common (80.8%) DL forms. Elongation is limited to 2.6 + 0.5 cm in the SL form; greater palatine artery transection is more important
to pedicle elongation in the SL form. Posterior branches such as the pharyngeal and vidian arteries may hinder pedicle elongation.

Conclusions. The pedicle of the NSF may be elongated by up to 5 cm, greatly increasing its potential utility. The vessel length available for elongation is
determined by the extent of MA looping, while the branch configuration, and particularly the origins of the posterior branches, determine how difficult the

process will be.

Key words: pedicled flap, maxillary artery, skull base

Introduction

The nasoseptal flap (NSF) in its current form was first described
by Hadad and Bassagestaguy ! in 2006. There had been earlier
reports of the use of narrow rectangular flaps of septal mucosa
for the repair of cerebrospinal fluid (CSF) leaks 2, while others
had described what were essentially rotational flaps with rela-
tively random blood supplies. Hadad et al. designed a broad
flap based on a known axial vessel that allowed more mucosa
to be harvested with increased reliability; when combined with
the relative ease of harvest this led to the wider adoption of
the technique for skull base reconstruction with intraopera-
tive CSF leak after transsphenoidal approaches to tumours *
or for cerebrospinal fluid leak repair *. In my hospital, the NSF
is most often used for reconstruction of the previously irradi-
ated nasopharynx after resection of recurrent nasopharyngeal
carcinoma or after debridement of osteoradionecrosis °. In a
handful of cases, the flap pedicle is elongated by dissection
to free the pedicle from the sphenopalatine foramen (SPF) for
improved flap inset similar to the method described by Pinhei-
ro-Neto °. Shastri et al. 7 found that 5-6 cm of NSF elongation
was possible in cadaveric dissections. This study used com-
prehensive anatomic dissections to determine how anatomical
factors such as vessel coiling and branch configuration specifi-
cally influence elongation of the NSF pedicle.

Materials and methods

Dissections were conducted on tissue blocks containing a uni-
lateral nasal cavity with adjoining maxillary sinus, pterygo-
palatine fossa (PPF) and the whole nasal septum taken from a
total of 61 half-heads from embalmed cadavers that were being
used for medical students teaching. Eight cadavers had been
injected with a mixture of latex and Indian ink at the time of
embalming. Materials were held under the Anatomy Act 1984
and procedures were approved by HM Inspector of Anatomy.

Microdissection technique

A set of 36 dissections were performed using a binocular
Watson Barnet dissecting microscope (2.5X magnification)
to completely delineate the pattern of arterial branching of

the maxillary artery (MA) and the position of bony forami-
na in the PPF and around the SPF.

Endoscopic dissection technique

We examined the factors affecting mobility of the NSF pedicle
through 25 dissections of the MA in the PPF using endoscopic
instruments. First an NSF was harvested in the usual man-
ner >, A standard surgical marker was used to mark reference
points after the SPF was exposed: marks were made along the
anterior surface of the terminal MA at the SPF and at 12 and
6 o’clock positions of the SPF (as seen from the medial side).
Factors limiting elongation and how they could be overcome
in a step-wise fashion were elucidated. After each of the ma-
noeuvres described below, we put the flap and artery on an-
terior stretch and measured the gain in pedicle length as the
distance of the marking on the vessel from the markings on the
SPF. During dissections all efforts were made to keep at least
one of the SPF markings. Measurements were taken with a
standard flexible surgical ruler throughout the dissections.

TETHER POINT 1: SPF AND POSTERIOR NASAL ARTERY (PNA)
The sphenopalatine artery (SPA) and its terminal branches
are tightly adherent to the periosteum of the SPF that they
exit through. The PNA then runs medially across the anterior
sphenoid in between the sphenoid ostium and the superior
rim of the posterior choana to reach the posterior part of the
septum and is thus the pedicle of the NSF. The PNA travels
downwards in the lateral nasal wall to enter bony canal(s) at
the posterior end of the middle and inferior turbinates.
Release step 1A. Vessels are freed from the SPF: the mucosa
anterior to the SPF is incised and elevated to reveal the fora-
men and the vessels that traverse it. The crista ethmoidalis is a
useful landmark. The bone around the SPF can be removed by
Kerrison Rongeurs to widen the orifice, and after the vessels
have been dissected completely free from the SPF movement
of the NSF pedicle will be possible with anterior traction.
Release step 1B. Transect the PNA at the SPF before it en-
ters the turbinate canals. One study found that the palatal
artery was the sole supply to the inferior turbinate in 1 of 40
specimens 8, potentially making this manoeuvre unneces-
sary although this variant was not encountered in this series.
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TETHER POINT(S) 2: POSTERIOR BRANCHES

There are several branches — pharyngeal artery (PhA), artery
to pterygoid canal (vidian artery), artery to the foramen ro-
tundum — that enter the ostia in the posterior aspect of the
PPF. While these bony foramina have fairly consistent loca-
tions in the superolateral corner of the posterior wall of the
PPF, the vessels, and in particular the PhA, can arise from
almost anywhere along the MA in the PPF. If the PhA arises
‘early’, that is it arises from the proximal part of the third
part of the MA, then it will usually be long and generally not
limit pedicle elongation before the palatine vessels do. On
the other hand, if the PhA has an origin from the distal part
of the MA (21%), where it often lies quite close to its bony
foramen (palatovaginal canal) and thus also the SPF, then the
short vessel will significantly hinder pedicle elongation. The
vidian artery, and the artery to the foramen rotundum when it
is present, also need to be divided for pedicle elongation, but
generally shows much less variation in its origin compared to
the PhA, i.e. ‘late’ vidian arteries are not found.

Release step 2. A ball probe is useful to dissect out the MA
and its branches. Reflect the SPA anteriorly and downwards
with some traction to reveal the posterior branches that are
transected as they are encountered. Further bone removal
above and below the SPF with Rongeurs or a drill may be
needed; at least one of the reference points made by surgi-
cal marker is preserved (usually the 12 o’clock mark).

TETHER POINT 3: PALATINE BRANCHES

In the absence of tethering by posterior branches close to
the SPF, the NSF pedicle can be advanced until limited by
the entry of the palatine vessels into their bony canals.
Release step 3. Transect the palatine vessels before they en-
ter their respective canals. This may be facilitated by expan-
sion of the bony window inferiorly with Rongeurs which
will improve exposure of the palatine vessels.

Tether points/release steps 2 and 3 are often closely inter-
twined, and sometimes it may be better to perform them in
reverse order, depending on whether the posterior vessels
are ‘early’ or ‘late’. ‘Complete dissection’ of the remainder
of the MA in PPF did not significantly increase the pedicle
length; transection of the infraorbital artery and posterior
superior alveolar artery did not significantly influence mo-
bilisation of the NSF pedicle.

Results

Pterygopalatine fossa coiling
The third part of the MA enters the PPF laterally at the
pterygomaxillary fissure (PMF) and takes a convoluted path
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to exit at the SPF at the posterosuperior corner. There is
more MA than ‘needed’ to cross from one side of the PPF
to the other leading to arterial coiling; Shaheen ° suggested
that the degree of coiling was related to age. There is a vari-
able amount of fat amongst the vessels; the nerve branches
from the maxillary nerve form a layer posterior to the arter-
ies whilst the relatively sparse veins tend to run anteriorly
just under the periosteum.

In the terminal branch of the MA, the SPA divides into the
posterior septal arteries (PSA) and PNA before the SPF in
89% of cases, as consistent with the literature '°. Thus, usu-
ally 2 or more arteries traverse the SPF and sometimes there
are separate bony foramina for each branch ''.

Our analysis demonstrated that the vessel patterns could
basically be grouped by the number of loops in the con-
fines of the PPF; in simple terms, there were single-looped
(SL) forms (19.2%) and double-looped (DL) forms (80.8%)
(Fig. 1). The latter have been previously subdivided into M
and E forms 1°.

Gain in length of NSF pedicle

We looked at the gain in NSF pedicle length after the ma-

noeuvres described above, and compared the results in both

DL and SL forms. In DL forms, a total of 4.7 + 0.5 cm

of NSF pedicle elongation is possible after ‘full’ dissec-

tion/release of the MA in the PPF; elongation is limited to

2.7 £ 0.5 cm when only the artery at the SPF is dealt with,

while 4.2 + 0.6 cm is achieved after ligation of the greater

palatine artery (GPA) and posterior branches. In SL forms,
the corresponding figures are 2.6 + 0.5 cm, 0.8 = 0.3 cm
and 2.3 = 0.5 cm, respectively.

e The DL forms have a longer length of MA within the
PPF, and in addition the distribution of the ‘laxity’ is
slightly different between the different forms. The ‘ex-
tra’ (half) loop (over the SL form) usually lies between
the GPA origin and the SPF and by virtue of this much
more elongation is possible without GPA transection.

* Pedicle elongation is also affected by the location of the
origin of the posterior branches, particularly the PhA and
vidian artery. As discussed in “Tether point 2, the PhA
can branch from the proximal part of the third part of
the MA in the PPF, and could be described as an ‘early’
PhA. On the other hand, if these arteries arise from the
distal MA then they can be described as ‘late’ (Fig. 2).
This latter variant, which occurs in 21% of cases, would
branch off the MA close to the SPF and the palatovagi-
nal/palatosphenoidal canal 2, and would be short and se-
verely restrict pedicle movement until they are transected
(Fig. 3). The ratio of ‘late’ versus ‘early’ PhA shows little
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Figure 1. Patterns of the third part of the maxillary artery (MA) obtained by complete dissection (vessels removed from PPF for clarity), showing DL
forms — E form (A) and M form (B), and SL forms (C). The DL form has a greater length of artery allowing more potential elongation of the NSF pedicle.
PSAA: posterior superior alveolar artery; PhA: pharyngeal artery; PSA: posterior septal artery; PNA: posterior nasal artery; 10A: infraorbital artery; DPA:

descending palatine artery; SPA: sphenopalatine artery; VA: vidian artery.

4]

Figure 2. Schematic to show the differences between double-looped (A) and (B) single-looped forms. Note that the segment of vessel in between
the origin of the GPA and the SPF (grid pattern) is much longer in the DL form. When the distal MA/SPA has been freed from the SPF, then pedicle of
the NSF can be pulled in an anterior direction. Much more elongation is possible in the DL form before being limited by the entry of the GPA into the
palatine canal. GPA transection is much more important for pedicle elongation in the SL form.

difference amongst the different looped forms, although
the limiting effect is likely to be much more pronounced
in single-looped forms (18.2%). Interestingly, Pearson'
described the ‘early’ PhA as being aberrant found in
20% of cases in a study looking at transantral ligation;
this was prior to the era of endoscopic nasal surgery.

* In SL forms, most of the vessel length lies proximal to
the GPA origin, and thus GPA transection is key to gain-
ing significant pedicle length. However, the total length

gain that can be achieved even with comprehensive dis-
section is very limited (2.6 = 0.5 cm) in comparison to
the DL form (Cover figure).

The results are summarised in Table I.

Discussion

The solid anatomical basis of the NSF *55, i.e. an axial pat-
tern flap, makes it a reliable flap with a large area that can be
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Figure 3. Schematic to demonstrate how the origin of the pharyngeal artery (PhA, solid black) on the maxillary artery (MA) determines how long
the vessel in the PPF will be, which in turn determines how much the distal part of the MA, i.e. the NSF pedicle, can be mobilised. A short ‘late’ PhA
would tend to tether the pedicle close to the SPF hindering NSF pedicle mobilisation.

Table 1. Pedicle elongation according to the single vs double loop anatomy and after different steps of release.

Open up SPF, transect PNA

GPA and posterior branch transection

Step2 and 3
Full dissection

08+/-0.3

Single loop (n = 5)

23+/-05 26+/-05

2.7 +/-0.5

Double loop (n = 21)

42 +/-0.6 47 +/-05

Gain in length of NSF pedicle (mean in cm +/- standard deviation SD) after stepwise manoeuvres. N = 26. GPA transection is proportionally more important in single looped form
for pedicle elongation. Step 2 and 3 are grouped together as they may be performed in ‘reverse order’.

moved about a wide angle of rotation based on its pedicle,
and has become one of the most versatile intranasal flaps in
terms of surface area and reach '°. Pinheiro-Neto et al. stated
that the standard NSF can cover the anterior skull base '” and
reconstruct defects from expanded endoscopic approaches 3.
However, under certain circumstances, coverage may still be
insufficient !° and in particular the anterior edge is most cru-
cial %, A cadaveric study '® found that there was less than 5
mm overlap between the flap and anterior defect in 26.7% of
cases, which would leave the integrity of the repair vulnerable
following retraction/contraction of the flap. In clinical practice,
they would add 6 mm when possible to account for this .

Some have pushed the limits of the design and strategies
to both increase the flap surface area and the flap reach,
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flap extension 2?2 and flap (pedicle) elongation have been
described. In an ‘extended NSF’, a flap area larger than the
classic NSF is harvested to cover larger/wider defects; parts
of the nasal floor and lateral nasal wall are incorporated,
reliably nourished by the anastomoses between the septal
arteries and the branches of the PNA that supply the lateral
nasal wall. The ‘extended NSF’ is a straightforward modi-
fication, but by itself has little effect on the reach of the
flap #'*? and thus would not solve the problem with the an-
terior margin of the defect noted above.

In the elongated NSF, the flap pedicle is ‘lengthened’ or,
more accurately, the coiled MA in the PPF is ‘straightened’,
by freeing the vessel from the bony boundaries at the SPF,
and dividing branches in the PPF, to allow the NSF to more



reliably cover the anterior skull base including the poste-

rior table of the frontal sinus as well as the oropharynx 2.

Transoral robotic surgery defects are usually left to heal by

secondary intention over 3-4 weeks, but it has become ap-

parent that some oropharyngeal defects would benefit from
reconstruction 2%, e.g. to cover an exposed carotid artery,
clips or bone, particularly if poor healing is anticipated

(smokers, diabetics, or previous irradiation) or to reduce the

time to adjuvant therapy. Turner et al. described the use of a

transpalatal tunnel to bring the NSF to the oropharynx »?7.

Prior studies into the MA pattern in the PPF 71322 have

mostly utilised dissections limited by a small surgical field

that only partially reveals vessel patterns, making it diffi-
cult to appreciate all the factors and relationships influenc-
ing elongation. The comprehensive dissections used in this
study, although somewhat ‘artificial’ in context of surgery,
were vital in providing more complete information to prop-
erly guide the clinical application(s). This was followed by

‘surgical’ dissections with endoscopic instruments to dem-

onstrate the anatomical factors limiting pedicle elongation.

What this study clearly shows is that elongation is mostly

influenced by 2 factors:

* MA coiling — the number of loops determines the actual
vessel length in the PPF and thus how much the NSF
pedicle can be elongated when straightened (Fig. 3). The
exact classification or subtype of the arterial configura-
tion described in previous publications is not as impor-
tant as the simple recognition of the short SL variant.

* Branches such as the GPA, PhA and vidian artery can
tether the main vessel at several key points. Surgical ac-
cess to allow division of these branches requires signifi-
cant dissection and bone removal. This is the main de-
terminant of the ease of pedicle elongation. On the other
hand, variable branch configurations, particularly ‘late’
vs ‘short’ PhA, will further influence the exact steps/se-
quence needed.

The results of the dissections found that up to 4.7 £ 0.5 cm

additional pedicle length is available to the standard NSF,

which can significantly widen its potential indications. This
is less than but very similar to the findings of Shastri et al. ’.

We agree that the dissection can be technically challenging

and there are concerns about an exposed pedicle. This study

has expanded further on their findings in 2 important as-
pects. Firstly, the dissection required to elongate the pedicle
by 2-3 cm is relatively straightforward being similar to SPA
ligation for persistent epistaxis, while significantly more
challenging dissection is needed to elongate the pedicle by
an additional 2 cm requiring the identification and division
of multiple branches in the confines of the PPF. Vessels and

Anatomical basis of the elongated nasoseptal flap

nerves would be at risk, and may increase the risk of flap
necrosis or complications such as dry eye and infraorbital
numbness. Secondly, and what has not been previously ap-
preciated, is that this elongation may be severely limited
(mean of 2.6 cm) in some variants (19.2%).

The standard NSF is very reliable *, provided its limita-
tions are respected. Partial flap necrosis may result from too
much tension when used to cover the defects of borderline
suitability. This would tend to cause venous insufficiency,
which is more deleterious to flap survival than arterial in-
sufficiency. It is important to maximise the venous return
of the NSF by preserving a reasonable tissue bridge with
the vessels, avoiding skeletonisation of the pedicle and too
much tension on the pedicle. The most useful application of
NSF pedicle elongation may be when it is used in an essen-
tially ‘unplanned’ or ‘as needed’ manner, when a standard
NSF has been harvested but the flap is just a bit too short
to allow a satisfactory flap inset without tension. In such
scenarios, it would seem preferable to avoid tension by per-
forming an ad hoc limited pedicle dissection to lengthen
the flap. Shastri regarded ‘full’ elongation as ‘excessive’ for
anterior skull base defects ’. Vinceguerra et al. 3! described a
series of 55 cases where elongated NSFs (described as ‘na-
soseptal flaps with extended pedicle dissection’) were used
for a variety of defects with 2 cases of partial/total necrosis.
The value of preoperative planning such as angiography is
uncertain. Previous studies have not confirmed the utility
of preoperative computed tomography angiography (CTA)
in planning the standard NSF 32, but it could be of value
when a fully-elongated NSF is planned for more distal
defects " requiring more than 2-3 c¢cm of elongation, or at
the very least to exclude the existence of a short MA (i.e.
SL form). However, CTA may not adequately visualise the
smaller calibre vessels, particularly the posterior branches,
and plain computed tomography may not adequately define
the finer points of the bony architecture including foramina
for more detailed planning. Moreover, CTA does not give
information on veins.

Conclusions

This study has demonstrated that basically 2 factors under-
lie the anatomical basis of the elongated NSF — the looping
of the IMA in the PPF determines the maximal length of the
pedicle when straightened, while the branch configurations
and the bony architecture including the foramina in the PPF
determine how easy it is to utilise this length.

Potential pedicle elongation by up to 5 cm can significantly
widen the utility of the NSF in regional reconstruction both
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anteriorly for the posterior table of the frontal sinus and in-
feriorly for oropharyngeal defects. However, only half of
this elongation may be achievable in approximately 1 in 5
cases due to variations in anatomy (and requires more dis-
section within the PPF). It is suggested that limited ad hoc
elongation (to gain 1-2 cm) to facilitate inset is preferable
to overstretching/overextending the standard NSF. Further
clinical experience and studies are needed to definitively
demonstrate these (and other) points.
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