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Préparation Vasculaire de I’extrémité céphalique par corrosion

Institut d’Anatomie Normale, Nice

« Von Hagens montre une chair pacifiée, reposée, éternelle, un corps épargné par la décomposition, participant de
l'immortalité des pierres et des objets. Son propos esthétique induit un enseignement philosophique: la mort n'est rien;
le cadavre ne se réduit pas a la charogne et peut connaitre la pétrification aseptisée - un genre de sculpture;

la vie disparue; il reste une sorte de positivité. »

Ibid
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i. INTRODUCTION

L'étude du réseau anatomique vasculaire a déja passionné depuis plusieurs siécles anatomistes,
médecins et chirurgiens & travers de nombreux ouvrages publiés depuis le XVI™™ siécle. Les
travaux de Salmon, dans la continuité de ceux de Manchot, ont permis la mise en avant de la
description vasculaire de la peau, et ont été vulgarisés surtout aprés la Seconde Guerre
Mondiale, moment pionnier et initiateur de la chirurgie reconstructrice et réparatrice telle que
nous la connaissons aujourdhui [ 1,2].
Les affinements des techniques d’injection vasculaire permettent une analyse et des dissections
encore plus méticuleuses des €léments anatomiques et offrent alors la proposition de nouveaux
procédés de reconstruction.
L'utilisation de lambeaux de couverture de la face, non seulement cutanés mais aussi muqueux,
suite a des pertes de substance traumatiques ou apres exérése carcinologique, nécessite des
connaissances robustes de 1’anatomie vasculaire et des techniques chirurgicales.
Tout travail anatomique, outre son role descriptif, a pour but d’orienter le chirurgien dans
I’¢laboration d’une stratégie chirurgicale et de 1’aider en termes d’applications cliniques dans
son quotidien.

A la lumiére des nombreux travaux de qualité déja effectués, nous avons voulu, a
travers cette these, effectuer un travail d'anatomie descriptive sur une artére peu étudiée, l'artére
infra-orbitaire, afin d'en établir les applications en chirurgie réparatrice mais aussi en médecine

esthétique, champs couvrant la transversalité de notre spécialité.

i.1  L'ARTERE INFRA-ORBITAIRE (AIO)

L'AIO est une des branches terminales de l'artére maxillaire, elle-méme issue de l'artére

carotide externe (Figures i.1 et 2).

Salmon, dans son ouvrage princeps, décrivait que: "L'artére sous-orbitaire est surtout une artere
musculaire ; elle se distribue au muscle canin et aux élévateurs de l'aile du nez et de la paupiere ;

quelques-uns de ces canaux accompagnent les filets du nerf sous-orbitaire et en partagent la

distribution. La sous-orbitaire s'anastomose avec un rameau de l'artére faciale." [1].
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FIGURE i.2: Schématisation de I'origine et des branches intra-osseuses de 1'AIO

vue sagittale (www.earthslab.com)



Cette artére n'a été que trés peu décrite dans la littérature comme en témoignent les rares
publications a son sujet. Pourtant, une connaissance anatomique plus précise de cette artére qui
occupe une position centrale au niveau de la face pourrait étre intéressante et donner lieu a de

nouvelles applications chirurgicales.

i.1.a  Origine

L'AIO est la branche collatérale la plus antérieure des 14 branches de I’artére maxillaire, qui est
elle-méme une branche terminale de l'artére carotide externe. Elle nait au niveau de la fosse

ptérygo-palatine et présente un trajet satellite au nerf infra-orbitaire [3].

i.1.8  Trajet

Cette arteére posséde un trajet horizontal et se dirige vers l'avant. Elle pénétre dans la région
orbitaire au niveau du plancher de l'orbite par la fissure orbitaire inférieure (fente sphéno-
maxillaire). Elle s’engage ensuite dans le sillon, puis le canal infra-orbitaire en cheminant le
long du plancher de 1'orbite et émerge du foramen infra-orbitaire, situé sous le rebord inférieur

de I’orbite, en donnant naissance a ses branches terminales dans la région infra-orbitaire.

i.1.c Branches collaterales

Dans sa partie intra-orbitaire, ' AIO donne des rameaux endo-osseux et périostés, et vascularise
les muscles oculaires droit inférieur et oblique. Par les artéres alvéolaires supérieures et
antérieures, elle vascularise les racines des incisives supérieures et de la canine, parfois des

prémolaires, la muqueuse du sinus maxillaire et la gencive supérieure.

Dans son trajet extra-orbitaire, a la sortie du foramen infra-orbitaire, elle se divise en donnant
les branches ascendante (musculo-cutanées a destinée de la paupiére inférieure et osseuses
maxillaires), descendantes (osseuses, au sinus maxillaire et musculo-cutanées a la joue) et
médiale (a destinée nasale). Selon Lenoble et Maillot, toutes ces branches s'anastomosent avec

les autres artéres de la face [4].

i.1.0 Rapports

L'artére chemine apres avoir traversé le foramen infra-orbitaire sur la face supérieure de l'os
maxillaire étroitement lié au nerf infra-orbitaire. Il existe une dichotomie quant a l'existence
d'une veine infra-orbitaire: certains stipulent son absence, alors que d'autres auteurs affirment

sa présence [4,5].
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i.1.e  Terminaison

L'AIO se termine en s'anastomosant avec des branches des artéres faciale et ophtalmique,
notamment les artéres angulaire et dorso-nasale, et 'artére transverse de la face [6]. Pour la
plupart des auteurs, la terminaison de l'artére infra-orbitaire s'effectue au niveau sous-cutané

dans la lévre supérieure.

Enfin, a ce jour, les seules classifications décrites des variations anatomiques datent de plus de

20 ans et ont été effectuées sur des feetus [4,7].

i.2 AIO ET ENJEUX EN CHIRURGIE RECONSTRUCTRICE

Plusieurs auteurs rapportent I'implication de 1'AIO et de ses branches en -chirurgie
reconstructrice. Elle est notamment décrite dans la suppléance vasculaire de lambeaux axiaux a
pédicule supérieur, de lambeaux perforants musculo-cutanés ou de lambeaux perforants en ilot

en reconstruction nasale alaire [7-11].

Par ailleurs, I'AIO a été, a titre anecdotique et avec succes, décrite comme vaisseau receveur
lors d'un transfert libre vascularisé cutané et conchal pour la reconstruction d'une aile narinaire

apres exérese carcinologique [12].

i.3 AIOET ENJEUX EN MEDECINE ESTHETIQUE

Au vu du nombre de procédures esthétiques réalisées et de I'engouement croissant pour les
produits injectables a visée volumétrique ou "fillers", une connaissance juste et approfondie de

l'anatomie et des techniques d'injection est capitale.

Le tiers moyen de la face, et spécifiquement la région infra-orbitaire, comprenant la pommette
au niveau latéral, et la jonction palbébro-malaire ou vallée des larmes au niveau médial, sont
particulierement sujets au vieillissement structurel: il s'agit d'une zone a forte demande de
correction. En effet, I'involution graisseuse et la résorption osseuse sont complétées d'une ptose
tégumentaire aboutissant a un évidement médio-facial et une démarcation peu harmonieuse des

unités esthétiques, procurant au faciés un aspect fatigué et altéré [13,14].

Outre les effets adverses transitoires et peu séveres que les fillers peuvent engendrer

(ecchymose, cedéme, irrégularités...), les complications sévéres, notamment les accidents
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d'injection intra-artérielle avec occlusion et migration vasculaire, doivent étre connues et des

techniques permettant de diminuer ces événements doivent étre proposées.

La hausse constante du nombre de publications en témoignant permet d'établir des zones
anatomiques de danger, justifiées par les complications rencontrées en pratique clinique et

corroborées par des études anatomiques [ 15-17].

L'AIO et ses branches étant centrées sur une zone a forte demande de correction esthétique, la
connaissance de I'anatomie sous-jacente permettant de mesurer les enjeux et risques

vasculaires, mérite d'étre approfondie.

i4 OBJECTIFS DU TRAVAIL DE THESE

Les objectifs de notre travail concernant I’AIO sont multiples et nous avons tenté d'y répondre
par des travaux de dissections cadavériques réalisés a 1'Institut Normal d’Anatomie de la

Facult¢ de Médecine de Nice et la mise en application clinique a I’Institut Gustave Roussy.

La premiére partie est destinée a 1’étude descriptive d’une artére connue mais peu décrite,
I’artére infra-orbitaire. Nous avons étudié ses caractéristiques anatomiques, déterminé son
territoire de vascularisation cutané et muqueux, et émis une classification de ses différentes

branches.

La seconde partie découle du travail anatomique préalable et vise a décrire la conception d'un
lambeau axial, "perforant muqueux" issu de I'AIO pour la couverture des pertes de substance
muqueuses de la région oro-faciale. Celui-ci sera illustré par quelques applications cliniques

pratiques.

Enfin la derniére et troisiéme partie investigue le champ esthétique de cette étude artérielle, en
déterminant, par une étude cadavérique, la distribution des fillers dermiques dans la région
infra-orbitaire, dans le but d'établir des zones a risque d'accidents vasculaires, utiles en pratique

clinique quotidienne.
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I. ARTICLE 1:

"THE INFRAORBITAL ARTERY: FROM DESCRIPTIVE ANATOMY TO
MUCOSAL PERFORATOR FLAP DESIGN "

1.0 RESUME

Introduction — L'artére infra-orbitaire (AIO) est la branche terminale de I'artére maxillaire.
Cependant, les branches perforantes et terminales de I'AIO sont peu décrites dans la littérature.
Sa situation anatomique et notamment sa composante muqueuse pourraient procurer un site
donneur intéressant en termes de reconstruction muqueuse. Les objectifs de 1'étude suivante
¢taient d'en établir une description anatomique et d'évaluer la faisabilité d'un lambeau perforant

muqueux pour la réparation palpébrale et nasale.

Matériel et Méthodes — Vingt-trois hémifaces de cadavres frais furent étudiées apres soit
injection de latex coloré en rouge en vue d'ériger une classification anatomique de 1'AIO, soit
par cathétérisme direct de cette dernicre dans le but d'en spécifier les territoires vasculaires
correspondants. Nous avons noté 1'origine et le calibre de l'artere, son trajet, le nombre, type et
diamétre de ses branches terminales. Nous avons, de plus, examiné la faisabilité de lambeaux
locaux pour la reconstruction faciale, spécifiquement basés sur la branche vestibulaire

supérieure de I'AIO.

Résultats — Dix-huit hémifaces injectées, et ainsi AIO, furent analysées. Nous avons mis en
évidence cing variations anatomiques. Tous les cadavres présentaient au moins une branche
vestibulaire supérieure d'un calibre > 0,4 mm. Cinq AIO ont été sélectivement injectées,
permettant la mise en évidence de territoires cutanés et muqueux colorés, de respectivement
24,2 et 11 cm® Un lambeau pédiculé suppléé par la branche vestibulaire a pu étre levé dans
toutes les dissections. Par ailleurs, nous rapportons deux cas cliniques employant ce lambeau

avec des résultats satisfaisants au long terme.

Conclusion — Le lambeau vestibulaire perforant issu de I'AIO semble étre un outil fiable,
pouvant intégrer l'arsenal thérapeutique des chirurgiens pour la reconstruction des défects

muqueux de la face.
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1.0 BIS ABSTRACT

Background — The infraorbital artery (IOA) is the terminal branch of the maxillary artery.
However, its terminal and perforating branches are poorly described. Its anatomical situation
and especially its mucosal component could provide an interesting donor-site for mucosal
reconstruction. The aims of the following study were to establish an anatomical description and

to assess the feasibility of mucosal perforator flaps for eyelid and nasal reconstruction.

Methods — Twenty-three fresh cadaver hemifaces were studied after either injection of a red-
ink latex solution in order to perform an IOA anatomical classification, and direct
catheterization with red ink aiming to specify the vascular territories supplied. We recorded the
artery’s origin and calibre at source, its course, number, type and diameter of terminal
branches. We also examined the feasibility of local flaps for facial reconstruction, especially

based on the superior vestibular branch of the IOA.

Results — Eighteen injected hemi-faces, and thus IOAs, were analysed. We highlighted five
different types of courses. All cadavers had at least one superior vestibular branch with a
calibre of > 0.4 mm. Five IOAs were selectively injected, indicating stained skin and mucosal
areas measuring, respectively, 24.2 and 11 cm®. A pedicled flap arising from the vestibular
branch was raised in all dissections. We also describe two clinical cases using this flap with

satisfactory outcomes at long-term follow-up.

Conclusion — The vestibular perforator flap based on the IOA seems to be a reliable flap

which could be adopted as a surgical tool in the reconstruction of mucosal defects of the face.

Key-words: infraorbital artery; mucosal reconstruction; perforator flap; eyelid repair;

nostril repair
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I.1 INTRODUCTION

Substance losses of head and neck soft tissues, due to either trauma or tumor, can be
challenging for surgeons. Sound knowledge of the anatomy and physiological functions are
mandatory to achieve adequate reconstruction, in order to obtain harmonious repair with

minimal morbidity.

Whereas cutaneous pedicled flaps have already been widely described in the literature, there
are few descriptions of mucosal pedicled flaps harvested on the face. These mucosal pedicled
flaps may have an interest in reconstruction of mucosal substance losses in the facial area and
more precisely in reconstruction of the deep layer of full-thickness defects of the eyelids or the
nasal alae.

The anatomy of cutaneous vascularization is now familiar thanks to the numerous valuable
studies by Salmon, Manchot, Taylor and Rohrich, who have improved the design of many flaps
in reconstructive surgery [1-4]. The complexity of the facial vascular system allows a wide
range of technical repair skills for perioral defects, notably the use of local and perforator skin
flaps [5,6]. In competent hands, adequacy of colour, texture and type of layer (skin, mucosa,
cartilage or bone) ensure adequate reconstruction for facial defects.

In comparison, the literature regarding mucosal vascularization of the face is poorer because of
the fewer clinical applications in this field. In particular, no study seems to have focused
specifically on the IOA [7-9]. To date, no anatomical classification of the IOA has been
established, and no precise description of its origin and terminal branches has been made.
However, accurate knowledge of IOA anatomy could potentially lead to the development of
new surgical applications.

The IOA is the terminal branch of the maxillary artery and runs through the mid-facial
region via the infra-orbital foramen. Occupying a central position in the mid-face, it is known
to supply the skin of both the malar and upper lip area, as well as the vestibular and gingival
mucosa of the upper lip. It runs downwards with its satellite veins and sensory nerve, the infra-
orbital nerve. No mucosal flaps have previously been described using branches of this artery.
Nevertheless, the IOA seems to supply branches to the skin and mucosae that could be usefully
employed as local flaps for reconstructive surgery.

For the above-mentioned reasons, the purpose of our study was to analyse the IOA in
order to provide a proper description and classification of its terminal branches. Besides, we
report the feasibility of a superior vestibular mucosal flap supplied by a branch of the IOA for

reconstruction of soft-tissue mucosal loss of the lower lid and the nostril, illustrated with

26



surgical applications of these flaps throughout two clinical cases.

1.2 MATERIALS AND METHODS

1.2.A  Preparation of specimens and dissections

In this cadaveric study, the authors used twenty-three hemifaces from fresh cadavers (within
five days of death). Eighteen hemifaces were dissected in order to describe the IOA anatomy
and five hemifaces were selectively injected with a red ink solution to circumscribe the IOA
vascular territory. The Anatomy Laboratory of the Faculty of Medicine generously provided

the specimens used in the current study.

1.2.8  Anatomical description of the [OA

After cervical access, the common carotid arteries were first flushed with warm saline solution
(45°C) to eliminate coagulated blood from the vessels. This was performed until a clear return
in the internal jugular veins was observed [10]. Sixty cubic centimetres of a red-colored latex
solution were then injected into the common carotid artery before facial dissection [11]. The
cadavers were furtherly stored at 4 Celsius degree for 48 hours. Dissections were carried out by
the same operator using 3.5x magnifying glasses. Incisions were made following a combined
subciliary and Weber-Ferguson approach [12]. Then, we performed a subperiosteal dissection,
starting from the IOA's origin after exiting the infraorbital hiatus, and followed its path until
division into its terminal branches by detailed dissection, while taking care not to damage the

facial artery. To ease this procedure, we cut and retracted the branches of the maxillary nerve.

The following characteristics of each IOA were then recorded: precise location of its origin
namely the distance between the infra-orbital rim and the infraorbital hiatus, artery diameter at
its origin before division (exiting through the infraorbital hiatus), artery trajectory, number and
types of terminal branches, calibre and length of the superior vestibular branch of the IOA, and
the existence of an anastomosis with the facial artery according to the Mitz-Ricbourg
classification [13]. The data collected allowed us to develop a classification of IOA anatomical

variations.
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1.2.c Analysis of he I0OA vascular territory

For the purpose of analyzing the IOA vascular territory, we performed degloving of the
infraorbital area and selectively catheterized the IOA for red ink injection (Waterman)
following the method described by Bergeron et al [14]. Three cadavers comprising five
hemifaces underwent this procedure: the IOA was dissected through a subperiosteal approach
until the infraorbital foramen. The artery was severed and catheterized after proximal ligation
thus avoiding injection backflow. A flexible catheter was thereafter inserted and a standardized
injection of 3 mL of red ink was performed.

The distribution patterns were immediately stained and measured, thus demonstrating the

existence of mucosal and cutaneous perforator arteries.

The area of stained skin was measured on standardized pictures using ImagelJ software, version
1.43u (W. S. Rasband, ImagelJ, U.S. National Institutes of Health, Bethesda, Md.,
http://rsb.info.nih.gov/ij), as described by Qassemyar et al., in order to outline the cutaneous

and mucosal vascular territory [5].

1.2.0 Feasibility of pedicled flap (Video)

Given the above-mentioned anatomical findings, we aimed to illustrate, on cadavers, the
feasibility of a mucosal perforator flap vascularized by the superior vestibular branch of the
IOA. We therefore developed the surgical technique we used in our clinical cases as follows:

a) Flap harvesting of the flap began with an ovoid incision based on the size of the defect,
on the upper vestibula, at least 1 cm laterally from the frenum and preserving the
mucogingival junction in order to avoid the risk of creating synechia and allowing
primary closure of the donor-site.

b) Passing through the orbicularis oris, a subcutaneous dissection was performed with
blunt tip scissors ascending and proximally, on a vertical axis 1 cm laterally from the
nasal ala and ending 1 cm below the infraorbital rim, near the infraorbital hiatus,
depending on the length of pedicle requested. We preserved a slight fatty atmosphere
around the pedicle without individualizing a specific artery, aiming to secure the artery
and comittant veins.

c) Lastly, the vestibular flap was tunnelled upwards to its receiving site, either to the
nostril or to the lower lid, in a tension-free manner.

Statistical analysis was held with the aid of Microsoft office Excel® to calculate the means and

standard deviation of the data.
28



I.3 RESULTS

In all, we analysed 23 fresh cadaveric hemifaces: 18 hemifaces were dissected for inclusion in
the classification after red latex injection into the common carotid artery, to allow perfect
analysis and measurement of the anatomical characteristics of the IOA. The specimens in this
study consisted of ten females and two males, including ten bilateral and three unilateral
specimens (mean age = 85.5 years, age range = 72-97 years) in this study. Five other specimens

were used for description of the vascular territory.

1.3.A  Anatomical study and classification

The mean distance between the IOA and the infraorbital rim was 9.1 £ 1.41 mm, and the mean
diameter at its origin through the infraorbital foramen was 1.1 + 0.40 mm. After a subperiosteal
path, it bifurcated under the levator labii superioris into an average of 3 branches, i.e. a
superior vestibular branch, a zygomatico-malar branch and a nasal branch. In most cases, the
IOA ran downward in a subperiosteal plane until bifurcation into terminal branches, ending
their courses in superficial layers of the skin or mucosa. The main course of the IOA ran under
the muscular layer (levator labii superioris) and the terminal branches ran below the skin or the
mucosa along with their ending points. We noted that the zygomatico-malar branch divided
into one or more cutaneous perforators through the medial cheek compartment. The distribution
patterns of the IOA were classified into the following types (types I to V) according to the main

anatomical variations found (Figure I.1):

Type I: The IOA ran vertically and bifurcated into three main branches: a constant vertical
branch downward to the upper gingival mucosa (vestibular branch: V), a horizontal cutaneous
branch upward to the lateral cheek skin (zygomatico-malar branch: ZM) and an upwarding

nasal branch to the nasal mucosa anastomosing to the angular artery (nasal branch: N).

Type II: The IOA forked into two branches, respectively to the vestibular mucosa and the nasal

mucosa.

Type III: The IOA bifurcated into four branches, respectively one upward to nasal mucosa,

two laterally to the zygomatic area and one downward to vestibular mucosa.

Type IV: The IOA divided into four branches: two vestibular branches in its vertical course,

one lateral zygomatico-malar branch and one nasal branch.
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Type V: The IOA divided into two branches: a vestibular mucosal branch and a zygomatico-

malar branch.

FIGURE I.1: Classification of the terminal branches of the infraorbital artery
(A: type I, B: type 11, C: type 111, D: type IV, E: type V)

Using our classification, we identified a type I in 44.4% of cases, type II in 22.2% of cases,
type Il in 16.7% of cases, type IV in 11.1% of cases and type V in 5.6% of cases (Table I.1). In
bilateral specimens, the distribution of the branches was symmetrical in only 25% of cases (2

out of 10). We observed a direct anastomosis with the facial artery in 66.67% of cases.
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TABLE I.1. Anatomical characteristics of the IOA*.

. Origin a Diameter 0 Anastomosis

Cadaver Side N. of branches Type of IOA with the FA
1 R 8 1.3 3 I yes
1 L 9 14 3 II no
2 R 9 1 2 II yes
2 L 9 1.2 2 II no
3 R 10 0.7 4 v yes
3 L 9 09 3 I no
4 R 9 1.9 3 I yes
4 L 7 0.9 3 I yes
5 R 74 1.9 4 111 no
5 L 7.6 1.5 2 A% yes
6 L 8.2 1.5 4 v yes
7 R 10 0.7 3 I no
7 L 9 1 4 II yes
8 L 7.5 3 I no
9 R 12 0.7 3 I yes
9 L 11.9 0.7 4 111 yes
10 R 10 0.7 4 111 yes
10 L 10.2 0.8 3 I yes

Mean and

standard - 9.1+141 1.1+040 3.16 - -

deviation

*Based on analysis of eighteen cadaveric dissections. o Distance between infraorbital rim and IOF. § At
origin. ¢ According to the Mitz-Ricbourg classification

Abbreviations: IOA: infraorbital artery ; mm: millimeters ; N.: number ; FA, facial artery ; R, right ; L,
left ; IOF: infraorbital foramen

We found that the superior vestibular branch of the IOA was a constant artery, present in all
cadaveric dissections. After an initial subperiosteal path, this artery crossed the orbicularis
oculi ending up in the vestibular mucosa. Its description allowed us to design a mucosal
perforator flap arising from the superior vestibular branch of the IOA with the following
anatomical characteristics: the mean diameter of the pedicle at origin was 0.74 = 0.21 mm, with
a mean length of 39.6 + 4.47 mm describing a high rotational arch permitting flap feasibility

with direct closure at donor site in all cases. These results are summarized in table 1.2.
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TABLE 1.2. Anatomical characteristics of the vestibular branch of the IOA.

Cadaver Diameter L gih o) Feasibility of Direct
(mm) flap closure
1 R 0.8 37 yes yes
1 L 1 36 yes yes
2 R 0.8 36 yes yes
2 L 09 45 yes yes
3 R 0.5 43 yes yes
3 L 04 45 yes yes
4 R 0.8 42 yes yes
4 L 04 43 yes yes
5 R 09 44 yes yes
5 L 1.1 48 yes yes
6 L 09 35 yes yes
7 R 0.6 35 yes yes
7 L 0.8 37 yes yes
8 L 09 38 yes yes
9 R 04 43 yes yes
9 L 0.6 33 yes yes
10 R 0.7 35 yes yes
10 L 0.8 38 yes yes
Mean and
standard - 0.74 £0.21 39.6 £+4.47 100% 100%
deviation

Abbreviations: IOA, infraorbital artery ; mm, millimeters ; R, right ; L, left

Moreover, identification of either mucosal perforators to the vestibular mucosa, and cutaneous

perforators to the cheek skin are illustrated in figure 1.2.
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FIGURE 1.2: Cadaveric views of mucosal perforators to the vestibula (A)
and cutaneous perforators to the cheek skin (B) arising from the IOA.

1.3.8 Vascular territory

Five cadaveric hemifaces were dissected with a single subciliary and subperiosteal approach.
An average of 3 cc of red ink was selectively injected into the IOA, immediately staining the
cutaneous and mucosal areas supplied by the artery.

The mean size of the stained area was, respectively, 24.2 cm? for the malar skin and 11 c¢m? for
the superior vestibular mucosa (Figure 1.3). These results describe the maximum amount of
skin and mucosa that can be harvested to perform a reconstruction, as shown by the perfusion

through perforator arteries deriving from the IOA.
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FIGURE 1.3: Cutaneous (A) and mucosal (B) vascular patterns after selective
catheterization and injection of ink into the IOA.

1.3.c Superior vestibular flap for mucosal reconstruction

The superior vestibular mucosal perforator flap could be harvested and applied to its receiving
site, either the lower lid or the nostril, by retrograde tunnelling and with complete tension-free

suture at donor site (Figures 1.4, 5, 6).
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FIGURE 1.4: Cadaveric view of the mucosal perforator flap supplied by the superior vestibular
branch of the IOA. Note the length of the pedicle.
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FIGURE L.5: Cadaveric view representing the pedicled and axial mucosal flap based
on the upper vestibular branch of the IOA.
V: vestibular branch, ZM: zygomatico-malar branch, N: nasal branch.
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FIGURE 1.6: Illustration of the superior vestibular mucosal flap (A) in its main indications: mucosal
reconstruction of the nostril (B) and the lower lid (C).

1.4 CLINICAL APPLICATIONS

Between January 2014 and July 2017, two patients at our institution underwent mucosal
perforator flaps based on the IOA following resection of skin tumors involving either the lower
lid or the alar area. The present description was undertaken with the written, informed consent
of both subjects. The patients, two men, respectively 60 and 51 years old at the time of surgery,
were treated for either basal cell carcinoma or squamous cell carcinoma. Both patients
presented safe oncological margins before performing reconstructive surgery. The surgical
defect repair technique was the same as described in the feasibility study; further details are
reported below. Surgery was performed by a single senior surgeon under general anesthesia in

both cases.

Case 1: Eyelid reconstruction

We treated at our Surgical Unit a 60-year old patient, presenting with recurring basal cell
carcinoma located on the lower eyelid, with a history of repeated resection. He complained of
epiphora and lagophtalmos due to palpebral retraction resulting from a lack of conjunctival
tissue. We performed a superior vestibular flap to provide mucosal support, in addition to a

local advancement flap. Donor-site closure could be performed without tension and,
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consequently, without modifying the height of the vestibular mucosa (Figure 1.7). After a three-

year follow-up, the patient expressed no complaint, the epiphora and lagophtalmos were

resolved, and he presented no tumor recurrence (Figure 1.8).

FIGURE 1.7: Per-operative photographs for mucosal reconstruction of the lower lid
for lagophtalmos following iterative tumor resection.

FIGURE 1.8: Post-operative result at 3-year-follow-up.
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Case 2: Nasal ala reconstruction

A 5l1-year-old patient with recurring basal cell carcinoma was treated in our Unit for a
recurring basal cell carcinoma of the left nasal ala. Previous resection had been repaired with a
forehead flap. After transfixing resection to remove the cutaneous, cartilaginous and mucosal
layers, further confirmation of clear tumor margins was followed by reconstruction planning,
excluding a new forehead flap according to patient's wishes.

Using a replica of the existing nasal landmarks, reconstruction was performed by means of both
a IOA-mucosal perforator flap for the mucosal layer, and a perforator flap based on the facial
artery for coverage of the cutaneous layer (Figures 1.9 and 10). The cartilaginous layer was
restored with a conchal graft. Donor-sites were closed primarily and no acute complication
such as venous congestion of any of the flaps or distal necrosis was noted. At 18-month follow-

up, the patient healed uneventfully.

FIGURE 1.9: Per-operative views for a two-layer reconstruction of the nasal ala (A), including a
perforator flap based on the facial artery (B) and a vestibular flap based on the IOA (C).
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FIGURE 1.10: Photographs showing placement of the mucosal flap and final aspect.

I.5 DISCUSSION

In this study, we present the first significant anatomical study regarding the infraorbital
artery and its interest in facial reconstructive surgery. Thanks to our improved understanding of
IOA anatomy, we were able to classify the infraorbital artery and its terminal branches.
Identifying the presence and percentage of each branch is helpful in the design of derived flaps,
especially in cases involving pedicled flaps. Classifications of the branching pattern and better
understanding of the vascular anatomy may help prevent complications [ 10]. Besides, we report
the consistency and interest of the superior vestibular branch, in the designing of a mucosal
perforator flap, for coverage of defects of mucosal surfaces of the face.

To our knowledge, the vascular description available in the literature is imprecise and
was first mentioned by Lenoble and Maillot, with histological sections on fetuses [15]. Similar
to our findings, these authors report the existence of three branches: bone and musculo-
cutaneous ascending branches, bone and musculo-cutaneous descending branches and medial

nasal branches.
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The facial vascular skin territory has already been described. Blondeel et al., reported
anatomical features of the IOA with a mean diameter of 1 mm, but a smaller cutaneous territory
amounting to 8 cm [2,16].

Even with a small calibre, our cadaveric dissections revealed 2 to 5 terminal branches,
terminating at either the cutaneous or mucosal layers of the face. To our knowledge, the only
existing anatomical study and classification regarding the IOA was established by Kovacevic et
al. by means of microdissections on fetuses. Their findings were similar to ours [ 17].

Several authors have already suggested the use of perforator flaps based on the IOA for soft
tissue reconstruction, but none of the proposed techniques described a mucosal perforator flap
[5, 17-19]. Perforator and axial local cutaneous flaps pedicled on the IOA have already been
reported even for full-thickness defects of the nose [20]. In nostril reconstruction, replacement
of the missing tissues with insufficiently-sized grafts or flaps may result in underlying collapse,
dragging the normal landmarks inward and increasing airway obstruction. Besides, nasal valve
distortion, caused by excessive upper lateral cartilage harvest or abnormal intranasal scarring, is
a potential complication that can be avoided with the superior vestibular flap. Mutaf and Temel
have recently reported satisfactory outcomes with the Mutaf unequal Z-plasty procedure for

total or subtotal lower lid defects in 24 patients over a 12-year experience [21].

The originality of our study is to demonstrate that the support of mucosal vascularized
tissue can help maintain nostril width and physiological function. Recently, mucosal perforator
flaps arising from the facial artery have been reported and are relevant in mucosal cheek
reconstruction [22,23].

In eyelid reconstruction, the principal aims are 1) to undertake optimal, esthetic, anatomical and
functional repair, in order to protect the ocular globe from corneal exposure and consequent
ulceration and visual impairment, 2) to ensure a sufficient visual field and comfort, and to
provide a satisfactory facial appearance and gaze. Although less than the upper lid, the lower
lid has a crucial role in protecting the ocular globe and in avoiding dryness and related
complications. Reconstruction skills for the mucosal layer involve raising local mucosal flaps
or mucosal conjunctival/buccal/palatal grafts, with the potential risk of retraction, necrosis and
donor-site morbidity. We believe these risks can be reduced by means of a vascularized local

flap.
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The privileged situation of the IOA in the midface justifies the interest in the use of
local perforator flaps with dermal plexus vascular supply, and even the placement of perforator
flaps based on one of the terminal branches for reconstruction of facial defects.

The superior vestibular branch was systematically present and useful in the designing of
mucosal perforator flaps for reconstruction of mucosal defect, thanks to its large rotation arch.

Moreover, the highly-developed arborization and anastomoses along with other major vessels
such as the facial artery, found in 66.7% of cases in the current study, ensures vascular security
by means of retrograde blood supply when using a terminal branch of the IOA. Anastomoses
with terminal facial branches have already been reported but are poorly documented [24]. The
mean size of the mucosal perforasoma (11 cm?®) should be enough for complete coverage of a
total lower lid or a circumferential mucosal layer of the nostril. Moreover, compared to other
grafting techniques (palatal graft, conchal graft), our technique involves a painless and scarless

procedure.

The vestibular mucosal flap allows reconstruction of medially-located and total-length
defect of the posterior lamella, avoiding the need for a non-vascularized tarso-conjunctival
graft. Since optimal repair entails restoration of both function and esthetics, we hereby present
a superior vestibular mucosal perforator flap vascularized by a branch of the IOA, for lower lid
and nostril repair of the mucosal layer.

When pedicled skin flaps are raised, venous congestion can occur and compromise
vascularization, triggering partial necrosis and flap failure. The existence of infraorbital veins is
controversial. However, Onishi et al. described a superficial-layer polygonal venous network
composed of non-comitant veins ensuring the main drainage pathway from the dermis. The
deep layer of the face consisted in a loop structure with comitant veins, before reaching the
deep venous system [25]. It suggests that small comitant veins secure the vascular drainage of
axial flaps supplied by the infraorbital artery for eyelid and nose reconstruction.

Even if other flaps achieve successful results for the same surgical indications, the IOA-
mucosal perforator flap should be added to surgeons' armamentarium as a secondary tool, all
the more so as several steps are necessary, including restoration of both the cutaneous and
cartilaginous layers [23,26].

However, the effects of transposing vestibular mucosa with acinar cells to the ocular
conjunctiva are as yet unknown. We performed a parallel histological study, showing the
paucity of accessory salivary glands within the superior vestibula. In addition, questions may

be raised about the intrabuccal donor site and the potential septic risk, as well as about the risk
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of surgical damage to branches of the facial nerve and sensitive branches of the infraorbital
nerve while harvesting this flap. In such cases, we fear hypoesthesia of the upper lip due to the
proximity of the maxillary nerve (V2), and even damage to the nearest skin muscles

surrounding the IOA, namely the levator labii superioris and orbicularis oris.

The present study offers insight into nasal or eyelid reconstruction with reduced donor-site
morbidity by means of an easily harvested flap, and better control of graft take via a

vascularized technique.

1.6 CONCLUSION

In conclusion, this article presents the first anatomical description of the IOA and its terminal
branches, exhibiting the advantages of the superior vestibular branch for the design of a
mucosal perforator flap. We offer fresh insight into anatomical research and surgical
application: the IOA is systematically found in the face supplying the orbits, cheeks, nose and
vestibula. Use of this new flap as a therapeutical tool can increase the success rate in
reconstruction planning. It is essential, therefore, to understand the anatomy of the IOA not

only in rhinoplastic and facial surgery, but also for cosmetic purposes.

This new technique using a vestibular perforator flap can offer a useful alternative for mucosal
layer reconstruction and can be added to the armamentarium of surgeons performing facial

oncoplastic procedures.
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II. ARTICLE 2:

"THE INFRAORBITAL ARTERY: CLINICAL RELEVANCE IN ESTHETIC
MEDICINE AND IDENTIFICATION OF DANGER ZONES"'

II.0 RESUME

Introduction — Durant la derni¢re décennie, les injections cosmétiques de fillers ou de graisse
sont devenues des procédures populaires en matiére de rajeunissement facial, au sein de la
société de consommation. Cependant, certaines complications a type d'emboles ou d'occlusion
artérielle peuvent survenir méme dans des mains expérimentées, notamment au niveau des
zones a risque que sont la glabelle, le dorsum nasal ou le pli nasogénien. L'objectif de cette
¢tude était de définir les zones de danger vasculaire de la région infra-orbitaire afin d'établir des

recommandations préventives.

Matériel et Méthodes — L'artére infra-orbitaire, ses branches principales et leurs anastomoses
furent étudiées sur 18 hémifaces de cadavres frais injectés au latex coloré. Des injections
mimétiques d'acide hyaluronique ont été réalisés au niveau de la région infra-orbitaire afin
d'analyser sa distribution et de déterminer de potentiels risques vasculaires a 1'encontre de

'artére infra-orbitaire et ses branches.

Résultats — L'artére infra-orbitaire était localisée dans une région usuelle d'injection et
s'anastomosait communément avec les artéres supra-trochléaire, dorso-nasale ou angulaire par
sa branche nasale. Deux zones de danger ont pu étre décrites: les injections peuvent étre
risquées lorsque réalisées trop superficiellement au niveau de la pommette, et lorsqu'elles sont
menées dans un plan sus-périosté dans la correction de creux infra-orbitaires ou de la vallée des

larmes, du fait de possibles embolisations rétrogrades.

Conclusion — L'injection intra-artérielle au sein de 'artére infra-orbitaire peut étre impliquée
dans les mécanismes d'occlusion artérielle, de cécité et d'accident cérébrovasculaire, par le
réseau anastomotique avoisinant. D'apres les constatations de cette étude, les injections sus-
périostées au niveau de la vallée des larmes, et a distance du périoste au niveau de l'arcade

zygomatiques sont déconseillées.
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I1.0 BIS ABSTRACT

Background — Over the past decade, cosmetic injections of dermal fillers or fat have become
a popular procedure in facial rejuvenation within an overconsuming society. However,
complications such as arterial embolism and occlusion can occur even with experienced
injectors, especially in high-risks zones namely the glabella, the nasal dorsum or the nasolabial
fold. The aim of this study was to define the vascular danger zones of the infraorbital area in

order to establish guidelines helping avoid them.

Methods — The infraorbital artery, its main branches and their anastomoses with neighbouring
vessels were anatomized in 18 fresh cadaveric hemifaces. Mimetic injections of inked
hyaluronic acid were performed in the infraorbital area in order to analyse its distribution and

to determine potential vascular risks towards the infraorbital artery and its branches.

Results — The infraorbital artery and its branches were located in usual injection regions and
commonly anastomosed to the supratrochlear artery, the dorsal nasal artery and the angular
artery through the nasal branch of the infraorbital artery. Two danger zones could be depicted:
injections can be risky when performed too superficially in the cheekbone area, and when
performed in a periosteal layer in infraorbital hollow or tear-trough correction because of

possible retrograde embolism.

Conclusion — Injection of the infraorbital artery can be involved in anatomic mechanism of
arterial occlusion, further blindness and stroke, among the related neighbouring arteries. Based
on the findings of this study, injections to the periosteum layer in tear-trough correction and

above the periosteum on the zygomatic arch is not advised.

Key-words: infraorbital artery; anatomical study; cheek enhancement; tear trough correction;

filler complications
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I1.1 INTRODUCTION

Facial soft-tissue fillers have been exponentially used over the past decade and have
become a popular alternative to surgical rejuvenation of the face. However, as the field of soft
tissue augmentation became increasingly popular, occurrence of complications, even with
experienced injectors, has augmented and is supposedly underreported [ 1].

Filler complications are divided largely into minor and major complications. Minor
complications of early onset such as bruising, swelling, and erythema are relatively common
and may be considered as adverse sequelac rather than true complications. Delayed
hypersensitivity reaction is a minor complication of late onset. More significant complications
include overcorrection, surface irregularities, filler visibility, Tyndall effect, and granuloma
formation. Complications of greater severity are visual impairment, skin necrosis, anaphylaxis
stroke and even death. The most severe complications generally occur secondary

to inadvertent damage or cannulation of the vessels [2-6]. Mechanisms are still unclear:
extravascular compression or intravascular obstructions are mostly described.

Having a thorough understanding of the vascular anatomy before injecting is critical.
Therefore, before injecting into the cheek or infraorbital area, knowledge of the anatomy of the
infraorbital artery (IOA) and its branches is necessary to prevent possible adverse events.

In this article, we describe, by means of a cadaveric dissection, the pertinent anatomy of the
IOA and its branches, and we identify the infraorbital danger zones in order to maximize safety

during filler injections.

I1.2 MATERIALS AND METHODS

This single-centre study was conducted in accordance with the declaration of Helsinki. The
cadavers were provided by the Anatomy Department of the Faculty of Medicine and were
official donations to the anatomical student course and for medical research purposes. The
donor sites showed no visible scar or tissue damage, and the medical history revealed no prior

surgical intervention to the head and neck area. This study included 19 cadaveric hemifaces.

I1.2.A Pertinent Anatomy of Arteries

After proper preparation and cervical dissection in 18 cadaveric hemifaces, sixty cubic
centimetres of a red-inked latex solution were injected into the common carotid artery. The

cadavers were furtherly stored at 4 Celsius degree for 48 hours before facial dissection. We
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performed a combined subciliary and Weber Ferguson approach, followed by supberiosteal
dissection, aiming to identify the infraorbital hiatus and corresponding vessels. Analyses of the
vascular patterns were done after identification of the main branches of the IOA involved in
enhancement of the infraorbital area, namely the zygomatico-malar (ZMB) and nasal branches
(NB). The following features were then recorded: depth and pathway of each branch,

anastomoses with related vessels and endpoint.

I1.2.8 Mimetic injections

To illustrate relevant anatomical structures and features following filler injection into the
infraorbital area, we used mimetic injections of inked hyaluronic acid in a fresh cadaver of an
81-year old female body donor. For this purpose, we added methylene blue (Carmyne®,
40mg/SmL) to syringes of hyaluronic acid (HA) - (Stylage L®, Vivacy, ImL) and performed

injections to the lateral and medial infraorbital area with a 22G blunt cannula.

We performed a supraperiosteal injection at the anterior edge of the zygomatic bone, towards
the infraorbital rim with retrograde deposits (vertical supraperiosteal depot technique). We also
completed superficial tear-trough correction with linear threading (Figure I1.1).

Further dissection allowed determination of the accurate positioning of the filler and the
vascular risk to the IOA. The facial skin of the cadaver was removed, followed by the
underlying layers: the malar fat pad was exposed, then the SOOF (suborbicularis oculi fat),
before clear visualisation of the infraorbital osseous rim and its hiatus. The origin of the
infraorbital artery was identified and its course followed by means of an anterograde dissection
until bifurcation into terminal branches. The overlying muscles and subcutaneous tissue around
the IOA were removed to allow determination of the overall course of the artery and placement
of the filler along (Video). The relationships between injected filler and related arteries were

investigated.
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FIGURE II.1: Cadaveric photographs showing deep medial cheek compartment enhancement
with blue-coloured hyaluronic acid amounting 3cc.

IL.2.c Description of danger zones

Brennan et al. defined "danger zones" as regions of the face at a higher risk for complications
due to the structures that lie beneath the skin (e.g., vessels or nerves) and that are to avoid
during dermal filler/volume enhancer injection process [7]. It was considered as one where
specific and unpredictable vascular injury and/or intra-arterial injection could occur regarding
anatomical location of vascular structures, inventory of prior facial surgeries and history of
previous soft tissue fillers [8]. We tried to determine the anatomical correlation and
physiopathology of retrograde embolism and arterial occlusion, through vascular anastomoses
between the IOA's branches and the pathway leading to the internal carotid system. The data

collected allowed us to establish the vascular danger zones of the infraorbital area.

II.3 RESULTS

IL.3.Ao Distribution of arteries involved in infraorbital volumization

18 hemifaces of cadaveric specimens were included in this analysis. IOA, supratrochlear artery

(STA), dorsal nasal artery (DNA) and angular artery (AA) have been dissected.

Three main branches could be described when depicting the IOA, which hiatus was usually

located on a vertical line crossing the medial border of the pupil or in-line with the first
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premolar, second premolar, and the canine teeth, an average of 9,1 mm below the infraorbital

rim (Figures 11.2).

FIGURE I1.2: Cadaveric view following subperiosteal dissection.The IOA and its main branches'

pathways are depicted. 1: vestibular branch, 2: nasal branch, 3: zygomatico-malar branch.
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When exiting the infraorbital hiatus, the main branches of the IOA were situated in a periosteal
layer. The ZMB was found in 14 hemifaces, and the NB in 17 hemifaces. The mean calibers
were respectively 0,5 and 0,6 mm for the NB and the ZMB. The ZMB became superficial
around 17 mm medial to the edge of the zygomatic arch, and ran through the malar fat pad
before ending at the skin of the cheek. The path of the NB strictly remained in a periosteal
plane before anastomosing with the angular artery, the dorsal nasal artery, or directly with the

supratrochlear artery (Figure 11.3).

FIGURE I1.3: Illustration of the IAO and its main branches.
IOA: infraorbital artery; zmb: zygomatico-malar branch; vb: vestibular branch; nb: nasal branch; AA:
angular artery; STA: supratrochlear artery; DNA: dorsal nasal artery
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I1.2.8 Dermal filler distribution into the infraorbital area

After supraperiosteal injections we found that the filler product diffused over the SOOF and
behind the malar fat pad, in a constricted area between the facial retaining ligaments (tear
trough ligament medially, orbital retaining ligament laterally and the zygomatic cutaneous
ligament below) and fibrous septa, which are loose in this elderly cadaveric female.

The infraorbital artery and its branches were dyed (Figures I1.4.A and B).

FIGURE I1.4-A: Cadaveric views A and B illustrate, after reflection of the cutaneous layer and malar fat

pad, the positioning of the blue-inked dermal filler around the vessels. Figure A illustrates dissection
after reflection of the cutaneous layer and the malar fat pad. A slight contact existed because of
coloration of the facial vessels, and the filler placed below the arcus marginalis.
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FIGURE I1.4-B: Cadaveric views C and D allow deep cheek compartment visualization of the inked
filler around the IOA and related branches. *: malar fat pad, #: SOOF (sub orbicularis oculi fat).

A comprehensive video shows that intravascular injury of the main IOA trunk is unlikely to be
caused by perpendicular injection to the axis of the IOA in a sagittal plane, from lateral to
media. Moving the cannula back and forth may perforate the IOA but intravascular
dissemination is believed to be very rare. The ZMB and NB are parallel to the axis of injection,
implying higher risk of intra-arterial injection (Figure I1.5 and Video). Moreover, high cohesive
hyaluronic acid used in cheek enhancement may obturate the IOA proximally in case of intra-

arterial injection.
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FIGURE I1.5: Common injection patterns in the infraorbital area: (1) supraperiosteal injection for malar
enhancement and (2) retro-orbicularis oculi injection for tear trough deformity correction.
Proximity to the IOA and its branches can be noted.
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IL.3.c Identification of danger zones

Based on the anatomical findings, two major danger zones could be described in the
infraorbital area (Figure 11.6):

First, tear-trough deformity and infraorbital hollow correction is risky when injections are
performed in a periosteal layer because of anastomoses of the NB (present in 94% of the cases)
to the STA, DNA or AA. The danger zone is located between a line crossing the medial pupil
and the lateral nasal wall. Safe practice consists of retromuscular, pre-orbital fat injections.
Second, in cheekbone enhancement, risk of skin necrosis may occur in superficial injections on
the edge of the zygomatic bone because of the existence of cutaneous perforators of the ZMB
in 77% of the cases. The danger zone is the lateral third of the zygomatic bone where injections
have to be performed in supraperiosteal layers.

Possible retrograde embolization of filler product into the internal carotid system, can lead to
mostly irreversible complications such as blindness and cerebral infarction. The main pathways
involve, in tear-trough deformity correction, filler migration into the supratrochlear artery, the
dorsal nasal artery or the angular artery (Figure I1.5), routes connecting the external to the

internal carotid system.
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FIGURE I1.6: Illustration of danger zones in the infraorbital area: marked area 1 shows involvement of
the zygomaticomalar branch with risk of skin necrosis through skin perforators, marked area 2
represents risk of arterial embolization into the internal carotid system through retrograde flow into the
DNA and the STA, before reaching the ophthalmic, retinal artery, or even cerebral arteries.
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I1.4 DISCUSSION

Anticipating the depth and course of vessels allows practitioners to develop techniques
to avoid intravascular injection, vascular injury, and/or compression. Even if most
complications occurring with fillers are mild, transient and reversible, recent publications
arouse aestheticians' and surgeons' awareness to the potential vascular risks of fillers on the
face [2-5]. Therefore, understanding the anatomy of the vascular patterns and neighbouring
arteries is crucial to safely perform injections.

A vascular injury following accidental intra-arterial injection is related to a technical error and
may induce adverse events as mild as erythema and severe as skin necrosis. Further,
exceptional cases of visual impairment or cerebral infarction have been reported due to of
retrograde flow and anastomoses between internal and external carotid systems leading to
arterial obstruction and ischaemia [1,9-12]. Mechanisms are still unclear: extravascular
compression of the blood flow by surrounding filler or intravascular obstruction are mostly
described.

Areas most at risk when using dermal fillers or autologous fat grafting are reported to be the
glabella, the nasolabial folds and the nasal dorsum. When it comes to the type of filler used,
autologous fat injections resulted in worse visual acuity and worse recovery rates when

compared to hyaluronic acid, collagen or calcium hydroxylapatite injections [9,13].

Infraorbital enhancement including cheek volumization, infraorbital hollow and tear-
trough correction with fillers is one of the key steps in esthetic rejuvenation of the face: as a
matter of fact, they represent high-demanding zones of correction [ 14]. Taking the above into
consideration, it was essential to study the common pattern of the infraorbital artery in order to
identify danger zones with implication for cheek and tear-trough filler augmentation, as
illustrated in Figure 3 [15-17].

In the present study, we found that the ZMB and the NB, which path and depth plane are
different, are the main vessels at risk when performing aesthetic injections. Nevertheless,
correction to either cheek or infraorbital hollow/tear-trough deformity is different because of

the difference in thickness of the tissue between the bone and the skin [18].

In the zygomatic area, the superficial injection might cause an injury to the ZMB of the IOA

and induce skin necrosis through skin perforators.
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In the medial cheek area, injection too deep on the periosteum might injure the NB of the IOA
and induce worse complications through anastomoses with the internal carotid system.
Subsequently occlusion of the ophthalmic and retinal arteries, or even cerebral arteries, with
irreversible blindness and cerebral infarction might happen. The physiopathology of vision loss
is explained by iatrogenic ophthalmic artery occlusion, followed by central retinal artery and
further branch of the retinal artery occlusion, respectively. Consequently, a cerebral might also

occur because of the proximity between ophthalmic and cerebral arteries.

To our knowledge, the vascular risks following cheekbone, deep medial cheek
enhancement and tear-trough deformity correction with filler have been poorly studied up-to-
date. Wu et al. reported similar findings to ours with a cadaveric study of filler distribution and
description of arteries most at risk in ophthalmic artery embolism [19].

Loh et al. recently reported the only case of vascular complication involving the infraorbital
artery with impending blanching of the malar area. Immediate treatment consisted of “high-
dose pulsed hyaluronidase protocol” (1,000-unit pulses) administered hourly, allowing
recovery and complete healing [20].

Scheuer et al. briefly described danger zones for several esthetic units and formerly
discouraged injecting the medial infraorbital region. They advised to deeply inject laterally and
to push the filler medially if required [21,22]. Moreover, detailed expert guidelines have lately
been established, recommending supraperiosteal injections of HA in cheek augmentation and
retromuscular or supraperiosteal injections in infraorbital hollow correction [18]. Our study
underlines specific caution in tear-trough correction.

Another important approach to decrease the risk of intra-arterial penetration is the use of
cannulas. We found that the mean calibres of the IOA branches were 0,5 mm for the NB, 0,6
mm for the ZMB and 0,7 mm for the vestibular branch, which makes them too small to be

injured using a cannula.

As evidenced by numerous studies, the facial vasculature has many variations and can be found
in various tissue planes, depending on location within the face. Our study underlines the many
routes and pathways with different depths between the arterial anastomoses. Reproducibility is
hardly achievable, yet depicting the main anatomical variations may help improve injection
techniques. With the improvement of anatomical knowledge, the more important concern is to
determine the appropriate depth of injection with optimal safety rather than defining the frontal

view of the injection.
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II.5 CONCLUSION

Although soft tissue fillers have a very favourable safety profile, adverse events can occur.
Accidental intravascular filler injections are rare but potentially severe in the danger zones of
the infraorbital area because of either possible retrograde embolism leading to extensive
blindness, or skin necrosis. Accurate knowledge of anatomical skills and injection techniques
with appropriate plane injection, emphasizing avoidance of danger zones, are mandatory to

help prevent irreversible complications and ensure satisfactory, safe outcomes.
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DISCUSSION ET PERSPECTIVES

Les travaux que nous avons présentés a travers cette thése permettent d'apporter des précisions
anatomiques sur l'artére infra-orbitaire, artére peu décrite dans la littérature, afin d'en imaginer
les applications tant en chirurgie reconstructrice par la conception d'un lambeau muqueux,
qu'en médecine esthétique par la définition de zones de danger vasculaire & craindre lorsque

l'on s'emploie aux fillers dermiques.
La description d'une classification permet en outre d'en établir les variations anatomiques les
plus fréquentes afin de renforcer les connaissances du praticien et de le guider dans sa pratique

clinique.

e Applications en chirurgie réparatrice:

Nous avons pu, de par nos dissections cadavériques, mettre en évidence la constance d'une
branche vestibulaire muqueuse permettant la description d'un lambeau muqueux pédiculé. Ce
dernier se révele intéressant pour la prise en charge de pertes de substances ou insuffisances
mugqueuses des régions nasale et palpébrale.

En effet, la constance et la longueur de son pédicule, son arc de rotation, sa faible morbidité au

site donneur en font un outil intéressant qui mérite d'étre connu des chirurgiens reconstructeurs.

En reconstruction palpébrale, les techniques existantes de reconstruction muqueuse consistent
majoritairement en des  greffons muqueux non  vascularisés  (muqueuses
septale/buccale/conjonctivale, tarse, fibromuqueuse palatine, chondromuqueuse nasale), ou des
lambeaux locaux hétéropalpébraux nécessitant une occlusion oculaire temporaire, la morbidité

associée n'étant pas négligeable (rétraction, amblyopie, nécrose).

En reconstruction de la muqueuse nasale, l'arsenal thérapeutique mis a disposition du
chirurgien associe de nombreux lambeaux intranasaux (lambeaux bipédiculé/mucopérichondral
ipsilatéral ou controlatéral/septal controlatéral ou lambeau composite). Cependant la situation
locale peut justifier I'emploi de lambeaux plus distants en cas de réserve tissulaire insuffisante

ou en cas de tissu de voisinage pathologique.

Le lambeau muqueux décrit dans ce travail permet d'éviter les rétractions ainsi que les

distorsions (notamment nasales) en assurant un transfert tissulaire vascularis¢, de prélévement
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facile et indolore, de site donneur auto-fermant et n'entrainant pas de bride cicatricielle. De
plus, un prélevement bilatéral permet, en cas de nécessité, de fournir une réserve muqueuse

conséquente, notamment en cas de rhinopoicse totale.

Les principales réserves émises a I'égard de ce lambeau et ses indications, sont:
1) son caractére muqueux isolé, imposant, pour la reconstruction de défects totaux
de la lamelle postérieure oculaire mais aussi de l'aile narinaire d'associer un plan cartilagineux

de support.

Scuderi et al, rapportent par un artifice technique au travers d'une intervention "tout en un
temps" la réalisation d'un lambeau chondromuqueux basé sur la branche terminale de l'artére
dorsale nasale, aux dépens de la portion craniale du cartilage latéral supérieur. Ils l'illustrent
pour la reconstruction ipsi- ou controlatérale, totale ou partielle, de la lamelle postérieure de
paupiére supérieure, la couverture cutanée étant assurée par une greffe cutanée permettant ainsi

une procédure en un seul temps [18].

NB
OPHTHALMIC
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ARTERY NASAL ARTERY)

"\, CHONDROMUCOSAL

FLAP ’
\ <
sC
,/‘7‘ /’? Kl
ANGULAR
ARTERY e~ ~
LATERAL { —=LLC
NASAL W —
ARTERY L

FIGURE D.1: Description et levée d'un lambeau chondromuqueux nasal suppléé par les branches
terminales de 'artére dorsale nasale pour reconstruction de la lamelle postérieure de la paupiére
supérieure ou inférieure, selon Scuderi et al*
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2) la problématique de la congestion veineuse des lambeaux "sur mesure" au
pédicule souvent squelettisé. Selon Revol et Servant, la survie d'un lambeau local est corrélée
au placement de sa base dans une zone de basse pression veineuse [ 19]. Par transposition, 1'on
peut donc définir quelques zones de basse pression veineuse au niveau de la face, permettant
d'affirmer la sécurité vasculaire de notre lambeau muqueux perforant basé sur 1'AIO (Figure
D.2). Par ailleurs, les remarquables travaux d'Onishi et al. (Figure D.3) démontrant la richesse
vasculaire veineuse et superficielle de la face, ne laissent que peu de doutes quant au drainage

efficace de ce lambeau [20].

BPV a la base

BVP sur extrémité

FIGURE D.2: Théorie de la basse pression veineuse régissant la sécurité vasculaire des lambeaux au hasard, en
termes de drainage veineux. (e-plastic, Pr. Pelissier)
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FIGURE D.3: Venogram of the skin and subcutaneous tissue of the left side of the face. Valves (red
arrows) are present in the polygonal venous network, but there are very few valves in the loop vein [20].

e Applications en médecine esthétique:

Bien que la plupart des complications soient mineures et transitoires, une attention particuliere
doit étre portée au risque de complications vasculaires.

L'artére infra-orbitaire se situe au carrefour anastomotique avec le réseau carotidien interne, par
ses anastomoses possibles aux artéres supra-trochléaire, angulaire ou dorso-nasale, conférant la
gravité aux injections intra-artérielles. L'embolisation rétrograde de filler peut entrainer une
cécité en cas d'occlusion de l'artére rétinienne ou ophtalmique, voire des accidents vasculaires
cérébraux en cas d'atteinte d'une artére cérébrale. Méme si ce risque est faible, appuyé par notre
¢tude anatomique et la détermination des zones de danger spécifiques, une formation

rigoureuse aux techniques d'injection et a 1'anatomie appliquée est la régle.
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CONCLUSION

De par nos travaux de dissections, nous avons voulu apporter notre pierre a I'édifice
monumental qu'est la recherche anatomique, en établissant une classification de l'artére infra-
orbitaire, le but de cette entreprise étant d'aider le chirurgien dans son algorithme décisionnel et

thérapeutique.

Il nous parait évident que le lambeau perforant de muqueuse vestibulaire n'est pas a utiliser en
premier choix en reconstruction muqueuse ; cependant, il offre une alternative intéressante et
salvatrice en cas de réserve tissulaire manquante ou insuffisante, comme dans les cas de
rhinopoicse totale, ou dans les cas de tissu de voisinage pathologique et non exploitable a

'emploi de lambeaux locaux.

Sur un versant esthétique, l'artére infra-orbitaire occupe une place importante au sein de la
région péri-orbitaire, zone clef du rajeunissement facial par fillers dermiques au sein de notre
sociét¢ de consommation en quéte de jouvence éternelle. La connaissance parfaite de
'anatomie sous-jacente, notamment des plans d'injection, des structures nobles adjacentes et
des complications possibles, méme graves et rares, telles les accidents d'injections vasculaires,

permettent d'optimiser et de sécuriser une procédure presque banalisée.
Il nous semble essentiel de conclure sur l'ampleur des ressources que peut nous offrir
'Anatomie, pivot central et base incontournable requise et garante de la qualité de la pratique

chirurgicale.

L'Anatomie a encore de beaux jours devant elle...
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Vues latérales de la région faciale, Traité Complet d'Anatomie

Jean-Baptiste Marc Bourgery,
Médecin et anatomiste francais (1797-1849).

"En somme, la chirurgie n'est pas destinée a faire seulement de belles opérations;
que signifie le mot chirurgie? secours de la main.
Que la main soit donc un secours, et le bistouri un médicament.”

Alexandre Dumas
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RESUME

INTRODUCTION

L'artére infra-orbitaire (AIO) est une branche terminale de l'artére maxillaire, issue du réseau
carotidien externe. Malgré une position centrale au niveau de la face, elle n'a ét¢ que peu
¢tudiée. Pourtant, une connaissance anatomique plus précise de cette artére pourrait Etre

intéressante et donner lieu a de nouvelles applications chirurgicales réparatrices et esthétiques.

MATERIEL & METHODES

Cette étude anatomique fut menée sur cadavres frais apres injection au latex coloré du réseau
carotidien externe. Apres dissection minutieuse de 1'AIO et de ses branches, nous avons relevé
ses caractéristiques anatomiques et imaginé de nouvelles applications chirurgicales utiles en

pratique clinique.

RESULTATS

Les travaux de dissection ont permis I'établissement d'une classification anatomique des
branches terminales de I'AIO (vestibulaire, zygomatico-malaire ou nasale) en cinq types
différents.

La constance de la branche vestibulaire muqueuse a donné lieu a la description d'un lambeau
perforant muqueux issu de 1'AIO, utile pour la reconstruction des pertes de substances
mugqueuses, notamment palpébrales et narinaires.

En médecine esthétique, l'identification de zones de danger vasculaire sous-tend une utilisation
précautionneuse des fillers dermiques dans la région infra-orbitaire du fait de possibles

accidents vasculaires, voire d'embolisations rétrogrades au sein du réseau carotidien interne.

CONCLUSION

Notre étude approfondie portant sur 1'AIO a permis la conception de nouveaux procédés de
reconstruction par un lambeau muqueux d'une part, et d'optimiser la sécurité vasculaire des
injections cosmétiques dans la région infra-orbitaire d'autre part, stipulant que cette artére

mérite d'étre connue des chirurgiens plasticiens, réparateurs et esthétiques.
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