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and Decisional Algorithm
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Primary treatment of most oromaxillofacial tumors in dogs and cats is resective
surgery. Management of malignant tumors may be very challenging as wide/radical
free-margin surgical removal must be achieved while preserving vital functions. Removal
of orofacial tumors may result in large defects exposing the oral cavity or creating
a communication with the nasal, pharyngeal, or orbital cavities. Such defects require
orofacial reconstruction in order to restore respiratory and manducatory functions. The
veterinary surgeon must be familiar with reconstructive techniques in order to prevent
the inability of closing the defect, which could lead to an insufficient resection. Small
oral defects exposing the nasal cavity are best closed with local random mucosal flaps.
Closure of large oral defects may be better achieved with a facial or major palatine-based
axial-pattern flap. Small to moderate facial defects can be closed with local advancement
or transposition skin flaps. Reconstruction of large facial defects often requires the use
of locoregional axial pattern flaps such as the caudal auricular, the superficial temporal,
or the facial (angularis oris) myocutaneous axial pattern flaps. Recent publications have
shown that the facial (angularis oris) flap is a very versatile and reliable flap in orofacial
reconstructive surgery. A surgical decision algorithm based on the size, nature, and
location of the defect is proposed.

Keywords: oral, maxillofacial, flap, surgery, reconstruction, oncology, dogs, cats

INTRODUCTION

Oral tumors are common in dogs and cats, representing 1.2-10% of all tumors (1, 2). The incidence
of oral tumours has been calculated to be 4.9 per 1,000 dogs (0.5%) and 4.9 per 1,000 cats (0.5%)
and malignant tumours represented 53.6% of the canine oral tumours and 58.1% of the feline
oral tumours identified in a recent demographic study (3). Malignant melanoma, squamous cell
carcinoma, and fibrosarcoma in dogs, and squamous cell carcinoma in cats are the most common
oral malignancies (4, 5).

Though alot of progress has been made in adjunct therapy, surgery is still the primary treatment
for most orofacial tumours in humans as well as in dogs and cats (6-12). Modern diagnostic
imaging technology such as CT scan, MRI and, more recently, 3FDG-PET CT has contributed
to better evaluation of local, regional, and distant extent of disease and better surgical and radiation
appraisal (13-29). Nevertheless, in our experience, oral tumours in dogs and cats are often first
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discovered, or referred, late. Studies in humans have shown
that the greater diagnostic delay for oral tumours, the more
advanced the disease is at staging. Advanced disease requires
more radical surgery and results in a poorer outcome (9, 30,
31). Despite the progress made in adjunct therapy (radiation
therapy, chemotherapy, immunotherapy, targeted therapy),
wide/radical resection of bone and soft tissue is often required
(9, 11). Curative-intent maxillofacial ablative (oncologic) surgery
is aimed at achieving an en-bloc free-margin resection (RO
resection). Insufficient resection, either microscopically positive
margins (Rl resection) or macroscopically cutting through
the tumour (R2 resection), constitutes high-risk situations
leading to relapse and potential neoplastic spread (6, 7, 11,
12, 32-38). While achieving clean margins (RO resection) is
mandatory, avoiding the unnecessary sacrifice of normal tissue
and preserving respiratory and oral functions are also of
fundamental importance (37, 39). Cosmesis (preservation or
restoration of form) seems less of a concern in dogs and
cats compared to that in humans, though in our experience
acceptance of the surgery by owners may be strongly influenced
by the post-operative appearance. The major risk for the surgeon
is the fear of being unable to close the surgical defect in a
functional and/or cosmetic manner. Having this concern in
mind while performing the surgery will negatively affect the
extent of the ablation and increase the risk of relapse. As the
veterinary surgeon is most of the time both the maxillofacial
surgeon performing the resective surgery and the plastic surgeon
performing the reconstructive surgery, knowledge of surgical
techniques enabling the closure of large hard and soft tissue
defects is mandatory in order to achieve the best results. Ideally,
the options for reconstruction are thoroughly discussed and
decided prior to performing the ablative surgery. Improvement
in median survival and progression-free survival in recent
publications may be due to earlier detection of the disease, better
evaluation of its extent but also to a more aggressive surgery and
adjunct treatments (11).

Orofacial reconstructive techniques used in veterinary
medicine include local and regional random flaps, tension
relieving techniques, local and regional pedicle flaps, free
partial/total skin grafts, and vascularized free flaps (40-44).
Various decisional algorithms have been published over time in
human head and neck reconstructive surgery, with main criteria
based on the location and the size of the defect. However, no
consensus has been made or generally accepted in the veterinary
field to date (45-51). Vascularized free flaps, either simple
or composite, constitute the gold standard treatment for the
reconstruction of most large defects in humans, with good
clinical outcome achieved in up to 98% of the cases. Specific
contraindications may include some medical conditions (e.g.,
atherosclerosis, on-going tobacco consumption) or elderly
patients (52, 53). Despite recipient vessels of the head and neck

Abbreviations: AOMC, Angularis Oris MyoCutaneous; CAMC, Caudal Auricular
MyoCutaneous; FAMM, Facial Artery MyoMucosal; FTL, Full-Thickness Local;
FV, Free (vascularized); LR, Local Random; PAMP, Palatine Artery MucoPeriosteal;
SCMC, Superficial Cervical MyoCutaneous; STMC, Superficial Temporalis
MyoCutaneous; TMF, Temporal MyoFascial.

having been studied in dogs, only very few clinical cases of
orofacial reconstruction with a free flap have been reported
in the veterinary literature (54-57). Slow development of
these techniques in the veterinary field may be due to the
prolonged time and cost inherent to such surgeries, the need
for highly trained surgeons with microsurgical skills, specific
instrumentation and monitoring, and appropriate facilities
equipped with intensive care units (44, 58, 59). Nevertheless,
recent trends in orofacial plastic and reconstructive surgery are
reconsidering locoregional flaps in terms of functional outcomes,
complication rate, cost, and prognosis in some clinical situations
in humans (53, 60).

CUTANEOUS AND MUCOSAL
VASCULARIZATION OF THE
OROMAXILLOFACIAL REGION

The skin (cutis) consists of a superficial epidermis of stratified
squamous epithelium and an underlying connective tissue,
the dermis (corium) separated by the basement membrane.
The dermis contains blood vessels, lymphatics, muscles, and
nerve endings. A subcutis or hypodermis, composed of fat and
loose collagenous trabecular and elastic fibers, connects the
dermis with the fascia and acts as a moveable support allowing
the skin to glide over the underlying tissue. Cutaneous or
panniculus muscles are attached to the dermis and are anchored
to the subcutaneous fascia rather than to the bone. In the
head and neck area, they comprise the superficial craniofacial
muscles, the platysma, the sphincter colli superficialis, and the
sphincter colli profundus (61, 62). Main regional arteries give off
perforator branches traversing the skeletal muscles to supply the
subdermal plexus. The arteries to the skin include simple direct
cutaneous arteries running between muscles toward the skin and
musculocutaneous (mixed cutaneous) arteries supplying both
muscles and skin (63-65). In mucocutaneous regions, such as
the lip and the cheek, there is a transition from the integument
to the mucous membrane, which is a stratified epithelium lining
the oral cavity. The cutaneous portion is typically supplied by
three arterial and venous plexuses: (1). the deep or subcutaneous
plexus providing the adipose and areolar tissue on the deep
face of the dermis as well as the superficial muscles of the
head, (2). the middle plexus layer located below or at the level
of the sebaceous glands, (3). The superficial plexus layer lying
in the outer layers of the dermis. In the mucous membrane,
the vessels form a superficial plexus supplied by a meshwork
in which there may be layers suggestive of a middle and deep
plexuses; large vessels lie on the oral surface of the orbicularis
oris muscle (65). Arteries supplying the orofacial region originate
from the external carotid artery. Main branches are the ascending
pharyngeal, lingual, facial, caudal auricular, superficial temporal,
and maxillary arteries and its terminal branches (66) (Figure 1).

Upper Face and Neck

The caudal auricular artery arises from the base of the annular
cartilage. Among its branches, the sternocleidomastoideus
supplies the cleidocephalic and sternocephalic muscles and also
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superficial temporal artery; TFA, transverse facial artery.

FIGURE 1 | Main arterial blood supply to the head in the dog. AOA, angularis oris artery; CAA, caudal auricular artery; CDTA, caudal deep temporal artery; DNA,
rostral dorsal nasal artery; ECA, external carotid artery; FA, facial artery; ILA, inferior labial artery; I0OA, infraorbital artery; LA, lingual artery; LNA, lateral nasal artery;
MA, maxillary artery; MaR, masseteric ramus; MeA, mental artery; RAA, rostral auricular artery; RDTA, rostral deep temporal artery; LA, superior labial artery; STA,

supplies the cranial part of the cervical skin, the platysma and
subcutaneous fat (66, 67). This cutaneous branch originates in
the area between the lateral aspect of the wing of the atlas
and the vertical ear canal. Then it runs ventrocaudally toward
the scapula, and eventually anastomoses with some cutaneous
branches originating from the omocervical artery (67).

The superficial temporal artery provides blood supply to the
skin and frontalis muscle in the temporal region in dogs and
cats. It arises rostral to the base of the auricular cartilage and
extends dorsally toward the zygomatic arch. From the base of
the zygomatic arch, it extends rostrally along the zygomatic arch
toward the upper eyelid (66, 68). A direct cutaneous branch of
the superficial temporal artery is observed where the artery and
its accompanying vein enter the temporal fascia (69).

Middle and Lower Face

The main arteries supplying the middle and lower face, are the
facial artery and the infraorbital artery (70). They originate from
the external carotid artery (71). Veins follow a similar path,
nearby the arterial web, eventually draining in the maxillary and
linguofacial veins, themselves merging in the external jugular
vein, that constitutes the main collecting vessel of the head
(65, 66, 70-72). After sending off the inferior labial artery, just
rostral to the masseter muscle and medial to the digastric muscle,
at the level of the of the mandibular lymph nodes, the facial artery
runs caudo-rostrally between the platysma and the buccinator
muscle into the cheek opposite to the last molar teeth and divides

into the angularis oris and superior labial arteries; the angularis
oris is usually thicker at its origin than the superior labial artery
(66, 70, 71). The angularis oris artery runs rostrally and divides
at the labial commissure into a superficial and a deep ramus. It
supplies in part the buccinator and orbicularis oris muscles as
well as the skin and mucosa of the commissure and caudal part of
the lips (66). The superficial (cutaneous) ramus is thinner than
the deep one and divides into a superior and inferior branch,
which anastomoses with the superior and inferior labial arteries,
supplying the skin and the orbicularis oris of the caudal part
of the superior and inferior lips. The deep (mucosal) ramus of
the angularis oris has a course similar to the superficial ramus
and has a broader distributing territory on the oral mucosa than
on the skin. It also anastomoses with the superior labial artery,
forming an arterial arch, and to the inferior labial artery (70). The
superior labial artery is the termination of the facial artery. It
runs rostrally in the superior lip and anastomoses at the level of
the second and third maxillary premolar teeth with the superior
ramus of the infraorbital artery forming an arterial arch (70).
It also sends branches caudally to the eyelid and to the dorso-
rostral part of the masseter, one of these branches anastomosing
with the transverse facial artery, and ventrally to the superior
branches of the angularis oris (70). The caudal half of the superior
lip is vascularized by the superior labial artery. This vascular
territory is connected through anastomoses to the rostral half
supplied by the infraorbital artery (72). The inferior labial artery
runs rostrally along the orbicularis oris muscle from the ventral
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border of the mandible just rostral to the masseter muscle. It
supplies ~60% of the lower lip (72). In the rostral part of the
lower lip, the inferior labial artery anastomoses with the caudal
mental branch of the inferior alveolar artery at the caudal mental
foramen (66). The infraorbital artery supplies the rostral half of
the superior (maxillary) lip. It leaves the maxillary bone through
the infraorbital foramen. In the infraorbital canal or near the
foramen it branches into the dorsal nasal artery. About 1-2cm
rostral to the foramen, the artery changes direction and enters the
superior lip passing in the mucosa at the level of the first maxillary
premolar tooth. At that level, it releases one or two lateral
nasal arteries and continues as the dorsal anterior nasal artery.
Numerous anastomoses occur between these branches forming a
dense arterial network in the rostral part of the nose (70).

PRINCIPLES OF FLAPS

A flap (pedicle graft) is a transfer of tissue that has its own blood
supply. In contrast with a non-vascularized graft, a flap is less
dependent on the recipient site supply as it brings its own. It
allows more tissue bulk and predictable healing and viability.
Based on the main pattern of their blood supply, two types of
flaps are recognized: random and axial pattern flaps (64, 73).

Random Pattern Flap

A random pattern flap is a local flap relying on general subdermal
(submucosal) blood vessels. Because there is no specific artery
supplying the flap, risk of necrosis at the distal end of the flap
is increased and narrow flaps need to be avoided. To prevent this,
the general guideline is a ratio 2:1 for base to length of the flap.
Owing to the very good vascularisation of orofacial structures,
random pattern flaps on the face can sustain a 3:1 length to
width ratio (74). To compensate for excessive shrinkage after
harvest, the soft tissue flap should be designated to be 10-20%
larger than the defect to cover (75). Because they only rely on
the subdermal plexus for survival, they should not be fenestrated,
tacked down with walking sutures, or stretched excessively under
tension. Excess of tissue (dog’s ear) at the base of the flap should
not be removed during initial closure of the wound (41).

The type of primary movement or motion of the flap can
further subdivide random pattern flaps into three categories:
advancement, rotation, and transposition. Advancement and
rotation flaps, also called sliding flaps, recruit adjacent lax tissue
and move in, respectively, either a linear or arced motion to
fill in the primary defect. Transposition flaps, also called lifting
flaps, recruit non-contiguous donor tissue incised, and lifted over
intact tissue and placed into the primary defect (76, 77).

In a recent retrospective study, the complication rate for
random flaps in the face and head area was 17%, with no
major complications (>50% flap failure or requiring a second
surgery) reported. This was significantly less than for skin deficits
of the torso or limbs (78). The most common complication
was dehiscence of the distal wound edge. Advancement and
transposition flaps had lower complication rates than rotation
flaps. The mean time (£SD) to onset of clinical signs of
complications was 6.9 days (£4.0) (78).

Axial Pattern Flap

The axial pattern flap is a pedicle graft that incorporates a direct
cutaneous artery and vein into its base. The vessels extend up the
length of the flap to a variable degree, the terminal branches of
which supply blood to the subdermal/submucosal plexus. All the
skin or mucosa supplied by this vascular territory, or angiosome,
can be lifted from the donor site and will survive provided these
vessels remain intact and patent (79). As a result of this, axial
pattern flaps have better perfusion (80). Nevertheless, in a recent
retrospective study reporting the outcome and complications
of axial pattern skin flaps in dogs and cats, postoperative
complications occurred in 83% of the cats and 92% of the dogs
with 38% of the cats and 34% of the dogs requiring one or more
additional surgeries. Wound dehiscence was the most common
complication with 58 % of dogs and cats affected (81). Though the
percentage of complications was high, most of them were minor
complications. The outcome of the flap surgery was considered
good to excellent in 58% of the cats and 66% of the dogs.
Opverall, 93% of the wounds were successfully reconstructed. As
only a few surgeries involved facial/head flaps, unfortunately no
specific conclusion can be drawn for maxillofacial reconstructive
surgery (81).

Flaps may also be described in terms of proximity to the
recipient site (local, regional, distant). Local flaps involve transfer
of tissue from the immediate adjacent anatomic subsite. Regional
flaps use tissue from a neighbouring site. Flaps where the bulk of
tissue is limited to the head and neck region are classified as loco-
regional flaps; they may be random or axial pattern flaps and may
involve only one tissue component (e.g., oral mucosa, skin) or
several tissue components such as mucosa, muscle, skin or bone
harvested from the same angiosome (composite flaps).

RECONSTRUCTION TECHNIQUES
Oral Defects

Oral defects may involve bone and oral mucosa. Most of the time,
bone reconstruction is not performed and coverage of the defect
and restoration of the oral cavity lining is achieved through the
use of mucosal or myomucosal flaps harvested from the alveolar
and/or the labiobuccal mucosa or through the use of palatal
mucoperiosteal flaps. These local flaps are supplied by branches
of the facial artery (angularis oris and superior labial arteries) in
the caudal (cheek) area, by the infraorbital artery and its ramus
(lateral nasal) for the superior lip, by the inferior labial artery and
mental artery for the inferior lip or by the major palatine for hard
palate mucoperiosteal flaps. The local flaps may be random or
axial pattern flaps depending whether direct artery and vein have
been included in the base of the flap.

Large defects of the oral cavity may be mainly closed through
local advancement, transposition flap or combination of, and
sutured in a single or double-layer technique. Double-layer
closure is considered to have a positive influence on the outcome
of palatal defect repair and is advocated whenever possible
(82). Palatal defects create a communication between the oral
and nasal cavities. Therefore, single layer flap reconstruction of
palatal defects is characterized by most of the inner surface of the
flap facing the nasal passages without any underlying connective
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tissue support. Moreover, wound edges and suture lines may
end up being located over the defect. To avoid this situation,
reconstruction with two flaps overlying on each other, their
connective tissue in contact, creates a water-tight seal. Creating
a double layer of viable connective tissue offers better resistance
to adverse oral conditions and provides better healing conditions
by increasing support to suture lines, favouring revascularisation
when the connective tissue of both flaps is in contact compared
to when a single-layer flap is closed over the defect (82). In
oral oncologic surgery, a two-flap double-layered technique may
not be practical because of insufficient remaining soft tissue
to close the defect. However, when using a single oral flap
including submucosa or a myomucosal flap, a double-layered
closure can be achieved by suturing the flap in two layers, a
deep submucosal layer, and a superficial mucosal layer. Large
flaps must be harvested while preserving the local (palatine,
infraorbital, facial) vascularisation as much as possible. Blood
vessels at the rostral end of the flap, which need to be transected
for tension-free closure, are ligated with 3-0 or 4-0 polyglactin
910. Flaps are closed in a simple-interrupted pattern using a 5-
0, 4-0, or 3-0 absorbable monofilament suture materials such as
poliglecaprone 25.

Advancement flaps can be used to repair a palatal defect
by advancing the oral mucosa medially. The distance from the
edge of the defect to the mucocutaneous junction is measured
to evaluate whether sufficient amount of mucosa is available to
cover the defect. Uni- or bilateral flaps may be used depending
on the size and location of the defect. These full thickness
mucosal advancement flaps are usually considered random flaps.
Nevertheless, by preserving the main arterial supply (angularis
oris, superior labial, lateral nasal, and their anastomoses) during
careful deep submucosal dissection they may function similar
to an axial pattern flap. Slightly divergent mucosal releasing
incisions are made rostrally and caudally with a number 15
blade to design a slightly trapezoidal flap. In the caudal area,
care is taken to preserve the angularis oris and superior labial
vascularisation. In the rostral part, the lateral and/or dorsal nasal
artery may be ligated and cut to enable medial displacement of the
flap and tension-free closure. Flap elevation is performed with a
periosteal elevator followed by blunt deep submucosal dissection
with small curved scissors to the level of the mucocutaneous
junction (83). The flap is manipulated with stay sutures and
positioned in its final location to assess tension (Figure 2).
When mucoperiosteum of the hard palate is still available after
the resective surgery, a bi-pedicle mucoperiosteal flap may be
advanced medially to decrease tension on the opposite oral
mucosa advancement flap. Oral advancement flaps may be
harvested from the entire lip and cheek and are, subsequently,
adequate for closure of large defects (Figure 3). Their limitation
is the width of oral mucosal tissue available, which may not be
sufficient to fully cover a large central oral defect. Dogs with
wide and loose lips harbour a greater width of oral mucosa, thus
facilitating the surgical closure compared to dogs with along nose
and tight lips.

Several axial pattern transposition flaps have been described
in the literature. In 1989, Bozola et al. first described an axial
pattern buccinator myomucosal flap based on the buccal and

facial arteries to treat oral defects in humans (84). In 1992,
Pribaz et al. proposed a modification of Bozola’s flap with the
Facial Artery MyoMucosal (FAMM) Flap (85). The FAMM flap
is considered a robust and versatile reconstructive option for
small to medium size defects of the oral cavity or oropharynx in
humans (53, 75, 86). Similarly, axial pattern myomucosal flaps
harvested from the oral mucosa and based on collaterals of the
facial artery, the angularis oris and/or superior labial arteries,
respectively, have been described in dogs (72, 87). In their
original description of the angularis oris axial pattern buccal flap
in two dogs, Bryant et al. used a skin incision through the cheek
to identify the vascular structure and design the buccal mucosal
flap (87). Three other published cases reports, describing a total
of five cases, used same surgical technique (88-90). A possible
rostral advancement of the flap to the level of the canine tooth
has been described when the flap is islandized (87). Nevertheless,
islandization takes the risk of damage to the vascular supply of the
flap at its base and cannot be systematically recommended (72).
A wide based flap preserving the mucosal layer over the pedicle
and avoiding the island design increases the chance of inclusion
of venous drainage, which is fundamental for flap survival in
the first weeks (76, 91-93). A longer myomucosal flap may be
obtained by not only incorporating the angularis oris but also
the superior labial artery. This superior labial myomucosal flap is
designed as a peninsular flap with a caudal base in the retromolar
area and can extend rostrally to the level of the canine tooth. It
is harvested intraorally, after identification of the vascular supply
through transillumination or the use of a handheld doppler, with
no skin incision. The plane of dissection of the flap lies between
the skin and the buccinator/orbicularis oris muscles. The flap
also incorporates the superior labial vein. Based on a cadaveric
vascular anatomic study, a good clinical outcome of this flap has
been recently reported in one dog (72).

These two types of myomucosal flaps differ very little. They
are peninsular flaps with a base located caudally, at the level
of the mandibular ramus and the masseter muscle (retromolar
area). Because they are both based on the facial artery and its
collaterals, the board term of FAMM flap, similar to human
terminology, could rather be used. The angularis oris artery is
directed toward the commissure of the lip whether the superior
labial artery continues beyond the commissure in a more dorsal
direction along the superior lip and can subsequently be extended
further rostrally (Figure4). From the clinical point of view,
incorporation of one or both vessels is based on the location
and size of the defect to be covered. The commissure and the
superior lip are retracted with stay sutures and the first step is
to mark the flap on the oral mucosa with a surgical marking
pen according to the predefined limits. Harvesting of the flap is
made through incision with a n°15 scalpel blade of the mucosa,
submucosa and buccinator/orbicularis oris muscles. The flap
is elevated with dissection scissors in a layer underneath the
superior labial and/or angularis oris artery, which is followed in a
retrograde fashion toward the retromolar area. The artery is left
attached to the overlying tissue over its entire length. To facilitate
gentle dissection, stay sutures are placed on the distal edge of the
flap. The flap can be transposed over the defect by rotating it up
to a 90° angulation. Rotation up to 180° is theoretically possible,
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with stay sutures. (B) 12-months postoperative aspect.

FIGURE 2 | Large myomucosal advancement flap for closure of a unilateral maxillectomy defect (fibrosarcoma) in a dog. (A) Harvesting of the flap and manipulation

in case of oropharyngeal defects, but the arc of rotation should be
minimal as during transposition over the palate its base needs to
be twisted along its long axis (72). The main limitation of these
myomucosal flaps is the width of cheek/lip mucosa available.
Dogs with a long nose and narrow cheek and lips are less likely to
provide a fair amount of mucosa compared to dogs with hanging
lips. The width of mucosa located between the attached gingiva
and the muco-cutaneous junction is the maximal width of the
flap that can be used. The flap is either transposed in a parasagittal
or transverse direction (90° rotation). When transposed along the
long axis of the defect, the width of the flap should be larger than
the width of the defect and the length of the flap larger than the
length of the defect. When transposed with a 90° rotation, the
width of the flap should be larger than the length of the defect
and the length of the flap larger than the width of the defect.
The donor site is either left exposed and undergoes secondary
healing or is closed for primary healing. Closing of the donor
site may result in a tight lip if most of the lip mucosa has been
harvested. Whenever possible, at least 1 cm of oral mucosa is left
at the mucocutaneous junction to facilitate closure of the donor
site (Figure 5).

A modification of the superficial cervical myo-cutaneous
flap (SCMC) has been studied by Dundas et al. for the closure

of caudal partial-thickness defects located in the palate in an
experimental setting (94). This flap is based on the prescapular
perforating branch of the superficial cervical artery (formerly
omocervical trunk), arising from the subclavian artery between
the omotransversarius and trapezius muscles (66, 94). A 6-
8-cm-wide islandized flap centered on this arterial branch
and its corresponding vein and incorporating the contralateral
angiosome was outlined. The vascular supply of the flap was
studied on cadavers and a two-stage procedure was performed
on 3 experimental dogs. In stage 1, the flap was elevated and its
survival was observed after ligation of the opposite perforating
blood vessel and de-epithelialization of its distal end. In stage 2,
7 days later, the necrotic tissue at the distal end of the flap was
trimmed and the flap was implanted in the oral cavity through
parapharyngeal tunnelization. The three flaps showed good
survival post implantation with a small area of partial dehiscence
at the rostral corner of the flap in one dog. Nevertheless, it
should be noticed that in this experimental setting only partial
defects of the caudal oral cavity were studied and that a loss of
20-25% of the originally anticipated flap length was observed
presumably secondary to the two-staged protocol (94). As to
our knowledge the outcome of this procedure in a clinical
setting has not been further documented, caution is advised prior
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FIGURE 3 | Bilateral myomucosal advancement flaps for closure of a large central maxillary defect after removal of a multilobular tumour in a dog. (A) Preoperative
aspect of the tumour. (B) Radical maxillectomy. (C) Immediate postoperative aspect. (D) 5-months postoperative aspect.

to extrapolating this protocol to clinical situations with large
oronasal defects.

Facial Defects

Oral tumours with aggressive behaviour may require lip/cheek
resection to achieve tumour-free margins. Various flap
techniques may be used to close the full-thickness defect

and restore function. Ideally, both the mucosal and the skin layer
need to be reconstructed. This is mostly possible with the use of
local flaps providing skin and oral mucosa from adjacent lip and
cheek. When using loco-regional flaps to close large lip/cheek
defects, oral mucosa may not be available in sufficient quantity.
Options for reconstruction of the oral mucosal lining include
using the remaining nearby oral mucosa resulting in a tighter
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FIGURE 4 | Transillumination intraoral view of the main arteries of the cheek
and lips and surgical outline. (arrow: SLA; chevron arrowhead: AOA; simple
arrowhead: ILA; asterisks: anatomoses between SLA and AOA,; interrupted
dash line: limits depicting the facial artery myomucosal (FAMM) flap centered
on the AOA; interrupted dot line: limits depicting the facial artery myomucosal
(FAMM) flap incorporating the AOA and SLA; circle: parotid duct papilla. AOA,
angularis oris artery; SLA, superior labial artery; ILA: inferior labial artery.

lip with a shorter vestibule, closing the defect with skin only
without a mucosal layer, which may result in wound contraction
and poorer cosmetic results, using a mucosal graft or using an
inversed skin flap (41, 95).

Delicate technique and proper flap design are essentials to
avoid tissue damage and ischemia. The flap must be handled
with care favouring the use of stay sutures rather than toothed
forceps or skin hooks to hold the margins (96, 97). A scalpel
blade is preferred to monopolar electrosurgery for skin incisions
as the latter has been shown in dogs to be associated with
delayed healing and more complications within the first 7 days

(98). Adequate undermining and sutures are other essential
components of a successful tension-free closure. Sutures should
not be too tight as with the development of post-operative edema
they may strangulate tissue margin and induce ischemia (96).

Most local flaps are based over the subdermal plexus
circulation unless a direct artery and vein (perforating vessels) are
fortuitously included in the base of the flap (becoming an axial
pattern flap) (95). Closing of the defect implies first realigning
the mucocutaneous junction by placing a single interrupted
absorbable suture on the mucosal side at the distal tip of the
flap, closing the oral mucosa as a first layer with interrupted
absorbable sutures and the skin as a second layer with interrupted
non-absorbable sutures. In large dogs, a third intermediate suture
layer can be placed on the superficial muscular layer. Removal of
the skin sutures around the mouth, especially in cats or dogs with
bad behaviour, may require sedation/anaesthesia. To avoid this
trouble and for cost-effectiveness, the poliglecaprone-25 suture
material remaining after closure of the mucosa can be used to
close the skin layer using either an intradermal or a cutaneous
suture pattern. No statistically significant cosmetic difference
and no statistically significant difference in wound complications
(infection, hematoma or dehiscence) have been shown in facial
surgery in humans between skin closure with poliglecaprone-25
or polypropylene (99, 100).

Full-thickness labial/buccal advancement flaps can be used to
close a defect of the superior or the inferior lip. A skin incision
is made parallel to the long axis of the defect either dorsally
(maxillary defect) or ventrally (mandibular defect) and extended
caudally as far as necessary to make use of tissue elasticity to
stretch the flap over the defect. By doing so, the commissure
of the lips is moved rostrally (Figure 6). For defects located on
the rostral part of the lip, the base of the flap may not extend
beyond the commissure provided enough tissue is available
for tension-free closure. Only one longitudinal full-thickness
incision of the lip is required, either dorsally for the superior
lip or ventrally for the inferior lip. Opposite to the skin incision,
the oral mucosa is incised away from the mucogingival junction
to facilitate mucosal closure. For defects involving the middle
or caudal part of the lip, the base of the flap needs to extend
to the cheek or further caudally in the masseter region. Two
slightly divergent full-thickness incisions are performed. One is
ventrally or dorsally located and the second is at the level of the
commissure. These full-thickness flaps are based either on the
superior or inferior labial vascularization. The infraorbital/lateral
nasal vessels (superior lip) or the caudal mental branch of the
inferior alveolar artery (inferior lip) may need to be ligated and
cut for flap mobilisation. As previously described, numerous
anastomoses occur between these branches and the superior or
inferior labial arteries forming a dense arterial network (70).
When making the full-thickness incision at the commissure of
the lip toward the cheek, care is taken to preserve the angularis
oris blood vessels. Further backwards, the parotid (Stensen) duct
and the buccal ventral and dorsal branches of the facial nerve,
running on the surface of the masseter, must be identified and
preserved (Figure 7).

A full-thickness buccal rotation flap is a semi-circular flap
that rotates into the adjacent recipient bed. Although the flap is
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FIGURE 5 | Facial artery myomucosal (FAMM) flap. (A) Revision surgery of a large palatal defect; surgical limits of the FAMM flap depicted with a surgical marker. (B)
Harvesting of the myomucosal flap. (C) Immediate postoperative appearance. (D) 3-weeks postoperative aspect.

FIGURE 6 | Drawing depicting full-thickness labial/buccal advancement flaps for upper or lower lip defects.

rotational in its direction, it also spans the defect by stretching
the elastic tissues (76). The ideal defect for a rotation flap
is triangular in shape. The flap is rotated at a maximum of
90° from the axis of the defect. The height-width ratio of the
triangle ideally should be 2:1. The length of the flap should
be 4 times the width of the base of the triangular defect (76).
Large lip defects with insufficient remaining tissue on the same
jaw can be reconstructed with a rotation flap using the lip of
the opposite jaw. This technique has been described both for
the superior and inferior lips as well as for nasal reconstruction
(41,42, 95, 101). Through the rotation of tissue, the commissure
is moved forward dorsally or ventrally resulting in a slight facial
asymmetry with a unilateral shortening of the opening between

the lips (rima oris). This is considered a minor cosmetic change
(Figure 8).

The caudal auricular myocutaneous axial-pattern flap can
be used to close defects in the caudal part of the face, namely the
cheek, the orbital area, and the parietotemporal area (upper face)
(102). The base (cranial border) of the flap is centered between
the lateral aspect of the wing of the atlas and the vertical ear canal.
It is based on the sternocleidomastoideus branches of the caudal
auricular artery and vein, providing blood supply to the platysma
muscle, with perforating branches into the subcutaneous tissue,
and the overlying skin. The plane of dissection lies just over the
cervical neck fascia (Figure 9). Anastomoses with the superficial
cervical artery may extend the flap design up to the spine of the
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FIGURE 7 | Full-thickness local advancement flaps for closure of a defect secondary to surgical removal of a recurring lower lip trabecular adenocarcinoma. (A)
Preoperative aspect of the tumour. (B) Harvesting of the flap based on facial vascularisation. (C) Immediate postoperative aspect. (D) 1-month postoperative aspect.

scapula (67, 103). Similar anatomy has been described in dogs
and cats (68). In the original experimental study and description
of the technique in dogs a mean flap length survival of 85.2%
was reported (103). In a similar study in cats using 3 cm-wide
flaps and various lengths of 6, 9, and 12 cm, distal flap necrosis
was reported in 75% of the cases, with a mean survival length of
93.8, 81.9, and 84.4%, respectively. Following this experimental
study, two client-owned cats experienced a good outcome after
transposition on aural and periorbital defects, but using wider
flap dimensions of 4 x 10, and 5 x 12cm, respectively (67).
Subsequently, the caudal auricular myocutaneous axial-pattern
flap has also been successfully used to close defects following
exenteration, or upper eyelid reconstruction in dogs, and cats
(104-107). Recently, a multicentric retrospective study in 16 dogs
and 12 cats has shown a relatively high complication rate with
necrosis of the distal aspect of the flap in 62.5% of the dogs and
41.7% of the cats, requiring revision surgery in 72.7% of the dogs
and 50% of the cats with complications. Flap necrosis involved
10-25% of the flap in dogs and 25-50% of the flap in cats. It
should be noticed that flap dimensions in this retrospective study
was superior to that of the experimental study, with a mean width
of 6.5cm in dogs and 5cm in cats and a mean length of 19 cm
in dogs and 16 cm in cats. Decreasing the length of the outlined
flap, as well as avoiding as much as possible any factors that
could impair blood supply (e.g., excessive tension, or torsion of
the pedicle, thrombosis, infection) is recommended in order to
enhance the flap reliability (102).

The superficial temporal myocutaneous axial-pattern flap,
first described by Fahie et al. (68) in dogs and cats, is based on the

cutaneous branch of the superficial temporal artery, originating
at the base of the zygomatic arch (68). The anatomical landmarks
and viability of the flap have been experimentally studied in dogs
(69). The base of the flap corresponded approximately to the
length of the zygomatic arch, as the width of the flap is limited
rostrally by the eye and caudally by the ear (Figure 10). At 7
days post-operatively, flaps extending to the midline of the head
showed significantly better length survival (91.8%) than flaps
extending to the contralateral zygomatic arch (69.5%) or flaps
in the control group with vessel ligation. No palpebral deficit
was reported though a cranial branch arising from the auricular
plexus was transected to facilitate flap rotation. The donor site
was closed by a simple cranial advancement (myo)cutaneous flap.
Due to the risk of extensive necrosis of the distal tip, it was
concluded that extending the flap beyond the contralateral mid-
dorsal orbital rim, and rotation >90° was not recommended (69).
Subsequently, the superficial temporal myocutaneous flap was
successfully used in client-owned dogs and cats to close defects
affecting the maxillary, orbital or nasal area (69). The rostral
extent of the flap in the maxillary area is dependant of the specific
head shape. Dogs and cats with a short nose and a large rounded
head may benefit the most from this technique (Figure 11).

The facial/angularis oris myocutaneous transposition flap is
avery versatile flap enabling the closure of facial soft tissue defects
in dogs and cats (108-112). It can be used to close both maxillary
and mandibular defects. The anatomical boundaries of this U-
shaped skin flap are the lip commissure at the level of the medial
canthus of the eye (base), the ventral aspect of the zygomatic arch
(dorsally), the ventral margin of the caudal mandible (ventrally)
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(C) Immediate postoperative appearance. (D) 6-months postoperative appearance.

FIGURE 8 | Full-thickness local rotation flap for closure of a lower lip defect in a dog. (A) Oral malignant melanoma of the lower rostral lip. (B) Harvesting of the flap.

and the wing of the atlas (caudally) (111). The base of the flap
is vascularized by direct cutaneous arteries arising from the
superior, inferior labial arteries, and the angularis oris artery,
which are branches of the facial artery; these branches penetrate
into and through the platysma muscle (111). The distal end of
the flap is also vascularized by two direct arteries entering in
a rostral direction: the transverse facial artery and a cutaneous
branch of the masseteric artery; they anastomose with a separate
cutaneous branch of the angularis oris artery running caudally
toward the ear canal area (111, 112) (Figure 12). Flap design must
be carefully planned prior to the resective surgery by measuring
the resulting defect size and its distance from the base of the
flap to ensure full coverage of the defect. The boundaries of the
resection and of the flap are delineated with a sterile surgical
marker. A template created by cutting a piece of surgical drape

may be used to help design the flap. Skin and superficial muscle
are incised with a scalpel blade and dissection is performed deep
under the platysma using blunt dissection scissors in caudal to
rostral direction. Care is advised when approaching the angle of
the mouth to preserve angularis oris vessels. A dorsoventral line
drawn from the medial canthus and perpendicular to the axis of
the mandibular body can be used as a safe rostral limit (111).
Two small series of angularis oris myocutaneous transposition
flap have been published in dogs (108, 112). Most of the cases
were used to treat middle-face defects with a flap rotated dorsally.
Losinsky et al. (112) reported the outcome of 9 flaps in 8 dogs.
Results were good with no major complications observed. Partial
incisional dehiscence of the distal end of the flap was noticed in 3
dogs with 2 of the dogs showing small area of necrosis (<1 cm);
the defect healed by second intention in one of the dogs or after
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FIGURE 9 | Drawing depicting the surgical limits and extent of rotation of a caudal auricular myocutaneous axial-pattern flap.

FIGURE 10 | Drawing depicting the surgical limits and extent of rotation of a superficial temporal myocutaneous axial-pattern flap.

minor revision surgery in two of them (112). Frasson et al. (108)
reported the outcome of the flap in 6 dogs. Three of the 6 flaps
showed minimal suture dehiscence but all flaps healed without
necrosis of any portion of the flaps and did not require revision
surgery (108). In both series, the caudal limit of the flap was

either the vertical external ear canal or the wing of the atlas
depending of the defect to be covered (Figures 13, 14). Distal
flap dehiscence and/or necrosis was not associated with a more
caudal extent of the flap. Mild to moderate flap oedema was the
most common minor complication (108, 112). A modification of
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FIGURE 11 | Closure of a large facial composite defect with a superficial temporal myocutaneous axial-pattern flap in a dog with an invasive oral malignant melanoma.
(A) Surgical planning. (B) Peri-operative aspect after removal of the cheek, caudal maxilla. (C) Immediate postoperative aspect. (D) 1.5-months postoperative aspect.

this flap has recently been documented in a small series of three
dogs to reconstruct large palatal defect. A full-thickness bridging
incision is made ventrally at the level of the last mandibular molar
tooth to allow flap transposition into the oral cavity. Though hair
regrew on the surface of the flap within the oral cavity, no major
complication was reported in this short series (113).

The temporal myofascial flap was described in the dog by
Tomlinson and Presnell (114) for closure of a 3-cm-diameter
orbitonasal defect secondary to exenteration of the orbit and
radiation therapy (114). Another paper has reported the use of
this flap for closure of a 15 mm-diameter caudal oronasal fistula
in a canine patient after caudal maxillectomy with exenteration
and radiation therapy (115). Additionally, an experimental study
published in 1996 assessed the feasibility and the outcome of this
technique following total unilateral maxillectomy in thirty cats
(116). The myofascial flap is based on the rostral and caudal deep
temporal arteries. A curvilinear skin incision is made between
the orbit and the ear. The temporal fascia covering the temporal
muscle is exposed. The temporalis is harvested circumferentially
from the temporal fossa by incising its attachment to the
temporal line up to the sagittal crest dorsally, to the nuchal crest
caudally, to the zygomatic arch laterally and to the caudal orbital

margins rostrally (114-116). During elevation of the flap, the
deep temporal artery and vein located ventro-medially, as well
as the attachments of the muscle over the coronoid process of
the mandible are carefully preserved. Transposition of the flap
in the oral cavity is performed after tunnelization under the
orbit. The flap is sutured over the defect with the fascia facing
the oral cavity (116). Ostectomy of a portion of the zygomatic
arch, or osteotomy of the coronoid process of the mandible have
been suggested to facilitate mobilization of the flap (114, 116).
Good clinical outcome has been reported in cats despite a longer
healing time compared to humans. Coverage by a smooth oral
mucosa was achieved in experimental cats 18-24 weeks after
surgery (116). Indications of temporalis muscle flap in humans
comprise the repair of defects involving the ipsilateral maxilla
and palate, the lateral oropharyngeal wall and the retromolar
area (117, 118). So far, there is limited documentation of the
clinical use of this flap to repair large oronasal fistula in dogs
and cats.

More distant axial-pattern flaps such as the superficial
cervical myo-cutaneous flap have been suggested, though
not yet fully investigated for facial reconstructions to the
authors’ knowledge (79). As transposition to the caudal oral
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FIGURE 12 | Drawing depicting the surgical limits and extent of rotation of a facial (angularis oris) transposition flap.

cavity has already been described (see previous section),
the reconstruction of defects involving the upper face and
caudal aspect of the lower and midface (cheek) might be
possible (94).

DECISIONAL ALGORITHM

To help the clinician planning the reconstructive phase following
resective oromaxillofacial surgery, we proposed a decisional
algorithm based on the current literature (Figure 15). When
considering the reconstruction of oromaxillofacial defects, the
easiest and most suitable technique by increasing order of
difficulty should be considered first (53, 60). As the complexity
of procedure may further impact the duration of the anaesthesia
and the outcome, the clinician should also focus on its reliability
as well as its time- and cost-effectiveness. The decisional process
starts with a good appraisal of the resective procedure in order
to plan the reconstructive modality accordingly (13-29). Small
defects involving superficial soft tissue layers can sometimes
be managed by second intention healing, providing inspection
and special care of the wound are satisfactory, with no high
risk of fibrosis or site infection. Direct closure, local random
flaps or skin/mucosal grafts are generally preferred. Some
deeper, moderately extensive defects may also be advantageously
treated by direct closure or local random flaps whenever
possible. For more severe (medium to large) defects, locoregional
axial pattern flaps constitute the technique of choice. They
may be combined with other techniques. They enable the
restoration of an anatomic barrier between the oral cavity, the

nasal cavity and/or the cutaneous layer in order to preserve
function. The choice of the proper flap is dependent on
the location of the defect. As a general rule, the closest
available flap is preferred as a more distant harvesting site may
require a longer flap to reach the defect to be covered and
may be associated with a higher risk of distal flap necrosis.
When a specific procedure may lead to an excessive risk
of dehiscence (e.g. undersized, compromised vascularization,
excessive tension), or when functional impairment may be
associated, the next flap in the decisional algorithm should
be considered. Flaps with low scientific support, and those
necessitating highly trained teams and fully-equipped facilities
(e.g., free vascularized flaps) are considered at last resort.
Flaps based on the facial artery seem the more versatile and
reliable and, due to their anatomical proximity, are currently
used in most of the situations in first-intent closure of
oromaxillofacial defects.

PERIOPERATIVE CARE

Perioperative care is considered of fundamental importance in
head and neck surgery and has been shown to influence the
outcome in humans (119, 120). As little is documented in
veterinary medicine, the veterinary patient may benefit from
human recommendations.

Antibiotics

Antibiotic  prophylaxis is recommended for orofacial
reconstructive surgery with exposure to the oral or nasal
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postoperative appearance.

~— _

FIGURE 13 | Reconstruction of a composite defect of the lower face with a facial (angularis oris) myocutaneous flap. (A) Composite resection of the body of the
mandible and lower lip in a dog presenting with a neurofibrosarcoma. (B) Surgical preparation of the flap. (C) Immediate postoperative appearance. (D) 9-months

environment (clean-contaminated surgery) because of the
high risk of surgical site infection (119, 121, 122). Type and
duration of antibiotic treatment has been debated in humans.
Currently, ampicillin-sulbactam, amoxicillin-clavulanate and
cefazolin are considered antibiotics of choice and are used
postoperatively up to 24-48h (75, 119-123). Some studies have
shown that clindamycin should be avoided postoperatively
in free flap surgery in humans as it was found associated
with a poorer outcome due to its ineffectiveness against
gram negative bacteria (121, 122). Reports on the use of
antibiotics in head and neck surgery in dogs and cats are
scarce. Human recommendations on the use of perioperative
antibiotics are followed in some reports (6, 88, 112, 113).
In a large retrospective study concerning axial pattern flaps
in dogs and cats antibiotics were used postoperatively in
88% of the animals and surgical site infections was reported
in 28% of the patients (81). Preoperative and postoperative
antibiotic treatments were not found to have a significant
impact on the outcome nor on the complication rate in this
retrospective study (81). As no specific study has been conducted
in veterinary medicine, our recommendation is to follow human

protocols on antibiotic use when performing head and neck
reconstructive surgery.

Drain Placement

Head and neck operations are associated with clinically
significant postoperative morbidities such as haematoma,
seroma, wound infection, and flap complications. Surgeons may
choose to use drainage systems to reduce these complications
(124, 125). However, the decision to place a drain is mostly based
on individual cases and surgeons experience and preference
(126). A recent national survey in Ireland has shown that there
were poorly defined guidelines and considerable heterogeneity
amongst surgeons in term of indication for insertion (127). No
significant difference in complication rate was found between
active compared to passive drainage after free flap reconstruction
in head and neck surgery in humans (124). Great heterogeneity
amongst studies is also found in the veterinary literature. In a
recent retrospective study on subdermal skin flaps in dogs and
cats, an active drainage was placed in 11% of the cases and
a passive one in 26% of the cases according to the surgeon
preference (78). In a retrospective study on axial pattern flap

Frontiers in Veterinary Science | www.frontiersin.org

15

May 2021 | Volume 8 | Article 685036


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Guzu et al.

Locoregional Flap Reconstruction

FIGURE 14 | Reconstruction of a composite defect of the mid face with a facial (angularis oris) myocutaneous flap. (A) Surgical planning of the surgery delineating the
surgical limits (oblique dash line) and the outline of the flap. (B) Composite resection of the orbitozygomaticomaxillary area in a dog presenting with an osteosarcoma.
(C) Immediate postoperative appearance. (D) 4-months postoperative appearance.

in dogs and cats, wound drains were used in 66% of the
dogs and 38% of the cats and removed after a median of 2
days in dogs and 3 days in cats (81). The placement of a
drain and the duration of the drain were not shown to have
a significant impact on the outcome nor the complication rate
(81). In another study on caudal auricular axial pattern flap
in 16 dogs and 12 cats, an active drain was used only in 18%
of the dogs and 8% of the cats (102). Therefore, until studies
will have been performed to compare the outcome with or
without drains as well as the influence of the type of drain,
the decision will remain in the surgeon’s hands based on the
individual case.

Pain Management

Efficient pain management relies on a multimodal approach
combining strong opioids, non-opioid analgesics, and peripheral
or neuraxial local anaesthetics acting on different sites of the
pain pathway (82, 89). In our institution, and in agreement
with others, perioperative analgesia is achieved through a
combination of locoregional anaesthesia using ropivacaine and
constant rate infusion of drugs (opioids, lidocaine, ketamine, or
dexmedetomidine) for the first 24-48 h (6, 62, 78). Other drugs
that may be used include non-steroidal anti-inflammatory drugs
and gabapentinoids. In a recent systematic review in humans,
gabapentin, and pregabalin showed significant beneficial effect
on perioperative pain relief and analgesic consumption in

head and neck surgery procedures within the first 24h (90,
91). The degree and duration of the postoperative pain
management is based on the type of surgery and on the
patient’s pain score according to current recommendations
(92). The less painful the animal, the faster food intake, and
recovery are.

Nutrition

Patients suffering from oral tumour may have already lost weight
at the time of surgery. Preoperative malnutrition in humans is
a well-documented risk factor for perioperative complications
and poor outcome (81). Decision to resume oral intake varies
between surgeons and institutions but is commonly 5-7 days
postoperatively in surgery involving the upper aerodigestive tract
in humans (119). As placement of an esophageal feeding tube
at time of surgery is a quick and straightforward procedure, we
routinely use them in maxillofacial surgery. Large retrospective
studies in dogs and cats have shown that most complications are
minor (tube displacement, infection of stoma) and can be easily
managed (128, 129). A feeding tube allows fast recovery and food
and drug administration to the animal while preserving the oral
cavity from any mechanical activity. Though there is no study
to evaluate postoperative outcome with or without placement of
a feeding tube, in agreement with other authors we favour this
approach (6, 88, 89).
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CONCLUSION

Oromaxillofacial surgery has become a specific branch of
veterinary surgery, which must take into account specific oral
anatomic and functional considerations. Management of large
defects resulting from oncologic resective procedures requires
excellent knowledge of the head and neck anatomy, and
of the different reconstructive options available. Locoregional
axial-pattern flaps constitute an important component of
the therapeutic armamentarium in oromaxillofacial surgery
as they allow for immediate reconstruction of the defects
while preserving function and achieving good cosmetic results.
These are key elements for the owner’s acceptance of the
resective surgery. Recently, emphasis has been placed on
locoregional mucosal or skin axial pattern flaps based on
branches of the facial artery (angularis oris, superior labial
artery). These flaps seem versatile and reliable and, due to
their anatomical proximity, are best used for reconstruction

REFERENCES

1. Griintzig K, Graf R, Hissig M, Welle M, Meier D, Lott G, et al. Corrigendum
to “The swiss canine cancer registry: a retrospective study on the occurrence
of tumours in dogs in Switzerland from 1955 to 2008”. ] Comp Pathol. (2015)
153:64-5. doi: 10.1016/j.jcpa.2015.04.008

. Graf R, Griintzig K, Boo G, Hissig M, Axhausen KW, Fabrikant S, et al.

Swiss feline cancer registry 1965-2008: the influence of sex, breed and age

of orofacial defects. More retrospective studies are needed
to fully evaluate the full potential of these techniques. Most
of the orofacial reconstructive techniques used are aimed at
closing the defect and focus on soft tissue reconstruction.
The development of reliable and cost-effective flaps, allowing
one-step composite reconstruction, appears to be the next
step for the future of maxillofacial reconstructive surgery in
small animals.

AUTHOR CONTRIBUTIONS

MG: literature searches, drafting and critical revision for
intellectual content of the manuscript, idea and production of
the schemes and diagram. DR: review of the article. PH: idea to
write a review on locoregional flap reconstruction, proposition
to submit to Frontiers in Veterinary Science, literature searches,
drafting, critical revision for intellectual content, editing of the
manuscript, and selection of the figures.

on tumour types and tumour locations. ] Comp Pathol. (2016) 154:195-
210. doi: 10.1016/j.jcpa.2016.01.008

. Cray M, Selmic LE, Ruple A. Demographics of dogs and cats with oral
tumors presenting to teaching hospitals: 1996-2017. J Vet Sci. (2019)
21:¢70. doi: 10.4142/jvs.2020.21.e70

. Mikiewicz M, Pazdzior-Czapula K, Otrocka-Domagata I, Gesek M, Myrdek
P. Oral cavity lesions in dogs: a retrospective study of 136 cases. | Comp
Pathol. (2018) 158:122. doi: 10.1016/j.jcpa.2017.10.085

Frontiers in Veterinary Science | www.frontiersin.org

17

May 2021 | Volume 8 | Article 685036


https://doi.org/10.1016/j.jcpa.2015.04.008
https://doi.org/10.1016/j.jcpa.2016.01.008
https://doi.org/10.4142/jvs.2020.21.e70
https://doi.org/10.1016/j.jcpa.2017.10.085
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Guzu et al.

Locoregional Flap Reconstruction

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Tuohy JL,

. Farcas

. Wingo K. Histopathologic diagnoses from biopsies of the oral cavity in 403

dogs and 73 cats. J Vet Dent. (2018) 35:7-17. doi: 10.1177/0898756418759760
Selmic LE, Worley DR, Ehrhart NP, Withrow §J.
Outcome following curative-intent surgery for oral melanoma
in dogs: 70 cases (1998-2011). J Am Vet Med Assoc. (2014)
245:1266-73. doi: 10.2460/javma.245.11.1266

N, Arzi B, Verstraete F.

osteosarcoma in dogs: a review. Vet
12:169-80. doi: 10.1111/j.1476-5829.2012.00352.x

Oral  and
Comp  Oncol.

maxillofacial
(2014)

. Piras L, Riccardo E Tussich S, Maniscalco L, Gattino F, Martano M, et al.

Prolongation of survival of dogs with oral malignant melanoma treated by
en bloc surgical resection and adjuvant CSPG4-antigen electrovaccination.
Vet Comp Oncol. (2017) 15:996-1013. doi: 10.1111/vc0.12239

. Shah JP, Gil Z. Current concepts in management of oral cancer - surgery.

Oral Oncol. (2009) 45:394-401. doi: 10.1016/j.oraloncology.2008.05.017
Omura K. Current status of oral cancer treatment strategies: surgical
treatments for oral squamous cell carcinoma. Int J Clin Oncol. (2014)
19:423-30. doi: 10.1007/s10147-014-0689-z

Martano M, Iussich S, Morello E, Buracco P. Canine oral fibrosarcoma:
changes in prognosis over the last 30 years? Vet J. (2018) 241:1-
7. doi: 10.1016/j.tvjl.2018.09.005

Riggs J, Adams V], Hermer JV, Dobson JM, Murphy S, Ladlow JF.
Outcomes following surgical excision or surgical excision combined with
adjunctive, hypofractionated radiotherapy in dogs with oral squamous
cell carcinoma or fibrosarcoma. J] Am Vet Med Assoc. (2018) 253:73—
83. doi: 10.2460/javma.253.1.73

Yoshikawa H, Ehrhart EJ, Charles JB, Custis JT, LaRue SM. Assessment
of predictive molecular variables in feline oral squamous cell carcinoma
treated with stereotactic radiation therapy. Vet Comp Oncol. (2016) 14:39—
57. doi: 10.1111/vc0.12050

Randall E, Kraft S, Yoshikawa H, LaRue S. Evaluation of 18F-FDG PET/CT
as a diagnostic imaging and staging tool for feline oral squamous cell
carcinoma. Vet Comp Oncol. (2016) 14:28-38. doi: 10.1111/vco.12047
Yoshikawa H, Maranon D, Battaglia C, Ehrhart E, Charles ], Bailey S,
et al. Predicting clinical outcome in feline oral squamous cell carcinoma:
tumour initiating cells, telomeres and telomerase. Vet Comp Oncol. (2016)
14:371-83. doi: 10.1111/vco.12117

Sweet KA, Nolan MW, Yoshikawa H, Gieger TL. Stereotactic radiation
therapy for canine multilobular osteochondrosarcoma: eight cases. Vet Comp
Oncol. (2019) 18:76-83. doi: 10.1111/vco.12481

Soukup JW, Snyder CJ, Simmons BT, Pinkerton ME, Chun R. Clinical,
histologic, and computed tomographic features of oral papillary squamous
cell carcinoma in dogs: 9 cases (2008-2011). J Vet Dent. (2013) 30:18-
24. doi: 10.1177/089875641303000102

Amory JT, Reetz JA, Sdnchez MD, Bradley CW, Lewis JR, Reiter AM, et al.
Computed tomographic characteristics of odontogenic neoplasms in dogs.
Vet Radiol Ultrasound. (2014) 55:147-58. doi: 10.1111/vru.12101

Skinner OT, Boston SE, Giglio RE, Whitley EM, Colee JC, Porter
EG. Diagnostic accuracy of contrast-enhanced computed tomography
for assessment of mandibular and medial retropharyngeal lymph node
metastasis in dogs with oral and nasal cancer. Vet Comp Oncol. (2018)
16:562-70. doi: 10.1111/vco.12415

Winer JN, Verstraete FJ, Cissell DD, Le C, Vapniarsky N, Good KL,
et al. Clinical features and computed tomography findings are utilized
to characterize retrobulbar disease in dogs. Front Vet Sci. (2018)
5:186. doi: 10.3389/fvets.2018.00186

Winer JN, Verstraete FJM, Cissell DD, Lucero S, Athanasiou KA, Arzi
B. The application of 3-dimensional printing for preoperative planning in
oral and maxillofacial surgery in dogs and cats. Vet Surg. (2017) 46:942-
51. doi: 10.1111/vsu.12683

Hansen KS, Kent MS. Imaging in non-neurologic
oncologic  treatment  planning of the head and neck.
Front Vet Sci. (2019) 6:90. doi: 10.3389/fvets.2019.
00090

Spriet M, Willcox JL, Culp WTN. Role of positron emission
tomography in imaging of non-neurologic disorders of the head,
neck, and teeth in veterinary medicine. Front Vet Sci. (2019)
6:180. doi: 10.3389/fvets.2019.00180

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kafka UCM, Carstens A, Steenkamp G, Symington H. Diagnostic value of
magnetic resonance imaging and computed tomography for oral masses in
dogs. J S Afr Vet Assoc. (2004) 75:163-8. doi: 10.4102/jsava.v75i4.476
Ghirelli CO, Villamizar LA, Pinto AC. Comparison of standard radiography
and computed tomography in 21 dogs with maxillary masses. J Vet Dent.
(2013) 30:72-6. doi: 10.1177/089875641303000201

Soltero-Rivera MM, Krick EL, Reiter AM, Brown DC, Lewis JR. Prevalence
of regional and distant metastasis in cats with advanced oral squamous
cell carcinoma: 49 cases (2005-2011). J Feline Med Surg. (2014) 16:164-
9. doi: 10.1177/1098612X13502975

Thierry F, Longo M, Pecceu E, Zani DD, Schwarz T. Computed tomographic
appearance of canine tonsillar neoplasia: 14 cases. Vet Radiol Ultrasound.
(2018) 59:54-63. doi: 10.1111/vru.12561

Stahle JA, Larson MM, Rossmeisl JH, Dervisis N, Neelis D. Diffusion
weighted magnetic resonance imaging is a feasible method for characterizing
regional lymph nodes in canine patients with head and neck disease. Vet
Radiol Ultrasound. (2019) 60:176-83. doi: 10.1111/vru.12694

Willcox JL, Spriet M, Zwingenberger AL, Phillips KL, Burton JH,
Skorupski KA, et al. Evaluation of accuracy for 18 F-FDG positron
emission tomography and computed tomography for detection of lymph
node metastasis in canine oral malignant melanoma. Vet Comp Oncol.
(2020). doi: 10.1111/vco0.12651. [Epub ahead of print].
Silverman S, Kerr AR, Epstein JB. Oral
cancer control and early detection. ] Cancer
25:279-81. doi: 10.1007/s13187-010-0045-6

Seoane J, Alvarez—Novoa P, Gomez I, Takkouche B, Diz P, Warnakulasiruya
S, et al. Early oral cancer diagnosis: the Aarhus statement perspective.
a systematic review and meta-analysis. Head Neck. (2016) 38:E2182-
9. doi: 10.1002/hed.24050

Frazier S, Johns S, Ortega ], Zwingenberger A, Kent M, Hammond G, et al.
Outcome in dogs with surgically resected oral fibrosarcoma (1997-2008)*.
Vet Comp Oncol. (2012) 10:33-43. doi: 10.1111/j.1476-5829.2011.00272.x
Gardner H, Fidel J, Haldorson G, Dernell W, Wheeler B. Canine oral
fibrosarcomas: a retrospective analysis of 65 cases (1998-2010). Vet Comp
Oncol. (2015) 13:40-7. doi: 10.1111/vco.12017

Goldschmidt SL, Bell CM, Hetzel S, Soukup J. Clinical characterization
of Canine Acanthomatous Ameloblastoma (CAA) in 263 dogs and the
influence of postsurgical histopathological margin on local recurrence. J Vet
Dent. (2017) 34:241-7. doi: 10.1177/0898756417734312

Milovancev M, Russell DS. Surgical margins in the veterinary cancer patient.
Vet Comp Oncol. (2017) 15:1136-57. doi: 10.1111/vco.12284

Dores CB, Milovancev M, Russell DS. Comparison of histologic margin
status in low-grade cutaneous and subcutaneous canine mast cell tumours
examined by radial and tangential sections. Vet Comp Oncol. (2018) 16:125-
30. doi: 10.1111/vco.12321

Sarowitz BN, Davis GJ, Kim S. Outcome and prognostic factors following
curative-intent surgery for oral tumours in dogs: 234 cases (2004 to 2014). ]
Small Anim Pract. (2017) 58:146-53. doi: 10.1111/jsap.12624

Fulton AJ, Nemec A, Murphy BG, Kass PH, Verstraete FJM. Risk factors
associated with survival in dogs with nontonsillar oral squamous cell
carcinoma 31 cases (1990-2010). ] Am Vet Med Assoc. (2013) 243:696—
702. doi: 10.2460/javma.243.5.696

Berg J. Principles of oncologic orofacial surgery. Clin Techniq Small Anim
Pract. (1998) 13:38-41. doi: 10.1016/S1096-2867(98)80025-X

Pope ER. Head and facial wounds in dogs and cats. Vet Clin N Am. (2006)
36:793-817. doi: 10.1016/j.cvsm.2006.03.001

Degner D. Facial reconstructive surgery. Clin Techniq Small Anim Pract.
(2007) 22:82-8. doi: 10.1053/j.ctsap.2007.03.009

Buiks S, Haar G. Reconstructive techniques of the facial area head. In: ter
Haar KJG, editor. Reconstructive Surgery Wound Management of the Dog
Cats. London: Manson Pub. Ltd. (2013) p. 95-116.

Smith M. Axial-pattern flaps for maxillofacial reconstruction. In: Verstraete
E, Lommer M, Arzi B, editors. Oral Maxillofacial Surgery in Dogs Cats. St
Louis, MO: Elsevier. (2020) p. 538-45.

and  pharyngeal
Educ. (2010)

Bewley A, Arzi B. Microsurgical techniques in maxillofacial
surgery. In: Verstraete F Lommer M, Arzi B, editors. Oral
Maxillofacial Surgery in Dogs Cats. St Louis, MO: Elsevier. p.

109-113. doi: 10.1016/B978-0-7020-7675-6.00020-6

Frontiers in Veterinary Science | www.frontiersin.org

18

May 2021 | Volume 8 | Article 685036


https://doi.org/10.1177/0898756418759760
https://doi.org/10.2460/javma.245.11.1266
https://doi.org/10.1111/j.1476-5829.2012.00352.x
https://doi.org/10.1111/vco.12239
https://doi.org/10.1016/j.oraloncology.2008.05.017
https://doi.org/10.1007/s10147-014-0689-z
https://doi.org/10.1016/j.tvjl.2018.09.005
https://doi.org/10.2460/javma.253.1.73
https://doi.org/10.1111/vco.12050
https://doi.org/10.1111/vco.12047
https://doi.org/10.1111/vco.12117
https://doi.org/10.1111/vco.12481
https://doi.org/10.1177/089875641303000102
https://doi.org/10.1111/vru.12101
https://doi.org/10.1111/vco.12415
https://doi.org/10.3389/fvets.2018.00186
https://doi.org/10.1111/vsu.12683
https://doi.org/10.3389/fvets.2019.00090
https://doi.org/10.3389/fvets.2019.00180
https://doi.org/10.4102/jsava.v75i4.476
https://doi.org/10.1177/089875641303000201
https://doi.org/10.1177/1098612X13502975
https://doi.org/10.1111/vru.12561
https://doi.org/10.1111/vru.12694
https://doi.org/10.1111/vco.12651
https://doi.org/10.1007/s13187-010-0045-6
https://doi.org/10.1002/hed.24050
https://doi.org/10.1111/j.1476-5829.2011.00272.x
https://doi.org/10.1111/vco.12017
https://doi.org/10.1177/0898756417734312
https://doi.org/10.1111/vco.12284
https://doi.org/10.1111/vco.12321
https://doi.org/10.1111/jsap.12624
https://doi.org/10.2460/javma.243.5.696
https://doi.org/10.1016/S1096-2867(98)80025-X
https://doi.org/10.1016/j.cvsm.2006.03.001
https://doi.org/10.1053/j.ctsap.2007.03.009
https://doi.org/10.1016/B978-0-7020-7675-6.00020-6
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Guzu et al.

Locoregional Flap Reconstruction

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Disa J], Cordeiro PG. Mandible reconstruction with microvascular surgery.
Semin Surg Oncol. (2000) 19:226-34. doi: 10.1002/1098-2388(200010/
11)19:3<226::AID-SSU4>3.0.CO;2-N

Takushima A, Harii K, Asato H, Momosawa A, Okazaki M, Nakatsuka T.
Choice of osseous and osteocutaneous flaps for mandibular reconstruction.
Int ] Clin Oncol. (2005) 10:234-42. doi: 10.1007/s10147-005-0504-y
Fernandes RP, Yetzer JG. Reconstruction of acquired oromandibular
defects. Oral Maxil Surg Clin. (2013) 25:241-9. doi: 10.1016/j.coms.2013.
02.003

Brown JS, Barry C, Ho M, Shaw R. A new dlassification for
mandibular defects after oncological resection. Lancet Oncol. (2016)
17:€23-30. doi: 10.1016/51470-2045(15)00310-1

Comini LV, Spinelli G, Mannelli G. Algorithm for the treatment of oral and
peri-oral defects through local flaps. J Cranio Maxill Surg. (2018) 46:2127-
37. doi: 10.1016/j.jcms.2018.09.023

Mannelli G, Arcuri F, Agostini T, Innocenti M, Raffaini M, Spinelli G.
Classification of tongue cancer resection and treatment algorithm. J Surg
Oncol. (2018) 117:1092-9. doi: 10.1002/js0.24991

Butler DP, Dunne JA, Wood SH, Jallali N. A unifying algorithm
in microvascular reconstruction of oral cavity defects using the
trilaminar concept. Plastic Reconstr Surg - Global Open. (2019)
7:€2267. doi: 10.1097/GOX.0000000000002267

Hayden RE, Nagel TH. The evolving role of free flaps and pedicled flaps
in head and neck reconstruction. Curr Opin Otolaryngo. (2013) 21:305-
10. doi: 10.1097/MOO.0b013e328362ceef

Gabrysz-Forget F, Tabet P, Rahal A, Bissada E, Christopoulos A, Ayad
T. Free versus pedicled flaps for reconstruction of head and neck
cancer defects: a systematic review. | Otolaryngol Head Neck Surg. (2019)
48:13. doi: 10.1186/540463-019-0334-y

Degner DA, Walshaw R, Fowler JD, Lanz OI, Ocello P, Maier J,
et al. Surgical approaches to recipient vessels of the head and neck
for microvascular free tissue transfer in dogs. Vet Surg. (2004) 33:200-
8. doi: 10.1111/j.1532-950X.2004.04030.x

Kurach L, Plesman R, Grier-Lowe C, Linn K, Anthony J. Use of a hard
palate mucoperiosteal flap for rostral muzzle reconstruction in a dog
after a traumatic premaxillary degloving injury. Vet Surg. (2013) 42:192-
7. doi: 10.1111/§.1532-950X.2012.01071.x

Fowler DJ, Degner DA, Walshaw R, Walker D. Microvascular free
tissue transfer: results in 57 consecutive cases. Vet Surg. (1998) 27:406-
12. doi: 10.1111/§.1532-950X.1998.tb00147.x

Liu C, Yeh L. A vascularized preputial free flap for labial reconstruction in a
dog. Vet Surg. (2017) 46:1116-9. doi: 10.1111/vsu.12694

Spiegel JH, Polat JK. Microvascular flap reconstruction by otolaryngologists:
prevalence, postoperative care, and monitoring techniques. Laryngoscope.
(2007) 117:485-90. doi: 10.1097/MLG.0b013e31802d6e66

Arshad H, Ozer HG, Thatcher A, Old M, Ozer E, Agarwal A, et al. Intensive
care unit versus non-intensive care unit postoperative management of head
and neck free flaps: comparative effectiveness and cost comparisons. Head
Neck. (2014) 36:536-9. doi: 10.1002/hed.23325

Patel UA, Hartig GK, Hanasono MM, Lin DT, Richmon JD. locoregional flaps
for oral cavity reconstruction: a review of modern options. Otolaryngol Head
Neck Surg. (2017) 157:201-9. doi: 10.1177/0194599817700582

Kaminski J, Waller BM, Diogo R, Hartstone-Rose A, Burrows AM. Evolution
of facial muscle anatomy in dogs. Proc National Acad Sci USA. (2019)
116:14677-81. doi: 10.1073/pnas.1820653116

Naldaiz-Gastesi N, Bahri OA, Munain AL de, McCullagh KJA, Izeta A. The
panniculus carnosus muscle: an evolutionary enigma at the intersection of
distinct research fields. J Anat. (2018) 233:275-88. doi: 10.1111/joa.12840
Al-Bagdadi F. The integument. In: Evans H, Lahunta A, editors. Miller’s
Anatomy of the Dog. St Louis, MO: Elsevier (2019) p. 61-77.

Pavletic M. Atlas of Small Animal Wound Management and Reconstructive
Surgery. Ames, LA: Wiley-Blackwell. (2010).

Hugues H, Dransfield J. The blood supply to the skin of the dog. Br Vet J.
(1959) 115:299-310. doi: 10.1016/S0007-1935(17)44652-5

Bezuidenhout A. The heart arteries. In: Evans H, Lahunta A, editors. Miller’s
Anatomy of the Dog. St Louis, MO: Elsevier (2019) p. 428-502.

Smith MM, Shults S, Waldron DR, Moon ML. Platysma
myocutaneous  flap head and reconstruction  in

for neck

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

cats. Head  Neck. 15:433-9.  doi:  10.1002/hed.28801
50511

Fahie MA, Smith BJ, Ballard JB, Moon ML, Smith MM. Regional
peripheral ~ vascular supply based the superficial temporal
artery in dogs and cats. Anatomia Histol Embryol. (1998)
27:205-8. doi: 10.1111/j.1439-0264.1998.tb00181.x

Fahie MA, Smith MM. Axial pattern flap based on the cutaneous branch
of the superficial temporal artery in dogs: an experimental study and case
report. Vet Surg. (1999) 28:141-7. doi: 10.1053/jvet.1999.0141

Hanai H. Stereological studies on several ducts and vessels by
injection method of acrylic resin. 13. arterial distribution of the
upper lip in some mammals. Okajimas Folia Anat Jpn. (1964)
40:81-128. doi: 10.2535/0faj1936.40.1_81

Irifune M. The facial artery of the dog. Okajimas Folia Anat Jpn. (1980)
57:55-78. doi: 10.2535/0faj1936.57.1_55

Doyle CP, Degner DA. Evaluation of the superior labial musculomucosal flap
in dogs: an angiographic study and case report. Vet Comp Orthop Traumatol.
(2019) 32:133-8. doi: 10.1055/5-0039-1677746

Pavletic MM. Anatomy and circulation of the canine skin. Microsurgery.
(1991) 12:103-12. doi: 10.1002/micr.1920120210

Mitchell D. An Introduction to Oral and Maxillofacial Surgery. 2nd ed. Boca
Raton, FL: CRC Press. (2015).

Patel SY, Meram AT, Kim DD. Soft tissue reconstruction for head and
neck ablative defects. Oral Maxillofac Surg Clin North Am. (2019) 31:39-
68. doi: 10.1016/j.coms.2018.08.004
Starkman SJ, Williams CT, Sherris
and transposition flaps. Facial Plast
21. doi: 10.1016/j.fs¢.2017.03.004

Bednarek R, Campos MS, Ramsey M. Transposition Flaps. Treasure Island,
FL: StatPearls (2021)

Jones CA, Lipscomb V7. Indications, complications, and outcomes associated
with subdermal plexus skin flap procedures in dogs and cats: 92 cases
(2000-2017). ] Am Vet Med Assoc. (2019) 255:933-8. doi: 10.2460/javma.25
5.8.933

Pavletic M. Canine axial pattern flaps, using the omocervical, thoracodorsal,
and deep circumflex iliac direct cutaneous arteries. Am ] Vet Res.
(1981) 42:391-406.

Pavletic M. Axial pattern flaps in small animal practice. Vet Clin North Am
Small Anim Pract. (1990) 20:105-25. doi: 10.1016/S0195-5616(90)50006-6
Field EJ, Kelly G, Pleuvry D, Demetriou J, Baines SJ. Indications, outcome
and complications with axial pattern skin flaps in dogs and cats: 73 cases. ]
Small Anim Pract. (2015) 56:698-706. doi: 10.1111/jsap.12400

Peralta S, A, Fiani N, Verstraete F. Staged double-
layer closure of palatal defects in 6 dogs. Vet Surg. (2015)
44:423-31. doi: 10.1111/j.1532-950X.2014.12131.x

Zacher AM, Marretta S. Oral and maxillofacial surgery in dogs and cats. Vet
Clin N Am. (2013) 43:609-49. doi: 10.1016/j.cvsm.2013.02.010

Bozola AR, Gasques JA, Carriquiry CE, Oliveira MC de. The buccinator
musculomucosal flap: anatomic study and clinical application. Plast
Surg. (1989) 84:250-7. doi: 10.1097/00006534-198908000-

(1993)

on

DA. Flap Basics i
Surg ClL  (2017)

rotation
25:313-

Nemec

Reconstr
00010
Pribaz J, Stephens W, Crespo L, Gifford G. A new intraoral flap: facial
artery musculomucosal (FAMM) flap. Plast Reconstr Surg. (1992) 90:421-
9. doi: 10.1097/00006534-199209000-00009

Massarelli O, Vaira LA, Biglio A, Gobbi R, Piombino P, Riu GD. Rational and
simplified nomenclature for buccinator myomucosal flaps. Oral Maxillofac
Surg. (2017) 21:453-9. doi: 10.1007/s10006-017-0655-9

Bryant KJ, Moore K, McAnulty JF. Angularis oris axial pattern buccal
flap for reconstruction of recurrent fistulae of the palate. Vet Surg. (2003)
32:113-9. doi: 10.1053/jvet.2003.50018

Tuohy JL, Worley DR, Wustefeld-Janssens BG, Mickelson MA, Ehrhart NP,
Seguin B. Bilateral caudal maxillectomy for resection of tumors crossing
palatal midline and use of the angularis oris axial pattern flap for primary
closure or dehiscence repair in two dogs. Vet Surg. (2019) 48:1490-
9. doi: 10.1111/vsu.13252

Dicks N, Boston S. The use of an angularis oris axial pattern flap in a dog
after resection of a multilobular osteochondroma of the hard palate. Can Vet
J. (2010) 51:1274-8.

Frontiers in Veterinary Science | www.frontiersin.org

19

May 2021 | Volume 8 | Article 685036


https://doi.org/10.1002/1098-2388(200010/11)19:3<226::AID-SSU4>3.0.CO;2-N
https://doi.org/10.1007/s10147-005-0504-y
https://doi.org/10.1016/j.coms.2013.02.003
https://doi.org/10.1016/S1470-2045(15)00310-1
https://doi.org/10.1016/j.jcms.2018.09.023
https://doi.org/10.1002/jso.24991
https://doi.org/10.1097/GOX.0000000000002267
https://doi.org/10.1097/MOO.0b013e328362ceef
https://doi.org/10.1186/s40463-019-0334-y
https://doi.org/10.1111/j.1532-950X.2004.04030.x
https://doi.org/10.1111/j.1532-950X.2012.01071.x
https://doi.org/10.1111/j.1532-950X.1998.tb00147.x
https://doi.org/10.1111/vsu.12694
https://doi.org/10.1097/MLG.0b013e31802d6e66
https://doi.org/10.1002/hed.23325
https://doi.org/10.1177/0194599817700582
https://doi.org/10.1073/pnas.1820653116
https://doi.org/10.1111/joa.12840
https://doi.org/10.1016/S0007-1935(17)44652-5
https://doi.org/10.1002/hed.2880150511
https://doi.org/10.1111/j.1439-0264.1998.tb00181.x
https://doi.org/10.1053/jvet.1999.0141
https://doi.org/10.2535/ofaj1936.40.1_81
https://doi.org/10.2535/ofaj1936.57.1_55
https://doi.org/10.1055/s-0039-1677746
https://doi.org/10.1002/micr.1920120210
https://doi.org/10.1016/j.coms.2018.08.004
https://doi.org/10.1016/j.fsc.2017.03.004
https://doi.org/10.2460/javma.255.8.933
https://doi.org/10.1016/S0195-5616(90)50006-6
https://doi.org/10.1111/jsap.12400
https://doi.org/10.1111/j.1532-950X.2014.12131.x
https://doi.org/10.1016/j.cvsm.2013.02.010
https://doi.org/10.1097/00006534-198908000-00010
https://doi.org/10.1097/00006534-199209000-00009
https://doi.org/10.1007/s10006-017-0655-9
https://doi.org/10.1053/jvet.2003.50018
https://doi.org/10.1111/vsu.13252
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Guzu et al.

Locoregional Flap Reconstruction

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Cook D, Thomson M. Complications of the angularis oris axial pattern
buccal flap for reconstruction of palatine defects in two dogs. Aust Vet J.
(2014) 92:156-60. doi: 10.1111/avj.12175

Shetty V, Le AD. Oral soft tissue wound healing. In: Verstraete
FJM, Lommer M, Arzi B, editors. Oral and Maxillofacial Surgery
in Dogs and Cats. 2d ed. St Louis, MO: Elsevier (2020). p. 1-5.
doi: 10.1016/B978-0-7020-4618-6.00001-4

Shetty R, Lamba S, Gupta AK. Role of facial artery musculomucosal flap
in large and recurrent palatal fistulae. Cleft Palate-craniofacial J. (2012)
50:730-3. doi: 10.1597/12-115

Dupoirieux L, Plane L, Gard C, Penneau M. Anatomical basis and results
of the facial artery musculomucosal flap for oral reconstruction. Br J Oral
Maxillofac Surg. (1999) 37:25-8. doi: 10.1054/bjom.1998.0301

Dundas JM, Fowler JD, Shmon CL, Clapson JB. Modification of the
superficial cervical axial pattern skin flap for oral reconstruction. Vet Surg.
(2005) 34:206-13. doi: 10.1111/§.1532-950x.2005.00032.x

M. Atlas of Small Animal Wound Management and
Reconstructive ~ Surgery. 4th ed. Ames, LA: Wiley-Blackwell
(2018). doi: 10.1002/9781119267539

Woodard CR. Complications in facial flap surgery. Facial Plast Surg CI.
(2013) 21:599-604. doi: 10.1016/j.fsc.2013.07.009

Arzi B, Verstraete F Lantz G. Maxillectomy techniques. In:
Verstraete FE Lommer M, arzi B, editors. Oral Maxillofacial
Surgery in Dogs Cats. St Louis, MO: Elsevier. 2d Ed. (2020) p.
499-514. doi: 10.1016/B978-0-7020-7675-6.00059-0

Scott JE, Swanson EA, Cooley J, Wills RW, Pearce EC. Healing of canine skin
incisions made with monopolar electrosurgery versus scalpel blade. Vet Surg.
(2017) 46:520-9. doi: 10.1111/vsu.12650

Rosenzweig LB, Abdelmalek M, Ho ], Hruza GJ. Equal cosmetic outcomes
with 5-0 poliglecaprone-25 versus 6-0 polypropylene for superficial closures.
Dermatol Surg. (2010) 36:1126-9. doi: 10.1111/j.1524-4725.2010.01594.x
Parell GJ, Becker GD. Comparison of absorbable with nonabsorbable
sutures in closure of facial skin wounds. Arch Facial Plast S. (2003) 5:488—
90. doi: 10.1001/archfaci.5.6.488

Haar G ter, Buiks SC, Kirpensteijn J. Cosmetic reconstruction of a nasal plane
and rostral nasal skin defect using a modified nasal rotation flap in a dog. Vet
Surg. (2013) 42:176-9. doi: 10.1111/§.1532-950X.2012.01054.x

Proot JLJ, Jeffery N, Culp WTN, Buracco P, Puerta B de la, Williams JM,
et al. Is the caudal auricular axial pattern flap robust? A multi-centre cohort
study of 16 dogs and 12 cats. (2005 to 2016). ] Small Anim Pract. (2019)
60:102-106. doi: 10.1111/jsap.12946

Smith M, Payne J, Moon M, Freeman L. Axial pattern flap based on the
caudal auricular artery in dogs. Am ] Vet Res. (1991) 52:922-5.

Magno SD, Giuseppe P, Pisani G, Morello E, Piras LA, Buracco P,
et al. Caudal auricular axial pattern flap for the reconstruction of the
upper eyelid in three cats. | Am Anim Hosp Assoc. (2020) 56:236-
41. doi: 10.5326/JAAHA-MS-6987

Stiles J, Townsend W, Willis M, Moore PA, Smith E. Use of a caudal auricular
axial pattern flap in three cats and one dog following orbital exenteration. Vet
Ophtalmol. (2003) 6:121-6. doi: 10.1046/.1463-5224.2003.00275.x

Trevor PB, Smith MM, Waldron DR, Hedlund CS. Clinical evaluation of
axial pattern skin flaps in dogs and cats: 19 cases (1981-1990). ] Am Vet Med
Assoc. (1992) 201:608-12.

Spodnick GJ, Hudson LC, Clark GN, Pavletic MM. Use of a caudal auricular
axial pattern flap in cats. ] Am Vet Med Assoc. (1996) 208:1679-82.

Frasson MT, Freitag FAV, Huppes RR, Pazzini JM, Nardi AB de, Castro
JLC, et al. Use of the angularis oris axial pattern buccal flap for the
correction of facial defects in six dogs. Acta Sci Vet. (2020) 48:1-6.
doi: 10.22456/1679-9216.100541

Milgram ], Weiser M, Kelmer E, Benzioni H. Axial pattern flap based on
a cutaneous branch of the facial artery in cats. Vet Surg. (2011) 40:347-
51. doi: 10.1111/j.1532-950X.2011.00803.x

Bradford M, Degner D, Bhandal J. Use of the angularis oris cutaneous flap
for repair of a rostral mandibular skin defect in a cat. Vet Comp Orthopaed
Traumatol. (2011) 24:303-6. doi: 10.3415/VCOT-10-09-0129

Yates G, Landon B, Edwards G. Investigation and clinical application of a
novel axial pattern flap for nasal and facial reconstruction in the dog. Aust
Vet J. (2007) 85:113-8. doi: 10.1111/j.1751-0813.2007.00111.x

Losinski SL, Stanley BJ, Schallberger SP, Nelson LL, Towle Millard
HA. Versatility of the angularis oris axial pattern flap for facial

Pavletic

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

reconstruction. Vet (2015)  44:930-8. doi:  10.1111/vsu.
12408

Nakahara N, Mitchell K, Straw R, Kung M. Hard palate defect repair by
using haired angularis oris axial pattern flaps in dogs. Vet Surg. (2020)
49:1195-202. doi: 10.1111/vsu.13435

Tomlinson J, Presnell K. Use of the temporalis muscle flap in the dog. Vet
Surg. (1981) 10:77-9. doi: 10.1111/.1532-950X.1981.tb00634.x

Cavanaugh RP, Farese JP, Bacon NJ, Lurie DM, Milner R]. Oronasal fistula
repair utilizing a temporalis muscle flap in a dog with severe trismus. ] Am
Anim Hosp Assoc. (2011) 47:447-54. doi: 10.5326/JAAHA-MS-5699
Cheung L-K. An animal model for maxillary reconstruction using
a temporalis muscle flap. J Oral Maxillofac Surg. (1996) 54:1439-
45. doi: 10.1016/S0278-2391(96)90261-X

Squaquara R, Evans KFK, Spilimbergo SS di, Mardini S. Intraoral
reconstruction using local and regional flaps. Semin Plast Surg. (2010)
24:198-211. doi: 10.1055/s-0030-1255337

Brennan T, Tham TM, Costantino P. The temporalis muscle flap for
palate reconstruction: case series and review of the literature. Int Arch
Otorhinolaryngol. (2017) 21:259-64. doi: 10.1055/s-0037-1598653
Kinzinger MR, Bewley AF. Perioperative of head and
neck free flap patients. Curr Opin Otolaryngo. (2017) 25:405-
10. doi: 10.1097/MO0.0000000000000384

Dort JC, Farwell DG, Findlay M, Huber GE, Kerr P, Shea-Budgell MA, et al.
Optimal perioperative care in major head and neck cancer surgery with
free flap reconstruction: a consensus review and recommendations from the
enhanced recovery after surgery society. JAMA Otolaryngol Head Neck Surg.
(2016) 143:292. doi: 10.1001/jamaoto.2016.2981

Mitchell RM, Mendez E, Schmitt NC, Bhrany AD, Futran ND.
Antibiotic prophylaxis in patients undergoing head and neck free
flap reconstruction. JAMA Otolaryngol Head Neck Surg. (2015)
141:1096. doi: 10.1001/jamaoto.2015.0513

Poorten VV, Uyttebroek S, Robbins KT, Rodrigo JP, Bree R de, Laenen
A, et al. Perioperative antibiotics in clean-contaminated head and neck
surgery: a systematic review and meta-analysis. Adv Ther. (2020) 37:1360-
80. doi: 10.1007/s12325-020-01269-2

Balamohan SM, Sawhney R, Lang DM, Cherabuddi K, Varadarajan VV,
Bernard SH, et al. Prophylactic antibiotics in head and neck free flap
surgery: a novel protocol put to the test. Am ] Otolaryng. (2019)
40:102276. doi: 10.1016/j.amjoto.2019.102276

Madgar O, Segal O, Mansour J, Sagiv D, Dubriyan A, Bedrin L, et al. Closed-
suction compared with Penrose drainage after free flap reconstruction
in the head and neck. Br ] Oral Maxillofac Surg. (2019) 57:1098-
101. doi: 10.1016/j.bjoms.2019.10.001

Amir I, Morar P, Belloso A. Postoperative drainage in head
and neck surgery. Amn Royal Coll Surg Engl. (2010) 92:651-
4. doi: 10.1308/003588410X12699663904754

Flam JO, Smith RV. What is the optimal time for removing drains in
uncomplicated head and neck surgery? Laryngoscope. (2018) 128:545-
6. doi: 10.1002/lary.26863

Keane E, Fitzgerald CW, Smyth DA, Nataraj MB, Lang E, Skinner L], et al.
Drain usage in head and neck surgery: a national survey of thirty-five
surgeons across ten units. Ir Med J. (2010) 111:839.

Breheny CR, Boag A, Gal AL, Hoim S, Cantatore M, Anderson D, et al.
Esophageal feeding tube placement and the associated complications in 248
cats. ] Vet Intern Med. (2019) 33:1306-14. doi: 10.1111/jvim.15496
Nathanson O, McGonigle K, Michel K, Stefanovski D, Clarke D.
Esophagostomy tube complications in dogs and cats: retrospective review of
225 cases. ] Vet Intern Med. (2019) 33:2014-9. doi: 10.1111/jvim.15563

Surg.

care

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Guzu, Rossetti and Hennet. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Veterinary Science | www.frontiersin.org

May 2021 | Volume 8 | Article 685036


https://doi.org/10.1111/avj.12175
https://doi.org/10.1016/B978-0-7020-4618-6.00001-4
https://doi.org/10.1597/12-115
https://doi.org/10.1054/bjom.1998.0301
https://doi.org/10.1111/j.1532-950x.2005.00032.x
https://doi.org/10.1002/9781119267539
https://doi.org/10.1016/j.fsc.2013.07.009
https://doi.org/10.1016/B978-0-7020-7675-6.00059-0
https://doi.org/10.1111/vsu.12650
https://doi.org/10.1111/j.1524-4725.2010.01594.x
https://doi.org/10.1001/archfaci.5.6.488
https://doi.org/10.1111/j.1532-950X.2012.01054.x
https://doi.org/10.1111/jsap.12946
https://doi.org/10.5326/JAAHA-MS-6987
https://doi.org/10.1046/j.1463-5224.2003.00275.x
https://doi.org/10.22456/1679-9216.100541
https://doi.org/10.1111/j.1532-950X.2011.00803.x
https://doi.org/10.3415/VCOT-10-09-0129
https://doi.org/10.1111/j.1751-0813.2007.00111.x
https://doi.org/10.1111/vsu.12408
https://doi.org/10.1111/vsu.13435
https://doi.org/10.1111/j.1532-950X.1981.tb00634.x
https://doi.org/10.5326/JAAHA-MS-5699
https://doi.org/10.1016/S0278-2391(96)90261-X
https://doi.org/10.1055/s-0030-1255337
https://doi.org/10.1055/s-0037-1598653
https://doi.org/10.1097/MOO.0000000000000384
https://doi.org/10.1001/jamaoto.2016.2981
https://doi.org/10.1001/jamaoto.2015.0513
https://doi.org/10.1007/s12325-020-01269-2
https://doi.org/10.1016/j.amjoto.2019.102276
https://doi.org/10.1016/j.bjoms.2019.10.001
https://doi.org/10.1308/003588410X12699663904754
https://doi.org/10.1002/lary.26863
https://doi.org/10.1111/jvim.15496
https://doi.org/10.1111/jvim.15563
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Locoregional Flap Reconstruction Following Oromaxillofacial Oncologic Surgery in Dogs and Cats: A Review and Decisional Algorithm
	Introduction
	Cutaneous and Mucosal Vascularization of the Oromaxillofacial Region
	Upper Face and Neck
	Middle and Lower Face

	Principles of Flaps
	Random Pattern Flap
	Axial Pattern Flap

	Reconstruction Techniques
	Oral Defects
	Facial Defects

	Decisional Algorithm
	Perioperative Care
	Antibiotics
	Drain Placement
	Pain Management
	Nutrition

	Conclusion
	Author Contributions
	References


