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The palatal mucosal graft: The adequate posterior lamellar reconstruction in extensive full-thickness eyelid reconstruction

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Over 25% of the eyelid width, full-thickness defect can't be directly closed and will require a skillful reconstruction. The goal is double, functional for the protection of the eyeball and aesthetic to reproduce the color, the texture and the shape of the original eyelid. This surgery requires an immediate and simultaneous reconstruction of two different layers, the anterior and posterior lamella. Different techniques have been reported for both, based on various grafts for the inner part and on various flaps for the external one. [START_REF] Fin | Posterior lamellar reconstruction: a comprehensive review of the literature[END_REF] In this paper, we update an old, little-used technique that allows us to obtain very satisfying results when it is correctly carried out. Thus, we present full-thickness eyelid reconstructions, all based on a palatal mucosal graft for the reconstruction of the posterior lamella in combination with various flaps for the reconstruction of the anterior lamella. The outcomes of this technique applied on 8 patients are summarized to focus on the advantages without disregarding the possible drawbacks or complications.

MATERIAL AND METHODS

The authors present a non-randomized, retrospective study, including eight patients with extensive full-thickness eyelid defect affecting more than half of the upper and/or lower eyelid after the removal of malignant tumors. All surgical treatments were realized at the Plastic and Reconstructive Surgery Department of Strasbourg University Hospital from 1999 to 2017.

In this retrospective study, men and women, over 18 years of age, with penetrating palpebral substance loss exceeding 25% of the width of the eyelid reconstructed in our department by a palatal mucosal graft were included. These cases were identified through the operating room notebook archives.

This study followed the regulation of good clinical practice and we obtained the written consent of all the patients.

All patients were referred to us by dermatologists. In seven cases, a skin biopsy had been performed in order to confirm the diagnosis and determine the skin tumor type.

Four cases were involved in lower eyelid reconstruction, two in upper and two in both.

All tumor excisions with their adequate security margins were completed by frozen section analysis.

Reconstruction of the posterior lamella was always performed using a palatal mucosal graft which size exceeded about 10% the defect size, vertically and transversally.

Reconstruction of the anterior lamella was performed by different flaps; Mustardé flap, medially and laterally based orbicularis oculi myocutaneous flap and nasolabial flap.

The mean follow-up after surgery was 12.75 months ranging from 3 to 24 months

Surgical technique

All the surgeries were performed under general anesthesia. As a complete excision of the tumor is required before performing the reconstruction, extemporaneous histological analysis was used until surgical margins were confirmed to be disease-free pathologically.

The exposure of the eyeball required in all cases an immediate reconstruction or temporal closure.

Reconstruction of posterior lamella

Graft harvesting

direction in order to permit postoperative shrinkage.

The free palatal mucosa was gently harvested from the hard palate, rather in the middle part to avoid the posterior palate pedicles, which, if injured, would have required a special hemostasis. The periosteum was respected to allow a better healing. A pressure hemostatic bandage was sutured on the donor site edges and left in place for a few days. This has helped stop the bleeding and reduced postoperative pain.

Positioning of the graft

The graft was cleaned and dipped in an antiseptic solution. The graft was pruned according to the size of the defect. The palatal mucosal graft was first sutured to the conjunctiva and then to the remaining tarsal tissue. In cases of eyelid defect reaching the external or internal canthus, the graft was also sutured to the periosteum to provide an inner eyelid tension. If the defect was located on the upper eyelid, the graft was also fixed to the levator aponeurosis in order to avoid secondary ptosis. Monocryl 5.0 type wire was used for graft fixation.

In all cases, great attention was paid to obtain a perfect lining of the graft and avoid exposure of sutures or knots, which would cause conjunctival or corneal irritation.

Reconstruction of anterior lamella

For the reconstruction of anterior lamella, different flaps were performed; One Esser-Mustardé flap in one case, medially based orbicularis oculi myocutaneous flap in 2 cases or laterally based orbicularis oculi myocutaneous flap in 3 cases.

The palatal mucosal graft and the flaps were sutured together to restore a correct palpebral free margin. One or two stitches were placed between the graft and the flap to avoid dead space.

RESULTS

The patients included five men and three women, age ranging from 56 to 88 years, with an average of 75.5 years.

Frozen sections of the remaining margins were confirmed to be disease-free in 7 cases out of 8 (87,5%) (Table 1). These cases did not involve an immediate complementary excision

In one case, frozen section being uncertain at first surgery (Table 1, Case 6), the surgeon decided on a two-stage surgery and realized a temporary tarsorrhaphy to protect the cornea while waiting for the standard histological results. Margins came back positive and complementary excision was performed a week later by resecting the whole lower lid, completed again by frozen section which were confirmed to be disease-free primarily and after standard histological examination. Immediate reconstruction was performed using a medially based orbicularis oculi myocutaneous flap.

The standard final histological examination of the surgical margins was confirmed to be disease free in 7 cases out of 8 (87,5%) cases with no need of further complementary excision. In one case, although extemporaneous section showed clear margins, margins came back positive on the final histological analysis (Table 1, Case 2, illustrated in Figure 2).

During the postoperative period, the survival rate of the palatal mucosal graft was 100%.

One case presented a small necrosis of the extremity of the orbicularis oculi flap at one months' follow-up (Table 1, Case 3, illustrated in Figure 3).

Total closure of the eye was obtained in all cases. Corneal irritation was observed in one case at 3-month follow-up. A small ectropion was observed in two cases; one at 3-month follow-up and the second at 9-month follow-up.

At long-term follow-up, functional recovery, complete eye closure and opening as well as corneal protection were obtained in all cases.

Lining of the reconstruction, texture and color of the reconstructed eyelid was reconsidered to be very satisfactory in all cases.

The donor site healed in an average time of 3 weeks without any remaining pain.

A 65-year-old woman, presented a third recurrence for basal-call carcinoma of the lower eyelid. She was operated three ties during the previous years in another unit. She presented an extensive sclerodermiform basal-cell carcinoma involving half of the lower eyelid (Figure 1a) which required a resection of two thirds of the external lower lid (Figure 1b). In this patient, the resection was completed by frozen sections of the remaining margins which were confirmed to be disease-free primarily and after standard histological analysis (Figure 3c). The authors performed an immediate reconstruction combining palatal mucosal graft and a laterally based orbicularis oculi myocutaneous flap. The donor site of the flap was closed primarily (Figure 3d).

The palatal mucosal graft was harvested from the hard palate, avoiding the periosteum. The dimensions of the graft correspond to the final eyelid defect adding 1 or 2mm (10%) on the vertical dimension. It prevents postoperative shrinkage of the graft. The rotation flap and the graft were then sutured with the corresponding palpebral margins for lining (Figure 3e).

At 1,5 months' follow-up, the authors note a significant erythema and oedema regarding the distal end of the flap (Figure 3f).

Ten months after the surgery, the erythema and oedema completely disappeared, no complications occurred. The donor site of the flap healed well with invisibles scar and the aesthetic and functional outcomes were excellent (Figure 3g).

Case 2 (Figure 2)

The oldest patient in our series, an 88-year-old woman, presented with a third recurrence for basal-cell carcinoma involving the inner parts of the upper and the lower eyelids. She had already presented two recurrences for basal-call carcinoma of the inner canthus, treated first by surgical excision followed by a forehead flap reconstruction and secondly by cryotherapy.

In this patient, two third of the upper and lower eyelids needed to be excised (Figure 2a). As for the previous patient, the resection was completed by frozen sections of the remaining margins, which were confirmed to be disease-free primarily. The whole lower eyelid was reconstructed by the conjunction of an Esser-Mustardé cheek flap (Figure 2b & 2c) and a palatal mucosal graft for lining (Figure 2d). The Mustardé flap brought the remaining lateral eyelid in an inner position to reconstruct the medial upper eyelid defect (Figure 2e & 2f). A forehead flap was then isolated and used to cover the latero-nasal defect (Figure 2g). The donor site of the flap was closed primarily (Figure 2g).

Case 3 (Figure 3)

Our last illustrated case, is the one of a 71-year old patient who presented with a nodular basal-cell carcinoma involving half of the lateral lower eyelid (Figure 3a). After the excision of two third of the external lower eyelid, respecting the external canthus (Figure 3b et 3c),

an immediate reconstruction combining a laterally based orbicularis oculi myocutaneous flap and a palatal mucosal graft for lining were performed (Figure 3d to 3f). The donor site of the flap was closed primarily (Figure 3e). The resection was completed by frozen sections of the remaining margins, which were confirmed to be disease-free primarily and after standard histological analysis.

At one months' follow-up, we observed important edema and erythema of the reconstructed eyelid with a small necrosis of the extremity of the orbicularis oculi flap. This was presumably due to an important post-operative bleeding in a patient under vitamin K antagonist treatment (Figure 3g)

At two months' follow-up, significant reduction of oedema and erythema (Figure 3h)

Nine months after the surgery, the erythema and oedema completely disappeared. The authors noted an excellent aesthetic and functional outcome with complete eye closure (Figure 3i & 3j). No infectious complications occurred.

DISCUSSION

By this original series of cases carried out by various operators in our department, we wanted to remind you of the possibility of using a palatal mucosa graft during the reconstruction of the posterior lamella and the optimal methods of using this graft. This technique, often forgotten when it comes to eyelid reconstruction, should be used more for its simplicity and reliability as well as its aesthetic character, due to the lack of visibility of the scar of the donor site.

If in this study, all eyelid reconstruction followed carcinologic resection, mainly basal cell carcinomas, any other etiology reaching the posterior lamella could have been treated by this type of reconstruction.

In carcinomas, the reconstruction, especially when complex and depending on flaps, should only occur after complete resection and histological confirmation of safe margins. Getting disease free margins in delayed reconstruction is easier than in immediate one. However, in full-thickness eyelid reconstruction, immediate cover is essential for the protection of the eyeball. Mohs surgery seems to be more effective, but technical achievements in this anatomical area with acquisition difficulties and interpretation issues are complex.

Alternatively, extemporaneous analysis of numerous margins is required to secure the reconstruction. In this study, the complete excision has been achieved in 7 cases. Thus the extemporaneous analysis was false negative in one case. In this case an extended excision is mandatory and induces the necessity to rethink the whole reconstruction.

Different techniques have been used to repair the posterior lamella, all based on autologous grafts.

The buccal mucosa as a supportive and lining tissue for lower eyelid reconstruction was first described by Van der Meulen in 1982 [START_REF] Van Der Meulen | The use of mucosa-lined flaps in eyelid reconstruction: a new approach[END_REF]. It is a reliable source of donor lining for conjunctival replacement and offers the possibility to harvest large samples. (3)(4)

Already in 1987, Anderson reported that buccal mucosa alone as the supportive posterior lamella would lead to a lax lower lid [START_REF] Anderson | Full-thickness bipedicle flap for total lower eyelid reconstruction[END_REF]. In 2006, Fujiwara showed that in addition to the fact that the labial mucosa is too weak to support the lower eyelid, it shrinked substantially during the postoperative period (4).

Auricular and nasoseptal cartilage(6) can also be used. They could be too thick and too stiff to match with the eyeball convexity. Thinning of the graft is necessary to improve the contact between the eyelid and the eye globe but not without compromising the supportive strength. They might be used to support a heavy superficial flap such as the orbitonasolabial flap. Caution must be taken when harvesting a chondroseptal graft not to injure the remaining mucosa under penalty of a perforation.

Using alar or triangular cartilages provides a thinner but a smaller sized sample. (7) (8) They show a good adaptability in eyelid reconstruction (9)(10) but raise the question of donor site morbidity.

The tarso-conjunctival graft taken from the upper eyelid (1) or the total skin grafting can also be used effectively in posterior lamella reconstructions but presents risks of contraction and failure. ( 11)

Siegel was the first to describe the use of hard palatal mucosal graft as lining tissue for eyelid reconstruction in 1985 (2). He described the multiple advantages of the palatal mucosa such as a rigid substitute for the tarsal plate, an appropriate curvature, an excellent survival rate when combined with other flaps and a quick healing of the donor site when the periosteum was left intact. A good and unpainful healing is obtained of the periosteum is

left intact.( 2 
)
The same year Pedlar devoted an article to the healing of human palatal mucosa following full-thickness excision and also observed that the palatal donor site healed very quickly if the periosteum was left intact. On the contrary, if periosteum was included in the graft, the donor site may be very painful, followed by the formation of a small sequestrum and delaying healing. [START_REF] Pedlar | Healing following full thickness excision of human palatal mucosa[END_REF] In our study the donor site healed in a maximum of three weeks without any remaining pain.

Their use in upper eyelid reconstruction is controversial due to the fact that hard-palate mucosa is composed of keratinized, stratified squamous epithelium, which can irritate the cornea. In 1989, Bartley et al. reported one case of hard palate mucosal graft keratinization;

this was an exceptional case because the patient presented a Stevens-Johnson syndrome.

(

) 13 
Yet in 1992, Cohen et al. reported excellent results for its use in upper eyelid posterior lamellar reconstruction, without complications and showed that the palatal mucosa underwent metaplasia to non keratinized epithelium. [START_REF] Cohen | Eyelid reconstruction with hard palate mucosa grafts[END_REF] In 2007, histological studies showed that the palatal mucosa graft is turning to a tarsoconjonctival structure and is well integrated. It appears in the graft a histological resemblance with the initial double component of the eyelid.( 9) [START_REF] Weinberg | Eyelid Mucous Membrane Grafts: A Histologic Study of Hard Palate, Nasal Turbinate, and Buccal Mucosal Grafts[END_REF] This palatal mucosal graft provides a good structural support to the eyelid. This is essential for the inferior eyelid, and especially when the graft is combined with a heavy flap such as the Mustardé or the orbitonasogenien flap. The graft is and remains stiff. The shrinkage is minimal providing a stable free eyelid margin and limiting ectropion or entropion.

Nevertheless, a slight overcorrection is recommended during the initial reconstruction to optimize the outcome. The graft can be harvested 10 to 20% larger in the vertical dimension to anticipate this evolution.

The graft is pliable and stays in contact with the eyeball. A small tension applied on the lateral graft borders will refine that contact. No overcorrection is recommended on this transversal direction in the graft size.

The donor site on the hard palate heals spontaneously within 3 weeks without any major problem. A pressure bandage with alginates stops the bleeding. It is left in place for a few days and helps to reduce the pain until healing. A palatal tablet can be sculpted before surgery in the same perspective. An oral and dental hygiene combined with soft food are requested during that period. The main drawback is the relative postoperative mouth pain limited to the healing time and the discomfort that may be caused by the presence of the alginate dressing on the palate. In the presented study, the authors observed no healing delay and no retraction. Large hard palate donor site healing involves the risk of maxillary retrusion as it has been described in the treatment of the cleft palate. It only involves children, which is not the purpose in those indications.

The reconstruction of the anterior lamella requires the use of flaps. The inferior eyelid reconstruction seems much more frequent. Traditional flaps techniques have been reported.

Orbicularis oculi myocutaneous flap (16) ( 17) can be based laterally, on the external (3 cases) or medially, on the internal canthi (2 cases), or on both, Tripier flap (2 cases) (18) [START_REF] Labbe | Homage to Leon Tripier. Description of the first musculocutaneous flap[END_REF]. Considering these flaps, the skin is thin, with a nice texture and color. The eyelid support seems sufficient in association with a palatal mucosal graft. A distal necrosis may occur especially on smocking patients. Cheng et al. described an improved technique in which the orbicularis oculi myocutaneous flap is rotated through a "subcutaneous tunnel" from the external temporal region. [START_REF] Cheng | Extensive full-thickness eyelid reconstruction with rotation flaps through "subcutaneous tunnel" and palatal mucosal grafts[END_REF] Forehead medial or paramedical flaps (21) offer a large cover and a good support. Yet a deep attach to the periosteum is requested. Another drawback is that they are thick and the skin texture remains stiff despite further surgery to thinner the flap. The orbitonasolabial flap (22) ( 23) is drawn long, in a vertical axis with a high pedicle close to the internal canthi. This one is also thick, thus it needs to be anchored deeply and thinned secondarily.

The Mustardé flap is a large myocutaneous rotational flap from the cheek and temporal regions with an inferior pedicle (2 cases). It can be used on its own in order to cover the whole superficial inferior eyelid. To avoid retraction and ectropion, deep sutures in the orbital and parietal regions are required [START_REF] Mustardé | Repair and Reconstruction in the Orbital Region: A Practical Guide[END_REF] The temporal area provides a large temporalis fascia flap pedicled on the superficial temporalis vessels to cover large defects of the inferior eyelid extended to the zygomatic region. It however needs a full skin graft.

All these flaps will provide an essential vascular network indispensable for the survival of the mucosal graft. Consequently, the evolution of the graft is closely linked to the survival rate of the flap. A failure, even partial in the anterior reconstruction will impact on the survival of the posterior reconstruction. Considering these flaps, the use of palatal mucosa graft seems to be the right key to be enough malleable to fit to the eyeball (in opposite with the cartilage graft) while getting enough support for the heavy flaps, avoiding in this way a resulting ectropion.

The extended reconstruction of the upper eyelid is fortunately infrequent but requires skillful consideration. More than a simple support, mobility is requested.

In one case (Case 2, illustrated in Figure 2) the authors performed the Esser-mustarde technique (25) using the reminding part of the inferior eyelid, pedicled on the canthi marginal vessels, to reconstruct the superior eyelid. The total inferior eyelid has been reconstructed with a Mustardé flap combined with a palatal mucosal graft.

Other techniques are possible, the Cutler Beard [START_REF] Beyer-Machule | Atlas de chirurgie ophtalmologique[END_REF] which is also a full-thickness but medially based inferior eyelid flap , the Hübner ( 27) composite grafts including the free inferior margin, and at least the inverted Dupuy Dutemps.

As for every reconstructive surgery, fundamental knowledge of the eyelid anatomy combined to an exact defect analysis of the anterior and posterior lamella is essential in order to properly plan the eyelid reconstruction.

Those are the first guarantors of functional and aesthetic results that are satisfactory and lasting in time. Being familiar with the main principles and most common techniques for eyelid reconstruction is also necessary in order to have a number of practical options.

The palatal mucosa brings good support by mimicking the tarsus and provides a sufficiently rigid support to limit the ectropion. It therefore presents the same advantages as cartilage without the disadvantages such as the lack of flexibility and therefore an irritation of the cornea. The harvesting of this graft is quite easy, long lasting and with little complications. 

LEGENDS TO FIGURES

Figure 1 .

 1 Figure 1. Third recurrence for basal-call carcinoma involving half of the lower eyelid. (a) Sclerodermiform basal-cell carcinoma involving half of the lower eyelid; (b) Drawings of the resection limits (red arrow) and the laterally based orbicularis oculi myocutaneous flap (blue arrow); (c) View after resection which was completed by frozen sections of the remaining margins; (d) Positioning of the palatal mucosal graft (green arrow) and the laterally based orbicularis oculi myocutaneous flap whose donor site closed primarily; (e) Suture of the flap and the graft with the corresponding palpebral margins for lining; (f) At 1,5 months' followup (g) At 10 months' follow-up.

Figure 2 .

 2 Figure 2. Third recurrence for basal-cell carcinoma involving the inner parts of the upper and the lower eyelids. (a) View after resection of two third of the upper and lower eyelids; (b) & (c) Harvesting of an Esser-Mustardé cheek flap (blue arrow) for the reconstruction of anterior lamella of the whole lower eyelid; (d) Suture of the palatal mucosal graft (green arrow) with the external and internal canthi; (e) & (f) Remaining lateral eyelid brought in an inner position to reconstruct the medial upper eyelid defect; (g) Suture of a forehead flap to cover the latero-nasal defect.

Figure 3 .

 3 Figure 3. Nodular basal-cell carcinoma involving half of the lateral lower eyelid. (a) Nodular basal-cell carcinoma involving half of the lateral lower eyelid; (b) Drawings of the resection limits (red arrow) and the laterally based orbicularis oculi myocutaneous flap (blue arrow); (c) View after resection which was completed by frozen sections of the remaining margins; (d) Positioning of the laterally based orbicularis oculi myocutaneous flap; (e) Positioning of the palatal mucosal graft (green arrow); (f) Suture of the flap and the graft with the corresponding palpebral margins for lining; (g) At one months' follow-up, small necrosis of the extremity of the orbicularis oculi flap (black arrow), presumably due to an important post-operative bleeding in a patient under vitamin K antagonist treatment; (h) At two months' follow-up; (i) At nine months' follow-up, excellent aesthetic and functional (j) At two months' follow-up, complete eye closure

Table 1 -

 1 Patients, lesions, treatment and follow-up M = male; F = female; BCC = Basal cell carcinoma; UL = Upper lid; LL = Lower lid; (R) = right; (L) = left; C = Complete; I = Incomplete; LBOO MC = Laterally based orbicularis oculi myocutaneous flap; MBOO MC = Medially based orbicularis oculi myocutaneous flap*Frozen section being doubtful at first surgery, we decided on a two-stage surgery and rescheduled the reconstruction to a week later. After standard histological analysis margins came back positive. Complementary excision was performed by resecting the whole LL, completed again by frozen section which were confirmed to be disease-free primarily and after standard histological examination. Immediate reconstruction was accomplished after the complementary excision.

  

  

We observed no postoperative complications as infection nor bleeding.

The details of three representative cases and their operative techniques are described below.
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