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Laryngeal spasm and tracheostomy after hydroxyapatite injection laryngoplasty
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Introduction: Adductor spasmodic dysphonia (Ad-SD) is usually treated by botulinum toxin injection into the thyroarytenoid muscles. In older patients, atrophy of these muscles is responsible for glottic leak, causing presbyphonia and is managed by vocal fold medialization using autologous fat or hydroxyapatite (HA). We report the first case of uncontrollable laryngeal spasm requiring tracheostomy after hydroxyapatite injection laryngoplasty in a patient with spasmodic dysphonia and presbyphonia.

Case report: An 83-year-old man had been treated for Ad-SD by botulinum toxin injections every six months for 14 years. Due to severely disabling glottic leak, autologous fat injection laryngoplasty was then successfully performed. Six months later, following recurrence of severe hypophonia, hydroxyapatite injection was performed, subsequently complicated by immediate acute respiratory distress secondary to adductor laryngeal spasm requiring reintubation and tracheostomy. The postoperative course was marked by gradual recovery of vocal fold mobility with decannulation on Day 12. Discussion: This case allows a discussion of the possible pathophysiological mechanisms responsible for adductor laryngeal spasm. Vocal fold medialization procedures should be performed with caution in patients with Ad-SD.

INTRODUCTION

Adductor spasmodic dysphonia (Ad-SD) is a rare condition, defined as focal laryngeal dystonia inducing irregular and unpredictable vocal fold spasms resulting in a shaky voice.

The standard treatment for Ad-SD, for more than 30 years, consists of botulinum toxin injection into the thyroarytenoid muscles [START_REF] Rumbach | Outcome Measurement in the Treatment of Spasmodic Dysphonia: A Systematic Review of the Literature[END_REF]. Thyroarytenoid muscle atrophy, a common cause of dysphonia in older people, is often treated by vocal fold medialization using autologous fat or hydroxyapatite (HA) [START_REF] Bradley | What is the optimal treatment for presbyphonia?: Optimal Presbyphonia Treatment[END_REF]. We report the first case of severe laryngeal spasm requiring tracheostomy after HA injection for severe glottic leak in a patient with Ad-SD for more than 20 years.

CASE REPORT

An 83-year-old man had been treated for 14 years with botulinum toxin (an average of one injection every 6 months) for acoustically characteristic adductor spasmodic dysphonia confirmed by nasal laryngoscopy. This treatment was effective, allowing temporary improvement of voice quality. With age, this patient had also developed thyroarytenoid muscle atrophy responsible for a whispering voice (Fig. 1a.), justifying, three months after the last botulinum toxin injection, an injection of autologous fat (2.5 mL on each side). This procedure was performed under general anaesthesia in December 2017 by an experienced senior surgeon, allowing marked functional improvement with no effect on Ad-SD (Fig. 1b) for several months.

As a result of partial resorption of the fat and recurrence of presbyphonia in March 2018 (Fig. 2a.), hydroxyapatite (1.5 mL on each side) was injected six months after the last botulinum toxin injection. This procedure was performed under general anaesthesia and under good conditions (Fig. 2b. and Fig. 2c.). After extubation, the patient presented acute respiratory distress in the recovery room with severe inspiratory dyspnoea, laboured breathing, hypercapnia and desaturation, requiring emergency re-intubation and tracheostomy. Direct laryngoscopy performed under general anaesthesia triggered severe laryngeal spasm with tight constriction of the ventricular folds, masking the glottis. (Fig. 3). Laryngeal spasm was relieved by deep general anaesthesia allowing easy intubation before tracheostomy. Nasal laryngoscopy on postoperative days 1 and 3 demonstrated complete laryngeal spasm with hyperadduction of the vocal folds, and absence of a visible airway. Small abduction movements were observed on day 5; subnormal vocal fold mobility was observed on day 7, followed by complete vocal fold mobility on day 12, allowing decannulation. A short course of intravenous methylprednisolone 120 mg was administered on days 2 and 3 and then stopped due to its obvious lack of efficacy.

DISCUSSION

This case report describes the first case of severe laryngeal spasm after hydroxyapatite injection requiring tracheostomy, which should encourage otorhinolaryngologists to exercise caution when using synthetic materials for injection laryngoplasty in patients with Ad-SD.

Transient side effects, such as a whispering voice, aspiration or even dyspnoea, can occur after botulinum toxin injection for the treatment of Ad-SD [START_REF] Novakovic | Botulinum toxin treatment of adductor spasmodic dysphonia: Longitudinal functional outcomes[END_REF]. These side effects usually resolve spontaneously over several days, allowing a completely satisfactory functional result, justifying botulinum toxin injection as the treatment of choice for Ad-SD for more than 30 years.

Several studies have also shown that treatment of presbyphonia by HA injection is an effective option, allowing long-term improvement of voice quality [START_REF] Kwon | Calcium hydroxylapatite injection laryngoplasty for the treatment of presbylaryngis: Long-term results[END_REF]. DeFratta et al. [START_REF] Defatta | Complications of Injection Laryngoplasty Using Calcium Hydroxylapatite[END_REF] described the main complications after HA injection that can occur if the substance is not injected strictly into the thyroarytenoid muscles. These authors described the absence of or decreased mucosal vibration and the presence of granulomas on the free edge as major complications, and oedema, erythema and ecchymosis of the vocal folds as minor complications, but no cases of laryngeal spasm requiring tracheostomy have been previously reported in the literature. This case, presenting a combination of Ad-SD and hydroxyapatite injection, raises a number of questions: i) why was no laryngeal spasm observed after autologous fat injection, despite the injection of a much larger volume than that of hydroxyapatite? (ii) Is this phenomenon similar to paradoxical vocal fold adduction syndrome? (iii) Although Ad-SD is considered to be due to a central mechanism, can it also be related to peripheral disorders mediated by laryngeal efferents, as suggested by recent studies [START_REF] Murry | Spasmodic Dysphonia: Let's Look at That Again[END_REF][7]?

The pathophysiological mechanisms responsible for spasmodic dysphonia have been regularly revised over the last 50 years [START_REF] Murry | Spasmodic Dysphonia: Let's Look at That Again[END_REF]. Moore [START_REF] Moore | Organic Voice Disorders[END_REF], as early as 1971, noted that spasmodic dysphonia was a neurological disorder and not a psychological disorder, as had long been believed. Since the work by Robe [START_REF] Robe | A study of spastic dysphonia. Neurologic and electroencephalographic abnormalities[END_REF], it is generally accepted that spasmodic dysphonia is the result of neuronal dysfunction. Berardelli [START_REF] Berardelli | The pathophysiology of primary dystonia[END_REF] also showed that focal dystonia involves basal ganglia dysfunction as well as sensory disorders.

Ad-SD is currently defined as a multifactorial condition combining, among other things [START_REF] Ludlow | Research priorities in spasmodic dysphonia[END_REF]: a genetic predisposition and environmental factors, dopaminergic dysfunction and dystonic movement disorders, and decreased inhibition of laryngeal adductor muscles to superior laryngeal nerve stimulation. According to Ludlow [START_REF] Ludlow | Research priorities in spasmodic dysphonia[END_REF], the superior laryngeal nerve is stimulated via multiple sensory receptors in the larynx, in which the role played by the various neurotransmitters that modulate the motor response has yet to be determined. Superior laryngeal nerve section in patients with Ad-SD appears to induce significant improvement of symptoms, clearly demonstrating the presence of a peripheral vocal fold proprioception defect.

The present case report also suggests a peripheral mechanism: injection of a substance (hydroxyapatite) known to induce major mucosal immobility reactions in a patient whose laryngeal sensory receptors transmit aberrant information (hyperstimulation, lack of inhibition, ...) [START_REF] Ludlow | Research priorities in spasmodic dysphonia[END_REF][START_REF] Berardelli | The pathophysiology of primary dystonia[END_REF], resulted in severe, non-inflammatory laryngeal spasm. This hypothesis is supported by the inefficacy of corticosteroid therapy.

We do not believe that the patient's disorders were due to excessive vocal fold medialization, as nasal laryngoscopy on postoperative days 1 and 3 clearly demonstrated the laryngeal spasm (invisible glottis), while abduction movements were observed on day 5, revealing the glottis, and finally decannulation was able to be performed on day 7. It would have been impossible for HA to have been resorbed in only 7 days. Laryngeal spasm was therefore responsible for the patient's dyspnoea.

CONCLUSION

Hydroxyapatite injection laryngoplasty in a patient with spasmodic dysphonia must be performed very cautiously with close monitoring, as it can cause severe laryngeal spasm. This case is consistent with data from the literature, which tend to indicate that Ad-SD is a condition combining a central dopaminergic disorder with alteration of peripheral laryngeal receptors. Further studies are needed to confirm these hypotheses. 
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 1a Fig. 1a. Thyroarytenoid muscle atrophy before autologous fat injection.
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 1b Fig. 1b. Laryngeal closure immediately after autologous fat injection.
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 2a Fig. 2a. Subtotal fat resorption (6 months later).
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 2b Fig. 2b. Intraoperative appearance after hydroxyapatite injection (in adduction).
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 2c Fig. 2c. Intraoperative appearance after hydroxyapatite injection (in abduction).
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 3 Fig. 3. Laryngeal spasm on recovery after hydroxyapatite injection.
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