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Wounds and perforations of the upper gastrointestinal tract are serious and life-threatening.

The hypopharynx and cervical esophagus, by their respective anatomical positions, are exposed to traumatic wounds, most often during diagnostic tests, but management such wounds remains a subject of discussion. The present article analyzes the current state of knowledge on epidemiology, etiologies, risk factors, diagnostic management, prognostic factors and available treatments.

Introduction

Wounds and perforations of the upper gastrointestinal (GI) tract are serious and lifethreatening. Thoracic esophagus wounds are the most frequent, with 3/100,000 prevalence in the USA [START_REF] Kassem | Esophageal Perforation, Rupture, And Tears[END_REF], and management is well codified. Management of hypopharynx (HP) and cervical esophagus (CE) wounds, on the other hand, remains a subject of discussion. There are no guidelines for these sites, and treatment depends on the medical and surgical teams' experience. Penetrating cervical wounds seldom lead to HP-CE wounds, but first-line treatment is consensually surgical due to associated trauma (2; 3). Management of HP-CE wounds secondary to internal trauma is more controversial.

The present literature review used the search-terms "hypopharyngeal perforation", "hypopharyngeal injury", "esophageal perforation" and "esophageal injury" in the PubMed and Cochrane databases for the period 2000-2018, including only English-language documents. Four case reports, 16 articles reporting retrospective or prospective series and 4 review articles were selected, on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria.

Etiologies

The HP is the lower part of the pharynx, behind the larynx and forward of the cervical spine at C4-C6. It is thin-walled and funnel-shaped, narrowing toward the bottom. The CE follows on from the HP. It is a flexible muscular tube, behind the trachea and forward of the spine at C6-T2. It begins with the Killian's esophageal mouth, a narrowing seen on endoscopy 15 cm from the dental arcades, corresponding to the cricopharyngeal muscle relief. The muscular layer of the esophagus at cervical levels is thin [START_REF] Kassem | Esophageal Perforation, Rupture, And Tears[END_REF].

The HP and CE lie deep in the median axis of the neck, little exposed to external penetrating wounds, fewer than 10% of which involve the HP or CE [START_REF] Madsen | Selective non-operative management of pharyngo-esophageal injuries secondary to penetrating neck trauma: a single-center review of 86 cases[END_REF]. On the other hand, their thin walls and anatomic narrowings make them particularly vulnerable to internal trauma. Most (68-90%) pharyngoesophageal perforations are in fact iatrogenic, sustained during endoscopy (2; 4; 5). Dilating stenoses and extracting foreign bodies (Figure 1) incur a high risk of perforation [START_REF] Hinojar | Management of hypopharyngeal and cervical oesophageal perforations[END_REF], and these wounds are increasingly frequent as endoscopy is increasingly practiced: flexible GI endoscopy, endoscopic ultrasound, and ultrasound-guided endoscopic fine-needle aspiration (where there is a risk of perforation during introduction of the endoscope). Risk of HP or CE perforation is 0.01% in diagnostic GI endoscopy [START_REF] Wasano | Transoral closure of pharyngeal perforation caused by gastrointestinal endoscopy[END_REF], and higher in diagnostic cardiac or gastrointestinal endoscopic ultrasound exploration, due to the size and rigidity of the probe, introduced blindly down to the esophagus [START_REF] Kallmeyer | The safety of intraoperative transesophageal echocardiography: a case series of 7200 cardiac surgical patients[END_REF][START_REF] Sharma | Hypopharyngeal perforation during endoscopic ultrasound treated by primary repair[END_REF][START_REF] Jenssen | Diagnostic endoscopic ultrasonography: Assessment of safety and prevention of complications[END_REF][START_REF] Kumbhari | Iatrogenic pharyngoesophageal perforations treated with fully covered self-expandable metallic stents (with video)[END_REF]. Even so, such perforation is rare (0.01-0.06% of overall upper GI tract perforation risk), and mainly occurs in the HP or CE (9-13). The risk is higher when treatment is implemented during GI endoscopy, as the material introduced is larger and more traumatizing for the mucosa, reaching 3% with macroclips for upper GI tract hemorrhage (gastroduodenal ulcer, Mallory-Weiss syndrome, cancer) [START_REF] Voermans | Efficacy of Endoscopic Closure of Acute Perforations of the Gastrointestinal Tract[END_REF].

Identified risk factors comprise age >75 years, intraprocedural esophageal catheterization problems, operator inexperience, cervical spine osteophytes, superior esophageal sphincter hypertonia, history of cervical radiation therapy, and pre-existing mucosal lesions (stenosis, diverticulum, varices, cancer, etc.) (5; 8; 13; 15). Tracheal intubation can also cause HP-CE trauma, usually in the hands of an inexperienced operator in an emergency situation (4; 5).

And anterior cervical spine approaches cause HP-CE wounds in 0.02-1.49% of cases [START_REF] Navarro | The role of the sternocleidomastoid muscle flap for esophageal fistula repair in anterior cervical spine surgery[END_REF].

Clinical and paraclinical diagnosis

In case of doubt regarding an HP-CE wound or perforation, close clinical surveillance is mandatory. Signs may be immediate, or delayed by as much as a few days (5; 11; 17). Pain is the most frequent symptom (86-100% of cases) (2; 5; 18): neck pain, odynophagia, torticollis or retrosternal pain; it is, however, unspecific to mucosal injury, being frequent in general after GI endoscopy [START_REF] Hilberath | Safety of Transesophageal Echocardiography[END_REF]. Other frequent signs include hemorrhagic exteriorization, dysphagia with salivary stasis, fever, dyspnea, and tachycardia. Subcutaneous emphysema is found in 60-90% of cases (2; 18). Flexible nasal endoscopy has the advantage of being able to be performed in an awake patient, but cannot explore the lower hypopharynx or esophagus. It produces false negatives for small HP wounds. It can, however, screen for indirect signs: salivary stasis, hemorrhage, edema. Clinical examination also screens for local and general complications: hematoma or cervical abscess, cellulitis, mediastinitis, pneumothorax or pleural effusion, sepsis, cervical thrombophlebitis.

Flexible GI endoscopy is generally contraindicated in suspected esophageal perforation, as it requires forced expiration that may aggravate the mucosal breech and cause soft-tissue air leakage inducing emphysema or pneumothorax. It is also ineffective as a means of exploring the HP, esophageal mouth and upper CE.

Esophagogastroduodenal (EGD) transit radiography is used systematically by some teams (4; 5; 18). Normal findings do not rule out perforation, as the false negative rate is 10% to 50%, depending on the report (2; 5; 18; 19). It is nevertheless contributive to lesion location, showing contrast medium leakage, and to checking the efficacy of medical or surgical treatment.

Contrast-enhanced cervicothoracic CT is sensitive in screening for mucosal perforation, visualizing indirect signs such as air or effusion and local or regional complications. It is, however, less effective than rigid endoscopy under general anesthesia in visualizing the perforation site (2; 6; 8). It has the advantage of being feasible in fragile patients ineligible for general anesthesia (5) (Figure 1). Rigid endoscopy under general anesthesia, combining hypopharyngoscopy and esophagoscopy, is the examination of choice for exploring HP wounds (18; 20). It determines precise lesion topography and size, and allows the mucosa to be sutured endoscopically, which is a difficult technique, in small well-exposed wounds [START_REF] Wasano | Transoral closure of pharyngeal perforation caused by gastrointestinal endoscopy[END_REF]. Esophagoscopy needs to be performed with caution on fragile or irradiated tissue and abstained from in case of poor exposure.

Prognostic factors

According to Hinojar et al., early medical treatment (<36h) and iatrogenic cause of trauma (endoscopy) are factors of good prognosis (5), while treatment later than 36h, pharyngeal or esophageal pathology (stenosis, cancer, motility disorder, etc.), early signs of sepsis and comorbidities are of poor prognosis. Zenga et al., in 28 patients, showed that food intake after the trauma was of poor prognosis, independently of medical or surgical treatment (4). Allcause mortality in CE perforation is 6% [START_REF] Navarro | The role of the sternocleidomastoid muscle flap for esophageal fistula repair in anterior cervical spine surgery[END_REF].

Medical and surgical management (Figure 2)

Treatment of HP and CE wounds remains controversial and requires multidisciplinary discussion between surgeon, gastroenterologist and anesthetist. Efficacy is difficult to compare between medical and surgical treatment, as series were not comparable; treatment largely depends on patient selection. The choice should take account of trauma etiology, wound location, extent of perforation, time to treatment, complications and general health status. It is agreed that small wounds (<0.5-1 cm) that are detected early can be managed medically. Other factors for first-line medical management are: absence of contrast medium leakage on CT or EGD transit radiography, absence of pleural or mediastinal space complications, heavy comorbidity, iatrogenic trauma, and mild symptomatology. In case of sepsis, surgery is mandatory (2-5 ; 20). Zenga et al. also take account of food intake posttrauma, in which case they advocate first-line surgery, reserving conservative medical treatment to small non-penetrating wounds without food intake or severe systemic impact (4).

The patient should be admitted to hospital for close surveillance in a specialized setting. Oral feeding is proscribed, to promote mucosal healing and reduce the risk of infection by food leakage. Nutritional support should be provided, preferably enteral, or parenteral. Enteral nasogastric feeding incurs a risk of the tube worsening the wound or passing into the mediastinum, and intubation should be performed under rigid endoscopy, with tube positioning checked radiographically. When enteral nasogastric feeding is not feasible, parenteral feeding is indicated. Proton pump inhibitors are initiated and the patient is positioned semi-seated to limit gastroesophageal reflux (GER); if GER cannot be controlled, the gastric tube is switched to aspiration. Oral feeding is not resumed until day 5 or 7, when no leakage is visible on EGD transit radiography (4). Wide-spectrum antibiotic therapy is initiated to prevent infection.

Obviously, medical measures accompany surgery: contraindications to oral feeding, medical surveillance, GER prevention, broad-spectrum antibiotic prophylaxis, and enteral feeding. In 2018, the French Society of Anesthesia and Intensive Care (SFAR) recommended, in surgery involving laryngeal opening, antibiotic prophylaxis by aminopenicillin associated to betalactamase inhibitor (1 gram every 6 hours) [START_REF] Auboyer | Recommandations 2018 de la Société Francaise d'Anesthésie et Réanimation : Antibioprophylaxie en chirurgie et médecine interventionnelle adulte[END_REF], targeting streptococci, anaerobes, Staphylococcus aureus, Klebsiella pneumoniae and E. coli. In the absence of precise guidelines for traumatic pharyngoesophageal wounds, this spectrum seems appropriate.

Surgical strategy for HP-CE wounds is controversial, with multiple options according to wound size, location, cause, regional complications and team experience. In the literature, drainage via cervicotomy is standard. Cervical space opening should be large, especially for the retropharyngeal space, to promote drainage and reduce risk of spread into mediastinal spaces (4). In case of pleural or mediastinal effusion, concomitant or secondary thoracic drainage should be considered.

In case of perforation, mucosal and muscular suture should be covered by a local flap to reinforce repair tightness [START_REF] Ellabban | The Sternocleidomastoid Muscle Flap: A Versatile Local Method for Repair of External Penetrating Injuries of Hypopharyngeal-Cervical Esophageal Funnel[END_REF], reducing sepsis risk and accelerating resumption of oral feeding [START_REF] Navarro | The role of the sternocleidomastoid muscle flap for esophageal fistula repair in anterior cervical spine surgery[END_REF]. In cervical spine surgery, flap cover provides a protective interface for the internal fixation hardware (16; 21). The vascularization of the muscle tissue enhances local diffusion of antibiotics [START_REF] Navarro | The role of the sternocleidomastoid muscle flap for esophageal fistula repair in anterior cervical spine surgery[END_REF]. Several muscle flaps have been reported: sternocleidomastoid (SCM), sternohyoid, sternothyroid, pectoralis major. SCM flap seems best adapted to cover HP-CE wounds; it is easy to harvest, its multiple heads allow variable volume according to wound size, fitting the flap to the cover zone: upper hinge for HP wounds and lower hinge for CE wounds [START_REF] Ellabban | The Sternocleidomastoid Muscle Flap: A Versatile Local Method for Repair of External Penetrating Injuries of Hypopharyngeal-Cervical Esophageal Funnel[END_REF]. It is richly vascularized by several networks: occipital, and superior and inferior thyroid arteries. It shows efficacy in this indication, with low morbidity [START_REF] Navarro | The role of the sternocleidomastoid muscle flap for esophageal fistula repair in anterior cervical spine surgery[END_REF]. It may, however, cause chronic neck pain (4).

Endoscopic suture has been little described. It is not easy to perform and should be reserved to small HP wounds secondary to endoscopy, with good exposure on rigid endoscopy, short time to treatment and no local or general complications [START_REF] Wasano | Transoral closure of pharyngeal perforation caused by gastrointestinal endoscopy[END_REF]. Self-blocking sutures (e.g., Filbloc ® ) simplify the procedure in narrow spaces. Kumbhari et al. described pharyngoesophageal stenting in 2 patients with perforation discovered on endoscopy (one of 20 mm); it achieved complete mucosal closure after stent removal at day 3, with rapid return to oral feeding [START_REF] Kumbhari | Iatrogenic pharyngoesophageal perforations treated with fully covered self-expandable metallic stents (with video)[END_REF].

Particular situations

Chemical wounds caused by swallowing button batteries are almost exclusively found in pediatric contexts. Incidence has been increasing with the spread of home multimedia devices (23; 24). Impaction is usually in the upper third of the esophagus [START_REF] Lahmar | Lésions de l'oesophage provoquées par l'ingestion de pile bouton chez l'enfant : analyse des causes et proposition de mesures préventives[END_REF]. It constitutes a therapeutic emergency, as local (perforation, cicatricial stenosis) and regional complications (esophagotracheal fistula, pneumomediastinum, mediastinitis) set in after just 2 hours' contact with the mucosa [START_REF] Krom | Serious complications after button battery ingestion in children[END_REF]. Extraction is performed under general anesthesia and rigid endoscopy (hypopharyngoscope, esophagoscope). In hospital, regular endoscopies are performed under general anesthesia to monitor esophageal lesion progression [START_REF] Lahmar | Lésions de l'oesophage provoquées par l'ingestion de pile bouton chez l'enfant : analyse des causes et proposition de mesures préventives[END_REF].

HP wounds secondary to transoral robotic surgery should if possible be treated in the same step. External cervical drainage is to be considered according to wound size. Attention should be paid to small posterior pharyngeal wall wounds that may be overlooked and to fragile irradiated tissue subject to secondary necrosis, inducing spondylodiscitis, characterized by an 87% pain rate and 43% mortality [START_REF] Carpentier | Spondylodiscitis after transoral robotic surgery: Retrospective 7-case series from the GETTEC group[END_REF].

Endoscopic treatment of Zencker's diverticulum (sphincterotomy) can also cause HP-CE perforation, in <6% of procedures (26; 27). Like in transoral robotic surgery, closure should be performed in the same step if lesion size and exposure allow. Some authors advocate using endoscopic clips [START_REF] Frazzoni | A large perforation in the piriform sinus during Zenker diverticulotomy effectively closed with "clipsand-rubber band" technique[END_REF]. Medical measures (enteral feeding, in-hospital surveillance, prophylactic antibiotic therapy) are applicable postoperatively.

Conclusion

Hypopharyngeal and cervical esophageal perforation is increasingly frequent with increasing rates of upper gastrointestinal endoscopy. There are no guidelines for diagnostic or therapeutic management. Rigid endoscopy under general anesthesia is the most effective diagnostic examination, locating the perforation and assessing extent. Contrast-enhanced cervicothoracic CT screens for locoregional complications. In small (<1 cm) perforations free of infection, isolated medical treatment can be implemented. In perforations >1 cm and in case of infection, surgery is mandatory. An external cervicotomy approach is the gold standard, allowing wound closure with muscular covering flap. Direct endoscopic suture has been little reported, and should be reserved to small HP wounds. Prevention entails experienced operators and special attention in difficult endoscopic procedures (endoscopic ultrasound, fine-needle aspiration, irradiated tissue) with surveillance of alarm signs (pain, bleeding, dysphagia).
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Figure 1 :

 1 Figure 1: CT scan: cervical esophageal perforation by foreign body (lamb bone). A and B: Lamb-bone impaction at esophageal mouth. C and D: Emphysema outside esophageal lumen, indirectly indicating gastrointestinal tract perforation.

Figure 2 :

 2 Figure 2: Decision-tree for management of hypopharyngeal or cervical esophageal wound complicating endoscopy.

Contrast-enhanced cervicothoracic CT +/-rigid endoscopy under general anesthesia (health status permitting) +/-early endoscopic suture (in well exposed < 1cm wound)