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     Equine laryngeal hemiplegia has been defined as a peripheral axonopathy of the recurrent laryngeal nerve (Duncan, 1987). In 95% of horses affected, the left recurrent laryngeal nerve is effected to a far greater extent than the right side. While an exact aetiology has yet to be published, there is some evidence to suggest a genetic basis to the condition (Poncet et al, 1989). Horses with laryngeal hemiplegia demonstrate a loud inspiratory noise when exercising at high intensities, a concomitant exercise intolerance and immobility of the affected arytenoid cartilage when examined with an endoscope at rest. Horses with laryngeal hemiparesis can show similar clinical signs but of lesser magnitude and when examined with an endoscope at rest, a spectrum of movement of the affected arytenoid cartilage can occur from minimal to almost a normal range of adduction and abduction.

     Surgical treatment of equine laryngeal hemiplegia is only necessary to allow the affected horse to undertake strenuous exercise such as competing at a racetrack. Over the past 30 years the most popular surgical repair has been the prosthetic laryngoplasty often combined with either a unilateral or bilateral ventriculectomy. The prosthetic laryngoplasty has had success rates of between 44% and 87% published over that time period. In 1992 Hawkins et al reported that 55% of horses following prosthetic laryngoplasty returned to racing at their previous level or higher. Over the past 30 years at least 16 complications associated with the prosthetic laryngoplasty have been reported (Fulton, 1990). The success in treating people with laryngeal paralysis (often bilateral) reported by Tucker and Rusnov (1981) stimulated research into the possibility of using this surgical technique as an alternative to prosthetic laryngoplasty in the horse.      

     In people laryngeal reinnervation has been researched since at least 1946, initially for treatment of bilateral laryngeal paralysis (McCall, 1946) and later in studies investigating reinnervation for laryngeal transplantation (Tucker et al 1970). Tucker identified the nerve muscle pedicle graft technique as a method of reinnervation that produced muscle contractions as soon as 12 weeks after surgery. The rapid nature of reinnervation using this technique is thought to be due to transplanting intact motor endplates in the pedicle graft. In people the donor muscle and nerve is the sternohyoid muscle and ansa hypoglossi nerve that is grafted into the posterior cricoarytenoid muscle. Over a 10-year period using the nerve muscle pedicle graft, Tucker reported 90% success in treating unilateral laryngeal paralysis and 80% for bilateral paralysis. 

      Reinnervation of specific laryngeal muscles in the horse was first reported in 1989 (Ducharme et al, 1989). It was hoped that laryngeal reinnervation may provide a treatment for horses with laryngeal hemiplegia with less morbidity than the prosthetic laryngoplasty technique. In 1990 Fulton et al reported that using a single nerve muscle pedicle created from the left omohyoideus muscle and first cervical nerve and inserted into the left cricoarytenoideus dorsalis (CAD) muscle, reinnervation was possible. Histologic evidence in the form of fibre type grouping was present in all experimental animals. Function of the larynx was also assessed using high-speed treadmills to measure upper airway flow mechanics during exercise.

     As a result of the success in the experimental horses, the nerve muscle pedicle graft technique was offered to clients with horses diagnosed with laryngeal hemiplegia. With the advent of high speed video-endoscopy it has become evident that hemiparesis is also a significant condition in its own right in the equine athlete and these horses were also considered suitable candidates for nerve grafting.

     The surgical procedure requires accurate dissection of the left first cervical nerve as it passes over the lateral aspect of the larynx to where it meets the omohyoideus muscle, an accessory muscle of respiration. The first cervical nerve usually branches into 2 or 3 main branches, which are then followed to the point of insertion into the omohyoideus muscle. Studies using a chloinesterase stain have demonstrated that there are large numbers of motor endplates present in the pedicle grafts used in the horse. Once the points of insertion of the nerve branches are identified, a small amount of muscle is removed from the omohyoideus with the fine branch of the first cervical nerve attached. In the clinical cases operated on up to 5 pedicles may be created for transplantation whereas in the research horses only a single branch was used. Any branches of the first cervical nerve that have to be transected to allow re-positioning of the nerve, are cut as long as possible to allow them to be used as donor nerves as well. The main abductor of the equine larynx is the cricoarytenoideus dorsalis (CAD) muscle. Exposure is achieved by rotating the larynx laterally. The CAD muscle in hemiplegic horses is usually pale in colour and wasted significantly. The degree of muscle wastage in hemiparetic horses is variable. Individual pockets are created in the left CAD muscle and the pedicle grafts inserted using 4-0 polydioxanone suture.

     Post operative management of these horses involves 2 weeks of stall confinement followed by 4 months of paddock rest prior to resuming training. Complications following surgery have been limited to seroma formation and incisional infection in a small number of cases. To limit these complications we recommend that horses are housed for the first 2 weeks in a box where there is no opportunity to rub the site of the incision just behind the left angle of the jaw. After horses have undertaken 4 weeks of training endoscopic examination of the larynx takes place to ascertain if reinnervation is evident. Two tests are performed; the first involves stretching the head and neck upwards. This manoeuvre often stimulates a spontaneous contraction of the CAD muscle, which appears as a flicker of the left arytenoid cartilage endoscopically. The second test involves sudden acute pressure being applied to the commissure of the lips. This appears to create a reflex reaction that produces spasmodic flickering of the left arytenoid cartilage. If movement is seen at the first examination post surgery, it is recommended that the horse go into a full training program. If no movement is evident a further 3 months rest is recommended.

     Since 1991, 135 horses have been operated on using the nerve muscle pedicle graft technique. Over 90% of these horses have been thoroughbreds. All horses were diagnosed endoscopically as having either hemiplegia or hemiparesis. In some horses high-speed video-endoscopy was used to confirm hemiparesis as the cause of exercise intolerance. Of the 119 thoroughbreds operated on, 56 were unraced at the time of surgery. Of the 135 horses, 13 broke down or died of unrelated causes, 6 were lost to follow up, 4 were warmbloods and 26 are still convalescing or in early training. Eighty-six horses have been fully assessed. Forty-two (49%) have won races, 13 (15%) have been placed, 15  (17%) have been unplaced and 16 (19%) have been considered outright failures. The horses in the unplaced category were considered to have adequate respiratory function but insufficient ability to win or place in a race. The time from surgery to first race for laryngeal hemiplegic horses was 11.5 months while horses diagnosed with laryngeal hemiparesis took an average of 9.5 months to return to the race track. 

     Some observations on this group of 86 horses include the following. At rest, even with successful reinnervation the larynx stills appears hemiplegic. Only with head and neck manipulation is it possible to detect positive reinnervation. Many of the successfully reinnervated horses demonstrate a degree of noise production during fast exercise. This often decreases as training progresses. In some individuals unilateral ventriculectomy has been performed when noise was considered excessive but there were signs of reinnervation. Since October 1999, unilateral ventriculectomy with an endoscopically guided laser is routinely performed on these horses. Two horses that were considered failures at 12 months presented between 3 and 4 years later for reassessment. With head and neck extension and acute pressure placed at the commissure of the lips both horses demonstrated spontaneous movement of the left arytenoid cartilage proving reinnervation had occurred. Despite positive reinnervation, these 2 horses did not develop- sufficient strength in the CAD muscle to maintain abduction during exercise.

     The results outlined above indicate that the nerve muscle pedicle graft can allow horses with laryngeal hemiplegia or paresis to successfully return to the racetrack. However the success rate is not better than that reported with the laryngeal prosthesis. Further research has been undertaken in an attempt to improve this success rate. Based on the 86 horses assessed, 81% have had evidence of reinnervation but in some cases the strength of the reinnervated muscle would appear to be insufficient to maintain full arytenoid cartilage abduction during racing. Physiotherapy of the reinnervated muscle would appear to be necessary to improve the strength of the CAD muscle after reinnervation. As the omohyoideus muscle is an accessory muscle of respiration, it is not in use unless the horse is under conditions of maximal exercise so resting in a 

paddock is not an ideal form of physiotherapy for the reinnervated muscle.

     Peripheral nerve stimulation for pain relief is a well-documented process in people. Small electrodes and implantable pulse generators are readily available, although somewhat expensive, for both peripheral nerve stimulation and muscle preservation in acutely denervated muscles. Two horses with naturally occurring laryngeal hemiplegia were used in a pilot study to assess the viability of an internal stimulation system. A third horse had an external stimulation system connected to the first cervical nerve at the time of reinnervation of the CAD muscle.

     Both horses with the internal stimulation system had the pulse generator system switched on at 3 months post reinnervation to assess if physiotherapy could begin. In both horses, no movement of the left arytenoid cartilage was visible endoscopically. The pulse generators were reassessed at 4,5 and 6 moths but no evidence of reinnervation was evident in either horse. At the time of removal of the internal pulse generator it was discovered that the first cervical nerve had undergone necrosis at the point of attachment to the electrode. While the equipment is suitable for placement in people, electrode design for attachment to the first cervical nerve in the very mobile area of the horse’s larynx would appear unsuitable. The third horse had long, multifilament teflon coated, platinum electrodes placed around the first cervical nerve. After 3 months these electrodes were connected to a commercially available TEMS machine. In this case excellent movement was seen when a stimulus was produced by the TEMS machine that was attached to the horses halter. Over a 1-month period the nerve was stimulated for 30 minutes daily. At the end of this time a sustained contraction of the CAD muscle was possible and almost full abduction attained of the left arytenoid cartilage. This external form of stimulation may be worthy of further research.

     Another area for research may be in the use of human insulilike growth factor gene therapy. In denervated laryngeal muscle of rats this has been shown to be beneficial in reversing muscle atrophy and enhancing muscle reinnervation.

     In summary the nerve muscle pedicle graft technique for treating laryngeal paralysis and paresis in horses does work in some cases. Despite this, there appears to be a variation in the strength of the reinnervated muscle between individual horses and an external stimulation system is a possible answer to achieve more consistent results.
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