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Simple Summary

Prosthetic laryngoplasty is a commonly performed surgical treatment of laryngeal hemiplegia, which can cause exercise intolerance in horses.
Well-documented complications of prosthetic laryngoplasty (or “tieback” surgery) include coughing, nasal discharge, and dysphagia. Treatment
options of cough and dysphagia complications traditionally comprised of loosening or removing the prostheses, with resulting compromise of
athletic performance. A newly described treatment showing encouraging results for the resolution of cough and dysphagia complications was the
augmentation of either the aryepiglottic fold and/or the vocal fold with a bulking agent injected into the ventral aspects of these folds to thicken
them and help block the passage of food material into the trachea during swallowing. This paper describes a case of augmentation (injection of
both aryepiglottic and vocal folds) with initially Arthramid® and then subsequently bone cement in a thoroughbred racehorse with coughing and
nasal discharge after undergoing prosthetic laryngoplasty surgery. While initially successful in the resolution of clinical signs, the augmentation
was only of a relatively short duration (Arthramid® 4 weeks, bone cement 3 months) until swelling resolved and signs of dysphagia returned.
Also, the levels of complications in other cases using bone cement (7/7 augmentation only temporary, 3/7 necrosis and sloughing, 2/7 initial
excess swelling) have led this clinic to determine that the technique may not be as promising as initial reports suggest. Prevention of dysphagia or
cough in the first instance with careful attention to degree of abduction and placement position of prosthesis particularly in the muscular process
may be a more rewarding long-term strategy. In cases where dysphagia or cough does occur, we would now recommend either conservative
management while waiting for some loss of abduction and symptoms to resolve, or removal of the prosthesis.

Abstract

Coughing, dysphagia, and nasal discharge are common complications of prosthetic laryngoplasty. Treatment options for these complications were
limited to conservative management or removal of the prosthesis. In the last few years, a new minimally invasive procedure has been described.
Filling the aryepiglottic or vocal folds with a bulking agent appears to improve the laryngeal seal and help prevent feed entering the trachea
during swallowing. In this case, a 4-year-old thoroughbred racehorse underwent a double augmentation procedure. It was presented with nasal
discharge and coughing 12 weeks after a successful prosthetic laryngoplasty surgery to treat its left-sided laryngeal hemiplegia, and 6 weeks after
left aryepiglottic fold augmentation with Arthramid®. After initial resolution of symptoms with Arthramid® treatment, the augmentation of the
aryepiglottic fold had rapidly resolved, and the symptoms had returned. Differing from previous augmentation procedures, this horse had both its
aryepiglottic and vocal folds bulked up with bone cement. The surgery was initially successful, and the horse was noted to have greatly reduced
coughing in as little as 24 hours following surgery. However, after three months, the swelling had subsided back to normal, and the cough and
discharge had returned. This, and other complications in other cases at this clinic using bone cement augmentation, i.e., per acute inflammatory
response (2/7 horses), necrosis and sloughing of either the aryepiglottic fold or the vocal fold (3/7 cases) and loss of augmentation swelling
within months (7/7), has led the authors to reconsider the use of this technique.
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Introduction
tolerance in horses [1-10]. However, complications are not un-

Prosthetic laryngoplasty is a commonly performed surgical common following surgery, which has led to a moderate prognosis

treatment of laryngeal hemiplegia, which can cause exercise in
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at best, and a wide variety in surgical techniques [11]. The most
reported complication was loss of abduction [2]. This has led to
several strategies such as using alternative suture materials, us-
ing two sutures, various reinforcements, alterations of placement
positions of the sutures in the cartilage, and debridement of the
cricoarytenoid joint [11,13]. The other well-documented set of
complications of prosthetic laryngoplasty (or “tieback” surgery)
include dysphagia, coughing and nasal discharge, relating to the
presence of food, water, and saliva in the trachea during the swal-
lowing process [11-13]. While this was a relatively rare compli-
cation in early studies [2], there has been more emphasis on this
complication in more recent studies [1,11,14,15]. There is often
a differentiation between “early onset” dysphagia and cough, and
“late onset” or “chronic” [11].

The causes or contributing factors are thought to be over-ab-
duction, too lateral an abduction or too caudal an abduction of the
arytenoid cartilage. Other causes were penetration of the esoph-
agus, adhesions, ventriculocordectomy procedures, the cricoary-
tenoid joint ablation, and unspecified neurological damage in the
surgical procedure. Treatment options of cough and dysphagia
complications post-laryngoplasty comprise conservative treat-
ment in the first instance, i.e., feeding from the ground, treatment
of tracheobronchitis, and hoping that the “normal” small degree
of loss of abduction would lead to a resolution of the symptoms
over a few months [11,13]. If the condition became chronic, or
was acute and severe, then the treatment options were loosening
or removing the prostheses, which may continue to affect athletic
performance [16]. Options were to not replace the prosthesis, and
hope that some fibrosis led to sufficient abduction to alleviate the
laryngeal hemiplegia, or consider replacing the prosthesis slightly
looser, or with more accurate placement, either at the same time
as the removal or later [11,13].

A newly described treatment for cough and dysphagia post-la-
ryngoplasty is the augmentation of either the aryepiglottic fold
[15] or the vocal fold [14]. In this procedure, a bulking agent is
injected into the ventral aspect of these folds to thicken them and
help block the passage of food material into the trachea during
swallowing [15]. This paper describes a case of double augmenta-
tion (injection of both aryepiglottic and vocal folds) in a thorough-
bred racehorse with coughing and nasal discharge 12 weeks after
undergoing prosthetic laryngoplasty surgery.

Materials and Methods

A 4-year-old racing thoroughbred was initially presented
with loud respiratory noises during exercise. An endoscope per-
formed at rest revealed Grade 4 left-sided laryngeal hemiplegia.
The horse then underwent prosthetic laryngoplasty surgery,
achieving Grade 1 left arytenoid cartilage abduction (Figure 1).
Six weeks after the laryngoplasty, the horse was re-presented with
nasal discharge and coughing. Endoscopy showed that the Grade
1 arytenoid abduction had been maintained. As the left arytenoid
cartilage was unable to adduct fully during swallowing, small
amounts of food material were able to enter the trachea, causing
irritation, coughing and subsequent nasal discharge. The decision
was made to augment the aryepiglottic fold such that it could fill
the gap left open by the abducted arytenoid cartilage and improve
the respiratory tract protection during swallowing. Under general
anaesthesia, the left aryepiglottic fold of the horse was injected
with Arthramid® Vet, a polyacrylamide hydrogel [15]. Following
the procedure, the left aryepiglottic fold was seen to be swollen on
endoscopic examination (Figure 2A) and provided a good larynge-
al seal during swallowing. The coughing and nasal discharge was
resolved at that time.

Grade 1 arytenoid cartilage abduction.

Figure 1: (A) Before surgery, showing Grade 4 left-sided laryngeal hemiplegia. (B) After surgery, showing successful tieback with
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Figure 2: (A) One day after the Arhramid augmentation procedure, the left aryepiglottic fold is visibly swollen (black arrow). (B) 6
weeks after the procedure, the left aryepiglottic fold is no longer swollen (white arrow)

A further 6 weeks after the aryepiglottic fold augmentation
(12 weeks after the initial laryngoplasty), the horse was once
again presented to the hospital with a recurrence of coughing and
nasal discharge. Endoscopic examination showed the left aryepi-
glottic fold was no longer swollen (Figure 2B). Arthramid® Vet
was concluded to have only been of short-term benefit in bulking
up the aryepiglottic fold.

With the idea of using a more permanent substance, Stryker®
Surgical Simplex P radiopaque bone cement (PMMA) was used as
the bulking agent for a second augmentation procedure [14,15].
The PMMA was diluted, and an antibiotic was added in the ratio
of 10.0g of the PMMA powder, 6.6ml of the PMMA liquid mono-
mer and 0.5ml of amikacin sulfate. This ratio was tested prior to
surgery and found to be fluid enough to pass through a 14-gauge
needle while still retaining its hardening ability. The three com-
ponents were measured out and set aside separately prior to the
procedure.

The horse was sedated with a standard routine of 5ml of Xyla-
zine and induced with 15ml of Ketamine and 5ml of Diazepam. It
was then moved into dorsal recumbency to allow ventral access
to the larynx, which was surgically prepped. A video endoscope
was introduced through the horse’s mouth to allow visualization
of the procedure. A 14-gauge 272" catheter needle was placed in
the cricothyroid space and advanced submucosally into the left
aryepiglottic fold’s ventral aspect. Once the catheter needle was in
place, the bulking agent components were mixed up and drawn up
into a 5ml luer-lock syringe. The bulking agent was injected into
the aryepiglottic fold submucosa (a few millimeters deep to the
mucosa) until it was visibly swollen, about 1-3 ml was used. The

mixture began to harden within two minutes. The same procedure
was repeated with about 1-2 ml of bulking agent injected into the
ventral submucosa of the left vocal fold, until it was visibly swol-
len. This completed the procedure, and the horse was then moved
to the recovery room where it recovered without incident.

Results

An endoscopic examination performed the day after the sur-
gery showed good thickening of both the left aryepiglottic and
vocal folds. The horse was back in work within 24 hours of the
procedure and was noted by both rider and trainer to have large-
ly reduced its coughing, indicating imminent resolution of clini-
cal signs. As bone cement is a more permanent substance, it was
expected to offer lasting resolution. Over the next few months,
the cough and discharge gradually returned, and a follow up en-
doscopic examination showed no obvious swelling in either the
aryepiglottic fold or the vocal fold at three months post procedure.

Discussion

Laryngoplasty is a procedure with a well-documented compli-
cation rate. Traditionally the loss of abduction has been the major
issue with surgeons and owners, leading to a range of variations in
techniques to overcome this issue [17]. At this clinic, for example,
over the years we have seen a change from 1 to 2 prosthesis [18],
a change in suture choice from 5 metric ethibond to the 9 metric
nylon (Securos system) [19], attention paid to “good bites” of the
dorsal cricoid and the muscular process for less chance of “pull
out” [11,13], and the opening up of the cricoarytenoid joint during
surgery [20].
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vocal fold (white arrow)

Figure 3: One day after the double augmentation procedure, showing swollen (A) left aryepiglottic fold (black arrow) and (B) left

While dysphagia or cough complications were common in the
early post-operative stages (up to 40%); in the long term, these
were reported in only 6 to 10% of cases in a 2003 paper [2]. An-
other description of chronic or long-term cough or dysphagia is
“late onset” [15]. The interesting concept is that having alterations
in the technique to overcome the loss of abduction leads to an in-
crease in long-term dysphagia or cough complication [11]. We can
also reasonably expect surgeons being tempted to compensate for
an expected loss of abduction post-surgery with a slight over ab-
duction during surgery, which may be a contributing factor if the
“normal” 1 to 2 grade loss of abduction were not to occur (Figure
74).

While surgeons are encouraged to aim for a Grade 2 pull out,
and it was found that degree of abduction had no effect on perfor-

mance [9], with modern social media and video endoscopy, there
is no doubt client satisfaction is better with a Grade 1 pull out ver-
sus a Grade 3 (Figure 4), and many would aspire to this result in
practice. In the authors’ experience, less abduction post-surgery is
likely to lead to more respiratory noise, and the ability of the horse
to perform over shorter distances only (100-1200m). However, it
is accepted that individual exemptions do exist, and some individ-
ual horses can perform with very moderate abduction post-sur-
gery (Figures 5). As clients become more aware of the effects on
low grade respiratory disease on performance [21], there would
be less tolerance for chronic cough and dysphagia, more routine
endoscopic examination of the respiratory tract (with attention on
the trachea) [22, 23] and these complications are more likely to be
reported regardless of performance.

performance with 3 wins in a row over 1600m since surgery.

Figure 4: (A) Grade 1 pull out in horse 6 months post-surgery at STC. Although a small amount of tracheal mucus present (B),
and a minor intermittent cough, client satisfaction is very high with the degree of abduction, lack of noise during exercise, and
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The hence increasingly common complication of cough and
dysphagia has arisen requiring a remedy, the augmentation of the
aryepiglottic fold and/or the vocal cord seemed an easy and highly
satisfactory therapy. The rapid loss of the augmentation, with the
return of the clinical signs in our hands, was a disappointing re-

sult. Added to this, other complications such as per-acute swelling
in the short term (Figure 6A), and sloughing, necrosis, and fibrosis
reaction (Figure 6B) has led us to abandon the technique, while
waiting for further publications.

was done to ensure abduction was maintained during exercise.

Figure 5: (A). Grade 3 pull out in a horse post tieback (repeat surgery) that went on to win 7 races in a row. (B). Dynamic endoscopy

augmentation

Figure 6: (A) The swelling in the aryepiglottic fold can be quite severe in the early stages. (B) Necrosis and sloughing around

The strategy of this clinic in the meantime will be,

. Prevention, paying attention to recent advice and de-
velopments to placement position of the suture in the muscular

process, which, if it is too advanced along the spine, will cause the
arytenoid cartilage to be pulled caudally as well as abducted, lead-
ing to epiglottic failure dorsally on the left during the swallowing
process.
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. Other considerations, such as doing the procedure
standing or under general anaesthesia, whether to open the crico-
arytenoid joint or not, and whether to include ventricular cordec-
tomy or not, the authors believe at this stage the evidence is still
conflicting on whether to make a firm recommendation.

. If despite our best efforts we have cough or dysphagia
post-surgery, our advice will be to wait 6 to 8 weeks and see if the
condition spontaneously resolves.

. If the condition is chronic, (or “late onset”), and of a se-

verity of client non-acceptance, or causing poor performance, then
removal of the sutures would be in our experience the only option.
Following this procedure, and especially if a long period of time
has elapsed, or the cricoarytenoid joint was included in the initial
surgery, we may have sufficient fibrosis that holds the arytenoid
cartilage abducted enough to be able to perform (Figure 7C). How-
ever, in most cases, we must be prepared that athletic ability will
be compromised, and to put in another laryngoplasty, either at the
time of suture removal, or (in our preference) 3 to 6 months later.

sufficient abduction to perform athletically.

Figure 7: (A) Classic over abduction leading to cough and dysphagia, requiring suture removal if no loss of abduction were to occur.
(B) Another case severe cough and dysphagia complications, despite apparent satisfactory Grade 1 tie back (It was assumed the
left arytenoid was pulled caudally). This horse raced reasonably well for 2 years with complications. After suture removal (C),
even with much less abduction, the horse raced better, over 11-1200m, in a higher grade, with no symptoms. (The cricoarytenoid
joint was opened in the initial surgery). This would be an exemption, normally a repeat laryngoplasty would be required to obtain

Conclusion

Double augmentation of both the aryepiglottic and vocal folds
seemed to be a viable procedure to correct cough and dysphagia
following prosthetic laryngoplasty. It was minimally invasive and
should not have interfered with athletic improvement following
the initial prosthetic laryngoplasty procedure or required time out
of work to recover and promised immediate resolution of clinical
signs. However, the augmentation was relatively short lived, a few
weeks only with the Arthramid® and a few months only with the
bone cement. In addition, some other side effects were noted in a
series of cases in this clinic, being loss of swelling after a relative-
ly short period (7/7 cases over 3-6 months), per acute swelling
in the days following the procedure (2/7 cases), and necrosis and
sloughing of either the vocal fold or the aryepiglottic fold (3/7 cas-
es), leading the authors to conclude this technique may not be as
promising as initially thought.
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