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        INTRODUC TION 

 Recurrent laryngeal neuropathy (RLN) is a common respiratory 
disease in horses that causes progressive atrophy of the cricoaryte-
noideus dorsalis muscle and arytenoid cartilage collapse (Brakenhoff 
et al.,  2006 ). Draught breeds have been reported to have a higher 
prevalence of RLN than other horse breeds (Brakenhoff et al.,  2006 ; 
Dixon et al.,  2001 ; Sweeney et al.,  1991 ). Recurrent laryngeal neu-
ropathy may cause abnormal respiratory noise and occasionally 
exercise intolerance in draught horses used for athletic activities 
(Kraus et al.,  2003 ). Showing draught horses with abnormal 

respiratory noise can lead to penalisation or even elimination during 
competition. 

 Unilateral or bilateral ventriculocordectomy can be performed 
to eliminate abnormal respiratory noise and respiratory tract 
obstruction in draught horses with RLN (Cramp et al.,  2009 ). 
However, prosthetic laryngoplasty (PL) and unilateral ventricu-
locordectomy is the treatment of choice for draught horses with 
RLN presented for increased inspiratory noise and exercise in-
tolerance as this combination has been shown to achieve a high- 
level of client satisfaction following surgery (Kraus et al.,  2003 ; 
Rossignol et al.,  2015 ). Performing a PL standing is a safe and 
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      Summary 
  Objective :    To report the use of standing partial arytenoidectomy (PA) in draught horses 
affected by left- sided recurrent laryngeal neuropathy (RLN  ).  
  Study design :    Retrospective descriptive study.  
  Animals :    Twenty- one draught horses diagnosed with left- sided recurrent laryngeal neu-
ropathy (RLN).  
  Methods :    Medical records of 21 draught horses subjected to standing PA to treat left- 
sided RLN were reviewed. Data recorded included history, signalment, presenting com-
plaint, athletic or intended use, pre-  and postoperative resting upper respiratory tract 
endoscopic findings, perioperative medication, surgical details, postoperative exercise 
recommendations and follow- up.  
  Results :    Twenty- one horses (100%) had a history of abnormal respiratory noise and 15 
horses (71%) had exercise intolerance. Of the 19 horses with follow- up, surgery resolved 
or significantly reduced the abnormal respiratory noise in 17 horses (90%) and resolved 
exercise intolerance in all 13 horses with a history of exercise intolerance and follow- up. 
None of the horses had signs or evidence of coughing at the time of follow- up.  
  Conclusion :    Standing left- sided PA can resolve the clinical signs associated with left- sided 
RLN in draught horses.   
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attractive option for draught horses diagnosed with left- sided 
RLN (Rossignol et al.,  2015 ). This treatment option avoids the 
known potential complications associated with general anaesthe-
sia in draught horses, but this approach does not avoid the com-
plications associated with the PL procedure itself, such as surgical 
failure, implant infection, or aspiration following the procedure 
(Kraus et al.,  2003 ). 

 Partial arytenoidectomy (PA) is the treatment of choice for horses 
with advanced arytenoid chondritis (Ducharme & Rossignol,  2019 ), but 
it can also be effective to treat horses with RLN (Barnes et al.,  2004 ; 
Ducharme & Rossignol,  2019 ; Parente et al.,  2008 ). Partial arytenoidec-
tomy performed with the horses standing has been shown to be a safe 
and effective procedure in horses of various breeds (Gray et al.,  2019 ). 
This treatment option results in an increased cross- sectional area of 
the rima glottidis, therefore decreasing the resistance to airflow and 
abnormal respiratory noise. Besides, PA is technically easier to perform 
than the PL procedure in our experience and since there is no implant 
or general anaesthesia required, has less potential for anaesthesia or 
PL complications (Gray et al.,  2019 ). For this reason, this procedure is 
most commonly performed as the primary surgical option in draught 
horses diagnosed with RLN at our practice. The aim of this study was 
to report the outcome of draught horses with left- sided RLN treated 
with a PA performed with standing sedation and local anaesthesia. 
We hypothesised that PA would be an effective treatment option for 
draught horses affected by left- sided RLN with a history of abnormal 
respiratory noise and exercise intolerance.  

   MATERIAL S AND METHODS 

   Study design 

 In this retrospective descriptive study, the medical records of 
draught horses presented for standing PA to the University of Illinois 
Veterinary Teaching Hospital between November 2015 and January 
2024 with a presenting complaint of abnormal respiratory noise with 
or without exercise intolerance were reviewed. Horses were included 
in the study if they underwent standing PA and had no prior surgical 
procedures performed; five of these horses were included in a previ-
ous report where the emphasis was the description of the technique 
(Gray et al.,  2019 ). Information obtained from the medical records 
included surgery date, signalment, presenting complaint, athletic or 
intended use, previous treatments, resting upper respiratory tract 
endoscopic findings, postoperative findings and recommendations 
and short- term complications. Short and long- term outcomes were 
obtained by reviewing the endoscopic re- evaluations and by commu-
nicating by telephone with owners.  

   Preoperative evaluation and surgical management 

 All horses had a preoperative upper respiratory tract videoendo-
scopic examination performed at rest by the attending surgeon. 

Symmetry and synchrony of the arytenoid cartilage movement was 
assessed while horses were quietly breathing and immediately after 
swallowing. Resting laryngeal function was graded according with 
the Havemeyer system (Ducharme & Rossignol,  2019 ) in each case. 
Preoperatively, horses had a 14- gauge catheter aseptically placed 
in the left jugular vein and received gentamicin 6.6mg/kg bwt i.v., 
procaine penicillin G 22,000 units/kg bwt i.m., phenylbutazone 
4.4 mg/kg bwt i.v. and dexamethasone 0.05 mg/kg bwt i.v. Horses 
were placed in the stocks, sedated with xylazine 0.05mg/kg bwt i.v. 
and the head and neck was positioned on a head stand in moderate 
extension. The throat latch strap of the halter was removed and 
placed across the dorsal part of the halter so it would not interfere 
with the surgical site. Horses were also sedated with detomidine 
0.015 mg/kg bwt i.v. and butorphanol tartrate 0.02 mg/kg bwt i.v. 
immediately before surgery. However, throughout the procedure 
horses also received alternating doses of detomidine 0.005 mg/
kg bwt i.v. and xylazine 0.25 mg/kg bwt i.v. when horses started to 
react to the surgical procedure. 

 All horses underwent PA following the standing technique. 
Briefly, an area extending from the cranial third of the ventral cervi-
cal region to the middle third of the mandible was clipped and asep-
tically prepared and the areas to be incised were desensitised using 
2% mepivacaine HCL. A temporary tracheotomy was performed as 
previously described and stainless steel tube tracheotomy (Kruuse, 
Jørgen Kruuse A/S) was placed and maintained throughout surgery. 
Each surgery was monitored with a 1m videoendoscope (Olympus, 
Olympus Corporation of the Americas) that was passed through the 
left nasal passage to allow visualisation of the surgical procedure. 

 An 8–10cm laryngotomy was performed using a #10 scalpel blade 
to incise the skin and subcutaneous tissues. Using Metzenbaum scis-
sors, the sternohyoid muscles were separated to expose the crico-
thyroid membrane, which was incised using a #10 scalpel blade. The 
lumen of the larynx was desensitised by instilling 40mL of 2% lido-
caine HLC through the biopsy channel of the endoscope. A left- sided 
ventriculocordectomy was performed in each horse before the PA 
using a sacculectomy burr (Sontec Instruments Inc) passed through 
the laryngotomy followed by transection and removal of the vocal 
cord using Metzenbaum scissors and a curved sponge forceps. 

 Using a #10 scalpel on a long blade handle, a ‘U’ shaped in-
cision was made along the most axial portion of the corniculate 
process, ventral and caudal aspects of the body of the arytenoid 
cartilage. The mucosa was separated from underlying cartilage 
using a periosteal elevator, the body of the arytenoid cartilage 
was then grasped using a sponge forceps and dissection along the 
lateral aspect was performed to separate the cartilage from the 
musculature using long curved Metzenbaum or Mayo scissors de-
pending on the case. Once dissection was complete, the arytenoid 
cartilage was grasped with sponge forceps and advanced in a ros-
tral direction. Curved scissors were used to transect the muscular 
process off the arytenoid body and remove the main body of the 
cartilage. Finally, double action bone Ruskin Rongeurs were used 
to remove any additional cartilage and the redundant mucosa was 
trimmed using Metzenbaum scissors. The tracheotomy tube was 
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removed immediately after surgery and all surgical sites were left 
open to heal by second intention.  

   Postoperative management and follow- up 

 All horses received systemic non- steroidal anti- inflammatory and 
antimicrobial drugs for 7days and throat spray consisting of 250mL 
of glycerin, 250mL of dimethyl sulfoxide 90%, 500mL of nitrofura-
zone and 1g of dexamethasone sodium phosphate [20mL twice daily 
via the laryngotomy incision using a 60mL catheter tip syringe×10d] 
for 10days post- operatively. Some horses were discharged the day 
of the procedure with instructions to keep the horse on stall rest 
with twice daily hand- walking for 4weeks and to return to the hospi-
tal for a follow- up upper airway endoscopic examination 4–6weeks 
after surgery. At the follow- up examination, information about inci-
sional complications, respiratory complications (coughing, etc.) and 
dysphagia following surgery was gathered via conversation with 
the owner without the use of a standardised questionnaire. Further 
information about the respiratory noise while working and perfor-
mance following surgery was gathered by the same investigator via 
telephone conversation with the owner or trainer after the horse 
had returned to full work.   

   RESULTS 

 Twenty- one draught horses (5 mares, 2 stallions and 14 geldings) 
with a median weight of 818kg (range: 650–994kg) and median age 
of 5years (range: 2–15years) were included in the study. There were 
18 Belgians, 3 Percherons and 1 Oberlander; 18 were used for com-
petitive and 3 for noncompetitive hitch or pulling before the surgery. 
Fifteen horses (71%) had an endoscopic diagnosis of a Havemeyer 
grade IV left- sided RLN and 6 horses (29%) had an endoscopic diag-
nosis of a Havemeyer grade III c left- sided RLN. One of the horses 
had a small ulcer on the axial surface of the right arytenoid cartilage 
just above the dorsal attachment of the vocal cord thought to be due 
to chronic intermittent contact between the left and right arytenoid 
cartilages (Kelly et al.,  2003 ). The rest of the horses included in the 
study had no additional airway abnormalities at rest. Twenty- one 
horses (100%) had a history of abnormal respiratory noise and 15 
horses (71%) also had exercise intolerance. 

 All horses underwent a standing left- sided PA under endoscopic 
guidance without intraoperative complications except for one horse 
(7years old) in which mild difficulty in abducting the left arytenoid 
cartilage during dissection was encountered, presumably due anky-
losis of cricoarytenoid joint. Nine horses (43%) were discharged the 
same day of the surgery and the rest of the horses (57%) were dis-
charged the day after the surgery. 

 Postoperative endoscopic evaluation of the upper respiratory 
tract, including the proximal portion of the trachea for evidence of 
aspiration, was performed on 18 out of the 21 horses (86%). The 
median time between surgery and postoperative evaluation was 

4weeks (range: 4–6weeks). No coughing, aspiration and/or dyspha-
gia were reported for any of the 18 horses at the time of recheck 
endoscopy. Upon recheck endoscopic examination, 17 horses had 
adequate healing of the surgery site (Figure  1 ). One horse had a small 
granuloma dorsally and tissue that appeared to web from the surgi-
cal site to the distal aspect of the left vocal fold which was thought 
to be a vocal cord remanent (Figure  2 ); no additional treatment was 
recommended at that time.   

 Follow- up information was available for 19 out of 21 horses; no 
follow up could be obtained for two horses with a history of abnor-
mal respiratory noise and exercise intolerance. The median available 
follow- up was 37months (range: 5–99months). Of the horses with 
follow- up, in 17 (90%) PA resolved, or greatly decreased, abnormal 
respiratory noise and in 13 horses (100%) with a history of exercise 
intolerance in addition to the respiratory noise returned to full work 
without any issues. Seven horses experienced transient abnormal 
respiratory noise re- occurrence shortly after returning to exercise, 
but these horses continued to exercise despite the noise and the 
respiratory noise resolved within 6weeks. 

 Two horses had persistent abnormally increased respiratory 
noise during exercise. One of these horses developed a right- 
sided RLN and underwent a right- sided transendoscopic diode 
laser- assisted ventriculocordectomy as described by Henderson 
et al. ( 2007 ). Briefly, the right vocal fold was stabilised by apply-
ing slight tension with a 50- cm- long trans- nasal grasping forceps 
(Sontec Instruments Inc) and a diode laser (DiodeVet, BWTEK Inc) 
was used to transect the dorsal and ventral attachments of the vocal 
fold. Then, a trans- nasal sacculectomy burr (Sontec Instruments Inc) 
was inserted through a short segment of nasogastric tubing and 
passed under videoendoscopic guidance into the right laryngeal sac-
cule and rotated in a clockwise direction to engage and evert the 
mucosa prior to tissue dissection with the diode laser. The vocal 
cord was also excised. The abnormally increased respiratory noise 
during exercise persisted in this horse. The other horse (Figure  2 ) 

  F I G U R E   1                   Postoperative image of a horse obtained 4weeks 
after surgery. There is a small amount of corniculate process 
loose mucosa which was preserved at the uppermost rostral 
aspect of the surgery site to avoid rostra displacement of the 
palatopharyngeal arch. 
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with persistent airway noise also had exercise intolerance when re-
turned to work. In this horse the left vocal cord remanent was re-
moved with the diode laser trans- endoscopically and the abnormal 
respiratory noise and exercise intolerance subsequently resolved. In 
both horses, trans- endoscopic surgery was chosen to avoid having 
to repeat a laryngotomy.  

   DISCUSSION 

 This is the first report of exclusively draught horses affected by 
left- sided RLN managed with a PA performed with the horses 
standing and sedated. While PA has been primarily advocated for 
horses with arytenoid chondritis or a failed PL, our results demon-
strate that this surgical option may be successful in draught horses 
diagnosed with left- sided RLN intended for competitive hitch or 
pulling. A majority of horses were able to show and compete with-
out penalisation during competition which makes this treatment 
option effective. It has been demonstrated that the differences in 
airway mechanics between PL and PA in racehorses are minimal at 
submaximal exercise (Lumsden et al.,  1994 ; Radcliffe et al.,  2006 ). 
Moreover, PA avoids the major potential complications associated 
with the PL procedure itself such as chronic coughing or prosthe-
sis infection that may require prosthesis removal or a repeat PL 
(Kraus et al.,  2003 ). 

 Intermittent coughing and/or dysphagia are reported as common 
complications after PA (Barnes et al.,  2004 ; Lumsden et al.,  1994 ). It 
has been speculated the surgical technique has a major impact on 
postoperative coughing and/or dysphagia, particularly atraumatic 
dissection of the arytenoid cartilage from the adjacent soft tissues 
(Ahern & Parente,  2009 ) and preservation of the corniculate pro-
cess mucosa (Rossignol & Ducharme,  2021 ). The mucosa overlying 
the corniculate process maintains the normal anatomy of the piri-
form recess and may reduce coughing and/or dysphagia (Rossignol & 

Ducharme,  2021 ). We believe performing PA with the horses sedated 
and standing with the endoscope allows adequate visualisation of 
the surgery site facilitating accurate dissection and preservation of 
the corniculate process mucosa. Excessive removal of the cornicu-
late process mucosa in the rostral part of the rima glottidis can cause 
food contamination of the trachea (Ahern & Parente,  2009 ). In our 
study, none of the horses developed intermittent coughing and/or 
dysphagia postoperatively. This represents a major advantage over 
PL and surgeons should consider performing a PA rather than PL in 
this particular breed. 

 Interestingly, during follow- ups with owners or trainers, we 
learned that seven horses were reported to experience transient 
abnormal respiratory noise re- occurrence after their recheck en-
doscopy and shortly after returning to exercise. Horses continued 
to exercise despite the noise, and by 6weeks, once the horses had 
regained conditioning/fitness, the abnormal respiratory noise had 
resolved. It is possible these horses experienced dynamic collapse of 
the unsupported upper respiratory tract structures (corniculate mu-
cosa or left aryepiglottic fold) or other abnormalities such as medial 
deviation of the right vocal fold or intermittent displacement of the 
soft palate, all of which have been reported in horses subjected to 
overground endoscopic evaluation following left- sided PA (Davidson 
& Parente,  2011 ; Hackett & Leise,  2019 ). 

 It is also possible that these horses had weakness of the sup-
porting muscles of the respiratory tract and secondary exercise- 
induced dynamic collapse of the pharynx that improved or resolved 
as the horse ' s fitness improved (Fitzharris et al.,  2023 ). Improved 
fitness has been shown to result in increased strength of the upper 
airway muscles and improved upper airway function during exer-
cise (Fitzharris et al.,  2023 ). Additionally, the same group found 
that horses had lower grades of dynamic respiratory tract collapse 
with increased upper respiratory tract muscle strength (Fitzharris 
et al.,  2021 ). Overground endoscopic evaluation under driven 
conditions would have been useful to determine the short- lived 

  F I G U R E   2                   Twelve weeks (a) and 16weeks (b) postoperative images of a horse that still had increased airway noise when returned to 
work. On the left image there is a small granuloma dorsally and vocal cord remanent. The web was removed via transendoscopic, diode 
laser- assisted resection and the granuloma was left intact. Note the healed cordectomy appearance detected in all successful cases. 
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abnormal respiratory noise in these draught horses (Hackett & 
Leise,  2019 ). However, not every overground endoscopic system 
available can be fitted to large draught horses such as the ones in-
cluded in our study. 

 Persistent abnormal respiratory noise is a potential complication 
following PA in draught horses used athletically. In these situations, 
resting recheck endoscopic evaluation of the upper respiratory tract 
is vital to rule out additional airway pathology such as right- sided 
RLN or complications associated with the surgery site such as in-
traluminal granulomas or remanent of the left vocal cord (Ahern & 
Parente,  2009 ). This diagnostic information is critical for appropriate 
management of these complications which can lead to a successful 
outcome following a PA procedure. In this report, two horses had 
persistent respiratory noise and had changes in resting endoscopic 
evaluation which were addressed with transendoscopic procedures 
using the diode laser. One of these two horses went on to have a full 
recovery while the other had persistent respiratory noise. 

 Economic considerations are an important determinant in the 
decision- making process to select a surgical approach in young draught 
horses affected by RLN. Some of the horses operated had to recover 
rapidly, return to exercise to get conditioned and be sold at the sum-
mer sales. The low cost, low complication rate, and short convalesce 
time following PA make this option very attractive to manage draught 
horses with left- sided RLN in our area. One potential drawback of our 
technique is the healing time (2–3weeks) and wound care necessary 
for the tracheostomy and laryngotomy incisions. 

 Readers should keep in mind that the small number of cases in-
cluded in the study and relying on medical records data and owner 
feedback for certain outcome measures such as postoperative com-
plications, exercise intolerance, noise reduction and the lack of a 
standardised questionnaire to consistently inquire about some of 
this information were important study limitations. Additional limita-
tions included the relative short follow- up timeframe for some of 
the horses included given that their athletic use or careers are much 
longer that the median follow- up reported and the lack of objective 
assessment of aspiration of dust or food particles of the horse op-
erated. Nonetheless, our results suggest that this surgical approach 
represents a viable option for competitive hitch draught horses di-
agnosed with RLN with presenting complaints of poor performance 
and abnormal respiratory noise.  

   CLINIC AL RELE VANCE 

      •     Partial arytenoidectomy is an effective treatment option for com-
petitive draught horses with recurrent laryngeal neuropathy pre-
sented for abnormal inspiratory noise +/  exercise intolerance. 

   •     Partial arytenoidectomy performed standing with endoscopic 
guidance helps with visualisation of the surgery site and facilitates 
accurate dissection of the arytenoid cartilage. 

   •     Partial arytenoidectomy is technically easier to perform than la-
ryngoplasty and avoid the potential complications of general an-
aesthesia or laryngoplasty surgery.    
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osteoarthritis in horses. 
CONTRAINDICATIONS: Horses with hypersensitivity to pentosan polysulfate 
sodium or any of the inactive ingredients in Zycosan should not receive 
Zycosan. Do not use Zycosan concurrently with other anticoagulant 
drugs. Do not use in horses with clotting disorders or within 24 hours of 
surgical procedures (see Warnings and Precautions). 
WARNINGS AND PRECAUTIONS: 
User Safety Warnings: Not for use in humans. Keep out of reach of 
children. Pentosan polysulfate sodium is a weak anticoagulant. Caution 
should be used when administering Zycosan if you are taking an 
anticoagulant. In case of accidental self-injection, seek immediate 
medical attention. If product comes into contact with skin, rinse skin 
thoroughly with water and seek medical attention if needed. To obtain 
a Safety Data Sheet (SDS), contact Dechra at (866) 933-2472.
Animal Safety Warnings and Precautions:
Zycosan has been shown to prolong coagulation parameters up 
to 24 hours after injection, therefore caution should be used when 
administering this drug before or after strenuous activities (see 
Target Animal Safety). Due to the anticoagulant effects, this drug 
may exacerbate Exercise Induced Pulmonary Hemorrhage (EIPH). The 
concurrent use of NSAIDs with Zycosan has not been evaluated. 

Zycosan®
(pentosan polysulfate sodium injection)

Due to the anticoagulant effects of Zycosan and known anticoagulant 
effects of some NSAIDs, caution should be used if NSAIDs are 
concurrently administered. Horses concurrently treated with Zycosan 
and NSAIDs should be monitored for hemorrhage or other clinical signs 
of abnormal bleeding (e.g., petechiae, ecchymosis, or epistaxis). The 
safety of long-term repeat use of Zycosan has not been evaluated. 
Pigmentary changes in the retina (pigmentary maculopathy) have been 
reported in human patients following long-term oral use of pentosan 

The safe use of Zycosan has not been evaluated in breeding, pregnant, 
or lactating horses.
Other Warnings:
Do not use in horses intended for human consumption. 
ADVERSE REACTIONS: 
Injection site reactions were the most frequently reported adverse 

with clinicopathology changes in some cases. Other adverse reactions 
reported in more than one horse were prolongation of coagulation 
parameters (activated partial thromboplastin time (aPTT) and 
prothrombin time (PT)), lethargy, behavior changes, and colic.
To report suspected adverse events, for technical assistance or to 
obtain a copy of the Safety Data Sheet (SDS), contact Dechra at (866) 
933-2472 . For additional information about adverse drug experience 
reporting for animal drugs, contact FDA at 1-888-FDA-VETS or online at 
http://www.fda.gov/reportanimalae.
STORAGE CONDITIONS: Store at room temperature 68-77°F (20-25°C), 
with excursions to 59-86°F (15-30°C).
MANUFACTURED FOR:
Dechra Veterinary Products
7015 College Boulevard, Suite 525
Overland Park, KS 66211 USA
Approved by FDA under NADA # 141-559
Zycosan is a trademark of Dechra Limited.
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