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Abstract

Obijectives: Children with type | laryngeal clefts and sialorrhea can have posterior
drooling, aspiration of oral secretions, and respiratory complications. Laryngeal cleft
injection laryngoplasty (LCIL) and salivary botulinum injections (Sal-Bot) have been
used separately for short-term treatment of type | laryngeal clefts and sialorrhea. Our
goal was to evaluate combined LCIL and Sal-Bot and create recommendations for
further treatment based on response to initial treatment.

Methods: Retrospective chart review of nine patients who underwent direct laryn-
goscopy and bronchoscopy with combined LCIL and Sal-Bot from 2012 to 2019.
Charts were reviewed for patient characteristics, response to treatment, and pre and
post-op hospitalizations. Subsequent procedures were performed depending on effi-
cacy of initial treatments.

Results: Nine patients were identified. All had pre-existing neurologic conditions,
gastrostomy tubes, and a history of coughing and choking on secretions. Only one
patient was able to feed orally (purees). 1 U/kg of botulinum toxin per gland was
injected into each parotid and submandibular gland. The average units of botulinum
toxin injected was 67 U. The mean laryngeal cleft injection volume was 0.35 cc. Sub-
sequent treatment was based on timing of symptomatic improvement and individual
patient factors. Five patients had respiratory-related hospitalizations in year preced-
ing the procedures (median 1.5, range 1-10). Three (60%) had a reduction in
respiratory-related hospitalization 1 year post procedure (median 1, range 1-3). One
patient died during the follow up period due to continued chronic respiratory failure.
Conclusions: This is the first study of combined laryngeal cleft injection laryngoplasty
and botulinum toxin injections for patients with posterior laryngeal penetration and
aspiration of oropharyngeal secretions. We highlight strategies for choosing subse-
quent procedures based on response to initial treatment.
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1 | INTRODUCTION

Laryngeal clefts in children can present with respiratory symptoms
such as choking, feeding issues, recurrent respiratory infections, pneu-
monia, stridor, and cyanosis.? A laryngeal cleft is an abnormal poste-
rior communication between the larynx and the pharynx/esophagus.?
Based on the Benjamin and Inglis classification scheme, type | laryn-
geal clefts do not extend below the level of the vocal cords. In chil-
dren evaluated for aspiration or other respiratory diseases, the
incidence of type 1 laryngeal clefts was found to be 4.4%.*

The overarching goal of type 1 laryngeal cleft management is the
prevention of pulmonary complications. Laryngeal cleft injection
laryngoplasty (LCIL) is an accepted method of diagnosing and treating
type 1 laryngeal clefts. LCIL involves injecting a biologic material into
the submucosa of the interarytenoid space.’> LCIL has seen favorable
results in reduction of symptoms such as dysphagia and aspiration in
pediatric patients. There are no permanent injectable materials, but
LCIL can been useful in identifying patients that might benefit from
further surgical intervention.®™®

Children with neurological disorders may have difficulty managing
their own secretions and thus present with sialorrhea and/or aspira-
tion of secretions, which may result in aspiration pneumonia.” There
are two type of sialorrhea: anterior drooling, saliva excretion through
the front of the mouth, and posterior drooling, saliva spilling posteri-
orly into the oropharynx.’® Posterior drooling has been associated
with aspiration, which is a major cause of morbidity and mortality in
children with cerebral palsy.t!

Salivary gland botulinum toxin injection (Sal-Bot) with or without
ultrasound guidance/sedation is often used for sialorrhea manage-
ment.”? In this procedure, botulinum toxin is injected into the subman-
dibular and/or parotid glands. The toxin blocks the release of
acetylcholine and causes decreased saliva production. Salivary gland botu-
linum injections have been shown to decrease drooling frequency and
severity, lessening the impact of drooling on patients and their families.*®

Decreased saliva production after Sal-Bot with Botox-A in the
short term occurs in >80% of children with sialorrhea.’* In a small
number of patients there is no change in secretions. For those with a
response, the decrease in saliva production lasts 2-5 months, with the
peak occurring around 2-4 weeks.'* A randomized controlled trial
showed that Sal-Bot had a 26.9% efficacy in reducing symptoms by
over 50% based on survey after 32 weeks.® In contrast, the effect of
LCIL is almost immediate.*® Per the manufacturer carboxymethylcellu-
lose is resorbed in 3-6 months. When observed in a canine model,
the carboxymethylcellulose was completely resorbed around 6-
8 weeks.? Anecdotally, it is our experience that LCIL are resorbed in
1-3 months. Therefore, in patients with laryngeal clefts, recurrence of

symptoms could be seen a few months after LCIL.Y”

There is a population of pediatric patients with both type | laryn-
geal clefts and sialorrhea. Although LCIL and Sal-Bot have been used
separately as therapies for type | laryngeal clefts and sialorrhea, there
is little information on combined LCIL and Sal-Bot.

The purpose of this study is to review our experience with con-
current LCIC and Sal-Bot injections.

2 | METHODS

With approval from the Baylor College of Medicine Institutional
Review Board (H-47290), a retrospective chart review was performed
on patients who underwent concurrent LCIL and Sal-Bot injections
from January 2012 to January 2020. Patients gave informed consent
prior to participation in the study. Only patients who had Type 1 laryn-
geal clefts were included in the study. Data collected included demo-
graphics, past medical history, feeding modality, number of bibs used
per day, number of hospitalizations for respiratory diagnoses including
acute respiratory distress, acute on chronic respiratory failure and
pneumonia 1 year before and 1 year after LCIL and Sal-Bot Injections.
Neurology notes were reviewed to estimate achieve developmental
milestones.

All patients underwent direct laryngoscopy and bronchoscopy.
After suspension laryngoscopy, the interarytenoid region was pal-
pated to confirm the presence of a type 1 laryngeal cleft. Palpation
for the presence of a laryngeal cleft was performed in cases with signs
or symptoms of aspiration including coughing and choking on secre-
tions. A laryngeal cleft was then injected with carboxymethycellulose
(Prolaryn voice gel, Raleigh, NC) only in patients who has a confirmed
laryngeal cleft at the discretion of the performing surgeon. In addition,
Onabotulinum Toxin A (Botox, Allergan, Dublin, Ireland) was injected
at 1 U/kg per gland into the parotid and submandibular glands with
ultrasound guidance (max dose 100 units total). Patients were
followed for response to treatment, and subsequent procedures were

performed depending on efficacy of initial treatments.

3 | RESULTS

Nine patients were identified who had undergone concurrent LCIL
and Sal-Bot injections. All patients in this study had neurologic condi-
tions such as cerebral palsy (CP) or hypoxic ischemic encephalopathy
(HIE) (Table 1). The average age was 4.18 years (1.12-10.89 years).
All patients had feeding difficulties that required placement of gas-
tronomy tube. One patient (patient 1) was able to tolerate pureed
feeds by mouth. One patient (patient 8) had a pre-existing
tracheostomy tube.
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TABLE 1 Patient demographics and medical history.
Gastronomy X X
Age — Units of botulinum Volume of prolaryn
Pt (years) Gender Developmental notes Medical comorbidities (Y/N) toxin injected gel injected (cc)
1 1.89 M 6-month-old developmental Dandy Walker malformation, Y 100, 100, 30 0.50
age seizure, polymicrogyria
2 4.44 M Responsive to painful stimuli,  Myoclonic epilepsy, static Y 80 0.70
unable to follow encephalopathy, dystonic
commands and nonverbal CP
3 8.26 M Non-verbal, poor head Seizure disorder, CP, Y 56 0.50
control, does not sit up dystonia, seizure,
hydrancephaly
4 1.13 M Non-verbal, poor head Moderate to severe HIE, Y 40 0.25
control, sits with support epilepsy
5 2.96 M Globally delayed, but no CP, spastic, severe HIE Y 72 0.30
specific assessments due
to frequent
hospitalizations
6 2.38 M 9-month-old developmental 24-week gestation, Dandy Y 40 0.15
age Walker malformation,
ataxic CP
7 1.51 F 4-month-old developmental Severe HIE, hypotonia, Y 50 Not recorded
age seizures
8 10.89 F Non-verbal, full dependence HIE, CP quadriplegic, anoxic Y 100, 100 0.20
for activities of daily living brain injury, tracheostomy
9 1.64 M 4-month-old developmental Spastic CP, HIE Y 40 0.20

age

Abbreviations: HIE, hypoxic-ischemic encephalopathy; CP, cerebral palsy.

Between 10 and 25 U of botulinum were injected into each
parotid and submandibular gland. The total amount of botulinum
injected over four glands ranged from 40 to 100 U. Patient 1 was
injected with botulinum in three separate sessions with the first two
using 100 U each and the last using 30 U. Patient 8 received two ses-
sions of botulinum injections with 100 U used in each. All other
patients received a single session of botulinum injections. The average
units of botulinum toxin injected was 67 U (30-100 U). The average
volume of the laryngeal cleft injections was 0.35 cc (0.15-0.7 cc).

Five patients had at least one respiratory-related hospitalization
in the year prior to the procedures (Table 2). The median number of
pre-injection respiratory hospitalizations in this group was 1.5 (range
1-10). Among those patients, the median number of 1-year respira-
tory hospitalizations post-injection was 1 (range 1-3). Patient 5 died
during the 1 year follow up period due to continued chronic respira-
tory failure related to their underlying disease process and was
excluded from pre and post procedure hospitalization statistics.

All patients presented with coughing and choking on secretions. Sub-
sequent treatment was based on response to combined Sal-Bot and LCIL
as shown in Figure 1. Patient 1 had no change in coughing and choking
within the first 2 weeks but had improvement during week 3 as drooling
decreased. For this patient, since effect was driven by Sal-Bot, a repeat
salivary gland botulinum toxin injection was recommended, and the
patient eventually underwent bilateral submandibular gland excision.

Patients 6 and 8 had improved coughing and choking on secre-

tions within days of Sal-Bot and LCIL but had no effect on drooling or

no improvement in the subsequent weeks. These patients went on to
have endoscopic laryngeal cleft repairs only.

Five patients had improved coughing and choking within a day of
initial combined treatments and then had further improvements over
the first 3-4 weeks and/or decreased drooling over that time. With
shared decision-making further treatments were tailored. Patient
2 had a planned repeat Sal-Bot and LCIL that was deferred due to pro-
gressive hypotonia, hypoventilation, and obstructive sleep apnea over
the course of 1 year necessitating tracheostomy. Patients 3 and 9 had
durable improvement in drooling and choking on secretions and have
not required any additional interventions. Patient 4 underwent laryn-
geal cleft repair and Sal-Bot. Patient 7 who had 10 episodes of respi-
ratory hospitalizations in the preceding year, underwent combined
laryngeal cleft repair and four duct ligation a year after LCIL and Sal-
Bot injections. Patient 5 had no response to treatment had worsening
respiratory infections and hypoventilation as a natural progression of
his underlying disease. Hospice care was recommended, and the

patient subsequently died.

4 | DISCUSSION

Patients with underlying neurologic diagnoses in additional to
sialorrhea and laryngeal clefts are at risk of aspiration of secretions
and associated respiratory complications. Controversy exists in the

efficacy of thin liquid intake restriction in prevention of aspiration
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TABLE 2 Patient symptoms, hospitalizations, and subsequent procedures.

Respiratory Respiratory
hospitalizations hospitalizations 30-day adverse
1 year before LCIL 1 year after LCIL and 30-day adverse events events from
and Sal-Bot from LCIL and Sal-Bot subsequent
Pt Presenting symptoms injection Sal-Bot injection injection Subsequent procedure procedure
1 Coughing and choking on 0 0 None Botulinum toxin injections None
secretions, 6 bibs/day and eventual
submandibular gland
excision
2 Coughing, choking on 5 2 None Planned botulinum toxin and N/A
secretions, aspiration, laryngeal cleft injection,
recurrent respiratory but patient had respiratory
infections failure requiring
tracheostomy
3 Choking on secretions, 1-2 0 0 Transient increase in No subsequent procedures ~ N/A
bibs/day apneic events 1 week needed
post procedure
4 Choking on secretions, 3-4 3 2 None Laryngeal cleft repair & None
bibs/day, recurrent repeat botulinum injection
respiratory symptoms
5 Choking on secretions, 8 4 Bronchospasm, ICU Hospice care, deceased N/A
constant drooling, admission
recurrent respiratory
symptoms
6 Choking on secretions, 1-2 0 0 None Laryngeal cleft repair N/A
bibs/day, dysphagia
7 Choking on secretions, 4-5 10 3 None Combined laryngeal cleft None
bibs/day, recurrent repair and four duct
admissions for respiratory ligation
symptoms
8 Increased tracheostomy 2 1 None Laryngeal cleft repair N/A
secretions, 1-2 bibs/day,
recurrent respiratory
secretions
9 Choking and gagging on 1 1 None No subsequent procedures  N/A
secretions, respiratory needed

infections, 1-2 bibs/day

No response initially,
decreased secretions
and choking weeks 3- 4

Salivary Gland
Procedures

Combined Laryngeal
Cleft Injection Decreased choking Day
Laryngoplasty (LCIL) 0-1, no improvement in
and Salivary Gland subsequent weeks or
Botulinum Toxin change in secretions
Injection (Sal-Bot)

Presents with
coughing and choking
on secretions/saliva

Laryngeal Cleft Repair

Decreased choking Day Shared decision making
0-1, with improvement for repeat LCIL + Sal-Bot
in subsequent weeks versus LC repair + Sal-
and decreased in Bot versus combined LC

secretions repair + Salivary Gland
Procedure or
Observation

FIGURE 1 Schema of patients.
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related lung disease.'® At the time of interventions all patients in our
study had a restriction of thin liquids, but had choking on their secre-
tions. Although there are multiple options for treatment, there are no
clear standards for systematically diagnosing and treating patients
with both conditions.

In this study, type 1 laryngeal clefts were diagnosed by the com-
mon technique of palpating the cleft with a right-angle probe. In
2020, Newberry et al. noted that there may be poor inter-rater reli-
ability of otolaryngologists diagnosing type 1 laryngeal clefts when
presented with images of type 1 laryngeal clefts palpated with a
probe.*” However, Newberry et al. did state that the use of images
and inability for raters to physically feel the laryngeal cleft with the
probe may have affected results. Coppess et al. proposed a modifica-
tion of the technique which they call the Interarytenoid Assessment
Protocol (IAAP) which involves palpating the laryngeal cleft with a
right-angle probe and then swinging the probe anterolaterally to com-
pare the depth of the cleft to anatomical laryngeal reference points.'?
The authors of the IAAP showed good inter-rater reliability, and use
of this modified probe technique may help standardize diagnosis of
type 1 laryngeal clefts. Additionally, there was most likely some vari-
ability in the decision to inject a Type 1 laryngeal cleft. No clear guide-
lines exist for patients who may be NPO, and intervention for
injection laryngoplasty.

For patients with sialorrhea and Type 1 laryngeal clefts, we focus
on combined laryngeal cleft injection laryngoplasty and salivary botuli-
num injections as diagnostic methods to guide follow-up treatment.
Based on the timing of symptomatic response, it was determined
whether the laryngeal cleft effect or the drooling effect was the domi-
nant cause of symptomes. In rare cases, patients may have lasting reso-
lution of symptoms after Sal-Bot or LCIL and require no more
intervention. Most of the time, Sal-Bot and LCIL are temporary mea-
sures and eventually have resumption of symptoms. Therefore, the
results of Sal-Bot and LCIL are used to inform further treatment such
as a formal laryngeal cleft repair or salivary gland surgery.

The treatment paradigm is based on following symptoms over
time. There are many proposed assessments of posterior drooling and
salivary aspiration, but assessments are usually subjective and are
mostly unvalidated. Nuclear aspiration studies can detect salivary
aspiration but may not be able to differentiate between excessive sali-
vation and an anatomical defect such as a laryngeal cleft.?° Shoval
et al described an unvalidated posterior drooling scale based on the
presence or absence of coughing and choking while sitting or lying
down.2! For interpreting videofluoroscopic studies, the penetration-
aspiration scale is an 8-point scale which can be used to interpret by
characterizing depth and response to airway invasion. Borders and
Brates performed a systematic review of the PAS literature in 2019
and found that studies using the PAS had poor interrater reliability
and discrepancies in statistical treatment.?? Nevertheless, they con-
cluded the PAS may have value in interpreting videofluoroscopic stud-
ies if statistical approaches are consistent across studies. Dye testing
with a small amount of dye placed in the oral cavity with endoscopic
assessment of the hypopharynx such as the Modified Evan's blue dye
test (MEBDT) may be helpful as an aspiration assessment in patients

who are NPO or where FEES is contraindicated.?® Surveys can be
subjective methods of monitoring symptoms after laryngeal cleft
interventions. The feeding swallowing impact survey (FSIS) is a vali-
dated survey in for quality of life in children after treatment which can
indicate need for further interventions.?*

For patients whose symptoms are primarily caused by posterior
drooling, salivary gland surgery such as submandibular gland excision,
sublingual gland excision, or duct ligation are more effective than bot-
ulinum injection.?> Nevertheless, surgery has inherent risk, and there
is a possibility of surgery failing to improve symptoms due to drooling
coming from a source unamenable to gland excision or ductal
ligation.?®

Because definitive surgical interventions carry increased risk over
Sal-Bot, it is necessary to determine whether the patient's respiratory
symptoms and dysphagia are due to the laryngeal cleft effect, the dro-
oling effect, both, or due to other causes. If there was no response
after combined injections in the first few weeks and a gradual
improvement in coughing and choking as drooling decreased, then the
botulinum injection was determined to improve the symptoms. The
laryngeal cleft injection laryngoplasty, which usually works immedi-
ately, had no effect. In this situation, the drooling effect predominated
in the patient, and a submandibular excision was performed.

If the response occurred in the first few days and there was no fur-
ther improvement over subsequent weeks, then the laryngeal cleft injec-
tion laryngoplasty was effective, and the botulinum injection was
ineffective. Since the laryngeal cleft effect was dominant, a laryngeal cleft
repair was done. However, a small number of patients may develop respi-
ratory distress, cough, or stridor as complications of LCIL which can
obfuscate the improvement of symptoms.?” In these cases, the complica-
tions should be noted and the patient's ongoing symptoms should be
followed more closely to determine which effect was dominant.

In the case where there was initial improvement in the first few
days and further improvement over weeks with decreased drooling,
both injections were effective, and combined treatments were consid-
ered. The combined treatments performed included repeat combined
LCIL and Sal-Bot, LC repair and Sal-Bot injections, and LC repair and a
salivary gland procedure. A summary of our treatment paradigm is
shown in Figure 1.

We acknowledge that this study was limited by its sample size of
nine patients. As a result, it was not possible to demonstrate efficacy
of the proposed management plan with statistical analysis. Further-
more, objective data such as modified barium swallow findings or dro-
oling severity and frequency scale were not reported for all patients in
the sample, so symptomatic improvement was determined by qualita-
tive results. Consequently, this study presents our experiences in
managing the symptoms of these nine. Additionally, the treatment
paradigm outlines possible routes for further intervention for patients
but does not dictate whether those interventions should be done.
Physicians must still use their clinical judgment to determine whether
in a specific patient the benefits of invasive intervention outweigh the
risks. The treatment schema proposed can be further developed with
future studies that look at the marginal benefit of prescribed interven-

tions in this patient population.
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| CONCLUSION

We present the first study of patients for concurrent laryngeal cleft

injection laryngoplasty and salivary gland botulinum toxin injections for

patients who cough and choke on their oropharyngeal secretions. We

highlight strategies for choosing subsequent procedures, when needed.
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