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Abstract

Objective. To determine whether injection laryngoplasty (IL)

resolves thin liquid aspiration among children with unilateral

vocal cord paralysis (UVCP) after cardiac surgery.

Study Design. Retrospective case-control.

Setting. Tertiary children's hospital.

Methods. Consecutive children (<5 years) between 2012 and

2022 with UVCP after cardiac surgery were included.

Resolution of thin liquid aspiration after IL versus observa-

tion was determined for children obtaining videofluoroscopic

swallow studies (VFSS).

Results. A total of 32 children with left UVCP after cardiac

surgery met inclusion. Initial surgeries were N = 9 (28%)

patent ductus arteriosus ligations, N = 7 (22%) aortic arch

surgeries, N = 9 (28%) surgeries for hypoplastic left heart

syndrome, and N = 7 (22%) other cardiac surgeries. The

mean age at initial surgery was 1.8 months (SD: 3.7). All

children had a VFSS obtained after surgery that confirmed

aspiration. There were 17 children that obtained an IL at 33.6

months (SD: 20.9) after cardiac surgery and 15 children

observed without IL procedure. No surgical complications

after IL were noted. The rate of aspiration resolution based

on postoperative VFSS was N = 14 (82%) for the IL group

and N = 9 (60%) for the control group P = .24. Documented

VFSS aspiration resolution after cardiac surgery occurred

by 9.6 months (SD: 10.0) in the observation group and

47.4 months (SD: 24.1) in the IL group (P < .001).

Conclusion. IL can help treat aspiration in children with UVCP

after cardiac surgery but the benefit beyond observation

remains unclear. Future studies should continue to explore the

utility for IL in managing dysphagia in this pediatric population.
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Cardiac disease is among the most common
congenital defects, affecting 0.8% to 1.5% of live
births worldwide.1 Advances in cardiovascular

medicine have led to surgical interventions being offered
within the first year of life. During cardiac surgery,
especially with sternotomy, there is a recognized risk of
iatrogenic injury to the recurrent laryngeal nerve that occurs
in as many as 65% of procedures.2–5

Unilateral vocal cord paralysis (UVCP) from
recurrent laryngeal nerve injury in children can cause
dysphagia and respiratory difficulties.6–8 Aspiration,
which is 2.5 times more likely in patients with UVCP,
results in significant morbidity.9 This impact on swal-
lowing is particularly challenging given the variable
recovery rates that can span months to years.6,10 The
potential for spontaneous UVCP recovery after recurrent
laryngeal nerve injury leads to the pursuit of temporary
interventions such as injection laryngoplasty (IL) to
address dysphagia.

To date, there is limited objective data on swallowing
outcomes after IL for UVCP in the pediatric cardiac
population. Recent evidence has suggested that pediatric
patients who undergo IL within 6 months of UVCP make
greater dietary progress.10 Most studies, however, offer
varying definitions of improvement, include a variety of
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UVCP etiologies, and lack a control group. The primary
objective of this study was to determine resolution of thin
liquid aspiration after IL on videofluoroscopic swallow
studies (VFSS) among children with UVCP from cardiac
surgery. Using a control group observed without IL,
contributions from spontaneous improvement in pediatric
dysphagia over time could be captured. We hypothesized
that IL would offer a higher proportion of aspiration
resolution compared to children not receiving this
intervention.

Methods
The University of Texas Southwestern Institutional
Review Board (IRB) approved the study of children
diagnosed with dysphagia at Children's Health in Dallas,
Texas (STU‐2018‐0284). A retrospective case‐control
study was designed for consecutive children referred to
the aerodigestive providers in the pediatric otolaryn-
gology department between 2012 and 2022. All included
children were diagnosed with UVCP by bedside flexible
fiberoptic laryngoscopy (FFL) and had a history of
cardiac surgery in the first 5 years of life. Cardiac
procedures were determined based on operative reports
and included: patent ductus arteriosus ligations, aortic
arch surgeries, surgeries for tetralogy of Fallot, as well as
repair of hypoplastic left heart syndrome (Norwood and
Fontan procedures). All children needed to have a VFSS
confirming thin liquid aspiration.

The study population was then separated into two
groups. The intervention group included all children that
underwent vocal cord IL medialization. These procedures
occurred with the child placed under general anesthesia
for suspension microlaryngoscopy, bronchoscopy, and
vocal cord injection. A carboxymethylcellulose gel was
injected to the paraglottic space via transoral approach to
provide sufficient medialization of the immobile true
vocal cord (Figure 1A-C). Only children that obtained a

postintervention VFSS were captured. The control group
were children who met similar inclusion criteria but did
not obtain a vocal cord injection. These children also had
a history of cardiac surgery, UVCP diagnosed by FFL,
and underwent a second VFSS to monitor progression in
swallowing outcomes. The patients were allocated to
study or control groups according to clinician preference.

Exclusion criteria for this study were children who:
were older than 5 years old at the time of cardiac surgery,
underwent other major airway surgery, had vocal cord
paralysis not secondary to a cardiac procedure, did not
have preoperative and postoperative VFSS, did not
obtain serial VFSS if in the control group, and those
with incomplete follow up. Children who had cardiac or
vocal cord surgery outside of Children's Medical Center
Dallas were also excluded.

The primary objective was the proportion of children
who had interval resolution of thin liquid aspiration.
This was determined based on VFSS results. Secondary
objectives assessed intraoperative and 30‐day complica-
tion rates, improvement in pharyngeal dysphagia severity
as assessed by our speech‐language therapists, duration of
time to recorded resolution of aspiration from injection,
ability to wean thickening agents, and liberation of
alternative means of nutrition including nasogastric tubes
or gastrostomy tubes.

We collected the following variables including age at
initial surgery (months), sex (male or female), cardiac
procedure performed, dates of instrumental swallow
studies, presence or absence of feeding tubes, and
consistency of feeds tolerated. Additionally, gestational
age (weeks), weight at surgery (kilograms), syndromic
diagnosis (yes/no), history of extracorporeal membrane
oxygenation (ECMO) (yes/no), intraventricular or cere-
bral hemorrhage history (yes/no), and developmental
delay diagnosis (yes/no) were also recorded.

All statistics were performed with Stata (StataCorp,
2023, Stata Statistical Software: Release 18; StataCorp

Figure 1. (A) Direct microlaryngoscopy of a 6-month-old male with left unilateral vocal cord paralysis following a history of coarctation of

the aorta repair. (B) Injection laryngoplasty (IL) of the left vocal cord using carboxymethylcellulose gel. (C) post IL view of the glottis with

medialization of left vocal cord.
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LLC.). Continuous data are presented as means with
standard deviations (SD) or medians with interquartile
range (IQR), where appropriate. Categorical data are
presented as counts with percentage. Univariable analysis
utilized Student's t‐testing for continuous variables and
Fisher's exact test for categorical variables. Statistical
significance was set at P< .05. Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines were followed.11

Results
A total of 32 children met inclusion criteria with
17 children obtaining an IL and 15 children observed
without an IL procedure. Mean age at initial cardiac
surgery was 1.8 months among all children (SD: 3.7). The
cardiac surgeries included were N = 9 (28%) patent ductus
arteriosus ligations, N = 7 (22%) aortic arch surgeries,
N = 9 (28%) surgeries for hypoplastic left heart syndrome,
and N= 7 (22%) other cardiac surgeries. All children had
thin liquid aspiration on initial VFSS and all had left
vocal cord paralysis.

The children in the intervention group received an
injection at 33.6 months (SD: 20.9) after cardiac surgery.
Of note, no surgical complications after injection laryngo-
plasty were documented. Intraoperatively, there were no
cases of bronchospasm or laryngospasm. Post‐operatively
there were no cases of stridor, reintubation within 30 days, or
increased oxygen requirements necessitating supplementa-
tion. There were also no documented long‐term sequelae on
chart review within 30 days of IL after a mean of 4.4 years
(SD: 2.1) of follow‐up.

A subsequent VFSS was obtained 9.2 months (SD:
18.9) after IL or 16.3 months (SD: 19.7) after initial VFSS
in the control group. Table 1 compares key characteristics

between the IL group and control group. The proportion
of children with a syndromic diagnosis (12% vs 27%,
P= .38), history of intraventricular or cerebral hemor-
rhage (18% vs 13%, P= .99), developmental delay
diagnosis (35% vs 33%, P= .99), and history of ECMO
(24% vs 13%, P= .66) were no different between IL and
control groups. Further, weight at surgery was also no
different between groups (3.3 kg [SD: 2.3] vs 3.3 kg [SD:
1.3], P= .98). Six children had a syndromic diagnosis,
which included two with DiGeorge syndrome, and one
each of Trisomy 21, Phelan‐McDermid syndrome, 5p
partial monosomy syndrome, and Turner syndrome.

When comparing swallowing outcomes, more children
in the IL group necessitated modified consistencies
preoperatively 82% versus 40% (P= .03). The rate of
aspiration resolution based on postoperative or interval
VFSS was N= 14 (82%) for the IL group and N= 9 (60%)
for the control group (P= .24). Documented VFSS
aspiration resolution cardiac surgery occurred by 9.6
months (SD: 10.0) in the observation group and 47.4
months (SD: 24.1) in the IL group (P< .001). The
removal of a feeding tube (64% vs 60%, P= .99),
requirement of consistency thickening modification (35%
vs 36%. P= .99), and rates of pharyngeal dysphagia
severity improvement (82% vs 73%, P= .68) were no
different between groups.

Discussion
This case‐control study explored the relationship between
IL for UVCP and aspiration resolution in the pediatric
cardiac population. Though previous reports have looked
at pediatric vocal cord immobility and dysphagia, this is
the first study to focus on cardiac patients with objective
swallow data using a control group. While IL is safe,

Table 1. Patient Characteristics and Swallowing Outcomes by IL Group

Characteristic IL group (N = 17) Control group (N = 15) P value

Age at cardiac surgery mo. (SD) 2.7 (4.8) 0.9 (1.7) .18

Male sex, no. (%) 13 (76) 8 (57) .44

Weight surgery, kg. 3.3 (2.3) 3.3 (1.3) .98

Gestational age, wk. (SD) 32.8 (6.9) 36.1 (5.0) .14

Syndromic, no (%) 2 (12) 4 (27) .38

Intraventricular hemorrhage, no. (%) 3 (18) 2 (13) .99

Developmental delay, no. (%) 6 (35) 5 (33) .99

History of ECMO, no. (%) 4 (24) 2 (13) .66

Feeding tube, no. (%) 14 (82) 15 (100) .23

Modified consistencies initially, no. (%) 14 (82) 6 (40) .03

Initial NPO, no. (%) 3 (18) 7 (47) .13

Initial tolerate thin liquids, no. (%) 0 0 -

Interval tolerate thin liquids, no. (%) 14 (82) 9 (60) .24

Feeding tube removed, no. (%) 9 (64) 9 (60) .99

Modified consistencies subsequently, no. (%) 6 (35) 5 (36) .99

Improved dysphagia severity, no. (%) 14 (82) 11 (73) .68
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well‐tolerated and can offer improvement in swallowing
function, the added benefit over observation may be less
certain. Specifically, 60% of untreated patients experienced
resolution of their dysphagia, compared to 82% of the IL
intervention group. This difference was not statistically
significant and suggests that observation may be reasonable
in some cardiac patients. Additionally, the time to docu-
mented resolution of aspiration was significantly longer with
our intervention group, 47 months versus 9.6 months and an
IL may prolong the confidence in advancing oral intake until
these procedures are completed. The failure to demonstrate a
statistically significant improvement in outcome following
injection laryngoplasty may have been related to the timing
of the follow up VFSS, being 9 months after the procedure,
at a time when the injected gel would have been resorbed.
Future studies may benefit from shorter interval swallow
assessments to better characterize the improvement status
immediately following IL. Though our intervention of IL
aimed to address the protection of the airway, our data does
not definitively show a benefit to the resolution of thin liquid
aspiration.

In adults, early intervention using IL within 6 months
after vocal cord injury can reduce the need for further
surgical intervention.12 However, there is limited data among
pediatric patients. Physiologically, the vocal cords contribute
to phonation and airway protection. Anatomically, glottic
adduction helps create a physical barrier against aspiration.
When the ability to adduct is compromised, there is a
decreased ability to protect the airway during swallowing.
This results in a 2.5‐fold increase in aspiration risk among
patients with vocal cord immobility.9 Studies of children with
vocal cord immobility find that as many as 87.5% of patients
will develop voice and swallowing dysfunction.3,13,14 The
dysphagia and aspiration risk can necessitate dietary
modification, supplemental enteral feeds, or complete enteral
feeds in 68.5% to 80.5% of children.3,13 In this series, a
nasogastric tube was placed in nearly all patients and dietary
modification or NPO status was common. Consequently,
this population of children after cardiac surgery will struggle
frequently with swallowing that may be challenged by factors
beyond just the vocal cords. Offering IL is a reasonable
approach to try and mitigate the broader dysphagia
challenges, even if the improvement may be modest in
some children.

There are several advantages to an IL procedure for
children with UVCP. IL augments the immobile cord to
reduce the glottic gap and can improve protection of the
airway from thin liquids.10,14 Objective improvement in
swallow function following IL can be found for 63.6% to
89% based on VFSS aspiration rates.10,13,15 Additionally,
a systematic review of objective and subjective improve-
ment of swallow noted an improvement in 84.5%
following IL.16 Encouragingly, complications rates re-
main low, reported after 0% to 17% of IL procedures with
most characterized as minor; including transient increased
oxygen requirement, prolonged operative time, and
intraoperative laryngospasm or bronchospasm.10,13,15

Based on the findings shown here, we corroborate that
injection laryngoplasty can potentially provide improve-
ment in objective swallowing outcomes. IL has a
favorably low rate of complications, though this was a
secondary objective. Clinicians can therefore consider this
modality when assuming they are of acceptable cardio-
pulmonary risk for spontaneous ventilation under general
anesthesia.

Prior studies offer a wide range of follow‐up times
between IL and instrumental swallowing assessments,
ranging from days to years.10,13–15,17 Ultimately, there has
been no clear data on the anticipated time to aspiration
recovery for vocal cord injection pediatric patients. This
timeline variability can distort improvement percentages,
as children may naturally experience a spontaneous
improvement in dysphagia and vocal cord function over
time without interventions. Multiple studies looking at
pediatric UVCP have shown varying rates of spontaneous
return of vocal cord function, ranging from 28% to
86.5%.3,7,14 Published data on time to vocal cord function
recovery, particularly in pediatric cardiac patients,
showed resolution in 18.9% by 3 months, 63% by
6 months, 78.4% by 12 months, and 86.5% within
24 months.3 While we did not look specifically at rates
of recovery of vocal cord immobility, the use of a control
group and the improvements made over time, suggest that
observation is a reasonable strategy if IL is not being
considered. The added step of an IL may, in fact, prolong
the objective measurement of swallowing skills, and delay
confidence in advancing oral feeding. This suggests
combining instrumental evaluations with clinical assess-
ments so that children obtaining an IL do not need to
wait unnecessarily to advance swallowing.

The association between UVCP and dysphagia within
the pediatric population requires additional exploration.
As noted, a primary goal of IL is to counteract the
immobility of the vocal cord by closing the glottic space
and preventing thin liquid aspiration. Some studies
examining vocal cord immobility resolution assume an
improvement in dysphagia, yet dysphagia improvement
can occur independently of improvements in vocal cord
immobility. One group noted that of all patients with
vocal cord immobility on initial assessment, only 68.5%
were unable to feed orally. At follow‐up only 42.6% had
resolution of vocal cord mobility, but only 20.5% were
still unable to feed orally.14 The use of a control group in
the findings shown here suggest that improvement in thin
liquid aspiration, need for thickened consistencies, or
need for enteral feeding may evolve in the pediatric
cardiac population with UVCP even without intervention.
Additional work will be needed to further identify the
optimal candidates for IL for UVCP along with
characteristics that would correlate with increased benefit
on swallowing skills.

Limitations to this study include the retrospective
investigation of a small sample size. This can lead to
selection bias since children selected for an IL procedure
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were clinician‐dependent and not randomized. There was
also an inability to determine whether improvement in
dysphagia in the observation group is due to better
compensatory mechanisms in children over time versus
speech therapy assistance. In children for example, a more
anterior and superiorly positioned larynx is more
protective overall against aspiration.18,19 In the interven-
tion group, there was also inconsistent variation in the
timing of an IL, which may be a confounding factor on
the results. Additionally, while more children in the IL
group were cleared for oral intake at the time of the initial
VFSS, most of them necessitated thicker consistencies.
This difference in oral intake clearance and consistency
modification between groups may reflect differences in
dysphagia severity that impacted the time to swallowing
improvement. In the future, a larger, perhaps multi‐center
study would be beneficial to collect more patient data
over time and evaluate other secondary endpoints. This
might further clarify a difference between IL and
observation and help identify characteristics associated
with swallowing improvement.

Conclusion
Pediatric swallowing is a complex process and UVCP can
contribute to feeding challenges after cardiac surgery.
While IL can lead to improvement in swallowing based on
postoperative VFSS, there are still children who can
improve without this intervention. Given the low risk and
potential benefits to phonation and aspiration for some
patients, utilization of IL should continue to be con-
sidered. Providers should recognize that this procedure
does not guarantee resolution of dysphagia and it may
not expedite the recovery of swallowing dysfunction.
With this current data, it may even sometimes be wise
to delay intervention in some children who may be at
higher risk for general anesthesia. Future studies should
continue to explore the utility for IL in managing
dysphagia secondary to vocal cord paralysis.
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