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Management of pediatric bilateral vocal cord palsy (BVCP) is a controversial and

challenging topic. It may represent a severe obstructive condition usually associated

with respiratory distress, and, in such condition, tracheostomy has been considered the

gold standard for a long time. Many surgical options have been described and used to

increase the glottic space in BVCP (1), with ongoing research of less invasive techniques.

The challenge and current trend in our department and in many major pediatric centers is

to avoid tracheotomy through an early treatment. Many techniques introduced in the last

decade reduced the number of tracheotomies and increased the decannulation rate.

Furthermore, we observed a recent increase in attention to preserve the quality of the

voice with new techniques, such as endoscopic arytenoid abduction lateropexy which

is in our opinion an important innovation to improve glottic space with satisfactory voice

results. We present a review of the literature about the evolution of the treatment options

for pediatric BVCP during the years.
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INTRODUCTION

Vocal cord paralysis (VCP) is the second most common congenital laryngeal anomaly in pediatric
age (10–15%) (2).

Unilateral VCP and bilateral VCP differ in clinical presentation, etiology, and treatment.
Bilateral vocal cord paralysis (BVCP) can be characterized by stridor, respiratory distress,
suprasternal, and chest retractions, sleep apneas, and failure to thrive, and it represents up to 62% of
all pediatric VCPs (3). Instead mild stridor, aspiration, and hoarse and breathy voice are generally
suggestive of unilateral vocal cord paralysis (UVCP).

VCP results from laryngeal innervation disorders, posterior glottic stenosis, or cricoarytenoid
joint’s (CAj’s) fixation. All the motility anomalies of the larynx are described with the term
“laryngeal immobility.”

An awake laryngeal endoscopy is the essential test for diagnosis of the paralysis, and a complete
airway endoscopy under general anesthesia is always recommended to exclude other airway-
associated pathologies and to differentiate the paralysis from vocal cord fixation (cricoarytenoid
joint ankylosis, posterior glottic stenosis). About 45% of the cases of congenital BVCP have
other airway diseases, and the most common are laryngomalacia, subglottic stenosis, and
tracheomalacia (4).

In infants and children, VCP has mainly neurological, traumatic (birth trauma), and iatrogenic
(post-surgical complications) (4–8) etiology. An MRI is often required to evaluate the central
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nervous system. In about one-third of the neurological cases,
Arnold–Chiari II malformation is present with concomitant
hydrocephalus and myelomeningocele. Furthermore, a large
number of BVCPs are idiopathic (4, 5) and according to the
literature, spontaneous recovery of vocal cord motility is possible
within 1 or 2 years over the two-thirds of patients (3, 9, 10).

The treatment’s choice has many variables; in particular,
urgent intubation may be required in case of severe respiratory
distress to ensure a safe airway. Placement of a tracheostomy can
be required (11) in order to wait for a spontaneous recovery or
the therapeutic choice.

In the last decade, the possibility of an early treatment
avoiding tracheotomy has been considered, in particular with
the proposal of minimally invasive treatments with preservation
of the vocal folds, such as endoscopic arytenoid abduction
lateropexy (1) or anterior–posterior cricoid split (12).

The best timing of surgical intervention is not standardized,
and it is generally discussed case-by-case. Investigating the
etiology of paralysis is crucial to predicting the possibilities
of recovery and the timing of treatment. Other important
prognostic variables are presence of comorbidities, associated
airway diseases, age of the patients, and severity of the
clinical condition.

Several surgical procedures to improve the glottic respiratory
space have been proposed over the years, both endoscopic and
open surgery, but a standard treatment has not been established.

The aim of this paper is a review of the literature
on the treatment’s options on pediatric bilateral vocal cord
paralysis, focusing on the most recent techniques and the most
promising and conservative approach currently available in this
delicate field.

SURGICAL OPTIONS

Many surgical options have been described and used to increase
the glottic space in BVCP (13), with continuous research of less
invasive techniques. In 1946, Woodman (14) published a series
of patients treated by arytenoidectomy and suture lateralization
of the vocal process performed with the external posterolateral
approach. This technique was reported with good results also by
Cohen in 1973 (15) and Narcy in 1990 (16).

Other authors described partial and total arytenoidectomy
with lateralization of the vocal process through the laryngofissure
approach, making a midline incision of the thyroid cartilage
(3, 17).

Thornell was one of the firsts to promote endoscopic
procedures; he performed endoscopic arytenoidectomy using
electrocautery (18). The development of the CO2 laser gave new
possibilities, ensuring greater precision, so in 1984 Ossoff et
al. (19) described endoscopic CO2 laser posterior cordotomy
and in 1989 Dennis and Kashim (20) endoscopic laser CO2
arytenoidectomy (Figure 1).

In 1993, Crumley (21) proposed a variation of this procedure:
endoscopic laser medial arytenoidectomy, preserving part of the
cartilage including the vocal process, to reduce the consequences
on the voice function. Bad voice quality is the main adverse effect

FIGURE 1 | CO2 Laser right partial arytenoidectomy.

of the surgery for BVCP, in particular after aritenoidectomy and
posterior cordotomy (22, 23).

Most of the literature about the treatment of BVCP is
referred to adult patients. One of the few describing a series
of pediatric patients compared results of endoscopic vs. open
arytenoidectomy [1994, Bower et al. (24)]. The series of 30
patients underwent endoscopic or external arytenoidectomy and
lateralization, resulting in a higher decannulation rate for open
arytenoidectomy (84%) than the endoscopic arytenoidectomy
one (56%).

In 1989, Dennis and Kashima (20) introduced laser partial
cordotomy (Figure 2) as a new endoscopic technique, which
consisted of a triangular excision of the posterior true vocal fold
and false vocal fold to improve the glottic respiratory space. In
2001, Friedman et al. (25) reported a series of pediatric patients all
decannulated after posterior cordotomy. A combined endoscopic
use of the two methods may be indicated (26).

A surgical revision may be often necessary both post
arytenoidectomy than post posterior cordotomy for the presence
of scar tissue or granulations, but the decannulation rate is
high (27–29).

The use of new technologies has recently increased, with
functional improvement and lower risk of thermal damage to
the surrounding tissues: in 2015, Googe et al. (30) presented 14
cases of arytenoidectomy by coblator, and in 2018 Basterra et
al. (31) described posterior cordotomy in bilateral vocal cord
paralysis using monopolar microelectrodes and radiofrequency
in 18 patients.

Ozturk et al. (32) compared laser cordotomy and diathermy-
assisted cordotomy. Both the techniques gave a sufficient increase
in respiratory space, stable over time, confirmed by respiratory
functional test results. However, they showed a deterioration in
terms of voice quality without significant differences between the
two procedures.

Another procedure to improve the laryngeal respiratory space
is the posterior cricoid split with rib grafting. This surgery,
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FIGURE 2 | Result after CO2 laser left posterior cordotomy.

mainly indicated for the treatment of glottic–subglottic stenosis
and posterior glottic stenosis (33, 34), consists of a posterior
enlargement of the interarytenoid space by splitting the cricoid
plate and placing a rib cartilage graft, through laryngofissure
(35) or using an endoscopic approach (12) (Figure 3). In 1994,
Gray et al. (35) described the treatment of three cases of BVFP
using this surgical procedure, with good outcomes in terms of
decannulation (each patient was decannulated), and in 2003,
Inglis et al. (12) published the results obtained in a series of
10 patients who underwent this surgery through endoscopic
technique. For the latter, an excellent laryngeal and subglottic
space exposure is crucial to performing midline posterior cricoid
incision by CO2 laser and splitting and where to put the cartilage
rib graft opportunely shaped without appose sutures [no cases
of graft dislodgment were described by Inglis in his paper (12)].
Recently, on 2017 again Inglis et al. (36) published a review of
their experience about endoscopic posterior cricoid split during
the last fifteen years. They described a series of 33 patients (32
had tracheostomy) with different pathologies (subglottic stenosis,
posterior glottic stenosis, and bilateral vocal cord immobility)
and a rate of decannulation after this surgery of 65.6% (only
28.6% for bilateral vocal fold immobility). This endoscopic
procedure has the advantage of preserving the anatomy of the
vocal folds and, theoretically, does not cause problems in case
of spontaneous recovery of the motility and does not preclude
the possibility of other surgeries, but its success was different
for the pathologies treated, with worse results in subglottic
stenosis combined with vocal cord paralysis. Furthermore, this
surgery can be complicated by dysphagia and tracheotomy was
considered before or during the endoscopic posterior cricoid
split to prevent the risk of respiratory complications in case of
dislodgment of the graft (36).

In 2018, Rutter et al. (37) proposed their results with the
use of anterior–posterior cricoid split in a series of children in

FIGURE 3 | Endoscopic posterior cricoid split with rib grafting.

order to avoid tracheotomy. It consists in opening both sides
of the cricoid cartilage endoscopically and dilating with an
overestimate ETT for about a week. Between 2010 and 2016, they
treated 19 patients with this technique and 14 (74%) avoided
tracheostomy, demonstrating the effectiveness of the treatment
under correct circumstances and so the opportunity to continue
with further studies.

In 1922, Rethi (38) described the possibility of glottic
enlargement with a lateralization of the vocal cord performed
through a laryngofissure. Over the years, this technique has been
resumed and perfected with the endoscopic approach as reported
by Kirchner et al. in 1979 (39) and Ejnell et al. (40, 41). The
laterofixation of the vocal cord is performed, after removal of the
thyro-arytenoid muscle, by placing two sutures at the posterior
third of the glottis, for each passing the thread above and below
the vocal fold and pushing it out through the larynx, up to the
skin where they are fixed in a little subcutaneous pouch over the
muscle level.

Lichtenberger described the endoscopic vocal cord
lateralization (42, 43) performed by using the Lichtenberger
needle carrier (44), which more easily allows to pass the thread
below and above the vocal fold through the thyroid cartilage,
from the endolaryngeal lumen up to the skin. This procedure
has been considered reversible from the authors; in case of
recovery of vocal cord motility, the suture can be removed and a
success rate up to 98% is described in literature (42, 43). Several
variations of this technique have been proposed. Mathur et al.
(45) tried to simplify the procedure using different instruments
to reduce manipulation of the needle and thread inside the
larynx and so the risks during the surgery. They performed
lateralization of the vocal fold in a series of 10 pediatric patients
by a set of spinal needles and a 2–0 stitch-passed extra laryngeal
under endoscopic guidance, with a decannulation rate of 100%
in the ten patients (45).
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Woodson et al. (46, 47) described a very interesting alternative
to laterofixation: arytenoid abduction. This technique simulates
the natural contraction of posterior cricoarytenoid muscle and
abduction of the vocal fold (Figures 4A,B). With a transverse
skin incision at the midlevel of the thyroid cartilage, the posterior
border of the thyroid cartilage is exposed to perform a suture
laterofixation of the arytenoid cartilage by a permanent suture
placed through the vocal process of the arytenoid and tied.

In 2010, Rovò et al. (48) proposed a new instrument
for endoscopic arytenoid lateropexy, a modified endolaryngeal
thread guide instrument (ETGI) based on amovable curved blade
that guides the thread in and out from the endolaryngeal space up
to the skin, with the aim to easily form a loop around the vocal
process of the arytenoid cartilage and getting its abduction. They
reported the results of the treatment of vocal cord immobility,
including 22 adult patients with BVCP, showing how endoscopic
arytenoid lateropexy is an effective solution for it (48).

In 2017, Madani et al. (1) described the possibility of using
endoscopic arytenoid abduction lateropexy in 4 newborns by
a new miniaturized ETGI, with good respiratory outcomes,
no dyspnea, or swallowing disorder and satisfactory results
about voice quality. Recently, the same Hungarian group (49)
evaluated long-term results on the same patients after 3 years
from endoscopic arytenoid abduction lateropexy. In terms of
breathing, voice, and swallowing, every patient had durable
resolution of dyspnea, a normal per os diet, an appropriate
growth and development, and a normal voice in 2 cases and
slightly impaired voice in 1 case.

Szakács et al. (50) published a comparison of the effects of
different endoscopic glottis-widening procedures on cadaver;
endoscopic arytenoid abduction lateropexy was themost effective
and least destructive on phonation structures, providing with a
physiological adduction movement the best phonation closure
especially if recovery of adductor function occurs. Furthermore,
the authors describe the reversibility of this technique without
permanent damage to the vocal folds (49).

None of the surgical techniques above described can restore
the normal laryngeal physiological movement of adduction
and abduction.

With this purpose, laryngeal reinnervation techniques have
been proposed.

In 1974, Miehlike (51) studied on animal model the
anastomosis of the distal posterior branch of the laryngeal nerve
(innervating the posterior crico-arytenoid muscle) with the main
funiculus of the recurrent laryngeal nerve dissected out of the
vagus. In 1975, Tucker (52) described a reinnervation procedure
in adults consisting in dissecting a branch of the ansa hypoglossi
joined to the corresponding area of omohyoid muscle to suture
it at the level of the posterior cricoarytenoid muscle. In his series,
three of five patients were decannulated with the increased glottic
airway in over 80% of patients, but his results have never been
reproducible in subsequent studies.

More recently, the use of foreign nerves has been deepened for
the laryngeal reinnervation surgery in the treatment of bilateral
paralysis. As described by Marina et al. (53) in 2011 and Li
et al. (54) in 2013, the phrenic nerve can be used with good
results to obtain a branch as a nerve substitute because it has

a homogeneous composition of motoneurons involved during
inspiration, with improvement of the movements in BVCP up to
93% (54).

Usually in BVFP, obstructive respiratory symptoms are
predominant suggesting that adducting movement is partially
preserved, so restoring the abduction function is the main
purpose of these techniques with the possibility also of
transecting the anterior laryngeal nerve branch to reduce the
activity of the adductor muscles (53).

Recently, the rerouting of the thyrohyoid nerve for laryngeal
reinnervation has been considered (55, 56) to reduce the length
of the nerve graft and to find a reasonable alternative when ansa
cervicalis is not available as a donor nerve, with good functional
results and vocal outcomes (lower GIRBAS scores, higher
maximal phonation time, stable, or improved postoperatively
voice quality) (56).

Laryngeal reinnervation is a promising technique for BVCP,
but the studies are still limited to adults with very limited
experience in children (57) and in many cases, they refer to the
treatment of unilateral vocal cord paralysis.

Alternative therapies have been investigated in recent years
too, such as stem cell implant and gene therapy. Stem cell therapy
for tissue regeneration in vocal cord paralysis may be applied
by the use of autologous muscle-derived stem cells as Halum
et al. (58) proposed in 2007 obtaining in rats the attenuation
of muscle atrophy.

In 2016, Dirja et al. (59) tried the use of induced pluripotent
stem cells with evidence of good differentiation in muscle cells
in vitro and 2 weeks of survival in thyroarytenoid muscle of
rats. Further papers show that adipose-derived stem cells (60)
and olfactory ectomesenchymal stem cells (61) represent an
interesting choice for this therapy; in particular, the latter have
a high neuroregenerative potential in animal models. Always
with the aim of promoting laryngeal nerve regeneration and
muscle trophism, the idea of gene therapy has been proposed in
several studies. It provides to use genes that encode neurotrophic
factors for neuronal regeneration and growth factors for muscle
cell proliferation and differentiation (62). These genes are
linked to vectors that are injected into the laryngeal nerve and
muscles (63, 64).

In 1998, Shiotani et al. studied the effect of insulin-like
growth factor I gene in rats’ denervated larynges (65), reporting
an improvement of the size of muscle fibers and the number
of axon terminals in the thyroarytenoid muscle, and in 2007
the effect of an adenoviral vector-encoding glial cell line-
derived neurotrophic factor (GDNF) on the nucleus ambiguus
of rats with vagus nerve injury (66), showing a lower loss of
motoneurons after this treatment.

Both gene therapy and stem cell therapy are still experimental
with in vitro and animal studies, therefore requiring further
research and finding the solution to some problems such as
ineffectiveness in preventing synkinesis, the risk of damage by
viral vectors, and poor cell culture survival (51, 67).

Currently, functional electrical stimulation is another
approach in progress for BVCP treatment. In 2016, Mueller et
al. (68, 69) described the results of laryngeal pacing implant in 9
patients with evidence of spirometric parameter improvement,
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FIGURE 4 | (A) Endoscopic arytenoid lateropexy (before surgery). (B) Endoscopic arytenoid lateropexy (after surgery).
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in particular of peak expiratory flow, without negative effects on
the voice quality and swallowing. The first who introduced the
functional electrical stimulation were Zealear and Dedo in 1977
(70), acting on unilaterally paralyzed cricothyroid muscle of the
canine. In the following years, other authors reported the results
about the stimulation of paralyzed posterior cricoarytenoid
muscles, always in the canine model (71–73). Then in 1996,
Zealear et al. (74) described the possibility of laryngeal pacing
in humans, presenting in 2003 the results of unilateral laryngeal
pacing in 7 patients with BVCP using an external device (75).
In 2019, Muller and Pototschnig (76) showed their technique of
electrical stimulation of the recurrent laryngeal nerve: one of the
pacer electrodes is inserted into the PCAmuscle, and the pacer is
placed in a subcutaneous pocket over the sternum with another
electrode on the lateral chest. Furthermore, they underline the
importance of selection of patients who could have benefits
from this procedure, as, for example, the presence of aberrant
or synkinesis reinnervation is essential to ensuring good clinical
performance of laryngeal pacemakers, although it is commonly
considered an unfavorable condition for recovery of vocal
cord movement (76). This technique has a high potentiality,
ensuring a ventilatory improvement without compromising
voice and swallowing (67). It could overcome the other surgical
approach (76), and it has been described as superior to posterior
cordotomy in ventilation and voice outcomes by Li et al. (77).
However, it is still a complicated experimental procedure, more
expensive than other surgeries considering also that the device
must be replaced at least every 10 years (66), and so far there is
no pediatric experience.

The comparisons of the different techniques do not show
significant differences in literature, as reported by Gupta et al.
(78), who found similar results in the decannulation rate between
laser cordectomy, arytenoidectomy with fold lateralization, and
endoscopic fold lateralization in a series of 61 patients (adults
and children).

Partial arytenoidectomy and posterior cordotomy give an
immediate respiratory space enlargement as well as vocal cord
laterofixation, but the latter is certainly more conservative for
laryngeal anatomy.

Laterofixation can be considered for its minimal invasiveness
and reversibility (67, 79), ensuring minor impairment of
voice. In particular, endoscopic arytenoid abduction lateropexy,
characterized by an arytenoid abducted movement that preserves
the vocal cordal anatomy and therefore the integrity of the
mucosal wave, is a valid approach to obtain good respiratory
outcomes preserving a good voice quality. During the last 2 years,
at our Airway Surgery Unit, we focused the attention on this
technique with excellent results that we are analyzing for an
upcoming publication, characterized by significant improvement
of the respiratory space and high decannulation rate maintaining
a good quality of voice.

After diagnosis of BVCP, time of observation may be
indicated especially in patients in whom spontaneous recovery
can be expected (79), but the challenge and current trend

in our department and in many major pediatric center is to
avoid tracheotomy through an early treatment (67, 79). Our
opinion, supported by literature (48), is that the endoscopic
arytenoid abduction lateropexy is a good approach for an
early treatment also in infants considering its characteristics of
preservation of the vocal cord anatomy and reversibility in case
of spontaneous recovery.

Exactly to evaluate the possibility of spontaneous recovery,
laryngeal electromyography could have an important prognostic
role identifying the candidates for early intervention, as described
in several studies (80–84). Laryngeal electromyography shows
the motor unit potentials, through hooked wire electrodes
inserted into the thyro-arytenoid muscle and the posterior
cricoarytenoid muscle, and it can be used to differentiate
between mechanical (i.e., cricoarytenoid joint fixation) and
neurological impairment of vocal fold and to localize the
neuromuscular lesion.

As reported in a recent paper by Giotakis and Pototschnig
(85), the presence of volitional activity in the multiple LEMG
findings indicates the possibility of a full late recovery of laryngeal
motility, allowing to select the cases for a wait-and-see strategy or
a reversible approach, rather than a permanent laryngeal surgery.
However, in the literature the opinion about the predictive value
of this test is under debate, with data ranging from 13 to 96%
(80, 81, 86).

SUMMARY

Identifying the best surgical approach for BVCP in pediatric
patients is not easy, considering also that the experiences
reported by many authors concern adult patients with very
few and small series in children and that the comparisons
of the different techniques do not show significant differences
in literature.

Most studies report the results in terms of respiratory
improvement and decannulation rate, with less attention to voice
quality evaluation or assessing swallowing, even if common
side effects of the BVCP surgery are dysphonia, dysphagia, and
aspiration, but comparing with previous reviews in pediatrics’
BVCP treatments, in addition to the global trend to reduce
invasiveness, we observed a recent increasing in attention to
preserve the quality of the voice.

The new techniques and therapies described above still
require further studies and trials but are promising for
the future in order to overcome more destructive surgical
techniques and giving a potential dynamic functional recovery of
the larynx.

AUTHOR CONTRIBUTIONS

MT, DM, AS, MLT, and SB contributed conception and design
of the study. MT, DM, and AS wrote the manuscript. All
authors contributed to manuscript revision, read and approved
the submitted version.

Frontiers in Pediatrics | www.frontiersin.org 6 December 2020 | Volume 8 | Article 538562

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Trozzi et al. Pediatric Bilateral Vocal Cord Palsy

REFERENCES

1. Madani S, Bach Á, Matievics V, Erdélyi E, Sztanó B, Szegesdi I,
et al. A new solution for neonatal bilateral vocal cord paralysis:
endoscopic arytenoid abduction lateropexy. Laryngoscope. (2017) 127:1608–
14. doi: 10.1002/lary.26366

2. Holinger LD, Holinger PC, Holinger PH. Etiology of bilateral abductor vocal
cord paralysis: a review of 389 cases. Ann Otol Rhinol Laryngol. (1976) 85(4Pt
1):428–36. doi: 10.1177/000348947608500402

3. Brigger MT, Hartnick CJ. Surgery for pediatric vocal cord
paralysis: a meta-analysis. Otolaryngol Head Neck Surg. (2002)
126:349–55. doi: 10.1067/mhn.2002.124185

4. Daya H, Hosni A, Bejar-Solar I, Evans JN, Bailey CM. Pediatric vocal fold
paralysis: a long-term retrospective study. Arch Otolaryngol Head Neck Surg.
(2000) 126:21-25. doi: 10.1001/archotol.126.1.21

5. Rosin DF, Handler SD, Potsic WP, et al. Vocal cord paralysis in children.
Laryngoscope. (1990) 100:1174–9. doi: 10.1288/00005537-199011000-00008

6. Miyamoto RC, Parikh SR, Gellad W, Licameli GR. Bilateral congenital vocal
cord paralysis: a 16-year institutional review. Otolaryngol Head Neck Surg.

(2005) 133:241–5. doi: 10.1016/j.otohns.2005.02.019
7. Zbar RI, Smith RJ. Vocal fold paralysis in infants twelve months

of age and younger. Otolaryngol. Head Neck Surg. (1996) 114:18–
21. doi: 10.1016/S0194-5998(96)70277-2

8. Kovesi T, Porcaro F, Petreschi F, Trozzi M, Bottero S, Cutrera R. Vocal
cord paralysis appears to be an acquired lesion in children with repaired
esophageal atresia/tracheoesophageal fistula. Int J Pediatr Otorhinolaryngol.
(2018) 112:45–7. doi: 10.1016/j.ijporl.2018.06.031

9. Takamatsu I. Bilateral vocal cord paralysis in children. Nihon Jibiinkoka

Gakkai Kaiho. (1996) 99:91–102. doi: 10.3950/jibiinkoka.99.91
10. Jomah M, Jeffery C, Campbell S, Krajacic A, El-Hakim H. Spontaneous

recovery of bilateral congenital idiopathic laryngeal paralysis: systemat- ic
non-meta-analytical review. Int J Pediatr Otorhinolaryngol. (2015) 79:202–
9. doi: 10.1016/j.ijporl.2014.12.007

11. Smith ME. Vocal fold paralysis in children. In: Sulica L, Blitzer A,
editors. Vocal Fold Paralysis. Berlin/Heidelberg: Springer (2006). p. 225–
35. doi: 10.1007/3-540-32504-2_24

12. Inglis AF Jr, Perkins JA, Manning SC, Mouzakes J. Endoscopic posterior
cricoid split and rib grafting in 10 children. Laryngoscope. (2003) 113:2004–
9. doi: 10.1097/00005537-200311000-00028

13. Messner A. Congenital disorders of the larynx. In: Cummings C, editor.
Cummings Otolaryngology- Head And Neck Surgery. 4th edition. Philadelphia:
Mosby, Inc. (2005). p. 4226–7.

14. Woodman DG, Pennington CL. Bilateral abductor paralysis: 30 years
experience with arytenoidectomy. Ann Otol Rhinol Laryngol. (1976) 85(4 Pt
1):437–9. doi: 10.1177/000348947608500403

15. Cohen SR. Arytenoidectomy in children. Laryngoscope. (1973) 83:1293–
99. doi: 10.1288/00005537-197308000-00013

16. Narcy P, Contencin P, Viala P. Surgical treatment for laryngeal paralysis
in infants and children. Ann Otol Rhinol Laryngol. (1990) 99:124–
8. doi: 10.1177/000348949009900209

17. Hartnick CJ, Brigger MT, Willging JP, Cotton RT, Myer CM. Surgery for
pediatric vocal cord paralysis: a retrospective review. Ann Otol Rhinol

Laryngol. (2003) 112:1–6. doi: 10.1177/000348940311200101
18. Thornell WC. Intralaryngeal arytenoidectomy for bilateral abductor vocal

cord paralysis. Ann Otol Rhinol Laryngol. (1952) 61:601–8.
19. Ossoff RH, Sisson GA, Duncavage JA, Moselle HI, Andrews

PE, Mc Millan WG. Endoscopic laser arytenoidectomy for the
treatment of bilateral vocal cord paralysis. Laryngoscope. (1984)
94:1293–7. doi: 10.1288/00005537-198410000-00006

20. Dennis DP, Kashima H. Carbon dioxide laser posterior cordectomy for
treatment of bilateral vocal cord paralysis. Ann Otol Rhinol Laryngol. (1989)
98(12 Pt 1):930–4. doi: 10.1177/000348948909801203

21. Crumley RL. Endoscopic laser medial arytenoidectomy for airway
management in bilateral laryngeal paralysis. Ann Otol Rhinol Laryngol.

(1993) 102:81–4. doi: 10.1177/000348949310200201
22. Maurizi M, Paludetti G, Galli J, Cosenza A, Di Girolamo S, Ottavi- ani F. CO2

laser subtotal arytenoidectomy and posterior true and false cordotomy in the

treatment of post-thyroidectomy bilateral laryngeal fixation in adduction. Eur
Arch Otorhinolaryngol. (1999) 256:291–5. doi: 10.1007/s004050050248

23. Hillel AT, Giraldez L, Samad I, Gross J, Klein AM, Johns MM. Voice outcomes
following posterior cordotomywithmedial aryte- noidectomy in patients with
bilateral vocal fold immobility. JAMA Otolaryngol Head Neck Surg. (2015)
141:728–32. doi: 10.1001/jamaoto.2015.1136

24. Bower CM, Choi SS, Cotton RT. Arytenoidectomy in children. Ann Otol

Rhinol Laryngol. (1994) 103(4 Pt 1):271–8. doi: 10.1177/0003489494103
00403

25. Friedman EM, de Jong AL, Sulek M. Pediatric bilateral vocal fold immobility:
the role of carbon dioxide laser posterior transverse partial cordectomy.
Ann Otol Rhinol Laryngol. (2001) 110:723–8. doi: 10.1177/0003489401110
00805

26. Bizakis JG, Papadakis CE, Karatzanis AD, et al. The combined endoscopic
CO(2) laser posterior cordectomy and total arytenoidectomy for treatment
of bilateral vocal cord paralysis. Clin Otolaryngol Allied Sci. (2004) 29:51–
4. doi: 10.1111/j.1365-2273.2004.00779.x

27. Yilmaz T, Suslu N, Atay G, Ozer S, Gunaydin RO, Bajin MD. Com-
parison of voice and swallowing parameters after endoscopic total and
partial arytenoidectomy for bilateral abductor vocal fold pa- ralysis: a
randomized trial. JAMA Otolaryngol Head Neck Surg. (2013) 139:712–
8. doi: 10.1001/jamaoto.2013.3395

28. Yilmaz T, Altuntas OM, Suslu N, Atay G, Ozer S, Kuscu O, et al. To- tal and
partial laser arytenoidectomy for bilateral vocal fold paral- ysis. Biomed Res

Int. (2016) 2016:3601612. doi: 10.1155/2016/3601612
29. Rashid M, Ayaz SB, Saleem H, Hussain R, Zaman S. Results of carbon

dioxide laser-assisted posterior cordotomy in cases of bilateral vocal cord
paralysis: An analysis of 34 casest. J Pak Med Assoc. (2019) 69:1539–
42. doi: 10.5455/JPMA.302642798

30. Googe B, Nida A, Schweinfurth J. Coblator arytenoidectomy in the
treatment of bilateral vocal cord paralysis. Case Rep Otolaryngol. (2015)
2015:487280. doi: 10.1155/2015/487280

31. Basterra J, Castillo-Lopez Y, Reboll R, Zapater E, Olavarria C, Krause F, et
al. Posterior cordotomy in bilateral vocal cord paralysis using monopolar
microelectrodes and radiofrequency in 18 patient. Clin Otolaryngol. (2018)
43:340–3. doi: 10.1111/coa.12940

32. Ozturk K, Turhal G, Kaya I, Aysel A, Benzer M, Korkmaz Ekren P,
et al. A comparison of two endoscopic posterior cordotomy techniques:
laser cordotomy vs diathermy-assisted cordotomy. Clin Otolaryngol. (2018)
43:256–60. doi: 10.1111/coa.12953

33. Zalzal GH. Posterior glottic stenosis. Int J Pediatr Otorhinolaryngol. (1999)
49(Suppl 1):S279–82. doi: 10.1016/S0165-5876(99)00173-1

34. Rutter MJ, Cotton RT. The use of posterior cricoid grafting in managing
isolated posterior glottic stenosis in children. Arch Otolaryngol Head Neck

Surg. (2004) 130:737–9. doi: 10.1001/archotol.130.6.737
35. Gray SD, Kelly SM, Dove H. Arytenoid separation for impaired

pediatric vocal fold mobility. Ann Otol Rhinol Laryngol. (1994)
103:510–5. doi: 10.1177/000348949410300702

36. Dahl JP, Purcell PL, Parikh SR, Inglis AF Jr. Endoscopic posterior cricoid
split with costal cartilage graft: a fifteen-year experience. Laryngoscope. (2017)
127:252–7. doi: 10.1002/lary.26200

37. Rutter MJ, Hart CK, Alarcon A, Daniel SJ, Parikh SR, Balakrishnan K,
et al. Endoscopic anterior-posterior cricoid split for pediatric bilateral
vocal fold paralysis. Laryngoscope. (2018) 128:257–63. doi: 10.1002/lary.
26547

38. Rethi A. Die operative lösung der bei der beiderseitigen postikuslähmung
bestehenden medianlage.Mschr Ohr Laryngorhinol. (1922) 56:200–4.

39. Kirchner FR. Endoscopic lateralization of the vocal cord in
abductor paralysis of the larynx. Laryngoscope. (1979) 89:1779–
83. doi: 10.1288/00005537-197911000-00010

40. Ejnell H, Bake B, Hallen O, Lindstrom J, Maringnsson I, Stenborg R.
A new simple method of laterofixation and its effects on orolaryngeal
airway resistance and fonation. Acta Otolaryngol. (1982) 93(suppl 386):196–
7. doi: 10.3109/00016488209108517

41. Ejnell H, Mansson I, Hallen O, Bake B, Stenborg R, Lindstrom J. A simple
operation for bilateral vocal cord paralysis. Laryngoscope. (1984) 94:954–
8. doi: 10.1288/00005537-198407000-00018

Frontiers in Pediatrics | www.frontiersin.org 7 December 2020 | Volume 8 | Article 538562

https://doi.org/10.1002/lary.26366
https://doi.org/10.1177/000348947608500402
https://doi.org/10.1067/mhn.2002.124185
https://doi.org/10.1001/archotol.126.1.21
https://doi.org/10.1288/00005537-199011000-00008
https://doi.org/10.1016/j.otohns.2005.02.019
https://doi.org/10.1016/S0194-5998(96)70277-2
https://doi.org/10.1016/j.ijporl.2018.06.031
https://doi.org/10.3950/jibiinkoka.99.91
https://doi.org/10.1016/j.ijporl.2014.12.007
https://doi.org/10.1007/3-540-32504-2_24
https://doi.org/10.1097/00005537-200311000-00028
https://doi.org/10.1177/000348947608500403
https://doi.org/10.1288/00005537-197308000-00013
https://doi.org/10.1177/000348949009900209
https://doi.org/10.1177/000348940311200101
https://doi.org/10.1288/00005537-198410000-00006
https://doi.org/10.1177/000348948909801203
https://doi.org/10.1177/000348949310200201
https://doi.org/10.1007/s004050050248
https://doi.org/10.1001/jamaoto.2015.1136
https://doi.org/10.1177/000348949410300403
https://doi.org/10.1177/000348940111000805
https://doi.org/10.1111/j.1365-2273.2004.00779.x
https://doi.org/10.1001/jamaoto.2013.3395
https://doi.org/10.1155/2016/3601612
https://doi.org/10.5455/JPMA.302642798
https://doi.org/10.1155/2015/487280
https://doi.org/10.1111/coa.12940
https://doi.org/10.1111/coa.12953
https://doi.org/10.1016/S0165-5876(99)00173-1
https://doi.org/10.1001/archotol.130.6.737
https://doi.org/10.1177/000348949410300702
https://doi.org/10.1002/lary.26200
https://doi.org/10.1002/lary.26547
https://doi.org/10.1288/00005537-197911000-00010
https://doi.org/10.3109/00016488209108517
https://doi.org/10.1288/00005537-198407000-00018
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Trozzi et al. Pediatric Bilateral Vocal Cord Palsy

42. Lichtenberger G. Reversible immediate and definitive lateralization
of paralyzed vocal cords. Eur Arch Otorhinolaryngol. (1999)
256:407–11. doi: 10.1007/s004050050176

43. Lichtenberger G. Reversible lateralization of the paralyzed vocal
cord without tracheostomy. Ann Otol Rhinol Laryngol. (2002)
111:21–26. doi: 10.1177/000348940211100104

44. Lichtenberger G, Toohill RJ. The endo-extralaryngeal needle carrier.
Otolaryngol Head Neck Surg. (1991) 105:755–56. doi: 10.1177/01945998911
0500522

45. Mathur NN, Kumar S, Bothra R. Simple method of vocal cord lateralization
in bilateral abductor cord paralysis in pediatric patients. Int J Pediatr

Otorhinolaryngol. (2004) 68:15–20. doi: 10.1016/j.ijporl.2003.08.050
46. Woodson G, Weiss T. Arytenoid abduction for dynamic rehabilitation of

bilateral laryngeal paralysis. Ann Otol Rhinol Laryngol. (2007) 116:483–
90. doi: 10.1177/000348940711600702

47. Woodson G. Arytenoid abduction for bilateral vocal fold immobility. Curr
Opin Otolaryngol Head Neck Surg. (2011) 19:428–33. doi: 10.1097/MOO.
0b013e32834cd564

48. Rovó L, Madani S, Sztanó B, Majoros V, Smehák G, Szakács L, et al. A new
thread guide instrument for endoscopic arytenoid lateropexy. Laryngoscope.
(2010) 120:2002–7. doi: 10.1002/lary.21055

49. Sztanó B, Bach Á, Matievics V, Erdélyi E, Szegesdi I, Wootten CT,
et al. Endoscopic arytenoid abduction lateropexy for the treatment of
neonatal bilateral vocal cord paralysis - long-term results. Int J Pediatr

Otorhinolaryngol. (2019) 119:147–50. doi: 10.1016/j.ijporl.2019.01.032
50. Szakács L, Sztanó B, Matievics V, Bere Z, Bach A, Castellanos PF, et al. A

comparison between transoral glottis-widening techniques for bilateral vocal
fold immobility. Laryngoscope. (2015) 125:2522–9. doi: 10.1002/lary.25401

51. Miehlike A. Rehabilitation of vocal cord paralysis: studies using the vagus
recurrent bypass anastomosis, type ramus posterior shunt. Arch Otolaryngol.

(1974) 100:431–41. doi: 10.1001/archotol.1974.00780040445005
52. Tucker HM. Human laryngeal reinnervation. Laryngoscope. (1976) 86:769–

79. doi: 10.1288/00005537-197606000-00004
53. Marina MB, Marie JP, Birchall MA. Laryngeal reinnervation for bilateral

vocal fold paralysis. Curr Opin Otolaryngol Head Neck Surg. (2011) 19:434–
8. doi: 10.1097/MOO.0b013e32834c7d30

54. Li M, Chen S, Zheng H, Chen D, Zhu M, Wang W, et al. Reinnervation
of bilateral posterior cricoarytenoid muscles using the left phrenic
nerve in patients with bilateral vocal fold paralysis. PLoS ONE. (2013)
8:e77233. doi: 10.1371/journal.pone.0077233

55. Crampon F, Duparc F, Trost O, Marie JP. Selective laryngeal reinnervation:
can rerouting of the thyrohyoid nerve simplify the procedure by
avoiding the use of a nerve graft? Surg Radiol Anat. (2019) 41:145–
50. doi: 10.1007/s00276-018-2117-y

56. Graham ME, Smith ME. The nerve to thyrohyoid muscle as a novel
donor nerve for laryngeal reinnervation. Ann Otol Rhinol Laryngol. (2019)
18:3489419888956. doi: 10.1177/0003489419888956

57. Lee JW, Bon-Mardion N, Smith ME, Marie JP. Bilateral selective laryngeal
reinnervation for bilateral vocal fold paralysis in children. AMA Otolaryngol

Head Neck Surg. (2020) 146:401–7. doi: 10.1001/jamaoto.2019.4863
58. Halum SL, NaiduM,DeloDM,Atala A, Hingtgen CM. Injection of autologous

muscle stem cells (myoblasts) for the treatment of vocal fold paralysis: a
pilot study. Laryngoscope. (2007) 117:917–22. doi: 10.1097/MLG.0b013e31803
e8c8d

59. Dirja BT, Yoshie S, Ikeda M, Imaizumi M, Nakamura R, Otsuki K, et
al. Potential of laryngeal muscle regeneration using induced pluripotent
stem cell-derived skeletal muscle cells. Acta Otolaryngol. (2016) 136:391–
6. doi: 10.3109/00016489.2015.1126351

60. Nishio N, Fujimoto Y, Suga K, Iwata Y, Toriyama K, Takanari K, et
al. Autologous fat injection therapy including a high concentration of
adipose-derived regenerative cells in a vocal fold paralysis model: animal
pilot study. J Laryngol Otol. (2016) 130:914–22. doi: 10.1017/S00222151160
08707

61. Saïd Z, Pauline C, Claire B, Celia D, Jean-Paul M, Nicolas BM. Olfactory
ecto-mesenchymal stem cells in laryngeal nerve regeneration in rats. J Voice.
(2019). doi: 10.1016/j.jvoice.2019.10.012. [Epub ahead of print].

62. Bijangi-Vishehsaraei K, Blum K, Zhang H, Safa AR, Halum SL. Microarray
analysis gene expression profiles in laryngeal muscle after recurrent

laryngeal nerve injury. Ann Otol Rhinol Laryngol. (2016) 125:247–
56. doi: 10.1177/0003489415608866

63. Rubin A, Mobley B, Hogikyan N, Bell K, Sullivan K, Boulis N, et al. Delivery of
an adenoviral vector to the crushed recurrent laryngeal nerve. Laryngoscope.
(2003) 113:985–9. doi: 10.1097/00005537-200306000-00013

64. Heavner SB, Rubin AD, Fung K, Old M, Hogikyan ND, Feldman EL.
Dysfunction of the recurrent laryngeal nerve and the potential of gene therapy.
Ann Otol Rhinol Laryngol. (2007) 116:441–8. doi: 10.1177/0003489407116
00609

65. Shiotani A, O’Malley BW Jr, ColemanME, Alila HW, Flint PW. Reinnervation
of motor endplates and increased muscle fiber size after human insulin-like
growth factor I gene transfer into the paralyzed larynx.HumGene Ther. (1998)
9:2039–47. doi: 10.1089/hum.1998.9.14-2039

66. Shiotani A, Saito K, Araki K, Moro K, Watabe K. Gene therapy
for laryngeal paralysis. Ann Otol Rhinol Laryngol. (2007) 116:115–
22. doi: 10.1177/000348940711600207

67. Li Y, Garrett G, Zealear D. Current treatment options for bilateral vocal
fold paralysis: a state-of-the-art review. Clin Exp Otorhinolaryngol. (2017)
10:203–12. doi: 10.21053/ceo.2017.00199

68. Mueller AH, Hagen R, Pototschnig C, Foerster G, GrossmannW, Baumbusch
K, et al. Laryngeal pacing for bilateral vocal fold paralysis: voice and
respiratory aspects. Laryngoscope. (2016) 2016:10. doi: 10.1002/lary.26428

69. Mueller AH, Hagen R, Foerster G, GrossmannW, Baumbusch K, Pototschnig
C. Laryngeal pacing via an implantable stimulator for the rehabilitation of
subjects suffering from bilateral vocal fold paralysis: a prospective first-in-
human study. Laryngoscope. (2016) 126:1810–6. doi: 10.1002/lary.25792

70. Zealear DL, Dedo HH. Control of paralyzed axial muscles by electrical
stimulation. Trans Sect Otolaryngol Am Acad Ophthalmol Otolaryngol.

(1977) 84:310.
71. Obert PM, Young KA, Tobey DN. Use of direct posterior cricoarytenoid

stimulation in laryngeal paralysis. Arch Otolaryngol. (1984) 110:88–
92. doi: 10.1001/archotol.1984.00800280022007

72. Broniatowski M, Kaneko S, Jacobs G, Nose Y, Tucker HM. Laryngeal
pacemaker: II. electronic pacing of reinnervated posterior cricoarytenoid
muscles in the canine. Laryngoscope. (1985) 95:1194–8. doi: 10.1288/000
05537-198510000-00008

73. Herzon GD, Zealear DL. Use of an electronic laryngeal implant to restore
glottic function in patients with bilateral vocal cord paralysis. Cancer Focus.
(1986) 8:45–8.

74. Zealear DL, Rainey CL, Herzon GD, Netterville JL, Ossoff RH. Electrical
pacing of the paralyzed human larynx. Ann Otol Rhinol Laryngol. (1996)
105:689–93. doi: 10.1177/000348949610500904

75. Zealear DL, Billante CR, Courey MS, Netterville JL, Paniello RC,
Sanders I, et al. Reanimation of the paralyzed human larynx with an
implantable electrical stimulation device. Laryngoscope. (2003) 113:1149–
56. doi: 10.1097/00005537-200307000-00010

76. Mueller AH, Pototschnig C. Recurrent laryngeal nerve stimulator.Otolaryngol
Clin North Am. (2020) 53:145–56. doi: 10.1016/j.otc.2019.09.009

77. Li Y, Pearce EC, Mainthia R, Athavale SM, Dang J, Ashmead DH, et
al. Comparison of ventilation and voice outcomes between unilateral
laryngeal pacing and unilateral cordotomy for the treatment of bilateral
vocal fold paralysis. ORL J Otorhinolaryngol Relat Spec. (2013) 75:68–
73. doi: 10.1159/000345501

78. Gupta AK, Mann SB, Nagarkar N. Surgical management of bilateral immobile
vocal folds and long-term follow-up. J Laryngol Otol. (1997) 111:474–
7. doi: 10.1017/S0022215100137685

79. Chen EY, Inglis AF. Bilateral vocal cord paralysis in children.Otolaryngol Clin
N Am. (2008) 41:889–901. doi: 10.1016/j.otc.2008.04.003

80. Munin MC, Rosen CA, Zullo T. Utility of laryngeal electromyography in
predicting recovery after vocal fold paralysis. Arch Phys Med Rehabil. (2003)
84:1150–3. doi: 10.1016/S0003-9993(03)00146-1

81. Grosheva M, Wittekindt C, Pototschnig C, Lindenthaler W, Guntinas-
Lichius O. Evaluation of peripheral vocal cord paralysis by electromyogrphy.
Laryngoscope. (2008) 118:987–90. doi: 10.1097/MLG.0b013e3181671b2d

82. Wang CC, Chang MH, De Virgilio A, Jiang RS, Lai HC, Wang CP,
et al. Laryngeal electromyography and prognosis of unilateral vocal fold
paralysis-a long-term prospective study. Laryngoscope. (2015) 125:898–
903. doi: 10.1002/lary.24980

Frontiers in Pediatrics | www.frontiersin.org 8 December 2020 | Volume 8 | Article 538562

https://doi.org/10.1007/s004050050176
https://doi.org/10.1177/000348940211100104
https://doi.org/10.1177/019459989110500522
https://doi.org/10.1016/j.ijporl.2003.08.050
https://doi.org/10.1177/000348940711600702
https://doi.org/10.1097/MOO.0b013e32834cd564
https://doi.org/10.1002/lary.21055
https://doi.org/10.1016/j.ijporl.2019.01.032
https://doi.org/10.1002/lary.25401
https://doi.org/10.1001/archotol.1974.00780040445005
https://doi.org/10.1288/00005537-197606000-00004
https://doi.org/10.1097/MOO.0b013e32834c7d30
https://doi.org/10.1371/journal.pone.0077233
https://doi.org/10.1007/s00276-018-2117-y
https://doi.org/10.1177/0003489419888956
https://doi.org/10.1001/jamaoto.2019.4863
https://doi.org/10.1097/MLG.0b013e31803e8c8d
https://doi.org/10.3109/00016489.2015.1126351
https://doi.org/10.1017/S0022215116008707
https://doi.org/10.1016/j.jvoice.2019.10.012
https://doi.org/10.1177/0003489415608866
https://doi.org/10.1097/00005537-200306000-00013
https://doi.org/10.1177/000348940711600609
https://doi.org/10.1089/hum.1998.9.14-2039
https://doi.org/10.1177/000348940711600207
https://doi.org/10.21053/ceo.2017.00199
https://doi.org/10.1002/lary.26428
https://doi.org/10.1002/lary.25792
https://doi.org/10.1001/archotol.1984.00800280022007
https://doi.org/10.1288/00005537-198510000-00008
https://doi.org/10.1177/000348949610500904
https://doi.org/10.1097/00005537-200307000-00010
https://doi.org/10.1016/j.otc.2019.09.009
https://doi.org/10.1159/000345501
https://doi.org/10.1017/S0022215100137685
https://doi.org/10.1016/j.otc.2008.04.003
https://doi.org/10.1016/S0003-9993(03)00146-1
https://doi.org/10.1097/MLG.0b013e3181671b2d
https://doi.org/10.1002/lary.24980
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Trozzi et al. Pediatric Bilateral Vocal Cord Palsy

83. Munin MC, Heman-Ackah YD, Rosen CA, Sulica L, Maronian N, Mandel
S, et al. Consensus statement: using laryngeal electromyography for the
diagnosis and treatment of vocal cord paralysis.Muscle Nerve. (2016) 53:850–
5. doi: 10.1002/mus.25090

84. Smith LJ, Rosen CA, Munin MC. Vocal fold motion outcome based on
excellent prognosis with laryngeal electromyography. Laryngoscope. (2016)
126:2310–4. doi: 10.1002/lary.25910

85. Giotakis AI, Pototschnig C. Prognosis of congenital idiopathic abductor
laryngeal paralysis with laryngeal electromyography. Laryngoscope. (2020)
130:E252–E7. doi: 10.1002/lary.28079

86. Sittel C, Stennert E, Thumfart WF, Dapunt U, Eckel HE. Prognostic value of
laryngeal electromyography in vocal fold paralysis. Arch Otolaryngology Head
Neck Surg. (2001) 127:155–60. doi: 10.1001/archotol.127.2.155

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor declared a past co-authorship with one of the authors MT.

Copyright © 2020 Trozzi, Meucci, Salvati, Tropiano and Bottero. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 9 December 2020 | Volume 8 | Article 538562

https://doi.org/10.1002/mus.25090
https://doi.org/10.1002/lary.25910
https://doi.org/10.1002/lary.28079
https://doi.org/10.1001/archotol.127.2.155
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Surgical Options for Pediatric Bilateral Vocal Cord Palsy: State of the Art
	Introduction
	Surgical Options
	Summary
	Author Contributions
	References


