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The pediatric airway—general implications

The pediatric airway has several distinct features compared 
to the adult airway. First, dimensions are much smaller. 
This is particularly important with regards to the subglottis. 
The inner-diameter of the subglottis of a newborn usually 
measures between 3 and 4 mm (1). A pathological process in 
this area, leading to a circular lumen reduction of only one 
millimeter, can result in a life-threatening near-occlusion.

A second feature of the pediatric airway is that the 
cartilaginous parts are still malleable and cannot provide the 
same stability as an adult airway skeleton. This can become 
a problem after airway reconstructions and usually results in 
the need of prolonged postoperative stentings to support a 
laryngotracheal repair. The lack of stability of the trachea in 
a newborn (compared to an adult) also makes it more prone 
to develop tracheomalacia. Vessel malformations (vascular 
rings) can apply pressure to the airway, causing dynamic 
collapse and making surgical correction often inevitable (2). 

On the other hand, the flexibility of the pediatric trachea 
facilitates long-segmental resections. In children, up to 
50 percent of the airway length can be resected without 

extensive tension on the anastomosis (3). 
With regards to the functional aspects of the pediatric 

larynx, the anatomical relationship between the glottis 
and the hyoid is also a unique feature. The thyrohyoid 
membrane is shorter than in adults and the thyroid notch 
usually projects behind the hyoid. This high location of 
the larynx raises the tip of the epiglottis behind the uvula, 
thus, permitting simultaneous breathing and swallowing (4). 
Consequently, swallowing problems are rare in children and 
the pediatric larynx can handle even profound changes in its 
configuration. In fact, extensive laryngotracheal resections 
and reconstructions are possible without risking severe 
postoperative swallowing problems.

Diseases of the pediatric airway

Laryngotracheal stenosis

Airway injury secondary to traumatic intubation remains the 
most common cause of laryngotracheal stenosis, accounting 
for about 90% of all pediatric acquired airway stenosis (5). 
The majority of intubation-related injuries are due to the 

Review Article

Pediatric airway surgery

Konrad Hoetzenecker1, Thomas Schweiger1, Doris Maria Denk-Linnert2, Walter Klepetko1

1Department of Thoracic Surgery, 2Department of Phoniatrics and Logopedics, Medical University of Vienna, Vienna, Austria

Contributions: (I) Conception and design: K Hoetzenecker; (II) Administrative support: T Schweiger; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: T Schweiger; (V) Data analysis and interpretation: K Hoetzenecker, T Schweiger, W Klepetko; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Konrad Hoetzenecker, MD, PhD. Department of Thoracic Surgery, Medical University Vienna, Waehringer Guertel 18-20, 

Vienna 1090, Austria. Email: konrad.hoetzenecker@meduniwien.ac.at.

Abstract: The management of pediatric airway pathology can be challenging and requires a dedicated team, 
consisting of thoracic surgeons, phoniatricians, logopedics, pediatricians and anesthetists. It necessitates a 
tailored treatment approach for each individual patient in order to address the minor variances that exist 
between cases. The majority of pediatric airway problems are a sequela of prematurity and prolonged post-
partal intubation/tracheostomy. Surgical repair is often complicated by additional malformation or severe 
comorbidities. This comprehensive review should give an overview on most common airway problems in 
neonates and children as well as available surgical techniques.

Keywords: Pediatric; airway; stenosis; surgical techniques 

Submitted Dec 20, 2016. Accepted for publication May 04, 2017.

doi: 10.21037/jtd.2017.05.50

View this article at: http://dx.doi.org/10.21037/jtd.2017.05.50

1671



1664 Hoetzenecker et al. Pediatric airway surgery

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(6):1663-1671jtd.amegroups.com

use of an endotracheal tube being too big for the neonatal 
airway. Although there are no clear guidelines it is generally 
agreed that the smallest tube providing adequate ventilation 
should be used. The slightest resistance met during 
intubation should lead to downsizing to a smaller tube size. 
Tubes armed with a stylet have to be used with caution, 
since they can cause significant injury. In most centers 
cuffed tubes are only used when intubation is required 
for a short period of time. Cuff-less tubes are considered 
less traumatic and are preferred for long-time intubation. 
The right time for tracheostomy in infants and children 
requiring long-term respiratory support is still a matter of 
discussion. Endotracheal tubes are usually better tolerated 
in children than in adults, especially if nasotracheal tubes 
are used. Median time periods of up to three months before 
trachestomy have been reported in the literature with 
reasonable outcome (6).

There are two areas of the pediatric larynx that are prone 
to pressure-related injury: (I) the posterior commissure of 
the larynx; and (II) the subglottis. Injury to either of the 
two areas is associated with a unique pathology. Damage to 
the posterior commissure leads to scarification posteriorly 
and fixation of the cricoarytenoid joints (posterior glottic 
stenosis). Pressure-related necrosis of the subglottic mucosa 
usually leads to circumferential strictures at the level of the 
cricoid.

The extent of laryngotracheal stenosis is classified 
using the modified Myer-Cotton grading system. This 
grading system incorporates the severity of stenosis, 
its extension into the glottis as well as additional 
comorbidities. Comorbidities include severe congenital 
cardiovascular abnormalities, neurological impairment 
or syndromic anomalies. Successful decannulation rates 
after repair decrease from 97% in the isolated subglottic 
stenosis group without comorbidities to only 64% in 
children with a glotto-subglottic stenosis and significant 
comorbidities (Table 1).

Post-tracheostomy-stenosis/malacia

In children the appropriate height of a tracheostomy 
is essential. If the indication for a tracheostomy is a 
laryngotracheal stenosis, it should ideally be placed at the 
level of the first tracheal ring. This enables the surgeon 
to include the tracheostomy tract in the resection during 
a later repair. However, in children with longer neck, the 
tracheostomy can also be placed low in the neck. For all 
other indications (non-laryngotracheal stenosis) a high 
tracheostomy should generally be avoided (8). Long-
term complications after tracheostomy in children are 
comparable to adults. An indwelling tracheostomy cannula 
can either lead to a local destabilization of the airway 
(tracheomalacia) or a stenosis by scarred retraction (Figure 1). 
Unlike adults, where symptoms develop gradually within 
weeks/months after a successful decannulation, children 
often cannot tolerate removal of the tracheostomy cannula 
when there is an underlying problem. In these cases a 
thorough examination of the diseased segment as well as of 
the laryngeal function is pivotal for a successful repair.

Localized tracheomalacia—vascular rings

Extrinsic compression of the airway by cardiovascular 
anomalies usually leads to the development of localized 
tracheomalacia. By definition, vascular rings can either 
be incomplete (56%) or complete (38%) (9). The most 
common cause of localized tracheomalacia in children is 
an aberrant brachiocephalic artery leading to compression 
of the right anterolateral aspect of the trachea (incomplete 
ring). The generally accepted treatment for this anomaly 
is aortopexy (10). Complete vascular rings (vascular slings, 
double aortic arch) or other complex abnormalities are 
challenging malformations often requiring complicated 
cardiovascular reconstructions with concomitant airway 
repair (11-13). Endotracheal stents for tracheomalacia are 

Table 1 Classification of laryngotracheal stenosis. Numbers in brackets indicate the overall decannulation rate after surgery. Modified from 
Monnier et al. (7)

Mod Myer-Cotton grade Isolated SGS
Isolated SGS +  
comorbidities

SGS +  
glottic involvement

SGS + glottic involvement  
+ comorbidities

I (0–50% obstruction) Ia Ib Ic Id

II (51–70% obstruction) IIa IIb IIc IId

III (71–99% obstruction) IIIa (100%) IIIb (96%) IIIc (90%) IIId (86%)

IV (complete obstruction) Iva (91%) IVb (80%) IVc (89%) IVd (43%)



1665Journal of Thoracic Disease, Vol 9, No 6 June 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(6):1663-1671jtd.amegroups.com

associated with minimal immediate procedural risk and 
could therefore be considered as an alternative in highly 
selected cases. Furthermore, stenting poses a second-line 
treatment after failed surgical correction (14). However, 
long-term success is limited by formation of granulation 
tissue, recurrent infections and secondary cicatricial 
stenosis (15).

An important differential diagnosis of localized 
tracheomalacia/vascular rings is diffuse congenital 
tracheomalacia in preterm infants, which is caused by 
an immaturity of cartilage. In most cases the airway 
skeleton stabilizes with growing and supportive measures 
as humidifying air are usually sufficient to overcome this 
condition.

Esophageal atresia and tracheo-esophageal fistula 

According the Gross classification, five types of esophageal 
atresia can be differentiated (16). In 90% of all cases, 
esophageal atresia is associated with tracheo-esophageal 
fistula (17). The most common type consists of a blind-
ended proximal esophageal pouch with the distal esophagus 
originating from a distal tracheal fistula. Symptoms include 
aspiration pneumonia, excessive coughing of mucus with 
worsening during feeding. Diagnosis is usually established 
by bronchoscopy. Additionally, fluoroscopy can be used 
to visualize the fistula. Tracheo-esophageal fistula can be 
associated with localized tracheomalacia. The required type 
of repair depends on the size of the gap between the two 
esophageal ends. In the vast majority of cases a primary 

esophagoesophagostomy can be performed (18). Long-
gap defects can be treated by replacing the esophagus by a 
gastric conduit (19). 

Laryngeal/laryngotracheal clefts

Laryngeal and laryngotracheal clefts are rare congenital 
defects with an insufficient division of the respiratory tract 
and the upper digestive tract (20). They can be classified 
depending on the extent of the affected airway, reaching 
from rather simple interarytenoid clefts (type I) to extensive 
laryngotracheal defects with a complete split of the trachea 
extending to one main bronchus (21). The child’s symptoms 
are based on the extent of the cleft. Type I clefts can be 
asymptomatic, however, high-degree laryngotracheal clefts 
can lead to stridor, aspiration, coughing, chocking and 
recurrent pneumonia. Usually, endoscopy is considered 
as the gold-standard during the work-up. The treatment 
is dependent on the type of the cleft. In general, laryngeal 
clefts may be managed endoscopically, laryngotracheal 
clefts warrant open surgical repair. 

Vocal fold paralysis

Vocal fold paralysis in children can have neurologic causes 
or occur after cardiothoracic procedures. Reported recovery 
rates vary widely in the literature between 10% and 80% 
(22-24). As in adults cardiothoracic operations can lead to 
inadvertent vocal fold paralysis. In the vast majority of cases 
the left recurrent laryngeal nerve is affected due to its close 

Figure 1 Subglottic post-tracheostomy stenosis with 10 percent remaining cross section (Myer-Cotton III).
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relationship to the left pulmonary artery and the aortic 
arch. Immediate treatment is usually not recommended 
and these children should be followed in 3-month intervals 
(watchful waiting). Logopedic therapy is hardly possible in 
small children. If the paralysis persists a voice improving 
intervention e.g., injection thyroplasty in case of a large 
glottic gap can be performed (25).

Surgical techniques

Aortopexy

In children with symptomatic, localized tracheomalacia due 
to compression by the aortic arch or its central takeoffs, 
aortopexy is the treatment of choice. Additionally, the 
pulmonary artery, the innominate artery and the pericardium 
can be suspended, depending on the individual situation. 
The aim of aortopexy is to de-compress the trachea by 
lifting the pre-tracheal vessels. Several approaches have 
been proposed in literature including a right-sided or left-
sided anterior thoracotomy, sternotomy or video-assisted 
thoracoscopic surgery. Typically, the thymus is partially 
removed to gain space. Afterwards, suspension sutures are 
placed through the adventitia at the aortic arch and the 
brachiocephalic artery and tied to the undersurface of the 
sternum. Alternatively, sutures can also be placed though 
the aortic pericardial reflecting fold omitting the need of 
placing sutures directly into the vessel wall (26). The correct 
placement of the sutures and its tension can be directly 
visualized by performing a simultaneous bronchoscopy. The 
success rate of this procedure is above 95 percent with a very 
low rate of complications in experienced centers (10,27).

Tracheal resection

The surgical technique of tracheal resection and end-to-
end anastomosis in children is very similar to adults. The 
principles of operation involve resection of all the diseased 
parts of the trachea and approximating healthy mucosa 
together. Due to the high flexibility of the pediatric airway, 
extensive mobilization maneuvers (e.g., supraglottic release) 
are hardly ever necessary and a tensionless anastomosis can 
be obtained in nearly all cases. The anastomosis is usually 
performed with a running 5-0 or 6-0 suture for the backwall 
and interrupted single 5-0 stiches to adapt the cartilaginous 
parts. We routinely use monofilament absorbable suture 
material (PDS) (28) but other centers have reported similar 
outcomes with non-absorbable monofilament (Prolene) or 

braided absorbable sutures (Vicryl) (3).

Standard cricotracheal resection

Subglottic stenosis can be corrected by cricotracheal 
resections (CTR) with excellent results and decannulation 
rates of over 90 percent (29,30). This standard procedure 
includes the removal of the cricoid arch, whereas the cricoid 
plate is left in place. This is the gold standard for anterior 
stenosis, being mostly the result of a high tracheostomy. 
If the scar extends towards the cricoid plate, a dorsal 
mucosectomy can be added. The denudated part of the 
cricoid plate is then covered by a dorsal mucosa flap of the 
trachea (Figure 2). There is only a limited use of lateral sub-
musectomy and tailored cricoplasty techniques in children, 
as advocated for adult patients by the Boston group (31). 
In children with a laterolateral narrowing enlargement 
techniques such as laryngotracheal reconstructions (LTR) 
or extended partial cricotracheal resections (pCTR) lead to 
better results.

LTR

The main principle of LTR involves the enlargement of 
the glottic and subglottic diameter by interposition of 
cartilage grafts. Initial experience of this technique was 
published by Cotton and colleagues in the 1970s (32). 
This technique slowly superseded previous laryngoplasty 
techniques without cartilage grafting such as the Rethi 
procedure (33). Usually the cartilage is harvested from the 
costal arch (34), however, others have described the use of 
the thyroid ala or nasal septal cartilage (35,36). A complete 
anterior laryngofissure exposes the posterior surface of the 
cricoid plate. The plate is then divided in the midline and 
a rib graft with two lateral flanges is snapped into position. 
The anterior portion of the airway is enlarged in the same 
way using a second cartilage graft (Figure 3). The technique 
of LTR leads to excellent results, particularly in mild to 
moderate stenosis (37). However, in cases with extensive 
scarring (modified Myer-Cotton grade III and IV), results 
are less optimal and extended pCTRs should be applied (38). 

Extended pCTR

The extended pCTR is a combination of resection and 
reconstruction techniques using rib cartilage grafts for 
airway enlargement. In addition to a standard cricotracheal 
resection (with a dorsal mucosectomy), the thyroid is split 
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Figure 2 Standard cricotracheal resection. The cricoid arch is resected and a mucosectomy of the cricoid plate is performed. The 
mucosectomized cricoid plate is fully covered with a dorsal mucosal flap during the anastomosis. A running PDS suture is used to adapt the 
posterior part of the anastomosis, interrupted PDS stiches are used for the lateral and anterior aspect.

Figure 3 Principles of laryngotracheal reconstruction. The anterior and posterior glotto-subglottic airway is opened vertically and a rib 
cartilage graft is inserted to expand the diameter of the airway. Modified from Hoetzenecker et al. (28).

in the midline for exposure of the posterior glottis. Then 
the cricoid plate is divided in the midline. If extensive 
scarring of the interarytenoid muscle or cricoarytenoid joint 
fixation is found, the division has to be extended cephalad. 
A rib cartilage graft is then inserted as per the technique 
described above (LTR). A thyrotracheal anastomosis is 
performed after trimming the distal end of the trachea. The 
dorsal cartilage interposition has to be fully covered by a 
distal mucosal flap. Anteriorly, the thyroid is partially closed 

in order to reapproximate the anterior commissure and the 
vocal folds. A wedge of cartilage pedicled to the anterior 
tracheal wall is trimmed and interpositioned between the 
lower portion of the thyroid split (Figure 4).

Extended pCTR often requires an endoluminal 
stabilization since the pediatric airway is still flexible and the 
reconstruction is usually not immediately stable. Currently, 
the LT-Mold (Bredam S.A., St. Sulpice, Switzerland), 
which was developed in Lausanne, is the most distinguished 



1668 Hoetzenecker et al. Pediatric airway surgery

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(6):1663-1671jtd.amegroups.com

airway-prosthesis for pediatric patients. It is made of soft 
silicone and therefore avoids pressure necrosis and the 
formation of granulation tissue (39). The prosthesis was 
created molding pediatric cadaver larynges and therefore is 
adapted to anatomical features of the glottic and subglottic 
region.

A temporary tracheostomy has to be implemented distal 
to the reconstruction. The LT-Mold can be easily removed 
endoscopically after 6-8 weeks and patients can be weaned 
from the tracheostomy thereafter.

To date two major series of extended pCTR for severe 
laryngotracheal stenosis have been published in the 
literature. Both groups from Cincinnati and Lausanne 
report excellent outcomes with decannulation rates of 

90% (40) and 94%, respectively (29). Despite the severity 
of the stenosis, functional outcome is remarkable. During 
long-term follow-up, 65% of patient had a completely 
normal breathing pattern, even on exertion. Although, 
some degree of dysphonia had remained in the majority 
of children, particularly in cases with preexisting 
cricoarytenoid joint fixation. Swallowing is hardly ever 
impaired with normal swallowing reported in 94% of 
patients (4).

Slide tracheoplasty

Slide tracheoplasty is a wide-spread technique in pediatric 
airway surgery. It was originally developed to treat long-

Figure 4 Surgical steps of an extended partial cricotracheal resection. After a complete anterior and posterior split of the larynx, a rib 
cartilage is inserted posterior. It is covered by a mucosal flap of the membraneous portion of the distal trachea. An LT mold is inserted to 
stabilize the reconstruction and the thyrotracheal anastomosis is completed. Modified from Hoetzenecker et al. (28).
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segment congenital stenosis and first described in 1989 
by Tsang and Goldstraw (41). The basic principle of 
tracheoplasty is a doubling of the stenotic tracheal lumen 
by dividing the stenotic airway in the middle of the 
stenosis and sliding the two newly formed segments into 
each other (Figure 5). The largest published cohort of 
slide tracheoplasties is reported by the airway service of 
the Great Ormond Street Hospital, UK, with a pooled 
experience of over 100 patients (42). Short-term and long-
term results are good (43,44). Patients with preoperative 
ECMO requirement, long-segment tracheomalacia 
and extension of the stenosis into the main bronchi 
experienced worse postoperative outcomes (42). About 
50% of long-segment congenital stenosis patients present 
with a concomitant cardiovascular anomaly. A combined 
repair of the tracheal stenosis and the cardiovascular 
malformation is required, necessitating cardiopulmonary 
bypass. If there is no concomitant defect, the operation 
can also be performed using ECMO for maintaining 
oxygenation (45). Due to the excellent results of slide 
tracheoplasties some centers have expanded their 
indication to children with intermediate and even short-
segment stenosis (43). A resection of greater than 30 
percent of the airway length is associated with an increased 
risk of anastomotic complications (3). Thus, the technique 
of slide tracheoplasty poses an interesting alternative to 
mere resection and end-to-end anastomosis.

Conclusions

Pediatric airway surgery is a challenging field of medicine, 
which involves a dedicated multidisciplinary team. Thoracic 
surgeons, ENT surgeons, phoniatricians, pediatricians 
and anesthetists are needed to treat these often complex 
patients. In experienced hands excellent short- and long-
term results can be achieved, thus, a centralization of these 
highly demanding patients should be considered.
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