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IMPORTANCE Tracheobronchomalacia (TBM) describes an increased collapsibility of the

trachea and bronchi that is greatest on forced expiration. A broad term, TBM encompasses
intrinsic tracheal weakness, some forms of tracheal deformation, and extrinsic compression.
Tracheobronchomalacia is the most common congenital tracheal anomaly, affecting 1 in
2100 children. Tracheobronchomalacia is often associated with recurrent and prolonged
respiratory tract infections, can lead to chronic lung disease, and can be fatal in its most
severe form. Tracheobronchomalacia is often associated with other congenital anomalies and
syndromes.
OBSERVATIONS There is a paucity of information on TBM treatment in the modern
otolaryngology literature. The primary treatment modalities described include tracheotomy,
tracheal stents, and anterior aortopexy. In this review, a new TBM classification scheme and
new treatment strategies are introduced to the otolaryngology literature. Diagnosis is made
through history and physical examination, dynamic airway computed tomography, and
dynamic 3-phase tracheobronchoscopy. Medical management includes nebulizer treatments,
minimal use of inhaled corticosteroids, gastroesophageal reflux disease therapy, and
continuous positive airway pressure. Surgical techniques, including anterior and posterior
tracheobronchopexy and anterior and posterior aortopexy, are described.
CONCLUSIONS AND RELEVANCE Tracheobronchomalacia is an entity of relevance to pediatric

otolaryngologists and should be considered as being associated with respiratory distress,
stridor, cough, recurrent pneumonia, or feeding difficulties, especially in children with
syndromes or other congenital anomalies. A multidisciplinary approach to these patients is
essential. A classification scheme facilitates discussion of individual patients among health
care professionals and guides appropriate management. Novel surgical approaches for the
treatment of TBM, including anterior and posterior tracheopexy and aortopexy, may be
considered in management of the treatment of children with symptomatic TBM.
JAMA Otolaryngol Head Neck Surg. doi:10.1001/jamaoto.2018.3276
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T

racheobronchomalacia (TBM) is an imprecise term that is
used to describe unilateral airway compression (as seen in
innominate artery compression and aberrant subclavian artery compression), circumferential airway compression (as seen in
double aortic arch and vascular rings), diffuse or focal cartilage weakness with dynamic collapse of the large airways (as seen in some genetic conditions and tracheal inflammation), and excessive dynamic motion of the posterior tracheal membrane during forced
exhalation. Tracheobronchomalacia can occur as 1 form or a combination of 2 or more forms of the above conditions, and different
regions of the airway may be affected by different conditions. This
complexity makes precise classification of TBM difficult.
Tracheobronchomalacia can be further divided into tracheomalacia (TM), with collapse isolated to the whole or segments of the trachea, and bronchomalacia, a less common entity describing isolated
jamaotolaryngology.com
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collapse of 1 or both mainstem bronchi.1,2 The third entity of small airway malacia, involving the lobar bronchi and perhaps smaller airways,
is another form that is less well understood and often associated with
prematurity, bronchopulmonary dysplasia, and other conditions.
Tracheomalacia was first described in the literature in the 1930s1940s. In 1952, Holinger et al3 reported on infants with dynamic
collapse of the large airways that resolved with passage of a bronchoscope. Baxter and Dunbar further characterized TM in 1963, describing it as “a condition in which there is a weakness of the tracheal wall due to softening of the supporting cartilage and hypotonia
of the myoelastic elements. The result is a trachea which lacks its
usual degree of stiffness and the anterior and posterior walls coapt
resulting in collapse of the tracheal lumen.”4(p1013)
In healthy individuals, the tracheal lumen dilates on inspiration
due to outward posterior motion of the posterior membrane with
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decreasing intrathoracic and mediastinal pressures relative to the
intraluminal airway pressures. The tracheal lumen narrows on expiration as the increased intrathoracic and mediastinal pressures relative to the intraluminal airway pressures causes airway compression and the posterior membrane moves inward and anteriorly. The
shape and strength of the cartilage and narrow posterior wall and
the tone of the pars membrenacea allow the healthy trachea to withstand collapse even with the high intraluminal pressures generated during cough and forced exhalation.2,5 The healthy trachea will
narrow less than 50% on vigorous coughing in adults.1,2
In patients with TM, the tracheal cartilage often has an aberrant shape: instead of the normal C shape with a narrow posterior
membrane, the cartilage may be more of a U shape with a wider and
more mobile posterior membrane, or even a bow shape with a very
wide and very mobile posterior membrane. Histopathologic studies of the tracheas of children with TBM/tracheoesophageal fistula
(TEF) postmortem found a decrease in the normal 4.5:1 ratio of cartilage to posterior membrane muscle.6 In most cases, TBM affects
the intrathoracic trachea and narrowing and/or collapse of the airway is most severe on forced expiration.2,7 Historically, a dynamic
reduction in the tracheal lumen of 50% has been used as the threshold to diagnosis of TBM, although this reduction must be correlated with symptoms to be considered pathologic.7
One common classification system is as follows: TBM is described as primary (congenital) if there is intrinsic collapse of the trachea and secondary (acquired) if there is extrinsic compression by
the esophagus, a major vessel, or a tumor, or if the flaccid trachea
resulted from infection or prolonged mechanical ventilation.2,8 These
conditions may occur together in many combinations and do not
separate the causes or the treatments. For example, the primary
types all have cartilage malformation as a common cause. The cartilages may be misshapen with a U or bow shape with a wide posterior membrane instead of the usual C shape, the cartilages may be
maldeveloped and be very soft and collapsible, or the cartilages
may just be malformed so they form a narrow plate without airway
support. In this classification system, secondary types of TBM are
associated with congenital anomalies, such as vascular compression from the innominate artery or aorta slightly displaced from normal positions, from vascular rings, or by the esophagus, which is often dilated in utero as in esophageal atresia (EA), resulting in
compression and deformation of the trachea during development.
This category also includes expanding tumors that compress the
trachea, tracheal inflammation that injures and weakens the trachea, and chronic ventilation that dilates and weakens the walls of
the trachea. The multiple causes and locations of TBM highlights the
need for a better classification system for tracheobronchial structural integrity.
There is an association between TBM and prematurity, although the incidence has not been well studied. The incidence of
bronchopulmonary dysplasia in patients with TBM is estimated to
be between 50% and 72%.1,9 Comorbid bronchopulmonary dysplasia requiring intubation at or shortly after birth may mask or delay the diagnosis of TBM. Historically, premature infants with TBM
diagnosed after prolonged intubation, mechanical ventilation, and
high-dose corticosteroid administration were classified as having secondary TBM. However, as intubation often occurs before a thorough airway examination, the diagnosis of primary vs secondary TBM
is difficult to make. Thus, the association between TBM, prematuE2

rity, and bronchopulmonary dysplasia is recognized but remains an
important area for study.
Nevertheless, primary TBM is the most common congenital
anomaly of the trachea.10 There is an association with syndromes
and other congenital anomalies.2,9 The most severe forms of TBM
can result in complete collapse of the large airways and may
be fatal.2,5,10 Diagnosis is made through careful history (eg, barky
cough; recurrent respiratory tract infections; BRUEs [brief, resolved, unexplained events, previously known as ALTEs [apparent
life-threatening events]) with forced exhalation, laughing, and coughing; exercise intolerance; and failure to thrive due to eating and feeding disturbances) and physical examination (eg, barky cough, expiratory rhonchi); dynamic airway computed tomography (CT), which
underestimates the degree of airway collapse; and dynamic, 3-phase
tracheobronchoscopy, which is the standard for diagnosis of airway structure and dynamic function.2,5,11 Medical management includes nebulizer treatments to optimize airway clearance (normal
saline or hypertonic saline to thin the secretions and ipratropium
bromide to decrease the secretions), minimal use of inhaled corticosteroids to avoid worsening of the airway malacia, gastroesophageal reflux disease therapy to minimize aspiration of inflammatory
gastric contents, and chest physiotherapy to help with airway
clearance.2,5
Traditional surgical management has consisted of tracheotomy to bypass or stent the affected region of the trachea, continuous positive airway pressure (CPAP) to increase the intraluminal airway pressure and improve airway distention, internal airway
stents, external airway splints, and anterior aortopexy.2,11-13 With this
review, we present a novel classification scheme to facilitate discussion of patients among clinicians and describe innovative surgical
techniques of anterior and posterior tracheopexy and anterior and
posterior aortopexy. For the purposes of this review, we focus on
pediatric TBM.

Clinical Presentation and Pathogenesis
The reported incidence of TBM is between 1 in 1445 to 1 in 2100 live
births, but it has been hypothesized that this incidence may be artificially low owing to failure to make the correct diagnosis in the more
severe cases and self-limited course of mild TBM.10,14 A male predominance has been reported in 58% to 82% of cases.5,10 Tracheobronchomalacia can present in healthy term infants but is more common in premature infants.9
Tracheobronchomalacia can occur in isolation, but it often presents with other congenital airway anomalies, such as laryngomalacia and laryngeal cleft, cardiopulmonary anomalies, or
syndromes.2,9 Associated syndromes can be found in the Box. The
most common entity associated with TBM is TEF/EA.1,6,15 Study of
the relationship between TEF/EA and TM led to a proposed pathogenesis of TBM, which stems from improper foregut division into the
trachea and esophagus during embryogenesis. In addition to improper midline fusion resulting in TEF and laryngeal clefts, the development of the posterior trachea may develop abnormally, ultimately resulting in the abnormal cartilage shape and wide pars
membranacea often found in primary TBM.1,6,14 An additional theory
relating to TEF/EA was proposed by Davies and Cywes,16 who suggested that dilation of the proximal esophageal pouch in utero alters the normal development of the trachea, leading to abnormal cartilage shape and a flaccid posterior trachea.
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Box. Disease States Associated With Primary and Secondary Tracheobronchomalaciaa
Primary/Congenital TM/TBM

Severe tracheobronchitis

Idiopathic TM; healthy infant

Resulting from compression
Vascular

Prematurity

Double aortic arch

Cartilage congenital abnormalities
Dyschondroplasia, chondromalacia, chondrodysplasia

Abnormal take off of the innominate artery

Polychondritis

Enlarged pulmonary veins

Ehlers-Danlos syndrome

Cardiac

Congenital syndromes
Mucopolysaccharidosis (Hunter and Hurler syndromes)

Left atrial hypertrophy
Enlarged left atrium

CHARGE syndrome/VACTERL association

Skeletal

Trisomy 9 and 21

Scoliosis

Antley-Bixler

Pectus excavatum

Hallerman-Streiff

Tumors, cysts, and masses

Crouzon

Teratomas

Pfeiffer

Bronchogenic cysts

Blackfan-Diamond

Enterogenic cysts

Williams-Campbell

Thymomas

DiGeorge

Lymphatic malformation

Larsen and Larsen-like

Lymphoma

Brachmann de Lange

Neuroblastoma

Robin sequence

Thyroid goiter

Atelosteogenesis type 1

Hemangiomas

Deletion 11p13, 22q11, and 12q
Translocation 18-22

Infection
Abscess

Kneist dysplasia

Posttraumatic

Camptomelic dysplasia

Abbreviations: CHARGE, coloboma, heart defects, choanal atresia, growth
retardation, genital and/or urinary tract abnormalities, and ear anomalies;
TM/TBM, tracheomalacia/tracheobronchomalacia; VACTERL, vertebral
defects, anal atresia, cardiac defects, tracheoesophageal fistula, renal
anomalies, and limb anomalies.

Congenital anomalies
Tracheoesophageal fistula
Esophageal atresia with or without laryngeal cleft
Bronchopulmonary dysplasia

a

Adapted from Carden et al.1

Secondary/Acquired TM/TBM

Prolonged intubation

Classic TBM was described as having a delayed presentation in
the first 2 to 3 months of life.2 However, other work has shown that
95% of patients with TBM have symptoms at birth.1,14 The most common presentation includes barking cough and biphasic or expiratory stridor. Recurrent respiratory tract infections (from poor airway clearance), feeding difficulties (from esophageal dilation causing
tracheal compression), spontaneous neck extension (tracheal tug
opens the airway), increased work of breathing, wheezing (from
small airway inflammation, which must be differentiated from reactive small airway disease), cyanosis, and apneic or dying spells (currently called ALTEs and BRUEs) may also be present.2,5 Severe presentations of TBM may be detected at birth and require intubation
and CPAP. Symptoms may be exacerbated by agitation, coughing,
and feeding.14 Tracheobronchomalacia may be diagnosed prior to
TEF/EA repair by dynamic bronchoscopy, although it is often diagnosed when there is a failure to wean from CPAP and inability to extubate following esophageal atresia repair. Tracheomalacia, TBM,
bronchomalacia, and small airway malacia may present as synchrojamaotolaryngology.com

nous airway lesions during diagnostic and therapeutic airway endoscopies for other airway symptoms.
Tracheobronchomalacia has been divided into symptomatically mild, moderate, and severe forms. Mild forms can present with
barking cough and recurrent or prolonged respiratory tract infections. This form may go undiagnosed as there is a self-limited course
and the condition may resolve as the child grows, usually by age 2
years.4,9 Improvement or resolution of symptoms may be related
to the increase of airway diameter with growth of the child, allowing more air movement despite similar airway dynamic and static narrowing, thus making signs and symptoms less severe. This population is not well studied and thus is poorly understood. Moderate TBM
also presents with cough and prolonged respiratory tract infections, but these patients require treatment with nebulizers and antibiotics. They miss school activities and may have exercise intolerance with easy fatigability. Patients with severe TBM present with
stridor, cough, failure to thrive, recurrent pneumonias, and apneic
episodes.8 They have frequent emergency department visits and
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Figure 1. Tracheal Collapse Demonstrated on Multidetector Computed Tomography
A Inspiration

B

Expiration

T
E

E

A, Esophagus (E) and trachea (T)
shown on inspiration. B, Collapse of
trachea during expiration, indicated
with arrowheads.

hospitalizations, need for intubation, and development of bronchiectasis from recurrent and persistent lung infections. The mortality of severe TBM may be as high as 80%.1 Tracheobronchomalacia
has also been implicated as having a possible association with ALTE
(now called BRUE).17,18

Diagnosis
History and physical examination are paramount to suspecting the
diagnosis of TBM and symptomatically classifying the severity. Expiratory stridor, barking cough, recurrent respiratory tract infections, apneic episodes, need for CPAP, and comorbid anomalies or
syndromes should raise suspicion for TBM. Pulmonary function tests,
plain radiographs (including inspiratory and expiratory films), tracheograms, bronchograms, airway fluoroscopy, multidetector computed tomography (MDCT), dynamic magnetic resonance imaging,
and direct tracheobronchoscopy have all been used to diagnose
TBM.19-22
At Boston Children’s Hospital, we find direct tracheobronchoscopy to be of the greatest diagnostic utility. Dynamic airway MDCT
can be useful, especially in evaluating collapse of the more distal airways, specifically the bronchial airways, but it underestimates the
severity of the airway collapse and so cannot be used to rule out TBM.
We will focus on these 2 modalities for the purposes of this review.
Multidetector computed tomography with contrast adds essential information to direct, 3-phase dynamic tracheobronchosE4

copy in the evaluation of TBM.2,23,24 Multidetector computed tomography allows for traditional axial, coronal, and sagittal views with
the addition of 2-dimensional and 3-dimensional (3-D) reconstructions of the thoracic structures (Figure 1). End-inspiration and endexpiration images can be obtained to compare airway patency. The
location, characteristics, and severity of the airway collapse and airway compression can be assessed, although it is often less apparent than on dynamic bronchoscopy. Added benefits include the
potential diagnosis of concomitant anomalies, such as tracheal diverticulum, vascular anomalies, pulmonary disease, and identification of the artery of Adamkiewicz, which must be preserved during
thoracic surgery. If extrinsic compression is suspected or identified, MDCT is often vital for surgical planning.
In cooperative patients older than 5 years with a stable airway,
these images can be obtained with the patient awake. In infants and
patients with unstable airways, dynamic MDCT often requires intubation or laryngeal mask airway placement. End-inspiratory and endexpiratory phases of MDCT scanning are obtained by applying positive pressure ventilation (20 cm H2O) to simulate breath holding
during full inspiration, and by withholding positive pressure (0 cm
H2O) during expiration. Endotracheal intubation can confound results of the study by iatrogenically maintaining airway patency; thus,
laryngeal mask airway or spontaneous ventilation are preferred.
Ngerncham et al23 reported the diagnostic accuracy of MDCT at 91%
compared with the standard of direct tracheobronchoscopy. It is
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Figure 2. Dynamic Bronchoscopic Examination of an Airway
A Inspiration

C

C-shaped rings

B

Expiration

D U-shaped rings

E

Bow-shaped rings

Examination on inspiration (A) and expiration (B) exhibiting posterior wall
dynamic motion resulting in near-complete obstruction of the tracheal lumen
during inspiration (severe tracheomalacia). Tracheal cartilage sections shown as

normal C-shaped rings (C), U-shaped rings with a wide pars membranacea
demonstrating posterior intrusion (D), and bow-shaped rings, also with wide
pars membranacea and posterior intrusion (E).

thought that MDCT may underestimate dynamic tracheal collapse
because tracheal transmural pressure during these studies is never
positive, which occurs when patients actively exhale or cough. Multidetector computed tomography was originally proposed to avoid
general anesthesia, and although the procedure is brief, these patients often require sedation during MDCT, which tends to further
minimize the degree of airway collapse.
Direct visualization of the airway remains the standard for diagnosing TBM.1,2 This approach allows for the assessment of synchronous airway anomalies, such as vocal fold immobility, laryngomalacia, laryngeal cleft, laryngotracheoesophageal clefts, and TEF.
The risks include those standard for direct laryngotracheobronchoscopy, including general anesthesia, and need for further studies, including MDCT, to completely characterize the TBM and understand concomitant vascular, esophageal, and thoracic anatomy as
they pertain to the airway and the potential for reconstruction to
open the airways.
A multidisciplinary team approach to these patients is advocated as these patients are often complex and require care coordination. A flexible fiberoptic laryngoscopy should be performed preoperatively on each patient to assess vocal fold mobility and detect
laryngomalacia; this is done in clinic if possible or before induction
of anesthesia in the operating room if clinic coordination is not feasible. Flexible tracheobronchoscopy performed in isolation by pediatric pulmonologists may serve to diagnose severe TBM or raise
suspicion of mild to moderate TBM. Flexible tracheobronchoscopy

may prompt multidisciplinary evaluation for further evaluation and
management. Advantages of flexible bronchoscopy include evaluation of the distal, small airways as well as the ability to perform bronchoalveolar lavage. Rigid bronchoscopes facilitate the laryngeal examination and probing of the TEF and diverticula. As the optics and
instrumentation for both modalities improve, the advantages of one
technique over another diminishes in skilled hands.
Careful preprocedural discussion with the anesthesia service is
critical, as the patient must be spontaneously breathing for accurate diagnosis of TBM. Paralysis, heavy sedation, and positive pressure ventilation can mask dynamic airway collapse. A minimal
amount of lidocaine hydrochloride, 1% (typically 0.5 mL), is topically applied to the true vocal folds to avoid anesthetizing the trachea, and the distal airways are examined using a Hopkins II zerodegree telescope and rigid ventilating bronchoscope of appropriate
size. A dynamic, 3-phase rigid bronchoscopy is performed to completely assess the structure and function of the visible airways. The
first phase of the rigid bronchoscopy is performed with the patient
taking spontaneous, shallow breaths, allowing for evaluation of static
compression of the trachea and bronchi. In the second phase of bronchoscopy, the aim is to see the patient vigorously breathing or coughing to assess maximum dynamic motion and collapse during expiration (Figure 2A and B). Achieving this activity may require tickling
the airway with a fine wire or small 3F ureteral catheter (one can do
this since minimal lidocaine was used to anesthetize the vocal cords
and none dripped down the trachea). In the final phase of bronchos-
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Figure 3. Form for Documentation of Bronchoscopy and Anatomic Divisions of the Large Airways to Facilitate
Classification and Description of Tracheobronchomalacia
A Airway evaluation sheet

FOE
awake

Shallow
breathing

B

Cough
valsalva

Sedated
distended
pressure?

Airway segment classification

Contrast
study

Tonsils
Cricoid cartilage

Epiglottis
AE folds
Arytenoids

T1

Cords
L cleft
Subglottis
T1

Clavicle

T2

T2

T3
Carina
L1

Innominate
artery

L2
L3

R2
BI
Tracheal
diverticulum?

Descending
aorta

T3

R1
Ascending
aorta

R1
R2

L1
Carina

L2

TEF?
Posterior
artery?

L3

Secretions
Other
Notes

copy, all secretions are removed and the airway is examined while
the patient is sedated and the airway distended to 40 cm H2O (30
cm H2O in neonates) to dilate the trachea. The airway is carefully
evaluated for structure, anatomy, and the posterior membrane
is evaluated for TEF and tracheal diverticulum. Any suspicious
regions are probed with an end-hole catheter and infused with watersoluble contrast to see if there is a communication with another structure, typically a TEF to the esophagus; however, other communications can occur to, for example, cysts and abscesses. The posterior
glottis is probed for laryngeal cleft.
The airway is methodically evaluated by anatomic region, type
of collapse, and severity of collapse. The location of the collapse—
anterior, posterior, or both—is documented. The shape of cartilage
is noted and is described as C (normal configuration), U, or bow
shaped (Figure 2C-E). Care must always be taken to evaluate the
smaller airways for malacia, either using rigid or flexible bronchoscopes. There are no standard criteria for diagnosing or describing
TBM, but greater than 50% narrowing of the tracheal lumen is generally considered to be pathologic and needs to be correlated with
the patient’s symptoms. Most patients with symptomatic TBM will
have greater than 75% narrowing on forced exhalation, and it is
thought that 33% of patients with TBM will experience intermittent, complete collapse of their tracheal lumen.7 The results of each
bronchoscopy are recorded intraoperatively and dictated into the
patient’s record (Figure 3A). A sample video of a 3-phase, dynamic
bronchoscopy is presented in Video 1.
E6

Classification
Historically, TBM has been classified as generalized or localized disease, with studies reporting that some children had short segments of malacia. Developmental classification has since evolved into
describing TBM as primary or congenital vs secondary or acquired.1,2
Congenital TM encompasses airway obstruction associated with
flaccid cartilages and dynamic posterior membranous wall intrusion. Truly soft cartilage is rare and can be associated with immaturity or prematurity. Disease processes, such as chondrodysplasias
and Ehlers-Danlos syndrome, can be associated with an intrinsic
weakening of the cartilages of the tracheal wall.1,2 Congenital TM can
also be found in otherwise healthy infants and can relate to the cartilage anatomy of the trachea. If the tracheal cartilages are misshapen and do not take the common C shape, resulting in a wide pars
membranacea, a greater proportion of the circumference of the trachea will be prone to dynamic collapse. Not all children with a wide
pars membranacea will display clinical or bronchoscopic TBM. Tracheobronchomalacia is often seen in patients with TEF/EA, with reported rates of severe TBM in patients with EA of 11% to 33%.2,25
Children with TEF/EA have been found to have elliptical deformities of the tracheal lumen, deficiency of the cartilaginous rings, and
an increase in the width of the pars membranacea.6
Developmentally acquired TBM is more common than the congenital form and encompasses a variety of causes. Tracheobronchomalacia can result from severe tracheobronchitis, prolonged intubation, or trauma.1,2 The trachea and bronchi can be extrinsically
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A, Standardized form for
intraoperative documentation of
3-phase bronchoscopy findings,
completed to correspond with Video
1. B, Anatomic divisions of the large
airways. AE indicates aryepiglottic;
BI, bronchus intermedius;
ELLIP, elliptical cricoid;
FOE, fiberoptic examination;
L, left-sided compression; L cleft,
laryngeal cleft; L1, left mainstem
bronchus level 1; L2, left mainstem
bronchus level 2; L3, left mainstem
bronchus level 3; LMB, left mainstem
bronchus. NL, normal; R, right-sided
and compression; R1, right mainstem
bronchus level 1; R2, right mainstem
bronchus level 2; T1, trachea level 1;
T2, trachea level 2; T3, trachea level
3; and TEF, tracheoesophageal fistula.
U and BOW denote shape of
cartilaginous rings.
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compressed by structures such as vascular structures, thyroid goiters, congenital tumors and cysts, and the spine or sternum. Aberrant vasculature also associated with classic tracheal compression
and acquired TBM. A double aortic arch results in anterior and posterior compression of the distal trachea, while a pulmonary artery
sling is associated with distal anterior compression of the trachea
and proximal right mainstem bronchus. Innominate artery compression typically occurs in the anterior midtrachea. Aberrant right subclavian artery is associated with posterior tracheal compression as
it passes posterior to the trachea and the esophagus.26
We developed a classification scheme to facilitate describing individual patient variation, discussion among clinicians, and treatment planning. Evaluation with 3-phase dynamic bronchoscopy is
performed as described previously and the and the findings are documented as described below.
The trachea is divided into 3 sections from proximal to distal to
describe the location of malacia (Figure 3B): T1 is cricoid to the thoracic inlet, T2 is the inlet to the innominate artery, and T3 is the innominate to the top of the carina. The carina itself is evaluated independently. The left mainstem bronchi is divided into 3 sections:
L1 to L3 from proximal to distal, with L2 defined as the segment
where the bronchus crosses over the descending aorta. The right
mainstem bronchus is divided roughly in half lengthwise, proximal
to distal, and designated R1 and R2. Common structures causing
compression of anatomic segments are as follows: T1 is most frequently compressed by thyroid goiters or congenital neck cysts or
masses, T2 can be compressed by the innominate artery on its left
anterior surface, T3 compression is often associated with the aorta
anterolaterally, L1 compression is associated with the main pulmonary artery, L2 can be compressed anteriorly by the left pulmonary
artery and posteriorly by the descending aorta, L3 compression is
typically anterior and associated with the left pulmonary artery, and
R1 and R2 are compressed anteriorly by the right pulmonary artery.
Description of the static and dynamic motion of the tracheal wall
is recorded. Typically we describe the anterior and lateral percentage intrusion into the tracheal lumen and the posterior membranous wall intrusion and note any resulting coaptation. A usual notation would be T2 region pulsatile anterior collapse of 30% by
innominate artery and static posterior intrusion of 30%, increasing
to coaptation with coughing. Aberrant examination findings, such
as aberrant right upper lobe bronchus, TEF, tracheal diverticulum,
mucosal wall inflammation, friability, cobblestoning, airway masses
or cysts, and airway secretions are detailed.

Treatment
AtBostonChildren’sHospital,patientswithTBMarecaredforbyamultidisciplinaryteam,includingpediatricsurgeons,otolaryngologists,pulmonologists, gastroenterologists, and critical care medicine. Mild
presentations of TBM can be managed without surgical intervention.
Using nebulizers to optimize secretion thinning and airway clearance,
and symptomatic treatment of recurrent respiratory tract infections
with antibiotics and chest physiotherapy may be useful until the tracheal lumen enlarges enough to allow adequate airflow on forced
expiration.1,2,4,27,28 The malformed cartilages and the wide posterior
membrane probably do not improve with age, and in fact may worsen
with time and growth. These patients need to be followed up closely
for progression of symptoms and to optimize treatment to avoid development of chronic lung and airway disease.
jamaotolaryngology.com

Review Clinical Review & Education

Indications for and evidence supporting the medical management of TBM are lacking. A Cochrane review published in 2012 (Goyal
et al29) identified only a single randomized clinical trial of therapies
related to the treatment of primary TBM. The study compared nebulized recombinant human deoxyribonuclease with placebo in 40 children with primary TBM and a respiratory tract infection; recombinant human deoxyribonuclease did not resolve cough at 2 weeks and
subjective daytime and nighttime cough scores may have favored
placebo. There were no other studies that met inclusion criteria.
Initially, a medical treatment approach to mild to moderate TBM
is favored. Adjunctive therapies include hypertonic saline nebulizer treatments to thin airway secretions and facilitate clearance,
inhaled low-dose corticosteroids to decrease airway inflammation
and secretions, inhaled ipratropium bromide to decrease secretions, and chest physiotherapy to mobilize the secretions. Close follow-up is needed to assess response to treatment and document patients whose condition progresses symptomatically despite medical
treatment.
Continuous positive airway pressure and bilevel positive airway pressure are noninvasive treatments for TBM. Both treatments increase the intraluminal pressure, and the elevated transmural pressure differential may help to open the airways, which may
maintain some minimal effective tracheal patency during exhalation and cough.1,30 However, if patients require respiratory support throughout the day, these treatments can limit oral feeding,
speech development, facial development, and normal child
behavior.9,31 Historically, tracheotomy and mechanical ventilation
were the mainstays of treatment for TBM. While tracheotomy facilitates oral feeding, the need for mechanical ventilation can also
prevent language acquisition. In addition, pediatric tracheotomy is
associated with risks and is a burden to caregivers. Tracheotomy
tubes have also been used without mechanical ventilation to stent
the airway and bypass the area of collapse. As would be expected,
this approach results in need for custom tracheotomy tubes, frequent tube changes, and tracheal granulation tissue.1,32
The primary indications for surgical intervention include cyanotic and/or apneic episodes, recurrent pneumonia (>3 episodes per
year), and the inability to extubate the patient owing to CPAP
requirement.2,18 Developing bronchiectasis and exercise intolerance are emerging surgical indications.2 A single BRUE event with
evidence of TBM is also an indication for hospitalization until urgent surgical repair can take place.1,2,28
Surgical management of TBM must consider the location, character, and degree of collapse. It is also important to consider the timing of management of comorbid conditions, particularly TEF/EA and
gastroesophageal reflux disease. Extrinsic compression by surrounding structures, such as the esophagus, aberrant vasculature, or thoracic masses, must also be addressed separately or concurrently.33,34
Occasionally, relieving vascular compression is sufficient to improve respiratory status and further interventions are not needed.
However, for many patients, intrinsic collapse persists after vascular repair, necessitating additional procedures to address the primary TBM.34
Short-segment TM has been treated with tracheal resection and
end-to-end anastomosis or slide tracheoplasty.1,2,35,36 These strategies are not widely used because TBM rarely presents as a shortsegment process amenable to this approach.2 External tracheal
splinting with autologous rib and synthetic materials has also been
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documented in animal models and limited human studies.1,2 Autologous rib has been fixed on either side of a normal cartilaginous
ring to stabilize long-segment TBM.37,38 Synthetic materials, such
as Silastic meshes and ceramic rings, have also been reported, but
concern for foreign body reaction, infection, and erosion have limited their use.39,40 A newer treatment with external, custom 3-D
printed splints have been reported and are currently under
investigation.13,41
Endoscopic placement of internal tracheal stents has been attempted by multiple groups using a variety of materials, including
absorbable, bare metal, and silicone. The procedure is appealing
because it is less invasive and yields quicker recovery times. Unfortunately, at a minimum, stents cannot grow with the child and require future removal, dilation, or additional stent placement. Increasingly morbid complications of tracheal stents have included
granulation tissue formation leading to recurrent luminal obstruction, erosion, migration, fracture, and even death.32,42-44 At present, intraluminal stents are used only when open or endoscopic
procedures are not feasible. In 2015, Morrison et al13 described
placement of an extraluminal tracheal splint using polycaprolactone, a biocompatible and bioresorbable polyester that remains in
vivo for 2 to 3 years. It was created using 3-D printing technology
specific to individual patient anatomy and has thus far been reported to be used only to splint severe left bronchomalacia. The splint
has resulted in resolution of life-threatening airway collapse. Longterm follow-up is required, as risks of migration, erosion, foreign
body reaction, and infection are still a concern, but the results have
been promising.12,13
Until recently, anterior aortopexy was the mainstay of surgical
management of intrathoracic TBM.1,2,8,28,44 Within the deep neck
and mediastinum, the trachea and mainstem bronchi are loosely attached anteriorly to the major vessels by areolar tissue and posteriorly to the mediastinal structures by connective tissue and segmental tracheal vessels. During anterior aortopexy, the thymus is
often removed for exposure. The aorta and, frequently, the innominate artery, pulmonary arteries, and the pericardium are sutured to
the posterior surface of the sternum (Figure 4A and B). This positioning creates more space in the superior mediastinum, relieves airway compression, and often opens a compressed elliptical-shaped
trachea to assume a more normal circular configuration.45 Several
approaches have been described for aortopexy, partial sternotomy, thoracoscopy, and anterior and lateral thoracotomy.46-48
Intraoperative bronchoscopy during suture placement is performed to ensure adequate decompression of the trachea at the correct locations. The placement and number of sutures is dictated by
the patient’s anatomy.2 This procedure does not directly address the
misshaped or flaccid cartilage of TBM or posterior membranous wall
intrusion during respiration; aortopexy improves external compression of the airway by the great vessels. Anterior aortopexy has been
found to improve clinical symptoms of TBM in 80% of patients but
is associated with a mortality rate of 6% and a complication rate of
16.6%. Common complications included pericardial effusion, phrenic
nerve injury, chylothorax, and recurrent laryngeal nerve injury.2,49
Despite the popularity of aortopexy for TBM, there is a paucity of
high-quality evidence supporting its efficacy. The literature consists mainly of small, single-center case series.2,46-49
Posterior aortopexy has also been described as surgical management for left mainstem bronchus compression and can be perE8

formed in conjunction with the other procedures described in this
review.46,50,51 Left mainstem bronchus collapse is most commonly
associated with vascular compression. Anterior compression is attributed to the left pulmonary artery and posterior compression is
associated with the descending thoracic aorta. Posterior aortopexy tacks the descending thoracic aorta to the periosteum of the
thoracic vertebra. This procedure is typically performed via a right
thoracotomy when there is a left descending aorta, although a left
thoracotomy can be more effective. Monitoring of the lower extremity blood pressure is important to ensure there is not restriction to lower body blood flow with this maneuver.46,50
Anterior and posterior tracheopexy have been described as
novel techniques in the surgical management of TBM.11,52-54 Aortopexy alone was unable to address the malformed tracheal cartilages and the posterior membranous intrusion common in TBM. The
procedure can be extended to tracheobronchopexy for the treatment of TBM. Posterior tracheopexy is performed by passing autologous pledgeted polypropylene sutures into but not through the
posterior tracheal membrane, taking care to stay extraluminal, and
securing them to the anterior longitudinal spinal ligament. Anterior
tracheopexy utilizes a similar suturing technique via the anterior tracheal wall and elevates the trachea toward the posterior sternum.
In both anterior and posterior tracheopexy, suturing is performed under direct bronchoscopic guidance to assess improvement in tracheal collapse with each suture placement and during the
tying process to avoid excess tension on the trachea (Figure 4C and
D; Video 2). Again, the number and placement of sutures are guided
by the patient’s anatomy. Anterior and posterior tracheopexies have
been performed via median sternotomy, thoracotomy, lateral neck
dissection approaches, and thoracoscopic approach, and by using
a robot.11,52-54 Aortopexy can also be performed during the same procedure. Although this technique is in its infancy and published case
series consist of fewer than 100 patients from a single institution,
the results have been promising. Patients have demonstrated improved exercise tolerance, less documented pneumonias, improved supplemental oxygen requirements, and resolution of their
ALTE events. Complications have included bilateral vocal fold paralysis requiring tracheotomy and the need for further revision surgeries. There has been 1 death in a patient with severe congenital
heart disease who developed multiorgan system failure 2 months
postoperatively.11,52 Larger studies with longer follow-up are needed
to determine the true risks and benefits of these procedures.
Synchronous airway lesions, such as laryngomalacia and laryngeal cleft, are addressed at a later setting once the TBM has been
treated. Ideally, an effort should be made to repeat the flexible fiberoptic laryngoscopy examination on all patients following tracheopexy to assess for vocal fold mobility. When immobility of 1 or
both vocal cords is diagnosed, close follow-up by pediatric otolaryngologist is required. Immobility of one or both vocal folds that persists or is symptomatic has been managed with speech therapy, injection laryngoplasty, and tracheotomy.

Conclusions
Tracheobronchomalacia is the most common congenital tracheal
anomaly and is seen with increasing frequency in tertiary care
pediatric centers. Presenting with barking cough and stridor, TBM
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Figure 4. Illustrations of Thoracic Structures
A Thoracic anatomy in tracheobronchomalacia from aortic compression
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Thoracic anatomy following anterior aortopexy
With the thymus removed, the aorta, innominate artery,
pulmonary arteries, and pericardium can be repositioned
anteriorly and sutured to the sternum to create space in
the superior mediastinum and relieve airway compression.

Decompressed
trachea
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Thoracic anatomy following anterior and posterior tracheopexy and anterior aortopexy
The posterior and anterior aspects of the trachea can be
sutured to the anterior longitudinal ligament and the
sternum respectively to further open a compressed airway.

Thoracic structures before anterior aortopexy (A), after anterior aortopexy (B),
and after anterior and posterior tracheopexy and anterior aortopexy (C). The
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blue arrows show the direction of pull on tracheal wall achieved by sutures
being placed.
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is characterized by dynamic collapse of the trachea. It is commonly
associated with other airway anomalies and syndromes. Mild
forms require only supportive management and may improve with
age, but more severe manifestations can be associated with recurrent respiratory tract infections, chronic lung injury, bronchiectasis, need for positive-pressure ventilation, ALTE, and death. A multidisciplinary team approach to diagnosis and management of
TBM is ideal. Workup includes flexible fiberoptic laryngoscopy,
MDCT, and dynamic laryngotracheobronchoscopy. Classification
and severity staging facilitate case discussions among clinicians
and guide surgical management, when indicated. There is no conARTICLE INFORMATION
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