1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ Mol Genet Metab. Author manuscript; available in PMC 2017 February 01.

Published in final edited form as:
Mol Genet Metab. 2016 February ; 117(2): 150-156. doi:10.1016/j.ymgme.2015.09.007.

Obstructive airway in Morquio A syndrome, the past, the present
and the future

Shunji Tomatsul*# Lauren W. Averilll# Kazuki Sawamotol, William G. Mackenziel,
Michael B. Boberl, Christian Pizarrol, Christopher J. Goffl, Li Xiel, Tadao Orii2, and Mary
Theroux®”

INemours/Alfred 1. duPont Hospital for Children, Wilmington, DE

2Department of Pediatrics, Gifu University, Gifu, Japan

Abstract

Patients with severe tracheal obstruction in Morquio A syndrome are at risk of dying of sleep
apnea and related complications. Tracheal obstruction also leads to life-threatening complications
during anesthesia as a result of the difficulty in managing the upper airway due to factors inherent
to the Morquio A syndrome, compounded by the difficulty in intubating the trachea. A detailed
description of the obstructive pathology of the trachea is not available in the literature probably
due to lack of a homogenous group of Morquio A patients to study at any one particular center.
We present a series of cases with significant tracheal obstruction who were unrecognized due to
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the difficulty in interpreting tracheal narrowing airway symptoms. Our goal is to provide the
guidelines in the management of these patients that allow earlier recognition and intervention of
tracheal obstruction.

Sagittal MRI images of the cervical spine of 28 Morquio A patients (12 + 8.14 years) showed
that19/28 (67.9%) patients had at least 25% tracheal narrowing and that narrowing worsened with
age (all 8 patients over 15 years had greater than 50% narrowing). Eight out of 28 patients were
categorized as severe (>75%) tracheal narrowing when images were evaluated in neutral head and
neck position. Of the 19 patients with tracheal narrowing, compression by the tortuous
brachiocephalic artery was the most common cause (n = 15). Evidence of such tracheal narrowing
was evident as early as at 2 years of age.

The etiology of tracheal impingement by the brachiocephalic artery in Morquio A appears to be
due to a combination of the narrow thoracic inlet crowding structures and the disproportionate
growth of trachea and brachiocephalic artery in relationship to the chest cavity leading to tracheal
tortuosity.

In conclusion, tracheal narrowing, often due to impression from the crossing tortuous
brachiocephalic artery, increases with age in Morquio A patients. Greater attention to the trachea
is needed when evaluating cervical spine MRIs as well as other imaging and clinical
investigations, with the goal of establishing a timely treatment protocol to reduce the mortality rate
in this patient population.

Keywords
Morquio A syndrome; tracheal obstruction; MRI; brachiocephalic artery; disproportionate growth

Introduction

Morquio A syndrome (Mucopolysaccharidosis type IVA, MPS IVA) is an autosomal
recessive lysosomal storage disorder caused by a deficiency of N-acetylgalactosamine-6-
sulfate sulfatase (GALNS) (1,2). This enzyme deficiency leads to progressive accumulation
of excessive glycosaminoglycans (GAGS) including keratan sulfate (KS) and chondroitin-6-
sulfate (C6S) primarily in the lysosomes of bone, cartilage, and ligaments, as well as the
extracellular matrix (ECM) of these tissues (1, 3-5). Deposition of GAGs impairs
chondrogenesis and endochondral ossification, causing systemic skeletal dysplasia such as
striking short trunk stature, cervical spinal cord compression, pectus carinatum,
kyphoscoliosis, knock-knee, hypermabile joints, and an abnormal gait with an increased
tendency to fall (5-9). Many patients become wheelchair-dependent in their second decade
and undergo multiple surgeries to alleviate serious orthopedic complications. Individuals
with Morquio A syndrome often do not survive beyond their twenties (5,6). The two most
common causes of mortality in Morquio A syndrome are spinal cord compression and
airway compromise (6).

Although the skeletal manifestations have been well described, the complex airway
abnormalities caused by the interplay of restrictive chest deformity and accumulation of
GAGs in the trachea have not been well studied. Imaging of the cervical spine, including x-
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rays and magnetic resonance imaging (MRI), is commonly acquired in Morquio A patients,
although the airway is often not evaluated specifically. In fact, saturation bands are
commonly placed across the anterior soft tissues of the neck to reduce motion artifact on
cervical spine MRIs, sometimes at least partially to obscure the airway. Tracheal obstruction
may go unrecognized or simply accepted as part of the natural course of Morquio A until
life-threatening sleep apnea, cor pulmonale or anesthetic complications arise. Perioperative
upper airway management and tracheal intubation can be extremely difficult during
anesthetic management of the airway (10-16). Although tracheostomy can be used to rescue
an otherwise unaccessible airway, performing a tracheostomy in a patient with Morquio A is
challenging due to an extremely short neck, fixed cervical vertebrae with inability to
hyperextend the neck, and a tortuous and redundant trachea.

We experienced two cases which were autopsied following death attributed to tracheal
obstruction. Autopsy results showed marked infiltration of macrophages in the tracheal wall,
indicating an inflammatory process (15, unpublished). In addition, we recently managed a
16-year-old boy who underwent 2.5 years of enzyme replacement therapy (ERT) but had
worsening tracheal obstruction with severe respiratory distress, requiring urgent surgical
intervention. His pre-operative imaging studies revealed two levels of tracheal obstruction.
His surgical procedure included reimplantation of the brachiocephalic (or innominate) artery
to relieve obstruction of the proximal trachea caused by vascular impingement, followed by
excision of redundant distal trachea with end to end anastomosis [unpublished]. This case, in
particular, prompted us to re-evaluate our population of Morquio A patients, focusing on the
tracheal component of their airway obstruction. Tracheal obstruction poses a far greater risk
to patients than other factors and timely recognition, and intervention may be a life-saving
measure.

The purpose of this study is to evaluate the degree of tracheal narrowing in children and
young adults with Morquio A that was evident but previously overlooked on magnetic
resonance imaging (MRI) studies of the cervical spine.

Material and Methods

Subjects

Twenty-eight children and young adults (16 males) with Morquio A syndrome ranging in
age from 1.0 through 35.8 years of age (mean 12 + 8.14 years) evaluated at our tertiary care
pediatric hospital who underwent cervical spine MRI were included in this IRB-approved
retrospective study. Compared with a standard growth chart of Morquio A patients (17, 18),
all 28 patients had a severe phenotype, with height < 75th percentile (132 cm for male, 127
cm for female).

MRI Examination Technique

Fifty-four MRI scans were available in our Picture Archiving and Communication System
for these 28 subjects. All MR studies of the cervical spine performed at our institution (23
examinations) were acquired on 1.5-T (GE Signa Hdxt, GE Healthcare, Waukesha, WI) or
3.0-T (GE Discovery MR750w, GE Healthcare) MR systems with dedicated spine coil for
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the purpose of evaluating spinal stenosis and spinal cord compression. The remainder of the
studies were acquired at other facilities, within the Unites States and internationally, using
varied MR platforms. All exams, regardless of an imaging facility, included sagittal T1 and
T2-weighted sequences, typically with 3mm slice thickness (range 2-4mm). Image
acquisition time was approximately 2.5 to 3.5 minutes for the sagittal sequences at our
institution, with the patient free breathing. Axial images were not analyzed due to
obscuration of the trachea by saturation bands used to decrease motion artifact.

The electronic medical record (EMR) was searched to determine the use of sedation for the
MRI examinations, with documentation available for 22 studies. Among these 22 MRIs, 2
examinations were performed with general anesthesia with the airway secured with an
endotracheal tube, and another 2 studies were performed using general anesthesia with
laryngeal mask airway for maintaining a patent airway. Six MRIs were obtained with
sedation and natural airway. 12 MRIs were acquired with no sedation. The remaining 32
examinations did not have sufficient information in the EMR to evaluate fully whether the
MRIs were performed with sedation or without it.

Imaging Analysis

The anteroposterior diameter of the trachea was measured on sagittal T1 or T2-weighted
images at three levels: at the level of greatest narrowing, the level of largest diameter above
the narrowing, and the level of largest diameter below the narrowing. Multiple consecutive
sagittal images were used to include all portions of the trachea. If flexion and extension
positioning was available in addition to neutral neck position, these measurements were
recorded separately. Percent narrowing was measured by comparing the narrowest tracheal
diameter to the largest diameter above or below this level (narrowest diameter / largest
diameter x 100). Severity of narrowing was assigned based on neutral images as follows: no
narrowing (score 0), less than 25% narrowing; mild (score 1) = 25% narrowing; moderate
(score 2), = 50% narrowing; and severe (score 3) = 75% narrowing (Fig. 1). For patients
with multiple studies, the highest score was recorded.

MR images were also evaluated for the anatomic cause of airway obstruction, noting
presence or absence of a vascular impression on the trachea by the crossing right
brachiocephalic (or innominate) artery, and thickening of the tracheal wall or surrounding
soft tissues.

Statistical Analysis

Means and standard deviations of the total score were calculated by 4 age groups x <5,5<y
<10, 10 £y < 15, and 15 <y years of age. ANOVA-one way test was used to compare these
four groups. Statistical analyses were performed using ANOVA test with SPSS v.16. The
significance level was set at p < 0.05.

Mol Genet Metab. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tomatsu et al.

Results

Page 5

Frequency of tracheal narrowing and severity score

On neutral MR imaging of the cervical spine, 19 of 28 (67.9%) patients had tracheal
narrowing, with 8 of these patients showing severe narrowing (score 3) (Table 1).

Effect of neck position on tracheal narrowing

Flexion and extension imaging of the cervical spine was available in 19 of 28 subjects.
Compared to neutral positioning, flexion caused increased tracheal narrowing in 6 patients,
increasing the severity score by 1 category. Conversely, extension resulted in decreased
tracheal narrowing in 2 patients and increased tracheal narrowing in 1 patient (Table 2, Fig.
2). In other words, increasing neck flexion (neutral to flexed or extended to neutral) caused
worsening tracheal narrowing in 8 of 19 patients while the opposite was seen in only 1. No
change in severity category was seen in the remaining 10 subjects.

Anatomic cause of tracheal narrowing

The brachiocephalic trunk crossed from left to the right immediately anterior to the upper
thoracic trachea in 24 of 28 subjects. In 2 cases, the brachiocephalic artery was not centered
over the trachea but thickened, intermediate signal tracheal wall and surrounding tissue was
seen at a similar level. In 2 other cases, both a crossing brachiocephalic artery and thickened
tissue was seen. Of the 19 patients with score 1-3, the primary cause of tracheal narrowing
was the crossing brachiocephalic artery in 15, both the artery and thickened tissue in 2, and
thickened tissue only in 2 (Table 3, Fig. 3). In the 9 patients with score 0, the
brachiocephalic artery passed anterior to the trachea but did not cause significant mass
effect.

Patient age and degree of tracheal narrowing

Trachea narrowing was seen in a child as young as 2 years of age. Narrowing increased with
age, with all 8 patients over 15 years of age having greater than 50% narrowing (score 2 or
3) (Fig. 4). The score of the subjects over 15 years of age was nearly twice higher than the
score of the 10-15 year-olds.

Discussion

Patients with Morquio A rarely live past their third decade of life due to severe spinal cord
complications or a combination of obstructive and restrictive lung disease. As children with
Morquio A grow older, they often assume a “look up to the sky” position to help alleviate
airway obstruction (19, 20). Perioperative airway management in these patients, who often
undergo multiple orthopedic procedures, can be very difficult due to the tortuous and
narrowed airway. Despite these known features, very little attention has been given to
imaging of the trachea in individuals with Morquio A syndrome.

In this article, we retrospectively evaluated the trachea in children and young adults who
underwent cervical spine MRI for evaluation of spinal cord compression. Although not
included as part of the original assessment, the airway could be visualized in all patients

Mol Genet Metab. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tomatsu et al.

Page 6

using a combination of T1 and T2-weighted sagittal images. Axial images were not included
in this study, since most often the airway was obscured by a saturation band deliberately
placed across the anterior soft tissues, used to help reduce motion artifact. A saturation band
was also often employed for sagittal images, but enough of the airway was still visible for
assessment. Due to the relatively small number of patients and incomplete medical records,
the impact of sedation or anesthesia on the appearance of the airway could not be
determined.

We found at least 25% caliber reduction of the upper thoracic trachea in 19 of 28 patients,
starting as young as 2 years old. Tracheal narrowing progressively worsened with age, with
all subjects over 15 years old having more than 50% tracheal narrowing. Eight of 28
individuals had greater than 75% tracheal narrowing. Most commonly, the crossing tortuous
brachiocephalic artery caused a focal impression on the anterior wall of the trachea at the
level of greatest narrowing (Brachiocephalic artery compression syndrome). Some patients
also had thickening of the tracheal wall and surrounding tissue contributing to the airway
narrowing, likely representing the excessive accumulation of GAGs and successive
inflammation (15) in the tracheal cartilage and connective tissues. Dynamic narrowing of the
airway, usually worse with neck flexion, was also observed in some patients.

Based on visualization of the trachea in only the sagittal plane, other features contributing to
airway obstruction, such as tracheal tortuosity or kinking in the coronal plane and interplay
with rib cage distortion, could not be evaluated in our study. The airway abnormalities in
Morquio A patients are multifactorial, including restrictive and obstructive
pathophysiologies (Fig. 5) (21, 22). Pectus carinatum, thoracic kyphosis and platyspondyly
all contribute to restriction of lung volumes. Imbalanced growth of the trachea leading to
tortuosity, a relatively large tongue, and vocal cord hypertrophy due to the accumulation of
GAG:s all contribute to obstructive symptoms. Keratan sulfate, the predominant GAG in
Morquio A, accumulates in hyaline cartilage, which makes up the anterior ring of the
trachea. Deposition of GAGs specifically in the cartilage of the trachea may cause
floppiness and loss of linear and tensile strength of the tracheal wall, allowing for focal
impression by the brachiocephalic artery and dynamic narrowing with neck flexion.

The syndrome of brachiocephalic artery compression of the trachea was first reported in
1948 (23, 24, 25). Brachiocephalic artery compression of the trachea represents the most
common cause of narrowed airway. Symptomatic patients show expiratory strider, cough,
recurrent broncho pulmonary infections, and apnea (26). It was originally thought to be
attributable to an aberrant brachiocephalic artery that originated anomalously on the left side
of the aortic arch and coursed obliquely from left to right causing an anterior indentation of
the trachea. In 1981, investigation of lateral radiographs from infants, children, and
adolescents showed that the brachiocephalic artery originates at least partially to the left of
the trachea in 95% of cases, suggesting that this location of origin is normal in children (27).
In this study tracheal indentation was seen in 30% of patients younger than 2 years of age,
with an increased incidence of indentation noted in children with congenital heart disease.
The tracheal indentation was found to be age-related; the syndrome is rarely seen in children
older than 1.5 years of age. Most patients with anterior tracheal compression fail to exhibit
symptoms associated with respiratory compromise. There is no consensus as to why some

Mol Genet Metab. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tomatsu et al.

Page 7

patients are more prone to symptomatic brachiocephalic artery compression of the trachea;
however, brachiocephalic artery compression syndrome is more likely to arise in patients
with mediastinal crowding (27).

Unlike the known and speculated etiologies of brachiocephalic artery compression
syndrome, Morquio A has distinctly different factors; 1) disproportionate growth between
chest cavity, neck, brachiocephalic artery, and trachea, 2) a severe pectus carinatum that
further narrows an already small thoracic inlet and thoracic cavity, 3) deposition of GAGs in
airway. Redundant and twisted trachea, as well as a brachiocephalic artery, contributes to
even greater crowding of structures in thoracic inlet contributing to worsening tracheal
compression with age (Fig. 5). It is also noteworthy that not only tortuous brachiocephalic
artery but also connective tissue was involved in the mass effect on the trachea. This
connective tissue could arise directly from the GAG storage materials and/or inflammatory
fibrosis.

Awareness of progressive tracheal narrowing in Morquio A syndrome by all members of the
multidisciplinary care team is crucial for early recognition and timely intervention of
tracheal obstruction, thus improving quality of life and perioperative safety for these
patients. MRI of the cervical spine with flexion and extension offers a unique imaging
opportunity to provide multifaceted information without ionizing radiation, including
evaluation of spinal stenosis, atlantoaxial instability, spinal cord impingement, and dynamic
airway narrowing. Judicious use of saturation bands in the axial and sagittal planes will
allow for better characterization of the trachea while the addition of coronal images may
also be helpful.

After review of the data presented in this paper, we have made these MRI protocol changes
are our institution for patients with Morquio A syndrome and include a description of the
airway in the radiology report.

We have corrected tracheal obstruction by a new surgical procedure on al6-year-old patient
with worsening respiratory distress who underwent a 2.5 years of ERT. The surgical
intervention has rescued his life and provided a better quality of life (unpublished). At
present, there is no proof that ERT provides an impact on reduction of pre-existing tracheal
obstruction among the patients investigated here since tracheal obstruction is caused
primarily by anatomical complex, but more accumulation of cases will clarify this issue in a
future long-term study. It is likely that the surgical intervention is the only way to correct the
pre-existing severe tracheal obstruction.

Other imaging modalities for the assessment of the airway may also be indicated in Morquio
A patients. Attention should be given to the airway on the routine lateral spine and plain
chest radiographs, although the combination of thoracic kyphosis and overlapping shoulder
tissues often hinders detailed evaluation. Dedicated airway radiographs or airway
fluoroscopy are alternatives that might also suffer from similar problems. In those with
critical airway symptoms or severe tracheal narrowing identified on MRI, contrast enhanced
computed tomography angiography of the chest should be indicated to provide the greatest
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detail of airway morphology, depict the relationship of the trachea and brachiocephalic
artery, and allow for 3-dimensional reconstructions.

Non-imaging investigations of the airway in Morgiuo A patients should be part of routine
surveillance as well, including pulmonary function tests and exercise tolerance during gait
analysis. Bronchoscopy may be needed for patients with severe airway symptoms, including
bronchoscopy-assisted intubation prior to surgical procedures. Although tracheal obstruction
leads to clinical signs and symptoms (shortness of breath, respiratory distress, loud
breathing, look-up to the sky position, etc), relation between clinical severity and tracheal
obstruction should be evaluated in the future studies such as pulmonary function, activity of
daily living, and endurance test.

Conclusions

There is a high frequency of tracheal narrowing in children and young adults with Morquio
A syndrome, which increases in severity with age. Cervical spine MRI is a feasible, non19
invasive method for detecting and monitoring tracheal narrowing in addition to the spine
evaluation. Imaging protocols should include the trachea in the field of view, and the airway
should become part of the standard imaging report. Findings of severe tracheal obstruction
should alert clinicians of Morquio A patients at increased risk for anesthesiarelated
morbidity and mortality and prompt appropriate intervention.
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Abbreviation

C6S chondroitin-6-sulfate

ECM extracellular matrix

ERT enzyme replacement therapy

GALNS N-acetylgalactosamine-6-sulfate sulfatase

KS keratan sulfate

MR images Magnetic resonance images

MRI Magnetic resonance imaging
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Highlights
e Tracheal obstruction is life-threatening in Morquio A.
» High frequency of tracheal obstruction is observed.
»  The cause of tracheal obstruction is due to an imbalance of growth.

e Brachiocephalic artery compresses trachea.

»  Patients over 15 years of age have over 50% of tracheal obstruction.
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Figure 1. MR images in patients with Morquio A syndrome
MR images of the cervical spine in patients with Morquio A syndrome illustrate the range of

tracheal narrowing observed at the thoracic inlet in neutral positioning. (a, b) Two
consecutive sagittal T2-weighted images in a 23 month-old girl show minimal anterior
impression on the trachea (T) by the brachiocephalic artery (arrows), categorized in the “no
narrowing” group. Note marked stenosis of the spinal canal at the C1-C2 level (open
arrows), impinging on the spinal cord. (c) Sagittal T1-weighted image in a 7 year-old boy
shows mild (25-50%) narrowing of the trachea with anterior impression by the
brachiocephalic artery (arrow), decreasing in caliber from 11mm above the artery (dashed
line) to 8mm at the level of the artery (solid line). (d) Sagittal T1-weighted image in a 15-
year-old girl shows 50-75% narrowing of the trachea at the level of the brachiocephalic
artery (solid line) compared to the trachea below this level (dashed line). In addition to the
brachiocephalic artery (arrow), there is intermediate signal tissue between the artery and
trachea adding to the mass effect. Axial T1-weighted image in the same child (e) confirms
narrowing of the tracheal lumen with thickening of the tracheal wall (dashed arrow). The
brachiocephalic artery is obscured by an anterior saturation band used to decrease motion
artifact. (f, g) Two consecutive sagittal T1-weighted images in a 27 year-old man show
severe narrowing (>75%) of the trachea (black arrows) with a marked buckled appearance as
it crosses the level of the brachiocephalic artery (white arrow). Note capacious lumen of the
subglottic trachea (dashed line) for comparison.
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Figure 2. Flexion and extension MR imaging of the cervical spine in a 10-year-old female with
Morquio A syndrome

(a, b) Two consecutive sagittal T2-weighted images of the spine in flexion show 50-75%
narrowing of the trachea at the level of the brachiocephalic artery (solid lines) compared to
the cervical trachea (dashed line). Note the position of the brachiocephalic artery anterior to
the trachea (arrows). (c) With the extension of the cervical spine, narrowing of the trachea is
significantly improved (same annotations).
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(b)

Figure 3. Narrowing of the trachea due to thickened tissue at the thoracic inlet in a 23-year-old
female with Morquio A syndrome

(a, b) Two consecutive sagittal T1-weighted MR images of spine show >75% narrowing of
the trachea (T) at the thoracic inlet due to intermediate signal tissue (dashed arrow) along the
anterior wall of the trachea. The origin of the brachiocephalic artery (solid arrow) is
positioned below the manubrium (M) and below the level of tracheal narrowing.
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Figure 4. Age-dependent severity of tracheal obstruction in children and young adults with

Morquio A syndrome
Age and severity are significantly related to each other (p < 0.0001) using one-way

ANOVA.
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Spine and rib stop growing while trachea may grow
more: redundant trachea and tortuous brachiocephalic
artery
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Figure 5. Pathophysiology of difficult airway in Morquio A
The pathophysiology of Morquio A in the area of airway demonstrates the progressive

problems and the existence of vicious cycles. Undegraded C6S and KS accumulation lead to
alterations in the connective tissue and cartilage ground substance, distorting bone mass
acquisition and perturbing the regular microarchitecture of cartilage. Pathohistological
studies have indicated that patients with Morquio A present impaired cartilage quality
because of distortion of geometric shape, collagen disposition in ECM, and remodeling,
resulting in poor bone mineralization (15, 28, 29). The respiratory problems in Morquio A
consist of restrictive and obstructive sequences. The restrictive lung is due to thoracic cage
deformity while the obstructive disease is from tracheobronchial abnormalities
(disproportionate growth in neck, chest cavity and trachea: redundant trachea),
cervicothoracic spine abnormality, a tortuous brachiocephalic artery as well as large tongue
and mandible and adenoidal, tonsillar, and vocal cord hypertrophy by accumulation of
storage materials.

In addition to anatomical obstruction, Morquio A patients have small nasal passages by
thickened mucous membranes and thick and copious secretions. Chronic upper respiratory
tract infection further decreases the already diminished airway lumen. Patients with a severe
obstruction show the clinical symptoms of sleep apnea, shortness of breath, look-up to the
sky position, and noisy breathing, leading to sudden death and complications in anesthesia
procedure.
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Table 1

Severity of tracheal narrowing on sagittal MR images of the cervical spine with neutral neck position.

| number | %

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny
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MRI investigated 28 100%
Obstruction 19 67.9%
Score 0 9 32.1%
Score 1 3 10.7%
Score 2 8 28.6%
Score 3 8 28.6%
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Change in severity score of tracheal narrowing with flexion and extension sagittal MR images of the cervical

spine.

(a) Changed scores with flexion position

Number
No change 11
Increase 6
Decrease 0
Inadequate 2
Total 19

(b) Changed scores with extension position

| Number
No change 13
Increase 1
Decrease 2
Inadequate 3
Total 19
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Table 3

Anatomic cause of tracheal narrowing.

(a) Material in front of airway

Material Number
Artery 24
Connective tissue 2
Both 2
Neither 0

(b) Material - only in narrowed cases

Material Number
Artery 15
Connective tissue 2
Both 2
Neither 0

Artery: brachiocephalic artery. Connective tissue: thickening of the trachea and surrounding tissue.
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