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Abstract

Objective: To demonstrate tracheobronchial compression caused by tortuous and dilated large and medium-sized
thoracic arteries and the characteristics of these arteries by noninvasive imaging modalities.

Patients and Methods: Imaging and clinical data of six patients with tortuous, dilated large and medium-sized
thoracic arteries (July 2007 to December 2013) were reviewed. The imaging data were mainly acquired by cardiac
multi-slice computed tomography (MSCT) or/and cardiac magnetic resonance imaging (MRI). The number and location
of tracheobronchial stenosis were noted, and the severity of stenosis was categorized. The characteristics of large
and medium-sized thoracic arteries were also noted. Further, the correlation between the severity of tracheobronchial
stenosis and tortuous, dilated large and medium-sized thoracic arteries was analyzed. One patient who was suspected
to have arterial tortuosity syndrome underwent genetic analysis.

Results: All six patients demonstrated varying degrees of tortuosity and dilation of large and medium-sized thoracic
arteries. Five were noted to have varying degrees of tracheobronchial compression and respiratory symptoms. Two
have varying degrees of connective tissue abnormalities.

Conclusion: Tracheobronchial compression of tortuosity and dilation of large and medium-sized thoracic vascular
origin is an uncommon and frequently unrecognized cause of respiratory distress in children. Noninvasive imaging
modalities like MSCT and MRI could clearly demonstrate tracheobronchial compression and vascular abnormalities
simultaneously. Attention should be given to tracheobronchial compression when disease management decisions are
made, especially for determining surgical strategies and for those patients who are 6-9 months old.B.

Conclusions: MAB is frequent in patients with COPD and is associated with hypoxemia independent of other

cardiovascular risk factors.
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Introduction

Cardiovascular structures and airway anatomy are closely related;
thus, tracheobronchial compression often occurs in some cardiovascular
abnormalities, such as vascular rings, left pulmonary artery sling,
and absent pulmonary valve, and could lead to recurrent respiratory
infection, shortness of breath and wheezing [1-4]. It is founded that
tracheobronchial compression can also be caused by certain rare
vascular anomalies, such as tortuosity, dilation and aneurysm formation
in large and medium-sized thoracic arteries, which are found in some
rare connective tissue disorders such as arterial tortuosity syndrome
(ATS), Loeys-Dietz syndrome (LDS) and Marfan syndrome (MES) [5-
11]. However, these disorders are frequently unfound or unrecognized
in children especially when the patient was asymptomatic. Few
previous reports have analyzed the relationship between airway
findings and the underlying rare vascular anomalies. The condition
of airways and vessels can provide valuable information needed for
decision making during management of diseases, especially for pre-
operation decision making. Among the imaging means including US,
radiography, bronchoscopy and angiography, computed tomography
(CT) and magnetic resonance imaging (MRI) are the most powerful
diagnostic tools for demonstrating tracheobronchial compression
and vascular abnormalities simultaneously. The aim of this study is
to demonstrate the tracheobronchial compression caused by the rare
dilated and tortuous thoracic arteries together with the typical vascular
characteristics in rare disorders which may be connective tissue
disorders by using noninvasive imaging modalities--CT and MRI.

Materials and Methods
Patients

Our institutional review board approved of this retrospective
research, which was conducted in compliance with the Health Insurance
Portability and Accountability Act (HIPAA). The imaging and clinical
data of six patients obtained between July 2007 and December 2013
demonstrated dilation and tortuosity of large and medium-sized
thoracic arteries. The patients were three boys and three girls with
age ranging from 4 months to 11 years (median age, 4 years). The
imaging data were mainly acquired using cardiac multi-slice computed
tomography (MSCT) and/or magnetic resonance imaging (MRI).

MSCT imaging

MSCT (Light Speed 16; GE Medical Systems, Milwaukee, WI) was
used in two patients, one of whom underwent MSCT for follow-up
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study after he underwent cardiac MRI one year ago. For the patients
below 4 years, oral chloraldurate and/or intramuscular phenobarbital
was used for sedation during scanning, and the scan was performed
with free breathing. In patients aged above 4 years who could cooperate,
the scan was performed under inspiration. The raw data were obtained
with the following parameters: voltage, 120 kV; current, 80-120 mA;
collimation, 0.625 mm; table speed, 5.62 mm/s; rotation speed, 0.5 s/
rotation; reconstruction interval, 0.3 mm. Non-ECG triggering was
performed using a nonionic contrast agent (2 ml/kg, 400 mg I/ml)
(iopamidol or iohexol) injected through the peripheral vein. When
an arm vein was used, MSCT was performed in the caudo-cranial
direction to decrease contrast medium-related artifacts and to achieve
homogeneous contrast enhancement. When a foot vein was used,
MSCT was performed in the cranio-caudal direction. The injection rate
using a power injector was 0.8-2.5 ml/s, according to the scan range.
The scan delay was 13-18 s according to the site of injection and age. The
MSCT raw data were processed on an off-line workstation (Advantage
Windows 4.2; GE Healthcare, Milwaukee, WI) with a maximum
intensity projection (MIP) algorithm and/or volume rendering (VR)
and a minimum intensity projection (MinIP) algorithm.

MRI imaging

MRI was performed in five patients with a 1.5-T MR unit (Signa,
General Electric Medical Systems; Achieva TX, Philips Healthcare,
Best, Netherlands). When the age of the patient was below 4 years, oral
chloraldurate and/or intramuscular phenobarbital was used for sedation
during scanning, and the scan was performed with free breathing. A
phased-array coil was used, and contrast-enhanced MR angiography
was performed using a three-dimensional (3D) fast spoiled gradient
echo sequence in the coronal plane with the following parameters: field
of view (FOV), 300-360 mm; repetition time, 2.8 ms; echo time, 1.8 ms;
flip angle, 35°C; 248 x 254 matrix; slice thickness, 2.6 mm; bandwidth,
196 kHz. The imaging time for each series ranged from 10 to 15 s. Two
to three consecutive sets of images were acquired to visualize the great
vessels. 3D turbo field echo (3D-TFE) sequencing was performed in
the coronal plane to observe the tracheobronchial tree. The parameters
were as follows: Time of Repetition, 5.6 ms; Time of Echo, 1.71 ms;
flip angle, 30°C; FOV, 300-400 mm; matrix size, 300 x 300; number
of slices, 30-40; slice thickness, 2.0 mm. Dimeglumine gadopentetate
(Magnevist) was used as the contrast medium at a dose of 0.2 mmol/kg
(0.4 ml/kg) body weight. The contrast medium was injected by hand or
a power injector. The MRI raw data were also processed on an off-line
workstation (Advantage Windows 4.2; Philips Medical Systems, Best,
The Netherlands) with an MIP algorithm and/or VR.

Other imaging studies included plain chest radiography (n=6),
echocardiography (n=4), and pulmonary and cardiac cine-angiography
(n=1).

Results

Patient characteristics

The clinical data are summarized in Table 1. All six patients were
born of non-consanguineous, healthy parents. Five patients had
recurrent respiratory symptoms (e.g., recurrent wheezing, stridor,
respiratory infections, or respiratory distress) to some degree, and
another one was referred to our institution because of occasional cough
and fever. Two patients had connective tissue abnormalities, including
hyperlaxity of the skin, hernia and joint laxity. The characteristics of
the connective tissue and the vascular abnormalities in one patient are
shown in Figure 1.

One patient, a 4-month-old boy, who suffered severe respiratory
distress, was suspected to have ATS and underwent genetic analysis, but
the results did not indicate particular gene mutations of this syndrome.
This boy suffered death two months later for sudden severe respiratory
distress.

Imaging findings

The imaging data of the arteries are displayed in Table 2. Tortuosity
and dilation of the ascending aorta, aortic arch, descending aorta and
brachiocephalic artery were present to some degree in all six patients.
Relative stenosis was found in the aortic arch in two patients and in
the left pulmonary artery in one patient. The vascular lesion was
demonstrated clearly on both MSCT and MRI scans (Figure 2).

The status of tracheobronchial compression is displayed in Table 3.
Five patients had tracheobronchial compression to some degree, caused
by tortuous and dilated large and medium-sized thoracic arteries (Figure
3). The severity of the tracheobronchial compression was categorized as
mild (<25%), moderate (25-75%), or severe (>75%) by comparing the
area of stenosis with that of the adjacent normal trachea or bronchus
using a lung window (window width, 1500 HU; window level, -500
HU) [12] on the axial section. Among these six patients, five (5/6) had
mild compression located at the upper one third of trachea, one (1/6)
had severe compression located at the upper two thirds of trachea, three
(3/6) had mild compression located at the lower one third of trachea
and three (3/6) had mild left main bronchial compression. Radiography
of the chest was performed in all six patients and revealed varying
degrees of widening of the superior mediastinum. Echocardiography
performed in four patients and revealed normal intracardiac anatomy
and partial abnormal vascular manifestations (tortuosity, dilation and
elongation of the large arteries).

Discussion

Respiratory complaints such as dyspnea and recurrent respiration
are commonly seen in children with cardiac or vascular abnormalities.
In children with persistent recurrent respiratory distress, unexplained
atelectasis, or extubation failure, the possibility of airway compression
should be strongly suspected [13-16]. In this study, the findings
imply that the location of tracheobronchial compression caused by
tortuous and dilated large and medium-sized thoracic arteries can
be very different. It showed that tracheal especially upper tracheal
compression was almost caused by lesions of ascending aorta, aortic
arch, brachiocephalic artery and main pulmonary artery whereas
obstruction of the left main bronchus was mainly caused by lesions of
the left pulmonary artery, aorta. There were no cases of obstruction of
the right main bronchus in this study, but it could be caused by dilated
main pulmonary artery and right pulmonary artery. Although feeding
difficulty was not found in this study either, it may be found in patients
with co-existing esophageal compression while the large and medium-
sized thoracic arteries dilated enough , as some studies have noted [15].

The clinical and imaging data in this study demonstrated that
the non-invasive imaging methods both MSCT and MRI can clearly
demonstrate the imaging features of large and medium-sized thoracic
arteries with dilation, tortuosity and elongation and tracheobronchial
compression simultaneously. Although MSCT remains an ionizing
procedure and vascular studies require the use of intravenous contrast
injection, the rapid examination time and light sedation it requires
makes it a priority for patients with severe respiratory stress. Moreover,
MSCT can clearly demonstrate lung lesions and tracheobronchial
compression simultaneously.

MRI has a number of advantages for evaluating cardiovascular
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Patient Sex Age Imaging modality Chief complaints Physical characteristics
Soft and hyperelastic skin and hydrocele of the tunica
1 M 4 M MSCT Recurrent wheezing, respiratory infection vaginalis, down-slanting palpebral fissures, broad
forehead, hypertelorism, prominent upper lips
MSCT Recur_rent wheezing smge‘ue months_ with L2-4 11I/VI systolic murmur and wheezing at the end of
2 M 7Y cyanosis after normal activities, respiratory o . )
MRI ) . expiration, soft and hyperelastic skin
tract infection
3 F 4y MRI Recurrent wheezing and respiratory L2-4 I1IVI systolic murmur
infections
4 F 10Y MRI Stridor before 6 years, recurrent respiratory L2-4 11I/VI systolic murmur, broad forehead
infection
5 F 4Y MRI Occasional cough and fever No obvious abnormalities
6 F 1Y MRI Recurrent respiratory infection No obvious abnormalities

MSCT: multi-slice computed tomography; MRI: magnetic resonance imaging

Table 1: Major clinical information and imaging modalities for the seven patients.

Figure 1: Findings for a 4-month-old boy with arterial dilation, tortuosity and elongation. (a) Physical examination showed soft and hyperelastic skin. (b) t also
showed hydrocele of the tunica vaginalis. (c) Multi-slice computed tomography (MSCT) coronal maximum intensity projection (MIP) and volume reconstruction1VR[]
demonstrated dilation and tortuosity of the ascending aorta, descending aorta, and brachiocephalic artery, and relative stenosis of the aortic arch (arrow). (d) MSCT
axial MIP reconstruction demonstrated dysplasia of the pulmonary artery (arrow).

Tortuosity Elongation Dilation Stenosis
Ascending aorta 3 3 4 0
Aortic arch 6 5 3 2
Descending aorta 5 5 4 0
Brachiocephalic artery 3 3 3 0
Pulmonary artery 0 0 0 1

Table 2: Number and location of characteristic lesions of large and medium-sized thoracic arteries in MRl or MSCT scans.

abnormalities including the apparent fact that it does not use ionizing
radiation [17] and its larger FOV can demonstrate multiple artery
anomalies. In four of our patients, MRI clearly displayed the proximal
abdominal aorta and the distal aortic arch branches and in one patient,
the dilation and tortuosity of renal artery were clearly observed. It can
also clearly demonstrate tracheobronchial compression as the MSCT
does as 3D turbo field echo (3D-TFE) sequencing was performed in
the coronal plane. However, it is not a good choice for the patients who
have severe respiratory distress, who have heart pacemaker and who
have metal implant in the scan field. In this study, most cases (5/6)

underwent MRI and the tracheas were clearly displayed.

Long-term follow-up of every three months was recommended
for all six patients and cardiac MRI was the first recommendation for
its advantage without ionization radiation. The respiratory symptoms
including the degree and frequency of wheezing or stridor, respiratory
infections and respiratory distress needed to be noted. Also, the lesion
of both thoracic arteries and tracheobronchial compression requested
to be paid close attention to. Bronchomalacia can occur from prolonged
bronchial compression and tracheobronchial cartilage immaturity
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Figure 2: MSCT and MRI findings of abnormal large and medium-sized arteries. (a) Findings for a 4-year-old girl with arterial tortuosity elongation and dilation:
contrast-enhanced magnetic resonance angiography (MRA) with volume rendering reconstruction demonstrates tortuosity and elongation of the ascending
aorta and descending aorta (arrow). (b) Findings for a 17-month-old boy: Sagittal MSCT with MIP reconstruction (up) demonstrated dilation of the ascending
aorta (wide arrow), local relative stenosis of the aortic arch (narrow arrow), and mild dilation of the descending aorta (bent arrow); axial MIP reconstruction
(below)demonstrated tortuosity of the aortic arch (arrow).

severity of stenosis upper third of the trachea middle third of the trachea lower third of the trachea Left main bronchus
mild (<25%) 5 0 3 3
moderate(25-75%) 0 0 0 0
severe (>75%) 1 1 0 0

Five (5/6) had mild compression located at the upper one third of trachea, one (1/6) had severe compression located at the upper two thirds of trachea, three (3/6) had mild
compression located at the lower one third of trachea and three (3/6) had mild left main bronchial compression.

Table 3: Number and Severity of tracheobronchial compression in seven patients.

Figure 3: MSCT and MRI findings of the severity and location of tracheobronchial compression. (a) Findings for a 4-month-old boy with arterial tortuosity and
dilation: Coronal MSCT with MinIP(3a MinIP) reconstruction and volume reconstruction(:3a VRJdemonstrated moderate compression of the lower and middle thirds
of the trachea. (b) Findings for a 7-year-old boy with arterial tortuosity and dilation: Sagittal MSCT with MinIP reconstruction demonstrated severe compression of
the middle and upper thirds of the trachea. (c) Findings for a 10-year-old girl: Three-dimensional echo field (3D-TFE) magnetic resonance imaging (MR) with coronal
and sagittal MinIP reconstruction demonstrated dilation of the ascending aorta and mild anterio-posterior compression of the lower third of the trachea (arrow).
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before the first 6-9 months of age, so, aggressive management as early
as possible is needed for a favorable prognosis [4,18-20]. And cine
and volume helical shuttle(VHS) computed tomography (CT) , and
spirometer-controlled cine magnetic resonance imaging(MRI ) are all
good techniques for evaluation for tracheobronchomalacia [21] though
it is a pity that in this study no special techniques for evaluation for
tracheobronchomalacia, and we will evaluate tracheobronchomalacia
for posterior and the follow up study.

Marked tortuosity, dilatation and aneurysms of the large and
medium-sized arteries can be often found in some rare connective
tissue disorders like ATS, LDS and MFS that present with similar typical
vascular features and could cause tracheobronchial compression. In
such cases, genetic analysis is necessary for differentiation [22].

Conclusions

Cardiovascular structures and airway anatomy are closely
related; thus, tracheobronchial compression often occurs in some
cardiovascular abnormalities, and could lead to recurrent respiratory
infection, shortness of breath and wheezing [1-4]. Tracheobronchial
compression can also be caused by certain rare vascular anomalies.
Noninvasive imaging modalities such as MSCT and MRI with some
special techniques can clearly demonstrate the anatomic features of
arterial abnormalities and tracheobronchial compression, and the
findings of airway should be considered when making decisions about
disease management. Long-term follow-up is necessary for patients
with arterial tortuosity and dilation because some syndromes may have
life-threatening complications such as respiration distress caused by
severe tracheobronchial stenosis or bronchomalacia, artery dissection
and ruptured aneurysm. However, several connective tissue diseases
such as ATS, LDS and MFS display similar clinical and imaging
features, and genetic analysis is necessary to differentiate between these
connective tissue diseases.
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