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Massive hemoptysis is the most serious 
medical emergency and warrants 
swift and comprehensive evaluation 
of the lung parenchyma, airways, 

and thoracic vasculature. Anomalies of thoracic 
vasculature constitute an important and uncommon 
category as causes of hemoptysis. Multidetector 
computed tomography (MDCT) is the optimal 
imaging modality for evaluating hemoptysis. In 
addition to showing the lung parenchyma and 
airways, it allows the evaluation of the integrity of 
pulmonary, bronchial, and non-bronchial systemic 
arteries within the chest.1,2

Various congenital and acquired anomalies 
affect the pulmonary vasculature. Awareness of the 
radiologic manifestations of the disease entities and 
potential complications secondary to infection, 
vasculitis, or collateralization may aid early diagnosis. 

We report the cases of three patients who 
presented with hemoptysis. The right pulmonary 
artery was affected in all three, either due to a 
congenital or acquired cause, and led to systemic 
collateralization, which resulted in hemoptysis.

C A S E  R E P O RTS

Case one 
An 11-year-old female presented with history of fever 
that had lasted for one month and hemoptysis and 
cough that had lasted for three days. Her hemogram, 
erythrocyte sedimentation rate, and platelets were 
within normal limits. Chest radiograph showed small 
right hemithorax with ipsilateral mediastinal shift. 
A computed tomography (CT) scan of the chest 
(lung window) showed small right hemithorax and 
interlobular septal thickening [Figure 1]. Contrast-
enhanced CT scan (mediastinal window) revealed 
a smooth left atrial wall at the expected location of 
right pulmonary veins [Figure 2] and confluent hilar 
and mediastinal soft tissue with tortuous collaterals 
along the right main bronchus [Figure 3 and 4]. The 
right branch of pulmonary artery was small. She was 
diagnosed with pulmonary venous atresia.

Case two
A 46-year-old female presented with hemoptysis. She 
reported coughing approximately 100ml of blood 
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A B S T R AC T
The expectoration of blood originating from the lower respiratory tract, called hemoptysis, 
is a common clinical condition with many potential etiologies. Massive hemoptysis is 
life threatening and needs urgent intervention. Multidetector computed tomography 
(MDCT) is a useful non-invasive imaging modality for the initial assessment of hemoptysis. 
Using MDCT with multiplanar reformatted images has improved the diagnosis and 
management of hemoptysis by providing a more precise depiction of bronchial and non-
bronchial systemic arteries than conventional computed tomography (CT). In 95% of 
hemoptysis cases, the systemic arterial system is the origin of bleeding and pulmonary 
vascular anomalies are a rare cause. Among these, pulmonary arteriovenous malformation, 
hereditary hemorrhagic telangiectasia, and Osler-Weber-Rendu disease are well known 
entities. However, primary anomalies affecting pulmonary vessels in the mediastinum or 
diseases secondarily affecting the pulmonary vessels are unusual causes. Here we present 
three cases where patients had pulmonary vascular anomalies causing hemoptysis. These 
patients had decreased pulmonary arterial pressures leading to bronchial and systemic 
arterial hypertrophy and development of bronchopulmonary collaterals. Secondary CT 
signs in the parenchyma and mediastinum (mosaic attenuation, ground glass haze, subpleural 
interstitial thickening, and hypertrophied bronchial arteries) were similar in all patients. 
Hence, evaluation of the MDCT images for primary abnormality led to the diagnosis.



O M A N  M E D  J,  V O L  3 0 ,  N O  3 ,  M AY  2 0 1 5

209Ka m i n i  Gu p ta ,  et  a l .

*Corresponding author:  kaminikshitij@gmail.com

three times in the previous five days. She had no 
history of fever or cough. A similar episode  happened 
six months before, which resolved spontaneously. No 
investigation was done at that time. 

Her chest radiograph showed small right hilum 
and normal lung fields. 

A contrast-enhanced CT of the chest was 
performed and revealed sudden interruption of 

right branch of pulmonary artery in its proximal 
part [Figure 5, blue arrow]. The right hilum was 
diminutive. Multiple tortuous systemic arteries were 
seen along the right bronchial tree. Irregular pleural 
thickening and intercostal collaterals were also seen 
on the right side [Figure 5, red arrow]. 

Both lungs showed mosaic attenuation and 
subpleural interstitial thickening, due to intercostal 
collaterals, was evident in the right lung [Figure 6]. 
Patchy ground glass haze and interlobular septal 
thickening was present in the posterior segment 
of the right upper lobe, which was likely due to 
pulmonary hemorrhage. 

Based on these findings, the patient was 
diagnosed with proximal interruption of right 
pulmonary artery.

Case three
A 36-year-old female presented with massive 
hemoptysis that had lasted for two days. Following 

Figure 2: Axial contrast-enhanced computed 
tomography section (mediastinal window) revealed 
smooth left atrial wall at the expected location of 
right pulmonary vein (red arrow).

Figure 3: Axial contrast-enhanced computed 
tomography section at the level of right pulmonary artery 
revealed small right pulmonary artery and confluent hilar 
and mediastinal soft tissue with tortuous collaterals.

Figure 5: Axial contrast-enhanced computed 
tomography section revealed sudden interruption 
of right branch of pulmonary artery in its proximal 
part (blue arrow). Irregular pleural thickening and 
intercostal collaterals were also evident (red arrow). The 
main pulmonary artery and its left branch were normal.

Figure 1: Axial computed tomography section 
of upper chest (lung window) showed small right 
hemithorax and interlobular septal thickening.

Figure 4: Coronal contrast-enhanced computed 
tomography section revealed peribronchial soft 
tissue with bronchial collaterals (red arrow).
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hemoptysis (approximately 150ml of blood), her 
cough cleared spontaneously every time. Three years 
previously she had a cesarean section, and she had a 
history of deep vein thrombosis in her right lower 
limb, which resolved with medication. She had no 
previous episodes of hemoptysis or dyspnea. 

Her chest radiograph showed small right hilum 
and no lung changes. 

A contrast-enhanced CT of the chest revealed 
pulmonary arterial hypertension in the form of a 
dilated main pulmonary artery (35mm diameter) 
and proximal right pulmonary artery (20mm 
diameter). There was abrupt narrowing of the distal 
part of the right pulmonary artery with hypodense 
contracted thrombus in its periphery [Figure 7]. 
Multiple tortuous systemic arteries were seen in the 
mediastinum and at the hilum. Subpleural interstitial 
thickening was evident in the right lung secondary 
to collateral intercostal arteries. Both lung fields 
were symmetrical in size and no mosaic perfusion  
was noted. 

D I S C U S S I O N
Conditions such as bronchiectasis, chronic 
bronchitis, lung malignancy, tuberculosis, and 
chronic fungal infection are some of the common 
causes of hemoptysis and are easily detected using 
CT. The bronchial arteries are the source of bleeding 
in most cases.1 Actual hemorrhage usually occurs 
from fragile thin-walled anastomoses between 
distant bronchial arterial branches and pulmonary 
arteries that are under high systemic arterial pressure. 
These are located in the airway submucosa and too 
small to be directly visualized with CT. Conditions 
causing reduced pulmonary arterial perfusion, such 
as chronic thromboembolic disease and vasculitic 
disorders, lead to a gradual increase in the bronchial 
arterial contribution.3 In our cases, we discussed the 
anomalies of pulmonary vessels leading to decreased 
pulmonary artery pressures, bronchial artery 
hypertrophy, and hemoptysis.

Unilateral pulmonary vein atresia is a rare 
congenital abnormality that likely results from 
failure of incorporation of the common pulmonary 
vein into the left atrium. It results in persistence of 
the connections between the pulmonary circulation 
and the vitelline and cardinal venous systems and, 
thus, drainage into the portal vein and vena cava.3 
Most children with this abnormality present 
with recurrent chest infections and hemoptysis. 
Noninvasive diagnosis of unilateral pulmonary 
venous atresia by CT angiography, cardiac magnetic 
resonance imaging, or bronchoscopy has been 
described in recent publications.4,5 

MDCT provides accurate morphological 
information concerning the heart and extra cardiac 
vascular structures.6 The ipsilateral pulmonary artery 
is diminutive because of preferential pulmonary 
artery perfusion to the contralateral side.7 This 
pulmonary artery hypoplasia accounts for the 
arterial systemic-to-pulmonary collateral vessels. 
The interlobular septal thickening, bronchial 
wall thickening, and ground glass opacities likely 
reflect both pulmonary vein hypertension and  
engorged lymphatics.

The unilateral absence of a pulmonary artery is 
another rare congenital anomaly and is frequently 
associated with other cardiovascular anomalies, 
such as tetralogy of Fallot, septal defects, right aortic 
arch, and persistent ductus arteriosus.8 Patients with 
isolated unilateral absence of the pulmonary artery 
have a benign clinical course. Hemoptysis occurs 

Figure 7: Axial contrast-enhanced computed 
tomography section showed abrupt narrowing of 
distal part of right pulmonary artery with hypodense 
contracted thrombus in its periphery (red arrow).

Figure 6: Axial computed tomography section 
showed focal pleural and subpleural interstitial 
thickening in right lung secondary to collateral 
intercostal arteries (red arrows).
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in only 20% of patients with this entity and can be 
self-limiting or life-threatening.9 The radiological 
features of this entity are best appreciated on 
MDCT, which clearly show the sudden interruption 
of the pulmonary artery and collaterals supplying 
the affected lung. The latter may be derived 
from bronchial, intercostal, internal mammary, 
subclavian, or innominate arteries.10 Secondary signs 
of collateral intercostal arteries such as rib notching, 
increased subpleural interstitial lung markings, and 
serrated pleural thickening may also be identified, as 
seen in our case. Mosaic attenuation may be seen in 
both lungs. The mosaic pattern in the affected lung 
may be related to hypoxic vasoconstriction and in the 
unaffected lung to over-perfusion.11

Chronic pulmonary thromboembolism is 
usually a consequence of incomplete thrombus 
resolution.12 The CT features of chronic pulmonary 
thromboembolism can be classified into three 
categories: direct pulmonary arterial signs due to 
thrombus, signs of pulmonary hypertension, or 
signs of systemic collateral supply.13 Abrupt vessel 
narrowing is caused by recanalization within a 
large thrombus or by stenosis due to an organized 
thrombus that lines the arterial wall.14 Bronchial 
arterial flow increases in response to chronic 
obstruction of the pulmonary arteries. In addition, 
transpleural systemic collateral vessels (intercostal 
arteries) also develop.15 A mosaic pattern of 
perfusion appearing as sharply demarcated regions 
of decreased and increased attenuation because of 
irregular perfusion is also usually seen.16

In our cases, we have seen that right pulmonary 
artery was small which led to decreased pulmonary 
arterial pressure and bronchial collateralization. 
Parenchymal abnormalities were subtle and rupture 
of thin walled fragile bronchial collaterals was 
the cause of hemoptysis. In every patient, careful 
analysis of thoracic vasculature provided a clue to the 
diagnosis and MDCT has virtually replaced the role 
of conventional angiography in these disease entities.

C O N C LU S I O N
The anomalies of thoracic vasculature whether 
congenital or acquired lead to systemic 
collateralization and hemoptysis, which can be 
life threatening. Therefore, radiologists should 
thoroughly evaluate the mediastinal vessels with 
MDCT angiography in every patient presenting 

with hemoptysis. Although secondary CT findings 
in the parenchyma as well as mediastinum are similar 
in all three entities, careful evaluation of MDCT 
images can diagnose the anomaly and the patient can 
be managed accordingly.
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