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A 23-year-old man presented to our hospital 

emergency room (ER) with one week of non-

productive cough and mild pleuritic chest 

pain followed by 24 hours of hemoptysis, 

producing about a teaspoon of bright red 

blood every 15 mins. His blood pressure was 

146/83, HR 103, RR 16, temperature 98.6 F. 

and room air oxygen saturation was 96%. He 

was in no respiratory distress and his physical 

examination was unremarkable.   
 
Initial laboratory studies including a white 

blood cell count, serum electrolytes, glucose, 

and renal function, liver indices, a 

coagulation profile, a procalcitonin level, and 

a urinalysis were all within normal limits. A 

PCR for SARS-CoV-2, influenza and RSV 

was negative.  

 

Which of the following are true regarding 

massive hemoptysis? 

1. It can be defined by as little as 150ml 

(about a half cup) of hemoptysis per day 

2. Urgent bronchoscopy is indicated to 

remove obstructive blood clots, and to 

localize and treat bleeding.  

3. Positioning the patient with the bleeding 

side down may be indicated. 

4. Massive hemoptysis is dependent on 

bronchial circulation in about 90% of 

cases, therefore bronchial artery 

embolization is often effective. 

5. All the above 

 
Correct! 

5. All the above 

The chest radiograph was remarkable for a 

small right hemithorax, with mediastinal shift 

to the right, and the absence of infiltrates or 

other pathological findings (Figure 1) .  
 

 
Figure 1. Admission chest X-ray. To view 

figure 1 in a separate, enlarged window click 

here. 
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A computerized tomography angiogram 

(CTA) chest ordered in the ER (Figure 2) 

showed no pulmonary embolism, but 

extensive right mediastinal and hilar soft 

tissue density with hypervascularity 

“suggestive of an infiltrative process.”  

 

 
Figure 2. Selected images from CTA: A) 

right hemithorax volume loss, abnormal 

mediastinal and right peribronchial soft 

tissue, and absent pulmonary veins (arrow, 

A), B) interlobular septal thickening (arrow, 

B), C) prominent bronchial arteries (arrow, 

C). To view figure 2 in a separate, enlarged 

window click here. 

 

Moderate narrowing of the right pulmonary 

artery, and enlargement of the left pulmonary 

artery were noted. The right superior and 

inferior pulmonary veins were “completely 

obliterated” at their expected sites of 

insertion into the left atrium. The right lung 

was small, without bronchial obstruction, with 

smooth interlobular septal thickening 

throughout, consistent with venous 

congestion. The right bronchial artery 

appeared hypertrophic.  

 

Which of the following are considered in the 
differential of mediastinal mass / 
lymphadenopathy in an adult? 

1. Lymphoma 

2. Teratoma 

3. Tuberculosis 

4. Fibrosing mediastinitis 

5. All the above 

 
Correct! 

All the above. 

The patient was admitted and our pulmonary 

service consulted. He was born in 

Washington State, moved to Arizona 3 years 

ago and had not lived elsewhere. He had no 

prior history of hemoptysis or pneumonia, 

and had no known exposure to tuberculosis. 

He worked in a tobacco shop, smoked cigars 

and vaped THC. He drove to and back from 

Austin, Texas three weeks prior to 

admission. His hobbies included hiking and 

tennis and he had not perceived exercise 

intolerance. A secondary focused physical 

examination revealed no lymphadenopathy, 

splenomegaly or testicular masses. No skin 

lesions were noted except for a scar over his 

right clavicle referable to fixation of a 

clavicular fracture nine years previously.  
An echocardiogram showed normal left 

ventricular size and systolic function with an 

ejection fraction of 65%. The right ventricle 

was upper normal size, with normal systolic 

function. There was trace tricuspid 

regurgitation, estimated right ventricular 

systolic pressure was 43 mmHg and mean 

right atrial pressure was 8 mmHg. A 

cardiothoracic surgery consultant concluded 

that mediastinoscopic biopsy of the 

hypervascular hilar mass was contraindicated 

due to risk of bleeding. The patient was 

treated with inhaled and intravenous 

tranexamic acid, dextromethorphan cough 

syrup, hydrocodone/homatropine and 

nebulized lidocaine.  
 

On the second hospital day the patient was 

intubated for an EBUS-guided transbronchial 

lymph node aspirate. Bronchoscopy revealed 

mild luminal narrowing and mucosal 

thickening of the right mainstem, upper, 

middle, and lower lobe bronchi with some 

old blood, but no endobronchial lesions were 

noted. Ultrasound revealed highly vascular 

https://static1.1.sqspcdn.com/static/f/654826/28689683/1746736900253/014-25+Figure+2.jpg?token=tXIHDzEQSzu4kDDjls6pFUZgLbg%3D
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lymphadenopathy at stations 7, 10R and 11R. 

A large volume aspirate was obtained with a 

19-gauge needle from a 2-3cm node in 

station 10R. Significant bleeding occurred at 

the biopsy site in the right mainstem 

bronchus requiring treatment with iced saline 

lavage, injection of 10cc of 1/10,000 

epinephrine and intravenous administration 

of tranexamic acid. The bleeding was finally 

controlled but the patient remained intubated 

on propofol after the procedure. A CT 

abdomen pelvis was noncontributory, 

showing no extrathoracic lymphadenopathy, 

no splenomegaly and no evidence of 

malignancy, although esophageal varices were 

noted.  

 

The patient remained intubated, and 

bronchoscopy was performed daily during the 

third through fifth hospital days (Figure 3).  

 

 
Figure 3. (A) & (B) Bronchoscopic views of 

bronchus intermedius showing dilated 

submucosal veins extending throughout the 

length of the airway. (C) Bronchoscopic view 

of the right lower lobe bronchus showing 

mucosal hypervascularity due to collateral 

circulation. To view figure 3 in a separate, 

enlarged window click here. 

 

Bulging engorgement of bronchial veins was 

noted whenever the patient coughed during 

bronchoscopy, and fresh bleeding was 

observed originating in the right upper and 

later from the right lower lobe. Bronchial 

artery embolization was performed twice 

before hemoptysis ceased.   Cytology and flow 

cytometry on the EBUS FNA showed only 

mature lymphocytes, polyclonal B cells and a 

few epithelial cells. Quantitative culture of the 

BAL specimen grew only normal flora. Fungal 

and Legionella cultures showed no growth. 

Cytological examination of bronchial lavage 

fluid revealed no malignant cells or 

coccidioidomycosis spherules. A Nocardia 

stain and AFB smear were negative. 

Coccidioidomycosis acute and convalescent 

phase serologies were negative. 

Rheumatologic serologies including ANA, RF 

and ANCA were negative.  

 

The patient spiked a fever to 101.4⁰ on the 

fifth hospital day. Bronchoscopy revealed 

purulent appearing secretions obstructing the 

bronchus intermedius, which were cleared. 

Empiric piperacillin/tazobactam and 

vancomycin were administered. Bronchial 

washings grew methicillin-sensitive 

Staphylococcus aureus (MSSA) but were 

again negative for AFB, Nocardia, Legionella, 

fungi, malignant cells or Coccidioides 
spherules. 
 

Over the three days, the patient became 

progressively hypotensive requiring 

phenylephrine infusion with worsening 

oxygenation status requiring 100% inspired 

oxygen. Repeat chest CT angiography 

showed severe bilateral infiltrates, right side 

worse than left, consistent with pneumonia. 

The right lung enhanced significantly less 

than the left, suggesting pulmonary infarction.  

The radiologist noted “unchanged bulky 

mediastinal and right hilar lymphadenopathy 

with complete encasement of the right 

mainstem bronchus and complete occlusion 

of the right superior and inferior pulmonary 

veins.”  

https://static1.1.sqspcdn.com/static/f/654826/28689684/1746736901790/014-25+Figure+3.jpg?token=tcXzs2mw1x%2F%2Fmt5k%2BGiZG7bN%2FIE%3D
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Which of the following are false regarding 

methicillin-sensitive S. aureus pneumonia? 

1. It can occur due to aspiration of 

secretions into the lung. 

2. It can occur due to hematogenous spread 

to the lung, for instance in cases of 

tricuspid valve endocarditis. 

3. Poor treatment outcomes are usually due 

to antibiotic resistance.  

4. Poor treatment outcomes can be due to 

host factors such as poor antibiotic lung 

tissue penetration.  

5. The drug of choice is high dose nafcillin.  

 

Correct! 

3. Poor treatment outcomes are usually due 

to antibiotic resistance. 

The mortality of S aureus pneumonia has 

been reported to be 20-50%. Necrotizing S. 
aureus pneumonia has particularly high 

mortality despite proper use of antibiotics. 

Host factors, virulence factors (such as 

Panton-Valentine leucocidin), and 

coinfection with organisms like influenza A, 

all play a role.    

 

During the eight through twelfth hospital days 

the patient experienced no further 

hemoptysis, was slowly weaned off pressors 

and experienced gradually decreasing oxygen 

requirement to 40% FiO2. Extubation was 

attempted and failed.  

 

Which of the following is most likely to lead 
to a diagnosis in this case? 

1. Scrotal ultrasound 

2. Bone marrow biopsy 

3. Alpha-fetoprotein assay 

4. Reconsideration of the studies already 

performed, integrating the history and 

physical examination. 

5. None of the above 

 
Correct! 

4. Reconsideration of the studies already 

performed, integrating the history and 

physical examination. 

Further evaluation, including scrotal 

ultrasound, bone marrow biopsy, AFP and 

beta-HCG levels, histoplasmosis 

galactomannan and an interferon-gamma 

release assay for tuberculosis, were all 

negative. Critical care, pulmonary, 

cardiothoracic surgery, and radiology 

consultants conferred. Upon re-examination 

of the patient’s history, hospital course and 

radiological studies, a diagnosis of congenital 

unilateral pulmonary venous atresia was 

considered.  
 

Pursuant to this diagnosis, the radiograph of 

the patient’s fractured right clavicle taken 

nine years previously (Figure 3) was obtained, 

which included a partial view of the right 

hemithorax, which showed an abnormal right 

cardiac border consistent with hypoplasia of 

the right hemithorax and lung, dating back to 

when the patient was fourteen years old.  

 
Figure 4. Clavicular radiograph from nine 

years prior to admission showing partial view 

of abnormal right cardiomediastinal 

silhouette with mediastinal shift to the right 

consistent with volume loss of the right 

hemithorax. To view Figure 4 in a separate, 

enlarged window click here. 

https://static1.1.sqspcdn.com/static/f/654826/28689685/1746736902777/014-25+Figure+4.jpg?token=xARCu3AdvwF3QdTfqp8kCIsmVdM%3D
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Discussion: Congenital unilateral pulmonary 

venous atresia (CUPVA) is characterized 

embryologically by failure of the proximal 

pulmonary veins to integrate with the left 

atrium (1,2) and histologically by extensive 

intimal fibrosis of the pulmonary veins (3). It 

occurs with equal frequency in the right or 

left lung, and typically presents early in 

childhood – about half of the time in 

association with congenital heart disease 

(1,4,5). But it can remain unrecognized until 

adulthood (1,6-11). Clinical manifestations 

include hemoptysis and recurrent 

pneumonia. Pulmonary hypertension, 

pulmonary infarction and variceal bleeding 

occur less frequently (1,4,7,8,12,13). The 

radiological features of CUPVA may falsely 

suggest pulmonary vein obstruction is due to 

compression or infiltration by malignancy, 

tuberculosis or fibrosing mediastinitis (1,9)  

The diagnosis of CPVA is based on 

distinctive ipsilateral venous and arterial 

abnormalities (Figure 4) demonstrable by 

computerized tomography (CT), magnetic 

resonance angiography, pulmonary 

angiography and right heart catheterization 

(1,4,9,13,14). Imaging findings include: 

absence of proximal pulmonary veins at their 

normal site of insertion into the left atrium 

(1,2), extensive collateralization between the 

distal pulmonary veins and systemic portal 

and vena caval systems in the mediastinum 

(1,15), and interlobular septal thickening 

consistent with pulmonary venous congestion 

(1,13,16). The increased resistance of the 

ipsilateral pulmonary venous system favors 

redistribution of pulmonary artery flow to the 

contralateral lung, and increases high-

pressure bronchial artery perfusion to the 

ipsilateral lung. Thus, the ipsilateral 

pulmonary artery is underdeveloped and the 

bronchial artery hypertrophies (1,16). This 

imbalance causes a left-to-right shunt through 

microvascular channels that connect the 

bronchial and pulmonary circulatory systems, 

leading to reversal of flow and increased 

oxygenation saturation in the ipsilateral 

pulmonary artery (1,6,16-19). Hypoplasia of 

the lung itself is likely secondary to reduced 

pulmonary artery flow, which normally 

provides >95% of lung perfusion (16). 

The clinical findings of CUPVA are relatable 

to its vascular pathophysiology. Hemoptysis 

is due to engorgement of the bronchial 

venous circulation (6,19-21). The confluent 

mediastinal soft tissue mass actually 

comprises pulmonary venous collaterals 

draining into venocaval and portal venous 

systems (1,4,9,15,17). The later may result in 

esophageal varices and hematemesis (1,7). 

Pulmonary hypertension is caused by left-to-

right shunting between the bronchial and 

pulmonary arterial systems resulting in 

chronic volume and pressure overload of the 

right ventricle (1,12,13). Pulmonary 

infarction is due to impaired pulmonary 

arterial perfusion of the lung (4,8). The 

increased incidence of pneumonia has been 

related to impaired mucociliary clearance, 

local immunity, and lymphatic drainage of 

the hypoplastic lung (22).  

 

Our patient had clinical and radiographic 

evidence of all the preceding anatomical and 

pathophysiological aspects of the disease.  

The pathophysiology of CUPVA is illustrated 

in Figure 5.  
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Figure 5. Proposed pathophysiology of 

CUPVA. V1: Atresia of proximal pulmonary 

vein insertion into the left atrium, V2: 

mediastinal pulmonary-to-systemic venous 

collaterals forming a soft-tissue-density mass, 

V3: esophageal venous engorgement leading 

to variceal bleeding, V4: engorged bronchial 

veins resulting in hemoptysis, A1: hypoplasia 

of pulmonary artery and ipsilateral lung, A2: 

hyperplastic bronchial artery, A3: left-to-right 

shunting through shared bronchial-

pulmonary arterial microvasculature, A4: 

reversal of flow in ipsilateral pulmonary 

artery leading to pulmonary hypertension. To 

view Figure 5 in a separate, enlarged window 

click here. 

 

CUPVA may present in adulthood with 

findings that mimic a primary infiltrative 

mediastinal process causing external 

compression of vascular structures. It should 

be suspected in such patients when initial 

radiographic findings demonstrate 

hemithoracic volume loss in the absence of 

bronchial obstruction (1). Lung scintigraphy 

– not performed in our case – typically shows 

absent perfusion of the affected lung (1,15). 

But the highly asymmetrical pulmonary 

arterial perfusion characteristic of CUPVA 

was well demonstrated on the maximum 

intensity protocol (MIP) image from our 

patient’s original CTA (Figure 5). Although 

right heart catheterization with pulmonary 

arterial wedge angiography was once 

considered necessary for definitive diagnosis 

(14,13,23), it has recently been accepted that 

clinical and CT findings can be virtually 

pathognomonic (1,4,10,24), as in our case 

(Figure 6).  

 

 
Figure 6. Coronal MIP image from the 

patient’s original CTA, demonstrating highly 

asymmetric pulmonary artery perfusion 

favoring the left lung. To view Figure 6 in a 

separate, enlarged window click here. 

 

Attempts to biopsy the mediastinal mass in 

CUPVA represent an unnecessary diagnostic 

misdirection (15,25), with significant bleeding 

risk.  
 

Although pulmonary infarction has been 

previously described in CUPVA (4,8), we 

believe we are the first to report it as a 

specific complication of bronchial artery 

https://static1.1.sqspcdn.com/static/f/654826/28689686/1746736903840/014-25+Figure+5.jpg?token=3AnKBWlKfpP0vfAVM%2F5J%2Be2rdtg%3D
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embolization in a patient with CUPVA. We 

believe that abnormal dependence of the 

affected lung on bronchial artery perfusion 

likely predisposes to this complication.  

Pneumonectomy may benefit patients with 

CUPVA, eliminating the source of 

hemoptysis and pneumonia, ameliorating 

incipient pulmonary hypertension by excising 

the bronchial-to-pulmonary arterial shunt, 

and eliminating dead space contributing to 

exercise intolerance. (13,14). Our patient was 

transferred to a university-affiliated 

pulmonary vascular service for further 

workup and to determine his candidacy for 

pneumonectomy.  
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