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Abstract
Lung cancer is associated with an increased risk of venous thromboembolism, including pulmonary 

embolism. In some situations, clinical deterioration in patients with lung cancer accompanied by el-

evated pressure in the right ventricle, usually measured by commonly used echocardiography, may 

support the diagnosis of pulmonary embolism. However, there are many other causes of increased 

pressure in the right ventricle in such patients, for example: progression of cancer, pre-existing lung 

diseases, surgical resection of pulmonary tissue, pnemotoxicity of radiotherapy or concomitant dis-

eases of the left heart. The article presents 2 clinical cases of patients with lung cancer, in which ele-

vated pressure in the right ventricle was resulted from other causes and accompanied the progres-

sion of cancer, despite the clinical picture suggesting a pulmonary embolism. Increased pressure in 

the right ventricle and usually associated pulmonary hypertension, significantly worsen already poor 

prognosis of patients with lung cancer. The differential diagnosis should, therefore, take into account 

the whole clinical picture, excluding venous thromboembolism as an important cause of pulmonary 

hypertension, but also take into account other potential factors to be able to make the right diagnosis 

and implement optimal treatment as early as possible.
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CASE 1.
A 68-year-old man with small-cell lung cancer was urgently qual-

ified for systemic treatment due to rapid disease progression. 

Cardiac consultation was recommended due to increased dysp-

nea and symptoms of heart failure.

Medical history:

•	 chronic heart failure with preserved left ventricular ejection 

fraction – NYHA II

•	 grade 3 hypertension

•	 type 2 diabetes mellitus

•	 family history of liver cancer (sister)

•	 substance dependence: a 20-year history of tobacco smok-

ing, a non-smoker for 10 years.

Physical examination:

•	 regular heart rate increased up to 105 beats per minute 

(bpm); no pathological murmurs; blood pressure increased 

up to 160/90 mmHg

•	 diminished right vesicular breath sounds over the lung fields 

on auscultation

•	 an enlarged lymph node with a diameter of about 1 cm in the 

right supraclavicular fossa 

•	 minor edema of the lower legs

•	 body mass index (BMI) of 27 kg/m2

•	 ECOG 2 (Eastern Cooperative Oncology Group performance 

status).

Laboratory findings:

•	 Hematology: hemoglobin – 13 g/dl; hematocrit – 42%; leu-

kocytes – 9.3 thousand/mm3; platelets – 263 thousand/mm3 

•	 eGFR – 95 ml/min, sodium – 145 mmol/l, potassium – 4.8 

mmol/l

•	 glucose – 93 mg%, ALT – 22 U/l, BNP – 3400 pg/ml, d-di-

mers 4.1 µg/ml

•	 APTT – 27.6 s, INR – 1.0.

Imaging/additional tests: 

•	 chest computed tomography (CT): a 49 x 56 x 60 mm tumor 

with an area of lysis located in the right lung. A pathological 

32 x 24 mm nodal mass is located anteriorly from the trachea

•	 endobronchial ultrasound (EBUS) transbronchial biopsy: par-

atracheal lymph nodes 4R: cells of metastatic small cell lung 

cancer

•	 cancer stage: T4N2M0 (tumour-node-metastasis classifica-

tion, TNM)

•	 echocardiography (fig. 1–3) was performed as part of con-

sultation and showed an enlarged right ventricle (fig. 1), in-

creased right ventricular pressure (fig. 2) and pathological 

lesions in the dilated pulmonary artery suggestive of pulmo-

nary embolism (fig. 3)

•	 urgent CT angiography excluded pulmonary embolism and 

revealed infiltrative mass of the lung tumor, involving also 

the right pulmonary artery (fig. 4). 

The patient was referred to the Department of Clinical Oncology 

for rescue chemotherapy – first cycle of CE (carboplatin/etopo-

side regimen). A  follow-up echocardiography after a  month 

showed a reduced size of the right ventricle and decline in ve-

locity of the trans-tricuspid regurgitant flow (fig. 5, 6); chest CT 

showed a significant remission of the lesions (fig. 7).

Figure 1. 
Transthoracic echocardiography. Right ventricular view. Visible enlarge-
ment of the right heart chambers. 

Figure 2. 
Transthoracic echocardiography. Four-chamber view. Color and contin-
uous Doppler examination. Doppler gate positioned at the level of the 
tricuspid valve shows increased gradient through the tricuspid valve to 
69.2 mmHg. Maximum velocity of tricuspid regurgitant flow – 4.16 m/s – 
indicates a high risk of pulmonary hypertension.
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Figure 3. 
Short-axis parasternal view. Slightly dilated pulmonary trunk with a pa-
thological lesion at the site of division into pulmonary arteries.

Figure 4. 
Chest CT. The presented scan shows extensive infiltration of pulmonary 
parenchyma closing the right pulmonary artery.

Figure 5. 
Transthoracic echocardiography, four-chamber view. The patient after 
the first cycle of chemotherapy. The size of the right ventricle is visible 
reduced as compared to baseline examination (fig. 1).

Figure 6. 
Transthoracic echocardiography. Four-chamber view. Color and contin-
uous Doppler examination. Doppler gate positioned at the level of the 
tricuspid valve shows significantly reduced trans-tricuspid gradient to 
33.7 mmHg.

Figure 7. 
Chest CT. The presented scan shows significantly reduced infiltration and 
contrast-enhanced right pulmonary artery lumen indicating restored pa-
tency.

CASE 2.
A 60-year-old man with large-cell neuroendocrine carcinoma of 

the right lung was hospitalized in the Department of Clinical On-

cology to receive the first cycle of PE chemotherapy (cisplatin/

etoposide regimen). Sudden deterioration of patient’s condition 

with symptoms of increased dyspnea, fatigue and fever of up to 

38°C, was observed after chemotherapy. The patient was referred 

for cardiac consultation. 

Medical history:

•	 negative cardiac history

•	 family history of prostate cancer (brother and father)
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•	 substance dependence – 40 years of tobacco smoking, 

a non-smoker for a month.

Physical examination:

•	 tachycardia 120 bpm, reduced blood pressure of 90/60 

mmHg

•	 diminished right vesicular breath sounds over the lung fields 

on auscultation

•	 no peripheral edema

•	 BMI of 23 kg/m2

•	 ECOG 2.

Laboratory findings:

•	 Hematology: hemoglobin – 9.1 g/dl; hematocrit – 32%; 

leukocytes – 19.2 thousand/mm3; platelets – 23 thou-

sand/mm3

•	 CRP 246 mg/dl (24 mg/dl on the day before)

•	 d-dimers 22 µg/dl (9 µg/dl on the day before)

•	 troponin I – 0.012 ng/dl.

Imaging/additional tests: 

•	 chest CT: a pathological mass about 55 x 39 mm in size in 

the right lung hilum. Fluid up to 20 mm in the right pleural 

cavity; cancer spread to the liver and bones

•	 histopathology: large-cell neuroendocrine carcinoma (chro-

mogranin +, CD56 -, TTF-1 slightly positive, p63-)

•	 cancer stage: T4N2M1

•	 echocardiography was performed revealing: normal left ven-

tricular contractility, enlarged right ventricle and right atrium 

with signs of overload (fig. 8, 9)

•	 urgent chest CT excluded embolism and showed neoplastic 

infiltrate with an area suspicious of an abscess (fig. 10).

Figure 8. 
Transthoracic echocardiography. Four-chamber view. Enlarged right 
heart chambers, evident disproportion between the left and right heart.

Figure 10. 
Chest CT. Extensive infiltration with a non-homogeneous lesion probably 
corresponding to an abscess in the right paraspinal area.

Figure 9. 
Transthoracic echocardiography. Four-chamber view. Color and con-
tinuous Doppler examination. Doppler gate positioned at the level of 
the tricuspid valve shows increased gradient through tricuspid valve to  
42.6 mmHg (flow velocity of 3.26 m/s indicates moderate risk of pulmo-
nary hypertension).

There was rapid deterioration of patient’s condition during fur-

ther hospital stay. The patient received broad-spectrum antibi-

otic therapy due to suspected septic shock; blood cultures were 

negative. The patient died before further diagnosis could be 

made.

Comment
Lung cancer is diagnosed annually in about 15 000 men (stand-

ardized incidence rate: 50/100 000) and 6000 women (stand-

ardized incidence rate: 17/10 000) in Poland [1]. This type of 

malignancy is associated with a  particularly increased risk of 

venous thromboembolism (VTE), including pulmonary embo-

lism [2]. The risk of VTE is particularly increased in patients with 
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adenocarcinomas and non-small cell lung cancer compared to 

small cell lung cancer, and in patients receiving anti-angiogenic 

therapy. According to the diagnostic algorithm for pulmonary 

embolism recommended by the European Society of Cardiolo-

gy [3], transthoracic echocardiography plays an important role 

in patients presenting with the symptoms of shock or hypotonia 

due to its wide availability if urgent CT cannot be performed. The 

presence of thrombi in the right heart or the pulmonary trunk in-

dicates on pulmonary embolism. In the case of echocardiograph-

ic signs of overload and elevated right ventricular pressure, the 

concordance of clinical picture is decisive in making therapeutic 

decisions; however, other modalities should be used to visualize 

thrombi once the patient’s condition stabilizes. 

In the 2 described cases, the clinical picture, including sudden 

dyspnea in patients with advanced lung cancer, could imply 

pulmonary embolism as the potential cause of deterioration. 

Increased right ventricular pressure, which is often colloquially 

referred to as pulmonary hypertension (the latter one should be, 

however, verified in invasive pulmonary artery pressure meas-

urements), did not result however from pulmonary embolism, 

but tumor progression in these patients. 

In addition to the above, there are many other reasons for in-

creased right ventricular pressure in patients with lung cancer 

(fig. 11). First of all, it may result from a pre-existing lung disease, 

including smoking-related chronic obstructive pulmonary dis-

ease (COPD) in particular [4]. Changes in the pulmonary paren-

chyma, hypoxia and the consequent vascular remodeling lead to 

increased vascular resistance, which in turn increases right ven-

tricular pressure. The most common cardiac causes of increased 

right heart pressure include valvular diseases and left ventricular 

failure, the progression and stage of which are reflected by the 

development of pulmonary hypertension. Surgical treatment of 

lung cancer involving resection of pulmonary tissue may also in-

crease pressure in the pulmonary artery and the right ventricle. 

The resection leads to right ventricular remodeling and enlarge-

ment as a result of redirecting the entire blood flow through the 

remaining pulmonary parenchyma, which increases vascular 

resistance [5]. It was documented that pulmonary hypertension 

and right ventricular overload are more common after pneu-

monectomy involving a larger portion of lung tissue rather than 

after lobectomy. Radiation therapy, either alone or in combina-

tion with chemotherapy, is another iatrogenic cause of increased 

right ventricular pressure. This type of treatment may lead to pro-

gressive lung fibrosis and, consequently, increased right cardiac 

overload and remodeling. 

It should be noted that increased right ventricular pressure and 

the usually accompanying pulmonary hypertension, worsen the 

already poor prognosis in patients with lung cancer. Therefore, 

the differential diagnosis should include the whole clinical pic-

ture, excluding VTE as an important cause of increased right ven-

tricular pressure, as well as considering other causes of pulmo-

nary hypertension in order to be able to make the right diagnosis 

and implement optimal treatment as early as possible.

Figure 11. 
Causes of increased right ventricular pressure in patients with lung cancer.
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