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ABSTRACT

Pulmonary hypertension (PH) is a rare disease with a significant morbidity and mortality if untreated. The disease has
a multifactorial aetiology and is often associated with insidious onset of signs and symptoms. Multimodality imaging is
often required for establishing the diagnosis, evaluating the underlying haemodynamic compromise and follow-up after
institution of therapy. The range of potential complications associated with PH vary widely. We aimed to summarize the

imaging findings of complications that the radiologist should be familiar with.

INTRODUCTION

The classification of pulmonary hypertension (PH) has
been updated in 2013 (Table 1).! The haemodynamic
definition of PH is a mean pulmonary arterial pressure
=25mmHg at rest or 30 mmHg during exercise during
right heart catheterization. There are five main subgroups
of PH. Group 1 is pulmonary arterial hypertension (PAH)
related to conditions like the connective tissue disease,
congenital heart disease, portopulmonary hypertension,
secondary to drugs as well as the idiopathic group. By
definition, patients with PAH should have a pulmonary
artery wedge pressure of =15mmHg and a pulmonary
vascular resistance of >3 WU (a Woods unit is defined as
1WU = 1 mmHgminl~' = 80dynescm™>). Group 2 is
attributed to left heart disease and Group 3 to chronic lung
disease. Group 4 is secondary to pulmonary artery
obstructions and amongst these, chronic thromboembolic
disease is potentially the only surgically treatable condition.
Group 5 is PH due to an unclear mechanism or multiple
aetiologies. Among these subgroups, Group 2 due to left
heart disease is believed to be the commonest. PH is rare
with a prevalence of 97 per million in the UK, and the
European Society of Cardiology and European Respiratory
Society have recommended that expert centres should be
responsible for receiving new referrals, assessment, man-
agement and research.”

DISCUSSION

Vascular complications

Massive pulmonary dilatation

The range of potential complications associated with PH
vary widely (Table 2). The pulmonary artery may increase

in size owing to increasing wall sheer stress and volume, e.g.
in a left to right shunt. It is considered dilated when the ratio
of the main pulmonary artery to the ascending aorta exceeds
0.9. In patients without interstitial lung disease, the upper
limit of the pulmonary artery diameter for males is 29 mm
and 27 mm for females.” In patients with interstitial lung
disease, the pulmonary artery may be dilated without the
corresponding increase in pressure.* Dilated pulmonary
arteries can cause extrinsic compression on the left main
stem coronary artery (Figure 1). The left main stem is
typically effaced and displaced caudally. Patients may expe-
rience angina, myocardial infarction or even sudden death.
A potential treatment for left main stem compression
includes percutaneous stenting or open bypass, although the
optimal treatment is controversial. The former may be more
suitable for patients at a high risk. If the cause of PH is
congenital heart disease, e.g. atrial septal defect, ventricular
septal defect and patent ductus arteriosus, treatment of the
left to right shunt may reverse the pulmonary artery di-
latation and left main stem compression.” Pulmonary vas-
odilators have also been quoted as a successful treatment.®

Extrinsic compression of proximal airways from pulmo-
nary artery dilatation is common in congenital heart dis-
ease (Figure 2). This may lead to asthma-like symptoms of
wheezing and coughing and is unlikely to respond to
conventional treatment. In addition, the same process may
be happening at the level of the distal small airways, owing
to their proximity to the distal pulmonary arteries.” It is
unclear whether this is a purely mechanical process, or if
an imbalance of vascoconstrictive and bronchoconstrictive
agents is at play.
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Table 1. Updated classification of pulmonary hypertension (PH)

Updated complications of PH

PAH

Idiopathic PAH

Heritable PAH

BMPR2

ALK-1, ENG, SMAD9Y, CAV1, KCNK3

Unknown

Drug and toxin induced

Associated with

Connective tissue disease

HIV infection

Portal hypertension

Congenital heart disease

Schistosomiasis

Pulmonary veno-occlusive disease and/or pulmonary capillary
haemangiomatosis

PPHN

PH due to left heart disease

Left ventricular systolic dysfunction

Left ventricular diastolic dysfunction

Valvular disease

Congenital/acquired left heart inflow/outflow tract obstruction and
congenital cardiomyopathies

PH due to lung diseases and/or hypoxia

Chronic obstructive pulmonary disease

Interstitial lung disease

Other pulmonary diseases with mixed restrictive and obstructive pattern

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Developmental lung diseases

CTEPH

PH with unclear multifactorial mechanisms

Haematologic disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

Mak et a/

Pulmonary artery dissection

Pulmonary artery dissection is a rare and potentially cata-
strophic complication, the majority of which are diagnosed post-
mortem. It is associated with congenital heart disease and may
occur idiopathically from chronic PH, or iatrogenically from
catheterization. The pulmonary artery dissection tends to rup-
ture into the pericardium causing tamponade, rather than
extending further downstream with a re-entrance site.” The
commonest location of dissection is the main pulmonary
artery.'”'! On CT, its morphology may be similar to that of
a classic aortic dissection, with an intimal flap and higher con-
trast attenuation within the true lumen (Figure 3). There have
been case reports where this is the first presentation of chroni-
cally undiagnosed PH.'* Symptoms are non-specific and range
from chest pain to dyspnoea.

Alveolar haemorrhage

Alveolar haemorrhage in patients with PAH is multifactorial and
may be due to anticoagulation therapy and a continuous i.v. in-
fusion of pulmonary vasodilator drugs.'> There is a controversy
over the use of anticoagulants in patients with PH, and a recent
analysis using of the European PH registry Comparative, Pro-
spective Registry of Newly Initiated Therapies for Pulmonary
Hypertension supports the use of anticoagulation in patients with
idiopathic PAH, but not for other subgroups.'*

Haemorrhage can result from a pulmonary artery aneurysm
rupture, and when the latter is present, it exists mainly in the
main pulmonary artery.'> It may cause ground glass and con-
solidative changes on CT and dynamic extravasation of contrast
during invasive angiogram (Figure 4). Cabezas’ group studied
a large cohort of patients with Group 1 PH, and the prevalence
of pulmonary artery aneurysm was 12.2%.° This used to be
a diagnosis at necropsy, but is increasingly diagnosed owing to
the growing use of cross-section imaging. The treatment of

Table 2. Complications of pulmonary hypertension

Complications of pulmonary hypertension

Vascular

Massive pulmonary dilatation

Pulmonary artery dissection

Alveolar haemorrhage

In situ thrombosis

Systemic disorders: sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

Metabolic disorders: glycogen storage disease, Gaucher disease,
thyroid disorders

Others: tumoral obstruction, fibrosing mediastinitis, chronic renal
failure, segmental PH

ALK-1, activin-like receptor kinase 1, BMPR2, bone morphogenic protein
receptor type 2; CAVI1, caveolin 1; CTEPH, chronic thromboembolic
pulmonary hypertension; ENG, endoglin; HIV, human immunodeficiency
virus; KCNK3, a gene-encoding potassium channel super family K
member 3; PAH, pulmonary arterial hypertension; PPHN, persistent
pulmonary hypertension of the newborn; SMAD9, decapentaplegic 9.

The Fifth World Symposium on Pulmonary Hypertension, 2013, Nice, France.

Balloon angioplasty complications

Cardiac complications

Right heart failure

Pericardial effusion and tamponade

Cardiac cirrhosis

Line infection

Pulmonary complications

Cavitation

Infection

2 of 8 birpublications.org/bjr

Br J Radiol;90:20160745


http://birpublications.org/bjr

Pictorial review: Imaging findings of pulmonary hypertension complications

Figure 1. Extrinsic compression of the left main stem coronary artery in a 37-year-old female with pulmonary hypertension
with typical angina: (a) electrocardiogram-gated coronal CT is demonstrating extrinsic compression of the left main stem
coronary artery (black block arrow) by the aneurysmal main pulmonary artery (MPA). (b) The axial CT image of the same
patient is showing a sinus venosus-type atrial septal defect (white block arrow) and dilated right ventricle (RV). LA, left

atrium; RA, right atrium.

pulmonary artery aneurysm, by either surgery or medical opti-
mization, is controversial in the literature.

In situ thrombosis

In situ thrombosis is a concept of thrombus formation within
the pulmonary arteries, without embolism from a distal deep-
vein thrombosis. Thrombus formation is common in severe
hypertension from any cause. Proposed mechanisms vary, and
this may be due to a combination of wall shear stress from
turbulent flow, vascular dilatation leading to stasis and vascular
endothelial injury in PH. It may also be secondary to an increase
in thrombin activity and disturbance of the thrombolytic
pathway.'® In situ thrombosis is common in congenital heart
disease and up to one-fifth of the patients with Eisenmenger’s
syndrome may have pulmonary thrombi. They can calcify and

may be part of a partially thrombosed pulmonary artery
(Figure 5). Unlike acute thrombi, in situ thrombi are located
peripherally with lobulated contours and tend to form an obtuse
angle with the vessel wall. They may also contain coarse calci-
fication. Paradoxically, patients with Eisenmenger’s syndrome
also have abnormal coagulation and are prone to haemorrhage.
This makes it difficult to manage their treatment.

Balloon angioplasty complications

The history of balloon pulmonary angioplasty (BPA) as a treat-
ment of chronic thromboembolic pulmonary hypertension
(CTEPH) dates back to 1983.'7 The conventional treatment
is pulmonary endarterectomy (PEA), which demonstrates im-
mediate post-operative improvement in haemodynamics and
improved survival.'"® BPA may be an alternative for patients

Figure 2. Extrinsic compression of the airways in a 27-year-old female with pulmonary hypertension and worsening dyspnoea:
compression of the right main bronchus (block arrows) by the dilated right pulmonary artery (RPA) on mediastinal (left) and lung

window (right).
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Figure 3. Pulmonary artery dissection involving the left
pulmonary artery (arrow). There is also a short movie available
online.

unsuitable for surgery. Studies have shown no immediate
improvement in haemodynamics, but during follow-up, there
is evidence of a decrease in right atrial pressure and pulmo-
nary arterial pressure and increase in cardiac output.'”*° BPA
could target distal lesions which could not be reached by PEA,
usually the segmental and subsegmental pulmonary arteries.
However, the lesions are still under high pressure, and
patients with very poor baseline haemodynamics are prone to
reperfusion oedema. The reported rate of this complication is
53-61%.'”*" A potentially fatal complication is perforation of
the pulmonary arteries, resulting in haemorrhage and exan-
guination. This complication is less common and is reported
to be up to 7%.*

Mak et a/

Patients who have undergone BPA still receive PH-specific
treatment, and whether this has an impact on the improvement
in haemodynamics is yet to be determined. Further studies and
long-term data are required to determine the effectiveness of
BPA as an alternative to PEA.

Cardiac complications

Right heart failure

With increasing pulmonary artery resistance and pressure,
the right ventricle responds to pressure overload initially
with hypertrophy and eventually dilates to increase the
preload to maintain stroke volume (Figure 6a,b). The right
ventricle eventually ceases to adapt, although the mechanism
is not fully understood. This may result in functional tri-
cuspid regurgitation, pericardial effusions and cardiac
cirrhosis.

Pericardial effusion and tamponade

Pericardial effusions are associated with up to half the patients
with PH?>% (Figure 6¢,d). Mechanisms are unclear, and it has
been hypothesized that it is due to the increased right chamber
pressures causing increased myocytic transudation and de-
creased resorption. Its presence on echocardiography is a strong
indicator of mortality in a multicentre trial.> Pericardiocentesis
in the PH setting is controversial and is associated with a high
mortality.”® Mechanisms are unclear, but it may be due to the
presentation of pericardial effusions in the late stages of PH. The
normal echocardiography signs of right atrial and ventricular
wall collapse may not be present, owing to the increase in right
chamber pressures.

Cardiac cirrhosis
Congestive hepatopathy is a pattern of chronic liver injury due
to raised right atrial pressures from any cause, including PH.

Figure 4. Alveolar haemorrhage in a 45-year-old female with pulmonary hypertension post-right heart catheterization: (a)
coronal maximum intensity projection of an MR pulmonary angiogram is demonstrating a proximal occlusion of the right middle
and lower lobes (black block arrow) and proximal webs in the left lower lobe (thin white arrows) in keeping with chronic
thromboembolic disease. (b) The patient developed haemoptysis following right heart catheterization. The axial CT image is
showing a pseudoaneurysm of the posterior basal left lower lobe artery (white block arrow) and surrounding alveolar
haemorrhage that developed as a consequence of forced passage of the catheter across the intraluminal webs. (c) Selected
images of catheter pulmonary angiography before (left) and after (right) embolization of the left lower lobe pseudoaneurysm

(block white arrows).
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Pictorial review: Imaging findings of pulmonary hypertension complications

Figure 5. /n situ thrombus in a 57-year-old female with long-standing pulmonary hypertension secondary to congenital heart
disease: (a) the axial non-electrocardiogram-gated CT pulmonary angiogram with calcified thrombus lining the proximal pulmonary
arteries (white block arrows). (b) There is dilatation of the right atrium (RA) and right ventricle (RV) with right ventricular
hypertrophy and an ostium secondum atrial septal defect (black thin arrow). The segmental vessels are large and contain partially
occlusive calcified thrombus.

The liver may have a lobulated contour, which can be associated within the sinusoids, leading to swelling and haemorrhage. Sec-
with ascites and distended hepatic veins and inferior vena cava ondly, the reduced cardiac output causes acute hepatic necrosis.
(Figure 7). Right heart failure increases the hydrostatic pressure Eventually, this leads to fibrosis/cirrhosis. The fibrosis tends to spare

Figure 6. Right heart failure and pericardial tamponade in two different patients with pulmonary hypertension: (a) coronal CT
pulmonary angiogram is demonstrating dilatation of the right ventricle (RV) and hypertrophy with pericardial effusion (star) and
ascites (block white arrow). There is also mild subcutaneous oedema. (b) The same patient also had a dilated inferior vena cava (block
black arrow) and distended hepatic veins. (c, d) Axial CT pulmonary angiogram in a different case is demonstrating right ventricular
dilatation and hypertrophy with a moderately large circumferential pericardial effusion (star). Clinically, the patient had signs of
tamponade. A CT-guided pericardial drain (thin white arrow) was inserted with good improvement in symptoms. RA, right atrium.
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Figure 7. Cardiac cirrhosis in a 40-year-old patient with long-standing idiopathic pulmonary hypertension: coronal CT is showing

a dilated main pulmonary artery (MPA) and cirrhotic liver (star).

the portal tracts, unlike other causes of cirrhosis.”’ Patients may
present with right upper quadrant pain, ascites and a pulsatile liver.
Paradoxically, the loss of hepatic pulsation may signify more severe
disease. However, the incidence of cirrhosis does not correlate with
the severity of right heart failure. Hepatocellular carcinoma is a rare
but reported complication of cardiac cirrhosis.”**

Line infection
Patients within the PAH and CTEPH may be treated with
prostacyclin analogues, e.g. epoprostenol or trepostinil, to

increase life expectancy and improve the quality of life. How-
ever, these drugs require long-term infusions via a central ve-
nous catheter, and secondary infections are not uncommon.
Patients do not necessarily present with overwhelming sepsis,
but the mortality may be as high as 30%.’° When compared
with i.v. epoprostenol, i.v. trepostinil is associated with a higher
rate of blood stream infections by gram-negative
organisms.’**> Long-term indwelling catheters may also lead
to thrombi and fungal balls. Both bacterial and fungal infec-
tions could lead to pulmonary artery pseudoaneurysms, which

Figure 8. A recurrent line infection in a 43-year-old patient with pulmonary hypertension with long line for i.v. prostacycline
infusion: (a) axial CT with the tip of a Groshong line (black thin arrow) in the right atrium (RA). There is right lower lobe
pneumonia (block white arrow). (b) In spite of 4 weeks of antibiotics, there was persistent consolidation. She developed
massive haemoptysis and CT showed dense consolidation with a pseudoaneurysm formation (block black arrow). (c, d)
Selected images of catheter pulmonary angiography before (c) and after (d) embolization of the right lower lobe

pseudoaneurysm (block white arrows).
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Figure 9. Cavitating infarct with mycetoma in a 55-year-old male with pulmonary hypertension secondary to chronic thromboembolic
disease: (a) chest radiograph with cardiomegaly and proximal pulmonary artery dilatation (block white arrow) and peripheral pruning.
There is a thick-walled cavity (block black arrow) in the right upper lobe. (b) Axial CT is demonstrating an intracavitary soft-tissue
material (block black arrow) within the thick-walled cavity that was a mycetoma forming within a cavitating infarct.

a

are rare when compared with thoracic aortic aneurysms, but
could rupture with devastating haemoptysis and haemorrhage
(Figure 8). Conventional treatment is surgical resection in-
cluding lobectomy, although selective angiography and endo-
vascular treatment has also been reported as safe and
effective.”>** The latter remains controversial, as it introduces
a foreign body into an infected field.

Pulmonary complications

Cavitation secondary to infarcts is a known complication in
acute pulmonary emboli and similarly, patients with CTEPH
may present as such. These are initially aseptic, but could be

b

secondarily infected and colonized by aspergillus (Figure 9).
Cavitation is more common within mid and upper zones with
the cavity wall generally being a poor discriminator of the un-
derlying aetiology.” Superinfection with clostridium species has
been reported to be especially common, resulting in a necrotiz-
ing, cavitatory pneumonia.’

CONCLUSION

PH is a rare disease with a significant impact on the patient
quality of life and survival. The radiologist plays a vital role
in identifying complications at diagnosis and surveillance
imaging.
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