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Pulmonary hypertension is defined as an abnormal elevation of pres-
sure in pulmonary circulation, with a mean pulmonary arterial pressure 
higher than 25 mmHg, regardless of the underlying mechanism. The 
clinical classification system for pulmonary hypertension was updated 
at the fourth World Symposium on Pulmonary Hypertension in Dana 
Point, California, in 2008. In patients with suspected pulmonary hyper-
tension, the diagnostic approach includes four stages: suspicion, detec-
tion, classification, and functional evaluation. It is crucial to understand 
the advantages and disadvantages of the different imaging tools available 
for the diagnostic work-up and follow-up of patients with pulmonary 
hypertension. Many conditions that cause pulmonary hypertension have 
suggestive findings at multidetector computed tomography or magnetic 
resonance imaging; some causes may be surgically treatable, whereas 
others may demonstrate adverse reactions to vasodilator therapies used 
during the course of treatment. Therefore, the radiologist plays an im-
portant role in evaluating patients with this disease. Supplemental mate-
rial available at HTTP���RADIOGRAPHICS�RSNA�ORG�LOOKUP�SUPPL�DOI�������� 
�RG��������
�$#��
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FOR TEST 1
!FTER�COMPLETING�THIS� 
JOURNAL
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ACTIVITY��PARTICIPANTS� 
WILL�BE�ABLE�TO�

 ■ Describe the im-
aging findings of 
pulmonary hyper-
tension.

 ■ Discuss the patho-
physiologic charac-
teristics of pulmo-
nary hypertension.

 ■ List the advan-
tages of the various 
imaging modalities 
used to diagnose 
pulmonary hyper-
tension.

Abbreviations: CTPA = computed tomographic pulmonary angiography, ECG = electrocardiographic
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Figure 1. Chart shows the clinical course and progression of pulmonary hypertension, the mor-
phologic changes that occur, and the functional parameters. C-2) = cardiac MR imaging, #/ = 
cardiac output, #/0$ = chronic obstructive pulmonary disease, ,6 = left ventricle, -$#4! = 
multidetector CT angiography, 26 = right ventricle.

Table 1 
Dana Point Classification of Pulmonary Hypertension

Group Description

1 Pulmonary arterial hypertension
1.1 Idiopathic pulmonary arterial hypertension
1.2 Heritable
1.3 Drug and toxin induced
1.4 Associated with connective tissue diseases, HIV infection, portal hypertension, con-

genital heart disease, schistosomiasis, and chronic hemolytic anemia
1.5 Persistent pulmonary hypertension in newborns
1′ PVOD or PCH
2 Pulmonary hypertension due to left-sided heart disease
3 Pulmonary hypertension due to lung diseases or hypoxia
4 Chronic thromboembolic pulmonary hypertension
5 Pulmonary hypertension with unclear multifactorial mechanisms such as hematologic 

disorders (myeloproliferative disorders, splenectomy), systemic disorders (sarcoid-
osis, pulmonary Langerhans cell histiocytosis, lymphangioleiomyomatosis, neuro-
fibromatosis, vasculitis), metabolic disorders (glycogen storage disease, Gaucher 
disease, thyroid disorders), and other disorders (tumoral obstruction, fibrosing 
mediastinitis, chronic renal failure in patients undergoing dialysis)

Note.—Reprinted, with permission, from reference 4. HIV = human immunodeficiency virus, 
PCH = pulmonary capillary hemangiomatosis, PVOD = pulmonary veno-occlusive disease.
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&IGURE���� Diagram shows the imaging work-up of patients with pulmonary hypertension 
(PH), which involves confirming or excluding the presence of pulmonary hypertension, 
establishing a cause, assessing the severity of disease, and monitoring its progression. #($ = 
congenital heart disease, C-2) = cardiac MR imaging, #4%0( = chronic thromboembolic 
pulmonary hypertension, -$#40! = multidetector CTPA, PAH = pulmonary arterial 
hypertension, 0#( = pulmonary capillary hemangiomatosis, 06/$ = pulmonary veno-
occlusive disease, 2(# = catheterization of the right side of the heart, 26 = right ventricle, 
6�1 = ventilation-perfusion.

these conditions are ruled out, a diagnosis of pul-
monary arterial hypertension can be made. 

Because treatment for patients with pulmonary 
hypertension depends on the cause, accurate clas-
sification is critical, and imaging plays a central 
role. The strength of echocardiography in help-
ing to classify pulmonary hypertension lies in 
its ability to help exclude an underlying cardiac 
cause such as left-sided heart disease and intra-
cardiac left-to-right shunts. Ventilation-perfusion 
(V/Q) scintigraphy is the modality of choice for 
ruling out chronic thromboembolic disease: nor-
mal V/Q scintigraphic results essentially exclude 
chronic thromboembolic pulmonary hypertension, 
whereas the presence of one or more segmental 
mismatched perfusion defects should prompt fur-
ther CTPA evaluation (Table E2 [online]) (16,20).

Because of its wide field of view, multidetec-
tor CTPA may be used to assess both cardiac 
and extracardiac causes of pulmonary hyperten-
sion such as chronic thromboembolic pulmonary 
hypertension, long-standing left-to-right shunts, 

and mediastinal disorders involving the central 
pulmonary vessels. High-resolution images of 
the lung parenchyma also may provide insight 
into parenchymal diseases of the lung that may 
lead to pulmonary hypertension as well as altera-
tions in the lung parenchyma that may result 
from pulmonary hypertension such as pulmonary 
veno-occlusive disease and pulmonary capillary 
hemangiomatosis (21).

Catheterization of the right side of the heart is 
the reference standard for diagnosing pulmonary 
hypertension because it is the only test whose 
findings confirm the presence of pulmonary 
hypertension by enabling direct measurement 
of pulmonary pressures, resistance, and cardiac 
output. Its findings may also help differentiate 
between pulmonary arterial hypertension and 
pulmonary hypertension. However, it is invasive, 
requires exposure to ionizing radiation, and does 
not provide morphologic information.
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Figure 4. Diagram shows the imaging algorithm used for patients with suspected pulmo-
nary hypertension (PH). #4%0( = chronic thromboembolic pulmonary hypertension, 
-$#40! = multidetector CTPA, PA = pulmonary artery, PE = pulmonary emboli, 0#( = 
pulmonary capillary hemangiomatosis, 06/$ = pulmonary veno-occlusive disease, 26 = 
right ventricle, 6�1 = ventilation-perfusion.

Functional Evaluation
Once a diagnosis of pulmonary hypertension 
has been made, disease severity must be as-
sessed with catheterization of the right side of 

the heart or cardiac MR imaging to determine 
the prognosis and optimize treatment. For in-
stance, various hemodynamic features correlate 
with survival. Catheterization of the right side 
of the heart may help determine prognosis and 
response to treatment with the use of vasodilator 
agents such as calcium channel blockers. Serial 

Table 2 
Use of Cardiac MR Imaging in Evaluating Patients with Pulmonary Hyperten-
sion: How the Radiologist Can Help

Uses Advantages Limitations

Assessing right ventricular 
morphologic and func-
tional parameters, estimat-
ing mean PAP*, assessing 
treatment selection and 
monitoring, monitoring 
performance of the right 
side of the heart and 
therapeutic effects

Noninvasive, lack of ra-
diation, low interobserver 
variability, tissue charac-
terization, excellent flow 
measurement

May trigger claustrophobia, 
may not be used in pa-
tients with ferromagnetic 
implants, long exam time, 
requires breath holding, 
respiratory and cardiac 
motion artifacts occur

Source.—References 10 and 18. 
Note.—PAP = pulmonary arterial pressure. 
*Evidence on the use of MR imaging to estimate mean PAP is contradictory.
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pulmonary hypertension (25). However, it is im-
portant to emphasize that a diameter of less than 
29 mm does not necessarily exclude pulmonary 
hypertension. In patients with mild pulmonary 
hypertension, the pulmonary artery may be only 
slightly dilated, and the findings in patients with 
pulmonary hypertension may overlap with those 
in control subjects without pulmonary hyperten-
sion (25–27). The diameters of the segmental 
pulmonary arteries should also be equal to those 
of adjacent bronchi. In the presence of a dilated 
(29 mm or more) main pulmonary artery, a seg-
mental artery–to-bronchus diameter ratio of 1:1 
or more in three or four lobes has a specificity of 
100% for the presence of pulmonary hyperten-
sion (25). At CTPA, a main pulmonary arterial 
diameter larger than that of the ascending aorta 
is also a sign of pulmonary hypertension, with a 
positive predictive value of 96% and specificity of 
92%, especially in patients younger than 50 years 
old (28). Devaraj et al (29) reported that use of a 
composite index that uses a ratio of the diameter 
of the main pulmonary artery and that of the 
ascending aorta with echocardiography-derived 
right ventricular systolic pressure improved de-
tection of pulmonary hypertension compared 
with the use of each imaging modality alone. 
In a recent study by Revel et al (30) on the use 
of ECG-gated CTPA for depicting pulmonary 
hypertension, it was reported that a decrease in 
right pulmonary artery distensibility—which is 
defined as the change in cross-sectional area be-
tween diastole and systole and is calculated by 
dividing the difference between the maximum 
cross-sectional area and the minimum cross-
sectional area by the maximum cross-sectional 
area and multiplying the result by 100—is an 
accurate noninvasive marker of pulmonary hy-
pertension, with the strongest correlation with 
mean pulmonary arterial pressure. The cut-off for 
distinguishing between patients with pulmonary 
hypertension and those without was a pulmonary 
artery distensibility of 16.5% (sensitivity, 86%; 
specificity, 96%) (30).

Cardiac Signs.—Findings of adaptation and fail-
ure of the right side of the heart that may be seen 
at ECG-gated CTPA include right ventricular 
hypertrophy, which is defined as wall thickness of 
more than 4 mm; straightening or leftward bow-
ing of the interventricular septum; right ventricu-

lar dilatation (as a right ventricle–to–left ventricle 
diameter ratio of more than 1:1 at the midven-
tricular level on axial images); decreased right 
ventricular ejection fraction; dilatation of the in-
ferior vena cava and hepatic veins; and pericardial 
effusion (Fig 7) (31–34). 

Parenchymal Signs.—Centrilobular ground-glass 
nodules are a feature of pulmonary hyperten-
sion and are especially common in patients 
with idiopathic pulmonary arterial hypertension 
(35). Pathologically, they represent cholesterol 
granulomas, which are caused by ingestion of red 
blood cells by pulmonary macrophages, a result 
of repeated episodes of pulmonary hemorrhage 
(36). Centrilobular ground-glass nodules are also 
seen in patients with pulmonary capillary heman-
giomatosis; however, in these patients, the patho-
logic substrate is thought to result from profuse 
proliferation of capillaries (37,38). Neovascu-
larity, tiny serpiginous intrapulmonary vessels 
that often emerge from centrilobular arterioles 
but do not conform to usual pulmonary arterial 
anatomy, has also been seen as a manifestation of 
severe pulmonary hypertension (27,39).

Figure 6. Vascular signs of pulmonary 
hypertension. Axial multidetector CT an-
giogram shows dilatation (29 mm or more) 
of the main pulmonary artery. The ratio of 
the main pulmonary arterial diameter to 
that of the ascending aorta is also greater 
than or equal to 1, another useful sign of 
pulmonary hypertension.

A pulmonary artery with a diameter of 29 
mm or more has a positive predictive value
of 97%, sensitivity of 87%, and specificity of 
89% for the presence of pulmonary
hypertension

In the presence of a dilated (29 mm or more) 
main pulmonary artery, a segmental artery-to-
bronchus diameter ratio of 1:1 or more in 
three or four lobes has a specificity of 100% for 
the presence of pulmonary hypertension

At CTPA, a main pulmonary arterial diameter
larger than that of the ascending aorta is
also a sign of pulmonary hypertension, with 
a positive predictive value of 96% and 
specificity of 92%, especially in patients
younger than 50 years old

Devaraj A, Hansell DM. Computed tomography signs of pulmonary hypertension: old and new ob- servations. Clin Radiol 2009;64(8):751–760. 
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Cardiac MR Imaging
Cardiac MR imaging is used to assess ventricular 
volume, morphologic characteristics, mass, func-
tion, and changes in pulmonary circulation (40). 
It is the modality of choice for studying the right 

ventricle because no geometric assumptions are 
required, and its three-dimensional, anatomic, 
morphologic measurements are unaffected by 
body habitus, lung disease, and chest wall defor-
mity. Morphologic cardiac changes include right 
ventricular dilatation and hypertrophy, right atrial 
enlargement, flattening of the interventricular 
septum or leftward bowing, tricuspid regurgita-
tion, and right ventricular morphologic changes 
ranging from a normal crescent shape to a more 
concentric form (Fig 8) (41).

&IGURE���� Cardiac features of pulmonary hypertension. (a) Axial multidetector CT angiogram shows that the right 
ventricular myocardium (white arrow) is more than 4 mm thick, a finding consistent with right ventricular hypertro-
phy. Straightening of the interventricular septum (black arrow) also is seen. (b) Axial multidetector CT angiogram 
shows right ventricular dilatation, which is defined as a diameter ratio (the ratio of the right ventricular diameter 
[black arrow] to the left ventricular diameter [white arrow]) greater than 1:1 at the midventricular level. Leftward 
bowing of the interventricular septum also is seen. (c) Axial multidetector CT angiogram shows reflux of contrast 
material into the inferior vena cava, which is dilated, and hepatic veins (arrow).

Figure 8. Morphologic cardiac findings in 
a 62-year-old patient with pulmonary hyper-
tension secondary to chronic thromboem-
bolic disease. Preoperative short-axis oblique 
steady-state free precession cine MR image, 
obtained at the midventricular level in early 
diastole, shows right ventricular dilatation 
(*) and hypertrophy (black arrow) and a D-
shaped left ventricle (white arrow) secondary 
to leftward bowing of the interventricular 
septum (arrowhead), morphologic findings 
of pulmonary hypertension.

Findings of adaptation and 
failure of the right side of the 
heart that may be seen at
ECG-gated CTPA include right 
ventricular hypertrophy, 
which is defined as wall
thickness of more than 4 mm 

Straightening or 
leftward bowing of 
the interventricular
septum; right 
ventricular dilatation

Decreased right 
ventricular ejection
fraction; dilatation of 
the inferior vena cava 
and hepatic veins; and 
pericardial effusion
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poor prognosis (13). Flattening and bowing of 
the septum may be quantitatively expressed as 
curvature, which is defined as the reciprocal of 
the radius (50). Roeleveld et al (48) reported 
that systolic pulmonary arterial pressure was 
proportional to septal curvature (R = 0.77, P <  
.001). Investigators also reported that inter-
ventricular septum abnormalities gradually ap-
pear as pulmonary hypertension increases and 
that systolic pulmonary arterial pressure of 67 
mmHg or more is expected in the presence of 
left ventricular septal bowing (51). In several 
studies assessing the relationship between re-
duced left ventricular volume, stroke volume, 
and left ventricular septal bowing, investigators 
found that the interventricular septum impairs 
left ventricular filling in early diastole, contribut-
ing to decreased left ventricular stroke volume 
and indicating an unfavorable prognosis (46,52).

Phase-Contrast Imaging
Phase-contrast velocity mapping is an MR imag-
ing sequence that is used to measure velocity and 
blood flow in vessels. In the setting of pulmonary 
hypertension, its most important application is 
measuring cardiac output and right ventricular 

stroke volume and quantifying cardiac shunts with 
the pulmonary-to–systemic flow ratio (Qp:Qs).

Right ventricular stroke volume may be 
calculated by performing volumetric analysis 
(right ventricular end-diastolic volume minus 
right ventricular end-systolic volume) or by us-
ing phase-contrast imaging to measure flow in 
the main pulmonary artery. In the presence of 
considerable tricuspid regurgitation, right ven-
tricular stroke volume calculated by measuring 
pulmonary artery flow is more reliable than 
measuring right ventricular volume because the 
latter usually overestimates the true systolic vol-
ume (45).

Another important parameter that may be as-
sessed with phase-contrast imaging is the average 
flow velocity in the main pulmonary artery. Inves-
tigators have reported a decrease in the average 
velocity in the main pulmonary artery in patients 
with pulmonary hypertension. In a recent study, 
the mean average velocity in the main pulmonary 
artery was less than 11.7 cm/sec, with sensitivity 
of 92.9% and specificity of 82.4% for detection 
of pulmonary hypertension (53).

4ABLE�� 
Ventricular Volumes in Patients with Pulmonary Hypertension at Cardiac MR Imaging

Ventricular Volumes* Pathologic Characteristics Clinical Significance

Increased right ventricular end 
diastolic and end systolic volume, 
decreased right ventricular stroke 
volume and right ventricular 
cardiac output, decreased right 
ventricular ejection fraction

Right ventricular dilatation Increased right ventricular volumes 
and decreased right and left 
ventricular stroke volumes from 
baseline indicate mortality and 
treatment failure

Decreased left ventricular end 
diastolic volume and end systolic 
volume, decreased left ventricular 
peak filling rate (left ventricular 
end diastolic volume per sec)

Decreased left ventricular volumes 
due to increased pulmonary 
vascular resistance, limiting right 
ventricular stroke volume and 
available blood volume for left 
ventricular filling

Increased right ventricular volumes 
and decreased right and left 
ventricular stroke volumes from 
baseline indicate mortality and 
treatment failure

Increased ventricular mass index† Right ventricular hypertrophy Ventricular mass index >0.6 corre-
lates with detection of pulmonary 
hypertension at catheterization of 
the right side of the heart

Source.—References 44 and 47. 
*Ventricular volumes in patients with pulmonary hypertension are compared with those in control subjects. 
†Ventricular mass index is calculated by dividing the right ventricular mass by the left ventricular mass.



19 yo man
Bi-ventricular failure in repaired TOF (surgery in 1996 with closure of ASD and 
minimal residual shunt)

Cardiac MR



Cardiac MR

2D PHASE CONTRAST SEQUENCES



CT team 1-1 MR team

Is CT better than MRI?



CT

2'� s� 6OLUME���� .UMBER��� 0E×A�ET�AL� ��

are left ventricular systolic or diastolic dysfunc-
tion, valvular disorders, and left atrial tumors. 
Transthoracic echocardiography is the most 
common imaging tool used to assess left-sided 
heart disease; however, the condition may first 
be incidentally detected at CTPA (62).

,UNG�$ISEASE��'ROUP��	
Pulmonary hypertension is detected in a large 
number of patients with restrictive and obstruc-
tive lung diseases, such as chronic obstructive 

pulmonary disease and interstitial lung disease, 
and its presence is an indicator of morbidity 
and mortality. The most common lung diseases 
that are associated with pulmonary hyperten-
sion include chronic obstructive pulmonary dis-
ease, interstitial lung disease, and other diffuse 
pulmonary diseases such as connective tissue 
disease, sarcoidosis, and pulmonary Langer-
hans cell histiocytosis (63,64). Approximately 

&IGURE����� (a) Photomicrograph  
(original magnification, ×200; hema-
toxylin-eosin [H-E] stain) obtained 
in a 20-year-old woman shows thick-
ening of the alveolar septa, a result 
of capillary proliferation (arrow), 
and pulmonary hemorrhage with red 
blood cells in the alveolar spaces, find-
ings indicative of pulmonary capillary 
hemangiomatosis. (b) Photomicro-
graph (original magnification, ×100; 
H-E stain) obtained in a 13-year-old 
boy shows interlobular septa, which 
demonstrate marked thickening, with 
complete obliteration of a pulmonary 
venule (arrow) and surrounding 
alveolar thickening and hemorrhage 
(arrowhead), findings indicative of 
pulmonary veno-occlusive disease.

Figure 16. (a) Axial multidetector 
CT image, obtained in a 26-year-
old woman with dyspnea at exertion, 
shows widespread, ill-defined, centri-
lobular areas of attenuation (arrows), 
a finding indicative of pulmonary 
capillary hemangiomatosis. (b) Axial 
high-resolution CT image, obtained in 
a 29-year-old woman with a history of 
bone marrow transplantation, shows 
interlobular septal thickening (white 
arrowhead), ground-glass attenuation 
(arrow), and a small right pleural effu-
sion (black arrowhead), findings in-
dicative of pulmonary veno-occlusive 
disease. In patients with pulmonary 
veno-occlusive disease, ground-glass 
attenuation is thought to be secondary 
to alveolar edema and hemorrhage 
from venous occlusion.

Centrilobular ground-glass
nodules are a feature of 
pulmonary hypertension
and are especially common 
in patients
with idiopathic pulmonary
arterial hypertension

26 yo woman with 
dyspnea at exertion, 
shows widespread, ill-
defined, centrilobular
areas of attenuation: 
a finding indicative of 
pulmonary capillary
hemangiomatosis. 
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50% of patients with severe chronic obstruc-
tive pulmonary disease receive a diagnosis of 
pulmonary hypertension; however, it is mild in 
most of these patients (65). The prevalence of 
pulmonary hypertension among patients with 
interstitial lung disease depends on the underly-
ing disease; the most significant data have been 
published on idiopathic pulmonary fibrosis. At 
high-resolution CT, the combination of emphy-
sema in the upper lobes and pulmonary fibrosis 
in the lower lobes appears to be associated with 
a higher prevalence of pulmonary hypertension 
(66,67).

In patients with advanced pulmonary fibrosis, 
the pulmonary artery diameter often does not 
correlate with the presence or degree of pulmo-
nary hypertension (68). In these patients, the 
ratio of the pulmonary artery diameter to that of 
the ascending aorta is a more reliable indicator of 
pulmonary hypertension than the absolute main 
pulmonary artery diameter (69).

Chronic Thrombo- 
embolic Disease (Group 4)
Chronic thromboembolic pulmonary hyperten-
sion affects approximately 4% of patients with 
acute pulmonary embolism. Its cause is un-
known, but it may result from incomplete resolu-

&IGURE����� Parenchymal findings of chronic thromboembolic pulmonary 
hypertension. (a, b) Preoperative axial multidetector CT image (a) obtained 
in a 58-year-old man shows parenchymal bands (arrowhead) and mild cylin-
drical bronchial dilatation (arrow). (b) Coronal multiplanar reformation im-
age shows a triangular subpleural area of attenuation (arrow), a result of scar 
formation from a previous pulmonary infarction. (c, d) Preoperative coronal 
multiplanar reformation image (c) obtained in a 31-year-old woman shows 
foci of ground-glass attenuation in the left upper lobe (arrow) secondary 
to systemic perfusion of the peripheral lung, a finding indicative of chronic 
thromboembolic pulmonary hypertension. (d) Coronal multiplanar reforma-
tion image shows areas of mosaic attenuation and sharply demarcated areas 
of decreased attenuation (arrowheads) that harbor smaller vessels, a result of 
hypoperfusion and chronic arterial occlusion. A higher-attenuation area that 
represents hyperperfused lung, which harbors larger vessels (arrow), also is 
seen, a result of redistribution of blood flow.
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multiplanar reformation image (c) obtained in a 31-year-old woman shows 
foci of ground-glass attenuation in the left upper lobe (arrow) secondary 
to systemic perfusion of the peripheral lung, a finding indicative of chronic 
thromboembolic pulmonary hypertension. (d) Coronal multiplanar reforma-
tion image shows areas of mosaic attenuation and sharply demarcated areas 
of decreased attenuation (arrowheads) that harbor smaller vessels, a result of 
hypoperfusion and chronic arterial occlusion. A higher-attenuation area that 
represents hyperperfused lung, which harbors larger vessels (arrow), also is 
seen, a result of redistribution of blood flow.
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Figure 10. Delayed contrast enhance-
ment in a 48-year-old woman with chronic 
thromboembolic pulmonary hypertension. 
Short-axis oblique gadolinium contrast ma-
terial–enhanced phase-sensitive inversion-
recovery MR image, obtained 10 minutes 
after administration of contrast material, 
shows a typical enhancement pattern at the 
insertion of the right ventricle into the 
interventricular septum (arrows).

Delayed Contrast Enhancement
Imaging performed 10–15 minutes after adminis-
tration of intravenous gadolinium contrast mate-
rial allows direct visualization of a fibrotic or in-
flamed myocardium. A delayed contrast enhance-
ment pattern with a midwall distribution at the 
right ventricular septal insertion that points into 
the interventricular septum and is more promi-
nent at the base of the heart has been described 
in patients with chronic pulmonary hypertension 
from varying causes (Fig 10) (54,55). In patients 
with pulmonary hypertension, a localized pattern 
of enhancement at the right ventricular septal in-
sertion points is indicative of increased mechani-
cal stress in these areas; elevated right ventricular 
pressures may lead to tissue abnormalities such 
as fibrosis, myocardial disarray, and inflamma-
tion in these areas. Septal enhancement also was 
found to be associated with left ventricular septal 
bowing at cine imaging, and investigators have 
reported that the extent of enhancement corre-
lates with right ventricular dysfunction (54–56). 
Finally, Sanz et al (56) reported that systolic 
pulmonary pressure is the only tool that may help 
predict delayed contrast enhancement.

Utility of Cardiac MR Imaging
Cardiac MR imaging–based techniques are helpful 
in establishing a diagnosis of pulmonary hyperten-
sion, but they cannot yet replace catheterization 
of the right side of the heart for confirming the 
diagnosis or estimating mean pulmonary arterial 
pressure. There is promising research on the use of 
cardiac MR imaging for treatment selection, but it 
will likely be most useful in treatment monitoring.

Treatment Selection
Response to vasodilator therapy must be assessed 
to select appropriate treatment. It has recently 
been shown that the use of cardiac MR imaging 
with phase-contrast techniques to assess main 
pulmonary artery distensibility correlates well with 
response to vasodilator therapy (P = .01). A cut-
off distensibility value (which is determined with 
the following equation: systolic pulmonary artery 
area − diastolic pulmonary artery area ÷ systolic 
pulmonary artery area × 100) of 10% was used to 
differentiate those who responded to vasodilator 
therapy from those who did not, with 100% sensi-
tivity and 56% specificity (57).

Response to Treatment
The most common cause of death among patients 
with pulmonary hypertension is right ventricular 
failure. Because cardiac MR imaging has emerged 
as the reference standard for functional and mor-

phologic evaluation of the right ventricle, it may 
become the most appropriate tool for noninvasive 
assessment of patients with this disease. Serial 
examinations may help monitor response to treat-
ment and determine the prognosis. Deterioration 
of right ventricular function (indicated by in-
creasing right ventricular volumes and decreasing 
stroke and left ventricular volumes) at follow-up 
cardiac MR imaging is indicative of failed treat-
ment and an unfavorable prognosis (46,52).

Advanced Imaging Findings
Many patients with nonspecific symptoms or 
underlying conditions that predispose them for 
development of pulmonary hypertension rou-
tinely undergo thoracic CTPA. Thus, the radi-
ologist may be the first to suggest a diagnosis of 
pulmonary hypertension. CTPA and cardiac MR 
imaging are complementary diagnostic tools in 
the evaluation of patients with pulmonary hyper-
tension, and several conditions that cause pulmo-
nary hypertension may have typical imaging find-
ings at CTPA and cardiac MR imaging.

Long-standing Left- 
to-Right Shunt (Group 1)
Radiologists should be aware that some congenital 
systemic-to-pulmonary shunts that may be surgi-
cally corrected or treated with endovascular tech-
niques may be diagnosed at CTPA and quantified 
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60 yo woman
From 1986 Wegener Granulomatosis
Therapy: corticosteroids and cyclofosfamide
CT: Pulmonary signs of primary disease 
From 2006 rise of pulmonary artery inflammatory involvement

CT



Catheterism: Forward pulmonary garadient and signs of PAH
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Cardiac MR







Take home points
CT

V vessels diameters, lung evaluation, widely available

X cardiac function, flow, radiation exposure

MR

V cardiac function, flow and myocardial fibrosis

X vessels diameters, long time examination, poorly available

COMPLEMENTARY IMAGING TECHNIQUES 

IN EVALUATION OF PHA

 


