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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) 

is characterized by occlusion of pulmonary arteries by organized 
thrombi. This causes an increase in pulmonary vascular resistance 
and pulmonary artery pressure (PAP) that eventually leads to 
pulmonary hypertension (PH), which is defined as mean PAP ≥ 25 
mm Hg and pulmonary artery wedge pressure ≤ 15 mm Hg. When 
left untreated, severe CTEPH can lead to right heart failure as a 
result of progressive right ventricular dysfunction. Additionally, 
inoperable severe CTEPH has been associated with an approxi-
mate 5-year survival of 30%. 1 Early diagnosis is therefore para-
mount in these patients.

CTEPH is defined as PH in the presence of mismatched per-
fusion defects on ventilation/perfusion (V/Q) scan and signs of 
thromboemboli on computed tomography pulmonary angiogram 
(CTPA), and/or conventional pulmonary angiography, in a patient 
who has received at least 3 months of therapeutic anticoagula-
tion.2,3 The detection of CTEPH warrants various diagnostic stud-
ies, including pulmonary function tests, V/Q scan, transthoracic 
echocardiogram (TTE), right heart catheterization, and pulmonary 
angiography. The use of all these modalities in the diagnosis of 
CTEPH is discussed in this article.

Pulmonary Function Testing in Chronic 
Thromboembolic Pulmonary Hypertension

Patients who are diagnosed with CTEPH initially present with 
nonspecific symptoms that tend to overlap with those of dis-
eases such as chronic obstructive pulmonary disease, asthma, or 
deconditioning. Hence, to rule out air flow obstruction or other 
parenchymal lung diseases that can mimic CTEPH, the first step 
in the diagnosis should include tests such as chest radiography 
and pulmonary function test (PFT). In CTEPH the PFTs are by and 
large unremarkable. However, in a few patients who have concur-
rent parenchymal scarring, the results obtained can demonstrate a 
mild restrictive pattern and/or reduced diffusing capacity of the 
lungs for carbon monoxide.4 Therefore, in the presence of relevant 
risk factors (Table 1), once preliminary testing as described above 
has ruled out other causes of presenting symptoms, evaluation for 
CTEPH can then be initiated as detailed below.

Echocardiogram in Chronic Thromboembolic 
Pulmonary Hypertension

Echocardiogram is currently the best screening tool for PH. 
While an echocardiogram is not specific in diagnosing CTEPH, it 
can indicate the presence of PH. Furthermore, it can help exclude 
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Abstract
Chronic thromboembolic pulmonary hypertension (CTEPH) is characterized by chronic obstruction of major pulmonary arteries 
by organized thromboembolic material. Untreated CTEPH can result in pulmonary hypertension and eventually right heart failure, 
yet it is the only form of pulmonary hypertension that is potentially curable with surgical or catheter-based intervention. While 
early diagnosis is key to increasing the likelihood of successful treatment, CTEPH remains largely underdiagnosed. This article 
reviews the role of echocardiogram, ventilation/perfusion scan, and other available modalities in the diagnosis of CTEPH. 

Previous venous thromboembolism 

Large perfusion defect at time of diagnosis of acute pulmonary embolism 

History of splenectomy

Presence of ventriculoatrial shunt

Procoagulant state (elevated factor VIII, phospholipid antibodies, intrinsic abnormalities in fibrinogen)

Presence of infected pacemaker

Hypothyroidism

Chronic inflammatory disorders (chronic osteomyelitis, inflammatory bowel disease)

History of malignancy

Table 1. Risk factors for chronic thromboembolic pulmonary hypertension.
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other causes of PH such as intracardiac shunt and left heart dis-
ease, thereby increasing the likelihood of CTEPH being the cause 
of PH.

Features on an echocardiogram suggestive of PH include an 
estimated pulmonary artery systolic pressure > 25 mm Hg, dilated 
right ventricle and atrium, tricuspid velocity > 2.8 m/s,2 tricuspid 
regurgitation, and flattening or paradoxical motion of the interven-
tricular septum with normal left ventricular function. 

Echocardiogram in these patients can also serve as an import-
ant tool to gauge RV function; RV function is a proven prognostic 
factor in patients with PH.5 However, given its oblique contraction 
and complex geometry, direct assessment of RV function can be 
difficult. For this reason, various surrogates of RV function on an 
echocardiogram such as tricuspid annular plane systolic excursion 
(TAPSE) and Tei index have been validated. TAPSE is a measure 
of the longitudinal displacement of the lateral tricuspid annulus 
and has been correlated with right ventricular ejection fraction 
(RVEF) determined by radionuclide angiography.6 TAPSE can also 
be followed to objectively determine improvement in patients with 
CTEPH who undergo endarterectomy.7 On the other hand, Tei, 
which is the myocardial performance index, assesses global myo-
cardial function. As its measurement relies on Doppler echocardi-
ography and is thus independent of geometric shape and size, it is 
an excellent means of assessing RV function and has been shown 
to correlate with mPAP, response to therapy, and clinical status of 
patients with CTEPH.8

Hence, patients who present with symptoms suspicious for 
PH such as persistent dyspnea, fatigue, exercise intolerance, and 

especially risk factors for CTEPH should undergo TTE screening. 
It should be noted that a prior diagnosis of venous thromboem-
bolism (VTE) carries low sensitivity, as many patients diagnosed 
with CTEPH often never experience a documented pulmonary 
embolism (PE) or deep vein thrombosis (DVT).9,10 In fact, European 
Respiratory Society (ERS) and European Society of Cardiology 
(ESC) guidelines do not recommend that all patients undergo 
screening after an episode of DVT or PE. Instead, they recommend 
a follow-up echocardiogram in 3 to 6 months in patients who 
demonstrate PH or right ventricular dysfunction at the time VTE 
is diagnosed. Following diagnosis of PH, patients with no other 
explainable cause should then undergo further diagnostic workup 
for CTEPH.

Role of Ventilation/Perfusion Scintigraphy in Chronic 
Thromboembolic Pulmonary Hypertension

According to the European Association of Nuclear Medicine 
and 2009 European Guidelines on the diagnosis and treatment of 
PH, any patient with unexplained PH on an echocardiogram, espe-
cially with a history of PE or DVT, should undergo a V/Q scan for 
CTEPH.11,12 Contrary to the approach taken to diagnose acute PE, 
a V/Q scan is recommended over a CTPA in diagnosing CTEPH.13 
In a single-center retrospective study comparing V/Q scan with 
CTPA, Tunaria et al. demonstrated that the V/Q scan was more 
sensitive (97.4% vs 51%) in diagnosing chronic thromboemboli 
when compared to CTPA.13 

Along with providing increased sensitivity, V/Q scan also 
allows one to distinguish CTEPH from other forms of PH. V/Q 
scans of patients with CTEPH tend to be remarkable for one or 
more segmental or larger mismatched perfusion defects (Figure 2) 
while other forms of PH—such as PAH, which involves smaller 
vessels—either have normal scans or demonstrate subsegmental 
defects (i.e., “mottled” perfusion scans).14,15 Compared to CTPA, 
V/Q scans use less radiation, avoid complications secondary to 
administration of intravenous contrast, and are more cost effec-
tive.16 In addition, changes associated with CTEPH tend to be more 
subtle on CTPA and therefore require rare technical expertise and 
experience to detect these findings, further favoring V/Q scan as a 
screening modality for CTEPH. 

Despite several advantages, however, V/Q scans are not spe-
cific for CTEPH. For this reason, some experts argue that a “low 
probability” V/Q scan cannot suffice as a normal result in patients 
with a high suspicion for CTEPH. This is mainly attributed to false 
negative results seen in such patients due to the recanalization of 
chronic thrombi.17 Recanalization refers to the formation of chan-
nels either through or around these obstructive thrombi, allowing 
the administered agent to reach the periphery of the lung, thereby 
making them appear normal.18 In contrast, false positive results 
can be seen on V/Q scan in pathologies such as pulmonary artery 
sarcoma,19 fibrosing mediastinitis,20 and extrinsic compression of 

Figure 2. Ventilation/perfusion scans with marked heterogeneity of lung per-
fusion bilaterally, highly suspicious of CTEPH.

Figure 1. Diagnostic algorithm for chronic thromboembolic pulmonary hyper-
tension. PH: pulmonary hypertension; CTEPH: chronic thromboembolic pul-
monary hypertension; TR: tricuspid regurgitation; WHO: World Health Orga-
nization; V/Q: ventilation/perfusion; PAP: pulmonary artery pressure; PCWP: 
pulmonary capillary wedge pressure; PVR: pulmonary vascular resistance; 
CTPA: computed tomography pulmonary angiogram.
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the pulmonary vasculature, as they too produce large segmental 
perfusion defects. 

Given their high sensitivity, however, V/Q scans are still pre-
ferred when screening patients with PH for CTEPH. A normal or 
low-probability V/Q scan can effectively rule out CTEPH while a 
high-probability and indeterminate scan requires further diagnos-
tic workup.

Role of Computed Tomography Pulmonary Angiogram 
in CTEPH

Computed tomography pulmonary angiogram plays an import-
ant role during the initial evaluation of a patient suspected of 
having CTEPH. Any patient with perfusion defects or ambivalent 
results on V/Q scan should undergo a CTPA.21 Findings on CTPA 
consistent with chronic thromboemboli include intraluminal webs 
or bands, abrupt vessel narrowing, and complete and partial vas-
cular obstruction by organized lining thrombi that mimic thicken-
ing of the vascular wall. Mosaic attenuation and lung parenchymal 
changes such as linear or wedge-shaped opacities due to infarction 
can further help to strengthen the diagnosis of CTEPH (Figure 3). 
These findings assist not only in confirming the diagnosis of 
CTEPH but also in assessing the anatomical extent of the disease, 
i.e., whether it is main branch, lobar, or subsegmental in nature. 
This in turn allows clinicians to make a decision regarding suitabil-
ity of interventions such as pulmonary endarterectomy (PEA), bal-
loon pulmonary angioplasty (BPA), or medical treatment.20,22-25 Of 
note, multidetector CTPA has been deemed essential in performing 
the aforementioned function. Studies have proven this form of 
CTPA to be equivalent and at times even superior to conventional 
pulmonary angiography for detecting central clot burden and 
segmental and subsegmental vessel occlusion.22,26,27 Additionally, 
enlarged bronchial arteries and collateral arteries from systemic 
circulation may also be seen on the CTPA of a patient with CTEPH 
and can further help to risk stratify patients undergoing PEA sur-
gery.25,26,28-35

In a case series comparing CTPA to pulmonary angiography 
(the gold standard for diagnosing chronic thromboemboli), it was 
found that both imaging modalities were equally effective in the 
determination of disease amenable to resection.26 Despite such 
findings, evaluation of patients for CTEPH still entails undergoing 

a pulmonary angiography. This is because a normal CTPA does 
not exclude the possibility of CTEPH.21 In a recent meta-analy-
sis exploring the use of CTPA in diagnosing CTEPH, adequate 
sensitivity and specificity were observed only when the disease 
was limited to the proximal vessels, i.e., the main and lobar pul-
monary arteries.36 Thus, regardless of recent innovations such as 
the 320-slice CT, one of the biggest disadvantages of using CTPA 
to diagnose chronic thromboemboli is that it may not detect clots 
presenting within the distal segmental or subsegmental vessels.37 
However, a more promising development is the availability of 
dual-energy CT that is showing the potential for increased sensi-
tivity in detecting distal clots.36

Role of Conventional Pulmonary Angiography
Before the availability of CTPA, pulmonary angiography 

was the mainstay of confirming a diagnosis of CTEPH. Despite 
advancements such as CTPA and magnetic resonance angiography 
(MRA), conventional pulmonary angiography to this day remains 
the gold standard for confirming the diagnosis of chronic throm-
boemboli.2,38 In addition to confirmation, it helps isolate the sites of 
the pulmonary vasculature involved and determines their acces-
sibility for surgery. Therefore, it is important to obtain a conven-
tional pulmonary angiogram for anyone with significant findings 
on V/Q scan, CTPA, and/or MRA.21,39 

The procedure for the initial diagnostic pulmonary angiogra-
phy entails injecting iodinated contrast into the proximal pulmo-
nary vasculature through a catheter in the proximal left or right 
pulmonary artery. Concurrently, a biplane acquisition is often 
used as it determines the extent and distribution of the disease in 
greater detail compared to anterior-posterior and lateral projec-
tions individually. Mapping out the extent and site of disease in 
this manner facilitates the decision for surgery and the procedure 
of PEA itself.

The findings on angiography in patients with chronic thrombi 
are a reflection of the remodeling and recanalization that these 
clots undergo. Therefore, these findings vary considerably from 
the intraluminal filling defects found on pulmonary angiograms 
in acute PE. Various patterns have been identified for CTEPH on 
pulmonary angiograms. The most common include pouch defects, 
intimal irregularities, abrupt narrowing of the vessel, and pulmo-
nary artery webs/bands.4,40 When two or more are found on an 
angiogram, CTEPH can be diagnosed with certainty.

Role of Right Heart Catheterization
In making a diagnosis of CTEPH, the final critical step that is 

imperative for determining the appropriate treatment and patient 
prognosis is to perform a right heart catheterization (RHC).39 Since 
obtaining a pulmonary angiogram is vital for diagnosing CTEPH, 
an RHC can be carried out concurrently by using the same intro-
ducer sheath in these patients. During the RHC, various hemo-
dynamic parameters such as PAP, right atrial pressure, PWCP, 
and right ventricular pressure can be obtained; these along with 
superior vena cava, PA, and systemic arterial blood oxygen satu-
rations help to calculate PVR, which in turn is used to stratify the 
severity of PH and secondary cardiac dysfunction. This process of 
correlating the hemodynamic disturbances with radiographic evi-
dence of the clot burden is essential in deciphering the operability 
as well as surgical risk before PEA.41 For example, a PVR that is 
excessively high compared to the level of obstruction indicates the 
possible presence of additional distal small vessel disease, which 
is not amenable to surgical resection. Furthermore, a high mea-
sured PVR is also associated with both high procedural risk as well 

Figure 3. Chest CT angiogram demonstrating marked mosaic attenuation 
in bilateral lung fields as well as pruning of distal pulmonary arteries and en-
largement of proximal pulmonary arteries.
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as increased general mortality.42 In patients with a PVR > 1,200 
dynes·sec·cm-5, the in-hospital and 1-year mortality rates have 
been reported as high as 11% and 13%, respectively.43 Additionally, 
the PAP and PVR obtained via RHC prior to PEA can be used for 
follow-up and patient prognostication after surgery and discharge 
from the hospital. One study showed that persistent PAP elevation 
after surgery or residual PH after PEA is the most important pre-
dictor of death in patients with CTEPH.44 

Role of Magnetic Resonance Imaging in CTEPH
The role of magnetic resonance imaging (MRI) in the diagnosis 

of CTEPH is evolving. The promise of MRI lies in the fact that it 
allows diagnosis of both acute and chronic thromboemboli while 
assessing the presence and severity of PH and right ventricular 
dysfunction at the same time. However, the major advantage of 
MRI is that it does all of this without exposing the patient to radi-
ation or nephrotoxic contrast. Additionally, when combined with 
cine techniques, MRI allows the qualitative and quantitative deter-
mination of right and left ventricular function. Common findings 
on cine MRI in these patients include right ventricular hypertro-
phy and dilatation, decreased right ventricular ejection fraction 
without impairment of left ventricular function, and paradoxical 
interventricular septal wall motion.45,46

In this manner, aforementioned information obtained through 
MRI in patients with CTEPH can then be used for preoperative 
and functional assessment of pulmonary circulation as well as 
the heart. Despite these benefits, use of MRI in the evaluation 
of patients with suspected CTEPH is still not common practice. 
For one thing, data regarding the accuracy of MRI in diagnosing 
CTEPH is conflicting. In one study comparing CTPA with con-
ventional angiography and MRA, the latter was found to be less 
accurate than both CT and pulmonary angiography in revealing 
central disease.26 By contrast, another study comparing the use of 
MRA and digital subtraction angiography (DSA) in patients with 
CTEPH found both of these imaging modalities to be equally accu-
rate in evaluating for disease in proximal pulmonary vasculature 
(main, lobar, and segmental pulmonary vessels). However, the 
same study proved MRA to be inferior to DSA (Figures 4-6) at the 
subsegmental level. 

In a recent prospective study, 132 patients with unexplained PH 
who were recruited from the ASPIRE registry underwent detailed 

diagnostic workup for CTEPH that included 3-dimensional con-
trast-enhanced lung perfusion MRI, RHC, CTPA, and V/Q scan. 
The study analyzed the utility of all these imaging modalities in 
diagnosing chronic clots within the pulmonary vasculature. Lung 
perfusion MRI was found to have a sensitivity and specificity of 
97% and 92%, respectively, making it equally efficacious as CTPA.47

Figure 4. Digital subtraction pulmonary angiography performed in anteri-
or-posterior and lateral views of the right pulmonary artery demonstrating 
severe subsegmental disease. Multiple sites of abrupt narrowing (arrowhead) 
and pouch defect and subtotal occlusions (arrow) are visible.

Figure 5. Digital subtraction and native pulmonary angiography performed in 
anterior-posterior and lateral views of the right pulmonary artery demonstrat-
ing severe segmental disease. There are multiple sites of pruning and abrupt 
narrowing (arrowhead). The hazy band across the right interlobar artery is 
suggestive of a web lesion (arrow).

Figure 6. Digital subtraction pulmonary angiography, lateral view of the left 
pulmonary artery demonstrating severe subsegmental disease. Multiple sites 
of subtotal and total occlusions (arrowhead) are visible. There are also multi-
ple severe ring lesions (arrow).



MDCVJ  |  XII (4) 2016 203houstonmethodist.org/debakey-journal

In light of these variable results, the role of both MRI and angi-
ography is still evolving and holds the promise of being a “one-
stop shop” in the diagnosis and evaluation of CTEPH.

Functional Assessments of Patients with CTEPH
It is imperative that patients who are diagnosed with CTEPH 

undergo assessment for functional capacity. Apart from question-
ing the patients about the subjective limitations brought on by the 
disease, objective assessment of the same can be achieved by cer-
tain validated tools such as 6-minute walk test (6MWT) and car-
diopulmonary exercise testing (CPET). The 6MWT is a method of 
assessing the integrated multisystem response to physical activity 
in patients with cardiopulmonary diseases. It does so by measur-
ing the distance that the patient can cover in 6 minutes by walking 
quickly on a hard flat surface. It is not only a fairly simple and 
quick way of assessment but has also been proven to be reproduc-
ible and to correlate with other parameters that reflect the severity 
of disease in patients with CTEPH.48 Moreover, as demonstrated by 
Reesink et al., changes in the 6MWT closely parallel the changes in 
hemodynamic parameters after treatment and interventions such 
as PEA in CTEPH patients.48 

CPET is considered to be a more accurate estimate of the func-
tional capacity of patients with CTEPH, as it is solely a reflection 
of the cardiopulmonary system. CPET usually entails exercising 
on a treadmill or cycle ergometer while minute ventilation (VE) 
and expiratory gas concentrations are measured for oxygen uptake 
(VO2) and carbon dioxide output (VCO2) on a breath-by-breath 
basis throughout the respiratory cycle. It is known that CTEPH 
is associated with decreased ventilator efficiency and this is then 
reflected by a change in the various parameters measured during 
CPET. Among these different measurements, the VE/VCO2 slope 
has been proven to be the best determinant for CTEPH.49 Xi et al. 
demonstrated this parameter to also be a sensitive indicator for 
disease monitoring and prognosis.49 Thus, once the diagnosis of 
CTEPH has been established, CPET or 6MWT can establish base-
line functional capacity for patients. Then physicians can monitor 
any changes secondary to worsening of the underlying disease or 
improvement brought on by treatment.

Conclusion
The diagnosis of CTEPH should be considered in all patients 

who present with PH as it is the only form of PH that is curable. 
The evaluation for CTEPH includes a detailed diagnostic workup 
that requires sequential acquisition of multiple imaging modalities 
followed by assessment of the patients’ functional and exercise 
capacity. Furthermore, early diagnosis is important to maximize 
the potential of successful treatment and minimize the surgical risk 
for patients who can ultimately undergo PEA.

Key Points:
•	 A diagnosis of CTEPH should be considered in patients with 

unexplained pulmonary hypertension and in those who have 
evidence of ongoing RV dysfunction on an echocardiogram 
despite being on anticoagulation for 3 to 6 months after an 
episode of DVT/PE.

•	 Despite recent developments that have resulted in the use 
of CTPA and MRA in established centers, V/Q scan and 
pulmonary angiography still remain the best screening tool 
and gold standard for diagnosing CTEPH respectively. 

•	 Right heart catheterization can determine operability and 
procedural risk for pulmonary endarterectomy as well as 
overall prognostication for the patient.
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