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Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH) is one of the leading causes of pulmonary
hypertension. Diagnosis of CTEPH can be established using various imaging techniques, including ventilation-perfu-
sion scintigraphy (VQ) and multidetector computed tomography pulmonary angiography (CTPA). The aim of this
study was to determine the frequency of direct pulmonary vascular, parenchymal lung, and cardiac abnormalities on
CTPA in patients with CTEPH and to compare the diagnostic accuracy of both VQ scan CTPA in detecting CTEPH.
Methods: We retrospectively included 54 patients who had been referred for pulmonary hypertension service (20
males, 34 females). All patients had VQ scan and CTPA within 15 days and underwent pulmonary artery endarterec-
tomy (PEA) thereafter. VQ scans were reported according to modified PIOPED (Prospective Investigation of
Pulmonary Embolism Diagnosis) criteria. CTPA was considered as diagnostic for CTEPH if it showed presence of
thrombus, webs, stenosis, or perfusion lung abnormalities. 
Results: The mean age of the study population was 41±10 years. The mean pulmonary artery pressure was 53±13
mmHg. Fifty-three out of  54 patients in the study population had high probability VQ scan and one patient had inter-
mediate probability. CTPA was suggestive of CTEPH in all patients. The most frequent CTPA findings in the central
pulmonary arteries and peripheral arteries were presence of thrombotic materials, abnormal vessel tapering and abrupt
vessels-cut off (76% vs 65%, 67% vs 48%, and 48% vs 22%), respectively. The mosaic lung perfusion was present in
78% of the patients, and various cardiac morphology abnormalities were present and most common was abnormal
right to left ventricle ratio (69%).
Conclusion: Our findings indicate that both VQ scan and CTPA are highly sensitive for the detection of CTEPH con-
firmed by PEA. Most CTEPH patients had several pulmonary vascular, parenchymal lung and cardiac abnormalities.
There was no sign with 100% sensitivity on CTPA for CTEPH detection. 

Key words: Chronic thromboembolic pulmonary hypertension; VQ scintigraphy; multidetector computed tomography
(CT) pulmonary angiography (CTPA); pulmonary hypertension.
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is

one of the leading causes - and the only potentially curable cause - of
pulmonary hypertension. It is defined as resting mean pulmonary
artery pressure of 25 mmHg or more determined at right heart
catheterization with a persistent pulmonary perfusion defect after sin-
gle or repeated pulmonary embolization [1,2]. The pathogenesis of
CTEPH is still unclear. Pulmonary emboli in patients with CTEPH do
not resolve completely; instead, they follow an aberrant path of organ-
ization and recanalization, leading to characteristic abnormalities,
such as luminal webs and bands, and partial or complete occlusion of
pulmonary arteries [3,4]. Data from international prospective registry
showed that 75% of patients with newly diagnosed CTEPH had his-
tory of acute pulmonary embolism and 56% had history of deep vein
thrombosis [5]. In addition, in situ thrombosis and small vessel arteri-
opathy may play a role in the development of CTEPH [6].

Underdiagnoses of CTEPH is common for a multitude of reasons,
including nonspecific symptoms, nonuniformity in diagnostics despite
international guidelines, an ill-informed imaging community, and
delays in referrals to expert centers [7]. Imaging plays a central role in
establishing diagnoses, identifying the best candidates for pulmonary
endarterectomies (PEAs), and providing post-surgical monitoring.
Diagnosis of CTEPH can be established using several imaging tech-
niques, including ventilation-perfusion scintigraphy (VQ), multidetec-
tor computed tomography (CT) pulmonary angiography (CTPA),
high-resolution CT (HRCT), pulmonary subtraction angiography
(DSA), and more recently magnetic resonance angiography [8,9].

VQ scan has a higher sensitivity than CTPA in detecting CTEPH
[10]. Multiple segmental perfusion defects that are unmatched to ven-
tilation defects on ventilation images make CTEPH most likely diag-
nosis, although other rare pulmonary disorders such as veno-occlusive
disease may result in the same appearance [11]. However, VQ scan
does not allow determination of the location, the magnitude, and the
extent of the disease and therefore, cannot predict its surgical operabil-
ity. The introduction of CTPA has changed the role of VQ scan in diag-
nosing acute pulmonary embolism (PE). It has become the first step in
the imaging method when investigating patients with suspected acute
PE. The CTPA imaging features in patients CTEPH has been
described in several previous reviews [12-14]. However, currently,
there are few publications in the literature that investigated the pres-
ence and frequencies of CTEPH-related signs and abnormalities on
CTPA, but, most of these studies included a small number of patients
[10,15,16]. 

This study was undertaken to evaluate the diagnostic accuracy of
VQ scan and CTPA and the frequencies of direct pulmonary vascular,
cardiac and parenchymal lung abnormalities in patients with docu-
mented chronic PE who had a positive VQ scan and underwent pul-
monary artery endarterectomy (PEA) as a definitive surgical treatment
for CTEPH. Specifically, we aimed to determine the frequencies of
direct pulmonary vascular abnormalities such as presence of wall-
adherent emboli and total vessel occlusion or stenosis in both central
and peripheral pulmonary arteries. In addition, we aimed to determine
other indirect abnormalities on CTPA such as pulmonary parenchymal
abnormalities and cardiac morphology abnormalities. 

Materials and Methods

Patients
This study was a single-center retrospective observational study

approved by the hospital ethics committee, based on our institutional

policy and IRB approval, and no informed patient's consent was need-
ed for such a publication. It was conducted in a tertiary care center
between June 2015 and June 2019 with 54 patients aged 18 years and
older, who had CTEPH documented by high probability ventilation-
perfusion scintigraphy (VQ) scan, except one patient who had inter-
mediate probability VQ scan. All patients underwent CTPA within 15
days from VQ scan. Subsequently, all patients underwent pulmonary
artery endarterectomies (PEAs) thereafter as a definitive therapy for
CTEPH. The mean time of the PEA after VQ scan was 4±3 months.

Ventilation/perfusion VQ scintigraphy
VQ scan was performed using 99mTc-labeled macroaggregated

albumin (99mTC-MAA) and 81mKr gas (81Kr). Ventilation images were
acquired first and followed by perfusion images immediately. Images
were acquired in four standard projections (anterior, posterior, right
posterior oblique and left posterior oblique) with a medium-energy
general-purpose collimator. The perfusion images were acquired after
intravenous administration of 100 MBq of 99Tc- MAA with the patient
in supine position, an energy window of 20% 99TC (140 keV) and
matrix of 128 x128 pixels was used and approximately 400,00 counts
accumulated per view. Ventilation images using 81Kr were acquired in
the same standard views, where 81Kr was inhaled through a mouth-
piece. The acquisition parameters were the same as used for perfusion
study, but the 20% window was centered on the energy peak of 81mKr
(190 keV), all VQ scan studies were analyzed in consensus by two
experienced nuclear medicine physicians who were unaware of CTPA
results according to the modified PIOPED criteria [17]. Figure 1
showed typical high probability VQ scan. 

Multidetector CTPA
CTPA was acquired using multidetector row CT scanners with

light speed 16 row- detectors and a high definition 64 row-detector (GE
health care) using 8x 12 mm collimation and 2.5 mm reconstruction. A
bolus of 100 ml nonionic iodinated contrast medium (300 mg/ml) was
administrated at 4 ml/s via peripheral cannula with a variable start time
that was determined using atomic bolus trigger software with a region
of interest positioned at the level of the main pulmonary trunk. The
images were acquired in the craniocaudal direction with Z-axis cover-
age, and the field of view was chosen to include the entire chest. The
CTPA scans were assessed in consensus by two experienced radiolo-
gists who were unaware of VQ scan results. Primary findings that were
suggestive of CTEPH included visualization of the pulmonary throm-
bus (main, segmental, or subsegmental arteries), calcified thrombus,
recanalization, focal stenosis, post-stenotic dilation, webs, secondary
signs of pulmonary hypertension (such as diameter of pulmonary arter-
ies), right and left ventricular size and parenchymal lungs changes
(such as mosaic perfusion abnormalities), and presence of pulmonary
scarring or infarction (Figure 2 A-E).

Statistical analysis 
All continuous data were expressed as mean ± mean ±SD and all

non-continuous variables were expressed as percentages. All statistical
analyses were performed with SPSS statistics software (version 24.0,
IBM).

Results

Demographics
The mean age of the study population was 41±10 years.

Twenty (37%) patients were male, and 34 (63%) were female. The
mean pulmonary artery pressure was 53±13 mmHg based on right
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heart catheterization. The mean size of main pulmonary artery
dimeter was 33±4 mm, and enlarged MPA >30 mm was noted in
47 (87%) of patients. All patients included in this study had both
VQ scan and CTPA within 15 days, and majority of patient’s VQ
scan was performed before CTPA. The mean time of the PEA after
VQ was 4±3 months (Table 1). 

Ventilation/perfusion scintigraphy findings
Fifty-three patients out of 54 in the study population had high

probability VQ scans consistent with CTEPH. Only one patient
had intermediate probability VQ scan and was considered positive
for CTEPH. The severity of perfusion defects was quite variable,
from one or two large-mismatched perfusion defects to multiple,
extensive, bilateral mismatched defects. Only one patient with
intermediate VQ scan probability had typical features of CTEPH
with CTPA. The incidental visualization of both kidneys was noted
in four patients indicating right to left shunt.

Computed tomography pulmonary angiography findings 

Direct pulmonary vascular abnormalities on CTPA
The CTPA findings of the main and lobar arteries were as fol-

low; total vessel occlusion (vessel cut-off) 26 (48%), thrombotic
materials (wall adherent-emboli) 41 (76%), webs and bands 15
(28%), abnormal vessels narrowing (tapering) 35 (65%), and inti-
mal (Wall) irregularities 29 (53%). The findings of the segmental
arteries were as follow: total vessel occlusion (vessel cut-off) 
12 (22%), thrombotic materials 36 (67%), webs and bands 
9 (17%), abnormal vessels narrowing (tapering) 26 (48%), and
intimal (Wall) irregularities 23 (42%) (Table 2).

Parenchymal lung and cardiac abnormalities on CTPA  
The right ventricular hypertrophy was reported in 13 (24%)

patients. The mean diastolic diameter of the right ventricle (RV)
was 45±8 mm. The mean diastolic diameter of left ventricle (LV)
was 35±8 mm. An RV/LV ratio of more than 1.1 was seen in 37
(69%) patients, and septal bowing was seen in 29 (54%) patients.
(Table 3). Mosaic attenuation of the lung parenchyma resulting in
geographical variation in perfusion was reported in 47 (87%)
patients. Other findings, such as pulmonary scarring, pulmonary
infarction, bands, peripheral irregularities, and pleural effusion,
were seen in 38 (70%) patients (Table 3).

Table 1. Baseline characteristics (n=54).

Demographics 
       Age, years, mean ±SD                                                                 41±10
       Male, number (%)                                                                     20 (37%)
       Female, number (%)                                                                34 (63%)
       Pulmonary artery pressure, mean ±SD mm/Hg                   53 ±13
Main pulmonary artery (MPA)                                                               
       MPA size, mean ±SD (mm)                                                        33±4
       MPA≥30 mm, number (%)                                                       47 (87%)
       Time of the PEA after VQ, mean ±SD (months)                    4±3 
VQ scan                                                                                                       
       High probability                                                                          53(98%)
       Intermediate probability                                                            1(2%)

PEA, pulmonary artery endarterectomy; VQ, ventilation-perfusion scintigraphy.

Table 2. Direct pulmonary vascular abnormalities on computed
tomography pulmonary angiography (n=54).

Main and lobar arteries                                                                           
        Thrombotic materials                                                              41 (76%)
        Abnormal vessels narrowing (tapering)                             35 (65%)
        Intimal (wall) irregularities                                                   29 (53%)
        Complete vessels obstruction (abrupt vessel cut-off)   26 (48%)
        Webs and bands                                                                        15 (28%)
Segmental arteries                                                                                   
        Thrombotic materials                                                              36 (67%)
        Abnormal vessels narrowing (tapering)                              26 (48%)
        Intimal (wall) irregularities                                                    23 (42%)

Table 3. Parenchymal lung and cardiac abnormalities on comput-
ed tomography pulmonary angiography. 

Parenchymal lung findings                                                                                 
        Mosaic attenuation of the lung parenchyma resulting in          47 (87%)
        geographical variation in perfusion, number (%)                                
        Pulmonary infarction, bands, irregular peripheral lines           38 (70%)
        opacities, number (%)                                                                               
Cardiac findings                                                                                                   
        RV diameter (mm), mean ±SD                                                           45±8 
        LV diameter (mm), mean ±SD                                                            35±8 
        RV/LV ratio higher than 1.1                                                                37 (69%)
        RV hypertrophy                                                                                    41 (76%)
        Septal hypertrophy and bowing, number (%)                               29 (54%)

RV, right ventricle; LV, left ventricle. 

Figure 1. High probability ventilation/perfusion lung scintigraphy demonstrates extensive bilateral perfusion defects (A) consistent
with CTEPH, the ventilation images were normal (B).

A B
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Figure 2. A) Axial image of multidetector- computed tomogra-
phy pulmonary angiography (CTPA) demonstrates total
obstruction of right pulmonary artery by obstructing embolus
(arrow). B) Axial image of CTPA shows eccentric partial filling
defect in a subsegmental artery in the right lung due to chronic
embolus. C) Axial image of CTPA shows right ventricular dila-
tion, with ratio of right ventricle to left ventricle more than 1.1,
with septal flattening. D) Axial image of CTPA (lung window)
shows a mosaic perfusion of the lung parenchyma with marked
regional variation of lung parenchyma, and disparity in the size
of the segmental arteries, with large diameter-vessels in regions
of increased attenuation (arrows). E) Axial image of CTPA shows
subpleural wedge-shaped area of consolidation, a feature indica-
tive of pulmonary infarction.
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Discussion
In this retrospective study we determined the frequency of the

direct pulmonary vessels’ abnormalities, and cardiac and
parenchymal lung abnormalities in patients with documented
CTEPH preoperatively by VQ scan and intraoperatively. In this
study PEAs were considered as the gold standard test for the pres-
ence of CTEPH, that is considered as a unique characteristic of this
study compared to other previous studies. The study demonstrated
presence of multiple abnormalities on CTPA with variable frequen-
cies. The presence of wall adherent emboli, and complete vessel
occlusion of the pulmonary arteries, right ventricle hypertrophy
and dilatation and abnormal right ventricle to left ventricle ratio,
and presence of mosaic lung perfusion were the commonest abnor-
malities seen on CTPA images. A previous study showed these
CTPA features can be used to distinguish CTEPH from other forms
of pulmonary hypertension [12]. Most importantly, there was no
abnormal finding with 100% sensitivity, thus interpreting radiolo-
gists must be familiar with this observation and that the best way
to establish the diagnosis of CTEPH is by using a combination of
multiple abnormal findings of the pulmonary vessels, cardia mor-
phology, and parenchymal lung changes.

Our results are comparable with prior studies that confirmed
the high diagnostic accuracy of the VQ scan and CTPA in estab-
lishing CTEPH. In our study, VQ scan had a 100% and 98% sen-
sitivity for detecting CTEPH, if both high and intermediate proba-
bility or only high probability scan was considered suggestive for
CTEPH, respectively. Also, in our study, CTPA was able to detect
all patients with CTEPH and final impression was consistent with
presence of CTEPH that was confirmed by VQ scan preoperatively
and confirmed surgically, and this yields 100% sensitivity CTPA
for detecting CTEPH. This finding is concordant with a recent
study that showed both VQ scan and CTPA are accurate methods
for detection of CTEPH with excellent diagnostic efficacy (100%
sensitivity, 93.7% specificity, and 96.5% accuracy of VQ scan;
96.1% sensitivity, 95.2% specificity, and 95.6 accuracy of CTPA)
[18]. There must be emphasis that, CTPA sensitivity is variable
from one study to another, depending on the site of the PE as well
as the type of CT scanners. In an early study that used single detec-
tor computed tomography, the sensitivity of CTPA compared to
pulmonary angiography was 26%. Another study showed that the
sensitivity of theVQ scan approaches 100% when diagnosing
CTEPH [20]. It is generally accepted that normal VQ scan effec-
tively rules out CTEPH, although, in rare circumstances, normal
VQ scan with pulmonary angiographically proven PE has been
reported [21]. Proposed explanations of these unusual findings
involve CTEPH occurring in major vessels that are not totally
obstructed, the recanalization of obstructed pulmonary vessels, and
the lack of detection of small emboli in the basal segment by the
VQ scan due to shine-through effects [22]. Also, it should be
stressed that a low probability scan does not exclude CTEPH and
does not preclude further evaluation in patients with a high suspi-
cion of CTEPH if there is high clinical suspicion. Although high
probability VQ scans are consistent with CTEPH, there are several
other rare diseases that may present with large-mismatched perfu-
sion/ventilation defects, such as vasculitis, primary pulmonary
neoplasm, pulmonary veno-occlusive disease, and pulmonary atre-
sia [22].

Although CTPA allows satisfactory visualization of all pul-
monary arteries at the segmental level or higher, sub-segmental
perfusion defects are difficult to visualize with CTPA. A recent
metanalysis of the diagnostic accuracy of CTPA for CTEPH,
which included 11 publications, resulted in a pooled sensitivity of
76%. Several experts in the CTEPH field reported that, in many
cases, the diagnosis of CTEPH was missed by CTPA, but

unmatched perfusion defects were noted on the VQ scan [23]. 
Beyond pulmonary arteries evaluation, CTPA can provide

additional important diagnostic findings about pulmonary
parenchymal changes. In our study, a mosaic pattern was a com-
mon finding, appearing in 87% of patients. A prior study demon-
strated that the evaluation of mosaic pattern areas using a high-res-
olution CT with minimum-intensity projection reconstruction in
patients with CTEPH showed higher sensitivity than the VQ scan
[24]. The mosaic pattern, characterized by sharply demarcated
areas of heterogeneous attenuation in the lung parenchyma that
localized to boundaries of secondary pulmonary nodules, is com-
mon in patients with CTEPH; however, it has been reported in
other disease such as primary pulmonary artery hypertension and
collagen vascular disease [25]. Also, dilated pulmonary artery
(more than 30 mm or ratio of pulmonary artery to the aorta >1) is
a sign of elevated pulmonary pressure and not specific for CTEPH.
Other frequent findings in CTEPH include peripheral opacities
caused by infarction, which are seen in 72%-87% of cases [26] and
bronchial dilation, which is seen in as many as 64% of cases [27].
Cardiac findings (such as right ventricle dilatation), are also com-
mon findings in CTEPH patients. Right ventricle (RV) dilatation is
a sign of late disease with right ventricle /left ventricle (RV/LV)
diameter >1.1 considered to be a highly suggestive of CTEPH
[28]and not significantly different among patients with central and
peripheral CTEPH [29]. Leftward deviation and straightening of
the interventricular septum are nonspecific signs of right ventricle
pressure or volume overload [30]. Advancements in CT technolo-
gies, including dual-energy CT (DECT), ECG gated area detector
CT (ADCT), cone-beam CT (CBCT), and contrast enhanced pul-
monary angiography, are emerging as potential modalities for bet-
ter evaluation of pulmonary vasculature and may be better for pre-
branch pulmonary artery angioplasty, providing greater resolution
than conventional DSA, particularly in the more distal pulmonary
vessels [31].

Study limitations
Our study has some limitations. First, it was a single center ret-

rospective study with relatively small sample size, prospective
multicentral studies are required to accurately determine the diag-
nostic accuracy of VQ scan CTPA in a larger cohort of heteroge-
neous patients and to determine the most reliable and reproducible
futures of CTEPH on CTPA. Second, the study did not include all
patients who underwent both VQ scan and CTPA; the study did
include patients who underwent PEA, typically DSA is considered
the gold standard test for CTEPH; however, in our study, PEA was
considered the gold standard because DSA was not performed; fur-
thermore, there was significant time variation between VQ scan
and PEA.

Conclusion
In conclusion, our findings indicate that the VQ scan and

CTPA are highly accurate for detecting CTEPH diagnosed by
PEA. CTPA provides important complementary information to the
VQ scan with regard to pulmonary parenchymal changes, pul-
monary vasculature abnormalities, cardiac morphology, and
CTPEA can be helpful in the diagnosis of other disorders that may
produce perfusion defects on the VQ scan. A normal VQ scan
effectively excludes the presence of CTEPH and may be the pre-
ferred initial diagnostic test. Abnormal VQ scan (high or interme-
diate probability) is accurate for detecting CTEPH. CTPA after
abnormal VQ scan provides essential information regarding the
extent and localization of the pulmonary emboli and accessibility
for pulmonary endarterectomy. 
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