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SUMMARY
The incidence of chronic thromboembolic pulmonary hypertension secondary to acute pulmonary thromboembolism
Introduction: Chronic thromboembolic pulmonary hypertension (CTEPH) is a curable and partially preventable complication, with
w
a substantial incidence, leading to severe morbidity and mortality. The aim of the present study was to find out the incidencce of
CTEPH secondary to acute pulmonary thromboembolism (PTE) using non-invasive procedures such as ventilation/perfusion (V/Q)
V
scintigraphy and pulmonary multidetector CT (MDCT) angiography in determining the diagnosis of CTEPH.
Materials and Methods: The study included a total of 99 patients diagnosed with initial PTE between January 2010 and Decem
mber
2012. The patients who received anticoagulant therapy at least for three months underwent transthoracic echocardiography (TTE)
(T
(n= 85). Thirty one patients with a SPAP value > 30 mmHg and/or an evidence of right ventricular dysfunction in TTE underwent
rw
MDCT pulmonary angiography and V/Q scintigraphy. The patients with an evidence of residual chronic thromboembolic signs
gn in
MDCT pulmonary angiography and/or segmental perfusion defect(s) in V/Q scintigraphy underwent right heart catheterization
a
(RHC) (n= 7). The mean PAP was measured, and a vasoreactivity test was performed. During RHC, a non-contrast medium
m was
delivered to the pulmonary arteries for pulmonary arteriography
imaging.
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Results: Among patients diagnosed with PTE, 44 were male and 55
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were female. The mean age was 60 ± 17 years. Of these patients,
63.6% had history of at least one additional disease and at least
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ered having massive, 61 submassive and 14 non-massive PTE.
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Nineteen (19.1%) patients received thrombolythic therapy. Other
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80 (80.8%) patients received standard anticoagulant therapy with an INR value within the therapeutic range. In 79.8% of patients,
thromboembolism was bilateral, and it was unilateral in 21.8%. After a minimum of 1 year, and maximum of 2 years follow up five
subjects (5.5%) were diagnosed with CTEPH. The univariate analysis showed no association between the development of CTEPH
and factors like; age, etiologic risk factors for PTE, receiving thrombolytic treatment, prevalence and type of PTE.
Conclusion: Potentially preventabl complication of pulmonary embolism; CTEPH, had a substantial incidence during follow-up.
Key words: Pulmonary embolism, chronic thromboembolic pulmonary hypertension, imaging techniques
ÖZET
Akut pulmoner tromboemboli sonrası gelişen kronik tromboembolik pulmoner hipertansiyon sıklığı
Giriş: Kronik tromboembolik pulmoner hipertansiyon (KTEPH) ciddi morbidite ve mortaliteye neden olan azımsanmayacak sıklıkta
gelişen, tedavi edilebilir, kısmen de önlenebilir bir komplikasyondur. Çalışmamızda; tanıda ventilasyon/perfüzyon (V/Q) sintigrafisi
ile çok dedektörlü bilgisayarlı tomografi (ÇDBT) pulmoner anjiyografi gibi noninvaziv tetkikler kullanılarak akut pulmoner tromboemboli (PTE) sonrasında gelişen KTEPH sıklığının saptanması amaçlanmıştır.
Materyal ve Metod: Ocak 2010 ile Aralık 2012 tarihleri arasında ilk kez pulmoner emboli tanısı konulan 99 hasta çalışmaya dahil
edildi. En az üç ay antikoagülan tedavi almış hastalara transtorasik ekokardiyografi (TTE) uygulandı (n= 85). TTE’de, SPAP değeri >
30 mmHg olarak ölçülen ve/veya sağ kalp işlev bozukluğu bulgusu saptanan 31 (%34.4) olguya, ÇDBT pulmoner anjiyografi ile
birlikte V/Q sintigrafisi yapıldı. ÇDBT pulmoner anjiyografide rezidüel kronik trombüs bulguları ve/veya V/Q sintigrafisinde segmental
perfüzyon defekti ya da defektleri olan olgulara, sağ kalp kateterizasyonu (SKK) yapıldı (n= 7). Ortalama PAB ölçüldü ve vazoreaktivite testi yapıldı. SKK esnasında nonkontrast madde pulmoner arterlere verilerek pulmoner arteriyografi görüntüleri alındı.
Bulgular: PTE tanılı hastaların 44’ü erkek, 55’i kadındı. Olguların yaş ortalaması 60 ± 17 ve median yaş 49 (38-67)'du. Olguların
%63.6’sında en az bir tane olmak üzere ek hastalık anamnezi, %91.9’unda en az bir tane PTE risk faktörü mevcuttu. Tanı anında 24
olgu masif, 61 olgu submasif ve 14 olgu nonmasif PTE olarak değerlendirildi. On dokuz (%19.1) olguya trombolitik tedavi uygulandı.
Diğer 80 (%80.8) olguya INR değeri terapötik aralıkta olacak şekilde standart antikoagülan tedavi verildi. Olguların %79.8’inde
tromboemboli yaygınlığı bilateral, %21.8’inde unilateraldi. Minumum 1 maksimum 2 yıl takip sonrasında 5 (%5.5) hasta KTEPH
tanısı aldı. KTEPH gelimi ile yaş, PTE etiyolojik risk faktörü, trombolitik tedavi almak, PTE tipi ve yaygınlığı arasında univaryan analizde istatistiksel anlamlılık saptanmadı.
Sonuç: PTE’nin önlenebilir bir komplikasyonu olan KTEPH takip edilen hastalarda oldukça yüksek bir insidansta saptanmıştır.
Anahtar kelimeler: Pulmoner emboli, kronik tromboembolik pulmoner hipertansiyon, görüntüleme yöntemleri

INTRODUCTION
Chronic thromboembolic pulmonary hypertension
(CTEPH) is a serious condition characterized by intraluminal thrombus organization and fibrous stenosis
or complete obliteration of the pulmonary arteries.
CTEPH is commonly seen as a long-term complication of acute pulmonary embolism (PE) (1). The incidence of CTEPH has been reported by different studies to be between 0.1% and 8.8% in patients after
acute PE (2-4). The diagnosis of CTEPH is often
delayed since the symptoms are non-specific (5-7).
The first step towards making the correct diagnosis is
the assessment of regional lung perfusion defects,
which is commonly carried out by scintigraphic planar lung scans. Planar perfusion scintigraphy is useful
for initial evaluation of CTEPH (5-7).
Contrast-enhanced CT pulmonary angiography
(CTPA) is also commonly used for evaluation of acute
PE and CTEPH. Over the past few years, CT scanning
has proven its diagnostic value in cases of acute pulmonary embolism (9-11). It has also been proposed
as a reliable and less invasive tool for the diagnosis of
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CTEPH (12). Because CTEPH is a relatively common,
life-threatening complication of pulmonary embolism, diagnostic and therapeutic strategies for early
detection and prevention of CTEPH are needed.
Based on this, the aim of our study was to determine
the incidence of CTEPH after acute PTE with ventilation/perfusion (V/Q) scintigraphy and/or with pulmonary multidetector CT (MDCT) angiography.
MATERIALS and METHODS
The present prospective study included patients who
were diagnosed with PTE between January 2010 and
December 2012, prescribed with an outpatient treatment plan and who received anticoagulant therapy at
least for 3 months. Those patients who were diagnosed between January 2010 and January 2012 were
followed for a minimum of 1 year, and maximum of
2 years. We examined type of PTE at diagnosis,
prevalence and treatment regimen, age, sex, medical
history of concomittant diseases, the stage according
to the New York Heart Association (NYHA) Functional
Classification and etiologic risk factor(s).
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A Doppler ultrasonography exam off the bilateral
lower extremity venous system was performed using
the General Electric Logiq 5 Pro Doppler machine.
The exam covered the bilateral inguinal area from the
main femoral vein to the level of cruris vein using a
linear transducer with a variable frequency, ranging
from 5 to 10 megahertz. During the examination,
patency of both main femoral, superficial femoral,
deep femoral, popliteal and saphenousveins was
evaluated by a color Doppler based on the compression of vein in response to the transducer. The flow
in cruris veins was evaluated by a maneuver applied
on the gastrocnemius muscle.
Each patient underwent a control TTE examination,
which was performed by expert cardiologist sapproximately at the end of one year follow up. In TTE,
patients with a SPAP ≤ 30 mmHg and without any
evidence of right heart failure and chronic residual
thrombus by MDCT pulmonary angiography were
considered negative prior to any further examination.
In TTE, 31 patients with a SPAP > 30 mmHg and/or
any evidence of right heart failure (34.4%) underwent
V/Q scintigraphy along with MDCT pulmonary angiography.
MDCT pulmonary angiography examinations were
performed with a 16 slice-Philips MX and Philips
Brilliance-6 multidetector row scanner. Intravenous
contrast agent was administered using the
Mallinckrodt and Optistar BT automatic injector systems, respectively. A guiding image was obtained
with the patient in supine position to determine the
area of study from the apex to the diaphram. During
imaging, a 60-90 mL (1 mL/kg) non-ionic contrast
agent (370 mg/mL) was delivered via an automatic
injector through the vascular access established by a
20 gauge cannula placed into an antecubital vein at
a rate of 3.5 mL/sec. A reference image was obtained
at the level of the main pulmonary artery by a 16slice Philips MXscanner (thickness of section; 5 mm,
interslice distance; 2.5 mm; threshold; 80, collimation; 16 x 1.5, pitch; 0.9, rotation time; 0.75 sec and
FOV; wide) and cross sectional images were obtained
using predefined parameters at 250 mA/sec. During
imaging with Philips Brilliance- 6 scanner,cross sectional images were obtained with a delayed time of
12 to 16 secs from the start of injection depending on
the cardiac performance status of the patient (thickness of section: 5 mm; interslice distance: 2.5 mm;
collimation: 6 x 3; pitch: 0.9; rotation time: 0.75 sec;
FOV: wide) using predefined parameters at 220 mA/

sec. All MDCT pulmonary angiography examinations
were performed in the craniocaudal direction in a
single breath-hold period.
Pulmonary perfusion scintigraphy was performed
witha Philips Brightview dual-head gamma camera
following intravenous administration of Tc-99m macroaggregated albumin based on the principle of radiopharmaceutical’s distribution within the lung alveoli/capillaries in parallel to the distribution of pulmonary arteries. Injection was made during deep and
regular breathing in lying position. The imaging
included anterior, posterior, left lateral, right lateral,
left posterior oblique, right posterior oblique, left
anterior oblique, and right anterior oblique positions.
Pulmonary ventilation scintigraphy was also performed with a Philips Brightview dual-head gamma
camera. The patients underwent imaging after inhalation ofa mixture of Tc-99m diethylene triamine penta
acetic acid with 3-4 L/min O2 in a ventilation apparatus for 10 minutes. The imaging included anterior,
posterior, left lateral, right lateral, left posterior
oblique, right posterior oblique, left anterior oblique,
and right anterior oblique positions. All V/Q scintigraphies were evaluated based on the modified
PIOPED criteria (13,14).
Both examinations excluded the patients with no
evidence of chronic residual thrombus and/or segmental perfusion defect for CTEPH. Any patient with
an evidence of chronic residual thrombus during
MDCT pulmonary angiography and/or segmental
perfusion defect(s) during V/Q scintigraphy underwent right heart catheterization using a Siemens Artis
Zee DSA system. Pulmonary artery was accessed
through the femoral vein with a 6 French catheter.
The mean PAP was measured, and a vasoreactivity
test was performed. During RHC, a non-contrast
medium was delivered to the pulmonary arteries for
pulmonary arteriography imaging.
For evaluations, we used Statistical Package for the
Social Sciences Program (SPSS 17.0 for Windows,
SPSS Inc., Chicago, Il., USA). Contiunous variables
and all sub-groups were tested for normal distribution. A correlation coefficient was calculated to
evaluate the relationship between numeric variables.
For all tests, the error rate was alpha 5%, with a twotailed test. If the p value was less than 0.05, the difference between the groups was considered statistically significant.
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RESULTS
Among patients with PTE, 44 were male, and 55 were
female. The mean age was 60 ± 17 years. Of these
patients, 63.6% had at least one additional disease.
The major risk factor for most of the patients was
advanced age (55.5%), followed by immobilization
and surgical intervention, respectively. There was at
least one risk factor of PTE in 91.9% of our patients
(Table 1).
Nine patients died during the follow-up.
During diagnosis, 24 subjects were considered having massive, 61 submassive and 14 non-massive PTE.
Nineteen (19.1%) patients received thrombolythic
therapy. Other 80 (80.8%) patients received standard
anticoagulant therapy with an INR value within the
therapeutic range. In 79.8% of patients, thromboembolism was bilateral, and it was unilateral in 21.8%.
Thirty four (34.3%) patients had TTE during the diagnosis and the median estimated SPAP was 49 mmHg
(range 38-67).
Fifty one (51.1%) patients underwent Doppler ultrasonography examination of the bilateral lower
extremity venous system during diagnosis. Thirty four
patients had deep vein thrombosis.
The median time to evaluation for CTEPH in patients
who received effective anticoagulant therapy at least
for 3 months and who were still on anti-cogaulant
therapy was 6 months (range 4-9). The median SPAP
was 32 mmHg (range 27-38) in all alive patients during
the control examination for TTE. There were 5 patients
who could not come to the TTE examination and these
patients was selected as dropped patients. Patients
who were evaluated for CTEPH were classified according to the NYHA Functional Classification (Table 2).
Table 1. Risk factors of acute pulmonary thromboembolism
Risk factors

n

%

Age (> 60)

55

55.5

Immobilisation

40

40.4

Surgical procedure

33

33.3

Malignity

8

8.08

Genetic factors

6

6.06

Obesity

5

Use of oral contraceptives

Table 2. The distribution of the patients according to NYHA
functional classification
n

%

Class 1

39

43.3

Class 2

38

42.2

Class 3

10

11.1

Class 4

3

3.3

Eighty five patients who had an acute PTE episode
underwent control MDCT pulmonary angiography
for CTEPH while 31 patients who had an estimated
SPAP > 30 mmHg and/or evidence of right heart disease underwent V/Q scintigraphy along with a MDCT
pulmonary angiography. The V/Q scintigraphy results
showed high probability in 2 (6.4%) patients , moderate probability in 2 (6.4%) patients, low probability in
7 (22.5%) patients, and normal in 20 (64.5%) patients
according to the modified PIOPED criteria.
MDCT pulmonary angiography of five patients
showed findings consistent with chronic thromboembolism. The findings, the most common being widening of the main pulmonary arteries, included total
obstruction in pulmonary arteries, peripheral scar
tissue, thinning of pulmonary arteries and partial
obstruction, respectively (Table 3).
Seven patients underwent right heart catheterization
to confirm the diagnosis. The median PAP was 29
mmHg (range 28-34). During RHC, pulmonary DSA
was performed in 5 patients, who all showed defects
with the contrast dye, consistent with chronic thromboembolism. Five patients were diagnosed with
CTEPH (Table 4). The incidence of CTEPH was 5.5%.
The univariate analysis showed no association
between the development of CTEPH and factors like;
age, etiologic risk factors for PTE, receiving thrombolytic treatment, prevalence and type of PTE.
Table 3. MDCT pulmonary angiography findings for chronic
thromboembolic pulmonary hypertension
n

%

Widening of the main pulmonary arteries

5

100

Total obstruction in pulmonary arteries

4

80

5.05

Peripheral scar tissue

4

80

3

3.03

Thinning of pulmonary arteries

3

60

Congestive heart failure

3

3.03

Partial obstruction of pulmonary arteries

2

40

History of myocardial infarction

1

1.01

Linear atelectasis

2

40

1.01

Liner strip

2

40

1.01

Organising trombus in atypical localisation

2

40

History of PTE
Chemotherapy

202

1
1

Tuberk Toraks 2014;62(3):199-206
; ( )

Kayaalp
y p İ,, Varol Y,, Çimen
Ç
P,, Demirci Üçsular
ç
F,, Katgı
g N,, Ünlü M,, Kıraklı C,, Güçlü
ç SZ,, Ergene
g
O.

Table 4. The demographic data of the CTEPH patients
TTEa sPAPb
at PEc
Diagnosis

Gender

Age

N of
risk
factors

1st patient

F

65

2

35

Massive

26

352

Wf+CCBg

2nd

patient

M

72

2

70

Massive

29

520

W+ TEh

3rd patient

M

43

0

32

Submassive

30

320

W

4th patient

M

56

1

80

Submassive

28

320

W

5th

F

69

2

80

Massive

44

512

W+ Bosentan

patient

PE type

Right heart
catheterization
(mPAPd) mmHg

PVRe
(dyne*sec/cm5)

Treatment

a

Transthoracic echocardiography, b systolic pulmonary artery pressure, c pulmonary embolism, d mean pulmonary artery pressure, e pulmonary
vascular resistance, f warfarin, g calcium channel blocker, h thromboendarterectomy

DISCUSSION
Pulmonary embolism is a clinical condition where
pulmonary arteries and/or their branches become
occluded by various substances (such as fat particles,
foreign bodies, tumor cells), mostly by thrombotic
particles getting into the circulation from the thrombi
in deep veins of the lower extremity. Quite a number
of risk factors have been described by studies on
development of PTE, which is a common disease,
challenging in diagnosis with a high rate of mortality
and morbidity (1,7). Similar to many other studies, in
our study the most common risk factors were
advanced age, immobilization and surgical intervention respectively.
Although previously CTEPH was known to be a rare
complication of PTE, recent studies have shown that
the incidence of symptomatic and/or asymptomatic
CTEPH is more than previously thought (15,16).
Several reports emphasize that attention should be
paid to young patients with idiopathic PTE, frequent
PTE episodes and larger perfusion defects who may
develop CTEPH. In a study by Pengo et al. who
evaluated the potential risk factors for CTEPH, a significant association was found with multiple PTE
episodes, a larger perfusion defect at the time of diagnosis, younger age and idiopathic presentation of PTE
(16). In this study while the univariate analysis
showed a significant relationship in those who had
thrombolytic treatment, there was no significant relationship in the multivariate analysis between the two
arms. It was mainly attributed to the use of thrombolytic treatment mostly in massive PTE. Since there was
an increased risk associated with recurrent PTE in
those patients with no regular treatment, they claimed
that it might be attributed to inadequate treatment. In
our study the univariate analysis showed no association between the development of CTEPH and factors
like; age, etiologic risk factors for PTE, receiving
thrombolytic
y treatment,, prevalence
p
and type
yp of PTE.

We believe it might be related with the small numbers
of patients with CTEPH we had detected.
In previous studies, the incidence of CTEPH has been
reported to be between 0.1% and 3.8% (5-17).
Becattini et al. studied 259 patients with PTE to determine the incidence of CTEPH secondary to the initial
episode of PTE (18). Each patient received anticogulant therapy, at least for 3 months, and at most for 1
year, with a follow up every three months during the
first year, and then every 6 months for the next 3
years. All patients who described persistent dyspnea
either at rest or on exertion underwent TTE, during
which any patient with a SPAP over 30 mmHg further
underwent V/Q scintigraphy and pulmonary arteriography. The patients with a mean PAP ≥ 25 mmHg,
normal PKB and arteriographic thromboembolism
were considered to have CTEPH (18). In this study
including only symptomatic subjects, the incidence
of CTEPH was 1%. The INR was within the therapeutic range in more than 75% of the patients, reporting
that the incidence associated with their careful anticoagulant therapy was low. Frederikus et al. found
pulmonary hypertension in 19 of 866 patients with
acute PTE after a follow up of 34 months (19). Four of
these 4 (0.57%) patients were diagnosed with CTEPH.
In a study by Korkmaz et al. carried out in Turkey,
325 patients with a diagnosis of PTE were followed
for an average of 16.3 months (6-50.7 months) (20).
Data on recurrence, residual thrombi, mortality and
CTEPH were collected. The incidence of CTEPH was
4.6%. The incidence of residual chronic thrombus
was 48% at month 3 after the first episode, 27.4% at
month 6, and 18.2% at month 12, and they highlighted the significance of close monitoring of patients
with PTE for an early diagnosis of CTEPH.
A study carried out by Mi et al. in China found an
incidence of 14.4% for CTEPH (21). Similarly the
report published by Pepke Zaba in 2010 indicated
that the incidence of CTEPH was between 1.3% and
Tuberk Toraks 2014;62(3):199-206
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5.1% after one year of PTE treatment, and between
0.8% and 3.8% after 2 years (22). Dentali et al. also
evaluated 91 patients with PTE by V/Q scintigraphy
and TTE (23). CTEPH was defined as a SPAP > 40
mmHg and presence of a residual perfusion defect in
V/Q scintigraphy. All patients were evaluated by TTE
at months 6 and 12 after the PTE episode, with
CTEPH in 8 patients (with an incidence of 8.7%).
Using a questionnaire on symptoms, 4 patients were
found to have asymptomatic CTEPH, and 4 other
patients symptomatic CTEPH. In our study, the incidence of CTEPH was 5.5%. Two of our patients were
asymptomatic. The incidence of CTEPH in our study
was comparable to those studies which also included
asymptomatic patients. However, the rate was higher
when all studies were considered. An analysis of the
records showed that our patients had some of their
INR follow-up done in hospitals close to their houses
as we are a regional hospital. It is difficult for us to
affirm whether they received anticoagulant therapy
within the therapeutic range since we are unable to
have access to their complete INR follow-up. Studies
demonstrated that the proportion of patients with INR
values below therapeutic range was 20% despite
regular INR monitorization (16).
An overview of studies on CTEPH carried out up to
date shows that it has a substantial incidence following acute PTE, while recent studies indicate increasing rates. Therefore, we need easily applicable, easily accessible, and less invasive diagnostic tests, with
high sensitivity and specificity in order to detect
patients accurately and on time. Nistal and Martin
define imaging tests as cornerstone of the diagnosis
of CTEPH (24). V/Q scintigraphy, TTE, MDCT pulmonary angiography, magnetic resonance imaging pulmonary angiography and pulmonary DSA are
unquestionably very convenient imaging methods.
However, they cannot be used routinely in all
patients. Use of TTE and V/Q scintigraphy is common to exclude CTEPH, which develops secondary
to acute PTE. When pulmonary hypertension is suspected, TTE represents the most common initial
examination. Detection of tricuspid regurgitation jet
and measurement of the maximal jet velocity by
Doppler help estimate the SPAP value. The sensitivity and specificity of this method for detection of
SPAP are 79-100% and 60-98%, respectively (25). In
a study by Boilson et al. with 1000 CTEPH patients
who underwent PEA operation, the pre-operative TTE
and right atrial and pulmonary artery pressures as
measured by RHC were correlated (p < 0.0001) (26).
In recent studies it is indicated that the diagnosis of
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CTEPH can be excluded in patients with unexplained
history of PTE or pulmonary hypertension if no perfusion defect is found with V/Q scintigraphy and/or
when V/Q scintigraphy shows a normal perfusion
(22-27). A literature review showed that moderate
and high probability V/Q scintigraphy had a high
sensitivity and specificity in the diagnosis of CTEPH
(22-28). In a study by Fang et al. of 78 patients with
pulmonary hypertension, but no history of congenital
heart disease and acute PTE, the sensitivity, specificity and accuracy of a high probability V/Q scintigraphy in the diagnosis of CTEPH were 96.0%, 81.1%,
and 86.9%, respectively (28).
MDCT pulmonary angiography is an effective method which determines localization and extent of
chronic thrombus, and features of central and peripheral arterial thrombi. It may also provide additional
information on collateral circulations, and accompanying parenchymal abnormalities. MDCT pulmonary
angiography is well tolerated by patients, being a
non-invasive method used both in follow up of the
disease and evaluation of postoperative outcomes.
The sensitivity of MDCT pulmonary angiography is
unstable in the diagnosis of CTEPH. In a study by
Pitton et al. who made a comparison with pulmonary
DSA, the sensitivity of MDCT pulmonary angiography was 70.4% for segmental branches, and 63.6%
for subsegmental branches (29).
In a pivotal study by Soler et al. the SPECT perfusion
scintigraphy, which is more sensitive than planar
perfusion scintigraphy in detecting the pulmonary
perfusion defects, was compared with MDCT pulmonary angiography. SPECT perfusion scintigraphy and
MDCT pulmonary angiography were performed in
12 patients with CTEPH who were scheduled for a
PEA operation, and then they were compared, considering the pulmonary arteriography as the golden
standard. They described 140 obstructed, and 40
unobstructed lung segments. SPECT perfusion scintigraphy identified 62% (87/140) of the obstructed
and 72% (29/40) of the unobstructed segments
whereas MDCT pulmonary angiography identified
47.8% (67/140) of the obstructed, and 80% (32/40)
of the unobstructed segments. They indicated that
sensitivity for detecting obstructed segments was significantly higher for SPECT perfusion scintigraphy
compared to MDCT pulmonary angiography while
MDCT pulmonary angiography was superior in
detecting unobstructed segments (30).
The diagnostic algorithm used in our study is consistent with current publications. Not all patients underwent RHC and pulmonary DSA. They were used to
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confirm the diagnosis of CTEPH in patients with an
evidence of residual chronic thrombus by MDCT
pulmonary angiography, and patients with an evidence of segmental perfusion defect or defects by
V/Q scintigraphy. Limited accessibility to the procedure, being risky, although low, and development of
other diagnostic methods resulted in its reduced use.
Pulmonary DSA is recently indicated for patients
who are surgical candidates for a PEA operation, and
it is not used for routine diagnosis.
In conclusion, we found a substantial number of
patients with pulmonary embolism, who developed
CTEPH during follow-up. Further studies are needed
to determine preventable causes of a serious complication like CTEPH, reduce its incidence, and develop
non-invasive diagnostic methods.
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