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Background: The incidence and clinical features of chronic thromboembolic pulmonary hypertension (CTEPH)
in Thailand are unknown. This may be due to the difficulties in diagnosis, poor disease recognition and non-
specific presenting symptoms and signs. With the new revolution of diagnostic tools and advanced knowledge
about this condition, CTEPH is now discovered much more often.

Study design: Retrospective cross-sectional study

Objective: To evaluate common risk factors, symptoms, signs, commonly used investigations, treatment and
results of treatment in Thai patients with CTEPH.

Material and Method: All patients with confirmed CTEPH diagnoses were selected for analysis in this study.
We evaluated characteristics of patients with CTEPH at Siriraj hospital. All CTEPH patients’ data included
demographics, symptoms, signs, investigations, treatments, outcome and risk factors such as malignancy;
previous deep vein thrombosis, immobilization, and congenital thrombophilia were recorded.

Statistical analysis: The descriptive statistics were used in this study. Categorical data and continuous data
presented in term of percent and mean with standard deviation respectively.

Results: fourteen patients had confirmed diagnoses of CTEPH, five patients were male and 9 were female. The
age of patients varied from 28 to 79 years old. Mean age was 55 years old. The most common presenting
symptoms and signs were dyspnea (100%), followed by leg edema (78.6%), tachypnea (71.4%) and accentua-
tion of pulmonic component of second heart sound (loud P,) (57.1%). At the time of diagnosis, four out of 14
patients were in NYHA class I1, ten were in NYHA class 111, and none of them was in NYHA class V. Idiopathic
CTEPH was found in 54.1% of patients. Congenital and acquired thrombophilia were the frequent risk factors
found in our series. The most frequent radiographic abnormalities included enlarged pulmonary trunk, right
atrium/right ventricle (RA/RV) dilatation, and cardiomegaly followed by prominent pulmonary trunk.
Echocardiography findings were elevated right ventricular systolic pressure (RVSP); ranges varied from 60
mmHg to 137 mmHg (mean was 107.48 mmHg). The most common finding of arterial blood gas in APE patients
was respiratory alkalosis with hypoxemia. The most frequent diagnostic tool used was ventilation-perfusion
lung scan. Treatment of CTEPH patients was by anticoagulant, pulmonary thromboendarterectomy and infe-
rior vena cava filter insertion. The success rate of surgical thromboendarterectomy in our institute was about
80%

Conclusion: Characteristics of CTEPH patients are unique and different from acute pulmonary embolism in
aspects of clinical presentations, risk factors, investigation, common findings, treatment and outcome.
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Natural history of acute pulmonary embolism  exercise tolerance or partial resolution leaving minimal

(APE) is either complete resolution with restoration of  residual causing long term change in pulmonary hemo-
normal pulmonary hemodynamics, gas exchange and  dynamics and pulmonary arterial hypertension with de-
terioration of right ventricular function which is called
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minority of patients after APE®. The exact incidence of
CTEPH is unknown, the estimated incidence is 0.1 to
0.5 percent in survivors of acute pulmonary emboli®.

Clinical manifestations of CTEPH are the same
as in other forms of pulmonary hypertension. The most
common manifestation are progressive exertional dys-
pnea and exercise intolerance®. The findings on physi-
cal examination are an accentuation of the pulmonic
component of the second heart sound (P,), and other
signs of pulmonary hypertension.

Initial work up for CTEPH consists of a chest
radiograph (CXR), electrocardiograph (EKG) and arte-
rial blood gas analysis (ABG) which often show evi-
dence of pulmonary arterial hypertension. Evidence of
pulmonary arterial hypertension is seen by a large pul-
monary arterial shadow on the CXR, right axis devia-
tion and S wave in lead I, Q wave and T inversion in
lead 111 from the EKG and mild hypoxemia with respira-
tory alkalosis from ABG). These findings are non-
specific. Echocardiography (echo) is usually performed
to confirm and assess the degree of pulmonary
hypertension®. The definite diagnosis of CTEPH is
usually obtained by a ventilation-perfusion lung scan
(V/Q), computerized tomography of the chest with
contrast (CTA) or pulmonary angiography (PAgram)
and, sometimes, pulmonary angioscopy”®. The only
curative treatment of CTEPH is pulmonary thromboen-
darterectomy (PTA). A successful treatment is depen-
dent on the position of the clots in the pulmonary vascu-
lature, functional status of the patients and patients’
co-morbid diseases®.

The incidence and clinical features of CTEPH
in Thailand is unknown. This may be due to difficulties
in diagnosis, poor disease recognition or non-specific
presenting symptoms and signs of this condition. There
were only a few sporadic case reports of CTEPH in
Thailand. With the new revolution of diagnostic tools
and advanced knowledge about this condition, more
cases of CTEPH were discovered. The purpose of this
study was to assess the prevalence, risk factors, clini-
cal manifestation and management of the patients with
CTEPH who presented as pulmonary embolism at Siriraj
Hospital.

Material and Method
Patient selection

All adult (age of 15 year-old and over) pa-
tients with ICD coding of 126.0 (pulmonary embolism
with acute cor pulmonale) and 126.9 (pulmonary embo-
lism without acute cor pulmonale) who were admitted
to Siriraj Hospital, Bangkok, Thailand between Janu-
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ary 2001 and October 2005 were recruited in the study.
The medical records were reviewed. All patients with
confirmed CTEPH were included in the study.

The diagnostic criteria for CTEPH were pa-
tients with pulmonary hypertension plus the abnormal
findings from one of these following diagnostic tests

1. High probability V/Q

2. Organized eccentric clot in pulmonary vas-
culature from CTA with mosaic pattern in lung paren-
chyma

3. Abnormal PAgram such as pouch defect,
acute tapering of vascular lumen, roughening or pit-
ting of the intimal surface, bands, webs traversing the
vascular lumen, pitted masses of chronic embolic ma-
terial within the lumen, and partial recanalization®

The data included demographics, baseline
characteristics, symptoms, signs, risk factors (such as
malignancy, previous deep venous thrombosis (DVT),
congenital thrombophilia, immobilization, oral contra-
ceptives, trauma and previous surgery), New York
Heart Association (NYHA) functional class, investiga-
tions, treatment and outcome were recorded. The study
protocol was approved by Siriraj Hospital Ethics Com-
mittee.

Statistical analysis

Descriptive statistics were used in this study.
Categorical data and continuous data were presented
in terms of percent and mean with standard deviation
respectively.

Results

One hundred and seventy-two patients with
ICD coding of 126.0 (pulmonary embolism with acute
cor pulmonale) and 126.9 (pulmonary embolism with-
out acute cor pulmonale) were identified. Of these 172
patients, 71 patients had acute pulmonary embolism
while 14 patients met our diagnostic criteria for CTEPH.
The rest had other diagnoses such as pulmonary hy-
pertension, heart failure, hypoxia, etc and did not meet
the specific diagnostic criteria for acute or chronic pul-
monary embolism.

Patient’s characteristics and risk factors

Of the 14 patients with CTEPH, five patients
were male, 9 patients were female with the mean age of
55 years old (ranging from 28 to 79 years old). Two
patients had previous DVT, 2 had congenital
thrombopbhillia (one of them had protein C deficiency,
one had protein S deficiency), 2 had acquired
thrombophillia (antiphospholipid syndrome) and none
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of the patients had the history of malignancy. Eight out
of 14 patients with CTEPH had no risk factors for DVT
or APE (Table 1).

Signs and symptoms

At the time of diagnosis, four out of 14 pa-
tients were in NYHA class 11, ten were in NYHA class
111, and none of them were in NYHA class V. The most
frequent presenting symptoms was dyspnea which was
found in all the patients (100%), followed by leg edema
(78.6%), cough (35.7%) and chest pain (21.4%). Syn-
cope occurred in only one case (7.1%). The most com-
mon sign was tachypnea which was found in 10 out of
14 patients (71.4%), followed by an accentuated sec-
ond heart sound (loud P,) which represent pulmonary

Table 1. Risk factors of patients with chronic thromboem-
bolic pulmonary hypertension

Risk factors (n = 14) Frequency (%)

Immobilization
Trauma

Surgery

Obesity

Pregnancy
Hormonal treatment
Previous DVT 2 (14.3)
Malignancy 0

OO OO OO

Congenital thrombophilia 2 (14.3)
Antiphospholipid syndrome 2 (14.3)
None of above 8 (54.1)

n = Total number of patients

Table 2. Symptoms and signs of patients with chronic
thromboembolic pulmonary hypertension

Symptoms  Frequency Signs Frequency
n=14 (%) n=14 (%)
Dyspnea 14 (100)  Tachycardia 8 (57.1)
Chest pain 3(21.4)  Tachypnea 10 (71.4)
Palpitation 0 Hypotension 0
Cough 5(35.7)  Cardiacarrest 0
Hemoptysis 1 (7.1) Rhonchi 1(7.1)
Cyanosis 1(7.1) Crepitation 1(7.1)
Legswelling 11(78.6) S, 2(14.3)
Syncope 1(7.1) Fever 1(7.1)
Loud P, 8 (57.1)

Continuous murmur 0

n = Total number of patients
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arterial hypertension. None had a continuous murmur
over the chest (Table 2).

Investigation

Of the 14 patients with a diagnosis of CTEPH,
4 of 14 patients were diagnosed via V/Q, 2 by CTAand
none by PA gram alone. Diagnosis was made by both
V/Q and CTAin 5 patients, by both VV/Q and PAgram in
1 patient and by all 3 tests in 2 patients. Almost all the
patient with CTEPH had an echocardiography finding
which demonstrated right atrium and right ventricular
dilatation, tricuspid regurgitation, dilatation of pulmo-
nary trunk or pulmonary artery, and leftward displace-
ment of the interventricular septum with normal left
ventricular ejection fraction (LVEF). Only one had a
visible clot in pulmonary trunk, and four of them
demonstrated ventricular chamber enlargement by
echocardiography. The mean estimated right ventricu-
lar systolic pressure (RVSP) obtained from echocardio-
graphy of 10 out of 14 patients was 107.48 + 26.99
mmHg. Of the two patients who had a PAgram, the
mean pulmonary-artery pressure (mean PAP) was 55
mmHg and 65 mmHg, systolic pulmonary artery pres-
sure (SPAP) was 95mmHg and 94 mmHg, respectively.
PA gram findings suggested proximal organized thrombi
in 1 out of 3 patients and a distal lesion in 2 out of 3
patients. Estimated RVSP of each NYHA function class
were shown in Fig. 1. All of the patients with CTEPH
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RVSP = Right ventricular systolic pressure

NYHA FC = New York heart association function class

*p > 0.05 = non statistically significant (Mann-Whitney U
test)

Fig. 1  Estimated RVSPin2 NYHA functional class groups
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had RVSP or PA systolic pressure over 60 mmHg. One
patient who had syncope had an RVSP of 83 mmHg.

CTAfinding was varying, mosaic attenuation
of the pulmonary parenchyma and eccentric organized
thrombi positioned within the central pulmonary arteries
were seen in three patients who had CTA.

The different EKG findings in CTEPH are seen
in Table 3. Two of the most common abnormalities were
S,Q,T, (41.7%), followed by right axis deviation (33.3%).
CXR findings included enlarged pulmonary trunk, right
atrium and right ventricle dilatation, and cardiomegaly.
Seven patients had doppler ultrasonography done on
their legs. Interestingly, only 28.6% of patients showed
evidence of DVT. Serum D-Dimer level measurement
using Latex agglutination technique showed the level
below 500 IU in four out of 9 patients (44.4%) and the
level of 500 IU and over in 5 out of 9 patients (55.6%).

Treatment and outcome

Unfractionated heparin was used in 6 out of
14 CTEPH cases (42.9%) and low molecular weight he-
parin (LMWH) was used in 4 out of 14 CTEPH patients
(28.6%). One patient received thrombolytic agents due
to an acute large pulmonary emboli superimposed
CTEPH. Five patients (35.7%) underwent pulmonary
thromboendarterectomy and 1\ C filters were placed in
6 patients (42.9%), as in Table 4.0ne patient died from
CTEPH in the postoperative period. Four patients had
marked improvement after thromboendarterectomy, their
NYHA improved from class Il to class | or class II. The
remaining patients who did not have other interven-
tions except oral anticoagulants remained stable.

Discussion

Data from North American studies showed
that CTEPH, a distinct but serious complication of acute
pulmonary emboli, is relatively rare. It occurs approxi-
mately 0.1-0.5 percent of patients with pulmonary em-

Table 3. EKG findings in chronic thromboembolic pulmo-
nary hypertension patients

EKG findings Frequency
(n=14) (%)

Sinus tachycardia 2 (16.7)
S1Q3T3 5(41.7)
Right axis deviation 4(33.3)
Non-specific ST-T change 3(21.4)

n = Total number of patients
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boli who survived. According to our study, we found
14 patients at Siriraj Hospital between January 2001
and October 2005 with CTEPH. This may imply that the
estimated number of APE cases could be 140-700 cases
per 5 years or 30-180 cases per year which is much
more than we expected. Most of our patients with
CTEPH presented late in the course of the disease.
Patients with thromboembolic disease may remain as-
ymptomatic for months or years before the first symp-
tom is noticed. Most of our patients were in NYHA
class 111 by the time of the diagnosis. The most com-
mon presenting symptoms were progressive exertional
dyspnea and exercise intolerance which were the same
as in previous reports®*®, The common physical signs
are the signs of right sided heart failure secondary from
pulmonary hypertension such as legs edema, tachyp-
nea and tachycardia and loud P2. Syncope, which is
thought to be the result of severe pulmonary hyper-
tension and the inability of a compromised right ven-
tricle to introduce adequate cardiac output, was found
in only one patient in our study group. All of our CTEPH
patients had RVSP of over 60 mmHg which is higher
than the average RVSP of patients with acute pulmo-
nary embolism. NYHA functional class of CTEPH pa-
tients were primarily in class 111, the higher functional
class seemed to be correlate with the higher RVSP.
Congenital and acquired thrombophilia were
more prevalent in our CTEPH patients (28.6%) whereas
none of these CTEPH patients had malignancies, which
were the most common risk factors in patients with
APE or DVT in our previous study®“®. Congenital throm-
bophilia may affect the balance of coagulation and
thrombolytic process, which may lead to the long-term
development of organized, non-resolving thrombi in
pulmonary vasculature causing CTEPH. Although,
malignancy with hypercoagulable state may frequently
cause DVT and APE, patients with malignancy and
APE may not live long enough to develop CTEPH.

Table 4. Treatment of the patients with chronic thromboem-
bolic pulmonary hypertension

Treatments Frequency
(n=14) (%)
Unfractionated heparin 6 (42.9)
LMWH 4 (28.6)
Thrombolytic therapy 1(7.2)
I\VVC filter 6 (42.9)
Pulmonary thromboendarterectomy 5 (35.7)

n = Total number of patients
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Initial laboratory tests such as CXR and EKG
are all nonspecific and similar to other cases of unex-
plained pulmonary hypertension. Duplex scanning of
the legs revealed evidence of prior venous thrombosis
in 32.5% of patients with CTEPH in our study, which is
comparable to the previous reports®*?, Transthoracic
echocardiogram demonstrated variable degrees of right
atrial and right ventricular enlargement, tricuspid re-
gurgitation, a leftward displacement of the interven-
tricular septum which are similar findings as in other
causes of pulmonary arterial hypertension. V/Q scan
demonstrated high probability in almost all patients.
Approximately 50% of CTEPH cases were diagnosed
by using CTA. However, PAgram is still an essential
tool not only to confirm the diagnosis of CTEPH by
revealing the characteristic of clots and degree of pul-
monary hypertension but also the extent and location
of the disease, which determines the operability. CTEPH
patients with severe pulmonary hypertension and proxi-
mal vascular lesions may be candidates for surgical
thromboendarterectomy. Almost all patients who
underwent pulmonary thromboendarterectomy in our
institution had PAgram done prior the surgery.

All of our patients received either unfrac-
tionated heparin or LMWH initially and eventually
received oral warfarin for life. Athrombolytic agent was
not routinely used in CTEPH because it does not affect
the chronic organized thrombi even though one of our
fourteen patients received intralesional thrombolytic
injection due to demonstration of intraluminal large
clots in right and left pulmonary artery during PAgram.
Later on, that patient had surgical thromboendarterec-
tomy.

Surgical thromboendarterectomy is a complex,
complicated, sophisticated procedure that can be done
in only a few centers around the world where highly
experienced cardiothoracic surgeons and teams are
present. Five of our CTEPH patients with severe pul-
monary hypertension (NYHA class I11) with proximal
lesions underwent pulmonary thromboendarterectomy.
Four patients had successful surgeries but one patient
died postoperatively due to arrhythmia and persistent
right heart failure. Estimated surgical mortality was 20%
in our institution, which is comparable to other institu-
tions (around 5-20%)@*9), Nine CTEPH patients with
distal clots did not have thromboendarterectomy. Infe-
rior vena cava filers (I\VC filter) were placed in all 5
patients who underwent thromboendarterectomy and
in another one CTEPH with distal thrombi who was not
a surgical candidate due to a past history of previous
intracranial hemorrhage and seizure.
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Only two of fourteen patients died. One of
them died postoperatively. Another one had acute pul-
monary emboli superimposed CTEPH with fatal right
ventricular failure. Four patients who survived throm-
boendarterectomy had much improved NYHA class.
Remaining patients were stable with anticoagulation.

Conclusion

CTEPH, a unique type of pulmonary hyper-
tension, is an unusual but curable complication of acute
pulmonary embolism. The true prevalence of this con-
dition is unknown. In our study we found 14 CTEPH
cases within a 5 year period. The clinical manifesta-
tions, baseline characteristic, symptoms and signs of
these patients were not different from previous reports
in European countries. Interestingly, we observed
different congenital and acquired thrombophilia factors
in up to 20% of our CTEPH cases. Echocardiogram,
V/Q, CTAand PAgram play important roles in the diag-
nosis, evaluation and determination of treatment op-
tions in these cases. Thromboendarterectomy is still a
curative treatment in surgically accessible CTEPH with
severe pulmonary hypertension. In our institute, the
successful thromboendarterectomy rate was about 80%.
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