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INTRODUCTION

The prognosis of patients with chronic thromboembol-
ic pulmonary hypertension (CTEPH) is variable, but the 
condition may be life threatening in some cases. CTEPH 
is characterized by chronic organized thrombi that ob-
struct the pulmonary vascular beds and lead to unfavor-
able clinical outcomes [1]. Increased pulmonary vascular 

resistance subsequently leads to progressive pulmonary 
hypertension (PH) and right heart failure. In the non-oc-
cluded areas, pulmonary arteriopathy indistinguishable 
from that of pulmonary arterial hypertension (PAH) can 
develop and contribute to disease progression [2]. It is 
important to determine predictive factors for the early 
detection of CTEPH that could lead to an improvement 
in quality of life and reduce the hemodynamic impact 
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Background/Aims: Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a life-threatening complication after acute pulmonary embolism (APE) and is 
associated with substantial morbidity and mortality. This study aimed to inves-
tigate the incidence of CTEPH after APE in Korea and to determine echocardio-
graphic predictors of CTEPH. 
Methods: Among 381 patients with APE confirmed by chest computed tomogra-
phy (CT) between January 2007 and July 2013, 246 consecutive patients with avail-
able echocardiographic data were enrolled in this study. CTEPH was defined as 
a persistent right ventricular systolic pressure (RVSP) greater than 35 mmHg on 
echocardiography during follow-up and persistent pulmonary embolism on the 
follow-up CT. 
Results: Fifteen patients (6.1%) had CTEPH. The rate of right ventricular (RV) 
dilatation (66.7% vs. 28.1%, p = 0.002) and the RVSP (75.5 mmHg vs. 39.0 mmHg, p 
< 0.001) were significantly higher in the CTEPH group. D-dimers, RV dilatation, 
RV hypertrophy, RVSP, and intermediate-risk APE were associated with the risk 
of CTEPH after APE (odds ratio [OR] 0.59, 5.11, 7.82, 1.06, and 4.86, respectively) 
on univariate analysis. RVSP remained as a significant predictor of CTEPH on 
multivariate analysis (OR, 1.056; 95% confidence interval, 1.006 to 1.109; p = 0.029).
Conclusions: This study showed that the incidence of CTEPH after APE in Korea 
was 6.1% and that initial RVSP by echocardiography was a strong prognostic fac-
tor for CTEPH.
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of this disease.
It is widely believed that the incidence of CTEPH is 

approximately 0.1% among patients who survive a pul-
monary embolism. However, according to a more recent 
study, it appears to be more common, with an incidence 
ranging from 0.5% up to 3.8% [3].

European guidelines recommend that patients with 
acute pulmonary embolism (APE) who show signs of PH 
or right ventricular (RV) dysfunction at any time during 
their hospital stay should undergo follow-up echocardi-
ography after discharge (usually after 3 to 6 months) to 
determine whether or not the PH has resolved [4]. How-
ever, it is difficult to perform this echocardiography in 
clinical practice for various reasons. This can result in 
a delayed diagnosis of CTEPH at a time when the dis-
ease has already advanced to a stage with severe vascular 
damage and right-side heart failure.

The purpose of this study was to assess the incidence 
and characteristics of CTEPH in Korean patients, and 
to identify risk factors for developing CTEPH after APE. 

METHODS

Patient selection and follow-up
This was a single-center, retrospective observational 
study covering a period from January 2007 to July 2013 
in Pusan National University Hospital. Patients with 
suspected pulmonary embolism underwent a standard-
ized diagnostic work up [4]. Patients who had a diagno-
sis of APE, confirmed by contrast-enhanced computed 
tomography (CT), and had undergone an initial trans-
thoracic echocardiographic examination were included 
in the analysis. All patients with APE were enrolled, re-
gardless of any prior history of venous thromboembo-
lism (VTE). Patients with a combined disease entity (e.g., 
severe chronic obstructive pulmonary disease, system-
ic sclerosis, or elevated left ventricular filling pressure) 
that could have caused non-thromboembolic PAH were 
excluded from the study. 

Patients were treated according to the judgment of the 
attending physician. The therapeutic regimens used for 
pulmonary embolism were based on risk stratification 
and included unfractionated heparin and vitamin K an-
tagonist (VKA), inferior vena cava filter and VKA, new 
oral anticoagulant, with thrombolysis and thromboem-

bolectomy for hemodynamically unstable cases. Hepa-
rin was administered as an intravenous bolus of at least 
5,000 IU, and was infused continuously to maintain an 
activated partial-thromboplastin time that was 1.5 to 2.5 
times the control value. Oral anticoagulants were start-
ed during the first week and continued for at least 3 
months if possible. The target international normalized 
ratio (INR) was 2.0 to 3.0, depending on the individual 
risk of recurrent VTE, anticoagulant treatment was con-
tinued beyond 3 months.

Follow-up of patients was performed after APE, in or-
der to monitor the development of CTEPH on trans-
thoracic echocardiography or contrast enhanced CT 
and to record any cause of death. Follow-up echocardi-
ography was performed for patients who had otherwise 
unexplained persistent dyspnea, or where the attending 
physician deemed it clinically necessary. The patients 
were divided into two groups based on whether CTEPH 
developed or not. We evaluated the incidence of CTEPH 
after APE, the clinical and echocardiographic character-
istics of the CTEPH group, and potential risk factors for 
developing CTEPH.

Echocardiography and contrast-enhanced CT
Routine transthoracic echocardiography for the assess-
ment of RV function was performed and interpreted 
according to the guidelines of the American Society of 
Echocardiography (ASE) [5] by an experienced physician 
on the patient’s first hospital visit after APE had been 
confirmed by CT. RV diastolic diameters were measured 
at the level of the mitral and tricuspid valve tips during 
late diastole. Tricuspid annular plane systolic excursion 
was assessed in the M-mode presentation by placing 
a sample volume cursor in the tricuspid annulus and 
measuring the amount of longitudinal motion of the 
annulus at peak systole [6]. Tricuspid annular velocity 
(S’) was measured in the apical 4-chamber view by plac-
ing a tissue Doppler cursor on the lateral tricuspid an-
nulus and measuring the peak velocity of this reference 
point during systole [7]. Tricuspid valve regurgitation 
was qualitatively assessed by color Doppler, and peak 
gradient was calculated using a simplified Bernoulli’s 
formula, based on the tricuspid regurgitant flow peak 
velocity [5]. 

Standard contrast-enhanced CT thromboembolism 
protocols were used in most cases for the diagnosis of 
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APE and deep vein thrombosis (image acquisition be-
ginning with a scanning delay of ~15 to 20 seconds after 
the start of the injection of contrast medium) [8]. The 
location of the thrombus and the pulmonary artery in-
volved were recorded.

Definitions
CTEPH was defined as a state in which systolic and 
mean pulmonary artery pressures exceeded 35 and 25 
mmHg, respectively, at rest on follow-up transthorac-
ic echocardiography at least 6 months after the initial 
diagnosis of APE, while there was no evidence of elevat-
ed left ventricular filling pressure, chronic obstructive 
pulmonary disease, or congenital anomaly. Evidence of 
pouching, webs, or bands with or without post-stenot-
ic dilatation, intimal irregularities, abrupt narrowing, 
or total occlusion of a pulmonary artery on follow-up 
contrast enhanced CT might be concomitant findings. 
Each of these findings is consistent with the presence 
of CTEPH [9].

RV dysfunction and other echocardiographic param-
eters used to assess RV morphology and function were 
defined according to the ASE guidelines [5] on the diag-
nosis and management of APE.

The severity of APE was stratified into three levels 
of risk of early mortality, based on the presence of risk 
markers (e.g., shock or hypotension, RV dysfunction, 
myocardial injury). Thus, patients with APE were clas-
sified into high-risk, intermediate-risk, or low-risk [10].

The following potential risk factors for CTEPH were 
considered: age, sex, type of initial treatment, severi-
ty of the pulmonary embolism at presentation, initial 
presentation with idiopathic pulmonary embolism or 
pulmonary embolism due to permanent risk factors, 
concomitant symptomatic deep-vein thrombosis at pre-
sentation, and a history of VTE [11].

Statistical analysis
Data characterized by a normal distribution are ex-
pressed as mean ± standard deviation. Parameters with-
out such a distribution are expressed as median with 
maximum and minimum values. The Student t test or 
the Mann-Whitney U test was used for comparisons 
between two groups. The chi-square test was used to 
compare discrete variables. The impact of clinical and 
echocardiographic parameters on CTEPH was evaluated 

using univariate logistic regression, and multivariable 
analysis was used to identify significant risk factors us-
ing the enter method. The investigation of a diagnostic 
cutoff value was based on receiver operating characteris-
tic (ROC) curves. Results are given as odds ratio (OR; 95% 
confidence interval [CI]) and data were considered signif-
icant at p < 0.05. SPSS version 22 (IBM Co., Armonk, NY, 
USA) was used for statistical analysis and calculation.

RESULTS

We identified 381 consecutive patients with APE con-
firmed by contrast-enhanced CT at baseline from Janu-
ary 2007 to July 2013. In total, 135 patients were excluded 
because they had no initial transthoracic echocardio-
graphic data. Thus, 246 patients were assessed retro-
spectively (Fig. 1).

Fifteen patients (6.1%) developed CTEPH and 231 
(93.9%) did not. Follow-up echocardiography and con-
trast-enhanced CT was used for the diagnosis of CTEPH 
during a median of 314 days. The baseline characteristics 
of the groups are shown in Table 1. There were no sig-
nificant differences in baseline characteristics between 
groups, except that patients without CTEPH had higher 
admission levels of D-dimers (4.64 vs. 1.52, p = 0.002). Age 
and sex as potential risk factors for developing CTEPH 
did not show any differences between groups. Transient 
risk factors (e.g., recent operation, use of hormonal ther-

Figure 1. Study f low diagram. CT, computed tomography; 
PTE, pulmonary thromboembolism; CTEPH, chronic 
thromboembolic pulmonary hypertension.

Total 381 patients with acute pulmonary
thromboembolism confirmed by contrast enhanced CT

(2007.1–2013.7.19)

135 Patients without transthoracic
echocardiography on admission

231 Patients without CTEPH
(93.9%)

15 Patients developing CTEPH
(6.1%)

246 Patients with acute PTE on CT and available
transthoracic echocardiography
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Table 1. Baseline characteristics 

Characteristic CTEPH group (n = 15, 6.1%) Non-CTEPH group (n = 231, 93.9%) p value

Demographic characteristic

Mean age, yr 70.8 ± 8.1 66.5 ± 12.7 0.190

Male sex 6 (40.0) 92 (39.8) 0.989

Body mass index 23.41 ± 2.81 24.13 ± 3.33 0.430

Past history, %

History of operation 5 (33.3) 98 (42.4) 0.489

Malignancy 4 (26.7) 69 (29.9) 1.000

Bedridden state 3 (20.0) 69 (29.9) 0.563

Stroke 3 (20.0) 29 (12.6) 0.423

Chemotherapy 2 (13.3) 40 (17.3) 1.000

Lung disease 5 (33.3) 37 (16.0) 0.084

Spinal cord injury 1 (6.7) 8 (3.5) 0.438

Hormone therapy 0 4 (1.7) 1.000

Pregnancy/peripartum 0 2 (0.9) 1.000

Hematologic disease 1 (6.7) 12 (5.2) 0.568

Autoimmune disease 1 (6.7) 1 (0.4) 0.118

Oral contraceptives 0 1 (0.4) 1.000

Symptoms at admission, %

Dyspnea 12 (80.0) 143 (61.9) 0.181

Chest pain 3 (20.0) 40 (17.3) 0.731

Cough 0 13 (5.6) 1.000

Hemoptysis 1 (6.7) 6 (2.6) 0.360

Wheezing 1 (6.7) 4 (1.7) 0.272

Syncope 0 9 (3.9) 1.000

Leg pain 2 (13.3) 44 (19.0) 0.744

Mental change 0 12 (5.2) 1.000

Vital sign

Systolic blood pressure, mmHg 112.0 ± 20.1 111.1 ± 23.1 0.876

Heart rate, bpm 90.5 ± 16.6 88.3 ± 19.3 0.668

Respiratory rate, /min 19.9 ± 3.3 20.0 ± 2.9 0.922

SaO2, % 92.9 ± 6.5 94.7 ± 5.9 0.334

Laboratory test

Troponin I, ng/mL 0.02 (0.02–0.13) 0.03 (0.0–0.16) 0.600

CK-MB, μg/L 1.91 (0.74–3.73) 1.71 (0.92–3.69) 0.898

D-dimer, μg/mL 1.52 (0.24–3.36) 4.64 (2.47–7.58) 0.002

BNP, pg/mL 231.0 (47.0–1,421.4) 158.0 (29.5–605.4) 0.353

APE-risk stratification, %

Low risk group 2 (13.3) 94 (40.7) 0.074

Intermediate risk group 12 (80) 116 (50.2)

High risk group 1 (6.7) 21 (9.1)

Values are presented as mean ± SD, number (%), or median (interquartile range). 
CTEPH, chronic thromboembolic pulmonary hypertension; SaO2, oxygen saturation; CK-MB, creatine kinase MB fraction; 
BNP, brain natriuretic peptide; APE, acute pulmonary embolism.

www.kjim.org


89

Park JS, et al. Echocardiography on pulmonary hypertension

www.kjim.orghttps://doi.org/10.3904/kjim.2014.175

apy, use of oral contraceptives, pregnancy, history of 
trauma) and permanent risk factors (e.g., prior VTE, ma-
lignancy, spinal cord injury, stroke, heart failure, family 
history of VTE) for APE and developing CTEPH did not 
differ between groups. The incidence of high-risk PE 
did not differ between groups (6.7% vs. 9.1%, p = 0.074).

The initial echocardiographic and contrast-enhanced 
CT features of the studied patients are shown in Table 
2. The presence of deep vein thrombosis (26.7% vs. 45%, 
p = 0.19), location (p = 0.309) and the pulmonary arteries 
affected by PE (p = 0.306) did not show any differences 
between groups. Most echocardiographic parameters 
that assess RV morphology and function or dysfunction 
indicated more significant RV impairment in patients 
with CTEPH than in patients without: RV dilatation 
(66.7% vs. 28.1%, p = 0.002), RV dysfunction (46.7% vs. 
26.8%, p = 0.098), RV hypertrophy (40% vs. 7.9%, p < 
0.001), D-shaped left ventricle (40% vs. 9.5%, p < 0.001), 

right ventricular systolic pressure (RVSP, 75.5 mmHg vs. 
39 mmHg, p < 0.001).

A comparison of therapeutic strategies for APE be-
tween groups is shown in Table 3. Thrombolysis and 
embolectomy were performed in 19 of the 231 patients 
(8.2%) without CTEPH, whereas no patient with CTEPH 
received such treatment. More patients in the CTEPH 
group (n = 14, 93.3%) than in the non-CTEPH group (n 
= 157, 68%) were given activated partial thromboplastin 
time-adjusted unfractionated heparin intravenous in-
fusion, and VKA was administered overlapping heparin 
infusion, with a target INR of 2 to 3. The rate of treat-
ment-related bleeding during follow-up was similar 
between groups (7.8% vs. 6.7%, p = 1.000). Patients with 
CTEPH had a longer duration of warfarin treatment (9 
months vs. 6 months, p = 0.163) and a longer prothrom-
bin time (PT/INR) (1.98 vs. 1.7, p = 0.111) compared to 
patients without CTEPH, but the differences were not 

Table 2. Contrast-enhanced CT and echocardiographic findings 

Characteristic CTEPH group (n = 15, 6.1%) Non-CTEPH group  (n = 231, 93.9%) p value

Contrast-enhanced CT

Deep vein thrombosis 4 (26.7) 104 (45.0) 0.190

Thrombus location 0.309

Bilateral 6 (40.0) 120 (51.9)

Unilateral, left 0 20 (8.7)

Unilateral, right 9 (60.0) 91 (39.4)

Thrombus site 0.306

Main pulmonary artery 9 (60.0) 93 (40.3)

Lobar pulmonary artery 4 (26.7) 99 (42.9)

Segmental pulmonary artery 1 (6.7) 33 (14.3)

Subsegmental pulmonary artery 1 (6.7) 6 (2.6)

Echocardiographic parameter

RV dilatation, % 10 (66.7) 65 (28.1) 0.002

RV dysfunction, % 7 (46.7) 62 (26.8) 0.098

RV hypertrophy, % 6 (40.0) 18 (7.9) < 0.001

D-shaped LV, % 6 (40.0) 22 (9.5) < 0.001

RV systolic pressure, mmHg 75.5 (42.0–98.8) 39.0 (28.0–49.0) < 0.001

Inferior vena cava size, mm 23.0 (20.5–23.5) 21.5 (20.0–24.0) 0.839

Follow-up echo periods, day 314.5 (205–367) 122 (15.5–476.5) 0.023

Follow-up RV systolic pressure, mmHg 77 (52.5–89.8) 35.5 (32–41) < 0.001

Values are presented as number (%) or median (interquartile range).
CT, computed tomography; CTEPH, chronic thromboembolic pulmonary hypertension; RV, right ventricular; LV, left ventric-
ular. 
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statistically significant. Additionally, there was no sig-
nificant difference between the groups in the time in 
therapeutic range during the first 3 months after initia-
tion of warfarin (38.9% vs. 27%, p = 0.423).

All-cause death during follow-up eventually occurred 
in 23 of 246 patients (9.3%). Pulmonary embolism and 
thrombolysis-related death were observed in three pa-
tients, while the 20 deaths not related to pulmonary em-
bolism were due to malignancy (11 cases), sepsis (seven 
cases), and multiorgan failure (two cases). Only one pa-

tient of developing CTEPH group died not related pul-
monary embolism.

Logistic regression analysis was performed to evalu-
ate the risk factors for developing CTEPH (Figs. 2 and 
3). Potential risk factors for CTEPH (e.g., age, sex, ini-
tial therapeutic strategy, prior VTE) did not predict the 
development of CTEPH on univariate analysis. Most 
echocardiographic RV assessment parameters signifi-
cantly predicted the development of CTEPH: RV dila-
tation (OR, 5.10; 95% CI, 1.68 to 15.51), RV hypertrophy 

Figure 2. Risk factors for developing chronic thromboembolic pulmonary hypertension on univariate analysis. OR, odds ratio; 
CI, confidence interval; BP, blood pressure; HR, heart rate; CK-MB, creatine kinase MB fraction; BNP, brain natriuretic pep-
tide; RV, right ventricular; LV, left ventricular; PT, prothrombin time; INR, international normalized ratio; APE, acute pulmo-
nary embolism.
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(OR, 7.81; 95% CI, 2.50 to 24.42), D-shaped LV (OR, 6.33; 
95% CI, 2.06 to 19.4), and elevated RVSP (OR, 1.06; 95% 
CI, 1.03 to 1.09). An initial low level of D-dimers (OR, 
0.58; 95% CI, 0.37 to 0.91) and a prolonged PT (INR) (OR, 
2.56; 95% CI, 1.07 to 6.15) were related with developing 
CTEPH. Intermediate-risk PE was also associated with 
the development of CTEPH (OR, 4.86; 95% CI, 1.06 to 
22.26). On multivariate analysis, elevated RVSP was the 
only significant predictor for developing CTEPH (OR, 
1.05; 95% CI, 1.006 to 1.109).

According to ROC curve analysis, the best cutoff val-
ue of RVSP for CTEPH was 75 mmHg (area under curve 
[AUC], 0.805; p < 0.001), with a sensitivity and specificity 
of 57.1% and 60%, respectively (Fig. 4). 

Table 3. Treatment for acute pulmonary embolism

Characteristic CTEPH group (n = 15, 6.1%) Non-CTEPH group (n = 231, 93.9%) p value

Treatment modality, % 0.470

No therapy 1 (6.7) 32 (13.9)

Thrombolysis 0 18 (7.8)

Embolectomy 0 1 (0.4)

Heparin + warfarin 14 (93.3) 157 (68.0)

IVC filter ± warfarin 0 16 (6.9)

New oral anticoagulant 0 7 (3.0)

Bleeding complication, % 1 (6.7) 18 (7.8) 1.000

Follow-up mean PT-INR  1.98 (1.56–2.56) 1.7 (1.3–2.07) 0.111

Warfarin use period, mon 9.0 (4.8–26.8) 6.0 (2.0–15.0) 0.163

Mean TTR, % 38.9 ± 34.2 27.2 ± 26.1 0.423

Values are presented as number (%), median (interquartile range), or mean ± SD.
CTEPH, chronic thromboembolic pulmonary hypertension; IVC, inferior vena cava; PT, prothrombin time; INR, internation-
al normalized ratio; TTR, time in therapeutic range. 

Figure 4. Receiver operating characteristic curve for right 
ventricular systolic pressure (RVSP) showed that a cutoff value 
of 74.5 mmHg had 57% sensitivity and 60% specificity for the 
prediction of developing chronic thromboembolic pulmo-
nary hypertension: area under curve (AUC), 0.805; p < 0.001.
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Figure 3. Risk factors for developing chronic thromboembolic pulmonary hypertension on multivariate analysis. OR, odds 
ratio; CI, confidence interval; BP, blood pressure; HR, heart rate; BNP, brain natriuretic peptide; RV, right ventricular.
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DISCUSSION

In this study, CTEPH appeared to be surprisingly com-
mon, with a higher incidence than in any other previous 
studies: 6.1% of patients who had an episode of APE. In 
addition, initial echocardiography revealed significant 
RV impairment in patients with CTEPH. Initial echo-
cardiographic parameters that assessed RV function 
and morphology were associated with an increased risk 
of developing CTEPH after the proper management 
of APE. After adjusting for covariates, RVSP remained 
a significant risk factor for developing CTEPH, with a 
best cutoff value of 75 mmHg.

Eventually, 6.1% of patients with APE developed CTEPH. 
These results challenge the common belief that CTEPH 
is rare after an episode of APE and occurs long after the 
acute episode [12]. Previous studies that reported a low-
er incidence of CTEPH, ranging from 0.8% to 3.8%, in-
cluded selected patient cohorts—for example, excluding 
asymptomatic patients and those with a prior episode of 
pulmonary embolism [13]. In our study, all patients diag-
nosed with APE were included, regardless of prior VTE 
or symptom. All patients with CTEPH were symptomatic 
and six of the 15 patients (40%) had prior VTE. This could 
be one of the reasons for the higher incidence of CTEPH 
in our study. The incidence of CTEPH remained higher 
even after prior VTE was excluded: nine of 178 patients 
(5%). In some cases, follow-up echocardiography was per-
formed 6 months or more after the initial episode of APE, 
even if the patient had no symptoms. Taking these con-
siderations into account, we believe that our results rea-
sonably represent the incidence of CTEPH. Patients with 
APE might need a more aggressive follow-up because of 
this unexpected higher incidence of CTEPH.

The risk factors for subsequently developing CTEPH 
have been identified by several studies. The risk of de-
veloping CTEPH following an APE was higher in pa-
tients who had persistent PAH during follow-up [14]. 
These results were consistent with our study, where an 
initial high pulmonary artery pressure was associated 
with developing CTEPH. Other risk factors for devel-
oping CTEPH included traditional risk factors, such 
as a large perfusion defect on perfusion scan, and id-
iopathic presentation [3]. However, it seemed unlikely 
that these traditional risk factors would be related with 
the development of CTEPH in this study. Hemostatic 

risk factors, such as an elevated level of factor VIII and 
abnormalities in fibrinogen structure and function, 
are also associated with developing CTEPH [15,16]. Pri-
or splenectomy, presence of a ventriculoatrial shunt or 
infected pacemaker, osteomyelitis, inflammatory bowel 
disease, and hypothyroidism were found to be risk fac-
tors for developing CTEPH in a small-sized study [17]. 
However, these medical conditions related to develop-
ing CTEPH could not be discussed properly, because of 
the shortage of pertinent data. In addition, these studies 
excluded patients with APE.

Echocardiography is a noninvasive and cost-effective 
modality that can be used to determine the severity of 
APE at presentation, and to search systematically for 
CTEPH in patients diagnosed with APE [18]. In most 
patients with CTEPH, the disease is observed with-
in 24 months after APE [3], whereas current European 
guidelines recommend shorter-term follow-up echo-
cardiography only in patients with high-risk APE [4]. A 
symptom-based approach after APE might not be the 
most appropriate management, because the diagnosis 
of CTEPH could be missed in asymptomatic patients, 
with potentially serious consequences. Therefore, an ex-
tension of the follow-up period for echocardiography or 
exercise echocardiography in patients who have a high 
risk of developing CTEPH could be helpful. Apart from 
the significance of echocardiography in the diagnosis 
of CTEPH, the findings of this study suggest that echo-
cardiographic parameters that assess RV function and 
morphology could be used as clinical markers for devel-
oping CTEPH. Various echocardiographic parameters 
were found to be significant risk factors for developing 
CTEPH on univariate analysis. Even after multivariate 
analysis, RVSP continued to remain a significant risk 
factor. ROC analysis of RVSP for developing CTEPH 
showed a high AUC, and patients with an initial RVSP 
above 74.5 mmHg had a higher chance of developing 
CTEPH. Another study reported that elevated pulmo-
nary artery pressure in an APE is correlated with the de-
velopment of persistent PH in the late period [14]. Per-
sistent PH is related with RV dysfunction, and patients 
with CTEPH and RV dysfunction have a poorer clinical 
outcome than any other subgroup [19]. Therefore, we 
suggest that RVSP might be viewed as an important and 
valuable risk factor among the various echocardiograph-
ic parameters at presentation.
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High-risk APE may lead patients and physicians to 
be more cautious in the management of the condition. 
However, patients with intermediate-risk APE and ini-
tial RVSP above 74.5 mmHg should be managed with 
proper anticoagulation therapy and closely monitored, 
even after discharge from hospital. Regular follow-up 
echocardiography and a symptom-related diagnostic 
modality might be helpful in arriving at the diagnosis of 
CTEPH earlier in these patients.

The present findings are derived from retrospective 
observational analysis, which is subject to well-known 
limitations. The first is the potential for confounding 
by measured or unmeasured variables, which cannot be 
ruled out even after multivariate adjustment. Second, 
the diagnosis of CTEPH was based only on echocardi-
ography and contrast-enhanced CT. In spite of advances 
in CT and magnetic resonance imaging, a radionuclide 
ventilation/perfusion scan to screen for CTEPH remains 
the preferred test and is recommended as the initial step 
in the diagnosis of CTEPH [4]. Moreover, definite PH 
was confirmed using pulmonary artery catheterization 
rather than echocardiography only. However, echocar-
diography, which could be used to identify risk factors 
for developing CTEPH, might be useful to arrive at a 
diagnosis faster and less invasively; thereby, allowing 
the prediction of disease progression with a view to 
improving clinical outcomes. Finally, this was a small, 
single-center study. In particular, the patients with 
high-risk APE were few in number, which limited the 
study’s statistical power for predicting the development 
of CTEPH and the clinical outcomes related to thera-
peutic strategy.

In conclusion, a high incidence of CTEPH after APE 
was identified in our single-center, retrospective obser-
vational study. Initial echocardiography was a useful 
tool for evaluating RV impairment and identifying risk 
factors for the development of CTEPH. We suggest that 
regular and long-term echocardiographic follow-up 
might be helpful for the faster diagnosis and manage-
ment of CTEPH in patients with intermediate-risk APE 
or elevated RVSP at presentation.
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