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INTRODUCTION

Chronic thromboembolic pulmonary hypertension 
(CTEPH) is a form of pulmonary hypertension (PH) that 
is characterized by the mechanical obstruction of the 
pulmonary arteries with thromboembolic materials. 
The consequences of CTEPH—such as an increase in 

pulmonary vascular resistance (PVR), progressive PH, 
and eventually right heart failure—are devastating [1].

Pulmonary endarterectomy (PEA) is the treatment of 
choice for relieving pulmonary artery (PA) obstruction 
in patients with CTEPH [2]. This treatment is well estab-
lished by studies performed at experienced surgical cen-
ters in Western countries, in particular the University 
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Background/Aims: Pulmonary endarterectomy (PEA) is the gold standard for 
treating chronic thromboembolic pulmonary hypertension (CTEPH) in West-
ern countries. The aim of this study was to investigate the long-term outcomes 
of performing PEA on CTEPH patients in comparison with medical therapy at a 
single Korean center.
Methods: This retrospective study included 88 CTEPH patients. These patients 
were classified into the PEA group (n = 37) or non-PEA group (i.e., medical therapy; 
n = 51). The clinical characteristics, hemodynamic data, and long-term survival 
rates were compared. Independent prognostic factors for CTEPH were also inves-
tigated.
Results: CTEPH was not associated with either gender, and the mean age at diag-
nosis was 53.3 ± 13.7 years. Echocardiography revealed that the mean peak velocity 
of the tricuspid regurgitation jet was 4.2 ± 0.7 m/sec and the mean pulmonary ar-
terial pressure was 51.7 ± 15.1 mmHg. The PEA and non-PEA groups demonstrated 
no significant differences, except in terms of the right ventricular end-diastolic 
diameter. The survival rates of the PEA group were significantly higher than the 
non-PEA group at 1, 3, 5, and 10 years (p = 0.032). Multivariate analyses indicated 
that World Health Organization class IV and PEA were significant predictors of 
poorer and better outcomes, respectively.
Conclusions: PEA demonstrates more favorable effects on long-term survival 
than medical therapy in Korean CTEPH patients who were considered operable.
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of California, San Diego (UCSD) [3]. However, there are 
only a few studies on PEA in Asian countries due to the 
small number of PEA cases [4,5]. Recent studies in West-
ern countries also reported a decrease in the mortality 
rates associated with PEA as a consequence of improved 
surgical skills; thereby, emphasizing the effects of surgi-
cal experience on clinical outcomes [3,6]. This suggests 
that the survival rates of PEA in Asian countries might 
be lower than in Western countries due to limited ex-
perience.

Fortunately, new pulmonary arterial hypertension 
(PAH) drugs have been reportedly used on inoperable 
CTEPH patients. One of these novel target therapies—
sildenafil—reportedly improves exercise capacity and 
PVR. Furthermore, positive effects on survival rates have 
been suggested in certain types of CTEPH patients [7,8].

Although a few studies from Korea on CTEPH were 
recently published, these studies were retrospective and 
limited to small populations [9-11]. The aims of our pres-
ent study were to investigate the baseline characteristics 
of CTEPH patients and the survival rates of PEA in com-
parison with medical treatment at a single Korean cen-
ter. 

METHODS

Study patients
We performed a retrospective review of patients diag-
nosed with CTEPH who were referred to Asan Medical 
Center in Korea between January 1994 and February 
2015. A diagnosis of CTEPH was defined as follows: (1) 
mean pulmonary artery pressure (PAP) > 25 mmHg; (2) 
pulmonary capillary wedge pressure (PCWP) < 15 mmHg 
on right heart catheterization (RHC) or peak velocity of 
the tricuspid regurgitation (TR) jet ≥ 2.8 m/sec with nor-
mal left ventricular function on transthoracic echocar-
diography (TTE); (3) ≥ 3 months of anticoagulation; and 
(4) ≥ 1 mismatched segmental perfusion defect on lung 
ventilation and perfusion (V/Q) scanning, chest comput-
ed tomography (CT), or pulmonary angiography [12,13]. 
In patients without RHC, laboratory tests, pulmonary 
function tests (PFTs), chest X-rays, V/Q scans, CT, and 
TTE were used to diagnose CTEPH (PH group IV, as 
designated by the World Health Organization [WHO] 
classification) and rule out PH groups II, III, and V. 

Entry was defined as the date of the first diagnosis of 
CTEPH on RHC or TTE.

Surgical indications for CTEPH included PVR > 300 
dyne × sec/cm5, mean PAP > 30 mmHg, WHO functional 
class greater than II, surgically accessible proximal le-
sions in the main lobar or segmental PA, and the absence 
of significant comorbidities. In addition, an operability 
assessment was performed by a multidisciplinary board 
that consisted of chest surgeons, pulmonologists, car-
diologists, and radiologists. After PEA, all survivors re-
ceived permanent anticoagulation therapy. In the non-
PEA group, warfarin was administered to all patients. 
Oral PAH target therapies were also administered based 
on the clinical data and availability of medications.

This study was approved by the Institutional Review 
Board (IRB) of Asan Medical Center (IRB no. 2015-0516) 
which waived the requirement for informed consent 
due to the retrospective nature of the analysis.

Data collection
Baseline data were collected from the medical charts in-
cluded with the electronic medical records (EMRs) and 
the Asan Biomedical Research Environment. Data in-
cluded gender, age at diagnosis, body mass index, dura-
tion of symptoms until diagnosis, dyspnea severity based 
on WHO functional class, baseline laboratory data, re-
sults of PFTs, 6-minute walking distance (6MWD), Charl-
son comorbidity index, and sildenafil use.

Echocardiographic studies were performed using a 
Philips echocardiography system (Konninklijke Philips 
N.V., Eindhoven, the Netherlands). Echocardiographic 
measurements included the ejection fraction, the diam-
eter of both ventricles during end diastole, and the peak 
velocity of the TR jet. Systolic PAP was estimated using 
the transtricuspid gradient, as measured using the Dop-
pler method, on multiple projections plus right atrial 
pressure (RAP), and the transtricuspid gradient was cal-
culated using the modified Bernoulli equation (RAP was 
empirically estimated as 10 mmHg) [14]. Mean PAP was 
calculated using the following equation: mean PAP = 
0.61 × systolic PAP + 2 [15].

Chest CT images were reviewed using PetaVision soft-
ware (Asan Medical Center). The diameters of the main 
PA and aorta (A) at the level of the bifurcation of the left 
and right main pulmonary arteries were measured in 
order to calculate the PA:A ratio.
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RHC was performed at the medical intensive care 
unit. A 7.5-Fr Swan-Ganz catheter (Edwards Lifesciences, 
Irvine, CA, USA) was placed in the PA through the right 
internal jugular vein or subclavian vein. Baseline he-
modynamic values, such as systolic PAP, diastolic PAP, 
mean PAP, PCWP, and mixed venous oxygen saturation, 
were measured. Cardiac output (CO) was measured us-
ing the thermodilution technique and a Vigilance Mon-
itor (Edwards Lifesciences). PVR was calculated as fol-
lows: (mean PAP – mean PCWP) / CO. The cardiac index 
was calculated as CO/body surface area [14].

Outcome measures
The efficacy of PEA was evaluated by comparing patient 
survival status and the survival periods between the PEA 
and non-PEA groups. Survival status was determined 
using the EMRs from Asan Medical Center and the ex-
piration date of the Korean National Health Insurance 
Service for each patient. The survival period was defined 
as the time from diagnosis to either death or the last day 
of hospital follow-up. The survival rates for the whole 
cohort and both groups were evaluated at 1, 3, 5, and 
10 years after the first diagnosis. Operative mortality 
was defined as in-hospital mortality or death that oc-
curred within 30 days after PEA. Late mortality was de-
fined as mortality that occurred more than 30 days after 
PEA. The causes of operative and late mortality included 
all-cause mortality, which were also reviewed using the 
EMRs from Asan Medical Center.

Statistical analysis
All values are expressed as the mean ± standard devi-
ation or median (interquartile range) for continuous 
variables, or as the number or percentage for categori-
cal variables. Baseline clinical characteristics, hemody-
namic data, and RHC findings were compared using the 
independent t test or Mann-Whitney U test for contin-
uous variables. For categorical variables, the chi-square 
test or linear-by-linear association test was used. Surviv-
al curves were derived using the Kaplan-Meier method 
and log-rank test. In this study, p < 0.05 was considered 
statistically significant. Backward stepwise univariate 
and multivariate Cox proportional hazard models were 
used to examine prognostic factors and the independent 
effect on survival. The results are presented as hazard 
ratios (HR) with corresponding 95% confidence interval 

(CI). The analyses were performed using PASW statistics 
version 20 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline patient characteristics
A total of 94 patients with CTEPH were reviewed, and 
88 patients were enrolled in this study. Six patients who 
underwent PEA were excluded because their TR veloc-
ity was < 2.8 m/sec (Fig. 1). As a whole, CTEPH was not 
found to be specifically associated with either gender, 
and the mean age at diagnosis was 53.3 ± 13.7 years. The 
mean peak velocity of the TR jet was 4.2 ± 0.7 m/sec, and 
the mean PAP was 51.7 ± 15.1 mmHg on TTE. RHC indi-
cated that the mean PAP was 46.1 ± 12.0 mmHg, and the 
mean PVR was 827.4 ± 560.3 dyne × sec/cm5.

Table 1 presents the baseline characteristics and he-
modynamic data of the CTEPH study patients based on 
RHC status. The RHC group consisted of 30 patients, 
while the non-RHC group consisted of 58 patients. There 
were no significant differences between the two groups, 
except in terms of WHO functional class (class II, III, 
IV: 56.7%, 43.3%, 0% vs. 39.7%, 48.3%, 12.1%, respectively; 
p = 0.040), sildenafil use (70% vs. 19%, p < 0.001), and PA 
diameter (30.4 ± 4.6 mm vs. 33.0 ± 5.1 mm, p = 0.036).

The baseline characteristics of the CTEPH patients 
based on PEA status are summarized in Table 2. The 

94 Patients with
suspected CTEPH

6 Patients excluded: 
TR velocity less than

2.8 m/sec

88 CTEPH patients
included

37 CTEPH patients:
PEA group

51 CTEPH patients:
non-PEA group

Figure 1. Flow diagram of patient selection. CTEPH, chron-
ic thromboembolic pulmonary hypertension; TR, tricuspid 
regurgitation; PEA, pulmonary endarterectomy.
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PEA group consisted of 37 patients, while the non-PEA 
group consisted of 51 patients. There were no significant 
differences in the baseline characteristics between the 
PEA group and the non-PEA group. Table 3 presents the 
hemodynamic findings of the CTEPH patients based on 
PEA status. No significant differences were seen between 

the two groups, with the exception of the mean right 
ventricular end-diastolic diameter which was higher in 
the PEA group (38.0 mm [interquartile range, 34.0 to 42.8] 
vs. 34.0 mm [interquartile range, 28.0 to 41.0], p = 0.046).

The RHC findings of the CTEPH patients based on 
PEA status are listed in Table 4. Of the 30 patients who 

Table 1. Comparison of the baseline characteristics between the RHC and non-RHC groups

Characteristic All patients (n = 88) RHC group (n = 30)
Non-RHC group

(n = 58)
p value

Female sexa 40 (45.5) 15 (50.0) 25 (43.1) 0.538

Age at diagnosis, yrb 53.3 ± 13.7 50.9 ± 15.3 54.6 ± 12.8 0.237

Body mass index, kg/m2b 23.9 ± 3.2 23.8 ± 3.7 23.9 ± 2.9 0.837

Time to diagnosis from the
 onset of symptoms, monc

24.0 (12.0–60.0) 24.0 (13.5–72.0) 21.0 (10.0–60.0) 0.919

WHO functional classd 0.040

Class I 0 0 0

Class II 40 (45.5) 17 (56.7) 23 (39.7)

Class III 41 (46.6) 13 (43.3) 28 (48.3)

Class IV 7 (8.0) 0 7 (12.1)

PFT, % predb

FEV1 81.0 ± 17.5 (n = 75) 81.2 ± 19.3 (n = 28) 81.0 ± 16.6 (n = 47) 0.957

FVC 86.2 ± 17.0 (n = 75) 87.2 ± 17.0 (n = 28) 85.6 ± 17.1 (n = 47) 0.696

DLCO 74.9 ± 21.8 (n = 55) 73.8 ± 22.1 (n = 21) 75.5 ± 22.0 (n = 34) 0.774

6MWD, mb 389.0 ± 132.5 (n = 43) 403.2 ± 111.6 (n = 21) 375.4 ± 151.1 (n = 22) 0.497

Charlson comorbidity indexc 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.604

Sildenafil usea 32 (36.4) 21 (70.0) 11 (19.0) < 0.001

TTE findings

EF, %c 64.5 (59.0–69.0) (n = 88) 63.0 (60.8–69.0) (n = 30) 65.0 (57.0–69.3) (n = 58) 0.558

LVEDD, mmc 43.0 (39.0–47.0) (n = 87) 43.0 (40.5–47.0) (n = 30) 42.0 (38.0–46.5) (n = 57) 0.540

RVEDD, mmc 36.0 (32.0–41.0) (n = 55) 36.5 (31.8–40.5) (n = 20) 34.0 (32.0–42.0) (n = 35) 0.793

TR velocity, m/secb 4.1 ± 0.8 (n = 88) 4.3 ± 0.7 (n = 30) 4.1 ± 0.7 (n = 58) 0.261

Systolic PAP, mmHgc 78.9 (62.6–94.6) (n = 88) 80.6 (67.8–99.3) (n = 30) 74.0 (58.3–94.6) (n = 58) 0.250

Mean PAP, mmHgc 50.1 (40.2–59.7) (n = 88) 51.1 (43.3–62.6) (n = 30) 47.1 (37.6–59.7) (n = 58) 0.250

Vessel diameter on chest CT

PA diameter, mmb 32.3 ± 5.4 (n = 75) 30.4 ± 4.6 (n = 27) 33.0 ± 5.1 (n = 48) 0.036

Aorta diameter, mmc 36.0 (29.0–35.0) (n = 75) 35.0 (33.0–39.0) (n = 27) 37.0 (33.3–41.0) (n = 48) 0.367

PA:A ratioc 1.1 (1.0–1.4) (n = 75) 1.1 (1.1–1.5) (n = 27) 1.1 (1.0–1.3) (n = 48) 0.106

Values are presented as number (%), mean ± SD, or median (25%–75% interquartile range).
RHC, right heart catheterization; WHO, World Health Organization; PFT, pulmonary function test; pred, predicted; FEV1, 
forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, diffusing capacity; 6MWD, 6-minute walking distance; 
TTE, transthoracic echocardiography; EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; RVEDD, right 
ventricular end-diastolic diameter; TR, tricuspid regurgitation; PAP, pulmonary artery pressure; PA, pulmonary artery; A, 
aorta.
aPearson chi-square test. bThe independent t test. cMann-Whitney test. dLinear-by-linear association.
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Table 2. Comparison of the baseline characteristics between the PEA and non-PEA groups

Characteristic All patients (n = 88) PEA group (n = 37) Non-PEA group (n = 51) p value

Female sexa 40 (45.5) 14 (37.8) 26 (51.0) 0.222

Age at diagnosis, yrb 53.3 ± 13.7 52.6 ± 12.6 53.8 ± 14.6 0.676

Body mass index, kg/m2c 23.6 (21.7–25.4) 23.9 (22.4–25.5) 23.1 (21.3–25.2) 0.205

Time to diagnosis from the
 onset of symptomsc

24.0 (12.0–60.0) 24.0 (9.0–60.0) 24.0 (12.0–60.0) 0.976

WHO functional classd 0.765

Class I 0 0 0

Class II 40 (45.5) 14 (37.8) 26 (51.0)

Class III 41 (46.6) 22 (59.5) 19 (37.3)

Class IV 7 (8.0) 1 (2.7) 6 (11.8)

PFT, % predb

FEV1 81.0 ± 17.5 (n = 75) 81.8 ± 14.2 (n = 30) 80.5 ± 19.6 (n = 45) 0.734

FVC 86.2 ± 17.0 (n = 75) 86.7 ± 15.3 (n = 30) 85.8 ± 18.2 (n = 45) 0.818

DLCO 74.9 ± 21.8 (n = 55) 73.1 ± 20.7 (n = 21) 76.0 ± 22.8 (n = 34) 0.634

6MWD, mc 389.0 (336.0–490.0) 
(n = 43)

380.0 (300.0–491.0) 
(n = 17)

417.5 (350.3–494.8) 
(n = 26)

0.427

Charlson comorbidity indexc 2.2 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.384

Sildenafil usea 32 (36.4) 13 (35.1) 19 (37.3) 0.838

Values are presented as number (%), mean ± SD, or median (25%–75% interquartile range).
PEA, pulmonary endarterectomy; WHO, World Health Organization; PFT, pulmonary function test; pred, predicted; FEV1, 
forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, diffusing capacity; 6MWD, 6-minute walking distance. 
aPearson chi-square test. bThe independent t test, cMann-Whitney test. dLinear-by-linear association.

Table 3. Comparison of the hemodynamic findings between the PEA and non-PEA groups

Hemodynamic finding All patients (n = 88) PEA group (n = 37) Non-PEA group (n = 51) p value

TTE findings 

EF, %a 64.5 (59.0–69.0) (n = 88) 65.0 (59.5–69.0) (n = 37) 63.0 (59.0–68.0) (n = 51) 0.552

LVEDD, mma 43.0 (39.0–47.0) (n = 87) 42.0 (39.0–46.0) (n = 37) 43.0 (38.0–47.3) (n = 50) 0.697

RVEDD, mma 36.0 (32.0–41.0) (n = 55) 38.0 (34.0–42.8) (n = 24) 34.0 (28.0–41.0) (n = 31) 0.046

TR velocity, m/secb 4.2 ± 0.7 (n = 88) 4.3 ± 0.7 (n = 37) 4.1 ± 0.7 (n = 51) 0.173

Systolic PAP, mmHgb 81.5 ± 24.8 (n = 88) 85.7 ± 25.9 (n = 37) 78.4 ± 2 3.7 (n = 51) 0.177

Mean PAP, mmHgb 51.7 ± 15.1 (n = 88) 54.3 ± 15.8 (n = 37) 49.8 ± 14.5 (n = 51) 0.177

Vessel diameter on chest CT

Pulmonary artery
 diameter, mmb

32.1 ± 5.1 (n = 75) 32.5 ± 5.4 (n = 35) 31.7 ± 4.8 (n = 40) 0.477

Aorta diameter, mma 36.0 (33.0–40.0) (n = 75) 36.0 (34.0–41.0) (n = 35) 36.5 (33.0–39.0) (n = 40) 0.947

PA:A ratioa 1.1 (1.0–1.4) (n = 75) 1.1 (1.0–1.5) (n = 35) 1.1 (1.0–1.3) (n = 40) 0.596

Values are presented as median (25%–75% interquartile range) or mean ± SD.
PEA, pulmonary endarterectomy; TTE, transthoracic echocardiography; EF, ejection fraction; LVEDD, left ventricular end-di-
astolic diameter; RVEDD, right ventricular end-diastolic diameter; TR, tricuspid regurgitation; PAP; pulmonary artery pres-
sure; CT, computed tomography; PA, pulmonary artery; A, aorta. 
aMann-Whitney test. bThe independent t test. 
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underwent RHC, 10 patients were in the PEA group 
and 20 patients were in the non-PEA group. The mean 
PAP, PVR, and cardiac index values were lower in the 
PEA group, while the mean PCWP and CO were similar 
between groups. No clinically significant differences re-
garding RHC data were observed between groups.

Survival
The median follow-up period was 11.8 years, and 33 pa-
tients died. Nine patients died in the PEA group (n = 
37), while 24 patients died in the non-PEA group (n = 51). 

The survival rates of all of our CTEPH study patients at 
1, 3, 5, and 10 years were 94.1%, 81.2%, 69.4%, and 50.7%, 
respectively. The survival rates were 94.5%, 90.7%, 77.3%, 
and 68.2% for the PEA group at 1, 3, 5, and 10 years, and 
93.9%, 75.0%, 64.3%, and 40.3% for the non-PEA group, 
respectively. The Kaplan-Meier method indicated that 
the survival rate of the PEA group was significantly bet-
ter than the non-PEA group (p = 0.032) (Fig. 2). Regarding 
the nine deaths in the PEA group, early mortalities ac-
counted for four deaths, and the other five deaths were 
associated with late mortality. The early mortalities 

Table 4. Comparison of the RHC findings between the PEA and non-PEA groups

RHC findings All patients (n = 30) PEA group (n = 10) Non-PEA group (n = 20) p value

Systolic PAP, mmHga 78.3 ± 21.3 75.6 ± 15.4 79.7 ± 24.0 0.632

Mean PAP, mmHga 46.1 ± 12.0 43.5 ± 9.7 47.4 ± 13.1 0.412

Diastolic PAP, mmHga 28.3 ± 9.8 25.8 ± 8.9 29.5 ± 10.2 0.340

PVR, dyne × sec/cm5a 827.4 ± 560.3 (n = 19) 602.2 ± 239.0 (n = 9) 1030.1 ± 693.3 (n = 10) 0.093

PCWP, mmHgb 10.5 (7.8–3.3) (n = 26) 11.0 (8.5–13.4) (n = 10) 10.5 (3.5–13.8) (n = 16) 0.732

CO, L/mina 4.3 ± 1.4 (n = 20) 4.3 ± 1.1 (n = 9) 4.3 ± 1.7 (n = 11) 0.975

CI, L/min/m2a 2.6 ± 1.0 (n = 20) 2.4 ± 0.7 (n = 9) 2.8 ± 1.2 (n = 11) 0.497

Values are presented as mean ± SD or median (25%–75% interquartile range).
RHC, right heart catheterization; PEA, pulmonary endarterectomy; PAP, pulmonary artery pressure; PVR, pulmonary vascu-
lar resistance; PCWP, pulmonary capillary wedge pressure; CO, cardiac output; CI, cardiac index.
aThe independent t test. bMann-Whitney test.
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Figure 3. Survival analysis of the chronic thromboembol-
ic pulmonary hypertension patients based on the World 
Health Organization (WHO) classification (p < 0.001, accord-
ing to the Kaplan-Meier method).

Figure 2. Survival analysis of the chronic thromboembolic 
pulmonary hypertension patients based on the pulmonary 
endarterectomy (PEA) status (p = 0.032, according to the Ka-
plan-Meier method). 
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consisted of two patients with bleeding and two patients 
with right heart failure. The late mortalities consisted 
of two patients with PH aggravation and three patients 
with unknown causes of death.

Survival curves were also generated for WHO func-
tional class, which is one of the main criteria for as-
sessing operability. According to this analysis, a lower 
WHO functional class resulted in a better survival rate 
for CTEPH patients (p < 0.001) (Fig. 3).

Univariate Cox proportional hazard analysis included 
gender, age, WHO functional class, PEA status, Charl-
son comorbidity index, and sildenafil use as variables. 
This analysis showed that WHO functional class IV (p 
< 0.001) and PEA (p = 0.038) were significant predictors 
of survival rates. By multivariate analysis, a WHO func-
tional class IV was negatively associated with survival 
(HR, 10.071; 95% CI, 3.366 to 30.134; p < 0.001), whereas 
a PEA was positively associated with survival (HR, 0.413; 
95% CI, 0.177 to 0.963; p = 0.041) (Table 5).

DISCUSSION

In our present study, PEA demonstrated significantly 
favorable outcomes in comparison with medical treat-
ment. This is consistent with previous studies from 
Western countries, where the survival rates at 1 and 
3 years were 88% and 76% for the surgical group and 
82% and 70% for the medically treated group, respec-
tively [16]. In addition, the survival rates of the surgical 

group were significantly higher than those of the med-
ically treated group (p = 0.023) [16]. To the best of our 
knowledge, our current study is the first to report the 
long-term survival outcomes and prove the superiority 
of PEA in comparison with medical treatment in Korean 
CTEPH patients who were appropriate for surgery.

Although the surgical outcomes of CTEPH have im-
proved in Western countries, a grim outlook remains for 
Korean CTEPH patients. CTEPH is a rare disease with a 
worldwide incidence of approximately 4% (interquartile 
range, 0.4% to 9.1%) among patients who survive an ep-
isode of acute pulmonary embolism (PE) [1,12]. About 60 
to 100 cases of PE per 100,000 individuals occur on aver-
age in Europe and the United States [17]. Choi reported 
that the incidence of symptomatic CTEPH after PE in 
Korea was 1.9% at 6 months, 3.2% at 1 year, and 3.9% at 
3 years [18]. In addition, the incidence of PE was 7.01 per 
100,000 individuals according to 2008 data from the Ko-
rean Health Insurance Service [19]. Combined with the 
low performance of PEA in Korea, the exact diagnosis 
and treatment of CTEPH is often delayed due to non-
specific symptoms and a lack of PE history. This may 
have caused the misdiagnosis and under-recognition of 
CTEPH, thereby leading to poor outcomes. Assessing 
risk factors, increasing awareness in patients who have 
had a recent PE, developing guidelines for the multidis-
ciplinary management of post-PE patients, and creating 
specialized referral centers are warranted in order to en-
hance the accurate diagnosis of CTEPH [20].

There are previously published reports on the baseline 

Table 5. Univariate and multivariate analyses of the prognostic factors for survival in the chronic thromboembolic pulmonary 
hypertension patients

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Female sex 0.687 (0.340–1.387) 0.295

Age at diagnosis 1.003 (0.976–1.030) 0.844

WHO class (class II standards) < 0.001 < 0.001

Class III 10.071 (3.366–30.134) 0.384

Class IV 0.957 (3.706–32.393) < 0.001   10.071 (3.366–30.134) < 0.001 

Pulmonary endarterectomy 0.427 (0.192–0.952) 0.038 0.413 (0.177–0.963) 0.041

Comorbidity index 1.115 (0.833–1.491) 0.465

Sildenafil 0.746 (0.332–1.673) 0.476

Statistical comparisons were performed using Cox regression analysis.
HR, hazard ratio; CI, confidence interval; WHO, World Health Organization.
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characteristics of CTEPH patients in Korea, but these 
studies used smaller cohorts than our current series [9-
11]. The baseline characteristics of Korean CTEPH pa-
tients in our present study differ from those of Western 
countries in some aspects. The mean age at diagnosis 
for our Korean CTEPH patients was 53.3 ± 13.7 years, but 
was reported to be 63 years (interquartile range, 51 to 72) 
for Western patients. In addition, the median time from 
the presentation of symptoms to diagnosis in Korea is 
longer than in Western countries (24.0 months [inter-
quartile range, 12.0 to 60.0] vs. 14.1 months [interquartile 
range, 7.5 to 32.8]) [21]. The differences in both age and 
time to diagnosis could be attributed to the increase in 
information about the disease, awareness among elderly 
patients, patient access to information, and the use of 
noninvasive screening tools in Western countries. In-
terestingly, the baseline profiles of Korean CTEPH pa-
tients are similar to Japanese CTEPH patients [22]. This 
could be attributed to similarities in terms of race and 
environment.

Before PEA was introduced, the mean survival of CTEPH 
patients was 6.8 years with a 3-year mortality rate of ap-
proximately 90% in patients with a mean PAP > 50 mmHg 
[23,24]. After PEA was introduced, the cumulative 5-year sur-
vival rate after PEA in Western countries was 84%, which is 
higher than that found in our current study series (77.3%) 
[25]. Furthermore, an in-hospital mortality rate of 2.2% was 
reported by a retrospective study of the 500 most recent 
cases at UCSD in comparison with 5.2% for the preceding 
1,000 cases [26]. This implies the importance of surgical 
experience on clinical outcomes after PEA.

We observed an early mortality rate of 10.8% (four 
deaths) in our PEA group. This is higher than the ear-
ly mortality rates previously reported by Japanese cen-
ters (7.4% in 2009) and European centers (4.7% in 2007 
to 2009), where 40 and > 50 instances of PEA were per-
formed per year, respectively [4,6]. This difference may be 
attributed to the low performance of RHC at our center, 
which limits the evaluation of perioperative risk. Imaging 
techniques such as pulmonary angiography, RHC, and a 
multidisciplinary team approach are needed to accurate-
ly assess operability [26]. Although we have performed 
37 PEA procedures since 1994, UCSD has performed more 
than 3,000 such operations since 1970 [26]. Nevertheless, 
we have an optimistic view of administering PEA in 
Korea, as our current analysis revealed better survival 

outcomes for PEA than medical treatment in a center 
where fewer than 10 cases are performed every year. 
We hope that more Korean tertiary hospitals will soon 
achieve the surgical outcomes of Western countries in 
this respect [4]. To achieve this, CTEPH should be mon-
itored at a specialized institution using a multidisci-
plinary approach. Such institutions should be equipped 
with RHC, CT, and angiography so that the selection 
of PEA based on systemic preoperative workup can be 
performed. Furthermore, the availability of bronchial 
artery embolization in cases of postoperative bleeding 
may also contribute to better survival outcomes. 

As expected, WHO functional class IV and PEA were 
shown to be independent risk factors for CTEPH pa-
tients in both univariate and multivariate Cox regres-
sion analyses [26,27]. Thus, in cases of appropriate oper-
ability, PEA should be strongly considered for patients 
with WHO functional class IV in order to improve 
long-term outcomes. However, our current analysis did 
not identify sildenafil as an independent variable by 
univariate analysis. Sildenafil is a selective inhibitor of 
cyclic guanosine monophosphate-specific phosphodi-
esterase-5 and has shown efficacy in treating idiopathic 
pulmonary arterial hypertension (IPAH) by enhancing 
nitric oxide-mediated vasodilatation [28]. Based on the 
similarities of CTEPH with IPAH in terms of clinical 
symptoms, hemodynamics, and histopathological find-
ings, sildenafil has been used off-label to treat CTEPH 
[8]. This drug has been shown to enhance WHO func-
tional class and PVR, but not 6MWD, in CTEPH pa-
tients [7]. Theoretically, preoperative medical treatment 
may be considered for distal forms with severe hemody-
namics in order to reverse microvascular disease. How-
ever, the benefits of preoperative medical treatments are 
not proven, and further studies are warranted regarding 
this issue. The results of our current study could be at-
tributed to the small number of sildenafil users includ-
ed in our cohorts. 

Recently, riociguat—a soluble guanylate cyclase stim-
ulator—was approved for the treatment of inoperable 
CTEPH [29]. Additionally, percutaneous transcatheter 
balloon angioplasty has been shown to significantly 
enhance clinical outcomes, including hemodynamics, 
in certain groups of inoperable CTEPH patients [30]. If 
these treatments are introduced in Korea, an improve-
ment in the survival rate among inoperable Korean 

CTEPH patients might be expected.
Our study had several limitations of note. First, our 

patients were all recruited from a single tertiary center, 
and our analysis was retrospective in nature. Therefore, 
we cannot exclude the possibility of selection bias. We 
also could not locate follow-up RHC and 6MWD data 
following PEA in some of our patients, thereby making 
it difficult to assess quality of life after surgery. Further-
more, we could not check the operability of every single 
patient. Second, the number of target patients was small 
and larger sample sizes will be needed to make a defin-
itive conclusion regarding PEA. Third, most of our data 
were evaluated using TTE rather than RHC which may 
have concealed distal arteriopathy on preoperative eval-
uations, thereby resulting in poor surgical outcomes.

KEY MESSAGE

1.	 Pulmonary endarterectomy demonstrates more 
favorable effects on long-term survival than 
medical treatment in Korean chronic throm-
boembolic pulmonary hypertension (CTEPH) 
patients who were considered operable. 

2.	 A specialized CTEPH referral center (where more 
precise patient evaluations, selection, and surgi-
cal protocols can be used) is warranted to achieve 
more accurate diagnoses and better survival out-
comes in Korean CTEPH patients.
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