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ABSTRACT
Background and Objectives: The ability of a quality of life (QoL) to guide balloon pulmonary 
angioplasty (BPA) among patients with inoperable chronic thromboembolic pulmonary 
hypertension (CTEPH) has not been fully investigated. This study explored the relationship 
between QoL scores and hemodynamics in CTEPH patients after BPA and examined whether 
QoL could be applied as a treatment endpoint. Materials and Methods: This cohort study 
included patients with inoperable CTEPH who had undergone at least four sessions of 
BPA. The patients’ demographic and clinical data as well as hemodynamic parameters and 
scores from the RAND 36-item short-form QoL questionnaire were recorded and compared 
before and after BPA. Results: After BPA treatments, clinical characteristics, hemodynamic 
parameters, as well as QoL score improved significantly. A physical component summary 
(PCS) score of 35 or 46 can be used as the cutoff value for predicting better World Health 
Organization functional classification (WHO FC). Patients who had a higher PCS would have 
longer 6-min walk distance (6MWD), lower pulmonary vascular resistance (PVR), and better 
cardiac output (CO) both before and after BPA. However, 19 patients (55.9%) with a higher 
PCS score after BPA did not achieve the goal of mean pulmonary arterial pressure (mPAP) 
≤30 mmHg. During the follow-up period, a significant reduction of PVR was observed, but the 
PCS score improved a little. Conclusions: QoL is a useful tool for assessing the exercise 
endurance of patients with inoperable CTEPH treated with BPA, but is insufficient to serve 
as a treatment endpoint for BPA.
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INTRODUCTION

Balloon pulmonary angioplasty (BPA) is an 
important treatment option for inoperable 
chronic thromboembolic pulmonary 
hypertension (CTEPH) that can improve 
the functional and hemodynamic status of  
patients after treatment.[1-4] However, the 
current assessment of  the treatment effect 

of  BPA for CTEPH patients involves a 
complicated variety of  indexes, including 
symptoms, biomarkers, echocardiographic 
results, and hemodynamic parameters.[5-8]  
The value of  subjective outcomes, such 
as quality of  life (QoL), as factors for 
evaluating the treatment effect of  BPA 
in these patients has not been clearly 
addressed.
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QoL is clinically assessed using a questionnaire that 
evaluates factors influencing the patient’s daily life. Thus, 
QoL measurement for patients with CTEPH provides an 
essential insight into the patients’ subjective perception 
of  the impacts of  CTEPH and BPA treatment. Previous 
studies have demonstrated an improvement in the QoL 
of  patients with pulmonary arterial hypertension (PAH) 
following medical treatments and in CTEPH patients after 
BPA.[9-11] Accordingly, we sought to investigate whether 
QoL measurement can be applied to assess the treatment 
effect of  BPA in CTEPH patients, and if  so, whether QoL 
score could serve as one of  the treatment endpoints for 
BPA in these patients.

MATERIALS AND METHODS

Patients
The research related to human use has been complied 
with all the relevant national regulations, institutional 
policies, and in accordance with the tenets of  the Helsinki 
Declaration, and has been approved by the Beijing 
Chaoyang Hospital Ethics Committee (2018-KE-144). 
CTEPH was diagnosed according to the International 
Guidelines of  Pulmonary Hypertension (2015 ERS/
ESC Guidelines for Pulmonary Hypertension),[12] in 
which CTEPH is defined by (1) mean pulmonary arterial 
pressure (mPAP) ≥25 mmHg and pulmonary arterial wedge 
pressure (PAWP) ≤15 mmHg confirmed by right heart 
catheterization (RHC), (2) chronic thrombosis confirmed 
by mismatched perfusion defects on ventilation/perfusion 
scanning or computed tomography angiography, and 
(3) at least 3 months of  regular anticoagulation therapy. 
CTEPH patients were recruited if  they (1) were confirmed 
inoperable by a multidisciplinary team, (2) had received at 
least four BPA sessions in our center, and (3) were aged ≥18 
years. Patients were excluded if  they were concomitant with 
type III or V pulmonary hypertension or had mental illness 
or could not complete a valid QoL questionnaire. The 
feasibility of  pulmonary endarterectomy was determined by 
a multidisciplinary team, including physicians, radiologists, 
and surgeons.[13]

Informed consent was obtained from all individuals 
included in this study.

Clinical data collection
The following demographic and clinical data were 
collected before the first and after each BPA session: age, 
gender, duration of  CTEPH (from onset of  symptoms to 
treatment), number of  BPA sessions, symptoms, World 
Health Organization functional classification (WHO FC), 
6-min walk distance (6MWD), laboratory examination, and 
echocardiography parameters. RHC parameters were also 
collected before the first BPA session. For QoL assessment, 

patients completed the RAND 36-item short-form (SF-
36v2) questionnaire from the Medical Outcomes Study 
before and after every two BPA sessions. 

RHC data were also collected 4–6 months after the last 
BPA session and considered as follow-up records. At the 
same time, the physical component summary (PCS) scores 
and the mental component summary (MCS) scores from 
the SF-36v2 for these patients were used as follow-up data.

BPA procedure
BPA was performed by two skilled interventional 
radiologists. A conventional femoral venipuncture was 
made. A 6F JR- or JL-guided catheter (Launcher; Cordis, 
Miami Lakes, FL, USA) was introduced to the target vessel 
by a guidewire. A 2-mm balloon was used for the first 
vascular expansion. Then, the balloon was gradually inflated 
to a size no larger than the target vessel. If  pulmonary 
artery injury occurred during the operation, the balloon 
was immediately deflated. If  this was not practical, a gelatin 
sponge was used. Two oral anticoagulants, warfarin or 
rivaroxaban, were routinely used after BPA. For warfarin 
use, the international normalized ratio was maintained 
between 2.0 and 3.0.

The odd-numbered intervals between BPA sessions were 
no less than 2 weeks, and the even-numbered intervals were 
no less than 1 month. The number of  BPA sessions, total 
number of  dilated vessels (segmental level), and number 
of  dilated vessels per session were recorded.

Right heart catheterization
RHC was performed in all patients using a Philips 
monitoring system (Shenzhen Goldway Industrial Inc., 
Shenzhen, China) on the day of  admission and after 
every two sessions of  BPA to record hemodynamic 
factors. Briefly, a Swan‑Ganz catheter was inserted via the 
jugular vein to assess the pressure in the right ventricle 
and pulmonary artery. The mPAP was recorded, and 
oximetry samples were obtained. The PAWP was calculated 
to exclude post-capillary pulmonary hypertension. The 
cardiac output (CO) was calculated using thermodilution, 
and the mean values from triplicate measurements are 
provided. The pulmonary vascular resistance (PVR) was 
calculated using the formula PVR = (mPAP – PAWP)/
CO. Pulmonary angiography was performed for bilateral 
pulmonary arteries at baseline.

Assessment of QoL
The SF-36v2 (Chinese version) has been previously used 
by us to evaluate the QoL of  CTEPH patients.[14] In the 
present study, SF-36v2 data were collected at baseline and 
after every two BPA sessions. The patients were asked to 
complete the questionnaire using an online survey platform 
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on a smartphone application called Questionnaire Star. For 
patients who did not have a smartphone, the questionnaire 
was administered by a doctor. The SF-36v2 score describes 
the overall health status of  the patients in eight different 
domains—physical functioning (PF), bodily pain (BP), 
general health (GH), role-emotional (RE), role-physical 
(RP), social functioning (SF), vitality (VT), and mental 
health (MH).

The results of  the questionnaire were transformed to a 
score of  0–100, and the scores obtained before and after 
BPA treatment were compared. The PCS and MCS scores 
were recorded at each assessment.

Statistical analysis
All statistical analyses were performed using Statistical 
Package for the Social Sciences (SPSS) version 25 (SPSS 
Inc., Chicago, IL, USA). Data for non-normally distributed 
continuous variables are presented as the median and 
interquartile range. Data for continuous variables at 
baseline and after BPA were compared using the Wilcoxon’s 
signed-rank test. The categorical data, including gender, 
WHO FC, and general health condition, are presented as 
percentages and were compared using the Chi-squared test. 

Receiver operating characteristic (ROC) curve analysis 
was performed to determine the PCS level that provided 
the best combination of  sensitivity and specificity for 
predicting the WHO FC before and after BPA treatment. 
Patients were then divided into two groups according to 
the cutoff  PCS score at baseline and after treatments, 
respectively. The Spearman correlation coefficient for 
rank data was used to estimate the association between 
hemodynamic status and PCS/MCS before and after BPA. 
Friedman’s test (Wilcoxon’s signed-rank test between the 
two groups with post hoc analysis) was used to compare 
the hemodynamic parameters from RHC, 6MWD, and 
clinical data between different stages. The level of  statistical 
significance was set at P < 0.05.

RESULTS

Demographic and clinical characteristics of 
patients at baseline
A total of  40 patients (11 males and 29 females) were 
enrolled in this study. The mean patient age was 58.5 ± 
10.7 years, and the median duration of  CTEPH from 
symptom onset to therapy was 5 (3, 9) years. All 40 patients 
(100%) complained of  dyspnea, while chest congestion 
was reported by 37 patients (93%), edema of  a lower 
extremity by 27 patients (68%), and transient syncope 
by eight patients (20%). Among all participants, 13 were 
classified as WHO FC II, 20 patients as WHO FC III, and 
seven patients as WHO FC IV. The baseline hemodynamic 

measurements included a mPAP of  50.7 ± 11.2 mmHg, 
PVR of  913.9 ± 338.2 dyn·s-1·m-5, and cardiac index (CI) of  
2.27 ± 0.60 L·min-1·m-2. Before BPA treatment, 32 patients 
were receiving targeted drug therapy (Table 1).

Changes in hemodynamics, clinical parameters, 
and QoL scores before and after BPA
A total of  176 BPA sessions were performed from January 
12, 2017 to July 12, 2020. The median number of  BPA 
sessions per patient was 4 (4, 4.75), and the median total 
number of  dilated vessels per patient was 22 (18.5, 26) 
(Table 1). Guidewire-related pulmonary artery injury 
occurred in five cases, and all of  the patients presented 
with cough. Only one patient presented with hemoptysis, 
which stopped after vessel inflation. No case of  reperfusion 
pulmonary edema was observed.

Table 1: Characteristics of the patients with CTEPH
Parameters Values (n = 40)
Age, years 58.5 ± 10.7
Male/female, n 11/29
Medical history, years 5 (3, 9)

Number of BPA sessions, n 4 (4, 4.75)

Total number of dilated vessels, n 22 (18.5, 26)
Symptoms
Dyspnea, % 100
Chest congestion, % 93
Edema of lower extremity, % 68
Chest pain, % 13
Transient syncope, % 20

Hemoptysis, % 15

WHO FC, n

I 0

II 13
III 20
IV 7

6MWD, m 354 (269, 433)
PaO2, mmHg 58.3 ± 8.3
SvO2, % 57.1 ± 9.3

mPAP, mmHg 50.7 ± 11.2
RAP, mmHg 8 (5, 11)
CO, L·min-1 3.83 ± 1.12

CI, L·min-1·m-2 2.27 ± 0.60
PVR, dyn·s-1·m-5 913.9 ± 338.2

Diuretics usage, n 38

Targeted drugs usage, n 32 

CTEPH: chronic thromboembolic pulmonary hypertension; BPA: balloon 
pulmonary angioplasty; WHO FC: World Health Organization functional 
classification; 6MWD: 6-min walk distance; PaO2: oxygen arterial pressure of 
indoor air; SvO2: mixed venous oxygen saturation; mPAP: mean pulmonary 
arterial pressure; RAP: right arterial pressure; CO: cardiac output; CI: cardiac 
index; PVR: pulmonary vascular resistance.
Medical history: duration from the onset of symptoms to treatment.
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Comparisons of  clinical factors from before to after 
multiple BPA sessions (four to six procedures) are presented 
in Table 2 and Figure 1. After several procedures of  BPA, 
the proportion of  patients classified as WHO FC III/IV 
decreased from 67.5% to 30% (P < 0.001), and the median 
N-terminal of  the prohormone brain natriuretic peptide 
(NT-proBNP) also decreased from 1139.5 (287.8, 3505.3) 
to 126.5 (72.8, 1077) pg/mL. Meanwhile, the oxygen arterial 
pressure of  indoor air (PaO2) increased from 58.3 ± 8.3 to 
65.5 ± 9.8 mmHg (P < 0.001), the mixed venous oxygen 
saturation (SvO2) increased from 57.1% ± 9.3% to 60.5% 
± 8.0% (P = 0.042), and the 6MWD increased from 354 
(269, 433) to 455 (322, 499) m (P < 0.001). With respect 
to hemodynamic parameters, the median mPAP and mean 
PVR decreased significantly from 51 (43, 56) to 33 (27, 43.8) 
mmHg (P < 0.001) and from 864 (680, 1128) to 520 (392, 
808) dyn·s-1·m-5 (P < 0.001), respectively, while the heart 
rate reduced from 89 (74, 94) to 82 (72, 88) (P = 0.023). 
However, the improvement in CO was not statistically 
significant. Echocardiographic results showed an increase 
in tricuspid annular plane systolic excursion (TAPSE) from 
14.0 ± 3.1 to 16.6 ± 3.9 mm (P < 0.001), a reduction in 
tricuspid regurgitation pressure gradient (TRPG) from  
81.5 ± 24.3 to 63.6 ± 31.1 mmHg (P < 0.001), and a 
decrease in the right ventricular internal diameter/end-
diastolic diameter of  the left ventricle (RV/LV) ratio from 
1.2 (1.0, 1.4) to 0.89 (0.74, 1.02) (P < 0.001).

Improvements in QoL scores also were seen after BPA, 
with the PCS and MCS scores increasing significantly from 
30.4 ± 9.9 to 69.7 ± 18.5 and from 46.4 ± 19.0 to 81.6 ± 
13.2 (both P < 0.001), respectively. The PF, RP, BP, GH, 
VT, SF, RE, and MH scores also increased significantly 
(Figure 2). 

Comparison of clinical characteristics according 
to the PCS score at baseline and after therapy
ROC analysis showed that 35 was the cutoff  value before 
treatment, and patients who had a PCS score of  ≥35 at 
baseline had longer 6MWD (429 vs. 327 m, P = 0.03), 
lower NT-proBNP level (265.5 vs. 2362 pg/mL, P = 0.002), 
lower PVR (716 vs. 1009 dyn·s-1·m-5, P = 0.009), lower right 
arterial pressure (RAP; 5 vs. 9 mmHg, P = 0.02), lower right 
ventricular diameter (RVD; 43 vs. 50 mm, P = 0.019), lower 
RV/LV ratio (0.97 vs. 1.31, P = 0.005), higher TAPSE 
(15.9 vs. 13 mm, P = 0.005), greater CO (4.4 vs. 3.6 L/min,  
P = 0.028), and higher CI (2.5 vs. 2.1 L min-1 m-2,  
P = 0.039) (Table 3).

In addition, a PCS score of  46 was set as the cutoff  value 
after therapy according to ROC analysis (Appendix Figure). 
Patients who had a PCS of  >46 after BPA had better 6MWD 
(463 vs. 287 m, P = 0.047), CO (3.83 vs. 3.28 L/min, P = 
0.031), CI (2.47 vs. 1.71 L min‑1 m-2, P = 0.006), and PVR 
(594.36 vs. 910.00 dyn·s-1·m-5, P = 0.048) (Table 4). 

Figure 1: The change of (A) 6MWD, (B) mPAP, (C) PVR, (D) PCS along with BPA procedures. It shows that with the process of BPA, hemodynamics improved 
gradually. 6MWD: 6-min walk distance, mPAP: mean pulmonary arterial pressure, PVR: pulmonary vascular resistance, PCS: physical component summary, 
BPA: balloon pulmonary angioplasty. *P < 0.05, **P < 0.001.
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Correlation between QoL improvement and 
clinical or hemodynamic improvements after 
BPA
There was no linear dependence between the change in 
QoL and clinical or hemodynamic improvement after 
BPA for these patients. Besides, 19 patients (55.9%) who 
had already got a better PCS (>46) after treatment did not 
achieve the goal of  mPAP ≤P30 mmHg after BPA (Figure 
3). For patients who underwent more than four sessions 
of  BPA, the 6MWD, mPAP, and PVR improved gradually 
with each additional BPA session; however, the PCS score 
improved more rapidly than the other parameters. 

Changes in hemodynamics and PCS score during 
follow-up 
During a follow-up period of  4–6 months after the last 
BPA procedure, 20 patients underwent RHC. For these 
20 patients, the mPAP increased slightly from 35 (31, 48) 
to 38 (27, 45) mmHg between the last BPA and the last 
follow-up, while the RAP changed from 5 (4, 7) to 4 (3, 
5) mmHg and the CO increased from 3.8 (3.6, 4.2) to 4.2 
(3.8, 4.7) L·min-1. However, these differences were not 

Table 2: Changes in hemodynamics and clinical parameters before and after BPA

Parameters   n Before BPA  After BPA  P value

NT-pro BNP, pg/mL 40 1139.5 (287.8, 3505.3) 126.5 (72.8, 1077) <0.001

mPAP, mmHg 40 51 (43, 56) 33 (27, 43.8) <0.001

PVR, dyn·s-1·m-5 40 864 (680, 1128) 520 (392, 808) <0.001

RAP, mmHg 40 8 (5, 10.75) 5 (3, 9.5) 0.006

CO, L·min-1 40 3.55 (3.17, 4.41) 3.79 (3.54, 4.21) 0.528

CI, L·min-1·m-2 40 2.27 ± 0.60 2.37 ± 0.59 0.274

HR 40 89 (74, 94) 82 (72, 88) 0.023

SvO2, % 40 57.1 ± 9.3 60.5 ± 8.0 0.042

WHO FC, n (%) 40

  I or II 40 13 28
0.001

  III or V 40 27 12

6MWD, m 40 354 (269.3, 433.5) 455 (322.5, 499.3) <0.001

PaO2, mmHg 40 58.3 ± 8.3 65.5 ± 9.8 <0.001

Echocardiography 40

  TAPSE, mm 14.0 ± 3.1 16.6 ± 3.9 <0.001

  RV/LV 1.21 (1.02, 1.39) 0.89 (0.74, 1.02) <0.001

  TRPG, mmHg 81.5 ± 24.3 63.6 ± 31.1 <0.001

PCS 40 30.4 ± 9.9 69.7 ± 18.5 <0.001

MCS 40 46.4 ± 19.0 81.6 ± 13.2 <0.001

BPA: balloon pulmonary angioplasty; NT-proBNP: N-terminal of the prohormone brain natriuretic peptide; mPAP: mean pulmonary arterial pressure; PVR: 
pulmonary vascular resistance; RAP: right arterial pressure; CO: cardiac output; CI: cardiac index; HR: heart rate; SvO2: mixed venous oxygen saturation; WHO 
FC: World Health Organization functional classification; 6MWD: 6-min walk distance; PaO2: oxygen arterial pressure of indoor air; TAPSE: tricuspid annular 
plane systolic excursion; RV/LV: right ventricular internal diameter/end-diastolic diameter of the left ventricle; TRPG: tricuspid regurgitation pressure gradient; 
PCS: physical component summary; MCS: mental component summary.

Figure 2: The changes in QoL before and after BPA. QoL: quality of life, BPA: 
balloon pulmonary angioplasty, PF: physical functioning, BP: bodily pain, GH: 
general health, RE: role-emotional, RP: role-physical, SF: social functioning, 
VT: vitality, MH: mental health, PCS: physical component summary, MCS: 
mental component summary.
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significant. Additionally, the PCS score of  these patients 
did not improve significantly from the last BPA procedure 
to the final follow-up (68.5 vs. 71.3, P = 0.287). PVR was 
the only parameter to show significant improvement during 
follow-up, with a decrease from 659.6 ± 331.5 to 538.3 ± 
266.4 dyn·s-1·m-5 (P = 0.045; Figure 4).

DISCUSSION

To the best of  our knowledge, the treatment endpoint of  
BPA remains a subject of  debate and this is the first study 
to investigate the role of  QoL in assessing the treatment 

effect of  BPA in patients with inoperable CTEPH. The 
main findings of  this study were as follows: (1) significant 
improvements in hemodynamic parameters, clinical 
factors, and QoL scores were observed after more than 
four sessions of  BPA; (2) PCS score can be used to 
predict activity endurance and hemodynamic status both 
before and after BPA; and (3) PCS cannot be considered 
a treatment endpoint for patients with CTEPH.

BPA can significantly improve hemodynamic parameters 
and QoL among CTEPH patients, as confirmed by 
the present and previous studies.[9, 15-17] However, the 

Table 3: Baseline cardiac and hemodynamic differences according to PCS classification

Parameters PCS ≥ 35
n = 13

PCS < 35
n = 27  P value

6MWD, m 429 (350, 471.5) 327 (240, 384) 0.030

NT-proBNP, pg/mL 265.5 (208.75, 706.25) 2362 (738.3, 3728.5) 0.002

RVD, mm 43.1 ± 7.4 50.0 ± 8.4 0.019

TAPSE, mm 15.9 ± 3.5 13.0 ± 2.5 0.005

TRPG, mmHg 78.5±20.5 83.0 ± 26.1 0.453

RV/LV 0.97 (0.89, 1.20) 1.31 (1.11, 1.41) 0.005

RAP, mmHg 5 (3.5, 9) 9 (6, 11) 0.020

mPAP, mmHg 45 (43, 55.5) 52 (42, 59) 0.333

CO, L·min-1 4.4 ± 0.9 3.6 ± 1.1 0.028

CI, L·min-1·m-2 2.5 ± 0.5 2.1 ± 0.6 0.039

PVR, dyn·s-1·m-5 716.3 ± 192.3 1009 ± 354.4 0.009

PCS: physical component summary; 6MWD: 6-min walk distance; NT-proBNP: N-terminal of the prohormone brain natriuretic peptide; RVD: right ventricular 
diameter; TAPSE: tricuspid annular plane systolic excursion; TRPG: tricuspid regurgitation pressure gradient; RV/LV: right ventricular internal diameter/end-
diastolic diameter of the left ventricle; RAP: right arterial pressure; mPAP: mean pulmonary arterial pressure; CO: cardiac output; CI: cardiac index; PVR: 
pulmonary vascular resistance.

Table 4: Cardiac and hemodynamic differences according to PCS classification after BPA

Parameters PCS > 46 
n = 34

PCS ≤ 46
n = 6  P value

6MWD, m 463.0 (374.5, 501.8) 287.0 (233.3, 362.0) 0.047

NT-proBNP, pg/mL 124.5 (69.8, 1039) 632.5 (87.8, 2568.8) 0.272

RVD, mm 39.53 ± 8.91 45.50 ± 11.88 0.158

TAPSE, mm 16.80 ± 4.00 15.43 ± 3.21 0.433

TRPG, mmHg 61.77 ± 19.00 64.24 ± 34.86 0.872

RV/LV 0.90 ± 0.24 1.08 ± 0.41 0.142

RAP, mmHg 5 (3, 9) 9 (3, 11) 0.562

mPAP, mmHg 33 (27, 43) 42 (23, 59) 0.649

CO, L·min-1 3.83 (3.66, 4.24) 3.28 (2.18, 2.68) 0.031

CI, L·min-1·m-2 2.47 ± 0.55 1.71 ± 0.40 0.006

PVR, dyn·s-1·m-5 594.36 ± 303.00 910.00 ± 444.50 0.048

PCS: physical component summary; 6MWD: 6-min walk distance; NT-proBNP: N-terminal of the prohormone brain natriuretic peptide; RVD: right ventricular 
diameter; TAPSE: tricuspid annular plane systolic excursion; TRPG: tricuspid regurgitation pressure gradient; RV/LV: right ventricular internal diameter/end-
diastolic diameter of the left ventricle; RAP: right arterial pressure; mPAP: mean pulmonary arterial pressure; CO: cardiac output; CI: cardiac index; PVR: 
pulmonary vascular resistance.
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appropriate time to stop BPA remains unknown. An 
established treatment goal of  BPA is to improve the 
hemodynamic kinetics and oxygen consumption in CTEPH 
patients.[6, 18, 19] Currently, a mPAP ≤30 mmHg and SpO2 >95% 
are considered potential indications for BPA.[5, 20] However, 
in real-world practice, clinical cure among these patients 
is rare due to residual lesions and financial concerns.[6, 21] 

It remains to be determined whether BPA can be stopped 
once patients show a significant improvement in exercise 

ability as well as what role can QoL play in planning the 
BPA treatment strategy. In the present study, 19 patients 
(55.9%), whose PCS score was already over 46 after BPA, 
had a mPAP higher than 30 mmHg. We also found that 
the change in QoL and that of  clinical or hemodynamic 
data were not parallel during treatment. These may imply 
that the PCS score improved faster than mPAP, so that 
PCS insufficiently predicted when BPA could be stopped 
and for patients who feel subjectively better after initial 

Figure 3: The different changes of PCS and mPAP before and after BPAs. It demonstrated that after four sessions of BPA, 19 patients (55.9%) who had a better 
PCS (PCS > 46) after treatment still did not achieve the goal of a mPAP ≤30 mmHg. PCS: physical component summary, mPAP: mean pulmonary arterial 
pressure, BPA: balloon pulmonary angioplasty.

Figure 4: The trend of (A) CO, (B) PVR, (C) mPAP, and (D) PCS from baseline to follow-up of 20 patients who had 4–6 months of follow-up. It demonstrated that 
PVR still improved in the follow-up, while PCS tended to be stable. PCS: physical component summary, CO: cardiac output, PVR: pulmonary vascular resistance, 
mPAP: mean pulmonary arterial pressure. #P > 0.05, *P < 0.05, **P < 0.001.
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BPA, the interventional procedures should be continued. 
Collectively, although PSC scores of  35 and 46 can be 
used as the cutoff  values to predict the activity function 
of  patients with CTEPH, they cannot be considered a 
treatment endpoint.

Previous studies have shown that during follow-up, 
improvements in hemodynamic parameters and vascular 
morphology continued after the last BPA session.[22, 23] 

The results of  the present study also support this: during 
the median 4–6 months of  follow-up, the hemodynamic 
parameters showed continued improvement. However, 
the PCS scores remained stable during follow-up, 
indicating that there is a time lag between improvement 
in hemodynamic parameters and QoL. Therefore, it is 
essential to evaluate the effect of  BPA sequentially, even 
though QoL has shown obvious improvement. To sum 
up, both in terms of  the degree of  improvement and the 
time of  improvement, the PCS score cannot be taken as 
the major factor for judging the cessation of  BPA.

Several nonspecific and specific QoL tools are available for 
PAH and CTEPH patients.[11, 24] We chose the SF-36 for the 
assessment of  QoL in this study because it can evaluate the 
effects of  medical therapy, surgery, and exercise training 
on eight health domains of  patients and has been widely 
used in patients with PAH and CTEPH.[25-29] The PCS score 
offers a comprehensive assessment of  physical endurance, 
and normal people also have a normal range of  the PCS 
score. However, for CTEPH patients, the appropriate PCS 
cutoff  value remains to be confirmed. In the present study, 
we showed PCS scores of  35 and 46 as the cutoff  values 
for differentiating activity endurance and cardiac function 
before and after BPA. Similarly, a previous study reported a 
PCS threshold value of  32 and 38 for PAH patients before 
and after treatment, respectively.[30] More improvement in 
PCS was observed in our patients than in PAH patients 
after treatment, suggesting that BPA may increase the PCS 
score in CTEPH patients more prominently than the drug 
does for PAH patients.

In the present study, CO tended to increase within the 
process of  BPA procedures, but without a significant 
difference. We deduced that this was because an inadequate 
number of  BPA sessions had been completed. This 
phenomenon was also found in a previous study, which 
showed that nonparallel improvement of  CO and other 
hemodynamic parameters may be due to an inadequate 
number of  BPA sessions and suggested that more BPA 
sessions were needed.[16] In addition, patients who were 
enrolled in this study had relatively slight decreased CO, 
which cannot be improved dramatically. On the other hand, 
we found that the RV area, RV/LV, RAP, and TAPSE 
on echocardiography were improved significantly after 

treatment, which likely means that the improvement of  
right heart structure detected on echocardiography is earlier 
than that of  data detected by RHC and more studies should 
be done in this area in the future.

The present study has some limitations that must be 
mentioned. Firstly, the sample size was relatively small. 
In addition, due to the retrospective study design, not all 
patients’ follow-up data were collected. Further multicenter, 
prospective studies focusing on QoL and BPA are needed. 
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