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Background: Patients with inoperable chronic thromboembolic pulmonary hypertension (CTEPH) are 
eligible for balloon pulmonary angioplasty (BPA). However, the short-term effects of BPA on pulmonary 
hemodynamics and right ventricular (RV) function in patients with CTEPH have not been elucidated. In 
the current study, echocardiography was conducted to explore the short-term effects of BPA on inoperable 
CTEPH patients.
Methods: A total of 30 inoperable CTEPH patients who underwent echocardiography before and after 
BPA were enrolled to the present retrospective study. Right heart catheterization (RHC) parameters, 
echocardiography function parameters, and echocardiography structural parameters of patients were 
evaluated at baseline and within 24 hours after BPA and the results were compared.
Results: RHC parameters including pulmonary artery systolic pressure (PASP), pulmonary artery diastolic 
pressure (PADP), mean pulmonary artery pressure (mPAP), and pulmonary vascular resistance (PVR), and 
echocardiography structural parameters including right atrium diameter (RAD), right ventricular end-
diastolic area (RVEDA), right ventricular end-systolic area (RVESA), right atrium end-diastolic area (RAEDA) 
and right atrium end-systolic area (RAESA) significantly improved within 24 h after BPA compared with 
the baseline results (P<0.05). However, there were no significant differences in echocardiography function 
parameters including tissue Doppler-derived tricuspid lateral annular systolic velocity (S’), tricuspid 
annular plane systolic excursion (TAPSE), right ventricular index of myocardial performance (RIMP), right 
ventricular fractional area change (RVFAC) and left ventricular stroke volume (LVSV) before and after BPA.
Conclusions: The findings show that a single BPA procedure significantly improves RV volume load 
and reduces the pulmonary blood pressure in CTEPH patients in the short-term. However, BPA does 
not improve RV systolic function 24 hours after the procedure. The results indicate that evaluation of RV 
structural and function with echocardiography is an effective approach for non-invasive monitoring of 
patient status after BPA.
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Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a rare pulmonary vascular disease caused by chronic and 
persistent organized thrombi of major pulmonary arteries. 
CTEPH is associated with progressive right heart failure and 
poor patient prognosis (1-4). Pulmonary endarterectomy 
(PEA) improves the symptoms and prognosis of patients 
with proximal CTEPH (5,6). Notably, the degree of 
improvement in pulmonary hypertension and tricuspid 
regurgitation and patient survival after PEA is dependent 
on the type and location of pulmonary thromboembolic (7). 
PEA is associated with limitations such as major pulmonary 
vessel obstruction and small vessel arterial obstruction (8). 
Pulmonary vascular resistance (PVR) and right heart pressure 
do not significantly reduce after surgery for patients with 
distal small vessel arteriopathy or surgically inaccessible 
thrombus (2,7,9). Balloon pulmonary angioplasty (BPA) is 
an effective method for patients with inoperable CTEPH 
or residual or recurrent pulmonary hypertension following 
PEA (10,11). However, the effects of BPA on pulmonary 
hemodynamics and right ventricular (RV) function in patients 
with CTEPH have not been explored. The current gold 
standard for evaluation of RV hemodynamics is right heart 
catheterization (RHC). However, RHC is not effective for 
exploring the RV structure and function and is not suitable 
for repeated examinations due to its invasiveness and time-
consuming (12). Cardiovascular magnetic resonance (CMR) 
is used to effectively to explore RV function including RV 
stroke volume, which is a hemodynamic parameter that 
indicates the prognosis of patients with CTEPH (13). A 
recent study reported that CMR can be used to determine 
reversibility of RV remodeling by catheter intervention in the 
area of CTEPH by evaluating RV functional parameters (14).  
However, CMR is time-consuming and expensive when 
repetitive examination is required. Therefore, it is imperative 
to explore simple and non-invasive tools for evaluation 
of the therapeutic effect of BPA in outpatient setting. 
Echocardiography techniques are used for non-invasive 
evaluation of RV function. In addition, the approaches are 
inexpensive and less time and labor intensive for repetitive 
examination. Previous findings on echocardiography indicate 
that BPA can improve RV structure and function in patients 

with CTEPH (12,15,16). However, this finding was only 
observed at a timepoint of 3 months or more after BPA. 
Studies have not explored whether the RV function and 
structure is improved within a few hours after BPA. Studies 
should explore RV structural changes and RV systolic and 
diastolic function under physiological conditions as well as 
pathophysiological conditions after BPA.

Therefore, the aim of the present study was to evaluate 
the short-term effects of BPA on pulmonary hemodynamics, 
right ventricular function and structure in patients with 
CTEPH. This article is presented in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1536/rc).

Methods

Study design and participants

A total of 30 consecutive CTEPH adult patients undergoing 
BPA procedures at The First Affiliated Hospital of 
Guangzhou Medical University from September 2019 
to September 2020 were enrolled in the present single-
centered, retrospective, observational study. The criteria 
were as follows: (I) patients admitted to the hospital with 
inoperable CTEPH diagnosed based on a detailed medical 
history, results of pulmonary angiography, RHC, and 
radionuclide lung ventilation/perfusion scans, (II) patients 
diagnosed with pulmonary artery thrombosis and thrombosis 
persisted after three-month anticoagulation treatment, 
(III) and gave oral or written informed consent. Pregnant 
and uncollaborative patients were excluded from the study. 
BPA treatment selection criteria: (I) pulmonary artery 
stenosis ≥70% confirmed through pulmonary angiography; 
(II) pulmonary hypertension with intermediate to high-
risk stratification or right ventricular insufficiency (10);  
(III) CTEPH diagnosis and treatment progress; 4) No 
contraindications related to interventional therapy. A 
total of 41 CTEPH patients were registered to the study. 
Out of the 41 patients, 8 patients did not have complete 
clinical data before BPA, and 3 patients had not undergone 
echocardiography within 24 hours after BPA. Therefore,  
30 patients were finally enrolled in the study.

The study was conducted in accordance with the 
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Declaration of Helsinki (as revised in 2013). The study 
protocol was approved by the Ethics Committee at The 
First Affiliated Hospital of Guangzhou Medical University 
(Approval No. [2020]108). All patients signed written 
informed consent prior to participation in the current study.

BPA procedure

BPA was performed as described previously (17). RHC 
was performed through the right femoral venous using a 
Swan-Ganz catheter (Edwards) before and after surgery. 
A 5F pigtail angiography catheter (Cordis) was used to 
perform digital subtraction angiography (DSA) of the target 
pulmonary artery area. The guidewire (ASAHI) was passed 
through the target lesion, and target segment/subsegmental 
branches were expanded by manual balloon inflations using 
a semi-compliant balloon until the indentation disappeared 
or the balloon was fully inflated. The contrast agent was 
injected into the treated vessel after inflation to evaluate 
the angiographic effect of the operation. Super-selective 
and multi-angle pulmonary angiography was performed 
to determine the next target vessel after completing the 
balloon expansion of the lung segment, then the balloon 
was extended to the vessel. Patients were administered with 
local anesthesia during the procedures.

RHC 

RHC was performed using a Swan-Ganz catheter (Edwards 
Lifesciences) before and after surgery. RHC evaluates 
hemodynamic parameters, including right atrial pressure 
(RAP), pulmonary artery pressure (PAP), pulmonary 
capillary wedge pressure (PCWP), PVR and cardiac output 
(CO). Mean right atrial pressure (mRAP), mean pulmonary 
artery pressure (mPAP) and mean PCWP were recorded 
during continuous ECG monitoring. CO was calculated 
using the Fick method, whereas the cardiac index (CI) was 
calculated by dividing the CO by the body surface area.

Echocardiography

A Philips EPIQ 7C (Philips Healthcare) Doppler ultrasound 
machine equipped with an S5-1 transducer (1–5 MHz) 
was used for echocardiography. Determination of right 
heart function parameters was conducted according to 
the 2015 ASE Adult Echocardiography Cardiac Chamber 
Quantification Guidelines (18). The apical four-chamber 
view of the right ventricle was displayed and the RV function 

parameters including tissue Doppler-derived tricuspid lateral 
annular systolic velocity (S’), tricuspid annular plane systolic 
excursion (TAPSE), right ventricular index of myocardial 
performance (RIMP) and right ventricular fractional area 
change (RVFAC) were determined. Echocardiography RV 
structural parameters including inner diameter of main 
pulmonary artery in end diastolic (DMPA), right ventricular 
basal diameter (RVD); right atrium diameter (RAD); right 
ventricular end-diastolic area (RVEDA), right ventricular 
end-systolic area (RVESA), right atrium end-diastolic area 
(RAEDA) and right atrium end-systolic area (RAESA) 
were determined in the present study. In addition, left 
ventricular stroke volume (LVSV) was evaluated as the left 
heart function parameter of echocardiography. RIMP was 
calculated by Pulse Tissue Doppler Imaging [RIMP = (TCO 
− ET)/ET]. RAD was measured in the 4-chamber apical 
view in the axis parallel to the interatrial septum from the 
center of the tricuspid annulus to the superior wall of the 
right atrium. Pulmonary artery systolic pressure (PASP) was 
estimated from tricuspid regurgitation pressure difference. 
Echocardiographic evaluation after BPA was performed at 
the department of ultrasound in the morning of the day 
after BPA treatment (within 24 h). Ultrasound images were 
independently reviewed by two researchers with extensive 
experience in echocardiography training. Inconsistencies 
between the assessment results of the two independent 
researchers were resolved by discussion and consultation 
with a third researcher. All researchers evaluating 
echocardiography results were blinded to the clinical details.

Statistical analysis

SPSS software version 26.0 was used for statistical analysis. 
Data were presented as mean ± SD or number (%) depending 
on the distribution type. The correlation between variables 
was evaluated by linear regression analysis. Paired t-test was 
conducted to compare the changes in hemodynamic and RV 
functional parameters before and after BPA. A P value <0.05 
was considered statistically significant.

Results

Baseline patient characteristics

A total of 30 consecutive patients were enrolled to the 
current study between September 2019 to September 
2020. Participants included 9 males (30.0%) and 21 females 
(70.0%). The average age of participants was 57.5±12.4 years 
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and they had an average BMI of 23.9±3.1. Demographic and 
clinical characteristics of patients are presented in Table 1.  
All 30 patients included in the present study underwent 
BPA surgeries. Out of the 30 patients, 11 (36.7%) were 
classified as World Health Organization functional class 
(WHO-FC) III or IV. mRAP, mPAP and PVR of the 
patients at baseline were elevated to 6.47±3.21 mmHg,  
35.17±10.79 mmHg and 7.34±4.19 Wood units, whereas CI 
was reduced (2.73±1.11 L/min per m2) (Table 1).

Hemodynamic parameters assessed by RHC before and 
after BPA

All BPA procedures in the present study were successfully 
performed without any deaths or major complications. 
Analysis showed that the vessel was dilated successfully 
by angiography after BPA (Figure 1). RHC data before vs. 
after BPA are presented in Table 2. Notably, some RHC 
hemodynamic parameters including PASP (60.97±21.13 vs. 
54.43±18.65 mmHg, P<0.001), pulmonary artery diastolic 
pressure (PADP) (20.17±6.91 vs. 17.20±6.50 mmHg, 
P=0.006), mPAP (35.17±10.79 vs. 32.10±10.02 mmHg, 
P=0.009) and PVR (7.34±4.19 vs. 6.41±3.96 Wood units, 
P=0.014) were significantly improved after BPA (Figure 2). 
However, mean PCWP, CI and mean RAP did not show 

Table 1 Baseline characteristics of enrolled patients included in the 
study (N=30)

Characteristic Patients, N=30

Age, years 57.5±12.4

Male, n (%) 9 (30.0)

BMI, kg/m2 23.9±3.1

WHO-FC, n (%)

Class I 2 (6.7)

Class II 17 (56.7)

Class III 9 (30.0)

Class IV 2 (6.7)

pro-BNP, pg/mL 644.21±888.67

Hemodynamic data before procedure

Mean RAP, mmHg 6.47±3.21

Mean PAP, mmHg 35.17±10.79

CI, L/min per m2 2.73±1.11

PVR, Wood units 7.34±4.19

Data are presented as mean ± SD or n (%). BMI, body mass 
index; WHO-FC, World Health Organization functional class; 
pro-BNP, pro-brain natriuretic peptide; RAP, right atrial pressure; 
PAP, pulmonary artery pressure; CI, cardiac index; PVR, 
pulmonary vascular resistance.

A B

Figure 1 Pulmonary angiography before vs. after BPA. Angiography image for a characteristic lesion with obstruction (arrow) in a 
patient with inoperable CTEPH. (A) Before BPA; (B) immediately after BPA. BPA, balloon pulmonary angioplasty; CTEPH, chronic 
thromboembolic pulmonary hypertension.
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Figure 2 Key results of RHC and echocardiography parameters before vs. short-term after BPA. Key parameters indicating pulmonary 
circulation, RV structure and function before BPA and within 24 h after BPA. ns, P>0.05; *, P<0.05; **, P<0.01. Before: before BPA; short-
term: within 24 hours after BPA. mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; TAPSE, tricuspid annular 
plane systolic excursion; RVFAC, right ventricular fractional area change; RVEDA, right ventricular end-diastolic area; RAEDA, right 
atrium end-diastolic area; RHC, right heart catheterization; BPA, balloon pulmonary angioplasty; RV, right ventricular.

Table 2 RHC parameters before vs. after (N=30)

Variables Before After Difference (95% CI) P value

PASP, mmHg 60.97±21.13 54.43±18.65 −6.53 (−9.79 to −3.27) <0.001

PADP, mmHg 20.17±6.91 17.20±6.50 −2.97 (−5.03 to −0.91) 0.006

Mean PAP, mmHg 35.17±10.79 32.10±10.02 −3.07 (−5.31 to −0.82) 0.009

Mean PCWP, mmHg 8.95±2.95 8.57±2.84 −0.38 (−0.98 to 0.21) 0.196

CI, L/min per m2 2.73±1.11 2.97±1.19 0.24 (−0.20 to 0.67) 0.276

PVR, Wood units 7.34±4.19 6.41±3.96 −0.93 (−1.66 to −0.20) 0.014

Mean RAP, mmHg 6.47±3.21 6.23±2.84 −0.23 (−1.11 to 0.64) 0.590

Data are presented as mean ± SD. P values were calculated using paired t-test for continuous variables. Before: before BPA; after: within 
24 hours after BPA. RHC, right heart catheterization; CI, cardiac index; PASP, pulmonary artery systolic pressure; PADP, pulmonary artery 
diastolic pressure; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RAP, 
right atrial pressure; BPA, balloon pulmonary angioplasty.
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significant changes after BPA.

Comparison of echocardiography parameters before vs. 
after BPA

The results from blind evaluation of echocardiography 
parameters were highly consistent with the results 
obtained for RHC parameters (Figure 3). All examinations 
were performed within 24 h. PASP at baseline was 
62.90±27.70 mmHg as determined by echocardiography, 
as opposed to 60.97±21.13 mmHg as determined by RHC. 
RHC and echocardiography results were significantly 
correlated (r=0.807; P<0.0001). Echocardiography 
function parameters,  echocardiography structural 
parameters and echocardiography PASP of the 30 patients 
before vs. after BPA are presented in Table 3. Notably, 
some echocardiography function parameters were 
significantly improved after BPA (Figure 2). In addition, 
echocardiography structural parameters were significantly 
improved after BPA. Right atrium parameters including 
RAD (54.62±9.86 vs. 51.61±9.97, P<0.001), RAEDA 
(19.31±7.43 vs. 17.61±6.52, P=0.002), RAESA (13.90±7.45 
vs. 12.66±6.88, P<0.001) were significantly less after 
BPA relative to the values before BPA. In addition, right 
ventricular parameters including RVEDA (26.72±8.99 vs. 
24.82±8.52, P=0.022), RVESA (18.19±8.35 vs. 16.51±7.93, 

P=0.013) decreased after BPA. Moreover, echocardiography 
PASP after BPA was significantly lower compared with 
that before BPA (62.90±27.70 vs. 57.02±24.99, P=0.047). 
However, the results showed no significant changes in S’, 
TAPSE, RIMP, RVFAC, and LVSV after BPA, however, 
the mean values of these parameters were slightly improved 
(P>0.05; Table 3). A representative echocardiography images 
of one CTEPH patient before and after BPA treatment is 
presented in Figure 4.

Discussion

The major findings of the present study were as follows: 
(I) BPA reduces pulmonary artery pressure and RV volume 
in inoperable CTEPH patients; (II) the right heart volume 
load and pulmonary artery pressure load of CTEPH 
patients were rapidly decreased within 24 hours after BPA 
treatment; (III) RV structure improved within 24 hours after 
BPA, but the RV function did not improve, indicating that 
the right ventricle has not undergone significant reverse 
remodeling.

Chronic pressure overload causes RV morphological 
changes such as myocardial hypertrophy and RV dilatation 
in CTEPH patients. BPA significantly improves pulmonary 
blood flow distribution, increases pulmonary vascular 
volume and decreases RV overload. A previous study on 
the use of BPA as an alternative interventional strategy 
for CTEPH patients without surgical potential reported 
that BPA significantly reduced pulmonary hypertension 
in CTEPH patients, but is associated with severe 
complications such as reperfusion pulmonary edema (19). 
A refined BPA procedure was recently reported which 
significantly improves the clinical status and hemodynamics 
of inoperable CTEPH patients, and is associated with a 
lower mortality rate (20). Echocardiography evaluation 
results from clinical studies indicate that BPA reduces 
pulmonary artery pressure and improves RV function in 
CTEPH patients (12,16,21). A previous study showed that 
CMR can be used to indicate a decrease in RV volume and 
mass after BPA (14). Although CMR provides excellent 
image clarity and volumetric accuracy, it is costly. In 
addition, CMR has limited clinical value in evaluation 
of hemodynamics.  The high consistency between 
echocardiography findings and RHC results indicates that 
echocardiography is a reliable tool for evaluating severity 
and prognosis of CTEPH patients after BPA. Moreover, 
echocardiography techniques can be used to non-invasively 
assess RV function, making it inexpensive and convenient 

Figure 3 Relationship between PASP as measured by RHC 
and PASP as measured by echocardiography at baseline. 
PASP measured noninvasively through echocardiography was 
significantly correlated with PASP obtained invasively from RHC 
in 30 patients with inoperable CTEPH. PASP, pulmonary artery 
systolic pressure; RHC, right heart catheterization; CTEPH, 
chronic thromboembolic pulmonary hypertension.
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for repetitive examination. Moreover, echocardiography 
is more effective for follow-up after BPA compared with 
traditional methods.

Evaluation of RV is challenging owing to its complex 
geometry. The ASE guidelines indicate that assessment 
of RV systolic function should involve at least one of the 
following methods or a combination of multiple methods: 
RVFAC, S’ and TAPSE (18). S’ and TAPSE are used 
to evaluate the longitudinal motor function of RV, and 
they have a significant clinical predictive value. Notably, 
determination of S’ and TAPSE is angularly dependent 
and cannot fully represent the overall RV function. S’ and 
TAPSE analysis can underestimate or overestimate the RV 
systolic function, if the Doppler signal is not parallel to the 
direction of the annulus motion. RVFAC is a parameter for 
quantitatively evaluating the overall systolic function of the 
right ventricle, including longitudinal and radial directions. 
RVFAC is more comprehensive in evaluating RV function 
compared with S’ and TAPSE. RIMP is used to determine 

the overall systolic and diastolic function of the right 
ventricle, and is less affected by heart rate. However, RIMP 
can give false low results in conditions associated with 
elevated RA pressures (18).

The right heart volume load and pulmonary artery 
pressure load of CTEPH patients were significantly 
decreased within 24 hours after BPA treatment. However, 
RV function did not improve, indicating that the right 
ventricle had not undergone significant reverse remodeling 
within 24 hours after BPA. A study by Broch (16) reported 
that RV undergoes significant reverse remodeling after 3 
months or more after BPA, as indicated by reduction of RV 
volume load and improvement of RV function. Although 
the parameters of RV function did not improve significantly 
in the current study, the trend of RVFAC indicates that 
RV function gradually improved. The pulmonary blood 
flow is rapidly restored and RV afterload is reduced 
by dilation of the narrowed lesions or recanalizing the 
occluded pulmonary vessels immediately after BPA, thereby 

Table 3 Echocardiography parameters before vs. after (N=30)

Variables Before After Difference (95% CI) P value

Echocardiography function parameters

S’, cm/s 12.66±2.15 12.95±2.28 0.29 (−0.51 to 1.09) 0.469

TAPSE, mm 20.10±5.07 21.33±4.56 1.24 (−0.07 to 2.54) 0.063

RIMP 0.60±0.23 0.60±0.21 0.00 (−0.07 to 0.07) 0.992

RVFAC, % 33.92±13.45 35.46±13.30 1.54 (−1.65 to 4.72) 0.331

LVSV, mL 57.89±14.92 62.21±15.21 4.32 (−0.68 to 9.31) 0.088

Echocardiography structural parameters

DMPA, mm 27.60±5.89 27.35±5.76 −0.25 (−1.72 to 1.22) 0.734

RVD, mm 41.00±8.44 40.22±8.62 −0.77 (−2.08 to 0.53) 0.235

RAD, mm 54.62±9.86 51.61±9.97 −3.01 (−4.27 to −1.75) <0.001

RVEDA, cm2 26.72±8.99 24.82±8.52 −1.90 (−3.50 to −0.29) 0.022

RVESA, cm2 18.19±8.35 16.51±7.93 −1.68 (−2.97 to −0.38) 0.013

RAEDA, cm2 19.31±7.43 17.61±6.52 −1.69 (−2.73 to −0.66) 0.002

RAESA, cm2 13.90±7.45 12.66±6.88 −1.24 (−1.76 to −0.72) <0.001

Echocardiography PASP, mmHg 62.90±27.70 57.02±24.99 −5.88 (−11.66 to −0.09) 0.047

Data are presented as mean ± SD. P values were calculated using paired t-test for continuous variables. Before: before BPA; after: within 
24 hours after BPA. CI, confidence interval; S’, tissue Doppler-derived tricuspid lateral annular systolic velocity; TAPSE, tricuspid annular 
plane systolic excursion; RIMP, right ventricular index of myocardial performance; RVFAC, right ventricular fractional area change; LVSV, 
left ventricular stroke volume; DMPA, inner diameter of main pulmonary artery; RVD, right ventricular basal diameter; RAD, right atrium 
diameter; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular end-systolic area; RAEDA, right atrium end-diastolic area; 
RAESA, right atrium end- systolic area; PASP, pulmonary artery systolic pressure.
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improving pulmonary hemodynamics and RV volume. The 
function of the RV is gradually improved, and a significant 
reverse remodeling of the RV occurs. BPA surgery is 
associated with improvements in pulmonary hemodynamics, 
lung perfusion, exercise endurance, WHO-FC, and 
6-minute walking distance in the short term (22). However, 
RV function does not improve immediately after BPA 
treatment, and positive effects of this procedure may only be 
observed after several months (15,16,21). This phenomenon 
can be attributed to the unique myocardial structure of 
RV. Longitudinal cardiomyocytes are mainly located in 
the subendocardium of RV, and are more susceptible to 
high pressure and insufficient coronary perfusion caused 
by RV dilation (23). Therefore, the function of damaged 
myocardial fibers may take longer to be restored after BPA 
reduces the load on the RV.

The 2015 ESC/ERS pulmonary hypertension guidelines 
state that BPA is a Class IIb indication for patients with 
inoperable CTEPH (10). The role of BPA was further 
reported at the Sixth World Symposium on Pulmonary 

Hypertension (24). Further studies should explore the role 
of BPA in treatment of patients with CTEPH. Right heart 
failure is the leading cause of death in patients with CTEPH 
and can be reversed by BPA (25). Echocardiography 
techniques are used to non-invasively assess RV function 
parameters. Notably, the right atrium volume parameter, 
right ventricular volume parameter and PASP, which are 
sensitive indicators for evaluating the effect of BPA, were 
significantly improved in the present study.

The present study had some limitations. First, this 
study was conducted retrospectively at a single center 
with a limited number of patients. Second, only treatment 
group was enrolled in the present study, therefore, there 
was no control group for comparison of the results. 
Third, the follow-up period of this study was relatively 
short. Fourth, the study did explore the effects of new 
echocardiographic techniques, such as strain, 3-dimensional 
transthoracic echocardiography (3D-TTE). Fifth, only 
single echocardiographic parameters were determined and 
no multivariate echocardiographic indicators were evaluated 

Figure 4 Echocardiography results of CTEPH patient before vs. after BPA. Significant decompensation of RV function in CTEPH patient 
before BPA (A1, B1, C1: before BPA). A1: TAPSE 11 cm; B1: right atrium and right ventricle were significantly dilated, RVFAC 21%; C1: 
S’ 18 cm/s, RIMP 0.75. No significant improvement in RV function was observed within 24 h after BPA (A2, B2, C2: within 24 h after BPA). 
A2: TAPSE 15 cm; B2: right atrium and right ventricle still significantly dilated, RVFAC 23%; C2: S’ 11 cm/s, RIMP 0.69. CTEPH, chronic 
thromboembolic pulmonary hypertension; BPA, balloon pulmonary angioplasty; RV, right ventricular; CTEPH, chronic thromboembolic 
pulmonary hypertension; TAPSE, tricuspid annular plane systolic excursion; RVFAC, right ventricular fractional area change; S’, tissue 
Doppler-derived tricuspid lateral annular systolic velocity; RIMP, right ventricular index of myocardial performance.

A1 B1 C1

A2 B2 C2
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to estimate right ventricular function, which were more 
consistent with invasive measurements compared with the 
univariate analysis results (26). Sixth, the influence of BPA 
complications, such as post-reperfusion pulmonary edema, 
on the obtained measurement results was not factored 
during analysis. The findings from the present study should 
be further verified through a multicenter study with a large 
cohort.

Conclusions

The results of the present study show that a single BPA 
procedure improves the prognosis of CTEPH patients by 
reducing the RV volume load in the short-term. However, 
RV systolic function is not significantly improved within 24 
hours. The findings show that echocardiography is a useful 
modality for evaluation of RV function in patients with 
inoperable CTEPH after BPA.
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