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Abstract

Balloon pulmonary angioplasty improved hemodynamics, walking distance,

and World Health Organization functional class in patients with chronic

thromboembolic pulmonary hypertension not eligible for pulmonary endar-

terectomy (Non‐PEA) and patients with persistent pulmonary hypertension

after PEA (PEA). More mild complications were observed in PEA‐ compared

to Non‐PEA.
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INTRODUCTION

Balloon pulmonary angioplasty (BPA) improves symp-
toms, exercise capacity and hemodynamics in patients
with chronic thromboembolic pulmonary hypertension
(CTEPH).1–10 A subset of patients are treated with BPA
due to persistent pulmonary hypertension after surgical
pulmonary endarterectomy (PEA), but the experience
with BPA in such patients is sparse with only few reports
on efficacy and safety.6,8,11

In this research letter we report the BPA experience
from Denmark including our results from CTEPH
patients with prior PEA.

METHODS

A retrospective cohort study of patients diagnosed with
CTEPH who completed a series of BPA procedures at the
Danish CTEPH center, Aarhus University Hospital from
September 2nd, 2015, till December 31st, 2020 (n= 59).
PEA has been performed in our center since 199412 as
first line treatment in technically operable patients with a
favorable risk/benefit ratio. BPA was done as described
by others5 and continued until mPAP was <25mmHg
(reached in 2 patients from the Non‐PEA group) or all
accessible lesions were treated. Follow‐up was done at
3–6 months after last BPA or at the last BPA procedure if

Pulmonary Circulation. 2022;12:e12115. wileyonlinelibrary.com/journal/pul2 | 1 of 5
https://doi.org/10.1002/pul2.12115

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Pulmonary Circulation published by John Wiley & Sons Ltd on behalf of Pulmonary Vascular Research Institute.

http://orcid.org/0000-0002-9102-3130
www.twitter.com/DocAsger
mailto:asger.andersen@clin.au.dk
https://onlinelibrary.wiley.com/journal/20458940


follow‐up data was unavailable for this analysis (n= 7,
for these patients 6‐min walking distance was not
available). No changes in PAH targeted therapy were
instituted from baseline (1st BPA session) to follow‐up.
Baseline characteristics and survival data are for the total
cohort (n= 59) whereas follow‐up data (Table 1) are from
patients with available hemodynamic follow‐up data
(n= 45). The analysis was done for the total cohort (All
n= 45), patients previously operated by PEA (n= 18) and
patients deemed inoperable by PEA (n= 27). Complica-
tions were registered as mild, moderate, severe, or fatal in
line with previous BPA reports.5

STATISTICS

Data were analyzed using GraphPad Prism version 7
(GraphPad Software). Continuous variables are pre-
sented as mean ± standard deviation (SD) if normally
distributed or median and interquartile range if data
were not normally distributed. Comparison of continu-
ous variables was done with students t test if normally
distributed and nonparametric tests if not normally
distributed. Categorical values were presented as num-
bers and percentages. The Chi‐square test for indepen-
dence or Fisher's exact test was used to compare
categorical values. For comparison between groups a
nonpaired test was used, whereas a paired design was
used for comparison within a group. To estimate overall
survival, we used the Kaplan–Meier method with the
date of first BPA session as starting point and cut‐off at
December 31st 2020. A two‐sided p< 0.05 was consid-
ered statistically significant.

RESULTS

Patients were primarily female (63%) with a mean age of
70 ± 11 years and most in WHO functional class 3 (78%)
with a 6‐min walking distance of 339 ± 137m. The
patients had impaired lung function (FEV1/FVC of 0.75
[0.69–0.75]) and a large proportion had a history of VTE
(75%). Reason for surgical turn‐down were technical
inoperability (22%), high surgical risk (36%) PEA refusal
(8%) or previous PEA (34%). Most patients were treated
with PAH targeted therapy: PDE5 inhibitors (41%), sGC
stimulators (20%) and endothelin receptor antagonists
(12%). The PEA group had a longer time from CTEPH
diagnosis to 1st BPA procedure (9 [1–18] vs. 0 (0–2) years,
p< 0.0001), worse lung function evaluated by FEV1/FVC
(0.66 [0.57–0.71] vs. 0.72 [0.64–0.77] p= 0.05) (possible
explanation being previous PEA13), and more PEA
patients were on PAH targeted therapy than Non‐PEA T
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(95% vs. 66%, p= 0.001). Detailed baseline characteristics
are available in Table S1, but data on surgical clearance is
unfortunately not available.

Patients received a mean of 3.3 ± 1.5 BPA session
with a trend towards more sessions in the PEA group
(3.7 ± 1.2 vs. 3.1 ± 1.2, p= 0.07). We treated 2.6 ± 0.94
(PEA 2.5 ± 0.90 vs. Non‐PEA 2.4 ± 0.84, p= 0.60) seg-
ments and 4.4 ± 1.4 lesions (PEA 4.1 ± 1.2 vs. Non‐PEA
3.8 ± 0.7, p= 0.24) per session. We primarily treated web
lesions (83%) using a mean balloon diameter of
3.26 ± 1.15mm with fewer web lesions treated in PEA
compared to Non‐PEA (74% vs. 89%, p= 0.0002). More
sub‐occluded lesions were treated in the PEA group (13%
vs. 4%, p= 0.002) with a slightly larger balloon diameter
in PEA compared to the Non‐PEA group (3.43 ± 1.25 vs.
3.15 ± 1.04mm, p= 0.014). Details on treated segments
are available in Table S2

The effects of BPA treatment for the cohort are
illustrated in Table 1. Survival at 1, 2, and 3 years was
93%, 91% and 87% for the total cohort 100%, 94% and 94%
for the PEA group and 89%, 89% and 83% for the Non‐
PEA group.

Complications occurred in 17% of BPA procedures
with mild complications in 9% and moderate complica-
tions in 7% of the procedures. Severe complications
requiring intensive care unit treatment occurred in 1%
and we had one procedure related death: a 79‐year‐old
woman with prior PEA and severe PH (mPAP 55 and
PVR 1280 dynes‐sek/cm5) died in‐hospital due to lung
injury. There were more complications in PEA compared
to Non‐PEA (26% vs. 12%, p= 0.02) with more mild
complications in the PEA group (15% vs. 5%, p= 0.03)
and a trend towards more wire perforations (12% vs. 6%,
p= 0.18) and lung injury (12% vs. 5%, p= 0.09). There
was no statistically significant difference between the
PEA and Non‐PEA cohorts for moderate (10% vs. 5%,
p= 0.25) or severe complications (1% vs 2%, p= 0.68).
Details on complications are in Table S3.

DISCUSSION

BPA improved hemodynamics, walking distance, and
WHO functional class in Non‐PEA and PEA patients. We
observed more mild complications in PEA‐compared to
Non‐PEA suggesting a more complex disease that is more
difficult to treat with BPA.

The efficacy of BPA in our cohort was comparable to
early reports from other European centers,5–7,14 but
results from the Japanese centers and later European
experience generally show a better outcome. The patients
from our cohort were older compared to other centers
(70 vs. 61–65 years)5,7,15,16 making patient selection a

possible explanation.17 Furthermore, differences in
pathobiology between European and Asian CTEPH
patients may explain the difference in BPA outcome.18

The higher volume and more experience in Japanese and
the larger European centers could also explain the better
results2,4,5,11,15,19 which would suggest that BPA should
be centralized to ensure highest possible operator volume
and experience.

The beneficial effects of BPA were evident in both the
PEA and Non‐PEA but study design and patient selection
does not allow for comparison between groups. Our
findings in the PEA group are, however, similar to
reports from the Japanese center in Tokyo and the Polish
centers8,11 whereas the high‐volume surgical center at
Papworth recently reported a less favorable outcome of
BPA for patients with prior PEA.6 We know that
longstanding CTEPH induces vasculopathy17 which
could limit the response to BPA in our cohort making
comparison between cohorts challenging, but should
encourage future efforts to shorten treatment delay.

The rate of mild and moderate complications is
higher in our cohort than in some European and
Japanese centers evaluated by per‐procedure, but better
than the early French BPA data with a complication rate
of 46% per patient.5 The higher rate of complications
could be explained by a learning curve for the BPA
procedure, as reported from the French center.5 Another
explanation could be a higher proportion of PEA patients
in our BPA cohort and that PEA patients are more prone
to complications.11 The explanation for the higher rate of
complications and impaired treatment response is
unknown, but with more sub‐occluded lesions, larger
balloons needed and a trend towards more segments
treated per patient in our PEA cohort it suggests that
disease burden is higher, more complex and may be more
resistant to treatment and more prone to complications
than Non‐PEA patients.

Long term mortality after BPA in Denmark is
comparable to other BPA reports and to surgical outcome
data after PEA.12,20 Most deaths were not related to
CTEPH and the patient population had several comor-
bidities that likely confound CTEPH associated mortality.

This analysis has several limitations. (1) The small
cohort, nonpropensity matched single center retrospec-
tive analysis of the outcome after BPA has obvious
limitations (2) The PEA and Non‐PEA groups have
different baseline and disease characteristics. Therefore,
comparison between groups (PEA vs. Non‐PEA) and
with other cohorts should be done with caution. (3)
There is no strict protocol for PAH targeted medical
therapy which makes interpretation of the hemodynamic
evaluation difficult. (4) No long‐term follow‐up. (5) Only
hemodynamic follow‐up in 45 of 59 patients (of which 10
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of the missing where from our initial period of our BPA
program) which could introduce selection bias. (6)
Hemodynamics were evaluated before last BPA proce-
dure in some patients (n= 7) which may underestimate
the hemodynamic effects of BPA.

In conclusion, BPA improved hemodynamics,
functional class and biomarkers of right heart failure
in CTEPH patients not eligible for PEA and in patients
with persistent pulmonary hypertension after PEA.
Complications are common although most of them
are mild or moderate and more frequent in PEA
patients. Whether an acceptable risk‐benefit is ex-
pected from BPA in inoperable patients with CTEPH
and patients previously operated by PEA should be
investigated in prospective controlled or propensity
matched studies.
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