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Balloon pulmonary angioplasty (BPA) is a rapidly emerging and developing therapy
for inoperable chronic thromboembolic pulmonary hypertension (CTEPH). BPA

is associated with improvements in functional and hemodynamic status, imaging
indices of right ventricular performance, and survival. However, BPA should only be
undertaken at a CTEPH referral center with pulmonary thromboendarterectomy
capability, and only after multidisciplinary discussion determines the patient is a
poor candidate for pulmonary endarterectomy. Meticulous attention to procedural
technique is critical to ensure procedural success and to limit the risk of complica-
tions. Randomized controlled trials are also needed to further refine BPA’s role in
comprehensive CTEPH care. Nonetheless, BPA is an increasingly effective and safe
therapy for CTEPH that is associated with clinical improvements and is rapidly
becoming a cornerstone of referral center CTEPH care.

INTRODUCTION

Chronic thromboembolic pulmonary
hypertension (CTEPH) is unique in
that it is potentially reversible with pul-
monary thromboendarterectomy (PTE),
which should be considered first-line
therapy in eligible patients." For patients
who are poor candidates for PTE or
have residual or recurrent pulmonary
hypertension after PTE, balloon pulmo-
nary angioplasty (BPA) has developed
into a useful therapy that is associat-

ed with hemodynamic, imaging, and
clinical improvements and is occupying
an ever-enlarging niche in the care of
CTEPH patients. In this review we will
summarize the history, technical details,
and recent data on BPA.

HISTORY OF BALLOON
PULMONARY ANGIOPLASTY
BPA was first reported for CTEPH

in 1988,” after having been used for
applications in congenital heart disease
for several years,’ but it wasn’t until
2001 that a larger series of 18 CTEPH
patients who underwent BPA was
reported.’ The procedure was associated
with improvements in World Health
Organization (WHO) functional class,

6-minute walk distance (6MWD),

and mean pulmonary artery pressure
(mPAP), but the majority of patients
developed pulmonary edema with 3
requiring mechanical ventilation and 1
dying within a week of the procedure.
Because of the high rate of serious
complications, physicians in the United
States and Europe abandoned the proce-
dure for many years. However, Japanese
physicians continued to perform the
procedure, which underwent iterative
refinements and improvement in their
hands, ultimately reducing complication
rates and improving efﬁcacy.s'lo Owing
to this success, it has been readopted by
European and American centers'"** and
is becoming a cornerstone of referral
center CTEPH care throughout the

world.

PATIENT SELECTION

BPA should be considered for patients
who are deemed inoperable candidates
for PTE, whether due to surgically in-
accessible distal disease or other patient
factors."” It may also be used for patients
with residual post-PTE obstructive
disease and pulmonary hypertension
and occasionally as a stabilizing proce-
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dure in critically ill patients, ideally as a
bridge to PTE.” BPA is best suited to
treatment of segmental or subsegmental
vessels, and should not be attempted on
large, central clots or occlusions. The
ultimate treatment strategy should be
determined at an expert center after
multidisciplinary discussion and only
after careful consideration of PTE.

OUTCOMES

The evidence base for BPA began

with several small and single-center
studies! 315102131 that demonstrated
improved hemodynamics, WHO func-
tional class, (MWD (typically by 50 to
100 meters), brain natriuretic peptide
levels, and imaging parameters.*"*>***
These findings have since been largely
confirmed in larger multicenter stud-
ies and meta-analyses,"****® including
a 7-center registry that included 308
patients who underwent 1408 BPA
procedures in Japan. In the latter study,
mean pulmonary artery pressure was
reduced from 43 mmIHg to 23 mm Hg,
pulmonary vascular resistance from 10.7
Wood units (WU) to 3.6 WU, brain
natriuretic peptide level from 240 pg/
mL to 39 pg/mL, and 6MWD increased
by 111 meters.” In the absence of a
well-powered randomized trial, little is
known regarding the effect of BPA on
survival, though multiple observation-
al datasets have suggested a survival
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benefit.”»* The publication of the
results of the Riociguat versus BPA in
Nonoperable CTEPH (RACE) trial is
eagerly awaited; preliminary data from
its presentation at the European Respi-
ratory Society meeting in 2019 are very
f:ncourztging.41

PREPROCEDURAL
EVALUATION AND LESION
SELECTION

Patients typically have undergone an
extensive evaluation prior to deter-
mination of candidacy for both PTE
and BPA, including echocardiography,
computed tomography pulmonary
angiography with or without du-
al-energy perfusion imaging, ventila-
tion-perfusion scanning, and invasive
nonselective pulmonary angiography.
Once BPA is determined in multidis-
ciplinary discussion to be the optimal
treatment strategy, target lung zones
for intervention should be identified.
This is accomplished by assessing for
perfusion defects, which can be seen
on ventilation-perfusion scanning,
dual-energy computed tomography
perfusion imaging, or assessment of
distal perfusion on invasive pulmonary
angiography. Improvement of perfusion
defects in the lower lung zones is likely
to yield greater benefit than upper lung
zones given their greater perfusion
under physiologic conditions. Lower
lung zones are also technically easier
to approach, and as such should be
prioritized.

Once a target lung zone has been
identified, selective segmental or sub-
segmental injections are performed at
the time of BPA to completely char-
acterize specific vessels feeding the
target zone. Lesions are categorized as
ring-like stenoses, web lesions, subtotal
occlusions, total occlusions, or tortuous
lesions; success rates are highest and
complications lowest with ring-like and
web lesions, while total occlusions and
tortuous lesions are riskier and less likely
to be successfully treated,’ although as
experience has grown with BPA, more
complex lesions have been successfully
and safely treated, often with greater
hemodynamic improvements.* Figure 1
reviews the approach to assessing and

preparing a patient for BPA.

Multidisciplinary Evaluation to

Ensure That Patient is
Appropriate for BPA

- CTEPH Confirmed

- Inoperable or refuses surgery
- 2 WHO Function Class Il

- No contraindications to BPA

ReviewVQ Scanand CT TE Pulmunaryi Decide on which segments are
Perfusion Imaging to Identify Angiography to Assess intervenable and in what order; limits

Hypoperfused Territories Vascular Anatomy for radiation and contrast exposure

- Patient Discussion Regarding Goals and
Stopping Points

- Planned Interruption of Anticoagulation
- Informed Consent

- Sedation Plan

Basilar = Upper Labe Vessels
¢ \\ebs and Bands >> Pouches
Ease of Access to Lesions

- Follow-up Visits and Studies

Figure 1: Clinical approach to potential candidates for balloon pulmonary angioplasty. There
is significant evaluation and planning that is necessary before taking the patient for a BPA
procedure. Imaging studies and clinical data must be thoroughly vetted to ensure that surgery
is not the preferred treatment modality. Patients must have appropriate vascular access,
adequate renal function, and ability to consent for the procedure. Lesions in territories that
correspond to perfusion defects are preferred, as are regions normally with high perfusion
(lower lobes) and those most easily accessed. In general webs, bands, and ring-lesions
respond best to BPA. Anticoagulation must be appropriately interrupted to minimize the risk for
recurrent thromboembolism. BPA indicates balloon pulmonary angioplasty; CTEPH, chronic
thromboembolic pulmonary hypertension; V/Q, ventilation/perfusion; WHO, World Health
Organization.

Figure 2: BPA of a web lesion in a 51-year-old male with prohibitive comorbidities and
CTEPH complicated by severe pulmonary hypertension. His mean pulmonary artery
pressure was 52 mm Hg and pulmonary vascular resistance was 9 Wood units before
the first BPA. Panel A shows a selective angiogram of the left lower lobe. There are
multiple lesions seen in several branches. The hollow arrow shows a complex web at
the subsegment branch, the intervention for which is illustrated in this Figure. The lesion
was first crossed with a workhorse wire and then ballooned several times with a 2 mm
noncompliant balloon (B). Angiography afterwards (C) showed improved perfusion, but
limited venous return (not shown). Two months later the lesion was dilated with a 4 mm
noncompliant balloon (D) with some improvement in angiographic appearance (E), but
dramatically improved venous return (F). CTEPH indicates chronic thromboembolic
pulmonary hypertension.

84  Advances in Pulmonary Hypertension Volume 21, Number 3; 2022

$S900E 93l} BIA $2-90-GZ0g 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



TECHNICAL DETAILS

BPA is performed under conscious seda-
tion over the course of several (typically
4 to 6) sessions to limit radiation and
contrast exposure. Heparin is given to
maintain an activated clotting time of
200 to 250 seconds. Femoral venous ac-
cess is most commonly used, and a long
(~90 cm) 6, 7, or 8 French sheath is ad-
vanced into the target pulmonary artery;
a 6 or 7 French preshaped guide catheter
is advanced through the sheath and po-
sitioned in the target segment. An atrau-
matic 0.014 in or 0.018 in guidewire is
advanced across the target lesion, often
under an inspiratory breath hold. The
use of microcatheters, guide extensions,
and balloon catheters can provide addi-

tional support. Polymer-jacketed guide-
wires have been associated with a higher Figure 3: BPA of a distal occlusion in a 51-year-old male with prohibitive comorbidities and
CTEPH complicated by severe pulmonary hypertension. His mean pulmonary artery pressure
: 17 . was 52 mm Hg and pulmonary vascular resistance was 9 Wood units before the first BPA. Panel
ly be avoided.”” When the location of a A shows a selective angiogram of the left lower lobe. There are multiple lesions seen in several
web lesion is not readily apparent based branches. The blackened arrow shows an occlusion at a distal branch, the intervention for which
on angiography alone, pressure wires can is illustrated in this Figure. Selective distal angiography (B) confirmed that the distal branch
was occluded. This lesion was considerably more challenging to cross, but the workhorse wire
o was again successful (C), and the vessel was ballooned in several segments with a 2 mm
flow restriction, and have also been used noncompliant balloon. Angiography afterwards (D) showed dramatically improved perfusion and
to reduce the incidence of complications a sizable new vessel is evident. Two months later the lesion was redilated with a 4 mm balloon
by titrating balloon dilation to keep (E) with dramatic improvement in angiographic appearance (F) and pulmonary venous return
(not shown). BPA indicates balloon pulmonary angioplasty; CTEPH, chronic thromboembolic
pulmonary hypertension.

risk for vascular injury and should ideal-

be used to identify areas of significant

pulmonary pressure distal to the lesion
under 35 mm Hg.* Initial balloons

are undersized to minimize the risk of
vascular injury and reperfusion edema,
although larger balloons can then be
used, either in the same session or in
later sessions if the risk of reperfusion
edema is felt to be high. Sculpting or
cutting balloons are not associated with
improved performance compared with
conventional balloons,” and should be
used sparingly and only in experienced
hands."” Intravascular ultrasound, optical
coherence tomography, and cone beam
computed tomography have also been
used spaudngly“‘45 but are often imprac-
tical.* Figures 2 and 3 present examples
of an intervention to web lesion and a
chronic total occlusion, respectively. This
patient experienced significant improve-

ments in 6-minute walk and function Figure 4: Cardiovascular remodeling after successful BPA. Apical 4-chamber views of
class; the effect of his procedure on his transthoracic echocardiograms performed 2 weeks before BPA sessions began (A) and 1 year
heart chambers is shown in Figure 4. after sessions completed (B) for the male patient presented in Figures 2 and 3. This patient had

4 total sessions with 9 different lesions treated. Note the decrease in size of the RV and RA

afterwards, with concomitant increase in size of the LA. There was also notable improvement
PREVENTING AND MANAGING in right ventricular systolic function seen. BPA indicates balloon pulmonary angioplasty; LA, left
COMPLICATIONS atrium; LV, left ventricle; RA, right atrium; LV, left ventricle.

Despite improvements in technique and
improving safety over the years, BPA
complications are still common.**
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Vascular injury due to wire or balloon
trauma is the most common type of
complication, and most often results in
minor clinical manifestations such as
asymptomatic infiltrate on chest X-ray
or mild, self-limited hemoptysis,” which
are not associated with worse long-term
outcomes.”” More serious complications
can arise, however, and great care should
be taken to prevent them.

This process should ideally begin well
before the procedure; based on the ob-
servation that elevated pulmonary artery
pressures are associated with higher risk
for complications,** optimizing medical
therapy for pulmonary hypertension prior
to first BPA is likely wise, " and has been
associated with reduced complication rates
in the extension study of the RACE trial.”

Several intraprocedural techniques to
reduce risk of complications have already
been mentioned, such as prioritizing
lower-risk web and ring-like lesions
and the use of atraumatic wires and
undersized balloons, which is especial-
ly important in the setting of severely
elevated pulmonary pressures.

Complications must be swiftly
recognized and treated, whether with
heparin reversal, balloon sealing, covered
stent placement, or vessel occlusion with
coils or resorbable gel.”* Traditional life
support measures including intubation
and mechanical ventilation, bronchos-
copy, and surgical intervention are rarely
necessary but should be readily available.

CONCLUSION

BPA is rapidly becoming a cornerstone
therapy for referral center CTEPH care
and continues to improve with rapid
refinements in technique. Randomized
trial data assessing the efficacy and safe-

ty of BPA is eagerly awaited.
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