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Abstract

Chronic thromboembolic pulmonary hypertension (CTEPH) is the result of

incompletely resolved pulmonary emboli (PE) that lead to chronic right heart

failure. The two mechanical treatment options are pulmonary thromboendar-

terectomy (PTE) and balloon pulmonary angioplasty (BPA). There are no

formal criteria for BPA patient selection and treatment decisions vary

according to a center's experience with BPA and PTE. We performed a

retrospective review of consecutive patients treated with PTE and BPA at

UCSD from March 2015 to 2021. Clinical and hemodynamic data were

collected. Patients were categorized according to the rationale for BPA. One

hundred fifty three patients underwent 643 BPA sessions, and 1104 patients

underwent PTE. Patients selected for PTE had worse baseline hemodynamics

with mean pulmonary artery pressure 41.1 ± 11.7 versus 34.6 ± 11.2 mmHg,

p< 0.001. 59% of patients selected for BPA had surgically inaccessible disease,

21% had residual CTEPH after PTE, 10% had a discordance between disease

burden and symptoms/hemodynamics, 7% had comorbidities that prevented

PTE and 3% refused PTE surgery. 28% of patients who underwent PTE had

exclusively level III or IV disease based on surgical specimen. There were no

BPA procedure‐related mortalities and minor pulmonary vascular complica-

tion rates during BPA were 9.2%. The most common reason for BPA selection

was surgically inaccessible disease followed by residual CTEPH after PTE.

Almost one third of patients who underwent PTE had exclusively distal

disease by surgical criteria and might have been directed to BPA at a less

experienced surgical center.

KEYWORD S

chronic thromboembolic pulmonary hypertension, CTEPH, balloon pulmonary angioplasty,
BPA, pulmonary thromboendarterectomy
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension
(CTEPH) is the result of incompletely resolved pulmo-
nary emboli (PE) that organize to obstruct or limit flow
through pulmonary arteries.1 Chronic obstructions and
an associated remodeling of the pulmonary vascular bed
lead to progressive dyspnea, worsening exercise toler-
ance, pulmonary hypertension (PH), increased right
ventricular workload, and if untreated, right heart failure
and death.

The initial evaluation and management of CTEPH are
targeted at identifying patients who can undergo
mechanical treatment to remove chronic obstructive
material, restore perfusion, reduce right ventricular
workload and reduce pulmonary artery pressures.
Pulmonary thromboendarterectomy (PTE) surgery2 is
the gold standard treatment for CTEPH and when
performed at experienced centers, is safe and effective
even in patients with severe PH, distal disease, and
significant medical comorbidities.3 Over the past decade,
the percutaneous approach of balloon pulmonary angio-
plasty (BPA) has emerged as an additional method of
treating CTEPH. Current guidelines recommend BPA for
patients who are not candidates for PTE after evaluation
at experienced CTEPH centers or for patients with
residual PH after PTE.4,5

There are no formal criteria for BPA patient selection
and so the treatment decisions vary according to a given
center's experience with both BPA and PTE. It is a
subjective process that includes center‐specific factors,
such as surgical experience and volume, as well as
patient‐specific factors, such as distal location of chronic
clot, severity of hemodynamic impairment, and medical
comorbidities. University of California San Diego
(UCSD), is a referral center for PTE and performs a high
volume of PTE surgeries even for patients with severely
impaired hemodynamics, advanced age, distal disease,
and medical comorbidities. In 2015, UCSD initiated a
BPA program to complement the surgical program and
offer patients the full range of CTEPH treatment options.
This report describes experience with BPA over the 6
years from initiation from March 2015 to 2021 at a high‐
volume PTE center.

METHODS

We performed a retrospective review of consecutive
patients treated with BPA at UCSD from the inception of
our BPA program in March 2015 to 2021. Patients were
evaluated and selected according to our standard multi-
disciplinary approach.6 All patients were first considered

for PTE surgery and once determined inoperable were
selected for BPA. Evaluation included testing to confirm
the diagnosis of CTEPH with ventilation–perfusion
scintigraphy (V/Q), computed tomography angiography
(CTA) and/or nonselective digital subtraction pulmonary
angiography (DSA). Disease severity was established
with New York Heart Association (NYHA) functional
class assessment, six‐minute walk distance (6MWD),
echocardiography (ECHO), N‐terminal pro‐brain natri-
uretic peptide (NT‐pro BNP), and right heart catheteri-
zation hemodynamics. Patients were categorized accord-
ing to the rationale for BPA selection. Reason for BPA
included:

1. Persistent, symptomatic CTEPH after PTE surgery
(and not candidates for repeat PTE).

2. Deemed by multidisciplinary CTEPH team to have
surgically inaccessible disease.

3. Hemodynamic impairment or symptoms dispropor-
tionate to the degree of visible disease on imaging.

4. Technically operable but with significant comorbid-
ities that prohibited PTE surgery.

5. Technically operable but refused PTE surgery.

Although some patients fit into more than one of the
above categories, they were grouped according to their
single greatest contributor for BPA selection.

A retrospective review of patients who underwent
PTE at UCSD during the same period from March 2015
to 2021 was also performed. Data on baseline character-
istics as well as surgical level of the removed endarter-
ectomy specimens were collected.

Statistical analyses were conducted with RStudio
software. Categorical variables were presented as
number with percentage, and continuous variables
as mean ± standard deviation or as median with
range. We performed Pearson's Chi‐squared test on
complications and BPA medical therapies with
a p value < 0.05 considered statistically significant.
To assess the efficacy of BPA and the differences
between BPA and PTE cohorts, hemodynamics
means were tested with Student's t‐test and a two‐
tailed p value < 0.05 considered to indicate statistical
significance.

PH ‐TARGETED THERAPY
DURING BPA

Patients were maintained on existing background
PH‐targeted therapies while undergoing BPA. In
cases of severely impaired hemodynamics, PH‐
targeted treatment was initiated in advance of BPA to

2 of 10 | POCH ET AL.
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improve hemodynamics and mitigate BPA‐related com-
plications. Throughout the course of BPA treatment PH‐
targeted therapies were added and/or removed based on
the clinical judgment of the treating physicians at UCSD
in conjunction with their referring treatment team.

BPA PROCEDURE

A right heart catheterization with measurement of right
atrial pressure, pulmonary artery pressures, pulmonary
artery wedge pressure, cardiac output/index (CO/CI) by
thermodilution and indirect Fick methods, and pulmo-
nary vascular resistance (PVR) was performed at the start
of each BPA session.

All BPA procedures were performed as described
previously with a telescoping technique of a 9‐Fr short
sheath through which a 6‐Fr long sheath and 6‐Fr guide
catheter were placed.7 Patients were administered hepa-
rin to maintain an activated clotting time (ACT) between
200 and 250 s. The preferred guidewire for the procedure
was a low tip load, 0.014″ non‐hydrophilic coated wire.
The BPA intervention was limited to a single lung per
session, targeting as many segments as possible. Targets
were selected based on the location of defects on V/Q and
selective angiography. Lower lobe segments were prefer-
entially targeted compared to upper lobe segments.
Balloons were sized angiographically and ranged from
1 to 6mm in diameter. Subsequent BPA procedures were
performed in intervals of 1–3months to allow time for a
vascular remodeling and hemodynamic changes to occur.
Treatment was performed on all lesion types8; however,
large, complete occlusions, without clear distal runoff
were approached only after low‐risk territories were
treated. For complete occlusions, wire escalation and
microcatheter support were often required.

The number of BPA sessions ranged from 1 to 10 per
patient. The decision to end BPA treatment was not
standardized as there are no accepted guidelines
applicable to all BPA cases. The decision was made on
a case‐by‐case basis after weighing the residual lesions
amenable to BPA, residual hemodynamic burden,
residual symptom burden, and residual use of
PH‐targeted therapy.

The last invasive hemodynamic measurement was
derived at the time of the final BPA session performed at
UCSD. As a result, the last recorded invasive hemo-
dynamics are obtained before the final BPA session and
do not capture the hemodynamic benefit of the final
session(s). Similarly, NYHA functional class assessments,
NT‐pro BNP, 6MWD, and PH‐targeted therapies were
documented immediately before the final BPA session
and may not reflect the impact of the final session.

RESULTS

Baseline characteristics

From March 2015 to 2021, a total of 153 patients
underwent 643 BPA sessions at UCSD. During the same
period, 1104 patients underwent PTE (Table 1). The
mean age for the BPA cohort was 59.6 years (range
22–91) versus 54.1 years (range 15–87, p< 0.01) in
the PTE group. There were more females than males in
the BPA cohort, while the PTE group was more evenly
split by sex.

Overall, patients who were selected for PTE
had worse baseline hemodynamics with mean pulmo-
nary artery pressure (mPAP) 41.1 ± 11.7 versus
34.6 ± 11.2 mmHg, p< 0.001, PVR 565 ± 346 versus
353 ± 223 dynes s cm−5, p< 0.001 and cardiac index of
2.4 ± 0.6 versus 2.8 ± 0.6 L/min/m2, p< 0.001. Despite
the differences in hemodynamics between the PTE and
BPA cohorts, the distribution of functional class between
groups was similar with the majority in both groups
NYHA functional class III (67%–72%). The use of PH‐
targeted therapies was more common in patients who
underwent BPA (78% vs. 54%, p< 0.001). The number of
patients in the BPA cohort on 1, 2, and 3 PH therapies at
the time of their first BPA were 72 (47%), 33 (22%), and
15 (10%), respectively.

Patients with a prior history of splenectomy and
thromboembolic events associated with intravascular
devices often have more distal location of chronic clots
that can make PTE surgery more challenging. While
more patients in the BPA cohort had a history of
splenectomy (19% vs. 4%, p< 0.001), the number of
patients with intravascular devices was similar between
groups, 5%.

Patient selection for BPA is most often driven by
perceived peripheral (e.g. subsegmental) location of
chronic thromboembolic material. At UCSD however,
PTE is routinely performed on patients with segmental
and subsegmental disease. According to standard
surgical practice at UCSD, the endarterectomy speci-
mens were assigned a surgical classification according
to the location of the chronic thromboembolic mate-
rial. Of the 1104 patients who underwent PTE, 1100
had surgical level recorded, 310 using the older
Jamieson Type (before 2017), and 790 using UCSD
Level Classification. Of the 310 patients, 90 (29%) had
bilateral Jamieson Type 3 disease (segmental) and 225
of 790 (28.5%) using the UCSD Level had bilateral level
3 (segmental) and level 4 (subsegmental) disease.
Overall, there were 315 out of 1100 (28.6%) patients
treated with PTE who exclusively had segmental or
subsegmental level disease.

PULMONARY CIRCULATION | 3 of 10
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Rationale for BPA

The decision to recommend BPA was made after
multidisciplinary review. Patients often had multiple
factors driving the decision to select BPA, however for
this analysis, patients were categorized according to the
single most significant factor. The majority (n= 90; 59%)
of patients were selected for BPA due to peripheral
appearance of chronic thromboembolic material. For
these patients, it was felt that thromboendarterectomy
was less likely to clear the peripheral disease (Figure 1).

This was determined based on a combination of
functional perfusion imaging (CT and V/Q) and ana-
tomic imaging (CTA, DSA). Only 5 (3%) patients had
technically operable disease, were offered PTE surgery
but declined and underwent BPA instead. While this was
an acceptable treatment option for these patients, not all
patients who decline PTE are good BPA candidates.
Patients with large pouch occlusions and bulky proximal
disease can be particularly challenging for BPA.

Patients that develop recurrent thromboembolism
after PTE or undergo an incomplete endarterectomy

TABLE 1 Baseline characteristics of
patients who underwent BPA and PTE at
UCSD from March 2015 to 2021

BPA baseline
(n=153)

PTE baseline
(n= 1104) p Value

Age (years); mean (range) 59.6 (22–91) 54.1 (15–87) p< 0.001

sPAP (mmHg); mean ± SD 57.9 ± 20.2 70.3 ± 20.3 p< 0.001

dPAP (mm Hg); mean ± SD 20.7 ± 6.9 25 ± 8.7 p< 0.001

mPAP (mmHg); mean ± SD 34.6 ± 11.2 41.1 ± 11.7 p< 0.001

CO (L/min); mean ± SD 5.5 ± 1.4 4.8 ± 1.4 p< 0.001

CI (L/min/m2); mean ± SD 2.8 ± 0.6 2.4 ± 0.6 p< 0.001

PVR (dynes s cm−5); mean ± SD 353.3 ± 223.2 564.7 ± 347.9 p< 0.001

6MWD (m); mean ± SD 407.9 ± 144.2

NT‐proBNP (pg/ml); mean ± SD 514.7 ± 971.5

Sex; n (% of total)

Male 67 (44%) 578 (52%)

Female 86 (56%) 526 (48%) p= 0.047

Any PH Meds; n (% of total) 120 (78%) 599 (54%) p< 0.001

Number of PH medications;
n (% of total)

0 33 (22%)

1 72 (47%)

2 33 (22%)

3 15 (10%)

NYHA functional class;
n (% of total)

1 5 (3%) 11 (1%)

2 40 (26%) 224 (20%)

3 102 (67%) 792 (72%)

4 6 (4%) 77 (7%)

Prior splenectomy; n (% of total) 29 (19%) 43 (4%) p< 0.001

Intravascular device; n (% of total) 7 (5%) 55 (5%)

Abbreviations: BPA, balloon pulmonary angioplasty; CI, cardiac index; CO, cardiac output; dPAP,
diastolic pulmonary artery pressure; mPAP, mean pulmonary artery pressure; NT‐pro BNP, N‐terminal
pro‐brain natriuretic peptide; NYHA, New York Heart Association; PH, pulmonary hypertension; PTE,
pulmonary thromboendarterectomy; PVR, pulmonary vascular resistance; sPAP, systolic pulmonary
artery pressure; UCSD, University of California San Diego; 6MWD, six‐minute walk distance.
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during their first PTE, may be considered candidates for
a second PTE operation. However, most patients with
residual PH after PTE are not eligible for redo PTE due to
the distal location of the residual chronic thromboem-
bolic material. Thirty‐two (21%) patients treated with
BPA had residual PH after PTE surgery. Thirty of these
patients had prior PTE performed at UCSD and 2 had
prior PTE performed at other CTEPH surgical centers in
the United States. No patients had BPA sooner than
6 months after PTE to allow for adequate surgical
recovery. Thirteen patients had BPA less than 2 years
after PTE, 8 patients had BPA 2–5 years after PTE,
5 patients had BPA 5–10 years after PTE, and 6 patients
had BPA> 10 years after PTE.

Only 11 (7%) patients treated with BPA had surgically
accessible clot but had medical comorbidities that
prevented the possibility of PTE. The mean age in this
group was 74 years (range 57–85 years) and older than
the overall BPA cohort. Medical comorbidities that
prevented PTE included metastatic breast cancer, cere-
bral meningioma, lung cancer with history of lung
resection, myelodysplastic syndrome with transfusion‐
dependent anemia, cerebellar movement disorder, and
several patients who were deemed too frail to under-
go PTE.

Fifteen (10%) patients were selected for BPA
because of hemodynamic impairment or symptoms
disproportionate to the degree of chronic thromboem-
bolic material. These patients typically fell into 1 of 2
patterns. The first were patients with severe PH and
limited thromboembolic burden. In these patients, BPA
was chosen because it was unclear to what degree PTE
would offer hemodynamic improvement. In the second

pattern, patients had symptoms that were dis-
proportionately severe compared to their thromboem-
bolic burden and PH. Typically, these patients had mild
PH and BPA was selected because it was unclear to what
degree PTE would lead to an improvement in symptoms.

BPA outcomes

We performed an analysis of the effect of BPA on
hemodynamics, 6MWD, NT‐pro BNP, NYHA functional
class, and the use of PH‐targeted therapies. For the
outcome analysis, we included 97 patients who com-
pleted BPA treatment and had completed at least three
BPA sessions (Figure 2). This group of completed
patients was selected because invasive hemodynamics
obtained during the third BPA session, reflect the
hemodynamic impact of BPA sessions 1 and 2. Patients
who completed BPA but underwent fewer than three
sessions were excluded because no follow‐up hemo-
dynamic data were available for analysis. Of the 56
patients excluded from the hemodynamic outcome
analysis, 23 had not yet completed BPA treatment. Thirty
three of the 56 patients completed BPA but were
excluded from the analysis because they had completed
fewer than three BPA sessions; 21 of the 33 completed
BPA after two sessions and 12 completed BPA after just
one session.

The 97 patients who were included for outcome
analysis underwent at a total of 530 sessions with a mean
of 5.5 ± 1.78 (range 3–10) sessions per patient (Table 2).
The mean interval between the first and final BPA
sessions was 308 days. Hemodynamic improvement was

FIGURE 1 Rationale for patient selection
for BPA. BPA, balloon pulmonary
angioplasty; CTEPH, chronic thromboembolic
pulmonary hypertension; PTE, pulmonary
thromboendarterectomy.

PULMONARY CIRCULATION | 5 of 10
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observed with reductions in mPAP from 37 ± 10.9 to
31.4 ± 9.2 mmHg, p< 0.01 and PVR from 398.6 ± 221.4 to
304.2 ± 177.5 dynes s cm−5, p< 0.01. There was an
improvement in NYHA functional class following
treatment with BPA. Before BPA 4% (n= 4) were NYHA
class IV and 68% (n= 66) were functional class III.
Following BPA no patient remained NYHA class IV
and 30% (n= 29) remained NYHA class III (p< 0.01).
The percentage of patients who were NYHA functional
class I also increased from 1%v(n= 1) to 15% (15) after
treatment (p< 0.01).

Eighty five of the 97 patients had NT‐pro BNP values
for analysis. NT‐pro BNP improved from 535.9 ± 878.3 to
361.6 ± 737.2 pg/ml (p=0.13); 63 of the 97 patients had
6MWD available for analysis. In these patients 6MWDFIGURE 2 Patient selection for outcome analysis

TABLE 2 BPA Outcomes for 97
patients who completed BPA treatment
and had at least three BPA sessions

Before
BPA (n= 97)

Post BPA
(n= 97, 530 BPA
sessions) p Value

sPAP (mmHg); mean ± SD 62 ± 19.9 52.2 ± 17.2 <0.001

dPAP (mmHg); mean ± SD 22 ± 6.7 18.3 ± 5.7 <0.001

pre mPAP (mmHg); mean ± SD 37 ± 10.9 31.4 ± 9.2 <0.001

CO (L/min); mean ± SD 5.4 ± 1.3 5.4 ± 1.2 0.9627

CI (L/min/m2); mean ± SD 2.8 ± 0.6 2.8 ± 0.5 0.8674

PVR (dynes s cm−5); mean ± SD 398.6 ± 221.4 304.2 ± 177.5 <0.01

NYHA functional class; n (% of total)

1 1 (1%) 15 (15%) <0.001

2 26 (27%) 53 (55%) <0.001

3 66 (68%) 29 (30%) <0.001

4 4 (4%) 0 (0%)

Number of PH medications;
n (% of total)

0 15 (15%) 24 (25%) 0.12

1 44 (45%) 38 (39%) 0.38

2 26 (27%) 27 (28%) 0.87

3 12 (12%) 8 (8%) 0.34

6MWD (m); mean ± SD (n= 63) 416.5 ± 135.1 453.3 ± 132.2 <0.01

NT‐proBNP (pg/ml);
mean ± SD (n= 85)

535.9 ± 878.3 361.6 ± 737.2 0.013

Abbreviations: BPA, balloon pulmonary angioplasty; CI, cardiac index; CO, cardiac output; dPAP,
diastolic pulmonary artery pressure; mPAP, mean pulmonary artery pressure; NT‐pro BNP, N‐terminal
pro‐brain natriuretic peptide; NYHA, New York Heart Association; PH, pulmonary hypertension; PVR,
pulmonary vascular resistance; sPAP, systolic pulmonary artery pressure; 6MWD, six‐minute walk
distance.
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improved from 416.5 ± 135.1 to 453.3 ± 132.2m (p<0.01)
an improvement of 36.8m. Despite improvements in
functional class, 6MWD, and NT‐pro BNP, there was no
significant change in the use of PH‐targeted therapy.

Twenty of the 97 patients (21%) who completed BPA
treatment had a prior history of splenectomy and 16 of
the 97 (16%) had prior PTE surgery. Baseline hemo-
dynamics, functional status, and outcomes were not
significantly different in these subgroups.

Complications

Over 6 years and 643 BPA sessions there was no
procedure‐related mortality. There were 65 procedure‐
related complications resulting in a per‐procedure
complication rate of 10.4%. Three (<0.05%) complica-
tions were related to the vascular access site and one
patient developed a minor allergic reaction to contrast.
There were 59 (9.2% per‐procedure) minor pulmonary
vascular complications during BPA. Minor vascular
injuries were frequently associated with a new cough
and/or hemoptysis during the BPA procedure. Minor
vascular complications were managed according to the
severity of the injury and severity of hemodynamics.
Management was typically conservative, including strat-
egies such as close observation, reversal of anticoagula-
tion, or occasionally temporary balloon occlusion. None
of the minor vascular injuries required embolization or
covered stenting. Minor vascular injury episodes typically
resolved within 24 h and full anticoagulation was safely
resumed. Only one major episode of pulmonary hemor-
rhage occurred following a BPA session that required
intubation, mechanical ventilation, extracorporeal mem-
brane oxygenation, and surgical resection of the injured
lung segment. The patient survived this event and was
able to be discharged home.

There was no significant difference in the complica-
tion rates of patients who had a prior history of
splenectomy (9% vs. 14% p= 0.11) or prior PTE (10%
vs. 8%, p= 0.5). As observed in other BPA series, patients
with less severe hemodynamic impairment had a lower
complication rate. In our series, patients with a mPAP <
25mmHg at baseline (n= 33) had a complication rate of
4% versus 11% (p= 0.03) in patients with a mPAP
≥25mmHg.

DISCUSSION

BPA is now an accepted and essential part of the CTEPH
treatment algorithm.2,9,10 It has been proven safe and
effective across multiple centers worldwide.11–15 BPA has

moved beyond questions of safety and efficacy, and we
are now faced with the challenge of selecting patients
who are most appropriate for BPA.

This decision is most problematic at the edges of
patient selection where either there is legitimate equi-
poise whether surgical resection is possible, or uncer-
tainty exists if small vessel PH is the primary disease
process. As surgical techniques for distal endarterectomy
have improved and new surgical approaches such as
minimally invasive PTE become options, these decisions
have only grown more complex.16 Similarly, the expand-
ing role of medical therapy in the treatment of CTEPH
adds an additional layer of complexity on the patient
selection process and treatment timing.17–20

In the 6 years that BPA has been performed at UCSD,
almost a third (28.6%) of the patients who underwent
PTE had exclusively distal disease (Jamieson III or UCSD
levels III and IV). This is representative of our patient
selection strategy at UCSD where PTE surgery remains
the gold standard treatment for CTEPH, even for patients
with perceived segmental and subsegmental disease. This
also means that at centers with less experience with
distal endarterectomy, almost a third of the patients who
were able to undergo PTE at UCSD might have been
directed to BPA or medical therapy instead. This
emphasizes our belief, in accordance with recommenda-
tions from multiple guidelines, that evaluation at an
experienced PTE center is essential in selecting the
appropriate treatment. Importantly, PTE can be per-
formed safely and effectively in patients with exclusively
distal disease as shown by de Perrot and colleagues21

who demonstrated similar mortality (2.8% vs 2.4%:
p= 0.8) comparing 401 consecutive patients at a single
center with Jamieson III versus I and II. One‐
year survival was also similar (7.7% vs. 5.5%; p= 0.4)
but patients with Jamieson III were more likely to
require additional treatment with PH‐targeted medical
therapy of BPA.

The majority (59%) of patients who underwent BPA
at UCSD were deemed to have surgically inaccessible
disease after review by our multidisciplinary team and
this is expected to remain the largest factor in patient
selection for BPA moving forward. Imaging modalities
play a key role in the patient selection process and as
imaging continues to improve, we hope that our accuracy
improves in parallel.22

Patients with persistent, symptomatic CTEPH after
PTE surgery, not candidates for repeat PTE (21%)
represent a growing cohort of patients treated with
BPA. This is due in large part to the increased awareness
of BPA as a treatment option and a growing number of
patients living with residual PH after PTE surgery. As
demonstrated at our center and as has been reported at

PULMONARY CIRCULATION | 7 of 10

 20458940, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pul2.12148 by U

niversity O
f C

alifornia, W
iley O

nline L
ibrary on [16/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



other centers,23,24 we believe BPA can be successfully
performed in patients who have previously undergone
PTE surgery, with a safety and efficacy profile, similar to
patients who are naïve to PTE surgery.

PH‐targeted medical therapy was more widely used
in our BPA cohort when compared to patients who
underwent PTE (78% vs. 54%). Preoperative PH‐targeted
therapy in patients who undergo PTE has been associ-
ated with delay in referral time without clear benefit.25

On the other hand, data from the RACE trial26

demonstrated that pretreatment with riociguat was
associated with a lower BPA complication rate (14% vs.
42% of patients). This observation is in accordance with
our treatment strategy at UCSD where patients with
severe hemodynamic impairment are first treated with
PH‐targeted medical therapy before BPA. As more data
becomes available, it is our expectation that PH‐
targeted medical therapy should be used adjunctively
with BPA to achieve optimal results.

Hemodynamic outcomes from BPA at our center are
less robust than those observed at Japanese centers and in
the more recent RACE trial.26,27 They more closely mirror
BPA outcomes of case series at other European CTEPH
centers where BPA has resulted in mPAP reductions
of 18%–30%, significant decrements in pulmonary
vascular resistance (PVR), and improvements in exercise
capacity.11–14 We observed similar outcomes with a 23%
reduction in PVR from 398.6 ± 221.4 to 304.2 ± 177.5
dynes s cm−5, p<0.01. We also observed significant
improvements in NYHA's functional status. Before BPA,
only 28% of patients were NYHA class I or II. Following
BPA, 70% of patients were NYHA class I or II and no patient
remained NYHA class IV. 6MWD also improved
36.8m (416.5 ± 135.1 to 453.3 ± 132.2m; p<0.01). Impor-
tantly, we achieved these outcomes with no procedure‐
related mortality and a minor complication rate of 9.2%.

Compared with data from the recent RACE trial and
MR BPA trial we demonstrated a significant, but less
robust improvement in hemodynamics. This observation
is most likely a result of patient selection. Baseline PVR
for the 97 patients included for hemodynamic analysis
at our center was lower, 398.6 ± 221.4 versus 767.2 ±
251.2 dynes s cm−5 in the RACE trial and 645 ± 266.7 in
the MR BPA trial.27 Additionally, 41 of the 97 patients at
our center had a baseline PVR < 320 dynes s cm−5 and 16
patients had previously undergone PTE surgery. Inter-
pretation of the hemodynamic results is also limited by
the absence of invasive hemodynamic assessment to
capture the final BPA session(s).

Along with successful BPA outcomes, we also
recognize a subset of patients who, despite multiple
sessions of BPA, only achieve modest hemodynamic and
clinical improvement.28 These patients typically have

“sclerotic” appearing vessels and appear to have defects
not amenable to BPA (Figure 3). Despite adequate
ballooning of the “sclerotic” vessels, little improvement
in distal flow, capillary blush, or venous drainage can be
achieved. This group, albeit hard to identify before BPA,
may benefit from escalation and optimization of medical
therapy rather than repeated BPA attempts.

With more than 6 years of experience, BPA has
become an essential component of the CTEPH treatment
strategy at UCSD. In accordance with established guide-
lines, BPA is still reserved for patients who are
inoperable, have residual PH after PTE, and select
patients who refuse PTE surgery. We have been able to
incorporate BPA safely and effectively in our patient
population which is likely different than other BPA
centers without the treatment option of segmental/
subsegmental endarterectomy. We believe that just like
PTE surgery, patients who undergo BPA will have the
best outcomes at experienced, high‐volume BPA centers.
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