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Abstract

A 46‐year‐old man 1 year after left‐sided pneumonectomy for squamous cell lung

cancer presented with severely limited exercise tolerance and dyspnea corre-

sponding to World Health Organization functional class IV (WHO Class IV).

After right heart catheterization (RHC), mean pulmonary artery pressure (mPAP)

was 43mmHg and pulmonary vascular resistance (PVR) was 10.2 Wood units

(WU). Arteriography revealed organized clots located at the proximal level of the

right pulmonary artery, leading to a diagnosis of chronic thromboembolic

pulmonary hypertension (CTEPH). The CTEPH team disqualified the patient from

surgical treatment due to high perioperative risk and referred him for balloon

pulmonary angioplasty (BPA) together with pulmonary hypertension‐specific
pharmacotherapy (sildenafil). The patient underwent a cycle of nine BPA sessions

and completed treatment without complications. Follow‐up showed sustained

hemodynamic improvement in RHC (mPAP 23mmHg, PVR 2.6WU), improved

physical capacity (WHO Class II), and relief of dyspnea symptoms.
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INTRODUCTION

In chronic thromboembolic pulmonary hypertension
(CTEPH) with proximal location of lesions, pulmonary
endarterectomy (PEA) is the treatment of choice.1 In cases of
distal disease, high risk of cardiac surgery, or patient refusal
to undergo complex surgery, treatment with pulmonary
arterial hypertension‐like (PAH‐like) drugs with or without
balloon pulmonary angioplasty (BPA) is recommended.2 The
decision on the optimal treatment strategy is made by the
multidisciplinary CTEPH team.3

CASE DESCRIPTION

A 46‐year‐old man diagnosed with squamous cell
carcinoma of the left lung underwent left‐sided pneumo-
nectomy in May 2018 (Figure 1a).

In January 2019, the patient developed severely
limited exercise tolerance and dyspnea. He was admitted
with symptoms of World Health Organization (WHO)
functional class IV. On physical examination, massive
edema of the lower extremities was noted. Laboratory
tests revealed elevated serum N‐terminal B‐type natri-
uretic peptide (NT‐proBNP) 2112 pg/ml and creatinine
1.28mg/dl. Compressive ultrasound of the deep veins of
the lower extremities did not show any thrombus.

After diuretic treatment, a weight loss of 13 kg was
observed. The patient remained on continuous passive
oxygen therapy with a flow of 3 l/min. The patient's general
condition improved. He achieved 126m in the 6‐min walk
test (6MWT), but the test had to be terminated prematurely
due to severe dyspnea. During the test, the patient
desaturated from 100% to 89% and the respiratory rate
increased from 16/min to 28/min. Right heart catheterization
(RHC) was performed and resulted in increased mean

FIGURE 1 (a) Computed tomography showing reduced chest capacity due to left‐sided pneumonectomy (arrow). (b) Pulmonary
angiography was performed before the first BPA session, showing an amputated right lower‐lobe artery (arrow). (c) Computed tomography
was performed before the first BPA session, showing proximal occlusion of the right pulmonary artery (arrow). (d) Angiography was
performed after the last BPA session with the improvement of distal perfusion. BPA, balloon pulmonary angioplasty.
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pulmonary artery pressure (mPAP) 43mmHg, pulmonary
vascular resistance (PVR) 10.2 Wood units (WU), right atrial
pressure (RAP) 12mmHg, and a significantly decreased
cardiac index (CI) 1.61 L/min/m2. The pulmonary angiogra-
phy and angio‐computed tomography showed typical
CTEPH lesions located at the proximal level of the right
pulmonary artery (Figure 1b,c).

In accord with the RHC results and arteriography
images, the patient was diagnosed with CTEPH. He was
disqualified from surgery due to comorbidities and qualified
for BPA procedures followed by specific pharmacotherapy.
Before invasive treatment started, the patient received
sildenafil 25mg three times a day without any side effects.

The patient had a history of heparin‐induced
thrombocytopenia (HIT), and for this reason, bivalirudin
was used for perioperative bridging anticoagulant ther-
apy. The patient underwent nine sessions of BPA
between January 2019 and March 2020. No complica-
tions were observed during or after the sessions. A total
of 26 vascular lesions were treated (avg. 2.9 per session)
in all the segments of the right lung.

A total of 2110ml of Ultravist 370 contrast medium
(Bayer) was administered during the treatment period
(avg. 235ml per session). Renal function was monitored
by creatinine measurement during the entire treatment
period and remained normal. Follow‐up angiography
showed almost complete revascularization of the lower
lobe (Figure 1d).

According to the follow‐up protocol for CTEPH patients
undergoing a series of BPAs, RHC was performed 4 months
after the last session, in July 2020. Outcomes recorded were
mPAP 23mmHg, PVR 2.6WU, mean right atrial pressure
(mRAP) 2mmHg, and CI 2.20 L/min/m2. At the 6MWT, the
patient achieved 426m (Borg class 0 pts); desaturation from
99% to 95% was noticed, with an increase in respiratory rate
from 14/min to 24/min. Laboratory results were NT‐proBNP
203 pg/ml and creatinine 1.01mg/dl.

The next follow‐up was 16 months after the last
procedure, in July 2021. RHC was performed and showed
mPAP 24mmHg, PVR 2.6WU, mRAP 5mmHg, and CI
2.14 L/m2. In the 6MWT, the patient achieved 450m with
desaturation from 99% to 93% (Borg scale 3). Control
laboratory samples showed mildly increased NT‐proBNP
151 pg/ml and creatinine 1.06 mg/dl (Table 1).

Oncologic follow‐up in January 2021 showed no
evidence of recurrence of the neoplastic disease.

DISCUSSION

To our knowledge, we present the first case of balloon
pulmonary angioplasty in a single‐lung patient with
significant hemodynamic and clinical sequelae in whom

treatment of CTEPH with PEA was not possible due to
too high risk associated with the surgical procedure and
comorbidities. The efficacy of BPA in reducing PVR in
the most experienced centers is above 50%,4 while the
efficacy of PAH‐like pharmacotherapy is around 30%.5

(In our case, it declined from 10.2 to 2.6WU, a 75%
reduction.) Specific medical treatment may improve
hemodynamics and functional parameters when used
in patients with nonoperable CTEPH. Although riociguat
and treprostinil currently are the only approved drugs to
treat inoperable CTEPH, results from meta‐analysis
suggested that other specific vasodilators may improve
distance in 6MWD, reduce PVR, mPAP, and increase CI.6

In the European multicenter prospective registry for BPA
in CTEPH, 69.4% of patients received specific pharmaco-
therapy before the onset of BPA procedures.7

In CTEPH with proximal localization of lesions, BPA
is not a standard therapeutic option. BPA treatments,
unlike PEA, do not evacuate thrombotic materials, but
destroy intravascular flow‐obstructing structures. The
possibility of successfully treating proximal thrombotic
lesions with BPA was recently demonstrated.8 Previous
studies have shown that the efficacy and safety of BPA
treatments are similar in operative and nonoperative

TABLE 1 Baseline and follow‐up parameters in a single‐lung
patient with proximal CTEPH.

Parameters Baseline

3 months
after
last BPA

16 months
after last BPA

HR 72 72 74

mPAP (mmHg) 43 23 24

CI (L/min/m2) 1.6 2.2 2.1

PVR WU (ARU) 10.2 (813) 2.6 (205) 2.6 (209)

mRAP (mmHg) 12 2 5

PAWP (mmHg) 7 10 11

NT‐pro‐BNP
(pg/ml)

2533 145 150

FC WHO IV II II

TAPSE (mm) 10 19 29

AcT (ms) 56 111 102

RAA (mm2) 40 25 26

IVC (mm) 32 13 18

Abbreviations: AcT, acceleration time; CI, cardiac index; FC WHO,
functional class defined by World Health Organization; HR, heart rate; IVC,
inferior vena cava; mPAP, mean pulmonary artery pressure; mRAP, mean
right atrial pressure; NT‐proBNP, N‐terminal B‐type natriuretic peptide;
PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular
resistance; RAA, right atrial area; TAPSE, tricuspid annular plane systolic
excursion.
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CTEPH, with more sessions needed in patients with
nonoperative CTEPH lesions.9 In exceptional situations,
the use of a vascular stent may be necessary.10

BPA has a high level of safety even in patients with
multiple burdens. Given his history of left lung
resection, the occurrence of a reperfusion lung injury
complication would have been a life‐threatening
condition for the patient. Another key issue was
anticoagulant treatment during the surgery period.
Due to HIT, bivalirudin was used in a regimen. Despite
the use of a large volume of contrast medium, the
patient's renal function remains normal.11 The staged
BPA technique provides high procedural safety,12

reducing the number of complications during and
after the procedure.
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