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Abstract

Chronic thromboembolic pulmonary hypertension is a rare but progressive and severe disease

which lead to respiratory and heart failure. Patients with proximal thromboembolic disease should
be treated with pulmonary endarterectomy and patients with distal disease can be treated with
drugs and balloon angioplasty. Balloon pulmonary angioplasty is a safe procedure which often have
to be repeated several times in one patient to result with significant functional, hemodynamic and
right ventricular function improvement. We summarized indication, technique and the outcome
of this procedure in chronic thromboembolic pulmonary hypertension patients.

Kew words

Introduction

hronic thromboembolic pulmonary disease

(CTEPD) with or without pulmonary hypertension

(CTEPH) is relatively rare but devastating disease.

After the first attack of pulmonary embolism (PE)
it will be diagnosed with prospective follow-up in about
1-4% of patients after more than 3-12 months (1,2). In the
real world, CTEPD and CTEPH would be recognized usually
a 6-24 months after PE. Patients with exertional dyspnea
or fatigue on mild effort after PE are candidates for this
late PE complications (4). Current European Society of Car-
diology (ESC) guidelines for PE management from 2019 (4)
for the first time suggest the active approach to the dia-
gnosis of CTEPD(H) and recommend transthoracic echocar-
diography, BNP and 6-minute walking test (6MWT) for
patients who had complaints of dyspnea or fatigue on
effort 3 or more months after acute PE (figure 1). If a right
ventricle dysfunction is discovered with or without eleva-
ted BNP or decrease 6MWT patient should undergo to
perfusion lung scintigraphy and multi-slice detector com-
puted tomography to established the diagnosis of CTEPD.

chronic thromboembolic pulmonary hypertension, balloon angioplasty

After that, a patient should be admitted to the specialized
center who will performed right heart catheterization and
confirmed, or not, pulmonary hypertension. The cut-off
value for a mean pulmonary artery pressure for the dia-
gnosis of pulmonary hypertension is 20 mmHg.

A CTEPH is a chronic, progressive and usually diffuse dis-
ease. A five-year survival for a patient with mPAP above
the 30 mmHg is only 30% without treatment (5). How-
ever, the treatment options were significantly improved
in the recent years. Pulmonary endarterectomy is re-
served for patients with proximal organized thrombotic
masses in the main, lobar and proximal segmental pul-
monary arteries. In the centers specialized to this sophis-
ticated surgery perioperative mortality is nowadays less
than 5% (6). Pulmonary endarterectomy is performed in
deep hypothermia in bloodless surgical field (6). Approx-
imately half of the operated patients have no pulmonary
hypertension after surgery and may considered cured.
However, a half of them still have significant PH and need
further treatment with drugs and/or balloon angioplasty.
Indications for pulmonary endarterectomy and pulmonary
artery balloon angioplasty are presented in table 1.

Table 1. Indication for PEA and BAPA in patients with CTEPD(H)3”

PEA
Functional status NYHA II-1V
Hemodynamics mPAP>30 mmHg

Pulmonary vascular resistance >3.75 Wood units

Localization of thrombi

Comorbidities
contraindicated

Patient’s consent

Other indications

Main PA, left and right PA, lobar PA and
proximal segmental PA
If severe, surgery might be

BAPA
NYHA lI-1IV
mPAP>20 mmHg

>3,75 Wood units

Segmental and subsegmental PA
BAPA might be successful for lobar
arteries but unlikely for main PAs

PH after PEA
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Acute pulmonary embolism

Anticoagulation therapy for 3-6 months

Dyspnea, effort intolerance, high-risk
for CTEPH

Cardiac ultrasound, BNP, 6MWT

Pulmonary perfusion scintigraphy and
MSCT-PA

Right heart catheterization

CTEPD(H) diagnosis and treatment

Figure 1. Proposed algorithm for the diagnosis of
CTEPD(H) by ESC from 2019

Technical issues about balloon pulmonary
angioplasty

Lesions in pulmonary arteries may be defined as classi-
cal stenosis, web like lesions, organized thrombus mass-
es and total occlusions”®. The first series of CTEPH pa-
tients treated with BPA was published in Circulation
2001 by Feinstain et al°. Balloon angioplasty on various
lesions are very efficacious in the improvement of blood
flow even in the case we are not angiographically sure
that we decrease the degree of obstruction. Peripheral
flow and venous flow are better tools for the estimation
of BAPA success than the appearance of lesion after in-
tervention. There are some important steps which have
to be followed for the successful BAPA treatment. It is
wise to treat lesions in one pulmonary lobus in one in-
tervention. Patients with very high systolic right ventri-
cle blood pressure or mean pulmonary artery pressure
or with high BNP levels should not receive more than
200-250 ml of contrast per intervention and 2-3 seg-

mental or subsegmental arteries should be treated, and
not more. The reason for this that patients with signs of
severe RV dysfunction and high PA blood pressure are
prone to pulmonary edema and the early sings of that
are dry cough during the intervention when the inter-
vention should be interrupted. A 5000-8000 j of unfrac-
tionated heparin is given before the procedure. Long
65-80 cm 7F sheath should be used for the support and
better manipulation of guiding catheter. The tip of
sheath should be positioned in the lobar artery for the
adequate support. It is important to keep straight, as
possible, a sheath through the heart. Long guidewires
serve for the introducing guiding catheter at the place
for BAPA because exchange of them are very common
need. Different guiding catheter can be used, but the
most useful is right Judkins 6F catheter but all kind of
catheters can be useful. Till now we did not use guide-
wires dedicated to chronic total coronary occlusions.
Runthrough, BMW, Sion, Sion Blue, Filder XT are the
most often used guidewires. Support with balloons
were very common. On the smallest sings of extravas-
cular contrast, a procedure should be interrupted. Dur-
ing the 42 procedures on 120 pulmonary arteries, in
only one patient we had severe pulmonary edema with
hemoptysis. The main predictive variable for periproce-
dural edema and intra-pulmonary bleeding is high pul-
monary hypertension with systolic pulmonary pressure
more than 80 mmHg. If we wanted to make balloon
angioplasty on arteries with diameters more than 5-10
mm, we used two balloons and kissing technique be-
cause if we used balloons with diameters more than 5
mm it is possible that we cannot pull-back large balloon
into a catheter. We also successfully performed kissing
balloons on bifurcation lesions.

Pulmonary balloon angioplasty in patients with CTEPH
can improve functional status, right ventricle perfor-
mance, 6MWT, decrease mPAP, PVR and BNP. Very prob-
ably BPA can decrease mortality and hospitalization due
to RV heart failure.?*’

Our experience on balloon pulmonary
angioplasty

The first balloon pulmonary angioplasty in a patient
with chronic pulmonary embolism was done in 2003 by
Sinisa Rusovic and Slobodan Obradovic®®. It was women
with extensive recurrent PE after irradiation of portio
vaginalis uteri carcinoma and iliac venous thrombosis.
Balloon angioplasty was performed in several segmental
pulmonary arteries with significant improvement of cir-
culation and patient functional class. The second patient
was male in the subacute PE after trichinellosis. Both
cases were published in the monography PE through the
case reports from 2011, by Sinisa Rusovic, Branko Gligic
and Slobodan Obradovic. From the 2015-now we per-
formed 40 pulmonary angioplasties on 18 patients. In
each patient at least one pulmonary artery was dilated
during one session. The program of BAPA in CTEPH pa-
tients was also developed in the Clinic of Pulmonary
Diseases in Sremska Kamenica under the leadership of
Jovan Matijasevic and 10 procedures were successfully
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Figure 1A-J. Balloon angioplasty on chronic total occlusion on bifurcation lesion of segmental left-lower lobe pul-

monary postero-basal sub-segmental artery

performed together with doctor Slobodan Obradovic.

The patient who is admitted for the first time for the
procedure need to have perfusion lung scintigraphy, ex-
pert cardiac ultrasound with the good estimation of
right ventricle function, BNP or NT-proBNP blood levels,
6-minute walking test and basic laboratory parameters.
At each hospitalization 1-3 procedures were performed
with 2-3 days between because of estimation on renal
function after 48 hours from each procedure is needed.
All kind of lesions is target, and good visualization on each
pulmonary segments, especially those with impaired per-
fusion on scintigraphy is necessary to estimate the feasi-
bility of procedure. Patients with high mean pulmonary
pressure >40 mmHg are prone to reperfusion injury and

procedure need to be limited to 1-2 PA and use of no
more than 200 ml of contrast. Exacerbation of dry cough
during procedure is a sign that lung injury began to be
manifested and it is time to stop the procedure. Small
pulmonary hemorrhage is also signs when the procedure
should be stopped. We had one refractory lung edema
after procedure and two patients had less severe local
reperfusion edema after the procedure.

On the pictures 1 and 2, we presented one reconstruc-
tion of bifurcation occlusion and one BAPA on sub-seg-
mental branch occlusion in a young man with severe
CTEPH.

In two patients BAPA interventions in our institution
were bridge toward the pulmonary endarterectomy
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Figure 2A and B. Balloon angioplasty on chronic total occlusion on sub-
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Figure 3A-D. Balloon angioplasty on right lower lobar pulmonary artery and endarterectomy material
from the same patient after pulmonary endarterectomy in Kerckoff-Klinik

which was done in the Kerckoff-Klinik in Bad Nauheim,
Germany. The BAPA in one of them and material after
endarterectomy is presented on picture 3.

All patients with CTEPH need oral anticoagulant ther-
apy and till now it is unknown whether novel oral an-
ticoagulants are better than standard vitamin K an-
tagonists in this indication. Riociguat is the only drug
which have class one recommendation for the PH in
patients with CTEPH, however, many patients are bet-
ter on sildenafil or ERAs'%,

Conclusion

Balloon angioplasty on pulmonary arteries is one treat-
ment option for patients with CTEPH and obstructive
lesions on segmental and sub-segmental pulmonary
arteries in combination with anticoagulants and drugs
for pulmonary hypertension. We can expect significant
improvement in pulmonary artery pressure, decrease
of BNP, better results on 6-minute walking test and bet-
ter functional performance after several successful pro-
cedures.
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Sazetak

Balon angioplastika kod hronicne tromboembolijske plucne hipertenzije
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Hroni¢na tromboembolijska plucna hipertenzija je retko, ali progresivno i tesko oboljenje koje vodi u respiratornu
i sréanu insuficijenciju. Pacijenti sa proksimalnom tromboembolijskom bolescu pluca bi trebalo da se lece plu¢énom
endarterektomijom, a pacijenti sa distalnom bolescu, lekovima i balon angioplastikom. Balon plu¢na angioplas-
tika je bezbedna procedura koja se vise puta mora ponavljati kod pacijenata i onda ¢e rezultirati znacajnim funk-
cionalnim, hemodinamskim poboljSanjem, kao i boljom funkcijom desne sréane komore. U radu su sumirane indi-
kacija, tehnika i ishod ove procedure kod bolesnika sa hronicnom tromboembolijskom bolescu pluca.

Kljucne reci: hronicna tromboembolijska plucna hipertenzija, balon angiolastika



