
Chronic thromboembolic pulmonary hypertension (CTEPH) 
is a distinct pulmonary vascular disease, which is caused by 

chronic obstruction of major pulmonary arteries [1-3]. CTEPH 
is defined as precapillary pulmonary hypertension, as deter-
mined by right heart catheterization (mean pulmonary artery 

flow-limiting thrombi in the elastic pulmonary arteries (main, 
lobar, segmental, sub-segmental) after at least 3 months of ef-
fective anticoagulation [2].

Although the exact prevalence and annual incidence of 
CTEPH are unknown, recent data from the United Kingdom 
suggest an incidence of approximately 5 cases/million/year [4].

The treatment of choice for CTEPH is pulmonary endarter-
ectomy (PEA), which may be curative. Since 2008, PEA has 
been performed successfully in the cardiac surgery division of 
Sheba Medical Center [5].We have established a national center 
for CTEPH/PEA, which is staffed by a dedicated multidisci-
plinary team, including a pulmonary hypertension specialist, a 
cardiac surgeon, a cardiac anesthesiologist, and a cardiac sur-
gery critical care specialist. The core team collaborates as need-
ed with other advisory services, including interventional car-
diology, echocardiography, clinical immunology, coagulopathy, 
laboratory medicine, and chest radiology. The Sheba PEA team 
is mentored by an experienced PEA surgeon from a high-vol-
ume European PEA center.

PEA, however, is not a suitable option for all CTEPH pa-
tients. As many as 50% of CTEPH patients are inoperable, ei-
ther because of co-morbidity or because CTEPH involves distal 
(sub-segmental) vessels, which are not surgically accessible 
[4,6]. This need has led to the emergence of balloon pulmo-
nary angioplasty (BPA) as an alternative to PEA in inoperable 
CTEPH [7], resulting in significant hemodynamic improvement 
with an acceptable rate of complications [7,8].

We sought to establish a BPA service to complement our 
PEA program, enabling us to offer the full spectrum of treat-



ment modalities for CTEPH at our center. We consulted with a 
mentor (IML) who is a pulmonary hypertension specialist with 
extensive experience performing BPA after having trained at 
Okayama Medical Center in Japan. Mutual visits enabled the 
establishment of a BPA program at Sheba Medical Center.

The purpose of this study is to report the first experience with 
BPA in Israel, performed at Sheba Medical Center.

The study was approved by the Sheba Institutional Review 
Board. The requirement for informed consent was waived due 
to the non-interventional and retrospective nature of the study. 

This was a retrospective cohort study. The study population 
represents the first five patients who underwent BPA at the She-
ba Medical Center.

Demographic, clinical, laboratory, echocardiographic, ra-
diologic, and hemodynamic data were retrieved from electronic 
medical records.

Quantitative data are presented as median and range. Due to the 
small number of participants, formal statistical analysis was not 
performed.

Five consecutive patients who completed a series of BPA pro-
cedures to treat CTEPH, the first to undergo the procedure in 
Israel, were included in this study. The patients ranged in age 
from 49 to 63 years; two women, 3 men. All patients were di-
agnosed with CTEPH as defined by European Guidelines [9] 
based on a combination of imaging studies (ventilation-perfu-
sion scintigraphy, CT pulmonary angiography, and formal pul-
monary angiography) and invasive hemodynamics. Risk factors 
for CTEPH included splenectomy in two patients, one of whom 
also carries sickle cell trait; one patient who is heterozygous 
for a MTHFR mutation and also has polycythemia vera; one 
patient who is a Prothrombin 20210 mutation heterozygote; and 
one whose workup was negative. Four patients were New York 
Heart Association (NYHA) functional class III at baseline; one 
was NYHA II. The median 6-minute walk distance (6MWD) 
was 365 meters (range 240–413 meters). Baseline hemodynam-
ics are shown in Table 1. 

All patients had been evaluated by an experienced pulmo-
nary-endarterectomy surgeon and were deemed not to be candi-
dates for surgery due to distal disease distribution. At baseline, 
all patients had been receiving anticoagulants (3 vitamin K an-

tagonists, 1 low-molecular weight heparin, and 1 rivaroxaban) 
for at least 6 months. All were receiving pulmonary dilators; 
three received dual therapy with a parenteral prostanoid and 
sildenafil or riociguat, and two received riociguat monotherapy.

A total of 47 BPA procedures were performed, 4–17 procedures 
per patient. A hemodynamic assessment was performed at the 
beginning of each procedure with the patient breathing room 
air. Following hemodynamics, 2500–3000 U of unfractionated 
heparin were administered intravenously. Oxygen (2–5 L/min. 
by nasal cannula) was given as necessary to maintain an oxygen 
saturation above 93%.

Pulmonary angioplasty was performed via femoral vein ac-
cess, with a 6F multi-purpose guiding catheter. Coronary guide-
wires (0.014') were used, mainly MIRACLEbros 3 (Asahi, Ja-
pan) and Pilot-50 (Abbott, USA). Compliant coronary balloons 
ranging in size from 2.0 to 4.0 mm were used for dilation. Two 
to three inflations were performed in each artery. In the minority 
of cases, in order to enhance support and to cannulate tortuous 
vessels, a GuideLiner® (Vascular Solutions) was added. In each 
procedure 2–6 segments were treated to avoid reperfusion inju-
ry. On average, 150 ml of contrast was used in each procedure. 
In most procedures, patients were discharged 4 hours post-pro-
cedure unless de-saturation or hemoptysis occurred.

The goal of BPA was normalization of hemodynamics 
(mPAP < 25 mmHg, CI > 2.5 L/min/m2). BPA was attempted 
until the hemodynamic target was achieved, or until no further 
target lesions were identified.

Hemodynamic results are shown in Figure 1. Mean pulmonary 
artery pressure (mPAP) and pulmonary vascular resistance in-
dex (PVRI) decreased in all patients from baseline to the hemo-
dynamic evaluation performed during the final BPA procedure. 
mPAP improved in all patients – the median decrease was 17 
mmHg (range 10–26 mmHg).Pulmonary vascular resistance al-
so improved in all patients, decreasing by a median value of 11 
Woods Units/m2 (range 8–16 Woods Units/m2). Cardiac output 
increased in 4 of 5 patients and decreased in one. Three patients 
with significantly elevated mean right atrial pressure (mRAP) at 
baseline normalized this value after BPA treatment.



Functional improvement after BPA is shown in Figure 2. Af-
ter BPA, functional capacity improved from III to II in three 
patients; one patient who was NYHA II at baseline reported 
improvement but was still categorized as NYHA II. Another 
patient improved from advanced NYHA III (III-B) to early NY-
HA III (III-A) during the course of the BPAs and improved to 
NYHA II at follow-up 9 months after the final BPA. Exercise 
capacity as assessed by the 6MWD improved by a median of 97 
meters (range 21–197 meters).

Follow-up hemodynamics were assessed in three patients 
9 to 11 months after the last BPA procedure. Results indicated 
stability of the improvement obtained over time [Figure 1]. Im-
provements in 6MWD and NYHA functional capacity were also 
sustained [Figure 2].

BPA enabled 2 of 3 patients previously treated with continu-
ous parenteral infusions of prostanoids to be gradually weaned off 
this cumbersome treatment and continue with oral therapy only.

There were no major complications. Four patients developed 
hemoptysis during 13 procedures. Of these episodes, two re-

quired administration of protamine sulfate. All resolved within 
a few hours, allowing restoration of anticoagulant therapy the 
following day. Three patients developed hypoxemia after four 
procedures, requiring oxygen therapy (2–5 L/min by nasal can-
nula). Hypoxemia resolved within 1-4 days.

The effect of BPA with one of the patients was particularly 
striking. This 48-year-old man presented with pulmonary hyper-
tension 4 years before his first BPA procedure. Imaging during his 
initial evaluation indicated CTEPH was the cause of his disease, 
and he was treated with coumadin. Full coagulopathy workup was 
negative, and there were no other risk factors for CTEPH. After 
the diagnosis was confirmed by right heart catheterization, he was 
evaluated for pulmonary endarterectomy; however, his disease al-
most exclusively involved sub-segmental arteries, which were ex-
tensively involved. He was therefore deemed inoperable. Medical 
therapy was initiated with oral sildenafil, and later changed to oral 
riociguat, combined with continuous intravenous epoprostenol 
due to continued deterioration. By this time, his functional capaci-
ty was NYHA III-B. He was cachectic and oxygen dependent. He 



developed cardiac cirrhosis with ascites, requiring repeated ther-
apeutic paracentesis. Echocardiography demonstrated a severely 
dilated right ventricle with severely reduced contraction, severe 
tricuspid regurgitation, a severely dilated right atrium, a dilated 
IVC with no respiratory collapse, and a small pericardial effusion. 
Plasma BNP was 500 pg/ml (upper limit of normal 100 pg/ml). The 
6MWD (with oxygen) was only 240 meters. He was referred for 
lung transplant evaluation and considered high risk for transplant. 
He was treated with a total of 17 BPA procedures. At baseline, he-
modynamics reflected severe right heart failure: mPAP 46 mmHg, 
mRAP 19 mmHg, CI 1.9 L/min/m2, and PVRI 18 Woods units/
m2. In the first 13 procedures mPAP did not change significant-
ly, but pulmonary vascular resistance decreased gradually to 10 
Woods units/m2, concomitant with an increase in cardiac output 
from 1.9 to 3.5 L/min/m2 and a decrease in mRAP to 11 mmHg. 
The dose of intravenous epoprostenol was gradually reduced from 

32 to 11 ng/kg/min. In parallel four additional BPAs were per-
formed. In the final procedures mPAP decreased to 36 mmHg and 
mRAP decreased further to 6 mmHg. Nutritional status returned 
to normal, ascites resolved, and oxygenation improved, enabling 
him to use oxygen only nocturnally. His functional capacity was 
NYHA III-A at the last BPA procedure, improving to NYHA II 
a few months later. Echocardiography showed only mild right 
ventricular dilatation with moderately reduced function, moderate 
tricuspid regurgitation, and a mildly dilated right atrium. Plasma 
BNP decreased to 103 pg/ml. His 6MWD improved to 410 me-
ters without supplemental oxygen. Treatment with oral macitentan 
was added, enabling complete weaning off IV epoprostenol a few 
months after his last BPA, and removal of his permanent intrave-
nous tunnelled catheter. One week later he reported his first visit 
to the beach in 6 years!

Pulmonary endarterectomy remains the treatment of choice for 
CTEPH [1,2,9] but many patients are inoperable, either because of 
co-morbidity or because the disease involves distal (subsegmen-
tal) vessels, which are not surgically accessible [4,6]. In the past 
few years, this unmet need has led to the emergence of balloon 
pulmonary angioplasty (BPA) as an alternative to PEA in inopera-
ble CTEPH [7]. Initially reported in an American series of 18 pa-
tients in 2001 [10], the procedure received little attention because 
of what was viewed as an unacceptable rate of severe complica-
tions. Eleven years later three series were published by groups 
from Japan [11-13], followed the next year by a series from Nor-



way [14], which described successful application of BPA using a 
refined technique. Since then, BPA has become a rapidly emerging 
technique applied in CTEPH centers worldwide.

BPA is a procedure requiring advanced interventional tech-
nique. The angiographic anatomy is complex, and interpretation 
of the images is difficult. Hemodynamically significant abnor-
malities may be subtle on angiography [Figure 3]. Typically, 
multiple procedures are performed in each patient. Small bal-
loons are used initially. Care must be taken to avoid life-threat-
ening complications, mainly pulmonary artery perforation and 
reperfusion injury. However, cautious BPA, considering hemo-
dynamics at baseline, results in significant hemodynamic im-
provement, which appears to be sustained over time, with an 
acceptable rate of complications [8].

We sought to establish a BPA service to complement our PEA 
program, enabling us to offer the full spectrum of treatment mo-
dalities for CTEPH in our center. CTEPH is a rare disease, and in 
small countries such as Israel it is difficult to accumulate exper-
tise in rare procedures. Whereas some small countries can transfer 
difficult cases to quaternary referral centers in neighboring coun-
tries, this is not always an option in Israel due to geopolitical iso-
lation. Therefore, we followed the strategy used to establish our 
PEA program. We recruited an international mentor (IML) who 
is a pulmonary hypertension specialist with extensive experience 
in interventional cardiology in general, and specifically in per-
forming BPA. Sheba staff initially visited the mentor at her insti-
tution (Medical University Hospital of Vienna) to observe BPAs, 
followed by three visits by the mentor to Sheba Medical Center, 
during which eight BPA procedures were performed together with 
the local interventional cardiology team. Additional procedures 
were performed independently by Sheba staff.

Our results in the first five patients are very encouraging. We 
achieved significant hemodynamic and functional improvement 
in our patients. The number of patients and procedures is small, 
but this reflects the reality of a rare disease in a small country. 

Notably, our PEA and BPA programs do not compete with 
each other. The multidisciplinary CTEPH team, led by an expe-
rience pulmonary hypertension specialist (MJS), reviews cases 
carefully and decides what treatment should be offered. The 
team remains in close contact with the two international men-
tors, consulting them by videoconference as necessary.

Our experience at Sheba Medical Center is consistent with that 
reported from centers in Japan, Europe, and North America 
and confirms that BPA is an effective treatment for inopera-
ble CTEPH. We suggest that our colleagues from other centers 

in Israel screen all patients with pulmonary hypertension for 
CTEPH as recommended by international guidelines [9], and 
refer all suspected CTEPH patients for evaluation by our dedi-
cated multidisciplinary team, in order to offer the best available 
care to these patients, and to further improve results as our Na-
tional CTEPH center gains more experience.


