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Abstract

Background Chronic thromboembolic pulmonary hyper-
tension (CTEPH), subsequent to pulmonary embolism is a
relatively frequent cause of pulmonary hypertension.
Similar to patients with pulmonary arterial hypertension
(PAH), CTEPH carries a poor prognosis. There is no hard
evidence for any other therapy except pulmonary endar-
terectomy and none for those patients that are not eligible
for this procedure.
Patients and methods Fifty patients with confirmed,
inoperable CTEPH receiving specific vasodilative therapy
(prostanoids, endothelin receptor antagonists, PDE
5-inhibitors or combination) were included in this retro-
spective study (mean age 55 years, range 16-76 years; 36
female, 14 male). Kaplan—Meier plots of these patients
were compared with Kaplan—Meier plots of two historical
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CTEPH patient groups without any specific vasodilative
treatment by log rank tests.

Results CTEPH patients treated with specific vasodilative
compounds as used for therapy of PAH were followed up
for 52 + 30 months and had a significantly improved
survival compared with patients treated without PAH type
vasodilators (p < 0.0002).

Conclusion Our data may generate the hypothesis that
specific vasodilative treatment improves outcome in
patients with inoperable CTEPH.
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Abbreviations

CI Cardiac index

CTEPH Chronic thromboembolic pulmonary
hypertension

IPAH Idiopathic pulmonary arterial hypertension

mPAP  Mean pulmonary arterial pressure

PAH Pulmonary arterial hypertension

PEA Pulmonary endarterectomy

PVR Pulmonary vascular resistance

Introduction

Chronic  thromboembolic  pulmonary  hypertension

(CTEPH) has been estimated to occur in up to 3.8% 2 years
following an episode of confirmed pulmonary embolism
[20]. The incidence of CTEPH may even be higher because
pulmonary embolism occurs without apparent symptoms in
many patients [9]. The mechanisms leading to persistence
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of an increased pulmonary artery pressure have not yet
been identified in detail [1, 5, 7].

Similar to pulmonary arterial hypertension (PAH),
CTEPH has been recognized to carry a poor prognosis [21].
Survival is markedly reduced when mean pulmonary
arterial pressure (mPAP) exceeds 30 mmHg or when a
decreased partial oxygen pressure and severe exercise
intolerance are present [21]. In particular, when right heart
failure is apparent survival is comparable to survival in
patients with idiopathic pulmonary arterial hypertension
(IPAH) not receiving vasodilator therapy [21]. The most
effective treatment for CTEPH is surgical desobliteration
of the pulmonary arteries (pulmonary endarterectomy,
PEA). PEA has been established as the first line treatment
in CTEPH [22]. However, PEA is a treatment with con-
siderable operative risk, and it is restricted to cases, in
which obstruction begins in more proximally located pul-
monary vessels which are large enough for the desoblit-
eration to be carried out [6]. In our experience the number
of patients not suitable for PEA for various reasons is
relevant. CTEPH patients that are not eligible for PEA
receive medical treatment options including anticoagulants,
diuretics and supplemental oxygen [17].

Histology of pulmonary arteries in CTEPH reveals
changes similar to those in IPAH, including plexogenic
lesions and an increase in the vascular smooth muscle mass
[15]. Because recently developed vasodilators have been of
great use in PAH several authors have suggested to use the
same vasodilator therapy in CTEPH [8, 14, 16-18, 26].

Recently, the first randomized, placebo controlled trial,
including only patients suffering from CTEPH, was fin-
ished. In this trial CTEPH patients treated with bosentan
over a period of 16 weeks showed a significant decrease of
the pulmonary vascular resistance (PVR) in comparison
with placebo group. However, the study failed his second
coprimary end point—the significant increase of 6 min
walking distance (6MWD) in patients receiving the
vasodilating agent bosentan [13].

Moreover, few retrospective studies exist examining
prostanoids, endothelin receptor antagonists or phospho-
diesterase 5-inhibitors in patients with CTEPH not eligible
for PEA [23]. These investigations suggest that pulmonary
vasodilators improve hemodynamics and exercise tolerance
in these patients [2—4, 10-12, 16, 18, 19, 24, 25]. The
effects of therapy with bosentan or prostanoids in patients
with CTEPH during a longer period were studied in two
trials [12, 19]. However, the influence of pulmonary
vasodilators on long-term survival in CTEPH patients has
not yet been addressed.

The aim of our investigation was to test whether pul-
monary vasodilator therapy improves long term survival in
patients with inoperable CTEPH. For that purpose we
compared survival of our treated patient group with data
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from two groups of patients without pulmonary vasodilator
therapy published in the past.

Patients and methods
Patients

Fifty patients with confirmed CTEPH not eligible for pul-
monary PEA from four German pulmonary centers with
special experience in pulmonary hypertension were inclu-
ded in this retrospective study (mean age: 55 years (£16);
36 female, 14 male). Initial hemodynamic measurements
demonstrated severe pulmonary hypertension: mean pul-
monary arterial pressure (mPAP): 52.52 4+ 10.13 mmHg;
cardiac index (CI) 2.11 & 0.48 L/min m~2, PVR:
1057.50 + 424.61 dyne s cm ™. The distribution of WHO
functional classes was as follows: II/II/IV: n = 4/37/9. All
patients were evaluated with computed tomography and a
lung ventilation perfusion scan. Pulmonary angiography
was performed to confirm the distribution and location of
obstruction and to rule out the possibility of PEA. All
patients were discussed by the same experienced interdis-
ciplinary board including an experienced cardiovascular
surgeon, who confirmed the diagnosis and agreed to the
decision not to perform PEA. The decision pro or against
PEA was based on the ACCP evidence-based clinical
practice guidelines for surgical treatments and interven-
tions. These guidelines postulate selection criteria for
CTEPH patients considered to be suitable for PTE: WHO
functional class III or IV; PVR > 300 dyne s cm™>; sur-
gically accessible thrombus (in segmental pulmonary
arteries or proximal); no severe comorbidities [6]. Because
there was no other specific treatment, and because of the
bad prognostic perspective for these CTEPH patients, they
were treated according to PAH treatment standards (at the
times of treatment). Pulmonary vasodilator treatment con-
sisted of inhaled iloprost (n = 4), oral beraprost sodium
(n = 3), intravenous iloprost (n = 5), bosentan (n = 24),
sildenafil (n = 4), and a combination of bosentan/inhaled
iloprost (n = 1), bosentan/sildenafil (n = 6), bosentan/
beraprost (n = 1); bosentan/sildenafil/prostanoids (n = 2)
(therapy at the latest follow up).

The mean time from the establishment of diagnosis
CTEPH to the start of specific treatment was 13.6 months
(range 3-58 months). The mean duration of vasodilator
therapy was 36 £ 22.4 months (range 1-124 months).
Patients received pulmonary vasodilator treatment for at
least 6 months or died within 6 months while on vasodi-
lator therapy. CTEPH patients receiving standard therapy
(anticoagulants, diuretics and supplemental oxygen)
reported by Ono et al. (n = 23; mean age 52 £ 14 years;
mPAP 46 £+ 12 mmHg; WHO functional class I/II/IV
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5/14/4) and by Riedel et al. (n = 20; mean age 46 + 12;
mPAP 55 + 16) were compared with patients treated with
vasodilators [19, 21].

Methods of data analysis/statistics

Survival data of CTEPH patients was analyzed by the
Kaplan—-Meier method. Log rank test was applied for
comparison of survival data used for the Kaplan—-Meier
plot. Statistical significance was accepted at the 0.01 level
(SPSS12.0, SSPS Incorporation).

Results

CTEPH patients treated with specific vasodilative com-
pounds in our study were followed up for 52 £+ 30 months.
Seven individuals died from right heart failure. The follow
up period of the two historical groups was 58 & 45 [19]
and 24 + 23 [21] months respectively. Patients receiving
specific vasodilator therapy showed a significantly
improved survival compared with both historical groups
without specific vasodilator therapy using log rank test
(p = 0.0001 and p = 0.0002 respectively, Fig. 1). Survival
was not much different in the two historical patient groups
(p = 0.172).
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Fig. 1 Kaplan—-Meier plots of CTEPH patients treated with specific
vasodilative compounds (n = 50, continuous line) and of two
historical CTEPH patient collectives receiving conservative treatment
(n = 20, dashed line [21]; n = 23, dotted line [19]) are depicted.
Kaplan—Meier plots of specifically treated CTEPH patients and of the
historical collectives are significant different by log rank analysis
(p < 0.001)

Discussion

This study compares survival data from 50 CTEPH patients
treated with specific vasodilator therapy with two previ-
ously reported patients groups without specific vasodilator
treatment [19, 21]. The Kaplan—-Meier analysis demon-
strates a significantly improved survival for patients treated
with vasodilators typically used in the therapy of PAH.

Survival of patients with CTEPH depends among other
things on disease severity. The mPAP of our patients was
similar to the mPAP of the CTEPH patients in the two
groups used for comparison. Although mPAP is not an
excellent parameter for comparison of the extent of pul-
monary hypertension, it will still indicate acceptable
comparability of the patient groups. Cardiac index of the
historical controls was not available which adds to the
limitations of this comparison.

A further limitation is the historical control group in our
study. Although the use of historical controls is used by
others in the field of pulmonary hypertension as well, it
causes several disadvantages, e.g. the change in conven-
tional treatment [14, 26]. For this reason our results can be
considered only as a hypothesis generating observation.

Recently, the first randomized, controlled, double blind
trial investigating the effect of the dual endothelin receptor
antagonist bosentan in patients CTEPH was finished. Data
of this study suggest an improvement of PVR in the bos-
entan group over a period of 16 weeks [13]. However,
these studies, in contrast to our, will provide data on the
short term effect of the compound studied. Our survival
data of 50 CTEPH patients treated with several vasodila-
tors for 52 4+ 30 months is also within the range of survival
observed in a l-year follow up of 47 CTEPH patients
treated with bosentan [12].

In conclusion, we interpret our observation as a
hypothesis-generating study, which suggests a beneficial
effect of a specific vasodilative treatment on overall sur-
vival in inoperable CTEPH patients. This hypothesis that a
specific vasodilative therapy improves survival in CTEPH
patients not eligible for PEA has to be investigated in a
large confirmatory trial.
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