MEDICINE

REVIEW ARTICLE

Chronic Thromboembolic
Pulmonary Hypertension

Karen M. Olsson, Bernhard Meyer, Jan Hinrichs, Jens Vogel-Claussen,

Marius M. Hoeper, Serghei Cebotari

SUMMARY

Background: Chronic thromboembolic pulmonary hyper-
tension (CTEPH) results from inadequate recanalization of
the pulmonary circulation after pulmonary thromboembo-
lism. Its 2-year prevalence is 1-4%. If untreated, patients
with CTEPH have a mean life expectancy of less than three
years. Fortunately, a number of effective treatments are
now available.

Methods: This review is based on a selective search of
PubMed for pertinent articles published from 1980 to
2014,

Results: The gold-standard test for the exclusion of CTEPH
is perfusion scintigraphy: the predictive value of a
negative test is nearly 100%. On the other hand, confirma-
tion of a positive diagnosis for treatment planning requires
right-heart catheterization and pulmonary angiography.
The treatment of first choice for CTEPH is surgical pulmo-
nary endarterectomy (PEA), with which about 70% of pa-
tients can be cured. The perioperative mortality of this
procedure in experienced centers is now 2-4%. Thirty to
50% of all patients with CTEPH are considered inoperable;
for these patients, and for patients with persistent pul-
monary hypertension after PEA, the drug riociguat was
introduced in Germany in 2014 (the first drug specifically
introduced for the treatment of CTEPH). There is also a
new interventional treatment option for inoperable pa-
tients—pulmonary balloon angioplasty, which is currently
being performed in a small number of centers.

Conclusion: The timely diagnosis of CTEPH, followed by
referral to a specialized center, is now more important
than ever, because treatment options are now available for
nearly all of the forms in which this disease can manifest
itself.
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hronic thromboembolic pulmonary hypertension

(CTEPH) is the name given to an increase in
mean resting pulmonary arterial tension (<25 mmHg)
with underlying persistent obstruction of the airways
after pulmonary thromboembolism, that persists de-
spite at least 3 months of appropriate anticoagulation
treatment (1). Left untreated, it has a poor prognosis.
As recently as the 1980s, the 3-year mortality for ad-
vanced CTEPH was over 50% (2). Since then, many
therapeutic options have become available, and the dis-
ease is now treatable in almost all cases, and in many
can even be cured.

The present review is based on a selective search of
PubMed that included works published on this topic in
the period from 1980 to June 2014. The review concen-
trates on current methods of diagnosis and treatment of
CTEPH.

Epidemiology and pathogenesis

Data on the prevalence of CTEPH in patients 2 to 4
years after experiencing pulmonary embolism range
from 0.8% to 3.8% (3, 4). However, around 25% of all
patients with CTEPH have no history of clinically
manifest pulmonary embolism (5), and for this reason,
CTEPH must form part of the differential diagnosis in
every patient with unexplained pulmonary hyperten-
sion. Ultimately, we have no reliable data about the
incidence or prevalence of this disease. Men and
women are affected in equal numbers, and the disease
may occur at any age, but peak prevalence is in the 60-
to 70-year-old age group (5).

Pathogenetically, the primary cause of CTEPH is
single or recurrent pulmonary emboli that fail to dis-
solve, or do so incompletely. In most cases, what causes
the endogenous fibrinolysis to be ineffective is un-
known. Classical risk factors for the development of
CTEPH are thrombophilia, a history of splenectomy,
ventriculoatrial shunts, intracardiac pacemaker probes,
myelodysplastic syndrome, and chronic inflammatory
bowel disease (5, 6). It is possible that the chronic in-
flammation and recurrent bacteremia often associated
with these diseases have a central role in its develop-
ment (6).

If the emboli do not dissolve completely, they turn
into fibrotic scar tissue (7) and no longer regress under
the action of anticoagulants. The raised pulmonary vas-
cular resistance results in pulmonary hypertension,
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which in turn leads in time to microvascular lesions and
vascular remodeling in the nonoccluded segments of
the airways of the lung (7-9). This makes CTEPH a
progressive disease even in the absence of further
thromboembolic events (7, 9). In late-stage CTEPH,
right heart failure develops that if left untreated is
usually fatal (9).

Diagnosis

The main symptom of CTEPH, like that of all other
forms of pulmonary hypertension, is progressive exer-
tional dyspnea, accompanied by fatigue, easy tiring,
and in some cases syncope. Signs of manifest right
heart failure do not appear until the later stages of the
disease. Because the symptoms are nonspecific, es-
pecially those in the early disease stages, CTEPH is
often diagnosed late or not at all (10). This is unfortu-
nate, since echocardiography, a widely available and
noninvasive diagnostic technique, will in most cases
answer the question of whether further investigation is
required (11). Screening for CTEPH after pulmonary
embolism is not recommended (12), but patients with
persistent or recurrent exertional dyspnea should be
examined by echocardiography (13, 14). Electrocardio-
graphy and biomarkers also appear to enable CTEPH to
be ruled out with reasonable certainty: a Dutch study
found a negative predictive value of 0.99 when elec-
trocardiographic indicators of right heart strain were
absent and the values of N-terminal fragments of the
pro brain natriuretic peptide (NT-proBNP) were not
raised after pulmonary embolism (15). In addition to
that, spiroergometry can also deliver important diag-
nostic clues (16, 17).

Demonstrating the presence or absence of CTEPH is
an essential part of the diagnostic investigation of any
patient with pulmonary hypertension of unknown eti-
ology. A history of isolated or recurrent venous throm-
boembolism makes the diagnosis likely, but even in pa-
tients without a suggestive history, it is mandatory to
investigate CTEPH thoroughly (5). The most important
diagnostic procedure is ventilation—perfusion scinti-
graphy or (in patients with normal X-ray findings) per-
fusion scintigraphy alone (Figure 1), which, even in the
era of high-resolution computed tomography (CT), still
has the highest sensitivity for this disease (18). Its
negative predictive value is close to 100%; i.e., a nor-
mal perfusion distribution rules out CTEPH with a
probability that is close to certainty. On the other hand,
the finding of a perfusion defect is not specific for
CTEPH, since similar findings are occasionally observed
in other forms of pulmonary hypertension or in vasculi-
tis or malignancies of the pulmonary vessels, such as
sarcoma (19-21).

CT angiography can also provide important indi-
cators of the presence of CTEPH. In addition to direct
evidence of suggestive lesions in the pulmonary ar-
teries and of proximal wall changes, these include indi-
rect signs. Foremost among these is large bronchial ar-
teries and so-called mosaic perfusion, the name given
to the appearance of sharply demarcated adjacent areas
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Figure 1: Perfusion scintigraphy (3-D single photon emission computed tomography, SPECT)
in a woman with chronic thromboembolic pulmonary hypertension (CTEPH), showing

wedge-shaped perfusion defects (arrows)

of hyper- and hypoperfusion (Figure 2). However,
these are all outweighed by the consideration that a nor-
mal-appearing angio-CT of the thorax does not rule out
the presence of CTEPH with certainty (10, 12, 18).

Modern CT and magnetic resonance techniques may
make scintigraphy superfluous in future, if, in addition
to the pulmonary vessels, regional lung perfusion can
also be routinely imaged (22, 23).

If the history or scintigraphy are suggestive of
CTEPH, right heart catheterization and invasive
imaging in the form of pulmonary angiography are
necessary for treatment planning. These investigations
can be combined. Until recently, conventional pulmo-
nary angiography was the method of choice because, if
correctly carried out, it is generally well suited to
answering the question of whether a patient is a candi-
date for surgery. However, now that interventional
techniques have become available as additional treat-
ment methods, there is an increasing need for high-res-
olution imaging of the smaller pulmonary arteries.
There are many new developments in this field, e.g.,
C-arm CT (also known as cone beam CT or rotational
angiography) (24), which combines classical angi-
ography and 3-D CT, allowing segmental and subseg-
mental pulmonary arteries to be imaged in much
greater detail.

Invasive diagnostic imaging for CTEPH should be
carried out at centers where operative or interventional
treatment can also be performed if required. This can
save the patient multiple invasive investigations and
exposures to radiation and contrast agents, and is a pre-
condition for optimal treatment outcome. Today it is
standard in all German expert centers for treatment to




MEDICINE

46-year-old man with chronic thromboembolic pulmonary hypertension (CTEPH), showing
peripheral thrombi in the right main pulmonary artery (arrowhead) and a band-like stenosis
in the right lower lobe artery (arrow). In the lung parenchyma, a hint of mosaic perfusion is
seen, made up of sharply outlined, field-like hyperdense and hypodense areas—an indirect
sign of CTEPH (*)

Figure 3: Surgical specimens after pulmonary endarterectomy. This postthrombotic scar tis-
sue was “peeled away” from the central pulmonary artery and is laid out here to correspond
with the anatomy of the pulmonary arteries (right/left, cranial/caudal), appearing as a kind of
cast specimen of the pulmonary arterial tree. Note the reddish thrombus at the bottom of the
left-sided specimen (arrowhead)

858

be planned jointly in conference between a multidisci-
plinary team of experts consisting of internal medical
specialists, radiologists, and surgeons, once all the
diagnostic findings have been received.

Treatment

Anticoagulation

Lifelong anticoagulation therapy is regarded as a matter
of course in patients with CTEPH, although there are
no controlled studies on this subject (13). Normally,
vitamin K antagonists are given. The new (direct) oral
anticoagulants have not yet been studied systematically
in patients with CTEPH.

Supportive therapy

Oxygen therapy or diuretics are adjusted to the patient’s
individual needs to support the treatment (12). No
special studies in patients with CTEPH are available on
this. As in other forms of pulmonary hypertension,
physical overload should be avoided, since this can
lead to syncope or right heart decompensation. Moder-
ate exercise, on the other hand, is worthwhile and can
be supported through targeted rehabilitation measures
(25).

Vena cava filter

Given the pathogenesis of CTEPH, some experts con-
sider that the use of a vena cava filter is indicated as a
matter of principle (26). However, here again no con-
trolled studies have been performed. In European regis-
try data, the postoperative 1-year survival was indepen-
dent of placement of a vena cava filter (27). In most
German centers, these filters are used only on an indi-
vidual basis, i.e., in patients who continue to suffer
thromboembolic events despite appropriate anticoagu-
lation, or in cases where adequate anticoagulation is not
possible (12).

Pulmonary endarterectomy

Surgical pulmonary endarterectomy (PEA) is the only
potentially curative therapy for CTEPH. Although no
controlled study exists, it is regarded as the standard
treatment (13, 26). This operation should not be
confused with pulmonary embolectomy (Trendelen-
burg operation) in patients with massive pulmonary
embo-lism. PEA is a “true” endarterectomy, in which
the intraluminal scar tissue is “peeled away” from the
vascular walls (Figure 3). This operation requires
the use of the heart-lung machine and intermittent
periods of cardiovascular arrest in deep hypothermia.
The pulmonary arteries are opened intrapericardially
via a median sternotomy. From there, the obstructive
material is dissected away as far peripherally as
possible (28). The surgery is almost always performed
bilaterally.

Perioperative mortality is presently 2% to 4% in ex-
perienced centers (27, 29). Cognitive deficits have not
been observed despite the intermittent cardiovascular
arrest (30). Almost all patients show markedly im-
proved hemodynamics postoperatively. About 70% of
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those affected show normal or nearly normal pressure
values (mean resting pulmonary arterial pressure
<25 mmHg), whereas residual pulmonary hypertension
can be shown in up to 30% of patients (31, 32). The
10-year survival rate is around 75% (29).

Targeted medical therapy

Although PEA is the preferred treatment for CTEPH,
30% to 50% of patients are not candidates for surgery
(5), whether because they have a predominantly periph-
eral form of the disease, or because concomitant condi-
tions make the operative risk appear too high, or be-
cause they refuse surgery. In the past, these patients
were mainly treated with drugs that were licensed for
the treatment of pulmonary arterial hypertension (PAH)
but not for CTEPH: endothelin receptor antagonists,
phosphodiesterase-5 (PDE-5) inhibitors, or prostacy-
clin analogs. This approach was supported by numer-
ous case series and by open studies. Current guidelines
with a low level of evidence recommend targeted medi-
cal therapy (12, 13), but so far it has not been confirm-
ed by controlled studies (33, 34).

Until the beginning of 2014, inoperable CTEPH
was a disease for which there was no licensed medical
treatment. This situation has now changed, since
riociguat was licensed on the basis of a positive
phase III trial—the first and, so far, the only
substance licensed for treatment of inoperable or
postoperatively persis-tent CTEPH. Riociguat is a
stimulator of soluble guanylate cyclase, which
stimulates the target cells, which include the smooth
muscle cells of the pulmo-nary arteries, to form
guanosine monophosphate (cGMP). In this way a
vasodilator effect develops.

The safety and efficacy of riociguat in patients with
CTEPH was investigated in the CHEST-1 study, a ran-
domized, placebo-controlled double-blind study. The
study enrolled 261 patients with inoperable CTEPH or
postoperatively persistent pulmonary hypertension
(35). The primary endpoint of the study, a change in
6-minute walking distance after 16 weeks, was reach-
ed: in the drug arm, the 6-minute walking distance in-
creased by 39 m, whereas in the placebo arm it dropped
by 6 m. The mean placebo-corrected increase in 6-min-
ute walking distance with riociguat treatment was 46 m
(95% confidence interval [95% CI]: 25-67 m;
p<0.0001). Other, secondary endpoints, including func-
tional class, hemodynamic parameters, and plasma NT-
proBNP concentration, were significantly improved in
the riociguat group. The most frequent unwanted ef-
fects were:

® Headache (25% with riociguat versus 14% with

placebo)

® Dyspepsia (18% versus 8%)

® Dizziness (23% versus 12%)

® Diarrhea (10% versus 5%)

® Hypotension (9% versus 3%).

Hemoptysis was observed in 2% of the patients
treated with riociguat; it is not yet clear whether there
was a causal connection with the study drug. Long-
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Figure 4: Pulmonary balloon angioplasty of the A8 segment of the right lower lobe.
a) Selective imaging of the right A8 segmental artery, in which the contrast is visibly inter-
rupted at the right cardiac margin (arrow). The stenosis has already been successfully

passed with a wire (arrowhead).

b) Selective DSA series (DSA, digital subtraction angiography) to follow up treatment out-
come after dilatation of web stenosis with a suitable balloon catheter. There is clear
contrast of the peripheral branches of the A8 segmental artery, with visualization of even
the smallest subbranches of the pulmonary artery (arrows). The location of the guide

catheter is the same in both series (*)

term data on the course of the disease with riociguat
treatment versus no treatment have not yet been pub-
lished.

Riociguat is not a selective pulmonary vasodilator,
but a potent peripheral vasodilator and can therefore
cause symptomatic falls in blood pressure. This drug
must not be combined with nitrates or PDE-5 in-
hibitors, and must be given in carefully adjusted doses
in accordance with the study protocol (35).

Balloon pulmonary angioplasty

For patients with inoperable CTEPH, balloon pulmo-
nary angioplasty (BPA) is another new treatment op-
tion, although one that has not yet been evaluated in
controlled studies. This procedure was first described
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CTEPH diagnosed or suspected
(anticoagulation with referral to specialist center)

Inoperable
(or patient refuses
surgery)

Operable

Pulmonary — Medical
endarterectomy therapy*®
. No Persistent
Hemodynamics symptoms/right

normalized heart overload

Yes l

BPA
(or LTx)*3

Follow-up
once a year*'

Treatment algorithm for chronic thromhoembolic pulmonary

hypertension (CTEPH) (adapted from [1]).

BPA, balloon pulmonary angioplasty; LTx, lung transplantation

*! Clinical examination and echocardiography usually sufficient.

*2 At present, only riociguat is licensed for medical treatment of
inoperable CTEPH.

*% | ung transplantation is now only rarely required for CTEPH

in 2001 by colleagues in the United States (36). It was
not widely adopted at first because of the occurrence of
serious, potentially fatal complications, in particular
reperfusion edema and pulmonary hemorrhage. How-
ever, since then the technique has been refined, es-
pecially at Japanese centers (37, 38). The goal of the in-
tervention is to eliminate the vascular obstruction. The
obstruction is caused by the intraluminal postembolic
scar-tissue strictures in the form of bands or webs,
which are torn and pressed against the vascular walls
by the BPA (Figure 4a, b). All the information so far
suggests that the vessels remain open after the interven-
tion, and that no restenosis occurs. Therefore, stents are
apparently not needed (37-39). Central stenoses and
long vascular occlusions remain the domain of surgery.
BPA, on the other hand, is targeted primarily at subseg-
mental levels that are often inaccessible to surgery.
Combined therapeutic approaches may be possible in
some cases, but as a matter of principle surgery should
come first (12, 26).

The interventions are carried out in several sessions,
each restricted to one pulmonary lobe at most, to mini-
mize the risk of serious bleeding or reperfusion edema,
and the exposure to contrast agents and radiation (40).

To avoid rupturing the thin-walled pulmonary arteries,
balloons are used that have a smaller diameter than the
internal diameter of the target vessels (37). This
necessitates high-resolution imaging of the small pul-
monary arteries, enabling positive identification of the
target vessels and hence correct calibration of the bal-
loons (24). In this way, it is now possible to recanalize
even vessels that are completely occluded for a short
stretch (38). Four to six sessions are required for treat-
ment to be completed. The risk of serious or fatal com-
plications has now been brought down to less than 1%.
Published data now also show that, in addition to he-
modynamics, right heart function significantly im-
proves, and excercise capacity increases markedly (37,
38, 40). Nevertheless, BPA cannot yet be regarded as a
standard treatment because no robust long-term data
exist. Moreover, there is still no adequate definition of
which patients are the most likely to benefit from this
treatment technique.

Lung transplantation

Because of the treatment options outlined above, it has
become very rare for CTEPH patients to require a lung
transplant. Nevertheless, it remains an option in pa-
tients who cannot be adequately treated in any other
way (26).

Summary

CTEPH is a rare but serious complication of pulmonary
thromboembolism that must be included in the differ-
ential diagnosis of any case of pulmonary hypertension
of unknown origin—the more so because not all pa-
tients with this condition report a history of venous
thromboembolism. Perfusion scintigraphy is an essen-
tial part of the diagnostic investigations, because it is
the only noninvasive imaging technique that allows
CTEPH to be ruled out with almost 100% certainty.

The final diagnostic investigations and treatment
planning require a right heart catheter and high-
resolu-tion pulmonary angiography, and should be
carried out at the same center where treatment will
be given. The treatment options for CTEPH have
improved greatly in recent years, such that today
almost every patient can be offered some form of
effective treatment (Figure 5). The treatment of
first choice is and remains PEA, as this is the only
treatment that can offer the patient the prospect of
cure. Both medical treatment with riociguat and BPA
should be restricted to patients for whom surgery is
not an option and those with persistent pulmonary
hypertension after PEA, because at present there are
no robust long-term data for these therapies.

In the near future, the focus of research will certainly
be on the development of further medical treatments for
patients with inoperable CTEPH. For this, in particular,
long-term data are needed. In addition, it needs to be
more precisely defined which patients are most likely
to benefit from BPA, and whether in some cases hybrid
procedures consisting of surgery and BPA might be
valuable.
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® Chronic thromboembolic pulmonary hypertension
(CTEPH) is a life-threatening disease that occurs in
about 1% to 4% of patients who have suffered a pul-
monary thromboembolism.

® The most important diagnostic investigation to rule out
CTEPH is perfusion scintigraphy, which should be car-
ried out in all patients with pulmonary hypertension of
unknown origin—even if there is no indication of pul-
monary embolism in the history.

® The most effective treatment for CTEPH is surgical pul-
monary endarterectomy (PEA), which results in marked
improvement of hemodynamic and clinical parameters
in almost all patients. In most cases, it is curative.

® For patients in whom surgery is not possible, and those
in whom pulmonary hypertension persists postoper-
atively, a medical therapy became available when rio-
ciguat was licensed in Germany at the beginning of
2014.

® Pulmonary balloon angioplasty is another new thera-
peutic option for patients with inoperable CTEPH. This
procedure is currently under evaluation at various
centers.
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