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Summary
In addition to among others major bleeding 
from anticoagulant therapy and recurrent ve-
nous thromboembolism (VTE), patients who 
survived acute pulmonary embolism (PE) 
face an increased risk of chronic functional 
limitations and decreased quality of life. In 
recent years, this latter complications have 
been better framed within the evolving defi-

nition of “post-PE syndrome” of which chronic 
thromboembolic pulmonary hypertension 
(CTEPH) represents the most extreme presen-
tation. The post-PE syndrome in all its aspects 
is a frequent and clinically relevant long-term 
complication of PE but -except for CTEPH- has 
been largely understudied. There is great need 
to better define and understand the natural 
course of acute PE, to predict the development 
of the post-PE syndrome and to evaluate the 
potential benefits evolving treatments such as 
cardiopulmonary rehabilitation.
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Zusammenfassung
Über Komplikationen wie größere Blutungen 
infolge der Antikoagulation oder rezidivie-
rende venöse Thrombembolien (VTE) hinaus, 
haben Patienten, die eine akute Lungenem-
bolie (LE) überlebt haben, ein erhöhtes Risiko 
für chronische funktionelle Einschränkungen 
und eine reduzierte Lebensqualität. Letztere 
werden neuerdings in dem aufkommenden 
Begriff des chronischen LE-Syndroms („Post-
LE-Syndrom“) zusammengefasst, das seine 
extremste Ausprägung in der chronisch 
thromboembolischen pulmonalen Hypertonie 
(CTEPH) findet. Das chronische LE-Syndrom 
in all seinen Aspekten ist eine häufige und 
klinisch relevante Langzeitkomplikation der 
LE, wurde jedoch – mit Ausnahme der CTEPH 
– nur unzureichend untersucht. Es ist drin-
gend erforderlich, den natürlichen Verlauf ei-
ner akuten LE besser zu definieren und zu 
verstehen, um die Entwicklung eines chroni-
schen LE-Syndroms vorherzusagen und den 
potenziellen Nutzen neuer Behandlungsfor-
men, wie der kardiopulmonalen Rehabilitati-
on, zu evaluieren.
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Introduction
After surviving acute pulmonary embolism 
(PE), patients face an increased risk of de-
veloping major bleeding from anticoagu-
lant therapy, recurrent venous thromboem-

bolism (VTE), arterial cardiovascular dis-
eases, or chronic functional limitations 
(1–8). In recent years, this latter compli-
cation has been better framed within the 
evolving definition of “post-PE syndrome”, 
which accounts for suboptimal cardiac 

function, pulmonary artery flow dynamics, 
or pulmonary gas exchange at rest or dur-
ing exercise, in combination with symp-
toms of exercise intolerance, dyspnea, im-
paired functional status, or worsened 
quality of life (8, 9). Chronic thromboem-
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bolic pulmonary hypertension (CTEPH) 
represents the most severe manifestation of 
the post-PE syndrome (10–12). In the pres-
ent review, we discuss the pathophysiology 
and frequency of CTEPH and post-PE syn-
drome, as well as the strategies under de-
velopment to predict, prevent, and treat 
long-term sequelae of acute PE.

Chronic thromboembolic 
pulmonary hypertension
Pathophysiology of CTEPH

A commonly accepted mechanistic hy-
pothesis is that CTEPH results from an 
incident episode of ´unresolved´ PE char-
acterized by the persistence of residual 
thrombi despite anticoagulant therapy, 
which contributes to increase pulmonary 
vascular resistance and ultimately results in 
progressive right ventricular overload 
(13–15). The exact pathophysiological 
mechanism that may prevent from com-
plete resolution of acute thrombus is how-
ever not fully clarified yet, although pro-in-
flammatory state, abnormal fibrinogen 
variants, aberrations in angiogenesis, and 
mesenchymal cell activation have been im-
plicated in poorer pulmonary thrombus 
resolution (▶ Table 1) (13–21). Notably, 
whereas radiological signs of unresolved 
thrombotic material are necessary criteria 
for confirming a CTEPH diagnosis, these 

do not always match with the severity of 
the clinical presentation of individual pa-
tients and therefore cannot be accounted as 
an indicator for prognosis. In addition to 
chronic blood clots, CTEPH patients 
usually exhibit widespread pulmonary 
microvasculopathy, which resembles that 
of other pulmonary arterial hypertension 
subtypes (13, 22–24). Diffuse areas of the 
lung-affected or not by chronic thrombotic 
occlusions- similarly manifest microvascu-
lopathy, indicating that higher share stress 
caused by chronic thrombi is not solely re-
sponsible for arterial remodeling. One of 
the explanations that has been hypothes-
ized is that microvascular changes may be 
caused by altered blood flow from multiple 
anastomoses between systemic and pul-
monary circulation through hypertrophic 
bronchial arteries that are opened by the 
high pressure gradient which develops be-
tween bronchial and pulmonary arteries af-
fected by chronic blood clots (22).

Indeed, both the small vessel disease 
and the chronic proximal obstruction of 
the pulmonary arteries contribute to the 
progression of right ventricular overload. 
Initially, this outflow burden leads to right 
ventricular hypertrophy as a mechanism of 
the heart in order to increase the effective-
ness of its pumping function, a process also 
referred to as ‘adaptive remodeling’.(25) 
However, adaptive remodeling is associated 
with a maintained right ventricular func-

tion for a limited period of time, after 
which inevitably ‘uncoupling’ occurs, caus-
ing right ventricular dilatation and -es-
pecially during exercise- insufficiency, 
which ultimately lead to terminal right 
ventricular failure and death (25, 26).

How often is CTEPH diagnosed 
after acute PE?

The incidence of CTEPH after sympto-
matic acute PE has been reported to range 
from 0.1 % to 11.8 %, with most studies 
showing a frequency of 2–4 % (10, 27–36). 
Beyond geographic or historical variations, 
such wide range can be explained by differ-
ences in patient selection and diagnostic 
criteria adopted by the investigators of 
published studies. For instance, most 
studies focused on specific subgroups of PE 
patients characterized by the absence of 
cardiopulmonary comorbidities and some 
did not apply right heart catheterization to 
confirm CTEPH.

To provide more clarity, a systematic re-
view and meta-analysis of relevant studies 
and meeting abstracts has been recently 
published (37). Studies adopting invasive 
measurements to confirm the diagnosis of 
CTEPH were included in the main analysis 
and three patient subgroups were prede-
fined to limit heterogeneity, namely i) ‘all 
comers’ (unselected consecutive PE pa-
tients), ii) ‘survivors’ (PE patients who sur-
vived the first three to six months), and iii) 
‘survivors without comorbidities’ (surviv-
ors further selected by excluding patients 
with cardiopulmonary, malignant and/or 
other severe comorbidities). A total of 
4,047 PE patients were evaluated in the 
meta-analysis for pooled incidences in the 
predefined cohorts of 0.56 % (95 %CI 
0.1–1.0), 3.2 % (95 %CI 2.0–4.4), and 2.8 % 
(95 %CI 1.5–4.1), respectively (▶ Figure 1) 
(37).

Notably, the comparable incidences of 
both ‘survivor’ cohorts indicated that the 
presence of other conditions that may ex-
plain symptoms of functional impairment 
and dyspnea, such as COPD, do not appear 
to rule out the diagnosis of CTEPH, and 
adequate diagnostic tests for CTEPH 
should not be withheld in such patients. A 
final important observation of the meta-
analysis regards the clear overdiagnosis of 

Tab. 1 Summary of the pathophysiological mechanisms implicated for the transition of acute PE to 
CTEPH and clinical conditions which may “predispose” to CTEPH

Clinical conditions implicated with a 
higher risk of CTEPH

Thyroid replacement therapy

Malignancy

(Recurrent) Venous thromboembolism

Antiphospholipid antibodies

High FVIII

Non-O blood group

Ventriculo-atrial shunt

Infected pacemaker leads

Indwelling venous catheters and leads

Splenectomy

Chronic inflammatory disorders

Known mechanisms of thrombus nonresol-
ution implicated with CTEPH pathophysiology

Defective angiogenesis

Systematic inflammation

Fibrinogen abnormalities/impaired fibrinolysis

Misguided immune response to venous clots

Hypoxia-induced endothelial and mesenchymal
cell activation
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risk stratification in order to increase the 
expected rate of CTEPH in the study co-
hort. Moreover, the absolute risk of 
CTEPH for patients presenting with these 
risk factors is unknown as they were often 
identified in case-control studies compar-
ing subjects diagnosed with CTEPH and 
population controls or patients with class 1 
PH, and not in cohorts of PE survivors 
(47). Finally, since their prevalence in PE 
cohorts is low (e.g. for splenectomy about 
2 %), this approach appears unlikely to be 
sufficiently accurate.

A second strategy would be to study the 
added value of reassessing CTPA scans for 
detecting signs of chronic PE or pulmonary 
hypertension such as right ventricular hy-
pertrophy, webs and bands, tortuous bron-
chial arteries or mosaic perfusion (33). As 
discussed above, these signs may be very 
sensitive for prevalent CTEPH. Even so, the 
afore mentioned French study included 
only seven patients with CTEPH and does 
not provide sufficient evidence for strong 
recommendations for clinical practice.

Clinical decision rules and risk assess-
ment models are widely used in clinical 
practice for diagnostic or prognostic pur-
poses. A collaborative study between Ger-
man, Polish and Dutch PE expert centers 
aimed at developing a score for prediction 
of CTEPH after PE (47). They performed a 
patient-level analysis of a total of 772 PE-
survivors without major cardiopulmonary 
or oncological comorbidities at baseline, 
and fit multivariate regression models to 
identify clinical variables easily assessable 
at the time of index PE event that would in-
dependently predict CTEPH. A score con-

CTEPH is not preceded by symptomatic 
VTE in 19–63 % of patients (39, 40). It re-
mains purely speculative the hypothesis of 
these patients suffering from episodes of 
‘silent PE’, or, alternatively, if they represent 
a different clinical scenario of CTEPH de-
veloping from in situ thrombosis as a 
thrombogenic phenotype of class 1 pul-
monary hypertension.

Can we predict CTEPH?

The ability to predict which PE patients 
will develop CTEPH will likely improve 
their prognosis by allowing physicians to 
better apply valuable resources to a specific 
high-risk group, while preventing un-
necessary imaging tests to patients with a 
negligible risk of developing or having 
CTEPH. Unfortunately, evidence for strat-
egies of risk prediction are scarce and this 
is largely due to the absolute low incidence 
of the disease and the unavailability of large 
databases of consecutive patients at risk of 
developing CTEPH (41, 42).

One possible strategy to overcome these 
limitations would be to focus on cohorts of 
PE patients with identified risk factors for 
CTEPH such as splenectomy, prior in-
fected pacemaker leads, chronic inflamma-
tory disease, antiphospholipid syndrome, 
known hypothyroidism, and ventriculo-at-
rial shunt (▶ Table 1) (43–46). The first 
issue that may raise by adopting this ap-
proach is represented by the fact that these 
variables have been identified as risk fac-
tors associated with CTEPH, but not vali-
dated as predictors of the disease and 
therefore cannot be used (yet) for a first 
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CTEPH in studies that did not apply right 
heart catheterization but echocardiography 
as the diagnostic standard for CTEPH with 
a 3-fold higher CTEPH incidence (9.1 %, 
95 %CI 4.1–14), indicating that echocar-
diography is not an accurate standalone 
test to confirm this diagnosis.

It must be noted however that the cases 
of CTEPH reported in the aforementioned 
follow-up studies likely represent a mix of 
incident and prevalent cases, therefore 
overestimating the actual figures of 
CTEPH incidence, since the diagnosis of 
CTEPH was often made within a few 
months after the index PE. In particular, a 
highly cited French study reported detailed 
reevaluation of the clinical PE presentation 
of the 7 (of 146) PE patients who were 
diagnosed with CTEPH (33). In five of 
seven patients, the authors described a no-
table elevated (assessed via echocardio-
graphy) systolic pulmonary arterial press-
ure of 70 mmHg, while historical data sug-
gested that acute PE can be associated with 
an increase in mean pulmonary artery 
pressure of up to 40 mmHg only with an 
extensive 70 % of the pulmonary artery tree 
occluded by blood clots (38). This observa-
tion would suggest that these five patients 
may have developed pulmonary hyperten-
sion before the PE diagnosis was confirm-
ed. Indeed, after review of the initial CTPA 
images by an expert radiologist, all seven 
patients had at least two signs of the condi-
tion at initial acute PE presentation, as did 
20 % of patients who did not develop 
CTEPH during the median follow up of 26 
months. Based on the latter observation, it 
could be hypothesized that preexisting 
(prevalent) CTEPH would have been mis-
classified as acute PE in some or even all 
the patients eventually diagnosed with 
CTEPH over follow-up. Nevertheless, as 
long as it remains impossible to distinguish 
‘true’ acute PE from CTEPH at a (sub)acute 
clinical presentation, the difference be-
tween prevalent and incident cases of 
CTEPH after acute PE does not appear of 
clinical relevance for the initial treatment 
of these patients since all are candidate to 
extended anticoagulation, nor for deter-
mining the proper level of awareness for 
CTEPH of PE caretakers.

To further reinforce this concept, sev-
eral observations demonstrated that 

Fig. 1 
Pooled incidence of 
chronic thromboem-
bolic pulmonary hyper-
tension in three pre-
defined patient sub-
categories (reprinted 
with permission [37])
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sisting of six variables was derived (▶ Table 
2), the so-called ‘CTEPH prediction score’. 
Approximately, 75 % of patients was classi-
fied as ‘low-risk’ with a PE incidence dur-
ing follow-up of < 0.5 %, and one quarter as 
‘high-risk with’ a CTEPH incidence of 
10 %. The overall predictive value of the 
score was good with an area under the re-
ceiver operator characteristic curve (ROC) 
in both the primary as well as the sensitiv-
ity analysis of > 0.85 (47). External vali-
dation of the CTEPH prediction score is 
not yet available. Interestingly, the score 
provides two striking variables that seemed 
to ‘protect’ against CTEPH, namely throm-
bolysis and diabetes, which must be con-
firmed for their pathophysiological role in 
future studies.

Can we prevent CTEPH?

Thrombolysis was recently been shown not 
to protect against CTEPH development in 
a follow-up study including a large propor-
tion of patients with acute PE associated 
with right ventricular dysfunction on 
echocardiography or computed to-
mography, as well as positive laboratory 
markers for myocardial injury, previously 
enrolled in the Pulmonary Embolism 
Thrombolysis (PEITHO) trial (5). Addi-
tionally, the European CTEPH registry, 
which also includes patients treated with 
thrombolysis, indicated that reperfusion 
therapy does not prevent the development 
of CTEPH (39, 48). The main ‘methodo-
logical’ reason for which thrombolytic 
treatment was included in the score is the 
fact that, although only 22 patients who de-
veloped the outcome (CTEPH) were in-
cluded in this study, none received throm-

bolysis, which may have been due to 
chance or to the presence of biases for se-
lection, indication, or reporting intrinsic to 
the observational study design of the deri-
vation cohorts. Whether lysed (high-risk) 
patients are less likely to suffer from more 
chronic thromboembolic disease remains 
to be proven.

The other notable factor that was 
negatively associated with the presence of 
CTEPH was diabetes mellitus. It was no-
netheless previously shown that patients 
with class 1 pulmonary hypertension more 
often have Diabetes than patients with 
CTEPH (43, 44, 49). One possible expla-
nation for these independent observations 
would be that metformin, which is the first 
line treatment of type 2 diabetes mellitus, 
has pro-fibrinolytic properties by reducing 
the activity of plasminogen activator in-
hibitor-1 (50, 51). Indeed, use of metform-
in has been reported to be associated with a 
lower risk of venous thromboembolism in 
cohort study of moderate quality (52).

Post-PE syndrome
Does a “Post-PE syndrome” exist?

The frequency of functional impairment 
after acute PE was evaluated in several co-
hort studies. In a prospective study of 109 
previously healthy patients experiencing 
incident acute PE, more than half (53 %) 
reported symptoms of exercise intolerance 
corresponding to a New York Heart As-
sociation (NYHA) heart failure score of ≥ II 
after a 6-month follow-up period.(53) A 
second study in 162 PE survivors showed 
similar figure (52 %) of persisting symp-
toms (NYHA score of II or more) six 

months after PE diagnosis and anticoagu-
lant treatment initiation (54). Similarly, a 
third study found a 3-year NYHA inci-
dence rate of class II (or higher classifi-
cation) of 45 % among 189 PE survivors 
(55). If one focuses on severe functional 
limitations only (i.e. NYHA class III/IV 
and/or impaired 6-minute walking test), 
the resulting percentages are of 41% and 
42 %, respectively (53, 54). Initial follow-up 
data suggest that 6-minute walking test 
may improve up to one year after PE diag-
nosis, although most improvement occurs 
in the first three months (8). Based on a re-
cent meta-analysis that included the afore-
mentioned studies as well as smaller cohort 
studies, the pooled prevalence of mild or 
greater functional impairment (NYHA 
II–IV) in PE survivors is 33.2 % (95 %CI 
21.3–46.4) after a median follow-up du-
ration of 40 months (56). While CTEPH is 
a rare condition, this phenomenon must be 
explained by another pathophysiological 
mechanism (▶ Figure 2) (9).

The condition of persistent perfusion 
defects without resting pulmonary hyper-
tension (mean pulmonary systolic pressure 
> 25 mmHg) has been previously referred 
to as chronic thromboembolic vascular dis-
ease (CTED) when associated with func-
tional impairment: CTED falls under the 
umbrella of the post-PE syndrome (9, 57). 
In one study, patients with CTED were 
found to have gas exchange disturbances 
and ineffective ventilation to a similar de-
gree as can be found in patients with 
CTEPH (57). The mechanism for func-
tional impairment in CTED may be het-
erogeneous and includes exercise-induced 
pulmonary hypertension, ventilatory dead 
space, right ventricular dysfunction (e.g. 
decreased contractile reserve), and abnor-
mal pulmonary flow dynamics (e.g. run-
ning pressure wave reflection). The most 
frequent cause of the post-PE syndrome 
may however very well be deconditioning 
after an acute cardiovascular disease with 
associated hospitalization and correlated 
burden (8, 59).

Impact of CTEPH and the post-PE 
syndrome

CTEPH, but not the less severe presenta-
tions of the post-PE syndrome, has been 

Tab. 2  
CTEPH prediction 
score (47); a score of 
more than 6 points de-
notes a ‘high risk’.

Unprovoked PE

Known hypothyroidism

Symptom onset > 2 weeks before PE diagnosis

Right ventricular dysfunction on CT or echocardiography

Known diabetes mellitus

Thrombolytic therapy or embolectomy

Note: PE= pulmonary embolism; CT= computed tomography; VTE= venous 
thromboembolism.

Points for 
score

+6

+3

+3

+2

-3

-3

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Hämostaseologie 1/2018 © Schattauer 2018

28

of patients is considered inoperable and 
must be considered for the sole medical 
and support therapy. A trial of Riociguat, a 
soluble oral stimulator of guanylate cyclise, 
showed to improve 6-minute walk dis-
tances and reduce pulmonary vascular re-
sistance in inoperable CTEPH patients 
(78). Based on a growing number of obser-
vation of its effectiveness, Riociguat is cur-
rently the only approved medical therapy 
for inoperable CTEPH (78–81). Off-label 
use of other pulmonary hypertension 
drugs (e.g. bosentan, iloprost, and prosta-
cyclin), or the use of riociguat as a thera-
peutic bridge to PEA, is currently not rec-
ommended mostly based on unavailable 
data (81). Similarly, its benefit in patients 
with post-PE syndrome have never been 
studied and therefore Riociguat remains 
contra-indicated, despite some rationale 
for its use in this setting.

A catheter-based approached, balloon 
pulmonary angioplasty (BPA), is being ex-
plored at several centers for patients who 
do not match surgical suitability with PEA. 
In this procedure, small angioplasty bal-
loons are introduced into segmental pul-
monary artery branches and used to dilate 
webs and strictures (82–86). This pro-
cedure was firstly performed in a Dutch 
patient in 1988, who developed non-lethal 
pulmonary edema after two procedures 
(87). In the past decades, the technique of 
BPA has been much improved in Japan and 
re-introduced in Europa and North-
America in recent years. While preliminary 
results indeed are promising, solid ran-
domized studies are needed to define BPA’s 
efficacy and the place of BPA in the treat-
ment algorithm of CTEPH. As with medi-
cal treatment, although patients with 
CTED may also benefit from BPA, BPA has 
never been systematically evaluated in this 
specific patient group.

Unlike patients with myocardial infarc-
tion or other severe cardiopulmonary con-
ditions, cardiopulmonary rehabilitation is 
not routinely offered to patients with a PE 
diagnosis, nor to patients with post-PE 
syndrome. However, available data -al-
though scarce- suggest the effectiveness of 
such intervention in patients with PE (88, 
89) or with an established CTEPH diag-
nosis (90–92) in terms of exercise parame-
ters and quality of life. Although these pre-

mortality and improves right circulation 
hemodynamics as well as exercise tolerance 
in prospective studies. During this surgical 
procedure, thromboembolic material is re-
moved from the pulmonary artery tree 
after median sternotomy and during deep 
hypothermic circulatory arrest (75, 76). 
Postoperative hemodynamics become nor-
mal or near normal in most patients after 
PEA with an average 65 % decrease in pul-
monary artery resistance and a sharp de-
crease in mean pulmonary artery pressure. 
In high-volume centers, the in-hospital 
mortality currently is lower than 5 % (75, 
76). PEA is not an established therapeutic 
option for CTED since such death risk 
overcomes possible benefits: despite that, 
surgery is sometimes performed for this in-
dication. In fact, a small cohort study in-
cluding 42 patients undergoing PEA for 
CTED demonstrated a significant improve-
ment in NYHA functional status, mean 
pulmonary artery pressure, pulmonary 
vascular resistance, 6-minute walk dis-
tance, and quality of life at cost of major 
complications such as supraventricular ta-
chycardia’s, re-surgery or re-intubation oc-
curring in up to 40 % of patients (77). 
Hence, on a risk-benefit balance, PEA 
should not be routinely performed in 
CTED patients, but may be considered in 
individual cases based on the extend of the 
thrombotic lesions, gas exchange abnor-
malities, severity of symptoms, and pa-
tient´s preferences.

Due to extensive distal CTEPH or se-
vere comorbidities, a not-negligible subset 
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associated with increased risk of death. 
Historical data indicate that 5-year survival 
after CTEPH diagnosis is as poor as 20 % in 
patients with pulmonary artery pressures 
> 50 mmHg if adequate treatment is not 
provided (60). More recent data in all-se-
verity pulmonary hypertension patients 
showed a 5-year survival rate of 70 %, with 
marked better prognosis in those who 
underwent pulmonary endarterectomy 
(PEA), which is still indicated as the first-
line treatment of CTEPH (39).

In general, patients with post-PE syn-
drome have lower score measured by 
quality of life questionnaires compared 
with population controls or with PE pa-
tients who report full recovery (7, 61, 62). 
Poorer quality of life has been demon-
strated to be greatly dependent on func-
tional impairment and correlates with poor 
physical performance on exercise testing. 
Other factors being possibly associated 
with worse quality of life include higher 
clot burden at index PE event, abnormal 
NT-proBNP at index PE event, persistent 
right ventricular dysfunction, as well as 
non-VTE comorbidities such as COPD 
obesity and cancer (8, 55, 59, 63–70). As it 
may be expected, the association between 
CTEPH and poor quality of life has been 
unequivocally established (71–74).

Treatment and prevention of 
CTEPH and the post-PE syndrome

The gold standard treatment for CTEPH is 
PEA, which has been shown to reduce 

Thrombus 
resolution

Acute PE

Elevated PAP 
and/or right 
ventricular 
dysfunction

CTEPH

Post-PE Syndrome

“pulmonary arteriopathy 
and in situ thrombosis 

Functional limitations 
and/or decreased 

quality of life

• abnormal fibrinogen 
• endothelial cell abnormalities
• impaired angiogenesis 
• infection
• splenectomy
• mesenchimal cell activation
• […]

Persistent elevated 
PAP and/or right 

ventricular dysfunction

Persistent thrombi

• inflammation
• local vasoactive agents
• cardiopulmonary comorbidity
• […]

Fig. 2 Overview of post-pulmonary embolism syndrome, adjusted from (9) with permission.
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liminary data suggest a benefit of cardio-
pulmonary rehabilitation for patients with 
the post-PE syndrome, future larger ran-
domized outcome studies will establish the 
relevance and cost-effectiveness of such ap-
proach. Importantly, for patients with 
CTEPH, cardiopulmonary rehabilitation 
programs should not delay PEA if patients 
are operable.

How should patients be followed 
after acute PE?

Practice patterns of patient follow-up after 
acute PE differ greatly and solid evidence 
to provide guidance is lacking. The only 
strong guideline recommendations from 
different international guidelines is that all 
patients with acute PE need to be treated 
with a 3-month minimum course of anti-
coagulant therapy, after which the net clini-
cal benefit of secondary anticoagulant pre-
vention accounting for bleeding risk should 
be reassessed (81). This routine 3-month 
follow-up visit would be the ideal time-
frame for the assessment risk factors for 
post-PE syndrome and specifically 
CTEPH. We propose that in all patients at 
an estimated high risk of CTEPH, based on 
i) clinical and radiological characteristics of 
index PE and persistent RV dysfunction at 
discharge, ii) CTEPH prediction score (as 
described above), or iii) clear functional 
impairment, the presence of CTEPH 
should be evaluated. Importantly, subject-
ing all PE survivors routinely to echocar-
diography or ventilation perfusion scinti-
graphy has a low diagnostic yield, leads to 
gross overdiagnosis and is not cost-effec-
tive. Hence, such practices need to be aban-
doned. Since it may take much longer than 
three months for CTEPH to develop, pa-
tients as well as PE caretakers should be 
educated to be aware of this long term 
complication: CTEPH should be included 
in the deferential diagnosis of patients who 
develop chronic dyspnea or functional im-
pairment in the longer-term follow-up 
after PE, regardless of the presence of other 
cardiopulmonary comorbidities.

Future landscape

Four key clinical studies that will definitely 
change the landscape of post-PE care in-

clude the FOCUS study, the InShape II 
study, a Danish rehabilitation study and the 
RACE study. The FOCUS study is a large 
prospective observational German cohort 
study of PE patients (German Clinical 
Trials registry: DRKS00005939). In 
FOCUS, a total of 1000 PE patients are sys-
tematically followed over a 2-year period 
with a standardized comprehensive pro-
gram of clinical, echocardiographic, func-
tional and laboratory testing. This study 
will provide definite answers to relevant re-
maining questions such as the occurrence 
of CTEPH and temporal patterns of and 
risk factors for post-PE abnormalities. 
Moreover, it will contribute to better stan-
dardize the concept of post-PE syndrome 
by adopting predefined diagnostic defini-
tion including clinical symptoms and ad-
vanced imaging criteria (93).

The InShape II study is an international, 
multicenter intervention study that will 
prospectively validate a PE follow-up algo-
rithm aimed at early diagnosis of CTEPH 
(ClinicalTrials.gov: NCT02555137). The 
algorithm consists of sequential application 
of the CTEPH prediction score, followed 
by the so called ‘rule-out criteria’ for pa-
tients with either a high clinical probability 
for CTEPH or with specific symptoms of 
CTEPH (47, 94, 95). The ‘rule-out criteria’ 
consist of NT-proBNP measurement and 
ECG assessment for 3 specific signs of pul-
monary hypertension. Only patients with 
either elevated NT-proBNP or those with 1 
of the 3 ECG signs present will be referred 
for CTEPH diagnostic tests, limiting the 
number of necessary imaging tests and 
false-positive test results. The main end-
points of the InShape II study are the sensi-
tivity of the algorithm, i.e. the number of 
missed CTEPH diagnoses after 2-year fol-
low-up, and the cost-effectiveness of the al-
gorithm.

The first large randomized controlled 
trial to assess the benefit of pulmonary re-
habilitation in PE patients is being per-
formed in Denmark (ClinicalTrials.gov: 
NCT02684721). The aim of this study is to 
examine whether an 8-week home-based 
exercise intervention may improve physical 
capacity, quality of life, sick leave, and use 
of psychotropic drugs in patients with a 
history of acute PE (96). This important 
study will provide sufficient evidence on 

the question whether cardiopulmonary re-
habilitation may be a relevant treatment for 
the post-PE syndrome, allowing for many 
further clinical trials to determine the opti-
mal rehabilitation program.

The RACE study (ClinicalTrials.gov: 
NCT02634203) is a randomized open-label 
clinical trial, in which patients with 
CTEPH who are not eligible for PEA will 
be randomised to riociguat or BPA as first-
line treatment. The primary aim of the 
study is to establish the difference in 
change in pulmonary vascular resistance 
from baseline to the end of the 26-week fol-
low-up period. This study will show us 
whether medical treatment or BPA may be 
the better first-line treatment option in 
non-operable CTEPH patients.

Conclusion

The post-PE syndrome in all its aspects is a 
frequent and clinically relevant long-term 
complication of acute PE. Except for 
CTEPH, its most severe manifestation, the 
post-PE syndrome remains largely under-
studied. In addition to the optimal treat-
ment approach for non-operable CTEPH, 
there is great need to better define and 
understand the natural course of acute PE 
and to predict its development, as well as to 
extensively evaluate the potential benefits 
of BPA, medical treatment, and cardiopul-
monary rehabilitation for patients with the 
post-PE syndrome.
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