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Consensus document

Venous thromboembolism (VTE), including pulmonary embolism and deep venous
thrombosis, is the third most common cause of cardiovascular death. The manage-
ment of the acute phase of VTE has already been described in several guidelines.
However, the management of the follow-up (FU) of these patients has been poorly
defined. This consensus document, created by the Italian cardiologists, wants to
clarify this issue using the currently available evidence in VTE. Clinical and instru-
mental data acquired during the acute phase of the disease are the cornerstone for
planning the FU. Acquired or congenital thrombophilic disorders could be identified
in apparently unprovoked VTE during the FU. In other cases, an occult cancer could
be discovered after a VTE. The main targets of the post-acute management are to
prevent recurrence of VTE and to identify the patients who can develop a chronic
thromboembolic pulmonary hypertension. Knowledge of pathophysiology and thera-
peutic approaches is fundamental to decide the most appropriate long-term treat-
ment. Moreover, prognostic stratification during the FU should be constantly
updated on the basis of the new evidence acquired. Currently, the cornerstone of
VTE treatment is represented by both the oral and the parenteral anticoagulation.
Novel oral anticoagulants should be an interesting alternative in the long-term
treatment.
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Epidemiology and pathophysiology

Venous thromboembolism (VTE), including pulmonary
embolism (PE) and deep venous thrombosis (DVT), is the
third most common cause of cardiovascular death; par-
ticularly PE is often difficult to define because it can be
present with a wide spectrum of symptoms: indeed, it
may remain asymptomatic or sometimes its diagnosis
may be incidental. Moreover, in over 30% of cases, sud-
den death may be the first presentation of PE and more
than half of the deaths caused by PE, remain undiag-
nosed during life.

Currently, medical decision-making is increasingly sup-
ported by International Guidelines,1 which are often peri-
odically updated and nationwide contextualized.2,3

However, these recommendations are in most of the cases
primarily addressed to the treatment of the acute phase of
the disease lacking a scientific contribution dedicated to
the post-acute phase. Also the 2014 European Guidelines
on PE,1 as pointed out by Rugolotto and Favretto4 in a
recent editorial ‘does not offer specific guidance on follow
up and long termmanagement of PE’.

The relevance of long-term follow-up (FU) could be
deduced by a recent Danish survey, which enrolled a pop-
ulation of 120 000 cases of confirmed VTE between 1980
and 2011. The authors reported that these patients were
at increased risk of death during the first year after diag-
nosis and the elevated risk persisted during the 30 years
of FU. While 30 day mortality after DVT remained con-
stant over that period, it markedly improved for PE.5

According to the authors, individual counselling aimed
at tailoring the therapy and intervening on the risk
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factors reduces the recurrence of VTE, thereby prevent-
ing related deaths.

It has been reported that about half of the patients,
between 6months and 3 years, following the acute PE epi-
sode, referred subjective dyspnoea and/or reduced exer-
cise tolerance; these symptoms have been objectively
confirmed by the 6-min walk test (6MWT) and are fre-
quently related to higher pulmonary arterial pressure (PAP)
and right ventricle (RV) dysfunction.6 Exertional dyspnoea
is a frequent symptom in the long-term clinical course of
acute PE. However, in several cases, this symptom is likely
to be unrelated to the past thromboembolic event because
these patients often suffer from several cardiopulmonary
co-morbidities and risk factors, such as older age, obesity,
and smoking habits, which could also be considered as
independent predictors of VTE.7

Actually, the role of the ‘diagnostic delay’, which is the
period between the onset of symptoms and PE diagnosis/
treatment, remains unknown.8 At discharge, the prognos-
tic stratification performed in the acute phase should be
reformulated considering both the gravity and the PE
extension besides the associated co-morbidities.
Furthermore, it is essential to obtain definitive information
about the presence or persistence of deep vein thrombosis
(DVT), haemodynamic instability, right ventricular dilata-
tion, and inherited thrombophilia.

These data are useful to plan a ‘personalized man-
agement’ of the patients choosing the more appropriate
treatment.9 The aim is to avoid recurrent PE and bleeding
events. Moreover, this approach allows the early recogni-
tion of pulmonary arterial hypertension (PAH) and post-
thrombotic syndrome (PTS). With this background, our
clinical group has decided to fill the gap regarding theman-
agement of VTE FU proposing the possible therapeutic and
diagnostic approaches. Indeed, to our best knowledge, this
issue has been neglected to date.

Results of records

In medical practice, the VTE FU generally ends with the dis-
continuation of anticoagulant therapy; however, it is
known that after the acute phase, the patient’s clinical
course could be complicated by several and serious adverse
events. Moreover, in some cases, these complications may
also occur during anticoagulant treatment. Recurrent VTE,
chronic thromboembolic pulmonary hypertension (CTPEH),
and arterial thrombotic events are some of the possible
complications, which are all related with a higher risk of
death.10,11

To clarify the management of VTE FU, last international
registry on PE and/or DVT may be useful to understand the
problem, giving also some suggestions about the most
appropriate clinical management.

To date, only four prospective registries have considered
the FU of VTE:

• International Cooperative Pulmonary Embolism
Registry (ICOPER)12;

• Italian Pulmonary Embolism Registry (IPER),13 which
included only patients with PE;

• Registro de Informatizado Enfermedad thromboem-
bolic (RIETE)14; and

• MASTER.15

ICOPER is an international registry that included 2454
consecutive PE patients, enrolled in 52 hospitals in 6 differ-
ent countries, between January 1995 and November 1996.
Inclusion criteria were:

• PE (asymptomatic or symptomatic) diagnosed within
31 days from symptoms onset and

• PE diagnosed at autopsy.

PE diagnosis was done by the physicians of the recruiter
centres without an independent revaluation. At admission,
2182 patients (88.9%) were symptomatic and haemody-
namically stable, 103 (4.2%) were haemodynamically
unstable, and 169 (6.9%) asymptomatic. The mean age of
the population was 62.3years; 63% of the patients were
older than 60years of age.
The aim of the registry was to evaluate the 3months

mortality rate. FU was completed by 98% of patients.
Three months mortality was 17.5%. Note that 45.1% of
deaths were attributable to PE, 17.6% to cancer, 11.8% to
sudden death, 11.8% from respiratory distress, 2.5% to a
bleeding event, 2.5% to a stroke, 1.3% to acute coronary
syndrome, and 7.3% to other causes. PE recurrence after
3months was 7.9%. Mortality rates were 33.7% and 46.8%
after 14 days and 3months, respectively.
Statistical analysis revealed that age >70years, cancer,

chronic obstructive pulmonary disease, heart failure (HF),
systolic blood pressure <90mmHg, respiratory rate >20/
min, and a hypokinesia of the RVat presentation were inde-
pendent predictors of death.
IPER is a multicentric, web-based, prospective Italian

registry including patients with confirmed PE, enrolled in
49 Italian centres (58% cardiology departments and 42%
internal medicine department). The aim of the registry
was to:

• describe the demographic and clinical characteristics
of patients with PE;

• describe the strategies used for the diagnosis, progno-
sis, and therapy; and

• prospectively collect data on clinical course during
both the hospital phase and the FU.

Patients were enrolled between August 2006 and
August 2010. The 4-year FU ended in August 2014. In par-
ticular, the registry enrolled 1716 patients (mean age
706 15 years, 43% men). In-hospital mortality rate was
6.8%. The mortality rate between discharge and
12months FU was 12.8%. Of the 1600 patients who sur-
vived hospital admission, FU data after 12months were
obtained for 656 patients (41% of survivors, mean age of
696 15 years; 42% men). Risk factors statistically associ-
ated with higher risk of death were age cancer, cancer
diagnosed during hospitalization, and underweight.
Mortality in patients with provoked and unprovoked PE
was statistically significant (16.1% vs. 3%, P<0.001). In
patients with provoked PE, death was generally due to
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cancer, while in unprovoked PE death was due to athero-
sclerotic events.

In conclusion, short-term outcome was related to the
haemodynamic stability at admission. Furthermore, the
short- and long-term survival were related to the pres-
ence/absence of co-morbidities.

Riete is a prospective, web-based, multicentre interna-
tional registry. Enrolment is still ongoing. Riete registry
includes patients with VTE (DVT, PE, or DVTþ PE) with the
aim of recording data during both the acute phase and the
FU. In particular, it has enrolled patients with symptomatic
and objectively confirmed VTE. Diagnosis of DVTwas per-
formed by venography, ultrasound, or venous impedance
plethysmography. PE was confirmed with pulmonary
angiography, lung scan, and computed tomography (CT)
angiography. The patients were treated according to the
best practice of each recruiter centre. FU was planned for
at least 3months after the acute event, but no limit on the
duration was recommended in the protocol. Among the
14391 patients enrolled in 2006, 2945 (20%) had an active
cancer; these patients had in the first 3months a higher
rate of fatal PE and fatal bleeding in comparison with the
patients without cancer (2.6% vs. 1% and 1.4% vs. 0.3%,
respectively). Chronic kidney disease, metastases, recent
major bleeding, and immobilization were the independent
risk factors for fatal PE or bleeding events. A lower mortal-
ity rate for obese patients was observed, although not a
statistical difference in PE recurrence. Renal insufficiency
was related to a higher level of fatal EP and bleeding, but
according to the authors, the higher risk of PE justifies the
anticoagulation therapy.

Riete registry analyse also the VTE in pregnant women.
In particular, 40% of VTE occurred during the first trimester
suggesting that, when indicated, prophylaxis should be ini-
tiated as soon as possible. No bleeding events were
reported before childbirth; however, after that, the risk of
major bleeding was greater than the risk of recurrent PE
(5.6 vs. 1.4%).

The authors of the Riete registry have compared the role
of Pulmonary Embolism Severity Index (PESI) with the
Simplified Pulmonary Embolism Severity Index (sPESI)
reporting no differences between the two scores.

MASTER is a web-based, prospective, multicentre Italian
registry that included 2119 patients with confirmed VTE
(1541 DVT, 206 PE, and 372 DVTþPE) with a 24month FU.
The aim of the study was to collect data on the patient’s
clinical management. Almost all enrolled subjects received
anticoagulation for at least 6months.

Mortality data obtained in 2021 (95.4%) patients showed
a mortality rate of 4.5%: 1.43% in unprovoked VTE, 20.3% in
cancer patients, and 1.7% in patients with transient risk
factors. Cancer [hazard ratio (HR): 7.2],medical treatment
with heparin (HR: 2.5), in-hospital treatment of VTE (HR:
2.0), ileo-caval thrombosis (HR: 1.7) were independent
predictors of death. Conversely, the use of compression
stockings was associated with a low risk of death (HR: 0.6).
Note that there were no differences, regardingmortality in
patients with PE and DVT. In the 1988 (93.8%) patients fol-
lowed for recurrence, 124 (3.63%) patients had at least one
recurrent VTE, 101 (81.5%) DVT, and 23 (18.5%) PE.
Frequency of recurrent VTE in patients with previous

unprovoked or provoked PE were 4.5% and 2.6, respec-
tively. Rates of recurrent VTE in cancer patients was 2.6%.
Patients with a first episode of DVT had a recurrent DVT in
6.0% and a PE in 0.6%. Male gender and cancer were inde-
pendent predictors of recurrent VTE (HR: 1.7 and 1.6,
respectively). Conversely, the presence of transient throm-
boembolic risk factors was associated with a lower inci-
dence of events (HR: 0.4). Statistically significant was the
mortality rates of patients with recurrent VTE compared
with those without recurrence (16.5 vs. 4.2%, P<0.001).
Data regarding bleeding events, PTS, cancer, and arterial
thrombosis were obtained in 1883 patients, with bleeding
occurring in 1.7% of patients treated with heparin and 2.7%
using vitamin K antagonists (VKAs) [odds ratio (OR): 0.6].
The incidence ofmajor bleeding events was 2.5%; in partic-
ular, 5.5% in patients with known or occult cancer and 1.8%
in patients without cancer. The incidence of PTS was 9.7%
(182 of 1883): in this case, patients with and without can-
cer were 25% and 5.9%, respectively. Cancer was found in
1.3% of patients during the FU, while atherothrombotic
complications occurred in 1.1% (20 of 1883).

Type and timing of follow-up

Previous results and daily clinical experience suggest that
the main objectives to be pursued during the VTE FU could
be summarized as follows:

• assess the global cardiovascular risk;
• define the anticoagulation therapy and its duration;
• assess the risk of bleeding;
• early recognition of complications (recurrent VTE);
• identify patients with CTPEH [WHO Group 4 of pulmo-

nary hypertension (PH)];
• evaluate the possibility of PTS of the lower limbs and/

or DVT; and
• identify, as soon as possible, the presence of an

unknown cancer or a prothrombotic condition.

To perform a correct FU, it is necessary to identify the
useful tools and the correct timing.

Biochemical markers and thrombophilia
Biochemical markers
The duration of anticoagulation as described in following
parts of this document must be planned on the basis of sev-
eral factors, mainly for the risk of recurrence of VTE and
the risk of bleeding.

D-dimer test assessment may be useful, because it is
able to discriminate patients at low risk (<5% per year), in
which the anticoagulation could be suspended. Two recent
meta-analyses16,17 have confirmed that elevated D-dimer
levels after 1month from anticoagulation withdrawal are
associated with a significantly increased risk of recurrent
VTE. Two scores have been proposed to assess the individ-
ual risk of VTE recurrence and both include the result of
the assessment of D-dimer after 1month of treatment dis-
continuation.18–20 More recently, another study has shown
that the serial D-dimer assessment, performed during the
3months after the withdrawal of anticoagulant therapy,
could be useful to identify those subjects with very low risk
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of VTE recurrence. It is recommended to assess the
D-dimer serially in the first 3months after withdrawal of
anticoagulation; a normal persistent result could allow to
finally stop anticoagulation that on the contrary must be
continued in patients with persistent elevation.

Thrombophilia
Venous thromboembolism is considered to be a conse-
quence of the interaction between patient-related, usually
permanent, risk factors and setting-related, usually tem-
porary, risk factors. Generally, VTE is considered to be ‘pro-
voked’ in the presence of a reversible risk factor (surgery,
trauma, immobilization, pregnancy, oral contraceptive
use, or hormone replacement therapy) within the last
6weeks to 3months before the acute event. The presence
of persistent, as opposed to major, temporary risk factors
is fundamental for the choice of the duration of anticoagu-
lation therapy after a first episode. Moreover, the distinc-
tion based on the aetiology influences also the risk of
recurrent VTE. Indeed, recurrent rate is generally lower in
provoked compared with unprovoked VTE.

Congenital thrombophilic abnormalities are labelled as
persistent factors. It has been estimated that thrombo-
philic abnormalities range from 5% to 10% in the general
population. A prevalence of 40% in patients with VTE has
been reported in literature. However, some thrombophilic
abnormalities may be acquired during life (lupus anticoa-
gulant and hyperhomocysteinaemia). Several evidence
confirmed that thrombophilic mutations have a different
clinical penetrance. In fact, a higher thrombotic risk has
been reported in subjects with congenital deficit of protein
C or S or in the presence of one of the following defects:
homozygous mutation of the factor V Leiden, G 20210A
mutation of the prothrombin, or in case of double hetero-
zygous or multiple defects. The aforementioned mutations
are quite rare. A higher prevalence has been reported for
heterozygosity of factor V Leiden or prothrombin muta-
tions. However, these subjects seems to be at lower risk.21

In general, the presence or absence of thrombophilia
does not modify the therapeutic management during the
acute phase of VTE. Currently, the influence of thrombo-
philia on the duration of anticoagulant treatment is still
debated. At the samemanner, whether it is useful or not to
investigate thrombophilia in patients with VTE after the
acute phase, especially for VTE recurrence, has not yet
been clarified. Some authors believe that there are no sig-
nificant benefits in carrying out such investigations,22–24

while others support them, especially stressing that the
increased risk of recurrent VTE could be associated with
thrombophilic defects.25,26 In general, thrombophilic
screening must be recommended to those patients with a
positive familiar history of VTE or recurrent disease.

The tests to be performed, are presented in Table 1.
The recommendation of the appropriate timing to carry

out the investigation are shown in Tables 1 and 2.

Echocardiography
During the VTE, FU is essential to identify those patients
with PAH. Transthoracic echocardiography (TTE) may
detect RV pressure overload. In these cases, chronic

thromboembolic pulmonary hypertension (CTEPH) must be
evaluated, because this condition could be treatable with
surgery. However, it should be noted that there is a lack of
indication regarding:

• which patients must be submitted to echocardio-
graphic FU;

• timing of TTE;
• which echocardiographic parameters (and respective

cut-off) must be considered; and
• further diagnostic tests in case of CTEPH

With regard to the first issue, several prospective studies
affirmed that is not reasonable to refer all survived PE
patients indiscriminately to serial echocardiographic
examinations.27,28 According to these authors, it would be
helpful to select the patients on the basis of clinical data
and symptoms.
It seems reasonable that every patient with a diagnosis

of PE at intermediate risk receive an echocardiographic
examination. In this way, it is possible to obtain the correct
prognostic assessment, especially for those patients classi-
fied as no high risk.2

TTE should also be performed at discharge, especially if
a right ventricular dysfunction (RVD) and/or PAH have been
observed during the acute phase. Moreover, in the pres-
ence of the aforementioned abnormalities at discharge, an
echocardiographic FUmust be considered.
Some considerations must be said about the timing for

TTE during the FU. If echocardiographic abnormalities are
associated with moderate exertional dyspnoea, the patient
should be re-evaluated clinically and by TTE within
3months after discharge. In the absence of symptoms, TTE
may be performed between the 3rd and the 6th month
(when also anticoagulant therapy could be discontinued).
The persistence of echocardiographic signs suggestive of
PAH after 3months from the acute event must raise the
suspicion of a chronic condition. In this case, serial TTE
evaluation must be performed on the basis of clinical
symptoms.29

Even though the gold standard for the evaluation of PAP
is the right heart catheterization (RHC), an echocardio-
graphic evaluations could give important information and
remains the methodmost widely used.
The European Society of Cardiology, in 2015, in the

‘guidelines for the diagnosis and treatment of pulmonary
hypertension’,30 has suggested some echocardiographic
criteria for the estimation of the PAP, based on tricuspid
regurgitation velocity and the presence of other echo ‘PH
signs’ to identify the probability of PH as low, intermedi-
ate, or high.31

In a 12month echocardiographic FU, 286 patients
enrolled in the Italian IPER registry32 and evaluated with an
echocardiogram within 24h have showed that an RV–right
atrium (RA) gradient >45mmHg during the FU (PAH likely)
was present only in a small percentage of cases (2% of the
total), and all these patients had an RV–RA gradient
>45mmHg at baseline TTE. In this group, only 6% of
patients maintained a gradient >45mmHg during the FU.
No patients without tricuspid insufficiency or an RV–AD gra-
dient �45mmHg at baseline TTE were classified as
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probable PAH during the FU.33 Moreover, only 8% of cases
during the FU had TTE findings compatible with PAH; all
these patients had been already identified at baseline. In
this study, it has not been possible to obtain the confirma-
tion of PAPs with cardiac catheterization in the majority of
suspected cases. However, patients most severely compro-
mised were stratified as PAH likely during the FU: two
patients underwent pulmonary endarterectomy (PEA) and
onewas treated with oxygen home therapy.

Finally, there is a unanimous consensus that a perfusion
lung scan should always be performed if echocardiographic
assessment is suggestive of intermediate or high probabil-
ity of hypertension following a PE patient.

Table 3 summarizes the recommendations for the execu-
tion of TTE.

Lung scan, computed tomography scan, and
magnetic resonance
Magnetic resonance imaging (MRI) has been rarely used in
the diagnosis of PE and has no use in the FU.

Computed tomography, especially for the high radiation
burden, is not feasible as a routine test for the FU in VTE,
despite its predominant role in the diagnosis of the acute
phase.

Of greater importance in the FU of PE patients could be
the lung scintigraphy (LS), because it is able to evaluate
lung perfusion and indirectly the overall pulmonary
embolic burden.

The LS in clinical trials was generally performed by eval-
uating both the lungs ventilation (V) and perfusion (Q)
either by planar technique (V/Q scan) or by tomographic
technique (V/Q SPECT).

V/Q SPECT seems to have a superior diagnostic perform-
ance compared with planar V/Q scintigraphy; however, no
direct comparisons between the techniques have been per-
formed during PE FU.

Meneveau et al.34 demonstrated that residual pulmonary
vascular obstruction (RPVO) evaluated before hospital dis-
charge in patients with intermediate- to high-risk PE was a
powerful prognostic factor for a 6month outcome.
Moreover, RPVO �35% was associated with an increased
risk of adverse events at 6months. In fact, at 6months, 32
patients (7.7%) had at least one adverse event: 12 deaths
(2.9%), 12 recurrent PE (2.9%), and 14 (3.4%) HF.
Independent predictors of combined endpoint were cancer
[OR: 3.07 (1.22–7.85)]; renal insufficiency at admission
[OR: 2.53 (1.17–5.8)]; persistent signs of RVD at 48h echog-
raphy [OR: 3.99 (1.36–11.3)]. The severity of RPVO at dis-
charge was significantly associated with an unfavourable
outcome [OR: 2.66 (1.58–3.93)]. Note that patients with
RPVO greater than threshold at discharge had a signifi-
cantly higher risk of death at 6months (P¼ 0.01).

Begic et al.35 evaluate through serial V/Q SPECTexamina-
tions over a 6month period. The treating pulmonologist
decided to terminate therapy in 35 (73%) patients and to
continue anticoagulant (AC) in 13 patients because of persis-
tent risk factors. Six months later, at the second control
stage, 53 (82%) patients had complete recovery of pulmo-
nary perfusion. Eleven patients still had perfusion defects at
6months. No recurrence was identified at 6months in the 35
patients whose therapy was terminated after 3months. No
bleeding effects were observed in any of the patients during
the 6month FU. The authors assessed that anticoagulant
therapy can be tailored by using V/Q SPECT. Normalization
of perfusion at 3months of initial PE diagnosis was a reliable
indicator that the treatment could be safely withdrawn in
patients whowerewithout hypercoagulability risk.

Stein et al.36 retrospectively assessed the rate of resolu-
tion of pulmonary emboli in individual vessels and the rate
of complete resolution of PE on CTangiography. In particu-
lar, complete CTangiographic resolution of PE was seen in 6
of 15 patients (40%) 2–7 days after diagnostic imaging.
After Day 28, complete resolution occurred in 17 of 21
patients (81%). On the contrary, Miniati et al37 prospec-
tively evaluated 834 consecutive patients with a scinti-
graphic FU in order to evaluate the restoration of
pulmonary perfusion over a 1-year period. Complete reso-
lution of PE by lung scanning was observed in 65% of
patients after 1 year. A lower rate of normalization was
observed by Wartski et al.38 (34%). In a prospective series
of 254 patients with confirmed PE, Sanchez et al.39

Table 2 When thrombophilic tests must be performed

• Evaluation of hypercoagulable state may be performed at
any time, independently from the anticoagulation
treatment.

• Evaluation of protein C and S, which are vitamin K-
dependent factors, should not be performed during the
treatment with vitamin K antagonists.

• Evaluation of thrombophilic defects should not be per-
formed during the treatment with the new oral
anticoagulants.

• Pregnancy modifies the levels of protein C and protein S
(higher and lower levels, respectively)

The tests should NOT be routinely performed:
• During the acute phase of venous thromboembolism (possi-

ble consumption of physiological anticoagulants factors)
• During anticoagulant therapy
• During pregnancy
Tests are usually performed:
• After 3months form the acute event;
• After permanent or temporary suspension of anticoagulant

treatments (after 15 days and 48 h for vitamin K antago-
nists and new oral anticoagulants/heparin, respectively)

Partial screening should be avoided.

Table 1 Thrombophilic tests

Dosing Searching

Antithrombin Factor V Leiden
Protein C G20210A mutation
Protein S Lupus anticoagulant
Homocysteinaemia
Antiphospholipids antibodies
(anti-cardiolipine and anti-
beta-2 glycoprotein-1)
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highlighted with V/Q scan that 29% of subjects had perfu-
sion defects during FU (median 12months) and were more
likely to have dyspnoea, higher systolic PAP, and walked a
shorter distance during the 6MWT. Nijkeuter et al.40

described that the percentage of patients with residual
pulmonary thrombi was 87% at 8 days after diagnosis, 68%
after 6weeks, 65% after 3months, 57% after 6months, and
52% after 11months.

Alhadad et al.41 identified that patients with persistent
perfusion defects at the FU SPECT have a high risk of PE
recurrence. In particular, 16% had recurrent PE, and of
these, 34 (92%) showed residual perfusion defects at the
second V/P SPECT.

Den Exter et al42 in their prospective multicentre study
analysed 157 patients with acute PE and evaluated the rou-
tine use of FU CT pulmonary angiography (CTPA) imaging.
After 6months of treatment, complete PE resolution
occurred in 84.1% of the patients [95% confidence interval
(CI): 77.4–89.4%]. During FU, 16 (10.2%) patients experi-
enced recurrent VTE. However, the presence of residual
thromboembolic obstruction resulted not associated with
recurrent VTE (adjusted HR: 0.92; 95% CI: 0.2–4.1). These
findings confirmed that the routine use of FU CTPA imaging
in patients treated for acute PE is not useful in clinical
practice. Interesting results will come from the Italian
study SCOPE 2 (Study on the clinical Course Of Pulmonary
Embolism), realized by Raffaele Pesavento and Paolo
Prandoni. These researchers are searching for a possible
correlation between embolic residual (evaluated with per-
fusion scans after six months from the acute event) and the
development of symptomatic recurrent PE and/or CTPEH.

Table 4 summarizes the recommendations for MRI, CT,
and LS.

Right heart catheterization and haemodynamic
evaluation
Despite recent progress in imaging techniques, RHC43–45 is
required to confirm the diagnosis of PAH and CTEPH, to
assess the severity of haemodynamic impairment, to
undertake vasoreactivity testing of the pulmonary circula-
tion in selected patients, and to support treatment
decisions.46 Despite clinical symptoms and signs are non-
specific or absent in early CTEPH, those patients that

during FU developed clinical symptoms compatible with
PAH must be evaluated. Diagnosis of CTEPH is based on the
findings obtained after at least 3months of effective anti-
coagulation, in order to discriminate this condition from
‘subacute’ PE.
For the diagnosis of CTEPH, mean pulmonary arterial

pressure (mPAP) must be �25mmHg, with pulmonary
artery wedge pressure (PAWP) �15mmHg and the pulmo-
nary vascular resistance (PVR)�3Wood units (WU); in addi-
tion, at least one (segmental) perfusion defect detected by
perfusion lung scan or pulmonary artery (PA) obstruction
seen by CTangiographymust be present (Table 5).30

Digital subtraction pulmonary angiography is used to
define the extension and distribution of the thromboem-
bolic disease highlighting the features of angiographic
signs.47

Contrast volume used during angiography should be tail-
ored on the basis of the patient’s weight and cardiac out-
put, in order to obtain excellent images minimizing the risk
of contrast-induced nephropathy. It must be considered
that poor subpleural perfusion in the capillary phase of pul-
monary angiography might be related to small vessel dis-
ease and a poor surgical outcome of CTEPH.48 The
operability of patients with CTEPH is determined by multi-
ple factors that cannot easily be standardized; these are
related to the suitability of the patient, the expertise of
the surgical team, and available resources. Coronary
angiography may be required in the presence of angina,
risk factors for coronary artery disease, and listing for
PEA.43

Both the extent of proximal occlusion of PAs and secon-
dary small-vessel arteriopathy contribute to the elevated
pulmonary vascular resistance. High pressure, high shear
stress, inflammation, and an imbalance of vasoactive
mediators result in vascular remodelling, including the for-
mation of plexiform lesions.49 Finally, the presence of high
pulmonary vascular resistance compared with the degree
of vascular obstruction is an indirect sign of high operative
risk and, in some cases, of inoperability (small vessel dis-
ease).50 Indeed, postoperative pulmonary vascular resist-
ance predicted in-hospital and 1-year mortality. The last
ESC guidelines31 on PAH recommended that pulmonary vas-
oreactivity testing, for identification of patients suitable
for high-dose calcium channel blocker treatment, is recom-
mended only for patients with idiopathic PAH, heritable
PAH, or drug-induced PAH. It should be performed at the
time of RHC. On the contrary, some authors verified that

Table 3 Recommendations for TTE

Transthoracic echocardiography (TTE) is useful to assess the
presence of pulmonary arterial hypertension (PAH).
However, the gold standard technique remains the cardiac
catheterization.

TTE should always be performed at discharge to evaluate
PAH and if present, FU at 3 and 6months must be
considered;

TTE follow-up should be considered only for those patients
with a right ventricle–right atrium (RV–RA) gradient
>45mmHg or in the presence of both dyspnoea and a RV–
RA gradient ranging between 32 and 45mmHg at
discharge.

Table 4 Recommendations for magnetic resonance imaging,
computed tomography, and lung scintigraphy

Lung perfusion scan must be performed 3months after the
acute event in those patients with persisting symptoms
and/or in the presence of right ventricular dysfunction or
pulmonary artery hypertension

Computed tomography is not useful to redefine therapeutic
strategies during the follow-up

Pulmonary RMI is not useful during venous thromboembolism
follow-up.

MRI: magnetic resonance imaging.
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acute vasoreactivity identifies CTEPH patients prone to
develop persistent/recurrent PH after PEA.51

Functional test: the 6-minute walking test and
cardiopulmonary exercise testing
After the acute phase of PE, patients can be divided into
three different groups: patients with complete resolution
of the thrombus, with chronic thromboembolism without
PAH, and with chronic thromboembolism associated with
CTPEH (Group IV of OMS classification of PH). The latter
group represents the 3.8% of all acute PE.52,53 Diagnosis in
these patients must be performed as soon as possible.
However, the assessment of this condition with non-
invasive tests, nowadays, remains a challenging issue.
Moreover, most part of scientific evidences have posed
their attention on the role of different functional tests in
the prognosis stratification but not during the FU of PE.

The common pathophysiological basis as well as the
microvascular inflammatory remodelling as stated in the
European guidelines could allow to transfer the interpreta-
tion of the test utilized in the PAH also in the CTEPH.31,54

Pulmonary hypertension is likely to persist as well after
PEA in patients with significant small-vessel arteriopathy,
resulting in poor clinical outcome and increased periopera-
tive mortality. The 6MWT remains the most widely used
exercise test in PH centres. Indeed, it is easy to perform,
inexpensive, and familiar to patients and centres.

The assessment of functional capacity by cardiopulmo-
nary exercise testing (CPET) seems to be more complete,
because CPET allows a discrimination between the meta-
bolic, cardiovascular, and pulmonary components of exer-
cise limitation. Moreover, CPET estimates the severity of
disease and assesses patients’ prognosis and response to
therapy.55

Despite there are no definitive data on the use of func-
tional tests in the PE FU, we suggest that both tests can be
used in CTEPH as in PAH patients; symptoms and the patient’s
functional status must be the main determinant in the clini-
cal decision-making regarding both the most appropriate
therapeutic timing and instrumental strategy Table 6.56–60

Evaluation of post-thrombotic syndrome
Post-thrombotic syndrome is a problem that can develop in
nearly half of all patients who experience a DVT in the leg.
Most common symptoms are oedema (typically pronounced
at the end of the day or after prolonged standing and/or
walking), pain, hyper-pigmentation, and skin ulcers.
Although recommended by guidelines, appropriate DVT
prophylaxis remains considerably underused. Increasing
the awareness of PTS and the methods to prevent this com-
plication may help reduce its incidence, improve long-term
outcomes in patients, and decrease resulting costs associ-
ated with treatment.61–64 It is estimated that the quality of
life is worse compared with patients with other chronic dis-
eases.65 In a prospective study of 387 patients, who
received an objective diagnosis of acute symptomatic DVT,
about half of the cases have developed PTS. Severe PTS
was registered in only 2% of patients.66 Some studies report
that the cumulative incidence of PTS continues to increase
also after 2 years up to 10 to 20 years from the acute
episode.67,68

Pathogenesis and risk factors: In the pathogenesis of PTS
a central role is played by the increase in pressure in the
lower limb venous system, determined by two factors:

(1) Venous valvular damage and persistent luminal
obstruction.

(2) after DVT, recanalization of the thrombosed veins,
is often incomplete.64,65 Indeed, as demonstrated
by Prandoni et al.67,68, the lack of recanalization
within the first 6months after the thrombotic epi-
sode is an important predictor of PTS, while the
development of trans-popliteal venous reflux is
not.

It must also be considered that a significant association
betweenmarkers of inflammation, such as IL-6 and ICAM-1,
and the development of PTS exists.69,70

A number of clinical tools or scales have been used to
help diagnose and define PTS. Of these, three were devel-
oped specifically to diagnose PTS after objectively diag-
nosed DVT: the Villalta scale, Ginsberg measure, and
Brandjes scale. The others, developed for chronic venous
disease in general, include the CEAP (clinical, aetiological,
anatomic, pathophysiological) classification, Venous
Clinical Severity Score (VCSS), and Widmer scale. The
Villalta scale has beenwidely and successfully used to diag-
nose PTS, to classify its severity, and to evaluate treat-
ment, including in randomized controlled trials (RCTs).
CEAP is not an ideal scoring system to diagnose and FU the
course of PTS.71,72

Risk factors for developing PTS are older age, elevated
body mass index, and obesity.62,63,66,67,69 Recurrent ipsilat-
eral DVT has been shown in numerous studies to be an
important risk factor for PTS. The variability in the magni-
tude of effect across studies (ORs: 1.6–10) is probably
attributable to differences in study populations and defini-
tions of PTS. However, all are consistent in showing ipsilat-
eral recurrence to be predictive of future PTS.73

Prevention and treatment of PTS: Because PTS is a con-
sequence of DVT and thromboprophylaxis is an effective
means of preventing DVT, it is clear that use of pharmaco-
logical or mechanical thromboprophylaxis in high-risk

Table 5 Right heart catheterization in chronic thromboem-
bolic pulmonary hypertension

Haemodynamic parameters
mPAP �25mmHg
PAWP �15mmHg
PVR > 3 WU

Pulmonary angiography
Pulmonary arteries dilatation
Vascular obstruction
Vascular webs
Post-obstructive dilatation
Pulmonary areas of reduced perfusion

mPAP, mean pulmonary arterial pressure; PAWP, pulmonary artery
wedge pressure; PVR, pulmonary vascular resistance; WU, Woods
units.
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patients and settings as recommended in evidence-based
consensus guidelines will prevent cases of PTS. Recently, a
Scientific Statement from the American Heart Association
(AHA) on PTS has evidenced that the use of thrombopro-
phylaxis in patients at significant risk for DVT is recom-
mended as a means of preventing PTS (Class I; Level of
Evidence C).63 Moreover, anticoagulation of appropriate
intensity and duration for treatment of the initial DVT is
recommended as a means of reducing the risk of recurrent
ipsilateral DVT and consequent PTS (Class I; Level of
Evidence B). Surgical thrombectomy might be considered
in selected patients with extensive acute proximal DVT
who are not candidates for anticoagulation because of
bleeding risk.65,74,75

Graduated stockings (GS), intermittent compression,
and medical treatment are the cornerstone in the treat-
ment of PTS.65

Two small, randomized trials comprising a total of 115
patients have evaluated the ability of 30–40mmHg GS to
reduce symptoms in patients with PTS.76,77 American
College of Chest Physicians (ACCP) recommended (Grade
2B recommendation) GS in acute symptomatic DVT,9 while
although more recently the SOX study has demonstrated
that GS did not prevent PTS after a first proximal DVT.78

The aforementioned AHA Scientific Statement AHA recom-
mends the use of GS (Grade IIB), despite the methodologi-
cal limitations and statistical imprecision that preclude
confident conclusions about their effectiveness in patients
with PTS.65,78

Objective risk stratification of PTS, using colour Doppler
ultrasound for evaluating recanalization and reflux and D-
dimer testing, must be an integral part in routine clinical
practice to assess the optimal duration of wearing medical
elastic stockings and anticoagulation for the prevention
DVT recurrence as the best option to reduce the incidence
and costs of suffering from irreversible PTS. Palareti
et al.79 have evaluated the predictive value of D-dimer for
the risk of VTE recurrence after oral anticoagulant therapy
(OAT) withdrawal. The main result of the study was that
D-dimer has a high negative prognostic value for VTE recur-
rence when performed after OAT discontinuation.79–82

Conversely, Latella et al.83 showed that D-dimer levels,
measured 4months after DVT in patients not on warfarin,
are associated with subsequent development of PTS.
Different results were presented in the PROLONG study,
which concluded that patients with an abnormal D-dimer
level 1month after the discontinuation of anticoagulation
have a significant incidence of recurrent VTE, which is

reduced by the resumption of anticoagulation82 Other
important suggestions have been provided by the CFCA
guidelines.20 Indeed, authors recommended a prolonged
anticoagulation in patients with idiopathic venous throm-
boembolic, especially in the case of recurrent episodes or
active malignancy. Based on persistently normal D-dimer
tests, anticoagulation could be stopped in >50% of the
patients included after a single idiopathic VTE or associ-
ated with sodiumwarfarins (Table 7).84

Residual venous thrombosis of the lower limbs
Different Italian studies have demonstrated that residual
venous thrombosis is an important risk factor for recurrent
thromboembolism. Ultrasonographic assessment of resid-
ual venous thrombosis may help clinicians to modify the
duration of anticoagulation in patients with DVT.85,86 The
hazard ratio for recurrent thromboembolism was 2.4 (95%
CI: 1.3–4.4, P¼ 0.004) for patients with persistent residual
thrombosis vs. those with early vein recanalization.
Subsequent randomized studies have suggested that tailor-
ing the duration of anticoagulation on the basis of ultraso-
nography findings reduces the rate of recurrent VTE in
adults with proximal DVT.87,88 However, a recent meta-
analysis has evidenced that residual venous obstruction
(RVO) was independently associated with recurrent VTE
(HR¼ 1.32, 95% CI: 1.06–1.65). The association was stron-
ger if RVO was detected early, i.e. at 3months after DVT
(HR¼ 2.17; 95% CI: 1.11–4.25), but non-significant if
detected later, i.e. >6months (HR¼ 1.19; 95% CI: 0.87–
1.61)89 The studies reviewed were heterogeneous not only
in the timing of the ultrasound evaluation but also in the
definition of residual thrombus.
The measurement of residual vein diameter, as the main

characteristic for diagnosing an ipsilateral recurrent DVT,
in a previously abnormal segment must be performed. We
suggest evaluation of the increase in residual vein diameter
in popliteal and femoral veins. If the vein diameter is
>4mm, the patient should be treated for a recurrent ipsi-
lateral proximal DVT; if 2–4mm, we recommend that ultra-
sonography with simplified compression be repeated after
7 days and that treatment be initiated if the diameter is
>4mm at this time; if <2mm, we suggest further imaging
test at 7 days only in patients with a high clinical probabil-
ity of recurrence.90

Residual thrombosis of the pulmonary arteries
As previously mentioned, we suggest that CTPA or lung scan
should not be routinely performed in all patients with a

Table 6 Timing of clinical evaluation and functional test in patients with chronic thromboembolic pulmonary hypertension

At baseline Every 3–6months In case of change in
therapy or after PEA

In case of clinical
worsening

Clinical assessment and functional class � � � �

6MWT � � � �

CPET � � �

6MWT, 6-min walking test; CPET, cardiopulmonary exercise testing; PEA, pulmonary endarterectomy.
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previous episode of PE for the research of residual throm-
bosis of the PAs because of its lack of prognostic and thera-
peutic information. However, it may be considered in those
thought to be at high risk for recurrence.91

Co-morbidity: cancer and autoimmune
diseases

Cancer
An association between VTE and cancer has been previ-
ously suggested; the overall risk of VTE in cancer patients is
four times as great as in the general population.
Sometimes malignancy could be the first and only clinical
presentation of VTE. Tumour cells can express everything
required for regulation of the fibrinolytic pathway on their
cell surface. The expression of tissue factor on tumour cells
and the prothrombotic properties of mucins contribute to
the thrombosis risk in malignancy. In addition, there is evi-
dence that tissue factor expression, which may result from
proto-oncogene expression and tumour suppressor gene
inhibition, confers a pro-angiogenic state, which may
enhance the aggressiveness and invasiveness of cancer.100

Indeed, tumour cells are known to carry the specific PA
receptors (u-PAR) on their membranes, which can facilitate
the activation of the fibrinolytic system. The prevalence of
previously undiagnosed cancer in patients with unprovoked
VTE has been estimated in previous studies: 6.1% (95% CI:
5.0–7.1%) at baseline and 10.0% (95% CI: 8.6–11.3%) from
baseline to 12months. Moreover, cancer is more prevalent
in patients with bilateral DVT, early VTE recurrence, or
very high D-dimer.92–97 After the first year, the number of
diagnoses is close to that of the general population,
although some population studies show the persistence of
an increased risk of developing cancer.

A systematic review of 15 studies, published in 2008,
affirmed that previously undiagnosed cancer was frequent
in patients with unprovoked VTE. For this reason, an exten-
sive cancer screening strategy could be able to detect
more malignant conditions than a limited screening strat-
egy does.92 This strategy is fundamental to choose the cor-
rect anticoagulant treatment in these patients.
Conversely, the utility of screening for cancer in VTE
patients is controversial. Routine screening with CT of the
abdomen and pelvis did not provide a clinically significant

benefit in these patients. Studies published until 2014,
designed to evaluate the efficacy of an extensive cancer
screening, were characterized by methodological hetero-
geneity and a relatively small number of subjects enrolled.
In fact, the largest study enrolled only 396 patients.98–101

Previous studies have several limitations: in particular, the
real incidence between asymptomatic cancer at early
stages is very difficult to assess, due to the retrospective
design of the studies.

Further investigations for cancer have been suggested in
the 2012 NICE guidelines; abdomino-pelvic CT scan (and a
mammogram for women) should be performed in all
patients aged over 40years with a first unprovoked DVT or
PE who do not have signs or symptoms of cancer based on
initial investigation.102 In the last Italian guidelines of Italian
Association of Medical Oncology, published in 2015,103

authors recommend to suspect an occult malignancy in all
patients with first idiopathic VTE and to perform in these
subjects a routine screening on the basis of current clinical
practice (Level of evidence D; recommendation: Positive
low). British Committee for Standards in Haematology
(BCSH) affirmed that in patients aged above 40years with
unprovoked VTE, screening for cancer with CT scan (and
mammography for women) should be considered but not
routinely performed (levels of recommendation 2C).100

Recently, interesting data have been presented in The
Screening for Occult Malignancy in Patients with Idiopathic
Venous Thromboembolism (SOME).104 This trial was amulti-
centre, open-label, RCT comparing an extensive screening
comprehensive CTof the abdomen and pelvis in addition to
limited occult-cancer screening vs. limited occult-cancer
screening alone in patients with unprovoked VTE. Patients
assigned to the limited screening strategy underwent a
complete history taking and physical examination, meas-
urement of complete blood counts and serum electrolyte
and creatinine levels, liver function testing, and chest
radiography. Sex-specific screening was conducted if it had
not been performed in the previous year. A breast examina-
tion, mammography, or both were performed in women
older than 50years of age, and Papanicolaou (Pap) testing
and a pelvic examination were performed in women aged
18–70 years who had ever been sexually active. A prostate
examination, prostate-specific antigen test, or both were
performed in men older than 40 years of age. Patients
assigned to limited screening plus CT also underwent

Table 7 Recommendation for preventing post-thrombotic syndrome

It is mandatory to assess patient with deep vein thrombosis with both Villalta and CEAP scoring system after 1, 3, 6, and 12months.
An accurate diagnosis of post-thrombotic syndrome can be made only after 3–6months after the acute event
All patients who developed symptoms, which not disappear at rest, suggestive of venous thromboembolism during follow-up must
be evaluated to exclude a deep vein thrombosis

Physician, during venous thromboembolism follow-up must recommend to patients:
• Weight loss;
• Compliance with anticoagulation treatment;
• International normalized ratio assessment during vitamin K antagonists treatment;
• Attention to new symptoms and eventually evaluate the presence of lung and/or peripheral thrombotic residual.
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comprehensive CT of the abdomen and pelvis. Moreover,
CT included a virtual colonoscopy and gastroscopy, biphasic
enhanced CT of the liver, parenchymal pancreatography,
and uniphasic enhanced CT of the distended bladder. Of
the 854 patients in the intention-to-test population, 33
(3.9%; 95% CI: 2.8–5.4) received a new diagnosis of cancer
in the interval between randomization and the 1-year FU.
The diagnosis of occult cancer between limited screening
group and limited screening plus CT was not statistically
different. Furthermore, after the completion of the initial
screening, the absolute rates of occult-cancer detection
were 0.93% (95% CI: 0.36–2.36) with the limited screening
strategy and 1.18% (95% CI: 0.51–2.74) with the strategy of
limited screening plus CT (absolute difference, 0.25 per-
centage points; 95% CI:�1.12 to 1.63). Then after the com-
pletion of the initial screening, the absolute rates of
occult-cancer detection were 0.93% (95% CI: 0.36–2.36)
with the limited screening strategy and 1.18% (95% CI:
0.51–2.74) with the strategy of limited screening plus CT
(absolute difference, 0.25 percentage points; 95% CI:
�1.12 to 1.63). These results confirmed that routine
screening with CT of the abdomen and pelvis did not pro-
vide a clinically significant benefit in patients with a first
episode of idiopathic VTE.

Considering nuclear medicine techniques, some studies
confirmed that a diagnosis strategy, based on positron
emission tomography–CT screening for malignancy in
patients with unprovoked VTE had limited diagnosis value
and may lead to unnecessary alarming and money- and
time-consuming investigations.105,106

We suggest that screening strategy for occult-cancer,
which included clinical evaluation, laboratory tests, chest
X-ray, and comprehensive CTof the abdomen and pelvis in
patients who had a first unprovoked VTE, should be consid-
ered. The decision to proceed with an extensive screening
should be evaluated case by case

Autoimmune diseases
Autoimmune disorders such as systemic lupus erythematosus
(SLE), inflammatory bowel disease (IBD), and Behçet’s syn-
drome have been linked to an increased risk of VTE.107–112

Moreover, in recent years, also patients with rheumatoid
arthritis, celiac disease, hyperthyroidism, and Wegener’s
granulomatosis had an elevated risk for VTE.113–116 The link
between autoimmune disorders and VTE have not been com-
pletely clarified.

However, many studies have established the association
between inflammation and the hypercoagulable state or
between inflammation and endothelial dysfunction in
VTE.117

It has been hypothesized that anti-protein S (anti-PS)
antibodies, independently of antiphospholipid antibodies
(aPL), may play a role in the occurrence of PS deficiency in
some patients with SLE, with possible effects on the func-
tion of PS that do not change the levels of PS
antigens.118,119

Antiphospholipid antibodies, in fact, are commonly
found in patients with autoimmune diseases. It has been
estimated that immunoglobulin G anticardiolipin antibod-
ies (aCLs) could be found in 33% of patients with SLE, 17% in

systemic vasculitis, 25% in thrombotic thrombocytopenic
purpura, 24% in thyroid disease, in haemolytic autoimmune
anemia, and in 16% of patients with rheumatoid
arthritis.120–125 Thrombosis has been reported in about 10–
26% of patients with SLE; moreover, these subjects had a
VTE risk of three-fold higher respect than the normal pop-
ulation.126–132 On the contrary, patients with other autoim-
mune diseases, such as trombocytopenic thrombotic
purpura, polyarteritis nodosa, polymyositis, and dermato-
myositis had six-fold higher risk for VTE.133 Currently, there
is no conclusive evidence about routine screening of auto-
immune disease during VTE. Once again the International
Society on Thrombosis and Haemostasis (ISTH), the British
Committee for Standards in Haematology (BCSH), and the
Clinical and Laboratory Standards Instituite (CLSI) have
recommended testing for aPL in patients with unprovoked
proximal DVT or PE after stopping anticoagulation (for at
least 7 days) as the presence of aPL will influence the bal-
ance of risks and benefits and support long-term anticoagu-
lant therapy.134–136

Overview of medical and surgical therapy

Anticoagulants and antiplatelet drugs (traditional
therapy)
Anticoagulants
Anticoagulation is themainstay of treatment for VTE.
Conventionally anticoagulation therapy could be divided

into three phases:

(1) An acute phase (conventionally the first 7 days),
with the objective of limiting the extension of
thromboembolism and preventing early death and
recurrent symptomatic or fatal VTE.

(2) A long-term phase in which prevention of new epi-
sodes of VTE predominates.

(3) An extended period (indefinite), in which anticoa-
gulation is continued for over 3months without a
scheduled stop date. The indefinite anticoagulation
should be reserved to those patients with high risk
of recurrence.

At the end of the active phase of treatment, therapeutic
decisions are based on patient’s risk factors (presence of
cancer, obesity, male, and idiopathic VTE), previous clini-
cal history (thrombotic or haemorrhagic disease in the
past, provoked, or unprovoked VTE), diagnostic assessment
(thrombotic burden and persistence of RVD or PH), labora-
tory markers (D-dimer or thrombophilic mutations),11,89

and the balance between the risk of bleeding and the
advantage of preventing the recurrence of the VTE.

Oral anticoagulation: vitamin K antagonists
Oral anticoagulation with VKAs requires an individual iden-
tification of optimal dosage monitoring the international
normalized ratio (INR) levels aiming for an INR level of
2.0–3.0. A lower intensity of anticoagulation (INR< 2) is
associated with a greater likelihood of recurrent throm-
boembolic events, while a more intense anticoagulation is
associated with the occurrence of bleeding events.139
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The long-term treatment with warfarin is effective in
preventing recurrent VTE.

Recurrency, despite VKA therapy, occurs in about 2% of
patients.

Parenteral anticoagulation: low-molecular-weight
heparin
Previous studies in patients with cancer and acute VTE
have demonstrated that dalteparin was more effective
than oral anticoagulant in reducing the risk of recurrent
VTE, without increasing the risk of bleeding.137,138,140 In
patients with cancer and acute PE, low-molecular-weight
heparin administered in the acute phase (except for high-
risk PE) and continued over the first 3–6months should be
considered as first-line therapy. For patients with PE
and cancer, extended anticoagulation (beyond the first
3–6months) should be considered for an indefinite period
or until the cancer is cured. Incidence of recurrent pro-
voked VTE (due to surgery, trauma, immobilization, preg-
nancy, and hormonal replacement therapy) is estimated at
almost 5% per year. However, among those patients, the
incidence of recurrence seems to be lower in the case of
previous surgery. In the unprovoked forms, the incidence of
recurrent VTE is approximately 15%.141,142

Antiplatelet agents
In patients who refuse to take or are unable to tolerate any
form of oral anticoagulants, aspirin could be considered for
extended secondary VTE prophylaxis. In two recent trials,
ASPIRE142 and WARFASA,143 extended therapy with aspirin
(after termination of standard oral anticoagulation) was
associatedwith a 30–35% reduction in the risk of recurrence
after unprovoked without increasing the risk of bleeding
events.

New oral anticoagulants for extended treatment
Nowadays, new oral anticoagulants (NOACs) have been
evaluated both in first phases and in the extended treat-
ment of patients with VTE.

Four NOACs have been evaluated for VTE treatment:
dabigatran (an oral thrombin inhibitor) and rivaroxaban,
apixaban, and edoxaban, which are oral factor Xa inhibi-
tors. All four agents have been compared with conven-
tional anticoagulant therapy for the treatment of acute
symptomatic VTE, and all but edoxaban have been com-
paredwith placebo for extended treatment.144–149

These studies have some common characteristics:

• Inclusion criteria (age >18 years, a confirmed and pre-
viously treated VTE);

• Exclusion criteria (anticoagulant treatment for other
diseases, dual antiplatelet therapy, thrombocytope-
nia, anaemia, renal function-estimated with
glomerular filtration rate <25mL/min or serum crea-
tinine >2.5mg/dL, hypertransaminasaemia, and
higher bilirubin levels).

• The endpoint: recurrent VTE, mortality for all causes
and PE related).

Safety of treatment was labelled as a haemoglobin drop
�2 g/dL, requiring blood transfusion and minor bleeding

events. To notice the concept of ‘clinically relevant
bleeding’, this one was defined as the need for medical
intervention (unlike the previous definitions of major or
minor bleeding events). Two-thirds of patients enrolled
had a VTE, while a third had only PE. Except for the
REMEDY trial in which Dabigatran was compared with
warfarin,184 others studies compared NOACs with placebo.
The characteristics of the enrolled populations were simi-
lar to those represented in the VTE registry but younger in
age, with less co-morbidities and a low prevalence of
active cancer; however, a greater number of idiopathic PE
was recorded.

The results of the aforementioned studies could be
summarized as follows:

• Patients treated with placebo, despite less serious
VTE respect to patients commonly treated in daily
clinical practice, had a higher rates of recurrent VTE
(up to 8.8%);

• Treatment reduced the rates of recurrent VTE; how-
ever, a higher prevalence of bleeding events was
recorded.

• A single study demonstrated that dabigatran was
effective in the extended treatment of VTE and car-
ried a lower risk of major or clinically relevant bleed-
ing than warfarin but a higher risk than placebo.150

• The rates of bleeding have not been widely investi-
gated in previous studies during the extended phase
of treatment.

However, daily clinical practice demonstrated that
bleeding events are more frequent than the estimation
performed in clinical trials. RESONATE trial shows that
treatment efficacy continues even after treatment with-
drawal.151 These evidences indicate that NOACs are useful
in the extended phase of treatment, especially in patients
at higher risk of recurrent VTE with a relative low risk of
bleeding.

Clinical trials have been performed with a view to mak-
ing significant changes to the acute, long-term, and
extended treatment of VTE.152 ESC guidelines recommend
that the administration of one of the new oral anticoagu-
lants such as dabigatran, apixaban, or rivaroxaban should
be considered as an alternative treatment in VTE.
However, NOACS are not recommended in patients with
severe renal impairment (evidence level IIa B),2 during
pregnancy, breastfeeding, and severe liver disease associ-
atedwith significant bleeding risk (CHILD PUGH B and C).

Duration of the treatment
Whatever the choice of anticoagulant, the standard dura-
tion of therapy should cover at least 3months. After with-
drawal of anticoagulant treatment, the risk of recurrence,
if anticoagulants are stopped after 6 or 12months can be
expected to be similar to that after 3months. On the con-
trary, an indefinite treatment reduces the risk for recur-
rent VTE by about 90%, but this benefit is partially offset by
a 1% or higher annual risk of major bleeding.153

There are no properly evaluated bleeding risk scores for
patients receiving anticoagulant treatment for VTE. Based
on currently available evidence, risk factors include age
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>75years, previous gastrointestinal bleeding, previous
stroke (either haemorrhagic or ischaemic), chronic renal or
hepatic disease, concomitant antiplatelet therapy (must
be avoided, if possible), other serious acute or chronic ill-
ness, poor anticoagulation control, and suboptimal moni-
toring of anticoagulant therapy.

The indefinite duration of anticoagulation should be con-
sidered in all the patients in which an unprovoked VTE has
been diagnosed or in high-risk provoked cases; in these
patients, the option to withdraw anticoagulant treatment
should periodically be reassessed, considering the dynamic
balance between the risks of recurrence and bleeding.

Whenever the anticoagulation is abandoned, the patient
should be followed for a time sufficient to redefine his/her
risk of recurrence (6–12months).

Venous filters (inferior vena cava)
Venous filters are indicated in patients with acute PE who
have absolute contraindications to anticoagulant drugs and
in patients with objectively confirmed recurrent PE despite
adequate anticoagulation treatment.2,9,154 The frequency
of inferior vena cava (IVC) filter placement has doubled
over the past decades,155,156 especially after the introduc-
tion of retrievable filters and more complex and smaller
devices generatingmore indications for their use.

Nevertheless, current clinical evidence supporting the use
of the venous filters are limited. In fact, categories of
patients with PE in whom vena cava filters reduce in-hospital
case fatality rate have not been definitively assessed.156

Stein et al.,157 in 2012, observed that patients who received
a vena cava filter had a lower case fatality rate than those
who did not; moreover, unstable patients who received
thrombolytic therapy had a lower in-hospital case fatality
ratewith vena cava filters than thosewho did not.

The latest European guidelines on PE published in 2014
have stated that IVC filters in patients with PE is not recom-
mended.2 Indeed, IVC should be considered only in those
patients who have an absolute contraindication to anticoa-
gulation therapy, or in case of recurrent VTE, despite ther-
apeutic levels of anticoagulation.

Previous evidence has already demonstrated the utility
of placement of an IVC filter for recurrent thromboembo-
lism that occurs despite adequate anticoagulation, for
chronic recurrent embolism with PH, and with the concur-
rent performance of surgical pulmonary embolectomy or
pulmonary thromboendarterectomy (Grade 1C).158,159

Broader indications have also been provided by single stud-
ies on other clinical conditions such asmalignancies, recent
trauma, acetabular fractures, and after orthopaedic sur-
gery placement of joint, and hip or knee prosthesis. The
lack of definitive recommendations on IVC filters could be
due to the fact that most of the survival data derived from
observational studies performed in small cohorts. Only few
randomized trials have been performed with the aim to
clarify the role of IVC in clinical practice. The PREPIC study
was the first randomized trial that studied both the effi-
cacy and the safety of vena cava filters in the prevention of
PE in patients with proximal DVT. Using a two-by-two facto-
rial design, 400 patients with proximal deep-vein thrombo-
sis who were at risk for PE received a vena cava filter (200

patients) or no filter (200 patients). At 2 years, 37 patients
assigned to the filter group (20.8%), when compared with
21 patients assigned to the no-filter group (11.6%), had
recurrent DVT (OR: 1.87; 95% CI: 1.10–3.20). No significant
differences in mortality were recorded.160 At 8 years, vena
cava filters reduced the risk of pulmonary embolism but
increased that of deep-vein thrombosis and had no effect
on survival.161 Instead, the PREPIC-2 FU among hospitalized
patients with severe acute PE, the use of a retrievable IVC
filter plus anticoagulation compared with anticoagulation
alone did not reduce the risk of symptomatic recurrent pul-
monary embolism at 3months162. Schuun et al.163 have
shown a higher survival in those patients who had placed
an IVC filter compared with subjects who received anticoa-
gulation (18.5 vs. 12.8%). Ihnat et al.164 showed no signifi-
cant differences after 1 year for patients treated with
filter and anticoagulation therapy (35 vs. 38%, P¼ ns).
Kucher et al.165, among 2392 patients with PE, described
that none of the patients who received an IVC filter devel-
oped recurrent PE within 90 days, and 90.9% survived at
least 90 days. On the contrary, 90 day survival rates were
79.1% in patients with an IVC filter and 86.0% in those with-
out an IVC filter (HR: 1.50; 95% CI: 1.10–2.04; P¼ 0.009).
The main indications for implantation of a vena cava fil-

ter in the presence of VTE are:

a. proven VTE with contraindications for
anticoagulation;

b. proven VTE complications of anticoagulation treat-
ments; and

c. recurrent VTE despite anticoagulation treatment.

Actually there are no definitive data about the use of IVC
filters in the prophylaxis of VTE in patients at high risk (i.e.
patients with multiple trauma); moreover, their use is not
recommended in patients who may be treated with
anticoagulation.
Imberti et al.166 in a recent consensus paper provide evi-

dence and clinical judgements describing the management
of patients with IVC filters (Table 8).

Complications arising from the placement of vena cava
filters
Complications may occur during IVC placement, after
interventional procedure, but also in the long-term period
after many years. Intra-procedural complications are rela-
tively rare and may result from malposition of the device
(1.3%), air embolism (0.2%), pneumothorax (0.02%), and
inadvertent carotid puncture (12.04%).167,168 A relatively
frequent complication in the post-interventional period is
represented by the thrombosis at the insertion site
(10.8%).169,170 Delayed complications, including filter frac-
ture, migration, IVC thrombosis, and recurrent PE, and
complications of filter retrieval after implantation of tem-
porary IVC filters have also been described.

Vena cava filters in cancer patients
Patients with cancer had twice the incidence of VTE, PE,
and DVT as patients without cancer. Many recent studies
questioned the need to insert IVC filters in advanced-stage
cancer patients, particularly those whose anticipated
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survival is short and prevention of PE may be of little clini-
cal benefit and could be a poor utilization of resources.
Conflicts have been reported about the indication and
appropriate timing to place IVC filters in cancer patients.
However, these data cannot be considered in current medi-
cal practice, because patients were not stratified accord-
ing to the current PE classifications; indeed, PE was
defined through both anatomical and angiographic criteria
(Miller index or lung scan). Despite that, some useful rec-
ommendations have been proposed in recent studies. In
fact, haemodynamically stable patients with PE and solid
malignant tumours who were aged >30years appeared to
be a subset of patients with PE who would benefit from
vena cava filters.171

Elastic compression stockings
Graduated elastic compression stockings (GECS) help pre-
vent DVT and more in general VTE by applying varying
amounts of pressure to different parts of the leg. The PTS
is a chronic condition that develops in 20–50% of patients
with DVT.9,172–173 The main risk factors for PTS are persis-
tent leg symptoms 1month after acute DVT, anatomically
extensive DVT, recurrent ipsilateral DVT, obesity, and older
age.

Previous studies on GECS have enrolled surgical patients
in most cases. We can divide these studies respect to their
endpoints:

• studies about clinical efficacy and
• studies about haemodynamic effectiveness

Graduated compression stockings or elastic-compressive
bandage (GCES) reduce the overall cross-sectional area of
the limb, increase the linear velocity of venous flow till
five times, reduce venous wall distension, and improve
valvular function. Arterial disease may contraindicate the
use of compression therapy. The Italian Society of
Phlebology.174 recommends to use of GECS with caution if
there is an arterial ankle–brachial index (Winsor index)
<0.8.

The use of Class 3 stockings during the 15–20 days after
the acute event is able to reduce the incidence of PTS of
50%.9,77,172,173

The cumulative incidence of the post-thrombotic syn-
drome in the control group vs. the elastic stockings group
was 49.1% vs. 24.5% (CI: 15.6–33.4%) after 2 years.
However, there are some areas of uncertainty about the
use of GECS. Partsch et al.175 demonstrated in their study
that immediate mobilization with compression in the acute
stage of DVTreduces the incidence and the severity of PTS.
However, one important limitation was that the bandage
procedures required skilled personnel. The same authors
have also demonstrated that the use of Class 2 stockings
modified over time according to the clinical evolution of
the disease was related to a rapid reduction of thrombus
size measured at venous Duplex.

Actually, there are no definitive data regarding the role
of GCES in the dissolution of the residual thrombus.

The recommendations for the use of GCES are summar-
ized in Table 9.

Surgical treatment of chronic thromboembolic
pulmonary hypertension
Chronic thromboembolic pulmonary hypertension has been
classified in Group 4 of PH.30 The incidence of CTEPH after
acute PE is in the range of 0.5–2%. Prevalence of CTEPH in
PE patients is 3.8%, as reported in the 2013 NICE guide-
lines.175 Lifelong anticoagulation is recommended in all
patients with CTEPH. Pulmonary endarterectomy is the
treatment of choice for the disease. The operability of
patients with CTEPH is determined by multiple factors that
cannot easily be standardized; these are related to the
suitability of the patient, the expertise of the surgical
team, and available resources. Apart from major pulmo-
nary vascular obstruction, the pathophysiology of CTEPH
includes a pulmonary microvascular disease, which may be
responsible for the poor outcome in some cases of PEA.
Moreover, hypercoagulation, ‘sticky’ red blood cells, high
platelet counts, and ‘uncleavable’ fibrinogen may further
contribute to obliteration of the PAs in CTEPH. In situ PA
thrombosis in patients who have CTEPH may also occur.
Clinical symptoms and signs are non-specific or absent in
early CTEPH, with signs of right HF only becoming evident
in advanced disease. These subjects are the most difficult
to treat.

Table 8 Management of patients with vena cava (inferior vena cava) filters

There is no evidence to support the hypothesis that inferior vena cava (IVC) filters reduce death from acute VTE
Available evidence shows no short-term or long-term mortality benefit from IVC filter placement plus anticoagulation (compared
with anticoagulation therapy alone).

It is not known whether IVC filters would reduce death in patients with acute VTE compared with no treatment
IVC filters, when used in patients with acute DVT, are associated with an increased risk of PTS
Patients with IVC filters should remain on anticoagulant therapy as long as:
a. the filter remains in place,
b. the therapy is well tolerated, and
c. the proportion of time in the therapeutic range is high.
Filters should be removed at the earliest possible time, ideally within weeks and not later than 120 days from their insertion.
Delaying removal probably reduces the likelihood of removal and the duration of ‘safe removal’ is probably also a function of the
type of filter.
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The indications for PEA in CTEPH patients is based on the
following items:

• Clinical: patients with New York Heart Association
Class II, III, and IV, independently from age.

• Haemodynamic: Precapillary PH, defined as a
mPAP � 25mmHg with a PAWP �15mmHg and a PVR
�3 WU.

• Anatomical: surgical accessibility of thrombi in the
main, lobar, or segmental PAs.176 The expertise of the
surgeon and of the Centre allows to treat lesions
located not only in the main, lobar, and segmental but
also in the subsegmental branches of PAs.177

Presence of severe pulmonary disease is an absolute con-
traindication to PEA.

Surgical technique
Surgical treatment has drastically changed in the last
years.

From the beginning of the transplant programme for
CTEPH, the attitude has changed from the lung–heart
transplantation to the bipulmonar transplantation due to
the RV inverse remodelling observed in the first patients.
The extensive applicability of PEA in expert centres has
allowed to reserve the potential lung donors to the treat-
ment of pathology different from CTEPH. Many patients in
previous observations who were judged inoperable for the
clinical and anatomic conditions were successively treated
with PEAwith satisfactory long-term survival rates.177–179

The rationale of interventional treatment is the removal
of all the chronic thromboembolic material from the pul-
monary circulation, eliminating the cause for elevation of
resistance. An important aspect of surgery is represented
by the correct identification of the cleavage plane in the
PA wall, or in the thickness of the tunica media, allowing
the excision of the entire intima, in which the chronic
thromboembolic are adherent. The myocardial protection
is obtained, as well as with moderate hypothermia and
intermittent reperfusion. During the entire procedure, cer-
ebral oximetry is monitored using a near-infrared
spectroscopy.

The modification of the San Diego Procedure allows a
longer period of cardioplegia with amore accurate removal
of thromboembolic material also in distal sites. Note that
distal thrombi have a significant role in the haemodynamic
function of the lung. However, in elderly subjects, long
periods of cardioplegia in deep hypothermia are not
recommended.179

Successful PEA is able to reduce pulmonary arterial hae-
modynamic with recovery of both cardiac and respiratory
function and clinical benefit on exercise capacity and
improving quality of life.180,181

Postoperative complications are rare, the most frequent
are persistence of PH, right HF, airways bleeding, and pul-
monary oedema after PEA reperfusion. In the long-term,
however, recurrent PAHmay occur. This event could be due
to the onset of new embolic events (caused, for example,
by poormanagement of anticoagulant therapy) or evidence
of small vessel disease (Eisenmenger similar), especially in
long-lasting CTEPH. This latter event is the reason why PEA
is preferredwhen the patient is defined as NYHA Class II.
A pharmacological approach is recommended in sympto-

matic patients who have been classified as having inoper-
able CTEPH by a CTEPH team or in patients with very high
surgical risk for severe co-morbidities.

Pharmacological treatment of chronic
thromboembolic pulmonary hypertension
Although PEA is the treatment of choice for CTEPH,30

20–35% of patients have inoperable CTEPH (for anatomical
reason, sites of thromboembolic material, and/or severe
co-morbidities).182 Despite the OAT, the mortality rate of
these patients is 32% at 18months, while long-term survival
(5 years) is around 30%. This percentage dramatically
decreases to 10% in patients with a PAP> 50mmHg.183,184

Because not all patients are deemed operable and up to
one-third have persistent or recurrent CTEPH after the pro-
cedure, several small, uncontrolled trials have investi-
gated the response to drugs approved for PAH: endothelin
receptor antagonists, prostacyclin analogues, and phos-
phodiesterase type 5 inhibitors in CTEPH.185 The histopa-
thologic pattern in these patients is analogous to the one of
idiopathic PH.186

It seems that preoperative high levels of endothelin 1
correlate with the haemodynamic alterations observed in
PEA and may be used to predict haemodynamic outcome
after the interventional procedure.187 These results are
supported by other evidences that links PAH and CTEPH;
for example, the nitric oxide (NO)–soluble guanylate
cyclase (sGC)–cyclic guanosine monophosphate (cGMP)
pathway in regulating pulmonary vascular tone is demon-
strated by the dysregulation of NO production, sGC activ-
ity, and cGMP degradation in both PAH and CTEPH.188

Due to the lack of evidence in the treatment of CTEPH,
in the past years, many drugs, in association with anticoa-
gulant treatment, have been used off-label.30

Unfortunately, this aspect has delayed the admission of

Table 9 Recommendation for the use of graduated compression stockings

Graduated compression stockings (GCS) are effective in diminishing the risk of deep vein thrombosis (DVT) in hospitalized patients
In patients with proximal thrombosis, GCS (30mmHg at the ankle) should be performed for at least 2 years after the acute event
Anti-embolism stockings cannot replace GCS during the day but must be applied during the night
DVT is associated with significant long-term complications such as the post-thrombotic syndrome. Preventive and therapeutic strat-
egies (clinical scores and/or ultrasound evaluation) are needed for these patients
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patients to CTEPH centres, in order to evaluate the role of
PEA. San Diego Center performed a retrospective analysis
of CTEPH patients referred for PAE during 2005–07. The
authors observed that the number of patients already
treated medically (off-label) was rising without a post-
operative advantage.189

In 2008, the Bosentan Effects in iNonopErable Forms of
chronIc Thromboembolic pulmonary hypertension
(BENEFiT) study, a double-blind, randomized, placebo-
controlled study in CTEPH included patients with either
inoperable CTEPH or persistent/recurrent PH after PEA
(>6months after PEA). This study demonstrated a positive
treatment effect of bosentan on haemodynamics in this
patient population (P< 0.0001). However, no improvement
was observed in exercise capacity and functional class.190

As demonstrated by different authors, after PEA, long-
term survival and cardiopulmonary function recovery is
excellent in most patients but may needmore than 2 years’
time.191 After the BENEFIT trial, Bosentan has not obtained
the indication for medical treatment in inoperable or per-
sistent CTEPH after PEA.

Riociguat is a member of a new class of therapeutic
agents called sGC stimulators evaluated for its potential
advantage over the other PAH treatments. In particular,
Riociguat has a dual mode of action, directly stimulating
sGC independently of NO and increasing the sensitivity of
sGC to NO. Riociguat increases the level of cGMP, resulting
in vasorelaxation and anti-proliferative and anti-fibrotic
effects, as shown in experimental models of PH. The result
should be an increase in the availability of NO, regardless
of the endogenous initial levels with consequent vasodila-
tation, anti-fibrotic, anti-inflammatory, and anti-
proliferative effect rather than a decrease in pulmonary
vascular resistance.192–194

The PATENT PLUS trial evaluated the safety and efficacy
of Riociguat in combination with Sildenafil in PAH patients.
Patients receiving sildenafil (20mg three times daily) were
randomized to placebo or riociguat (up to 2.5mg three times
daily) for 12weeks. This trial was stopped for the potentially
unfavourable safety signals with sildenafil plus riociguat,
possibly due to an important systemic vasodilation and
symptomatic hypotension and no evidence of a positive ben-
efit/risk ratio. Concomitant use of riociguat with phospho-
diesterase 5 inhibitors is hence contraindicated.189,195

Riociguat was evaluated in the Chronic Thromboembolic
Pulmonary Hypertension Soluble Guanylate Cyclase–
Stimulator Trial 1 (CHEST-1).192 A total of 261 patients
underwent randomization and received at least one dose
of study medication (173 patients in the riociguat group
and 88 in the placebo group).

Riociguat improved primary and secondary endpoints in
both inoperable patients and patients with persistent/
recurrent CTEPH vs. baseline, with a more marked effect
in inoperable patients.196 The drug has been well tolerated
while most common side effects were related to vasodila-
tion (headache and fatigue). The CHEST-2 open-label
extension evaluated 237 patients (98% of patients enrolled
in CHEST-1) in the long-term safety and efficacy of
riociguat. The study showed that long-term riociguat had a
favourable benefit–risk profile and apparently showed sus-
tained benefits in exercise and functional capacity for up

to 2 years. Side effects, such as haemoptysis, remains to be
clarified.

Currently, a Phase II study with Macitentan (MERIT-1) is
ongoing. This trial will evaluate the drug in both inoperable
and recurrent CTEPH patients after PEA (main outcome
will be a decrease in PVR).

In conclusion, the only drug therapy currently indicated
in patients with inoperable, recurrent, or permanent
CTEPH after PEA is riociguat. In particular, riociguat is rec-
ommended in symptomatic patients who have been classi-
fied as having inoperable CTEPH by a CTEPH team including
at least one experienced PEA surgeon or have persistent/
recurrent CTEPH after surgery. However, medical treat-
ment before surgery in CTEPH patients is not able tomodify
the surgical outcome of these patients that should be
referred to the expert centre for PEA as soon as possible,
already in an NYHA functional Class II, not postponing a
possible surgical correction.

Future trials must clarify some aspects such as the role
of riociguat in long-term survival, and in combination ther-
apy, and also the role of NOAs in CTEPH.

Special issues: clinical and outpatients
management

The FU of the patient with VTE requires an appropriate
medical service able to manage both the diagnostic and
the therapeutic strategies of this complex disease. Indeed,
it is essential that management of an outpatient VTE is
based on a clinical care pathway that uses an integrated
multidisciplinary approach able to provide a similar degree
of effectiveness and safety as customary inpatient
therapy.197–199

One of themain problems discussed in the last ESC guide-
lines on PE is the early discharge of low-risk patients.2

However, these subjects have to be followed with the same
attention and quality of cares that are offered to the
hospitalized patients.200

Generally, after acute VTE, the patient is managed by
his or her general practitioner (GP). This ‘relationship’ is
based especially on the periodical anticoagulation man-
agement (VKA) and/or on the patient’s revaluation that
must be performed to assess the duration of anticoagu-
lant treatment. Other specialists could be involved in
this long-term management, such as cardiologists or
internal medicine physicians, according to the patient’s
needs.

After analysing our manuscript and the current guide-
lines, there is a need to revise the current medical strategy
in the FU of VTE, considering other models of care used in
other cardiologic diseases.

Given the high incidence of VTE, high recurrent rates,
several co-morbidities associated with the disease, the
most appropriate health care system seems to be the crea-
tion of multidisciplinary teams that work in the same place.

Experienced physician and nurses must work together to
obtain a higher standard of care.

This clinic must represent a simpler way to facilitate the
patient–GP relationship.

Clinic’s role should be:

D324 C. D’Agostino et al.

Deleted Text: e
Deleted Text: c
Deleted Text: -20
Deleted Text: advantage 
Deleted Text: <sup>197</sup> 
Deleted Text: .
Deleted Text: BENEFiT (
Deleted Text: pulmonary hypertension
Deleted Text: p
Deleted Text: class 
Deleted Text: <sup>198</sup> 
Deleted Text: .
Deleted Text: two
Deleted Text: 199.
Deleted Text: soluble guanylate cyclase
Deleted Text: soluble guanylate cyclase
Deleted Text: nitric oxide
Deleted Text: ,
Deleted Text: soluble guanylate cyclase
Deleted Text: nitric oxide
Deleted Text: cyclic guanosine monophosphate
Deleted Text: pulmonary hypertension
Deleted Text:  
Deleted Text: nitric oxide
Deleted Text: 200.
Deleted Text: ,
Deleted Text: S
Deleted Text: s
Deleted Text: R
Deleted Text: S
Deleted Text: R
Deleted Text: R
Deleted Text: -
Deleted Text:  <sup>203</sup>
Deleted Text: .
Deleted Text:  <sup>200</sup>
Deleted Text:  .
Deleted Text: patients 
Deleted Text: <sup>205</sup> 
Deleted Text: .
Deleted Text: R
Deleted Text: R
Deleted Text: -
Deleted Text: p
Deleted Text: or 
Deleted Text: pulmonary vascular resistance
Deleted Text: R
Deleted Text: R
Deleted Text: ,
Deleted Text: c
Deleted Text: R
Deleted Text: 6. 
Deleted Text: follow up
Deleted Text: therapy<sup>206</sup>
Deleted Text: .
Deleted Text:  
Deleted Text: s
Deleted Text: 209
Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text: '
Deleted Text: A
Deleted Text: the 
Deleted Text: to 
Deleted Text: which 
Deleted Text:  
Deleted Text: s-


• Monitoring of anticoagulation therapy: For this service
a connection to the nearest laboratory is essential

• Periodical patient evaluation
• Routine laboratory evaluation
• Periodic clinical evaluation that must include:

• electrocardiography
• TTE
• Vascular US
• 6MWT
• CPET

• Planning and interpretation of imaging tests:
• CTA
• LP scan

• Planning and evaluation of other tests that involve dif-
ferent aspects of medicine: cardiology, pulmonology,
haematology, and internal medicine

• Planning and evaluation of additional tests (if not per-
formed during the acute phase):
• thrombophilia
• unknown malignancies

• Planning change in anticoagulant therapy
• Planning anticoagulant withdrawal

The appropriate management for patients with compli-
cations must be also guarantee:

• Recurrent VTE that requires hospitalizations and/or
therapeutic revaluation.

• Decisions regarding other treatment strategies in sub-
jects with CTEPH should be made by a multidiscipli-
nary team of experts and in collaboration with a
surgical referee centre able to perform PEA.

• Bleeding events must be managed also with other
specialists.

If surgical treatment could be performed in a hospital,
this department must also realize protocols and audits with
the aim of reducing VTE risk during hospitalization and
managing new cases effectively.

Nurses must be an integral component of a CTEPH clinic.
They should be able to record independently and follow
various stages of the disease. In particular:

• examination planning;
• planning and first interpretation of laboratory tests;
• perform ultrasound vascular examination if trained;
• counselling for patients and their families;
• home monitoring and home nursing; and
• education and prevention of VTE.

The VTE clinic must create local ‘diagnostic protocols’
and therapeutic programmes, in accordance with the last
scientific guidelines and the best clinical practice.

Medical staff should participate in the training and
research projects in collaboration with other similar struc-
tures in order to increase their knowledge.

Future developments and conclusions

There is currently a lack of evidence regarding some
aspects of VTE long-term management as optimal duration
of anticoagulation in unprovoked VTE. There is a need for
new markers able to indicate the treatment withdrawal

when patients are at low risk for recurrent events.
Moreover, it must be considered that also provoked VTE
could be associated with other co-morbidities that could
justify a longer anticoagulant treatment.
CTEPH patients must be followed in the long-term and

also in this field other markers for the early detection of
disease should be useful. Despite different studies have
already assessed the role of NOACs in VTE, further investi-
gation is needed, especially on the safety and efficacy in
the long run. Furthermore, NOACS must also be investi-
gatedwidely in cancer.
We hope that through the present manuscript, an

increased attention will be given to the FU of VTE.

Appendix: algorithms

To perform an efficacious FU in patients with acute VTE, it is
fundamental to perform a complete prognostic stratification
during hospitalization because the short-termmorbidity and
mortality depends on this preliminary assessment.
Assessment of haemodynamic stability at admission is funda-
mental for the early prognostic stratification. Indeed, the
latter is the main discriminatory factor between high- and
non-high-risk patients. PESI, Spesi, CTA, RVD, and clinical
biomarkers allow to complete the prognostic assessment.2

Co-morbidities, such as cancer or previous cerebrovascular
disease, have an important role both in the short-term prog-
nosis and in the treatment. Residual thrombosis in any sites
(lung, RV, or peripheral veins) and/or RVD.
Despite in the past, it was thought that the only problem

after discharge was the duration of anticoagulation we
believe that nowadays FU must have the following
objectives:

• assess the risk of recurrent VTE;
• assess the bleeding risk;
• define the duration and the type of anticoagulant

therapy;
• assess the global cardiovascular risk; and
• identify patients with CTEPH.

To establish the risk of bleeding events during the
3months, we recommend the use of the score adopted in
RIETE registry.14 Conversely, to assess the long-term bleed-
ing risk, the CFCA should be applied.9 Actually no scores
have been proposed for NOACs. Bleeding risk is a funda-
mental part of the decision-making process.
Anticoagulant treatment after VTE is recommended for

at least 3months (active phase of treatment), followed by
a second period (secondary prevention), which can vary
with respect to the recurrence risk.
In general, morbidity and mortality in patients with VTE,

especially in the mid-long-term period, is usually due to
cancer and cardiovascular diseases. Special attention is
requestedwith regard to these aspects.
CTEPH is a disease of obstructive PA remodelling as a

consequence of major vessel thromboembolism. These
patients must perform a TTE FU after 3 and 6months, if in
the acute phase they had RVD, PAP >50mmHg, residual
thrombosis, or dyspnoea.
Figure 1 is the suggested algorithm for FU in PE/VTE.
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Figure 1 Decision algorithm for follow-up of venous thromboembolic patients. VTE, venous thromboembolism; PH, pulmonary hypertension; lab, labo-
ratory; FU, follow up; RV, right ventricle; V/Q Scan, ventilation/perfusion scintigraphy; RHC, right heart catheterization; Angio, angiopneumography;
PAH, pulmonary artery hypertension; MAP, pulmonary mean arterial pressure; PR, pulmonary resistance; GP: general practitioner; PEA, pulmonary
endoarterectomy; Angio CT, computed angio tomography.
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reactivity and prognosis in patients with chronic thromboembolic
pulmonary hypertension: a pilot study. Circulation
2009;119:298–305.

52. Pengo V, Lensing AW, Prins MH, Marchiori A, Davidson BL, Tiozzo F,
et al. Incidence of chronic thromboembolic pulmonary hyperten-
sion after pulmonary embolism. N Engl J Med
2004;350:2257–2264.

53. Becattini C, Agnelli G, Pesavento R, Silingardi M, Poggio R, Taliani
MR, et al. Incidence ofchronic thromboembolic pulmonary hyper-
tension after a first episode of pulmonary embolism. Chest
2006;130:172–175.

54. Paolillo S, Farina S, Agostoni P, et al. Exercise testing in the clini-
cal management of patients affected by pulmonary arterial hyper-
tension. Eur J Prev Cardiol 2012;19:960–971.

55. Sun XG, Hansen JE, Oudiz RJ, Wasserman K. Exercise pathophysiol-
ogy in patients with primary pulmonary hypertension. Circulation
2001;104:429–435.

56. Agostoni P, Smith DD, Schoene RB, Robertson HT, Butler J.
Evaluation of breathlessness in asbestos workers. Results of exer-
cise testing. Am Rev Respir Dis 1987;135:812–816.

57. Sue DY, Oren A, Hansen JE, Wasserman K. Lung: function and exer-
cise performance in smoking and nonsmoking asbestos-exposed
workers. Am Rev Respir Dis 1985;132:612–618.

58. Hansen JE, Sue DY, Wasserman K. Predicted values for clinical ex-
ercise testing. Am Rev Respir Dis 1984;129:S49–S55.

59. Yasunobu Y, Oudiz RJ, Sun XG, Hansen JE, Wasserman K. End-tidal
PCO2 abnormality and exercise limitation in patients with primary
pulmonary hypertension. Chest 2005;127:1637–1646.

60. Agostoni P, Butler J. Cardiac evaluation. In: JFE Murray, JA Nadel,
eds. Textbook of Respiratory Medicine. Boston: WB Saunders
Company; 1994. p943–962.

61. Prandoni P, Lensing AWA, Cogo A, et al. The long-term clinical
course of acute deep venous thrombosis. Ann Intern Med
1996;125:1–7.

62. Kahn SR. The post-thrombotic syndrome. Thromb Res 2011;127
(suppl 3):S89–S92.

63. Keeling D, Alikhan R. Management of venous thromboembolism-
controversies and the future. Br J Haematol 2013;161:755–763.

64. Michiels JJ, Moosdorff W, Maasland H, et al. Duplex ultrasound,
clinical score, thrombotic risk, and D-dimer testing for evidence
based diagnosis and management of deep vein thrombosis and al-
ternative diagnoses in the primary care setting and outpatient
ward. Int Angiol 2014;33:1–19.

65. Kahn SR, Comerota AJ, Cushman M, et al. The postthrombotic syn-
drome: evidence-based prevention, diagnosis, and treatment
strategies. a scientific statement from the American Heart
Association. Circulation 2014;130:1636–1661.

66. Kahn RS, Shier I, Julian JA, et al. Determinants and time course of
the post thrombotic syndrome after acute deep venous thrombo-
sis. Ann Intern Med 2008;149:698–707.

67. Prandoni P, Frulla M, Sartor D, Concolato A, Girolami A. Vein ab-
normalities and the post-thrombotic syndrome. J Thromb
Haemost 2005;3:401–402.

68. Vedovetto V, Dalla Valle F, Milan M, Pesavento R, Prandoni P.
Residual vein thrombosis and trans-popliteal reflux in patients
with and without thepost-thrombotic syndrome. Thromb Haemost
2013;110:854–855.

D328 C. D’Agostino et al.



69. Roumen-Klappe EM, Janssen MC, van Rossum J, et al.
Inflammation in deep vein thrombosis and the development of
post-thrombotic syndrome: a prospective study. J Thromb
Haemost 2009;7:582–587.

70. Shbaklo H, Holcroft CA, Kahn SR. Levels of inflammatory markers
and the development of the post thrombotic syndrome. Thromb
Haemost 2009;101:505–512.

71. Henke PK, Comerota AJ. An update on etiology, prevention, and
therapy of postthrombotic syndrome. J Vasc Surg
2011;53:500–509.

72. Kahn SR, Partsch H, Verdantham S, et al. Definition of post-
thrombotic syndrome of the leg for use in clinical investigations: a
recommendation for standardization. J Thromb Haemost
2009;7:879–883.

73. Chitsike RS, Rodger MA, Kovacs MJ, Kahn SR, et al. Risk of post-
thrombotic syndrome after subtherapeutic warfarin anticoagula-
tion for a first unprovoked deep vein thrombosis: results from the
REVERSE study. J Thromb Haemost 2012;10:2039–2044.

74. Enden T, Haig Y, Kløw N-E, et al. Long-term outcome after addi-
tional catheterdirectedthrombolysis versus standard treatment for
acute iliofemoraldeep vein thrombosis (the CaVenT study): a rand-
omised controlled trial. Lancet 2012;379:31–38.

75. Sharifi M, Bay C, Mehdipour M, Sharifi J; TORPEDO Investigators.
Thrombus obliteration by rapid percutaneous endovenous inter-
ventionin deep venous occlusion (TORPEDO) trial: midterm results.
J Endovasc Ther 2012;19:273–280.

76. Brandjes DPM, Büller HR, Heijboer H, et al. Randomised trial of
effect of compression stockings in patients with symptomatic
proximal-vein thrombosis. Lancet 1997;349:759–762.

77. Prandoni P, Lensing AW, Prins MH, et al. Below-knee elastic com-
pression stockings to prevent the post-thrombotic syndrome: a ran-
domized, controlled trial. Ann Intern Med 2004;141:249–256.

78. Kahn SR, Shapiro S, Wells PS, et al. Compression stockings to pre-
vent post-thrombotic syndrome: a randomized placebo-controlled
trial. Lancet 2014;383:880–888.

79. Palareti G, Legnani C, Cosmi B, et al. Risk of venous thromboem-
bolism recurrence: high negative predictive value of D-dimer per-
formed after oral anticoagulation is stopped. Thromb Haemost
2002;87:7–12.

80. Palareti G, Legnani C, Cosmi B, et al. Predictive value of D-dimer
test for recurrent venous thromboembolism after
anticoagulation withdrawal in subjects with a previous idiopathic
event and in carriers of congenital thrombophilia. Circulation
2003;108:313–318.

81. Eichinger S, Minar E, Bialonczyk C, et al. D-dimer levels and risk of
recurrent venous thromboembolism. JAMA 2003;290:1071–1074.

82. Palareti G, Cosmi B, Legnani C, et al. D-dimer testing to deter-
mine the duration of anticoagulation therapy. N Engl J Med
2006;355:1780–1789.

83. Latella J, Desmarais S, Miron MJ, et al. Relation between D-dimer
level, venous valvular reflux and the development of post-
thrombotic syndrome after deep vein thrombosis. J Thromb
Haemost 2010;8:2169–2175.

84. Vazquez SR, Kahn SR. Advances in the diagnosis and management
of postthrombotic syndrome. Best Pract Res Clin Haematol
2012;25:391–402.

85. Prandoni P, Lensing AWA, Prins MH, et al. Residual thrombosis as a
predictive factor of recurrent venous thromboembolism. Ann
Intern Med 2002;137:955–960.

86. Piovella F, Crippa L, Barone M, et al. Normalization rates of com-
pression ultrasonography in patients with a first episode of deep
vein thrombosis of the lower limbs: association with recurrence
and new thrombosis. Haematologica 2002;87:515–522.

87. Siragusa S, Malato A, Anastasio R, et al. Residual vein thrombosis to
establish duration of anticoagulation after a first episode of deep vein
thrombosis: the Duration of Anticoagulation based on Compression
UltraSonography (DACUS) study. Blood 2008;112:511–515.

88. Prandoni P, Prins MH, Lensing AWA, et al. Residual thrombosis on
ultrasonography to guide the duration of anticoagulation in pa-
tients with deep venous thrombosis. Ann Intern Med
2009;150:577–585.

89. Donadini MP, Ageno W, Antonucci E, et al. Prognostic significance
of residual venous obstruction in patients with treated unprovoked

deep vein thrombosis. A patient-level meta-analysis. Thromb
Haemost 2014;111:172–179.

90. Ageno W, Squizzato A, Wells PS, et al. The diagnosis of symptom-
atic recurrent pulmonary embolism and deep vein thrombosis:
guidance from the SSC of the ISTH. J Thromb Haemost
2013;11:1597–1602.

91. Monreal M, Lafoz E, Casals A, et al. Occult cancer in patients with
deep venous thrombosis. A systematic approach. Cancer
1991;67:541–545.

92. Carrier M, Le Gal G, Wells PS, et al. Systematic review: the
Trousseau syndrome revisited: should we screen extensively for
cancer in patients with venous thromboembolism? Ann Intern Med
2008;149:323–333.

93. Jodice S. Venous thromboembolic events and organ specific occult
cancer: a review and meta-analysis. J Thromb Haemost
2008;6:781–788.

94. Watson HG, Keeling DM, Laffan M, et al; British Committee for
Standards in Haematology. Guideline on aspects of cancer-related
venous thrombosis. Br J Haematol 2015;170:640–648.

95. Prins MH, Hettiarachchi RJ, Lensing AW, et al. Newly diagnosed
malignancy in patients with venous thromboembolism. Search or
wait and see? Thromb Haemost 1997;78:121–125.

96. White RH, Chew HK, Zhou H, et al. Incidence of venous thrombo-
embolism in the year before the diagnosis of cancer in 528,693
adults. Arch Intern Med 2005;165:1782–1787.

97. Prandoni P, Casiglia E, Piccioli A, et al. The risk of cancer in pa-
tients with venous thromboembolism does not exceed that ex-
pected in the general population after the first 6months. J
Thromb Haemost 2010;8:1126–1127.

98. Piccioli A, Lensing AWA, Prins MH, et al. Extensive screening for
occult malignant disease in idiopathic venous thromboembolism: a
prospective randomized clinical trial. J Thromb Haemost
2004;2:884–889.

99. Piccioli A, Bernardi E, Dalla Valle F, et al. The value of thoraco-
abdominal CT scanning for the detection of occult cancer in pa-
tients with unprovoked venous thromboembolism. A randomized
study. Thromb Res 2012;129 Suppl 1:S155–S194.

100. Van Doormaal FF, Terpstra W, Van Der Griend R, et al. Is extensive
screening for cancer in idiopathic venous thromboembolism war-
ranted? J Thromb Haemost 2011;9:79–84.

101. Robertson L, Yeoh SE, Stansby G, et al. Effect of testing for cancer
on cancer- and venous thromboembolism (VTE)- related mortality
and morbidity in patients with unprovoked VTE. Cochrane Database
Syst Rev 2015;3:CD010837.

102. NICE. Venous Thromboembolic Diseases: the Management of
Venous Thromboembolic Diseases and the Role of Thrombophilia
Testing. Clinical Guideline 144. London: National Institute for
Health and Clinical Excellence; 2012.

103. http://www.aiom.it/professionisti/documenti-scientifici/linee-
guida/1,413,1. (20 April 2017).

104. Carrier M, Lazo-Langner A, Shivakumar S, et al; SOME Investigators.
Screening for occult cancer in unprovoked venous thromboembo-
lism. N Engl J Med 2015;373:697–704.

105. Chauchard M, Benali K, Papo T, et al. Positron emission tomogra-
phy combined with computed tomography as a screening tool for
occult malignancy in patients with unprovoked venous thrombo-
embolism: an observational study. Medicine (Baltimore)
2014;93:e110.

106. Alfonso A, Redondo M, Rubio T, et al. Screening for occult malig-
nancy with FDG-PET/CT in patients with unprovoked venous throm-
boembolism. Int J Cancer 2013;133:2157–2164.

107. Peck B, Hoffman GS, Franck WA. Thrombophlebitis in systemic lupus
erythematosus. JAMA 1978;240:1728–1730.

108. Cervera R, Khamashta MA, Font J, et al; European Working Party on
Systemic Lupus Erythematosus. Morbidity and mortality in systemic
lupus erythematosus during a 10-year period: a comparison of early
and late manifestations in a cohort of 1,000 patients. Medicine
(Baltimore) 2003;82:299–308.

109. Palatinus A, Adams M. Thrombosis in systemic lupus erythematosus.
Semin Thromb Hemost 2009;35:621–629.

110. Di Fabio F, Lykoudis P, Gordon PH. Thromboembolism in inflamma-
tory bowel disease: an insidious association requiring a high degree
of vigilance. Semin Thromb Hemost 2011;37:220–225.

Long-term follow-up of patients with pulmonary thromboembolism D329

http://www.aiom.it/professionisti/documenti-scientifici/linee-guida/1
http://www.aiom.it/professionisti/documenti-scientifici/linee-guida/1


111. Murthy SK, Nguyen GC. Venous thromboembolism in inflammatory
bowel disease: an epidemiological review. Am J Gastroenterol
2011;106:713–718.

112. Yazici H, Fresko I, Yurdakul S. Behçet’s syndrome: disease manifes-
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