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Pulmonary vascular disease was a key topic at this years’ 
European Respiratory Society Annual Congress and the 
first year of the creation of assembly 13. We therefore aim 
to concentrate on three key hot topics from the Congress 
and its impact on pulmonary vascular disease in clinical 
practice.

Risk assessment in pulmonary arterial 
hypertension (PAH)

Risk stratification is commonplace in other areas of 
medicine such as cardiovascular disease where it is an 
important part of clinical practice. It provides us with 
important information that helps guide diagnosis, and 
provides important prognostic information that allows us to 
tailor treatment to individual patients.

Risk prognostication in PAH is becoming increasingly 
common allowing clinicians to offer tailored care to the 
patient with PAH. 

In 1991 a seminal paper by D’Alonzo et al. diagnosed 194 
American patients with idiopathic pulmonary hypertension 
over a 4-year period, and suggested their mortality was 
closely linked to right ventricular function (1). 

By measuring three parameters: mean pulmonary artery 
pressure, mean right atrial (RA) pressure and cardiac index 
(CI) a National Institute for Health equation was derived 
to help determine a PAH patient’s prognosis. The authors 
themselves however stressed that the equation result should 
be used alongside other clinical parameters. A later study 
however, by Sandoval et al. demonstrated the utility of the 
NIH equation and discovered it to have a high sensitivity 

but poor specificity to predict survival (2).  
Decades later, further risk scores have been developed 

demonstrating our improved understanding and management 
of the disease. The French Pulmonary Hypertension 
Network enrolled 354 patients with idiopathic, familial and 
anorexigen-associated PAH in their registry. A prognostic 
score was developed which included the variables gender, 
exercise capacity and cardiac output at diagnosis (3). 

A few years later the Registry to Evaluate Early and 
Long-term Pulmonary Arterial Hypertension Disease 
Management (REVEAL) registry prognostic equation was 
released and a subsequent risk score derived. REVEAL 
which is a multicenter US registry utilized 504 incident 
cases of idiopathic, familial and drug induced PAH to 
validate the equation and risk score which was developed 
from a cohort of 2,716 individuals. The REVEAL 
prognostic equation unlike the NIH equation included 
variables such as subclass of PAH, lung function and 
echocardiographic parameters (4). Unsurprisingly this 
equation was more accurate than the initial NIH prognostic 
equation. 

The REVEAL risk score calculator derived from 
the equation also included clinical observations, renal 
dysfunction, diffusing capacity of the lung for carbon 
monoxide (DLCO), as well as the standard markers of right 
ventricular function and functional capacity. The score 
produced ranged between 0–22. Low risk patients having 
a predicted 1 year survival of 95–100%, 90–95% in the 
average group, 85–90% in the moderately high-risk group, 
70–85% in the high-risk group and <70% in the very high-
risk group (5). 
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In 2015 a joint collaboration between the US and French 
groups independently validated their risk equations and 
scores. The REVEAL risk score was applied retrospectively 
to the French cohort and the French risk equation to the 
REVEAL cohort. This demonstrated that both prognostic 
scores offered good calibration and accuracy in a different 
geographic population of PAH patients (6).

After such formative work the 2015 ERS/ESC guidance 
strongly recommended the use of risk assessment when 
evaluating patients. Akin to the REVEAL risk score this 
ERS/ESC assessment compromises of clinical, biochemical, 
imaging, haemodynamic data, and exercise capacity. This 
risk score was based on the evidence of known good 
prognostic factors conveying an improved prognosis, 
specifically: WHO functional capacity I–II, a 6-minute walk 
distance (6MWD) >440 m, RA pressure <8 mmHg, and a 
cardiac index (CI) >2.5 L/min/m2, mixed venous oxygen 
saturations (SvO2) >65% as well as brain natriuretic peptide 
(BNP) <50/N-terminal pro b-type natriuretic peptide  
(NT-pro BNP) <300 (7). 

With an aim to simplify risk assessment the 2017 
study by Boucly et al. ascertained in their cohort of 1,017 
idiopathic, familial and drug induced PAH patients that 
four variables of WHO FC, 6MWD, RA pressure and CI 
allowed a clinician to ascertain transplant free survival at 
diagnosis and at the 12-month assessment of an individual. 

The team interestingly also revealed that the presence of 
‘low risk’ criteria at the 12-month assessment categorised 
patients at low long term risk, with improved diagnostic 
accuracy than a classification of low risk at presentation  (8), 
these study findings were also found on a smaller scale in an 
earlier study by Nickel et al. (9). 

At the ERS Congress this year Professor Sitbon introduced 
the results of a post hoc analysis from the GRIPHON study. 
It revealed the usefulness of prognostic and predictive value of 
risk assessment utilising the number of ‘low risk’ variables in 
the largest ever cohort of PAH patients. 

Whilst it is widely accepted that the low risk category 
is associated with a superior prognosis, little data exists 
into what effect an improvement in functional outcome 
measures has, when they do not meet the low risk category 
threshold. 

Therefore, it was especially pertinent that the American 
group presented a post hoc analysis of AMBITION trial 
pertaining to this. The group analysed 500 treatment 
naive patients and defining targets of a least a 40-metre 
improvement in 6MWD and a 600 ng/L drop in NT-
pro BNP at 16 weeks. Of the remaining individuals who 

met these criteria the study demonstrated that despite not 
fully satisfying low risk criteria they still exhibited less 
unfavourable events.

Pulmonary venous thromboembolism

Acute pulmonary embolism is the third leading cause of 
vascular death. It can present either in isolation or in relation 
to underlying co-morbidities and its presentation often varies. 
This can often cause the clinician diagnostic quandaries and 
variability in the offered therapies. It’s incidence has been 
estimated to be 0.95 per 1,000 population per year and the 
occurrence of PE events is almost a third of a million per year 
in the European Union (10).

At the ERS Congress the concept of pulmonary 
embolism response teams (PERT) was discussed. PERTs 
have been developed to offer standardised, patient specific 
therapy when presenting with an acute pulmonary 
embolism. Rapid risk stratification is of paramount 
importance and the first step in order to ascertain the 
optimal management strategy for acute PEs as discussed by 
Professor Sanchez at the ERS Congress.

The Pulmonary Embolism Severity Index (PESI) was 
initially developed and validated in 2005 (11). Its aim was 
to assess the risk of mortality and adverse events from a PE 
over 30 days, this study cohort included 15,752 patients with 
a confirmed PE. This score accurately determined which 
patients were at a higher risk of mortality requiring more 
intensive monitoring or those who could be managed on an 
ambulatory pathway with consequently a lower mortality 
risk. It however compromised of 11 parameters therefore 
Jiménez et al. calculated a simplified PESI of six parameters 
which is used with greater ease (12) and demonstrated a 
similar prognostic accuracy when compared to the PESI. 

The Hestia criteria was developed by Zondag et al., 
by conducting a prospective multicentre study in the 
Netherlands. This study consolidated outcomes from 
smaller cohort studies assessing the efficacy and safety of 
outpatient management of patients with low risk pulmonary 
embolus (13). Patients were risk stratified within 24 hours 
by the simple use of eleven questions and if any of the 
measures were found to be positive this excluded the patient 
from outpatient management. Of the 297 patients included 
in this study followed up over 3 months, there were  
3 fatalities, none of which were due to fatal PEs but one was 
a consequence of an intracranial bleed. 

The BTS earlier this year published guidelines 
concerning the initial outpatient management of pulmonary 
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embolism (14). The need for this guideline was prompted 
by the fact that as many as 37–44% of PEs could be 
managed as outpatients as well as safety concerns regarding 
the variability of management between centres (15).

At the ERS 2018 Congress Dr. Howard explained the 
BTS advisory committee recommended that clinically 
validated scores such Hestia criteria (13), PESI (11) and 
sPESI (12) were applied to risk stratify patients in the initial 
phase. The guidance suggested that individuals with low risk 
i.e., PESI I/II, sPESI of 0 and meeting the Hestia criteria 
should be considered for outpatient management. With the 
proviso that if sPESI or PESI is used to stratify the patient 
then a set of exclusion criteria should also be applied. 

The use of anticoagulation in acute pulmonary 
embolus was also discussed. With the advent of direct 
oral anticoagulants (DOACs) if offers the clinician a non-
inferior alternative to VKA with less bleeding risk (16). 
Some DOACs also offer a quicker time to therapeutic 
anticoagulation and options such as rivaroxaban (17) or 
apixaban (18) require no low molecular weight heparin 
(LMWH) bridging making it an attractive single drug 
regime for patients.

Clearly the choice of anticoagulation agent depends on 
factors including pregnancy, active malignancy, creatinine 
clearance, liver disease, bleeding risk factors, drug 
interactions as well as weight. Factor Xa inhibitors (apixaban, 
rivaroxaban, and edoxaban) are renally excreted. 

The renal elimination rates of apixaban is 27%, rivaroxaban 
33% and edoxaban around 50% (19). For this reason, such 
drugs are used with caution. With worsening renal function 
there is increased risk of bleeding with DOACs. 

The Internat ional  Society  of  Thrombosis  and 
Haemostasis recommend that DOACs are used between a 
weight of 50–120 kg or a BMI less than 40 kg/m2. It does 
however suggest that if using a DOAC in the super obese 
that peak and trough levels are measured (20).

Concerning the use of DOACs in active malignancy 
we are awaiting the results of randomised controlled 
trials comparing the standardised therapy of LMWH to 
DOACs (21-23). An open label study recently published 
in the New England Journal of Medicine showed non 
inferiority of oral edoxaban to LMWH, in cancer associated 
venothromboembolic (VTE) events however there was 
a higher bleeding rate in those on edoxaban but less 
recurrence of VTEs (24). 

Follow-up recommendations vary amongst the studies 
performed. Currently the BTS suggest in the first 7 days 
there should be a formal review. The Hestia group arranged 

face-to-face consultation at 1 and 12 weeks with a telephone 
consultation at 6 weeks. An American study using a DOAC 
in the outpatient setting arranged a telephone consultation 
in the first 24–48 hours followed by an appointment at  
6 weeks and then between 12–24 weeks (25). 

Howard et al. currently recommend that patients 
should have an initially assessment during the first 
week of discharge after being diagnosed with a low risk 
acute PE. Patients should also be provided with written 
documentation of the signs of recurrence; major bleeding 
or other associated complications as well as a 24-hour point 
of contact at the centre. 

This hot topic presented at the ERS has highlighted 
how the management of acute PE has changed dramatically 
over the years by improving patient management and 
consequently PE related morbidity, and mortality (26).

Non-pharmacological therapies for PH

Of those who present with acute pulmonary embolism 
it is widely reported that approximately 3% (27,28) of 
these individuals will develop chronic thromboembolic 
disease (CTED) or chronic thromboembolic pulmonary 
hypertension (CTEPH). Of these patients a proportion 
are able to undergo curative surgery—pulmonary 
endarterectomy (PEA). A recent meta-analysis reported 
25% of individuals may be left with residual pulmonary 
hypertension (29). These patients are usually treated 
with standard anti-pulmonary hypertensive medications 
such as riociguat (only drug approved in CTEPH), 
phosphodiesterase (PDE) inhibitors, endothelial receptor 
antagonists and prostanoids. 

At the ERS Congress this year the results of a 
prospective pilot study of a non- pharmacological treatment 
was discussed. It is recognised that sympathetic activity 
is increased in patients with PAH (30). This increase in 
sympathetic activity has also been shown to be a marker 
of a poorer prognosis (31). The rationale surrounding 
pulmonary artery denervation (PADN) therefore is to 
induce vasodilatation to significantly reduce the elevated 
pulmonary artery pressures as found by pre-clinical animal 
studies and recent clinical studies (32-35).

Hence PADN was offered to a small cohort of patients 
with residual PH post PEA. This study found that  
12 months post PADN there was a continued statistically 
significant decrease in pulmonary vascular resistance. This 
study has demonstrated the safety and feasibility of PADN 
and that further larger studies are warranted into this field 
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to ascertain the long-term effects of PADN in post PEA 
patients as well as other cohorts of PAH patient.

Summary

2018 has seen important steps forward in the field of 
pulmonary vascular diseases. Risk stratification in both 
acute pulmonary embolism and PAH sees a move towards 
improving care by individualising patient therapy; whist 
the advent of interventional procedures provides a 
potential novel non-pharmacological technique for the 
treatment of PAH.
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