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Welcome to issue 93 of Respiratory Research Review, covering PAH and VTE 
disease. Even though this issue has two more articles than normal, we could only select a small number of articles; about half 
of the articles reviewed were published in the premiere journal, N Engl J Med.
After some anticipation, we can now finally formally review two articles describing the new medications macitentan and 
riociguat for the management of PAH; both reported improvement, in most cases on top of established therapy. Riociguat 
also showed for the first time an improvement in the management of CTEPH. Although we have targeted therapies available, 
our patients still die of PAH, many in right heart failure; however, about half still die in possibly more treatable conditions, as 
Tonelli et al. investigated. Also, an American study provides evidence that patients with PAH often have delayed referral, and 
a large proportion only when they are in functional class III or IV. And just a word of caution, a group from Barcelona has 
published a definitive study that sildenafil (and other vasodilator medications) are of no benefit for patients who have pulmonary 
hypertension secondary to COPD.

Two British publications make excellent further reading: i) a news item by Michael Granovetter in Lancet Respir Med 
2013;1(6):436, in which he summarises some of the debate about the possible overuse of computed tomographic pulmonary 
angiography and the associated overdiagnosis of PE; and ii) an ‘endgame case report’ in the ‘who-done-it style’ of an 81-year-
old man with ‘a treatable cause of shortness of breath’ (BMJ 2013:346:f1937).

Of the several articles published in the N Engl J Med on new factor-X antagonists and their new indications, we review one on 
edoxaban and one on apixaban. Also, a local article has reviewed our clinical performance using dabigatran. Mary Cushman has 
published a most learned editorial reflection on old and new anticoagulants. New isn’t always better. In a table, she summarised 
five key components to be considered when choosing an anticoagulant: patient selection, drug interactions, compliance, follow-
up and monitoring – this is a helpful guide into our new world (N Engl J Med 2013;369[9]:865–6). We have time to review 
articles suggesting that our diagnostic criteria work just as well in patients presenting late with a suspected PE, that outpatient 
treatment of PE seems safe and identifying that asthma, just like other inflammatory illnesses, is a risk factor for DVT.

We hope you enjoy the selection, and are looking forward to feedback and comments.

Kind regards
Associate Professor Lutz Beckert 
lutzbeckert@researchreview.co.nz
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Macitentan and morbidity and mortality in 
pulmonary arterial hypertension
Authors: Pulido T et al., for the SERAPHIN Investigators

Summary: Patients with symptomatic PAH were randomly assigned to receive 
macitentan 3mg (n=250) or 10mg (n=242) or placebo (n=250) once daily along with 
stable oral or inhaled therapy excluding endothelin-receptor antagonists. Compared 
with placebo, the 3mg and 10mg doses of macitentan were associated with 
significantly lower composite primary endpoint event rates (death, atrial septostomy, 
lung transplantation, initiation of intravenous or subcutaneous prostanoids or worsening 
of PAH; 38.0% and 31.4%, respectively, vs. 46.4%; respective HRs 0.70 [95% CI 0.52, 
0.96; p=0.01] and 0.55 [0.39, 0.76; p<0.001]). The most frequent primary endpoint 
event was worsening of PAH, with the effect of macitentan independent of baseline PAH 
therapy. Macitentan was associated with more headache, nasopharyngitis and anaemia 
events than placebo.

Comment: This has been a long-awaited study showing improvements in morbidity, 
mortality and 6MWD tests in patients with right heart catheter-proven PAH. More than 
85% had either primary PAH or PAH secondary to connective tissue disease. About half 
were functional class II, and 61% were pretreated with sildenafil. The side effect profile 
of macitentan was similar to that of the placebo group, in particular the appearance 
of oedema and liver function test abnormalities. Bottom line: macitentan is an 
exciting new agent showing survival benefits and 6MWD improvements in 
NYHA class II patients and patients treated with sildenafil.

Reference: N Engl J Med 2013;369(9):809–18
http://www.nejm.org/doi/full/10.1056/NEJMoa1213917

Riociguat for the treatment of pulmonary 
arterial hypertension
Authors: Ghofrani H-A et al., for the PATENT-1 study group

Summary: Patients with symptomatic PAH (n=443) were randomised to receive 
riociguat individually adjusted of up to 2.5mg three times daily (or capped at 1.5mg 
three times daily for exploratory purposes) or placebo in the phase 3 PATENT-1 study. 
Compared with placebo, riociguat (2.5mg maximum) was associated with a significantly 
greater improvement in 6MWD at 12 weeks (+30 vs. –6m; p<0.001). Prespecified 
analyses revealed that 6MWD improvements in riociguat recipients occurred in both 
those receiving no other PAH treatment and those treated with endothelin-receptor 
antagonists or prostanoids. Significant improvements were also seen for pulmonary 
vascular resistance, NT-pro-BNP levels, WHO functional class, time to clinical worsening 
and Borg dyspnoea scores. Syncope was the most commonly reported serious adverse 
event, occurring in 4% and 1% of placebo and riociguat 2.5mg-maximum recipients, 
respectively.

Comment: It is not often we are being introduced to a totally new class of drugs, 
the guanylate cyclase stimulators; drugs that don’t stop the breakdown of cAMP 
like sildenafil, but rather induce the production of more cAMP. Given the good side 
effect profile of the phosphodiesterase inhibitors, it is not surprising that riociguat 
also has a great safety profile. More importantly, it showed improved 6MWD test 
results, right heart pressures and NT-pro-BNP levels in patients with PAH. Bottom 
line: riociguat showed an improvement in 6MWD tests in WHO class II 
patients and patients pretreated with bosentan or prostanoids.

Reference: N Engl J Med 2013;369(4):330–40
http://www.nejm.org/doi/full/10.1056/NEJMoa1209655
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Riociguat for the treatment of chronic 
thromboembolic pulmonary hypertension
Authors: Ghofrani et al., for the CHEST-1 Study Group

Summary: Participants enrolled in this randomised phase 3 trial of riociguat versus placebo had 
inoperable CTEPH or persistent/recurrent pulmonary hypertension after pulmonary endarterectomy 
(n=261). Compared with placebo, riociguat was associated with a significant improvement in 
baseline 6MWD at week 16 (+39 vs. –6m; p<0.001), a significant decrease in pulmonary vascular 
resistance (–226 vs. +23 dyn·sec·cm–5; p<0.001), a significant improvement in NT-pro-BNP  
level (p<0.001) and a significant improvement in WHO functional class (p=0.003). Right 
ventricular failure and syncope (the most common serious adverse events) occurred at rates of 
2–3% in both groups.

Comment: Surgery for patients with CTEPH is the standard of care and achieves dramatic 
results when performed in a referral centre. However, some patients with distant thrombi are 
not operable, and in some patients pulmonary hypertension persists despite treatment. Until 
now, we had no evidence-based treatment available – actually, trials have been negative. 
This study signals a shift in the landscape by demonstrating in patients with CTEPH improved 
6MWD results, haemodynamics and NT-pro-BNP levels. Bottom line: while surgery 
remains the treatment of choice, riociguat is a treatment for inoperable patients 
with CTEPH.

Reference: N Engl J Med 2013;369(4):319–29
http://www.nejm.org/doi/full/10.1056/NEJMoa1209657

Causes and circumstances of death in 
pulmonary arterial hypertension
Authors: Tonelli AR et al.

Summary: These researchers prospectively reviewed all 84 deaths that occurred over a 4-year 
period among patients with pulmonary hypertension from a US-based pulmonary vascular 
programme. They found that pulmonary hypertension was the direct cause of death (i.e. right heart 
failure or sudden death) in 44%, was contributory in 44% and unrelated in 8.3%; the final cause 
of death was not assessable in 3.6%. Most of the patients had received therapies specifically for 
pulmonary hypertension. Half of the patients with PAH and three-quarters of those who died of 
right heart failure had received parenteral prostanoid therapy, and less than half had advanced 
healthcare directives.

Comment: This single-centre audit demonstrated that over a period of 4 years, only five 
patients were transplanted and 84 patients died. At the time of their death, 42% of patients 
were on single therapy, 42% were on dual therapy and 15% were on triple therapy. Right 
heart failure and sudden cardiac death were the causes of death in 44%. PAH contributed 
to other causes of death like pneumonia, sepsis, renal failure or ischaemic heart disease 
in another 44%. Most patients died in an acute hospital, only seven in a hospice. Bottom 
line: although improving, the prognosis for PAH remains poor; few patients had the 
benefit of advance care planning.

Reference: Am J Respir Crit Care Med 2013;188(3):365–9
http://www.atsjournals.org/doi/abs/10.1164/rccm.201209-1640OC#.Ul2yUBASP8J
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Referral of patients with pulmonary hypertension 
diagnoses to tertiary pulmonary hypertension 
centers
Authors: Deaño RC et al.

Summary: The cross-sectional Multicenter RePHerral study sought to describe the accuracy 
of pulmonary hypertension diagnoses and PAH-specific medication use in 140 consecutive 
patients referred to three large tertiary pulmonary hypertension centres in the US. Cardiologist or 
pulmonologist referrals had been made for 68% of the patients, and 61% had WHO functional 
class III or IV disease. Of the prereferral diagnoses, 40% were PAH, 16% were pulmonary 
hypertension secondary to lung disease or hypoxia and 30% were unknown. Moreover, 33% of 
the definitive prereferral diagnoses were incorrect. Right- and/or left-sided cardiac catheterisation 
was performed for the first time at the tertiary centre in 59 patients. Among patients who 
underwent right-sided catheterisation alone (n=38) and bilateral catheterisation (n=21), different 
postprocedural diagnoses were made in 37% and 52%, respectively. While prereferral PAH-specific 
medications were received by 30% of patients, 57% did not comply with published guidelines.

Comment: In this audit from three American PAH centres, referrals were reviewed. The 
authors showed that most referrals were rather late, with 62% of patients classified as WHO 
functional class III or IV, although most were referred by a respiratory physician or cardiologist. 
While most patients had undergone echocardiography and lung function tests only, 20% 
had a 6MWD test on referral. In this American setting, about 30% of patients were receiving 
treatment, which according to the referral centre was not in concordance with current 
guidelines in more than half of the patients. Bottom line: patients with PAH should be 
referred to a pulmonary hypertension centre – early.

Reference: JAMA Intern Med 2013;173(10):887–93
http://archinte.jamanetwork.com/article.aspx?articleid=1675880

Sildenafil to improve respiratory rehabilitation 
outcomes in COPD
Authors: Blanco I et al.

Summary: Patients with COPD and moderately increased pulmonary arterial pressure (n=63) 
were randomised to receive sildenafil 20mg or placebo three times daily along with 3 months of 
pulmonary rehabilitation in this trial. There was no significant difference between the sildenafil 
and placebo groups for change in cycle exercise endurance time at constant work rate (primary 
endpoint; 149 and 169 sec, respectively; p=0.77), incremental exercise test gains, 6MWD, quality 
of life, arterial oxygenation or adverse events.

Comment: More than half of patients with severe COPD have pulmonary hypertension. 
It is likely this pulmonary hypertension contributes to symptoms of shortness of breath 
and reduced exercise performance. These Spanish authors performed a randomised 
controlled trial to assess if sildenafil improves cardiac output and muscle blood supply, 
and so improves exercise tolerance. They screened 600 COPD patients and offered them 
all rehabilitation, but only half sildenafil. Sildenafil had no effect on endurance or maximal 
exercise testing. The accompanying editorial summarised the studies on sildenafil and COPD  
(Eur Respir J 2013;42[4]:893–4). Bottom line: even in cases with raised pulmonary 
artery pressure, sildenafil has no role in the management of COPD.

Reference: Eur Respir J 2013;42(4):982–92
http://erj.ersjournals.com/content/42/4/982.abstract
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Edoxaban versus warfarin for the 
treatment of symptomatic venous 
thromboembolism
Authors: The Hokusai-VTE Investigators

Summary: Patients with acute DVT (n=4921) or PE (n=3319) initially treated with 
heparin were randomly allocated to receive once daily edoxaban 60mg or 30mg 
(e.g. if creatinine clearance 30–50 mL/min or bodyweight <60kg) or warfarin for 
3–12 months in this noninferiority trial. The recurrent symptomatic VTE rates (primary 
efficacy outcome) were 3.2% with edoxaban and 3.5% with warfarin (HR 0.89  
[95% CI 0.70, 1.13; p<0.001 for noninferiority]), and the respective major or clinically 
relevant nonmajor bleeding rates were 8.5% and 10.3% (0.81 [0.71, 0.94; p=0.004 
for superiority]). Other adverse event rates did not differ significantly between the two 
groups. The recurrent VTE rate in the subgroup of patients with PE with right ventricular 
dysfunction (assessed by NT-pro-BNP levels; n=938) was significantly lower in the 
edoxaban arm than in the warfarin arm (3.3% vs. 6.2%; HR 0.52 [95% CI 0.28, 0.98]).

Comment: VTE continues to be the third leading cause of vascular death, with 
an incidence of nearly 1% annually among people aged 80 years or older. These 
international authors reported on an impressively large trial enrolling over 8000 
patients comparing standard heparin/warfarin with heparin/edoxaban therapy. 
About 500 (13%) of patients were aged >75 years; about a third of patients with a 
PE had signs of right ventricular dysfunction and a significantly raised NT-pro-BNP 
level. Bottom line: edoxaban was not inferior in preventing recurrent VTE 
events and caused less bleeding than standard warfarin therapy.

Reference: N Engl J Med 2013;369(15):1406–15
http://www.nejm.org/doi/full/10.1056/NEJMoa1306638

Apixaban for extended treatment of venous 
thromboembolism
Authors: Agnelli G et al., for the AMPLIFY-EXT Investigators

Summary: After completion of 6–12 months of anticoagulation therapy, patients with 
VTE and no clinical equipoise regarding the continuation or cessation of anticoagulation 
therapy were randomised to receive twice daily apixaban 2.5mg (n=840) or 5mg 
(n=813) or placebo (n=829) for 12 months. Compared with placebo, apixaban doses 
of 2.5mg and 5mg were associated with significantly lower rates of symptomatic 
recurrent VTE or death from VTE (1.7% and 1.7%, respectively, vs. 8.8%; p<0.001 for 
both). The respective rates in the apixaban 2.5mg and 5mg and placebo groups were: 
i) 0.2%, 0.1% and 0.5% for major bleeding; ii) 3.0%, 4.2% and 2.3% for clinically 
relevant nonmajor bleeding; and iii) 0.8%, 0.5% and 1.7% for death from any cause.

Comment: Over the last 6 months, two landmark studies on the oral factor-X 
antagonist apixaban have been published in the N Engl J Med. One article  
(N Engl J Med 2013;369[9]:799–808) showed that apixaban can be used to 
treat acute VTE directly without using a heparin-based regimen first because of 
its rapid onset of action. This article investigated clinical outcomes associated 
with the extended use of anticoagulation when there was clinical equipoise 
regarding continuation or cessation. The recurrent rate of VTE in the nontreated 
group was the expected 8.8%, compared with 1.7% for apixaban. Bottom 
line: extended treatment with anticoagulation reduces VTE recurrences 
without significantly increasing major bleeding.

Reference: N Engl J Med 2013;368(8):699–708
http://www.nejm.org/doi/full/10.1056/NEJMoa1207541
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Dosing of dabigatran etexilate in relation 
to renal function and drug interactions at a 
tertiary hospital
Authors: Chin PKL et al.

Summary: These NZ researchers retrospectively reviewed 12 months of records from patients 
receiving dabigatran etexilate on discharge from a tertiary hospital. Based on creatinine 
clearance and the manufacturer’s guidelines, the dabigatran dosages were classified as 
‘standard’ in 47% of the 204 patients, ‘low’ in 49% and ‘high’ in 5%. Notably, three-quarters 
of the patients had been coprescribed potentially interacting agents, including strong 
P-glycoprotein inhibitors in 16%, proton-pump inhibitors in 46% and antiplatelet agents in 47%. 
A significant association was seen between coprescription of strong P-glycoprotein inhibitors 
and ‘low’ dabigatran dosages relative to renal function (p=0.025).

Comment: In NZ, we have the longest experience with dabigatran, an oral direct thrombin 
inhibitor, which has been licensed for thromboprophylaxis in nonvalvular atrial fibrillation 
and after major orthopaedic surgery since July 2011. In randomised controlled trial settings,  
it has been shown to be noninferior to warfarin, causing less intracranial bleeding. However, 
dabigatran can accumulate in patients with renal impairment and is influenced by drugs 
that reduce stomach acidity. These Christchurch authors presented the data of an audit 
of 204 patients being prescribed dabigatran. Bottom line: most prescribers take 
renal function into account; however, 75% were coprescribed medications that 
potentially interact with dabigatran.

Reference: Intern Med J 2013;43(7):778–83
http://onlinelibrary.wiley.com/doi/10.1111/imj.12170/abstract

Outpatient versus inpatient treatment in 
patients with pulmonary embolism
Authors: Zondag W et al.

Summary: This was a meta-analysis of studies on outcomes associated with PE treatment in 
outpatients (discharge <24 hours; 13 studies; n=1657), after early discharge (within 72 hours; 
3 studies; n=256) and in inpatients (5 studies; n=383). Outpatients, early discharge patients 
and inpatients had respective pooled incidences of: i) 1.7%, 1.1% and 1.2% for recurrent VTE; 
ii) 0.97%, 0.78% and 1.0% for major bleeding; and iii) 1.9%, 2.3% and 0.74% for mortality.

Comment: Traditionally, patients with PE were treated as inpatients with an average length 
of stay of 6 days. Outpatient treatment has become the standard of care in most DHBs 
and is in keeping with international guidelines. The results of this meta-analysis are not 
surprising; however, they are still reassuring. This meta-analysis is limited by the rarity of 
the events, with an incidence of recurrent VTE of <2%, an incidence of major bleeding of 
<1% and overall mortality of <2%. Bottom line: home treatment or early discharge in 
selected low-risk patients with PE is as safe as inpatient treatment.

Reference: Eur Respir J 2013;42(1):134–44
http://erj.ersjournals.com/content/42/1/134.abstract
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Impact of delay in clinical presentation on 
the diagnostic management and prognosis of 
patients with suspected pulmonary embolism
Authors: den Exter PL et al.

Summary: The impact of delay in presentation of suspected PE on diagnostic 
management and clinical outcomes was investigated in 4044 consecutive patients who 
presented >7 (n=754) or ≤7 days after symptom onset. The failure rates for an unlikely 
clinical probability and normal D-dimer test were 0.5% in both groups, and the sensitivity 
values of D-dimer testing for excluding PE were 99% and 98% in the respective groups. 
A centrally located PE was seen more often in the group with versus without diagnostic 
delay (41% vs. 26%; p<0.001), but no significant between-group difference was seen 
for the cumulative recurrent VTE rates (4.6% vs. 2.7%; p=0.14) or the mortality rates  
(7.6% vs. 6.6%; p=0.31).

Comment: This research group from Leiden investigated a cohort of approximately 
20% of patients who presented late with suspected PE. In this excellent, highly 
clinically relevant article, they identified that patients with comorbidities, in particular 
heart disease and COPD, often present late with a VTE. Patients with a late 
presentation more often (60%) had an unprovoked PE with an embolus in a central 
pulmonary artery. Our bottom line: a PE can still be safely excluded in patients 
who present after 7 days from onset of symptoms on the basis of unlikely 
clinical probability and a normal D-dimer test.

Reference: Am J Respir Crit Care Med 2013;187(12):1369–73
http://www.atsjournals.org/doi/abs/10.1164/rccm.201212-2219OC#.Ul253xASP8I
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Risk of deep vein thrombosis and pulmonary 
embolism in asthma
Authors: Majoor CJ et al.

Summary: This research assessed the incidence of VTE events in patients with mild-to-
moderate (n=365) or severe (n=283) asthma attending three Dutch outpatient asthma 
clinics, with an age- and sex-matched reference population used for comparison. The 
respective PE incidences in patients with severe and mild-to-moderate asthma and the 
general population were 0.93, 0.33 and 0.18 per 1000 person-years. Independent risk 
factors for PE included severe asthma and oral corticosteroid use (respective HRs 3.33 
[95% CI 1.16, 9.93] and 2.82 [1.09, 7.30]). No association was evident between asthma 
and DVT.

Comment: An increased risk of VTE has been shown for inflammatory diseases like 
rheumatoid arthritis, COPD, diabetes mellitus and inflammatory bowel disease. These 
Dutch researches demonstrated an almost 9-fold increased risk of PE in patients with 
severe asthma, and a 3.5-fold increased risk in mild-to-moderate asthma compared 
with the general population. The rate of DVT was not significantly increased. A univariate 
Cox analysis suggested the increased risk of PE was associated with both asthma and 
steroid use. Bottom line: healthcare professionals need to be aware that a PE 
could contribute to the symptoms of patients with severe asthma and patients 
receiving steroids.

Reference: Eur Respir J 2013;42(3):655–61
http://erj.ersjournals.com/content/42/3/655.abstract
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