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Idiopathic pulmonary fibrosis (IPF) is the most common of the interstitial lung diseases and is often associated with pulmonary hypertension (PH). The presence of PH has major implications for a patient with IPF in terms of exercise capacity, quality of life and mortality (refs, Corte). Early and accurate detection of PH is therefore important for prognostication, timing of referral for transplantation and possibly entry into clinical trials. The gold standard investigation for confirming PH in this population, as in any patient, remains right heart catheterisation (RHC). However, performing a RHC in patients with IPF is not without risk in what is an older population, often with serious comorbidities. Informed referral for RHC, based on clinical signs and non-invasive tests suggestive of PH, is therefore desirable. Unfortunately, clinical signs of PH are often unreliable in patients with any chronic respiratory disease, let alone IPF, and standard tests such as echocardiography can be surprisingly inaccurate (Nathan, Arcasoy). There remains the need therefore to further interrogate non-invasive methods of detection of PH in patients with chronic respiratory disease, including IPF. The concept that the size of the pulmonary artery (PA) derived from a CT scan might predict the presence of PH and even determine outcome in patients with IPF, as suggested by Shin et al in this Journal, is therefore very appealing and potentially widely applicable.


The association of an increase in main PA diameter (dPA) and the presence of PH measured invasively has been known for a while and makes intuitive sense (18432023, 6706516, 8972316). In 1999, Padley et al suggested that the ratio of the main PA (at the PA bifurcation) to adjacent ascending aorta (rPA) as measured by CT in a heterogeneous group of patients with cardiorespiratory disease was a better predictor of the presence of PH than dPA, partly because dPA appeared to depend on other factors, such as body surface area. The “rPA>1 sign” predicted the presence of PH with sensitivity, specificity, and positive and negative predictive values of 70%, 92%, 96%, and 52%, respectively in the reported cohort, although it must be stressed that the cut-off for PH was 20 mmHg in this study and not the current accepted value of 25mmHg (Padley1999). Despite this, the rPA >1 sign has remained a useful clinical tool.
However, a question mark still remains as to whether dPA or rPA are as reliable in patients with chronic lung disease at determining the presence of PH (3180668). Certainly, in patients with advanced COPD it appears that dPA, and in particular  rPA, correlates well with mPAP (Lyer et al 2014 and Shin). But, in patients with lung fibrosis the relationship between dPA and PH appears less robust (Haimovici, 1997 9156228?; Zis; Dev). For instance, Devaraj et al demonstrated a poor correlation of baseline mPAP and PVRi with dPA in patients with a mixed group of ILD, compared to those without ILD, although the use of the rPA in the ILD group significantly improved the correlation (Devaraj). Importantly, patients with fibrosis and no PH or very low levels of PH still had evidence of increased dPA. The authors concluded that dPA alone is an unreliable sign of PH in patients with ILD and that rPA was better.  More recently, Mc Call et al. have only partially corroborated this finding, at least in patients with scleroderma and PH. In their study dPA (>30mm) was as good as rPA in predicting the presence of PH and furthermore, only when the level of lung fibrosis was severe (defined as FVC<70% predicted) was the correlation between mPAP and dPA attenuated. 	Comment by Anand Devaraj: Remove haimovici ref

In the linked studythis Journal, Shin et al. retrospectively evaluated HRCTs high resolution (HR) CTs in 98 patients with IPF patients over a five-year period to measurefor dPA diameter, PA:aortic ratio (rPA), as well as the abdominal aortic diameter; they correlated the first two of these parameters with (mention more or not?), and transplant free survival. Importantly theyThe authors measured baseline severity of IPF in terms of lung function and GAP (gender, age, physiology) scores (Ley 2012), although a fibrosis severity scoring of by HRCT was not performed. Contemporaneous RHC data was available in only one third of patients and in these there was a weak but positive correlation of mPAP with rPA, confirming what we already know, that at least in IPF, these parameters are not that reliable. The main and novel finding of this study was that patients with an increased dPA (above 32.3mm) or an rPA >1 had worse survival. Hazard analysis confirmed that rPA was a strong independent predictor of mortality (although PA diameter alone was unfortunately not included in this analysis), and interestingly performed better than the GAP score. Certainly, those patients with an rPA>1 had more severe abnormalities on lung function and a worse GAP score compared to the group with rPA<1. This suggests that rPA in this group may be reflecting the severity of disease which in turn both includes the extent of fibrosis and PH. Both these factors are then driving the poorer outcome.

Interestingly, the same authors have already demonstrated that an rPA >1 is related to a worse outcome in patients with severe COPD (Shin et al 2014). In these patients, in a Cox proportional hazards model, only rPA >1 was independently related to outcome, and not FEV1, BMI or age. PH itself was not. It led the authors to suggest that factors other than PH are important in contributing to the rPA effect on outcome. Interestingly, this may include the recently described relationship of rPA with acute exacerbations in both COPD and ILD (refs Wells and Judge).   Other possibilities include contribution of the underlying lung disease, as described above, or other comorbidities associated with PH, such as obstructive sleep apnoea and venous thromboembolism.

Worthy of consideration is the change in measured parameters such as dPA and rPA over time, and the relationship of change with outcome. A subset of patients with IPF, as previously identified by Nathan et al, develop rapidly progressive PH and have a particularly bad prognosis (ref). Perhaps change in dPA or rPA may help to identify these “rapid progressors”? A recent magnetic resonance study by Boerrigter et al examined the relationship between dPA, intraluminal PA pressure and duration of the disease in patients with pulmonary arterial hypertension (PAH) (i.e. without lung fibrosis) (ref). The authors demonstrated an inverse correlation of PA diameter with age, which was thought to probably reflect age-related fibrosis of the PA wall, making it less prone to dilatation over time. This is a novel finding in the PAH literature and has not been examined in patients with ILD, and may contribute to the complex relationship of dPA and rPA with outcome. Further studies of serial change in these parameters are clearly warranted.
[bookmark: _GoBack]
Finally, what about comparing CT derived measurements with other, non-invasive tests such as echocardiography, or combining different non-invasive tests? Devaraj et al found that echocardiography derived systolic (s) PA pressure and rPA correlated equally as well with invasively derived mPAP in a heterogenous population, including some patients with IPF. The same authors showed that combining rPA with sPA pressure better correlated with mPAP than either alone, while Condliffe et al (Rheumatology 2011) also found diagnostic accuracy of SSc associated PAH was increased when CTPA was combined with echocardiography. In a COPD population  Iyer et al. found that echocardiography was inferior to rPA at determining the presence of PH ,although the predictive ability of both combined was not tested. Again, further studies are needed, this time on combining other non-invasive tests to dPA and rPA in patients with IPF as predictors of the presence of PH and outcome.

So, despite the uncertainties of why, size clearly matters! Patients with IPF, as well as COPD, who have an rPA >1 measured on CT are at greater risk of dying. These patients should be identified as candidates for earlier referral for transplantation, optimization of therapy for their underlying condition and potentially inclusion in well-designed clinical trials to investigate treatment of the underlying PH. 	Comment by Anand Devaraj: Might also consider excluding these patients in ipf trials?
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