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Main text
More than a century ago, Victor Eisenmenger published the case of a “powerfully-built” man in his thirties with longstanding cyanosis and effort-induced breathlessness, who eventually developed heart failure, oedema and died suddenly following “violent” haemoptysis. The patient, who was found to have a large ventricular septal defect (VSD) on autopsy, represented the first case in the scientific literature of what would posthumously be called Eisenmenger complex. Sixty years later, Paul Wood described the core pathophysiological features of Eisenmenger syndrome (ES): severe pulmonary vascular disease with systemic levels of pulmonary vascular resistance and shunt reversal across a congenital heart defect causing chronic cyanosis. Despite major advances in the management of ES over recent decades, including the use of PAH  therapies to improve functional capacity and prognosis1–3, there are still many unknowns in terms of the pathophysiology of ES and the pathogenesis of its numerous potential complications.
While all congenital heart disease (CHD) can have systemic effects, this is particularly true for ES, with common complications of renal or hepatic dysfunction, haematological disorders, osteoarthropathy, susceptibility to infections, cerebrovascular events, gout and cholelithiasis, all of which impact on the quality of life and survival in this group. The pathophysiological mechanisms responsible for multi-system involvement in ES are still a matter of debate but, historically, attention has focused on the right-left shunt with chronic hypoxia, which leads to secondary erythrocytosis and raised blood viscosity, and the unhindered shunting of growth factors (including vascular endothelial growth factor or VEGF) to the systemic circulation. Perloff et al. attributed renal structural abnormalities seen in ES (dilatation of hilar arterioles and increased glomerular capillary diameter) to intraglomerular shear stress, caused by the ultrafiltration of high-viscosity blood and facilitated by nitric oxide release4. Glomerular dilatation was considered a precursor of glomerular fibrosis and responsible for clinical manifestations, such as proteinuria4. Perloff et al. postulated that the increased cellularity also seen in the glomeruli of Eisenmenger patients could be a response to growth factors (such as platelet-derived growth factor, PDGF) deposited in situ by megakaryocytes reaching the systemic circulation rather than breaking down to platelets in the pulmonary circulation. The release of such growth factors in the capillaries would also explain the clubbing and hypertrophic osteoarthropathy typically observed in ES5. Tissue hypoxia caused by cyanosis is aggravated by the impaired cardiac output and arterial vasoconstriction mediated by neurohormonal/autonomic mechanisms6. These interacting mechanisms may have a systemic impact, beyond the kidneys, raising the possibility that systemic microangiopathy may play a role in other systemic features and complications of ES (Figure 1). 
In this issue of the International Journal of Cardiology, Arvanitaki7 and colleagues explore the role of peripheral microangiopathy in ES using nailfold video-capillaroscopy (NVC). The authors compared 17 healthy controls to 17 middle-aged patients with ES, the majority with post-tricuspid shunts or complex lesions, cyanosis (median resting oxygen saturation 85%) and a raised haematocrit (median 51.5%). While none of the ES subjects had the severe NVC abnormalities encountered in scleroderma patients, most did have abnormal capillaroscopic findings, including reduced capillary density, presence of avascular areas, increased capillary size with distortion and more capillary ramifications than healthy controls. Moreover, microhaemorrhages and thrombosis were a common finding in ES capillaroscopy, suggesting that the known tendency for bleeding and thrombosis in ES affects not only larger vessels (e.g., in situ pulmonary artery thrombosis), but also the micro-vasculature. 
This pioneering work is highly commendable and supports two important concepts: 
1) microangiopathy in ES extends far beyond the lung vasculature and appears to be a systemic finding, with capillaroscopic findings similar to those described in other microangiopathic diseases, e.g. diabetes8. Indeed, the authors report a correlation between glomerular filtration rate and NVC abnormalities. 
2) although hypoxia is probably a core contributor to ES micro-vasculopathy, it might not be the only mechanism involved in its pathogenesis. This is supported by previous work by the same group, in which similar NVC abnormalities were described in patients with other PH aetiologies, including idiopathic PAH and chronic thromboembolic PH9, in whom cyanosis was uncommon. Diller et al. in 2008 described a reduction in endothelial progenitor cell (EPC) numbers produced in the bone marrow in both ES and idiopathic PAH patients10, which is likely to affect vasculogenesis and haemostasis and might explain the low capillary density, and the bleeding and thrombosis diathesis in these groups. In idiopathic PAH patients, the number of EPCs was inversely proportional to Brain Natriuretic Peptide (BNP) levels and hemodynamic parameters, and was higher in those on treatment with sildenafil, suggesting a potential association with clinical status and prognosis. 
The causes of microangiopathy have been studied most extensively in diabetes, where hyperglycaemia and toxic metabolites trigger an inflammatory cascade with oxidative-stress11, leading to recruitment of growth factors (VEGF and PDGF, among others) and production of reactive oxygen species (ROS) in endothelial cells, which cause vascular dysfunction and abnormal cell-turnover12. Insulin resistance also affects the nitric-oxide-pathway and micro-haemorrhages perpetuate tissue hypoxia, with further recruitment of VEGF and ROS. Finally, reduced circulating EPC numbers in diabetic patients were linked to a poor ischemic stimuli response, which ultimately could delay vasculature regeneration11. In ES and other types of PH, similar mechanisms may be at play in the pathogenesis of microangiopathy, but with different triggers, including tissue hypoxia and an imbalance between vasodilator and vasoconstrictor mediators. Larger studies are needed to fully explore the relation of NVC findings to the severity of cyanosis and other clinical indicators of disease severity, as well as any relation to systemic complications. Indeed, in diabetic patients, NVC microhaemorrhages are associated with raised levels of glycated haemoglobin (HbA1c), and capillaroscopic abnormalities are correlated to ophthalmoscopic microangiopathic findings13.
While a myriad of questions remains, Arvanitaki et al. provide an important contribution to our understanding of the physiopathology of ES, attesting to the systemic nature of this condition. NVC suggests that there is more to ES than meets the eye: endothelial dysfunction and microangiopathy in ES might be the missing link between the cardiovascular and the systemic effects of this condition and a potential target for treatment. Moreover, endothelial dysfunction is at the heart of both macro and microvascular complications in diabetes, and it is likely that a similar process occurs in ES14. In the meantime, early diagnosis and expert management, avoiding pitfalls and introducing PAH therapy early15, remain essential for improving the quality of life and prolonging the survival of patients with ES.  
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Figure 1: Schematic representation of possible physiopathological mechanisms involved in Eisenmenger syndrome microangiopathy (yellow circle) and the systemic complications (blue circle) that can derive from it. 
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