Editorial: “Clinical and coronary haemodynamic determinants of recurrent chest pain in patients without obstructive coronary artery disease - A pilot study”
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[bookmark: _Ref513717177][bookmark: _Ref513768724]Registries demonstrate that up to 49% of patients undergoing coronary angiography for investigation for angina-type chest pain, do not have significant epicardial coronary stenosis.[endnoteRef:1] The Women’s Ischemic Syndrome Evaluation (WISE) databases suggest that at least 3 to 4 million women and men with signs or symptoms suggestive of myocardial ischaemia have no obstructive coronary artery disease (CAD).[endnoteRef:2] Such individuals have major morbidity and incur significant ongoing healthcare costs similar to those patients with obstructive CAD, driven by repeat investigations and hospitalisation for angina.2 Sheikh et al. report an interesting pilot study in this issue of the International  Journal of Cardiology, to identify invasive haemodynamic parameters and clinical predictors of recurrent chest pain in patients without significant epicardial coronary disease. [1:  Chen C, Wei J, AlBadri A, Zarrini P, Bairey Merz N. Coronary microvascular dysfunction - epidemiology, pathogenesis, prognosis, diagnosis, risk factors and therapy. Circ J 2016;81:3–11.]  [2:  Bairey Merz CN, Shaw LJ, Reis SE, Bittner V, Kelsey SF, Olson M, et al; WISE Investigators. Insights from the NHLBI-sponsored Women’s Ischemia Syndrome Evaluation (WISE) Study, part II: gender differences in presentation, diagnosis, and outcome with regard to gender-based pathophysiology of atherosclerosis and macrovascular and microvascular coronary disease. J Am Coll Cardiol. 2006;47(suppl):S21–S29.] 

[bookmark: _Ref513751568]The underlying mechanisms leading to myocardial ischaemia in patients with unobstructed epicardial coronary arteries are likely to be multifactorial and may involve both structural and functional abnormalities of the coronary microcirculation.[endnoteRef:3]  Both arteriolar obliteration and capillary rarefaction can influence microcirculatory hemodynamics independently.[endnoteRef:4]  Functional abnormalities may involve impaired coronary microvascular dilatation and/or increased coronary microvascular constriction.3 As a result of phasic compression and decompression of intramyocardial vessels by surrounding myocytes, coronary flow is intimately linked to myocardial relaxation and contraction, termed cardiac–coronary coupling. Increased compression of resistive vessels via increased intramural pressure, can lead to impaired myocardial perfusion.[endnoteRef:5] [3:  Camici PG, Crea F. Coronary microvascular dysfunction. N Engl J Med 2007; 356:830–840.]  [4:  Escaned J, Flores A, Garcia-Pavia P, Segovia J, Jimenez J, Aragoncillo P, et al. Assessment of Microcirculatory Remodeling With Intracoronary Flow Velocity and Pressure Measurements- Validation With Endomyocardial Sampling in Cardiac Allografts. Circulation 2009;120:1561-1568.]  [5:  Raphael CE, Cooper R, Parker KH, Collinson J, Vassiliou V, Pennell DJ, et al. Mechanisms of Myocardial Ischemia in Hypertrophic Cardiomyopathy. J Am Coll Cardiol. 2016, 68 (15) 1651-1660.] 

Compared to other contemporary studies studying a similar patient cohort,2 the sample size in this study is relatively small consisting of 49 patients (78% female). Patients were recruited over a 3 year period, with heterogeneous coronary characteristics in that 22% of patients had minor CAD, 2 patients had previous PCI, and 78% had smooth epicardial arteries. Patients underwent invasive coronary haemodynamic testing in the LAD including: (1) angiographic TIMI frame and opacification rate, (2) coronary endothelial function assessment with intracoronary acetylcholine infusion, (3) Provocative spasm testing with high dose IC-ACh boluses, and (4) functional measures including coronary flow reserve (CFR) and hyperaemic microvascular resistance (HMR). Clinical and health status were assessed at baseline and one month. The authors concluded that frequent angina at baseline (OR: 68.9 [4.1, 1165.0], p = 0.003), previous unstable angina admission (OR: 43.9 [3.5, 547.9], p = 0.003) and a HMR > 1.9 (OR: 15.6 [2.1, 114.0], p = 0.007) were predictors of recurrent chest pain at 1 month. The authors suggest that an abnormal HMR was the only invasive coronary haemodynamic parameter that was found to be associated with ongoing chest pain at short-term follow-up, and propose a role for invasive haemodynamic assessment in the work-up of these patients.
Several issues should be considered when interpreting these data. To clinicians, it will not come as a surprise that clinical criteria, in particular a background of frequent angina and previous admission with unstable angina, were the strongest predictors of recurrent chest pain. However, an understanding of the pathophysiological basis for the patient’s symptoms may significantly facilitate clinical management and therapeutic decision-making. While an abnormal HMR correlated with ongoing chest pain, there was only a non-significant trend towards the proportion of patients with recurrent chest pain having impaired CFR. There was no statistically significant difference in the absolute CFR values in patients with and without recurrent chest pain. The lack of concordance between these two metrics which are indices of microvascular function in this clinical context may have resulted from the increased variability of CFR compared with HMR,[endnoteRef:6] the small study sample size and the inclusion of patients with early or previously treated CAD.  [6:  Ng MK, Yeung AC, Fearon WF. Invasive Assessment of the Coronary Microcirculation. Circulation. 2006;113:2054-2061.] 

Clinical guidelines recommend that non-invasive tests for ischaemia or coronary anatomy should guide referral of patients for invasive coronary investigations. The presence of an abnormal functional test was not required for inclusion into the current study. For example, quantitative stress perfusion CMR provides a contemporary and accurate means of assessing the presence and aetiology of ischaemia, including microvascular dysfunction.[endnoteRef:7] By doing so, the authors may have been able to refine their study population to demonstrate better the importance of invasive coronary microvascular function testing for elucidation of the mechanism of microvascular dysfunction for diagnosis and clinical risk stratification. This may also have been aided further by excluding patients with early or previously treated CAD which may have added to the heterogeneity of the invasive haemodynamic data. It would be interesting for the investigators to have reported their findings in the subset of patients with smooth normal coronary arteries. [7:  Khan TZ, Hsu LY, Arai AE, Rhodes S, Pottle A, Wage R, et al. Apheresis as novel treatment for refractory angina with raised lipoprotein(a): a randomized controlled cross-over trial. Eur Heart J. 2017;38(20):1561-1569.] 

In this study, medication was modified based on the results of invasive testing. The details of how this was undertaken are not provided and changes in medication may have influenced reported chest pain frequency in the short follow-up period, therefore potentially skewing the results. Furthermore, it is interesting that there was no reported utilisation of guideline-recommended second line anti-anginal drugs such as ranolazine, ivabradine, nicorandil or trimetazidine, which may be beneficial in patients with microvascular dysfunction.1,[endnoteRef:8] Future work will need to address the unmet need of developing effective therapeutic approaches for this patient cohort and how to best tailor treatment based on the results of invasive and non-invasive tests.  [8:  Crea F, Camici PG, Bairey Merz CN. Coronary microvascular dysfunction: an update. EHJ 2014; 35(17): 1101-1111.] 

Patients with ongoing chest pain and normal epicardial coronary arteries are common and challenging to manage. They are a heterogeneous group of patients in who the causes of chest pain are frequently multifactorial. Recent data suggest that patients with chest pain without epicardial coronary obstruction may have a worse prognosis than previously believed.[endnoteRef:9] Achieving the primary therapeutic goals of reducing symptoms and improving quality of life, together with optimising prognosis for such patients are best achieved by management within specialist multidisciplinary units.[endnoteRef:10] Identification of the subset of patients with demonstrable microvascular dysfunction may well identify a group of patients at risk of chest pain recurrence and may also help rationalise pharmacologic treatment. We agree with the investigators that invasive haemodynamic assessment will likely be an important component of the investigational algorithm, but additional data from adequately powered studies in strictly selected patient populations are needed to confirm this.  [9:  Kenke TS, Malhotra P, Johnson BD, Handberg EM, Thompson DV, Maroquin OC, et al. Ten-Year Mortality in the WISE Study (Women's Ischemia Syndrome Evaluation). Circ Cardiovasc Qual Outcomes. 2017 Dec;10(12).]  [10:  Sainsbury PA, Fisher M, de Silva R. Alternative interventions for refractory angina. Heart 2017;103:1911-1922.] 










References:
