The APEX Trial: Effects of Allopurinol on Exercise Capacity, Coronary and Peripheral Endothelial Function and Natriuretic Peptides in Patients with Cardiac Syndrome X
Tiong K. Lim, MD, MRCP!
Awson Noman, MD, MRCP2
AnnaMaria J Choy, FRCP, FACC3
Faisel Khan, PhD3
Allan D Struthers, MD, FESC, FMedSci3
Chim C Lang MD, FRCP, FACC3
1 National Heart Centre, 17 Third Hospital Avenue, Mistri, Singapore.

2 Aberdeen Royal Infirmary, Foresterhill, Aberdeen, Scotland, UK

3 Division of Molecular and Clinical Medicine, Ninewells Hospital and Medical 
School, University of Dundee, DD1 9SY, United Kingdom
Clinical Trial Registration: EudraCT Number: 2007-002293-54; Trial registration with Clinicaltrials.gov. NCT00512057
Short Title:  Allopurinol and Cardiac Syndrome X
Key words:  Allopurinol, Cardiac Syndrome X, Exercise, Oxidative Stress.

Abstract Word count: 255; Total word count: 2324; Tables: 2; References: 16/

Author for Correspondence:

Professor Chim C Lang, MD, FRCP, FACC

Division of Molecular and Clinical Medicine,
Ninewells Hospital and Medical School
Dundee DD1 9SY

United Kingdom

Tel:
01382 383013
Fax:
01382 383259
e-mail: c.c.lang@dundee.ac.uk
Abstract
The role of endothelial dysfunction and oxidative stress in the pathogenesis of cardiac syndrome X has recently been recognised. Allopurinol has previously been shown to improve endothelial dysfunction, reduce oxidative stress burden and improve myocardial efficiency. In this study, we investigate the effect of allopurinol on coronary and peripheral endothelial function, exercise tolerance and serum B-type natriuretic peptide (BNP: a marker of cardiac function and myocardial ischaemia) in patients with cardiac syndrome X.

Methods and Results

This study was a randomised, double-blind, placebo-control crossover trial. 19 patients (mean age 59±10 years, 11 women & 9 men) with cardiac syndrome X were randomised to a 5-week treatment with either allopurinol (600mg/day) or placebo. After 4 weeks of washout period, they were crossed over to the other arm. Outcomes measured at baseline and after treatment were maximum exercise time (ET) derived from Bruce protocol exercise treadmill test, serum BNP measurement, coronary flow reserve (CFR) as assessed by measuring response of flow velocity in the left anterior descending  artery to adenosine and flow-mediated vasodilatation of the brachial artery (FMD). Allopurinol significantly reduced serum uric acid levels when compared with placebo (-48±24% vs 1·9±11%, p<0.001). There was no significant difference in maximum ET, CFR and FMD between allopurinol and placebo. However, there is a trend that allopurinol reduced serum BNP when compared to placebo [-8% (interquartile range -22 to 65%) vs 44% (interquartile range -18 to 140%); p= 0·07).
Conclusion

In patients with cardiac syndrome X, high dose allopurinol did not improve exercise capacity, coronary or peripheral endothelial function. 

Introduction

Patients with cardiac syndrome X (typical anginal-like chest pain and normal coronary arteriograms) represent a heterogeneous syndrome, which encompasses different pathogenic mechanisms1. Many of them have angina pectoris may be due to transient myocardial ischaemia2. Microvascular abnormalities, caused by coronary endothelial dysfunction, appear to be responsible for myocardial ischemia in patients with cardiac syndrome X3. Oxidative stress with increased production of reactive oxygen species is one of the main mechanisms contributing to microvascular endothelial dysfunction4. Endothelial dysfunction is likely to be multi-factorial in these patients and it is conceivable that risk factors such as hypertension, hypercholesterolemia and diabetes mellitus can contribute to its development1.

Evidence for the important role of oxidative stress in the pathogenesis of cardiac syndrome X has been recently strengthened by the finding that basal superoxide production predicts future cardiovascular events in this patient group


5 ADDIN EN.CITE . Therapeutic studies aimed at reducing oxidative stress in patients with cardiac syndrome X have however, been limited. It has been proposed that the improvement in endothelial function observed with combined treatment with a statin and ACE inhibitor was related to a change in oxidative stress


6 ADDIN EN.CITE . We have recently shown that high-dose allopurinol (600mg/day) is able to improve endothelial function in patients with chronic heart failure by its ability to reduce oxidative stress, independently of any effect on urate levels


7 ADDIN EN.CITE . Indeed, crucially, high dose allopurinol actually abolishes vascular oxidative stress in this study, which makes allopurinol a prime candidate to reduce oxidative stress in cardiac syndrome X. Furthermore, the observed improvement in endothelial function due to 600 mg allopurinol was 143%, which is more than any previously seen therapy.  In so, we hypotheses that allopurinol offers dual benefits of improving vascular function and reducing myocardial ischaemia in patients with cardiac syndrome X. Thus, the objective of this study is to investigate the effects of allopurinol on coronary and peripheral endothelial function, serum B-type natriuretic peptides (BNP- a marker of cardiac function and myocardial ischaemia) and maximum exercise time on treadmill testing in patients with cardiac syndrome X. 
Methods
Study protocol 
This is a double-blind, crossover trial comparing the effects of allopurinol and placebo on exercise capacity, coronary and peripheral endothelial function and serum BNP levels in patients with this syndrome. Criteria of inclusion are as follows: 

1. Typical chest pain at rest and/or on effort; normal 12-lead ECG at rest

2. Ischaemia-like electrocardiogram (ECG) changes during exercise stress test (horizontal or downsloping ST-segment depression >0·1 mV) and/or myocardial reversible perfusion abnormalities during adenosine stress as assessed by Technetium-99m myocardial perfusion imaging. 

3. Normal left and right ventricular function at rest as assessed by echocardiography; absence of valvular heart disease and myocardial hypertrophy, and 

4. Normal coronary angiograms at visual analysis. 
All patients had given their written informed consent to the study. Following consent, participants were remained on their usual anti-anginal medication and were kept constant during the study period. In order to let participants familiarised with exercise testing, all underwent treadmill test 1 to 2 weeks prior starting study medication. Thereafter, they underwent a baseline exercise stress test and venesection for general haematological and biochemical analyses prior starting study medication (allopurinol or placebo). Patients were randomly assigned to treatment with either allopurinol or placebo 300 mg once daily for 1 week, and then increase to a maintenance dose of 300mg twice a day for further 5 weeks (total treatment period=6 weeks).  At the end of this first treatment period, patients still remain on their usual medical treatment for a 4 weeks wash-out period after which they will cross over to the alternate treatment arm for another 6 weeks. Coronary vascular function, peripheral endothelial function, exercise testing and serum BNP level were carried out at baseline and repeated at the end of each treatment period by investigators who were blinded to treatment regimen. All studies were performed in the morning following an overnight fast and patients were not allowed to have caffeinated drinks or smoke for 12 hours before the tests. 
Assessment of Coronary Flow Reserve
Assessment of coronary vascular function which included measurements of coronary flow velocity were carried out by an experienced echocardiographer. Imaging of the left anterior descending (LAD) artery or perforating branches and measurement of coronary blood flow will be carried out using a 7.0 MHz transducer (Acuson Sequoia 512, Siemens Medical Solutions, Berkshire, UK). We first record baseline spectral Doppler signals in the distal portion of the LAD coronary artery over five cardiac cycles at end-expiration. To measure the endothelium-independent vasodilator capacity of the coronary microcirculation, intravenous adenosine was administered (140µg/kg/min) for 2 minutes to record spectral Doppler signals during hyperaemic conditions. Mean diastolic velocities were measured at baseline and at peak hyperaemic conditions from the Doppler signal recordings. Measurements were averaged over three cardiac cycles. For adenosine infusion, coronary flow velocity reserve (CFR) was defined as the ratio of hyperaemic to basal mean diastolic velocities. The inter-observer and intra-observer variability for measurement of coronary Doppler velocity recordings in our laboratory is 4·9% and 4·0%, respectively. All patients had continuous heart rate and ECG monitoring. Blood pressure was recorded at baseline and during adenosine infusion, and at recovery. 
Assessment of Peripheral Endothelial Function

Flow-mediated dilatation of brachial artery

Flow-mediated vasodilatation (FMD) was assessed with ultrasound imaging of the brachial artery with a 15 MHz linear array ultrasound transducer connected to a Hewlett-Packard Sonos 5500 duplex ultrasound machine before and after a 5-minute occlusion of arterial flow in the upper extremity with inflation of a pneumatic cuff to suprasystolic pressures. Brachial artery diameter (long axis view) was measured at rest, and during peak hyperemia for 2 minutes. Brachial artery diameter measured at its maximum during the cardiac cycle with a computer-assisted edge detection system (NIH image analysis software). The percent change from baseline diameter to maximum diameter after hyperemia will be calculated as an index of flow-mediated vasodilatation in the brachial artery. Endothelium-independent vasodilatation was assessed with duplex ultrasound in the upper extremity before and 5 minutes after administration of 0.4 mg of sublingual nitroglycerin. We have an excellent intra-patient coefficient variation of only 2% in our vascular laboratory.
Exercise Treadmill Test. 

The treadmill exercise test (an objective measure of myocardial ischaemia) was performed according to standard Bruce protocol. The exercise test was terminated when one or more of the following end points are reached: physical exhaustion, ST-segment depression [image: image1.png]


0.3 mV, or severe arrhythmia. Measurement of interest included exercise duration. 
Statistical Methods
Results from parametric continuous data are shown as mean ± 1 standard deviation where as non-parametric continuous data as median (IQR). For parametric and non-parametric data, the student’s t test and Mann-Whitney U test were used respectively. Paired t test was used to compare the absolute differences for serum uric acids level, CFR, FMD and maximum exercise time before and after high dose of allopurinol treatment. A p value of < 0·05 (two-sided) was considered significant. Statistical analysis was performed with Analyse-it software for Microsoft excel (Version 1·62, Analyse-it software Ltd, Leeds, United Kingdom).  
Results

Of the 19 (11 women & 9 men) cardiac syndrome X participants with mean age 59±10 years, 12 (63%) have a family history of coronary artery disease and 14 (74%) have a history of hypertension and hypercholesterolemia. None of them suffer from diabetes. Most participants are on anti-anginal therapy and the clinical characteristics are shown in Table 1.
Patients in the allopurinol arm have a significant reduction in their uric acid levels when compared to placebo after treatment (-48±24% vs 1·9±11%, p<0·001). However, there is no significant difference in maximum exercise time, CFR and FMD between allopurinol and placebo. The absolute differences in uric acids, exercise time, CFR and FMD are shown in Table 2. However, there is a trend toward that allopurinol reduces serum BNP level when compared to placebo [-8% (interquartile range -22 to 65%) vs 44% (interquartile range -18 to 140%); p= 0·07).

Discussion
Morbidity of patients with cardiac syndrome X is high and it is associated with continuing episodes of chest pain, hospital readmission. A recent report has shown that history of persistent chest pain can predict cardiovascular events8. Management of this syndrome represents a major challenge to the treating physician and understanding the mechanism underlying the condition is of vital importance for patient management. Conventional therapies with anti-anginal agents such as nitrates, calcium channel antagonists, classic β-adrenoceptor blockers and nicorandil have been tried with variable success9. However, this variable success might be related to a failure to target the underlying pathophysiology. Allopurinol is not only a drug that has been used for treatment of gout; it has also been previously shown to reduce oxidative stress which is one of the important pathogenesis of cardiac syndrome X9. However in this current study, we have demonstrated that high dose allopurinol did not have any significant impact in improving endothelial function when assessed using echocardiographic Doppler derived CRF and FMD of the brachial artery techniques nor it has any incremental effect in exercise capacity on treadmill test. In comparison to a recent study which demonstrated that allopurinol can improve exercise time in patients with chronic stable angina10, our study demonstrated that high dose allopurinol did not improve exercise capacity in patients with cardiac syndrome X. The explanation to this difference is due to the fact that patients with chronic stable angina have atherosclerotic process occurring within the wall of the epicardial coronary arteries whereas those with cardiac syndrome X have normal angiographic epicardial coronary arteries, but they do suffer from micro-vascular dysfunction


6 ADDIN EN.CITE . In addition, this may explains why allopurinol has no significant impact in improving endothelial function when assessed using CFR and FMD of the brachial artery which are techniques both used for assessment of macrovascular structure and function. Recently, Ong et al demonstrated that two third of patients with cardiac syndrome X have abnormal coronary vasomotion response with epicardial or microvascular coronary spasm during invasive intra coronary acetylcholine test


11 ADDIN EN.CITE . Therefore, this may explains why there is no response to high dose of allopurinol on endothelial function as allopurinol does not have any significant pharmacological effect on vasomotion response. In addition, viral coronary infection has been recently proposed to be one of the alternative pathogenesis of this syndrome as viral genomes were detected in the intramural coronary vessels12 and so this may explains the variable and poor response to anti-ischaemic and anti-oxidative drug therapy in patient with this syndrome.
BNP is a cardiac neurohormone specifically secreted by ventricular myocytes in response to increased wall tension caused by ventricular volume expansion13. It has not only been identified as a diagnostic marker for heart failure, but it also provides prognostic information. Goetze et al. have previously demonstrated an increase in BNP expression and rapid release of newly synthesised proBNP as a result of myocardial ischaemia


14,15 ADDIN EN.CITE . It is also recognised that the serum BNP is significantly raised in patients with acute myocardial infarction16. However, the role of natriuretic peptide in the pathophysiology of cardiac syndrome X is not fully understood. In our study, high dose allopurinol reduced serum BNP levels indicating that it may have an important role in reducing ischaemia burden in patients with this syndrome. The mechanism for allopurinol in reducing myocardial ischaemia may be due its ability to increase oxygen and energy in the form of adenosine triphosphate at microvascular level within the ischaemic myocardial tissue. However, a larger prospective randomisation study is needed to further investigate the role of allopurinol in reducing the ischaemia burden in patients with this syndrome.
The present study is relatively small and this may limit the statistical power and general applicability of our study. As this is a cross-over study, the influence of confounding covariates is reduced because each crossover patient serves as its own control. However the issue of "carry-over" between treatments, which may confounds the estimates of the treatment effects. Nevertheless, we have used 4 weeks as a wash out period which has been shown to be sufficient in previous published cross-over study using high dose allopurinol10. In addition, there might be a "learning" effect when participants were put on a treadmill test. Nevertheless, all participants underwent a familiarised exercise treadmill test prior to randomisation in order to reduce this effect.
Conclusion
In patients with cardiac syndrome X, high dose allopurinol does not improve exercise capacity, coronary or peripheral endothelial function, but it may have an important role in relieving ischaemia burden as indicated by a reduction in serum BNP level.
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Table 1: Clinical Characteristics of Patients
	Clinical Characteristics of Patients

	Number of patients:
	19

	Mean Age (years):
	59 ± 10

	Female:
	11 (58%)

	Body mass index (kg/m2):
	30 ± 5

	Blood Pressure (mmHg):
	142/79

	Heart Rate (beats/min):
	70 ± 10

	
	

	Past Medical History
	

	Diabetes:
	0 (0%)

	Hypertension:
	14 (74%)

	Hypercholesterolemia:
	14 (74%)

	Family history of coronary artery disease:
	12 (63%)

	
	

	Medications:
	

	ACE Inhibitors or ARB*:
	2 (11%)

	Nitrate:
	7 (37%)

	Statin:
	11 (58%)

	Aspirin:
	14 (74%)

	Ca channel blockers:
	5 (26%)

	Beta blockers
	6 (32%)



Table 2: Effect of Allopurinol on Serum Uric acid, Endothelial Function and Exercise time.
Absolute Differences Before and After Treatment
	
	Allopurinol
	Placebo
	p-value

	Serum Uric Acids Levels (mmol/L)
	-0·16 ± 0·09
	0·004 ± 0·03
	<0·001

	Coronary Flow Reserve (ratio)
	-0·03 ± 0·71
	0·11 ± 0·77
	ns

	Flow Mediated Vasodilatation (%)
Endothelium-dependent
	0·22 ± 1·40
	0·41 ± 2·38
	ns

	Flow Mediated Vasodilatation (%)
Endothelium-independent (GTN)
	0·24 ± 2·57
	1·01 ± 1·60
	ns

	Max. Exercise Time (mins)
	0·24 ± 2·57
	1·01 ± 1·60
	ns
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*ARB = angiotensin receptor blocker
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