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Aims Allopurinol improves endothelial function in chronic heart failure by reducing

oxidative stress. We wished to explore if such an effect would attenuate autonomic

dysfunction in CHF in line with many other effective therapies in CHF.

Methods We performed a prospective, randomized, double-blind cross-over study

in 16 patients with NYHA Class II-IV chronic heart failure (mean age 67t10 years,

13 male, comparing allopurinol (2 months) at a daily dose of 300 mg (if creatinine

<150 mmol lx1) or 100 mg (if creatinine >150 mmol lx1) with matched placebo.

Mean heart rate and dysrhythmia counts were recorded from 24 h Holter tapes at

monthly intervals for 6 months. We assessed autonomic function using standard time

domain heart rate variability parameters (HRV): SDNN, SDANN, SDNN index,

rMSSD and TI.

Results Allopurinol had no signi®cant effect on heart rate variability compared with

placebo; the results are expressed as a difference in means t s.d. with 95% con®dence

interval (CI) between allopurinol and placebo: SDNN mean=6.5t4.8 ms, P=0.18

and 95% CI (x3.7, 17); TI mean=x2.1t1.4, P=0.16 and 95% CI (x5.2, 0.8);

SDANN mean=x2.8t7 ms, P=0.68 and 95% CI (x18, 12); SDNNi

mean=2t6.6, P=0.7 and 95% CI (x12, 16); RMSSD mean=x0.9t2,

P=0.68 and 95% CI (x5.6, 3.7). For mean heart rate the corresponding results

were 0.9t1.4, P=0.5 and 95% CI (x2, 3.8). Log 24 h ventricular ectopic counts

(VEC) were 0.032t0.37, P=0.7 and 95% CI (x0.1, 0.2). Patient compliance with

study medication was good since allopurinol showed its expected effect of reducing

plasma uric acid (P<0.001).

Conclusions Allopurinol at doses, which are known to reduce oxidative stress appear

to have no signi®cant effect on resting autonomic tone, as indicated by time domain

heart rate variability or on dysrhythmia count in stable heart failure patients.
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Introduction

There have been major advances in the management

of chronic heart failure over the last 10 years yet the

disease remains a major cause of morbidity and mortality.

Novel treatment strategies are therefore still required.

A traditional way to develop new treatments is to block

the mechanisms that are known to be associated with poor

survival. Autonomic dysfunction is one such mechanism

producing poor outcome.

Abnormalities in heart rate variability are a way of

measuring autonomic imbalance and have repeatedly been

shown to be a powerful prognostic indicator in patients

with heart failure [1±3]. For example, at any given ejection

fraction, a reduced heart rate variability (HRV) increases

subsequent mortality twofold to threefold [4]. Further-

more, for most treatments in heart failure, there is a strong

concordance between their effects on HRV and their

effects on survival [5, 6]. These HRV effects are thought
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to be largely due to promoting vagal tone and to a lesser

extent reducing sympathetic activity [7]. Medications

that improve HRV are promising therapeutically as they

also usually improve mortality [8±11]. However directly

acting parasympathomimetic drugs (distigmine; carbachol;

pirenzipine) are not easy to use in cardiac medicine. An

alternative approach would be to indirectly stimulate

parasympathetic activity by preventing free radical-

induced nitric oxide (NO) breakdown. This latter effect

could be achieved by inhibiting xanthine oxidase that

produces free radicals or by mopping up free radicals with

antioxidants [12±14]. The reason why increased NO

bioactivity should improve parasympathetic activity is

based on a collection of experimental studies in animals

and very recently human data, all of which show that

endogenous nitric oxide augments cardiac vagal effects

on heart rate in humans [15, 16].

Allopurinol is thus a promising option since there are

already several studies that show xanthine oxidase

inhibitors improving nitric oxide-dependent endothelial

dysfunction [17±21]. Based on the experimental evidence

quoted above the ability of allopurinol to improve nitric

oxide and endothelial dysfunction might well translate

into ability for allopurinol to also improve heart rate

variability. We aimed to explore if allopurinol would

attenuate autonomic dysfunction and increase vagal

activity in chronic heart failure (CHF) in line with

many other effective therapies in CHF.

Methods

Subjects and measurements

A randomized, double-blind crossover study was per-

formed. Patients continued on their normal medication

during an 8-week run-in and through the 16-week study

period. At the end of interim-in period only those patients

with stable heart failure were eligible to continue. Patients

then were randomized to receive allopurinol (300 mg

daily or 100 mg daily if blood creatinine <150 mmol lx1

or >150 mmol lx1, respectively) or matched placebo

daily for an 8-week period. Patients then crossed over to

receive the alternative, randomly allocated allopurinol

or placebo for a further 8 weeks.

Sixteen patients with chronic heart failure were

recruited. All patients were stable (34 months since

established diagnosis) at the time of recruitment on the

basis of medical history, symptoms and physical examina-

tion. The diagnosis of systolic dysfunction was con®rmed

by radionuclide ventriculography in all cases. Details of

patient clinical characteristics and current cardiac therapies

are given in Table 1. Patients were recruited on the basis

of their ejection fraction and history of admission to

hospital because of heart failure decompensation, and were

recruited either from general medical outpatient clinics

or a specialized heart failure clinic. Patients were excluded

if they were currently on allopurinol or had a previously

documented sensitivity to allopurinol. The local research

and ethics committee approved the study prior to recruit-

ment. All patients gave written and informed consent to

participate in the study.

Patients were seen at monthly intervals and at each

visit venous blood was drawn for assessment of plasma uric

acid in order to assess compliance as well as urea and

electrolytes. At baseline and at 4 week intervals thereafter,

patients underwent standard Holter monitoring (Tracker2,

Reynolds Medical Ltd, Hertford, and UK). The 24 h tapes

Table 1 Clinical characteristics of study subjects and baseline therapy.

Parameter Mean or number s.d.

Total number 16

Male/female 13/3

Age (years) 68 10

DBP (mm Hg) 71 10

SBP (mm Hg) 126 18

Heart rate (beats minx1) 66 13

24 h SDNN 142 57

24 h SDANN 121 44

24 h SDNNi 69 56

24 h rMSSD 45 36

Triangular index 34 15

24 h MHR (beats minx1) 69 12

Weight (kg) 74 13

BMI 30 5

Plasma urea (mmol lx1) 6 2

Plasma creatinine (mmol lx1) 144 46

Plasma urate (mmol lx1) 0.52 0.11

Plasma potassium (mmol lx1) 4 0.5

Plasma sodium (mmol lx1) 136 2

Plasma ACE (U lx1) 9 2

Plasma BNP (pg mlx1) 52 47

Urinary urate 0.62

NYHA class

II/III/IV 9/5/2

LVEF% 26 7

Previous MI 14

Dilated cardiomyopathy 2

Baseline therapy

Frusemide (mg dayx1) 73 (16) 59

ACEI (mean dose mg

enalapril equivalent dayx1)

17 (16) 12

Nitrate (n=) mg dayx1

Digoxin (n=) mg dayx1 208 (6) 102

Aspririn (n=) mg dayx1 152 (12) 100

DBP, diastolic blood pressure; SBP, systolic blood pressure; BMI, body

mass index; ACEI, angiotensin converting enzyme inhibitor; MHR,

mean heart rate.

Figures in parentheses indicate number of patients.
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were analysed using a Reynolds path®nder 600 series

workstation. All tapes were subjected to standard Holter

analysis with artefacts and beat classi®cation con®rmed

manually and corrected. Subsequently, an automated

analysis was conducted for time domain heart rate

variability using RR intervals that had normal morph-

ology and cycles length between 80% and 120% of

preceding cycle duration [4]. Cumulative 24 h incidence

of premature and or aberrant beats; supraventricular

tachycardia (>5 beats at >130 beats minx1); bigeminy;

couplets; triplets ventricular salvos (4 beats >100 beats

minx1) or nonsustained ventricular tachycardia (>5 beats

at >100 beats minx1) were documented for each visit.

All tapes were analysed and their data ®les were reviewed

and edited by an investigator (AS) blinded to the

individual patient's clinical status. The length of recording

was generally 24 h in each patient. Recordings <18 h and

patients in atrial ®brillation were excluded from the

analysis. On average, 97% of the data for each patient was

available for further analysis after editing.

Patients were visited in their home and were studied

after having taken all their routine cardiac medications.

Any changes in drug therapy from the previous visit were

noted after documentation of body weight; the patient

rested supine for at least 20 min to allow a 12 lead ECG to

be documented and a 24 h ambulatory ECG monitor to

be applied and calibrated. Blood pressure was documented

and blood samples were taken. The patient was visited

the following day at the completion of the 24 h ECG

recording, patients were instructed to take the study

medication in the morning with their daily anti heart

failure medication.

Heart rate variability parameters

Analysis of heart rate variability was performed according

to standard guidelines [22]. Time domain measures inclu-

ded the overall heart rate variability of the entire recording

were calculated as the s.d. of all normal RR intervals

(SDNN) and the triangular index, a geometric measure

obtained by dividing the total number of all R-R intervals

by the height of the histogram of all R-R intervals

measured on a discrete scale with bins of 7.8 ms. The

height of the histogram equals the total number of intervals

found in the modal bin. Long-term HRV was estimated

by the s.d. of mean RR values from all 5 min segments

(SDANN). Short-tem HRV in 5 min periods were mea-

sured by the SDNN index, a mean of 5 min s.d.s of RR

intervals or RMSSD, a root-mean-square of the successive

normal sinus RR interval difference. The energy within

short-term oscillations has been shown to be positively

related to vagal activity [6].

Statistical analysis

The results were analysed in accordance with `the simple

cross-over design', as described by Armitage & Berry [23],

taking treatment, period, and carry-over effects into

account. Differences were evaluated by means of paired

and unpaired t-tests and log transformed as appropriate.

Changes in 24 h (HRV, MHR and ventricular ectopic

counts) related to other variables by means of ANOVA

and the Pearson correlation test. Statistical calculations

were performed with the use of the SPSS statistical

program package, version 10. The level of signi®cance

was 5% (two-sided).

Results

Of 19 patients who agreed to take part 16 patients ful®lled

all study criteria and completed recordings (Table 1).

Eighty per cent were male and 60% had mild heart failure

(NYHA II). Coronary artery disease (previous myocardial

infarction) was the most common aetiology of heart

failure. Patient compliance with study medication was

good as assessed by the effect of active treatment on plasma

uric acid (P<0.001).

Neither allopurinol nor placebo had any statistically

signi®cant effect on heart rate variability parameters,

mean heart rate, or dysrhythmia counts with P values

ranging between 0.18 and 0.76 (Table 2 and Figure 1b).

In addition we found no signi®cant linear correlation

between changes in serum uric acid concentrations and

changes in parameters of heart rate variability, mean heart

rate and dysrhythmia (ri0.3 and Pi0.3), as illustrated

in Figure 1a and b. To investigate whether allopurinol

exhibited an effect only in particular subgroups, we looked

for any effect of allopurinol on heart rate variability in

subgroups of patients with (1) low heart rate variability at

baseline, (2) high plasma uric acid at baseline, or (3) both

high plasma uric acid and low heart rate variability at

baseline. Allopurinol treatment again had no signi®cant

effect, P values ranging between 0.2 and 1 (Table 3).

Discussion

The main ®nding of this study was that allopurinol had

no effect on heart rate variability, mean heart rate or

dysrhythmias in our cohort of heart failure patients. The

patient group exhibited the expected baseline abnormal-

ities of both uric acid and HRV. Ninety percent of our

patients had an abnormally high baseline plasma uric acid,

which has been shown to be an independent predictor of

mortality in heart failure [21]. While allopurinol clearly

produced reductions of plasma uric acid as expected, there

was no signi®cant effect on time domain HRV parameters

and thus on autonomic tone. This could be due to the size
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of our sample and/or to the sensitivity of HRV as a

marker of autonomic tone but many previous controlled

studies have shown bene®cial effects on HRV was

effective treatments of CHF.

Our patients had effective therapy in place, which may

explain why only half had signi®cantly low baseline HRV

(as judged by a value <50 ms for RMSSD and SDNNi

or a value <25 for TI). Even in this sub group with

poor autonomic tone and a worse prognosis, allopurinol

had no effect (Table 3) despite a marked reduction in

uric acid. This might be regarded as evidence against uric

acid as an independent marker of poor prognosis in CHF

[23]. It could equally suggest that uric acid might exert

harmful effects independent of both autonomic tone or

dysrhythmia.

We hypothesized that allopurinol might help in heart

failure either by reducing free radicals and boosting nitric

oxide and/or by reducing uric acid [17, 20]. If such effects

attenuate autonomic dysfunction in CHF then this would

strongly underpin the tantalizing possibility that allopur-

inol might improve mortality in CHF. Allopurinol has

been shown to have generally favourable antiarrhythmic

effects in other clinical situations such as in patients

following CABG and during reperfusion injury [24, 25].

While we saw no effect in treated chronic heart failure,

this may be because free radicals are only small contri-

butors to dysrhythmias or autonomic tone during periods

of stability and in the place of other treatments in stable

patients. It remains possible that free radical oxidant stress

assumes a greater role in arrhythmogenesis, for example

during periods of ischaemic injury.

Recent reports show that endogenous nitric oxide can

augment vagal control of heart rate in humans [15, 16].

These data were based on changes in heart rate variability

in response to pressor stimuli. It is possible that in patients

with heart failure changes in nitric oxide balance contri-

bute little to baseline autonomic tone yet may still be

important during periods of acute stress, such as during

pressor stimuli or during ischaemia (as above). Again this

could explain our negative ®ndings with baseline HRV

data. An effect of allopurinol might become evident

during barore¯ex testing with pressor stimuli.

We can have reasonable con®dence that this small study

did not miss an important clinical effect of allopurinol.

Table 2 The effect of allopurinol and placebo on the mean plasma uric acid, indices of heart rate variability, mean heart rate and arrhythmias in

the study groups and on heart rate variability in sub-groups of patients with signi®cantly low baseline HRV (i), high plasma uric acid baseline (ii)

or both (iii).

Parameters

Baseline

(meants.d.)

Placebo

(meants.d.)

Allopurinol

(meants.d.)

P-value

placebo vs.

allopurinol

95% CI

placebo vs.

allopurinol

Groups

SDNN (ms) 139t56 137t49 131t52 0.18 (x3.4, 16.5)

SDANN (ms) 118t44 110t37 113t38 0.68 (x17, 11)

SDNNi 68t56 62t42 66t51 0.76 (x12, 16)

RMSSD (ms) 45t36 46t33 45t33 0.68 (x5.6, 3.7)

Triangular index 35t16 34t13 31t14 0.5 (x5.2, 0.8)

Log ventricular ectopies 5.9t1.7 5.7t1.9 5.8t1.8 0.7 (x0.5, 0.3)

Mean heart rate (beats minx1) 68t12 69t10 70t13 0.5 (x2, 3.8)

Plasma uric acid (mmol lx1) 0.52t0.08 0.52t0.08 0.34t0.05 <0.0001 (0.11, 0.22)

Subgroups

(i)

SDNNi (ms) 32t12 34t10 34t8 0.4 (x7.6, 3.7)

RMSSD (ms) 26t15 27t13 30t14 0.2 (x12, 3.4)

Triangular index 20t8 20t9 20t8 1 (x5.1, 4.8)

(ii)

SDNNi (ms) 67t55 65t53 66t51 0.87 (x5.01, 5.7)

RMSSD (ms) 47t38 49t37 50t36 0.27 (x9.3, 2.8)

Triangular index 35t17 34t16 32t15 0.08 (x0.4, 6.4)

(iii)

SDNNi (ms) 32t12 33t10 34t8 0.4 (x7.6, 3.7)

RMSSD (ms) 22t10 25t9 27t12 0.2 (x15, 12)

Triangular index 19t9 19t88 20t9 0.8 (x6.2, 5.5)

HRV, heart rate variability; rMSSD, root-mean-square of the successive normal sinus RR interval difference; SDANN, standard deviation of the

averaged normal sinus RR intervals for all 5 min segments; SDNN, standard deviation of all normal sinus RR intervals over 24 h; SDNNi, mean of

the standard deviations of all normal sinus RR intervals for all 5 min segments; TI, triangular index; CI, con®dence intervals.
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There was no trend observed; we used multiple inde-

pendent measurements of HRV, i.e. four 24 h tapes

during placebo and two 24 h tapes on allopurinol the

order of which was randomized; the absolute size of the

con®dence limits interval for the effect of allopurinol on

the HRV parameter results were in general small in

relation to the standard deviation of the baseline values of

the HRV parameters; and the study had 95% power to

detect a 10% difference at the 5% level of signi®cance, i.e.

difference in mean of 24 h (SDNN, mean heart rate and

ventricular ectopic counts) (13 ms, 5 beats minx1 and 5,

respectively). Clearly this study does not totally exclude a

small effect of allopurinol which might be detected if

much larger numbers of patients were studied. However,

any effect seen only by using huge numbers of patients

may be so small as to be clinically insigni®cant even if it

is statistically signi®cant.

Another minor limitation in our study was that it was

performed before b-adrenoceptor blockers were more

widely used in CHF patients. However b-adrenoceptor

blockers are unlikely to uncover any bene®cial effect of

allopurinol on HRV as they along with most other

effective CHF therapies restore HRV and by implication

autonomic tone towards normal. Therefore allopurinol is

likely to have less rather than more room for improving

HRV in the presence of b-adrenoceptor blockade.

In conclusion, this study does not support the hypo-

thesis that allopurinol induced increases in NO bioactivity

are accompanied by favourable effects on resting HRV

or on spontaneous dysrhythmia counts in patients with

chronic heart failure. It remains possible that modifying

oxidant stress with allopurinol during special circum-

stances, such as acute ischaemic episodes might still

be bene®cial. Although allopurinol had a neutral effect

on HRV and dysrhythmia counts in this study, further

research is required before the complete role of allopurinol

or other modi®ers of oxidant stress can be fully delineated.

We thank the patients who took part in the study and both Nurse

Amanda Duncan and Sister Jessamine Robson for help with data

collection. The study was supported in part by both the British

Heart Foundation and the Scottish Of®ce Department of Health.

Figure 1 a) There is no signi®cant

correlation between plasma uric acid

and both (i) changes in log 24 h

ventricular ectopics and (ii) changes in

24 h HRV (SDNN). b) The effect of

allopurinol and placebo on individual

24 h HRV (SDNN).
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