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Summary. Ten patients (44 y), 6 with the Wolff-Parkinson- 
White syndrome, and none with hypertensive disease, 
underwent electrophysiological studies before and after 
intravenous infusion of a single dose of i mg rilmenidine 
administered over  15 min. 

The regimen produced a mean plasma rilmenidine 
concentration of 3.16 ng. ml -  1 at the end of the infusion. 
There  was no significant change in sinus cycle length, PR 
interval, ORS, Q T  duration or in PA, A H  and H V  inter- 
vals. Est imated sinoatrial conduction time and corrected 
sinus node recovery time did not significantly change. In 
one patient, however, an abnormal  pause was noted after 
termination of rapid atrial pacing. The right atrial effec- 
tive refractory period decreased f rom 209 to 194 ms. 
There  was no significant change in the anterograde and 
retrograde block cycle length or in the refractoriness of 
the nodal, ventricular and accessory pathways. The cycle 
length of induced reciprocating tachycardia decreased 
slightly from 374 to 351 ms. No patient  exhibited an ab- 
normal response to the carotid sinus massage. 

The findings indicate that intravenous administration 
of 1 mg rilmenidine exerts modest  effects on the electro- 
physiological parameters  of the human heart. 

Key words: Rilmenidine; o~-adrenoceptors, clonidine, car- 
diac electrophysiology, cardiac rhythm, adverse effects 

Rilmenidine, 2 - (dicyclopropylmethyl)amino - 2 - oxa- 
zoline, a new antihypertensive agent with sympatholytic 
properties acts selectively on the medullary vasomotor  
centres and peripheral  receptors [1-4]. It is effective in the 
t reatment  of mild- to-moderate  hypertension in the oral 
dose of i mg once or twice daily [4]. The dominant  feature 
of rilmenidine is the dissociation at the therapeutic dose 
level of chronic reduction in blood pressure and central 
nervous system effects [5, 6]. The reason for the separa- 
tion between its sedative and antihypertensive effects re- 
mains to be clarified, but it might be related to the newly 
described imidazoline receptors [4]. 

Relatively little has been published on the electrophy- 
siological propert ies  of rilmenidine [7, 8]. Indeed, in hu- 
mans, electrophysiological evaluation was only done after 
oral administration of single doses of 1.3 to 4.4 mg in 
hypertensive patients [8]. In the present study, the electro- 
physiological effects of a single intravenous dose of i mg 
rilmenidine in patients without systemic hypertensive dis- 
ease are described. 

Subjects and methods  

Subjects 

The study group consisted of 10 patients recruited from a pool 
undergoing a clinically required, routine diagnostic electrophysio- 
logical study. There were 3 women and 7 men; their mean age was 44 
(16) y (mean with SD; range 26 to 71 y); and mean weight 69 (9) kg 
(range 56 to 81 kg). Six patients had a Wolff-Parkinson-White syn- 
drome and 4 had no structural heart disease; 3 patients had a history 
of unexplained syncope and one had had palpitations. No patient 
had sustained systemic hypertension. None was receiving a cardio- 
active drug at the time of the study. 

Study protocol 

Studies were performed in the nonsedated, post-absorptive state, 
after informed consent had been obtained. Three 6F electrode ca- 
theters were inserted percutaneously via the femoral veins and were 
advanced under fluoroscopic guidance to the high right atrium, the 
position of the bundle of His and the righ ventricular apex. Leads I, 
aVE V1 and V6 and the bipolar intracardiac electrograms were re- 
corded simultaneously at a paper speed of 100 mm/s on a Siemens 
Elema Mingograf. Programmed stimulation was performed using a 
orthorhythmic Savita stimulator at twice diastolic threshold, with a 
pulse width of 2 ms. Blood pressure was measured using a sphygmo- 
manometer. 

The sinus cycle length was measured as the average of 8 consecu- 
tive sinus cycles. The duration of QRS and QT was measured from 
the surface leads. All intracardiac conduction times were measured 
from 3 consecutive beats by conventional methods [9J. The sinoatrial 
conduction time was estimated by the method of Strauss [10] and 
Narula [11]. Sinus node recovery time was measured after atrial pac- 
ing of 1 min at cycle lengths of 850,660,550, 460,400 and 330 ms, and 
was corrected by subtracting the spontaneous sinus cycle length. 
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Table 1. Electrophysiologic effects of intravenous rilmenidine 

n Control Rilmenidine 
Sinus CL 10 710 (152) 691 (151) 
PR 10 159 (34) 160 (33) 
QRS 10 96 (23) 98 (24) 
QT 10 345 (31) 338 (27) 
PA 9 39 (8) 41 (7) 
AH 9 75 (15) 76 (14) 
HV 10 5~ (8) so (11) 
SACT 10 175 (67) 188 (59) 
SNRT 10 206 (96) 202 (75) 
AVBCL 10 307 (80) 305 (83) 
VABCL 6 264 (45) 268 (43) 
AERP 10 209 (40) 194 (30)* 
VERP 10 212 (19) 216 (13) 
AVNERP 3 343 (101) 360 (104) 
AVNFRP 8 376 (64) 378 (68) 
VAFRP 6 315 (47) 312 (48) 
RT CL 4 374 (49) 351 (53) 

Mean with (standard deviation), expressed in ms. * P < 0.02 vs 
control. AH = atrioventricular (AV) nodal (N) conduction time; 
CL = cycle length; SNRT= sinus node recovery time; ERP = ef- 
fective refractory period; FRP=functional refractory period; 
HV = His-purkinje conduction time; PA = intra-atrial conduction 
time; RT = reciprocating tachycardia; SACT = sinoatrial conduction 
time; VABCL = ventriculoatrial block. 

Anterograde and retrograde block cycle length were determined 
during incremental pacing. Refractory periods were measured using 
single extrastimuli after a pacing train of 8 beats at a drive cycle 
length of 600 ms. Classical difinitions of refractoriness were used 
[12]. The cycle lengths of the reciprocating induced orthodromic 
tachycardias were noted. Bilateral carotid sinus pressure for 10 sec 
completed the study. 

Rilmenidine 

After baseline electrophysiological studies, the patients received a 
single i.v. dose of i mg rilmenidine administered over 15 rain. This 
infusion rate was chosen so that, at the end of the infusion, the maxi- 
mum plasma concentration of rilmenidine would be equivalent to 
that obtained about 2 hours after a single oral dose of i mg [13, 14]. 
The electrophysiological study was repeated after the end of the in- 
jection. The testing interval was limited to 15 min. 

Blood samples (10 ml) were taken before the infusion and imme- 
diately after its completion. The samples were collected in plastic 
syringes and were immediately transferred to silanized glass tubes 
with 10 U/ml heparin. Plasma was separated and frozen at -20°C 
and subsequently analysed for rilmenidine concentration by GCMS 
[15, 16]. 

Statistical analysis 

Electrophysiologic data were tested for significance using the 2- 
tailed Student's t test for paired data when appropriate. Otherwise, 
the Wilcoxon signed rank order test was performed. P < 0.05 was 
considered significant. 

Results 

The electrocardiographic and electrophysiological effects 
of rilmenidine are listed in Table 1. There  were no signifi- 
cant changes in the sinus cycle lenght, PR interval, QT, 
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QRS duration or PA, A H  and H V  intervals. Est imated 
sinoatrial conduction t ime and corrected sinus node re- 
covery time did not significantly change. In one patient, 
however, without sinus node dysfunction, a corrected 
sinus node recovery t ime of 630 ms (normal  < 525 ms) 
was observed after rilmenidine and after pacing the at- 
rium at the Wenckebach periodicity (cycle length 320 ms). 
The effective right atrial refractory period fell f rom 209 
(40) to 194 (30) ms (P < 0.02). There  was no significant 
change in the anterograde and retrograde block cycle 
length or in the refractoriness of the nodal, ventricular and 
accessory pathways. The  cycle length of induced recipro- 
cating tachycardia decreased slightly from 374 (49) to 351 
(53) ms (n = 4). The atrial and ventricular thresholds did 
not change. 

No patient  had an abnormal  response to the carotid 
sinus massage before or after rilmenidine administration. 
Blood pressure at 15 and 30 min was not changed. 

The intravenous dose resulted in a mean  plasma rilme- 
nidine concentration of 3.16 (1.43) ng. ml -  1 (range 0.65 to 
5.10 ng. ml - 1) at the end of the infusion. In one patient, an 
unexplained low rilmenidine plasma level was found 
(0.65 ng. ml-1). 

One patient presented modera te  drowsiness. The 
other 9 patients tolerated the drug infusion well and had 
no adverse effects. 

Discussion 

Rilmenidine is a new, nonselective, oxazoline o~2-adreno- 
ceptor agonist with antihypertensive propert ies [4, 6, 17]. 
The hypotensive action of rilmenidine is mediated by a re- 
duction in peripheral  sympathet ic  tone, resulting f rom a 
central action and possibly a peripheral  action [18]. In 
clinical studies, dissociation between its hypotensive ac- 
tivity and central nervous adverse effects has been  ob- 
served [4]. The dissociation may be related to the greater  
selectivity of rilmenidine for medullary imidazoline re- 
ceptors than for central c~2-adrenoceptors [1]. The imida- 
zoline receptors are thought  to be involved in blood pres- 
sure regulation and appear  to be devoid of effects on 
vigilance, whereas activation of central ~2-adrenoceptors 
in most  likely to be responsible for sedation and xerosto- 
mia [4, 1%21]. 

Plasma rilmenidine concentrations 

Plasma rilmenidine was measured by GCMS [15, 16]. The 
method  has been  shown to be sensitive and specific for 
plasma quantification of rilmenidine after single intrave- 
nous and oral doses [4]. In the present  study, rilmenidine 
concentrations were measured at the end of a single in- 
t ravenous administration of i mg over 15 min in order  to 
confirm that the maximum plasma concentrations were 
equivalent to those achieved about  2 h after a single oral 
dose of i mg [13, 14]. In pharmacokinet ic  studies, rilme- 
nidine has shown rapid absorption, with the max imum 
plasma concentration being reached 1.5 to 2 h after an oral 
dose of 1 mg [14]. The mean  plasma rilmenidine concen- 
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tration here was 3.16ng.ml -I, which was close to the 
3.5 ng. ml- 1 obtained 2 h after oral administration of the 
same single dose [13]. Therefore, the present results com- 
parable to those obtained with a single i mg oral dose of 
the drug. The subsequent pharmacokinetics of rilme- 
nidine are not influenced by the generation of an active 
metabolite [13]. 

Electrophysiology of  rilmenidine 

In experimental models of hypertension, intravenous and 
oral rilmenidine induced a dose-dependent fall in blood 
pressure and heart rate by lowering sympathetic tone [7, 
22]. In clinical studies, there was a significant change in 
heart rate after 2 mg per day (1 mg b. d.) [4]. In the present 
study, rilmenidine I mg had no significant effect on any of 
the electrophysiological parameters measured, with the 
exception of a small decrease in the mean value of the 
effective atrial refractory period. The shortening of the 
effective right atrial refractory period is consistent with 
adrenergic stimulation following the infusion of the drug. 
Adrenergic activation observed during rilmenidine ad- 
ministration may partly be influenced by the haemody- 
namic effects of the drug [8, 23]. The slight decrease in the 
cycle length of induced reciprocating tachycardia could be 
accounted by acute enhancement of the conduction in the 
anterograde limb of the tachycardia circuit. 

The findings in the study are consistent with those re- 
ported by others [8] after an electrophysiological evalu- 
ation 2 h after an oral single dose of 1.3 to 4.4 mg rilme- 
nidine in 16 hypertensive patients. However, one patient 
here had an abnormal pause after termination of rapid at- 
rial pacing. Although abnormal, that pause was an iso- 
lated event and it was relatively brief. In the vagotonic pa- 
tient concerned, stress testing [24] failed to reveal sinus 
node dysfunction. 

Thus, the electrophysiological effect of 1 mg rilme- 
nidine may represent the final expression of a balance be- 
tween certain possible "clonidine-like" actions of rilme- 
nidine on sinus node automaticity and atrioventricular 
node conduction and adrenergic stimulation following in- 
travenous injection of the drug. 
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electrophysiological parameters. These findings under- 
line the contrast between rilmenidine and clonidine. 

It is known that c~2-adrenoceptors are absent from 
myocardial cells [35] and that selective stimulation of 
these receptors has no cardiac electrophysiologial effects 
[35, 36]. Selective ~a receptor stimulation in rabbits causes 
sinus bradycardia [36, 37]. In this regard, it has been shown 
that as an agonist rilmenidine is relatively more "selec- 
tive" for the az-adrenoceptor than clonidine, and that it 
has only a low potency at the c~l-adrenoceptor site [3, 4, 
38]. 

Another  possible explaination of why 1 mg rilmenidine 
induced less bradycardia than 0.15 mg clonidine in man 
arises from knowledge of the recently isolated imida- 
zoline receptors [19, 20]. Rilmenidine has a relative selec- 
tivity about 2.5-times greater than clonidine for the imi- 
dazoline receptors, and lower affinity for classical 
alpha-adrenoceptors [1, 4, 5]. The central hypotensive ac- 
tion of rilmenidine can be observed, therefore, following 
less stimulation of the ~-adrenoceptors than after clo- 
nidine [5]. The result would be less central bradycardic 
action. 

Clinical implications and limitations 

The study assessed the electrophysiological effects of an 
intravenous infusion of 1 mg rilmenidine over 15 min, ad- 
ministere'd in the electrophysiology laboratory, to patients 
without hypertension, who were not taking cardioactive 
drugs, and who had normal sinus node function, The pres- 
ent trial was not designed to examine the predictive value 
for long-term treatment with rilmenidine of electrophar- 
macological testing. Moreover, the group tested was small 
since only 10 patients were studied. Finally, although the 
usual prescription of rilmenidine is i mg once a day but 
may rise to 1 mg b.d. in case of incomplete control of 
blood pressure, an electrophysiological evaluation of 
2 mg per day of rilmenidine is required. 

Acknowledgement. We thank Mrs. J. Santais for help in the prepara- 
tion of the manuscript. 

Comparison with clonidine 

Clonidine is a partial ~2-adrenoceptor agonist, widely 
used in antihypertensive therapy for many years. The ac- 
tions of clonidine are complex. Its bradycardia effect is 
probably mediated by sympathoinhibition either at the 
central or peripheral level [25-27]. Electrophysiological 
studies in man have shown that clonidine 0.15 mg i.v. 
could depress sinus node function [28-30], and induce ab- 
normal response to carotid sinus massage [29, 30]. Impair- 
ment of nodal atrioventricular conduction was also ob- 
served [31-33]. These effects were seen especially in 
patients with sinus node disease and atrioventricular 
block [34]. In the present study, unlike clonidine although 
at a more or less equihypotensive dose [4], intravenous ril- 
menidine did not significantly change any of the above 
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