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SEROTONIN ANTAGONISM REDUCES THE 
ADVERSE SYMPTOMS OF BETA BLOCKADE 

SUMMARY. Beta-adrenoceptor antagonists  (beta block- 
ers) are a wel l -establ ished first-line treatment for hyper- 
tension,  but  they  have been associated wi th  u n w a n t e d  
symptoms  inc luding  cold extremities,  lethargy, and 
nightmares .  Ketanserin is a serotonin S2-receptor an- 
tagonist  that has previously  been shown to reduce blood 
pressure in hypertensive  patients  by  reduc ing  systemic 
vascular resistance.  Hypertensive  patients  whose  sit- 
t ing  diastolic blood pressure was  ~ 95 mmHg,  despite  at 
least 4 weeks  therapy wi th  an optimal  dose of  beta 
blocker, were  selected for the study. The beta-blocker 
dose remained constant throughout  the study, but pa- 
t ients  were  randomly  allocated to receive ketanserin 20 
m g  twice  daily, ketanserin 40 m g  twice  daily, or bend- 
rof luazide 5 m g  each morning  plus  placebo at night  in 
addit ion to the beta-blocker therapy. One hundred and 
forty two pat ients  completed the symptom question- 
naire at randomizat ion and after 12 weeks  treatment.  
The treatment groups were  wel l  matched for age, sex, 
weight ,  and blood pressure. Blood pressure was  reduced 
s ignif icant ly  by all treatments,  and there were  no be- 
tween-group differences.  Bendrof luazide adversely  af- 
fected alertness (p < 0.05) and concentration (p < 0.01) 
whereas  ketanserin had no signif icant effect and the 
ketanser in  20 m g  twice  dai ly  group had better con- 
centration than the bendrof luazide  group (p < 0.05). 
Ketanserin treatment reduced the inc idence  of  night- 
mares  (p < 0.05 for 20 m g  twice  dai ly  and 40 m g  twice  
dally) and was  an improvement  over bendrof luazide  
treatment in this  respect (p < 0.05). 

Leg pain on wa lk ing  (p < 0.01) and at rest (p < 0.05) was  
worse  on bendrofluazide,  whereas  ketanserin treatment 
20 m g  twice  dal ly  improved inc idence  of  leg  pain  on 
wa lk ing  (p < 0.05) and was  an improvement  over bend- 
rof luazide treatment in this  respect (p < 0.05). Incidence 
of  f lush ing  was  reduced by  ketanserin 40 m g  twice  dai ly  
(p < 0.01) more effectively than by bendrof luazide  treat- 
ment  (p < 0.05). 

The present s tudy indicated that serotonin antago- 
n i sm by  ketanserin can reduce the nightmares  and sleep 
disturbance and reverse the deterioration in peripheral  
c irculat ion that may accompany treatment wi th  beta 
blockers. 
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eeta-adrenoceptor antagonists (beta blockers) are 
well-established first-line treatment for hyperten- 
sion, but they have been associated with unwanted 
symptoms including cold extremities, lethargy, and 
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nightmares [1]. When a beta blocker alone fails to 
normalize blood pressure, a thiazide diuretic, such as 
bendrofluazide, is often added. Bendrofluazide has 
been reported to impair glucose tolerance, with 
increased reporting of impotence, lethargy, nausea, 
dizziness, and headache [2]. Use of a beta blocker plus 
a diuretic would be expected to produce the typical 
symptoms of both drug classes. 

Ketanserin is a serotonin S2-receptor antagonist 
that has previously been shown to reduce blood 
pressure in hypertensive patients [3] by reducing 
systemic vascular resistance. 

In our previous study of hypertensive patients 
using the same symptom questionnaire [4], ketanse- 
rin increased the incidence of blurred vision, faint- 
ness, fatigue, and dry mouth, but reduced the in- 
cidence of sleeplessness, flushing, and cold hands and 
feet. 

Methods 

Hypertensive patients whose sitting diastolic blood 
pressure was ~ 95 mmHg despite at least 4 weeks 
therapy with an optimal dose of beta blocker, were 
selected for the study. Antihypertensive medication 
other than a beta blocker was not permitted, and the 
beta-blocker dose remained constant throughout the 
study. Nine different beta blockers were used; the 
most frequently used was atenolol, received by 60% of 
patients. Patients received a single-blind placebo for 
4 weeks, and those who still fulfilled the entry criteria 
were randomly allocated to receive ketanserin 20 mg 
twice daily, ketanserin 40 mg twice daily, or bendro- 
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fluazide 5 mg each morning plus placebo at night, in 
addition to the beta-blocker therapy. 

The following 32 symptoms were evaluated by a yes 
or no answer: faintness, dizziness, fatigue, lack of 
concentration, sleepiness, headaches, depression, 
sleeplessness, nightmares, dry mouth, blocked or 
runny nose, nausea/vomiting, stomach pain, sweat- 
ing, flushes, blurred vision, tiredness after exercise, 
wheezing, chest pain, heart racing, nervousness, 
irritability, anxiety, alertness, pain in the legs on 
walking or at rest, night cramps, swollen ankles, cold 
hands and feet, and impotence. Bowel habit, urine 
output, activity, and appetite were quantified by a 
score. 

For yes/no questions, shift tables were constructed 
and a McNamar test [5] was used to test significance 
within groups. It is usual to expect an increase in 
symptoms when giving a patient additional drug 
therapy, and in determining adverse effects any 
trends may be predictive of effects in larger popula- 
tions. The probability values of a one-tailed test of 
significance are therefore quoted for symptoms re- 
ported. The relative odds of reporting a symptom on 
ketanserin versus bendrofluazide was calculated 
from a logistic regression analysis, adjusted for 
baseline using the GLIM package (the Generalized 
Linear Interaction Modelling statistics package de- 
signed by the working party of the Royal Statistical 
Society). For those questions containing more than 
two response categories, the percentage of patients in 
each category was calculated. The overall quality of 
life linear visual analogue score (VAS) was trans- 
formed by 

X i = arcsin v'X/100 
(where X is the VAS score 0-100 scale) 

to normalize the data prior to a one-way analysis of 
variance. 

Results 

One hundred and forty-two patients completed the 
symptom questionnaire at randomization and after 
12 weeks treatment. The treatment groups were well 
matched for age, sex, weight, and blood pressure. The 
mean age was 58.5 (range 31-80) years and 57% of the 
patients were female. The mean body weight was 74.9 
kg and sitting blood pressure was 175/106 mmHg. 

Blood pressure was reduced significantly by all 
treatments, and there were no between-group differ- 
ences. Heart rate was reduced by 3 beats/rain on ke- 
tanserin. These data are reported in full elsewhere [6]. 

The most common symptoms after beta-blocker 
treatment were fatigue (63% of patients) and tired- 
ness after exercise (63% of patients). Cold hands and 
feet were reported in 43% of patients. Thirty percent 
reported pains in the legs on waking and 16% 
reported nightmares. The overall quality of life scores 
and the scores for bowel habit, urine output, or 
activity were unaffected by any of the treatments. 

Headache incidence decreased in all treatment 
groups, and this reached statistical significance for 
ketanserin 40 mg twice daily (p < 0.01 McNamar 
within group) and bendrofluazide (p < 0.05) (Figure 1). 
The incidence of fatigue was reduced slightly by ke- 
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Fig. 1. Changes in percentages of patients reporting central nervous system symptoms after ketanserin 20 mg twice daily WRit, 40 mg 
twice daily Fflff~, or bendrofluazide 5 o.d. [ ]  were added to beta-blocker treatment in hypertensive patients. 
+ p < 0.05; ++ p < 0.01; +++ p < 0.001. 
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Fig. 2. Changes in percentages of patients reporting cardiovascular symptoms after ketanserin 20 mg twice daily ~ ,  40 mg twice 
daily ~//////J, or bendrofluazide 5 mg o.d. [ ]  were added to beta-blocker treatment in hypertensive patients. 
+ p < 0.05; ++ p < 0.01. 

tanserin 20 mg twice daily and by bendrofluazide (p 
0.01). Bendrofluazide adversely affected alertness (p 
< 0.05) and concentration (p < 0.01), whereas ketanse- 
rin had no significant effect and the ketanserin 20 mg 
twice daily group had better  concentration than the 
bendrofluazide group (p < 0.05) (Figure 1). Ketanserin 
t rea tment  reduced the incidence of nightmares (p < 
0.05 for 20 mg twice daily and 40 mg twice daily) and 
was an improvement over bendrofluazide t rea tment  
in this respect (p < 0.05) (Figure 1). 

Ketanserin 20 mg twice daily reduced the sensation 
of hear t  racing (p < 0.01) (Figure 2). Leg pain on 
walking (p < 0.01) and at rest  (p < 0.05) were worse 
on bendrofluazide, whereas ketanserin t reatment  20 
mg twice daily improved the incidence of leg pain on 
walking (p < 0.05) and was an improvement over 
bendrofluazide t rea tment  in this respect (p < 0.05). 
The incidence of flushing was reduced by ketan- 
serin 40 mg twice daily (p < 0.01) more effectively 
than by bendrofluazide t rea tment  (p < 0.05) (Fig- 
ure 2). 

The incidence of sweating was reduced by bendro- 
fluazide (p < 0.01), while dry mouth was increased (p 
< 0.05) (Figure 3). The incidence of runny  nose was 
decreased by ketanserin 20 mg twice daily (p < 0.01) 
and by bendrofluazide (p < 0.01), and that  of 
swollen ankles was reduced by bendrofluazide com- 
pared with ketanserin 20 mg twice daily (p < 0.05) 
(Figure 3). 

Discussion 

Reporting of headaches was reduced over the 3- 
month study period on all treatments.  Since this 
symptom also improved on placebo in our previous 
study [4], the improvement is unlikely to be treat- 
ment  related. Reporting of fatigue is common during 
beta-blocker therapy [1]. It was not influenced by 
ketanserin,  but  bendrofluazide reduced the incidence 
of fatigue from 65% to 51% of patients, which is closer 
to that  seen in untreated patients (48%) [4]. Tiredness 
after  exercise was also more common in t h e s e  pa- 
tients (63%) than  in our untreated patients (44%), but  
was not affected by any of the treatments.  Bend- 
rofluazide adversely affected alertness and concen- 
tration, and this may be analogous to the lethargy 
reported in the MRC trial [2]. Ketanserin is known to 
penetrate  the central nervous system and reduced 
arousal acutely in psychomotor performance and 
electroencephalograph studies [3]. Ketanserin 40 mg 
twice daily only slightly reduced alertness in the 
present  chronic study. 

Nightmares were much more common after beta 
blockers (16% of patients) than in our unt rea ted  
patients, (8%) as previously reported [1]. Beta block- 
ers [7] and serotonin antagonists [8] reduce the 
duration of REM sleep. Beta blockers also disrupt 
sleep by increasing wakefulness and stage 1 [7,9], and 
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Fig. 3. Changes in percentages of  patients reporting autonomic system symptoms after ketanserin 20 mg twice daily ~ ,  40 mg twice 
daily ~//~, or bendrofluazide 5 mg o.d. [] were added to beta-blocker treatment in hypertensive patients. 
+ p < 0.05; ++ p < 0.01. 

increase the likelihood of recalling dream episodes. 
Serotonin antagonists, in contrast, improve the con- 
t inuity of sleep by decreasing stage 1 and prolonging 
deep (slow wave) sleep [8,10]. Thus the addition of 
ketanserin to a beta blocker reduces the awareness of 
vivid dreams and provides improved sleep quality, as 
previously reported [4,11]. 

Ketanserin 20 mg twice daily reduced the sensation 
of heart  racing, and this may be related to the small 
reduction in heart  rate seen in ketanserin-treated 
patients in this study. Pain in the legs on walking was 
slightly more common in beta-blocker-treated pa- 
tients (30%) than in untreated patients (22%) [4] and 
may indicate an adverse effect of beta blockers on 
peripheral circulation, as previously reported [1]. 
Ketanserin improved pain in the legs on walking, in 
agreement with some previous studies [3]. Cold 
hands and feet were more common after beta blockers 
(43% of patients) than in untreated patients (32%) [4] 
in agreement with previous findings [1]. An improve- 
ment  in symptoms of cold hands and feet after 
ketanserin t reatment  was seen in our previous study 
[4] but  not in the present study of patients on beta 
blockers. There is evidence from other studies 
[3,12,13] of alleviation of symptoms of Raynaud's 
phenomenon and increased peripheral  blood flow 
[12,14] after ketanserin. Flushing was reduced by 
ketanserin,  in agreement with previous findings in 
hypertensive patients [4] and in patients with the 
carcinoid syndrome [15]. 

Bendrofluazide reduced sweating, dry mouth, and 

runny  nose, probably reflecting a drying up of secre- 
tions resulting from its diuretic effect. Swollen ankles 
and feet were reduced by bendrofluazide, indicating 
its beneficial effects in edema. However, serious 
electrolyte imbalance may be caused, as was seen in 
this [6] and in other studies [2]. 

In conclusion, serotonin antagonism by ketanserin 
can reduce the nightmares and sleep disturbance and 
reverse the deterioration in peripheral circulation 
that  may accompany t rea tment  with beta blockers. 
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