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Relation between dose of bendrofluazide, antihypertensive effect,
and adverse biochemical effects

Jan E Carlsen, Lars K0ber, Christian Torp-Pedersen, Peter Johansen

Abstract
Objective-To determine the relevant dose

of bendrofluazide for treating mild to moderate
hypertension.
Design-Double blind parallel group trial of

patients who were given placebo for six weeks and
then randomly allocated to various doses of bendro-
fluazide (1-25, 2 5, 5, or 10 mg daily) or placebo for 12
weeks.
Setting- General practices in Zealand, Denmark.
Patients-257 Patients with newly diagnosed or

previously treated hypertension, aged 25-70, who
had a mean diastolic blood pressure of 100-120 mm
Hg after receiving placebo for six weeks.
Main outcome measures-Reduction in diastolic

blood pressure and changes in biochemical variables
(potassium, urate, glucose, fructosamine, total
cholesterol, apolipoprotein A I, apolipoprotein B,
and triglyceride concentrations).
Results-All doses of bendrofluazide significantly

reduced diastolic blood pressure to the same degree
(10-11 mm Hg). Clear relations between dose and
effect were shown for potassium, urate, glucose,
total cholesterol, and apolipoprotein B concentra-
tions. The 1-25 mg dose increased only urate con-
centrations, whereas the 10 mg dose affected all the
above biochemical variables.
Conclusion-The relevant range of doses of

bendrofluazide to treat mild to moderate hyperten-
sion is 1-25-2-5 mg a day. Higher doses caused more
pronounced adverse biochemical effects including
adverse lipid effects. Previous trials with bendro-
fluazide have used too high doses.

Introduction
The use of thiazides for treating arterial hypertension

has been criticised. The arguments have been that
thiazides do not reduce excess mortality, do not reduce
the incidence of myocardial infarction, increase known
risk factors, and produce more adverse effects than
previously realised. As no treatment has yet shown a
clear reduction in mortality or morbidity from acute
myocardial infarction interest has focused on the risk
factors and adverse effects. Evidence against thiazides
was substantiated by a Medical Research Council trial,
which compared treatment with a fixed dose of bendro-
fluazide (10 mg/day) or a titrated dose of propranolol
with placebo. There was no basis for choosing a dose
of 10 mg bendrofluazide.
We investigated the relevant dose range of bendro-

fluazide for treating mild to moderate arterial hyper-
tension as this could affect both the choice and
outcome of treatment.

Methods
Selection ofpatients-Patients aged 25-70 presenting

to general practices in Zealand, Denmark, with newly
diagnosed or previously treated arterial hypertension
(up to two drugs) who gave informed consent were
eligible for the study.

Patients were excluded if they were pregnant or
lactating; had had a myocardial infarction or stroke
within the past six months; had angina pectoris; were
being treated for heart failure, gout, or uncontrolled
diabetes mellitus or with drugs that reduced lipid
concentrations; were intolerant of bendrofluazide; had
reduced kidney function (creatinine concentration
>150 [tmol/l); did not take 80-120% of the prescribed
tablets while receiving a placebo at the start of the
study.

Study design-Patients whose blood pressure was
between 100 and 120 mm Hg after they had taken
placebo for six weeks were randomly allocated in
blocks of 10 on a double blind basis to receive placebo
or bendrofluazide at a dose of 1 25, 2-5, 5, or 10
mg a day. Randomisation was performed from a list of
computer generated numbers. The 10 mg dose was
chosen because this was used in the Medical Research
Council's trial and the 2 5 and 5 mg doses because they
are recommended by the joint national committee on
detection, evaluation, and treatment of high blood
pressure.' The dose of 1 25 mg was believed to
represent a point on the lower part of the dose-response
curve. The active tablets contained 573 mg potassium
chloride and either 1 25 mg or 2-5 mg bendrofluazide
(Centyl K, Leo Pharmaceutical Products). Placebo
and active tablets were identical in appearance and
taste. All patients received four tablets daily, two in the
morning and two at lunch. Those receiving fewer than
four active tablets daily were given the active tablets in
the morning. Patients were assessed on an outpatient
basis for four, 10, and 12 weeks after randomisation.
Biochemical variables were measured before ran-
domisation and at the end of the study; these variables
included total cholesterol, apolipoprotein A I,
apolipoprotein B, sodium, potassium, glucose, fructo-
samine, urate, and creatinine concentrations. The
study was approved by the local ethical committee.

Methods ofassessment-The patient's blood pressures
were measured twice, in the sitting position after five
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minutes' rest, with a random zero sphygmomanometer
(Hawksley) and a Tricuff. Diastolic blood pressure was
taken at the point where Korotkoff sounds disappeared
(phase V). Three trained nurses took all the blood
pressure measurements. Heart rate was assessed by
counting the radial pulse. At each visit patients were
asked about adverse effects. All biochemical analyses
were carried out in a high quality automated laboratory
(CALAB, Stockholm, Sweden).

Statistical analyses-All values are given as means

TABLE I-Demographic characteristics of 257 patients with mild to
moderate hypertension

Dose of bendrofluazide (mg/day)

TABLE II-Variation in blood pressuir
drug taken. All values are means (SE

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (beats/min')

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (beats/min)

Dif
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (beats/min)

*=p<0O05, **=p<0-01, comparing we

and standard errors (SE). Discrete variables were
compared with a yX test and continuous vrariables,
which were checked for normal distribution and equal
variance, with Student's t test. Significance was accep-
ted if type I error risk was below 5% (two sided).
Sample size -The sample size was calculated accord-

ing to the methods of Dunnett.' We planned to have
equal numbers in each group. The minimal relevant
difference was considered to be 5 mm Hg and the
standard deviation estimated to 7 mm Hg. With type I
and type II error risks of 5% and 10% we needed 50
patients in each group.

Results
0 1-25 2-5 5-0 10-0 Table I shows the demographic data on the patients.

There were no large differences among the groups.
No 52 50 52 52 521 Table II shows the changes in blood pressures duringNo of men 23 16 17 19 28 cagsdrn
Mean age (vears) 57 60 54 57 59 the study. The diastolic blood pressure decreased
Mlean seight (kg) 75 75 73 79 72 significantly in all groups: by 3 mm Hg in the placebo

group and 10-1 1 mm Hg in the actively treated groups.
de and heart rate in 257 patients throughout trial according to amount of The dose of bendrofluazide did not significantly affect

the reduction in diastolic blood pressure. The mean
difference in diastolic pressure between the 1 25 mg

Dose of bendrofluazide (mg/day) and 2 5 mg doses was- 1 2 mm Hg (950% confidence
0 1-25 2-5 5-0 10-0 interval -3 9 to 1*5) at week 4 and -1 0 mm Hg (95%

(n 52) (n=50) (n=52) (n=52) (n=51) confidence interval -3 7 to 1 7) at the end of the trial.
The systolic blood pressure in the placebo group did

V1alue at start of trial not change, although in the treated groups it decreased
161-9 1I-9' 167-8 (2-6) 161-6 ,1 -91 164-3 (1-8) 166-9 (2-7
10188'0-5' 102-4(0-6) 103-0 0-6, 10422(0-9 103 7(0 8j by 13-17mmHgwithnosignificantdifferencebetween
74-8 1-0) 75-8(1-2) 75 -8 1-5 775 (1-0 75-4(1(0) groups. The mean difference in systolic pressure

Difference at week 4 between the 1 25 mg and 2 5 mg doses was -4 9 mm
-0 9 (1 8') -6-4 (2-0) - 11-3 (2 1) - 11-5 (1-8) -11-7 (1 8) Hg (95% confidence interval - 10-6 to 0 8) at week 4
-2-9 (0-9) 7-5 (I- 1 -8-7 (0-8) 8-1 (1-1) -90 1I-0)

-9 1-0) -2-4(1-1 1-8(1-5) -0-1 1-3) -0-5 1-4) and- 16 mm Hg (95% confidence interval -66 to
ference at mean of 10-12 weeks' treatment 3-4) at the end of the trial. Changes in blood pressure
-2-8 (1-7) -12 7(2 0)** -14-3(1-6) -13-42 0) - 17-0(2- ** occurred slowly. Only a partial effect was present for
3507(,8) 98 hO * -108(039 * -1o01l'llt -1208 JOl0) both the systolic and diastolic pressures after four-0-7 (1-1) 1-2 (1-0) 0-6 (1-3) 0-8 1-1 -2-5 (1-1)

weeks' treatment. The heart rate did not change in any
eks 10- 12 with week 4. group.

TABLE III-Number (percentage; 95% confidence interval) ofpatients whose diastolic blood pressure dropped by >10 mrmIHg during trial

Dose of bendrofluazide 'mg/day)

1-25 2-5 10-0

Week 4
Mlean of 10- 12 weeks' treatment

6(12;4to23) 19 (38;24to51) 21(40;27to55) 21 (40;27to55) 22(43;30to58)
6 (12; 4 to 23) 22 (44; 29 to 57) 25 (48; 34 to 62) 26 (50; 36 to 64) 27 (53; 39 to 67)

TABLE IV-Mean (SE) values of biochemical variables at beginning oc trial and change after 10 weeks' treatment

Dose of bendrofluazide (mg/day)

0-0 1-25 2- 5 5-0 10-0 p V'alue

Potassium (mmol/l)
Baseline
Change at 10 weeks

Urate (ytmol/l):
Baseline
Change at 10 weeks

Creatinine (lmoll):
Baseline
Change at 10 weeks

Glucose ()imol/l):
Baseline
Change at 10 weeks

Fructosamine (mmol/l):
Baseline
Change at 10 weeks

Cholesterol (mmol/l,:
Baseline
Change at 10 weeks

Apolipoprotein A I (g/1):
Baseline
Change at 10 weeks

Apolipoprotein B (g/1,:
Baseline
Change at 10 weeks

Triglvceride (mmol/l):
Baseline
Change at 10 weeks

4-36 (0-05) 4-27 (0-06) 4-25 (0-05) 4-32 (0-06) 4-33 (0-05)
0-09 (0-06) -0-16 (0-06) -.0-20 (0-05)* -0-33 (O006)*** -0-45 (0-06)***

300-0 (11-0)
-5-0 (5-3)

85-0 (2-4)
-2-7 (1-6)

314-0 (11-2) 324-0 (10-7) 324-0 (11-3) 322-0 19-7)
19-0 (6 1)** 29-0 (7 7)*** 63-0 14- 3)*** 68-0 <7 5A***

78-6 (1-9) 81-5 (1-8 79-0 '2-4)
2-4 (1-6)* 2-5 (1l4)* 2-3 (3-0)

4-88 (0-10) 5-31 (0-19)
-0-08 (0-09) -0-19 (0-11)

2-08 (0-03) 2-12 (0-04)
0-02 (0-03) -0-01 (0-04)

5-99 (0 15)
-0-06 (0-09)

1-38 (0-02)
0-01 (0-02)

1-23 (0-03)
0-02 (0-02)

1-48 (0-171
-0-13 (0- 15)

6 53 (0 15)
-0-03 (0- 11)

1-36 (0-02)
0-02 (0-02)

1-39 (0-04)
-0-01 (003)

1-62 (0-12)
0-00 (0 10)

4-77 (0-12)
0-14 (0- 10

2-08 (0 031
0-03 (0 03'3

5-86 0 16'
0-00 I0-09'l

1-34 (0-03)
0-02 (0-02)

5-10 (0 10)
0-04 (0 10)

2-07 (0-03>
0-03 (0-03)

6-03 0 13')
0-12 (0 10)

86-4 (3-2)
3-8 1-4 )**

4-96 (0 I 1)
0-27 (0- 15 )*

2-06 0-03)
0-06 (,'0 04)

5-84 (0-17)
0-25 (0-09)*

1-39 (0-03) 1-30 (0-03)
0-02 (0-02) 0-01 (0-02)

1-26 (0 04) 1-21 (0 03)
-0-07 (0-03)* 0-04 (0-03

1-55 (0- 18' 1-93 (0-23)
0-39 (0- 12)* -0-05 (0-22)

1-23 (0 04)
0-07 (0-03)

1-38 (0- 11)
0-14 (0-09)

0-068

0-008

0-066

0-01

0-999

0-02

0- 53

*p<0 05, **p<0.01, ***p<0001 compared with placebo. p Value denotes significance between the change and the dose of bendrofluazide.
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We defined responders as patients whose diastolic
blood pressure decreased by >10 mm Hg (table III).
The number of responders increased from week 4 to
the end of the trial in all groups receiving bendro-
fluazide. Roughly half of the actively treated patients
were responders.

Table IV shows the baseline biochemical values and
the changes that occurred during the study. No
correlation existed beween the dose of bendrofluazide
and the change in apolipoprotein A I and triglyceride
concentrations. Marginal correlations were found with
creatinine and fructosamine concentrations, and highly
significant correlations with glucose, total cholesterol,
potassium, apolipoprotein B, and urate concentrations.
The lowest doses of bendrofluazide (1-25 mg and 2 5
mg) significantly increased creatinine and urate con-
centrations, and the 2-5 mg dose also decreased
potassium concentrations. Changes induced by the two
highest doses were more pronounced: the 10 mg dose
significantly changed potassium, urate, creatinine,
glucose, and total cholesterol concentrations.
Nine patients were withdrawn from the study

because of subjective adverse effects: one from the
group receiving 5 mg/day and two in each of the other
groups. Forty seven patients experienced adverse
effects (table V), and in 21 of them the effects were
typical of thiazides. We found no relation between
either biochemical changes or subjective adverse
effects and changes in blood pressure. The response to
treatment was not affected by gender.

TABLE v-Adverse effects experienced by patients participating in trial
of bendrofluazide

Dose of bendrofluazide (mg/day)

0 125 25 50 100

Attack of gout 1
Impotence 1 1
Constipation 4
Leg pain 1 3
Headache 4 1 1
Dry mouth 2 1 3
Dizziness 1 3 1 4
Frequent voiding of bladder 3
Palpitations 3
Others 5 6 5 7 6

Total 9 8 14 12 24

Discussion
Drug trials should not be conducted without know-

ing the relevant dose.' Hypertension is treated to
prevent mortality and morbidity, and an ideal dose-
response study should establish the relation between
the dose and the reduction in mortality and morbidity.
Obviously, such studies are not feasible so the relation
between the dose and the antihypertensive effect is
usually studied. The dose that lowers the blood
pressure most does not necessarily have the greatest
effect on mortality and morbidity.
When deciding on the dose for clinical use it is

necessary to strike a balance between unwanted and
wanted effects. Several antihypertensive drugs have
been introduced with too high doses. Both the number
and the severity of adverse effects can be reduced by
using smaller doses without affecting the efficacy.
Thiazides are used to treat several conditions, and the
optimal dose for each condition is not the same, as was
assumed in early studies.6
Knowledge of the time course of wanted and un-

wanted effects with all doses is important. Constructing
dose-response curves before the full effect is obtained
shifts the curve to the right and reduces the apparent
efficacy. We measured blood pressures after three
months of treatment, when both blood pressure and

biochemical effects should have stabilised.i' If
measurements had been taken earlier the antihyper-
tensive effect of the 1 25 mg dose would not have been
seen as it occurred slowly. The method of expressing
the effect ofantihypertensive drugs (in absolute figures,
as a percentage reduction in blood pressure, or by
number of responders) did not affect the conclusion.

Hypertensive patients who do not respond to
thiazides are characterised by activation of the renin-
angiotensin system and increased aldosterone concen-
trations. " Thus biochemical effects may differ between
responders and non-responders. We found no such
differences.

Increasing the dose of bendrofluazide increases the
adverse biochemical effects but not hypertensive
activity. Thiazides have been criticised mainly for their
biochemical effects,'2B2 but bendrofluazide at a dose of
1 25 mg caused only one relevant effect (a 6% increase
in urate concentration). Thus much of the criticism of
thiazides is based on use of too high doses.
Hypokalaemia induced by thiazides seems not to

cause arrhythmias as was previously thought,"4' but
limiting hypokalaemia must be beneficial. A substudy
of the Medical Research Council's trial found no
benefit in potassium supplementation.'6 Thus giving
potassium with the bendrofluazide may not have been
important. We found that the decrease in potassium
concentration was mainly related to the dose of
thiazide.

Thiazides are known to impair glucose tolerance."
We found a clear correlation between the dose and an
increase in fasting glucose concentrations, but only the
10 mg dose gave a significant effect. Recently the same
effect was reported for hydrochlorothiazide at an
average dose of 40 mg a day.'

Recently, interest has focused on adverse effects of
hypertensive drugs on lipid profiles. 19 20 Numerous
studies have shown that diuretics adversely alter
lipoprotein metabolism at least during short term
trials, but this was found with high doses compared
with the dose suggested by this study. It is unknown
whether the effect on lipoprotein metabolism is related
to dose. 1' 20 We showed clear relations between the dose
of bendrofluazide and both total cholesterol and
apolipoprotein B concentrations, which were consistent
with the results of other studies.'8 20 We therefore
conclude that the adverse effect of diuretics on lipo-
protein metabolism is related to dose and could be
avoided by prescribing lower doses. When evaluating
comparative trials between thiazides and newer treat-
ments it is important to be aware of the drug doses. A
recent report claimed that captopril has less effect on
glucose and lipoprotein metabolism than hydrochloro-
thiazide.' The dose of hydrochlorothiazide was on
average 40 (SD 12) mg, and thus more than 60% of the
patients received an unrealistically high dose, creating
a bias in favour of captopril.

Thiazides have been suggested to increase mortality
and morbidity from acute myocardial infarction due to
their effects on lipids.2' Re-evaluation of the data does
not confirm this, and several trials have found that
thiazides do not alter mortality and morbidity.2 22 2' The
antihypertensive effect of thiazides may decrease the
risk of acute myocardial infarction, but this is counter-
acted by increases in total and low density lipoprotein
cholesterol concentrations. If the adverse lipid profile
is considered' important our findings suggest that new
mortality studies using correct doses of thiazide should
be performed.
The Medical Research Council's trial found an

unexpectedly high number of subjective adverse
effects.' Our study, although indicating that increasing
the dose increases the number of adverse effects, was
too small to be conclusive on this problem. A Medical
Research Council substudy, which compared 5 and 10
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mg bendrofluazide daily, found fewer adverse effects
in the low dose group,'5 as did a long term trial of the 5
mg dose.s We found that the number of adverse effects
in the group given 1 25 mg was the same as that in the
group given placebo, although the effects were dif-
ferent. Patients' symptoms are known to change when
they receive antihypertensive treatment. We conclude
that in low doses thiazides are one of the most
effective and well tolerated treatments for arterial
hypertension.
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Managing seizures in the
casualty department

Paul J W McKee, Elaine A Wilson,
Jean A Dawson, John G Larkin, Martin J Brodie

Epilepsy has a prevalence of 1 in 200': roughly 5% of
the population can expect to have a seizure at some
time.2 Anyone experiencing a first fit is likely to be
referred as an emergency. There have been studies in
the United States of how such patients are managed,3
but none have been reported from the United King-
dom. We report on the management of patients who
presented over two years at a casualty department after
a seizure.

Patients, methods, and results
We obtained the names of patients recorded as

having had a "seizure" or a "blackout" in 1985 and
1986 from the casualty register of this hospital, a
600 bed teaching hospital serving a population of
325 000. One or more of the following criteria were
required: (a) description by an independent witness;
(b) appropriate history with postictal clinical signs;
(c) a further witnessed seizure in the casualty depart-
ment; (d) loss of consciousness in a patient known to
have epilepsy. We obtained the hospital case sheet
for each patient and completed a standard form
from the data available during the year after the initial
presentation.
From a total of 50000 referrals in 1985 and 1986

we identified seizures in 597 patients (370 (62%)
men, 227 (38%) women; mean age 41 years, range
12-88 years). Of these, 260 (44%) patients (mean
age 44) had had their first fit. The other 337 patients
(mean age 38) were known to have epilepsy, and the
presenting event was regarded as a "recurrent" seizure.
Of the seizures, 498 (83-5%) were generalised tonic-

clonic fits. Sixty seven (11 3%) of the patients pre-

Possible predisposing factors in 317 patients presenting to an
emergency department after a seizure

First seizure Recurrent seizure Total (%)
(n= 155) (n= 162) (n-317)

Alcohol abuse 96 97 193 (60)
Head injury 17 31 48 (15)
Vascular accident 13 9 22 (7)
Neoplasm 8 5 13 (4)
Infection 1 9 10 (3)
Atrophy 8 2 10 (3)
Drug related 7 2 9 (3)
Metabolic abnormality 5 3 8 (3)
Arteriovenous malformation 0 4 4 (2)

sented with a complex partial seizure, and 15 (2 5%)
had multiple episodes. Only 11 patients were admitted
in status epilepticus. One reported a simple partial
seizure, and a further four fits remained unclassified.
The table lists possible predisposing factors in 317
(53%) patients.

After referral 331 (55%) patients were being treated
with one or more anticonvulsant drugs (20% who had
a first seizure, 80% who had recurrent seizures). Of
these, 251 (76%) took one drug (carbamazepine 93,
phenytoin 83, sodium valproate 45, phenobarbitone
23, primidone 7), 70 (21%) took two drugs, and
10 (3%) took three drugs. More patients with an
"abnormal" electroencephalogram received anti-
convulsant drugs (n=303, 62% abnormal v 39%
normal, X2 test: p<0005). This was not the case with
positive results ofcomputed tomography (n= 106,62%
abnormal v 60% normal).
Of the 260 patients with a first seizure, 46 (18%)

were discharged immediately and 28 given a follow up
appointment. The other 214 patients were admitted to
hospital: 137 (64%) spent under 48 hours in a short stay
facility, and 46 (18%) were investigated in a general
medical ward. Overall, of the 597 patients 371 (62%)
(167 with a first seizure; 204 with recurrent seizures)
subsequently attended an outpatient clinic. Most (208;
56%) were seen by a general physician (127 (76%) first
seizure, 79 (39%) recurrent seizure); 93 (36%) patients
with a first seizure and 133 (40%) with recurrent
seizures did not attend for follow up.
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