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Effect of flosequinan on exercise capacity and
symptoms in severe heart failure
J S ELBORN, C F STANFORD, D P NICHOLLS

From the Royal Victoria Hospital, Belfast

SUMMARY Twenty patients with severe chronic cardiac failure caused by ischaemic heart disease
were treated with flosequinan 100 mg daily or placebo in addition to their existing treatment with
diuretics and, in some, digoxin in a randomised double blind trial. After eight weeks of treatment,
flosequinan significantly improved treadmill exercise time, increased peak achieved oxygen

consumption, and improved the New York Heart Association symptom grade when compared
with placebo. One patient in the placebo group died and another was withdrawn because heart
failure worsened. One patient in the flosequinan group was lost to follow up but there were no other
withdrawals.

Flosequinan was well tolerated with few adverse effects, and it may prove to be a useful addition
to diuretics and digoxin in the treatment of chronic cardiac failure.

Chronic cardiac failure is a disabling disease with a
high mortality.' Vasodilator treatment, when used in
addition to diuretics, may relieve symptoms2 and
help to reduce mortality."4 Flosequinan (7-fluoro-1-
methyl-3-methylsulphinyl-4-quinolone, Boots) is a
new vasodilator that acts directly on both arterial and
venous sites.5 Previous studies have indicated that it
may be of value in the treatment of chronic cardiac
failure.'
We compared the effects of flosequinan and

placebo on exercise performance and symptoms in a
group of patients with severe chronic cardiac failure
caused by ischaemic heart disease in whom symp-
toms had persisted despite diuretic treatment.

Patients and methods

PATIENT SELECTION
Twenty patients with chronic cardiac failure were
considered for the study. Their symptoms and
treatment had been stable for at least eight weeks. All
the patients had dyspnoea or fatigue on exertion
(New York Heart Association grade III or IV)
despite treatment with at least 80 mg offrusemide or
bumetanide 2 mg daily, a cardiothoracic ratio on a
chest radiograph of > 0-55, and a left ventricular
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ejection fraction (measured by radionuclide
angiography) of < 45%. Patients were excluded if
exercise was limited by factors other than cardiac
dyspnoea or fatigue. Other reasons for exclusion
included primary valvar heart disease, hypertension,
primary pulmonary disease, renal or hepatic impair-
ment, recent myocardial infarction, or the use of
cardioactive drugs other than digoxin and diuretics.
All patients gave written informed consent to the
study, which had been approved by the ethics
committee of the Queen's University of Belfast.

STUDY METHODS
Diuretic treatment was continued unchanged
throughout the trial. Seven patients receiving
digoxin were also asked to continue at constant dose.
During an initial single blind run-in phase on
placebo that lasted at least four weeks, patients were
exercised on several occasions every two weeks until
their exercise duration varied by less than 10%. The
tests on a treadmill were symptom-limited and a
modified Naughton protocol was used (table 1).
Throughout each test oxygen consumption (Vo,) and
carbon dioxide production (Vco2) were measured by
on line expired gas analysis with a paramagnetic
analyser and infrared spectrometer respectively (PK
Morgan Ltd).
At entry into the study we measured the patients'

resting left ventricular ejection fraction and exercise
capacity (treadmill time and peak achieved V02) and
we assessed their symptoms by the New York Heart
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Table 1 Modified Naughton exercise protocol used to test
patients with heart failure

Time (min) Speed (km/h) Incline (%)

4 16 0
8 24 0
12 3.2 0
16 32 35
20 32 70
24 32 105
28 32 14
32 32 175

Association grading. Patients answered a question-
naire on symptoms ofdyspnoea and fatigue and were
then randomly allocated in consecutive pairs to
receive either flosequinan 100 mg daily or a matched
placebo. Exercise testing and symptom assessment
were repeated after two and eight weeks oftreatnent,
and left ventricular ejection fraction was measured at
eight weeks. Blood pressure and heart rate (supine
and erect), New York Heart Association symptom
grade, and body weight were recorded every two
weeks.

STATISTICAL ANALYSIS
Throughout the trial an independent observer con-
structed a sequential analysis plan by studying the
patient pairs in chronological order.9 A preference
was marked on the plot if at least two ofthe following
percentage differences from baseline were seen bet-
ween the two patients: exercise time + 20% or more,
peak V02 achieved during exercise i 20% or more,
New York Heart Association symptom grade + one
subclass. If no preference was found, no mark was
made. If a patient withdrew for a treatment related
reason (increasing symptoms, side effects, or death) a
preference for the other treatment was noted. The
plan had an overall two sided significance level (a) of
0 05 and a power (1- f) of0-95, when it was assumed
that the ratio of preferences between the treatments
was 0-95:0-05.
On completion of the study we analysed exercise

time, peak achieved V02, left ventricular ejection
fraction, and New York Heart Association grade in a
fixed sample size design, using Wilcoxon's signed
rank test for comparisons within groups and the
Mann-Whitney test for comparisons between groups
(p < 0 05 was regarded as significant). In each case,
changes from baseline during treatment were com-
pared between the groups rather than the absolute
values, and all available data were used at each time
point. Blood pressure, heart rate, and body weight
were compared by analysis of covariance with
repeated measures.

Elborn, Stanford, Nicholls

Results

The trial was stopped when seven preferences in
favour of the active drug had been noted. The upper
boundary on the sequential analysis plan had been
reached after six patient pairs had completed week 8
(p < 0-05) (fig 1), but the final pair were allowed to
complete the trial. To reach this point, ten patient
pairs had been entered. In three pairs, no preference
could be determined; in no pair was placebo
preferred. In one pair (no 1) the patient on placebo
developed an inflammatory arthritis and withdrew
from the trial. This did not count as a preference for
active drug. In another pair (no 5) the patient on
placebo died after an episode of ventricular tachy-
cardia, but the patient on active drug was lost to
follow up, so no preference could be determined. In
the third pair (no 8) the differences between the two
patients were not great enough (exercise time + 8%
and peak achieved Vo, - 1% in favour of active
treatment, New York Heart Association grade
improved on active treatment but deteriorated on
placebo treatment). In addition, one patient on
placebo (no 2) withdrew because of deterioration of

Preferences for flosequinan
2 4 6 8

4 6
Preferences for placebo

Fig 1 Sequential analysis planfor active treatment
(flosequinan) against placebo. Significance level 5%. Power
95% to predict a proportion ofpreferences of 0 95:0 05.
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Table 2 Details ofpatient pairs on entry (week 0) into the study

333

Duration of NYHA LVEF Diureticldigoxin Other treatment
Pair no Age (yr) disease (yr) grade (%) dose (daily) (daily)

1 F 38 15 IlIb 18

p 63

2 F

p

3 F

p

4 F

69

62

59

68

51

P 56

5 F

p

6 F

p

52

71

69

66

4 IV

3

3

4

2

2

IlIb

IIIb

lIla

IlIa

IIIa

3 IlIb

4

7

4

0*5

7 F 66

p

8 F

p

9 F

p

10 F

p

Mean (SD) F

p

58

59

63

66

4

1-5

4

72

66

62

59 (10)

64 (5)

IlIb

Illb

IV

IIIb

IlIb

IlIb

IIIb

IIlb

IlIb

4

2

3-1 (1-2)

3-0 (1-7)

IlIa

IIIb

lIla

IIIbt

IIIbt

20

24

30

27

27

18

18

42

37

18

24

33

31

23

30

25

23

36

21

27 (8)

26 (6)

Fr 120 mg
A 15mg
Fr 80 mg
D 125 ug
A 10mg
B 3mg
A 15mg
Fr 120 mg
A 15mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
D 250 pg
Fr 80 mg
A 10mg
D 125pg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
D 125pg
Fr 120 mg
A 15mg
D 125pg
Fr 120 mg
A 15mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
D 125pg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr 80 mg
A 10mg
Fr* 92 (19) mg
A 12 (4) mg
Fr* 92 (19) mg
A 11 (2) mg

Al 100mg
M 1500mg

W 3mg

W 5mg
P 75 mg

w
Am

w

9 mg
200 mg

5 mg

W 3mg

C 800 mg

*Assuming 1 mg bumetanide 40 mg frusemide.
tMedian.
F, flosequinan; P, placebo; Fr, frusemide; B, bumetanide; A, amiloride; D, digoxin; Al, allopurinol; M, metformin; P, prothiaden;
Am, amiodarone; C, cimetidine; W, warfarin; LVEF, left ventricular ejection fraction.

his symptoms; this was counted as a preference for
active drug.

All the patients studied were men (table 2) and had
electrocardiographic evidence of previous myocar-
dial infarction. Two patients in each group had a
previous history of hypertension. Table 3 shows the
absolute values for exercise time, peak achieved V02,
left ventricular ejection fraction, and New York
Heart Association symptom grade. Baseline exercise
time and peak achieved Vo, were greater in the group
on active treatment than in the placebo group but
these differences were not significant. There were no

significant improvements in either exercise time or
peak achieved Vo2 during placebo treatment, but
significant increases were seen after two weeks of
treatment with flosequinan, which continued to eight
weeks (table 3). Mean exercise time improved over
baseline by 230 seconds (95% confidence interval
88-4 to 538-2 s) at week 2 and by 243 (83-2 to 404 6)
seconds at week 8, compared with changes on placebo
of - 71 (- 144-3 to 2 3) seconds and - 84 (- 197-5
to 28-7) seconds respectively. Peak achieved V02 on
flosequinan was 2-5 (09 to 4 1) ml/min/kg higher
than baseline at week 2 and 2-4 (0-8 to 4 0) ml/min/kg
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Table 3 Response toflosequinan and placebo (mean (95% confidence interval))

Flosequinan Placebo

Week 0 Week 2 Week 8 Week 0 Week 2 Week 8
n=10 n=10 n=9 n=10 n=9 n=7

Exercise time (s) 866 1079* 1120* 666 631 669
(550-1182) (802-1357) (780-1459) (465-866) (393-868) (419-920)

Peak achieved Vo2 (ml/min/kg) 16-5 19-0* 18-7* 13 3 13-6 13-5
(136-19-4) (158-22-2) (150-22-4) (12-2-14-4) (114-14-6) (129-14-3)

Left ventricular ejection 27-4 30 0 26-1 - 238
fraction (%) (21-2-33-8) (23-1-36-9) (218-30-4) (146-33 0)

New York Heart Association
symptom grade (median) IlIb IIIa* IIb* IlIb IIIb IIIb (n = 8)

*p < 0-01 v baseline (Wilcoxon paired test).

at week 8; whereas on placebo the changes were-0- 7
(- 2-3 to 0-9) ml/min/kg and - 05 (- 1-5 to 0 9) ml/
min/kg respectively. There was a small increase in
left ventricular ejection fraction during treatment
with flosequinan (4-1 (- 01 to 8 3) % at week 8),
while the change on placebo was - 05 (- 9-2 to
8-2) %. Figure 2 shows the significance values for
these changes. There was no change in New York
Heart Association symptom grade after placebo,
whereas symptoms progressively improved from a
median value of IlIb to IIIa at two weeks (p < 0-01)
and to Ilb at eight weeks (p < 0 001) during
treatment with flosequinan.
There were small reductions in body weight after

both treatments; neither was significant. Blood
pressure at rest, standing, and at maximum exercise
was unchanged by both treatments. There were
significant changes in resting and standing heart rate.
During placebo treatment, supine heart rate fell from
a mean value of 80-9 to 72-6 beats/min at week 8,
whereas during treatment with flosequinan heart rate
increased from 80-1 to 90 7 beats/min. The
difference between the treatments was significant (p
= 0 001). Standing heart rate fell from 88-3 to 79-0
beats/min on placebo, and increased from 91A4
to 102-0 beats/min on flosequinan (difference p
= 0-004). A small increase in peak exercise heart rate
was also seen after flosequinan, but this was not
significant. Symptoms of breathlessness, reported
on a patient questionnaire, were improved after
flosequinan (p = 0-002 v placebo), as were those of
fatigue (p = 0-02 v placebo).
There were no serious adverse effects on placebo

(other than those noted above) that necessitated
withdrawal from the trial. While on flosequinan, one
patient had an episode of wheezing which promptly
responded to inhaled f2 agonists; he had suffered
intermittent wheezing for many years. Another had
effort syncope, but this was found to be caused by
hypoglycaemia.

Discussion

Peripheral vasoconstriction is a prominent feature of
the vascular response to chronic cardiac failure.'0
Vasodilator drugs reduce cardiac afterload, preload,
or both. Flosequinan is active at both arterial and
venous sites,5 but its precise mechanism of action is
unknown. The action does not involve adrenoceptors
or calcium channels, but may result from an increase
in the level of membrane bound cyclic guanosine
monophosphate." Although vasodilatation is a
logical treatment for chronic cardiac failure, the use
ofmany such drugs has been limited by the develop-
ment of tolerance.'2 Experience with prazosin
indicates that attenuation of effect is seen after four to
eight weeks of treatment."'5 The present study
suggests that tolerance does not occur within eight
weeks of treatment with flosequinan, because the
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Fig 2 Changes in mean (a) peak V,2 (ml/min/kg),
(b) exercise time, and (c) left ventricular ejection fraction
(%) in theflosequinan group compared with placebo at week
0 to week 2 and week 0 to week 8. *p < 0 01 (Mann-
Whitney U test).
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Effect offlosequinan on exercise capacity and symptoms in severe heartfailure 335
weeks of treatment with flosequinan, because the
beneficial effects recorded at two weeks were still
seen after eight weeks of drug administration.
However, longer term studies will be required to
exclude the eventual development of tolerance.
Although many studies have shown favourable

acute haemodynamic responses to vasodilator drugs,
there are few longer term randomised controlled
trials.'6 One limitation is the high mortality of the
condition, which makes lengthy trials difficult to
conduct. There also may be reluctance to include a
placebo treated group in trials on patients with severe
chronic cardiac failure, but we consider that a limited
number of such trials should be conducted. In order
not to prolong the trial beyond what is necessary to
prove a difference, we used the sequential analysis
technique to allow a continuous overview of trial
progress.
Haemodynamic measurements and other standard

indices of left ventricular performance (such as
ejection fraction) correlate poorly with symptoms
and exercise capacity in patients with chronic cardiac
failure.7 18 In contrast, exercise testing with
measurement of respiratory gas exchange closely
reflects symptoms'9 and is a reliable objective
method of assessment of disease progress.2' In the
present study there was a significant increase in peak
achieved Vo2 during exercise after two weeks of
active treatment, and this was sustained to eight
weeks. No such improvement was seen after placebo,
which would exclude a training effect associated with
repeated exercise testing, even though the tests were
infrequent. We also saw a significant improvement in
symptom grade after active treatment.
There were few adverse effects, and the single

death during the trial (on placebo) is not unexpected
in a group of patients with severe chronic cardiac
failure. We conclude that flosequinan may prove to
be of value in the treatment of patients with diuretic
resistant heart failure.

We thank Dr R Bratty, Dr R Wynne, and Mr D J
McEntegart of the Statistical Department of the
Boots Company for their advice and support. JSE
was in receipt of a Royal Victoria Hospital research
fellowship.
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