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Abstract
Objective-Amphetamine-like appetite
suppressants, particularly fenfluramines,
have been implicated in the aetiology of
primary pulmonary hypertension. At one
specialist centre in France 20% ofpatients
with primary pulmonary hypertension
had been exposed to fenfluramine. The
prevalence of primary pulmonary hyper-
tension associated with fenfluramines and
other appetite suppressants in the United
Kingdom is unknown. This study was per-
formed to measure prior exposure to
appetite suppressants in patients with
primary pulmonary hypertension.
Setting-Heart lung transplantation cen-
tres in England.
Patients-United Kingdom residents with
proven primary pulmonary hypertension
referred for consideration of heart lung
transplantation.
Methods-Case surveillance study,
obtaining data from the hospital and gen-
eral practitioner's notes and directly from
the patients or their relatives.
Results-55 patients were identified.
Drug histories were available from hospi-
tal records in all patients, from the gen-
eral practitioner's notes in 51, and from
the patients or relatives in 44. Of these, 3
female patients had been exposed to
appetite suppressants (2 fenfluramine, 1
diethylpropion): 2 have since died. In
each case exposure was brief and appar-
ently predated the development of symp-
toms by several years.
Conclusions-Exposure of patients with
severe primary pulmonary hypertension
to fenfluramine and other appetite sup-
pressants is uncommon in the United
Kingdom unlike in France, where most of
the cases associating primary pulmonary
hypertension with fenfluramine use have
originated. This may reflect more conser-
vative prescribing of these agents in the
United Kingdom.
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Primary pulmonary hypertension is charac-
terised by an increase in pulmonary artery
pressure and plexogenic pulmonary arteriopa-
thy. This usually results in relentlessly progres-

sive breathlessness and eventual death.
Epoprostenal (prostacyclin) or calcium chan-
nel blockers may improve symptoms and pro-
long survival.' The alternative treatments
heart lung, lung, or double lung transplanta-
tion are limited by donor organ supply. The
aetiology of primary pulmonary hypertension
is unknown but drugs may be implicated in
some patients. There was an epidemic of pri-
mary pulmonary hypertension after the intro-
duction of the appetite suppressant aminorex
in Europe2-4 and there have been several addi-
tional reports suggesting a link between pri-
mary pulmonary hypertension and other
amphetamine-like drugs including propyl-
hexedrine;5 phendimetrazine tartrate;6 the
combination of d-amphetamine, phenmetra-
zine, diethylpropion, and phentermine;7 and
(dl) fenfluramine8ll" or its dextro-enantiomer
dexfenfluramine. 12-14 Recently, exposure to
fenfluramines was found in 15 (20%) of 73
patients with primary pulmonary hypertension
referred to a French specialist centre.'5 Oral
contraceptives'6 and biguanide anti-diabetic
drugs'7 have also been linked to primary pul-
monary hypertension, although the evidence is
less compelling.
A role for fenfluramines and related drugs

in the aetiology of primary pulmonary hyper-
tension is biologically plausible: fenfluramines,
particularly dexfenfluramine, provoke the
release and block the subsequent cellular
uptake of serotonin, a pulmonary vasocon-
strictor. 18-20 Indeed, potentiation of serotonin
within the brain seems to be the key mecha-
nism for their anorexiant effects.2' In rats, high
doses of fenfluramines have induced acute
fatal pulmonary hypertension.22 It is therefore
important to determine the possible role of
fenfluramines and other anorexiants in the
aetiology of primary pulmonary hypertension.
The use of fenfluramines has increased in

the United Kingdom since the introduction of
dexfenfluramine in 1989.23 To examine the
possible extent of the hazard to public health
from these and related substances, exposure of
British patients with primary pulmonary
hypertension to appetite suppressants was
determined by a retrospective case-surveil-
lance study.

Patients and methods
All United Kingdom residents with primary
pulmonary hypertension over 14 years of age
who had been referred to four heart lung
transplantation centres in England (Harefield,
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Table 1 Clinicalfeatures of the 55 patients with primary
pulmonary hypertension

Mean
Variable (SD) Range

Blood gases (on air)
pH 7-44 (0 05) 7-32-7 9
Po2 (kPa) 8-7 (2-5) 4-1-16 7
Pco2 (kPa) 3-8 (0 7) 2 4-5 7

Lung function (% predicted)
FEV, 79 (14) 64-108
FVC 85(14) 67-114
Kco 70 (20) 19-101
TLC 97 (16) 76-149

Pulmonary artery pressure (mm Hg)
Systolic 95 (16) 60-125
Diastolic 42 (11) 25-60
Mean 61 (12) 37-89

Mixed venous oxygen (%) 63 (10) 36-82

FEV,, forced expiratory volume in 1 s; FVC, forced vital
capacity; Kco, carbon monoxide transfer factor; TLC, total
lung capacity.

Newcastle, Papworth, Manchester) for possi-
ble heart lung transplantation during the three
year period January 1990-December 1992
were evaluated. This included those who died
and those who received a transplant.

Primary pulmonary hypertension was
defined as an increase in pulmonary artery
pressure (> 40/20 mm Hg or mean > 25 mm
Hg) associated with characteristic lung histol-
ogy (when available) and a normal left heart
and mitral valve. Exclusion criteria included
evidence of primary lung disease from lung
function tests (forced expiratory volume in one
second, forced vital capacity, and peak expira-
tory flow rate); pulmonary embolic disease
detected by pulmonary angiogram, ventila-
tion-perfusion scan, or high resolution com-
puterised tomography scan; significant shunt
detected by cardiac catheterisation; or doubt
about the diagnosis. Patients with primary pul-
monary hypertension and right to left shunting
through a patent foraman ovale were not
excluded.

Details of the patient's medical history,
drug history, hospital investigations, and treat-
ment were extracted from the hospital notes
including, when necessary, those of the refer-
ring hospital. A detailed drug history was
sought from the general practitioner and
directly from the patients. If the patient had
died, information was sought from their next
of kin and from the general practitioner's
notes via the medical director of their local
Family Health Service Authority.

Ethical approval for the study was obtained

Table 2 Exposure ofprimary pulmonary hypertension patients to cigarettes, oral
contraceptives, and appetite suppressants

Exposure Yes No Inadequate data

Smoking
Ever smoked 23 (43%) 30 2
Smoking at diagnosis 15 (28%) 38 2

Oral contraceptives (females, n = 41)
Any 28 (70%) 12 1
Oestrogen-containing 17 (55%) 14 10
Progesterone-containing 21 (68%) 10 10

Oral hypoglycaemics (any) 0 54 1
Appetite suppressants (any) 3 (6%*) 51 1

Fenfluramine 2 (4%*) 52 1
Diethylpropion 1 53 1
Dexfenfluramine 0 54 1
Phentermine 0 54 1
Mazindol 0 54 1

*95% Confidence interval 0 3% to 11% (any appetite suppressant) and 0 to 8% (fenfluramine).

from the joint ethics committee of Newcastle
Health Authority and the University of
Newcastle upon Tyne.

Results
Sixty nine patients with possible primary pul-
monary hypertension were located from the
four participating centres, of whom 14 were
subsequently excluded (three under 14 years,
one presenting outside the study dates, two
with previous pulmonary embolism, three resi-
dent abroad, and five with inadequate docu-
mentation). The 55 patients who met the
entry criteria (14 males, 41 females, (table 1))
included eight patients with small atrial septal
defects or a patent foramen ovale identified on
echocardiography on at least one occasion.
Only one of these had a shunt demonstrated at
echocardiography or cardiac catheterisation
and this was trivial (left to right, 1 3:1). Also
included were two patients with systemic scle-
rosis, one patient with a positive rheumatoid
factor without lung involvement, one patient
with an inconsistently weakly positive anticar-
diolipin antibody (without evidence of throm-
boembolism), and two unrelated patients with
hereditary primary pulmonary hypertension.
At the time of final data collection (August
1994) 32 were alive (58%), 23 dead (42%,
mean interval from diagnosis to death 18
months), and 11 (20%) had received heart
lung transplants.

Data were available from the hospital notes
in 55 patients, from general practitioner's
records in 51 (91%), from the patient or next
of kin in 44 (80%), from two different sources
in 55 (100%) patients, and from all three
sources in 39 (71%).

Only three women exposed to appetite sup-
pressants were detected: two (4%) exposed to
fenfluramine (Ponderax) and one (2%) to
diethylpropion (Tenuate Dospan). The first
patient was exposed to fenfluramine for at
least four months when aged 16 but did not
develop breathlessness and syncope until aged
23. She died two years later. The second
patient had an additional possible cause for
pulmonary hypertension, systemic sclerosis
associated with Raynaud's phenomenon. At
38 years of age she was prescribed fenflu-
ramine for at least six months, although the
total duration of exposure is unknown. She
did not develop symptoms until 15 years later
and at the time of diagnosis her lung function
tests were abnormal (forced expiratory volume
in 1 second and forced vital capacity about
50% of the predicted values). She died 18
years after exposure. The third patient was
prescribed diethylpropion, three tablets daily
for 3-5 months, when aged 22 and denied any
consumption since. Breathlessness on exertion
developed when she was 27 and she was diag-
nosed as having primary pulmonary hyperten-
sion four years later.
Of the 41 female patients, 70% had taken

oral contraceptives at some time in their lives
(table 2), primarily combined preparations
with a low or intermediate oestrogen dose. No
patient was identified as receiving biguanides.
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Discussion
In this study patients with primary pulmonary
hypertension were identified at heart lung
transplant centres. The advantages of this
approach are that patients with this diagnosis
are concentrated in these centres and have
undergone extensive investigations to exclude
other possible causes of pulmonary hyperten-
sion. However, they are a highly selected
group of patients with particularly severe and
irreversible disease. It is possible that drugs
may cause milder, reversible or rapidly lethal
forms of primary pulmonary hypertension and
such patients may never be referred for con-
sideration of transplantation. A further disad-
vantage of studying severely affected patients
is that a large proportion had died and their
drug histories, obtained from relatives, may be
less reliable.
The study did identify patients with severe

primary pulmonary hypertension exposed to
fenfluramines, but they represented a smaller
proportion of patients with this diagnosis (4%)
than in a French study, where 15/73 (20%,
95% confidence interval 13% to 28%) of
patients were exposed.'5 It is reassuring that
exposure to appetite suppressants in each of
these three United Kingdom cases seemed
short-lived and predated the development of
symptoms by several years, although the possi-
bility remains that the two patients who took
fenfluramine might have obtained further sup-
plies privately: this would not have been
apparent from the general practitioner's notes.
One of the two fenfluramine cases also had
another possible cause for pulmonary hyper-
tension, systemic sclerosis. The study there-
fore suggests that fenfluramines and other
appetite suppressants are infrequently associ-
ated with severe irreversible primary pul-
monary hypertension in the United Kingdom,
although the possibility remains that exposure
may be higher in less severely affected
patients.
The discrepancy between these results and

those of the French study might be explained
by differences in prescribing pattern between
the two countries, such as higher overall con-
sumption, or use of higher doses or longer
treatment courses of fenfluramines in France,
although we have no data to confirm or refute
this. British doctors are discouraged from
using diethylpropion and phentermine and
have been advised that fenfluramines should
not be used for longer than three months.'424
Another possible reason for the discrepancy is
that some patients with primary pulmonary
hypertension induced by appetite suppressants
may improve after these drugs are stopped and
may not be referral to a transplant centre. This
explanation seems unlikely because the French
patients with primary pulmonary hypertension
associated with appetite suppressants had sim-
ilar mean pulmonary artery pressures (57 mm
Hg) to those unexposed patients with primary
pulmonary hypertension (63 mm Hg) and the
patients studied here (61 mm Hg) and, in
addition, only three of the 15 exposed French
patients improved after fenfluramines were
stopped.

It was originally planned to expand this
research into a case-control study, however,
the numbers of exposed cases identified are
insufficient to demonstrate a link between pri-
mary pulmonary hypertension and appetite
suppressants, regardless of the level of expo-
sure in the control group. Collection of cases
over several more years would be needed to
achieve reasonable statistical power. In addi-
tion, large numbers of controls would be
needed to make an accurate estimate of expo-
sure in the general population and matching
these for age, sex, general practitioner, and
body weight, would be difficult. The ongoing
International Primary Pulmonary Hyper-
tension Study25 is a multinational case control
study which addresses this question and may
provide a more definitive answer.

These data suggest that severe primary pul-
monary hypertension associated with appetite
suppressants is less common in the United
Kingdom than in France. There is no room for
complacency, however, as prescribing of the
fenfluramine drugs has increased in the
United Kingdom since the introduction of
dexfenfluramine and, if there is a link, the
number of cases of primary pulmonary hyper-
tension may increase as a result.

We are grateful to the many general practitioners, patients and
relatives for taking the time to supply us with the information
presented here. We also thank Dr A Woodcock for helping to
identify suitable patients at the Wythenshaw Hospital,
Manchester.
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ABSTRACTS IN CARDIOLOGY

Are the pineal gland and the heart closer than we
think?

A recent short report in the Lancet reported
that there was impaired nocturnal secretion of
melatonin (secreted by the pineal gland) in 15
patients with coronary artery disease com-
pared with 10 healthy controls. Animal studies
have shown that melatonin is involved in the
suppression of sympathetic activity (reason not
known). Melatonin was measured at 2 am and
2 pm in all study subjects, and was found to be
significantly lower at night in the coronary dis-
ease group, with no detectable secretion in
either group during the day. No mention was
made as to whether any drugs were being
taken during the study.
Many prospective and retrospective studies

have confirmed that patients with coronary
artery disease (either overt or unknown) are
more likely to suffer onset of acute myocardial
infarction, sudden cardiac death, sustained
and unsustained ventricular arrhythmias,
thrombotic and haemorrhagic stroke, and
transient myocardial ischaemia in the first few
hours after waking and starting activities
than at any other time of the day, and are
least likely to suffer such events at night, a
time of apparent "cardioprotection". This
surge in morning (disease) activity corre-
sponds with significant increases in blood
pressure, heart rate, catecholamine release,

peripheral vascular resistance, activation
of the renin angiotensin system, and platelet
aggregability during this period, and corre-
sponds with the terminal trough in the
endogenous fibrinolytic system. Almost all
these responses are reproducible both in
healthy controls and in patients with coronary
artery disease.

While it is very difficult to tie in the findings
of this small study with the clinical timing of
cardiac events, and while all the clinical point-
ers suggest no such (measurable) increase in
sympathetic activity in patients with coronary
artery disease at night (which might have been
expected were deficiency of melatonin to have
resulted in increased sympathetic activity, as
in Syrian hamsters), it may provide a possible
explanation as to why ischaemic threshold
appears to be reduced at night despite the
recognised reduction in the determinants of
myocardial oxygen demand at this time.
Recent studies have shown that electrocardio-
graphic ischaemia is reached at a lower thres-
hold at night compared with the daytime,
suggesting a nocturnal increase in coronary
vasomotor tone in patients with stable coro-
nary disease. This might also in part explain
the propensity for patients with extreme alter-
ations in coronary vasomotor tone (coronary
spasm) to suffer transient occlusive events par-
ticularly in the early morning hours. A formal
(blinded) trial assessing melatonin secretion,
catecholamine concentrations, and sympa-
thetic activity, particularly in patients with
coronary spasm could help in putting the
pineal gland more firmly on the cardiovascular
map. In the meantime it seems doubtful that
oral melatonin has got a place in assessing the
development of coronary artery disease. All
the patients with the abnormal melatonin
response in the reported study already had
coronary disease. DAVID MULCAHY

1 Brugger P, Marktl W, Herold M. Impaired nocturnal secre-
tion of melatonin in coronary heart disease. Lancet
1995;345: 1408.
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