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ABSTRACT: The aim of the present study was to describe a large cohort of fenfluramine-

associated pulmonary arterial hypertension (fen-PAH) and its possible prognostic markers.

The records of all patients with a diagnosis of fen-PAH evaluated at the present authors’ centre

from 1986–2004 were retrospectively studied. Baseline clinical and haemodynamic data were

collected, as well as survival times.

The median duration of fenfluramine exposure was 6 months, with a median of 4.5 yrs between

exposure and onset of symptoms. Nine (22.5%) out of 40 patients evaluated resulted positive for

the presence of germline bone morphogenetic protein receptor (BMPR) type 2 mutations. In these

patients, the duration of exposure to fenfluramine was significantly lower than in patients without

mutation. The median survival was 6.4 yrs, without significant difference between fen-PAH and a

control group of idiopathic and familial pulmonary arterial hypertension patients referred to the

present authors’ centre during the same time frame and treated identically. Duration of

fenfluramine exposure showed no relation to survival, while cardiac index was the only

independent predictor of multivariate analysis.

Fenfluramine-associated pulmonary arterial hypertension shares clinical, functional, haemo-

dynamic and genetic features with idiopathic pulmonary arterial hypertension, as well as overall

survival rates. Therefore, the present authors conclude that fenfluramine exposure characterises

a potent trigger for pulmonary arterial hypertension without influencing its clinical course.

KEYWORDS: Bone morphogenetic protein receptor type 2, fenfluramine derivatives, idiopathic

pulmonary arterial hypertension, pulmonary arterial hypertension, survival

P
ulmonary arterial hypertension (PAH) is a
rare condition in which the main feature
is the presence of increased pulmonary

vascular resistance resulting in right heart failure
and, ultimately, death [1]. In recent years, the
understanding of PAH pathophysiology has
allowed the recognition of multiple risk factors
and associated conditions that trigger and/or
worsen the progression of the disease [2, 3].
Germline mutations of the gene encoding bone
morphogenetic protein receptor (BMPR) type 2
are certainly clear examples of established risk
factors for PAH development [4].

In the late 1960s, an increased incidence of severe
PAH cases took place in Austria, Germany and
Switzerland. Of newly diagnosed patients, .60%
had a history of intake of the anorexigen

aminorex fumarate [5]. The fact that the epidemic
started 2 yrs after aminorex fumarate became
commercially available and disappeared 2 yrs
after the drug was withdrawn, allowed the
recognition of temporal and geographic relation-
ships between the use of the drug and PAH
development [6]. Although this clearly indicated
a role as a risk factor, the clinical course of
aminorex-associated PAH was not conclusively
different from idiopathic PAH (IPAH, formerly
known as primary pulmonary hypertension),
despite later results suggesting a better survival
in the first group [7].

In the early 1980s, the first descriptions of a
possible relationship between the use of fenflur-
amine derivatives and PAH were published [8].
Following this, a retrospective study [9] rein-
forced the possible role of fenfluramine deriva-
tives as risk factors for PAH development and the
results of the International Primary Pulmonary
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Hypertension Study (IPPHS) [10] conclusively demonstrated a
strong association between PAH and the use of anorexic drugs
(mainly derivatives of fenfluramine). Fenfluramine derivatives
share with aminorex such characteristics as being potent
serotonin (5-HT) uptake inhibitors and interacting directly
with the 5-HT transporter [11]. 5-HT levels are known to be
elevated in PAH [12] and 5-HT acts as growth factor for
pulmonary artery smooth muscle cells [13, 14], thus possibly
contributing to the pathophysiology of PAH development and
progression. This suggests a possible pathway by which the
use of fenfluramine derivatives might be linked to PAH.

The relationship between fenfluramine-derivative use and
PAH was further confirmed in a recent study [15]. However
how much this exposure influences the course of the disease,
even after its interruption, is still matter of debate. RICH et al.
[16] compared the outcome of a small group of 10 patients with
fenfluramine-associated PAH (fen-PAH) with that of 70
patients with idiopathic PAH (IPAH). The results suggested
that fen-PAH patients had worse survival rates when
compared with IPAH patients [16].

The aim of the present study was to describe the clinical
presentation of a large cohort of 109 patients with fen-PAH as
well as to analyse the disease’s possible prognostic markers in
terms of long-term survival, characterising the fen-PAH story
in France 10 yrs after the drug’s withdrawal.

METHODS

Patients
The medical records of all patients with the diagnosis of fen-PAH
that were evaluated at the present authors’ centre from 1986–2004
were retrospectively studied. PAH was defined as a mean resting
pulmonary artery pressure .25 mmHg with a pulmonary artery
occlusion pressure ,15 mmHg, invasively assessed by right-
heart catheterisation. Patients were classified as having been
exposed to fenfluramine derivatives if the exposure occurred
before the beginning of PAH symptoms. All fen-PAH had history
of fenfluramine-derivative intake (including fenfluramine and

dexfenfluramine) alone or in association with amphetamine-like
agents. For comparison, the present authors also assessed
baseline data and survival of all patients with idiopathic and
familial PAH (I/FPAH, formerly known as primary pulmonary
hypertension) [17] referred to the present authors’ centre during
the same time frame and treated identically. Although PAH
treatment strategies varied during the period of study, no
different approach was adopted in fenfluramine-derivative use
so that all PAH patients were exposed to the same treatment
regimen according to drug availability [1].

Functional and haemodynamic evaluation
All demographic data were collected from baseline evaluation,
including New York Heart Association (NYHA) functional
class assessment. After 1993, all patients performed an
unencouraged 6-minute walk test (6MWT), as previously
described [18]. Standard right-heart catheterisation and acute
vasodilator challenge were performed in all patients for
diagnostic confirmation. Patients were classified as acute
responders according to the criteria recently described by
SITBON et al. [19].

Genetic studies
In the period from 2000–2004, 40 patients with fen-PAH were
assessed for BMPR2 germline mutation, as previously
described [20]. The results of this assessment were partially
published by HUMBERT et al. [21] in 2002. The duration of
exposure was compared between patients with and without
BMPR2 mutations in order to test whether the duration of
exposure to fenfluramine differed in genetically predisposed
patients.

Statistical analysis
All continuous data are presented as mean¡SD or median
(interquartile range) as appropriate. Comparison between
continuous data was performed using an unpaired t-test. A
Chi-squared test was used for categorical data comparison.
The Kaplan–Meier method was used to estimate survival

TABLE 1 Baseline clinical and functional data

Fen-PAH I/FPAH p-value

Subjects n 109 496

Age yrs 52 (44–59) 47 (34–60) 0.02

Female:male 19:1 1.4:1 ,0.001

Time between start of fenfluramine use and symptoms months 54 (24–116)

Time between start of fenfluramine use and diagnosis months 66 (29–125)

Fenfluramine use duration months 6 (3–12)

Body mass index kg?m-2 27 (24–33) 24 (21–27) , 0.001

NYHA functional class NS

II 15(14) 91 (18)

III 71(65) 329 (67)

IV 23(21) 76 (15)

6MWT m 250(121–355)# 326(225–405)" ,0.001

6MWT % pred 52.2 46.2 NS

Data are presented as median (interquartile range) and n(%), unless otherwise stated. Fen-PAH: fenfluramine-associated pulmonary arterial hypertension (PAH); I/FPAH:

idiopathic/familial PAH; NYHA: New York Heart Association; 6MWT: 6-min walk test; % pred: % predicted; NS: nonsignificant. #: n581; ": n5346.
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status and the log-rank test was used for survival distribution
comparison. Since NYHA functional class at baseline has been
shown to be related to long-term survival in IPAH [22, 23],
patients’ outcome was described according to their functional
class at baseline. Survival of fen-PAH was also compared with
survival of IPAH and FPAH patients evaluated at the present
authors’ centre during the same period of observation
(historical control).

Univariate analysis based on the Cox proportional-hazards
model was used to examine the effect on survival of selected
demographic, medical history, exercise capacity and haemo-
dynamic variables assessed at baseline. Multivariate models
were constructed using the variables of interest identified at
univariate analysis. Proportional-hazards assumption was
assessed for all variables of interest. Results were expressed
as hazard ratios with 95% confidence intervals (CIs).

RESULTS
In the period 1986–2004, a total of 109 patients with fen-PAH
and 496 patients with I/FPAH were evaluated at the present
authors’ centre. Baseline clinical and functional data are
presented in table 1, showing a markedly higher proportion
of female patients and a higher body mass index (BMI) in the
fen-PAH group, as compared with the I/FPAH group. The
absolute value of the distance walked at the 6MWT was higher
in the I/FPAH group. Nevertheless, to avoid a possible effect
of sex in the data, the relative value of the 6MWT (as compared
with the predicted value) was measured and no significant
difference was found between the fen-PAH and I/FPAH
groups. The median duration of fenfluramine-derivative use
was 6 months and the median interval between the use of the
appetite suppressant and the beginning of symptoms was
4.5 yrs.

Haemodynamic data (table 2) can be compared with previous
studies on PAH [24, 25]. The haemodynamic pattern was
similar in both groups. Interestingly, the proportion of patients
that presented a positive response at the acute vasodilator
challenge (8.3% in the fen-PAH group and 12.1% in the I/
FPAH group) was not statistically different and was in
agreement with that described in other studies of patients
with IPAH [26].

During the time-frame evaluated in the present study, a clear
relationship could be attributed to fenfluramine use in France.

The diagnosis of fen-PAH increased up to ,30% of all cases
diagnosed with PAH (considering only IPAH, FPAH and fen-
PAH) in the period 1995–1996 and started decreasing after
1997 (fig. 1). This was even more striking in females, who
represented the majority of fen-PAH patients.

The presence of BMPR2 mutations was evaluated in 40
patients. In total, nine patients presented BMPR2 mutations,
including two sisters and seven apparently sporadic cases
(BMPR2 mutations were found in 22% of the 40 studied cases,
and 18% of the 38 sporadic cases). This result reinforces the
data previously described by HUMBERT et al. [21] in fen-PAH
and THOMSON et al. [27] in IPAH. Interestingly, the duration of
exposure to fenfluramine derivatives was significantly lower in
patients with BMPR2 mutation (fig. 2).

The median survival of the present cohort was 6.4 yrs. Overall,
survival of patients with fen-PAH did not differ from the
survival of the I/FPAH patients evaluated in the present
authors’ service during the same time-frame (historical
control; fig. 3).

TABLE 2 Baseline haemodynamic data

Fen-PAH IPAH p-value

Right atrial pressure mmHg 11¡6 10¡5 NS

Mean pulmonary artery pressure mmHg 60¡12 60¡14 NS

Pulmonary artery occlusion pressure mmHg 9¡3 9¡3 NS

Cardiac index L?min-1?m-2 2.2¡0.6 2.3¡0.7 NS

Indexed pulmonary vascular resistance U?m-2 30¡11 29¡12 NS

Proportion of responders at the acute vasodilator

challenge %

8.3 (4.0–16.2) 12.1 (9.5–15.3) NS

Data are presented as mean¡SD and % (95% confidence interval) unless otherwise stated. Fen-PAH: fenfluramine-associated pulmonary arterial hypertension (PAH);

IPAH: idiopathic PAH; NS: nonsignificant.
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FIGURE 1. Percentage of newly-diagnosed fenfluramine-associated pulmon-

ary arterial hypertension (fen-PAH) patients compared with idiopathic and familial

PAH (I/PAH) patients through time.
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In order to establish potential prognostic factors, baseline
clinical, functional and haemodynamic variables for univariate
analysis of survival were selected. As described for IPAH,
functional class assessment at baseline is related to overall
survival (fig. 4). The 6MWT and selected haemodynamic
variables (cardiac index, right atrial pressure and pulmonary
vascular resistance) were also related to survival, as previously
described for IPAH. It is noteworthy that the duration of
fenfluramine use was not related to survival (Table 3). A
multivariate analysis including the NYHA functional class, the
6MWT, cardiac index and right atrial pressure, revealed the
cardiac index as the only independent prognostic marker in the
present cohort of patients, with a hazard ratio (95% CI) of 0.278
(0.135–0.574; p50.001).

DISCUSSION
The present study indicates that fen-PAH has a clinical course
comparable that of IPAH and FPAH, thus confirming that
fenfluramine intake may be considered a risk factor, but it does
not result in a different outcome. Also, the temporal relation-
ship of fenfluramine use and PAH strengthens the previous
findings on this association.

Baseline clinical and functional characteristics of the present
cohort of fen-PAH patients, except for the higher proportion of
female patients and higher BMI, were not different from those
of the I/FPAH group and could be compared with previously
published studies of IPAH patients [28, 29]. The higher
proportion of female patients could be probably associated to
the sex-related behaviour towards weight loss, where females
tend more to adopt weight control measures, including the use
of specific pharmacological therapies [30], while the higher
BMI should be expected when fenfluramine derivatives were
primarily prescribed as appetite suppressants for the treatment
of obesity. Of note, ABENHAIM et al. [10] considered whether the
association between the use of appetite suppressants and PAH
could be explained by the confounding effect of obesity or that
of any hidden factor associated with obesity. In the IPPHS
study [10], the odds ratio for anorexic agents was similar
whether or not the logistic regression models were adjusted for

high BMI. The odds ratio for the interaction between obesity
and appetite-suppressant use was 1.0 (95% CI, 0.2-–3.5).
Therefore, the effect of anorexic agents was the same whether
patients had a high BMI or not [10]. Neither weight loss
behaviour of another type nor the use of thyroid extracts were
positively associated with the risk of primary pulmonary
hypertension, as would have been expected if obesity
accounted for the odds ratio observed for anorexic agents.

The median duration of fenfluramine derivatives-intake in the
present study was of 6 months with a median time between
exposure and onset of symptoms of 4.5 yrs. It has been shown
that the use of appetite suppressants for .3 months increased
the odds ratio for PAH up to 23.1 [10]. Although it might be
associated with the development of the disease, the duration of
exposure showed no association with prognosis in the cohort
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FIGURE 2. Comparison of exposure time for appetite-suppressant-related

pulmonary arterial hypertension patients with and without bone morphogenetic

protein receptor (BMPR) type 2 mutation. –––: median. #: p50.007.
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FIGURE 3. Cumulative survival of patients with fenfluramine-associated

pulmonary arterial hypertension (fen-PAH; ..........) and idiopathic and familial (I/P

PAH; ——). At 0, 24, 48, 72, 96, 120, 144, 168, 192, 216 and 240 months, the

number of patients in the I/FPAH group was 496, 298, 163, 104, 57, 24, 13, 6, 4, 3

and 2, respectively, while in the fen-PAH group, it was 109, 64, 40, 26, 17, 10, 6, 4,

2, 1 and 0. #: p50.3, log-rank.

�

��

��

��

��

���

� � �� �� ��
-"*��.��

/
&*

&0
�!
"#
��
�&
�#
"#
�0
��

FIGURE 4. Cumulative survival of patients with appetite-suppressant-related

pulmonary arterial hypertension according to New York Heart Association functional

class 2 (––), 3 (?????) and 4 (----). P50.0001, log-rank test.
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in the present study, suggesting, that fenfluramine derivatives
may act only as a risk factor for PAH development.

The temporal incidence of fen-PAH at the present authors’
centre, in comparison with FPAH and IPAH was clearly related
to fenfluramine use in France; in 1995, a severe restriction of
fenfluramine use was imposed by health authorities until finally
being withdrawn from the global market in 1997. The decreas-
ing incidence observed from the late 1990s provided the
temporal and geographic relationship of fenfluramine use and
PAH in the same manner that was previously described with
aminorex use [7], thus reinforcing the tendency described in the
present authors’ previous report [31].

Since only a minority of patients exposed to appetite
suppressants develop PAH, the need of other predisposing
factors, such as genetic susceptibility, could be postulated,
with fenfluramine derivatives acting as a ‘‘second hit’’ in those
predisposed subjects. BMPR2 mutations have been described
in .70% of FPAH cases and ,25% of patients with IPAH [32].
The presence of BMPR2 mutations in 40 patients (including
two sisters and 38 sporadic cases) has been examined and
resulted in nine patients with mutated genes (22.5%),
strengthening the results previously published by HUMBERT et
al. [21] and corroborating the concept that fen-PAH shares not
only clinical but also genetical predisposition features with
IPAH. Interestingly, the duration of exposure in patients with
BMPR2 mutation was significantly lower than in patients
without the mutation. This is in agreement with the ‘‘multiple
hit’’ concept [33], fenfluramine exposure being a trigger/risk
factor in genetically predisposed individuals. The proportion
of acute vasodilator responders in IPAH and fen-PAH is
another feature highlighting the similarities between these two
subtypes of PAH patients.

Since the largest prospective cohort of PAH patients published
by D’ALONZO et al. [34] in 1991, baseline haemodynamic

variables have proved to have prognostic implications in PAH.
Even with the development of specific therapies for PAH, the
predictive value of baseline haemodynamic evaluation and
6MWT has been confirmed [35]. In the present study, baseline
cardiac index, indexed pulmonary vascular resistance, right
atrial pressure and 6MWT were associated with survival in the
univariate analysis; however, only cardiac index could be
identified as an independent prognostic factor in the present
cohort of fen-PAH patients. This result has to be scrutinised
considering the limitations of the present study, including the
small sample enrolled and the different availability of specific
treatments for PAH along the period of observation, which
certainly influenced survival and thus possibly impaired
extrapolation of the multivariate model.

In order to avoid the impact that the different treatment
regimens could impose to the survival estimation in the
present study, the fenfluramine-associated pulmonary arterial
hypertension group and the group of idiopathic and familial
pulmonary arterial hypertension groups were compared
during the same time-frame at the present authors’ centre.
There was no significant difference in survival between the
two groups, reinforcing the idea that fenfluramine intake was
indeed a risk factor for pulmonary arterial hypertension that
did not confer further prognostic influence to the group of
patients in terms of overall survival. Fenfluramine-associated
pulmonary arterial hypertension shares clinical, functional,
haemodynamic and genetic features with idiopathic pulmon-
ary arterial hypertension, as well as the same overall survival.
The present authors therefore conclude that fenfluramine
exposure characterises a potent trigger for pulmonary arterial
hypertension without influencing its clinical course.
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