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Abstract
Objective: Fenfluramine, which was previously approved as a weight loss drug, was 
withdrawn in 1997 when reports of cardiac valvulopathy emerged. The present study 
was conducted in part to characterize the cardiovascular safety profile of low-dose 
fenfluramine when used in a pediatric population to reduce seizure frequency in pa-
tients with Dravet syndrome.
Methods: Patients 2- to 18-years-old with Dravet syndrome who had completed any 
of three randomized, placebo-controlled clinical trials of fenfluramine were offered 
enrollment in this open-label extension (OLE) study. All patients were treated with 
fenfluramine starting at a dose of 0.2 mg/kg/day (oral solution dosed twice per day), 
which was titrated to maximal effect with a dose limit of 0.7 mg/kg/day (maximum 
26 mg/day) or 0.4 mg/kg/day (maximum 17 mg/day) in patients receiving concomi-
tant stiripentol. Standardized echocardiographic examinations were conducted at 
Week 4 or 6 and then every 3 months during the OLE study to monitor cardiac valve 
function and structure and pulmonary artery pressure. The primary end point for the 
echocardiography analysis was the number of patients who developed valvular heart 
disease or pulmonary artery hypertension (PAH) during treatment.
Results: A total of 232 patients were enrolled in the study. The average age of pa-
tients was 9.1  ±  4.7  years, and 55.2% were male. The median duration of treat-
ment with fenfluramine was 256 days (range = 58-634 days), and the mean dose of 
fenfluramine was 0.41 mg/kg/day. No cases of valvular heart disease or PAH were 
observed.
Significance: Longitudinal echocardiography over a median 8.4 months of treatment 
with fenfluramine suggests a low risk of developing cardiac valvulopathy and PAH 
when used to treat pediatric patients with Dravet syndrome.

www.wileyonlinelibrary.com/journal/epi
https://orcid.org/0000-0002-9557-1855
mailto:
https://orcid.org/0000-0002-4735-3327
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:bgaler@zogenix.com


   | 2387LAI et AL.

1 |  INTRODUCTION

Dravet syndrome is a severe, treatment-resistant epileptic 
encephalopathy that has its onset in the first year of life and 
is characterized by a high seizure burden and significant 
comorbid behavioral, motor, and neurodevelopmental ab-
normalities.1-3 Dravet syndrome confers an elevated risk of 
early mortality compared to other forms of epilepsy,4,5 and 
is associated with a substantial health-related economic 
impact.6 Current standard of care includes polypharmacy, 
often including three or more concomitant antiepileptic 
drugs (AEDs), usually providing inadequate seizure con-
trol in most patients.7 Thus there remains a significant 
unmet medical need for an effective therapy for this debili-
tating condition.

The anticonvulsant activity of fenfluramine was first rec-
ognized in the 1980s, when it was tested in individuals and in 
small series of patients with treatment-resistant epilepsies.8 
At that time, fenfluramine was marketed globally as a weight 
loss drug for obese adults, but it was globally withdrawn in 
1997 following reports of cardiac valvulopathy in adult pa-
tients treated with 60 to 120 mg/day9,10 with reported onset 
after ≥3 to 6 months of treatment.11-16 In addition, pulmonary 
arterial hypertension (PAH) was reported in some adult pa-
tients treated with fenfluramine for weight loss.17 Following 
its market withdrawal, the use of fenfluramine to treat pa-
tients with Dravet syndrome continued in Belgium, where 
two small cohorts (n = 10 and n = 9) of patients have now 
been successfully treated for up to 30 years without develop-
ment of cardiac disease.18-20

In two randomized, placebo-controlled clinical trials, 
fenfluramine demonstrated a 54.0% and 62.3% greater re-
duction in mean convulsive seizure frequency compared 
with placebo.21,22 In addition, 35% and 50% of patients 
experienced a ≥75% reduction in major convulsive seizure 
frequency—a response typically not seen in this refractory 
epilepsy syndrome.21,22 As part of these protocols, all pa-
tients in these studies underwent echocardiographic ex-
aminations before and during treatment, and no cases of 
cardiac valvulopathy (defined by measures of regurgitation 
and visualization of valve thickness) or PAH were observed 
during 15 weeks of treatment with fenfluramine. However, 
the observation period in these double-blind studies was too 
short to permit firm conclusions with regard to potential 
effects of fenfluramine on cardiac valve function in this 
patient population treated with the doses studied. Here we 
convey cardiovascular observations from an interim analy-
sis of the ongoing long-term, open-label extension (OLE) 
study of fenfluramine for treatment of Dravet syndrome, 

reporting on observations in 232 patients after treatment of 
up to 1.7 years.

2 |  MATERIALS AND METHODS

The protocol for the extension study was reviewed and ap-
proved by the institutional review board or ethics committee 
at each study site before initiation of any study activities. All 
patients or their legal guardians provided signed consent to 
participate in the study.

Patients aged 2 to 18 years of age with Dravet syndrome 
who had successfully completed any of the three double-blind 
phase 3 clinical trials (Studies 1 and 2: NCT02826863 and 
NCT02682927; Study 1504: NCT02926898) and were eligi-
ble could enroll in the OLE study (NCT02823145). Key inclu-
sion criteria included demonstration during the double-blind 
study of compliance with electronic diary completion (≥90%), 
study visit schedule, and study drug accountability. Key ex-
clusion criteria included hypersensitivity to fenfluramine or 
any excipients in the study medication; current or past history 
of cardiovascular or cerebrovascular disease, myocardial in-
farction, or stroke; and current valvular heart disease or PAH 
that the investigator, the caregiver, the international pediatric 
cardiology review board, or the independent data and safety 
monitoring committee deemed to be clinically significant and 
to warrant discontinuation of study medication. Of note, in the 
double-blind clinical trials, patients with any grade of mitral 
or aortic valve regurgitation upon echocardiographic examina-
tion during the screening period, including “trace” (defined as 
regurgitation that is barely detectable23), were excluded from 
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Key Points
• Dravet syndrome patients were treated with fen-

fluramine (dose 0.2-0.7 mg/kg/day) for a median 
256 days (range = 57-634 days)

• Standardized echocardiograms were conducted 
after 4-6 weeks of treatment and every 3 months 
thereafter

• No valvular heart disease or pulmonary arterial 
hypertension was observed in any patient during 
the interim analysis period

• Low-dose fenfluramine appears to have a low car-
diovascular risk profile when used to treat patients 
with Dravet syndrome



2388 |   LAI et AL.

participation. However, patients who had a finding of trace mi-
tral or trace aortic regurgitation during the double-blind phase 
3 trials were allowed to continue into the OLE study.

Fenfluramine (ZX008; Zogenix, Inc.) was administered 
with food as an oral solution of fenfluramine HCl, containing 
2.2 mg/mL fenfluramine, at equal doses in the morning and 
in the evening, approximately 12 hours apart. All patients in 
the OLE study started treatment with a dose of 0.2 mg/kg/
day added to their current AED regimen for the first 4 weeks, 
regardless of the dose they had received in the double-blind 
trial. After 4 weeks, the dose could be titrated based on ef-
fectiveness and tolerability. As per protocol, dose changes 
were made in 0.2 mg/kg/day increments with a minimum 
of 2  weeks between steps. Maximum doses allowed were 
0.7 mg/kg/day (up to a limit of 26 mg/day), except in patients 
who were concomitantly treated with stiripentol, who could 
receive a maximum of 0.4 mg/kg/day (up to a limit of 17 mg/
day). Stiripentol inhibits cytochrome P450 (CYP) enzymes 
and was shown to increase exposure to fenfluramine in a 
phase 1 drug-drug interaction study in healthy adults.24 The 
selection of the maximum dose of fenfluramine to be used in 
patients concomitantly treated with a stiripentol-containing 
AED regimen was estimated to approximate exposure to the 
0.7-mg/kg/day dose in patients not using a stiripentol-con-
taining AED regimen. This was accomplished by using a 
physiology-based pharmacokinetic model based on pharma-
cokinetic data from the phase 1 study, as well as single-dose 
pharmacokinetic data from 18 pediatric patients with Dravet 
syndrome.25 It is important to note that the addition of fenflu-
ramine did not influence the pharmacokinetics of stiripentol, 
clobazam, or valproate.

All patients had been on blinded treatment during the dou-
ble-blind clinical trial and received two echocardiographic 
examinations during that period. Upon entry into the OLE 
study, a comprehensive transthoracic echocardiogram using 
two-dimensional imaging, as well as color flow and spec-
tral Doppler evaluation, was performed. Echocardiograms 
were repeated at Study Week 4 or 6, and every 3  months 
thereafter, to assess cardiac valve function and pulmonary 
artery pressure. Standardized views and machine settings 
were used throughout the study (Appendix S1). All echo-
cardiograms were read at the ECHO Core Lab (Biomedical 
Systems/ERT) by two blinded, independent, board-certified 
cardiologists with arbitration provided by a third blinded, 
board-certified cardiologist in the event of differing interpre-
tations. Regurgitation of all four cardiac valves was graded 
as absent, trace, mild, moderate, or severe based on standard 
criteria.23,26,27 Readers also evaluated the valves for any mor-
phological or movement abnormalities. PAH was defined as 
pulmonary artery systolic pressure >35  mm  Hg28 that was 
confirmed by repeat examination.

Although no clinical practice guidelines exist for direct 
reference, a diagnosis of “clinically significant valvular heart 

disease” in the current study was based on the presence of 
≥mild aortic or ≥moderate mitral regurgitation seen on trans-
thoracic echocardiography, in addition to findings suggestive 
of significant valve disease based on both a clinical evalua-
tion and a comprehensive assessment of correlative as well as 
serial cardiac imaging findings. This definition is consistent 
with the 1997 US Food and Drug Administration (FDA) case 
definition of cardiac valvulopathy9 that was applied retro-
spectively to define cases when the safety of fenfluramine 
was under review in 1996-1997.

In particular, if either ≥mild aortic regurgitation or ≥mod-
erate mitral regurgitation was seen on transthoracic echocar-
diography, these findings needed to be further evaluated in 
a clinical context to assess for physical signs or symptoms 
attributable to valve disease. Findings also needed to be fur-
ther evaluated in the context of reviewing all prior cardiac 
imaging data to assess for a consistently seen degree of regur-
gitation, a structural lesion of the aortic or mitral valve, ab-
normal left ventricular (LV) systolic function with depressed 
LV ejection fraction, LV dilatation, or left atrial enlargement 
or reduced valve motion.

Single, 12-lead electrocardiography (ECG) was under-
taken during the double-blind studies at baseline, at 6 weeks, 
and at the end of the study, and in the OLE study at Months 
1, 2, and 3, and every 3 months thereafter. The primary end 
point of the ECG analysis was change from baseline in the 
QT interval corrected using Fridericia's formula (QTcF).

Patients who enrolled in the OLE study and who re-
ceived at least one dose of fenfluramine in the OLE study by 
the analysis cut-off date of March 13, 2018, were included 
in the cardiovascular safety population. The primary end 
point was the number of patients who met the definition of 
clinically significant valvular heart disease (VHD) at any 
time during the study (ie, cumulative prevalence), whether 
or not the situation abated. The following secondary end 
points were assessed: number and percentage of patients 
with trace or greater regurgitation in the mitral and/or aortic 
valves at each study visit (ie, point prevalence); change from 
baseline in regurgitation grade for mitral and aortic valves; 
assessment of mitral valve regurgitation in patients treated 
with ≥the mean dose of fenfluramine compared to patients 
treated with <the mean dose of fenfluramine; number and 
percentage of patients with PAH; number and percentage of 
patients demonstrating an increase in pulmonary artery sys-
tolic pressure from baseline ≥5, ≥10, and ≥15 mm Hg; and 
mean maximum change from baseline in pulmonary artery 
systolic pressure. In addition, the number and percentage of 
patients demonstrating an increase in QTcF from baseline 
(≥10, ≥30, and ≥60 ms) or any post-baseline value above the 
upper limit of normal (450 ms for male and female patients 
younger than 12 years, 450 ms for male patients 12-18 years, 
and 470 ms for female patients 12-18 years) were evaluated. 
Mean daily dose for individual patients was calculated as 
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the sum of daily doses divided by days of exposure. Data 
are presented with descriptive statistics. Although this long-
term open-label study was conducted to assess safety, no 
a priori hypothesis testing was planned, as enrollment was 
based on participation in a prior double-blind, controlled 
study powered to evaluate efficacy. A post hoc analysis of 
the point prevalence of trace mitral regurgitation was con-
ducted with the assumption that trace mitral valve regurgi-
tation for individuals could have been persistent over time, 
leading to data for which results at different time points 
were correlated with each other. Therefore, the trend of 
mitral valve regurgitation from baseline of the OLE study 
through 15 months post-baseline was evaluated using logis-
tic regression for correlated binary data, fitted with gener-
alized estimating equations.29 This model was constructed 
using SAS version 9.4 (SAS Institute).

3 |  RESULTS

The OLE study population included 232 patients who had 
enrolled in the OLE study as of the interim cut-off date of 
March 13, 2018, and who had received at least one dose of 
fenfluramine. Patient demographics are presented in Table 1. 
A total of 22 patients (9%) had discontinued the OLE study at 
the time of the interim analysis. The primary reasons for dis-
continuation included lack of efficacy (n = 16 [7%]); adverse 
event (n  =  1 [0.4%]); withdrawal by patient or  caregiver 
(n = 3 [1%]); death due to sudden unexpected death in epi-
lepsy (SUDEP) (n = 1 [0.4%]); and physician decision (n = 1 
[0.4%]).

The median duration of treatment with fenfluramine 
was 256  days (range  =  58-634  days), and the mean daily 
dose of fenfluramine was 0.41 mg/kg/day. The distribution 
of mean daily doses over the course of the interim analy-
sis period was >0-0.2 mg/kg/day (29 patients [13%]), >0.2 
to <0.3 mg/kg/day (66 patients [28%]), 0.3-0.5 mg/kg/day 
(76 patients [33%]), and >0.5-0.7  mg/kg/day (61 patients 
[26%]). As of the cut-off date for this analysis, a total of 19 
patients were titrated to the maximum allowed daily dose of 
fenfluramine (26 mg/day). In these patients, the mean dose 
was 0.57 mg/kg/day (range = 0.43-0.69 mg/kg/day). Sixty-
three patients (27%) were receiving concomitant stiripentol 
and had their fenfluramine dose limited to a maximum of 
0.4 mg/kg/day.

No patient met the FDA case definition of cardiac val-
vulopathy, and no patient developed VHD or PAH during 
the interim analysis period of the OLE study. A total of 53 
patients (23%) had one or more echocardiograms with trace 
mitral regurgitation. No patient demonstrated ≥mild mitral 
valve regurgitation at any time during the OLE study. The 
point prevalence of trace mitral valve regurgitation was 
≤11% at each study visit throughout the entire study period, 

with no significant change in point prevalence with increas-
ing duration of exposure to fenfluramine (P = .64; Figure 1). 
In most patients, trace mitral regurgitation was a transient 
finding, often fluctuating between absent and trace regurgi-
tation (Figure 2). In addition, the overall incidence of trace 
mitral regurgitation was similar in patients treated with ≤the 
mean daily dose of fenfluramine (0.41  mg/kg/day) in the 
OLE study population (26/114 [22.8%]) or with >the mean 
daily dose (27/118 [22.9%]).

A single patient demonstrated trace aortic valve re-
gurgitation at OLE study baseline (1/231 [0.4%]) and 
again after 30 days of treatment with fenfluramine (1/218 
[0.5%]) (see Figure 1). All subsequent echocardiographic 
observations for this subject through the interim analy-
sis cut-off date showed no (absent) aortic regurgitation. 

T A B L E  1  Patient demographics

N 232

Age, y

Mean ± SD 9.1 ± 4.7

Median (minimum, maximum) 9.0 (2, 19)

Age group, n (%)

<6 y 65 (28.0)

6-18 y 166 (71.6)

>18 y 1 (0.4)

Sex, n (%)

Male 128 (55.2)

Female 104 (44.8)

Race, n (%)

White 172 (74.1)

Black or African American 1 (0.4)

Asian 9 (3.9)

American Indian or Alaska Native 2 (0.9)

Other 13 (5.6)

Not reporteda 35 (15.1)

Ethnicity, n (%)

Hispanic or Latino 23 (9.9)

Not Hispanic or Latino 159 (68.5)

Not reporteda 47 (20.3)

Unknowna 3 (1.3)

Region, n (%)

North America 111 (47.8)

Europe/Australia 121 (52.2)

Baseline body mass index (kg/m2)

Mean ± SD 17.9 ± 4.2

Median (minimum, maximum) 17.0 (11.8, 
39.7)

aPrivacy laws in some regions/countries precluded disclosure of certain personal 
information. 
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All other patients had absent aortic regurgitation for all 
echocardiograms. The point prevalence of mild tricus-
pid valve regurgitation ranged from 0% to 3.2% during 
the OLE study analysis period; all other tricuspid echo-
cardiographic findings were either absent or trace. The 
point prevalence of mild pulmonic valve regurgitation 
ranged from 0% to 0.9% during the OLE study period; the 

remaining 99% of assessments were absent or trace, with 
the majority being trace. Trace to mild regurgitation of the 
pulmonary valve or the tricuspid valve is commonly ob-
served in the general population and is considered to be of 
no physiologic consequence.23 No morphologic changes 
or valvular movement abnormalities in any cardiac valve 
were detected during the study.

F I G U R E  1  Point prevalence of 
trace regurgitation of the mitral and 
aortic valves during OLE study treatment 
with fenfluramine. The decrease in n 
is due primarily to staggered entry into 
the OLE study and is not due to patient 
withdrawal. The P value for change in 
point prevalence of trace mitral valve 
regurgitation over time was .64 (A). Due 
to the zero or near zero point prevalence 
of trace aortic regurgitation, no statistical 
analysis of change over time was done (B). 
CI, confidence interval; OLE, open-label 
extension
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No cases of PAH were observed during the OLE 
study period. Two patients each had a single pulmonary 
artery systolic pressure reading exceeding 35  mm  Hg, 
and in neither case was the abnormal reading confirmed 
upon repeated echocardiography. The most recent mean 
pulmonary artery systolic pressure measurement was 
19.16 ± 6.3 mm Hg (mean ± SD) for the 176 patients with 
evaluable measurements, representing a mean change from 
baseline of 0.15 ± 7.16 mm Hg (95% CI, −1.2 to 1.5) for 

the 109 patients with both baseline and most recent visit 
measurements.

Inspection of ECG intervals and waveforms revealed 
no effects of fenfluramine on heart rate, atrioventricular 
conduction, cardiac depolarizations as measured by PR 
and QRS interval durations, and cardiac repolarization as 
measured by QT duration. QTcF values were within the 
normal range for all subjects. No patient had a QTcF ex-
ceeding 450 ms, and no patient demonstrated a change from 

F I G U R E  2  Heat map of mitral valve 
regurgitation for patients enrolled in the 
open-label extension (OLE) study who 
demonstrated mitral valve regurgitation of 
any severity during double-blind clinical 
trials or during the OLE study. Note: All 
other patients who are not included in this 
figure had absent mitral regurgitation at all 
study visits
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baseline of QTcF >60 ms. Two patients had a change from 
baseline of QTcF >30-60 ms.

4 |  DISCUSSION

Fenfluramine has resulted in 30% and 50% of patients expe-
riencing ≥75% reduction in convulsive seizure frequency in 
two double-blind, placebo-controlled clinical trials of its use 
for treatment of Dravet syndrome,21,22 a treatment-refractory 
pediatric epilepsy with high mortality.4,5 No cases of mi-
tral or aortic valvulopathy were seen in either double-blind 
clinical trial, but the 16- or 17-week observation period was 
considered too short to evaluate the cardiovascular safety of 
fenfluramine. Because of safety concerns based on the past 
association of fenfluramine with VHD and PAH, when it 
had been used as a weight loss drug in obese adults at higher 
doses,14 an intensive prospective program of regular echocar-
diographic examinations for patients with Dravet syndrome 
treated with fenfluramine was instituted for the fenfluramine 
phase 3 program. This initial interim analysis of echocardio-
graphic results from patients with Dravet syndrome treated 
for up to 634 days (median = 256 days) with open-label fen-
fluramine demonstrated that no VHD or PAH was observed 
in any of the 232 patients. No grade of mitral or aortic valve 
regurgitation greater than trace was observed at any time. In 
addition, neither the mean systolic pulmonary artery pressure 
nor its negligible change from baseline would be considered 
indicative of PAH. Results of this large study also confirm 
and reinforce the observations of no VHD or PAH in two 
small cohorts of patients with Dravet syndrome treated with 
fenfluramine for up to 30 years.18-20,23

Findings regarding lack of VHD and PAH are significant 
because fenfluramine, which had originally been approved as 
an anorectic agent to aid in weight loss among obese adults, 
was reported to be associated with development of both 
VHD10 and PAH17; reports of this association with increased 
risk of VHD resulted in its withdrawal from global markets 
in 1997.30 Shortly after, a number of studies were published 
that attempted to estimate the magnitude of the risk of VHD 
associated with the use of fenfluramine. However, interpre-
tation of these prior studies is confounded by several factors, 
including lack of baseline echocardiographic assessments, 
limited accounting for preexisting valve disease risk factors, 
widely variable study designs, recall bias, unblinded echocar-
diographic readings, variation in echocardiography machine 
settings, variation in echocardiographic reading techniques, 
concomitant use of phentermine,31 and variation in assess-
ment criteria for pathologic findings.14,32 Important factors 
that have been reported to be associated with increased risk 
of VHD included fenfluramine doses ≥60 mg/day compared 
with doses  <40  mg/day33 and duration of exposure ≥3 to 
6  months.11-16 Research conducted in the aftermath of the 

global withdrawal of fenfluramine suggested that the 5HT-
2B receptor may have been at least partially involved in the 
pathophysiologic mechanism(s) responsible for PAH34,35 and 
cardiac valvulopathy36 based primarily on receptor bind-
ing assays and cell culture. (+)-Norfenfluramine, the active 
metabolite of fenfluramine, has been reported to bind to 
cloned human 5HT-2B receptors with high affinity (Ki = 11 
nanomolar) and was shown to be a full agonist with a Kact 
of 18  nmol/L.36 Nonetheless, despite heightened scientific 
and clinical interest in understanding a possible causal rela-
tionship between these two agents and serious cardiovascu-
lar adverse events, neither the absolute risk nor the putative 
pathophysiology has ever been adequately confirmed with 
strong supporting scientific evidence.32

The present study is the first prospective study of the 
cardiovascular safety of fenfluramine with well-defined 
baseline and follow-up echocardiograms in any patient 
population; it includes the most extensive longitudinal as-
sessment of cardiac valve function and pulmonary artery 
pressure reported in children and adolescents. Unlike orig-
inal reports of the association of fenfluramine with VHD 
(and PAH) in obese adults, echocardiographic assessments 
were conducted before treatment was initiated in the dou-
ble-blind clinical trials of fenfluramine in Dravet syndrome, 
and all patients were absent any degree of aortic or mitral 
valve regurgitation, including trace, at study start. In addi-
tion, any patient with a risk factor for development of VHD 
or PAH was excluded from participation in the double-blind 
clinical trials. It is important to note that trace regurgita-
tion is considered to represent normal physiology and is not 
considered a pathologic finding or a risk factor in current 
guidelines.23 All patients underwent regular longitudinal 
echocardiographic follow-up, and all echocardiograms were 
obtained via standardized machine settings and a standard-
ized protocol for performing the examination that followed 
the most recent consensus recommendations on echocardio-
graphic methods for assessing valve function.23 In addition, 
cardiologists who interpreted the echocardiograms were 
blinded to patient information such as patient identification, 
patient's current dose of fenfluramine in the OLE study, and 
patient's treatment group in the double-blind clinical trial. 
With this intensive prospective echocardiographic evalua-
tion, no patient was observed to have developed VHD or 
PAH during the interim analysis period.

Several factors might have contributed to different car-
diovascular findings in the present study in patients with 
Dravet syndrome compared to previous study findings in 
obese adults. First, the patient populations are clearly dif-
ferent and likely have differing degrees of risk factors for 
valvular dysfunction and PAH related to age, treatment his-
tory, and comorbidities. Patients in the present study were 
children and young adults with primarily normal or low 
normal body mass index (BMI), whereas all patients using 
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fenfluramine for its anorectic effect were adults, mostly fe-
male, and were overweight or obese. Second, patients with 
Dravet syndrome received fenfluramine at doses up to a 
maximum of 17 or 26 mg/day (depending on background 
AED regimen)—doses that were markedly lower than 
those used for weight loss, for which fenfluramine doses 
were commonly 60  mg/day and higher.14 In addition, as 
noted earlier, patients with a preexisting finding of valvular 
dysfunction or high pulmonary artery pressure, or any risk 
factors for VHD or PAH, were excluded from enrollment 
in the double-blind clinical trials. In the original cohorts 
of overweight/obese adults treated with fenfluramine, pre-
treatment echocardiograms were not routinely performed. 
Hence, the prevalence of preexisting VHD or PAH or of 
risk factors for their development in those patients was not 
known.

To our knowledge, the present study also represents the 
largest study in which serial echocardiograms have been 
performed on children and young adults (who were treated 
with fenfluramine). Thus the use of prospective standard-
ized echocardiographic examinations allowed characteriza-
tion of the natural history of trace regurgitation. A new and 
unexpected finding in this study was that trace regurgitation 
was a transient finding, with subsequent echocardiographic 
examinations reverting to absent or oscillating between ab-
sent and trace. Moreover, the point prevalence of trace mi-
tral valve regurgitation and trace aortic valve regurgitation 
was at all study visits comparable to that reported in normal 
healthy children by Webb et al, who examined 396 healthy 
children aged 10-12 years and found trace mitral valve re-
gurgitation in 14.9% of these subjects (95% CI  =  11.7%-
18.7%).27 Similarly, Webb et al observed trace aortic 
valve regurgitation in 2% of subjects in this cohort (95% 
CI = 1.0%-3.9%). It is important to note that no patient with 
a finding of trace mitral or aortic regurgitation had a sub-
sequent finding of mild or greater regurgitation during the 
present study; thus a finding of trace regurgitation was not a 
precursor for further progression to VHD in the time period 
of the study. In addition, no differences in the incidence of 
trace mitral regurgitation were observed for those taking 
less than or greater than the mean dose studied of 0.41 mg/
kg/day, and there were no apparent differences based on the 
duration of drug exposure.

Observations in this analysis are limited by its open-la-
bel design and by the wide variation in duration of expo-
sure to fenfluramine experienced by patients at the time of 
analysis. Furthermore, quantification of valvular regurgi-
tation was performed through a qualitative assessment and 
therefore could be subject to some interobserver variability; 
however, it was performed in accordance with published 
criteria,23 and any discrepancies were adjudicated by an ex-
perienced cardiologist. In obese adults treated with fenflu-
ramine for weight loss, a treatment duration ≥3-6 months 

was a risk factor for future cardiac valvulopathy.11-13,15,16 
However, >50% of the patients in the present study have 
been treated for longer than 6 months without demonstrat-
ing any valvulopathy.

5 |  CONCLUSIONS

In summary, after a median duration of fenfluramine treat-
ment of 256 days, no VHD or PAH was observed in any of 
the 232 patients with Dravet syndrome who participated in this 
program. No effects on ECG parameters of atrioventricular 
conduction or cardiac depolarization were seen. These results, 
taken together with the magnitude and durability of the positive 
effect on seizures previously reported in phase 3 clinical trials in 
this severe pediatric-onset, refractory epileptic encephalopathy, 
strongly suggest that significant benefits of fenfluramine for 
this patient population outweigh potential cardiac risks, which 
can be monitored via echocardiography. The long-term use of 
fenfluramine to treat Dravet syndrome and effects of treatment 
on cardiovascular outcomes will continue to be evaluated.
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