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BSTRACT

 

Background

 

After case reports of cardiac-valve ab-
normalities related to the use of appetite suppressants
were published, we undertook a study to determine
the prevalence of the problem using transthoracic
echocardiography.

 

Methods

 

We examined patients who had taken dex-
fenfluramine alone, dexfenfluramine and phenter-
mine, or fenfluramine and phentermine for various
periods. We enrolled obese patients who had taken or
were taking these agents during open-label trials from
January 1994 through August 1997. We also recruited
subjects who had not taken appetite suppressants and
who were matched to the patients for sex, height, and
pretreatment age and body-mass index. The presence
of cardiac-valve abnormalities, defined by the Food
and Drug Administration and Centers for Disease
Control and Prevention as at least mild aortic-valve or
moderate mitral-valve insufficiency, was determined
independently by at least two cardiologists. Multivari-
ate logistic-regression analysis was used to identify
factors associated with cardiac-valve abnormalities.

 

Results

 

Echocardiograms were available for 257
patients and 239 control subjects. The association
between the use of any appetite suppressant and
cardiac-valve abnormalities was analyzed in a final
matched group of 233 pairs of patients and controls.
A total of 1.3 percent of the controls (3 of 233) and
22.7 percent of the patients (53 of 233) met the case
definition for cardiac-valve abnormalities (odds ratio,
22.6; 95 percent confidence interval, 7.1 to 114.2;
P<0.001). The odds ratio for such cardiac-valve ab-
normalities was 12.7 (95 percent confidence interval,
2.9 to 56.4) with the use of dexfenfluramine alone,
24.5 (5.9 to 102.2) with the use of dexfenfluramine
and phentermine, and 26.3 (7.9 to 87.1) with the use
of fenfluramine and phentermine.

 

Conclusions

 

Obese patients who took fenfluramine
and phentermine, dexfenfluramine alone, or dexfen-
fluramine and phentermine had a significantly higher
prevalence of cardiac valvular insufficiency than a
matched group of control subjects. (N Engl J Med
1998;339:713-8.)
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PPETITE-SUPPRESSANT medications
such as fenfluramine and phentermine have
been used for several decades for the treat-
ment of obesity, with phentermine ap-

proved for use in the United States in 1959 and fen-
fluramine approved in 1973. These medications were
predominantly given as monotherapy for short peri-
ods (less than three months), but a change in the
pattern of use occurred after the publication of a
series of articles in 1992.

 

1-9

 

 These articles suggested
the potential for the long-term use of fenfluramine
in combination with phentermine. In the ensuing
years, the use of appetite suppressants, particularly
fenfluramine and phentermine in combination, in-
creased exponentially.
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 Dexfenfluramine, the 

 

d

 

-iso-
mer of fenfluramine, was initially marketed in Eu-
rope for the treatment of obesity, where its use was
predominantly short term. In 1996, its use was ap-
proved in the United States for the long-term treat-
ment of obesity. Since 1995, approximately 14 mil-
lion prescriptions have been written for fenfluramine
or dexfenfluramine, with the greatest product use
among women and persons less than 60 years of age.
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On July 8, 1997, the Food and Drug Adminis-
tration (FDA) issued a public health advisory after
researchers found that 33 women who had taken fen-
fluramine and phentermine in combination (com-
monly called “fen–phen”) had unusual heart-valve
morphology and regurgitation. The duration of treat-
ment ranged from 1 to 28 months. The most com-
mon condition was multivalvular disease involving
the mitral, aortic, and tricuspid valves. A published

A
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report on 24 of these 33 patients noted valvular insuf-
ficiency with unusual morphologic changes.
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 These
patients had used fenfluramine and phentermine for
an average of 12 months. In five of these patients
who had undergone valve replacement, the patholog-
ical findings resembled those of carcinoid heart dis-
ease or heart disease associated with ergotamine tox-
icity, both of which are serotonin-related syndromes.
Subsequently, the FDA analyzed a series of independ-
ent reports from clinicians and investigators and es-
timated that the prevalence of valvular insufficiency
among patients using various appetite suppressants
was 20 to 30 percent. In consideration of these data,
the manufacturer of fenfluramine and dexfenfluramine
stopped marketing these drugs in the United States
(a similar action followed in Europe). These data
also prompted the Department of Health and Human
Services to issue interim recommendations for health
care professionals regarding cardiac-valve abnormal-
ities in association with exposure to these drugs.
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A number of questions remained after these initial
reports. In particular, it was not clear whether the
valvular insufficiency was related to the use of these
medications or was simply a consequence of obesity.
The exact mechanisms involved in the development
of valvular disease were not known. To investigate the
effect of appetite suppressants on cardiac valvular in-
sufficiency, we studied obese patients who had taken
dexfenfluramine alone, dexfenfluramine in combina-
tion with phentermine, or fenfluramine in combina-
tion with phentermine as well as a matched group of
obese control subjects who had not taken these
medications. The purpose of the study was to deter-
mine the prevalence and severity of valvular dysfunc-
tion in obese patients who had taken appetite sup-
pressants and in those who had not.

 

METHODS

 

Study Design

 

This cross-sectional study was approved by the human subjects
research committee at Hennepin County Medical Center, an af-
filiated teaching hospital of the University of Minnesota in Min-
neapolis, where the work was conducted. All participants provid-
ed informed consent before enrollment in the study.

The study was initiated in August 1997 and used echocardiog-
raphy to estimate the prevalence of valvulopathy in patients who
were currently taking or had taken appetite suppressants during
open-label trials from January 1994 through August 1997. For
comparison, a matched group of obese subjects who had not taken
fenfluramine-derived appetite suppressants was recruited after
August 1997 from the community at large.

 

Patients

 

The sole criterion for inclusion as a patient was participation in
one of three appetite-suppressant studies previously conducted at
Hennepin County Medical Center. To be eligible for these open-
label studies, patients had to be more than 30 percent above their
ideal weights. Potential participants were excluded if an assess-
ment of their medical history or a physical examination conducted
by one of two physicians revealed clinically significant cardiovas-
cular or psychiatric disorders. All three studies used similar methods

of screening for medical conditions, approaches to diet and be-
havior modification, and medical follow-up, but different appetite-
suppressant regimens. The first study used fenfluramine (Pondi-
min, A.H. Robins, Richmond, Va.) at a dose of 60 to 120 mg per
day in combination with phentermine (several brands) at a dose
of 30 mg per day.
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 The second used dexfenfluramine (Redux,
Wyeth Laboratories, Philadelphia, under license from Interneuron,
Lexington, Mass.) at a dose of 30 mg per day. The third allowed
the optional use of phentermine (30 mg per day) for patients who
did not lose the targeted amount of weight during dexfenflura-
mine (30 mg per day) monotherapy.
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 A single team of health
care professionals conducted all three studies. Of the 295 patients
enrolled in the studies, 257 underwent echocardiography.

 

Control Subjects

 

We recruited potential control subjects by advertising in various
media in the local metropolitan area. A total of 977 persons (789
women and 188 men) responded. Control subjects were matched
to the patients for various pretreatment demographic characteristics:
sex, age (within 4 years), height (within 3 in. [7.6 cm]), and body-
mass index (within 15 percent). According to self-reports, the con-
trol subjects had not taken fenfluramine or its derivatives; one male
subject who had taken dexfenfluramine for seven days was includ-
ed. A total of 239 control subjects were matched to the patients.

 

Echocardiography

 

Complete echocardiographic examinations were performed with
commercially available ultrasonographs (Sonos model 1000, 1500,
or 2500, Hewlett–Packard, Andover, Mass.; Power Vision model
SSA 380, Toshiba, Tokyo, Japan; or Sequoia, Acuson, Mountain
View, Calif.) with M-mode, two-dimensional, and Doppler echo-
cardiography (pulsed, continuous-wave, and color Doppler).
Echocardiograms were obtained in standard parasternal long-axis
and short-axis views; apical two-, four-, and five-chamber views;
subcostal views; and suprasternal views (parallel to the aortic
arch) and were recorded in real time on videotape.

 

Doppler Imaging

 

The height (width) of the aortic regurgitant jet at valve level
and the width of the left ventricular outflow tract were measured
on-line in the parasternal long-axis view.
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 Additional M-mode
color Doppler imaging was also performed to measure the width
of the aortic regurgitant jet.
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 Continuous-wave Doppler imaging
of the aortic regurgitant jet was recorded in the apical five-chamber
view for measurement of the pressure half-time, which is an index
of severity. Pulsed Doppler measurements of flow in the abdom-
inal aorta were recorded in the subcostal view and in the descending
thoracic aorta in the suprasternal view. Pulsed Doppler transmi-
tral diastolic flow velocities were measured at the level of the tips
of the mitral-valve leaflets. Peak instantaneous flow rate and the ef-
fective area of the mitral regurgitant orifice were measured in sub-
jects with mitral regurgitation,

 

18,19

 

 and pulsed Doppler measure-
ment of pulmonary venous flow was performed when technically
feasible. For subjects with identifiable tricuspid regurgitation, the
right ventricular–right atrial maximal systolic-pressure gradient
was estimated with the modified Bernoulli equation: gradient (in
millimeters of mercury)=4 v

 

2

 

, where v is the maximal velocity of
the tricuspid regurgitant jet (in meters per second).

 

20-22

 

Interpretation of Results

 

The primary reader reviewed all echocardiograms in a blinded
fashion with regard to subjects’ drug-exposure status. Results for
a subgroup of echocardiograms (60 of the total of 496) from this
study were previously reported to the FDA.

 

11

 

 The primary reader
interpreted these results before echocardiograms from matched
control subjects became available and thus was potentially aware
of the appetite-suppressant status of the subjects of these 60 studies.
All 496 echocardiograms were also interpreted by one of three
secondary readers, using the original real-time videotape record-
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ings, who were unaware of the subjects’ drug-exposure status.
Thus, each of the 496 echocardiograms was interpreted inde-
pendently by at least two readers. The echocardiographic data, as
described above, were available to all readers for the assessment
of valvular regurgitation. Acting independently, each reader grad-
ed valvular regurgitation for all valves as absent, trace, mild, mod-
erate, or severe. The readers were not shown a reference set of
echocardiograms before or during the study. The definition of
cardiac-valve abnormalities was that adopted by the FDA and
Centers for Disease Control and Prevention: mild aortic-valve in-
sufficiency or more severe disease or moderate mitral-valve insuf-
ficiency or more severe disease.

 

11

 

 In the event of disagreement be-
tween the primary and secondary readers regarding cardiac-valve
abnormalities that met the case definition, a randomly selected
third reader provided independent interpretation and served as
the tiebreaker. If the two independent readers agreed that cardiac-
valve abnormalities were present or absent, then no further attempt
was made to reconcile any differences in the grading of valvular
insufficiency. The primary reader and all secondary readers were
experienced echocardiographers and board-certified cardiolo-
gists. According to the Hennepin County Medical Center’s com-
puterized echocardiographic data base, the primary reader had
interpreted 14,267 echocardiograms from March 1986 to Decem-
ber 1997, including 10,972 Doppler studies.

 

Collection of Other Data

 

Medical diagnoses including hypertension and diabetes were
verified from the patients’ medical records or by control subjects’
self-reports. A research assistant administered a questionnaire to
the control subjects by telephone regarding their demographic char-
acteristics; personal habits (smoking and alcohol intake); medical
history, with emphasis on known cardiopulmonary disorders; and
use of appetite suppressants. Height, weight, and blood pressure
were documented at the time of echocardiography.

The patients’ medical records were used to determine when ap-
petite-suppressant use began and ended during the previous stud-
ies at our institution. In approximately 10 percent of the medical
records, the date on which treatment was stopped was not given,
indicating instances in which the patient had missed the sched-
uled follow-up visit and had subsequently dropped out of the
study. In the case of these patients, the stopping date used was
the date 90 days after the patient’s last noted medical visit (90
days was the maximal number of days of drug therapy possible
through authorized prescription refills).

 

Statistical Analysis

 

All statistical analysis was completed with SPSS for Windows
(version 7.5). The Spearman correlation coefficient was used to
assess concordance of echocardiographic results with respect to
the degree of valvular insufficiency. Kappa values were calculated
to assess agreement between the primary reader and all secondary
readers on cases of cardiac-valve abnormalities that met the case
definition. Univariate analyses were used to identify differences in
continuous or categorical variables with respect to drug-exposure
status and the presence or absence of cardiac-valve abnormalities.
Multivariate logistic-regression analysis was used to test continu-
ous or categorical variables obtained from the medical history,
demographic characteristics, and measurement factors that might
be associated with cardiac-valve abnormalities. Variables were re-
tained in the final analysis only if they were independent risk fac-
tors for cardiac-valve abnormalities that met the case definition or
if the variables confounded the association between drug use and
cardiac-valve abnormalities. All reported P values are two-sided.

 

RESULTS

 

Degree of Agreement between Readers 
of Echocardiograms

 

Tables 1 and 2 show the concordance between the
primary reader and all secondary readers for all 496

cardiac ultrasound studies with respect to aortic-
valve and mitral-valve insufficiency. The Spearman
correlation coefficients were 0.88 (P<0.001) for the
interpretations of aortic-valve insufficiency and 0.63
(P<0.001) for the interpretations of mitral-valve in-
sufficiency. Table 3 shows the concordance between
the primary reader and all secondary readers regard-
ing cardiac-valve abnormalities that met the case def-
inition (kappa value, 0.79; P<0.001).

 

Final Analysis

 

Of the 295 patients enrolled in the three appetite-
suppressant studies conducted at our institution, 257
(87 percent) agreed to participate in the current study.
A matched control subject was found for 239 of the
257 patients (93 percent). We included all 496 study
subjects in the analysis of the association between
the use of appetite suppressants and cardiac-valve

 

*Concordant results are indicated by boldface type (r=0.88 for the cor-
relation between readers, P<0.001 for the comparison across degrees of
insufficiency).
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abnormalities. The resultant odds ratio was 21.4 (95
percent confidence interval, 6.8 to 108.2).

Of the 257 patients, 6 (5 female and 1 male) were
excluded from the final analysis because their use of
appetite suppressants exceeded that called for by the
treatment protocols. A suitable match could not be
found for an additional 18 patients (3 men and
7 women who took fenfluramine in combination
with phentermine, 2 men who took dexfenfluramine
in combination with phentermine, and 4 men and
2 women who took dexfenfluramine alone). Table 4
shows the demographic characteristics of the re-
maining 233 patients and their matched controls.
The two groups were well matched, with no signif-
icant differences in sex, age, body-mass index, or
weight. Of the 233 patients, 41 (18 percent) were
taking appetite suppressants at the time of echocar-
diography, 47 (20 percent) underwent echocardiog-
raphy within 30 days after they stopped taking the
medication, 71 (30 percent) underwent echocardi-
ography 1 to 6 months after discontinuing treatment,
and 74 (32 percent) underwent echocardiography
more than 6 months after discontinuing treatment.

As shown in Table 5, cardiac-valve abnormalities
that met the case definition were present in 1.3 per-
cent of the control subjects (3 of 233) and 22.7 per-
cent of the patients (53 of 233) (odds ratio, 22.6; 95
percent confidence interval, 7.1 to 114.2; P<0.001).

The results of the multivariate logistic-regression
analysis are shown in Table 6. Age, as a continuous
variable, was the only covariate that was an inde-
pendent predictor of cardiac-valve abnormalities that
met the case definition. None of the other covariates
were independent predictors or confounders of the
association between such cardiac-valve abnormalities
and the use of appetite suppressants. Consequently,
the final model contains only age and type of appe-
tite suppressant as predictors of cardiac-valve abnor-
malities. Figure 1 shows the overall prevalence of
aortic-valve insufficiency among the patients and
control subjects.

 

DISCUSSION

 

Cardiac valvular disease has multiple causes, in-
cluding congenital disorders, such as bicuspid aortic
valve, and acquired conditions, such as infection, trau-
ma, and (less commonly) carcinoid syndrome.

 

23,24

Ergot alkaloids such as methysergide have been im-
plicated as causes of valvular disease.25 Recent case
reports have suggested an association between car-
diac-valve abnormalities and the use of serotonergic
appetite suppressants, but the mechanism of drug-
related valvular dysfunction is unknown.11,12

The initial published reports of valvular disease as-
sociated with the use of appetite suppressants de-
scribed a severe multivalvular condition.11,12 We as
well as others subsequently reported additional cases
of valvular dysfunction, most commonly aortic-valve
insufficiency.11 Aortic-valve insufficiency is uncom-
mon in the general population, especially in people
under the age of 50 years. Available estimates sug-
gest a prevalence of 1 to 2 percent in this age
group.26-31 The interpretation of both the initial and

*Concordant results are indicated by boldface type
(k=0.79 for the correlation between readers, P<0.001 for
the comparison across categories).

TABLE 3. CASES OF CARDIAC-VALVE ABNORMALITIES 
ON ECHOCARDIOGRAPHY, ACCORDING TO THE 

PRIMARY AND SECONDARY READERS.*

PRIMARY READER SECONDARY READERS

Cardiac-valve 
abnormalities

absent

Cardiac-valve 
abnormalities

present

Cardiac-valve abnormali-
ties absent

420 12

Cardiac-valve abnormali-
ties present

12 52

*Plus–minus values are means ±SD.

†To convert values to kilograms, divide by 2.2.

‡Body-mass index is the weight in kilograms divided by the square of the height in meters.

§P<0.001 for the comparison with the other two subgroups.

TABLE 4. DEMOGRAPHIC CHARACTERISTICS OF 233 PATIENTS AND THEIR MATCHED CONTROLS.*

CHARACTERISTIC

CONTROL

SUBJECTS

(N=233)

ALL

PATIENTS

(N=233)

PATIENTS GIVEN 
DEXFENFLURAMINE

(N=39)

PATIENTS GIVEN 
DEXFENFLURAMINE 
AND PHENTERMINE

(N=31)

PATIENTS GIVEN

FENFLURAMINE AND

PHENTERMINE

(N=163)

Sex (M/F) 30/203 30/203 5/34 3/28 22/141

Age (yr) 45.3±9.5 45.3±9.1 43.0±10.3 44.7±7.7 46.0±9.0

Weight (lb)† 247.9±49.8 247.1±54.3 251.0±63.7 235.6±47.5 248.5±53.2

Body-mass index‡ 40.6±7.3 40.4±7.3 40.0±8.2 39.2±7.3 40.7±7.1

Duration of treatment (mo) 20.5±12.0 4.9±3.2§ 9.0±2.2§ 26.5±9.1§
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the subsequent case reports was necessarily limited
by the absence of an appropriate comparison group
— that is, a matched group of similarly obese sub-
jects who had not used appetite suppressants.

Our data show that the prevalence of valvular in-
sufficiency is significantly higher among patients
who have taken appetite suppressants than among
subjects matched for age, sex, and body-mass index
who have not taken such drugs. The most common
— and often the only — abnormality that met the
case definition in our study was aortic-valve insuffi-
ciency. Using univariate analysis, we found a signifi-
cant relation between the use of appetite suppres-

sants and the presence of cardiac-valve abnormalities
that met the case definition. Multiple logistic-regres-
sion models clearly showed significant increases in
the risk of valve disease with the use of appetite sup-
pressants, regardless of the drug regimen. Although
the odds ratios for such cardiac-valve abnormalities
with the use of a combination of dexfenfluramine
and phentermine (24.5) and fenfluramine and phen-
termine (26.3) were twice the odds ratio with dex-
fenfluramine alone (12.7), these data are confounded
by the duration of treatment. The duration of treat-
ment differed among the three subgroups, and the
effect of this variable on the relative prevalence of
valvular insufficiency requires further study.

A higher percentage of patients than controls had
trace aortic-valve insufficiency. This finding suggests
that the case-definition threshold for cardiac-valve
abnormalities in association with appetite suppres-
sants set by the FDA and Centers for Disease Control
and Prevention may be too high.

We analyzed our data to determine which factors
might predispose patients to valvular insufficiency. As
shown in Table 6, only age at the time drug therapy
was initiated and the use of dexfenfluramine or com-
binations of dexfenfluramine and phentermine or fen-
fluramine and phentermine were statistically signifi-
cant. The natural history and therefore the clinical
significance of appetite-suppressant–associated valvu-
lar insufficiency are not known. Follow-up studies of
patients with valvular dysfunction and those without
it, as well as of matched control subjects are needed to
help define the natural history of valvular insufficiency.

*The reference category is the control subjects. The values for age, body-
mass index, and weight are those before treatment with appetite suppres-
sants for the patients and those at the time of echocardiography for the
control subjects. Values for blood pressure were obtained at the time of
echocardiography in both groups. Age, body-mass index, blood pressure,
and weight are continuous variables. The other variables are categorical. CI
denotes confidence interval.

TABLE 6. MULTIVARIATE LOGISTIC-REGRESSION ANALYSIS 
OF PREDICTORS OF CARDIAC-VALVE ABNORMALITIES THAT MET 

THE CASE DEFINITION BY CARDIAC ECHOCARDIOGRAPHY.*

VARIABLE

ODDS RATIO

(95% CI)
P

VALUE

Initial model

Age 1.1  (1.0–1.1) 0.02
Sex 0.9  (0.3–2.8) 0.80
Body-mass index 1.0  (0.9–1.2) 0.44
Weight 0.99 (0.97–1.0) 0.14
Systolic blood pressure 1.0  (0.99–1.1) 0.14
Diastolic blood pressure 1.0  (0.9–1.0) 0.09
Presence of hypertension 0.6  (0.3–1.3) 0.22
Presence of diabetes mellitus
Dexfenfluramine use 
Dexfenfluramine and phentermine use 
Fenfluramine and phentermine use 

0.4  (0.1–1.5)
15.4  (3.3–72.4)
24.9  (5.5–111.8)
31.9  (9.2–110.5)

0.17
<0.001
<0.001
<0.001

Final model

Age
Dexfenfluramine use

1.1  (1.0–1.1)
12.7  (2.9–56.4)

0.007
<0.001

Dexfenfluramine and phentermine use 24.5  (5.9–102.2) <0.001
Fenfluramine and phentermine use 26.3  (7.9–87.1) <0.001

TABLE 5. CASES OF CARDIAC-VALVE ABNORMALITIES 
MEETING THE CASE DEFINITION.

GROUP

NO. OF

SUBJECTS

CARDIAC-VALVE

ABNORMALITIES

no. of cases
(%)

Unexposed control subjects 233 3 (1.3)

Patients
Patients given dexfenfluramine
Patients given dexfenfluramine 

and phentermine
Patients given fenfluramine and 

phentermine

233
39
31

163

53 (22.7)
5 (12.8)
7 (22.6)

41 (25.2)

Figure 1. Degree of Aortic-Valve Insufficiency in 233 Patients
and Their Matched Controls. 
The interpretations are those of the primary reader except in
instances in which there was disagreement between readers
with respect to abnormalities that met the case definition, in
which case the tie-breaking interpretation of the third reader is
shown.
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Until such research has been conducted, the Depart-
ment of Health and Human Services has issued inter-
im guidelines for the evaluation and care of patients
who have taken appetite suppressants that include
prophylaxis against bacterial endocarditis.11

When used to diagnose valvular insufficiency, echo-
cardiography requires both objective criteria and the
subjective interpretation of images. To minimize bias
in the diagnosis of valvular dysfunction in the
present study, secondary readers were not told which
subjects had taken appetite suppressants. The pri-
mary reader was unaware of the subjects’ history of
appetite-suppressant use in the case of 436 of 496
echocardiograms. Furthermore, the secondary readers
did not know how the primary reader had interpreted
the echocardiograms. As shown in Table 1, the con-
cordance among readers was excellent, despite the
absence of any reference set or attempts to improve
concordance.

In conclusion, our data show that patients who
took fenfluramine and phentermine, dexfenfluramine
alone, or dexfenfluramine and phentermine had a
significantly higher prevalence of cardiac valvular
insufficiency than matched control subjects. In expe-
rienced hands, echocardiography is a reproducible
and objective means of assessing the presence of drug-
related valvular insufficiency. The clinical signifi-
cance and natural history of this type of valvular
disease are currently unknown.

Supported in part by a grant (3P30-DK50456-03S1) from the National
Institutes of Health Minnesota Obesity–Nutrition Research Center and
the Centers for Disease Control and Prevention through a Memorandum
of Agreement (MOA-5960) with the National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health.

We are indebted to the clinical staff of the Hennepin County
Medical Center Diabetes Center and our cardiac sonographers, to
the Hewlett–Packard and Acuson corporations for technical support,
and to Susan Yanovski, M.D., of the National Institute of Diabetes
and Digestive and Kidney Diseases for her helpful suggestions and
critique.

REFERENCES

1. Weintraub M, Sundaresan PR, Madan M, et al. Long-term weight con-
trol study. I. (Weeks 0 to 34): the enhancement of behavior modification, 
caloric restriction, and exercise by fenfluramine plus phentermine versus 
placebo. Clin Pharmacol Ther 1992;51:586-94.
2. Weintraub M, Sundaresan PR, Schuster B, et al. Long-term weight 
control study. II. (Weeks 34 to 104): an open-label study of continuous 
fenfluramine plus phentermine versus targeted intermittent medication as 
adjuncts to behavior modification, caloric restriction, and exercise. Clin 
Pharmacol Ther 1992;51:595-601.
3. Weintraub M, Sundaresan PR, Schuster B, Moscucci M, Stein EC. 
Long-term weight control study. III. (Weeks 104 to 156): an open-label 
study of dose adjustment of fenfluramine and phentermine. Clin Pharma-
col Ther 1992;51:602-7.
4. Weintraub M, Sundaresan PR, Schuster B, et al. Long-term weight 
control study. IV. (Weeks 156 to 190): the second double-blind phase. Clin 
Pharmacol Ther 1992;51:608-14.
5. Weintraub M, Sundaresan PR, Schuster B, Averbuch M, Stein EC, Byrne 
L. Long-term weight control study. V. (Weeks 190 to 210): follow-up of par-
ticipants after cessation of medication. Clin Pharmacol Ther 1992;51:615-8.
6. Weintraub M, Sundaresan PR, Cox C. Long-term weight control study. 

VI. Individual participant response patterns. Clin Pharmacol Ther 1992;51:
619-33.
7. Weintraub M, Sundaresan PR, Schuster B. Long-term weight control 
study. VII. (Weeks 0 to 210): serum lipid changes. Clin Pharmacol Ther 
1992;51:634-41.
8. Weintraub M. Long-term weight control study: conclusions. Clin Phar-
macol Ther 1992;51:642-6.
9. Idem. Long-term weight control: the National Heart, Lung, and Blood 
Institute funded multimodal intervention study. Clin Pharmacol Ther 
1992;51:581-5. [Erratum, Clin Pharmacol Ther 1992;52:323.]
10. Kushner R. The treatment of obesity: a call for prudence and profes-
sionalism. Arch Intern Med 1997;157:602-4.
11. Cardiac valvulopathy associated with exposure to fenfluramine or dex-
fenfluramine: U.S. Department of Health and Human Services interim 
public health recommendations, November 1997. MMWR Morb Mortal 
Wkly Rep 1997;46:1061-6.
12. Connolly HM, Crary JL, McGoon MD, et al. Valvular heart disease 
associated with fenfluramine–phentermine. N Engl J Med 1997;337:581-
8. [Erratum, N Engl J Med 1997;337:1783.]
13. Hartley GG, Nicol S, Halstenson C, Khan M, Pheley A, St Peter JV. 
Long-term results from phentermine, fenfluramine, diet, behavior modifi-
cation, and exercise for treatment of obesity. Obes Res 1997;5 Suppl 1:58S. 
abstract.
14. Khan MA, St Peter JV, Hartley GG, Pheley AM, McFarland KA. The 
effect of adding phentermine to weight management therapy in patients 
with declining response to dexfenfluramine alone. Obes Res 1997;5:Suppl 
1:22S. abstract.
15. Perry GJ, Helmcke F, Nanda NC, Byard C, Soto B. Evaluation of aor-
tic insufficiency by Doppler color flow mapping. J Am Coll Cardiol 1987;
9:952-9.
16. Dolan MS, Castello R, St Aguirre F, Labovitz AJ. Quantitation of aor-
tic regurgitation by Doppler echocardiography: a practical approach. Am 
Heart J 1995;129:1014-20.
17. Tribouilloy C, Shen WF, Slama M, et al. Assessment of severity of aor-
tic regurgitation by M-mode colour Doppler flow imaging. Eur Heart J 
1991;12:352-6.
18. Bargiggia GS, Tronconi L, Sahn DJ, et al. A new method for quanti-
tation of mitral regurgitation based on color flow Doppler imaging of flow 
convergence proximal to regurgitant orifice. Circulation 1991;84:1481-9.
19. Enriquez-Sarano M, Seward JB, Bailey KR, Tajik AJ. Effective regur-
gitant orifice area: a noninvasive Doppler development of an old hemody-
namic concept. J Am Coll Cardiol 1994;23:443-51.
20. Yock PG, Popp RL. Noninvasive estimation of right ventricular systolic 
pressure by Doppler ultrasound in patients with tricuspid regurgitation. 
Circulation 1984;70:657-62.
21. Berger M, Haimowitz A, Van Tosh A, Berdoff RL, Goldberg E. Quan-
titative assessment of pulmonary hypertension in patients with tricuspid re-
gurgitation using continuous wave Doppler ultrasound. J Am Coll Cardiol 
1985;6:359-65.
22. Currie PJ, Seward JB, Chan KL, et al. Continuous wave Doppler de-
termination of right ventricular pressure: a simultaneous Doppler-catheter-
ization study in 127 patients. J Am Coll Cardiol 1985;6:750-6.
23. Pellikka PA, Tajik AJ, Khandheria BK, et al. Carcinoid heart disease: 
clinical and echocardiographic spectrum in 74 patients. Circulation 1993;
87:1188-96.
24. Robiolio PA, Rigolin VH, Wilson JS, et al. Carcinoid heart disease: 
correlation of high serotonin levels with valvular abnormalities detected by 
cardiac catheterization and echocardiography. Circulation 1995;92:790-5.
25. Redfield MM, Nicholson WJ, Edwards WD, Tajik AJ. Valve disease 
associated with ergot alkaloid use: echocardiographic and pathologic cor-
relations. Ann Intern Med 1992;117:50-2.
26. Akasaka T, Yoshikawa J, Yoshida K, et al. Age-related valvular regurgi-
tation: a study by pulsed Doppler echocardiography. Circulation 1987;76:
262-5.
27. Yoshida K, Yoshikawa J, Shakudo M, et al. Color Doppler evaluation 
of valvular regurgitation in normal subjects. Circulation 1988;78:840-7.
28. Choong CY, Abascal VM, Weyman J, et al. Prevalence of valvular regur-
gitation by Doppler echocardiography in patients with structurally normal 
hearts by two-dimensional echocardiography. Am Heart J 1989;117:636-42.
29. Klein AL, Burstow DJ, Tajik AJ, et al. Age-related prevalence of valvu-
lar regurgitation in normal subjects: a comprehensive color flow examina-
tion of 118 volunteers. J Am Soc Echocardiogr 1990;3:54-63.
30. Reid CL, Gardin JM, Yunis C, Kurosaki T, Flack JM. Prevalence and 
clinical correlates of aortic and mitral regurgitation in a young adult pop-
ulation: the CARDIA Study. Circulation 1994;90:Suppl I:I-282. abstract.
31. Gray GW, Salisbury DA, Gulino AM. Echocardiographic and color 
flow Doppler findings in military pilot applicants. Aviat Space Environ Med 
1995;66:32-4.

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 


