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HE dangers inherent in marked obesity have
prompted physicians to advocate more ag-
gressive strategies for weight reduction. One

current strategy is the prescription of fenfluramine,

 

1,2

 

either alone or in combination with phentermine,
with the knowledge that the risks of the drugs must
be balanced against the risks of continued obesity.

Pulmonary hypertension in adults has several caus-
es that can be identified pathologically. In the case
of pulmonary hypertension that develops with hy-
poxia during the course of chronic obstructive or in-
terstitial fibrosing disease of the lung, the pulmo-
nary vessels are characterized by intimal and medial
hyperplasia and luminal stenosis. Thromboembolic
pulmonary hypertension results from the occlusion
of large and small vessels by organizing blood clot
with ingrowth of fibroblasts. Pulmonary venous
hypertension due to cardiac failure or pulmonary
veno-occlusive disease leads to secondary arterial
hypertension as well as hemosiderosis. Collagen vas-
cular disease, particularly scleroderma, can cause ex-
uberant intimal proliferation described as onionskin
change. Finally, plexogenic arteriopathy, a patholog-
ically distinctive form of arterial remodeling, typical-
ly develops in patients with primary pulmonary hy-
pertension.

Most patients with primary pulmonary hyperten-
sion are young women with a relatively rapid pro-
gression of disease.

 

3,4

 

 Although most cases have no
apparent cause, some can be traced to specific med-
ical conditions or drugs. Particularly well established
causes are cirrhosis

 

5,6

 

 and human immunodeficiency

T

 

virus infection.

 

7,8

 

 Drugs used to suppress appetite
can also cause pulmonary hypertension.

A small epidemic of pulmonary hypertension with
fatalities in Switzerland, Germany, and Austria in the
late 1960s and early 1970s was due to the use of
aminorex for weight reduction.

 

9-13

 

 Plexogenic arte-
riopathy characterized the pulmonary abnormali-
ties.

 

10,14,15

 

 Fenfluramine and dexfenfluramine, ano-
rectic drugs currently in use, are also known to cause
pulmonary hypertension.

 

16,17

 

 We document on the
basis of autopsy findings that plexogenic pulmonary
hypertension was the cause of death in a woman
who took fenfluramine and phentermine to lose
weight. She died approximately 8 months after tak-
ing this off-label combination of drugs for only
23 days.

 

CASE REPORT

 

Clinical Findings

 

A 29-year-old woman sought medical help for obesity. She was
otherwise healthy and did not smoke cigarettes. There was no
family history of pulmonary hypertension. She weighed 88 kg
(193 lb) and was 1.65 m (65 in.) tall. Her body-mass index (the
weight in kilograms divided by the square of the height in meters)
was 32. Combination therapy with fenfluramine (Pondimin) at a
dose of 10 mg taken orally three times per day and phentermine
(Ionamin) at a dose of 15 mg taken orally every morning was pre-
scribed. The medications were discontinued after 23 days. The
patient lost 4.5 kg (10 lb) during treatment. The patient subse-
quently reported an increased heart rate and shortness of breath
with moderate exercise. These symptoms resolved over the next
several weeks. 

She felt well until five months later, when she noticed shortness
of breath and pedal edema during an upper respiratory tract in-
fection. Soon thereafter she had two episodes of syncope. Labo-
ratory investigation showed mild polycythemia and respiratory al-
kalosis. Chest radiographs showed mild prominence of the right
ventricular outflow tract and the left pulmonary artery. An electro-
cardiogram showed right-axis deviation and right ventricular hyper-
trophy. Cardiac catheterization showed severe pulmonary hyperten-
sion and markedly elevated pulmonary vascular resistance. The right
ventricular pressure was 100/20 mm Hg; the pulmonary-artery
pressure was 100/45 mm Hg, with a mean of 60 mm Hg; the pul-
monary-capillary wedge pressure was 6 to 8 mm Hg; and the pul-
monary vascular resistance was 20 to 24 Wood units (normal,

 

�

 

2). Ventilation–perfusion scanning showed a very low probabil-
ity of acute pulmonary embolism, with no segmental perfusion
defects. Pulmonary angiography showed vascular pruning and low
flow consistent with the presence of high pulmonary vascular re-
sistance and low cardiac output.

Other studies were performed to rule out various causes of pul-
monary hypertension. Liver-function studies showed a mild ele-
vation of alanine aminotransferase and lactate dehydrogenase in
the serum. Abdominal ultrasonography revealed no liver abnor-
malities. Tests for antinuclear antibodies were negative. Adminis-
tration of oxygen improved the patient’s condition, but treatment
with nitric oxide did not. A continuous intravenous infusion of
epoprostenol was administered through an indwelling catheter
two months after her syncopal episodes. The initial dose was 2 

 

m

 

g
per kilogram of body weight per minute and was subsequently in-
creased to 4 

 

m

 

g per kilogram per minute and then to 5 

 

m

 

g per
kilogram per minute.

The patient was in stable condition and reasonably functional
at home for six weeks before a fever developed and she was hos-
pitalized. Cultures for bacteria were negative. Her condition im-
proved with antibiotics, and she was discharged, only to be re-
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admitted two days later with more fever and pleuritic chest pain.
An additional antibiotic was given, and she was again sent home.
Two days later she died suddenly and unexpectedly in cardiac
arrest.

 

Pathological Findings

 

An autopsy was performed at the Massachusetts General Hos-
pital under the auspices of the Office of the Chief Medical Exam-
iner of the Commonwealth of Massachusetts. There were no re-
strictions to the autopsy. A standard dissection protocol was
followed. The lungs were inflated with formalin and cut 24 hours
later into slabs 1 cm thick. Ten blocks of tissue were examined
from each lung. The sections were stained with hematoxylin and
eosin, Prussian blue for iron, elastic–van Gieson for elastic tissue,
Mallory’s trichrome for collagen, and Wilder’s stain for reticulin.

At autopsy the body weighed 91 kg (200 lb). The right lung
weighed 777 g and the left lung 630 g, approximately twice the
normal weights. The lungs were congested but otherwise macro-
scopically unremarkable. The heart weighed 399 g, which is
slightly heavier than normal. There was marked right ventricular
hypertrophy. The lateral wall of the right ventricle was 0.6 cm
thick (normal, 0.3 cm or less) when measured 1 cm below the
tricuspid valve. The circumference of the pulmonary trunk was
6 cm, and the ascending aorta was 5 cm in circumference (Fig.
1), whereas normally the circumference of the ascending aorta is
greater than that of the pulmonary trunk in an adult. Neither the
aorta nor the main pulmonary arteries had atherosclerosis.

Histopathological examination of the lungs revealed conges-
tion, extensive alveolar and interstitial edema, and evidence of
marked pulmonary hypertension. Medial and intimal proliferation
(Fig. 2) involved the majority of the muscular pulmonary arteries
and arterioles. These findings correspond to a pathological grade
of 3 on a 5-point scale in which 0 represents normal findings,
1 medial hypertrophy, 2 intimal hyperplasia, 3 occlusive intimal
fibroelastosis, and 4 plexogenic arteriopathy.

 

18

 

 Plexiform arte-
riopathy

 

14,15,18

 

 (Fig. 3) was present in every slide and involved an
average of three arteries per slide. Lesions manifested by dilata-
tion, which are typically found distal to plexogenic lesions, were
numerous as well (Fig. 4). Necrotizing arteritis (Fig. 5) with fi-
brinoid necrosis of the vascular wall, nuclear dust, and regional
acute hemorrhage was present in a few slides. The findings are
characteristic of plexogenic pulmonary hypertension and corre-
spond to a pathological grade of 4.

 

18

 

 The pulmonary veins were
normal. A few aggregates of clear oval cells representing neuro-
endocrine cells were present in the basal layer of bronchiolar
epithelium. There was no bronchiolitis, bronchopneumonia, or
hemosiderosis. No acute or organizing thromboemboli were pres-
ent. Polarization microscopy showed no birefringent material in
blood vessels.

All other organs, including the brain, were macroscopically and
microscopically normal. There was no coronary artery disease, he-
patic fibrosis, or venous thrombosis.

 

DISCUSSION

 

Plexogenic arteriopathy is the usual and most dis-
tinctive anatomical finding in primary pulmonary
hypertension

 

14,15

 

 and was present in European pa-
tients who had taken aminorex as an appetite sup-
pressant in the 1960s and 1970s.

 

10

 

 The morphology
of plexogenic and angiomatoid lesions in these pa-
tients distinguished their form of the disease from
common forms of pulmonary hypertension. Plexo-
genic lesions are preceded by exuberant proliferation
of medial and intimal cells, which constitute lesser
degrees of pulmonary hypertension. Necrosis of the
arterial wall with repair and local vascular remodel-
ing culminates in a racemose collection of abnormal

channels outside the original artery. The proliferat-
ing cells are myofibroblasts

 

19

 

 and endothelial cells
with increased expression of endothelin-1.

 

20

 

 Shunts
develop between the pulmonary and bronchial arte-
rial systems.

 

21,22

 

 Vascular scarring leads to post-stenot-
ically dilated blood vessels with thinned walls. All
phases of plexogenic arteriopathy were observed in
patients who took aminorex and in our patient, who
took fenfluramine and phentermine.

The risk of pulmonary hypertension after treat-
ment with aminorex was estimated to be only 2 in
1000,

 

11

 

 but this figure was still 20 times the risk in
the general population.

 

14

 

 The latent period between
drug therapy with aminorex and the development of
the disease may have been related to the dose, but

 

Figure 1.

 

 Cross Section of the Ascending Aorta (on the Left)
and the Pulmonary Trunk (on the Right).
The pulmonary trunk is larger than the aorta, which is an ab-
normal finding indicative of pulmonary hypertension.

 

Figure 2.

 

 Pulmonary Hypertension with Marked Intimal (I) and
Medial (M) Hyperplasia in a Muscular Pulmonary Artery (He-
matoxylin and Eosin, 

 

�

 

20).
The lumen (L) is one fourth the normal diameter.

M I
L

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



 

604

 

�

 

August 28, 1997

 

The New England Journal  of  Medicine

 

Figure 3.

 

 Plexogenic Arteriopathy (Hematoxylin and Eosin, 

 

�

 

20).
Interwoven vessels, which have the diameter of capillaries,
form a plexus (arrows).

 

Figure 4.

 

 Dilated Blood Vessels with Thin Walls (“Dilatation Le-
sions,” D) (Hematoxylin and Eosin, 

 

�

 

10).
Abnormal ectatic blood-filled vessels with thin walls lie adja-
cent to an artery occluded by intimal fibrosis (A).

A

D

D

 

Figure 5.

 

 Necrotizing Arteritis (Hematoxylin and Eosin, 

 

�

 

10).
Neutrophils and nuclear dust (asterisks) infiltrate all layers of
small elastic artery. Fibrinoid necrosis (F) is present. A glomer-
uloid (G) proliferation of endothelial cells protrudes into a cu-
rious aneurysmal structure.

G

F

 *

 *

 

the dose was sometimes small and often bore little
relation to the degree of elevation in pressure.

 

14

 

 Pri-
mary pulmonary hypertension has a familial basis in
some instances.

 

23

 

 In one case during the aminorex
epidemic, pulmonary hypertension developed in a
mother and daughter who were both taking the
drug.

 

12

 

 In one study of 32 patients in Switzerland in
whom pulmonary hypertension developed during or
after therapy with aminorex, 1 patient took the drug
for only three weeks, another 3 took it for one
month, and 23 took it for three months or longer.

 

12

 

Disease developed in 18 patients during treatment,
in 4 within three months after therapy, in 2 between
three and six months after therapy, and in 1 more
than a year after therapy.

 

12

 

 Since our patient took
fenfluramine and phentermine for 23 days and died
of pulmonary hypertension 8 months later, the time
course of her disease falls within previously docu-
mented time frames for aminorex-associated pulmo-
nary hypertension. The relative risk of pulmonary
hypertension after treatment with dexfenfluramine
for more than three months is approximately 30,

 

17

 

which is similar to that associated with aminorex.
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How reversible is the pulmonary hypertension
due to anorectic agents? Intimal and medial prolif-
erations are believed to be potentially reversible. The
necrotizing arteritis and ensuing plexogenic arteri-
opathy are probably permanent, but only a minority
of the arteries generally show this change. In adults
with idiopathic forms of plexogenic arteriopathy and
in children in whom plexogenic arteriopathy devel-
ops as a result of congenital heart disease with left-
to-right shunts, plexogenic lesions are believed to be
irreversible and a bad prognostic sign.

 

13,15,24

 

 Howev-
er, the pulmonary hypertension caused by aminorex
was sometimes reversible. The drug was sold in Eu-
rope from 1965 to 1968 and then withdrawn from
the market. The epidemic of pulmonary hyperten-
sion had subsided by 1972. Ten years later, half the
patients who had had signs and symptoms of pulmo-
nary hypertension had died, the majority of right-
sided heart failure. The average survival of those
who died was 3

 

1

 

⁄

 

2

 

 years after the initial clinical diag-
nosis. Pulmonary vascular obstruction regressed in half
the survivors.

 

13

 

Fenfluramine and phentermine are chemical con-
geners of amphetamine

 

1

 

 and are structurally similar
to aminorex (Fig. 6). Fenfluramine differs from most
derivatives of amphetamine by depressing rather than
stimulating the central nervous system. It may sup-
press appetite by stimulating the ventromedial nu-
cleus of the hypothalamus, possibly by promoting
the release of serotonin and blocking its neuronal re-
uptake.

 

1

 

 Since fenfluramine affects the cellular proc-
essing of serotonin and since intimal proliferation
and fibrosis may develop in the veins and endocar-
dium of patients with carcinoid syndrome and circu-
lating serotonin or its metabolites,

 

25,26

 

 drug-related
hyperplasia of vascular myofibroblasts and endothe-
lial cells is not entirely a surprise. The numbers of
pulmonary endocrine cells, especially those contain-
ing gastrin-releasing peptide, are increased in plexo-
genic arteriopathy and not in other varieties of pul-
monary hypertension.

 

27

 

The histopathological findings related to pulmo-
nary hypertension in our patient had four attributes
with clinical correlates: it was partly irreversible, be-
cause there were plexogenic lesions in addition to in-
timal and medial proliferation; it was severe, present
in every slide of lung tissue, whereas in some cases
of idiopathic pulmonary hypertension the patholo-
gist finds a plexogenic lesion in only every 5th or
even every 10th block of tissue; it was in part estab-
lished and ongoing, correlating with an onset months
previously; and it was in part acute and necrotizing,
correlating with rapid clinical deterioration termi-
nally. The right ventricular hypertrophy and cor pul-
monale attest to the severity of the pulmonary hy-
pertension. 

In summary, classic and severe plexogenic pulmo-
nary arteriopathy developed in a patient who had

taken anorectic agents for only 23 days. Although
we cannot rule out preexisting disease, the histologic
age of the lesions was consistent with the time elapsed
since ingestion of the drugs. The patient died abrupt-
ly with cor pulmonale and necrotizing arteritis in
the lungs. Pulmonary edema was a terminal event.
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CORRECTION

Fatal Pulmonary Hypertension Associated with
Short-Term Use of Fenfluramine and Phentermine

Fatal Pulmonary Hypertension Associated with Short-Term Use of

Fenfluramine and Phentermine . On page 602, the sentence that

begins eight lines from the bottom of the right-hand column should

have read, `̀ The initial dose was 2 ng per kilogram of body weight

per minute and was subsequently increased to 4 ng per kilogram per

minute and then to 5 ng per kilogram per minute,´́ not `̀ 2 µg, . . . 4

µg, . . . and . . . 5 µg,´́ as printed.
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