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NLY
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UBLICATION

 

HIS week the 

 

Journal’

 

s table of contents lists one
title that is on our Web site but does not appear

in the print version. The 

 

Journal’

 

s first Web-only Im-
age in Clinical Medicine, “A Hair-on-End Skull,”

 

1

 

 can
be found at http://www.nejm.org. We plan to release
about one Image in Clinical Medicine per month as
a featured, Web-only publication. This Web-only fea-
ture is free and available to all visitors to the site. The
Internet offers journals an opportunity to publish ad-
ditional articles and other features without having to
expand the size of their printed editions. For example,
some of our articles already include supplementary
material available only on the Web. Such supplemen-
tary material is carefully selected on the basis of its
importance to the printed article and its relevance to
readers. In recent years we have received many Images
in Clinical Medicine that are acceptable for publica-
tion, but the space for them in the printed 

 

Journal

 

 is
limited. We have decided to publish some of these Im-
ages only on the Web.

The review and editorial process for Internet-only
material will be the same as for all other manuscripts,
and the same standards of quality will apply. Internet-
only publications will be listed in the print version of
the 

 

Journal

 

 and in our index. They will be indexed in
Medline, can be cited in the literature, and will contin-
ue to be available indefinitely on our Web site. Inter-
net-only publications are assigned electronic “page
numbers” (e.g., e1) that will make them easy to find
and cite. Increasingly, scientific journals are using the
Internet to publish more than what appears in their
printed pages. We welcome comments on our new
Web-only feature.
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URGERY

 

N all of modern medicine, few generally accepted
therapeutic interventions are as underutilized as sur-

gical treatment for epileptic seizures. More than 2 mil-

T

I

 

lion people in the United States have epilepsy, and
400,000 to 600,000 of them have seizures that can-
not be controlled by antiepileptic drugs.

 

1

 

 As many as
one quarter to one half of these people are potential
candidates for surgical treatment, yet a 1990 survey
revealed that only 1500 therapeutic surgical proce-
dures for epilepsy were performed in the United States
in that year and that the rate of use of surgery for ep-
ilepsy was equally low in other industrialized coun-
tries.

 

2

 

 Surgical treatment for epilepsy was essentially
nonexistent in the developing world 10 years ago,

 

2

 

although it is now offered in some developing coun-
tries.

 

3

 

 Even if the rate of surgical treatment had dou-
bled in the past decade, however, it would have had
only a small effect on the health care burden imposed
by epilepsy.

 

4

 

It is difficult to understand why physicians, as well
as patients, remain reluctant to choose surgical treat-
ment for epilepsy, since this therapeutic intervention
has offered the only chance of cure for this disorder
for more than a century.

 

5

 

 Furthermore, thousands of
published reports have documented its safety and ef-
ficacy. True, brain surgery is invasive, but neurosur-
gical techniques have improved greatly in recent years,
whereas uncontrolled epileptic seizures still present a
substantial risk of disability and death.

 

6,7

 

 Although pre-
surgical evaluation can be expensive, modern neuro-
diagnostic techniques have markedly reduced the need
for costly, invasive studies,

 

8

 

 and the cost of surgery for
epilepsy remains a small fraction of the cost of a life-
time of disability. Certainly, an important obstacle to
surgery’s taking what many believe to be its rightful
place in the therapeutic armamentarium for epilepsy
has been our failure to apply the gold standard for the
evaluation of therapeutic efficacy — the randomized,
controlled trial.

Why has there never been a randomized, controlled
trial of surgery for epilepsy? In this regard, surgery for
epilepsy has been a victim of its own success. The con-
struction of an ethical randomized, controlled trial re-
quires equipoise — honest doubt about the outcome.
Most epilepsy centers currently report rates of freedom
from seizures of 70 to 90 percent among patients with
surgically remediable epileptic syndromes.
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 Given that
uncontrolled epileptic seizures may increase the risk of
death by a factor of almost five,

 

6

 

 how can a patient
with drug-resistant epilepsy who is referred for surgi-
cal treatment ethically be randomly assigned to con-
tinued pharmacotherapy? Equipoise certainly does not
exist in the minds of those who are asked to perform
the surgical intervention.

Finally, however, in this issue of the 

 

Journal,

 

 Wiebe
and his colleagues report the results of a randomized,
controlled trial of surgical treatment for epilepsy that
they were able to justify ethically because the waiting
list for surgery at their institution already exceeded one
year.

 

9

 

 Consequently, they could randomly assign 40
patients with temporal-lobe epilepsy to a medical-
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treatment protocol during the one year of expected
delay without introducing additional risk and assign
another 40 to immediate surgery. This clever protocol
design required the authors to make two concessions
that might have compromised their ability to obtain
significant results: the follow-up time had to be limited
to one year, which is short for demonstrating the ben-
eficial effects of successful surgery on the quality of life
and social functioning; and randomization took place
before presurgical evaluation, so that patients were not
definitively identified as appropriate candidates for sur-
gery at the time they were randomly assigned to the
surgical group. Nevertheless, the study did yield sta-
tistically significant differences in outcome with respect
to both seizures and quality of life, as well as a trend
with respect to social functioning. More important,
perhaps, this study has also demonstrated that a well-
designed randomized, controlled trial of surgery for
epilepsy can be completed successfully.

Even though four patients assigned to the surgical
group did not undergo surgery, 58 percent of the pa-
tients in the group were free of disabling seizures at
one year, as compared with only 8 percent of those
assigned to receive medical treatment.

 

9

 

 Of the patients
assigned to the surgical group who actually underwent
surgery, 64 percent were free of disabling seizures.
This figure is somewhat lower than those reported
recently for carefully selected patients with mesial tem-
poral-lobe epilepsy,

 

10,11

 

 but the surgical group in the
study by Wiebe et al. included several patients with
complicated epilepsy, as evidenced by the fact that six
required invasive presurgical investigations. Overall,
the seizure-related outcome was similar to previously
published results for the surgical treatment of unse-
lected patients with temporal-lobe epilepsy.

 

12

 

 Further-
more, in all patients in the surgical group who con-
tinued to have seizures, the frequency of seizures
decreased. In contrast, only 34 percent of those in
the medical group had such a decrease.

The quality of life for patients with epilepsy is clear-
ly related to the recurrence of seizures,

 

13

 

 but it takes
some time for lifestyle to improve after seizures have
been eliminated by surgery. That patients in the sur-
gical group in the study by Wiebe et al. had signifi-
cantly higher scores on a quantitative measure of the
quality of life at the end of one year than patients in
the medical group is impressive.

 

9

 

 The strong trend to-
ward higher rates of employment and school attend-
ance in the surgical group

 

9

 

 is also meaningful.
This randomized, controlled trial should help al-

leviate residual doubt about the efficacy of surgical
treatment for temporal-lobe epilepsy, but it is not the
end of the story. This definitive demonstration that
randomized, controlled trials comparing surgery for
epilepsy with medical therapy are feasible should stim-
ulate many more studies involving patients with other
forms of drug-resistant epilepsy that are surgically re-
mediable.

For surgically remediable syndromes that begin ear-
ly in life, before the acquisition of essential social and
vocational skills, the question of when to consider sur-
gical intervention is particularly important. Properly
timed, successful surgery can avert irreversible psycho-
social consequences of disabling seizures.

 

14

 

 Since the
number of available antiepileptic drugs has doubled in
recent years, it could literally take a lifetime to prove
that a patient’s seizures are unresponsive to all med-
ications in every conceivable combination. However,
recent evidence suggests that drug-resistant epilepsy
may be predicted after only one or two appropriately
chosen pharmaceutical agents have been proved in-
effective.

 

15

 

 Thus, for many patients, it may be reason-
able to consider surgical treatment within a year or two
after the onset of disabling epileptic seizures, when
eliminating seizures should offer the best chance for
a return to a full and productive lifestyle. 

Even if referrals for surgery for epilepsy increase,
successful outcomes with respect to seizures may not
have a maximal beneficial effect on patients’ lives until
referring physicians stop considering surgical inter-
vention for seizures a last resort. True equipoise exists
with regard to the timing of surgical intervention.
Therefore, to establish surgery as the treatment of
choice for epileptic syndromes such as mesial tempo-
ral-lobe epilepsy, randomized, controlled trials must
now be conducted to evaluate the potential benefits
of early surgical intervention for these conditions.
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RIMARY pulmonary hypertension is a devastating
disease that is invariably fatal without definitive

therapy. The disorder is more appropriately called a
syndrome, since it is characterized by a set of clinical
and pathophysiological features common to a variety
of underlying causes. The proposed causes of primary
pulmonary hypertension range widely, from environ-
mental (e.g., hypoxia) to autoimmune (e.g., systemic
lupus erythematosus) to drug related (e.g., dexfenflur-
amine use). Although genetic determinants no doubt
indirectly influence the propensity for primary pul-
monary hypertension to develop in response to these
factors, a heritable form of primary pulmonary hyper-
tension, familial primary pulmonary hypertension, has
also been recognized since 1948.

 

1

 

 The incidence of fa-
milial primary pulmonary hypertension in the general
population ranges from 1 to 2 cases per million, ac-
counting for 6 percent of the 187 cases of primary pul-
monary hypertension in the registry of the National
Institutes of Health

 

2

 

; its pattern of inheritance ap-
pears to be autosomal dominant with incomplete pen-
etrance, since the disease develops in no more than 20
percent of persons at risk. Familial primary pulmonary
hypertension is an uncommon form of an uncommon
disease, yet its heritability provides the opportunity
for the use of contemporary genetic approaches to
elucidate the molecular basis of the disease.

Two related articles in this issue of the 

 

Journal

 

3,4

 

further our understanding of the genetic and molec-
ular determinants of familial forms of primary pulmo-
nary hypertension. Newman and colleagues

 

3

 

 report
the results of a detailed genetic study of a large kindred
with familial primary pulmonary hypertension. In the
light of the findings in earlier studies of genetic link-
age that the locus for familial primary pulmonary hy-
pertension is found on chromosome 2q31–32, the
investigators surveyed the known genes in this large
chromosomal region for biologically plausible candi-
dates. They identified a unique member of the trans-
forming growth factor 

 

b

 

 (TGF-

 

b

 

) receptor family,
known as bone morphogenetic protein receptor II, as
a possible candidate because this receptor can mod-
ulate vascular-cell growth. Their logical hunch proved
correct when they detected a missense mutation — a
substitution of guanine for thymine at position 354
— in exon 3 of the gene for bone morphogenetic pro-

P

 

tein receptor II 

 

(BMPR2)

 

 in all affected family mem-
bers. In earlier studies, over 25 other mutations in

 

BMPR2

 

 had been identified, with each mutation trans-
mitted within a given family.

 

5

 

To understand how a mutation in 

 

BMPR2

 

 may lead
to primary pulmonary hypertension, we must first re-
view the vascular pathological features of the disease.
Pulmonary arterial lesions in patients with primary
pulmonary hypertension are characterized by medial
hypertrophy, concentric laminar intimal fibrosis, and
plexiform lesions with obstruction of the arterial lu-
men, aneurysmal dilatation, and proliferation of inter-
connected vascular channels (occlusive arteriopathy).
The laminar changes and plexiform lesions are associ-
ated with proliferation of both vascular smooth-mus-
cle cells and endothelial cells. In some cases of primary
pulmonary hypertension, these proliferative changes
may represent adaptive (or maladaptive) responses to
an exogenous stimulus, such as hypoxia. In familial
primary pulmonary hypertension, however, the genet-
ic findings suggest that vascular-cell proliferation is the
primary event in the development of lesions.

As a member of the TGF-

 

b

 

 receptor family, bone
morphogenetic protein receptor II is poised to reg-
ulate cell proliferation in response to ligand binding.
The ligands for the TGF-

 

b

 

 receptor family include
TGF-

 

b 

 

and its superfamily members, bone morpho-
genetic protein and activin. These growth factors have
pleiotropic effects on endothelial and vascular smooth-
muscle cells that depend on the environmental and
developmental context of the signal, as well as the spe-
cific TGF-

 

b

 

 receptor family members to which they
bind. For example, endothelial-cell proliferation is po-
tently inhibited by TGF-

 

b

 

; however, proliferation can
be stimulated in the presence of vascular endothelial-
cell growth factor and fibroblast growth factor.
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 Sim-
ilarly, TGF-

 

b

 

 and bone morphogenetic protein can
inhibit migration and proliferation of vascular smooth-
muscle cells; however, both can also promote growth
of vascular smooth-muscle cells under certain condi-
tions: TGF-

 

b

 

 can induce mitogen synthesis and its re-
lease from quiescent vascular smooth-muscle cells that,
in turn, support cell proliferation,
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 and low concentra-
tions of bone morphogenetic protein directly stimu-
late proliferation of vascular smooth-muscle cells. As
a complement to its actions as an inhibitor of cell
growth, TGF-

 

b

 

 can also induce apoptosis of endothe-
lial and vascular smooth-muscle cells. Even in this con-
text pleiotropy is apparent, however, since TGF-

 

b

 

 has
been shown to protect vascular cells from apoptosis
induced by other agents.
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These actions of the TGF-

 

b

 

 superfamily on vascular
cells are mediated by a family of cognate receptors.
Broadly speaking, the TGF-

 

b

 

 receptor family compris-
es three classes: types I, II, and III.

 

8

 

 The TGF-

 

b

 

 su-
perfamily exerts its principal effects by binding to het-
eromeric complexes of type I and type II receptors,
which are transmembrane signaling molecules with
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