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Should asymptomatic patients with hereditary
haemorrhagic telangiectasia (HHT) be screened for
cerebral vascular malformations? Data from 22 061
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Background: The frequency of haemorrhage in individuals with hereditary haemorrhagic telangiecta-
sia (HHT), 10% of whom will have cerebral arteriovenous (AV) malformations, could be high enough
to justify screening. This would allow presymptomatic treatment to prevent early onset stroke in a con-
dition that affects at least 1 in 8000 individuals. This is an important issue in view of the contrast
between transatlantic management approaches, the worldwide dissemination of patient information,
and the ethical implications of the diagnosis for the untreated patient.
Objectives: To define the annual incidence of haemorrhagic stroke in individuals with HHT.
Methods: Retrospective study on stroke incidence in individuals with HHT and their immediate families
(n = 674; 22 061 HHT patient years), specifically analysing patients under 46 years of age (17 515
patient years). The results were compared with stroke risk in the general population.
Results: In the majority of cases, the haemorrhage was the first significant neurological event. Over-
correcting for any bias towards overestimation that would be introduced in excluding non-penetrant
family members, cerebral haemorrhages were more than 20 times more common in male HHT subjects
under the age of 45 years than in the general population (standardised ratio 22.99; 95% confidence
interval, 13.14 to 37.33). Haemorrhages were also six times more common in female HHT subjects
(6.18; 2.27 to 13.45). The incidence ratio of cerebral haemorrhage in male patients (1.84; 1.05 to
2.99) yielded a haemorrhage rate in individuals with cerebral AV malformations of 1.4–2.0% per
annum, comparable to figures in the non-HHT cerebral AV malformation population.
Conclusions: These data contradict accepted wisdom in many countries that asymptomatic HHT
patients are at a low (and acceptable) risk of haemorrhage. The data justify a more aggressive screen-
ing approach to identify small causative lesions amenable to treatment.

The vascular condition hereditary haemorrhagic tel-
angiectasia (HHT, Osler-Weber-Rendu syndrome) is not a
rare disease. Recent careful epidemiological surveys

suggest incidences greater than 1 in 2500 in regions of
France,1 1 in 6400 in Denmark,2 and 1 in 5–8000 in Japan.3 The
disease is classically recognised by the triad of epistaxis,
mucocutaneous telangiectasia, and a family history, but the
importance of visceral involvement (other than gastro-
intestinal haemorrhage exacerbating iron deficiency anaemia)
is often overlooked.4 Arteriovenous (AV) malformations occur
commonly in the pulmonary, cerebral, and hepatic circula-
tions, and less often in spinal, renal, and other circulations.5 6

The importance of pulmonary AV malformations, which place
individuals at high risk of embolic cerebrovascular events
including cerebral abscess, and which affect at least 30% of
HHT patients,7 8 is being increasingly recognised. As a result,
screening for pulmonary AV malformations and presympto-
matic treatment programmes have been widely introduced.

In contrast there is a paucity of data about the risk/benefit
ratio of presymptomatic intervention for the cerebral AV mal-
formations that are present in more than 10% of HHT patients
in small series.7 9 Furthermore, the north American and Euro-
pean management approaches to individuals with HHT differ
markedly. Many centres in north America advocate and prac-
tice screening of neonates from HHT families, whereas
screening is not undertaken in the majority of European cen-
tres. There is no suggestion that morbidity following rupture
of cerebral AV malformations is less than the 53–81% quoted
for the non-HHT population,10 11 and all recognise the

limitations and not insignificant risks of the interventional
approaches available. Crucial to the difference of opinions,
however, is the extent to which abnormal vessels identified in
an asymptomatic HHT population by screening are believed to
have a lower rate of haemorrhage than similar vascular
malformations in other populations. In non-HHT patients
(who are generally symptomatic at the time of presentation
with cerebral AV malformations), quoted rates of first
haemorrhage are 1.3–3.9%, or approximately 2% per
annum.10 12–15

We have attempted to define the risk of cerebral haemor-
rhage in patients with HHT by recording the incidence in a
large cohort of HHT patients in the United Kingdom and, to
exclude any bias in non-ascertainment, in complete genera-
tions of their immediate families. To compare our results to
those of the general UK population, we used the data from the
Oxfordshire community stroke project,16 which have been
validated against similarly well executed large incidence stud-
ies in other populations.17 While we recognise the limitations
of a retrospective study, in this rare group of patients such data
will be extremely difficult to obtain prospectively. We believe
our data justify the consideration of screening and potential
intervention for asymptomatic patients with HHT.

METHODS
With ethical approval (LREC 00/5792), all available case notes

of patients seen in an HHT clinic held at the Hammersmith

Hospital between 1988 and 1 May 2000 were examined. Sup-

plementary information was obtained by contacting relevant
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individuals and local physicians. Individuals were included in

the study if, during hospital review or ethically approved

research study assessment, one first degree relative had a

definite diagnosis of HHT and information on all members of

their generation was available. Although the probands for

these studies attended the Hammersmith Hospital HHT clinic,

the majority of family members had not sought medical care

regarding HHT. Sixteen families were excluded because the

original case notes were unavailable or incomplete.

Cerebral events
We documented all strokes from all causes (excluding

transient ischaemic attacks) and the age of the individual at

the time of the event. Strokes were included as definite

cerebral haemorrhagic events if they were proven by lumbar

puncture, imaging, or necropsy examination (n = 14); if a

catastrophic fatal event was immediately preceded by a severe

headache (n = 2); or if it was stated on the death certificate in

cases where the original medical records had been destroyed

(n = 9). Data on three events initially described as haemor-

rhagic are still awaited; these events are included as likely

haemorrhages in our final analysis. Where patients had more

than one cerebral haemorrhage, only the first was recorded, as

it is accepted that the risk of rebleeding is greater than for a

first haemorrhage.10 14 15 Cerebrovascular events that did not

meet these criteria were assigned to the groups of cerebral

abscess (clearly apparent from the distinct medical presenta-

tion and management) or “other, presumed embolic”.

Age calculations
In the vast majority of cases, exact ages were known. In

instances where family members did not have exact ages or

dates of birth specified, an estimate was made of the member’s

likely age range, to overcome the bias that would have been

introduced by excluding such family members (details of

these estimates are available from the authors).

Classification of patients’ HHT status
In many cases there was molecular confirmation of affected or

unaffected status from our ongoing molecular studies. Where

clinical diagnosis alone was available, classifications were

done in accordance with international consensus criteria,

based on the four diagnostic criteria of epistaxes, telangiecta-

sia, visceral manifestation, and an affected first degree

relative. The presence of three of the four criteria defines

“definite” HHT.4 As the symptoms and signs of HHT develop

with age, many but not all of the patients with “suspected”

HHT (two criteria), and some of the patients in whom the

diagnosis was “unlikely” (one criterion) would have inherited

the HHT gene from their affected parent. If we included only

those individuals with a firm diagnosis of HHT in the study, we

would introduce a bias in calculations and overestimate the

true incidence of cerebral haemorrhages in the HHT popula-

tion. We therefore used published data on penetrance in HHT

to calculate for each individual according to their age the

probability that they were affected by HHT, and therefore the

number of “HHT affected years” (= probability of HHT

affected status × age in years) they could contribute to the

final figures (details available from the authors).

Statistical analysis
Results were analysed by the Statistical Consultancy Service,

Department of Epidemiology and Public Health, Imperial Col-

lege School of Medicine, Hammersmith Hospital. Confidence

intervals for the incidence rates in the observed data were cal-

culated using Daly’s method,18 and assumed that the number

of events followed a Poisson distribution. The number of

observed events in the study population was then compared

with the number that would be expected from a known popu-

lation figure, as provided by the large study of the general

Oxford population.16 The standardised ratio, exactly equivalent

to the ratio of the two incidence ratios (the relative risk) and

confidence intervals for the measure, was calculated using the

method described by Breslow and Day.19

RESULTS
Population characteristics
Ninety eight families providing a total of 674 individuals

(mean family size 6.88) met the criteria for inclusion,

comprising 332 male subjects (average age 42.3 years) and 342

female subjects (average age 43.2 years) (table 1). The

individuals in the study contributed a total of 22 061 ± 1542

“HHT years,” and 17 515 years (+206, −756) up to the age of

45 years. Seventy per cent of the population (474/674) were

able to contribute at least 95% of their age to “patient years”.

Cerebral events in the study
All age groups
Seventy five strokes of all causes were recorded for all

individuals in the study, 45 occurring in male subjects and 30

in female subjects (tables 2 and 3). The mean age at the event

was 41.6 years for the male population and 40.0 years for the

female population. The 75 strokes included 22 cerebral

abscesses and 18 presumed embolic strokes. The high

Table 1 Characteristics of individuals in the study

Male Female Total

Definite HHT 163 175 338
Suspected HHT 69 67 136
Unlikely HHT 92 89 181
Unaffected 8 11 19
Total 332 342 674

Affected years in patients* up to 45 years 8691.50 8824.35 17515.85
(+101.68, –428.38) (+104.86, −327.16) (+206.54, −755.54)

Total number of affected patient years* 10 958 (±846) 11 103 (±695) 22 061 (±1542)

Note that the (±) range for patient years is equal when all ages are considered, but that the (+) range is limited in the figures curtailed at 45 years.
*Derived from the definite, suspected, and unlikely HHT groups, as described in Methods.
HHT, hereditary haemorrhagic telangiestasia.

Table 2 Data on stroke in patients with hereditary
haemorrhagic telangiectasia of all ages

Male Female Total

Cerebral haemorrhage 19 9 28
Probable cerebral haemorrhage 5 2 7
Cerebral abscess 13 9 22
Other (probable embolic) event 8 10 18
Total 45 30 75

Any events not proven as haemorrhagic have been assigned to the
“other” category.
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frequencies of these embolic strokes results from paradoxical

embolism through pulmonary AV malformations (which

affect at least 30% of HHT patients, and women approximately

1.6 times more often than men6). The annual risk of any stroke

per HHT year was 4.11 per 1000 population/year (95%

confidence interval (CI), 3.81 to 4.45) for male subjects and

2.70 (2.54 to 2.87) for female subjects (table 4).

Twenty eight strokes met the strict criteria for cerebral
haemorrhage, with a further seven events in the likely haem-
orrhage group (fig 1, table 3). (It is also likely that the “other,
presumed embolic” group also included further haemorrhagic
strokes, in particular two deaths during sleep, and two
pregnancy related strokes in patients aged 18 to 36 years.) The
mean ages of definite haemorrhage were similar in male and
female subjects (37.4 years and 37.8 years, respectively). How-

ever, the majority of female definite and probable haemor-

rhages occurred during the child bearing years (7/11, 63%),

whereas in the male subjects, the spread was more even from

childhood to old age. Based on the definite haemorrhages, the

annual risk of a cerebral haemorrhage was 1.73 per 1000

population/year (95% CI, 1.61 to 1.88) for male subjects and

0.81 (0.76 to 0.86) for female subjects (table 4).

Patients under 45 years
In contrast to studies in the general population, the bulk of the

strokes occurred in individuals aged under 45 years, affecting

34 of the 98 families studied. The incidence ratio (representing

the rate per 1000 population/year) was 4.11 (95% CI, 3.81 to

4.45) in male subjects and 2.70 (2.54 to 2.87) in female

subjects. In this age group, 22 strokes met the strict criteria for

cerebral haemorrhage, with four further probable haemor-

rhages. Using the strict criteria, the incidence ratio for cerebral

haemorrhage was 1.84 (1.05 to 2.99) in the male population

and 0.68 (0.25 to 1.48) in the female population.

It was possible to compare directly the annual risk of an

individual suffering a cerebral event under the age of 45 years

with the risk for the general population. In the Oxfordshire

Figure 1 Summary of cerebral haemorrhages in population by sex
and age at time of event. The peak of cerebral haemorrhages in
early years, and particularly before the age of 45, should be
contrasted with fig 4 in the Oxfordshire stroke study.16

Table 3 Details of patients with probable and definite haemorrhages

HHT
family

Age at event
(years) Proven by

Cerebral
angiography Additional features

Female
BP Birth Clinical CAVM
BU 29 MRI
A 33 Notes 6 Months postpartum
M 35±5 DC
N 35±5 (Probable, postpartum)
BE 35 History
BJ 36±5 (Probable)
DR 40±5 DC
BV 54 Clinical
BO 59 CT
BD 60 DC

Male
AA 9 Scan CAVM Headaches
BB 13 CAVM
BJ 16 CT CAVM Headaches
F 18 CT CAVM Headaches and fits
L 18 (Probable)
BU 21 History Headaches
BE 22 Notes Aneursyms
M 30 DC
BJ 31±1 (Probable)
BK 34 Scan
W 35 Scan CAVM
BD 39 DC
CD 41 CT
CD 41 DC
CD 43 DC
DE 44 Clinical
BD 44 DC
DW 47 (Probable)
DV 49 (Probable)
BU 54±5 Clinical
W 59 Clinical Tunnel vision
BT 60±20 (Probable)
CD 64 DC
EA 66±15 CT, clinical CAVM

CAVM, cerebral arteriovenous malformation; CT, computed tomography; DC, death certificate; MRI,
magnetic resonance imaging.
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community study, the risk of cerebral event (nature of stroke

unspecified) in the general population was estimated to be

0.09 (95% CI, 0.06 to 0.13) per 1000 population/year for all

individuals, 0.08 (0.03 to 0.12) for boys and men, and 0.11

(0.06 to 0.16) for girls and women.16 The standardised ratios

illustrated in table 5 indicate that for all subjects and for every

type of stroke, the lower boundary of the confidence interval is

greater than 1, thus giving strong evidence of a significant

difference between the HHT and normal populations. The

standardised ratio of definite cerebral haemorrhage was 22.99

(13.14 to 37.33) for male subjects and 6.18 (2.27 to 13.45) for

female subjects.

Pre-existing cerebral symptoms in HHT patients
Our population of patients suffering cerebral haemorrhagic

events included some who were already experiencing head-

aches and other symptoms, particularly younger men (table

1). However, only three individuals had sufficient pre-existing

symptoms to bring them to neurological attention (and in one

of these, the migrainous headaches were not improved by sur-

gical resection of the AV malformation responsible for the cer-

ebral haemorrhage).

Cerebral haemorrhage in specific HHT families
We carefully considered the question of a potential overlap

with families with pulmonary AV malformations, as there

have been anecdotal suggestions that cerebral AV malforma-

tions are more common in families with pulmonary AV

malformations.5 There was a definite trend towards an

increase in families with pulmonary AV malformations, as

individuals in 28% of HHT families with such malformations

(20/71) had a cerebral haemorrhage, compared with 11.1%

(3/27) of HHT families without pulmonary AV malformation.

However, this trend did not reach statistical significance at the

5% level (χ2 = 3.17; p = 0.08).

DISCUSSION
We have shown that men and women with HHT have a

significantly increased risk of stroke, and a six- to 22-fold

increased risk of cerebral haemorrhage under the age of 45

years. Our key findings are that the haemorrhage rate resem-

bles that of the non-HHT cerebral AV malformation popula-

tion more than had previously been suggested, and for many

patients, the haemorrhage was the first significant neurologi-

cal event. Even with our considerable bias towards underesti-

mation, our results indicate that the risk of haemorrhagic

stroke in all male HHT patients under the age of 45 is 0.2% per

annum (95% CI, 0.105% to 0.327%), approximately double the

rate observed in women. The quoted risk for first onset haem-

orrhage from a cerebral AV malformation in non-HHT

populations is approximately 2% per annum (1.3% to

3.9%).10 12–15 Assuming that the majority of the cerebral haem-

orrhages in our cohort resulted from cerebral AV malforma-

tions, and that the incidence of these malformations is

10–14% 7, our data for male HHT patients under the age of 45

years would represent a haemorrhagic risk of between 1.4%

and 2.0% per annum per patient with a cerebral AV

Table 4 Annual risk of stroke per 1000 population

Male (range) Female (range) Total (range)

All events 4.11 (3.81 to 4.45) 2.70 (2.54 to 2.87) 3.40 (3.18 to 3.66)
Definite haemorrhage 1.73 (1.61 to 1.88) 0.81 (0.76 to 0.86) 1.27 (1.19 to 1.36)
Definite and probable
haemorrhage

2.19 (2.03 to 2.37) 0.99 (0.93 to 1.05) 1.59 (1.48 to 1.71)

Abscess 1.19 (1.10 to 1.29) 0.81 (0.76 to 0.86) 1.0 (0.93 to 1.07)
Other (probably embolic) 0.73 (0.68 to 0.79) 0.90 (0.848 to 0.956) 0.82 (0.76 to 0.88)

Table 5 Relative risk of any cerebral events under the age of 45 years as illustrated
by the standardised ratio

Event type
Number of
strokes Incidence ratio (95% CI) Standardised ratio (95% CI)

Definite haemorrhage
All 22 1.25 (0.79 to 1.90) 13.89 (8.70 to 21.03)
Male 16 1.84 (1.05 to 2.99) 22.99 (13.14 to 37.33)
Female 6 0.68 (0.25 to 1.48) 6.18 (2.27 to 13.45)

Definite and probable haemorrhage
All 26 1.48 (0.97 to 2.17) 16.5 (10.7 to 24.1)
Male 18 2.07 (1.23 to 3.27) 25.7 (15.2 to 40.6)
Female 8 0.91 (0.39 to 1.79) 8.24 (3.56 to 16.25)

Abscess
All 15 0.89 (0.48 to 1.41) 9.87 (5.52 to 16.28)
Male 8 0.92 (0.40 to 1.81) 11.4 (4.9 to 22.5)
Female 7 0.79 (0.32 to 1.63) 7.22 (2.90 to 14.87)

Other strokes
All 11 0.63 (0.31 to 1.12) 7.00 (3.50 to 12.54)
Male 4 0.46 (0.13 to 1.18) 5.71 (1.56 to 14.63)
Female 7 0.79 (0.32 to 1.63) 7.22 (2.90 to 14.87)

All strokes
All 52 2.96 (2.21 to 3.89) 32.9 (24.6 to 43.2)
Male 30 3.45 (2.32 to 4.93) 42.9 (28.9 to 61.2)
Female 22 2.49 (1.56 to 3.78) 22.7 (14.2 to 34.3)

CI, confidence interval.
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malformation, in keeping with the 1.3% to 3.9% per annum

risk quoted for first onset haemorrhage from this cause in

non-HHT populations.

The major strengths of our study are that it involved a sam-

ple representative of almost 10% of the total United Kingdom

population of individuals with HHT, without bias towards

neurologically symptomatic patients (only a single patient in

our series had seizures), and was amenable to comparison

with the well validated “normal” United Kingdom population

from which our sample was drawn. Furthermore, our

methodological biases would have led to an underestimate of

the magnitude of the significance of the results of this study

population. First, it is possible that some cases of cerebral

haemorrhage in relatives were not reported by, or known to,

the index cases. However, for such individuals, their years of

life were included even if there was scanty medical evidence to

exclude stokes in the individual. Second, our relatively strict

criteria mean that further cerebral haemorrhages may have

been missed as unspecified “stroke”. Third, we assigned all

first degree family members one Curaçao diagnostic criterion4

so they all contributed a proportion of their age to the

denominator of total HHT patient years. Seventy per cent of

individuals (474/674) contributed at least 95% of their age

(although only 298 (1.4%) patient years were contributed by

individuals with “unlikely” HHT).

Potential weaknesses of our study include its retrospective

nature, the limited angiographic details, and, although the

cohort was unselected after presentation to the Hammersmith

Hospital, the pulmonary AV malformation referral bias of our

centre. However, at least 30% of HHT patients have pulmonary

AV malformations,7 8 and with an average family size of 6.7,

the ratio of 71 families with pulmonary AV malformations to

27 families without in our study is within the expected range.

Our results differ from those of other studies that have

quoted lower risks of haemorrhage in Dutch20 and American21

HHT populations. A higher proportion of symptomatic

patients is unlikely to account for the difference as only a sin-

gle patient in our series had seizures, in contrast to four of 24

(17%) in the Dutch study (in which a haemorrhagic risk of

less than 1% per annum was quoted).20 We believe the differ-

ence lies in the facts that these other studies did not span the

outcome over the patient’s whole life, included older patients

in whom cerebral AV malformations may have been selected

out by earlier fatal haemorrhages, and only addressed haem-

orrhages in the surviving cohort in whom cerebral AV malfor-

mation had been diagnosed. For example, in the Dutch

study,20 all of the three haemorrhages included occurred in

patients aged 45 or less, and one proven haemorrhagic patient

was excluded because intravenous digital subtraction angio-

graphy was negative. We conclude that these studies have

underestimated the true risk of cerebral haemorrhage in the

respective HHT populations. In addition, it should be noted

that the cerebral haemorrhage in one of our patients at the age

of 22 years resulted not from a cerebral AV malformation but

from aneurysms, which were later surgically treated. This

means we cannot exclude the possibility that HHT patients are

also at risk of cerebral haemorrhages from causes other than

AV malformations, which are potentially remediable.

It is interesting to note the unexpected excess haemorrhage

rate in male compared with female subjects, and that the

majority of haemorrhagic events in women occurred during

the child bearing years, in some cases associated with

pregnancy and parturition. As these observations are unlikely

to reflect a higher incidence of cerebral AV malformations in

women,20 altered vascular wall, haemodynamic, or haemato-

logical profiles may be contributing and would be worthy of

further study. Our data also indicate that cerebral haemor-

rhage is statistically more common in men under 45 years of

age than non-haemorrhagic, non-abscess strokes, even in a

population potentially biased towards pulmonary AV malfor-

mations and specifically at risk of embolic stroke because of

paradoxical embolism through the abnormal pulmonary ves-

sels.

Should we screen members of HHT families for the
presence of cerebral AV malformations?
This is the pertinent clinical question that this study was

designed to address. The devastating effects of many of the

cerebral haemorrhages, particularly in children and pregnant

women, provide an emotional push towards a screening and

presymptomatic intervention programme in HHT. Certainly,

there is every justification to manage the symptomatic HHT

patient aggressively as there are no data to suggest that such

patients are different from symptomatic non-HHT patients,

for whom a haemorrhagic risk of 1.3–3.9% per annum is

quoted.

Screening with a view to presymptomatic intervention can

only be justified, however, if the risk reduction by intervention

significantly outweighs any procedural morbidity. Whereas

permanent neurological sequelae resulting from emboli asso-

ciated with pulmonary AV malformations are exceptionally

rare in experienced hands,22 the potential treatments for

cerebral AV malformations carry much greater hazards for the

majority of patients, and the best treatment outcomes are

obtained by individualised interdisciplinary care from dedi-

cated vascular neurosurgeons, neuroradiologists, and radio-

oncologists. For each of the treatment options (surgical

excision, obliteration by radiotherapy, or endovascular inter-

vention) there are different methodological approaches, with

attendant risks depending on the inherent risks of the

treatment approaches and their impact on the topographical

location of the lesions. Surgical risk depends on the ability to

excise the lesion without damaging the normal brain and its

normal circulation. Surgical extirpation of solitary low

Speizler–Martin grade AV malformations (that is, small size,

superficial venous drainage in non-eloquent areas) carries

small risks, with mortality approaching 0% and cure rates of

up to 94–100%,23 24 whereas mortality may be as high as 20%

for midbrain AV malformations.25 For nidus radiotherapy

(which at best cures only 65–85% of patients24), quoted

mortality is in the region of 3%.23 The risks of endovascular

occlusion using cyanoacrylate glue depends on the experience

and skill of the radiologist, and may approach 6%.26 In addition

to concerns regarding the intrinsic risk of the interventional

procedure, many of these approaches are unable to obliterate

the target abnormality completely. This leaves the hypotheti-

cal situation in which the actual risk to the patient for serious

neurological damage may not be reduced.

The age of the patient influences risk–benefit analysis out-

comes. In the non-HHT population—assuming an untreated

haemorrhage risk from asymptomatic lesions of 2.5% per

annum, successful eradication of the lesion by intervention,

and mean microsurgical mortality and morbidity rates (8.99%

and 5.54% respectively)—from the 18 series between 1978 and

1986, careful decision analyses suggest that intervention

would result in an arithmetic risk reduction only in patients

under 35 years of age.27 The same analyses suggested that for

lesions where mortality and morbidity rates were lower, or the

risk of haemorrhage higher, benefits would be seen in older

patients.27

Furthermore, only a proportion of patients will have lesions

amenable to safe and complete removal or occlusion, and the

argument may be countenanced that these lesions are less

likely to bleed. In this case, one option would be to obtain

additional natural history data based on anonymous screen-

ing programmes to observe whether smaller, accessible lesions

posed haemorrhagic risks as high as other AV malformations,

for which any intervention would carry a high morbidity.

However, the practical obstacles to achieving this are formida-

ble, and the HHT population is already well informed about

Haemorrhagic stroke in hereditary haemorrhagic telangiectasia 747

www.jnnp.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.74.6.743 on 1 June 2003. D

ow
nloaded from

 

http://jnnp.bmj.com/


the possible risks of cerebral AV malformations from

published reports and often from their own family histories.

With the data currently available, we believe that to deny

patients with small amenable cerebral AV malformations the

benefits of modern therapeutic practice challenges ethical

considerations as strongly as informing patients of a diagnosis

which may alter their lifestyle and their insurance ratings.

Conclusions
In summary, we highlight the fact that the HHT population

includes a group of children, teenagers, and young adults at

high risk of haemorrhagic stroke. We show that the risk of

haemorrhagic stroke is higher than previously documented,

particularly in young male subjects. Based on available

risk–benefit analyses, we believe the data provide compelling

reasons to screen asymptomatic HHT patients to identify the

subgroup with cerebral AV malformations or other lesions

likely to be amenable to treatment, in whom risk reduction

may be achieved. This may be particularly important for indi-

vidual women and girls from families with pulmonary AV

malformations. Any such programme would need to be

accompanied by honest discussions with the patients con-

cerned. All potential scenarios of screening outcomes would

need to be discussed to ensure that the individual would con-

sider interventional options, were these to be recommended

by an appropriate dedicated multidisciplinary vascular team,

but would be confident that, were no treatment to be recom-

mended, they would be prepared to live with their cerebral AV

malformation.
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