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Complications and mortality in hereditary

hemorrhagic telangiectasia
A population-based study

ABSTRACT

Objectives: Studies report that the risks of significant neurologic complications (including stroke,
cerebral abscess, and migraine) and hemorrhagic sequelae are high in patients with hereditary
hemorrhagic telangiectasia (HHT), and that life expectancy in this cohort is reduced. However,
most published cohorts derive from specialist centers, which may be susceptible to bias.

Methods: We used a population-based approach to estimate the risks of developing neurologic
and hemorrhagic complications of HHT, the association of a diagnosis of HHT with common car-
diovascular and malignant comorbidities, and also long-term survival of those with the disease.

Results: From a UK primary care database of 3.5 million patients (The Health Improvement Net-
work), we identified 675 cases with a diagnosis of HHT and compared them with 6,696 controls
matched by age, sex, and primary care practice. Risks of stroke (odds ratio [OR] 1.8, 95% confi-
dence interval [Cl] 1.2-2.6), cerebral abscess (OR 30.0, Cl 3.1-288), and migraine (OR 1.7, Cl
1.3-2.2) were elevated over controls. Bleeding complications including epistaxis (OR 11.6, ClI
9.1-14.7) and gastrointestinal hemorrhage (OR 6.1, Cl 2.8-13.4) were more common in cases
with HHT. Survival of cases with HHT was poorer than controls with a hazard ratio for death of
2.0 (Cl 1.6-2.6) and a median age at death 3 years younger.

Conclusions: Patients with HHT are at substantially increased risk of serious neurologic and hem-
orrhagic complications of the disease. Because a diagnosis of HHT is associated with a signifi-
cantly poorer survival compared with those who have no disease, evaluation of new strategies
to improve clinical management is required. Neurology® 2015;84:1886-1893

GLOSSARY

AVM = arteriovenous malformation; Cl = confidence interval; HHT = hereditary hemorrhagic telangiectasia; HR = hazard
ratio; OR = odds ratio; THIN = The Heath Improvement Network.

Hereditary hemorrhagic telangiectasia (HHT) is a dominantly inherited genetic disorder of
blood vessel development characterized by epistaxis, mucocutaneous telangiectasia, and visceral
arteriovenous malformations (AVMs). It is estimated that between 1% and 10% of patients with
HHT have cerebral AVMs,'= and between 15% and 45% develop pulmonary AVMs.** Neu-
rologic complications of HHT attributed to these AVMs include embolic stroke,® cerebral
abscess,”® migraine,”'® hemorrhagic stroke,? and seizures.> Although relatively rare compared
with other causes of stroke, AVMs are causally important because they have the potential to be
identified and treated in high-risk patients before complications develop. While embolization of
pulmonary AVMs may be associated with a reduced risk of neurologic sequelae,® no consensus
exists as to the optimal management of cerebral AVMs.'"!?

Many of the observational studies of the natural history of HHT are published from specialist
centers and are potentially susceptible to selection bias if the more severe cases are referred for
specialist care, possibly leading to an overestimate of the frequency and severity of complications
identified. While HHT undoubtedly causes significant morbidity in some, there are relatively

13-16

few published studies that have looked at survival in patients with the disease, the largest

of which included 113 individuals, limiting the provision of reliable estimates.'® Using a
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population-based UK primary care database
(The Heath Improvement Network [THIN]),
we undertook a matched case-control analysis
to investigate the association of various com-
plications and comorbidities with a diagnosis
of HHT, and to provide a population-based
estimate of survival in 675 individuals with
HHT compared with age- and sex-matched

controls.

METHODS THIN is a computerized primary care database
collecting information on patient demographics, diagnoses, con-
sultations (both in primary and secondary care), and prescrip-
tions. Data are entered prospectively by family physicians at the
point of care or, if derived from secondary care correspondence,
are entered retrospectively by administrative staff. The THIN
database has been validated for use in epidemiologic research
using associations observed in external primary care datasets rep-
licated in THIN'” and by auditing patients’ medical records and
comparing them with THIN data.'® Although the THIN data-
base was officially launched in 2003, many practices in the
United Kingdom were already using computerized software to
collect clinical information with some providing data to THIN
dating back as far as 1985. At the time of data extraction
(September 2011), THIN covered 5% of the UK population
with 3.5 million people contributing data across 550 primary care
practices,"” and is representative of the UK population.”**" We
have recently used THIN to estimate the prevalence of HHT in
the United Kingdom.*

Case-control set. Cases were defined as those with a diagnosis of
HHT or Rendu-Osler-Weber disease coded in their THIN
computerized records between January 1, 1985, and September 1,
2011. THIN collects most data contemporaneously, although in
some cases historical data (from consultations before the start of a
practice contributing to THIN) are available because they
have been retrospectively added to the database. For the
majority of patients, an index date was set as the first
recorded diagnosis of HHT appearing in their existing records
and they were categorized as “contemporaneous” cases. If a
diagnosis of HHT was made before a patient’s practice began
contributing to THIN, then the date the practice joined THIN
and started to provide longitudinal data was set as the index date
(these individuals were categorized as “historical” cases). Each
case had a stop date defined as either the last date of data
collection within THIN or the date of death. Up to 10
control subjects who did not have a coded diagnosis of either
HHT or pulmonary AVMs and who were alive and
contributing data on each case’s index date were matched to

cases by age, sex, and primary care practice.

Data extraction and processing. We extracted data on age
(grouped in 3 categories: younger than 15 years, 15-49 years,
and 50 years and older), sex, socioeconomic status (as defined by
Townsend score in quintiles,” including a category for missing
data), geographical location (defined by UK Health Authority),
smoking status (never smoker, ex-smoker, current smoker, or
unknown status), any complications potentially related to
HHT

gastrointestinal bleeding, hemoptysis, intracerebral hemorrhage,

(anemia, cerebral  abscess, dyspnea, epistaxis,

migraine, seizure, stroke, and TIA), common cardiovascular
comorbidities (ischemic heart disease, myocardial infarction,

cardiac failure, and venous thromboembolism), and solid organ

cancers (breast, lung, prostate, and bowel). The occurrence of any
complication was counted only once for each HHT case or
control. Date of death was extracted for any case or control

that died while contributing data to THIN.

Data analysis. Conditional logistic regression was used to
quantify the association between a diagnosis of HHT and the
occurrence of the differing complications potentially associated
with the disease when compared with control subjects. THIN
provided information on smoking status, diabetes, and hyperten-
sion, which were considered as possible a priori confounding var-
iables for some complications. Only smoking status differed
significantly between the cases and control groups and as such
we adjusted all crude odds ratios (ORs) solely for smoking status.
Survival analysis was performed using Kaplan—-Meier methods,
comparing individuals who had HHT with controls. Start date
was set as the index date (defined above) and end date was date of
death or loss to follow-up. Cox regression analysis was used to
compare mortality rates between the 2 groups adjusting for
smoking status. We looked at survival differences stratified by
sex and socioeconomic group among the cases with HHT and
also explored survival of cases younger than 60 years vs those 60
years and older at the time of inclusion to the database, as a
previous study had reported a survival paradox with a subset of
younger patients with HHT having a higher mortality.’* The
Cox proportional hazards assumption was tested using log-
minus-log plots of survival and Schoenfeld residuals. A
sensitivity analysis was undertaken to look at complication
rates and survival outcomes in the contemporaneous cases with
HHT and the historical cases with HHT. No interactions were
considered in the statistical analysis plan. Data analysis was
12.0
(StataCorp, College Station, TX). The study was covered by

performed using Stata statistical ~software version

appropriate ethical approval.

RESULTS Six hundred seventy-five individuals with a
diagnosis of HHT or Rendu-Osler-Weber disease were
identified, together with a total of 6,696 controls. The
mean age of individuals with HHT was 53.8 years (SD
23.0 years) and 63% were female. Cases had a similar
socioeconomic distribution and a lower proportion of
never smokers (38.5% vs 42.4%) compared with
controls (table 1).

Complications. Univariate analysis determined that
ORs for several complications were significantly high-
er in cases with HHT than in matched controls,
including neurologic sequelae (cerebral abscess,
migraine, and ischemic/embolic stroke) and bleeding
complications (anemia, epistaxis, hemoptysis, and
gastrointestinal hemorrhage) (table 2). We did not
detect significantly increased odds of seizures, intra-
cerebral hemorrhage, TIA, or venous thromboembo-
lism in individuals with HHT. After adjustment for
smoking as a confounder, most ORs did not change
appreciably. The adjusted OR for cardiac failure was
higher in those with HHT, although not that of
ischemic heart disease or myocardial infarction. The
odds of colon cancer in individuals with HHT were
higher than those in controls, but there was no detect-
able difference in rates of other solid organ tumors.
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[ Table 1 Characteristics of cases and controls

Cases (n = 675)

Mean age, y 53.8 (SD 23.0)
Age group, y
<15 29 (4.3)
15-49 256 (38.0)
50+ 390 (58.0)
Sex
Male 249 (36.9)
Female 426 (63.1)

Socioeconomic status

1 (least deprived) 182 (27.0)
2 134 (19.9)
3 133 (19.7)
4 111 (16.4)
5 (most deprived) 67 (9.9)
Missing 48(7.1)

Smoking status

Never smoker 260 (38.5)

Ex-smoker 161 (23.9)

Current smoker 114 (16.9)

Unknown/missing 140 (20.7)
Diabetes

Never coded as diabetic 619 (91.7)

Ever coded as diabetic 56 (8.3)

Hypertension
Never coded as hypertensive 531 (78.7)

Ever coded as hypertensive 144 (21.3)

Abbreviations: Cl = confidence interval; OR = odds ratio.
Data are n (%) unless otherwise indicated.

Survival analysis. The median follow-up time was 6.9
years for cases, 10.1 years for controls, 6.5 years for
historical cases, and 8.2 years for contemporaneous
cases. A total of 75 cases with HHT (11.1%) and
488 controls (7.3%) died. The overall crude
mortality rate in cases with HHT was 11.0 per
1,000 patient-years (95% confidence interval [CI]
8.8-13.9), and in their matched controls the
comparable figure was 6.1 per 1,000 patient-years
(CI 5.5-6.6). We found a worse survival in patients
with HHT compared with their age-, sex-, and
practice-matched controls with a hazard ratio (HR)
for death of 2.03 (CI 1.59-2.60, p < 0.0001)
(figure). The proportional hazards assumption did
not hold true for these data and thus the adjusted
HRs were split into 3 time periods of follow-up
demonstrating a higher mortality in the time period
closest to a recorded diagnosis of HHT: 0-3 years
(HR 4.57, CI 2.56-8.18, p < 0.001), 3-10 years
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Controls (n = 6,696) OR (95% Cl)
53.9 (SD 22.8)

269 (4.0) Matching variable
2,547 (38.0)

3,880 (58.0)

2,469 (36.9) Matching variable
4,227 (63.1)

1,899 (28.4) Reference

1,423 (21.3) 1.00 (0.79-1.28)
1,250 (18.7) 1.14 (0.89-1.46)
1,068 (16.0) 1.13(0.86-1.48)
671 (10.0) 1.10 (0.79-1.53)
385 (5.75) 1.62 (1.03-2.55)
2,841 (42.4) Reference

1,231 (18.4) 1.47(1.19-1.83)
1,078 (16.1) 1.17 (0.92-1.48)
1,546 (23.1) 0.93 (0.72-1.19)
6,233 (93.1) Reference

463 (6.9) 1.24 (0.92-1.67)
5,258 (78.5) Reference

1,438 (21.5) 0.98 (0.78-1.23)

(HR 2.07, CI 1.42-2.99, p < 0.001), and 10 or
more years (HR 1.45, CI 0.95-2.21, p < 0.001).
Median age at death was 77 years for cases with
HHT (interquartile range 67-85 years) and 80
years for controls (interquartile range 74-87 years).
Survival in cases with HHT did not differ between
males and females (HR 1.06, CI 0.66-1.70, p =
0.825) but was higher in those from the most
affluent socioeconomic group compared with the
least (HR 1.15, CI 1.04-1.27, p = 0.007). After
stratification by age, mortality was increased for
both those aged 60 years and older on entry to the
study (HR 1.60, CI 1.17-2.21, p = 0.004) and for
those younger than 60 years compared with matched
controls (HR 6.74, CI 4.2-10.8, p < 0.0001).

Sensitivity analysis. Three hundred seventy-three (55%)
cases of HHT had a contemporaneous diagnosis within
THIN, with the remaining 302 (45%) cases of
HHT coded as historical. ORs for complications in



[ Table 2 Crude and adjusted ORs of complications in cases with HHT vs controls ]

Cases (n = 675), Controls (n = 6,696), Crude OR Adjusted OR?
Complication n (%) n (%) (95% ClI) p Value (95% ClI) p Value
Neurologic
Stroke 37 (5.5) 212 (3.2) 1.81 (1.25-2.66) 0.002 1.76 (1.20-2.58) 0.004
TIA 14 (21) 92 (1.4) 1.56 (0.87-2.82) 0.146 1.52 (0.84-2.76) 0.167
Intracerebral hemorrhage 4 (0.6) 20 (0.3) 2.00 (0.68-5.85) 0.21 1.99 (0.68-5.84) 0.21
Cerebral abscess 3(0.4) 1(0.01) 30.0 (3.12-288.4) 0.003 29.3 (3.03-282.8) 0.004
Migraine 71 (10.5) 448 (6.7) 1.68 (1.28-2.20) <0.001 1.67 (1.29-2.20) <0.001
Seizure 8(1.2) 62 (0.9) 1.29 (0.61-2.71) 0.50 1.26 (0.60-2.66) 0.54
Hemorrhagic
Anemia 135 (20.0) 401 (6.0) 4.42 (3.51-5.55) <0.001 4.41 (3.50-5.56) <0.001
Epistaxis 177 (26.2) 230 (3.4) 11.6 (9.10-14.7) <0.001 11.4 (8.99-14.5) <0.001
Gastrointestinal hemorrhage 10 (1.5) 16 (0.2) 6.08 (2.75-13.4) <0.001 6.13 (2.76-13.6) <0.001
Hemoptysis 16 (2.4) 77 (1.2) 213 (1.23-3.70) 0.007 1.99 (1.14-3.46) 0.015
Cardiovascular comorbidities
Cardiac failure 30 (4.4) 141 (21) 2.39 (1.53-3.71) <0.001 2.37 (1.53-3.70) <0.001
Ischemic heart disease 53(7.9) 429 (6.4) 1.25(0.90-1.72) 0.184 1.19 (0.86-1.65) 0.289
Myocardial infarction 33 (4.9) 217 (3.2) 1.53 (1.03-2.27) 0.034 1.46 (0.98-2.17) 0.06
Venous thromboembolism 18(2.7) 154 (2.3) 1.18(0.71-1.94) 0.527 1.12 (0.68-1.86) 0.643
Malignancies
Lung cancer 5(0.7) 37 (0.6) 1.36 (0.53-3.49) 0.524 1.20 (0.46-3.08) 0.712
Breast cancer 10(1.5) 117 (1.8) 0.85 (0.44-1.63) 0.623 0.86 (0.45-1.65) 0.647
Prostate cancer 3(0.4) 56 (0.8) 0.50 (0.15-1.63) 0.25 0.49 (0.15-1.60) 0.235
Colon cancer 6 (0.9) 22(0.3) 2.76 (1.11-6.85) 0.029 2.76 (1.10-6.90) 0.03

Abbreviations: Cl = confidence interval; HHT = hereditary hemorrhagic telangiectasia; OR = odds ratio.
@ Adjusted for smoking status using conditional logistic regression.

HHT were similar between contemporaneously and
historically diagnosed patents (data not shown).
Survival in contemporaneous cases was worse than in
their matched controls (HR 1.61, CI 1.13-2.30, p =
0.008) and the same pattern was evident when looking
at the survival of historical cases compared with controls
(HR 2.57, CI 1.81-3.66, p < 0.0001). Age-adjusted
survival in historically diagnosed HHT cases was worse
than that in those diagnosed contemporaneously (HR
2.93, CI 1.80-4.75, p < 0.0001).

DISCUSSION We have identified several neurologic
sequelae (migraine, cerebral abscess, and stroke) and
bleeding complications (anemia, epistaxis, and gastro-
intestinal bleeding) that are more common in patients
with HHT. We observed a 2-fold increase in mortality
in patients with HHT compared with controls.

The strengths of this study are the combination of
a relatively large number of participants (containing
data from almost 700 patients with HHT) and the
long period of follow-up—in excess of 20 years for
some—which would be more challenging to achieve
in a prospectively designed clinical study. Our

findings are population-based and hence provide rep-
resentative estimates for complications and survival
for the UK population, minimizing certain biases that
can arise as a consequence of case-series analysis from
specialist centers. The case-control design allows
comparative estimates of relative risk to be made
against a matched control group providing new data
in addition to those generated by previous studies that
mainly used descriptive analyses of complication fre-
quencies in HHT-only cohorts. Our survival analysis
compares mortality between cases with HHT and
matched controls from the general population rather
than relying on estimated life expectancies from life
tables'* and includes a population more than 10 times
larger than the previous largest case-control study esti-
mating survival."®

The potential limitations of this study require con-
sideration. We were only able to study individuals
clinically diagnosed with HHT. However, we expect
a diagnosis of HHT recorded in THIN to have a rel-
atively high specificity because in the UK National
Health Service we anticipate that most diagnoses will
be made in secondary care in conjunction with
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Index date is the first recorded diagnosis of HHT appearing in health records (if a “contem-
poraneous” case). If a diagnosis of HHT was made before a patient’s practice joined the THIN
database (a “historical” case), the index date was the date the practice started contributing
longitudinal data to THIN. The index date for controls was defined as the index date of the
matched case. Cl = confidence interval; HHT = hereditary hemorrhagic telangiectasia; HR =
hazard ratio; THIN = The Heath Improvement Network.
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clinical genetics physicians, with details on diagnosis
and complications sent back to the primary care phy-
sician. Hence, we consider it unlikely that a primary
care physician would code a patient as having HHT
unless supported by evidence from a specialist center.
Nonetheless, we acknowledge that in the absence of
external validation of our cases of HHT, we cannot
exclude the possibility of a small degree of diagnostic
misclassification that if present may reduce the size of
associations observed. We are also unable to exclude
the possibility that patients with HHT may visit their
primary care physician more often, and may be more
likely to have some of the minor complications diag-
nosed at a lower threshold than the control popula-
tion. However, we believe this is unlikely for the
more severe events, such as cerebral abscess, stroke,
and death, which are usually events noted in a sec-
ondary care setting and subsequently recorded in pri-
mary care records. We did not detect an increased risk
of certain complications (such as intracerebral hemor-
thage) that are well-documented possible sequelae of
HHT.? This may reflect issues of ascertainment
inherent in primary care databases resulting from
the miscoding of complications (e.g., coding intrace-
rebral hemorrhage as stroke). Finally, although our
data show a higher mortality in patients with HHT
compared with controls, we are not able to comment
on whether this poorer survival is related directly to
complications of HHT because we could not access
patients’ clinical notes or death certification to con-
firm the cause of death. A previous study found that
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slightly more than a third of deaths in patients with
HHT could be attributed directly to complications of
the disease.’® We used all available data, and as a
consequence there was no power calculation, and
the uncertainty of the estimates is indicated by the
95% Cls.

We found a higher risk of neurologic (cerebral
abscess, stroke, and migraine) and bleeding complica-
tions (anemia, epistaxis, hemoptysis, and gastrointes-
tinal hemorrhage) in individuals who had HHT
compared with controls. A recent epidemiologic
study using US health insurance data for surveillance
of HHT and its complications found the disease, and
hence its complications, to be underrecognized in this
database.?® This may be a consequence of the rela-
tively high costs of US health insurance, because in-
dividuals unable to afford health insurance are likely
to be underrepresented in the dataset. The UK
National Health Service has a much wider coverage,
with close to 98% of the population registered with a
general practitioner.”® Most published work looking
at complications in the disease are descriptive analyses
in cohorts often recruited from specialist HHT cen-
ters. On comparing the prevalences of clinical com-
plications, most of our estimates are lower than those
cited in the existing literature (table 3). We deliber-
ately included for comparison only studies in which
the prevalence of cerebral and pulmonary AVMs in
the HHT population was not stated because we did
not have this information available for our cohort.
The lower prevalence of identified complications in
our study may be a consequence of the ascertainment
of complications being lower in a primary care data-
base than in a clinical study with access to detailed
clinical data that are collected in secondary and ter-
tiary medical care centers. Alternatively, previous
studies may have overestimated the prevalences of
complications because of a referral and selection bias
if more complicated or severe cases are seen in the
specialist centers from which the cohort is derived. It
is widely acknowledged that many cases of HHT in
the general population remain undiagnosed. While
some symptomatic patients presenting to health care
services elude diagnosis because clinicians do not have
a sufficiently high index of suspicion for HHT, there
are likely to be other HHT gene carriers who remain
undiagnosed simply because they display a milder
phenotype of the disease.

We noted higher odds of colonic carcinoma in our
cases with HHT (in approximately 1%), which may
be a true association or alternatively be the conse-
quence of misclassification with juvenile polyposis
syndrome, a disease known to be associated with
the HHT phenotype via a shared mutation in the
SMAD4 gene.*®*” Juvenile polyposis syndrome is
associated with up to 40% increased risk of colon



Table 3

Comparison of our prevalence estimates for complications of hereditary hemorrhagic telangiectasia

with those made in other studies (excluding any that confirmed the presence of pulmonary

arteriovenous malformations)

Complication Donaldson (current study), %

Stroke 55
TIA 21
Intracerebral bleed 0.6
Cerebral abscess 0.4
Migraine 10.5
Anemia 20
Epistaxis 26.2
Gastrointestinal bleeding 1.5

cancer,”® and this may explain the increase in bowel
cancer risk observed in our population.

Opverall, our data from a population-based sample
of patients with HHT suggest that the risks of com-
plications of HHT may not be as high as previous
studies have suggested. Future work could help to fur-
ther validate our findings by accessing the primary
and secondary care records of the individuals in the
THIN database included in this study, although pre-
vious audit has shown a relatively high level of com-
pleteness of clinical diagnostic data.”

Our data demonstrate that patients with HHT
have a poorer survival compared with controls.
Median age at death was 77 years in cases with
HHT compared with 80 years in controls, a decrease
of 3 years. The published literature of survival in
HHT is relatively small, consisting of 3 articles'*~"
and an abstract'® studying a total of 283 cases, com-
pared with our analysis of 675 individuals who had
the disease. These studies have either compared sur-
vival in HHT cases with that in matched controls'*"
or have examined the parents of HHT-affected

Range of estimates from other literature, %  References
7.2-9 6,9, 32
4.1 9

21 &

0.03-9.1 6,7, 33-35
33-40 10, 36

29 37

90-99 37-39
13-30 38, 40

offspring and compared the age at death of parents
who had HHT with that of parents without the dis-
ease'>'¢ (studies summarized in table 4). In our data,
the HRs for death were highest in the 3 years after
initial diagnosis and decline latterly, which may
reflect the nature in which some patents with
HHT are diagnosed, for example, after a life-
limiting complication such as stroke. Our data per-
tain to the presence or absence of a recorded diagnosis
of HHT, and hence we were unable to explore the
impact of any differences in clinical management
strategies.

A substantial number of the patients with HHT
included in THIN had a historical rather than con-
temporaneous date of diagnosis. While both groups
had worse survival than their matched controls, the
HR for death was almost 3 times as high in the histor-
ically diagnosed group of HHT cases compared with
the contemporaneous cases. This may be explained by
more severe or symptomatic disease in the historical
cases as a consequence of presentation earlier in life
compared with those who were diagnosed as incident

[ Table 4 Summary of studies of survival in HHT ]
Mean difference in
age at death in

Mean cases
Year Study size Follow-up, vs controls
published Authors (cases) Methodology Cases vs controls y (reduction in years)
2014 Donaldson et al. 675 Prospective epidemiologic study  HHT cases vs age-, sex-, and primary 11.7°@ 3.0°
(current study) care-matched controls

2010 Edwards et al.*® 113 Cross-sectional questionnaire HHT-affected parents vs unaffected NA 8.3

study of HHT offspring parents
2006 Sabba et al.*® 40 Retrospective clinical study HHT-affected parents vs unaffected NA 6.8°

parents

2005 Kjeldsen et al.*® 73 Prospective clinical/epidemiologic HHT cases vs age-, sex-, and location- 7.5 0

study matched controls
1999 Kjeldsen et al.1* 57 Prospective clinical/epidemiologic HHT cases vs “expected mortality” 21 NA

study calculated from life table analysis

Abbreviation: HHT = hereditary hemorrhagic telangiectasia; NA = not available.

2Median follow-up.
®Median age at death.
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cases during the course of our period of data collec-
tion. This is consistent with our clinical experience
that developments such as the formulation of the
diagnostic Curagao criteria,® publication of interna-
tional guidelines for the diagnosis and management of
HHT,?" increasing use of genetic testing, and, per-
haps, an increased awareness of the disease, have con-
tributed to diagnosis of more patients before they are
severely symptomatic.

We present evidence from a large, representative
primary care database confirming that on average a
diagnosis of HHT is associated with a 3-year reduc-
tion in median age at death and providing quantita-
tive estimates of complication risks in HHT
compared with matched controls. While some pa-
tients undoubtedly experience significant morbidity
due to HHT, our study suggests that complication
rates among the diagnosed population may not be
as high as previously thought. This may change the
information provided in counseling newly diagnosed
patients when discussing the natural history of the
disease. Because many of these complications are
amenable to intervention, early diagnosis and treat-
ment should remain the priority for responsible
clinicians.

AUTHOR CONTRIBUTIONS

J.D. (guarantor) was involved in the study design, performed the majority
of the data processing and analysis, and drafted the manuscript. A.F.,
T.M., and R.H. contributed to the study design and interpretation of
findings. All authors were involved in revising and approving the manu-

script before submission.

STUDY FUNDING

This research was funded jointly by the University of Nottingham and
Nottingham University Hospitals NHS Trust. The funding sources
had no role in the design and conduct of the study; collection, manage-
ment, analysis, and interpretation of the data; and preparation, review, or

approval of the manuscript.

DISCLOSURE

The authors report no disclosures relevant to the manuscript. Go to

Neurology.org for full disclosures.
Received July 24, 2014. Accepted in final form January 27, 2015.

REFERENCES

1. Sabba C, Pasculli G, Lenato GM, et al. Hereditary hemor-
rhagic telangiectasia: clinical features in ENG and ALK1
mutation carriers. ] Thromb Haemost 2007;5:1149-1157.

2. Woodall MN, McGettigan M, Figueroa R, Gossage JR,
Alleyne CH Jr. Cerebral vascular malformations in hered-
itary hemorrhagic telangiectasia. ] Neurosurg 2014;120:
87-92.

3. Maher CO, Piepgras DG, Brown RD Jr, Friedman JA,
Pollock BE. Cerebrovascular manifestations in 321 cases of
hereditary hemorrhagic telangiectasia. Stroke 2001;32:
877-882.

4. Gossage JR, Kanj G. Pulmonary arteriovenous malforma-
tions: a state of the art review. Am J Respir Crit Care Med
1998;158:643-661.

Neurology 84 May 5, 2015

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Cottin V, Plauchu H, Bayle JY, Barthelet M, Revel D,
Cordier JF. Pulmonary arteriovenous malformations in
patients with hereditary hemorrhagic telangiectasia. Am J
Respir Crit Care Med 2004;169:994-1000.

Shovlin CL, Jackson JE, Bamford KB, et al. Primary de-
terminants of ischaemic stroke/brain abscess risks are inde-
pendent of severity of pulmonary arteriovenous
malformations in hereditary haemorrhagic telangiectasia.
Thorax 2008;63:259-266.

Dupuis-Girod S, Giraud S, Decullier E, et al. Hemor-
rhagic hereditary telangiectasia (Rendu-Osler disease) and
infectious diseases: an underestimated association. Clin
Infect Dis 2007;44:841-845.

Mathis S, Dupuis-Girod S, Plauchu H, et al. Cerebral
abscesses in hereditary haemorrhagic telangiectasia: a clin-
ical and microbiological evaluation. Clin Neurol Neuro-
surg 2012;114:235-240.

Post MC, Letteboer TG, Mager JJ, Plokker TH,
Kelder JC, Westermann CJ. A pulmonary right-to-left
shunt in patients with hereditary hemorrhagic telangiecta-
sia is associated with an increased prevalence of migraine.
Chest 2005;128:2485-2489.

Thenganatt J, Schneiderman J, Hyland RH, Edmeads J,
Mandzia JL, Faughnan ME. Migraines linked to intra-
pulmonary right-to-left shunt. Headache 2006;46:
439-443.

van Beijnum J, van der Worp HB, Buis DR, et al. Treat-
ment of brain arteriovenous malformations: a systematic
review and meta-analysis. JAMA 2011;306:2011-2019.
Mohr JP, Parides MK, Stapf C, et al. Medical manage-
ment with or without interventional therapy for unrup-
tured brain arteriovenous malformations (ARUBA): a
multicenter, non-blinded, randomised trial. Lancet 2014;
383:614-621.

Sabba C, Pasculli G, Suppressa P, et al. Life expectancy in
patients with hereditary haemorrhagic telangiectasia. QJM
2006;99:327-334.

Kjeldsen AD, Vase P, Green A. Hereditary haemorrhagic
telangjectasia: a population-based study of prevalence and
mortality in Danish patients. ] Intern Med 1999;245:31-39.
Kjeldsen AD, Moller TR, Brusgaard K, Vase P,
Andersen PE. Clinical symptoms according to genotype
amongst patients with hereditary haemorrhagic telangiec-
tasia. ] Intern Med 2005;258:349-355.

Edwards CP, de Gussem EM, Mager JJ, Westermann CJ,
Faughnan ME. Life expectancy of parents with hereditary
hemorrhagic telangiectasia in a Canadian population. Can
Respir ] 2010;17:49A. Abstract.

Lewis JD, Schinnar R, Bilker WB, Wang X, Strom BL.
Validation studies of The Health Improvement Network
(THIN) database for pharmacoepidemiology research.
Pharmacoepidemiol Drug Saf 2007;16:393—401.
Ruigomez A, Martin-Merino E, Rodriguez LA. Validation
of ischemic cerebrovascular diagnoses in The Health
Improvement Network (THIN). Pharmacoepidemiol
Drug Saf 2010;19:579-585.

EPIC. THIN Data Guide for Researchers, 2011.

Blak BT, Thompson M, Dattani H, Bourke A. General-
isability of The Health Improvement Network (THIN)
database: demographics, chronic disease prevalence and
mortality rates. Inform Prim Care 2011;19:251-255.
Cegedim  Strategic Data. Available at: htep://csdmruk.
cegedim.com/our-data/our-data.shtml. Accessed November

25, 2014.


http://neurology.org/
http://csdmruk.cegedim.com/our-data/our-data.shtml
http://csdmruk.cegedim.com/our-data/our-data.shtml

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

Donaldson JW, McKeever TM, Hall IP, Hubbard RB,
Fogarty AW. The UK prevalence of hereditary haemor-
rhagic telangiectasia and associations with sex, region of
residence and socioeconomic status: a population-based
study. Thorax 2014;69:161-167.

Townsend P. Deprivation. ] Soc Policy 1987;16:125-146.
Grosse SD, Boulet SL, Grant AM, Hulihan MM,
Faughnan ME. The use of US health insurance data for
surveillance of rare disorders: hereditary hemorrhagic tel-
angiectasia. Genet Med 2014;16:33-39.

Lis Y, Mann RD. The VAMP research multi-purpose
database in the U.K. ] Clin Epidemiol 1995;48:
431-443.

O’Malley M, LaGuardia L, Kalady MF, et al. The
prevalence of hereditary hemorrhagic telangiectasia in
juvenile polyposis syndrome. Dis Colon Rectum 2012;
55:886-892.

Gallione CJ, Richards JA, Letteboer TG, et al. SMAD4
mutations found in unselected HHT patients. ] Med
Genet 20006;43:793-797.

Brosens LA, van Hattem A, Hylind LM, et al. Risk of
colorectal cancer in juvenile polyposis. Gut 2007;56:
965-967.

Bourke A, Dattani H, Robinson M. Feasibility study and
methodology to create a quality-evaluated database of pri-
mary care data. Inform Prim Care 2004;12:171-177.
Shovlin CL, Guttmacher AE, Buscarini E, et al. Diagnos-
tic criteria for hereditary hemorrhagic telangiectasia (Re-
ndu-Osler-Weber syndrome). Am ] Med Genet 2000;91:
66-67.

Faughnan ME, Palda VA, Garcia-Tsao G, et al. Interna-
tional guidelines for the diagnosis and management of
hereditary haemorrhagic telangiectasia. ] Med Genet
2011;48:73-87.

32.

33.

34.

35.

30.

37.

38.

39.

40.

Kjeldsen AD, Oxhoj H, Andersen PE, Green A, Vase P.
Prevalence of pulmonary arteriovenous malformations
(PAVMs) and occurrence of neurological symptoms in
patients with hereditary haemorrhagic telangiectasia
(HHT). J Intern Med 2000;248:255-262.

Cottin V, Dupuis-Girod S, Lesca G, Cordier JF. Pulmo-
nary vascular manifestations of hereditary hemorrhagic tel-
angiectasia (Rendu-Osler disease). Respiration 2007;74:
361-378.
Drouet T, Muresan IP, Maro B, Carette MF,
Alamowitch S. Neurologic phenotype associated with
hereditary haemorrhagic telangiectasia in a monocentric
cohort of 154 patients. Presented at the 2012 International
Stroke Conference. Stroke 2012;43:A2421.

Kjeldsen AD, Torring PM, Nissen H, Andersen PE. Cere-
bral abscesses among Danish patients with hereditary hae-
morrhagic telangiectasia. Acta Neurol Scand 2014;129:
192-197.

Marziniak M, Jung A, Guralnik V, Evers S, Prudlo J,
Geisthoftf UW. An association of migraine with hereditary
haemorrhagic telangiectasia independently of pulmonary
right-to-left shunts. Cephalalgia 2009;29:76-81.
Haitjema T, Balder W, Disch FJ, Westermann C]J. Epi-
staxis in hereditary haemorrhagic telangiectasia. Rhinology
1996;34:176-178.

Porteous ME, Burn ], Proctor SJ. Hereditary haemor-
rhagic telangiectasia: a clinical analysis. ] Med Genet
1992;29:527-530.

Hoag JB, Terry P, Mitchell S, Reh D, Merlo CA. An
epistaxis severity score for hereditary hemorrhagic telangi-
ectasia. Laryngoscope 2010;120:838-843.

Vase P, Grove O. Gastrointestinal lesions in hereditary
hemorrhagic telangiectasia. Gastroenterology 1986;91:

1079-1083.

WriteClick® rapid online correspondence

The editors encourage comments about recent articles through WriteClick:

Go to Neurology.org and click on the “WriteClick” tab at the top of the page. Responses will

be posted within 72 hours of submission.

Before using WriteClick, remember the following:

* WriteClick is restricted to comments about studies published in Neurology within the last eight

weeks

* Read previously posted comments; redundant comments will not be posted

* Your submission must be 200 words or less and have a maximum of five references; reference

one must be the article on which you are commenting

* You can include a maximum of five authors (including yourself)

Neurology 84 May 5, 2015

1893



