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Abstract

Introduction: The aim of this study was to determine the risk of recurrent intracerebral haemorrhage (ICH), ischae-
mic stroke, all stroke, any vascular event and all-cause mortality in 30-day survivors of ICH, according to age and sex.
Patients and methods: We linked national hospital discharge, population and cause of death registers to obtain a
cohort of Dutch 30-day survivors of ICH from 1998 to 2010. We calculated cumulative incidences of recurrent ICH,
ischaemic stroke, all stroke and composite vascular outcome, adjusted for competing risk of death and all-cause mor-
tality. Additionally, we compared survival with the general population.

Results: We included 19,444 ICH-survivors (52% male; median age 72 years, interquartile range 61-79; 78,654 patient-
years of follow-up). First-year cumulative incidence of recurrent ICH ranged from 1.5% (95% confidence interval 0.9-2.3;
men 35-54years) to 2.4% (2.0-2.9; women 75-94 years). Depending on age and sex, 10-year risk of recurrent ICH
ranged from 3.7% (2.6-5.1; men 35-54 years) to 8.1% (6.9—9.4; women 55-74 years); ischaemic stroke 2.6% to 7.0%, of
all stroke 9.9% to 26.2% and of any vascular event 15.0% to 40.4%. Ten-year mortality ranged from 16.7% (35-54 years)
to 90.0% (75—94 years). Relative survival was lower in all age-groups of both sexes, ranging from 0.83 (0.80-0.87) in 35-
to 54-year-old men to 0.28 (0.24-0.32) in 75- to 94-year-old women.

Discussion: ICH-survivors are at high risk of recurrent ICH, of ischaemic stroke and other vascular events, and have a
sustained reduced survival rate compared to the general population.

Conclusion: The high risk of recurrent ICH, other vascular events and prolonged reduced survival-rates warrant
clinical trials to determine optimal secondary prevention treatment after ICH.
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Introduction

Spontaneous intracerebral haemorrhage (ICH) is an
important cause of global disease burden, accounting
for 10% to 15% of strokes in high-income countries
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proportional risks of haemorrhagic and ischaemic
events has important implications for optimal second-
ary prevention, including decisions on whether or not
to start or resume antithrombotic medication after
ICH.

In a large, population-based record-linkage study,
we assessed in patients who survived 30days after
ICH, the long-term risk of ICH recurrence, of ischae-
mic stroke and all stroke, of a composite vascular out-
come, and of death, across difference age and sex
strata.

Patients and methods

Data collection

We constructed a cohort of patients surviving 30 days
after a first ICH through data linkage of the hospital
discharge register (HDR), the population register (PR)
and cause of death register (CDR) in the Netherlands.
Registers and linkage procedures have been previously
described in detail.>¢ In the period from 1998 to 2004,
from all hospital admissions, 1.1% to 1.6% of the
records were missing. Between 2005 and 2010, the per-
centage of missing records varied between 3.8% and
14% (Supplementary Table e-1). The data sources
and method of data collection of the HDR, PR and
CDR have remained unchanged during the study
period.

The PR contains information of all Dutch citizens,
including date of birth, sex, current address, ethnicity
and marital status. The CDR contains information on
the date of death and causes of death. The overall
validity of these registers has been proven to be
high.” We linked the registries by a personal identifier
using a combination of postal code, sex and date of
birth to ensure all cases were unique. Approximately
85% of the Dutch population has a unique combina-
tion of these variables.® The PR is available electroni-
cally since 1995; therefore linkage of the registries can
be done from 1995 onwards.

Cohort selection

We selected all patients aged between 35 and 94 years
with a first admission for a principal diagnosis of ICH
(International Classification of Diseases, ninth revision
(ICD-9) code 431) from the HDR between 1 January
1998 and 31 December 2010. We excluded patients
below 35years of age because in those patients deter-
minants of vascular outcomes are likely to be different
than in older patients. The number of patients of
95 years and older was too small to allow meaningful
analyses. We excluded patients who were admitted for
ICH in the threeyears before the study period and

those who died during admission or within 30days
after discharge. In a previous study, we showed high
validity of the use of ICD-9 codes to identify patients
with ICH.® The presence and extent of co-morbidity
were determined in the HDR using a modified
Charlson Comorbidity Index (CCI), which is a valid
and reliable method to measure co-morbidity in clinical
research.” The CCI ranges from 0 to 24 points, zero
points representing no co-morbidity.

Outcomes

Information about new events during follow-up for the
outcomes ICH, ischaemic stroke, unspecified stroke, all
stroke, the composite vascular outcome (including
stroke, cardiac and peripheral vascular disease) and
death was obtained from the HDR and CDR. ICD-9
and ICD-10 codes that represent the outcome events
are listed in Supplementary Table e-2; all outcomes
were based on principal diagnosis. Admissions within
30days after discharge from the admission for the
index ICH were discarded as these include transfers
from one hospital to another without occurrence of a
new event as well as early re-admissions without a new
event as a result of morbidity due to the index ICH.""
Second and beyond events (e.g. a second ischaemic
stroke) were disregarded.

Data analysis

We divided patients into three age groups, each span-
ning 20 years (35-54, 55-74 and 75-94years) and by
sex.

We performed competing risk analyses for death to
calculate the cumulative incidence of ICH, ischaemic
stroke, unspecified stroke, all stroke and the composite
vascular outcome at 1, 2, 5 and 10years, with 95%
confidence intervals (CIs),"" and calculated the cumu-
lative incidence of death with 95% CIs. In addition, we
performed multivariable Cox proportional hazard
regression for all outcomes to obtain hazard ratios
with 95% ClIs for the co-variables age and sex.

To determine the effect of the index ICH on the
mortality of ICH survivors, we compared mortality
between ICH survivors and the general Dutch popula-
tion, matched for age, sex and calendar year, obtained
from the Human Mortality Database (www.mortality.
org) and divided the observed mortality by the
expected mortality.

All statistical analyses were performed in SAS/
STAT 12.1 (SAS Institute, Cary, NC, USA) and R
3.0.2 (R Foundation for Statistical Computing,
Vienna, Austria) using the packages cmprsk, survival
and relsurv.
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Table 2. Cumulative risks with 95% confidence intervals of recurrent intracerebral haemorrhage, ischaemic stroke, unspecified
stroke, all stroke, the composite vascular outcome and all-cause death according to age and sex.

| year 2 years 5 years 10 years
Recurrent intracerebral haemorrhage
Men
35-54 1.5 (1.0-2.3) 1.8 (1.2-2.6) 2.7 (1.9-3.7) 3.7 (2.6-5.1)
55-74 1.7 (1.4-2.1) 2.5 (2.1-3.0) 4.2 (3.6-4.8) 6.6 (5.8-7.6)
75-94 2.2 (1.8-2.8) 2.8 (2.3-34) 4.4 (3.7-5.2) 5.2 (4.4-6.2)
Women
35-54 1.5 (0.9-2.3) 1.7 (1.0-2.5) 3.0 (2.1-4.2) 3.9 (2.7-5.4)
55-74 2.0 (1.6-2.5) 2.8 (2.3-34) 4.8 (4.0-5.6) 8.1 (6.9-94)
75-94 2.4 (2.0-2.9) 3.1 (2.6-3.7) 4.6 (4.0-5.3) 5.5 (4.7-6.3)
Ischaemic stroke
Men
35-54 0.5 (0.2-1.0) 0.9 (0.5-1.6) 1.5 (0.9-2.3) 3.1 (2.1-4.5)
55-74 1.6 (1.2-1.9) 2.5 (2.1-2.9) 4.6 (4.0-5.3) 7.0 (6.1-7.9)
75-94 1.7 (1.3-2.2) 2.7 (2.1-3.3) 4.4 (3.7-5.2) 5.9 (4.9-6.9)
Women
35-54 0.7 (0.3-1.3) 0.9 (0.5-1.6) 1.8 (1.1-2.8) 2.6 (1.6-4.0)
55-74 1.1 (0.8-1.5) 2.3 (1.8-2.8) 4.7 (4.0-5.6) 6.6 (5.6-7.8)
75-94 1.5 (1.2-1.9) 2.6 (2.2-3.1) 4.6 (4.0-5.3) 5.6 (4.8-6.5)
Unspecified stroke
Men
35-54 0.4 (0.2-0.9) 0.9 (0.5-1.5) 1.9 (1.2-2.8) 2.9 (1.94.2)
55-74 2.6 (2.1-3.0) 4.0 (3.44.5) 7.6 (6.8-8.4) 11.2 (10.1-12.3)
75-94 6.7 (5.9-7.6) 9.9 (8.9-11.0) 14.6 (13.3-15.9) 17.7 (16.2-19.3)
Women
35-54 0.9 (0.5-1.6) 1.3 (0.8-2.2) 2.8 (1.94.1) 43 (2.9-6.1)
55-74 2.4 (1.9-3.0) 3.6 (3.04.2) 7.6 (6.6-8.6) 12.1 (10.6-13.6)
75-94 7.7 (6.9-8.5) 11.0 (10.1-12.0) 17.7 (16.5-19.0) 20.4 (19.0-21.8)
All stroke
Men
35-54 2.8 (2.0-3.7) 42 (3.3-54) 6.3 (5.0-7.7) 9.9 (0.8-12.1)
55-74 5.7 (5.1-6.3) 8.5 (7.8-94) 15.2 (14.1-16.3) 22.2 (20.7-23.7)
75-94 10.2 (9.2-11.3) 14.5 (13.3-15.7) 21.4 (19.9-22.9) 26.2 (24.4-28.1)
Women
35-54 3.3 (24-4.4) 4.3 (3.3-5.7) 7.9 (6.3-9.8) 10.4 (8.3-12.8)
55-74 5.7 (4.9-6.5) 8.6 (7.7-9.6) 15.7 (14.4-17.1) 23.9 (21.9-25.8)
75-94 10.2 (10.5-12.4) 14.5 (15.2-17.4) 15.7 (24.2-27.0) 23.9 (28.0-31.2)
Composite vascular outcome
Men
35-54 4.6 (3.6-5.8) 7.2 (5.9-8.6) 12.0 (8.9-12.8) 20.0 (17.2-22.9)
55-74 9.2 (8.5-10.1) 14.0 (13.1-15.0) 25.2 (23.9-26.6) 37.7 (35.9-39.6)
75-94 14.6 (13.4-15.9) 21.9 (20.4-23.3) 33.4 (31.7-35.1) 40.4 (38.3-42.4)
Women
35-54 4.3 (3.2-5.5) 6.0 (4.4-7.1) 10.8 (8.9-12.8) 15.0 (12.4-17.8)
55-74 7.4 (6.5-8.3) 12.0 (10.9-13.1) 21.8 (20.3-23.4) 33.7 (31.5-35.8)
75-94 4.1 (13.1-15.1) 20.5 (19.3-21.8) 32.2 (30.4-33.7) 39.0 (37.2-40.8)
All-cause death
Men
35-54 4.7 (3.7-5.9) 7.0 (5.8-8.5) 12.2 (10.4-14.2) 20.2 (17.4-23.4)
55-74 10.5 (9.7-11.4) 16.0 (15.0-17.0) 31.6 (30.2-33.0) 56.8 (54.7-58.9)
75-94 25.0 (23.6-26.5) 38.9 (37.3-40.6) 67.1 (65.3-68.9) 90.0 (88.2-91.6)
Women
35-54 4.1 (3.1-5.4) 6.1 (4.8-7.6) 10.6 (8.8-12.7) 16.7 (14.1-19.8)
55-74 9.0 (8.1-10.0) 14.1 (13.0-15.4) 29.0 (27.3-30.8) 48.8 (46.4-51.3)
75-94 24.5 (23.3-25.8) 36.1 (34.7-37.5) 63.8 (62.2-65.4) 87.4 (85.7-89.0)
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Table 3. Hazard ratios with 95% confidence intervals of the various outcomes according to age and sex.

Composite
Recurrent ICH Ischaemic stroke  Unspecified stroke  All stroke vascular outcome  Death
Age® 1.02 (1.02—-1.03)  1.03 (1.03—1.04)  1.07 (1.07-1.08) 1.04 (1.04-1.05)  1.04 (1.04-1.05) 1.08 (1.07-1.08)
Male sex  0.96 (0.84-1.10) .16 (1.01-1.33)  1.00 (0.91-1.10) 0.99 (0.93-1.06)  1.23 (1.16-1.30) 1.23 (1.17-1.28)

?Hazard ratio per year increase in age.

Table 4. Long-term survival of 30-day ICH survivors relative to the general Dutch population, matched for age, sex, and calendar

year, at |, 2, 5 and |Oyears.

| year

2 years

5 years

10 years

Men 35-54 years
Women 35-54 years
Men 55-74 years
Women 55-74 years
Men 75-94 years
Women 75-94 years

0.96 (0.95-0.97)
0.97 (0.96-0.98)
0.93 (0.92-0.94)
0.94 (0.93-0.95)
0.85 (0.84-0.87)
0.84 (0.83-0.85)

0.94 (0.93-0.95)
0.95 (0.94-0.96)
0.89 (0.88-0.90)
0.89 (0.88-0.90)
0.75 (0.73-0.77)
0.75 (0.74-0.77)

0.90 (0.88-0.92)
0.91 (0.89-0.93)
0.77 (0.75-0.78)
0.77 (0.75-0.78)
0.52 (0.49-0.55)
0.52 (0.50-0.56)

0.83 (0.80-0.87)
0.86 (0.83-0.89)
0.55 (0.52-0.58)
0.60 (0.57-0.63)
0.30 (0.25-0.36)
0.28 (0.24-0.32)

than women (Table 3). We found no statistically signif-
icant differences between men and women in the occur-
rence of recurrent ICH, ischaemic stroke, unspecified
stroke or all stroke.

Long-term survival as compared to the general
population

Thirty-day survivors of ICH had a lower chance of
survival than the general population over the entire
10-year period of follow-up (Table 4). As an example,
relative survival after 5years of 35 to 54 year olds was
0.90 (95% CI 0.88-0.92) in men and 0.91 (0.89-0.93) in
women and that of 75 to 94 year olds 0.52 (0.49-0.55)
in men and 0.52 (0.50-0.56) in women.

Discussion

Our study shows that ICH-survivors were not only at
risk of recurrent ICH but also at similarly high risk of
ischaemic stroke, both in men and women, in particular
in the middle aged and in the elderly. Additionally, they
had a sustained high risk of other vascular events and a
reduced chance of survival compared to the general
population up to 10years after the ICH, in all age
groups. Men had a higher risk of ischaemic stroke, of
the composite vascular outcome and of death than
women.

In multiple studies in Western Europe,'%!'*"'° North
America,’*?! and Asia,?>2° one-year rates of recurrent
ICH in ICH survivors were similar to the rates we
found (0%-3.9%), whereas in three studies in
Scotland,?”?° one in Italy,30 and one in Denmark,>!

the rate of recurrent ICH was higher, around 6% to
9% /year (Supplementary Table e-5). The excess recur-
rent ICH in Scotland is unlikely due to methodological
differences as two of the Scottish studies were record-
linking studies and used ICD codes like we did in our
study, and patients were of similar age.”’*® A recent
study of health differences among regions in the UK
showed that in Scotland the number of life-years lost
and the number of disability-adjusted-life-years due to
cerebrovascular diseases and ischaemic heart disease
were higher than in other regions, probably due to var-
iation in risk factors and socioeconomic deprivation.*?
In the Italian cohort, collected between 1978 and 1982,
poor blood pressure control, which was associated with
recurrent ICH, may have contributed to the high
ICH recurrence rate.’® The Danish cohort was record-
linking like ours but included 7-day rather than 30-day
survivors.®! Our finding that in the youngest age-group,
the risk of ICH appeared higher than the risk of ischae-
mic stroke may be explained by a larger proportion of
underlying macrovascular causes (e.g., arteriovenous
malformation, aneurysm, cavemoma)33 and a lower
prevalence of hypertension in this age-group compared
to those of 55 years and older.**

For ischaemic stroke, the one-year rate varied
among previous studies between 0% and 7.0%
(Supplementary Table e-5),'0!316721:2427:28 with again
the highest rate in the Scottish population.?” The one-
year risk of a composite vascular outcome was assessed
in six previous studies in ICH survivors and varied
between 1 and 25%/year,'% 321272835 whereas in our
study this risk was 4.3% in the youngest age-group and
up to 14.6% in the elderly. In three studies, one from
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Scotland,?’ one from Taiwan,’* and one from Japan,36

the reported 10-year risk of ICH varied between 9.6%
and 13.7% (Supplementary Table e-5), which is higher
than the 10-year rate we found (highest rate in women
55-74, 8.1%). We may have underestimated the rate of
ICH, as in a substantial number of recurrent strokes it
was not specified whether it was an ischaemic stroke or
ICH. In the three studies, the 10-year risk of ischaemic
stroke ranged from 6.9% to 12.9%,%*?"° which is
higher than the risk of ischaemic stroke we found but
lower if we assume that a large proportion of the
unspecified stroke in our study were ischaemic strokes.
The reported 10-year risk of all stroke was 20.9% in
Taiwan®* and 28.4% in Scotland,?” which was similar
to the rates we found (22%—24% in the age-group of
55-74 years and 24%-26% in those 75-94years). In
contrast, one population-based study in Japan found
a rate of 55.6% (95% CI 32.2-79.1%).*® However, the
number of ICH patients in this cohort was small,
resulting in imprecision.”® The cumulative risk of
death after 10years in our study of around 50% in
the age-group 55 to 74 years was similar to that in a
Swedish record-linking study,!” whereas the 10-year
risk of death of around 20% in our youngest age-
group was higher than the around 10% found in two
previous studies in young adults,’”*® which may at
least in part be explained by different age limits (35—
54 in our youngest age-group, and 18-50°7 or 16-493%
in the others; Supplementary Table e-5). The higher
risk in men compared to women of ischaemic stroke
of the composite vascular outcome and of death might
be explained by a higher incidence of vascular disease
in men in general or by differences in the treatment of
hypertension and other vascular risk factors between
men and women.

The finding that the total burden of future vascular
events in ICH survivors is much larger than that of
recurrent ICH alone has important implications for
secondary preventive treatment for patients who sur-
vive ICH. Efforts to optimize outcome after ICH
should not only be directed at the prevention of recur-
rent ICH but also at prevention of ischaemic events. In
patients who experience ICH while on antiplatelets or
anticoagulants, medication is often not restarted, which
may add to the occurrence of ischaemic vascular com-
plications after ICH. Evidence on the optimal second-
ary preventive treatment in these patients is limited and
randomized controlled trials comparing restarting and
avoiding antiplatelet- (RESTART and RESTART-Fr,
NCT02966119; STATICH, NCT03186729) or antico-
agulant drugs are needed and ongoing (APACHE-AF,

NCT02565693;° SOoSTART, NCT03153150:;
NASPAF-ICH, NCT02998905; A3ICH,
NCT03243175; and STATICH, NCT03186729;

STROKECLOSE, NCT 02830152; PRESTIGE-AF,

and ASPIRE). Recently, results of RESTART
showed that in patients with ICH while on antithrom-
botic treatment, the risk of recurrent ICH with antipla-
telet therapy, on average assigned 76days after the
ICH, is probably small and not exceeding the estab-
lished benefits of antiplatelets for secondary preven-
tion.** In this study, there was no evidence of
heterogeneity of the effect of antiplatelet therapy on
the risk of recurrent ICH among pre-specified sub-
groups, including lobar versus non-lobar location of
the ICH. A large observational study of the risk of
death, stroke or functional outcome in patients with
ICH while on anticoagulant treatment for atrial fibril-
lation suggested a benefit of restarting oral anticoagu-
lants both in patients with non-lobar and in patients
with lobar ICH.*' Another randomized controlled trial
investigates the effect of more intense blood pressure
control to prevent recurrent stroke in patients who
have had an ICH (TRIDENT, NCT02699645).

Strengths of our study are that we were able to
create a large population-based cohort of ICH survi-
vors with long-term follow-up, that we not only studied
the risk of recurrent ischaemic stroke and ICH but also
of other vascular outcomes and that we assessed long-
term survival relative to the general population. The
size of the cohort enabled us to provide age- and sex
specific estimates of risk at multiple time points. By
correcting for competing risk of death, we were able
to reduce overestimation of the risk of outcomes.
Furthermore, the methods of linkage of the registries
that we used have been validated,” and we previously
showed that the coding of ICH in the HDR is correct in
91% of cases.® The reliability of ICD coding for ICH
has also been demonstrated by others.*

Our study also has limitations. First, in a substantial
proportion of patients, recurrent strokes, in particular
those that were fatal, could not be classified as either
ischaemic stroke or ICH. This hampers the accuracy of
comparing the risk of recurrent ICH with that of
ischaemic stroke. Nevertheless, based on the results
for the combined vascular outcome and a high likeli-
hood that among the unspecified strokes many are in
fact ischaemic strokes,**** our data clearly point to a
high risk of ischaemic events in addition to the risk of
recurrent ICH. Second, during the inclusion period of
the cohort, the participation in the HDR declined,
leading to a possible underestimation of new non-
fatal events in the years after 2004. Third, 15% of the
Dutch population does not have a unique combination
of sex, date of birth and four digit postal code and
therefore could not be linked to the HDR and CDR.
However, this percentage was stable during the study
period, and it was previously demonstrated that there
are no differences in cardiovascular disease between
people with a unique identifier and those without.*’
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Therefore, we are confident that these missing persons
have not influenced our results. Fourth, non-fatal
events for which patients were not admitted to hospital
were not included and may also have led to underesti-
mation or recurrence rates. Fifth, it is possible that
patients had a first ICH before the start of the
cohort, which may have led to misclassification of a
recurrent event as a first ICH. Sixth, in this
registration-based study, we had no information on
vascular risk factors other than represented by the
CCI and no information about the use of secondary
preventive medication. Finally, we had no information
on the location of the ICH or its cause, which both
affect recurrence rates of ICH and other
outcomes. ™' %%

Conclusion

Our large population-based record-linkage study shows
that ICH survivors are not only at risk of recurrent
ICH but also at risk of ischaemic stroke and other vas-
cular events. The risk of ischaemic stroke appears to be
at least as high as that of recurrent ICH. In addition,
patients who survive ICH have a sustained reduced
relative survival in all age groups compared to the gen-
eral population. These findings warrant clinical trials to
determine optimal secondary prevention treatment
after ICH.
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