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Journal Club:
Time trends in incidence, case fatality, and
mortality of intracerebral hemorrhage

BACKGROUND AND SIGNIFICANCE Intracerebral
hemorrhage (ICH) remains one of the most cata-
strophic stroke subtypes, with high case-fatality rate
and poor functional outcomes. In the Journal Club
article “Time trends in incidence, case fatality, and
mortality of intracerebral hemorrhage” by Jolink
et al.,1 hospital and population registries were used
to assess age- and sex-specific trends in incidence and
case fatality of patients with ICH in the Netherlands.
The study provides a significant epidemiologic
contribution examining a large cohort of patients
with ICH from 1980 to 2010. The authors report
a decline in incidence, case-fatality, and mortality
rates of ICH in men and women younger than 75
years but stable rates in patients 75 years and older in
the Dutch population. Although these data do not
have direct implications for clinical practice, and their
generalizability to all ICH patient populations may be
limited, they are very useful in consolidating
epidemiologic knowledge about ICH in the last
decades.

HYPOTHESIS AND DESIGN The authors hypothe-
sized that the overall stable incidence of ICH identi-
fied in a previous systematic review by this group2

may mask variations in time trends in incidence
and in case fatality according to different subgroups
of patients. The study utilized linked registries to
retrospectively collect data from 41,068 patients aged
35 to 94 years with first-ever ICH.

METHODS Linking the national hospital discharge
registry by selecting patients with International Clas-
sification of Diseases, Ninth Revision (ICD-9) code 431
and the Dutch population registry, a nationwide
cohort of all patients admitted with first-ever ICH
between 1998 and 2010 was constructed. By
definition, ICD-9 code 431 included all ICH types
(spontaneous/primary and secondary), excluding only
traumatic ICH. This cohort was linked with the cause
of death registry of Statistics Netherlands to identify
out-of-hospital deaths, stratified by year, sex, and age
at time of death, and corresponding population
estimates over the same time period.

The authors assessed the accuracy of ICH diagno-
sis coding, selecting a sample of all patients with
a main diagnosis of ICH (ICD-9 code 431) from
the hospital discharge registry of a university medical
center and a large nonuniversity hospital (January
1995 to December 2010). A total of 1,052 patients’
medical records were systematically screened and
cross-checked against hospital discharge registry files
for the correct diagnosis. ICH diagnosis was found to
be correct in 91% in this subgroup.

ICH incidence per 100,000 persons was calculated
by age and sex. The age categories were 35–54, 55–74,
and 75–94 years. Although somewhat arbitrary, this
grouping resulted in a large enough sample size per
group for analysis. Mann-Kendall trend tests were per-
formed by age–sex group to investigate whether inci-
dence changed between 1998 and 2010. For 30-day
and 1-year (31–365 days) case fatality, the survival
time (i.e., time from initial admission date for ICH
to the date of death from any cause) was calculated
according to the actuarial life-table method and ex-
pressed as a percentage. The Mann-Kendall test was
again used to explore whether 30-day case fatality and
1-year case fatality changed significantly between 1998
and 2010.

Age- and sex-specific trends in total ICH mortality
rates between 1980 and 2010 were explored by using
joinpoint regression analyses with software developed
by the Surveillance Research Program for the US
National Cancer Institute. This statistical approach is
well validated and used in cancer research. Briefly,
trend data (e.g., mortality rates) are fitted with the best
and simplest joinpoint model, based on significant
changes identified in the linear slope of the trend
(using a log scale) over the study period. For a basic
definition of the epidemiologic terms mentioned and
the main methods used in the article, see the table.

RESULTS The overall ICH incidence, trends in 30-
day and 1-year case fatality and mortality of ICH, as
well as the trends in total ICH mortality were
investigated. The overall ICH incidence remained
stable in the oldest age stratum in both men and
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women but declined in both middle-aged men (from
53.3/100,000 to 37.2/100,000; p , 0.01) and
women (from 36.1/100,000 to 26.4/100,000; p ,

0.01) and in young women (from 6.3/100,000 to
5.1/100,000; p , 0.01). While the 30-day case
fatality significantly declined in both sexes in the
middle-aged cohorts as well as in young men (p ,

0.01), it remained stable at approximately 40% in
older patients ($75 years). A similar observation was
made for 1-year case fatality, which overall decreased in
young and middle-aged men and middle-aged women
(p , 0.01), but again remained stable throughout the
oldest age stratum. A decrease in mortality rate was
observed in young and middle-aged women alike,
while the mortality rate did not significantly change
in the oldest patients. In addition, time trends from
1980 to 2010 in age- and sex-specific total ICH
mortality per 100,000 persons have been investigated.
In the young patient group, ICHmortality per 100,000
declined in both sexes (in men by 43% and in women
by 55%). A similar decrease was observed in the
middle-aged group where the ICH mortality per
100,000 patients declined by 48% in men and by
46% in women. Again, the oldest age group did not
show any change in mortality rate in the time span
investigated.

INTERPRETATION This work by Jolink et al. high-
lights important trends in ICH incidence and mortal-
ity over the past several decades.2 Their findings
emphasize the importance of age and sex on these
trends, and notably demonstrate the absence of any
change in ICH incidence and mortality in patients
older than 75 years. Key strengths of the study include
(1) the large sample size, (2) the reliable registry-based

methods with demonstrated high-quality linkage to
define this cohort and capture mortality figures, (3)
the nationwide coverage, almost approximating
a population-based setting, (4) broad range of age
groups across both sexes, and (5) the validation in
a substudy of the correct coding of ICH in more
than 90% of patients.

Potential limitations of the study—some of which
are constraints inherent to registry-based studies—
include the following:

1. The authors did not distinguish spontaneous (pri-
mary) ICH from bleeding secondary to neoplastic
or vascular lesions. The latter category is more
common in young patients3; as progress has been
made in the last decades in diagnosis and endo-
vascular treatment of cerebral vascular malforma-
tions, cerebral aneurysms, and other disorders, this
may explain decreasing incidence and mortality.
In addition, differentiating deep from lobar ICH
is crucial, given their inherently different recur-
rence rates and risk associated with antithrombotic
medications.4,5

2. The stable incidence of ICH has been frequently
attributed to increased use of antithrombotic drugs
in the elderly6 and the authors acknowledged the
lack of this information as a major limitation of their
study. Antithrombotic treatment in ICH survivors
should also be discussed. Oral anticoagulant treat-
ment resumption in patients with atrial fibrillation
after ICH is associated with reduced mortality from
all causes.7 However, restarting anticoagulants is less
frequent in older patients with atrial fibrillation sur-
viving ICH,8 and this is indeed an area without
high-quality, evidence-based recommendations.

Table Basic definitions of epidemiologic terms and methods mentioned in the reviewed report

A. Epidemiologic term Definition Formula

Incidence rate The incidence rate is defined as the number of new cases in a prespecified time period
number of new cases in defined time

total population

Prevalence The prevalence is defined as the total number of cases at one point in time
number of cases
total population

Mortality The mortality rate is the number of deaths in a prespecified time period
number of disease2specific deaths

total population

Case fatality The case-fatality rate is defined as the proportion of patients who die from a specific
disease among all of those who have the disease

number of disease2specific deaths
number of persons with disease

B. Statistical test What is being tested?

Mann-Kendall trend test Statistical assessment if variable of interest has monotonic downward or upward trend over defined period of time (see reference 12)

Joinpoint regression analysis Statistical modeling approach for trend data using segmented linear regression

Allows for testing if observed change in trend is significant by identifying points in time (joinpoints) where the linear slope of the
trend significantly changes

Commonly used in modeling changes in mortality and incidence rates

Joinpoint Trend Analysis Software (for further information, see reference 13 and http://surveillance.cancer.gov/joinpoint)

The definitions are according to the Centers for Disease Control and Prevention, Principles in Epidemiology in Public Health Practice, Third Edition.
Available at: http://www.cdc.gov/ophss/csels/dsepd/ss1978/glossary.html.
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3. The age categories selected for the analysis are some-
what arbitrary. The risk factor profile of ICH
changes significantly according to age. Hypertension
is the main modifiable risk factor for ICH. How-
ever, its prevalence is less than 30% in young pa-
tients with ICH3 and, as discussed above, may point
to other causes of ICH in this group. In addition,
the age groups used in the analysis do not include
adult patients aged between 18 and 34 years, which
seems somewhat arbitrary.

4. ICH is still the most lethal type of stroke. How-
ever, it might not necessarily be the primary cause
of long-term mortality, especially in persons older
than 75 years with multiple comorbidities. Non-
vascular diseases account for up to one-third of
long-term mortality in stroke survivors.8 The exact
causes of death are by definition hard to assess in
registry-based studies. Large population-based
studies with very close follow-up, or autopsy data
are needed.9 Given the significant social and eco-
nomic impact of ICH, functional outcome should
also be assessed in future studies.

5. Early withdrawal of care was proven to be an inde-
pendent predictor of mortality in patients with ICH10

and the authors were not able to analyze for this
variable. Patients older than 75 years may be more
likely to have care withdrawn because of their per-
ceived lower chances to survive with a good func-
tional outcome.

6. Related to points 4 and 5 above, of note, the most
pronounced changes in ICH incidence/outcome
were shown for the middle-aged group of 55 to 74
years. The causes for this cannot be investigated
within the current study but might include life-
style factors or better prevention and vascular risk
factor management in this population.

7. The role of surgery in supratentorial parenchymal
hemorrhage is still controversial. However, some
evidence suggests that young patients with ICH
might benefit from early hematoma evacuation.11

8. The authors note that from 2005, the number of
hospitals using the national hospital discharge reg-
istry was declining, resulting in an increasing
number of missing records (from 1.1% in 2004,
to 3.3%–14% in 2005–2010).1 Hence, the possi-
bility that, at least partly, the missing data could
have influenced the calculated incidence of ICH
cannot be excluded.

Finally, despite the robust methodology and the
large number of participants included, the results might
be difficult to generalize beyond the Netherlands—
a Northern European country with advanced stroke
unit organization, highly active ICH research teams,
overall close proximity to hospitals, and significant
stroke awareness.

Beyond these limitations incurred by study design
(many of them thoroughly discussed in the article), this
important work is hypothesis-generating and will cer-
tainly inform future epidemiologic studies. This work
will be a critical piece in our understanding of ICH
and its consequences, most importantly in aging popula-
tions who often havemany comorbid conditions (cardio-
vascular disease, diabetes, dementia, and cerebrovascular
disease).
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