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Regular Article

THROMBOSIS AND HEMOSTASIS
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KEY POINTS

In this systematic
review, incidence and
mortality rates of
intracranial hemorrhage
in hemophilia were
pooled for more
precise estimates.

Incidence and mortality
rates of intracranial
hemorrhage are higher
in patients with
hemophilia compared
with the general
population.

J

Intracranial hemorrhage (ICH) is a severe complication that is relatively common among
patients with hemophilia. This systematic review aimed to obtain more precise estimates of
ICH incidence and mortality in hemophilia, which may be important for patients, caregivers,
researchers, and health policy makers. PubMed and EMBASE were systematically searched
using terms related to “hemophilia” and "intracranial hemorrhage” or "mortality.” Studies
that allowed calculation of ICH incidence or mortality rates in a hemophilia population >50
patients were included. We summarized evidence on ICH incidence and calculated pooled
ICH incidence and mortality in 3 age groups: persons of all ages with hemophilia, children
and young adults younger than age 25 years with hemophilia, and neonates with
hemophilia. Incidence and mortality were pooled with a Poisson-Normal model or a Bino-
mial-Normal model. We included 45 studies that represented 54 470 patients, 809 151
person-years, and 5326 live births of patients with hemoplhilia. In persons of all ages, the
pooled ICH incidence and mortality rates were 2.3 (95% confidence interval [Cl], 1.2-4.8)
and 0.8 (95% Cl 0.5-1.2) per 1000 person-years, respectively. In children and young adults,
the pooled ICH incidence and mortality rates were 7.4 (95% ClI, 4.9-11.1) and 0.5 (95% ClI,

0.3-0.9) per 1000 person-years, respectively. In neonates, the pooled cumulative ICH incidence was 2.1% (95% ClI,
1.5-2.8) per 100 live births. ICH was classified as spontaneous in 35% to 58% of cases. Our findings suggest that ICH is

an important problem in hemophilia that occurs among all ages, requiring adequate preventive strategies.

Introduction

Hemophilia A and B are bleeding disorders that are character-
ized by an X-linked inherited deficiency of coagulation factor VIII
(FVII) or IX (FIX). The clinical phenotype is dominated by the
residual endogenous factor level, resulting in severe (<1 1U/dL),
moderate (1-5 1U/dL), and mild (6-40 1U/dL) forms. Although
joint and muscle bleeds are the hallmark of hemophilia, intracra-
nial hemorrhage (ICH) can be considered the most severe com-
plication. Intracranial bleeds may form serious life-threatening
events and have been associated with considerable neurological
sequelae in survivors.*

Various studies have assessed the occurrence of ICH in hemo-
philia, reporting wide ranges in incidence and mortality among
different cohorts. In 2008, a literature review concluded that
~3% to 10% of patients with hemophilia experience an intracra-
nial bleed during life. These numbers are based on patients who
have primarily been treated on demand.® In childhood, ICH
seems to occur relatively frequently, which is illustrated by a
recent study that reported an incidence of 6 events per 1000
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person-years in children with hemophilia.® Newborns seem to
face an even higher risk for ICH. A systematic review estimated
that neonates with hemophilia are 44 times more likely to expe-
rience an ICH compared with the general population.” Regard-
ing disease severity, patients with severe hemophilia are at
increased risk for ICH compared with patients with nonsevere
hemophilia. Nonetheless, a study in nonsevere hemophilia dem-
onstrated that this group still has an increased standardized
mortality rate of 3.5 from ICH compared with the general
population.? These findings indicate that ICH remains an
important problem in all patients with hemophilia and that
strategies to prevent this complication are crucial. Comprehen-
sive knowledge on ICH in this population is needed to raise
awareness and to support initiatives on prevention and
treatment.

Diversity in study settings and small patient populations give
rise to a wide range of reported incidences of ICH in hemo-
philia. Few pooled and precise estimates of ICH incidence and
its associated mortality are available for the population with
hemophilia. A systematic literature review with meta-analyses of
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ICH epidemiology in hemophilia may provide insight into the
burden of ICH and guide future prevention and management.

In this systematic review and meta-analysis we aimed to summa-
rize currently available evidence on ICH incidence and to obtain
more precise estimates of ICH incidence and mortality rates in 3
groups: persons with hemophilia of all ages, children and young
adults with hemophilia who are younger than 25 years of age,
and neonates with hemophilia.

Methods

This systematic review is reported in accordance with the Pre-
ferred Reporting ltems for Systematic Reviews and Meta-
Analysis statement.” The protocol was written in advance and
registered in PROSPERO (record ID 100278).

Study eligibility

Type of studies Eligible for inclusion were cross-sectional, lon-
gitudinal observational, and randomized studies reporting on
incidence or mortality of ICH in congenital hemophilia, pub-
lished as an article in a peer-reviewed journal. Studies had to
provide sufficient data to enable calculation or reliable estima-
tion of an incidence or mortality rate. No restrictions on publica-
tion dates or language were applied.

Type of patients Study populations had to include =50
patients who were representative of the hemophilia population
in general, irrespective of hemophilia type, severity, or age lim-
its. Studies that primarily evaluated patients with HIV, hepatitis C
virus, hepatitis B virus, inhibitors against FVIIl or FIX, acquired
hemophilia, or any other bleeding disorder were excluded.

Type of outcome measures Studies had to report on ICH,
defined as any intracranial bleed (including intraventricular, intra-
parenchymal, subarachnoid, subdural, and epidural bleeds), or
mortality due to ICH. Studies that did not clearly differentiate
between intra- and extracranial bleeds or ischemic and hemor-
rhagic strokes were excluded.

Search strategy

PubMed and EMBASE were searched using key terms related to
“hemophilia” and either “intracranial hemorrhage” or “mortality”
(full search strategy in supplemental Table 1, available on the Blood
Web site). The search was developed under the supervision of a
medical information specialist from the Amsterdam University Medi-
cal Center (Amsterdam UMC), Amsterdam, The Netherlands (René
Spijker). Reference lists of included studies and other reviews were
searched to identify any additional studies that were not retrieved
through the literature search. The primary search was run on 12 April
2018, and an update of the search was performed on 12 May 2020.

Study selection

Two independent reviewers (A.-F.Z. and either J.S.J. or C.V.)
screened titles and abstracts and full texts for eligibility. Any
doubts about eligibility or disagreements were discussed with a
senior author (S.C.G.). To avoid duplicate inclusion of individu-
als, studies were evaluated for recruitment periods and catch-
ment areas. In case of overlapping patient cohorts, the study
with the longest follow-up or the study that provided the most
comprehensive data was included.
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Data extraction

Data were extracted from included studies using a standardized
data collection form. The following data were extracted: study
characteristics (ie, publication year, observation period, design,
geographic location), population characteristics (ie, distribution
of age, type and severity of hemophilia, treatment, comorbid-
ities), information on ICH (incidence and mortality of ICH, num-
ber of ICH-related deaths out of total number of deaths), nature
of ICH (ie, location of hemorrhage, cause of bleeding), and the
number of person-years of follow-up of the hemophilia study
population. When the exact number of person-years was not
reported, we estimated the number based on the available
data, if possible. Otherwise, investigators of the original studies
were requested to provide additional information on the num-
ber of person-years. Supplemental Table 3 summarizes the
reported and estimated person-years of included studies.

Quality assessment

The methodological quality of studies was assessed by 2
reviewers independently (A.-F..Z. and either J.S.J. or C.V.) and
discussed with a senior author (S.C.G.) in case of disagreement.
We adapted the version of the Joanna Briggs Institute checklist
for studies on prevalence data and added items derived from
the Joanna Briggs Institute checklist for cohort studies specific
for incidence data (supplemental Table 2)."%"

Data synthesis
We performed analyses considering 3 groups: lifetime cohorts,
children and young adults, and neonates.

Group 1: lifetime First, data were summarized for study popu-
lations including all ages or adults only. The pooled data were
presented as single-event incidence rate and mortality rate per
1000 person-years.

Group 2: children and young adults Second, we analyzed
study populations representing children or young adults youn-
ger than 25 years of age. The pooled data were presented as
single-event incidence rate and mortality rate per 1000 per-
son-years.

Group 3: neonatal period Third, we included study popula-
tions reporting on the neonatal period. The pooled data were
presented as single-event cumulative incidence and mortality
per 100 live births.

Statistical analyses

Heterogeneity between studies was explored by assessing the
between-study variance (79) and by visually estimating the extent
to which confidence intervals (Cls) of studies overlapped.
Because of acceptable heterogeneity, we pooled the results in a
meta-analysis. Single-event incidence and mortality rates were
pooled using a random-effects Poisson-Normal model. Propor-
tions including single-event cumulative incidence and mortality
were pooled using a random-effects Binomial-Normal model.
These generalized linear mixed models are more appropriate
than conventional methods for meta-analysis in the event of
sparse or no event data and avoid the use of continuity correc-
tions.' Exact 95% Cls for the studies with no events were calcu-
lated using Episheet (version 2015)."* Case fatality was
calculated as the percentage of fatal ICH events out of all single
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n=2269

Identification

Records identified through the search
in EMBASE and PubMed

Additional records identified through
checking of reference lists
n=1

Records after duplicates removed
titles and abstracts assessed for eligibility

n=2229
- Studies excluded
l n = 2009
Full-text articles assessed Full-text articles excluded
for eligibility n=132
n=220

* No full text available (n = 36)
| e Lacking reliable numerator
+ »  or denominator (n = 45)

e Primary inclusion of a

selected subgroup (n = 33)

¢ Sample size <50 (n = 10)
¢ Duplicate cohort (n = 2)
¢ Inappropriate design (n = 6)

Studies with reported
numbers of ICH and number
of included patients
n=88

23 included populations

® 697 465 person-years
® 529 single ICH events
® 563 fatal ICH events

(<)}
£
c
o
o
%3
7}
£
o
2
w
Studies excluded after
2 additional review
o (supplemental table 4)
E n=43
Tg Inability to estimate the
s number of person-years of
£ follow up, overlapping B
'g cohort with other included ™
study, inappropriate
numerator or denominator
Studies on lifetime (all ages
or adults only)
n=23
2 \—
7}
-]
E]
Y]
£
Lifetime

\j

Studies included
n=45

Studies on children and
young adults below 25 years
n=14

Studies on neonates
n=8

Neonates
12 included populations

Children and young adults
16 included populations

® 5326 live births
* 109 single ICH events
o 5 fatal ICH events

® 111 686 person-years
® 349 single ICH events
* 49 fatal ICH events

Figure 1. Flowchart of the search strategy. The presented number of single ICH events does not include cases from studies that reported on fatal ICH events only.

These fatal events were solely used for the ICH mortality analyses.

INTRACRANIAL HEMORRHAGE IN HEMOPHILIA
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ICH events in a population. Spontaneous ICH was calculated as
the proportion of ICH events classified as spontaneous out of all
ICH events in a population and pooled as proportions. Analyses
were performed in R (version 3.6.1) with the metafor package.

Data evaluation

Forest plots were arranged by their sample size to visually assess
small-study data trends. Sensitivity analyses were performed for
studies that reported the exact numbers of person-years of
follow-up, as well as for studies that met >80% of the evaluated
methodological quality items. In addition, separate analyses
were performed for studies of children and young adults youn-
ger than 25 years excluding neonatal ICH events, and for study
setting according to country income level based on the World
Bank classification 2020 to 2021.

Results

Our search yielded 2229 unique hits that resulted in 220 studies
that were identified as potentially relevant after title and abstract
screening (Figure 1). After additional full-text review, a total of
45 studies were included. Study details are shown in Tables 1
and 2. We classified studies as reporting on lifetime populations
(n = 23), children and young adults younger than 25 years of
age (n = 16), and the neonatal period (n = 12). Two studies
were lifetime cohorts with pediatric-specific data,®'* and 4 stud-
ies were pediatric cohorts with neonatal data.®'>"" The investi-
gators of 21 studies were contacted to request additional
information about the number of person-years. Six investigators
provided this information, resulting in 18 studies that reported
the exact numbers of person-years and 19 studies for which the
number of person-years was estimated. Supplemental Table 4
summarizes the studies that appeared to meet the inclusion cri-
teria but were excluded on further inspection.

Study characteristics

The studies reporting over lifetime described 48105 patients
and 697465 person-years over 6 decades (study period:
1968-2016). The studies reporting on children and young adults
younger than 25 years described 111686 person-years over 5
decades (study period: 1975-2017). The studies reporting on the
neonatal period described 5326 neonates over 5 decades (study
period: 1970-2015). Figure 1 shows further details on the num-
ber of events in the different groups. The populations in this
review were included in 43 countries (22 Europe, 4 East Asia, 2
Southeast Asia, 6 West Asia, 1 Australia, 2 North America, 4
South America, 2 Africa). The majority of studies were con-
ducted in high-income settings, especially for lifetime and neo-
natal populations. In 51265 patients for whom the disease
severity was reported, 23830 (46%) and 27 435 (54%) patients
had severe and nonsevere hemophilia, respectively (Table 1).

Methodological quality

The critical appraisal of the included 45 studies can be found in
supplemental Table 5. Six studies were included in multiple
population groups and, therefore, were evaluated twice, which
resulted in 51 evaluated studies. At least 80% of the quality
items were met in 19 of these 51 studies. Reasons for not meet-
ing quality items were most frequently related to a lack of
description of diagnostic methods and unclear or inadequate
handling of loss to follow-up.

2856 & blood” 30 DECEMBER 2021 | VOLUME 138, NUMBER 26

ICH incidence

Figure 2 represents the pooled analyses of ICH incidence
among the 3 age groups. Over lifetime, the pooled ICH inci-
dence rate was 2.3 (95% Cl, 1.2-4.8) per 1000 person-years, cal-
culated over 11 studies. In children and young adults younger
than 25 years, the pooled ICH incidence rate was 7.4 (95% ClI,
4.9-11.1) per 1000 person-years, calculated over 12 studies.
These findings suggest that ICH occurrence in hemophilia can
be estimated at 0.23% and 0.74% per year for lifetime popula-
tions and children and young adults, respectively. When
restricted to 7 pediatric studies without neonatal ICH, the
pooled ICH incidence rate was 4.5 (95% Cl, 2.7-7.5) per 1000
person-years (supplemental Figure 1E). In 1 pediatric study
reporting incidence among different age categories, the highest
ICH incidence rates were observed in children aged O to 4 years
with 16.4, 18.4, 7.5, and 8.0 events per 1000 person-years per
1-year stratum, respectively (Table 2; supplemental Figure 3).% In
neonates, the pooled ICH cumulative incidence was 2.1% (95%
Cl, 1.5-2.8) per 100 live births, calculated over 12 studies.
Hence, ~2.1% of newborns with hemophilia are expected to
experience an ICH in the neonatal period.

ICH mortality

Figure 3 represents the pooled analyses of ICH mortality among
the 3 age groups. Over lifetime, the pooled ICH mortality rate
was 0.8 (95% Cl, 0.5-1.2) per 1000 person-years, calculated over
16 studies. Case fatality ranged from 0% to 29%. A total of
3237 deaths were reported, of which 483 were related to intra-
cranial bleeding (range, 4-36% of all deaths). In children and
young adults younger than 25 years, the pooled ICH mortality
rate was 0.5 (95% Cl, 0.3-0.9) per 1000 person-years, calculated
over 11 studies. When restricted to 5 pediatric studies without
neonatal ICH, the pooled ICH mortality rate was 0.2 (95% Cl,
0.1-0.6) per 1000 person-years (supplemental Figure 2E). Case
fatality ranged from 0% to 33%. In neonates, the pooled ICH
cumulative mortality was 0.2% (95% Cl, 0.0-1.2) per 100 live
births, calculated over 3 studies. Case fatality ranged from 0%
to 29%. In 2 studies reporting mortality among different age cat-
egories, the highest ICH mortality rates were observed in chil-
dren O to 4 years of age and in adults from age 40 to 50 years
onward (Table 2; supplemental Figure 3).3'*

Spontaneous ICH and locations

Over lifetime, 6 studies reported on ICH causes. A total of 231
of 447 events (52%) were classified as spontaneous, with a
weighted pooled proportion of 0.58 (95% Cl, 0.40-0.73).%1%2?
In children and young adult populations, é studies reported on
ICH causes. A total of 53 of 151 events (35%) were classified as
spontaneous, with a weighted pooled proportion of 0.35 (95%
Cl, 0.28-0.43).313:1¢%32% |n neonates, 5 studies reported on ICH
related to mode of delivery. An ICH occurred after 32 of 1488
(2%) spontaneous vaginal deliveries, 7 of 514 (1%) caesarean
sections, and 14 of 140 (10%) assisted vaginal deliveries.?*°
The most frequently reported locations of ICH were intraparen-
chymal and subdural hemorrhages in all age groups (Table 3).

Sensitivity analyses

The results of all pooled analyses and sensitivity analyses are
summarized in Table 4. The forest plots of the sensitivity analy-
ses can be found in supplemental Figures 1 and 2. For lifetime
and neonatal cohorts, the sensitivity analyses produced similar
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ICH incidence and mortality rates. For children and young
adults, the sensitivity analyses yielded higher ICH incidence rates
when studies with reported exact number of person-years were
included and lower ICH incidence rates when studies that met
>80% of the quality items were included. Similar ICH mortality
rates were found. No consistent differences in ICH rates were
observed between hemophilia A and B (supplemental Table 6).
Higher ICH rates were reported for adult and pediatric popula-
tions in nonhigh-income settings compared with high-income
countries (supplemental Table 7).

Discussion

In this systematic review, we summarized the data from 45 stud-
ies to obtain more precise estimates of ICH incidence and mor-
tality rates in hemophilia. We observed peak incidences among
neonates, with a decline in childhood, and a lower ICH inci-
dence found for the lifetime cohorts. For half of the included
studies the exact number of observed person-years was
reported, and 37% of all studies met >80% of the methodologi-
cal quality items. Still, the sensitivity analyses yielded robust
pooled estimates for the majority of the evaluations. An excep-
tion formed the inconclusive results of the sensitivity analyses for
ICH incidence rates in children and young adults younger than
25 years. This may be explained by greater differences in setting
and the different proportions of neonates among studies.
Indeed, heterogeneity of data was considerable because of the
diversity in settings and populations. The most important source
of heterogeneity seemed to be the large geographic variation in
ICH risk, because studies conducted in nonhigh-income coun-
tries reported substantially higher ICH incidences compared
with studies from high-income countries. In addition, it is likely
that other factors, including age, disease severity, and treat-
ment, contributed to clinical heterogeneity.

ICH incidence and mortality

The observed ICH rates in hemophilia were higher compared
with the general populations among all age groups addressed
in this review. Neonates have the highest risk of ICH, which is
confirmed by recent work from the PedNet group in severe
hemophilia demonstrating that neonates were at 11.2 times
higher risk for ICH compared with 1- to 12-month-old children.*
Moreover, the risk of ICH in neonates with hemophilia is strongly
increased compared with neonates in the general population. A
large study of term infants reported 361 intracranial bleeding
episodes per 583340 live births (0.062% per 100 live births).?’
Comparing this with our pooled estimate of 2.1% per 100 live
births, hemophilic neonates have a 33-fold higher risk for ICH
than do newboms in the general population.

Despite the decrease in ICH risk after the neonatal period, ICH
remains relatively common in children and young adults with
hemophilia. This risk seems most profound in the group of
infants and toddlers, which is supported by previous work
reporting a median age at ICH of 2 years (interquartile range,
0.6-7.3) in a pediatric hemophilia population.®? Our pooled esti-
mate of 7.4 cases per 1000 person-years for children and young
adults with hemophilia decreased to a pooled estimate of 4.5
cases per 1000 person-years when neonatal ICH was excluded.
This reflects the important contribution of neonatal bleeds to
the high ICH incidence in patients up to 25 years of age.

INTRACRANIAL HEMORRHAGE IN HEMOPHILIA

Nonetheless, the pooled ICH incidence rates in both groups are
considerably higher than the risk for intraparenchymal and sub-
arachnoid hemorrhage in the general pediatric population,
which is estimated at 0.01 cases per 1000 person-years.**3* For
subdural hematoma, the incidence was 0.13 per 1000 person-
years for infants aged O to 2 years in the general population.®
Additionally, the estimated death rate for childhood hemor-
rhagic stroke in the Global Burden of Disease study 2013 was
0.01 cases per 1000.% These data suggest that young children
with hemophilia are a vulnerable group, and increased counsel-
ing and protection may be required.

Additionally, our pooled ICH incidence rate of 2.3 per 1000
person-years in patients with hemophilia over lifetime is higher
compared with the general population, in which the incidences
of intracerebral hemorrhage, subarachnoid hemorrhage, and
chronic subdural hematoma were estimated at 0.25, 0.09, and
0.17 cases per 1000 person-years, respectively.’*? Also for
mortality rates, our pooled ICH estimate of 0.8 per 1000
person-years in hemophilia is increased compared with the age-
adjusted mortality rates in developed countries (0.22 per 1000
person-years) and globally (0.53 per 1000 person-years).*’
Because mortality risk is associated with ICH type, different dis-
tributions of ICH types among studies complicate direct compar-
isons of ICH mortality rates between cohorts. In addition, it
needs to be emphasized that our lifetime ICH estimates act as
cumulative lifetime risks on a population level rather than risks
applicable to an individual of a specific age. Although it is well
known that ICH risk increases with advancing age in hemophilia
and in the general population,® this ICH risk seems to follow an
U-shaped curve over lifetime in hemophilia. Previous studies
observed peak incidences in neonates, young children aged 0
to 4 years, and in older patients from age 40 to 50 years
onward.""%22 Only 3 studies provided age-stratified ICH rates
in our review, which hampered a robust assessment for particu-
lar groups of interest, such as elderly patients and young chil-
dren. The scarcity of evidence on age-specific ICH incidences
highlights the need for age stratification in future studies.

Determinants of ICH

Several determinants have been described to increase ICH risk
in populations with hemophilia, including age, severe hemo-
philia, HIV infection, inhibitors, prior ICH, on demand therapy,
and African American ethnicity.3?"?24" We did not find any
clear difference in ICH rates between hemophilia A and B, which
is in line with previous reports.'*?"?2 The influence of potential
determinants of ICH risk was beyond the scope of the current
study and warrants more detailed evaluation in future reviews.
To gain insight into the characteristics of ICH in this population,
we investigated the occurrence of spontaneous ICH and loca-
tions of intracranial bleeds. We observed that spontaneous
hemorrhages were relatively common, with pooled proportions
of 0.58 for lifetime ICH and 0.35 for ICH in children and young
adults with hemophilia. However, trivial head trauma without
clear impact may easily lead to misclassification as spontaneous
hemorrhage. Especially for subdural hematomas, the majority
of bleeds are preceded by trauma and true spontaneous
bleeds seem to be rare.*>** In neonates, we found a higher
percentage of ICH events after assisted vaginal delivery, which
is a well-known risk factor for intracranial bleeds.”" It has yet
to be determined how improved care and life expectancy of

€ blood® 30 DECEMBER 2021 | VOLUME 138, NUMBER 26 2867

€20z Jequisydag 20 uo 3sanb Aq Jpd'6¢81101.Z0ZPIAPO0IA/Z L 09581/€582/92/8€ L /Pd-ajoiue/pooq/Bio suonedlqndyse/:diy wouy papeojumoq



A
Source ICH Person- Incidence rate
n years (95% ClI)
Fukutake 2019 1 669 1.5 (0.2-10.6) -
Khair 2018 2 811 2.5(0.6-9.9) -—
Chuansumrit 2004 24 1492 16.1 (10.8-24.0) —.—
Kim 1988 48 5878 8.2 (6.2-10.8) i ——
Sharathkumar 2011 3 9713 0.3(0.1-1.0) [
Nuss 2001 80 13930 5.7 (4.6-7.2) e
Fransen v.d. Putte 2012 35 14574 2.4 (1.7-3.3) -
Okolo 2019 38 17600 2.2 (1.6-3.0) P
Zanon 2012 38 19941 1.9 (1.4-2.6) im
Fransen v.d. Putte 2012 1M 35260 0.3 (0.2-0.6) l
Witmer 2011 199 51026 3.9 (3.4-4.5) -
72 =1.300 479 170894 2.3(1.2-4.8) o
0 10 20 30
B
Source ICH Person- Incidence rate
n years (95% ClI)
Hu 2018 13 653 19.9 (11.6-34.3) —
Poonnoose 2017 3 1145 2.6 (0.9-8.1) iHE—
Carneiro 2017 13 1255 10.4 (6.0-17.8) ——
Haque 2019 52 1444 36.0 (27.4-47.3) —
Revel-Vilk 2004 18 1582 11.4 (7.2-18.1) ——
Oner 2020 8 1587 5.0 (2.5-10.1) -
Nelson 1999 36 3832 9.4 (6.8-13.0) -
Meunier 2017 22 4198 5.2 (3.5-8.0) s
Bladen 2016 26 4691 5.5(3.8-8.1) -—
Klinge 1999 30 7466 4.0 (2.8-5.8) -
Andersson 2017 29 8038 3.6 (2.5-5.2) -
Chalmers 2018 54 9000 6.0 (4.6-7.8) -
72 =0.454 304 44891 7.4(4.9-11.1) >
0 10 20 30 40 50
(o4
Source ICH Live Cumulative
n births incidence (95% ClI)
MacLean 2004 1 73 1.4 (0.2-9.1) i—e
Palomo Bravo 2016 0 88 0.0 (0.0-3.3) —
Ljung 1994 4 117 3.4 (1.3-8.8) =
Yoffe 1988 5 150 3.3(1.4-7.8) —
Nazir 2016 5 163 3.1(1.3-7.2) —.
Revel-Vilk 2004 5 172 2.9 (1.2-6.8) —.
Bladen 2016 14 431 3.2(1.9-5.4) —.—
Richards 2012 4 508 0.8 (0.3-2.1) -—
Kenet 2010 22 633 3.5(2.3-5.2) —
Klinge 1999 11 744 1.5(0.8-2.6) ——
Andersson 2019 20 926 2.2(1.4-3.3) ——
Chalmers 2018 18 1321 1.4 (0.9-2.2) .-—
2=0.114 109 5326 2.1(1.5-2.8) i e
0 2 4 6 8 10

Figure 2. Pooled analyses of single-event ICH incidence for lifetime, children and young adults younger than age 25 years, and neonates. The diamond repre-
sents the pooled estimate. (A) Pooled single-event ICH incidence rates per 1000 person-years for lifetime cohorts. The results from the prospective follow-up from
Zanon et al (2012)"7 were used in this analysis instead of the results from retrospective and prospective follow-up. (B) Pooled single-event ICH incidence rates per 1000
person-years for children and young adults younger than 25 years of age. The study by Traivaree et al (2007)*> was excluded from the analysis because of overlap in
the catchment area and population with the study by Revel-Vilk et al (2004)', which had a longer follow-up period. The study by Kulkarni et al (2017)*> was excluded
from the analysis because it concerned a specific cohort of infants <2 years of age. The studies by Andersson et al (2017)°, Hu et al (2018),%®> and Poonnoose et al
(2017)%? did not include neonatal ICH. (C) Pooled single-event ICH cumulative incidence per 100 live births for neonates.
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A

Source Fatal Person- Mortality rate
ICHn years (95% ClI)
Fukutake 2019 0 669 O 0 (0.0-5.5) —
Chuansumrit 2004 7 1492 7 (2.2-9.8) H =
Reitter 2009 7 4272 6(0.8-3.4) P
Triemstra 1995 9 5753 6 (0.8-3.0) ——
Kim 1988 3 5878 5(0.2-1.6) -
Rosendaal 1989 3 7788 4(0.1-1.2) i
Koumbarelis 1994 16 8641 1 9 (1.1-3.0) ——
Plug 2006 4 8868 0.5(0.2-1.2) i
Nuss 2001 16 13930 1.2(0.7-1.9) ——
Rizza 1983 30 25754 1.2 (0.8-1.7) -
Yoo 2014 50 29434 1.7 (1.3-2.2) -
Witmer 2011 39 51026 0.8 (0.6-1.1) -
Loévdahl 2013 15 63250 0.2 (0.1-0.4) ]
Loomans 2017 17 64208 O 3(0.2-0.4) m
Rizza 2001 148 87962 1.7 (1.4-2.0) -
Zanon 2012 22 130692 0.2 (0.1-0.3) "
72=0.733 386 509617 0.8 (0.5-1.2) P
0 5 10
B
Source Fatal Person- Mortality rate
ICHn years (95% ClI) i
Hu 2018 0 653 00(0056) -—«
Poonnoose 2017 1 1145 9 (0.1-6.2) -
Haque 2019 5 1444 5(1.4-8.3) =
Traivaree 2007 0 1584 0 (0.0-2.3) —
Oner 2020 2 1587 3(0.3-5.0) »—-—«
Bladen 2016 4 4691 9(0.3-2.3) frm—
Klinge 1999 1 7466 1(0.0-1.0) (-
Andersson 2017 2 8038 3(0.1-1.0) i
Chalmers 2018 8 9000 9(0.4-1.8) L
Loomans 2017 3 21953 1(0.0-0.4) i
Darby 2007 23 42164 0.5 (0.4-0.8) -
72 =0.670 49 99725 0.5 (0.3-0.9) .
0 5 10
(o}
Source Fatal Live Cumulative
ICHn births mortality (95% Cl)
Bladen 2016 4 431 0.9 (0.4-2.5) ——
Richards 2012 0 508 0.0 (0.0-0.6) —
Andersson 2019 1 926 0.1 (0.0-0.8) -—
=1.319 5 1865 0.2 (0.0-1.2)  —
0 1 2 3

Figure 3. Pooled analyses of ICH mortality for lifetime, children and young adults younger than 25 years, and neonates. The diamond represents the pooled esti-
mate. (A) Pooled ICH mortality rates per 1000 person-years for lifetime cohorts. The study of Fransen van de Putte (2012)'® was excluded from the analysis because of
overlap in the catchment area and population with the studies from Rosendaal et al (1989),* Triemstra et al (1995), and Plug et al (2006).** The study by Darby et al
(2007)"* (HIV™) was excluded from the analysis because of overlap in the catchment area and population with the studies by Rizza and Spooner (1983)®" and Rizza et al
(2001)% (including HIV* and HIV™ patients). The results from the complete follow-up period (retrospective and prospective follow-up) from Zanon et al (2012)'7 were
used in this analysis because fatal events were not described for the prospective follow-up period only. (B) Pooled ICH mortality rates per 1000 person-years for children
and young adults younger than 25 years. The studies by Andersson et al (2017),® Traivaree et al (2007), Hu et al (2018),%® and Poonnoose et al (2017)%? did not include
neonatal ICH. (C) Pooled ICH cumulative mortality per 100 live births for neonates.
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Table 3. Locations of ICH

Children & young adults

Lifetime (2 studies)’®?" (5 studies)’%:23-25:68 Neonates (4 studies)?”2%74

Reported bleeds, total (%) 200 148 36

Intraparenchymal 82 (41) 33 (22) 9 (25)

Subdural 60 (30) 50 (34) 21 (58)

Subarachnoid 17 (9) 10 (7) 1(3)

Epidural 11 (6) 13 (9) 1(3)

Intraventricular 12 (6)* 12 (8) 2 (6)

Unknown 18 (9) 9 (6) 0 (0)

Multiple sites 0 (0) 21 (14) 2 (6)

*Intraventricular bleeds were not reported by Nuss et al.?'

patients with hemophilia will influence the incidence of ICH in
the coming decades. Better care and fewer HIV infections may
reduce ICH risk, whereas, on the other hand, age-related
comorbidities provoking ICH may become more common. We
included 3 consecutive cohort studies in The Netherlands in
our review, which reported ICH mortality rates of 0.4, 1.6, and
0.5 cases per 1000 person-years in the periods from 1973 to
1986, 1986 to 1992, and 1992 to 2001, respectively.‘m’46 How-
ever, the most recent study from this group reported an
increase in the ICH mortality rate to 1.3 cases per 1000
person-years in the period from 2001 to 2018.% It is uncertain
to what extent comorbidities may have contributed to this risk,

and it highlights the need for further research into (prevent-
able) determinants to mitigate the occurrence of intracranial
bleeding in hemophilia.

Clinical implications

Our findings suggest that adequate follow-up and monitoring of
patients are warranted among all ages, especially in the presence
of risk factors. Prophylaxis seems to halve ICH risk in children and
adults with severe hemophilia,>?? which supports existing recom-
mendations encouraging early initiation of prophylactic treat-
ment.*® Future studies are required to evaluate to what extent
novel nonreplacement and gene therapies reduce ICH risk. In

Table 4. Overview of pooled analyses of ICH incidence and mortality

Lifetime

Pooled ICH single-event
incidence rate per
1000 person-years
(95% ClI)

All included studies 2.3 (1.2-4.8)

Sensitivity analysis: only 3.2 (2.1-4.7)
studies with reported

fperson-years

Sensitivity analysis: only 3.2 (2.1-4.9)
studies that met >80%

of the quality items

All studies

7.4 (4.9-11.1)
9.4 (4.3-20.6)

5.0 (3.8-6.4)

Children and young adults

Studies without

neonatal ICH Neonates*

4.5 (2.7-7.5) 2.1 (1.5-2.8)
5.9 (3.0-11.3) NA

3.5 (2.8-4.4) 1.7 (1.1-2.7)

Pooled ICH mortality
rate per 1000 person-
years (95% ClI)

All included studies 0.8 (0.5-1.2)

Sensitivity analysis: only 0.8 (0.4-1.3)
studies with reported

person-years

Sensitivity analysis: only 0.6 (0.4-1.1)
studies that met > 80%

of the quality items

0.5 (0.3-0.9)
0.4 (0.2-1.1)

0.6 (0.4-1.1)

0.2 (0.1-0.6) 0.2 (0.0-1.2)
0.2 (0.1-0.8) NA

0.2 (0.0-0.6) 0.2 (0.0-1.2)

All forest plots of the presented pooled data can be found in supplemental material.

NA, not applicable for studies on the neonatal period, as all included studies on neonates report exact numbers of live births.

*Cumulative incidence and mortality presented per 100 live births (95% Cl) for pooled analyses of studies on neonates.
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particular, there is an urgent need to investigate the benefits of
novel therapies in young children. Furthermore, research should
focus on the role of established ICH risk factors, such as hyperten-
sion, and the concomitant use of antithrombotic agents,‘w'50 which
may become increasingly prevalent in the ageing hemophilia pop-
ulation as comorbidities increase. In light of the observed higher
prevalence of hypertension in patients with hemophilia compared
with the general population and the associated risk of bleeding,
the recently published World Federation of Hemophilia guidelines
recommend regular hypertension screening in all patients with
hemophilia.>' The potential effect of this pragmatic approach has
yet to be established. Other practical suggestions may include
adequate counseling of patients with hemophilia and their families
on ICH risks and symptoms. In case of a suspected brain hemor-
rhage or head trauma, clinical management should take place ata
hemophilia treatment facility. In neonates, our data support the
need for an active pedigree approach for genetic testing and com-
prehensive counseling of pregnant carriers. When an affected
infant is expected, invasive procedures should be avoided, as rec-
ommended.>? However, it should be noted that ~50% of affected
neonates are born without a known family history, hampering any
precautionary perinatal measures. We reported ICH incidences of
0.062% in neonates in the general population and 2.1% in neo-
nates with hemophilia. Because hemophilia occurs in ~1 per 5000
live male births,>® it can be estimated that 1 in every 150 male neo-
nates presenting with ICH is affected with hemophilia. This encour-
ages early diagnostic work-up for bleeding disorders in newborns
with unexplained ICH.

Strengths and limitations

To our knowledge, this is the first systematic review of lifetime
ICH incidence and mortality rates in hemophilia. The strengths of
our review are the quality assessments and calculation and esti-
mation of rates taking time under observation into account, which
made inclusion of many studies possible. Furthermore, because
standard meta-analysis methods may give biased results in the
event of sparse or no event data, we applied random-effects gen-
eralized linear mixed models.' Our study also had several limita-
tions. Accurate capture of the true frequency of ICH is challenged
by considerable clinical heterogeneity. Included studies were het-
erogeneous in terms of setting, time period, population charac-
teristics, and types of ICH, limiting precision and generalizability
of the pooled estimates. Most studies used a retrospective
design, increasing the chance of survivor bias. Thus, undiagnosed
neonates who died from ICH may have been missed. In addition,
some studies evaluated ICH in cohorts that consisted of living
patients only; as a consequence, they lacked fatal ICH events.
Consequently, incidence is likely to be underestimated. Future
reviews are needed to robustly assess how established risk factors
contribute to ICH occurrence in this population. Other limitations
arise from limited data on person-years. For 19 studies, we esti-
mated the number of person-years, because it was not reported
in the original article; this might have differed from the actual
number of person-years. However, the sensitivity analyses that
included studies with exact person-years demonstrated similar
ICH rates for most populations. In spite of these limitations, this
study is a systematic compilation of available evidence on ICH
incidence and mortality rates in hemophilia.

INTRACRANIAL HEMORRHAGE IN HEMOPHILIA

Conclusions

In this systematic review and meta-analysis, we found high
ICH incidence and mortality rates in patients with hemophilia.
Our findings suggest that ICH is still an important problem in
hemophilia requiring adequate counseling of patients of all
ages.
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