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in Brazil and its federative units
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This research analyzed the temporal trend of stroke mortality in children aged 0-14 years, from

1990 to 2019, in Brazil and its federative units. This ecological study used data from the Global

Burden of Disease, a study led by the Institute for Health Metrics and Evaluation. Stroke definition
considered the International Classification of Diseases according to codes G45, G46, and 160-169. Age-
standardized mortality rates and the mean annual percentage change (APC) in mortality rates were
estimated. Stroke mortality trends decreased, with an APC of - 3.9% (95% Cl - 4.5; - 3.3; p<0.001).
Reducing trends were found in all but two states, where they were stationary. Maranhé&o (- 6.5%; 95%
Cl -7.6; - 5.4; p<0.001) had the greatest reduction and Ronddnia, the smallest (- 1.2%; 95% Cl - 2.3;
- 0.1, p=0.027). Decrease was more important in children<5 (- 5.8%; 95% Cl - 6.3; - 5.2; p<0.001)
compared to 5-14 years old (- 2.1%; 95% CI - 2.9; - 1.3; p <0.001); additionally, it was greaterin

girls (- 4.1%; 95% CI - 4.6; - 3.5; p<0.001) than in boys (- 3.8%; 95% IC - 4.5; - 3.1; p<0.001).
Ischemic stroke had the highest APC (- 6.1%; 95% Cl - 6.8; - 5.3; p<0.001), followed by intracranial
hemorrhage (- 5.3%; 95% Cl - 6.1; - 4.5; p<0.001) and subarachnoid hemorrhage (- 2.7%; 95% Cl
-3.3; - 2.1; p<0.001). Largest reductions were seen in states with more vulnerable socioeconomic
contexts. The stationary trends and lowest APCs were concentrated in the northern region, which had
greater impact of diseases and less favorable outcomes.

Perinatal and childhood stroke affects 3-25 patients per 100,000 each year, with the highest incidence relating to
the neonatal period, with 1 in 4000 live births'. Globally, from 1990 to 2013, the number of prevalent pediatric
cases has increased by approximately 35%?2.

In childhood, stroke has a relatively rare association with risk factors that are common in adults, such as high
systolic blood pressure, high body mass index and high fasting plasma glucose, as well as environmental pollu-
tion and smoking®. Instead, stroke in childhood is mainly related to coagulation disorders, infections, cardiac
defects, vascular anomalies, sickle cell anemia, and metabolic or genetic diseases'. In children, delays in the
suspicion and recognition of the diagnosis are common*; and when compared to adults, clinical presentation is
nonspecific and may include hemiparesis, weakness, altered mental status, headache, and seizures®. Consequently,
those differences must be considered when developing new strategies for prevention and treatment, since they
represent remarkable clues to identify childhood stroke*®. In addition, delayed treatment has a substantial eco-
nomic impact on childhood stroke. As an outcome in this age group, stroke survivors commonly present with
cognitive, skill, processing or memory deficiencies that can influence their quality of personal and family life”*.
One study showed that the direct medical costs during the 5 years post-stroke are 15 times higher in children
with stroke than in age-matched children without stroke’. In addition, stroke-associated neurological deficits
may persist into adulthood. Thus, indirect costs linked to productivity loss from neurological sequelae should
also be considered®'".

Overall, childhood stroke mortality has decreased>!!. The Global Burden of Disease study has reported a
significant decline in the childhood stroke death rates worldwide, between 1990 and 2013, with an important
increase in the absolute number of prevalent cases®. Moreover, a previous study from 1979 to 1998 found that
childhood mortality from stroke declined by 58% overall'!. Although older studies suggest 20% mortality after
stroke in children'?, recent literature showed lower rates. A population-based retrospective cohort from the
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United States found an overall mortality at the time of hospital discharge of 4% while the Canadian Pediatric
Stroke Registry revealed a stroke-specific mortality of 5% over a median follow-up 3 years in 2012 and 2017,
respectively!>!4,

Recently, worldwide development of new medical centers and professional teams focused on stroke treat-
ment in children has helped reduce the associated mortality and morbidity rates>®!'!. Simultaneously, access to
appropriate imaging modalities allows adequate celerity in stroke care for neonates and children*'”. In Brazil, the
prevalence and frequency of hospitalizations for pediatric stroke are progressively increasing'®. The increasing
number of cases may be linked to several factors®. However, there are a lack of studies on the temporal pattern
of childhood stroke mortality in Brazil, as well as its association with risk factors, especially socioeconomic fac-
tors, according to federative units.

Thus, considering the increasing prevalence of pediatric stroke, both in Brazil and worldwide, as well as the
lack of literature showing temporal mortality behavior from childhood stroke in Brazil, this study is critical.
In 2013, the Brazilian Ministry of Health reported the lack of childhood stroke statistics in Brazil'”. Above all,
estimates of stroke influence are necessary for planning future research and evidence-based health care strategies
aimed at the prevention and treatment of stroke, especially in children. Research can lead to significant changes
in public healthcare policy, such as the implementation of mechanical thrombectomy in the national public
healthcare system for patients > 18 years old, supported by the RESILIENT trial'®. Due to the challenging nature
of diagnosis and management, our objective was to analyze changes in temporal trends of stroke mortality in
children aged 0-14 years from 1990 to 2019, in Brazil and its respective federative units.

Methods

This ecological study in Brazil evaluated the temporal trend of stroke mortality in patients aged 0-14 years,
who were diagnosed with stroke between 1990 and 2019, by means of a secondary analysis of data. Data on
stroke mortality were extracted from the Global Burden of Disease (GBD) system'?, which is considered the
most comprehensive worldwide observational epidemiological study so far. The GBD is led by the Institute for
Health Metrics and Evaluation (IHME) and by tracking progress within and between countries, GBD provides
an important and open access informative tool. Data capture premature death and disability from more than
350 diseases and injuries in 195 countries, by age and sex, allowing comparisons over time, across age groups,
and among populations. It can be accessed online (http://www.healthdata.org/)—and all input data is identi-
fied via the Global Health Data Exchange website?’. The study is performed in compliance with Guidelines for
Accurate and Transparent Health Estimates Reporting (GATHER) guidelines for reporting health estimates'.
Authors had full access to all the data in the study and take responsibility for its integrity and the data analysis.

The presented research considered the International Classification of Diseases (ICD-10), including patients
diagnosed with stroke not specified as ischemic or hemorrhagic, by the ICD-10 codes G45, G46, and 160-169,
from 1990 to 2019. Data collection included the following: sex, age group (<5 and 5-14 years old), stroke
subtype (ischemic, subarachnoid hemorrhagic, and intracerebral hemorrhagic), and Brazilian federative unit
(Acre, Amap4a, Amazonas, Bahia, Ceard, Espirito Santo, Goids, Maranhdo, Mato Grosso, Mato Grosso do Sul,
Minas Gerais, Pard, Paraiba, Parand, Pernambuco, Piaui, Rio de Janeiro, Rio Grande do Norte, Rio Grande do
Sul, Rondonia, Roraima, Santa Catarina, Sao Paulo, Sergipe, Tocantins, Federal District).

To analyze stroke by age, we divided stroke sample into two age at stroke groups. Once the GBD databases
group together individuals aged 15 to 19 years old and childhood stroke usually includes up to the age of 18,
we focused our search in those aged 0-14 years old. Moreover, in the literature, there are some inconsistencies
regarding the cut-off age to define stroke in “young adults”, with some studies using the range of 15-49 years?"?2.

It is also important to note that the GBD databases does not provide aggregated rates, that would be necessary
when analyzing regions rather than states. The analysis by federative units provides more detailed data, since it
considers a geographic area that is even more delimited compared to regional division.

Statistical analysis. To describe stroke mortality trends, time series construction rates were calculated
using the Prais-Winsten linear regression model, proposed by Antunes et al.” which allowed first-order autocor-
relation corrections to be performed on values organized by time. This is a great and trustable regression model
to study temporal trends. We estimated the slope (B), its respective probability (p), and predictive capacity of
the model (r?). Temporal trends were estimated according to the patterns of location, sex, age, and year, with a
confidence interval of 95%. The statistical program used was Stata, version 14.0.

Indicator trends can be considered increasing, decreasing, or stationary. The B value of the regression is
positive when there is an increasing trend, negative when there is a decreasing trend, and null when there is a
stationary trend; that is, there is no significant difference between its value and zero®.

Ethics declarations. The data used in this research come from a public database of international scope,
which is unrestricted and allows public access. This means that there is no need for evaluation by the Research
Ethics Committee, according to the Brazilian National Health Council Resolution no. 510/2016.

Results

In Brazil, from 1990 to 2019, temporal trends in mortality rates from unspecified stroke in children <14 years
showed a reduction pattern with an annual percentage change (APC) of — 3.9% (p <0.001) (Table 1). Data analysis
demonstrated a statistically significant decrease for both sexes. There was a greater reduction of mortality in girls
(—4.1%; 95% CI — 4.6; — 3.5) than in boys (- 3.8%; 95% CI — 4.5; — 3.1) (Table 1).
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APC (CI ‘ ‘

Characteristics 95%) e |p Trend
Sex 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 1990-2019
Male 134|127 | 120 | 112 | 108 | 105 | 102 | 098 | 093 | 092 | 089 | 0.90 | 087 | 084 | 083 | 082 | 082 | 081 | 079 | 077 | 073 | 069 | 0.67 | 063 | 0.58 | 053 | 050 | 048 | 045 | 043 | iv?)(’ 45 | o5 | <0001 | D
Female 119 | 115 | 108 | 105 | 101 | 095 | 091 | 087 | 083 | 080 | 078 | 077 072 | 070 | 069 | 08 | 067 | 066 | 064 | 060 | 058 | 054 | 050 | 046 | 043 | 0ar | 039 | 037 | 035 | “*LEAE | o6s | co001| D
Age group (years)
<5 246 | 236 | 225 [ 211 | 198 | 188 | 178 | 167 | 157 | 150 | Laa | 141 | 134 | 129 | 123 | 119 | L14 | 108 | 102 | 095 | 0.88 | 082 | 075 | 0.69 | 063 | 057 | 054 | 051 | 047 | 0.44 7,;(763' 087 | <0001| D
514 070 | 067 | 063 | 061 | 062 | 060 | 0.60 | 058 | 057 | 057 | 055 | 056 | 0.56 | 055 | 054 055 | 057 | 058 | 058 | 0.58 | 056 | 054 | 0.53 | 050 | 0.47 | 043 | 041 | 040 | 038 | 037 | f';)(’ 2% 102 | <0001 | D
Stroke subtypes
Subarachnoid B . . I
Hemorthage | 057 | 055 | 053 | 051 | 052 | 0.9 | 050 | 047 | 048 | 046 | 045 | 0.4 | 045 | 043 | 042 | 043 | 042 | 0.42 | 042 | 041 [ 039 | 036 | 038 | 032 | 034 | 029 | 030 | 026 | 028 | 026 | _,] 045 | <0001 | D
(SAH)
Intracerebral . ] . ] . s tes
Hemorthage | 054 | 057 | 050 | 046 | 044 | 042 | 037 | 040 | 035 | 034 [ 033 | 033 | 030 | 032 | 029 | 029 | 028 | 028 | 025 | 026 | 022 | 023 | 019 | 015 | 047 [ 021 | 013 | 014 |02 |onz | T3 045 | <0001 | D
Ischemic i , , _ ~6.1(-68
Strake (15) 013 | 012 | 010 | 011 | 009 | 0.09 | 007 | 008 | 006 | 006 | 005 | 006 | 005 | 005 | 005 | 005 | 005 | 0.05 | 0.04 | 004 | 004 | 004 | 005 | 004 | 003 | 003 | 002 | 003 | 002 | 002 | T2 086 | <0001 | D
Brazil and federative units
Brazil 127 | 121 | 114 | 108 | 105 | Loo | 097 | 093 | 0.88 | 086 | 084 | 0.83 | 081 | 079 | 076 | 076 | 076 | 074 | 072 | 070 | 0.67 | 0.63 | 0.60 | 056 | 0.52 | 048 | 046 | 0.43 | 0.41 | 039 :;3;’ 45 106 | <0001 | D
Acre 122 1.17 115 111 0.98 0.92 1.06 1.05 1.01 0.94 0.89 0.97 0.90 0.95 0.84 0.76 0.65 0.68 0.67 0.67 0.68 0.65 0.61 0.58 0.55 0.51 0.49 0.46 0.44 0.43 : Z Z;i 40 0.84 <0.001 | D
Alagoas 357 306 | 273 | 249 | 225 | 206 | 188 | 168 | 162 | 158 | 163 148 | 143 | L41 | La0 | 139 131 | 123 | 114 | 103 | 092 | 0.80 | 070 | 065 | 059 | 055 | 0. :2‘2‘)" 7% los | <0001 | D
Amapi 0.51 0.54 0.54 0.59 0.56 0.56 0.53 0.47 0.44 0.43 0.41 0.42 0.38 0.36 0.31 0.28 0.28 0.32 0.40 0.42 0.43 0.40 0.41 0.43 0.46 0.46 0.47 0.46 0.42 0.40 ;g)s 25 0.19 0.333 S
Amazonas 070 | 063 | 062 | 060 | 060 | 0.58 | 0.56 | 056 | 0.56 | 0.55 | 057 | 059 | 0.49 | 046 | 0.44 | 039 | 042 | 044 | 048 | 0.52 | 053 | 053 | 051 | 050 | 0.48 | 0.46 047 | 042 | 040 | é?;’ 26 | 006 | 0002 | D
Bahia 155 [ 150 | 141 | 120 | 120 | 120 | 119 | 119 | 116 | 148 | 115 | 119 | 117 | 113 | L12 | 114 | 114 | 112 | 107 | 102 | 096 | 091 | 085 | 077 | 0.69 | 063 | 059 | 055 | 053 | 051 :2'2)(’“‘ 041 | <0001 | D
Ceard 275 2.50 220 1.92 173 1.62 1.52 1.41 1.37 1.32 1.28 1.29 127 1.24 115 115 115 116 116 1.06 1.00 0.93 0.84 0.78 0.68 0.60 0.54 0.49 0.47 0.45 :32](7 72 0.7 <0.001 [ D
Distrito Federal | 049 | 048 | 047 | 049 | 048 | 045 | 042 | 037 | 033 | 031 | 030 | 031 | 030 | 028 | 027 | 028 | 028 | 027 | 027 | 028 | 027 | 026 | 023 | 022 | 021 | 021 | 020 | 020 | 019 |08 | ~ ; 2)(’ 201 065 | <0001 | D
Espirito Santo 0.87 0.80 0.79 0.78 0.76 0.69 0.63 0.60 0.60 0.59 0.60 0.63 0.62 0.63 0.63 0.66 0.71 0.72 0.65 0.63 0.62 0.59 0.57 0.55 0.51 0.46 0.43 0.40 0.40 0.38 0.11 <0.001 D
Gods 070 | 064 | 059 | 054 | 053 | 050 | 045 | 043 | 039 | 038 | 035 | 034 | 034 | 032 | 032 | 031 | 030 | 029 | 029 | 031 | 033 | 034 | 033 | 031 | 032 | 031 | 029 | 027 | 026 | 025 - <0001 | D
Maranhiao 4.81 4.68 448 421 383 3.58 3.40 3.19 3.01 2.86 276 283 279 2.66 2,58 245 230 214 1.99 1.83 1.63 143 129 115 0.99 0.89 0.82 0.77 0.72 0.69 0.82 <0.001 | D
Mato Grosso | 067 | 0.68 | 065 | 074 | 078 | 077 | 071 | 0.69 | 063 | 058 | 0.53 | 0.53 | 053 | 053 | 0.52 | 051 | 0.49 | 0.48 | 046 | 046 | 0.42 | 042 | 044 | 0.42 | 038 | 035 | 034 | 032 | 031 | 030 064 | <0001 | D
‘];/LE!SOUIGK’OSSO 0.62 0.63 0.60 0.60 0.59 0.57 0.57 0.53 0.49 0.48 0.47 0.48 0.47 0.48 0.48 0.47 0.45 0.43 0.45 0.45 0.40 0.38 0.39 0.37 0.34 031 031 0.27 0.27 0.25 : z g;i 37 0.52 <0.001 | D
Minas Gerais | 071 | 072 | 071 | 070 | 0.69 | 0.68 | 066 | 0.63 | 0.63 | 065 | 061 | 0.61 | 0.59 | 059 | 0.58 | 0.57 | 056 | 055 | 0.52 | 051 | 049 | 0.47 | 044 | 040 | 038 | 035 | 034 | 033 | 030 | 029 :23’21)(’ 01022 | <0001 | D
Pari 087 | 093 | 092 | 089 | o088 | 085 090 | 095 | 097 | 095 093 | 101 | 105 | 102 | 098 | 097 | 098 | 098 | 097 | 092 |08 | 083 | 079 075 | 072 | 067 | 063 | 058 | 055 | 052 | © “, i)(’ 3% 007 |00 | D
Paraiba 178 | 174 | 166 | 156 | 146 | 138 | 127 | 117 | 109 | 101 | 094 | 0.93 | 091 | 086 | 0.81 | 078 | 078 | 077 | 074 | 070 | 065 | 0.65 | 0.63 | 056 | 0.49 | 044 | 048 | 0.49 | 040 | 038 | 2’2;’ % 1009 | <0001 | D
Parand 057 | 054 | 052 | 053 | 055 | 051 | 049 | 047 | 047 | 046 | 045 | 046 | 048 | 048 | 047 | 049 | 051 | 051 | 050 | 049 | 045 | 044 | 043 | 041 | 038 | 035 | 034 [ 033 | 031 | 030 | f':)(’ 35| 035 | <0001 | D
Pernambuco 1.66 1.53 1.36 117 122 1.23 1.25 1.23 1.19 1.18 117 1.21 117 1.09 1.09 1.08 1.10 1.09 1.06 0.99 0.92 0.89 0.82 0.70 0.62 0.58 0.53 0.49 0.47 0.44 :;2)(7 58 0.42 <0.001 [ D
Piaui 220 | 211 | 194 | 174 | 154 | 144 | 130 | 132 | 127 | 125 | 123 | 129 | 129 | 125 | 128 | 124 | 122 | 119 | 113 | 1.06 | 099 | 094 | 087 | 082 | 081 | 076 | 0.70 | 0.64 | 060 | 058 | ; ;(’ 36 069 | <0001 | D
Rio de Janeiro 1.08 1.01 1.00 1.02 1.03 0.92 0.88 0.80 0.75 0.72 0.66 0.59 0.56 0.56 0.56 0.56 0.56 0.57 0.60 0.60 0.58 0.58 0.57 0.55 0.51 0.46 0.47 0.45 0.42 0.40 : ;i;i 43 0.28 <0.001 D
ﬁ,':r:z“"de 4o use | e | 123 | 112 | oo | nos | 104 | 097 | 090 | 087 | 083 | 084 | 078 | 075 | 071 | 071 | 070 | 067 | 065 | 061 | 059 | 058 | 056 | 052 | 049 | 045 | 041 | 038 | 036 | 034 | © :‘f”)(’ 51 os2 | <o001| D
f:;os(\jlmndc 0.59 0.59 0.55 0.55 0.57 0.57 0.53 0.48 0.47 0.45 0.45 0.45 0.42 0.41 0.40 0.38 0.37 0.37 0.37 037 037 037 0.38 0.36 0.37 035 033 033 0.31 0.30 : f ;;7 0 0.7 <0.001 | D
Rondonia 054 | 051 | 048 | 048 | 046 | 0.44 | 046 | 053 | 054 | 0.60 | 057 | 054 | 0.56 | 0.50 | 043 | 0.40 | 0.39 | 040 | 046 | 051 | 052 | 046 | 0.45 | 045 | 046 | 045 | 041 | 039 | 037 z (l\ T)(i *% 1o |00 | D
Roraima 036 | 032 | 033 [ 037 |036 | 028 | 030 | 037 | 038 | 037 | 034 | 038 | 036 | 037 | 034 | 033 | 035 | 037 | 036 | 033 | 029 | 030 | 034 | 035 | 033 | 034 | 034 | 031 | 030 | 029 ;‘20)4 CO0% 1 o35 | o201 | s
Sao Paulo 069 | 064 | 063 | 066 | 068 | 0.69 | 0.68 | 065 | 059 | 0.58 | 057 | 050 | 0.46 | 044 | 0.42 | 0.43 | 045 | 044 | 043 | 0.44 | 044 | 042 | 042 | 042 | 041 | 037 | 036 | 035 | 034 | 033 |~ fj)(’ 3% | o5 | <0001 | D

061 | 060 | 059 | 057 | 056 | 054 | 053 | 049 | 044 | 044 [ 045 | 045 | 045 | 046 | 044 | 044 | 045 | 044 | 044 | 042 [ 038 | 038 | 040 | 036 | 031 | 029 | 030 [ 029 | 027 | 026 |~ Z ﬁ)(’ 335 | 055 | <0001 | D
Sergipe 170 | 158 | 139 | 129 | 125 | 118 | 109 | 103 | 098 | 092 | 090 | 0.87 | 0.83 | 080 | 076 | 071 | 067 | 070 | 074 | 072 067 | 062 | 055 | 0.48 | 045 | 044 | 043 | 039 | 038 | _ :’f)(’ 3% | ozs | <001 | D
Tocantins L6l | 147 | 143 | 136 | 127 | 122 | 121 | 120 | 112 | 108 | 107 | L12 | 108 | 102 | 0.97 | 093 | 091 | 0.92 | 0.90 | 088 | 0.80 | 072 | 069 | 0.67 | 0.58 | 051 | 048 | 045 | 042 | 00 ’:'2)(’ Y <0001 | D

Table 1. Mortality rate temporal variation according to sex, age group and locations from 1990-2019. APC annual

percentage change, 7* predictive capacity of the model, p probability, D decreasing trend, S stationary trend.

When investigating by age group, a decrease in temporal trend was observed in both groups, although the
reduction was larger in children <5 years old, with a rate of — 5.8% per year (- 5.8; 95% CI — 6.3; — 5.2), in

relation to children aged 5-14 years, with a reduction of — 2.1% per year (- 2.1; 95% CI — 2.9; — 1.3) (Table 1).

The analysis according to location showed that, of the 27 Brazilian federative units, only two showed station-
ary trends (p >0.05): Amapd and Roraima, whereas the other 25 presented with a reduction pattern (Table 1). Of
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Figure 1. Temporal trend of mortality from childhood subarachnoid hemorrhage (SAH), from 1990-2019, in
Brazilian Federative Units. APC annual percentage change.

these, Maranhdo had the highest APC (- 6.5%), followed by Alagoas (- 6.4%). At the same time, the federative
units with the lowest mortality reduction were Rondénia (- 1.2%) and Amazonas (- 1.6%) (Table 1) (Figs. 1, 2, 3).

In addition, the evaluation of mortality behavior by stroke subtype showed a decreasing trend during the
study period. In Brazil, ischemic stroke (IS) was the subtype with the highest APC (- 6.1%), followed by intrac-
ranial hemorrhage (IH) (- 5.3%), and subarachnoid hemorrhage (SAH) (- 2.7%). As for the federative units,
Amapa was the only unit to present a stationary trend (p>0.05) for all subtypes. Among the other subtypes, in
which there was a decrease in mortality for IS, the highest APC was in Maranhéo (- 9.2%), followed by Alagoas
(- 8.5%) and Ceara (- 7.5%) (see Supplementary Table S1 online). The same pattern was observed for IH, with
the greatest reduction in Maranhao (- 8.3%), followed by Alagoas (- 8.0%) and Ceard (— 7.7%) (see Supple-
mentary Table S2 online). Similarly, for SAH, the largest drop was associated with Maranhéo (- 6.5%), followed
by Alagoas (- 6.4%), and Ceara (- 6.0%) (see Supplementary Table S3 online). In contrast, smallest reductions
were related to Roraima and Rondoénia.

Discussion

The main findings of the present study include the following: (1) in Brazil, from 1990-2019, temporal trends in
mortality rates from unspecified stroke in children < 14 years showed a reduction pattern; (2) of the 27 Brazilian
federative units, only two showed stationary trends: Amap4d and Roraima, and decrease was not homogeneous
among the states; (3) smallest reductions were related to Roraima and Rondonia when evaluated by stroke sub-
types; (4) there was a greater reduction of mortality in girls than in boys and in children <5 years old in relation
to children aged 5-14 years.

The evaluation of the temporal behavior of mortality from pediatric stroke in Brazil allows us to highlight a
decreasing mortality trend between 1990 and 2019. Our data are consistent with the findings of other studies,
which indicate a reduction in stroke mortality rate in children®!*.

There are factors possibly associated with this reduction, such as the improvement of neuroimaging diagnostic
techniques, as well as increasing agility in access, due to their crucial nature in the efficient care of acute stroke
in children™'>. In Brazil, stroke care for children follows a hierarchical and organized system. Health prevention
occurs in primary health care units and through telemedicine; prehospital care is related to emergency mobile
component; hospital care is promoted to carry out the treatment; and the after acute hospital care includes home
care, rehabilitation and follow-up?%. Moreover, it is important to note that, as a survey based on secondary data,
the possibility of underreported deaths from this condition should be considered.

Furthermore, in the Brazilian context, it is interesting to observe the association between the reduction in
morbidity and mortality from cardiovascular diseases and stroke, and the availability of a public health system
that includes primary and secondary preventive care?. The expansion of the Family Health Strategy (FHS), the
main primary health care programme of the country, relates to lower mortality rates in children, especially to
post-neonatal and infant mortality®. Still, primary prevention of childhood stroke has not been achieved, except
in high-risk situations such as sickle cell disease in which long-term blood transfusion therapy may be indicated,
for example. In general, the treatment is focused on the prevention of recurrent stroke, and strongly depends
on the underlying etiology"*’. However, the expansion of the Family Health Strategy relates to lower mortality
rates in children, especially to post-neonatal and infant mortality®. In this regard, establishing health behaviors
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Figure 2. Temporal trend of mortality from childhood intracerebral hemorrhage (IH), from 1990-2019, in
Brazilian Federative Units. APC annual percentage change.
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Figure 3. Temporal trend of mortality from childhood ischemic stroke (IS), from 1990-2019, in Brazilian
Federative Units. APC annual percentage change.

during the follow-up may be a relevant strategy to reduce the risk of obesity and sedentary lifestyle in order to
protect children from recurrent strokes later in life.

In our findings related to sex, we noticed a similarity with other studies in the literature. Our study showed a
greater reduction of mortality in girls (- 4.1%) than in boys (- 3.8%). Krishnamurthi et al. in turn, using available
global data on stroke incidence, prevalence, and mortality to assess differences and changes between developed
and developing countries during the period from 1990 to 2013, found a substantial reduction in mortality rate,
and that globally, boys had higher rates of stroke than girls, in 20132,

Still, data analysis showed that, in relation to age groups, and considering stroke and its subtypes, the temporal
trend was mostly decreasing in children <5 years of age. This pattern is possibly associated with a higher inci-
dence of the disease during the perinatal period, which occurs between 28 weeks of gestational age and 28 days
of postnatal life!, and can intensify the attention required from health professionals during care. Detection can
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also be aided by the increased perinatal risk of stroke because, according to the literature, although this clinical
condition involves multifactorial mechanisms, there is a strong correlation between stroke and congenital heart
disease, prematurity, coagulation, trauma, asphyxia, and other neonatal pathologies”’S. In addition, maternal
conditions such as a history of infertility, thrombophilia, preeclampsia, infections, and complications during
pregnancy or childbirth are risk factors”®.

Moreover, some studies have stated that the risk of stroke peaks during childhood, being higher in chil-
dren< 1 year, followed by a considerable decline, which increases again during late adolescence. Simultaneously,
the clinical presentation of acute IS may involve seizures more frequently than other subtypes. Thus, identification
of the condition and early introduction of support measures, such as oxygen, fluids, and the correction of anemia,
could be contributing to the reduction in mortality, especially related to acute IS. The literature also indicates that
the same pattern of age distribution is observed in SAH, with an increased incidence in adolescents"®.

In 1970, a new division into Macro regions was created in Brazil, and resulted in the following denominations:
North Region, Northeast Region, Southeast Region, South Region and Midwest Region, which are considered
until the present moment?. A national study conducted between 2002 and 2009 found that income inequality
trends were independently associated with stroke mortality rate trends, even after adjusting for economic growth
and other covariates®. In our study, stationary trends and the smallest annual reductions in childhood stroke
mortality were related to states in the North Region: Amapa, Rondonia, Roraima, and Amazonas. This finding
accords with other evidence in the literature, since the north portion of the country, especially in relation to the
south and southeast, is a region with greater disease impacts with more unfavorable outcomes®.

Although our results indicate that most of the Brazilian federative units showed a decreasing mortality pattern
from a stroke in children, the decrease varied heterogeneously among states. From this perspective, Maranhao
and Alagoas had the highest annual reduction rates for all stroke subtypes in relation to other federative units.
It is known that between 1990 and 2016, Alagoas had an expressive increase in life expectancy, 9.5 years, while
Maranhio rose only 5.3 years. A national review that analyzed different geographical areas of Brazil showed that
studies have found higher rates, or higher percentages of increased mortality rates, including stroke, in areas
considered to be more impoverished, vulnerable, or have less socioeconomic development®'. Other study on
leading causes of death in Brazil observed that between 2000 and 2012 the mortality rates due to cerebrovascular
diseases, hypertensive diseases and circulatory system diseases were influenced by socioeconomic factors. There
was a significant inverse association between socioeconomic factors and mortality rates®?. In view of this, it is
possible that improvement in socioeconomic conditions of these localities, as evidenced by increasing sociode-
mographic indices* over the period, influenced the high percentage reduction in childhood stroke mortality;
however, at the same time, inefficient or inadequate data recording may have favored underreported deaths.

In relation to socioeconomic context, access to information is an important factor, in children and adults, in
which less understanding of stroke is associated with lower socioeconomic and educational attainment levels®.
Childrens’ knowledge of stroke risk factors and symptoms was lower in the socioeconomically vulnerable and
in those with poor academic performance®**. This impairs the seeking of medical services, in the face of an
acute clinical condition, in which early diagnosis and treatment are imperative. This failure to recognize a stroke
is especially relevant given the frequency at which stroke, among other neurological emergencies, can appear.
Studies on pediatric stroke care protocols have already shown that of all pediatric neurological emergencies,
stroke represents up to 45%, emphasizing the need for immediate assessment and support to optimize care and
prevent recurrence>.

Socioeconomic conditions also influence prognosis after stroke. In a Danish data study with a national reg-
istry from 2003 to 2012 (n=60,503 strokes), long-term, but not short-term, mortality after stroke was inversely
related to income for all causes of death. There was a 5.7% absolute difference in mortality between the lowest
and highest income groups five years after stroke. It is possible that social inequality is experienced, not in the
ability to survive stroke, but in developing new diseases that subsequently lead to death®. Furthermore, in a large,
multinational, prospective cohort of children with IS, low income was associated with worse neurologic outcomes
compared to higher income levels. The study hypothesized that in lower-income settings, more severe/notice-
able stroke symptoms might be necessary to justify seeking medical help, although root causes were not clear.

Our findings contribute to a better understanding of the temporal trends in childhood stroke mortality.
However, studies based on official mortality data should consider the inherent limitations of mortality surveil-
lance systems and official health statistics. Similarly, incorrect registration of ICD codes to classify stroke can
underestimate the number of found cases*. Other limitations that is worthy the note is that we analyzed stroke
mortality based on rates; and the GBD databases does not provide data on risk factors or socioeconomic aspects
related to stroke in children. Also, our analysis based on age groups did not include the > 14 and < 18 years old
interval, which may have resulted in underreported cases of childhood stroke.

Furthermore, given that the incidence of hospitalizations and mortality rates from stroke increase exponen-
tially with advancing age, studies on stroke in the pediatric population in Brazil are less common than in adults.
Therefore, new studies are essential to monitor trends in risk factors, quality of health services, and socioeco-
nomic conditions in Brazil, which may change this scenario in the long term.

During this period, the trend in childhood stroke mortality decreased in Brazil. However, the behavior of this
reduction varies heterogeneously according to the federative units. Studies on the influence of socioeconomic
factors on temporal stroke trends should be considered for further analyses. In addition, more epidemiological
research with global and regional initiatives is required to improve pediatric health planning.

Data availability
All data generated or analysed during this study are included in this published article.
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