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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Introduction. Introduction. Introduction. Introduction. Introduction. Stroke is a rapidly neurological deficit with a high
mortality rate and can induce long-term disability. MRI is a funda-
mental image tool for ischemic stroke diagnosis. There is still scarce
information about the stroke incidence and its MRI patterns in spe-
cialized centers in Latin America. Material and methods.Material and methods.Material and methods.Material and methods.Material and methods. Re-
trospective study of patients with clinical diagnosis of stroke on
admission at the Emergency Room with brain MRI confirmation.
Patients were recruited from January 2011 to December 2012.
Results.Results.Results.Results.Results.     238 patients were admitted with symptoms of stroke, 124
underwent brain MRI with 76 confirmations. The age distribution
was 42 men (65.38 ± 15.85 years; range 33-91 years) and 34
women (69.47 ± 12.08 years, range 31-89 years). We found a
crude annual incidence rate of 119.84 per 100,000 cases of acute
ischemic stroke with a male to female ratio of 1.2:1, with 64% of
patients included in the 65-74 and 75-84 age groups. We confir-
med previously reported MRI patterns: middle cerebral artery was
the most commonly affected one with 69.74% (χ2 = 104.216,
p < 0.001); decreased flow was more common than vessel occlu-
sion (47.37 vs. 30.26%); 71.62% of cases had < 1/3 involvement of
arterial territory (χ2 = 73.324, p< 0.001). Small infarcts (< 70 cm3)
accounted for 71.23% of cases (χ2 = 13.164, p < 0.001). Conclu-Conclu-Conclu-Conclu-Conclu-
sion. sion. sion. sion. sion. The incidence rate in our center is lower than some develo-
ped countries, higher rates can reflect an improvement in aware-
ness of people about stroke; information about MRI patterns in
specialized facilities could help in tailoring thrombolytic strategies
for selected patients.

Key words.Key words.Key words.Key words.Key words. Ischemic stroke. Incidence. MRI. Perfusion. Diffusion.

RESUMENRESUMENRESUMENRESUMENRESUMEN

Introducción.Introducción.Introducción.Introducción.Introducción. El accidente cerebrovascular es un déficit neuroló-
gico que se desarrolla rápidamente, presenta una alta tasa de mor-
talidad y puede inducir discapacidad a largo plazo. La resonancia
magnética es una herramienta fundamental para el diagnóstico
del ataque cerebral. Existe poca información acerca de la inciden-
cia de accidente cerebrovascular y sus patrones de resonancia mag-
nética en centros especializados en América Latina. Material yMaterial yMaterial yMaterial yMaterial y
métodos.métodos.métodos.métodos.métodos. Se realizó un estudio retrospectivo, incluyendo pacien-
tes con diagnóstico clínico de accidente cerebrovascular a su admi-
sión en la Sala de Urgencias y con confirmación del diagnóstico por
resonancia magnética. Los pacientes fueron reclutados de enero
2011 a diciembre 2012. Resultados.Resultados.Resultados.Resultados.Resultados. 238 pacientes fueron ingre-
sados con síntomas de accidente cerebrovascular, 124 se sometie-
ron a resonancia magnética con 76 confirmaciones. La distribución
por edad y género fue de 42 hombres (65.38 ± 15.85 años, rango
33-91 años) y 34 mujeres (69.47 ± 12.08 años, rango 31-89 años).
Se encontró una incidencia anual neta de 119.84 por cada 100,000
casos de accidente cerebrovascular agudo con una razón
hombre:mujer de 1.2:1, con 64% de los pacientes incluidos entre
los 65-74 y 75-84 grupos de edad. Se confirmaron los patrones de
resonancia magnética de reportes anteriores: la arteria cerebral
media fue la más afectada con 69.74% (χ2 = 104,216, p < 0,001);
donde la disminución del flujo era más común que la oclusión de
los vasos (47.37% vs. 30.26%); 71.62% de los casos tenían < 1/3
de la participación de la red arterial (χ2 = 73,324, p < 0,001).
Los infartos pequeños (< 70 cm3) representaron 71.23% de los
casos (χ2 = 13,164, p < 0.001 ). Conclusión.Conclusión.Conclusión.Conclusión.Conclusión. La tasa de incidencia
de los accidentes cerebrovasculares en nuestro centro es más bajo
que en algunos países desarrollados. Las tasas más altas pueden
reflejar un mejor diagnóstico y mayor conocimiento de la gente
acerca de accidente cerebrovascular. La resonancia magnética en
instalaciones especializadas puede ayudar a enfocar las estrategias
trombolíticas en pacientes seleccionados.

Palabras clave.Palabras clave.Palabras clave.Palabras clave.Palabras clave. Accidente cerebrovascular. Incidencia. Reso-
nancia magnética. Perfusión. Difusión.
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INTRODUCTION

Comparing stroke rates and patterns in different parts
of the world and at different points in time may increase
our understanding of this disease. Stroke is defined as a
rapidly developed global or focal neurological deficit las-
ting more than 24 h or leading to death with no apparent
cause other than vascular origin.1 Stroke will be a public
health problem in Latin America during the next decades
because of an increase in life expectancy, changes in the
lifestyle of the population and the increase in incidence of
diseases such as metabolic syndrome, diabetes and hy-
pertension in most of the countries in this geographical
area. Because epidemiological and clinical characteristics
of stroke vary according to environmental, racial, and so-
ciocultural factors, we need to be aware of the peculiari-
ties of stroke on this continent to reduce the impact bur-
den of this epidemic.2

For health policy planning, it is imperative to unders-
tand projected future prevalence and cost of stroke in each
country and to identify potential actions that might reduce
this burden. Currently, stroke is the fourth leading cause
of death in the United States and a leading cause of
disability.3 The cost of treating stroke victims is expected
to soar in the next two decades, according to a study by
the American Heart Association and the American Stroke
Association with real total direct annual stroke-related me-
dical costs expected to increase from $72 billion to $183
billion (2010 dollars) between 2012 and 2030.3

The burden of prolonged hospitalization on the family
of stroke patients, the aftermath of disability from the di-
sease, and the economic implication on survival of stroke
patients, as well as the overstretching of health facilities
have been previously explored.4 However, some basic
demographics features and magnetic resonance imaging
(MRI) patterns in patients undergoing acute ischemic stroke
(AIS) are missing in the current literature, specifically data
from facilities considered to be quaternary care hospitals.
This concept refers to hospitals with advanced levels of
medicine, which are highly specialized and not widely ac-
cessed. Experimental medicine and some types of uncom-
mon diagnostic (diffusion-perfusion analysis of MRI ima-
ges for our study) or surgical procedures are considered
quaternary care; a quaternary care hospital may have vir-
tually any procedure available, whereas a tertiary care
facility may not offer a sub-specialist with that training.
These services are usually only offered in a limited num-
ber of regional or national health care centers.5

Although stroke affects both gender and is increasin-
gly common from the sixth decade, with young patients

not being exempted;6 we have noticed that most centers
cover only a limited age range, monitoring stroke up to
age 65 years and none routinely collecting data on those
older than 75 years, in whom the incidence of stroke might
be highest.7 The areas of the world covered by these
studies are still very limited, and reliable information
remains sparse for nonwhite populations.

Recent studies comparing the age-adjusted incidence
between Hispanic- and white-populations showed signifi-
cant differences in first ischemic stroke as 140 to 168 per
100,000 vs. 88 to 136 per 100,000.6,8-10 It is accepted
than an “ideal” stroke incidence study does not exist, but
studies closely approaching it will reveal the most reliable
and comparable results. There is a need for further
studies to fill the gaps of the worldwide incidence of stroke,
particularly for developing countries.7 For example,
information about the incidence rates of AIS in young
and older Mexican patients from tertiary or quaternary
care hospitals is missing in the medical literature to the
best of our knowledge.

The aims of this study were focused in review the inci-
dence rates and MRI patterns of AIS in a quaternary-care
hospital in Mexico City and make comparisons with what
has been documented on the disease in urban settings
from other countries.

MATERIAL AND METHODS

Study design

This was a retrospective study carried out at Medica
Sur Clinic & Foundation, in Mexico City. This study be-
longs to a research line trying to identify MRI predictive
biomarkers in the evaluation of AIS, the main protocol for
this research received previous approval by the Institutio-
nal Review Board (2010-EXT-05). The facility fulfills the
requisites to be considered a quaternary-care private hos-
pital in the south of Mexico City. The hospital runs several
postgraduate training programs such as internal medicine
and a fellowship in whole-body MRI. There are consultant
neurologists available at any time, and the hospital has
the possibility to perform advance magnetic resonance
imaging analyses such as diffusion and perfusion.

Clinical and imaging
definitions of stroke

We use the World Health Organization (WHO) definition
of stroke, “rapidly developing clinical signs of focal (at times
global) disturbance of cerebral function, lasting more than
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24 h or leading to death with no apparent cause other than
that of vascular origin” as it is and accepted standard.7

In the last decade, an advanced MRI technique known
as diffusion-weighted imaging (DWI) added another dimen-
sion to diagnostic imaging improving the diagnostic yield while
being practical and feasible.11 DWI measures the net move-
ment of water in tissue due to random (Brownian) molecular
motion of water and shows hyperintense ischemic tissue chan-
ges within minutes to a few hours after arterial occlusion due
to a reduction of the apparent diffusion coefficient (ADC).12

The ADC reduction occurs primarily in the intracellular space
associated with disruption in membrane ionic homeostasis
and cytotoxic edema. A decreased ADC and increased
signal on DWI (described in MRI reports as hyperintense
focal region) represent irreversible ischemia; the combina-
tion of DWI, ADC maps and T2-weighted images allows
differentiating acute from subacute or older AIS lesions.13

DWI has emerged as the most sensitive and specific
imaging technique for acute infarct, far better than
non-enhanced computed tomography or any other MRI
sequence (Figure 1A). It has a high sensitivity (88 to 100%)
and specificity (95 to 100%) for detecting infarcted regions,
even at very early time points,14,15 within minutes of
symptoms onset.14,16 Thus, early after ischemia onset, the
visible diffusion lesion will include both regions of
irreversible infarction with more severe ADC changes and
regions of salvageable penumbra with less severe ADC
changes (Figure 1B).

Patients, inclusion and exclusion criteria

We retrieved and reviewed the medical case records
of all patients who had a clinical diagnosis of stroke (or
similar diagnosis as: probable stroke, ischemic stroke, la-
cunar stroke, hemorrhagic stroke, basilar stroke) whom
arrived to the ER from January 2011 to December 2012.
The inclusion criterion was First-Ever-in-a-Lifetime stroke,
because it most closely reflects important determinants of
disease etiology. Patients with TIA (i.e. a neurological
deficit lasting < 24 h with no stroke found on brain ima-
ging) or prior stroke were excluded.17

Only those cases that had complete information, met
the WHO clinical criteria for diagnosis and had an MRI
study for confirmation of diagnosis were considered. The
digital MRI records of patients with inclusion criteria were
reviewed to acquire necessary data for the image pattern
analysis.

Standard data
presentation and risk measures

We collected data over complete years to avoid con-
founding from the possible effect of seasonal variations in
incidence, which was documented in several community-
based studies.9,18 Considering previous stroke epidemiolo-
gic studies used mid-decade 10-year age bands we retain
this convention in our study.7

Dividing the number of cases of first-ever stroke by the
number of screened individuals older than 18 years during
the observed time period, allowed us to calculate the
crude stroke annual incidence rate per 100,000 population,
this measure of risk has been previously reported.2

We additionally calculated an age-adjusted incidence
rate using mid-decade 10-year age bands (25 to 34, 35 to
44, 45 to 54, 55 to 64, 65 to 74, 75 to 84 and 85 to 94
years).19

Statistical analysis

Descriptive and frequency statistics were obtained for
the variables of interest. Chi square was used to test
for statistical significance between categorical variables,
t-test was used in continuous variables. A P value < 0.05
was considered statistically significant. All analyses were
carried out using the IBM® SPSS® Statistics software
(version 22.0.0.0 IBM Corporation; Armonk, New York,
USA). General presentation of the manuscript followed
the guidelines set by the International Committee of
Medical Journal Editors.20

Figure 1. A-D. MRI sequences in the assessment of acute ische-
mic stroke. A. Axial plane showing infarcted brain tissue in a diffu-
sion-weighted image. B. Apparent diffusion coefficient map showing
a restricted diffusion. C. 3D time-of-flight MR angiography shows
the occlusion of M2 left segment of the middle cerebral artery. D.
Cerebral blood flow (CBF) map depicts a decreased perfusion in
the infarcted tissue.

A B

C D
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RESULTS

Demographic data

During a two-years period (2011-2012), 31,708 indi-
viduals underwent admission in the ER, 238 subjects
were clinically diagnosed to have stroke, 124 patients
undergone brain MRI with 76 MRI diagnoses of AIS.
This number accounted for 0.75% of total medical ad-
missions to the ER over the same period. This gave a
crude annual incidence rate of 119.84 cases of AIS per
100,000.

We found a gender and age distribution of 42 men
(65.38 ± 15.85 M, SD; range 33-91 years) and 34 women
(69.47 ± 12.08 years, range 31-89), giving a ratio of male
to female 1.2:1; that is, we observed a strong preponde-
rance of male stroke patients which was not statistically
significant χ2 = 0.842, p = 0.359. The age distribution
spread over a 7 mid-decades, with 64% of patients in the
65-74 and 75-84 age groups, this represent a significant
difference χ2 = 70.145, p = < 0.001. Table 1 depicts the
incidence rate by age groups and figure 2 shows the age
distribution using mid-decade 10 year-age bands. Table 2
shows the annual incidence rate grouped by age group
and gender with 95% CI.

MRI patterns in AIS

We found a non-significant trend regarding the affec-
ted side of cerebral hemispheres in both genders with the
left hemisphere being more frequently affected then
the right one χ2 = 0.111, p = 0.139, for males; and
χ2 = 0.947, p = 0.330 for females; figure 3 shows the
hemisphere distribution for each gender.

The more frequently affected artery was the middle
cerebral artery (MCA) 69.74%, followed by the posterior
cerebral artery (PCA) 11.84%, and the basilar artery
10.53%. Less than 8% of cases were distributed among
the rest of arteries of the Willis polygon. These differences
were significant χ2 = 104.216, p ≤ 0.001; figure 4A pre-
sents the affected arteries.

There was an unequal distribution in the decrement of
arterial blood flow observed for all patients, 35 (47.37%)
had decreased flow, 26 (30.26%) occluded and 13
(22.37%) had normal arterial flow evaluated in the 3D
time-of-flight MR angiography; this findings had statistical
significance, χ2 = 9.919, p = 0.007. Figure 4B shows the
decrement in arterial blood flow.

Considering the infarct extension, 71.62% of patients
showed less than 1/3 involvement of affected territory;
24.32% showed 2/3 of the arterial affected territory, and
only 4% presented a full affection of the arterial territory

Table 1. Crude annual incidence rate of acute ischemic stroke grouped by age.

Data collection Population, Age-adjusted incidence by age-group
year Age-group n (%) (cases per 100,000)

25-34 3 (4) 4.73
35-44 5 (7) 7.88
45-54 9 (12) 14.19

2011-2012 55-64 8 (11) 12.62
65-74 24 (32) 37.85
75-84 24 (32) 37.85
85-94 3 (4) 4.73
Total 76 (100) 119.84

Table 2. Annual incidence rate of acute ischemic stroke grouped by age and gender with 95% CI.

Males Females
Incidence 95% CI Incidence 95% CI

Age-group rate Lower bound Upper bound rate Lower bound Upper bound

25-34 4.8 4.308 5.291 1 0.508 1.4916
35-44 11.9 11.408 12.391 - - -
45-54 11.9 11.408 12.391 4 3.508 4.491
55-64 14.3 13.808 14.791 2 1.508 2.491
65-74 21.4 20.908 21.891 15 14.508 15.491
75-84 33.3 32.808 33.791 10 9.508 10.491
85-94 2.4 1.908 2.891 2 1.508 2.491
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involved. This finding had a significant difference χ2 =
73.324, p ≤ 0.001; figure 4C depicts the percentages of
infarct extension.

Our last variable in the MRI pattern analysis involved
the calculation of the infarct size by measuring the cm3

of each infarct in the DWI sequence. We found 71.23% of
cases corresponding to infarcts with small volume
(< 70 cm3) and 28.77% of infarct with a large
volume (< 70 cm3). These values represent a signifi-
cant difference, χ2 = 13.164, p ≤ 0.001; figure 4D shows
the percentages of volume distribution.

DISCUSSION

The incidence and imaging patterns of AIS in Mexico
have not been widely studied to the best of our knowledge,
the reports about the incidence of AIS for Hispanics is limi-
ted as well, this scarce evidence compelled us to report the
findings from a quaternary care hospital focusing only on
the AIS incidence of patients that arrived to the ER.

The annual crude incidence we found, 119 per 100,000,
can be considered an intermediate value between those
reported by some Latin-American countries: one of the
first studies designed to assess stroke epidemiology was
performed in Cuzco, Peru; it reported a crude annual inci-
dence rate (first-ever stroke) of 183 per 100,000 (1995);21

another study reported in the city of Sabaneta, Colombia;
found and annual incidence rate of stroke of 89 per
100,000 (1993).22

In European countries, the stroke incidence has repor-
ted higher rates, with significant differences between

gender, among men of all ages stroke ranged from 124
per 100,000 in South London (2003) to 185 per 100,000
in the Scottish Borders region (1998); and among women,
incidence ranged from 88 to 146 per 100,000 in the same
respective studies. Incidence in studies set in Oxfordshire
and East Lancashire were similar, ranging from 135 to
152 per 100,000 among males.19

A lower stroke prevalence in Latin-American countries
compared than that from developed countries have pre-
viously been reported probably because of some unknown
protective ethnic factors or differences in dietary habits or
lifestyles.21,22 This hypothesis is supported by the finding
that stroke prevalence is even lower in rural than in urban
areas. The low incidence rate has also been related to the
implementation of campaigns directed at teaching
the community about the hazards of stroke risk factors.2

Our finding of a strong preponderance of male stroke
patients have been recently reported in German, China
and Indian datasets.23 It is both of clinical and sociocultu-
ral importance to investigate the causes for gender gap in
stroke patients- to guarantee that both female and male
patients have equal access to in-hospital medical care and
to further enlighten gender-specific differences in stroke.
So far, the gender ratio of the general population and
gender-specific stroke incidence rates are likely to be the
major determinants, but sociocultural peculiarities may also
play a crucial role.23

Compared with Asia, our incidence rate was very simi-
lar to that one reported in the city of Birjand, Iran of 103.4
cases per 100,000 (2008) this study was performed in a
tertiary care hospital.24 We believe that a higher incidence
rate can reflect an improvement in awareness of people

25-34 35-44 45-54 55-64 65-74 75-84 85-94
Age grouped by 10 year age band

Error bars: 95% CI

Figure 2.  Age distribution in acute ischemic stroke using
mid-decade 10 year-age bands.
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Figure 3. Percentage of cerebral hemisphere affection in each
gender in acute ischemic stroke. Affected hemisphere.
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cases, in any incidence study, complete capture of all ca-
ses cannot be substantiated. The fact that not all subjects
underwent a systematic investigation could be a source of
information bias. However, our study provides important
data for specialized stroke centers.

In conclusion, our findings of incidence and imaging
patterns lead us to consider the fact that the knowledge
and perception of stroke risk factors and its warning sign
can be increased in the hospital patients and health wor-
kers, as it has been observed in other centers.25 Further
studies about imaging patterns are necessary in order to
correlate these findings in the context of knowledge of
race and sex differences in disease biology; these will help

about stroke and its signs or symptoms as well as more
feasible and facile accessibility to health care centers, which
both can raise the number of referred patients to tertiary
care hospitals.

Some limitations in this study need to be addressed:
this was an observational study, which limited the
inferences that can be made about etiological relations-
hips. Also, poor or incomplete medical record keeping,
missing data and lack of essential, specific imaging diag-
nostic studies were present. Despite these limitations, we
have been able to review the incidence and imaging
pattern of stroke in selected patients. In addition, although
great measures were taken to include all incident stroke

Figure 4. MRI patterns in acute ischemic stroke (AIS). A. Percentage of affection in the Willis polygon. B. Degree of blood flow.
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to assess the importance of other putative explanations
for race and sex disparity, such as exclusion from care on
“socioeconomic rather than clinical grounds”. Also, regio-
nal reports of subtype-specific age- and sex-adjusted
incidence rates for AIS would permit the development of
community-friendly intervention programs aimed at pre-
venting and modifying the risk factors in persons prone to
diseases in tertiary and quaternary care hospital. These
programs might eventually be incorporated into health-
care system, so that they are recognized early and effective-
ly managed. Lastly, it’s also important to emphasize the
need of implementation of the Stroke Guidelines recom-
mended by the American Heart Association/American
Stroke Association (AHA/ASA), so that, in the absence of
enough formal Stroke Units in Latin America, the ER in as
many as possible hospitals would be able to attend patients
with AIS or TIA according to international standards.

ABBREVIATIONS

• ADC:ADC:ADC:ADC:ADC: apparent diffusion coefficient.
• AHA/ASA:  AHA/ASA:  AHA/ASA:  AHA/ASA:  AHA/ASA:  American Heart Association/American

Stroke Association.
• AIS: AIS: AIS: AIS: AIS: acute ischemic stroke.
• DWI: DWI: DWI: DWI: DWI: diffusion-weighted imaging.
• ER: ER: ER: ER: ER: emergency room.
• MCA: MCA: MCA: MCA: MCA: middle cerebral artery.
• MRI: MRI: MRI: MRI: MRI: magnetic resonance imaging.
• PCA:PCA:PCA:PCA:PCA: posterior cerebral artery.
• WHO: WHO: WHO: WHO: WHO: World Health Organization.
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