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Background: Overall, 75.2% of deaths from stroke occur in low- and middle-income
countries. Mexico is a middle-income country with little information about the prog-
nosis of early and late postischemic and hemorrhagic stroke. Objective: To evaluate the
factors associated with post-stroke survival in the Mexican population.
Methods: Observational study of consecutive stroke cases involving a first-ever hemor-
rhagic or ischemic stroke, with patients who received care at the National Institute of
Neurology and Neurosurgery, in Mexico City, between 2009 and 2012. Patients were
followed for up to 4 years after the index event. Exploratory analysis of survival was
carried out with Kaplan-Meier and log-rank tests. Factors associated with survival
time were determined using Cox models. Results: A total of 300 out of 544 (55.15%)
patients had a hemorrhagic stroke, 135 of 544 (24.82%) patients died during the entire
follow-up period, and 56 of 544 (10.29%) died in the first 30 days post-stroke (early mor-
tality). Early mortality after stroke was associated with age > 65 years (Adjusted Hazard
Ratio — AHR =2.07, P=.02) and > 2 in-hospital medical complications (AHR =46.13,
P < .01). Late mortality was associated with age > 65 years (AHR =343, P < .01), >2
in-hospital medical complications (AHR =2.55, P < .01), high comorbidity (AHR =5.43,
P < .01), and recurrence (AHR =1.90, P =.01). Conclusions: Patients with hemorrhagic
and ischemic stroke who presented in-hospital medical complications, high comorbid-

ity, and were over 65 years old had higher rates of early and late mortality.
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Introduction

Stroke is one of the leading causes of death and disabil-
ity, particularly in developing countries." According to
the 2013 Global Burden of Disease (GBD-2013) study, the
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burden of stroke between 1990 and 2013 was 3 times
greater in middle- and low-income countries (4.85 million
deaths in 2013) than in high-income countries (1.6 million
deaths).2 In 2012, the mortality rate in Mexico was 3.92 per
100,000 inhabitants for ischemic stroke, 2.10 per 100,000 for
subarachnoid hemorrhage (SAH), and 7.62 per 100,000 for
intracerebral hemorrhage (ICH).” The study of the long-
term prognosis for patients with a first-ever stroke is help-
ful for planning by public health care services."”

Various countries have studied long-term post-stroke
mortality rates and associated prognostic factors. Cumu-
lative mortality ranges from 13.6% to 34.2% at 1 year, and
29.1% to 41.7% at 5 years.®'” The main prognostic factors
that are known to be associated with long-term mortality
after stroke are type of stroke, age, sex, comorbidities, and
characteristics related to in-hospital medical care.”'” In
developed countries, “organized stroke unit care” has
reduced early post-stroke mortality by providing acute
care and preventing medical complications. 13 However, it
is necessary to know which prognostic factors modify the
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long-term post-stroke prognosis in developed and devel-
oping countries.

The stroke registry of the National Institute of Neurol-
ogy and Neurosurgery (INNN)'* and the National Mexi-
can Record of Cerebrovascular Disease'” reported 24.5%
and 21.2% mortality at 30 days post-stroke, respectively,
while First Mexican Record of Cerebral Ischemia (PRE-
MIER) reported 30% mortality at 1-year post-stroke.'®'”
However, no information exists about the prognostic fac-
tors that modify long-term mortality after stroke. We eval-
uated factors that are associated with post-stroke survival
prognosis in Mexican patients.

Methods
Design

An observational, analytical study of consecutive stroke
cases was performed with patients that had been diag-
nosed with an ischemic or hemorrhagic stroke and who
were treated at the INNN in Mexico City, with follow-up
for up to 4 years. Collection of information about mortality
and recurrence was planned and obtained prospectively,
whereas the collection of clinical and sociodemographic
patient characteristics were unplanned.

Participants and setting

This study included patients with a first-ever stroke
who were over 18 years old, were residing in Mexico, and
were treated at INNN between 2009 and 2012. Patients
whose final diagnosis was a transient ischemic attack,
traumatic brain injury, tumor, or subdural hematoma
were excluded. Cases whose clinical records had incom-
plete information were eliminated.

Baseline and Follow-Up Information

Clinical and sociodemographic information was
obtained from the patients’ clinical records using a stan-
dardized data extraction form. The information that was
extracted from the clinical records was generated by neu-
rologists and reviewed by a stroke expert. Stroke patients
and their relatives were contacted and interviewed by
phone up to 4 years after the first event in order to register
their clinical status, recurrence status, or death. The semi-
structured phone interview was administered by trained
personnel. Stroke was defined according to guidelines by
the World Health Organization (WHO).'81?

Variables

The main outcome of this study was survival time, or
time to death after incident stroke, examined at 30 days and
for up to 4 years after the event. Cases that were alive as of
the last contact were treated as censored cases. Information
about fatal events and classification of cause of death were
obtained from death certificates and clinical records. The
cause of death was categorized according to the classifica-
tion scheme presented by the Oxford Stroke Study.'
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The information about stroke type, that is, ischemic (cerebral
infarction) and hemorrhagic (SAH and ICH), was obtained
from the clinical records, and was diagnosed by stroke
experts in accordance with international guidelines.

Covariables and Confounders

The sociodemographic variables explored in this study
were age (<65 years and >65 years), sex, and educational
level (4 classes). Monthly family income, in Mexican pesos,
was classified by tertiles. Comorbidity was evaluated with
the Charlson-Deyo comorbidity index (CCI), calculated
based on the presence or absence of 17 medical condi-
tions.”>*! The CCI for each patient included 16 diseases, with
the exception of stroke, which was the study’s objective.”
CCI was categorized as no-comorbidity (0), low to moderate
comorbidity (1-2), and high comorbidity greater than 3202

The Glasgow Coma Scale (GCS) was used to evaluate
the stroke severity because National Institutes of Health
Stroke Scale data were not available for all patients, base-
line stroke severity was determined based on the GCS
obtained within 48 hours of the event.”> The GCS was clas-
sified as low (13-15 points), moderate (9-12 points), and
high severity (3-8 points).”” In-hospital medical complica-
tions were classified as none, 1 complication, and 2 or
more. Timely rehabilitation after hospital discharge was
defined as reported participation in a physical or psycho-
logical rehabilitation program. Recurrence was defined as
a new focal neurological deficit after the first event and
lasting for >24 h.*>** A cluster analysis was used to deter-
mine the sequelae level, which was classified as severe or
not severe, and included hemiplegia, alterations in urinary-
fecal control, dysphagia, seizures, depression, anxiety, cog-
nitive deterioration, dementia, and sensory, visual, and lan-
guage alterations.”” In an effort to reduce potential sources
of bias, we used the best criteria for diagnosing hemor-
rhagic and ischemic stroke. We used a standardized instru-
ment to collect the information from the clinical records
and to reduce the measurement error. To confirm deaths,
we included information from death certificates, which are
reliable sources of this information.

Statistical Analysis

Sociodemographic and clinical characteristics, and those
related to in-hospital medical care were reported as medians
and proportions. Differences between ischemic and hemor-
rhagic groups were evaluated with the Mann-Whitney test
and tests of proportion or Pearson’s chi-square.

Early survival (0 to 30 days), late survival (30 days to 4
years), and survival during the entire follow-up period
(0 to 4 years) were explored with the Kaplan-Meier
method and the log-rank test. Adjusted Cox regression mod-
els were used to evaluate the association between stroke
type (ischemic or hemorrhagic) and survival time over the
entire follow-up period (0 to 4 years) and the early (0 to
30 days) and late stage (30 days to 4 years). A P value of
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< .05 was considered statistically significant. The Schoenfeld
residuals method was used to evaluate the adjustment and
fulfillment of the statistical requirements inherent to each
model.” The statistical analyses were carried out using the
STATA 13 statistical package. This study was approved by
the INNN IRB (Internal Review Board). Participants pro-
vided verbal informed consent, and a close relative provided
consent in cases where the patient was not able.

Results
Sociodemographic and Clinical Characteristics

Between 2009 and 2012, 761 stroke cases were admitted to
the INNN, 196 cases did not meet the inclusion criteria, and
another 21 were eliminated from this study. The study sam-
ple included 544 cases of incident stroke, 300 of which
(55.15%) were hemorrhagic. Of the 300 cases of hemorrhagic
stroke, 114 were ICH and 186 were SAH. The follow-up
period was between 2 and 4 years for 86.50% of cases. With
regard to the censored individuals, follow-up time did not
differ between stroke type (main exposure variable).

Table 1 shows the sociodemographic, clinical, and med-
ical care characteristics. The median age of the patients
was 53 years, and ischemic patients were older than hem-
orrhagic cases (57 versus 51 years P < .01). A total of
58.6% of patients were female, 69.6% of stroke cases had a
primary educational level, and 24.1% of the 544 cases had
high comorbidity. Ischemic cases had a higher comorbid-
ity than hemorrhagic cases (32.8% versus. 17.0%, P < .01).
No difference in the prevalence of hypertension was
found between ischemic and hemorrhagic cases. In addi-
tion, 8.3% of stroke cases presented a high stroke severity,
and a larger proportion of hemorrhagic cases presented
high stroke severity (12.0% hemorrhagic versus 3.7%
ischemic, P =.01). During hospitalization, 37.4% of stroke
cases developed 2 or more medical complications, and
hemorrhagic cases had more medical complications than
ischemic cases (70.7% versus 46.5%, P < .01). A total of
20.9% of patients presented severe sequelae at hospital
discharge, which did not differ by stroke type.

Outcomes After Stroke

Table 2 shows recurrence and survival outcomes after
stroke. Recurrence was 20.2% during the post-stroke follow-
up period. Cases of hemorrhagic stroke had a higher post-
stroke recurrence than ischemic cases (17.3% versus 9.8%,
respectively) in the early phase (30 days post-stroke). During
the 4-year follow-up, 135/544 (24.8%) of patients died, 70/
244 patients had ischemic stroke (28.7%), and 65/300 had
hemorrhagic stroke. A total of 56 out of 544 patients (10.3%)
died during the first 30 days post-event (7.8% ischemic,
12.3% hemorrhagic stroke). With regard to survival at
30 days, 79 subjects died during the 4-year follow-up, and
ischemic patients had a higher mortality rate than hemor-
rhagic patients (22.7% versus 10.7%, P < .01).
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Survival After Stroke

The 544 stroke patients represented 495,130 person-days
at risk of death, and 409 survived up to 4 years post-stroke
(75.2%). Table 3 shows the factors that are associated with
survival during the entire follow-up period. Age >65 years
(AHR=5.58, P < .01), high comorbidity (AHR=5.15,
P < .01), and severe sequelae (AHR =2.00, P =.03) were
significantly associated with higher mortality. Lastly,
timely rehabilitation upon hospital discharge was associ-
ated with a 61.5% lower long-term risk of death (P < .01).
The variation explained by the model was 0.75.

Factors associated with early and late survival

Table 4 shows the factors associated with early (30
days) and late (31 days to 4 years) survival after stroke
with the adjusted model. The variation explained by the
early survival model was 0.78, and 0.81 for late survival
model. At 30 days after incident stroke, the AHR for death
was higher for cases > 65 years (AHR =2.07, P =.02) and
cases with more than 2 in-hospital complications
(AHR =46.13, P < .01), adjusted by stroke type, comor-
bidity, sex, educational level, stroke severity, and recur-
rence. With regard to survivors at 30 days after stroke,
age > 65 years (AHR =3.43, P < .01), high comorbidity
(AHR =543, P < .01), high stroke severity (AHR =1.09-
191, P=.02), more than 2 hospital complications
(AHR=254, P < .01), and recurrence (AHR=1.90,
P =.01) were associated with a high risk of death, adjusted
by sex and educational level.

Discussion

This study evaluated the factors associated with post-
stroke survival (early, late, and the entire follow-up period)
among Mexican patients with ischemic and hemorrhagic
stroke. Overall survival was 75.2%, which was higher than
findings reported by other studies with similar follow-up
periods (46.4% to 73.4%). Differences found by the present
work could be attributed to sample characteristics (hospital-
based study, exclusion of recurrent cases, inclusion year of
patients, newer cohorts having lower mortality due to overall
advances in medical practice as well as in specific treatments
for stroke, i.e., thlrombolysis).4'5'7'9'“J Survival at 4 years was
better for hemorrhagic cases than for ischemic stroke cases
(78.3% versus 71.3%, respectively). This finding differs from
the study by Cabral et al, who reported 46.48% survival for
hemorrhagic and 73% for ischemic stroke cases in Brazil."”
Sun et al reported 55.4% survival for hemorrhagic and 59.2%
for ischemic stroke cases.” And Kim et al found 70.1% sur-
vival for hemorrhagic cases and 71.4% for ischemic stroke
cases.” Differences may be explained by the characteristics
of the samples, the referral bias implicit in studies of hospital
cases, and the effect of variables related to medical care.

The Cox regression model confirmed that stroke cases
> 65 years had a greater risk of dying than those
<65 years, which is similar to what has been reported in
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Table 1. Characteristics of patients, by stroke type
Ischemic Hemorrhagic P Total
(n=244) (n=300) (n=544)
Sociodemographics
Age, years, median (IQR) 57.0(46.0-69.0) 51.0(37.5-60.0) 0.00" 53.0(41.0-64.0)
Sex Female, n (%) 129(52.9) 190(63.3) 0.01° 319(58.6)
Educational level, n (%)
No primary education 16(6.6) 28(9.3) 0.24° 44(8.1)
Primary school 148(60.9) 186(62.0) 0.79° 334(61.5)
High school 46(18.9) 55(18.3) 0.85¢ 101(18.6)
Bachelor degree 33(13.6) 31(10.3) 0.24° 64(11.8)
Income level, n (%)
Low (320-2080) 57(25.3) 113(39.8) 0.00° 170(33.4)
Medium (2100-4000) 91(40.4) 114(40.1) 0.94° 205(40.3)
High (more than 4000) 77(34.2) 57(20.1) 0.00° 134(26.3)
Clinical
Comorbidity n (%)
None 55(22.5) 148(49.3) 0.00° 203(37.3)
Low to medium 109(44.7) 101(33.7) 0.01° 210(38.6)
High 80(32.8) 51(17.0) 0.00° 131(24.1)
Hypertension, n (%) 154(63.1) 191(63.7) 0.89* 345(63.4)
Atrial fibrillation, n (%) 39(15.9) 10(3.3) 0.00" 49(9.0)
Stroke severity, n (%)
Low 178(72.9) 214(71.6) 0.72°¢ 392(72.2)
Moderate 57(23.4) 49(16.4) 0.04° 106(19.5)
High 9(3.7) 36(12.0) 0.01° 45(8.3)
Hospital care
In-hospital medical complications, n (%)
None 130(53.5) 88(29.3) 0.00° 218(40.2)
One 44(18.1) 78(26.0) 0.02° 122(22.5)
Two or more 69(28.4) 134(44.7) 0.00° 203(37.4)
Sequelae, n (%)
Severe 52(23.0) 49(19.1) 0.29* 101(20.9)

Abbreviations: IQR, Interquartile range
?P-value from Mann-Whitney test
PP-value from Pearson test
€P-value from proportion test

the literature, that is, age is a consistent predictor of post-
stroke mortality. Sex did not contribute significantly to
survival, as has been shown by other works 59102728
Other studies have evaluated the effect of in-hospital
medical complications on late stroke survival, and a possi-
ble explanation is a delay in the patient’s recovery due to
complications such as infections, rebleeding, edema,

vasospasm, and hydrocephalus.”®** The present study
found that the development of more than 2 complications
during the subacute phase results in a greater risk of
death. Although each type of stroke presented different
complications, designing medical care mechanisms to
handle each one should be a priority so as to improve the
prognosis for this population. Furthermore, comorbidity

Table 2. Outcomes after stroke, by type

Stroke type
Variable Ischemic Hemorrhagic P Total
Died, n (%)
0-1460 days 70/244(28.7) 65/300(21.7) .05% 135/544(24.8)
0-30 days 19/244(7.8) 37/300(12.3) .08* 56/544(10.3)
31-1460 days 51/225(22.7) 28/263(10.7) .00* 79/488(16.2)
Recurrence, n (%)
0-30 days 24/244(9.8) 52/300(17.3) .01* 76/544(13.9)
0-1460 days 47/244(19.3) 63/300(21.0) .62 110/544(20.2)

2P value from Pearson test.
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Table 3. Factors associated with 4-year survival (n = 544)

Variable AHR 95% CI P
Stroke (Ischemic) 1

Hemorrhagic .55 .29 1.02 .06
Age (<65 years) 1

> 65 years 5.58 3.01 10.07 <.01
Comorbidity Without 1

High 5.15 2.08 12.76 <.01
In-hospital medical complications without 1

1 1.31 .64 2.66 .46
>2 1.73 92 3.22 .09
Sequelae (not severe) 1

Severe 2.04 1.07 3.89 .03
Timely rehabilitation (No) 1

Yes 22 .68 .00

Abbreviations: AHR, adjusted hazard ratio; CI, confidence interval Cox model adjusted by sex, educational level, hypertension, stroke

severity, and recurrence.

was associated with a greater risk of late mortality, which
was also reported by Kapral (2002) and Chen (2014), and
was explained by the effect of comorbidities on the decline
of patient health.”"’

Recent publications on post-stroke prognosis have not
evaluated the effect of sequelae on late survival. Only the
effect of aphasia and functionality has been assessed, with
the Rankin scale, both of which were associated with a
higher risk of death.”””” The present study analyzed the
effect of both severe and nonsevere sequelae on survival,
and found that patients with severe sequelae had a higher
long-term risk of dying. This could be explained by the
delay in patient recovery due to severe sequelae, which
results in immobility and feeding deficiencies, thereby
increasing mortality rates. In addition, participation in
rehabilitation programs upon discharge and for 2 months
after stroke was found to have a protective effect on late
survival. This finding should be explored and a timely
rehabilitation program should be implemented for stroke

survivors. Lastly, with the adjusted models, the prognos-
tic factors for early and late survival after stroke were age
and in-hospital medical complications, which increased
the risk of death for both periods. High comorbidity and
recurrence increased the risk of late death but not the risk
of early death. These findings indicate the need to develop
timely follow-up programs for stroke patients, with ade-
quate handling of comorbidities to prevent recurrence for
these at-risk patients.

An extended follow-up period for ischemic and hemor-
rhagic stroke cases is one of the strengths of this analysis.
In addition, the data was collected from a highly special-
ized institution with personnel trained in the care of
stroke patients. The internal validity of this work is high,
and the cases were well identified (clinically and radiolog-
ically). However, the external validity of this study is lim-
ited, and there is a slight selection bias since the sample
only included people who were treated at this third-level
hospital, and patients who died before reaching the

Table 4. Prognostic factors for early (less to 30 days) and late (between 30 days and 1460 days) survival after stroke

30 days survival

30 to 1460 days survival

Variable AHR 95% CI P AHR 95% CI P
Ischemic 1 1

Hemorrhagic 1.01 .55 1.87 97 .66 .39 1.11 11
Age (<65 years) 1

> 65 anos 2.07 1.11 3.85 .02 343 2.10 5.61 <.01
Comorbidity None 1 1

Low to medium 49 .26 95 .04 1.35 .62 2.96 44
High 49 25 .99 .05 543 2.64 11.19 <.01
In hospital medical complications None 1 1

1 5.36 .55 51.99 15 1.18 .59 2.36 .64
>2 46.13 6.17 344.97 <.01 2.55 1.44 4.53 <.01
Recurrence (No) * * * * 1

Yes * * * * 1.90 1.16 3.12 .01

Cox model adjusted by sex, educational level, and stroke severity.
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hospital were not included. The retrolective nature of the
information collected could also result in a possible bias
in our results. We used the GCS to adjust the prognostic
models by stroke severity, since the National Institutes of
Health Stroke Scale was not available for all the patients.
Another limitation of this study was the number of autop-
sies performed in the cases of death, and in Mexico, those
procedures are not always conclusive. Nonetheless, the
information obtained regarding deaths involved a review
of clinical records and death certificates, which are reliable
sources. In conclusion, the factors associated with a higher
risk of death were age > 65-years, high comorbidity, 2 or
more in-hospital medical complications, and the presence
of severe sequelae upon hospital discharge. Meanwhile,
early participation in rehabilitation therapy was found to
reduce the long-term risk of death.
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