
Predictors of Functional Outcome Among Stroke Patients in
Lima, Peru

Carlos Abanto, MD1, Thanh G.N. Ton, PhD2, David L. Tirschwell, MD2, Silvia Montano, MD5,
Yrma Quispe, MD1, Isidro Gonzales, MD6, Ana Valencia, MD1, Pilar Calle, MD1, Arturo
Garate, MD1, and Joseph Zunt, MD2,3,4

1Department of Cerebrovascular Disease, National Institute of Neurological Sciences, Jr. Ancash
1271 – Barrios Altos, Lima, Peru
2Department of Neurology, Harborview Medical Center, University of ashington, 325 Ninth Ave,
Seattle, Washington, 98104, US
3Department of Global Health, University of Washington, 325 Ninth Ave, Seattle, WA, 98104, US
4Department of Medicine, School of Medicine, University of Washington, 1959 NE Pacific St,
Seattle, WA, 98195, US
5U.S. Naval Medical Research Unit 6, Avenida La Encalada cdra. 17 s/n, Surco, Lima, 33 Peru
6Department of Communicable Diseases and Neuropediatrics, National Institute of Neurological
Sciences, Ancash 1271 – Barrios Altos, Lima, Peru

Abstract
Background—Due to the aging population in low- and middle-income countries,
cerebrovascular disease is expected to remain a leading cause of death. Little has been published
about stroke in Peru.

Aims—We conducted a retrospective cohort study of hospitalized stroke patients at a referral
center hospital in Lima, Peru to explore factors associated with functional outcome among stroke
patients.

Methods—We identified 579 patients hospitalized for ischemic stroke or intracerebral
hemorrhage stroke at the National Institute of Neurologic Sciences in Lima, Peru in 2008 and
2009. A favorable outcome was defined as a modified Rankin score of ≤2 at discharge.

Results—The mean age was 63.3 years; 75.6% had ischemic stroke; the average length of stay
was 17.3 days. At hospital discharge, 231 (39.9%) had a favorable outcome. The overall mortality
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rate was 5.2%. In multivariate models, the likelihood of having a favorable outcome decreased
linearly with increasing age (p=0.02) and increasing NIHSS (p=0.02). Favorable outcome was also
associated with male gender (relative risk [RR]=1.2; 95% confidence interval [CI]: 1.0, 1.5) and
divorced status (RR=1.3, 95% CI: 1.1, 1.7). Patients on Salud Integral de Salud (public assistance-
type insurance, SIS) (RR=0.7, 95% CI: 0.5,1.0) were also less likely to have a favorable outcome.

Conclusions—Favorable outcome after stroke was independently associated with younger age,
lower NIHSS score, male gender, being divorced, and not being on SIS insurance. These findings
suggest further study of worse functional outcomes in patients with SIS insurance and confirm the
importance of risk adjustment for age, stroke severity (NIHSS) and other socioeconomic factors in
outcomes studies. Future studies should preferentially assess outcome at 30-days and 6-months to
provide more reliable comparisons and allow additional study of Peruvian end-of-life decision-
making and care.

INTRODUCTION
The World Health Organization estimates non-communicable diseases will comprise three-
quarters of all deaths worldwide by 2030.1 Due to the aging population in low- and middle-
income countries, cerebrovascular disease is expected to remain a leading cause of death. A
recent study of population-based stroke incidence studies found an alarming increase in
stroke incidence over the past four decades in the developing world: while stroke incidence
decreased by 42% in high-income countries, there was a 100% increase in incidence in low
and middle-income countries.2

Little has been published about stroke in Peru. One population-based study among 1,933
residents 65 years and older living in Peru reported a prevalence of 6.8% of self-reported
stroke in urban sites and 2.7% in rural sites.3 The same population-based study reported that
stroke was the most common cause of death, accounting for 28.6% of death among residents
in urban sites and 13.7% in rural sites.3 A community screening for stroke among residents
living in Cuzco City, a Peruvian Andean town 3,380 meters above sea level, reported a
crude stroke prevalence of 0.647% among 3,246 people 15 years and older, corresponding to
5.74 per 1000 adjusted to the World Health Organization population,4 which is within the
range of estimates (1.74 to 6.51 per 1000) reported by other community-based studies in
other South American countries.5

Although mortality rates due to stroke have declined steadily over the last three decades
throughout the Americas, decreases have been less dramatic in Latin America, where
mortality rates remain two to four times higher than in the U.S. or Canada.6 These
differences may partially reflect decreased public awareness of stroke, limited health service
capacity to offer acute interventions or affordable treatments, 6 or underlying fundamental
differences in the populations.

In a first step towards improving stroke outcomes in Peru, our objective in this study was to
identify factors associated with good functional outcome. Such factors might identify targets
for interventions, and may serve as risk adjustment variables in future studies of
comparative effectiveness.

METHODS
We conducted a retrospective cohort study in which we identified patients hospitalized for
evaluation and treatment of ischemic stroke or intracerebral hemorrhage (ICH) at the
National Institute of Neurologic Sciences (ICN) in Lima, Peru – a national referral center for
patients with neurologic diseases. In Lima, patients may present with stroke at 14 other
hospitals: 3 in the Social Security (public health for indigent patients) system, 8 in the
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network of Ministry of Health hospitals, and 3 in the military system. Approximately 60%
of patients admitted to the ICN are referred from other hospitals. We included all patients
who were admitted between January 1, 2008 and December 31, 2009. Those with evidence
of stroke, such as sensory deficit, motor and speech impairment, or other signs of stroke
underwent brain imaging and were diagnosed with ischemic stroke or ICH.

The ICN is managed by the Ministry of Health (MOH) (Figure 1) and serves patients from
hospitals and clinics throughout Peru regardless of insurance status. The Department of
Cerebrovascular Diseases within the ICN offers specialized care for any stroke patient and
typically serves patients who are transferred from other hospitals. Transfer to the ICN is
affected by distance and travel to Lima; patients traveling from the coast or Andean
highlands travel between 2 to 16 hours while those from the jungle require several days of
travel. Air transfer, however, is not a practical means for most patients. Once admitted,
patients with stroke are hospitalized according to level of care required: in the intensive care
unit for severe patients, in the stroke unit for acute cases within 48 hours of stroke onset or
patients with mild to moderate severity, or in the inpatient wards for stroke patients arriving
after 48 hours with mild to moderate severity. We abstracted information from medical
records including risk factors, gender, age, NIH Stroke Scale (NIHSS) scores, length of stay,
hospital ward, status and functional outcome at discharge. We also collected information on
whether patients receive coverage from Salud Integral de Salud (SIS), a governmental
program that provides health insurance to indigent people, similar to Medicaid in the U.S.
All research procedures were approved by the Humans Subjects Committee of the National
Institute of Neurological Sciences in Lima, Peru.

We defined functional outcome based on the modified Rankin scale (mRS) assessed at
discharge and dichotomized between 2 and 3. A favorable outcome was defined as a mRS
score of less than or equal to 2, and an unfavorable outcome, 3 or greater. We examined
frequencies and means (SD) to characterize our patient population. For pairwise
comparisons, we used Pearson’s chi-square test and Fisher’s exact test for categorical
variables, and Student’s t-test for continuous variables. Because the outcome was common,
we used generalized linear models with a log link, robust standard errors, and a Poisson
distribution for the variance to estimate relative risk (RR) and 95% confidence intervals
(CI). We used multivariate models and selected variables in a backward stepwise procedure
to identify independent predictors of functional outcome at discharge. Predictors of interest
were initially placed into the full model and removed sequentially if corresponding P-value
of the Wald test exceeded 0.10. All tests were two-sided, and statistical significance was
defined as P-value < 0.05. All analyses were conducted in Stata 11.1 (College Station, TX).

RESULTS
We identified 579 patients in 2008–2009, 321 (55.4%) of whom were men. At baseline, the
average age of patients was 63.3 years (SD = 16.2). The majority of patients were diagnosed
with ischemic stroke (75.6%), and over half (57.8%) were admitted to the cerebrovascular
unit. The average NIHSS was 10.1 (SD = 7.1), and differed significantly between ischemic
strokes and ICH (9.5 vs. 12.0, P = 0.0003). The average length of stay was 17.3 days, with
four patients remaining in the hospital more than 100 days. At discharge, 231 (39.9%) had a
favorable outcome. Of the 349 with an unfavorable outcome, 30 patients died in the hospital.
The overall in-hospital mortality rate among all patients enrolled in this study was 5.2%;
3.2% of patients with ischemic stroke died whereas 11.4% of patients with hemorrhagic
stroke died in the hospital (p<0.001).

Compared to patients with unfavorable outcomes, patients with favorable outcomes at
discharge were significantly younger, had shorter lengths of hospitalization, had lower
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NIHSS scores, were more likely to be dyslipidemic, and had a higher prevalence of alcohol
use (Table 1). Percent of patients with favorable outcome decreased according to increasing
age and increasing NIHSS severity (Figure 2).

In our final multivariate model, independent predictors of favorable outcome included male
gender, younger age, marital status, insurance, and lower NIHSS at time of admission (Table
2). As expected, increasing age and NIHSS score were associated with a reduced likelihood
of favorable outcome. Even after controlling for these predictors of outcome, men were 22%
more likely than women, divorced were 30% more likely than married, and uninsured were
30% more likely than SIS-insured to have a favorable outcome. Stroke subtype, length of
stay, and risk factors such as dyslipidemia and alcohol use were not significant independent
predictors of functional outcome in the fully adjusted model.

DISCUSSION
In this first English-language report on hospital discharge outcomes in a referral stroke
population at the National Institute of Neurologic Sciences in Lima, Peru, increasing age and
increased stroke severity at arrival to the hospital were associated with decreasing likelihood
of favorable outcome, as expected. We also observed a higher likelihood of favorable
outcome in men, in those who were divorced, and those without SIS – a Medicaid-type
insurance. In multivariate models that adjusted for severity and other factors, there were no
significant associations between favorable outcome and stroke subtype or with hospital ward
where patients were treated.

The overall in-hospital mortality rate in our study was 5.2%; These mortality rates are
slightly lower than what has been reported in a prior Peruvian study. A prospective cohort
study of 1,517 stroke patients hospitalized between April 1987 and December 1998 in the
Neurologic ward of the Guillermo Almenara Hospital in Peru reported a mortality rate of
5.4% for patients with ischemic stroke and 24.1% for patients with hemorrhagic stroke. 7

Also higher than our mortality rates, the Hospital Nacional Cayetano Heredia documented
mortality of patients hospitalized for ICH or ischemic stroke of 19.8%.8

The lower in-hospital mortality rate that we observed in our hospital based cohort may
reflect a selection bias where less severe strokes are preferentially referred to ICN. In a
population-based study in Chile in which all patients with stroke were identified within the
community, 71% were admitted to the hospital admission. 9 About half of those patients not
admitted to the hospital were identified through death certificates. Thus, the low mortality
rate in our study may be attributed, in part, to a similarly high percentage of people with
severe strokes dying in the community or other hospitals prior to referral to the ICN.

Another possible explanation for the low mortality rate is the lack of “do not resuscitation”
(DNR) orders or “withdrawal of life support” (WOLS) in Peru. In the US, DNAR, WOLS,
and palliative measures are commonly instituted when physicians prognosticate a poor
outcome, thereby enabling a “self-fulfilling prophecy” of a poor outcome. 10, 11 WOLS and
DNAR orders account for up to 77% of in-hospital ICH deaths in the U.S. 12–14 No formal
studies have been published on the practice of DNR or WOLS in Peru, but patients with
severe neurologic sequelae of stroke are typically stabilized and treated before being
discharged, with many potentially dying at home thereafter

Similar to stroke outcome studies conducted in other parts of the world, increasing stroke
severity and older age were strongly associated with unfavorable outcome. 15–17 In data
from the US-based TOAST randomized trial in ischemic stroke patients, approximately 88%
of stroke patients with an initial NIHSS of 0–3 had a favorable outcome (“excellent” or
“good” in their terminology) at 7 days, which is similar to our rate of favorable outcome at
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discharge (81%) in patients with NIHSS scores between 0–4 (calculated from data in Table
1) 15. For patients presenting with an initial NIHSS score > 13, our estimate of 13%
favorable outcome is also similar to estimates from the TOAST data of approximately 9%
favorable outcome in patients with NIHSS > 16 and approximately 20% for those with
NIHSS > 11. In addition, age was an important predictor of outcome, similar to the results
from re-analysis of the NINDS tPA trial data and from stroke prognostic models developed
in Germany.16, 17 In our study, men were 20% more likely to have a favorable outcome than
women. These findings are consistent with reports of more favorable outcome in men by
other stroke outcome studies. 18–20 The role of risk factors unique to women such as
estrogen, hormone replacement therapy, pregnancy, or systematic delays in recognition have
all been considered as possible explanations.19 Although this gender-specific stroke
outcome has been recently recognized, the biological and social explanations for the gender
difference in disability after stroke have not been fully elucidated.

We observed a decreased likelihood of favorable outcome for patients with SIS insurance.
Having coverage by SIS in this study is a surrogate for lower socioeconomic status since the
Peruvian government provides health insurance to indigent people – a program similar to
Medicaid in the U.S. The observed association between SIS and decreased likelihood of
favorable outcome is likely driven by the influence of low socioeconomic status on stroke
outcomes, which has been observed worldwide and was recently reviewed.21 We also
observed an interesting association in which divorcees were more likely to have a favorable
outcome compared to their married counterparts. This association could be driven by
unmeasured confounding that warrants more research, or could represent a spurious
association in our sample.

Several limitations are notable. The patient sample was referral hospital-based rather than
population-based and is therefore not representative of the full spectrum of stroke and stroke
outcomes in Lima, Peru. Survival bias may have affected our mortality rate although it is
unclear in which direction this bias may have been. Those with very severe stroke may have
died before reaching the hospital, thereby decreasing our in-hospital mortality rate. In Lima,
patients may present with stroke at 14 other hospitals: 3 in the Social Security (public health
for indigent patients) system, 8 in the network of Ministry of Health hospitals, and 3 in the
military system. Approximately 60% of patients admitted to the ICN are referred from other
hospitals, leading to the above described selection bias.” Patients admitted to one of the 14
hospitals with a more severe stroke may have been referred preferentially to our hospital,
thereby potentially increasing the mortality rate. Given that we observed a rather low
mortality rate in our study, we expect that many patients died before reaching our hospital.

Furthermore, the selection of less severe patients into this study may overestimate the
prevalence of favorable outcome in a more representative stroke sample from Lima. Despite
this bias, stroke severity remained significantly associated with unfavorable outcome, and
our results likely represent a conservative estimate of this association. The lack of DNAR
and WOLS orders in Peru may also result in many patients being discharged to home with
the anticipation of death occurring in their homes. If so, an improved measure of mortality
would be the mortality rate at 30 days after stroke; these data were not collected for this
study.

CONCLUSIONS
In conclusion, favorable outcome of stroke was independently associated with younger age,
lower NIHSS score at time of admission, male gender, being divorced, and not being on SIS
insurance. We also observed an in-hospital mortality rate somewhat lower than what has
been reported elsewhere in Peru, with referral bias and cultural factors related to non-use of
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DNAR orders or WOLS as possible explanations. These findings suggest further work
should be done to investigate the cause, and propose solutions for the worse functional
outcomes in patients with SIS insurance. Also, in future studies of comparative effectiveness
of interventions for stroke in Peru, our findings confirm the importance of risk adjustment
for age, stroke severity (NIHSS) and other socioeconomic factors. Future studies should
preferentially assess outcome at 30-days and 6-months to provide more reliable comparisons
across different studies and improved understanding of the predictors of long-term stroke
survival in Peru and allow additional study of the cultural variations of medical practice
surrounding end-of-life decision-making and care.
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Figure 1.
Organization of the Health System in Peru
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Figure 2.
Percent With Favorable Outcome By Age and NIHSS
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